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continuous cyclophosphamide plus azathioprine

Table S34. Patients with ANCA-associated vasculitis—mycophenolate mofetil versus cyclophosphamide

Table S35. Patients with ANCA-associated vasculitis—methotrexate versus cyclophosphamide

Table S36. Patients with systemic ANCA-associated vasculitis—pulse cyclophosphamide versus continuous
cyclophosphamide

Table S37. Patients with ANCA-associated vasculitis and severe kidney disease—plasma exchange as adjunctive
therapy versus control (usual care)

Table S38. Patients with ANCA-associated vasculitis—maintenance therapy: azathioprine versus maintenance
therapy: cyclophosphamide

Table S39. Patients with ANCA-associated vasculitis—maintenance therapy: mycophenolate mofetil versus
maintenance therapy: azathioprine

Table S40. Patients with ANCA-associated vasculitis—maintenance therapy: azathioprine versus maintenance
therapy: methotrexate

OUTDATED CHAPTER. PLEASE SEE UPDATE
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Table S41. Patients with ANCA-associated vasculitis—maintenance therapy: extended azathioprine versus
maintenance therapy: standard azathioprine

Table S42. Patients with ANCA-associated vasculitis—maintenance therapy: tailored rituximab therapy versus
maintenance therapy: fixed-schedule rituximab therapy

Table S43. Patients with ANCA-associated vasculitis and relapsing disease—maintenance therapy: rituximab
versus maintenance therapy: azathioprine

Table S44. Patients with ANCA-associated vasculitis—maintenance therapy: antibiotics (trimethoprim/
sulfamethoxazole) versus maintenance therapy: placebo   

Table S45. Patients with lupus nephritis, antimalarials versus standard of care

Table S46. Patients with proliferative lupus nephritis—induction: intravenous cyclophosphamide versus
induction: glucocorticoids alone

Table S47. Patients with proliferative lupus nephritis—induction: high-dose cyclophosphamide versus
induction: low-dose cyclophosphamide

Table S48. Patients with proliferative lupus nephritis—induction: mycophenolate mofetil versus induction:
intravenous cyclophosphamide

Table S49. Patients with proliferative lupus nephritis—induction: standard-dose oral glucocorticoid versus
induction: reduced-dose oral glucocorticoid

Table S50. Patients with proliferative lupus nephritis—induction: intravenous cyclophosphamide versus
induction: oral cyclophosphamide

Table S51. Patients with proliferative lupus nephritis—induction: mycophenolate mofetil plus tacrolimus versus
induction: intravenous cyclophosphamide

Table S52. Patients with proliferative lupus nephritis—induction: cyclophosphamide versus induction:
azathioprine

Table S53. Patients with proliferative lupus nephritis—induction: plasma exchange plus immunosuppression
versus induction: immunosuppression alone

Table S54. Patients with proliferative lupus nephritis—induction: sirukumab plus other immunosuppressive
agent versus induction: placebo plus other immunosuppressive agent

Table S55. Patients with proliferative lupus nephritis—induction: laquinimod plus other immunosuppressive
agent versus induction: placebo plus other immunosuppressive agent

Table S56. Patients with proliferative lupus nephritis—induction: rituximab plus mycophenolate mofetil versus
induction: placebo plus mycophenolate mofetil

Table S57. Patients with proliferative lupus nephritis—induction: rituximab plus cyclophosphamide versus
induction: rituximab

Table S58. Patients with proliferative lupus nephritis—induction: abatacept plus other immunosuppressive
agent versus induction: placebo plus other immunosuppressive agent

Table S59. Patients with proliferative lupus nephritis—induction: ocrelizumab plus other immunosuppressive
agent versus induction: placebo plus other immunosuppressive agent

Table S60. Patients with proliferative lupus nephritis (III/IV) or pure V lupus nephritis—belimumab versus placebo

Table S61. Patients with proliferative lupus nephritis—maintenance: azathioprine versus maintenance:
mycophenolate mofetil

Table S62. Patients with proliferative lupus nephritis—induction: long duration (18 months) cyclophosphamide
versus induction: short duration (6 months) cyclophosphamide

Table S63. Patients with proliferative lupus nephritis—maintenance: azathioprine versus maintenance:
cyclophosphamide

Chapter 11: Anti-glomerular basement membrane (Anti-GBM) antibody glomerulonephritis

Table S64. Patients with anti-glomerular basement membrane antibody glomerulonephritis—plasma exchange
versus standard of care

Appendix D. Data supplement—Additional SoF tables developed as part of the evidence review

Chapter 1: General principles for the management of glomerular disease

Table S65. Women with lupus nephritis—mycophenolate mofetil versus cyclophosphamide

Table S66. Women with lupus nephritis—cyclophosphamide versus azathioprine

Table S67. Patients with lupus nephritis—barriers and facilitators to medication decision-making

Chapter 10: Lupus Nephritis OUTDATED CHAPTER. PLEASE SEE UPDATE.
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Chapter 2: Immunoglobulin A nephropathy (IgAN)/immunoglobulin A vasculitis (IgAV)

Table S68. Patients with IgA nephropathy—oral glucocorticoid versus placebo or usual care (non-RAS
blockade)

Table S69. Patients with IgA nephropathy—glucocorticoid (i.v. or oral) versus placebo or usual care

Table S70. Patients with IgA nephropathy—glucocorticoid plus RASi versus glucocorticoid alone

Table S71. Patients with IgA nephropathy—glucocorticoid plus tonsillectomy plus ARB versus glucocorticoid
plus tonsillectomy

Table S72. Patients with IgA nephropathy—cyclophosphamide then azathioprine plus glucocorticoid versus
antihypertensive therapy (non-RAS blockade)

Table S73. Patients with IgA nephropathy—cyclophosphamide plus glucocorticoid versus glucocorticoid alone

Table S74. Patients with IgA nephropathy—cyclophosphamide plus antiplatelet/anticoagulant versus usual care

Table S75. Patients with IgA nephropathy—azathioprine plus glucocorticoid versus placebo or usual care

Table S76. Patients with IgA nephropathy—azathioprine, glucocorticoid, and antiplatelet/anticoagulant versus
antiplatelet/anticoagulant

Table S77. Patients with IgA nephropathy—azathioprine versus glucocorticoid alone

Table S78. Patients with IgA nephropathy—azathioprine, glucocorticoids, and anticoagulants versus
glucocorticoids alone

Table S79. Patientswith IgA nephropathy—calcineurin inhibitor plus glucocorticoids versus glucocorticoids alone

Table S80. Patients with IgA nephropathy—mycophenolate mofetil versus placebo or usual care

Table S81. Patients with IgA nephropathy with GFR £60 ml/min per 1.73 m2—cyclophosphamide then
azathioprine plus glucocorticoid versus supportive therapy

Table S82. Patientswith IgAnephropathy—mycophenolatemofetil plus glucocorticoid versusglucocorticoid alone

Table S83. Patients with IgA nephropathy—mycophenolate mofetil plus RASi versus RASi alone

Table S84. Patients with IgA nephropathy—mizoribine versus no mizoribine

Table S85. Patients with IgA nephropathy—leflunomide versus no leflunomide

Table S86. Patients with IgA nephropathy—leflunomide plus low-dose glucocorticoid versus high-dose
glucocorticoid

Table S87. Patients with IgA nephropathy—fish oil versus placebo or no treatment

Table S88. Patients with IgA nephropathy—fish oil versus symptomatic treatment

Table S89. Patients with IgA nephropathy—fish oil plus ACEi or ARB versus ACEi or ARB

Table S90. Patients with IgA nephropathy—anticoagulant versus placebo or no treatment

Table S91. Patients with IgA nephropathy—anticoagulant versus other nonimmunosuppressive treatment

Table S92. Patients with IgA nephropathy—anticoagulant plus other treatment versus other treatment

Table S93. Patients with IgA nephropathy—antioxidant versus other treatment

Table S94. Patients with IgA nephropathy—statins versus placebo or no treatment

Table S95. Patients with IgA nephropathy—statins plus other treatment versus other treatment

Table S96. Patients with IgA nephropathy—phenytoin versus placebo or no treatment

Table S97. Patients with IgA nephropathy—herbal medicine versus placebo or no treatment

Table S98. Patients with IgA nephropathy—traditional Chinese medicine versus Western medicine

Table S99. Patients with IgA nephropathy—vitamin E versus placebo or no treatment

Table S100. Patients with IgA nephropathy—vitamin D versus placebo or no treatment

Table S101. Patients with IgA nephropathy—sodium cromoglycate versus placebo or no treatment

Table S102. Patients with IgA nephropathy—allopurinol versus placebo or no treatment

Table S103. Patients with IgA nephropathy—ARB, prednisolone, and antiplatelet versus prednisolone plus
antiplatelet

Table S104. Patients with IgA nephropathy—hydroxychloroquine versus placebo

Table S105. Patients with IgA vasculitis and severe kidney disease—cyclosporine versus methylprednisolone

Table S106. Patients with IgA vasculitis and severe kidney disease—mycophenolate mofetil versus azathioprine

Table S107. Patients with IgA vasculitis and severe kidney disease—mycophenolate mofetil versus leflunomide

Table S108. Patients with IgA vasculitis and severe kidney disease—cyclophosphamide versus supportive therapy
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Table S109. Patients with IgA vasculitis and severe kidney disease—cyclophosphamide plus glucocorticoids
versus glucocorticoids

Chapter 3: Membranous nephropathy

Table S110. Adults with membranous nephropathy and nephrotic syndrome—mizoribine versus placebo, no
treatment, or glucocorticoids alone

Table S111. Adults with membranous nephropathy and nephrotic syndrome—glucocorticoids versus placebo or
no treatment

Table S112. Adults with membranous nephropathy and nephrotic syndrome—cyclophosphamide plus
leflunomide versus cyclophosphamide alone

Table S113. Adults with membranous nephropathy and nephrotic syndrome—adrenocorticotropic hormone
versus alkylating agents plus glucocorticoids

Table S114. Adults with membranous nephropathy and nephrotic syndrome—early (immediate) treatment
cyclophosphamide plus glucocorticoids versus late (when serum creatinine increases >25%)
treatment cyclophosphamide plus glucocorticoids

Table S115. Adults with membranous nephropathy and nephrotic syndrome—cyclosporine (1.5 mg/kg, twice
daily) versus cyclosporine (3.0 mg/kg, once daily)

Table S116. Adults with membranous nephropathy and nephrotic syndrome—tacrolimus plus glucocorticoids
(6 months) versus tacrolimus plus glucocorticoids (24 months)

Table S117. Adults with membranous nephropathy and nephrotic syndrome—mizoribine (150 mg) once a day
versus mizoribine (50 mg) 3 times a day

Table S118. Adults with membranous nephropathy and nephrotic syndrome—intravenous alkylating agents
versus placebo, no treatment, or glucocorticoids

Table S119. Adults with membranous nephropathy, nephrotic syndrome, and deterioration of kidney function—
chlorambucil, prednisolone, plus supportive therapy versus supportive therapy

Table S120. Adults with membranous nephropathy and nephrotic syndrome—oral cyclophosphamide, warfarin,
plus dipyridamole versus symptomatic treatment only

Table S121. Adults with membranous nephropathy, nephrotic syndrome, and deterioration of kidney function—
cyclosporine with or without supportive therapy versus placebo or supportive therapy

Table S122. Adults with membranous nephropathy and nephrotic syndrome—azathioprine versus placebo or no
treatment

Table S123. Adults with membranous nephropathy and nephrotic syndrome—mycophenolate mofetil versus
alkylating agents

Table S124. Adults with membranous nephropathy and nephrotic syndrome—mycophenolate mofetil versus
calcineurin inhibitors

Table S125. Adults with membranous nephropathy and nephrotic syndrome—mycophenolate mofetil plus
cyclosporine versus cyclosporine alone

Table S126. Adults with membranous nephropathy and nephrotic syndrome—mycophenolate mofetil versus
supportive therapy

Table S127. Adults with membranous nephropathy and nephrotic syndrome—cyclophosphamide plus
glucocorticoids versus chlorambucil plus methylprednisolone with or without oral glucocorticoids

Table S128. Adults with membranous nephropathy and nephrotic syndrome, cyclophosphamide versus
leflunomide

Table S129. Adults with membranous nephropathy and nephrotic syndrome—cyclophosphamide plus
leflunomide versus leflunomide alone

Table S130. Adults with membranous nephropathy and nephrotic syndrome—leflunomide versus
cyclophosphamide

Table S131. Adults with membranous nephropathy and nephrotic syndrome—sequential tacrolimus and
rituximab versus cyclical cyclophosphamide and glucocorticoids

Chapter 4: Nephrotic syndrome in children

Table S132. First episode of nephrotic syndrome in children—glucocorticoid therapy of 1-month duration versus
glucocorticoid therapy of 2-month duration

Table S133. First episode of nephrotic syndrome in children—glucocorticoid therapy of 12-month duration
versus glucocorticoid therapy of 5-month duration

Table S134. First episode of nephrotic syndrome in children—glucocorticoid therapy of 5- or 6-month duration
versus glucocorticoid therapy of 3-month duration
national (2021) 100, S1–S276 S9
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Table S135. First episode of nephrotic syndrome in children—weight-based prednisolone (1.5 mg/kg [maximum
40 mg]) versus body-surface area–based dosing of prednisolone (40 mg/m2)

Table S136. First episode of nephrotic syndrome in children—higher total dose (60 mg/m2/d [max 80 mg] for 6
weeks, 40 mg/m2 on alternate days for 6 weeks) prednisone versus lower total dose (40 mg/m2/
d [max 60 mg] for 6 weeks, 40 mg/m2 on alternate days for 6 weeks) prednisone

Table S137. First episode of nephrotic syndrome in children—deflazacort versus prednisolone

Table S138. First episode of nephrotic syndrome in children—high-dose methlyprednisone versus prednisolone
(2 months of therapy)

Table S139. First episode of nephrotic syndrome in children—long prednisone duration and Sairei-to versus
standard prednisone duration and Sairei-to

Table S140. Childrenwith relapsing nephrotic syndrome—intermittent dose versus alternate-day dose prednisone

Table S141. Children with relapsing nephrotic syndrome—daily glucocorticoid therapy versus intermittent
glucocorticoid therapy

Table S142. Children with relapsing nephrotic syndrome—daily prednisone versus alternate-day prednisone

Table S143. Children with relapsing nephrotic syndrome—intravenous glucocorticoid therapy versus oral
glucocorticoid therapy

Table S144. Children with relapsing nephrotic syndrome—single glucocorticoid dose versus divided-dose
glucocorticoid therapy

Table S145. Children with relapsing nephrotic syndrome—1 mg/kg glucocorticoid versus 2 mg/kg glucocorticoid

Table S146. Children with relapsing nephrotic syndrome—prednisone: 60 mg/m2/d for 4 weeks and tapered
daily dose for 4 weeks versus prednisone: 60 mg/m2/d until remission and 40 mg/m2 on 3/7
consecutive days

Table S147. Children with relapsing nephrotic syndrome—prolonged glucocorticoid therapy (7 months): 60 mg/
m2/d for 4 weeks, then 60 mg/m2 on alternate days, reducing alternate-day dose by 10 mg/m2 every
4 weeks versus standard duration (2 months): prednisolone 60 mg/m2/d until urine protein-free for 3
days, then 40 mg/m2 on alternate days for 4 weeks

Table S148. Children with steroid-sensitive nephrotic syndrome—cyclophosphamide versus chlorambucil

Table S149. Children with steroid-sensitive nephrotic syndrome—chlorambucil increasing dose versus
chlorambucil stable dose

Table S150. Children with steroid-sensitive nephrotic syndrome—cyclophosphamide longer duration versus
cyclophosphamide shorter duration

Table S151. Children with steroid-sensitive nephrotic syndrome—low-dose cyclophosphamide (2.5 mg/kg/d)
versus high-dose cyclophosphamide (5 mg/kg/d)

Table S152. Children with steroid-sensitive nephrotic syndrome—intravenous cyclophosphamide versus oral
cyclophosphamide

Table S153. Post hoc analysis: children with frequently relapsing and steroid-dependent nephrotic syndrome—
alkylating agents in frequently relapsing patients versus alkylating agents in steroid-dependent
patients

Table S154. Children with steroid-sensitive nephrotic syndrome—alkylating agents versus cyclosporine

Table S155. Children with steroid-sensitive nephrotic syndrome—cyclophosphamide versus vincristine

Table S156. Children with frequently relapsing or steroid-dependent nephrotic syndrome—levamisole versus
cyclophosphamide

Table S157. Children with steroid-sensitive nephrotic syndrome—mycophenolate mofetil versus cyclosporine

Table S158. Children with frequently relapsing steroid-sensitive nephrotic syndrome—changing cyclosporine
dose versus fixed cyclosporine dose

Table S159. Children with frequently relapsing or steroid-dependent nephrotic syndrome—high cyclosporine
dose versus low cyclosporine dose

Table S160. Children with steroid-sensitive nephrotic syndrome—azathioprine versus glucocorticoids

Table S161. Children with steroid-sensitive nephrotic syndrome—mizoribine versus placebo

Table S162. Children with steroid-sensitive nephrotic syndrome—azithromycin versus glucocorticoids

Table S163. Children with frequently relapsing or steroid-dependent nephrotic syndrome—ACTH versus placebo

Table S164. Children with steroid-resistant nephrotic syndrome—oral cyclophosphamide versus prednisone or
placebo
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Table S165. Children with steroid-resistant nephrotic syndrome—azathioprine versus placebo

Table S166. Children with steroid-resistant nephrotic syndrome—tacrolimus versus cyclosporine

Table S167. Children with steroid-resistant nephrotic syndrome—rituximab plus cyclosporine plus prednisolone
versus cyclosporine plus prednisolone

Table S168. Children with steroid-resistant nephrotic syndrome—mycophenolate mofetil versus
cyclophosphamide

Table S169. Children with steroid-resistant nephrotic syndrome—leflunomide versus mycophenolate mofetil

Table S170. Children with steroid-resistant nephrotic syndrome—leflunomide versus cyclophosphamide

Table S171. Children with steroid-resistant nephrotic syndrome—intravenous cyclophosphamide versus oral
cyclophosphamide

Table S172. Children with steroid-resistant nephrotic syndrome—intravenous cyclophosphamide versus oral
cyclophosphamide plus intravenous dexamethasone

Table S173. Children with steroid-resistant nephrotic syndrome—chlorambucil versus indomethacin

Chapter 5: Minimal change disease (MCD) in adults

Table S174. Minimal change disease in adults with nephrotic syndrome—enteric-coated mycophenolate sodium
versus glucocorticoids

Chapter 6: Focal segmental glomerulosclerosis (FSGS) in adults

Table S175. Patients with steroid-resistant focal segmental glomerulosclerosis with nephrotic
syndrome—cyclosporine versus mycophenolate mofetil plus dexamethasone

Table S176. Patients with steroid-resistant focal segmental glomerulosclerosis with nephrotic
syndrome—cyclosporine plus prednisone versus chlorambucil plus prednisone

Table S177. Patients with focal segmental glomerulosclerosis with nephrotic syndrome—prednisolone plus
chlorambucil versus no treatment

Table S178. Patients with focal segmental glomerulosclerosis with nephrotic syndrome—mycophenolate mofetil
versus prednisone

Table S179. Patients with focal segmental glomerulosclerosis with nephrotic syndrome—dexamethasone twice
weekly versus dexamethasone four times weekly

Table S180. Patients with focal segmental glomerulosclerosis—fresolimumab versus placebo

Table S181. Patients with focal segmental glomerulosclerosis with nephrotic syndrome—adalimumab versus
galactose or conservative therapy

Chapter 7: Infection-related glomerulonephritis

Table S182. Patients with hepatitis C–associated glomerulonephritis—interferon therapy versus prednisone

Table S183. Patients with severe cryoglobulinemic vasculitis either HCV-related or HCV-unrelated—rituximab
versus standard of care

Table S184. Patients with HCV-related cryoglobulinemic vasculitis that have failed treatment with interferon-
alpha and ribavirin—rituximab versus standard of care

Table S185. Patients with HIV-associated nephropathy—glucocorticoids and antiretroviral therapy versus
antiretroviral therapy only

Chapter 8: Immunoglobulin- and complement-mediated glomerular diseases with a membranoproliferative
glomerulonephritis (MPGN) pattern of injury

Table S186. Children with idiopathic membranoproliferative glomerulonephritis—prednisone 40 mg/m2

(alternate day) versus placebo

Table S187. Observational studies—treatment of idiopathic membranoproliferative glomerulonephritis

Table S188. Characteristics of included studies for proliferative glomerulonephritis with monoclonal
immunoglobulin deposits

Table S189. Findings of included observational studies of proliferative glomerulonephritis with monoclonal
immunoglobulin deposits

Chapter 9: Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis

Table S190. Patients with ANCA-associated vasculitis—intravenous immunoglobulin versus placebo

Table S191. Patients with ANCA-associated vasculitis—plasma exchange versus immunoadsorption

Table S192. Patients with ANCA-associated vasculitis—etanercept versus placebo

OUTDATED CHAPTER. PLEASE SEE UPDATE
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Table S193. Patients with ANCA-associated vasculitis, lymphocytapheresis versus standard of care—intravenous
methylprednisone, glucocorticoids, and cyclophosphamide

Table S194. Patients with ANCA-associated vasculitis—reduced-dose glucocorticoids versus standard-dose
glucocorticoids

Table S195. Patients with ANCA-associated vasculitis—maintenance therapy: leflunomide versus maintenance
therapy: methotrexate

Table S196. Patients with ANCA-associated vasculitis who have undergone plasma exchange adjunctive therapy
or usual care—maintenance therapy: cyclosporine versus maintenance therapy: cyclophosphamide

Table S197. Patients with ANCA-associated vasculitis—maintenance therapy: preemptive therapy for relapse
versus standard of care

Table S198. Patients with ANCA-associated vasculitis—maintenance therapy: methotrexate versus maintenance
therapy: cyclophosphamide

Table S199. Patients with ANCA-associated vasculitis—maintenance therapy: belimumab plus azathioprine
versus maintenance therapy: placebo plus azathioprine

Table S200. Patients with ANCA-associated vasculitis—maintenance therapy: rituximab versus maintenance
therapy: placebo

Chapter 10: Lupus nephritis  
Table S201. Patients with proliferative lupus nephritis—induction: calcineurin inhibitors versus induction:

cyclophosphamide

Table S202. Patients with proliferative lupus nephritis—induction: mycophenolate mofetil versus induction:
tacrolimus

Table S203. Patients with non-proliferative lupus nephritis (Class V)—induction: intravenous cyclophosphamide
versus induction: cyclosporine

Table S204. Children with proliferative lupus nephritis—induction: intravenous glucocorticoids versus induction:
oral glucocorticoids

Table S205. Patients with non-proliferative lupus nephritis (Class V)—induction: cyclosporine versus induction:
prednisone

Table S206. Patients with non-proliferative lupus nephritis (Class V)—induction: intravenous cyclophosphamide
versus induction: prednisone

Table S207. Patients with proliferative lupus nephritis—induction: azathioprine plus glucocorticoids versus
induction: glucocorticoids alone

Table S208. Patients with proliferative lupus nephritis—induction: mycophenolate mofetil versus induction: oral
cyclophosphamide

Table S209. Patients with proliferative lupus nephritis—induction: mycophenolate mofetil plus intravenous
cyclophosphamide versus induction: intravenous cyclophosphamide

Table S210. Patients with proliferative lupus nephritis—induction: cyclophosphamide plus glucocorticoids
versus induction: glucocorticoids alone

Table S211. Patients with proliferative lupus nephritis—induction: cyclophosphamide plus azathioprine plus
glucocorticoids versus induction: glucocorticoids alone

Table S212. Patients with proliferative lupus nephritis—induction: cyclosporine plus glucocorticoids versus
induction: glucocorticoids alone

Table S213. Patients with proliferative lupus nephritis—induction: misoprostol plus glucocorticoids versus
induction: glucocorticoids alone

Table S214. Patients with proliferative lupus nephritis—induction: plasma exchange versus induction:
immunosuppression

Table S215. Patients with proliferative lupus nephritis—maintenance: azathioprine versus maintenance:
cyclosporine

Table S216. Patients with proliferative lupus nephritis—maintenance: azathioprine versus maintenance: tacrolimus

Table S217. Patients with proliferative lupus nephritis—maintenance: prednisone withdrawal versus
maintenance: prednisone continuation

Table S218. Patients with proliferative lupus nephritis—maintenance: intravenous immunoglobulin versus
maintenance: intravenous cyclophosphamide

OUTDATED CHAPTER. PLEASE SEE UPDATE.
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NOMENCLATURE AND DESCRIPTION FOR RATING GUIDELINE RECOMMENDATIONS

Within each recommendation, the strength of recommendation is indicated as Level 1 or Level 2, and the quality of the supporting
evidence is shown as A, B, C, or D.

Implications
Grade
S14
Patients
 Clinicians
 Policy
Level 1 ‘Strong’
“We recommend”
Most people in your situation would
want the recommended course of
action, and only a small proportion
would not.
Most patients should receive the
recommended course of action.
The recommendation can be evaluated
as a candidate for developing a policy
or a performance measure.
Level 2 ‘Weak’
“We suggest”
The majority of people in your situation
would want the recommended course
of action, but many would not.
Different choices will be appropriate for
different patients. Each patient needs
help to arrive at a management
decision consistent with her or his
values and preferences.
The recommendation is likely to require
substantial debate and involvement of
stakeholders before policy can be
determined.
Grade Quality of evidence Meaning
A
 High
 We are confident that the true effect is close to the estimate of the effect.

B
 Moderate
 The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different.

C
 Low
 The true effect may be substantially different from the estimate of the effect.

D
 Very low
 The estimate of the effect is very uncertain, and often it will be far from the true effect.
Kidney International (2021) 100, S1–S276
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CURRENT CHRONIC KIDNEY DISEASE (CKD) NOMENCLATURE
USED BY KDIGO

CKD is defined as abnormalities of kidney structure or function, present for >3 months, with implications for health. CKD is classified
based on Cause, GFR category (G1–G5), and Albuminuria category (A1–A3), abbreviated as CGA.

Green, low risk (if no other markers of kidney disease, no CKD); yellow, moderately increased risk; orange, high risk; red, very high risk.
GFR, glomerular filtration rate
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CONVERSION FACTORS OF CONVENTIONAL UNITS TO SI UNITS

Conventional unit Conversion factor SI unit
S16
 Kidney In
Albumin
 g/dl
 10
 g/l

Creatinine
 mg/dl
 88.4
 mmol/l

Creatinine clearance
 ml/min
 0.01667
 ml/s

Cyclosporine
 ng/ml
 0.832
 nmol/l

Mycophenolic acid
 mg/ml
 3.12
 mmol/l

Protein-creatinine ratio
 mg/g
 0.113
 mg/mmol

Tacrolimus
 ng/ml
 1.24
 nmol/l
Note: Conventional unit � conversion factor ¼ SI unit.

RELATIONSHIP AMONG CATEGORIES FOR ALBUMINURIA AND PROTEINURIA

Categories
Measure
 Normal to mildly increased (A1)
 Moderately increased (A2)
 Severely increased (A3)
AER (mg/d)
 <30
 30–300
 >300

PER (mg/d)
 <150
 150–500
 >500

ACR
(mg/mmol)
 <3
 3–30
 >30

(mg/g)
 <30
 30–300
 >300
PCR

(mg/mmol)
 <15
 15–50
 >50

(mg/g)
 <150
 150–500
 >500
Protein reagent strip
 Negative to trace
 Trace to +
 + or greater
Relationships among measurement methods within a category are not exact. For example, the relationships between AER and ACR and between PER and PCR are based on
the assumption that average creatinine excretion rate is approximately 1.0 g/d or 10 mmol/d. The conversions are rounded for pragmatic reasons. (For an exact conversion
from mg/g of creatinine to mg/mmol of creatinine, multiply by 0.113.) Creatinine excretion varies with age, sex, race and diet; therefore, the relationship among these
categories is approximate only. The relationship between urine reagent strip results and other measures depends on urine concentration. ACR, albumin-to-creatinine ratio;
AER, albumin excretion rate; PCR, protein-creatinine ratio; PER, protein excretion rate.
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Abbreviations and acronyms

AAV ANCA-associated vasculitis
ACEi angiotensin-converting enzyme inhibitor(s)
ACR albumin–creatinine ratio
ACT artemisinin-based combination therapy
AFRAN African Association of Nephrology
aHUS atypical hemolytic uremic syndrome
AIDS acquired immunodeficiency syndrome
AKI acute kidney injury
ANCA antineutrophil cytoplasmic antibody
aPLA antiphospholipid antibodies
APS antiphospholipid syndrome
ARB angiotensin II receptor blocker
ART antiretroviral therapy
ATE arterial thromboembolism
AUC area under the curve
BCG bromocresol green
BCP bromocresol purple
BMI body mass index
BP blood pressure
C3G C3 glomerulopathy
C4G C4 glomerulopathy
C3GN C3 glomerulonephritis
CCB calcium channel blocker
CFH Complement Factor H
CFHR Complement Factor H–related
CI confidence interval
CKD chronic kidney disease
CNI calcineurin inhibitor
CrCl creatinine clearance
CV cardiovascular
DDD dense deposit disease
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DRI direct renin inhibitor
dsDNA double-stranded DNA
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ERT Evidence Review Team
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FDA Food and Drug Administration
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G6PD glucose-6-phosphate dehydrogenase
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GFR glomerular filtration rate
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LN lupus nephritis
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NIH National Institutes of Health, USA
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PCR protein–creatinine ratio
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SoF Summary of Findings
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Notice
SECTION I: USE OF THE CLINICAL PRACTICE GUIDELINE
This Clinical Practice Guideline document is based upon literature searches last conducted in October 2018, supplemented with
additional evidence through September 2019. The search was updated in June 2020. It is designed to assist decision-making. It
is not intended to define a standard of care and should not be interpreted as prescribing an exclusive course of management.
Variations in practice will inevitably and appropriately occur when clinicians consider the needs of individual patients, available
resources, and limitations unique to an institution or type of practice. Healthcare professionals using these recommendations
should decide how to apply them to their own clinical practice.

SECTION II: DISCLOSURE
Kidney Disease: Improving Global Outcomes (KDIGO) makes every effort to avoid any actual or reasonably perceived conflicts
of interest that may arise from an outside relationship or a personal, professional, or business interest of a member of the Work
Group. All members of the Work Group are required to complete, sign, and submit a disclosure and attestation form showing
all such relationships that might be perceived as or are actual conflicts of interest. This document is updated annually, and
information is adjusted accordingly. All reported information is published in its entirety at the end of this document in the
Work Group members’ Disclosure section and is kept on file at KDIGO.
Copyright � 2021, KDIGO. Published by Elsevier Inc. on behalf of the International Society of Nephrology. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/). Single copies may be
made for personal use as allowed by national copyright laws. Special rates are available for educational institutions that wish
to make photocopies for nonprofit educational use. No part of this publication may be reproduced, amended, or transmitted
in any form or by any means, electronic or mechanical, including photocopying, recording, or any information storage and
retrieval system, without explicit permission in writing from KDIGO. Details on how to seek reprints, permission for
reproduction or translation, and further information about KDIGO’s permissions policies can be obtained by contacting
Melissa Thompson, Chief Operating Officer, at melissa.thompson@kdigo.org.

To the fullest extent of the law, neither KDIGO, Kidney International, nor the authors, contributors, or editors assume any
liability for any injury and/or damage to persons or property as a matter of products liability, negligence or otherwise, or
from any use or operation of any methods, products, instructions, or ideas contained in the material herein.
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Foreword
Kidney International (2021) 100, S1–S276; https://doi.org/10.1016/j.kint.2021.05.021
With the growing awareness that chronic kidney disease (CKD)
is a major global health problem, Kidney Disease: Improving
Global Outcomes (KDIGO) was established in 2003 with the
stated mission “to improve the care and outcomes of patients
with kidney disease worldwide through promoting coordina-
tion, collaboration, and integration of initiatives to develop and
implement clinical practice guidelines.”

Since 2003, KDIGO has developed a catalog of clinical
practice guidelines informing the care of patients with, or at
risk of developing, kidney diseases. Recently, KDIGO published
one new guideline on Diabetes Management in CKD and
updated their Management of Blood Pressure in CKD guide-
line. The last in the series is the update to the Management of
Glomerular Diseases guideline. All 3 guidelines will be pre-
sented using a new guideline format.

Glomerular diseases, excluding diabetic nephropathy, ac-
count for about 25% of the cases of CKD worldwide. Given
the magnitude of long-term morbidity from glomerular dis-
eases, and in particular, their frequent manifestation in
younger patients, it is critical that they be diagnosed effi-
ciently, and that management is optimized to control disease
and prevent progressive kidney disease.

KDIGO published its Clinical Practice Guideline for
Glomerulonephritis (GN) in 2012. The guideline was derived
from a significant effort by the Work Group to summarize
recommendations for 12 distinct diseases based on evidence
available through November 2011. Since that time, substantial
new evidence has emerged with important implications for the
recommendation statements made in this original guideline.

In 2017, KDIGO convened a Controversies Conference on
Glomerular Diseases. The objective of the conference was to
gather a global panel of multidisciplinary clinical and scien-
tific experts to identify key issues relevant to the optimal
management of primary and secondary glomerular disease.
The goal was to determine best practice treatment and areas
of uncertainties in the treatment of glomerular disease, review
key relevant literature published since the KDIGO 2012 GN
Guideline, identify topics or issues that warrant revisiting for
future guideline updating, and outline research needed to
improve GN management. The conclusions from this Con-
troversies Conference were published in Kidney International
last year.1,2 Based on this conference, a guideline update was
recommended.

In keeping with KDIGO’s policy for transparency and
rigorous public review during the guideline development
process, the scope of the 2017 Controversies Conference was
made available for open commenting prior to the conference.
The guideline Work Group members carefully considered
both the feedback received on the Scope of Work and the
output of the conference. This guideline was made available
for public review, too, and the Work Group has critically
S20
reviewed the public input and revised the guideline as
appropriate for the final publication.

We thank Jürgen Floege, MD, and Brad H. Rovin, MD, for
leading this important initiative, and we are especially grateful
to all Work Group members who provided a considerable
amount of their time and expertise to this endeavor. In
addition, this Work Group was ably assisted by colleagues
from the independent Evidence Review Team (ERT) led by
Jonathan C. Craig, MBChB, DipCH, FRACP, M Med (Clin
Epi), PhD, Martin Howell, PhD, and David J. Tunnicliffe,
PhD, who made this guideline possible.

KDIGO recently appointed Marcello A. Tonelli, MD, SM,
MSc, FRCPC as its first Guideline Methods Chair. He was
tasked with improving KDIGO guideline methodology by
reinforcing the linkage between the recommendations and the
corresponding evidence, standardizing the guideline format,
reducing unnecessary length, and strengthening the utility of
the guideline for its users.

To meet these goals, Dr. Tonelli suggested KDIGO work
with MAGICapp, a web-based publishing platform for
evidence-based guidelines. The program uses a predefined
format and allows for direct linkage of the evidence to the
recommendation statement, and the generation of patient
decision aids directly from the evidence syntheses used to
support the guideline. In addition, he introduced the
concept of practice points, a new form of guidance
produced in addition to recommendations. When a sys-
tematic review was not done or was done but did not find
sufficient evidence to warrant a recommendation, a practice
point was used to provide guidance to clinicians. Practice
points do not necessarily follow the same format as
recommendations—for example, they may be formatted as
tables, figures, or algorithms—and are not graded for
strength or evidence quality.

With Dr. Tonelli’s guidance and expertise, the use of
MAGICapp, and the adoption of practice points, KDIGO has
seen the update of the Glomerular Diseases Guideline develop
into a highly useful document that is rich in guidance while
maintaining the high-quality standards and rigor for which
KDIGO is best known. The update to the KDIGO guideline
format is discussed in greater detail below by Dr. Tonelli
(Figure 1).

In summary, we are confident that this guideline will prove
useful to clinicians treating people with glomerular disease
throughout the world. Once again, we thank the Work Group
Co-Chairs and members and all those who contributed to this
very important KDIGO activity.

Michel Jadoul, MD
Wolfgang C. Winkelmayer, MD, ScD

KDIGO Co-Chairs
Kidney International (2021) 100, S1–S276
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Figure 1 | Updates to the KDIGO guideline format. CNI, calcineurin inhibitors; eGFR, estimated glomerular filtration rate; FAQ, frequently
asked questions; GRADE, Grading of Recommendations Assessment, Development, and Evaluation; KDIGO, Kidney Disease: Improving Global
Outcomes; MN, membranous nephropathy, PLA2R, M-type phospholipase A2 receptor; RCT, randomized controlled trial. (Continued)
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Figure 1 | (Continued)
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Figure 1 | (Continued)
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Figure 1 | (Continued)
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Abstract
Kidney Internatio
The Kidney Disease: Improving Global Outcomes (KDIGO) 2021 Clinical Practice Guideline for the
Management of Glomerular Diseases is an update to the KDIGO 2012 guideline on the topic. The
aim is to assist clinicians caring for individuals with glomerular disease, both adults and children.
The scope includes various glomerular diseases, including IgA nephropathy (IgAN) and IgA
vasculitis (IgAV), membranous nephropathy, nephrotic syndrome in children, minimal change
disease (MCD), focal segmental glomerulosclerosis (FSGS), infection-related glomerulonephritis
(GN), antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis, lupus nephritis, and
anti-glomerular basement membrane (anti-GBM) antibody GN. In addition, this guideline will
be the first to address the subtype of complement-mediated diseases. Each chapter follows the
same format providing guidance related to diagnosis, prognosis, treatment, and special situations.
The goal of the guideline is to generate a useful resource for clinicians and patients by providing
actionable recommendations with valuable infographics based on a rigorous formal systematic
literature review. Another aim is to propose research recommendations for areas where there are
gaps in knowledge. The guideline targets a broad audience of clinicians treating glomerular
disease while being mindful of implications for policy and cost. Development of this guideline
update followed an explicit process of evidence review. Treatment approaches and guideline
recommendations are based on systematic reviews and evidence synthesis of relevant studies, and
appraisal of the quality of the evidence and the strength of recommendations followed the
“Grading of Recommendations Assessment, Development, and Evaluation” (GRADE) approach.
Limitations of the evidence are discussed, with areas of future research also presented.

Keywords: AAV; ANCA; anti-GBM; C3; complement; evidence-based; FSGS; glomerular dis-
eases; glomerulonephritis; guideline; IgA nephropathy; IgA vasculitis; infection-related glomer-
ulonephritis; KDIGO; lupus nephritis; membranous nephropathy; minimal change disease;
MPGN; nephrotic syndrome; systematic review
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In citing this document, the following format should be used: Kidney Disease: Improving
Global Outcomes (KDIGO) Glomerular Diseases Work Group. KDIGO 2021 Clinical Practice
Guideline for the Management of Glomerular Diseases. Kidney Int. 2021;100(4S):S1–S276.
This guideline, including all statements and evidence, will also be published on MAGICapp
(https://kdigo.org/guidelines/gd/). This online format will facilitate rapid updates as new evi-
dence emerges.
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Introduction
Glomerular disease, be it primary or secondary, occurring in
the setting of systemic autoimmune diseases, infections,
drugs, or malignancy, affects individuals of all ages. In most
kidney failure registries, glomerular diseases account for
about 20%–25% of the prevalent cases. However, in children,
teenagers, and young adults, glomerular disease is one of the
most common causes of irreversible kidney damage and, as
such, is not only a source of personal suffering but also a
major socioeconomic problem.

In 2012, KDIGO published its first-ever guideline on the
management of glomerular diseases. In the 8 years that have
passed, several major discoveries have been made that relate
to our understanding of the pathogenesis, diagnosis, and
therapy of glomerular disease. The unequivocal proof that
primary membranous nephropathy is an autoimmune dis-
ease, the uncovering of the role of complement in glomer-
ulopathies from dense deposit disease to ANCA-associated
vasculitis, and the demonstration that targeting B cells is
effective for treating diseases mediated by pathogenic (auto)
antibodies are examples of some of the most important ad-
vances. Thus, an update of the 2012 guideline is appropriate
and more urgent as ever.

In this guideline, we have largely maintained the topics
covered in the first edition, focusing on the most common
adult and pediatric glomerulonephritides (i.e., IgAN,
membranous nephropathy, nephrotic syndrome including
minimal change disease and FSGS, and infection-related
glomerulonephritis [GN]), as well as systemic immuno-
logic diseases (i.e., lupus nephritis, ANCA-associated vascu-
litis, and anti-GBM antibody GN). We have expanded the
chapter on General principles for the management of glomer-
ular disease that discusses supportive therapies appropriate
for all glomerular diseases that supplement the more specific
immunosuppressive treatments for each disease. Consistent
with new findings on disease pathogenesis, the updated
Membranous nephropathy chapter now provides an in-depth
discussion of monitoring pathogenic autoantibodies in dis-
ease management. We have replaced the chapter heading on
membranoproliferative GN (MPGN) with a new chapter
entitled Immunoglobulin- and complement-mediated glomer-
ular diseases with an MPGN pattern of injury. The chapter
on Antineutrophil cytoplasmic antibody (ANCA)-associated
vasculitis compares and contrasts B cell–targeted therapies
with traditional cytotoxic drugs. The chapter on Focal
segmental glomerulosclerosis (FSGS) has been reorganized to
help clinicians more accurately differentiate between FSGS
mediated by a soluble factor that may be amenable to
immunosuppression, and conditions with FSGS-like histol-
ogy, for which immunosuppression should not be used.
Nephrotic syndrome in children takes advantage of several
S28
new trials that have defined duration of immunosuppres-
sion, and this chapter has been written to closely align with
recommendations from the International Pediatric
Nephrology Association (IPNA).

Although the present guideline is the most extensive
KDIGO guideline to date, covering a large array of diseases,
there are a few remaining glomerular diseases not addressed.
Specifically, very rare GN types, such as fibrillary GN,
immunotactoid GN, and IgM GN, for example, are not
covered, related in part to space and resource restrictions,
but particularly because of the lack of controlled trials to
guide treatment. Our focus on immune-mediated glomer-
ular disease has led to the exclusion of other important
entities, such as amyloidosis and immunoglobulin deposi-
tion diseases, Alport syndrome, and thrombotic
microangiopathies.

The guideline primarily considers questions of clinical
management for which high-quality scientific evidence is
available. It is not meant to replace textbooks. Rather, in
collaboration with an Evidence Review Team, the Work
Group reassessed questions posed in the 2012 guideline
version and identified several issues that have remained
clinically pressing and for which there is now at least some
evidence base from which to make defensible recommenda-
tions. The chapter on General principles for the management of
glomerular disease links this guideline with other KDIGO
guidelines, the most important of which cover the manage-
ment of hypertension associated with chronic kidney disease
(KDIGO Guideline for the Management of Blood Pressure in
CKD: https://kdigo.org/guidelines/blood-pressure-in-ckd/).
At the end of each chapter, a research agenda has also been
included and is intended to provide a roadmap for future
investigation based on our comprehensive review of the
current state of clinical evidence.

The majority of glomerular diseases are classified as rare
diseases, and consequently, there is a paucity of randomized
controlled trials on which to base firm recommendations.
Given this situation, evidence-based recommendations have
been supplemented with practice points, based on retro-
spective analyses, registry data, and consensus of expert
opinion to fill in management gaps when there was insuffi-
cient evidence to make a formal recommendation. The reader
will notice that most of this guideline is comprised of practice
points. This should be taken as a challenge to the clinical
investigators of the nephrology community to develop novel
clinical trial designs, such as basket trials, umbrella trials,
biomarker-driven trials, and n-of-1 trials, to implement the
proposed research agenda in the absence of a sufficient
number of patients to carry out traditional prospective ran-
domized controlled trials.

As Co-Chairs, we are more than grateful to the Work
Group, Evidence Review Team, and KDIGO staff for their
outstanding contributions to the creation of this extensive
Kidney International (2021) 100, S1–S276
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guideline. The Work Group was diverse, multinational,
multidisciplinary, experienced, thoughtful, and dedicated,
and volunteered countless hours of their time to developing
this guideline. Finally, we owe a special debt of gratitude to
the KDIGO Executive Committee, in particular Marcello
Tonelli, who reviewed the guideline and made very helpful
suggestions on methodological aspects of this project.
Kidney International (2021) 100, S1–S276
We hope that the guidance provided here will lead to better
and more standardized care and improved outcomes for pa-
tients with immune-mediated glomerular diseases.

Jürgen Floege, MD
Brad H. Rovin, MD

Glomerular Disease Guideline Co-Chairs
S29
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Summary of recommendation statements and practice
points
Chapter 1: General principles for the management of glomerular disease

1.1. Kidney biopsy

Practice Point 1.1.1: The kidney biopsy is the “gold standard” for the diagnostic evaluation of glomerular diseases.
However, under some circumstances, treatment may proceed without a kidney biopsy confirmation
of diagnosis (Figure 2).
Figure 2 | Considerations for a kidney biopsy in patients with proteinuria and/or glomerular hematuria. ANCA, antineutrophil
cytoplasmic antibody; eGFR, estimated glomerular filtration rate; GN, glomerulonephritis; MPO, myeloperoxidase; PLA2Rabþ, M-type
phospholipase A2 receptor antibody positive; PR3, proteinase 3.
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Practice Point 1.1.2: The evaluation of kidney tissue should meet standards of biopsy adequacy (Figure 3).
Figure 3 | Evaluation of kidney tissue. AA, amyloid A; GBM, glomerular basement membrane; DNAJB9, DnaJ homolog subfamily B
member 9; GN, glomerulonephritis; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M; LECT2, leukocyte cell-derived
chemotaxin-2; PLA2R, M-type phospholipase A2 receptor; THDS7A, thrombospondin type-I domain-containing 7A.
Practice Point 1.1.3: Repeat kidney biopsy should be performed if the information will potentially alter the ther-
apeutic plan or contribute to the estimation of prognosis.

1.2. Assessment of kidney function

Practice Point 1.2.1: Obtain 24-hour urine collection to determine total protein excretion in patients with glomerular
disease for whom initiation or intensification of immunosuppression is necessary, or who have a
change in clinical status.

Practice Point 1.2.2: For pediatrics, 24-hour urine collection is not ideal as it may not be accurate and is cumbersome
to collect. Instead, monitor first morning protein–creatinine ratio (PCR).

Practice Point 1.2.3: Random “spot” urine collections for PCR are not ideal as there is variation over time in both
protein and creatinine excretion.

Practice Point 1.2.4: First morning urine collections may underestimate 24-hour protein excretion in orthostatic
proteinuria.

Practice Point 1.2.5: When feasible, a reasonable compromise is to collect an “intended” 24-hour urine sample and
measure PCR in an aliquot of the collection.
Kidney International (2021) 100, S1–S276 S31
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Practice Point 1.2.6: There is no need to simultaneously and routinely quantify sodium excretion on each timed urinary
collection, unless there is reason to suspect a failure to adhere to suggestions regarding dietary sodium
restriction (Figure 5 and Practice Points 1.4.2 and 1.5.9).
Figure 5 | Assessment of kidney function in glomerular disease. *In ml/min per 1.73 m2. The correction coefficient for race in GFR
estimating equations is controversial, and discussions about this topic are ongoing.20 Please refer to the KDIGO CKD guideline for more
information.18 1Perrone et al.13, 2Gaspari et al.12, 3Cockcroft and Gault.11, 4Stevens et al.16, 5Stevens et al.17, 6Schwartz et al.15, 7Pottel et al.14,
8Branten et al.19, 9Zhai et al.21, 10Levey et al.22 AKI, acute kidney injury; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; 51Cr-EDTA,
chromium-51 labeled ethylenediamine tetraacetic acid; eGFR, estimated glomerular filtration rate in ml/min per 1.73 m2; 99mTc-DTPA,
technetium-diethylenetriamine pentaacetic acid.
Practice Point 1.2.7: Quantify proteinuria in glomerular disease, as it has disease-specific relevance for prognosis and
treatment decision-making. Qualitative assessment of proteinuria may be useful in selected instances.

Practice Point 1.2.8: In children, quantify proteinuria, but goals of treatment should not be different between disease
etiologies. A PCR of <200 mg/g (<20 mg/mmol) or <8 mg/m2/hour in a 24-hour urine should be the
goal for any child with glomerular disease. Acceptance of a baseline higher than this should come
only with kidney biopsy evidence of kidney scarring.

Practice Point 1.2.9: The Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) estimated glomerular filtration
rate (eGFR) creatinine equation is preferred in adult patients with glomerular disease, and the
modified Schwartz equation is preferred in children. The Full Age Spectrum (FAS) equation may be
used in both adults and children (Figure 5).
S32 Kidney International (2021) 100, S1–S276
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1.3. Evaluation of hematuria

Practice Point 1.3.1: Routine evaluation of urine sediment for erythrocyte morphology and the presence of red cell casts
and/or acanthocytes is indicated in all forms of glomerular disease.

Practice Point 1.3.2: Monitoring of hematuria (magnitude and persistence) may have prognostic value in many forms of
glomerular disease. This is particularly applicable to immunoglobulin A nephropathy (IgAN) and
vasculitis (IgAV; Chapter 2).

1.4. Management of complications of glomerular disease (Figure 7)
Figure 7 | Edema management in NS. GFR, glomerular filtration rate; i.v., intravenous; NS, nephrotic syndrome; RAS, renin–angiotensin system.
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1.5. Management of hypertension and proteinuria reduction in glomerular disease (Figure 8)
Figure 8 | Management of hypertension and proteinuria in glomerular disease. ACEi, angiotensin-converting enzyme inhibitor; ARB,
angiotensin II receptor blocker; BP, blood pressure; FSGS, focal segmental glomerulosclerosis; GN, glomerulonephritis; KDIGO, Kidney
Disease: Improving Global Outcomes; MCD, minimal change disease; NS, nephrotic syndrome; RAS, renin–angiotensin system; RASi,
renin–angiotensin system inhibitors; SBP, systolic blood pressure; SSNS, steroid-sensitive nephrotic syndrome.
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1.6. Management of hyperlipidemia in glomerular disease (Figure 10)
Figure 10 | Management of hyperlipidemia in glomerular disease. ACR, albumin–creatinine ratio; AIDS, acquired immunodeficiency
syndrome; Apo, apolipoprotein; ASCVD, atherosclerotic cardiovascular disease; eGFR, estimated glomerular filtration rate; LDL-C, low-density
lipoprotein cholesterol; Lp, lipoprotein; PCSK9, proprotein convertase subtilisin/kexin type 9.
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1.7. Hypercoagulability and thrombosis

Practice Point 1.7.1: Full anticoagulation is indicated for patients with thromboembolic events occurring in the context of
nephrotic syndrome. Prophylactic anticoagulation should be employed in patients with nephrotic
syndrome when the risk of thromboembolism exceeds the estimated patient-specific risks of an
anticoagulation-induced serious bleeding event (Figure 11).
Figure 11 | Anticoagulation in NS. *Membranous GN carries a particularly high risk of thromboembolic events. NS, nephrotic syndrome.
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Practice Point 1.7.2: Anticoagulant dosing considerations in patients with nephrotic syndrome (Figure 12 and Figure 1344).
Figure 12 | Anticoagulant dosing considerations in patients with NS. NS, nephrotic syndrome.
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Figure 13 | Prophylactic anticoagulation in adults with GN/nephrotic syndrome. Reproduced from Kidney International, volume 89, issue 5,
Hofstra JM, Wetzels JFM. Should aspirin be used for primary prevention of thrombotic events in patients with membranous nephropathy? Pages
981–983, Copyright ª 2016, with permission from the International Society of Nephrology.44 Note: This algorithm was developed for patients
with membranous nephropathy. Its value is unknown for patients with nephrotic syndrome (NS) due to other underlying diseases. In pediatric
patients with glomerulonephritis (GN), consider formal hematology consultation for evaluation of venous thromboembolism (VTE) and bleeding
risk. Framingham Risk Score is not available for pediatric patients. ‡Albumin value of 25 g/l or 32 g/l (2.5 g/dl or 3.2 g/dl) is measured using
bromocresol green (BCG). A value of 20 g/l or 30 g/l (2 g/dl or 3 g/dl) should be used when bromocresol purple (BCP) or immunoassays for
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1.8. Risks of infection

Practice Point 1.8.1: Use pneumococcal vaccine in patients with glomerular disease and nephrotic syndrome, as well as pa-
tients with chronic kidney disease (CKD). Patients and household contacts should receive the influenza
vaccine. Patients should receive herpes zoster vaccination (Shingrix).

Practice Point 1.8.2: Screen for tuberculosis (TB), hepatitis B virus (HBV), hepatitis C virus (HCV), human immunodeficiency
virus (HIV), and syphilis in clinically appropriate patients (Chapter 7).

Practice Point 1.8.3: Strongyloides superinfection should be considered in patients receiving immunosuppression who
once resided in endemic tropical environments and who have eosinophilia and elevated serum
immunoglobulin E (IgE) levels.

Practice Point 1.8.4: Prophylactic trimethoprim–sulfamethoxazole (TMP-SMX) should be considered in patients receiving
high-dose prednisone or other immunosuppressive agents (rituximab, cyclophosphamide).

1.9. Outcome measures

Practice Point 1.9.1: Goals for proteinuria reduction with treatment vary among the various specific causes of glomerular
disease.

Practice Point 1.9.2: A ‡40% decline in eGFR from baseline over a 2–3-year period has been suggested as a surrogate
outcome measure for kidney failure.

serum albumin levels are used. *Please go to https://www.med.unc.edu/gntools/bleedrisk.html.
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1.10. Impact of age, sex, ethnicity, and genetic background
[No recommendations or practice points]
1.11. Genomics, transcriptomics, proteomics, metabolomics
[No recommendations or practice points]

1.12. Use of glucocorticoids and immunosuppressive therapy
[Please refer to individual chapters for further information.]

1.13. Pharmacologic aspects of immunosuppression (Figure 15)
Figure 15 | Minimization of immunosuppression-related adverse effects. GFR, glomerular filtration rate.
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1.14. Dietary management in glomerular disease (Figure 16)
*

1.15. Pregnancy and reproductive health in women with glomerular disease

Practice Point 1.15.1: Care for the pregnant patient with glomerular disease needs coordination between nephrology and
obstetrics, and ideally, such planning should be considered before pregnancy.

1.16. Treatment costs and related issues

Practice Point 1.16.1: Patients with glomerular disease should be offered participation in a disease registry and clinical
trials, whenever available.

1.17. Goals of glomerular disease treatment
[No recommendations or practice points]

1.18. Post-transplantation GN
[Please refer to individual chapters for further information.]

Figure 16 | Dietary suggestions in glomerular disease. Ideal body weight. GN, glomerulonephritis.
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Chapter 2: Immunoglobulin A nephropathy (IgAN)/immunoglobulin A vasculitis (IgAV)

Immunoglobulin A nephropathy

2.1 Diagnosis

Practice Point 2.1.1: Considerations for the diagnosis of immunoglobulin A nephropathy (IgAN):
� IgAN can only be diagnosed with a kidney biopsy.
� Determine the MEST-C score (mesangial [M] and endocapillary [E] hypercellularity, segmental sclerosis [S], inter-
stitial fibrosis/tubular atrophy [T], and crescents [C]) according to the revised Oxford Classification.80

� There are no validated diagnostic serum or urine biomarkers for IgAN.
� Assess all patients with IgAN for secondary causes.

2.2 Prognosis

Practice Point 2.2.1: Considerations for the prognostication of primary IgAN:
� Clinical and histologic data at the time of biopsy can be used to risk stratify patients.
� The International IgAN Prediction Tool is a valuable resource to quantify risk of progression and inform shared
decision-making with patients.
B Calculate by QxMD

� The International IgAN Prediction Tool incorporates clinical information at the time of biopsy and cannot be used to
determine the likely impact of any particular treatment regimen.

� There are no validated prognostic serum or urine biomarkers for IgAN other than eGFR and proteinuria.

2.3 Treatment

Practice Point 2.3.1: Considerations for treatment of all patients with IgAN who do not have a variant form of primary
IgAN:

� The primary focus of management should be optimized supportive care.
� Assess cardiovascular risk and commence appropriate interventions as necessary.
� Give lifestyle advice, including information on dietary sodium restriction, smoking cessation, weight control, and
exercise, as appropriate.

� Other than dietary sodium restriction, no specific dietary intervention has been shown to alter outcomes in IgAN.
� Variant forms of IgAN: IgA deposition with minimal change disease (MCD), IgAN with acute kidney injury (AKI),
and IgAN with rapidly progressive glomerulonephritis (RPGN) may require specific immediate treatment.
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Practice Point 2.3.2: Algorithm for the initial assessment and management of the patient with IgAN (Figure 21)
Figure 21 | Initial assessment and management of the patient with IgAN. ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin
II receptor blocker; BP, blood pressure; GN, glomerulonephritis; HIV, human immunodeficiency virus; IgAN, immunoglobulin A nephropathy;
MEST-C, mesangial (M) and endocapillary (E) hypercellularity, segmental sclerosis (S), interstitial fibrosis/tubular atrophy (T), and crescents (C).
Recommendation 2.3.1: We recommend that all patients have their blood pressure managed, as described in
Chapter 1. If the patient has proteinuria >0.5 g/d, we recommend that initial therapy
be with either an angiotensin-converting enzyme inhibitor (ACEi) or angiotensin II
receptor blocker (ARB) (1B).

Recommendation 2.3.2: We recommend that all patients with proteinuria >0.5 g/d, irrespective of whether
they have hypertension, be treated with either an ACEi or ARB (1B).
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2.3.1 Patients with IgAN who are at high risk of progressive CKD despite maximal supportive care

Practice Point 2.3.1.1: Considerations for treatment of patients with IgAN who are at high risk of progressive CKD despite
maximal supportive care.

� High risk of progression in IgAN is currently defined as proteinuria >0.75–1 g/d despite ‡90 days of optimized
supportive care.

� Immunosuppressive drugs should be considered only in patients with IgAN who remain at high risk of progressive
CKD despite maximal supportive care (The patients enrolled in the only large randomized controlled trial [RCT]
suggesting benefit of immunosuppression had an average of 2.4 g/d of proteinuria).

� In view of the current uncertainty over the safety and efficacy of existing immunosuppressive treatment choices, all
patients who remain at high risk of progressive CKD despite maximal supportive care should be offered the op-
portunity to take part in a clinical trial.

� In all patients in whom immunosuppression is being considered, a detailed discussion of the risks and benefits of
each drug should be undertaken with the patient recognizing that adverse treatment effects are more likely in patients
with an eGFR <50 ml/min per 1.73 m2.

� There is insufficient evidence to support the use of the Oxford Classification MEST-C score in determining whether
immunosuppression should be commenced in IgAN.

� There is insufficient evidence to base treatment decisions on the presence and number of crescents in the kidney
biopsy.

� The International IgAN Prediction Tool cannot be used to determine the likely impact of any particular treatment
regimen.

� Dynamic assessment of patient risk over time should be performed, as decisions regarding immunosuppression may
change.

Practice Point 2.3.1.2: Proteinuria reduction to under 1 g/d is a surrogate marker of improved kidney outcome in IgAN,
and reduction to under 1 g/d is a reasonable treatment target.

Recommendation 2.3.1.1: We suggest that patients who remain at high risk of progressive CKD despite
maximal supportive care be considered for a 6-month course of glucocorticoid
therapy. The important risk of treatment-emergent toxicity must be discussed with
patients, particularly those who have an eGFR <50 ml/min per 1.73 m2 (2B).
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Practice Point 2.3.1.3: Use of glucocorticoids in IgAN:

� Clinical benefit of glucocorticoids in IgAN is not established and should be given with extreme caution or avoided
entirely in situations listed in Figure 23:
Figure 23 | Situations when glucocorticoids should be avoided, or administered with great caution. *The Therapeutic Evaluation of
Steroids in IgA Nephropathy Global (TESTING)109 study included patients with eGFR 20–30 ml/min per 1.73 m2, but only 26 patients in total had
this range of kidney function. Prespecified subgroup analyses for signals of efficacy and toxicity were underpowered and did not distinguish
patients with eGFR <30 ml/min per 1.73 m2. †High BMI in the TESTING study was not specifically considered an exclusion, but the mean BMI
was <24 kg/m2. BMI, body mass index; eGFR, estimated glomerular filtration rate; TB, tuberculosis.
� There is insufficient evidence to support the use of the Oxford Classification MEST-C score in determining when any
glucocorticoid therapy should be commenced.

� There are no data to support efficacy or reduced toxicity of alternate-day glucocorticoid regimens, or dose-reduced
protocols.

� Where appropriate, treatment with glucocorticoid (prednisone equivalent ‡0.5 mg/kg/d) should incorporate pro-
phylaxis against Pneumocystis pneumonia along with gastroprotection and bone protection, according to local
guidelines.
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Practice Point 2.3.1.4: Management of patients with IgAN who remain at high risk for progression after maximal sup-
portive care (Figure 24)
Figure 24 | Management of patients with IgAN who remain at high risk for progression after maximal supportive care. *IgAN with
rapidly progressive glomerulonephritis is covered in Practice Point 2.4.3. †The TESTING study109 shows early evidence of efficacy in patients who
had marked proteinuria (2.4 g/d average) at the expense of treatment-associated morbidity and mortality. ACEi, angiotensin-converting enzyme
inhibitor; ARB, angiotensin II receptor blocker; BP, blood pressure, eGFR, estimated glomerular filtration rate; GN, glomerulonephritis; HBV,
hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; IgAN, immunoglobulin A nephropathy; TB, tuberculosis.
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Practice Point 2.3.1.5: Other pharmacologic therapies evaluated in IgAN (Figure 25)
Figure 25 | Other pharmacologic therapies evaluated in IgAN. 1Hou et al.115, 2Hogg et al.116, 3Frisch et al.117, 4Maes et al.118, 5Vecchio
et al.119, 6Liu et al.120 ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; IgAN, immunoglobulin A
nephropathy; MMF, mycophenolate mofetil; RCT, randomized controlled trial.
Practice Point 2.3.1.6: Tonsillectomy in IgAN:

� Tonsillectomy should not be performed as a treatment for IgAN in Caucasian patients.
� Tonsillectomy is suggested in some national guidelines for the treatment of recurrent tonsillitis in patients with IgAN.
� Multiple studies from Japan have reported improved kidney survival and partial or complete remission of hematuria
and proteinuria following tonsillectomy alone or with pulsed glucocorticoids (Figure 26; Supplementary
Table S795,121–124).
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Figure 26 | Regional use of tonsillectomy as a treatment for IgAN. 1Yang et al.124, 2Kawasaki et al.123, 3Hotta et al.121, 4Reid et al.95,
5Hirano et al.125, 6Kawamura et al.122 eGFR, estimated glomerular filtration rate; IgAN, immunoglobulin A nephropathy; RCT, randomized
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2.4. Special situations

Practice Point 2.4.1: IgAN with nephrotic syndrome:

� Rarely, patients with IgAN present with nephrotic syndrome (including edema and both hypoalbuminemia and
nephrotic-range proteinuria >3.5 g/d).

� In these cases, mesangial IgA deposition can be associated with light and electron microscopy features otherwise
consistent with a podocytopathy resembling MCD.

� It is unclear whether this is a specific podocytopathic variant of IgAN or the existence of MCD in a patient with IgAN.
� Patients with a kidney biopsy demonstrating mesangial IgA deposition and light and electron microscopy features
otherwise consistent with MCD should be treated in accordance with the guidelines for MCD (Chapter 5).

� Patients with nephrotic syndrome whose kidney biopsy has coexistent features of a mesangioproliferative glomer-
ulonephritis (MPGN) should be managed in the same way as those patients at high risk of progressive CKD despite
maximal supportive care.

� Nephrotic-range proteinuria without nephrotic syndrome may also be seen in IgAN, and this commonly reflects
coexistent secondary focal segmental glomerulosclerosis (FSGS) (e.g., obesity, uncontrolled hypertension) or devel-
opment of extensive glomerulosclerosis and tubulointerstitial fibrosis.

Practice Point 2.4.2: IgAN with AKI:

� AKI can occur in patients with IgAN in the context of severe visible hematuria, commonly in association with an
upper respiratory tract infection. A repeat kidney biopsy should be considered in patients who fail to show
improvement in kidney function within 2 weeks following cessation of the hematuria. Immediate management of AKI
with visible hematuria should focus on supportive care for AKI.

� IgAN may also present with AKI either de novo or during its natural history due to an RPGN with extensive crescent
formation, commonly in the absence of visible hematuria. In the absence of visible hematuria and when other causes
of an RPGN (e.g., antineutrophil cytoplasmic antibody [ANCA]-associated vasculitis [AAV], anti-glomerular base-
ment membrane [GBM] disease) and reversible causes (e.g., drug toxicity, common pre- and post-kidney causes) have
been excluded, a kidney biopsy should be performed as soon as possible.

Practice Point 2.4.3: IgAN with RPGN:

� Rapidly progressive IgAN is defined as a‡50%decline in eGFRover£3months, where other causes of anRPGN (e.g., AAV,
anti-GBM disease) and reversible causes (e.g., drug toxicity, common pre- and post-kidney causes) have been excluded.

� A kidney biopsy is essential in these cases and will commonly demonstrate mesangial and endocapillary hyper-
cellularity, and a high proportion of glomeruli affected by crescents with areas of focal necrosis.

� The presence of crescents in a kidney biopsy in the absence of a concomitant change in serum creatinine (SCr) does
not constitute rapidly progressive IgAN; however, these patients require close follow-up to ensure prompt detection
of any GFR decline. If this occurs, a second kidney biopsy may be considered.

� Patients with rapidly progressive IgAN should be offered treatment with cyclophosphamide and glucocorticoids in
accordance with the guidelines for AAV (Chapter 9).

controlled trial.
Kidney International (2021) 100, S1–S276 S47



summary o f recommenda t ion s ta tement s and prac t i c e po in t s www.kidney-international.org
� Prophylactic measures that should accompany immunosuppression are discussed in Chapter 1.
� There is insufficient evidence to support the use of rituximab for the treatment of rapidly progressive IgAN.

Practice Point 2.4.4: IgAN and pregnancy planning:

� IgAN is a disease predominantly of young adults, and all women of childbearing potential should be offered pre-
conception counseling when appropriate.

� Preconception counseling should include a discussion on cessation of renin–angiotensin system (RAS) blockade.
Blood pressure control should be optimized with alternative antihypertensive medications prior to conception.

� In those women at high risk of progressive CKD (Recommendation 2.3.1.1) despite maximal supportive care, a trial of
immunosuppression to optimize immunologic activity and reduce proteinuria prior to conception may be preferable
to emergent initiation of immunosuppression during pregnancy.

Practice Point 2.4.5: IgAN in children:

General considerations

� For the purposes of this practice point, children are defined as those aged <18 years. It is acknowledged that post-
pubertal children in some respects may have a similar course and response to treatment as adults with IgAN, but
there are insufficient data currently to recommend that they be managed as adults with IgAN.

� Visible hematuria is more frequent in children than in adults, and this may account for earlier diagnosis in
children.126

� Children generally have higher eGFR, lower urine protein excretion, and more hematuria than adults at diagnosis.127

Kidney biopsy in children

� A kidney biopsy is usually performed at presentation of symptoms (hematuria, proteinuria, normal C3) in order to
confirm the diagnosis (and rule out other diagnoses) and assess the degree of inflammation/presence of necrosis.

� Inflammation, mesangial, and endocapillary hypercellularity tend to be more prevalent in kidney biopsies of IgAN in
children than in those of adults.128–131

Treatment

� There is strong evidence suggesting a benefit of RAS blockade in children.132 All children with IgAN and proteinuria
>200 mg/d or PCR >200 mg/g (>0.2 g/g [20 mg/mmol]) should receive ACEi or ARB blockade, advice on a low-
sodium diet, and optimal lifestyle and blood pressure control (systolic blood pressure [SBP] <90th percentile for
age, sex, and height).

� It is widely acknowledged that treatment of IgAN with immunosuppression differs between adults and children, and
that in children, the use of immunosuppressants is more widespread, particularly the use of glucocorticoids. How-
ever, RCTs and specific expert consensus-driven indications are lacking.

� Evidence derived mostly from retrospective studies suggests that treatment with glucocorticoids (plus second-line
immunosuppression) leads to improved kidney survival.126,133

� In children with proteinuria >1 g/d or PCR >1 g/g (100 mg/mmol) and/or mesangial hypercellularity, most pediatric
nephrologists will treat with glucocorticoids in addition to RAS blockade from time of diagnosis. Duration of treatment
is not established, but usually 4 weeks of 1–2 mg/kg/d of oral prednisolone (or equivalent) followed by alternate-day
tapering over 4-6 months is employed. Regimens including intravenous methylprednisolone are also used.127,128,130,134

� Evidence for the use of non-glucocorticoid immunosuppressants in addition to glucocorticoids is scarce, but this
approach may be considered in more severe cases.

� As for adults, IgAN with MCD may be found, and it should be treated as steroid-sensitive nephrotic syndrome (SSNS;
Chapter 4).

� As in adults, children with rapidly progressive IgAN have a poor outcome, and despite limited evidence, this
subgroup should be offered treatment with glucocorticoids (usually as methylprednisolone pulses) and
cyclophosphamide.128,130,135

Follow-up

� Aim for proteinuria £200 mg/d (£400 mg/1.73 m2/d) or PCR £200 mg/g (£0.2 g/g [£20 mg/mmol]).
� Aim for blood pressure at SBP <90th percentile for age, sex, and height.
� Continue to follow patients even after complete remission, as they can relapse even after many years.136
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Immunoglobulin A vasculitis

2.5 Diagnosis

Practice Point 2.5.1: Considerations for the diagnosis of immunoglobulin A vasculitis (IgAV):
� Unlike children, there are no internationally agreed upon criteria for the diagnosis of IgAV in adults, although a
clinical diagnosis of IgAV is often made based on the criteria described for children.140,141

� In adults with a vasculitic rash typical of IgAV, a kidney biopsy should be performed in the setting of features
consistent with a persistent and/or significant nephritis, RPGN, proteinuria >1g/d, and/or impaired kidney function.

� Assess all adult patients with IgAV for secondary causes.
� Assess all adult patients with IgAV for malignancy, with age- and sex-appropriate screening tests.

2.6 Prognosis

Practice Point 2.6.1: Considerations for the prognostication of IgAV:
� Retrospective data from a limited number of small registries have identified uncontrolled hypertension and the
amount of proteinuria at presentation, and hypertension and mean proteinuria during follow-up, as predictors of a
poor kidney outcome in adults with IgAV.142–144

� The Oxford Classification has not been validated for IgAV.
� The International IgAN Prediction Tool88 is not designed for prognostication in IgAV.

2.7 Treatment

2.7.1 Prevention of nephritis in IgAV

Recommendation 2.7.1.1: We recommend not using glucocorticoids to prevent nephritis in patients with iso-
lated extrarenal IgAV (1B).

Practice Point 2.7.1.1: Considerations for the treatment of all patients with IgAV-associated nephritis (IgAVN) who do not
have an RPGN:

� Assess cardiovascular risk and commence appropriate interventions as necessary.
� Give lifestyle advice, including information on smoking cessation, weight control, and exercise, as appropriate.
� No specific dietary intervention has been shown to alter outcomes in IgAVN.
� Treat to nationally agreed-upon blood pressure targets. KDIGO suggests treating to an SBP target of <120 mm Hg
measured using standardized office blood pressure measurement (Figure 8).

� Treat with maximally tolerated dose of ACEi or ARB if proteinuria >0.5 g/d.
� Offer participation in a clinical trial if one is available.

2.7.2 Patients with IgAVN who are at high risk of progressive CKD despite maximal supportive care

Practice Point 2.7.2.1: Considerations for the treatment of patients with IgAVN who are at high risk of progressive CKD
despite maximal supportive care:

� There is insufficient evidence to support the use of the Oxford Classification MEST-C score in determining whether
immunosuppression should be commenced in patients with IgAVN.

� The presence of crescents in the kidney biopsy is not in itself an automatic indication for commencement of
immunosuppression.

� In all patients in whom immunosuppression is being considered, a detailed discussion of the risks and benefits of
each drug should be undertaken with the patient with a recognition that adverse treatment effects are more likely in
patients with an eGFR <50 ml/min per 1.73 m2.

� In those patients who wish to try immunosuppressive therapy, treatment with glucocorticoids is as described above
for IgAN.

2.8 Special situations

Practice Point 2.8.1: IgAV with RPGN:

� The potential risks and benefits of immunosuppression should be evaluated at the individual patient level and
discussed with the patient.

� Patients agreeing to treatment should be treated in accordance with the guidelines for AAV (Chapter 9).
� IgAV with RPGN as well as other IgAVN may be associated with significant extrarenal involvement (pulmonary,
gastrointestinal, and skin), which may dictate alternative immunosuppressive strategies.

� There are insufficient data to determine the efficacy of plasma exchange in IgAVN with RPGN. However, uncon-
trolled case series describe the potential role for the addition of plasma exchange to glucocorticoid therapy to
accelerate recovery in patients with life- or organ-threatening extrarenal complications of IgAV.151 Clinicians are
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referred to the guidelines of the American Society for Apheresis regarding recommendations regarding plasma
exchange for IgAV.152

2.8.1 IgAV-associated nephritis in children

Practice Point 2.8.1.1: For the purposes of this practice point, children are defined as those aged <18 years. It is
acknowledged that post-pubertal children in some respects may have a similar course and
response to treatment as adults with IgAN, but there are insufficient data currently to recommend
that they be managed as adults with IgAN. Indications for management of IgAVN in children have
recently been published as the result of a European consortium initiative.140 Briefly:

� There are no data supporting the use of glucocorticoids to prevent nephritis in children with IgAV but mild or
absent evidence of kidney involvement.153,154

� Children >10 years of age more often present with non-nephrotic-range proteinuria and impaired kidney function,
and theymay suffer more chronic histologic lesions with delay in biopsy and delay in treatment longer than 30 days.155

� The majority of children who will develop nephritis will do so within 3 months of presentation. Urinary monitoring
is necessary for ‡6 months and optimally 12 months from initial presentation of systemic disease.

� Children with IgAVN and persistent proteinuria for >3 months should be treated with an ACEi or ARB. A pediatric
nephrologist should be consulted.

� A kidney biopsy should be performed in children with nephrotic-range proteinuria, impaired GFR, or persistent
moderate (>1 g/d) proteinuria.

� Oral prednisone/prednisolone or pulsed intravenous methylprednisolone should be used in children with mild or
moderate IgAVN.

� Children with IgAVN with nephrotic syndrome and/or rapidly deteriorating kidney function are treated in the same
way as those with rapidly progressive IgAN.

Chapter 3: Membranous nephropathy

3.1 Diagnosis

Practice Point 3.1.1: A kidney biopsy is not required to confirm the diagnosis of membranous nephropathy (MN) in
patients with nephrotic syndrome and a positive anti-PLA2R antibody test.

Practice Point 3.1.2: Patients with MN should be evaluated for associated conditions, regardless of whether anti-PLA2R
antibodies and/or anti-THSD7A antibodies are present or absent (Figure 29).
Figure 29 | Evaluation of patients with MN for associated conditions. Patient with MN should be evaluated for associated conditions,
independent of the presence or absence of anti-PLA2R antibodies or anti-THSD7A antibodies. *Varies per country; the yield of cancer screening is not
very high, especially in younger patients. Many centerswill perform chest X-ray or computed tomography (CT) scan, look for iron deficiency, and require
the patients to participate in the national screening program for breast and colon cancer; a prostate-specific antigen (PSA) test is done in adult males
aged >50–60 years. HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; NSAIDs, nonsteroidal anti-inflammatory drugs.
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3.2 Prognosis

Practice Point 3.2.1: In patients with MN, use clinical and laboratory criteria to assess the risk of progressive loss of kidney
function (Figure 30).
Figure 30 | Clinical criteria for assessing risk of progressive loss of kidney function. eGFR and PCR are used in routine clinical care. Other
biomarkers may not be available in all centers; this table provides an overview of useful biomarkers. *Most studies have used serum creatinine
(SCr) values to guide management, and SCr values >1.5 mg/dl (133 mmol/l) are often used to define kidney insufficiency. An eGFR value of 60
ml/min per 1.73 m2 defines kidney insufficiency in a young adult. It is important to realize that eGFR decreases with age, and an SCr value of 1.5
mg/dl (133 mmol/l) reflects an eGFR of 50 ml/min per 1.73 m2 in a 60-year-old male patient and 37 ml/min per 1.73 m2 in a 60-year-old female
patient. Thus, when using eGFR in risk estimation, age should be taken into account. †Serum albumin should be measured by BCP or
immunometric assay. ‡Cutoff values are not validated. Anti-PLA2R antibodies should be measured at 3-to-6-month intervals, the shorter interval
being performed in patients with high anti-PLA2R antibodies levels at baseline. Changes in anti-PLA2R antibodies levels during follow-up likely
add to risk estimation. Disappearance of anti-PLA2R antibodies precedes clinical remission and should lead to refraining from additional
therapy. Detailed data are lacking. §Selectivity index is calculated as clearance of IgG/clearance of albumin. ACEi, angiotensin-converting
enzyme inhibitor; ARB, angiotensin II receptor blocker; BCP, bromocresol purple; eGFR, estimated glomerular filtration rate; IgG,
immunoglobulin G; PLA2Rab, antibodies against the M-type phospholipase A2 receptor.
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3.3 Treatment

Practice Point 3.3.1: Considerations for treatment of patients with primary MN:
� All patients with primary MN and proteinuria should receive optimal supportive care.
� Immunosuppressive therapy should be restricted to patients considered at risk for progressive kidney injury (Figure 31).
Figure 31 | Risk-based treatment of MN. *See Practice Point 3.2.1 and Figure 30 for a detailed description of risk evaluation. †Calcineurin
inhibitor (CNI) monotherapy is considered less efficient. Treatment with CNI for 6–12 months with rapid withdrawal is associated with a high
relapse rate. Still, its use may be considered in patients with normal eGFR and moderate risk of progression, since many of these patients will
develop a spontaneous remission. The use of CNI will shorten the period of proteinuria. In patients with high risk of progression, addition
of rituximab after 6 months of treatment with CNI is advised, with the possible exception of patients with documented disappearance of
anti-PLA2R antibodies after CNI treatment. ‡There is insufficient evidence that rituximab used in standard doses prevents development of
kidney failure. If eGFR falls below 50 ml/min per 1.73 m2, the doses of cyclophosphamide should be halved. In patients who do not tolerate or
can no longer use cyclophosphamide, rituximab could be offered. Consultation with an expert center is advised. eGFR, estimated glomerular
filtration rate; MN, membranous nephropathy; PLA2R, M-type phospholipase A2 receptor.
Practice Point 3.3.2: Immunosuppressive therapy is not required in patients with MN, proteinuria <3.5 g/d, serum al-
bumin >30 g/l by bromocresol purple (BCP) or immunometric assay, and eGFR >60 ml/min per
1.73 m2.

Practice Point 3.3.3: Immunosuppressive therapy is not required in patients with MN, nephrotic syndrome, and normal
eGFR, unless at least one risk factor for disease progression is present or serious complications of
nephrotic syndrome (e.g., AKI, infections, thromboembolic events) have occurred.

Recommendation 3.3.1: For patients with MN and at least one risk factor for disease progression, we recom-
mend using rituximab or cyclophosphamide and alternate month glucocorticoids for 6
months, or CNI-based therapy for ‡6 months, with the choice of treatment depending
on the risk estimate (Figure 30 and Figure 31) (1B).

Practice Point 3.3.4: Longitudinal monitoring of anti-PLA2R antibody levels at 6 months after start of therapy may be
useful for evaluating treatment response in patients with MN, and can be used to guide adjustments
to therapy (Figure 33193).
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Figure 33 | Immunologic monitoring in MN after start of therapy. See text for current treatment schedules. Note: The cumulative dose of
cyclophosphamide shouldnot exceed36g inviewof the riskofmalignancy (Chapter 1). To stayon the safe side,weusually limit thecumulativedose to25
g (in an 80 kgmale: 6months cyclical cyclophosphamide at a dose of 2.5mg/kg/d equals 18g and 6months daily cyclophosphamide at a dose of 1.5mg/
kg/d equals 22 g). Lower doses (maximum10g)must be used in patientswhowish to conceive. CNI are unlikely to induce late immunologic remission; in
patientswithpersistent anti-PLA2Rantibodies, thesedrugsmaybeused in combinationwith rituximab. B cell depletion is insufficient to judge theefficacy
of rituximab therapy; extra dosesmaybe considered even if B cells in theperipheral blood are absent or very low. However, in thesepatients, consultation
with an expert center is advised. eGFR should be stable; if not, then it is always necessary to evaluate for other causes, and if eGFRdecrease is attributed to
MN activity, always provide additional therapy. *Some centers will measure anti-PLA2R antibodies at month 3, and adapt treatment at that time. In most
patients, response occurs within 3months after start of therapy. †A negative immunofluorescence test indicates immunologic remission. If measured by
enzyme-linked immunosorbent assay, a cutoff value of 2 RU/ml should be used to define complete immunologic remission. ‡Retreatmentwith rituximab
should be given similarly to the initial treatmentwith 1 or 2 infusions of 1 g rituximab each administered 2weeks apart.182 CNI, calcineurin inhibitor; eGFR,
estimated glomerular filtration rate; MN, membranous nephropathy; PLA2Rab, antibodies against the M-type phospholipase A2 receptor.
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3.4 Special situations

Practice Point 3.4.1: Algorithm for the treatment of patients with MN and initial relapse after therapy (Figure 34)
Figure 34 | Management of initial relapse after therapy in MN. Details of commonly used treatment regimens are shown in Figure 32. *The
definition of relapse is variable. Some authors define relapse after remission as an increase in proteinuria>3.5 g/d in patients who developed a partial or
complete remission.We suggest that the course of serumalbumin andPCR shouldbeused in the evaluation. If PCRdecreased to values between2–3.5 g/
dwithout an increase of serum albumin to normal, the subsequent rise in PCR should be considered resistant disease rather than relapse after remission.
In patientswith apartial remission (characterizedbynormalizationof serumalbumin), a relapse shouldbedefinedby an increaseof proteinuria paralleled
by a decrease in serum albumin levels. †Immunologic monitoring is of particularly great value in these situations. If, in the period of “clinical remission,”
anti-PLA2R antibodies were still positive, this would be evidence for resistant disease. Therefore, in patients with positive anti-PLA2R antibodies, it is
advised that anti-PLA2R antibodies be evaluated at the time of remission and relapse. The course of anti-PLA2R antibodies should precede the clinical
course. In patients with very early relapse, it is important to consider reasons for the failure of the previous therapy (e.g., compliance, low drug levels,
insufficient B cell depletion, presence of anti-rituximab antibodies). ‡Cyclophosphamide canbe repeated; however, physiciansmust take into account the
maximal tolerable dose: The cumulativedose should not exceed10g if preservation of fertility is required. The cumulative dose should not exceed36g to
limit risk of malignancies. MN, membranous nephropathy; PCR, protein-creatinine ratio; PLA2R, M-type phospholipase A2 receptor.
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Practice Point 3.4.3: Evaluation of a kidney transplant recipient with MN (Figure 36)
Figure 36 | Evaluation of a kidney transplant recipient with MN. *Limited data available, but the same algorithm likely applies to anti-
THSD7A-associated MN. †Clinical recurrence. ‡This is the estimated average recurrence rate for patients with MN and unidentified antigen. We
suggest that in these patients the recurrence rate can be better estimated by evaluating the patient for THSD7A antigen/antibodies. MN,
membranous nephropathy; PLA2Rab, antibodies against the M-type phospholipase A2 receptor; THSD7A, thrombospondin type-1 domain-
containing 7A.
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Practice Point 3.4.4: Algorithm for management of children with MN (Figure 37)
Figure 37 | Management of children with MN. HBV, hepatitis B virus; MN, membranous nephropathy; PLA2Rab, antibodies against the M-type
phospholipase A2 receptor; THSD7Aab, antibodies against thrombospondin type-1 domain-containing 7A.
Practice Point 3.4.5: Prophylactic anticoagulant therapy in patients with MN and nephrotic syndrome should be based
on an estimate of the risk of thrombotic events and the risk of bleeding complications (Figure 38).
Figure 38 | Anticoagulant therapy in patients with MN. Adapted from Kidney International, volume 89, issue 5, Hofstra JM, Wetzels JFM.
Should aspirin be used for primary prevention of thrombotic events in patients with membranous nephropathy? Pages 981–983, Copyright
Copyright 2016, with permission from the International Society of Nephrology.44 Proposed algorithm for anticoagulant therapy in patients with
membranous nephropathy (MN). This algorithm provides guidance for the clinicians. The proposed cutoff values are based on expert opinion.
When considering anticoagulant therapy, it is important to balance benefits and risks. The following are important considerations:
1. The risk of thrombotic events is related to the level of serum albumin. It is important to note that there is a large difference among the

serum albumin assays.204 A serum albumin concentration of 25 g/l (2.5 g/dl) with bromocresol green (BCG) equals a concentration of
w20 g/l (2.0 g/dl) with bromocresol purple (BCP), or immunonephelometry. It is likely that most studies have used the BCG assay. Consider
using 25 g/l (2.5 g/dl) as a threshold when using BCG, and 20 g/l (2.0 g/dl) when using BCP or immunonephelometry.

2. Assess risk of venous thrombosis and risk of bleeding (https://www.med.unc.edu/gntools/bleedrisk.html).
3. Patients with MN and nephrotic syndrome are also at risk of developing arterial thrombotic events. The risk of arterial thromboembolism

(ATE) is dependent on age, history of previous events, diabetes, estimated glomerular filtration rate (eGFR), smoking, and severity of
nephrotic syndrome (NS). Risk assessment can be done using the Framingham risk score, and including previous events and proteinuria.44

4. Use of aspirin is insufficient to prevent venous thromboembolism (VTE); use of warfarin is sufficient to prevent ATE.
5. Treatment with warfarin: There is more international normalized ratio (INR) variability in nephrotic syndrome and low eGFR; there is increased

risk of thrombosis immediately after starting high-dose warfarin. Consider starting anticoagulation therapy with low-dose low-molecular-
weight heparin and then folding-in warfarin and, when therapeutic, stopping the heparin. A good alternative is to use low-dose low-mo-
lecular-weight heparinþ aspirin for a period of 3months before switching to warfarin, allowing for judgment on the course of proteinuria.205

6. Glucocorticoids increase the risk of thrombosis; thus, anticoagulant therapy should not be omitted in patients who start prednisone therapy.
7. ATE risk is estimated using the Framingham risk score, with added risk in case of low eGFR or higher proteinuria. The Framingham risk

score takes into account age, smoking, serum cholesterol, and blood pressure.
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Chapter 4: Nephrotic syndrome in children

4.1 Diagnosis

Practice Point 4.1.1: The definitions relating to nephrotic syndrome in children are based on the clinical characteristics
outlined in Figure 39206.
Figure 39 | Definitions relating to NS in children aged 1–18 years. *To rule out orthostatic proteinuria, the first morning urine should be
collected separately for assessment. †van der Watt et al.206 NS, nephrotic syndrome; PCR, protein-creatinine ratio; SRNS, steroid-resistant
nephrotic syndrome; SSNS, steroid-sensitive nephrotic syndrome.
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4.2 Prognosis

Practice Point 4.2.1: The prognosis for childhood nephrotic syndrome is best predicted by the patient’s response to initial
treatment and frequency of relapse during the first year after treatment. Therefore, a kidney biopsy is
not usually needed at initial presentation, and instead is reserved for children with resistance to
therapy or an atypical clinical course.

4.3 Treatment
4.3.1 Initial treatment of NS in children

Recommendation 4.3.1.1: We recommend that oral glucocorticoids be given for 8 weeks (4 weeks of daily
glucocorticoids followed by 4 weeks of alternate-day glucocorticoids) or 12 weeks (6
weeks of daily glucocorticoids followed by 6 weeks of alternate-day glucocorticoids)
(1B).

Practice Point 4.3.1.1: The standard dosing regimen for the initial treatment of nephrotic syndrome is daily oral prednisone/
prednisolone 60 mg/m2/d or 2 mg/kg/d (maximum 60 mg/d) for 4 weeks followed by alternate day
prednisone/prednisolone, 40 mg/m2, or 1.5 mg/kg (maximum of 50 mg) for other 4 weeks, or
prednisone/prednisolone 60 mg/m2/d (maximum 60 mg/d) for 6 weeks followed by alternate day
prednisone/prednisolone, 40 mg/m2, or 1.5 mg/kg (maximum of 50 mg), for other 6 weeks.

4.3.2 Prevention and treatment of relapses of NS in children

Recommendation 4.3.2.1: For children with frequently relapsing and steroid-dependent nephrotic syndrome
who are currently taking alternate-day glucocorticoids or are off glucocorticoids, we
recommend that daily glucocorticoids 0.5 mg/kg/d be given during episodes of upper
respiratory tract and other infections for 5–7 days to reduce the risk of relapse (1C).

Practice Point 4.3.2.1: The initial approach to relapse should include oral prednisone/prednisolone as a single daily dose of
60 mg/m2/d or 2 mg/kg/d (maximum 60 mg/d) until the child remits completely for ‡3 days.

Practice Point 4.3.2.2: After achieving complete remission, reduce oral prednisone/prednisolone to 40 mg/m2 or 1.5 mg/kg
(maximum 50 mg) on alternate days for ‡4 weeks.

Practice Point 4.3.2.3: For children with frequently relapsing nephrotic syndrome or steroid-dependent nephrotic syn-
drome without glucocorticoid toxicity, the same glucocorticoid regimen may be employed in
subsequent relapses.

Practice Point 4.3.2.4: For children with frequently relapsing nephrotic syndrome without serious glucocorticoid-related
adverse effects, low-dose alternate-day oral prednisone/prednisolone (optimally £0.5 mg/kg/d) can
be prescribed to prevent relapse.

Recommendation 4.3.2.2: For children with frequently relapsing nephrotic syndrome who develop serious
glucocorticoid-related adverse effects and for all children with steroid-dependent
nephrotic syndrome, we recommend that glucocorticoid-sparing agents be pre-
scribed, rather than no treatment or continuation with glucocorticoid treatment
alone (1B).

Practice Point 4.3.2.5: Patients should ideally be in remission with glucocorticoids prior to the initiation of glucocorticoid-
sparing agents such as oral cyclophosphamide, levamisole, mycophenolate mofetil (MMF), rituximab,
or calcineurin inhibitors (CNIs). Coadministration of glucocorticoids is recommended for ‡2 weeks
following initiation of glucocorticoid-sparing treatment.

Practice Point 4.3.2.6: Choosing the most appropriate glucocorticoid-sparing agent from among oral cyclophosphamide, le-
vamisole, MMF, rituximab, and CNI is a decision that requires careful consideration of specific patient-
related issues such as resources, adherence, adverse effects, and patient preferences. Oral cyclophospha-
mide and levamisolemay be preferable glucocorticoid-sparing therapies in frequently relapsing nephrotic
syndrome. MMF, rituximab, CNIs, and to a lesser extent, oral cyclophosphamide may be preferable to
glucocorticoid-sparing therapies in children with steroid-dependent nephrotic syndrome (Figure 41178).
S58 Kidney International (2021) 100, S1–S276



Figure 41 | Glucocorticoid-sparing therapies in children with SSNS. *Gellermann et al.178 †The CNI, while often used twice daily, may be
dosed once a day, depending on individual formulations. In smaller children (<6 years of age), daily dose of cyclosporine can be divided into 3
doses (every 8 hour) to obtain steady hematic levels. Blood levels of CNI do not provide information on intracellular levels. The target ranges for
CNIs have been based on the transplant literature. The KDIGO Work Group acknowledges that targets for glomerular diseases are not known.
Most clinicians check these levels to verify adherence and avoid CNI toxicity. At present, the most reasonable dosing of a CNI may be to titrate
in the individual patient to obtain the desired effect on proteinuria, balancing dose escalation against serum creatinine and reducing the dose if
serum creatinine increases but does not plateau or increases over 30% of baseline. If the serum creatinine level does not fall after dose
reduction, the CNI should be discontinued. ANCA, antineutrophil cytoplasmic antibody; CBC, complete blood count; CNI, calcineurin inhibitor.
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Steroid-resistant nephrotic syndrome in children

4.4 Treatment

Recommendation 4.4.1: We recommend using cyclosporine or tacrolimus as initial second-line therapy for
children with steroid-resistant nephrotic syndrome (1C).

4.5 Special situations

Practice Point 4.5.1: Figure 43301,302 outlines the general principles in children with nephrotic syndrome.
Figure 43 | General principles in children with NS. *If there is an evident extrarenal cause for proteinuria (i.e., lymphoma, monoclonal antibody
treatment in ulcerative colitis, human immunodeficiency virus), a kidney biopsy may not be warranted. NS, nephrotic syndrome. 1Gulati et al.301,
2Gruppen et al.302
Chapter 5: Minimal change disease (MCD) in adults

5.1 Diagnosis

Practice Point 5.1.1: MCD in adults can be diagnosed only with a kidney biopsy.

5.2 Prognosis

Practice Point 5.2.1: Long-term kidney survival is excellent in patients with MCD who respond to glucocorticoids, but less
certain for patients who do not respond.

5.3 Treatment

Recommendation 5.3.1: We recommend high-dose oral glucocorticoids for initial treatment of MCD (1C).
S60 Kidney International (2021) 100, S1–S276
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Practice Point 5.3.1: Algorithm for the initial treatment of MCD in adults (Figure 44)
Figure 44 | Initial treatment of MCD in adults. The optimal glucocorticoid regimen is not well-defined; however, suggested doses are
outlined in Figure 45. The choice of medication should be based on physician and patient preference. MCD, minimal change disease.
Practice Point 5.3.2: High-dose glucocorticoid treatment for MCD should be given for no longer than 16 weeks.

Practice Point 5.3.3: Begin tapering of glucocorticoids 2 weeks after complete remission.

Practice Point 5.3.4: Although daily oral glucocorticoids are used most often to treat MCD, the route and frequency of
administration can be individualized to patient needs.

Practice Point 5.3.5: For patients in whom glucocorticoids may be relatively contraindicated, consider initial therapy
with cyclophosphamide, a CNI, or MMF.

5.3.1 Treatment of relapses (Figure 46)
Figure 46 | Definition of remission, relapse, resistance, anddependence forMCD.MCD,minimal change disease; PCR, protein–creatinine ratio.
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Practice Point 5.3.1.1: Algorithm for treatment of frequently relapsing (FR)/steroid-dependent (SD) MCD in adults
(Figure 47)
Figure 47 | Treatment of FR/SD MCD in adults. The choice of medication should be based on physician and patient preference. FR/SD,
frequently relapsing/steroid-dependent.
Practice Point 5.3.1.2: Treat infrequent relapses with glucocorticoids (Figure 46).

Recommendation 5.3.1.1: We recommend cyclophosphamide, rituximab, CNIs, or mycophenolic acid analogs
(MPAA) for the treatment of frequently relapsing/steroid-dependent MCD, rather
than prednisone alone or no treatment (1C).

Chapter 6: Focal segmental glomerulosclerosis (FSGS) in adults

6.1 Diagnosis
6.1.1 Differentiating between primary and secondary FSGS

Practice Point 6.1.1.1: Adults with FSGS who do not have nephrotic syndrome should be evaluated for a secondary cause
(Figure 51; Figure 52).
Figure 51 | Evaluation of a patient with FSGS lesion on the kidney biopsy and no evidence of other glomerular pathology. FSGS, focal
segmental glomerulosclerosis.
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Figure 52 | Causes of secondary FSGS. APOL1, apolipoprotein L1; CMV, cytomegalovirus; CNI, calcineurin inhibitor; EBV, Epstein-Barr virus;
FSGS, focal segmental glomerulosclerosis; HCV, hepatitis C virus; HIV, human immunodeficiency virus; mTOR, mammalian target of rapamycin;
NSAID, nonsteroidal anti-inflammatory drug; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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6.1.2 Genetic testing

Practice Point 6.1.2.1: Genetic testing may be beneficial for selected patients with FSGS who should be referred to
specialized centers with such expertise (Figure 53).
Figure 53 | Utility of genetic testing in patients with FSGS. APOL1, apolipoprotein-L1; FSGS, focal segmental glomerulosclerosis.
6.2 Treatment

6.2.1 Management of FSGS-UC and secondary FSGS
Practice Point 6.2.1.1: Immunosuppression should not be used in adults with FSGS of undetermined cause (FSGS-UC), or
in those with secondary FSGS.
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6.2.2 Initial treatment of primary FSGS

Recommendation 6.2.2.1: We recommend that high-dose oral glucocorticoids be used as the first-line immu-
nosuppressive treatment for primary FSGS (1D).

Practice Point 6.2.2.1: Suggested dosing schedule for glucocorticoids in the initial treatment of primary FSGS is outlined
in Figure 54 below.

Practice Point 6.2.2.2: Initial high-dose glucocorticoids should be continued until complete remission is achieved, or as
tolerated by patients up to a maximum of 16 weeks, whichever is earlier.

Practice Point 6.2.2.3: Adults with primary FSGS who respond to glucocorticoid treatment should receive glucocorticoids
for ‡6 months.

Practice Point 6.2.2.4: In adultswith relative contraindications or intolerance to glucocorticoids, alternative immunosuppression
with CNIs should be considered as the initial therapy in patients with primary FSGS (Figure 54).
Figure 54 | Initial treatment of primary FSGS. *The CNI, while often used twice daily, may be dosed once a day, depending on individual
formulations. Blood levels of CNIs do not provide information on intracellular levels. The target ranges for CNIs have been based on the
transplant literature. The KDIGO Work Group acknowledges that targets for glomerular diseases are not known. Most clinicians check these
levels to verify adherence and avoid CNI toxicity. At present, the most reasonable dosing of a CNI may be to titrate in the individual patient to
obtain the desired effect on proteinuria, balancing dose escalation against serum creatinine and reducing the dose if serum creatinine increases
but does not plateau or increases over 30% of baseline. If the serum creatinine level does not fall after dose reduction, the CNI should be
discontinued. CNI, calcineurin inhibitor; FSGS, focal segmental glomerulosclerosis.
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6.3 Special situations

6.3.1 Steroid-resistant primary FSGS
Recommendation 6.3.1.1: For adults with steroid-resistant primary FSGS, we recommend that cyclosporine or
tacrolimus be given for ‡6 months rather than continuing with glucocorticoid
monotherapy or not treating (1C).

6.3.2 Dosing schedule for cyclosporine and tacrolimus

Practice Point 6.3.2.1: Treatment of steroid-resistant primary FSGS: Suggested dosing schedule for cyclosporine and
tacrolimus (Figure 55).
Figure 55 | Treatment of glucocorticoid-resistant primary FSGS. *The CNI, while often used twice daily, may be dosed once a day, depending
on individual formulations. Blood levels of CNI do not provide information on intracellular levels. The target ranges for CNIs have been based on
the transplant literature. The KDIGO Work Group acknowledges that targets for glomerular diseases are not known. Most clinicians check these
levels to verify adherence and avoid CNI toxicity. At present, the most reasonable dosing of a CNI may be to titrate in the individual patient to
obtain the desired effect on proteinuria, balancing dose escalation against serum creatinine and reducing the dose if serum creatinine increases
but does not plateau or increases over 30% of baseline. If the serum creatinine level does not fall after dose reduction the CNI should be
discontinued. ACTH, adrenocorticotropic hormone; CNI, calcineurin inhibitors; eGFR, estimated glomerular filtration rate.
6.3.3 Duration of CNI treatment

Practice Point 6.3.3.1: Adults with steroid-resistant primary FSGS who respond to CNI treatment should receive CNIs for a
minimum of 12 months to minimize the risk of relapses (Figure 55).

6.3.4 Patients resistant to or intolerant of CNIs

Practice Point 6.3.4.1: Adults who have steroid-resistant primary FSGS with resistance to or intolerance of CNIs should be
referred to specialized centers for consideration of rebiopsy, alternative treatment, or enrollment in a
clinical trial (Figure 55).
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6.3.5 Management of relapse

Practice Point 6.3.5.1: Adults with previous steroid-sensitive primary FSGS who experience a relapse can be treated using the
same approach as that for adults with relapsing MCD (Figure 47).

Chapter 7: Infection-related glomerulonephritis

7.1 Bacterial infection-related GN

7.1.1 Diagnosis

Practice Point 7.1.1.1: Kidney biopsy can be useful in suspected bacterial infection-related glomerulonephritis (GN), partic-
ularly when culture evidence of infection is elusive or the diagnosis is in doubt, to assess prognosis, and/
or for potential therapeutic reasons. In some cases, biopsy may be critical for arriving at the correct
diagnosis, as comorbidities may contribute to confounding effects (Figure 56).
Figure 56 | Evaluation of classic bacterial infection–related GN syndromes. ACR, albumin–creatinine ratio; ANA, antinuclear antibody;
ANCA, antineutrophil cytoplasmic antibody; eGFR, estimated glomerular filtration rate; GBM, glomerular basement membrane; GN,
glomerulonephritis; HIV, human immunodeficiency virus; PCR, protein–creatinine ratio; PR3, proteinase 3.
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7.1.2 Prognosis and treatment

Practice Point 7.1.2.1: Prognosis and suggested therapy of bacterial infection–related GN (Figure 57401–403)
Figure 57 | Prognosis and therapy of classic bacterial infection–related GN syndromes. 1Kapadia et al.401, 2Okuyama et al.402, 3Khalighi
et al.403 ACR, albumin–creatinine ratio; ANCA, antineutrophil cytoplasmic antibody; C3GN, C3 glomerulonephritis; eGFR, estimated glomerular
filtration rate; GN, glomerulonephritis; PR3, proteinase 3; RCT, randomized controlled trial.
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7.2 Viral infection-related GN
7.2.1 Hepatitis C virus (HCV) infection–related GN
The Work Group concurs fully with Recommendations 5.1–5.2.3 of the KDIGO 2018 Clinical Practice Guideline for the

Prevention, Diagnosis, Evaluation, and Treatment of Hepatitis C in Chronic Kidney Disease.405 Please refer to this pub-
lication for specific recommendations, selection, and dosing of specific therapeutic agents, and research recommendations.

7.2.2 Hepatitis B virus (HBV) infection–related GN

7.2.2.1 Diagnosis

Practice Point 7.2.2.1.1: Patients with proteinuric glomerular disease should undergo testing for HBV infection.
7.2.2.2 Prognosis

Practice Point 7.2.2.2.1: Adult patients with chronic HBV infection should be considered at risk for the development of
kidney failure.

7.2.2.3 Treatment

Recommendation 7.2.2.3.1: We recommend that patients with replicative HBV infection (as denoted by HBV
DNA levels >2000 IU/ml) and GN receive treatment with nucleos(t)ide analogues as
recommended for the general population by standard clinical practice guidelines
for HBV infection (1C).

Practice Point 7.2.2.3.1: Pegylated interferon regimens should not be used to treat patients with replicative HBV infection
and GN.

Practice Point 7.2.2.3.2: Immunosuppressive agents, such as cyclophosphamide or rituximab, may accelerate HBV repli-
cation and should be avoided in patients with untreated replicative HBV infection and GN.

7.2.2.4 Special situations

Practice Point 7.2.2.4.1: Rituximab and cyclophosphamide should be avoided in patients with simultaneous HBV infection
and anti-PLA2R antibody–mediated MN until a sustained virologic remission has been obtained
by nucleos(t)ide analogue therapy.

Practice Point 7.2.2.4.2: Plasma exchange may be tried in patients with accompanying cryoglobulinemic vasculitis.

Practice Point 7.2.2.4.3: Children with HBV infection and MN should be managed conservatively without immuno-
suppression due to a high likelihood of spontaneous remission of the kidney disease.

7.2.3 Human immunodeficiency virus (HIV)–related GN
7.2.3.1 Diagnosis

Practice Point 7.2.3.1.1: A kidney biopsy should be performed, when feasible, to evaluate the morphology of HIV-related
kidney disease. A pathology-based description of HIV-related kidney disease should be used to
help define and guide therapy.

7.2.3.2 Prognosis

Practice Point 7.2.3.2.1: The factors contributing to the long-term outcome of HIV infection associated with GN are
numerous and include persistence of viral replication, response to antiviral treatment, genetic
predisposition to glomerular injury (e.g., APOL1 risk alleles), coinfection with other viruses,
and development of immune complex disease or thrombotic microangiopathy. Thus, the esti-
mation of prognosis in individual patients can be very difficult.

7.2.3.3 Treatment

Recommendation 7.2.3.3.1: We recommend that antiretroviral therapy be initiated in all patients with HIV and
CKD, especially biopsy-proven HIV-associated nephropathy (HIVAN), regardless of
CD4 count, adjusted to the degree of kidney function (1C).
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Practice Point 7.2.3.3.1: A decision for the use of glucocorticoids as an adjunct therapy for HIVAN must be made on a case-
by-case basis, as the risks and benefits long-term are uncertain.
7.3 Nephropathies due to infections with schistosomiasis, filariasis, and malaria

7.3.1 Schistosomal nephropathy

7.3.1.1 Diagnosis

Practice Point 7.3.1.1.1: Test for appropriate endemic coinfections (Salmonella, HBV, HCV, HIV), as targeted treatment
may alter the aggressiveness of an underlying GN or the sequela of schistosomiasis.

Practice Point 7.3.1.1.2: Obtain a kidney biopsy in patients suspected of having schistosomal GN in the presence of a viral
coinfection (HCV, HBV, HIV).

7.3.1.2 Treatment

Practice Point 7.3.1.2.1: Treat patients with schistosomal infection and GN with an appropriate antiparasitic agent in suf-
ficient dosage and duration to eradicate the organism. There are no indications for use of immu-
nosuppressive agents in schistosomal nephropathy.

7.3.1.3 Special situations

Practice Point 7.3.1.3.1: Monitor patients with hepatic fibrosis from schistosomiasis for the development of kidney disease.

Practice Point 7.3.1.3.2: Evaluate patients with a history of schistosomiasis and an elevated SCr and/or hematuria for
bladder cancer and/or urinary obstruction.

7.3.2Filariasis and glomerular disease

7.3.2.1 Treatment

Practice Point 7.3.2.1.1: Treat patients with filarial infection and GN with an appropriate antiparasitic agent in sufficient
dosage and duration to eradicate the organism.

7.3.3Malarial nephropathy

7.3.3.1 Treatment

Practice Point 7.3.3.1.1: Treat patients with malarial infection and GN with an appropriate antiparasitic agent in sufficient
dosage and duration to eradicate the organism from blood and hepatosplenic sites. There are no
indications for use of immunosuppressive agents in malarial nephropathy.
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Chapter 8: Immunoglobulin- and complement-mediated glomerular diseases with a
membranoproliferative glomerulonephritis (MPGN) pattern of injury

8.1 Diagnosis

Practice Point 8.1.1: Evaluate patients with immune complex–mediated GN (ICGN) for underlying disease (Figure 68).
Figure 68 | Causes of a membranoproliferative pattern of injury. CFB, complement factor B; CFH, complement factor H; CFHR5, complement
factor H–related protein 5; CFI, complement factor I; DDD, dense deposit disease; HCV, hepatitis C virus; HUS, hemolytic–uremic syndrome; Ig,
immunoglobulin; MPGN, membranoproliferative glomerulonephritis; POEMS, polyneuropathy, organomegaly, endocrinopathy, monoclonal
protein, skin changes; SLE, systemic lupus erythematosus; TTP, thrombotic thrombocytopenic purpura.
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Figure 69 | Pathophysiology of membranoproliferative lesions. DDD, dense deposit disease; GN, glomerulonephritis; HUS, hemolytic–
uremic syndrome; IC, immune complex; Ig, immunoglobulin(s); MPGN, membranoproliferative glomerulonephritis; TMA, thrombotic
microangiopathy.
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Practice Point 8.1.2: Evaluate patients with GN and monoclonal immunoglobulin deposits for a hematologic malignancy.

Practice Point 8.1.3: If no underlying etiology is found for ICGN after extensive workup, evaluate for both comple-
ment dysregulation and drivers of complement dysregulation (Figure 70).
Figure 70 | Evaluation of abnormalities of the alternative pathway of complement. Adapted from Kidney International, volume 89, issue 2,
Angioi A, Fervenza FC, Sethi S, et al. Diagnosis of complement alternative pathway disorders, pages 278–288, Copyright ª 2016, with
permission from the International Society of Nephrology.539 ‡The presence of a circulating monoclonal gammopathy is less common below the
age of 50 years. Ability to detect a monoclonal protein will depend on the sensitivity of the assay used. †Some complement assays may require
referral to specialist/research laboratories, and interpretation of complement assays may require expert consultation. AP50, complement
alternate pathway activation 50%; Bb, activated factor B; C3d, complement component 3d; C4d, complement component 4d; CFB, complement
factor B; CFH, complement factor H; CFHR1-5, complement factor H–related protein 1-5; CFI, complement factor I; CH50, complement hemolytic
activity 50%; FB, factor B; FH, factor H; FI, factor I; Ig, immunoglobulin; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M;
MLPA, multiplex ligation-dependent probe amplification; sMAC, soluble membrane attack complex.
Practice Point 8.1.4: Rule out infection-related GN or post-infectious GN prior to assigning the diagnosis of C3 glo-
merulopathy (C3G).
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Practice Point 8.1.5: Evaluate for the presence of a monoclonal protein in patients who present for the first time with
a C3G diagnosis at ‡50 years of age (Figure 69).

8.2 Treatment

8.2.1 ICGN

Practice Point 8.2.1.1: When the cause of ICGN is determined, the initial approach to treatment should focus on the
underlying pathologic process.

Practice Point 8.2.1.2: Indolent ICGN, whether idiopathic or linked to a primary disease process, is best managed with
supportive care and carefully considered use of immunosuppression.

Practice Point 8.2.1.3: For patients with idiopathic ICGN and proteinuria <3.5 g/d, the absence of the nephrotic syndrome,
and a normal eGFR, we suggest supportive therapy with RAS inhibition alone.

Practice Point 8.2.1.4: For patients with idiopathic ICGN, a nephrotic syndrome, and normal or near-normal SCr, try a
limited treatment course of glucocorticoids.

Practice Point 8.2.1.5: For patients with idiopathic ICGN, abnormal kidney function (but without crescentic involvements),
active urine sediment, with or without nephrotic-range proteinuria, add glucocorticoids and immu-
nosuppressive therapy to supportive care.

Practice Point 8.2.1.6: For patients presenting with a rapidly progressive crescentic idiopathic ICGN, treat with high-dose
glucocorticoids and cyclophosphamide.

Practice Point 8.2.1.7: For most patients with idiopathic ICGN presenting with an eGFR <30 ml/min per 1.73 m2, treat with
supportive care alone.

Practice Point 8.2.1.8: Patients who fail to respond to the treatment approaches discussed in 8.2.1.4 and 8.2.1.5 should be
considered for a clinical trial where available.

8.2.2 C3 glomerulopathy

Practice Point 8.2.2.1: In the absence of a monoclonal gammopathy, C3G in patients with moderate-to-severe disease should
be treated initially with MMF plus glucocorticoids, and if this fails, eculizumab should be considered.

Practice Point 8.2.2.2: Patients who fail to respond to the treatment approaches discussed in 8.2.2.1 should be considered for
a clinical trial where available.

Chapter 9: Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis 

9.1 Diagnosis

Practice Point 9.1.1: In the case of a clinical presentation compatible with small-vessel vasculitis in combination 

with
positive myeloperoxidase (MPO)- or proteinase 3 (PR3)-ANCA serology, waiting for a kidney
biopsy to be performed or reported should not delay starting immunosuppressive therapy,
especially in patients who are rapidly deteriorating (Figure 71).

Practice Point 9.1.2: Patients with ANCA-associated vasculitis (AAV) should be treated at centers with experience in AAV
management.

OUTDATED CHAPTER. 
PLEASE SEE UPDATE.
Figure 71 | Biopsy strategy in suspected kidney vasculitis.ANCA, antineutrophil cytoplasmic antibody; MPO,myeloperoxidase; PR3, proteinase 3.
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9.2 Prognosis

9.2.1. Survival
[No recommendations or practice points]

9.2.2. Kidney prognosis and treatment response
[No recommendations or practice points]

9.2.3 Relapses

Practice Point 9.2.3.1: The persistence of ANCA positivity, an increase in ANCA levels, and a change in ANCA from
negative to positive are only modestly predictive of future disease relapse and should not be used to
guide treatment decisions.
9.3 Treatment

9.3.1 Induction

Recommendation 9.3.1.1: We recommend that glucocorticoids in combination with cyclophosphamide or rit-
uximab be used as initial treatment of new-onset AAV (1B).

Practice Point 9.3.1.1: A recommended treatment algorithm for AAV with kidney involvement is given in Figure 76.
Figure 76 | Recommended treatment regimen for AAV. AAV, ANCA-associated vasculitis.
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Practice Point 9.3.1.2: In patients presenting with markedly reduced or rapidly declining GFR (SCr >4 mg/dl [>354 mmol/
l]), there are limited data to support rituximab and glucocorticoids. Cyclophosphamide and gluco-
corticoids are preferred for induction therapy. The combination of rituximab and cyclophosphamide
can also be considered in this setting.

Practice Point 9.3.1.3: Considerations for choosing between rituximab and cyclophosphamide for induction therapy are
given in Figure 77.
Figure 77 | Factors for consideration when choosing between rituximab and cyclophosphamide for induction therapy of AAV. AAV,
ANCA-associated vasculitis; ANCA, antineutrophil cytoplasmic antibody; GN, glomerulonephritis; PR3, proteinase 3; SCr, serum creatinine.
Practice Point 9.3.1.4: Considerations for choosing the route of administration of cyclophosphamide are given in Figure 78.
Figure 78 | Considerations for the route of administration of cyclophosphamide for AAV. AAV, ANCA-associated vasculitis.
Practice Point 9.3.1.5: Discontinue immunosuppressive therapy after 3 months in patients who remain on dialysis and
who do not have any extrarenal manifestations of disease.
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Practice Point 9.3.1.6: Recommendations for oral glucocorticoid tapering are given in Figure 79.
Figure 79 | Prednisolone tapering regimen for AAV. AAV, ANCA-associated vasculitis.
Practice Point 9.3.1.7: Recommendations for immunosuppressive dosing are given in Figure 80.
Figure 80 | Immunosuppressive drug dosing for AAV. AAV, ANCA-associated vasculitis; GFR, glomerular filtration rate; i.v., intravenous; MMF,
mycophenolate mofetil.
Practice Point 9.3.1.8: Consider plasma exchange for patients with SCr >5.7 mg/dl (500 mmol/l) requiring dialysis or with
rapidly increasing SCr, and in patients with diffuse alveolar hemorrhage who have hypoxemia.

Practice Point 9.3.1.9: Add plasma exchange for patients with an overlap syndrome of ANCA vasculitis and anti-GBM.

9.3.2 Maintenance therapy

Recommendation 9.3.2.1: We recommend maintenance therapy with either rituximab or azathioprine and low-
dose glucocorticoids after induction of remission (1C).
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Practice Point 9.3.2.1: Following cyclophosphamide induction, either azathioprine plus low-dose glucocorticoids or rit-

uximab without glucocorticoids should be used to prevent relapse.

Practice Point 9.3.2.2: Following rituximab induction, maintenance immunosuppressive therapy should be given to most
patients.

Practice Point 9.3.2.3: The optimal duration of azathioprine plus low-dose glucocorticoids is not known but should be
between 18 months and 4 years after induction of remission.

Practice Point 9.3.2.4: The optimal duration of rituximab maintenance is not known, but studies to date have evaluated a
duration of 18 months after remission. There is no role for the routine use of an oral glucocorticoid or
oral immunosuppressive with rituximab maintenance.

Practice Point 9.3.2.5: When considering withdrawal of maintenance therapy, the risk of relapse should be considered,
and patients should be informed of the need for prompt attention if symptoms recur (Figure 82).
Figure 82 | Factors that increase relapse risk for AAV. AAV, ANCA-associated vasculitis; ANCA, antineutrophil cytoplasmic antibody; PR3,
proteinase 3.
Practice Point 9.3.2.6: Consider methotrexate for maintenance therapy in patients, after induction with methotrexate or
for those who are intolerant of azathioprine and MMF, but not if GFR is <60 ml/min per 1.73 m2.

Practice Point 9.3.2.7: Considerations for choosing rituximab or azathioprine for maintenance therapy are presented
in Figure 83.
Figure 83 | Considerations for using rituximab or azathioprine for AAV maintenance therapy. AAV, ANCA-associated vasculitis; ANCA,
antineutrophil cytoplasmic antibody; HBsAg, hepatitis B surface antigen; IgG, immunoglobulin G; PR3, proteinase 3.
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Practice Point 9.3.2.8: Recommendations for dosing and duration of maintenance therapy are given in Figure 84.
Figure 84 | Immunosuppressive dosing and duration of AAV maintenance therapy. *RITAZAREM was in relapsing AAV. MAINRITSAN,
MAINtenance of Remission Using RITuximab in Systemic ANCA-associated Vasculitis; MMF, mycophenolate mofetil; RITAZAREM, Rituximab
versus azathioprine as therapy for maintenance of remission for antineutrophil cytoplasm antibody-associated vasculitis (AAV).
9.3.3 Relapsing disease

Practice Point 9.3.3.1: Patients with relapsing disease (life- or organ-threatening) should be reinduced (Recommendation
9.3.1.1.), preferably with rituximab.

9.4 Special situations
9.4.1 Refractory disease

Practice Point 9.4.1.1: Refractory disease can be treated by an increase in glucocorticoids (intravenous or oral), by the
addition of rituximab if cyclophosphamide induction had been used previously, or vice versa.
Plasma exchange can be considered.

Practice Point 9.4.1.2: In the setting of diffuse alveolar bleeding with hypoxemia, plasma exchange should be considered in
addition to glucocorticoids with either cyclophosphamide or rituximab.

9.4.2 Transplantation

Practice Point 9.4.2.1: Delay transplantation until patients are in complete clinical remission for ‡6 months. Persistence of
ANCA should not delay transplantation.
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Chapter 10: Lupus nephritis OUTDATED. PLEASE SEE KDIGO 2024 LUPUS NEPHRITIS GUIDELINE

10.1 Diagnosis

Practice Point 10.1.1: Approach to the diagnosis of kidney involvement in systemic lupus erythematosus (SLE) (Figure 
85)

Figure 85 | Diagnosis of kidney involvement in SLE. eGFR, estimated glomerular filtration rate.
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10.2 Treatment

10.2.1 General management of patients with lupus nephritis

Recommendation 10.2.1.1: We recommend that patients with SLE, including those with lupus nephritis (LN), be
treated with hydroxychloroquine or an equivalent antimalarial unless contra-
indicated (1C).

Practice Point 10.2.1.1: Adjunctive therapies to manage LN and attenuate complications of the disease or its treatments
should be considered for all patients, as outlined in Figure 87.
Figure 87 | Measures to minimize the risk of complications related to LN or its treatment. HBV, hepatitis B virus; HCV, hepatitis C virus;
HIV, human immunodeficiency virus; LN, lupus nephritis; RAS, renin–angiotensin system.

Kidney International (2021) 100, S1–S276 S79



summary o f recommenda t ion s ta tement s and prac t i c e po in t s www.kidney-international.org
10.2.2 Class I or Class II lupus nephritis

Practice Point 10.2.2.1: Approach to immunosuppressive treatment for patients with Class I or Class II LN (Figure 88)
10.2.3 Class III or Class IV lupus nephritis

10.2.3.1 Initial therapy of active Class III/IV lupus nephritis

Recommendation 10.2.3.1.1: We recommend that patients with active Class III or IV LN, with or without a
membranous component, be treated initially with glucocorticoids plus either low-
dose intravenous cyclophosphamide or MPAA (1B).

Practice Point 10.2.3.1.1: A regimen of reduced-dose glucocorticoids following a short course of methylprednisolone
pulses may be considered during the initial treatment of active LN when both the kidney and
extrarenal disease manifestations show satisfactory improvement (Figure 90).

Figure 88 | Immunosuppressive treatment for patients with Class I or Class II LN. LN, lupus nephritis.
Figure 90 | Example of glucocorticoid regimens for LN. LN, lupus nephritis.
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Practice Point 10.2.3.1.2: Intravenous cyclophosphamide should be used as the initial therapy for active Class III and
Class IV LN in patients who may have difficulty adhering to an oral regimen.

Practice Point 10.2.3.1.3: An MPAA-based regimen is the preferred initial therapy of proliferative LN for patients at high
risk of infertility, patients who have a moderate to high prior cyclophosphamide exposure, and
patients of Asian, Hispanic, or African ancestry.

Practice Point 10.2.3.1.4: Initial therapy with a triple immunosuppressive regimen that includes a CNI (tacrolimus or
cyclosporine) with reduced-dose MPAA and glucocorticoids is reserved for patients who
cannot tolerate standard-dose MPAA or are unfit for or will not use cyclophosphamide-based
regimens.

Practice Point 10.2.3.1.5: In patients with baseline eGFR of at least 45 ml/min per 1.73 m2, voclosporin can be added to
MPAA and glucocorticoids as initial therapy for 1 year.

Practice Point 10.2.3.1.6: There is an emerging role for B-lymphocyte targeting biologics in the treatment of LN. Beli-
mumab can be added to standard therapy in the treatment of active LN. Rituximab may be
considered for patients with persistent disease activity or repeated flares.

Practice Point 10.2.3.1.7: Other therapies, such as azathioprine or leflunomide combined with glucocorticoids, may be
considered in lieu of the recommended initial drugs for proliferative LN in situations of patient
intolerance, lack of availability, and/or excessive cost of standard drugs, but these alternatives may
be associated with inferior efficacy, including increased rate of disease flares and/or increased
incidence of drug toxicities.

10.2.3.2 Maintenance therapy for Class III and Class IV lupus nephritis

Recommendation 10.2.3.2.1: We recommend that after completion of initial therapy, patients should be placed
on MPAA for maintenance (1B).

Practice Point 10.2.3.2.1: Azathioprine is an alternative to MPAA after completion of initial therapy in patients who do not
tolerate MPAA, who do not have access to MPAA, or who are considering pregnancy.

Practice Point 10.2.3.2.2: Glucocorticoids should be tapered to the lowest possible dose during maintenance, except when
glucocorticoids are required for extrarenal lupus manifestations; discontinuation of glucocor-
ticoids can be considered after patients have maintained a complete clinical renal response
for ‡12 months.

Practice Point 10.2.3.2.3: The dose of MMF in the early maintenance phase is approximately 750–1000 mg twice daily, and
for MPA, approximately 540–720 mg twice daily.

Practice Point 10.2.3.2.4: If MPAA and azathioprine cannot be used for maintenance, CNIs or mizoribine should be
considered.

Practice Point 10.2.3.2.5: The total duration of initial immunosuppression plus combination maintenance immunosuppression
for proliferative LN should not be <36 months.
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10.2.4 Class V lupus nephritis

Practice Point 10.2.4.1: A suggested approach to the management of patients with pure Class V LN is described in Figure 94.
10.2.4.1 Assessing treatment response in LN

Practice Point 10.2.4.1.1: Definitions of response to therapy in LN are provided in Figure 95.

Figure 94 | Management of patients with pure Class V LN. LN, lupus nephritis.
Figure 95 | Commonly used definitions of response to therapy in LN. *For children <18 years old, complete response is defined as
proteinuria <0.5 g/1.73 m2/d or <300 mg/m2/d based on a 24-h urine specimen. LN, lupus nephritis; PCR, protein–creatinine ratio.
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10.2.4.2 Management of unsatisfactory response to treatment

Practice Point 10.2.4.2.1: An algorithmic approach to patients whose response to therapy is deemed unsatisfactory is
provided in Figure 96.
Figure 96 | Management of patients who show unsatisfactory response to initial therapy for active LN. i.v., intravenous; LN, lupus
nephritis.
10.2.4.3 Treatment of LN relapse

Practice Point 10.2.4.3.1: After a complete or partial remission has been achieved, LN relapse should be treated with the
same initial therapy used to achieve the original response, or an alternative recommended first-
line therapy.
Kidney International (2021) 100, S1–S276 S83



summary o f recommenda t ion s ta tement s and prac t i c e po in t s www.kidney-international.org
10.3 Special situations

10.3.1 Lupus nephritis and thrombotic microangiopathy

Practice Point 10.3.1.1: Patients with LN and thrombotic microangiopathy (TMA) should be managed according to the
864
underlying etiology of TMA, as shown in Figure 97 .
Figure 97 | Management of patients with LN and TMA. Bendapudi PK, Hurwitz S, Fry A, et al. Derivation and external validation of the
PLASMIC score for rapid assessment of adults with thrombotic microangiopathies: a cohort study. Lancet Haematol. 2017;4:e157–e164.864

ADAMTS13, a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13; PLASMIC, Platelet count, combined
hemoLysis variable, absence of Active cancer, absence of Stem-cell or solid-organ transplant, MCV, INR, Creatinine.
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10.3.2 Pregnancy in patients with lupus nephritis

Practice Point 10.3.2.1: Patients with active LN should be counseled to avoid pregnancy while the disease is active or when
treatment with potentially teratogenic drugs is ongoing, and for ‡6 months after LN becomes
inactive.

Practice Point 10.3.2.2: To reduce the risk of pregnancy complications, hydroxychloroquine should be continued during
pregnancy, and low-dose aspirin should be started before 16 weeks of gestation.

Practice Point 10.3.2.3: Only glucocorticoids, hydroxychloroquine, azathioprine, and CNIs are considered safe immuno-
suppressive treatments during pregnancy.

10.3.3 Treatment of lupus nephritis in children

Practice Point 10.3.3.1: Treat pediatric patients with LN using immunosuppression regimens similar to those used in adults,
but consider issues relevant to this population, such as dose adjustment, growth, fertility, and psy-
chosocial factors, when devising the therapy plan.

10.3.4 Management of lupus patients with kidney failure

Practice Point 10.3.4.1: Patients with LN who develop kidney failure may be treated with hemodialysis, peritoneal dialysis, or
kidney transplantation; and kidney transplantation is preferred to long-term dialysis.
Kidney International (2021) 100, S1–S276 S85



summary o f recommenda t ion s ta tement s and prac t i c e po in t s www.kidney-international.org
Chapter 11: Anti-glomerular basement membrane (Anti-GBM) antibody glomerulonephritis

11.1 Diagnosis

Practice Point 11.1.1: Diagnosis of anti-glomerular basement membrane (GBM) disease should be made without delay
in all patients with suspected RPGN (Figure 98).
Figure 98 | Diagnosis and therapy in anti-GBM disease. CT, computed tomography; GBM, glomerular basement membrane.
11.2 Treatment

Recommendation 11.2.1: We recommend initiating immunosuppression with cyclophosphamide and gluco-
corticoids plus plasmapheresis in all patients with anti-GBM GN except those who are
treated with dialysis at presentation, have 100% crescents or >50% global glomer-
ulosclerosis in an adequate biopsy sample, and do not have pulmonary hemorrhage
(1C).
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Practice Point 11.2.1: Treatment for anti-GBM disease should start without delay if this diagnosis is suspected, even before
the diagnosis is confirmed.

Practice Point 11.2.2: Plasma exchange should be performed until anti-GBM titers are no longer detectable.

Practice Point 11.2.3: Cyclophosphamide should be administered for 2–3 months and glucocorticoids for about 6 months
(Figure 99931,945,946).
Figure 99 | Treatment of anti-GBM disease. Adapted from Journal of the American Society of Nephrology, volume 10, issue 11, Kluth DC, Rees
AJ. Anti-glomerular basement membrane disease, pages 2446–2453, Copyright ª 1999, with permission from the American Society of
Nephrology.946 Adapted from Clinical Journal of the American Society of Nephrology, volume 12, issue 7, McAdoo SP, Pusey CD. Anti-glomerular
basement membrane disease, pages 1162–1172, Copyright ª 2017, with permission from the American Society of Nephrology.931 Adapted
from Kaplan AA, Appel GB, Pusey CE, et al. Anti-GBM (Goodpasture) disease: treatment and prognosis. UpToDate: Evidence-based Clinical
Decision Support. Available at: www.uptodate.com. Accessed September 7, 2021.945
Practice Point 11.2.4: No maintenance therapy of anti-GBM disease is necessary.

Practice Point 11.2.5: Patients with GN who are anti-GBM- and ANCA-positive should be treated with maintenance
therapy as for patients with AAV.

Practice Point 11.2.6: In refractory anti-GBM disease, rituximab may be tried.

Practice Point 11.2.7: Kidney transplantation in patients with kidney failure due to anti-GBM disease should be postponed
until anti-GBM antibodies remain undetectable for ‡6 months.
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Chapter 1: General principles for the management of
glomerular disease
The general management principles covered in this Chapter
apply to most or all of the histologic forms of glomerular
disease. We broadly discuss these general principles in order
to minimize repetition in the individual disease-specific
guidelines that follow. Where specific applications or excep-
tions to these general statements exist, an expansion and
rationale for these variations and/or recommendations are
given in each disease-specific Chapter. The evidence under-
lying these general principles is varied and often of low or
moderate quality, as relevant randomized clinical trials
(RCTs) are infrequent or have been conducted only in sub-
jects with a variety of glomerular diseases (including diabetic
nephropathy) and in specific diseases, as enumerated in the
Chapters that follow. Thus, the general principles outlined in
this section are not usually accompanied by specific evidence-
based graded recommendations.

1.1 Kidney biopsy
Kidney biopsy has been mandatory for diagnosis in adults
with nephrotic syndrome (NS) when the cause is not
Figure 2 | Considerations for a kidney biopsy in patients with prote
cytoplasmic antibody; eGFR, estimated glomerular filtration rate; GN, glo
phospholipase A2 receptor antibody positive; PR3, proteinase 3.
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evident from the initial evaluation, and in most circum-
stances, it remains so. However, in children younger than
12 years, in steroid-sensitive NS (SSNS; Chapter 4), and in
post-streptococcal glomerulonephritis (GN; Chapter 7),
clinical presentations are usually sufficiently characteristic
to direct initial treatment without a biopsy. In adults, the
wider spectrum of possible underlying glomerular disease
had often necessitated a kidney biopsy prior to treatment
in most patients without diabetes. In recent years, advances
in serologic testing for some glomerular diseases have
become sufficiently sensitive and specific, when interpreted
in the context of the clinical presentation and ancillary
laboratory studies, to make a presumptive diagnosis and
guide therapy, even in adults, without a kidney biopsy (an
example is membranous nephropathy; Chapter 3).3

Although this approach has not been analyzed formally
for all conditions, in the presence of a contraindication or a
patient objection to biopsy, it may be reasonable to waive
the requirement that a morphologic diagnosis be known
prior to treatment.
inuria and/or glomerular hematuria. ANCA, antineutrophil
merulonephritis; MPO, myeloperoxidase; PLA2Rabþ, M-type
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Figure 3 | Evaluation of kidney tissue. AA, amyloid A; GBM, glomerular basement membrane; DNAJB9, DnaJ homolog subfamily B
member 9; GN, glomerulonephritis; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M; LECT2, leukocyte cell-derived
chemotaxin-2; PLA2R, M-type phospholipase A2 receptor; THDS7A, thrombospondin type-I domain-containing 7A.
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Practice Point 1.1.1: The kidney biopsy is the “gold stan-
dard” for the diagnostic evaluation of glomerular diseases.
However, under some circumstances, treatmentmay proceed
without a kidney biopsy confirmationof diagnosis (Figure 2).

Treating without morphologic analysis forgoes other in-
formation obtained from kidney biopsies, including activity,
chronicity, and other unsuspected glomerular, vascular, and/
or tubulointerstitial diseases and injuries (such as thrombotic
microangiopathy or interstitial nephritis), which may have
prognostic or even therapeutic significance.

Kidney biopsies should be performed when the value of the
information obtained from the biopsy exceeds the risks entailed.
Patients (or parents) may also place varying values on the
increased certainty of diagnosis and prognosis before embarking
on a treatment plan, often involving medications with significant
side effects, versus the potential complications of the biopsy itself.
Local resources are also likely to determine prevailing practice.

Practice Point 1.1.2: The evaluation of kidney tissue should
meet standards of biopsy adequacy (Figure 3).

The size of the biopsy necessary to diagnose or exclude a
specific histopathologic pattern with reasonable confidence
Kidney International (2021) 100, S1–S276
(assessed by the number of glomeruli present in the sample)
usually is at least 8–10 glomeruli.4,5 In some diseases, for
example, focal segmental glomerulosclerosis (FSGS) and
necrotizing GN associated with antineutrophil cytoplasmic
antibodies (ANCA), lesions are only seen in some segments of
some glomeruli. In these cases, it is important that the biopsy
be examined by light microscopy at several levels, if lesions are
not to bemissed. Fewer glomeruli may be acceptable for diffuse
and global disorders, such asmembranous nephropathy, where
even a portion of a single glomerulus may be adequate.

Optimally, samples should be studied by light, immuno-
fluorescence, and electron microscopy and evaluated by an
experienced nephropathologist. Light microscopy examina-
tion should minimally provide an initial diagnostic evaluation
based on the morphologic pattern of appearance observed
on tissue sections stained with periodic acid Schiff, hema-
toxylin and eosin, trichrome, and Jones’ silver stains.
Immunofluorescence microscopy and/or immunoperoxidase
analyses are required to detect immune-reactants immuno-
globulin G (IgG), immunoglobulin A (IgA), immunoglobulin
M (IgM), C3, C4, C1q, fibrin, and l and k light chains. These
methodologies may be further used to detect target antigens,
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such as M-type phospholipase A2 receptor (PLA2R),
thrombospondin type-1 domain-containing 7A (THSD7A),
DnaJ homolog subfamily B member 9 (DNAJB9—seen in
fibrillary GN), fibronectin, lipoproteins, collagen III, collagen
IV a3 and a5 chains, and specific amyloid species. Antigen
retrieval methods, such as protease digestion of paraffin-
embedded tissue, can be helpful diagnostically.

Ideally, all kidney biopsies should be assessed by light mi-
croscopy, immune-histology, and electron microscopy. Due to
cost and equipment limitations, it is recognized that electron
microscopy may not be available everywhere. Electron micro-
scopy defines the location, extent, and specific characteristics,
including organized substructure, of the immune or mono-
clonal deposits, the extent of foot process effacement, structural
glomerular basement membrane (GBM) alterations, and
glycoprotein or lipid deposition. Some diagnoses, including
minimal change disease (MCD) and immunotactoid deposi-
tion disease, are dependent on electron microscopy. In others,
electron microscopy contributes significant descriptive and
semi-quantitative information about podocytes and GBM,
adding to diagnostic certainty. In centers where electron mi-
croscopy is not available, consideration should be given to the
development of consultative relationships to obtain microscopy
assessment in such instances.

“Active” lesions are acute and potentially responsive to
specific therapy. “Chronic” lesions are usually not reversible
or treatable. Glomerular scarring is associated with down-
stream tubular atrophy and interstitial fibrosis. The degree of
chronic irreversible damage is most easily assessed from the
amount of interstitial fibrosis and tubular atrophy. The
assessment of chronic damage from the biopsy must always
be interpreted together with the clinical data to avoid
misinterpretation if the biopsy is taken (by chance) from a
focal cortical scar. The amount of information derived from
kidney pathology varies substantially in the different types of
glomerular diseases; when of particular relevance, this issue is
addressed specifically within the appropriate Chapters.

Clinicians should pay attention to the contents and detailed
descriptions of active or chronic histopathologic features, and not
just the diagnosis, in the biopsy report. Internationally validated
scoring systems have been developed for some entities (e.g.,
MEST-C—mesangial (M) and endocapillary (E) hypercellularity,
segmental sclerosis (S); interstitial fibrosis/tubular atrophy (T),
and crescents (C) scoring in IgA nephropathy [IgAN; Interna-
tional Society of Nephrology and the Renal Pathology
Society [ISN/RPS] classes in lupus nephritis [LN]), which
should also be taken into account when discussing treatment.

Practice Point 1.1.3: Repeat kidney biopsy should be per-
formed if the informationwill potentially alter the therapeutic
plan or contribute to the estimation of prognosis.

Repeat kidney biopsy may be needed when the initial biopsy
is inadequate to arrive at a diagnosis. Occasionally, sufficient
uncertainty regarding the response to management or the
progression of kidney diseasemay be present towarrant a repeat
biopsy, even in patients with a well-established diagnosis.
S90
Repeat kidney biopsies are often considered in diseases that
have a tendency for a relapsing course or transformations to
other histopathologic forms, such as MCD/FSGS. However,
there is no evidence that repeat kidney biopsy in SSNS with an
initial kidney biopsy showing MCD or FSGS has any material
benefit for management (Chapters 5 and 6). A repeat kidney
biopsy might be considered, even when the original biopsy
was adequate for diagnosis, in the following circumstances:
� when evaluation of a cause for an unexpected deterioration
in kidney function is not compatible with the known nat-
ural history;

� when the response to treatment is unsatisfactory, especially
when a change of therapy is considered;

� in evaluating changes in clinical or laboratory parameters
that suggest a change of injury pattern within the same
diagnosis (e.g., conversion of membranous to diffuse pro-
liferative LN6);

� in reaffirming the morphologic diagnosis and re-evaluating
the relative contributions of disease activity and chronicity,
to determine whether to intensify, maintain, reduce, or
otherwise modify therapy; or

� when defining a “point of no return/therapeutic futility.”
Given the invasive nature of the procedure, repeat kidney

biopsies should be used when the information expected
cannot be obtained from the synthesis of the available clinical
information, and when the result is likely to change therapy.
Local cost–benefit analysis applied to the clinical decision-
making for the care of individual patients may be necessary.
There are no RCTs to support recommendations for when or
how often a repeat biopsy is necessary.

Research recommendation
� Determine whether proteomics, mass spectroscopy, and/or
RNA sequencing analyses on kidney biopsy material can
supplement or replace therapeutic decision-making based
on morphologic characterizations alone.

1.2 Assessment of kidney function
Key measures for the diagnosis, evaluation of prognosis, and
management decision in patients with glomerular disease
include assessment of kidney function, particularly mea-
surement (or estimation) of proteinuria and glomerular
filtration rate (GFR).

Proteinuria
Assessment of urine total protein excretion rate (PER) using
timed urine collections is the preferred method for patients
with glomerular disease, particularly when marked protein-
uria is present on qualitative testing.7 It averages the variation
of proteinuria due to the circadian rhythm, physical activity,
and posture, and avoids the errors introduced by using a
random “spot” protein–creatinine ratio (PCR). However, 24-
hour urine collection can also be subject to error due to
overcollection or undercollection. Simultaneous measure-
ment of urine creatinine and protein in an aliquot of an
intended 12–24-hour urine collection is a good compromise
Kidney International (2021) 100, S1–S276



Figure 4 | Definition of “nephrotic syndrome,” “nephrotic-range proteinuria,” and “non-nephrotic-range proteinuria.” *Essential.
†Laboratory-specific values: Serum albumin should be measured by bromocresol purple (BCP; colorimetric) capillary electrophoresis (CE), or
immunonephelometric (iMN) methods. Bromocresol green (BCG) methods can give erroneously high results (Clase et al.10). The values of serum
albumin measured by BCG are about 5.5 g/l higher than those measured by the BCP, CE, or iMN methods, so the definition of the degree of
hypoalbuminemia required to meet a definition of NS varies according to the method used for quantifying serum albumin concentration.
‡Variable.
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that yields useful and reasonably consistent results. A first
morning void and determination of PCR, which in effect is
an overnight collection of urine, can also be used but tends
to underestimate 24-hour PER by about 20% due to the
effects of overnight recumbency. This effect is seen to a
lesser extent when marked (nephrotic-range) proteinuria is
present.

The albumin excretion rate and the albumin–creatinine
ratio (ACR) are not commonly used in nondiabetic forms
of glomerular disease, even though these measurements are
recommended for the categorization of chronic kidney dis-
ease (CKD) and for estimation of prognosis via the Kidney
Failure Risk Equations.8

Prediction of albumin excretion rate or ACR from PER
or PCR values can be made using prediction formulas, but
these are rather unreliable at low PER values (<500 mg/d),
perhaps because of the presence of tubular proteinuria, in
which PER can consist of nonalbumin low–molecular
weight proteins.9 On average, albumin accounts for about
65% of total urinary protein in GN, although higher values
can be observed in some diseases (such as MCD). Sex, diet,
race, and physical condition variations can modify creatinine
generation, and may also contribute to discrepancies be-
tween values for PCR/ACR and PER/ACR from timed uri-
nary collections.

Simultaneous measurement of urine sodium using the 24-
hour urine collection can help determine whether high so-
dium intake contributed to worsening proteinuria.

Nephrotic-range proteinuria is not always associated with
“nephrotic syndrome,” in that hypoalbuminemia may not be
present. This form of proteinuria is commonly seen in pa-
tients with secondary FSGS and IgAN. NS can be present in
Kidney International (2021) 100, S1–S276
some patients whose urine protein quantification does not
quite meet the traditional definition of nephrotic-range pro-
teinuria but whose clinical symptoms match a classic pre-
sentation (Figure 410).

Practice Point 1.2.1: Obtain 24-hour urine collection to
determine total protein excretion in patients with glomer-
ular disease for whom initiation or intensification of
immunosuppression is necessary, or who have a change in
clinical status.

Quantification of proteinuria is an important measure in
the assessment of the patient with GN and is relevant in
almost all the primary and secondary glomerular diseases
discussed in this guideline. Separate from MCD, proteinuria
in GN is typically heterogeneous and consists of both al-
bumin and other proteins. Most clinical trials for GN
incorporate 24-hour urine collections to assess response to
therapy.

If a 24-hour urine collection cannot be obtained, use an
alternative method to quantify proteinuria. The best option
is to determine PCR on an aliquot of an attempted 12-24-
hour urine collection at first presentation or on a first
morning void. Random “spot” PCR assessments are
discouraged for evaluation of patients with GN, unless urine
is collected at the same time of day and under similar con-
ditions of physical activity and when the patients are
otherwise stable.

Practice Point 1.2.2: For pediatrics, 24-hour urine collec-
tion is not ideal as it may not be accurate and is cumber-
some to collect. Instead, monitor first morning protein–
creatinine ratio (PCR).
S91



Figure 5 | Assessment of kidney function in glomerular disease. *In ml/min per 1.73 m2. The correction coefficient for race in GFR
estimating equations is controversial, and discussions about this topic are ongoing.20 Please refer to the KDIGO CKD guideline for more
information.18 1Perrone et al.13, 2Gaspari et al.12, 3Cockcroft and Gault.11, 4Stevens et al.16, 5Stevens et al.17, 6Schwartz et al.15, 7Pottel et al.14,
8Branten et al.19, 9Zhai et al.21, 10Levey et al.22 AKI, acute kidney injury; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; 51Cr-EDTA,
chromium-51 labeled ethylenediamine tetraacetic acid; eGFR, estimated glomerular filtration rate in ml/min per 1.73 m2; 99mTc-DTPA,
technetium-diethylenetriamine pentaacetic acid.
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Practice Point 1.2.3: Random “spot” urine collections for
PCR are not ideal as there is variation over time in both
protein and creatinine excretion.

Practice Point 1.2.4: First morning urine collections may
underestimate 24-hour protein excretion in orthostatic
proteinuria.

Practice Point 1.2.5: When feasible, a reasonable compro-
mise is to collect an “intended” 24-hour urine sample and
measure PCR in an aliquot of the collection.

Practice Point 1.2.6: There is no need to simultaneously
and routinely quantify sodium excretion on each timed
urinary collection, unless there is reason to suspect a failure
to adhere to suggestions regarding dietary sodium restric-
tion (Figure 5 and Practice Points 1.4.2 and 1.5.9).

Practice Point 1.2.7: Quantify proteinuria in glomerular
disease, as it has disease-specific relevance for prognosis
and treatment decision-making. Qualitative assessment of
proteinuria may be useful in selected instances.

Refer to subsequent glomerular disease Chapters for the
levels and changes in proteinuria (PER or PCR as defined
above) that have been used to categorize both the risk of
disease progression and the definition of clinical response.
These parameters are not uniform and vary widely across the
spectrum of glomerular disease and even within individual
glomerular disease types.
S92
Currently, there is insufficient evidence to recommend
basing treatment decisions on more detailed qualitative
analysis of proteinuria, such as urine electrophoresis (outside
of MCD in children) or the measurement of fractional uri-
nary excretion of IgG, b-2 microglobulin, retinol-binding
protein, or a-1 microglobulin, but in specific diseases (such
as membranous nephropathy [MN] and FSGS), these latter
low–molecular weight proteins may have clinical and prog-
nostic utility.

Estimation of GFR
Most of the available evidence for treatment of GN has been
based on estimations of excretory kidney function using serum
creatinine (SCr) or creatinine clearance (CrCl) requiring a 24-
hour urine collection. Very few studies have reported gold-
standard measurements of GFR using urinary clearance of
inulin, radioisotopic iothalamate, or plasma disappearance of
iohexol, nonradioisotopic iothalamate, 99mTc-DTPA, or 51Cr-
EDTA techniques. Other techniques include adjustment of SCr
for age, weight, and sex, using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) or other formulas
and reciprocal or log transformation of SCr. Serum cystatin C,
as an alternative to SCr, has not been well validated in subjects
with GN. All these methods have limitations but are infor-
mative when sequential measurements are made in each sub-
ject.11–17 The details of GFR assessment can be found in the
KDIGO Clinical Practice Guideline for the Evaluation and
Management of CKD (Figure 511–22).18
Kidney International (2021) 100, S1–S276

https://kdigo.org/wp-content/uploads/2017/02/KDIGO_2012_CKD_GL.pdf
https://kdigo.org/wp-content/uploads/2017/02/KDIGO_2012_CKD_GL.pdf


www.kidney-international.org chap te r 1
Estimation of GFR using the CKD-EPI formula based on
SCr has gained increasing acceptance, although it has not
been validated specifically in those patients with GN. It may
be more accurate than earlier equations, especially at values
>60ml/min per 1.73 m2. Ethnicity, muscle bulk, sarcopenia,
and the method used for creatinine measurement may in-
fluence the accuracy of estimated glomerular filtration rate
(eGFR) based on SCr. This is less true when one uses a serum
cystatin C biomarker to estimate GFR. In NS and hypo-
albuminemia, tubular creatinine handling is altered, and
CrCl- and eGFR-creatinine-based equations may overestimate
true GFR by 50% or more.16,19 GFR estimations are also
unreliable during episodes of acute kidney injury (AKI) and
possibly are influenced by altered creatinine generation in
patients with chronic glucocorticoid-related myopathy.

In children, there are alternative validated formulas for eGFR,
notably the Schwartz or Full Age Spectrum (FAS) formulas.

Practice Point 1.2.8: In children, quantify proteinuria, but
goals of treatment should not be different between disease
etiologies. A PCR of <200 mg/g (<20 mg/mmol) or <8 mg/
m2/hour in a 24-hour urine should be the goal for any child
with glomerular disease. Acceptance of a baseline higher
than this should come only with kidney biopsy evidence of
kidney scarring.

Practice Point 1.2.9: The Chronic Kidney Disease Epidemi-
ology Collaboration (CKD-EPI) estimated glomerular filtra-
tion rate (eGFR) creatinine equation is preferred in adult
patients with glomerular disease, and the modified Schwartz
equation is preferred in children. The Full Age Spectrum (FAS)
equation may be used in both adults and children (Figure 5).

All creatinine-based eGFR equations tend to overestimate
true GFR in patients with NS and hypoalbuminemia. eGFR,
cystatin C, or combinations of eGFR, cystatin C, and creati-
nine may be used in special circumstances when disturbances
in creatinine generation are suspected.

Research recommendations
� Evaluation of “spot” versus “timed” urine collections in
evaluation of proteinuria in specific kidney diseases

� Evaluation of urine proteomics for diagnosis and prognosis
of specific forms of GN

� Evaluation of urinary biomarkers for detection and quan-
tification of kidney fibrosis in GN

� Evaluation of whether validated GFR-estimating equations
in patients with marked proteinuria can improve clinical
trial outcomes and patient management

1.3 Evaluation of hematuria
Hematuria is one of the cardinal manifestations of glomerular
disease. The initial detection of hematuria is often by “dipstick”
analysis of a random urine specimen. Dipstick tests are very
sensitive for detection of hemoglobin in urine (free or
erythrocyte-related) with very few false negatives (except in
patients taking large amounts of vitamin C), but with false
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positives in myoglobinuria or hemoglobinuria. Macroscopic or
gross hematuria usually imparts a reddish or brownish “smoky”
appearance to voided urine, depending on urine pH. In visible
hematuria due to GN, clots do not occur. Typically, hematuria
in GN is not accompanied by urinary tract symptoms.

An abnormal dipstick test for blood should be confirmed
by a microscopical examination of fresh, centrifuged urine
sediment by phase-contrast microscopy or brightfield optics
under low- and high-power magnification. Staining of the
urine sediment (Sternheimer-Malbin) can aid in the recog-
nition of cells and formed elements. Flow-assisted cell-sorting
techniques can greatly aid automated analysis of hematuria.

In patients with GN, the erythrocytes are commonly (50%–

80%) misshapen (dysmorphic) and small (microcytic). The
presence of casts containing red blood cells or the presence of
acanthocytes (>5% of all red blood cells) usually indicates an
inflammatory glomerular disease. It should be noted that
among the few erythrocytes seen in a normal, properly
collected urine, all are of a glomerular (dysmorphic) type.

The prognostic implications of the persistence and
magnitude of hematuria can have a very significant impact on
long-term outcomes of glomerular disease. Given this, find-
ings often represent continued “low-grade” activity of the
underlying glomerular inflammatory process. This aspect of
hematuria as a “biomarker” of progression, for example, in
IgAN,23 is now receiving long-overdue attention. Periodic
monitoring of the presence and magnitude of hematuria
should be a part of the care process for all forms of
glomerular disease, in our opinion.

Practice Point 1.3.1: Routine evaluation of urine sediment
for erythrocyte morphology and the presence of red cell
casts and/or acanthocytes is indicated in all forms of
glomerular disease.

Practice Point 1.3.2: Monitoring of hematuria (magnitude
and persistence) may have prognostic value in many forms
of glomerular disease. This is particularly applicable to
immunoglobulin A nephropathy (IgAN) and vasculitis
(IgAV; Chapter 2).

Research recommendation
� Further prospective studies of the impact of persistent he-
maturia on prognosis for specific forms of glomerular
disease and its therapeutic implications

1.4 Management of complications of glomerular
disease
A number of complications of glomerular disease are a conse-
quence of the clinical presentation rather than the specific
histopathologic pattern. Active management of such compli-
cations should always be considered to have a positive impact
on the natural history of the disease and to significantly improve
morbidity and even mortality. These include measures to
control edema, reduce proteinuria, treat elevated systemic
arterial blood pressure (BP), slow disease progression, and
S93



Figure 6 | Summary of supportive management of glomerular disease. Note: Prednisone and prednisolone are equivalent, used in the same
dosage, and have both been used in RCTs, depending on the country of origin. All later usages of “prednisone” in this guideline refer to
prednisone or prednisolone. All later usages of “glucocorticoids” refer to prednisone or prednisolone, unless otherwise specified. GN,
glomerulonephritis; RCT, randomized controlled trial.
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address other metabolic and thrombophilic consequences of
the NS (Figure 6). These relatively nontoxic therapies may
prevent, or at least modulate, the need for immunosuppressive
drugs, which have potential adverse effects. Such supportive
S94
therapy may not be necessary in steroid-sensitive MCD with
rapid remission, or in patients with GN and only microscopic
hematuria, preserved GFR, and neither proteinuria nor hy-
pertension (commonly seen in early IgAN).
Kidney International (2021) 100, S1–S276



Figure 7 | Edema management in NS. GFR, glomerular filtration rate; i.v., intravenous; NS, nephrotic syndrome; RAS, renin–angiotensin system.
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Nephrotic edema
Significant edema and weight gain are common with the NS.
This clinical presentation can complicate a patient’s symptoms
and control of BP andmay bemediated by an intrinsic defect in
sodium excretion by the kidney.24 The mainstays of treatment
are diuretics accompanied by moderate dietary sodium re-
striction (1.5–2 g/d or 60–90mmol/d of sodium; Figure 7).

Nephrotic patients are often diuretic resistant, even if theGFR
is normal. Loop diuretics are considered first-line in treating
nephrotic edema, and twice daily administration is usually
preferred. Higher doses of loop diuretics are typically required,
due to decreased delivery of the drugs to the loop ofHenle (larger
volume of distributionwith hypoalbuminemia), or to binding of
the filtered drug with filtered albumin. However, repetitive
administration of furosemide can induce short-term (braking
phenomenon, acute diuretic resistance) and long-term
(compensatory tubular sodium absorption, chronic diuretic
resistance) adaptations, of which the mechanisms are not well
known. Some evidence demonstrates more favorable phar-
macokinetic profiles and more consistent oral bioavailability
with longer-acting torsemide and bumetanide, compared
with furosemide (at least in heart failure studies).25

Combining a loop diuretic with a thiazide-like diuretic
(hydrochlorothiazide, metolazone, chlorthalidone) can be
Kidney International (2021) 100, S1–S276
an effective oral regimen to overcome diuretic resistance, by
blocking sodium resorption at several sites within the
nephron. In high doses, the efficacy of thiazide-like di-
uretics is similar. It is recommended to give the thiazide
diuretic 2–5 hours prior to loop diuretic infusion for peak
drug levels, and to maximize the blockade of distal sodium
reabsorption.

Plasmin in nephrotic urine can activate the epithelial so-
dium channel, potentially contributing to diuretic resistance.
Amiloride blocks the epithelial sodium channel and may be a
potentially useful add-on therapy for edema/hypertension
and hypokalemia management in NS.26 The use of amiloride
has not been validated in RCTs.

Acetazolamide is a weaker diuretic, but as a carbonic
anhydrase inhibitor, it may be helpful if severe metabolic
alkalosis is present.

If a patient fails with maximally dosed oral loop diuretic,
then it is reasonable to transition to intravenous loop di-
uretics, with individual practice preference for intravenous
bolus versus continuous infusion. Avoid administration of
loop diuretics as a rapid intravenous “push,” as toxicity can
occur (hearing loss and/or tinnitus). The administration of a
loop diuretic as a continuous infusion may mitigate the toxic
effects and provide sustained diuretic excretion.
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Gastrointestinal absorption of diuretics may be uncertain
in severe NS because of intestinal wall edema, and intrave-
nous loop diuretics (by bolus injection or infusion) may be
necessary to provoke an effective diuresis. A blunted
response to intravenous diuretics may be due to decreased
intravascular volume with associated activation of the
neurohumoral and renin–angiotensin systems (RAS). For
the intravenous diuretic-resistant patient with hypo-
albuminemia, intravenous albumin can be added to intra-
venous diuretic therapy to improve intravascular volume,
diuresis, and natriuresis. Several studies of intravenous (salt-
poor) albumin with intravenous furosemide have shown
transient clinical benefit from combination therapy, but
comparison of the data is difficult due to differences in
study design. There is not a lot of significant research evi-
dence that albumin is effective in reducing edema in the NS
in adults. The clinical effects of albumin in children may be
more promising. It may be reasonable to consider intrave-
nous albumin in the diuretic-resistant patient who fails to
respond to maximal dosing of intravenous diuretic alone
or in diuretic combinations, and whose serum albumin
is <2.0 g/dl (20 g/l). Albumin can be administered by pre-
mixing with a loop diuretic, or by giving 25–50 g albumin
solution 30–60 minutes prior to the intravenous loop
diuretic (maximal effect of intravascular volume expan-
sion).27 However, in nephrotic patients, most of the
administered albumin will be rapidly excreted in the urine,
and any effect on plasma albumin level will be transient at
best. Occasionally, mechanical ultrafiltration and/or hemo-
dialysis are required for resistant edema, especially if the GN
is accompanied by AKI.

Potassium-sparing diuretics (such as spironolactone or
amiloride) are helpful for maintaining blood potassium levels
in the normal range and might have additive effects to thia-
zides or loop-acting diuretics in terms of natriuresis for
management of hypertension or edema.28

Water restriction is usually not necessary in the manage-
ment of edema in the NS, as patients are often intravascularly
volume depleted and more prone to dehydration with
intensive diuretics. However, water restriction may be
necessary in patients who develop hyponatremia.

Research recommendations
� RCT to:

B evaluate the efficacy of intravenous albumin plus di-
uretics versus diuretics alone for the management of
edema in diuretic-resistant patients with severe NS29

B test the efficacy of amiloride versus other diuretic classes
for nephrotic edema

B compare loop diuretics in NS (furosemide vs. bumetanide
vs. torsemide) for efficacy and optimal dose administration

B compare oral versus i.v. bolus versus i.v. continuous
infusion of diuretics in NS

B evaluate when it is clinically most appropriate to treat a
diuretic-resistant patient with ultrafiltration or hemodialysis
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1.5 Management of hypertension and proteinuria
reduction in glomerular disease
As in all chronic kidney disease (CKD), the aim of BP control
is to both protect against the cardiovascular (CV) risks of
hypertension (stroke, heart failure, coronary artery disease)
and delay progressive loss of GFR. Lifestyle modification (salt
restriction, weight normalization, regular exercise, reduction
in alcohol intake, and smoking cessation) should be an in-
tegral part of the therapy for BP control. Antihypertensive
therapy may not be necessary in all patients with glomerular
disease (i.e., steroid-sensitive MCD; Figure 8 and Figure 9).

Reduction in proteinuria is important, as it reflects control
of the primary disease, reduction of glomerular hypertension,
and also reduction of podocyte damage (likely a major factor
in glomerular scarring). Most studies suggest that the loss of
kidney function in the progressive histologic patterns dis-
cussed in this guideline largely can be prevented if proteinuria
can be reduced to levels below 0.5 g/d, and progression slowed
if reduced to levels below 1–1.5 g/d. The exceptions are MCD
and SSNS, for which complete remission defines the disease
course. Proteinuria (or plasma factors present in proteinuric
urine) may also be toxic to the tubulointerstitium. In NS, a
reduction of proteinuria to a non-nephrotic range often re-
sults in an elevation of serum proteins (particularly albumin)
to normal levels. This elevation in serum albumin reduces
thromboembolic and infection risk and often alleviates many
of the patient’s symptoms, and the metabolic complications of
the NS, and thereby improves quality of life.

The antiproteinuric agents of choice are angiotensin-
converting enzyme inhibitors (ACEi) or angiotensin II re-
ceptor blockers (ARBs), which may reduce proteinuria by up
to 40%–50% in a dose-dependent manner, particularly if the
patient complies with dietary salt restriction. There is little
evidence to suggest that ACEi differ from ARBs in this
respect. Although concomitant use of ACEi or ARBs may
result in additive antiproteinuric activity, the combination has
been associated with an increase in AKI and hyperkalemia
events in RCTs involving diabetic subjects.30,31

Although this has not been demonstrated directly in large
RCTs involving patients without diabetes, the data are suffi-
cient to advise caution. Even as monotherapy, ACEi and/or
ARBs lower GFR, and a 10%–20% increase in SCr is often
observed. Unless creatinine continues to rise, this moderate
increase reflects their effect on kidney hemodynamics and not
worsening intrinsic kidney disease, and should not prompt
withdrawal of the medication. However, if a patient’s GFR is
rapidly changing, an ACEi or ARB may further contribute to
kidney insufficiency and should not be used. If anti-
proteinuric medication dosing is limited by clinically signifi-
cant hyperkalemia, this may be countermanded by the use of
potassium-wasting diuretics, correction of metabolic acidosis,
or oral potassium-binding agents. Liberalization of sodium
intake may also help to some extent.

Alternatively, if the patient is unable to tolerate an ACEi or
ARB, a direct renin inhibitor (DRI) or mineralocorticoid
Kidney International (2021) 100, S1–S276



Figure 8 | Management of hypertension and proteinuria in glomerular disease. ACEi, angiotensin-converting enzyme inhibitor; ARB,
angiotensin II receptor blocker; BP, blood pressure; FSGS, focal segmental glomerulosclerosis; GN, glomerulonephritis; KDIGO, Kidney
Disease: Improving Global Outcomes; MCD, minimal change disease; NS, nephrotic syndrome; RAS, renin–angiotensin system; RASi,
renin–angiotensin system inhibitors; SBP, systolic blood pressure; SSNS, steroid-sensitive nephrotic syndrome.

www.kidney-international.org chap te r 1

Kidney International (2021) 100, S1–S276 S97



Figure 9 | Management of hypertension in glomerular disease. MAP, mean arterial pressure; SBP, systolic blood pressure.
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receptor antagonist (MRA) can be used.32 As with ACEi/
ARBs, hyperkalemia and reduction in GFR are side effects of
these medications, so routine laboratory monitoring is rec-
ommended. However, the use of combination ACEi or ARBs
with DRI is not recommended due to an increased risk of
hyperkalemia,33 at least as described in a trial involving
subjects with diabetes.

Some patients are unable to tolerate even low-dose
ACEi, ARB, MRA, or DRI. In this circumstance, alterna-
tive antihypertensive agents are recommended for both
control of BP and improvement in urine protein excretion.
Nondihydropyridine calcium channel blockers (CCB), such
as diltiazem and verapamil, modestly reduce proteinuria.
Beta blockers, diuretics, and a-1 blockers also reduce
proteinuria, but to a lesser degree. Dihydropyridine CCB,
methyldopa and guanfacine, have little impact on protein-
uria and may even increase proteinuria. Patients who fail to
achieve adequate reduction in urine protein (despite con-
trol of BP) should be counseled to further restrict dietary
sodium as a nonpharmacologic means of reducing
proteinuria.

Meta-analyses have suggested that a sustained decline of
30% from baseline for albumin excretion rate or total PER
S98
may be an acceptable surrogate outcome for eventual
doubling of SCr or kidney failure as hard outcome criteria for
a favorable impact on CKD progression.34–36

The evidence for kidney protective therapy is the subject of
a KDIGO Clinical Practice Guideline for the Evaluation and
Management of Chronic Kidney Disease.18
Research recommendations
� RCTs to determine the safety and efficacy of the addition of
MRAs to RAS inhibitor (RASi) monotherapy in the treat-
ment of nondiabetic proteinuric kidney diseases

� RCTs to determine the safety and efficacy of using newer
potassium-lowering agents to maximize RASi therapy in
nondiabetic proteinuric kidney diseases

1.6 Management of hyperlipidemia in glomerular
disease
Hyperlipidemia in patients with glomerular disease reflects
the impact of diet, the patient’s underlying genetic predis-
position, the presence of NS, and the complications of
treatment for the glomerular disease including glucocorti-
coids, mammalian target of rapamycin (mTOR) inhibitors
Kidney International (2021) 100, S1–S276
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(sirolimus and everolimus), and calcineurin inhibitors (CNI;
cyclosporine A more often than tacrolimus).37,38 Treatment of
hyperlipidemia in patients with NS may follow the guidelines
that apply to the general population and use the same lipid-
Figure 10 | Management of hyperlipidemia in glomerular disease. A
syndrome; Apo, apolipoprotein; ASCVD, atherosclerotic cardiovascular d
lipoprotein cholesterol; Lp, lipoprotein; PCSK9, proprotein convertase su

Kidney International (2021) 100, S1–S276
lowering agents, but demonstration of CV event reduction
or quality-of-life improvement is lacking in patients with
hyperlipidemia from glomerular disease or its treatment
(Figure 10).39 Risk factors include family history, obesity,
CR, albumin–creatinine ratio; AIDS, acquired immunodeficiency
isease; eGFR, estimated glomerular filtration rate; LDL-C, low-density
btilisin/kexin type 9.
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diabetes, concomitant hypertension, impaired GFR, persistent
albuminuria, prior cardiovascular disease, and current
smoking. Management of hyperlipidemia is most relevant in
patients for whom GN cannot be completely ameliorated, and
when other risk factors for cardiovascular disease coexist,
most commonly hypertension and proteinuria. Persistence of
hyperlipidemia can lead to acceleration of atherogenesis in
both children and adults.

Dietary restriction of fats and cholesterol alone has only
inconsistent and minimal effects on hyperlipidemia in
glomerular disease, in particular in NS, and lifestyle modifi-
cations (diet, exercise, and weight reduction) have been
incompletely studied in glomerular disease.

Statins are well-tolerated and effective in correcting, at
least partially, the abnormal lipid profile in NS. Whether
statin therapy protects from a decline in GFR has not been
established. Some data suggest that certain statins, particularly
atorvastatin, may reduce albuminuria. Care is needed when
statins are used in combination with other drugs; there is an
increased risk of myalgia/myositis when statins are combined
with CNI. Extremely limited data are available regarding the
efficacy of ezetimibe or fibrates for lowering low-density li-
poprotein (LDL) in NS. A recent meta-analysis concluded
that the limited information available does not support the
use of these agents as monotherapy.39

Lipid apheresis, approved to treat familial hyperlipidemia,
has also been used to treat hyperlipidemia in patients with
steroid-resistant NS (SRNS). In treated patients with NS,
cholesterol and triglyceride levels were reduced, and in some,
remission of NS was observed. The rationale for the use of
PCSK9 inhibitors in NS is reasonably compelling,38,40 but to
date, only a few case reports support the use of these agents.
More data are needed concerning the utility of PCSK9 in-
hibitors in nephrotic hyperlipidemia before they can be
broadly recommended.

Research recommendations
� RCTs to assess the safety and efficacy of pharmacologic
treatment for the hyperlipidemia accompanying nephrotic
and non-nephrotic glomerular disease

� Studies on the impact of lifestyle modifications for reduc-
tion of hyperlipidemia in the NS

� Impact of statin drugs on reduction of CV events in
patients with the NS; many RCTs show reduction in CV
events in the general population who are treated with statin
drugs

� Utility of hyperlipidemia treatment in the older patient with
NS (>76 years old)

� RCTs for pharmacologic reduction of hyperlipidemia and
risks of treatment in children with NS

� RCTs for pharmacologic reduction of hyperlipidemia in the
NS with anti-PCSK9 monoclonal antibodies

� Studies to better understand low-density lipoprotein
cholesterol (LDL-C) goals of therapy with statins in patients
with persisting NS
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1.7 Hypercoagulability and thrombosis
The risk of arterial or venous thrombotic events in the NS
for both children and adults is higher than that in the
general population, especially within the first 6 months of
diagnosis. Thrombosis is more common in adults than
children, is more often venous than arterial, and differs in
frequency according to the underlying histopathology.
Deep venous thrombosis (DVT) and renal vein thrombosis
(RVT) are the most common. Pulmonary embolism (PE) is
also relatively common and may occur without symptoms.
Thrombotic events are most common in MN but can occur
with other lesions such as MCD or complement-related
glomerulopathies. Histologic diagnosis, degree of protein-
uria, and serum albumin <2.5 g/dl (25 g/l; Figure 4)
remain the best predictors for thrombotic risk. Indepen-
dently, a low serum albumin level (regardless of degree of
proteinuria) can increase the thrombotic event risk. Arte-
rial thrombosis is uncommon in both adults and children,
but it had been reported in virtually all arterial vascular
beds, including aorta, mesenteric, axillary, pulmonary, iliac,
renal, femoral, popliteal, ophthalmic, and cerebral
circulations.

Additional risk factors include prior thrombosis, ge-
netic predisposition to thrombosis, antiphospholipid an-
tibodies, immobility, obesity, malignancy, pregnancy, or
surgery. An online tool to help calculate bleeding risk
versus benefits of anticoagulation in NS is available at
https://www.med.unc.edu/gntools/bleedrisk.html. Heparin
or its derivatives and/or coumarin agents (vitamin K
antagonists or warfarin) are the current agents of choice
for prophylaxis and/or treatment of venous or arterial
thromboembolic events occurring in the context of NS.
There are no RCTs comparing the efficacy and/or safety of
low-molecular-weight heparin to warfarin in NS. There
are many drug–drug interactions with warfarin, especially
with immunosuppressive agents, such as CNIs, so the
physician should be mindful when the patient is on
multiple drugs.

Direct oral anticoagulant (DOACs) have not been sys-
tematically studied in nephrotic patients for prophylaxis or
treatment of thrombosis. In August 2018, the literature
consisted only of 4 case reports and 3 conference pro-
ceedings.41,42 An open-label pharmacokinetic study of
apixaban is underway in nephrotic patients without dia-
betes, with a primary outcome for dosing information, not
clinical outcomes (NCT02599532). DOACs may have fewer
drug interactions than warfarin, but their safety and effi-
cacy for both treatment and prophylaxis of venous
thromboembolism (VTE), arterial thromboembolism
(ATE), and PE in NS require additional study. DOAC use
in atrial fibrillation was associated with lower bleeding and
all-cause mortality when compared to warfarin (CKD G1–
G5D).41,43

The efficacy and safety of DOACs in pediatric patients is not
established. Pediatric VTE is uncommon; however, its
Kidney International (2021) 100, S1–S276
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Figure 11 | Anticoagulation in NS. *Membranous GN carries a particularly high risk of thromboembolic events. NS, nephrotic syndrome.
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incidence has been increasing over the past 2 decades. Heparin
and warfarin traditionally have been used in this population,
mostly based on extrapolation of results of studies in adults.

Practice Point 1.7.1: Full anticoagulation is indicated for
patients with thromboembolic events occurring in the
context of nephrotic syndrome. Prophylactic anti-
coagulation should be employed in patients with nephrotic
syndrome when the risk of thromboembolism exceeds the
estimated patient-specific risks of an anticoagulation-
induced serious bleeding event (Figure 11).

Practice Point 1.7.2: Anticoagulant dosing considerations
in patients with nephrotic syndrome (Figure 12 and
Figure 1344).

Research recommendations
� RCTs of prophylactic anticoagulation in the nephrotic pa-
tient with GN: These RCTs should examine the safety and
efficacy of heparin (low- or high-molecular-weight),
warfarin, DOAC versus no anticoagulant therapy for pro-
phylaxis of VTE or ATE in such patients.
Kidney International (2021) 100, S1–S276
� Robust estimates of absolute thrombosis risk-adjusted for
glomerular disease type, serum albumin, PCR, ACR, eGFR,
age, comorbidities (e.g., obesity, genetic thrombophilia,
immobilization, prior DVT/PE)

� RCTs to test the efficacy and safety of DOACs versus
warfarin for prophylaxis and treatment in NS

� Studies to determine whether high protein-binding of
DOACs leads to urinary losses and lower drug
efficacy

� Observational data to ascertain current practice in pre-
scribing DOACs in patients with NS

� Observational study comparing rates of arterial thrombosis
in nephrotic patients who are untreated versus receiving
anticoagulation

� Further research to determine whether the biochemical
profile used to estimate risk of VTE differs between adults
and children

� Clinical trials to define the optimal duration of anti-
coagulation in patients with venous or arterial thrombosis
or PE

� A clinical trial to determine the efficacy and safety of
inferior vena cava filters for PE in patients with NS
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Figure 12 | Anticoagulant dosing considerations in patients with NS. NS, nephrotic syndrome.
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Figure 13 | Prophylactic anticoagulation in adults with GN/nephrotic syndrome. Reproduced from Kidney International, volume 89, issue 5,
Hofstra JM, Wetzels JFM. Should aspirin be used for primary prevention of thrombotic events in patients with membranous nephropathy? Pages
981–983, Copyright ª 2016, with permission from the International Society of Nephrology.44 Note: This algorithm was developed for patients
with membranous nephropathy. Its value is unknown for patients with nephrotic syndrome (NS) due to other underlying diseases. In pediatric
patients with glomerulonephritis (GN), consider formal hematology consultation for evaluation of venous thromboembolism (VTE) and bleeding
risk. Framingham Risk Score is not available for pediatric patients. ‡Albumin value of 25 g/l or 32 g/l (2.5 g/dl or 3.2 g/dl) is measured using
bromocresol green (BCG). A value of 20 g/l or 30 g/l (2 g/dl or 3 g/dl) should be used when bromocresol purple (BCP) or immunoassays for
serum albumin levels are used. *Please go to https://www.med.unc.edu/gntools/bleedrisk.html.
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1.8 Risks of infection
Epidemiology
A high order of clinical vigilance for bacterial infection is
vital in patients with glomerular disease, including nephrotic
patients. This is particularly important in nephrotic children
with ascites, in whom the fluid should be examined
microscopically and cultured for spontaneous bacterial
peritonitis. Bacteremia can occur even if clinical signs are
localized to the abdomen. Erythrocyte sedimentation rate is
unhelpful, but an elevated C-reactive protein level may be
informative.

Parenteral antibiotics should be started once cultures are
taken. If repeated infections occur, serum immunoglobulins
should be measured. If serum IgG is <600mg/dl (6 g/l), there
is limited evidence that infection risk is reduced by monthly
administration of intravenous immunoglobulin 400 mg/kg to
keep serum IgG>600 mg/dl (>6 g/l). Patients with glomerular
disease receiving immunosuppressive agents are at increased
risk for a variety of infections, including community-acquired
pneumonia, sepsis, and other infectious diseases.

Screening for unrecognized, latent infectious disease
Unrecognized, untreated latent disease may flare when
immunosuppression for glomerular disease is initiated.
Kidney International (2021) 100, S1–S276
Diagnostic evaluations to disclose and treat these prior to or
concomitant with the initiation of therapy can reduce
morbidity and mortality. Appropriate screening is clearly
dependent on exposures that may be unique in particular
geographic regions and/or occupations. Although we cannot
provide exhaustive coverage of these issues, a few caveats are
provided.
� Serologic tests for syphilis, HIV, hepatitis B (HBV), and
hepatitis C (HCV) are commonly sought as potential un-
derlying causes for glomerular disease (Chapter 7). If iden-
tified, either related to or independent of the glomerular
disease diagnosed, treatment should be considered either
preceding or concomitant with immunosuppressive therapy,
depending on the urgency of the timing of immunosup-
pression. Immunosuppressive therapy (glucocorticoids and
or cytotoxic/immunomodulating agents, rituximab) can
induce a serious exacerbation of HBV replication and thus
aggravate liver disease (Chapter 7).

� Latent tuberculosis (TB), common in many populations,
should be screened for if appropriate by QuantiFERON
testing and/or purified protein derivative skin testing and
treated concomitantly with immunosuppression. A recent
study demonstrated that 4months of rifampin is noninferior
to 9 months of isoniazid and pyridoxine for treatment of
S103
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latent TB.45 Some caution should be exercised in prescribing
rifampin in patients receiving glucocorticoids, as rifampin
may decrease the bioavailability of glucocorticoids.

� Infection with the helminth Strongyloides stercoralis should
be screened for and treated in at-risk individuals prior to
the initiation of immunosuppression, especially glucocor-
ticoids. The diagnosis, treatment, and prevention of
hyperinfection from Strongyloides has recently been
reviewed.46 Eosinophilia, and high serum IgE levels, may
raise suspicion in an otherwise asymptomatic individual
from an endemic area. Strongyloides may be transformed
from an asymptomatic infection to a potentially lethal
systemic disease (hyperinfection syndrome) by exposure to
as little as a few days of glucocorticoid therapy. In patients
at risk of harboring asymptomatic Strongyloides in whom
glucocorticoid therapy is contemplated, screening is
advised. The least expensive type is stool examination for
ova and parasites. In the event that screening is unavailable
or delayed in a high-risk patient, some have advocated for
empiric treatment with ivermectin or second-line agents if
ivermectin is contraindicated or unavailable.
Vaccinations and prophylaxis
Adults and children with GN and NS (as well as CKD in
general) are at increased risk of invasive pneumococcal
infection, and they as well as their household contacts should
receive pneumococcal vaccination with the heptavalent con-
jugate vaccine (7vPCV) and the 23-valent polysaccharide
vaccine (23vPPV) as well as the annual influenza vaccination.
The response does not seem to be impaired by concurrent
glucocorticoid therapy. Vaccination with live vaccines (mea-
sles, mumps, rubella, varicella, rotavirus, yellow fever) is
contraindicated while on immunosuppressive or cytotoxic
agents and should be deferred until prednisone dose
is <20mg/d and/or immunosuppressive agents have been
stopped for at least 1–3 months. Following treatment of the
first episode of SSNS, nonimmunized children should be
vaccinated with live vaccines as soon as possible, especially
varicella zoster virus.

Patients receiving complement antagonists should be
vaccinated with both a meningococcal conjugate vaccine
(MenACWY) and a serogroup B meningococcal vaccine
(MenB). As these vaccinations may confer only partial pro-
tection from meningococcal infection, the Centers for Disease
Control recommend consideration of concomitant menin-
gococcal antibiotic prophylaxis (https://www.cdc.gov/
meningococcal/clinical/eculizumab.html).

Exposure to varicella can be life-threatening, especially
in children. Treatment should be given with zoster
immune globulin if exposure does occur, and antiviral
therapy with acyclovir or valaciclovir begun at the first sign
of chickenpox lesions (see Chapter 4, SSNS for additional
details on management in children). Herpes zoster preven-
tion is recommended. The live, attenuated Zostavax�
S104
vaccine is contraindicated in patients who are immuno-
suppressed and immunodeficient. The newer recombinant
Shingrix vaccine is safe, but immunosuppression may
reduce its efficacy.

Immunize healthy household contacts with live vaccines to
minimize the risk of transfer of infection to an immuno-
suppressed child, but avoid direct exposure of the child to
gastrointestinal, urinary, or respiratory secretions of vacci-
nated contacts for 3–6 weeks after vaccination.

As noted below, prophylactic trimethoprim–

sulfamethoxazole (TMP-SMX) should be administered dur-
ing periods of high-dose prednisone therapy to prevent
Pneumocystis infection. This strategy may also apply to other
immunosuppressive agents such as rituximab.

Practice Point 1.8.1: Use pneumococcal vaccine in patients
with glomerular disease and nephrotic syndrome, as well as
patients with chronic kidney disease (CKD). Patients and
household contacts should receive the influenza vaccine.
Patients should receive herpes zoster vaccination
(Shingrix).

Practice Point 1.8.2: Screen for tuberculosis (TB), hepatitis
B virus (HBV), hepatitis C virus (HCV), human immuno-
deficiency virus (HIV), and syphilis in clinically appro-
priate patients (Chapter 7).

Practice Point 1.8.3: Strongyloides superinfection should be
considered in patients receiving immunosuppression who
once resided in endemic tropical environments and who
have eosinophilia and elevated serum immunoglobulin E
(IgE) levels.

Practice Point 1.8.4: Prophylactic trimethoprim–

sulfamethoxazole (TMP-SMX) should be considered in
patients receiving high-dose prednisone or other immu-
nosuppressive agents (rituximab, cyclophosphamide).

Atovaquone or pentamidine may be substituted for the
sulfa-allergic. This suggestion is mainly based on studies of
immunosuppressed patients without glomerular disease.
Research recommendations
� Further studies concerning prevention and treatment of
infections developing in patients with glomerular disease
receiving immunosuppressive agents

� Additional research to better understand the management
of immunosuppression-induced hypogammaglobulinemia

1.9 Outcome measures
Remissions, kidney failure, mortality
A definitive assessment of the efficacy of a treatment for GN
requires the demonstration that kidney failure has been pre-
vented or substantially delayed, mortality reduced, or quality
of life improved. The Standardised Outcomes in Nephrology
Kidney International (2021) 100, S1–S276
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(SONG) initiative is focusing on these issues from both the
patient and provider perspectives.47 Safety is also an impor-
tant component of evaluation of treatment effects. Very few
studies in glomerular disease have been of sufficient duration
or have analyzed sufficient numbers of patients to accurately
assess these outcomes. This is not surprising, given the slow
natural history of many of the histologic variants of glomer-
ular disease in this guideline. The other accepted outcome
measure for many of these disorders is complete remission,
assessed by the complete disappearance of abnormal pro-
teinuria (<300mg/24 hours). However, most studies rely on
other surrogates as predictors of clinical outcomes. These
surrogate outcome measures include changes in proteinuria
(e.g., partial remission of proteinuria), change in kidney
function, “point of no return,” quality of life, and quality of
health.

Changes in proteinuria
A quantitative change in proteinuria (or albuminuria) is
presented in most studies. This is often categorized as
complete remission, usually defined as proteinuria <0.3 g
per 24 hours (PCR <300mg/g [<30mg/mmol]), or partial
remission, defined as proteinuria >0.3 g but <3.5 g per 24
hours or a decrease in proteinuria by $50% from the initial
value and <3.5 g per 24 hours. However, definitions vary
and are not used consistently, even within a specific GN
pattern. The variations in these definitions will be discussed
in each disease-specific Chapter. A percentage decline in
proteinuria or albuminuria of >30% is also predictive of
protection from progression to kidney failure with moderate
reliability.35,48
Changes in kidney function
Changes in kidney function are usually measured by
changes in SCr, eGFR, or endogenous CrCl. These need to
be substantial to indicate true disease progression (e.g.,
doubling of SCr, or halving of CrCl or eGFR). This is
because most patients with GN have gradual changes in
kidney function, and there are many factors that may
modify the SCr value besides progression of kidney dis-
ease (see Evaluation of GFR above). In more recent
studies, changes over time in eGFR have been reported to
predict harder outcome measures, such as kidney failure.
A $40% decline in eGFR from baseline over a 2–3-year
period has been suggested as a surrogate outcome mea-
sure for kidney failure in clinical trials. Its utility in
general management of patients with various forms of
glomerular disease needs further testing. In the absence of
kidney failure as a defined adverse outcome, the slope of
eGFR over time may also be an adequate and reliable
marker of change in kidney function, provided that suf-
ficient data at sequential time points are available, the
slope is sufficiently linear, and there are no acute effects
of the agent used for treatment of GN.49,50
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Changes in GFR are often described qualitatively as “dete-
riorating” or “rapidly deteriorating” kidney function. These
terms have no precise definitions, but they are in common
usage, especially in certain histologic categories such as
vasculitis and LN. These are descriptive terms, and the value of
a particular therapy can be properly evaluated only when it is
compared to treatment of another group with similar clinical
and histologic characterizations and in the setting of an RCT.
Where available, these are presented in each Chapter.
“Point of no return”
This concept has no precise definition but describes a situa-
tion in the natural history of a chronic glomerular disease
where severe loss of kidney function (to an eGFR <20–30 ml/
min per 1.73 m2) is accompanied by such extensive and
irreversible kidney injury (primarily interstitial fibrosis and
tubular atrophy, and/or bilateral renal atrophy) that any
therapeutic strategy being tested cannot reasonably be ex-
pected to alter the natural history of progressive deterioration
in kidney function (therapeutic futility). The presumption is
that such patients should be excluded from clinical trials since
they are expected to be “non-responders,” and therefore may
dilute any treatment effect and adversely affect the power of
the study. Furthermore, these subjects with reduced kidney
function may be at higher risk of adverse effects of the
therapies being tested. In the absence of precise definitions of
the “point of no return,” it is not possible to know, in most of
the published trials, whether the inclusion or exclusion of
such patients has masked any therapeutic benefit. Even
among patients who have reached a point at which specific
interventions are likely futile, continuation of therapies
directed at avoidance of non-kidney complications such as
coronary artery disease, stroke, and congestive heart failure is
highly appropriate.
Quality of life and quality of health
Patients’ own perceptions of their quality of life and quality
of health, and their preferences, are extremely important
elements of the assessment of therapy, but they are often an
underappreciated and/or unmeasured parameter in the
evaluation of many of the clinical trials reviewed in this
guideline. These factors are particularly relevant when
considering the risk–benefit ratio analysis of interventions,
which may include the short- and long-term risks of
immunosuppressive treatments, but they often do not ac-
count for the patient’s perspective in relationship to real or
perceived impact on their quality of life. These unassessed
elements have the potential to significantly obfuscate out-
comes (e.g., concerns about body image in young women/
girls treated with glucocorticoids could impact adherence to
therapy). The recent introduction of patient-related out-
comes (Patient-Reported Outcomes Measurement Infor-
mation System [PROMIS]) that allows a more rapid
assessment has the potential to provide a more uniform
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quality-of-life determination that is standard across all
chronic diseases (see SONG-GN initiative47).

The lack of such data is a substantial evidence gap in the
evaluation of studies relating to the management of glomer-
ular disease.

Practice Point 1.9.1: Goals for proteinuria reduction with
treatment vary among the various specific causes of
glomerular disease.

Practice Point 1.9.2: A ‡40% decline in eGFR from baseline
over a 2–3-year period has been suggested as a surrogate
outcome measure for kidney failure.

This threshold has mainly been examined in the context of
clinical trials, and its utility in a nonclinical trial setting needs
to be better understood.

Research recommendations
� Further analysis of disease-specific surrogate outcome
measures, such as slope of GFR, in the specific forms of
glomerular disease

� Additional data on impact of treatments on quality of life in
glomerular disease

1.10 Impact of age, sex, ethnicity, and genetic
background
The infrequency of RCTs of treatment for GN resulted in un-
certainty about generalizability (i.e., whether the demonstrated
benefits [or lack of efficacy] of any treatments will still emerge if
patients are then treated who come from different ethnic
groups and/or are of different age or sex) compared to those
included in the published studies. Examples of this issue are:
whether it is reasonable to extrapolate treatment recommen-
dations from children to adults with MCD, and vice versa;
whether expectations of effectiveness of regimens for LN proven
in Caucasians can be appropriately extended to those of other
ethnicities; and whether the safety observed with a course of
immunosuppression in the young applies equally to the elderly.

Furthermore, few available RCTs are statistically powered
to examine less-common adverse effects of therapy. It is not
yet clear if new insights into these and other issues will
emerge from a better understanding of the pharmacogenetic
variations that can substantially alter the pharmacokinetics
and/or pharmacodynamics of immunosuppressive and other
agents, such as thiopurine transferase activity assessment in
subjects chosen to receive azathioprine or assessment of ge-
netic variants that affect the anticoagulant properties of
warfarin. Although early evidence suggests that such genetic
traits may alter clinical outcome, the cost of such pharma-
cogenetic testing also needs consideration, and, as yet, there is
little robust evidence that these factors should modify the
treatment of glomerular disease.

Research recommendation
� Additional research concerning the impact of ethnicity and
ancestry on treatment and outcomes of GN
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1.11 Genomics, transcriptomics, proteomics,
metabolomics
The evolving focus on “personalized” or “precision” medicine
has brought the diverse fields of genomics, transcriptomics,
proteomics, and metabolomics to center stage in the field of
management of glomerular disease. As yet, these de-
velopments are preliminary and at a “proof-of concept” stage.
Nevertheless, the evidence for an important impact on
management and treatment decisions is emerging and rapidly
growing, both in quality and quantity. In some glomerular
diseases, such as the FSGS lesions, targeted whole-genome or
whole-exome sequencing is likely to have value in the
assessment of the phenotype of steroid-resistant forms of
FSGS (Chapter 6).51 Transcriptomic patterns of what appears
to be the phenotype of glomerular pathology may yet reveal
new promising targets for novel therapeutics.52 The proteo-
mic and metabolomic patterns of serum or urine may also
provide important insights into the prognostic and thera-
peutic variations in human glomerular disease. The recent
observations that serum soluble urokinase plasminogen
activator receptor (suPAR) levels and urinary proteomic
patterns predict outcome of CKD are examples of these
studies.53,54

Research recommendations
� Continued research into the genetic origins of specific
glomerular lesions (especially in FSGS)

� Continued search for serum and/or urine biomarkers that
predict prognosis and lesions of interstitial fibrosis

� Continued search through transcriptomics for novel path-
ways of glomerular injury that are potentially modifiable

1.12 Use of glucocorticoids and immunosuppressive
therapy
The physician ideally seeks a treatment regimen that averts
the immediate morbidity of the primary disease process (e.g.,
achieving remission of NS) and prevents disease progression,
while minimizing harmful side effects from immunosup-
pression. However, physicians must also recognize that pro-
longed immunosuppressive treatment may be required in
order to prevent/delay CKD progression or the development
of kidney failure. The focus in the management of chronic
patterns of glomerular disease has shifted from cure to con-
trol, exemplified by recognition of the short- and long-term
benefits of a reduction in proteinuria. This paradigm has
translated into use of more extended (or repeated) treatment
regimens, with the corollary of more toxic drug exposure over
time.

The specific adverse effects of the recommended immu-
nosuppressive agents and the need for routine prophylactic
measures are beyond the scope of this guideline, but are
familiar in clinical practice, and have been reviewed.55 Spe-
cific regimens that potentially require prolonged exposure to
these immunosuppressive agents are identified in the Chap-
ters to follow.
Kidney International (2021) 100, S1–S276
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Adverse effects

The potential adverse effects of immunosuppressive therapy
must always be discussed with the patient and family before
treatment is initiated; this part of the management cannot be
overemphasized. The patient should be counseled about the
risks that are specific to individual drugs, as well as an overall
increased risk for infection and certain cancers. The risks of
treatment with many of the agents are significant and may
have a substantial latent period (e.g., cyclophosphamide). It is
sometimes difficult to reconcile the immediate risks of
immunosuppression in the otherwise clinically well patient
versus the potential for progression to advanced CKD and
kidney failure, both of which are associated with a significant
shortening of life expectancy (even with dialysis or trans-
plantation). The physician should be aware of this conun-
drum; where the evidence for treatment is weak (but
potentially life-altering) and the risk for harm is strong, a full
disclosure is mandatory.

Individual patient perceptions of the acceptability of any
adverse effect may strongly influence the decision (e.g., the
Figure 14 | Screening/prophylaxis for all patients with glomerular d
treated with moderate to high immunosuppression (e.g., prednisone 10 m
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possibility of hirsutism with cyclosporine therapy may be
perceived as less tolerable in a young woman than in an older
man). What might be seen as an acceptable trade-off by the
physician may not be viewed similarly by the patient, leading
to an issue with therapy compliance.

With more intensive immunosuppressive regimens, pro-
phylaxis may be required to minimize possible adverse effects
(Figure 1462). Specific recommendations are beyond the
scope of this guideline and are without an evidence base
specific to the treatment of glomerular disease. It is reasonable
to consider potential complications of long-term immuno-
suppression in glomerular disease based on kidney trans-
plantation data.

Other long-term side effects of immunosuppression
include the risk for infection, as well as bone marrow inhi-
bition. Certain immunosuppression increases the risk for
cancers. The patient should be offered the opportunity for
sperm or ovum storage/preservation (where available) before
treatment with the gonadotoxic agents, cyclophosphamide,
and chlorambucil. To protect against gonadal toxicity, for
isease on immunosuppression. *Not recommended while being
g/d) because of reduced antibody response (Salemi and D’Amelio62).
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example, during cyclophosphamide therapy, women may be
offered prophylaxis with gonadotropin-releasing hormone
analog (leuprolide) treatment and men may be offered
testosterone treatment.56 Screening for latent infections prior
to initiation of some forms of immunosuppression is dis-
cussed above.

Glucocorticoids
Chronic glucocorticoid use in both high and low dose is asso-
ciated with physical changes (weight gain, buffalo hump, acne,
thinning skin, purpura,muscle atrophy, growth retardation) and
metabolic complications (hyperglycemia or development of
overt diabetes, hypertension, hyperlipidemia, bone loss, gastric
ulcers). Common long-term glucocorticoid prophylaxis in-
cludes the use of antimicrobials to minimize opportunistic
infection, and H2-receptor antagonists or proton pump in-
hibitors (PPI) to prevent peptic ulceration. However, due to
recent retrospective data implicating long-term PPI use in un-
explainedCKD, as well as case reports linking PPIuse toAKI and
interstitial nephritis, PPIuse as first-line peptic ulcer prophylaxis
may need to be reconsidered.55,57,58 Bisphosphonates (except in
the presence of kidney failure) are used to minimize loss of bone
density during prolonged treatment with glucocorticoids. Please
refer to KDIGO Clinical Practice Guideline for the Diagnosis,
Evaluation, Prevention, and Treatment of Chronic Kidney
Disease—Mineral and Bone Disorder.59

Calcineurin inhibitors
CNIs are potentially nephrotoxic, but with lower serum
trough levels used in MCD and other glomerular diseases,
this side effect is uncommon.60 Risk factors for tubu-
lointerstitial lesions in childhood MCD included cyclo-
sporine use for >24 months and presence of heavy
proteinuria for >30 days during cyclosporine therapy.61

Susceptibility to CNI nephrotoxicity is also increased in
patients with impaired kidney function. Calcineurin agents
are also commonly associated with metabolic side effects,
including hypertension (cyclosporine [CSA] > tacrolimus
[TAC]), hyperlipidemia (CSA > TAC), and diabetes (TAC
> CSA). In addition, the CNI side effect profile includes
hair growth (CSA), gingival hyperplasia (CSA), and tremors
(TAC > CSA).

Cyclophosphamide
The dose of cyclophosphamide should be reduced
(by $30%) in patients with eGFR <30 ml/min per 1.73
m2, and by 50% in patients on dialysis, with close
monitoring of its marrow-suppressive effect. To reduce
bladder toxicity, the duration of cyclophosphamide
treatment should not exceed 6 months, and in patients
treated with oral cyclophosphamide, the drug should be
taken in the morning, and patients should be instructed
to have copious fluid intake. Sodium-2-mercaptoethane
sulfonate (Mesna) can be prescribed as appropriate if
the dosage of cyclophosphamide is considered high. The
S108
risk of bladder cancer (and other cancers) is greater if the
total cumulative dose of cyclophosphamide exceeds 36
grams (about 500 mg/kg in adults) in a patient’s lifetime.
Dosing above this threshold should be scrupulously
avoided. Yearly urologic screening is recommended in
high-risk individuals.

Rituximab (anti-CD20 agents)
Rituximab is associated with infusion reactions, which may
sometimes be severe, including anaphylaxis. Prolonged use of
rituximab may be associated with hypogammaglobulinemia,
especially in older age and preexisting hypogammaglobulin-
emia. Hypogammaglobulinemia, when severe (<200–400
mg/dl), can promote risk of bacterial infection. Administra-
tion of polyclonal intravenous immunoglobulin (sucrose-
free) may be indicated, but efficacy is not proven by an RCT.
Late-onset leukopenia or pancytopenia can be observed in
rituximab-treated patients. Granulocyte colony stimulating
factor (G-CSF) may be indicated in patients at high risk of
infection.

1.13 Pharmacologic aspects of immunosuppression
Immunosuppressive agents with a narrow therapeutic index
include the CNI, cyclosporine, and tacrolimus, as well as
the mTOR inhibitors sirolimus and everolimus. Unfortu-
nately, there are no RCTs that compare response to treat-
ment in glomerular disease and different achieved blood
levels of these immunosuppressant agents. Dosing and
target blood levels are based on established practice in
kidney transplantation. The main goal of blood level
monitoring is to avoid toxicity due to high drug levels while
still maintaining efficacy. Therapeutic drug monitoring can
also be used to assess compliance. Response to therapy can
often be assessed by proteinuria reduction, which can
sometimes be achieved with trough blood levels of CNIs
that would be considered sub-therapeutic for solid-organ
transplantation.

Although it is not necessary to measure mycophenolic acid
(MPA) exposure in most patients, measurement of trough
MPA level or its area under the concentration-versus-time
curve may provide useful information in selected patients,
such as those with LN and repeated flares, or those who
develop drug-related complications despite being treated
with conventional mycophenolate dosage. It is a good tool to
assess compliance, and should be used more frequently
(Figure 15).

Research recommendations

� Identify specific target drug levels best suited for achieving
remission in GN

� Develop guidelines for bone-loss screening/prophylaxis for
short-term use of high-dose glucocorticoids in patients
with GN

� RCT of prophylactic intravenous immunoglobulin (i.v. Ig)
in hypogammaglobulinemic subjects treated with rituximab
Kidney International (2021) 100, S1–S276
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Figure 15 | Minimization of immunosuppression-related adverse effects. GFR, glomerular filtration rate.
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1.14 Dietary management in glomerular disease
As mentioned above, dietary restriction of sodium
to <2 g/d (<90 mmol/d) is a primary tenet for control
of BP and edema (especially in the nephrotic patient)
and to improve urinary protein excretion (UPE) inde-
pendently of medications that reduce proteinuria
(Figure 16).

Ensure adequate dietary protein intake in the patient with
proteinuria (0.8–1.0 g/kg daily), with a high carbohydrate
intake (35 kcal/kg ideal body weight, unless obese) to maxi-
mize utilization of that protein. In the MDRD study, up to 5 g
dietary protein was added back to the prescription, gram per
gram, to compensate in part for the heavy proteinuria of
nephrotic patients. Caution is advised regarding a very high–
protein diet in the NS, as this can worsen proteinuria. In
patients with GFR <60 ml/min per 1.73 m2, further protein
restriction can positively impact kidney function and meta-
bolic acidosis. However, a very low–protein diet should be
avoided, as the risk of malnutrition increases. Vegetable
Kidney International (2021) 100, S1–S276
(plant) sources of protein should be encouraged whenever
possible.

Calorie restriction in patients with reduced GFR and
body mass index (BMI) higher than ideal is recommended
to facilitate weight loss and to prevent CV and kidney
complications (i.e., faster rate of progression of CKD and
kidney failure). Patients with GFR <60 ml/min per 1.73 m2

should consume 30–35 kcal/kg/d. Patients with elevated
serum cholesterol who are at risk for CV complications
should follow a heart-healthy diet. In addition, fats should
be restricted to <30% of total calories, with saturated
fats <10%.

Research recommendations
� Further studies on the beneficial effects of diet on pro-
gression of disease in glomerular disease and upon quality
of life

� RCTs of plant-based low-protein diets in patients with
glomerular disease
S109



Figure 16 | Dietary suggestions in glomerular disease. *Ideal body weight. GN, glomerulonephritis.
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1.15 Pregnancy and reproductive health in women
with glomerular disease
In women of childbearing potential, the risks of pregnancy on
the patient, on the fetus, and on the underlying kidney disease
must be considered. The care of pregnant patients with GN
requires coordination and planning with an obstetrician-
gynecologist (OB-GYN) and maternal fetal medicine, as
detailed in Figure 17.63,64 A review of women diagnosed with
GN showed that many patients presented during pregnancy
with complications, and this may be an opportunity for
healthcare providers to act early in the disease process.65

Contraception is also an important consideration. RASi
and many GN therapies are known to be Category X
(potentially teratogenic or embryotoxic) medications. Addi-
tionally, immunosuppression, such as cyclophosphamide, can
S110
have an impact on long-term fertility. Birth control
should continue for a minimum of 6 weeks after stopping
mycophenolate. In men treated with mycophenolate,
condom use is recommended during intercourse with a
woman who might become pregnant and this practice
should continue for a minimum of 90 days after stopping
mycophenolate. These issues and the psychological impact
of these treatments on the patient have to be considered.
A summary is provided below on glomerular disease
considerations with contraception subtypes (Figure 1864,66

and Figure 1964).
The frequency of glomerular disease present during preg-

nancy varies by specific disease. IgAN was the most
commonly reported GN, with smaller numbers for FSGS,
MCD, and MN. The number of patients in many of these
Kidney International (2021) 100, S1–S276



Figure 17 | Coordinated care of pregnant patients with glomerular disease. Adapted with permission from Blom K, Odutayo A, Bramham K,
et al. Pregnancy and glomerular disease: a systematic review of the literature with management guidelines. Clin J Am Soc Nephrol.
2017;12:1862–1872.63 Copyright ª 2017 by the American Society of Nephrology. BP, blood pressure; BPP, biophysical profile; q2, every 2.
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review studies is small.63 Control of glomerular disease and
BP are recommended prior to planning pregnancy. A major
predictor of pregnancy outcome is the GFR at time of
conception67–69 and during mid-pregnancy.70

Because of the suggested high risk of preeclampsia in pa-
tients with glomerular disease, low-dose aspirin (60–150 mg)
should be considered after the first trimester to reduce risk
and the occurrence of important adverse perinatal health
outcomes, but no large trials have been conducted.71

Risk to mother and fetus in pregnancy may vary by
glomerular disease type. A recent review demonstrated no
maternal risk of progression in IgAN, but an increased risk of
Kidney International (2021) 100, S1–S276
adverse pregnancy-related outcomes and adverse fetal
outcomes.

Risk has been shown to be high in systemic lupus erythe-
matosus (SLE) and antiphospholipid syndrome, but exact risk
is not known.72 In patients with SLE, meta-regression analysis
showed positive associations between premature birth rate and
active nephritis, and increased hypertension and preeclampsia
rates in subjects with active nephritis or a history of
nephritis.73 Antiphospholipid antibodies were associated with
hypertension, premature birth, and an increased rate of
induced abortion. Stable disease seemed to predict the best
outcomes.74,75 The take-home message from all of these
S111



Figure 18 | Contraception in women with glomerular disease. Reproduced from Kidney International Reports, volume 3, issue 2, Wiles K,
Lightstone L. Glomerular disease in women, pages 258–270, https://www.kireports.org/article/S2468-0249(18)30017-2/fulltext, Copyright ª
2018, International Society of Nephrology.64 This is an open access article under the CC BY NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/). †Trussell.66
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studies is that women with active disease should be strongly
discouraged from conceiving until their lupus is controlled.76–79

Testosterone use should be discouraged in men with GN.

Practice Point 1.15.1: Care for the pregnant patient with
glomerular disease needs coordination between nephrology
S112
and obstetrics, and ideally, such planning should be
considered before pregnancy.

Research recommendation
� Further studies on the specific effects of each glomerular
disease on maternal and fetal outcomes
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Figure 19 | An overview of the impact of glomerular disease in women. Adapted from from Kidney International Reports, volume 3, issue 2,
Wiles K, Lightstone L. Glomerular disease in women, pages 258–270, https://www.kireports.org/article/S2468-0249(18)30017-2/fulltext,
Copyright ª 2018, International Society of Nephrology.64 This is an open access article under the CC BY NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/). AZA, azathioprine; BP, blood pressure; CKD, chronic kidney disease; CNI, calcineurin inhibitor; FSGS, focal segmental
glomerulosclerosis; GN, glomerulonephritis, HCQ, hydroxychloroquine; LMWH, low-molecular-weight heparin; PLA2R, M-type phospholipase A2
receptor; SLE, systemic lupus erythematosus; SSA/SSB, Sjögren syndrome antibodies; VTE, venous thromboembolism.
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1.16 Treatment costs and related issues
These guidelines have been developed with the goal of
providing evidence-based treatment recommendations for
glomerular disease that can be used by physicians in all parts
of the world. Most of the medications recommended are
available at low cost in many parts of the world. These include
prednisone, azathioprine, and cyclophosphamide tablets.
Monitoring (e.g., by regular checks of blood count) is also
cheap and widely available.

The cost of some agents (e.g., CNIs, mycophenolate, rit-
uximab, Acthar� gel, and eculizumab) remains high, but the
development and marketing of generic agents and biosimilars
is now rapidly reducing costs. However, care must be taken to
ensure that variations in bioavailability with these less-
expensive generic agents do not compromise effectiveness
or safety.

Plasmapheresis remains unavailable in some parts of the
world, related to not only the high cost and limited avail-
ability of replacement fluids (including human albumin and
fresh frozen plasma) but also equipment and staffing costs.

Some treatments suggested as potential “rescue” therapies
in this guideline (e.g., rituximab) remain prohibitively
expensive in most parts of the world and, as such, are another
indication of the urgent need for developing trials that will
provide robust evidence of the efficacy of these therapies.
Uncertainty about the value of such high-cost agents would
also be mitigated if there were comprehensive national or
international registries collecting comprehensive observa-
tional data on their use; unfortunately, no such registry exists.
Research has started in this topic area, but the data are still
sparse.

Practice Point 1.16.1: Patients with glomerular disease
should be offered participation in a disease registry and
clinical trials, whenever available.

Research recommendation
� Further analyses of cost-effectiveness of therapeutic agents,
including biosimilars, in glomerular disease
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1.17 Goals of glomerular disease treatment
The overall goals of treatment of glomerular disease are:
1. To secure a lasting remission of the clinical manifestations

of glomerular disease. A complete remission is more
desirable, but a partial remission may suffice in many cases.
For those diseases that have a tendency to relapse, the goal
is to minimize the frequency and severity of relapses to the
maximum extent possible. Treatment choice should take
into account the risks of kidney failure and extrarenal
complications, and estimates of both likely efficacy and
futility.

2. To secure the above benefits in ways that avoid or minimize
the development of treatment-related adverse events,
particularly those that are potentially life-threatening or
those that can adversely affect the patient’s quality of life.

3. To administer therapy in ways that maximize patient
comfort and quality of life.

1.18 Post-transplantation GN
Virtually all of the histologic variants discussed in this
guideline (with the possible exception of MCD) may recur
after transplantation. Recurrent disease is recognized as the
second or third most common cause of kidney transplant
failure. Attempts should be made to assess the risk of
recurrent disease prior to transplantation, as this might in-
fluence the choice of donor and post-transplant manage-
ment. A few situations might warrant avoidance of live-
donor transplants due to an extremely high risk of recur-
rent diseases (see specific disease Chapters). Currently, there
are no proven strategies to prevent recurrent glomerular
disease in kidney transplant recipients. Despite the high rate
of recurrent disease, long-term graft survival is still very
good in most cases, and transplantation remains the best
treatment option for patients with kidney failure secondary
to glomerular disease. Where there are specific recommen-
dations in particular variants of glomerular disease that
relate to management before transplantation, they are dis-
cussed in each relevant Chapter.
Kidney International (2021) 100, S1–S276
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Chapter 2: Immunoglobulin A nephropathy (IgAN)/
immunoglobulin A vasculitis (IgAV)
IMMUNOGLOBULIN A NEPHROPATHY
IgA nephropathy (IgAN) is the most common pattern of
primary glomerular disease worldwide and remains a leading
cause of CKD and kidney failure. Most commonly, IgAN is
asymptomatic and follows a slowly progressive course with
approximately 25%–30% of any cohort developing kidney
failure within 20–25 years of presentation. Unlike the ma-
jority of glomerular disease included in this guideline, man-
agement of IgAN is focused on nonimmunosuppressive-
based strategies, so-called supportive care, to slow the rate
of progression of the disease. This encompasses rigorous BP
control, optimal inhibition of the RAS, and lifestyle modifi-
cation, including weight reduction, exercise, smoking cessa-
tion, and dietary sodium restriction (Chapter 1).

Although IgAN is characterized by a single histopathologic
criterion of predominant or codominant IgA deposits on
kidney biopsy, it is now well recognized that this “disease”
exhibits marked heterogeneity in its clinical and pathological
features. There is good evidence that the epidemiology, clin-
ical presentation, disease progression, and long-term outcome
of IgAN differ across ethnic populations around the world.
IgAN is most prevalent and more likely to cause kidney failure
in people of East Asian ancestry, followed by Caucasians, and
is relatively rare in individuals of African descent. It is unclear
if these observations are due to differences in pathogenesis
and/or the contribution of varying genetic and environmental
influences.

This Chapter makes treatment recommendations for
adults with IgAN and provides a practice point on how to
apply these recommendations to children aged 1–18 years.
Where possible, we have highlighted possible racial differ-
ences in response to particular treatment regimens.

IgA vasculitis (Henoch–Schönlein purpura) is dealt with
later in this Chapter.

2.1 Diagnosis

Practice Point 2.1.1: Considerations for the diagnosis of
immunoglobulin A nephropathy (IgAN):
� IgAN can only be diagnosed with a kidney biopsy.
� Determine the MEST-C score (mesangial [M] and endo-
capillary [E] hypercellularity, segmental sclerosis [S],
interstitial fibrosis/tubular atrophy [T], and crescents
[C]) according to the revised Oxford Classification.80

� There are no validated diagnostic serum or urine
biomarkers for IgAN.

� Assess all patients with IgAN for secondary causes.
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2.2 Prognosis
Several prognostic scores have been developed to assist in
predicting kidney outcomes in IgAN. Earlier scoring sys-
tems included a variety of pathologic classification schema
in cohorts of uniform racial and geographic origin.80–85

More recently, the standardized MEST-C score as defined
in the revised Oxford Classification has been incorporated
into development of prognostic scoring systems86 and
machine-learning used to select predictive variables.87 The
largest study to date developed a prognostic score in a
multinational and multiracial cohort, including sizeable
training and validation populations, including over 4000
subjects.88 The 5-year risk of halving of a kidney function or
kidney failure prediction score incorporates the MEST-C
histologic scores and clinical variables measured at the
time of kidney biopsy. The tool is available as an online
calculator to assist in discussions with patients regarding
outcome. Future work will be required to determine if
clinical data measured more remotely from the time of bi-
opsy can be used in a similar manner. In addition, one
cannot use the tool to make inferences about treatment.
However, one can envision using the tool for clinical trial
design and analysis in the future. Variables in this prediction
algorithm are listed in Figure 20.

Practice Point 2.2.1: Considerations for the prognostication
of primary IgAN:
� Clinical and histologic data at the time of biopsy can be
used to risk stratify patients.

� The International IgAN Prediction Tool is a valuable
resource to quantify risk of progression and inform
shared decision-making with patients.
B Calculate by QxMD

� The International IgAN Prediction Tool incorporates
clinical information at the time of biopsy and cannot be
used to determine the likely impact of any particular
treatment regimen.

� There are no validated prognostic serum or urine
biomarkers for IgAN other than eGFR and proteinuria.

2.3 Treatment

Practice Point 2.3.1: Considerations for treatment of all
patients with IgAN who do not have a variant form of
primary IgAN:
� The primary focus of management should be optimized
supportive care.
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Figure 20 | The data elements included in the International IgAN
Prediction Tool. Using clinical and histologic data at biopsy, users
can determine a 50% decline in eGFR or kidney failure at selected
time intervals. The tool is not validated for use with data obtained
remotely from the time of biopsy. ACE, angiotensin-converting
enzyme; ARB, angiotensin II receptor blocker; GFR, glomerular
filtration rate; MEST, mesangial (M) and endocapillary (E)
hypercellularity, segmental sclerosis (S), and interstitial fibrosis/
tubular atrophy (T).

Figure 21 | Initial assessment and management of the patient
with IgAN. ACEi, angiotensin-converting enzyme inhibitor; ARB,
angiotensin II receptor blocker; BP, blood pressure; GN,
glomerulonephritis; HIV, human immunodeficiency virus; IgAN,
immunoglobulin A nephropathy; MEST-C, mesangial (M) and
endocapillary (E) hypercellularity, segmental sclerosis (S), interstitial
fibrosis/tubular atrophy (T), and crescents (C).
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� Assess cardiovascular risk and commence appropriate
interventions as necessary.

� Give lifestyle advice, including information on dietary
sodium restriction, smoking cessation, weight control,
and exercise, as appropriate.

� Other than dietary sodium restriction, no specific dietary
intervention has been shown to alter outcomes in IgAN.

� Variant forms of IgAN: IgA deposition with minimal
change disease (MCD), IgAN with acute kidney injury
(AKI), and IgAN with rapidly progressive glomerulone-
phritis (RPGN) may require specific immediate
treatment.

Practice Point 2.3.2: Algorithm for the initial assessment
and management of the patient with IgAN (Figure 21)
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Recommendation 2.3.1: We recommend that all
patients have their blood pressure managed, as
described in Chapter 1. If the patient has proteinuria
>0.5 g/d, we recommend that initial therapy be with
either an angiotensin-converting enzyme inhibitor
(ACEi) or angiotensin II receptor blocker (ARB) (1B).

This recommendation is based on an extensive body of evidence
showing that hypertension and proteinuria are major risk factors
for progression of CKD and that treatment of hypertension and
reduction of proteinuria reduce the risk of progression to kidney
Kidney International (2021) 100, S1–S276
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failure. Data specifically in IgAN, while not extensive, are
consistent with these observations. There are no studies to show
dual blockade with an ACEi and ARB is superior to single
blockade in IgAN. A post hoc analysis of the STOP-IgAN trial
demonstrated no additional benefit with dual blockade.89 In the
judgment of the Work Group, a strong recommendation is
warranted because of the consistency of the benefits for treatment
of hypertension and proteinuria observed across the spectrum of
kidney diseases, the generally low risk of harm for hypertension
and antiproteinuric treatment, and the lack of rationale for a
different recommendation for IgAN specifically.

Key information
Balance of benefits and harms. Controlling BP and reducing

proteinuria slow progression of CKD and reduce CV risk in
general CKD populations.90,91 The benefits of treatment sub-
stantially outweigh the potential harms (e.g., orthostatic hy-
potension and adverse drug reactions). There is no evidence
that the benefits and harms are different for patients with CKD
due to IgAN, and there is some evidence that they are similar.

Quality of evidence. High-quality data support the benefits
of BP control and reduction of proteinuria for slowing of
kidney disease progression in all CKD populations.92 There
are limited data specifically in IgAN, but there is no a priori
reason to suspect that the larger body of evidence is not
generalizable to people with IgAN.

The quality of the evidence for the IgAN population is
moderate because of the reliance on the indirect evidence
from the general CKD studies. Additionally, the small number
of RCTs that have examined antihypertensive medication in
patients with IgAN have seldom reported critical and
important outcomes such as all-cause mortality, kidney fail-
ure, or complete remission, and other outcomes are of
moderate quality because of study limitations (lack of allo-
cation concealment, or inadequate blinding of participants,
and outcome assessors) or imprecision (only one study or few
events; Supplementary Table S493–95,104 and Supplementary
Table S593,95–99).

Values and preferences. The Work Group judged that most
patients would place a higher value on the potential benefits
of hypertension and antiproteinuric treatment compared to
the potential harms associated with treatment.

Resource use and costs. According to the Global Health
Observatory data repository (World Health Organization
[WHO]), ACEi (and CCB) are widely, but not uniformly,
available in high IgAN–prevalence areas. There is much wider
variability in the availability of holistic programs to address
lifestyle modification, including smoking cessation, weight
reduction/dietary modification, and exercise programs for
control of hypertension, both across regions and within
countries.

Considerations for implementation. Control of BP involves
initial lifestyle modification followed by medication in those
with persistent hypertension (Chapter 1). Patients should be
offered access to weight reduction, dietary modification, and
Kidney International (2021) 100, S1–S276
exercise programs, if appropriate, as a part of a holistic
approach to control of BP. Targets for BP control in IgAN are
no different than those stated in Chapter 1. In particular,
there is no evidence to suggest that the BP target should be
different between men and women or between people of
different races.

Rationale
In comparison to other glomerular diseases, which may be
associated with distinct disease relapses, episodes of NS, or
AKI, IgAN is typically a slowly progressive disease. In IgAN,
strategies to control BP and minimize proteinuria are
currently viewed as centrally important in addition to at-
tempts to modify the underlying disease pathogenesis with
immunosuppressant medication.100

Epidemiologic studies of large IgAN cohorts in North
America, Asia, and Europe consistently identify uncon-
trolled hypertension and proteinuria as independent risk
factors for progression in IgAN.94,101,102 In the study by Le
et al., which included outcomes in 1155 patients, there was a
statistically significantly improved 10-year kidney survival
in patients with sustained proteinuria of 0.5–1 g/
d compared to >1 g/d, with 10-year dialysis-free survival of
94% (95% CI: 90%–98%), and 20-year dialysis-free survival
of 89% (95% CI: 82%–96%).101 In an RCT of 49 patients
with IgAN, an achieved mean BP of 129/70 mm Hg stabi-
lized GFR over 3 years, whereas patients with an achieved
mean BP of 136/76 mm Hg showed an average decline in
GFR of 13 ml/min over 3 years.103 Retrospective data from
large registries show that patients with IgAN treated with an
ACEi to control BP have a lower rate of annual loss of
kidney function than similar patients not treated with ACEi
or ARB.102 An RCT of 44 patients with IgAN demonstrated
a benefit of an ACEi (enalapril) on progressive kidney dis-
ease (better kidney survival and reduction in proteinuria)
compared to equivalent BP control with alternative anti-
hypertensives (nifedipine, amlodipine, atenolol, diuretics,
and doxazosin).96 An RCT of 109 Asian patients with IgAN
showed greater proteinuria reduction and slowing of the
rate of kidney deterioration with an ARB (valsartan)
compared to placebo.104

There are no RCT data available on the efficacy or safety of
dual blockade with an ACEi and ARB in IgAN. A post hoc
analysis of the STOP-IgAN trial demonstrated no additional
benefit with dual blockade.89

Recommendation 2.3.2: We recommend that all
patients with proteinuria >0.5 g/d, irrespective of
whether they have hypertension, be treated with
either an ACEi or ARB (1B).

This recommendation is based on the extensive body of evidence
across all types of proteinuric glomerular disease, including
IgAN, that higher levels of proteinuria are associated with worse
kidney outcomes and that a reduction in proteinuria,
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independent of changes in BP control, is associated with
improved kidney outcome. There are no studies to show that
dual blockade with an ACEi or ARB is superior to single
blockade in IgAN. A post hoc analysis of the STOP-IgAN trial
demonstrated no additional benefit with dual blockade.89 In the
judgment of the Work Group, a strong recommendation is
warranted because of the consistency of the benefit for treatment
of proteinuria observed across the spectrum of kidney diseases,
the generally low risk of harm of antiproteinuric treatment, and
the lack of rationale for a different recommendation for IgAN
specifically.

Key information
Balance of benefits and harms. Reducing proteinuria slows

progression of CKD and reduces CVrisk.91,105 For other kidney
diseases, the benefits of treatment substantially outweigh the
potential harms (e.g., orthostatic hypotension and adverse drug
reactions). There is no evidence that the benefits and harms are
different for IgAN specifically, and there is some evidence that
they are similar. In normotensive individuals, RAS blockade
should be initiated cautiously, and we outline a potential
approach in the section on Considerations for implementation.

Quality of evidence. The evidence for a renoprotective effect
of proteinuria reduction in the setting of normotension is of
lower quality than the evidence supporting the treatment of
hypertension. However, the individual patient-level meta-
analysis by Inker et al. included studies with a range of BP
targets and achieved BP, and across all of these studies, a
reduction in proteinuria was associated with improved
clinical outcome independent of changes in BP.106 This
analysis has subsequently been updated with results from
the TESTING and STOP-IgAN trials and affirmed the initial
observations of the Inker et al. meta-analysis.36

The evidence from the individual patient-level meta-
analysis is indirect, as there are a limited number of studies
that have compared RASi with usual care in patients with
IgAN without hypertension and proteinuria >0.5 g/g. How-
ever, 3 studies that include this population reported moderate
quality of the evidence for proteinuria and CrCl (study lim-
itations include lack of allocation concealment, or inadequate
blinding of participants, and outcome assessors) and low
quality of the evidence for doubling SCr (due to very serious
imprecision; Supplementary Table S593,95–99).

Values and preferences. The Work Group judged that most
patients would place high value on the potential benefits of
antiproteinuric treatment compared to the potential harms
associated with treatment. However, younger patients with low/
normal BP may place a lower value on the potential benefits of
RAS blockade due to the risk of orthostatic hypotension.

Resource use and costs. According to the Global Health
Observatory data repository (WHO), ACEi are widely, but
not uniformly, available in high IgAN–prevalence areas.107 It
is important to note, however, that in some countries, the use
of RAS blockade in patients who are normotensive yet
proteinuric is widely implemented but not always supported
by health insurers.
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Considerations for implementation. When commencing RAS
blockade in patients who are normotensive, it is imperative
that patients are started on low-dose therapy initially, and that
dose escalation is controlled with the aim for the patient to
be treated with the maximal tolerated dose of either ACEi
or ARB to achieve the maximal reduction in proteinuria
while minimizing side effects, in particular orthostatic
hypotension. The maximal tolerated dose will often be less
than the recommended maximal dose for that territory.

Rationale
The severity of proteinuria has been consistently shown in
studies from North America, Europe, and Asia to be an in-
dependent risk factor for progression in IgAN.94,101,102 In the
study by Le et al., which included outcomes in 1155 patients,
there was a statistically significantly improved 10-year kidney
survival in patients with sustained proteinuria of 0.5–1 g/d
compared to >1 g/d, with 10-year dialysis-free survival of
94% (95% CI: 90%–98%), and 20-year dialysis-free survival
of 89% (95% CI: 82%–96%).101 A meta-analysis of 8 trials
involving 866 patients evaluated the antiproteinuric effect of
ARB in patients who are normotensive with proteinuria.
Compared with a control group, the use of an ARB was
associated with a significant reduction in urinary protein
excretion in patients with diabetes and moderately increased
albuminuria, and nephropathy with overt proteinuria without
diabetes. This effect was consistently seen in both Western
and Asian populations.108 Included in this meta-analysis was
a small study in IgAN that included 32 patients who were
normotensive aged 18–54 years with proteinuria (1–3 g/d)
and normal kidney function (CrCl >80 ml/min) who were
randomly divided into 4 treatment groups (verapamil 120
mg/d; trandolapril 2 mg/d; candesartan cilexetil 8 mg/d; and
placebo).93 The antiproteinuric response in the trandolapril
and candesartan cilexetil groups were similar (–38% vs.
–40%) and significantly greater than that of verapamil (P <
0.01). In an individual participant-level meta-analysis of data
for 830 patients from 11 RCTs, a reduction in proteinuria was
associated with a lower risk for doubling of SCr level, ESKD,
or death in IgAN, and this was consistent across studies.106

This effect was independent of the presence or absence of
hypertension. There are no RCT data available on the efficacy
or safety of dual blockade with an ACEi and ARB in IgAN. A
post hoc analysis of the STOP-IgAN trial demonstrated no
additional benefit with dual blockade.89

It is uncertain, however, whether RAS blockade will lead to
better outcomes in IgAN with moderately increased albu-
minuria (30–300 mg/d) and normal BP, given the absence of
RCTs addressing this question.

2.3.1 Patients with IgAN who are at high risk of progressive

CKD despite maximal supportive care
These patients are defined as those with persistent UPE >1 g/
d despite treatment with a maximal tolerated or allowed daily
dose of RAS blockade for a minimum of 3 months and having
achieved the recommended BP target as described in Chapter
Kidney International (2021) 100, S1–S276
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1 for a minimum of 3 months. Variant forms of IgAN may
require specific immediate treatment.

Practice Point 2.3.1.1: Considerations for treatment of
patients with IgAN who are at high risk of progressive CKD
despite maximal supportive care.
� High risk of progression in IgAN is currently defined as
proteinuria >0.75–1 g/d despite ‡90 days of optimized
supportive care.

� Immunosuppressive drugs should be considered only in
patients with IgAN who remain at high risk of progres-
sive CKD despite maximal supportive care (The patients
enrolled in the only large randomized controlled trial
[RCT] suggesting benefit of immunosuppression had an
average of 2.4 g/d of proteinuria).

� In view of the current uncertainty over the safety and
efficacy of existing immunosuppressive treatment
choices, all patients who remain at high risk of pro-
gressive CKD despite maximal supportive care should be
offered the opportunity to take part in a clinical trial.

� In all patients in whom immunosuppression is being
considered, a detailed discussion of the risks and benefits
of each drug should be undertaken with the patient
recognizing that adverse treatment effects are more likely
in patients with an eGFR <50 ml/min per 1.73 m2.

� There is insufficient evidence to support the use of the Ox-
ford Classification MEST-C score in determining whether
immunosuppression should be commenced in IgAN.

� There is insufficient evidence to base treatment decisions on
the presence and number of crescents in the kidney biopsy.

� The International IgAN Prediction Tool cannot be used
to determine the likely impact of any particular treat-
ment regimen.

� Dynamic assessment of patient risk over time should be
performed, as decisions regarding immunosuppression
may change.
Multiple observational registry studies demonstrate that

sustained proteinuria is the most powerful predictor of long-
term kidney outcome. Regardless of the nature of the interven-
tion, reduction in proteinuria in observational studies is also
independently associated with improved kidney outcome. A
recent trial-level analysis of data from RCTs confirms an asso-
ciation between treatment effects on proteinuria and treatment
effects on kidney survival (composite of the time to doubling of
SCr, ESKD, or death),36 thereby establishing reduction in pro-
teinuria as a valid surrogate marker of improved outcome in
IgAN. Clinical trials included in this analysis typically
targeted<1 g/d for proteinuria reduction. Therefore, reduction
of proteinuria to <1 g/d is a reasonable target for interventions
used inpatientswith IgANwho remainat high riskof progressive
CKD despite maximal supportive care.

Practice Point 2.3.1.2: Proteinuria reduction to under 1 g/d
is a surrogate marker of improved kidney outcome in
IgAN, and reduction to under 1 g/d is a reasonable treat-
ment target.
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Recommendation 2.3.1.1: We suggest that patients
who remain at high risk of progressive CKD despite
maximal supportive care be considered for a
6-month course of glucocorticoid therapy. The
important risk of treatment-emergent toxicity must
be discussed with patients, particularly those who
have an eGFR <50 ml/min per 1.73 m2 (2B).

In the absence of a rapidly progressive loss of kidney function,
supportive therapy is the mainstay of treatment for adults with
IgAN. Following 6 months of optimization of supportive therapy,
a substantial proportion of patients with >1 g/d of proteinuria
considered for enrollment into clinical trials no longer qualify for
randomization due to reduction in proteinuria.100 Shorter pe-
riods of 3 months may be considered in patients already
receiving RAS blockade prior to biopsy diagnosis.

The largest available RCT of glucocorticoids is the TESTING
study; investigators halted enrollment prematurely due to safety
concerns in the glucocorticoid-treated group.109 Patients in this
study had an average level of proteinuria of 2.4 g/d despite
intensive conservative therapy; this level is notably higher than
that in the patients enrolled in the STOP-IgAN study, in which
patients had 1.6–1.8 g of proteinuria per day. Early analysis
suggested efficacy of glucocorticoids, and this underlies the
recommendation to consider use of this medication in IgAN.
However, there were serious adverse events, including 2 deaths
related to infectious complications. In discussion with clinicians,
patients may choose not to receive glucocorticoids due to risk.

Key information
Balance of benefits and harms. This is a weak recommen-

dation due to the significant risk of toxicity with the therapy.
Consideration of glucocorticoid therapy must include a dis-
cussion regarding the risk of treatment-emergent toxicity
associated with this medication and individualized risk
assessment. The efficacy and toxicity of lower doses of
glucocorticoids in similar populations are not known and
are the subject of an ongoing investigation (NCT01560052).

Quality of evidence. This recommendation is based upon
moderate-quality evidence. The quality of the evidence from 4
RCTs that have compared glucocorticoid therapy with
supportive therapy was moderate for critical and important
outcomes (all-cause mortality, kidney failure, infection,
doubling of SCr, and annual GFR loss) because of study
limitations or imprecision (few events). However, the
quality of the evidence was low for complete remission
because of study limitations and inconsistency (I2 ¼ 60%;
Supplementary Table S6100,109–112).

Values and preferences. The Work Group judged that most
patients would place a high value on preservation of long-term
kidney function. However, the tolerance for side effects and
adverse events may also be limited in patients with relatively
preserved kidney function and asymptomatic proteinuria
under 2 g/d. Therefore, clinicians must engage in a thorough
discussion of risks and benefits of glucocorticoids and
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consider individual patient characteristics that may place them
at higher risk of toxicity (Practice Point 2.3.3).

Resource use and costs. Glucocorticoids are included in the
WHO Model List of Essential Medicines (2017) and are
generally readily accessible and inexpensive.107 Resources for
monitoring for risks of treatment-emergent toxicity (e.g.,
screening for latent infections, bone mineral density scan-
ning) are, however, not uniformly available.

Considerations for implementation. Practitioners should
provide individualized assessment of patient risk of progression
and risk of treatment-emergent toxicity. Risks for development
of reduction of kidney function and kidney failure can be
estimated based using the International IgAN Prediction Tool
to guide discussions with patients. Practitioners may consider
not offering glucocorticoids in patients with particular
clinical characteristics, placing them at higher risk of
treatment-emergent toxicity (Practice Point 2.3.2).

Rationale
The Work Group acknowledged the importance of a reduc-
tion in proteinuria and short-term loss of eGFR as surrogate
markers of long-term prevention of CKD and kidney fail-
ure.36 An initial series of small RCTs supported greater
reduction in proteinuria compared to supportive therapy
alone, with or without uniform use of RAS blockade.110,111,113

However, the confidence in estimates of efficacy and toxicity
for these studies is low due to small sample size.

The STOP-IgAN RCT included 162 subjects to evaluate the
impact of addition of immunosuppressive therapy to sup-
portive care on a hierarchical series of primary outcomes,
including proteinuria and GFR targets.100 At 3 years, patients
receiving immunosuppression benefitted from a higher rate
of remission of proteinuria (17% vs. 5%, P <0.01). This was
not associated with differences in GFR endpoints at 3 years.
The proteinuria at randomization was relatively low (1.6 g/
d and 1.8 g/d), and over 3 years, patients in the supportive
care group experienced only a 4.2 ml/min per 1.73 m2 decline
in kidney function, confirming the impact of rigorous sup-
portive care in IgAN. But this result also means that patients
in the immunosuppression arm had low baseline rates of
eGFR loss and therefore were unlikely to develop endpoints
Figure 22 | Glucocorticoid regimens used in clinical trials of IgAN w
inhibition. 1Therapeutic Evaluation of Steroids in IgA Nephropathy Glob
2Manno et al.111, 3Lv et al.110
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over a relatively short follow-up period of 3 years. There was
one immunosuppression-related death in a patient. Long-
term outcome data of the STOP-IgAN cohort after a me-
dian follow-up of 7 years showed that 48% of the cohort
reached the endpoint of 40% eGFR loss, ESKD, or death, with
ESKD developing in 25% of trial participants.114 The addition
of immunosuppression to standard of care did not alter the
long-term outcome.

The largest available RCTof patients at high risk of disease
progression (TESTING trial) halted enrollment after
randomization of 262 of a planned 750 subjects, due to an
11% greater risk of serious adverse events in the glucocorti-
coid group (95% CI: 4.8%–18.2%).109 This included 2 deaths
related to infectious complications. At the time of analysis, the
primary kidney outcome (composite 40% reduction in eGFR,
kidney failure, death due to kidney disease) occurred signif-
icantly less frequently in the glucocorticoid group (HR: 0.37;
95% CI: 0.17–0.85), suggesting efficacy. There was no dif-
ference in the rate of ESKD noted, albeit in the context of
premature cessation of the study for safety concerns. There
were differences in the patients in the TESTING study
compared to the STOP-IgAN trial, and this may account for
some differences observed in the toxicity and efficacy of
glucocorticoids. Patients were nearly all of Asian descent, had
higher median proteinuria excretion (2.5 g/d at baseline), and
subjects in the placebo group experienced an annual rate of
kidney function decline of –6.95 ml/min per 1.73 m2.

The TESTING study included patients with eGFR as low as
20 ml/min per 1.73 m2. However, only 26 randomized pa-
tients had an eGFR <30 ml/min per 1.73 m2, and subgroup
analyses were limited by the early termination of the trial.
Therefore, evidence of efficacy in patients with very low eGFR
is low, and toxicity of immunosuppression may be greater.
The TESTING study has continued enrollment with a dose-
modified regimen, and the analyses of the originally plan-
ned primary outcome is pending. Until these data are avail-
able, one can only work with available data suggesting early
signs of efficacy of glucocorticoids in patients at high risk of
disease progression, with significant risk of toxicity.

Glucocorticoid regimens used in the 3 most recent RCTs
are detailed in Figure 22109–111.
here there was uniform use of renin-angiotensin system (RAS)
al (TESTING)109: TESTING Low Dose Study is ongoing [NCT01560052],
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Figure 23 | Situations when glucocorticoids should be avoided, or
administered with great caution. *The Therapeutic Evaluation of
Steroids in IgA Nephropathy Global (TESTING)109 study included
patients with eGFR 20–30 ml/min per 1.73 m2, but only 26 patients in
total had this range of kidney function. Prespecified subgroup
analyses for signals of efficacy and toxicity were underpowered and
did not distinguish patients with eGFR <30 ml/min per 1.73 m2. †High
BMI in the TESTING study was not specifically considered an
exclusion, but the mean BMI was <24 kg/m2. BMI, body mass index;
eGFR, estimated glomerular filtration rate; TB, tuberculosis.

Figure 24 | Management of patients with IgAN who remain at high
rapidly progressive glomerulonephritis is covered in Practice Point 2.4.3. †

had marked proteinuria (2.4 g/d average) at the expense of treatment-ass
inhibitor; ARB, angiotensin II receptor blocker; BP, blood pressure, eGFR
hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency v
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Practice Point 2.3.1.3: Use of glucocorticoids in IgAN:
� Clinical benefit of glucocorticoids in IgAN is not estab-
lished and should be given with extreme caution or
avoided entirely in situations listed in Figure 23109.

� There is insufficient evidence to support the use of
the Oxford Classification MEST-C score in determining
when any glucocorticoid therapy should be commenced.

� There are no data to support efficacy or reduced toxicity
of alternate-day glucocorticoid regimens, or dose-
reduced protocols.

� Where appropriate, treatment with glucocorticoid
(prednisone equivalent ‡0.5 mg/kg/d) should incorporate
prophylaxis against Pneumocystis pneumonia along with
gastroprotection and bone protection, according to local
guidelines.

Practice Point 2.3.1.4: Management of patients with IgAN
who remain at high risk for progression after maximal
supportive care (Figure 24109)
risk for progression after maximal supportive care. *IgAN with
The TESTING study109 shows early evidence of efficacy in patients who
ociated morbidity and mortality. ACEi, angiotensin-converting enzyme
, estimated glomerular filtration rate; GN, glomerulonephritis; HBV,
irus; IgAN, immunoglobulin A nephropathy; TB, tuberculosis.
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Practice Point 2.3.1.5: Other pharmacologic therapies
evaluated in IgAN (Figure 25115–120)
Figure 25 | Other pharmacologic therapies evaluated in IgAN. 1Hou et al.115, 2Hogg et al.116, 3Frisch et al.117, 4Maes et al.118, 5Vecchio
et al.119, 6Liu et al.120 ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; IgAN, immunoglobulin A
nephropathy; MMF, mycophenolate mofetil; RCT, randomized controlled trial.
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Figure 26 | Regional use of tonsillectomy as a treatment for IgAN. 1Yang et al.124, 2Kawasaki et al.123, 3Hotta et al.121, 4Reid et al.95,
5Hirano et al.125, 6Kawamura et al.122 eGFR, estimated glomerular filtration rate; IgAN, immunoglobulin A nephropathy; RCT, randomized
controlled trial.
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Practice Point 2.3.1.6: Tonsillectomy in IgAN:
� Tonsillectomy should not be performed as a treatment
for IgAN in Caucasian patients.

� Tonsillectomy is suggested in some national guidelines for
the treatment of recurrent tonsillitis in patients with IgAN.

� Multiple studies from Japan have reported improved
kidney survival and partial or complete remission of
hematuria and proteinuria following tonsillectomy alone
or with pulsed glucocorticoids (Figure 2695,121–125;
Supplementary Table S795,121–124).

2.4 Special situations

Practice Point 2.4.1: IgAN with nephrotic syndrome:
� Rarely, patients with IgAN present with the nephrotic
syndrome (including edema and both hypoalbuminemia
and nephrotic-range proteinuria >3.5 g/d).

� In these cases, mesangial IgA deposition can be associ-
ated with light and electron microscopy features other-
wise consistent with a podocytopathy resembling MCD.

� It is unclear whether this is a specific podocytopathic
variant of IgAN or the existence of MCD in a patient with
IgAN.

� Patients with a kidney biopsy demonstrating mesangial
IgA deposition and light and electron microscopy fea-
tures otherwise consistent with MCD should be treated
in accordance with the guidelines for MCD (Chapter 5).

� Patients with nephrotic syndrome whose kidney biopsy
has coexistent features of a mesangioproliferative
glomerulonephritis (MPGN) should be managed in the
same way as those patients at high risk of progressive
CKD despite maximal supportive care.

� Nephrotic-range proteinuria without nephrotic syn-
drome may also be seen in IgAN, and this commonly
reflects coexistent secondary focal segmental glomerulo-
sclerosis (FSGS) (e.g., obesity, uncontrolled hyperten-
sion) or development of extensive glomerulosclerosis and
tubulointerstitial fibrosis.
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Practice Point 2.4.2: IgAN with AKI:
� AKI can occur in patients with IgAN in the context of
severe visible hematuria, commonly in association with
an upper respiratory tract infection. A repeat kidney bi-
opsy should be considered in patients who fail to show
improvement in kidney function within 2 weeks
following cessation of the hematuria. Immediate man-
agement of AKI with visible hematuria should focus on
supportive care for AKI.

� IgAN may also present with AKI either de novo or
during its natural history due to an RPGN with
extensive crescent formation, commonly in the absence
of visible hematuria. In the absence of visible hematuria
and when other causes of an RPGN (e.g., antineutrophil
cytoplasmic antibody [ANCA]-associated vasculitis
[AAV], anti-glomerular basement membrane [GBM]
disease) and reversible causes (e.g., drug toxicity, com-
mon pre- and post-kidney causes) have been excluded,
a kidney biopsy should be performed as soon as
possible.

Practice Point 2.4.3: IgAN with RPGN:
� Rapidly progressive IgAN is defined as a ‡50% decline in
eGFR over £3 months, where other causes of an RPGN
(e.g., AAV, anti-GBM disease) and reversible causes (e.g.,
drug toxicity, common pre- and post-kidney causes) have
been excluded.

� A kidney biopsy is essential in these cases and will
commonly demonstrate mesangial and endocapillary
hypercellularity, and a high proportion of glomeruli
affected by crescents with areas of focal necrosis.

� The presence of crescents in a kidney biopsy in the
absence of a concomitant change in serum creatinine
(SCr) does not constitute rapidly progressive IgAN;
however, these patients require close follow-up to ensure
prompt detection of any GFR decline. If this occurs, a
second kidney biopsy may be considered.
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� Patients with rapidly progressive IgAN should be offered
treatment with cyclophosphamide and glucocorticoids in
accordance with the guidelines for AAV (Chapter 9).

� Prophylactic measures that should accompany immu-
nosuppression are discussed in Chapter 1.

� There is insufficient evidence to support the use of rit-
uximab for the treatment of rapidly progressive IgAN.

Practice Point 2.4.4: IgAN and pregnancy planning:
� IgAN is a disease predominantly of young adults, and all
women of childbearing potential should be offered pre-
conception counseling when appropriate.

� Preconception counseling should include a discussion on
cessation of renin–angiotensin system (RAS) blockade.
Blood pressure control should be optimized with alter-
native antihypertensive medications prior to conception.

� In those women at high risk of progressive CKD
(Recommendation 2.3.1.1) despite maximal supportive
care, a trial of immunosuppression to optimize immu-
nologic activity and reduce proteinuria prior to concep-
tion may be preferable to emergent initiation of
immunosuppression during pregnancy.

Practice Point 2.4.5: IgAN in children:
General considerations

� For the purposes of this practice point, children are
defined as those aged <18 years. It is acknowledged that
post-pubertal children in some respects may have a
similar course and response to treatment as adults with
IgAN, but there are insufficient data currently to
recommend that they be managed as adults with IgAN.

� Visible hematuria is more frequent in children than in
adults, and this may account for earlier diagnosis in
children.126

� Children generally have higher eGFR, lower urine protein
excretion, and more hematuria than adults at diag-
nosis.127

Kidney biopsy in children

� A kidney biopsy is usually performed at presentation of
symptoms (hematuria, proteinuria, normal C3) in order
to confirm the diagnosis (and rule out other diagnoses)
and assess the degree of inflammation/presence of
necrosis.

� Inflammation, mesangial, and endocapillary hyper-
cellularity tend to be more prevalent in kidney biopsies of
IgAN in children than in those of adults.128–131

Treatment

� There is strong evidence suggesting a benefit of RAS
blockade in children.132 All children with IgAN and
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proteinuria >200 mg/d or PCR >200 mg/g (>20 mg/
mmol) should receive ACEi or ARB blockade, advice on
a low-sodium diet, and optimal lifestyle and blood
pressure control (systolic blood pressure [SBP] <90th
percentile for age, sex, and height).

� It is widely acknowledged that treatment of IgAN with
immunosuppression differs between adults and children,
and that in children, the use of immunosuppressants is
more widespread, particularly the use of glucocorticoids.
However, RCTs and specific expert consensus-driven
indications are lacking.

� Evidence derived mostly from retrospective studies sug-
gests that treatment with glucocorticoids (plus second-
line immunosuppression) leads to improved kidney
survival.126,133

� In children with proteinuria >1 g/d or PCR >1 g/g (100
mg/mmol) and/or mesangial hypercellularity, most pe-
diatric nephrologists will treat with glucocorticoids in
addition to RAS blockade from time of diagnosis.
Duration of treatment is not established, but usually 4
weeks of 1–2 mg/kg/d of oral prednisolone (or equiva-
lent) followed by alternate-day tapering over 4–6 months
is employed. Regimens including intravenous methyl-
prednisolone are also used.127,128,130,134

� Evidence for the use of non-glucocorticoid immunosup-
pressants in addition to glucocorticoids is scarce, but this
approach may be considered in more severe cases.

� As for adults, IgAN with MCD may be found, and it
should be treated as steroid-sensitive nephrotic syn-
drome (SSNS; Chapter 4).

� As in adults, children with rapidly progressive IgAN have
a poor outcome, and despite limited evidence, this sub-
group should be offered treatment with glucocorticoids
(usually as methylprednisolone pulses) and
cyclophosphamide.128,130,135

Follow-up

� Aim for proteinuria £200 mg/d (£400 mg/1.73 m2/d) or
PCR £200 mg/g (£0.2 g/g [£20mg/mmol]).

� Aim for SBP at <90th percentile for age, sex, and height.
� Continue to follow patients even after complete remis-
sion, as they can relapse even after many years.136

Research recommendations
The following areas are of high priority for future research
to improve the treatment and outcomes of patients with
IgAN:
� Risk stratification: This is important for both patient eval-
uation and design of clinical trials.

� The International IgAN Prediction Tool should be:
B validated in additional racial populations not included in
the original cohorts
Kidney International (2021) 100, S1–S276
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B further developed to enable prediction of progression
risk after kidney biopsy and serially during follow-up

B evaluated in relation to specific treatment responses
� Evaluation of therapeutic strategies that minimize or avoid
systemic glucocorticoid exposure:
B Emerging data are required to clarify the role of novel
therapies in non-immunosuppressive comprehensive sup-
portive care. The phase 3 PROTECTstudy (NCT03762850)
is evaluating the antiproteinuric and renoprotective effects
of sparsentan in IgAN, a novel dual-acting angiotensin II
and endothelin type A receptor antagonist. Trials are also
underway to evaluate the effect of sodium–glucose
cotransporter-2 inhibitors (SGLT2i) on kidney and CV
outcomes in nondiabetic kidney disease (NCT03036150,
NCT03594110).137,138 Until all of these studies are
completed, the use of SGLT2i in IgAN is not recommended
in the absence of diabetes.

B We need to better understand the value of MMF and
hydroxychloroquine in the management of IgAN in
different racial groups, and clinical disease severity.

B A targeted-release formulation (TRF) of budesonide, a
glucocorticoid with local release and action in the ter-
minal ileum, has been evaluated in 150 patients with
IgAN in a phase 2b study.139 It has been reported that
this approach leads to a significant reduction in pro-
teinuria and offers advantages over systemically acting
glucocorticoids with fewer treatment-emergent adverse
events. Safety and efficacy of TRF-budesonide is
currently being evaluated in a phase 3 study.

B Other therapeutic strategies being evaluated include in-
hibition of the complement system (lectin [MASP-2],
alternative [Factor B] and final common [C5] path-
ways, and inhibition of B cell activation and survival (by
blocking B cell activation factor [BAFF] of the TNF
family and a proliferation-inducing ligand [APRIL]
signaling to B cells).

� Identification and validation of serum, plasma, urine, and/
or kidney biomarkers to inform:
B prognostication,
B treatment selection,
B monitoring response to treatment,
B fundamental biology: continued transcontinental collabo-
rative research to identify genetic and environmental factors
influencing disease phenotype across races.

IMMUNOGLOBULIN A VASCULITIS
IgA vasculitis (IgAV), formerly Henoch–Schönlein purpura,
is a form of vasculitis marked by IgA deposition within the
blood vessels of affected tissues. IgAV commonly affects the
small blood vessels of the skin, joints, intestines, and kid-
neys. Rarely, it can affect the lungs and central nervous
system. It is the most common form of vasculitis in children.
When IgAV occurs in children <16 years old, it is often self-
limiting. Adults may have more severe and relapsing disease.
Kidney involvement in IgAV is histopathologically
Kidney International (2021) 100, S1–S276
indistinguishable from that seen in the kidney-limited dis-
ease IgAN. This Chapter outlines management guidance for
adults with IgAV-associated nephritis (IgAVN) and provides
a practice point for children aged 1–18 years. It must be
acknowledged that the evidence base in IgAVN is extremely
limited, and so there is a heavy reliance on extrapolating
data from IgAN to IgAVN, although we still have no clear
understanding of how these 2 diseases are related. We make
no specific recommendations on how to treat extrarenal
organ involvement, in particular gastrointestinal vasculitis
and pulmonary hemorrhage, which can be life-threatening
and require immunosuppressive therapy independent of
any kidney involvement.

2.5 Diagnosis

Practice Point 2.5.1: Considerations for the diagnosis of
immunoglobulin A vasculitis (IgAV):
� Unlike children, there are no internationally agreed upon
criteria for the diagnosis of IgAV in adults, although a
clinical diagnosis of IgAV is often made based on the
criteria described for children.140,141

� In adults with a vasculitic rash typical of IgAV, a kidney
biopsy should be performed in the setting of features
consistent with a persistent and/or significant nephritis,
RPGN, proteinuria > 1g/d, and/or impaired kidney
function.

� Assess all adult patients with IgAV for secondary causes.
� Assess all adult patients with IgAV for malignancy, with
age- and sex-appropriate screening tests.

2.6 Prognosis

Practice Point 2.6.1: Considerations for the prognostication
of IgAV:
� Retrospective data from a limited number of small reg-
istries have identified uncontrolled hypertension and the
amount of proteinuria at presentation, and hypertension
and mean proteinuria during follow-up, as predictors of
a poor kidney outcome in adults with IgAV.142–144

� The Oxford Classification has not been validated for
IgAV.

� The International IgAN Prediction Tool88 is not designed
for prognostication in IgAV.

2.7 Treatment

2.7.1 Prevention of nephritis in IgAV

Recommendation 2.7.1.1: We recommend not using
glucocorticoids to prevent nephritis in patients with
isolated extrarenal IgAV (1B).

This recommendation puts a high value on the moderate-quality
evidence demonstrating the risks of glucocorticoid use with no
added benefit for preventing nephritis in IgAV.
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Key information
Balance of benefits and harms. The lack of benefit and the

well-documented risks associated with glucocorticoids meant
the Work Group could not support its use in preventing
nephritis in IgAV.

Quality of evidence. This recommendation is based upon
moderate-quality evidence derived from RCTs. RCTs that
compared prednisone with placebo or supportive therapy in
patients with IgAV have not reported on critical and
important outcomes, such as all-cause mortality, kidney
failure, and complete remission. There was moderate-quality
evidence for the development and continuation of kidney
disease, but there are concerns due to study limitations
(inadequate allocation concealment) and imprecision with
very few events (Supplementary Table S8145–150).

Values and preferences. The Work Group judged that most
patients would place high value on the potential toxicity of
this drug and the lack of any clear benefit.

Resource use and costs. None
Considerations for implementation. None

Rationale
There are no RCT data on the effectiveness of strategies to
prevent the development of IgAVN in adults with IgAV. There
is, however, a significant body of evidence in children that
prophylactic use of glucocorticoids in extrarenal IgAV does
not reduce the incidence of kidney involvement. In an RCTof
352 children with IgAV, early treatment with prednisolone did
not reduce the prevalence of proteinuria 12 months after
disease onset.145 This finding was replicated in 171 children
showing that early use of prednisolone did not prevent the
development of nephritis.150 A meta-analysis of 5 RCTs in
which 789 children were examined for the effects of short-
duration glucocorticoids (2–4 weeks) on preventing persis-
tent nephritis at 6 and 12 months after the presentation
concluded that such treatment with glucocorticoid at pre-
sentation had no preventive effect on onset of persistent
nephritis.146

Practice Point 2.7.1.1: Considerations for the treatment of
all patients with IgAV-associated nephritis (IgAVN) who do
not have an RPGN:
� Assess cardiovascular risk and commence appropriate
interventions as necessary.

� Give lifestyle advice, including information on smoking
cessation, weight control, and exercise, as appropriate.

� No specific dietary intervention has been shown to alter
outcomes in IgAVN.

� Treat to nationally agreed-upon blood pressure targets.
KDIGO suggests treating to an SBP target of <120
mm Hg measured using standardized office blood pres-
sure measurement (Figure 8).

� Treat with maximally tolerated dose of ACEi or ARB if
proteinuria >0.5 g/d.

� Offer participation in a clinical trial if one is available.
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2.7.2 Patients with IgAVN who are at high risk of progressive
CKD despite maximal supportive care
These patients are defined as those with persistent UPE
>1 g/d despite treatment with a maximal tolerated dose of
RAS blockade for a minimum of 3 months and having ach-
ieved the recommended BP target as described in Chapter 1
for a minimum of 3 months.

Practice Point 2.7.2.1: Considerations for the treatment of
patients with IgAVN who are at high risk of progressive
CKD despite maximal supportive care:
� There is insufficient evidence to support the use of the
Oxford Classification MEST-C score in determining
whether immunosuppression should be commenced in
patients with IgAVN.

� The presence of crescents in the kidney biopsy is not in
itself an automatic indication for commencement of
immunosuppression.

� In all patients in whom immunosuppression is being
considered, a detailed discussion of the risks and benefits
of each drug should be undertaken with the patient with
a recognition that adverse treatment effects are more
likely in patients with an eGFR <50 ml/min per 1.73 m2.

� In those patients who wish to try immunosuppressive
therapy, treatment with glucocorticoids is as described
above for IgAN.

2.8 Special situations

Practice Point 2.8.1: IgAV with RPGN:
� The potential risks and benefits of immunosuppression
should be evaluated at the individual patient level and
discussed with the patient.

� Patients agreeing to treatment should be treated in
accordance with the guidelines for AAV (Chapter 9).

� IgAV with RPGN as well as other IgAVN may be asso-
ciated with significant extrarenal involvement (pulmo-
nary, gastrointestinal, and skin), which may dictate
alternative immunosuppressive strategies.

� There are insufficient data to determine the efficacy of
plasma exchange in IgAVN with RPGN. However, un-
controlled case series describe the potential role for the
addition of plasma exchange to glucocorticoid therapy to
accelerate recovery in patients with life- or organ-
threatening extrarenal complications of IgAV.151 Clini-
cians are referred to the guidelines of the American So-
ciety for Apheresis regarding recommendations
regarding plasma exchange for IgAV.152

2.8.1 IgAV-associated nephritis in children
Practice Point 2.8.1.1: For the purposes of this practice
point, children are defined as those aged <18 years. It is
acknowledged that post-pubertal children in some respects
may have a similar course and response to treatment as
adults with IgAN, but there are insufficient data currently
to recommend that they be managed as adults with IgAN.
Kidney International (2021) 100, S1–S276
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Indications for management of IgAVN in children have
recently been published as the result of a European con-
sortium initiative.140 Briefly:
� There are no data supporting the use of glucocorticoids
to prevent nephritis in children with IgAV but mild or
absent evidence of kidney involvement.153,154

� Children >10 years of age more often present with non-
nephrotic-range proteinuria and impaired kidney func-
tion, and they may suffer more chronic histologic lesions
with delay in biopsy and delay in treatment longer than
30 days.155

� The majority of children who will develop nephritis
will do so within 3 months of presentation. Urinary
monitoring is necessary for ‡6 months and optimally 12
months from initial presentation of systemic disease.

� Children with IgAVN and persistent proteinuria for >3
months should be treated with an ACEi or ARB. A pe-
diatric nephrologist should be consulted.

� A kidney biopsy should be performed in children with
nephrotic-range proteinuria, impaired GFR, or persistent
moderate (>1 g/d) proteinuria.

� Oral prednisone/prednisolone or pulsed intravenous
methylprednisolone should be used in children with mild
or moderate IgAVN.
Kidney International (2021) 100, S1–S276
� Children with IgAVN with nephrotic syndrome and/
or rapidly deteriorating kidney function are treated
in the same way as those with rapidly progressive
IgAN.
Research recommendations
� The Oxford Classification MEST-C score and the Inter-
national IgAN Prediction Tool should be validated in
IgAVN.

� Unlike IgAN, there are currently few clinical trials of
novel therapies in IgAVN. The BIOVAS trial (biologic
agents in non-ANCA vasculitis) is perhaps the largest and
will look at 3 different biologic drugs (infliximab, tocili-
zumab, and rituximab) in 140 patients (children and
adults) with refractory vasculitis (including IgAV)
recruited from 15 vasculitis centers in the United
Kingdom and Ireland.

� In light of preliminary observational data,156,157 suggesting
a potential benefit with rituximab, we recommend a dedi-
cated prospective RCT of rituximab in IgAV.

� It is recommended that those agents currently being eval-
uated in IgAN should also be tested for safety and efficacy
in IgAVN in adults and children.
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Chapter 3: Membranous nephropathy
This chapter makes management recommendations for adults
aged >18 years with membranous nephropathy (MN). Data
from pediatric populations are extremely limited, but an
approach to the management of children with MN is pre-
sented in Practice Point 3.4.4.

3.1 Diagnosis

Practice Point 3.1.1: A kidney biopsy is not required to
confirm the diagnosis of membranous nephropathy (MN)
in patients with nephrotic syndrome and a positive anti-
PLA2R antibody test.

Confirming the diagnosis of MN in patients with a
compatible clinical presentation is pivotal in guiding man-
agement and treatment decisions. A kidney biopsy usually is
considered the gold standard for the diagnosis of glomerular
disease; however, for MN, antibodies against PLA2R is a
biomarker that can establish the diagnosis of MN with high
accuracy and without the associated risks of a biopsy,
including insufficient tissue for a conclusive diagnosis, pain,
and bleeding. Thus, a kidney biopsy should be done for
purposes other than establishing a diagnosis of MN in pa-
tients who are anti-PLA2R antibody–positive. There are
Figure 27 | Guidance for the use and interpretation of the anti-PLA2
MN. *High titers (ELISA) are associated with lower likelihood of spontan
rituximab. ELISA, enzyme-linked immunosorbent assay; PLA2Rab, antibo
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currently insufficient data to support the use of anti-THSD7A
antibody as a diagnostic biomarker for MN in lieu of a biopsy.

In a meta-analysis of 9 studies, including 710 patients with
MN and 1502 controls, the sensitivity of a positive anti-PLA2R
antibody test for the diagnosis of MN was 0.78, and specificity
was 0.99.158 A recent single-center study confirmed the high
accuracy, with sensitivity of 64% and specificity of 99%.159 The
95% confidence interval (CI) for specificity is 0.96 to 1.0, which
is comparable to the diagnostic performance of kidney biopsy.
The added value of kidney biopsy to diagnoseMNwas studied in
97 patients who tested positive for anti-PLA2R antibodies, had
no evidence of secondary causes ofMN, but did undergo a native
kidney biopsy.160 The primary diagnosis in all biopsies was MN.
Among 60 patients with a baseline eGFRof>60ml/min per 1.73
m2, the biopsy disclosed superimposed diabetic nephropathy or
FSGS in only 2 patients, and these findings did not affect patient
care or treatment. Among 37 patients with eGFR <60 ml/min
per 1.73 m2, additional findings were reported in 5 patients and
included acute interstitial nephritis (n ¼ 1), diabetic nephrop-
athy (n ¼ 1), acute tubular necrosis (n ¼ 1), and FSGS (n ¼ 2)
with cellular crescents (n¼ 1). Although not reported, it is likely
that this information affected treatment decisions. A very recent
R antibody assay in patients with known anti-PLA2R-associated
eous remission and higher likelihood of nonresponse to low-dose
dies against the M-type phospholipase A2 receptor.

Kidney International (2021) 100, S1–S276

http://www.kidney-international.org


Figure 28 | When to consider a kidney biopsy in a patient who is anti-PLA2R antibody-positive. *In making a decision to perform a kidney
biopsy, the risks of a biopsy must be taken into account. The decision is based on patient and physician preferences. This decision to perform a
kidneybiopsy couldbe revised in thenear futurewith thedevelopment ofmolecular diagnostics, which could allow for better predictionof outcome
for more personalized medicine. eGFR, estimated glomerular filtration rate; PLA2Rab, antibodies against the M-type phospholipase A2 receptor.
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study strengthens the conclusion that in anti-PLA2R antibody–
positive patients with normal eGFR, a kidney biopsy does not
alter the diagnosis of primary MN.161

Further details on the anti-PLA2R antibody assay (Figure 27)
and when to consider a kidney biopsy in an anti-PLA2R
antibody–positive patient (Figure 28) are shown below. In pa-
tients who are anti-PLA2R antibody–negative, a kidney biopsy
should be performed with staining of the biopsy for the PLA2R
antigen, and this may disclose anti-PLA2R antibody–associated
MN. This can occur in patients for whom the serum enzyme-
Figure 29 | Evaluation of patients with MN for associated condition
independent of the presence or absence of anti-PLA2R antibodies or anti
is not very high, especially in younger patients. Many centers will perfo
deficiency, and require the patients to participate in the national screen
(PSA) test is done in adult males aged >50–60 years. HBV, hepatitis B viru
nonsteroidal anti-inflammatory drugs.

Kidney International (2021) 100, S1–S276
linked immunosorbent assay (ELISA) and immunofluores-
cence test is falsely negative, for example, because of low titers.
Moreover, it has been suggested that antibodiesmay be absent in
the early phase of MN, being captured in the kidney, and
becoming detectable after prolonged follow-up.

Practice Point 3.1.2: Patients with MN should be evaluated
for associated conditions, regardless of whether anti-
PLA2R antibodies and/or anti-THSD7A antibodies are
present or absent (Figure 29).
s. Patient with MN should be evaluated for associated conditions,
-THSD7A antibodies. *Varies per country; the yield of cancer screening
rm chest X-ray or computed tomography (CT) scan, look for iron
ing program for breast and colon cancer; a prostate-specific antigen
s; HCV, hepatitis C virus; HIV, human immunodeficiency virus; NSAIDs,
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Figure 30 | Clinical criteria for assessing risk of progressive loss of kidney function. eGFR and PCR are used in routine clinical care. Other
biomarkers may not be available in all centers; this table provides an overview of useful biomarkers. *Most studies have used serum creatinine
(SCr) values to guide management, and SCr values >1.5 mg/dl (133 mmol/l) are often used to define kidney insufficiency. An eGFR value of 60
ml/min per 1.73 m2 defines kidney insufficiency in a young adult. It is important to realize that eGFR decreases with age, and an SCr value of 1.5
mg/dl (133 mmol/l) reflects an eGFR of 50 ml/min per 1.73 m2 in a 60-year-old male patient and 37 ml/min per 1.73 m2 in a 60-year-old female
patient. Thus, when using eGFR in risk estimation, age should be taken into account. †Serum albumin should be measured by BCP or
immunometric assay. ‡Cutoff values are not validated. Anti-PLA2R antibodies should be measured at 3-to-6-month intervals, the shorter interval
being performed in patients with high anti-PLA2R antibodies levels at baseline. Changes in anti-PLA2R antibodies levels during follow-up likely
add to risk estimation. Disappearance of anti-PLA2R antibodies precedes clinical remission and should lead to refraining from additional
therapy. Detailed data are lacking. §Selectivity index is calculated as clearance of IgG/clearance of albumin. ACEi, angiotensin-converting
enzyme inhibitor; ARB, angiotensin II receptor blocker; BCP, bromocresol purple; eGFR, estimated glomerular filtration rate; IgG,
immunoglobulin G; PLA2Rab, antibodies against the M-type phospholipase A2 receptor.
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3.2 Prognosis

Practice Point 3.2.1: In patients with MN, use clinical and
laboratory criteria to assess the risk of progressive loss of
kidney function (Figure 30).

Because spontaneous remission is relatively common in
MN and because immunosuppressive treatment has adverse
effects, it is important to assess the risk of progressive loss of
kidney function prior to deciding about whether and when to
implement immunosuppressive treatment. Figure 30 shows
clinical criteria that may be used to divide patients into cat-
egories of low, moderate, high, and very high risk of pro-
gressive loss of kidney function.

There are caveats to the evaluation of risk in MN. In most
patients, it is reasonable to wait 6 months for spontaneous
remission while using maximal antiproteinuria therapy. High
levels of proteinuria, anti-PLA2R antibodies, or low–molecular
weight proteinuria should lead to re-evaluation earlier than 6
months. Patients with deteriorating kidney function or severe
unresponsive NS may be considered for immediate immuno-
suppressive therapy, as the likelihood of progression is 84% in
patients with a documented 20% decrease in eGFR within any
time period of fewer than 24months.162 A survey of the literature
shows that there is a 45% chance of spontaneous remission in
patients with proteinuria >4 g/d after 6 months of conservative
therapy,163 a 34% chance of spontaneous remission in patients
with proteinuria>8 g/d formore than 6months,164 a 25%–30%
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chance despite high urinary excretion of low–molecular weight
proteins,165 a 17% chance in patients in the upper tertiles of anti-
PLA2R antibody levels,166 and a 20% chance in patients with
anti-PLA2R antibody levels >275 RU/ml167 (A. Rousseau, per-
sonal communication, January 15, 2019). There is currently no
model that combines all of these clinical considerations, but we
suggest that in clinical practice it is useful to think about risk as a
combinationof factors (e.g., high proteinuria in patientswith low
antibody titersmay be judged differently than high proteinuria in
the presence of high antibody titers). Evenmore important is the
disease trajectory; thus, changes in any of the above-mentioned
parameters should be taken into account.

3.3 Treatment

Practice Point 3.3.1: Considerations for treatment of pa-
tients with primary MN:
� All patients with primary MN and proteinuria should
receive optimal supportive care.

� Immunosuppressive therapy should be restricted to pa-
tients considered at risk for progressive kidney injury
(Figure 31).

Practice Point 3.3.2: Immunosuppressive therapy is not
required in patients with MN, proteinuria <3.5 g/d, serum
albumin >30 g/l by bromocresol purple (BCP) or immu-
nometric assay, and eGFR >60 ml/min per 1.73 m2.
Kidney International (2021) 100, S1–S276



Figure 31 | Risk-based treatment of MN. *See Practice Point 3.2.1 and Figure 30 for a detailed description of risk evaluation. †Calcineurin
inhibitor (CNI) monotherapy is considered less efficient. Treatment with CNI for 6–12 months with rapid withdrawal is associated with a high
relapse rate. Still, its use may be considered in patients with normal eGFR and moderate risk of progression, since many of these patients will
develop a spontaneous remission. The use of CNI will shorten the period of proteinuria. In patients with high risk of progression, addition
of rituximab after 6 months of treatment with CNI is advised, with the possible exception of patients with documented disappearance of
anti-PLA2R antibodies after CNI treatment. ‡There is insufficient evidence that rituximab used in standard doses prevents development of
kidney failure. If eGFR falls below 50 ml/min per 1.73 m2, the doses of cyclophosphamide should be halved. In patients who do not tolerate or
can no longer use cyclophosphamide, rituximab could be offered. Consultation with an expert center is advised. eGFR, estimated glomerular
filtration rate; MN, membranous nephropathy; PLA2R, M-type phospholipase A2 receptor.
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Patients with MN, normal eGFR, and non-nephrotic pro-
teinuria generally have good outcomes (see below). These pa-
tients are also at low risk of thromboembolic complications and
have a low burden of symptoms (e.g., edema). They can be
managed with conservative therapy (Chapter 1). Patients with
MN, normal eGFR, and non-nephrotic proteinuria generally
have serum albumin levels>30 g/l. In patients withMN, normal
eGFR, non-nephrotic proteinuria, and low serum albumin
levels, other causes of hypoalbuminemia should be excluded.

There are no RCTs comparing outcomes in patients with
MN and non-nephrotic proteinuria with and without immu-
nosuppressive therapy. However, clinical experience and data
from cohort studies show favorable kidney outcomes in pa-
tients with MN who are persistently non-nephrotic, despite the
absence of immunosuppressive treatment. Immunosuppressive
therapy thus adds risks without potential benefits.

Progressive disease can be identified by development of NS
or decreasing eGFR, which will be easily notable during follow-
up. The presence of a high level of anti-PLA2R antibodies at
baseline is associated with a higher risk of developing NS.

Practice Point 3.3.3: Immunosuppressive therapy is not
required inpatientswithMN,nephrotic syndrome, andnormal
eGFR, unless at least one risk factor for disease progression is
present or serious complications of nephrotic syndrome (e.g.,
AKI, infections, thromboembolic events) have occurred.

Many patients with primary MN and NS will develop
spontaneous remission. There are no RCTs comparing out-
comes in patients with MN and no risk factors for
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progression with and without immunosuppressive therapy.
However, the favorable outcome in such patients is supported
by data from RCTs and cohort studies that included patients
with MN and even at least one risk factor. These studies show
favorable outcomes in many patients with MN, with spon-
taneous remissions occurring in up to 40% or more of pa-
tients. If no risk factor is present, and no complications of NS
are evident, the use of immunosuppressive therapy adds risk
with little if any benefit. Categorizing patients as low, mod-
erate, high, or very high risk of progressive loss of kidney
function (Practice Point 3.2.1) will allow even better selection
of the patients who are more likely to develop spontaneous
remission.

Recommendation 3.3.1: For patients with MN and at
least one risk factor for disease progression, we
recommend using rituximab or cyclophosphamide
and alternate month glucocorticoids for 6 months,
or CNI-based therapy for ‡6 months, with the choice
of treatment depending on the risk estimate
(Figure 30 and Figure 31) (1B).

This recommendation places a relatively higher value on pre-
venting progressive kidney failure in higher-risk patients and in
reducing the complications and risk of NS, and a relatively lower
value on the side effects and inconvenience associated with
immunosuppressive treatment. The choice of therapy is dependent
on patient characteristics, drug availability, drug efficacy, patient,
physician, societal preference, reimbursement policies, and the
specific side-effect profile of each drug. The risk-based treatment
S131



Figure 32 | Commonly used treatment regimens for patients with MN. Mycophenolate mofetil is not discussed. The KDIGO 2012 guideline
argued against the use ofMMFmonotherapy in patients withMN. This still holds and is based on the results of 1 RCT.172 In this study of 36 patients,
MMFmonotherapy for 12months did not increase remission rate (37% vs. 41%). MMF in combination with glucocorticoids, is more effective. Small
RCTs compared MMF and glucocorticoids with either alkylating agents173,174 or CNI.168,175 In these studies, all with relative short follow-up,
remission rates were comparable. A study using historical controls and comparing MMF with cyclophosphamide also reported similar remission
rates. However, relapse rate within 24 months of follow-up was markedly higher in MMF-treated patients.176 A more detailed evaluation showed
that immunologic remissions were less likely to occur with MMF.177 The dose of MMF could be the most relevant variable; studies in LN have used
higher dosages (3 g vs. 2 g), and in patients with SSNS, relapse rate was lower in patients with higher drug concentrations.178 Note: Prednisone and
prednisolone are equivalent, used in the same dosage, and have both been used in RCTs, depending on the country of origin. All later usages of
“prednisone” in this guideline refer to prednisone or prednisolone. All later usages of “glucocorticoids” refer to prednisone or prednisolone, unless
specified otherwise. ‡Recent studies have used i.v. cyclophosphamide. These studies included patients with maintained eGFR. There are no RCTs
evaluating the efficacy of i.v. cyclophosphamide on kidney endpoints. Older RCTs using i.v. cyclophosphamide that included patients with
deteriorating eGFR were negative.170,171 Intravenous cyclophosphamide might be considered in patients with normal eGFR, in whom the lowest
possible cumulative dose of cyclophosphamide should be used (previous use of cyclophosphamide, patients with wishes to bear children) or in
countries where p.o. cyclophosphamide is not available. *Consider repeating after 6 months in patients with persistent NS, stable eGFR, especially
if anti-PLA2R antibodies remained positive. †Cyclosporine and tacrolimus are often given in combination with prednisone in a dose of 10 mg/d.
After 4 months, withdrawal if no response; after 12 months, consider tapering to lower levels. There are few trials that have compared the dose
and duration of CNI therapy. Yuan et al. compared 6 months versus 24 months of tacrolimus and prednisone.169 Remission rates after 6 months
were comparable (18/20 versus 18/22), however persistent remission after 24 months was observed in only 9/18 patients treated for 6 months
versus 18/18 patients treated for 24 months. A meta-analysis confirmed high remission and high relapse rates. These findings can be discussed
with the patient while agreeing on the duration of therapy. MN, membranous nephropathy; PLA2R, M-type phospholipase A2 receptor.
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algorithm is illustrated in Figure 31. Details of commonly used
treatment regimens are shown in Figure 32168–178.

Key information
Balance of benefits and harms. Many patients with MN and

NSwill develop spontaneous remission.Any immunosuppressive
therapy is associated with risks; thus, immunosuppressive ther-
apy is justifiableonly inpatientswith sufficient complaints and/or
risks of NS (such as edema, infections, thrombotic events, pro-
gression of kidney failure) and low likelihood of spontaneous
remission. RCTs and cohort studies have shown that rituximab
and CNIs increase the rate of complete and partial remissions.
The beneficial side-effect profile of these drugs favors their use
over cyclophosphamide as initial treatment in patients with
MN and maintained kidney function. The high relapse rate
after treatment with CNIs is a reason for concern, and
monotherapy with these agents is justifiable only in patients
with a moderate risk of disease progression. Alkylating agents
not only increase remission rate but most importantly, they
also reduce the risk of kidney failure to a large degree.
Alkylating agents are toxic drugs with frequently occurring
severe short- and long-term side effects. Although the evidence
is of moderate quality, the toxicity profile warrants that
S132
cyclophosphamide-based immunosuppressive treatment should
be restricted to high-risk patients.179 Cyclophosphamide is
preferred over chlorambucil. The evidence supporting
cyclophosphamide over chlorambucil is not strong, but 1
RCT180 and several cohort studies suggest fewer side effects
with cyclophosphamide. Also, in patients with CKD, there is
more often a need to adapt the dose and duration of therapy
with chlorambucil, which might explain the lower remission
rates observed with this drug.181,182

Quality of evidence. The ERT has evaluated the quality of the
evidence based on RCTs. The quality of the evidence from the
RCTs for the use of an oral alkylating agent compared to pla-
cebo/no treatment or glucocorticoids is considered moderate
because of a serious risk of bias and lack of blinding
(Supplementary Table S9162,183–191). Alkylating agents were the
only agents that were studied in trials that evaluated critical
outcomes such as all-cause mortality and kidney failure.

RCTs with rituximab or CNIs were evaluated only for the
outcomes of remission and side effects.

For rituximab, the Evaluate Rituximab Treatment for Idio-
pathic Membranous Nephropathy (GEMRITUX) RCT exam-
ined the use of rituximab plus supportive therapy comparedwith
supportive therapy alone (Supplementary Table S10167,192). The
Kidney International (2021) 100, S1–S276
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MembranousNephropathyTrialOfRituximab (MENTOR) trial
compared rituximab with cyclosporine. For efficacy outcomes
such as complete and/or partial remission, the quality of the
evidence is considered low167 or moderate,193 respectively,
because of serious imprecision. There is low quality in the evi-
dence for outcomes such as infection because of very serious
imprecision (wide CIs that indicate less certainty in effect;
Supplementary Table S11192,193).

The quality of the evidence from RCTs examining the use of
CNIs compared with placebo, no treatment, glucocorticoids, or
alkylating agents is considered very low, as there is imprecision
with wide CIs that indicate appreciable benefit and harm, and
insufficient follow-up for clinical outcomes (all-cause mortality,
kidney failure; Supplementary Table S12 and Supplementary
Table S13162,168,184,188,192,192a,194–202). The trials that have suffi-
cient follow-up for complete remission have very serious study
limitations and very serious issues regarding the risk of bias,
including lack of blinding of participants and investigators, and
unclear blinding of outcome assessors, as well as few partici-
pants, and inclusion of abstract-only publications.

In rare diseases, and especially disease with serious,
objective, clinical outcomes such as mortality or kidney fail-
ure, evidence cannot be limited to data from RCTs. Therefore,
the Work Group has used information from non-RCTs and
cohort studies as part of the evidence base. The Work Group
emphasizes the need to use the evaluation of risk factors,
which enables identification of high-risk patients with
reasonable accuracy (Practice Point 3.2.1). Based on the RCTs
and cohort studies, there is strong evidence that alkylating
agents reduced the risk of kidney failure. There is moderate-
quality evidence that alkylating agents are effective when used
according to a restrictive treatment strategy, and in patients
with documented kidney function deterioration. There is no
evidence that rituximab or CNIs reduce the risk of kidney
failure. There is moderate-quality evidence that rituximab or
CNIs increase complete and partial remission rate. There is
evidence that complete remission (moderate quality) and
partial remission (low quality) can be used as surrogate
endpoints in studies in patients with NS. There is moderate-
quality evidence that alkylating agents have more-frequent
and more-severe side effects than rituximab or CNIs. The
use of CNIs is associated with a high relapse rate. There is
moderate-quality evidence that remissions are more persis-
tent after rituximab in comparison with CNIs.

Values and preferences. Immunosuppressive therapy is
associated with side effects. Patients who are likely to have a
favorable clinical course (Practice Point 3.2.1) or who are
more concerned about adverse effects of immunosuppressive
agents will be more likely to decline such treatment.
Conversely, patients who experience severe complaints of NS
or a complication of NS (e.g., thromboembolic events, in-
fections, AKI) will more likely prefer treatment. Rituximab
and CNIs have fewer and less-severe side effects than
cyclophosphamide. Therefore, most physicians and patients
will prefer initial treatment with rituximab or CNIs over
treatment with cyclophosphamide. Development of kidney
Kidney International (2021) 100, S1–S276
failure is the most frequent and severe complication of MN.
Patients with kidney failure can survive with kidney
replacement therapy. However, this therapy is associated
with high morbidity and mortality. Moreover, most patients
with kidney failure will prefer kidney transplantation, which
will lead to lifetime exposure to immunosuppressive drugs.
Thus, in the judgment of the Work Group, most well-
informed patients with (very high risk of) kidney failure
would choose to be treated with cyclophosphamide as
compared to conservative treatment only.

The timing of treatment start, the type of drug, and the
duration of therapy is dependent on risk estimates, patient
characteristics, patient and physician preferences, reim-
bursement policies, and societal perspective (costs and drug
availability).

Resource use and costs. Treatment with immunosuppressive
agents is associated with high costs, including therapy, moni-
toring, and management of the side effects. Kidney replacement
therapy is associated with lower quality of life, higher costs, and
similar or evenmore side effects than immunosuppressive agents.
To the extent that immunosuppressive treatment prevents pro-
gressive loss of kidney function and kidney failure, this recom-
mendation is likely to be cost-effective from the perspective of the
healthcare system. Cost-efficacy is less likely in patients with a
predicted uneventful disease course. In patients with moderate
risk, the side effects of therapy will contribute to the costs to a
large degree. Thus, in these patients, drugs with fewer side
effects will be more cost-effective. Availability of drugs will vary
between countries and regions.

Considerations for implementation. Patients with MN with
complaints or complications of NS or risk of developing kidney
failure might benefit from immunosuppressive therapy. This
holds for all patients, independent of sex and race. Thus, this
recommendation holds for patients of all sex and races.

Rationale
This recommendation replaces the KDIGO 2012 recommen-
dation. While acknowledging the proven efficacy of alkylating
agents in preventing kidney failure, the current recommenda-
tion gives more weight to the severe short- and long-term side
effects associated with use of these agents. Physicians and pa-
tients are particularly in fear of the long-term malignancy
risks.203 Therefore, effective alternative agents would be pref-
erable. Rituximab- and CNI-based therapy are now introduced
as suitable alternatives. Although direct proof that rituximab or
CNIs prevent kidney failure is lacking, the Work Group valued
the results of studies that showed high remission rates with
these agents and appreciated the association of persistent
remission with good kidney outcome. In patients with reduced
eGFR, only alkylating agents are of proven benefit.

Practice Point 3.3.4: Longitudinal monitoring of anti-
PLA2R antibody levels at 6 months after start of therapy
may be useful for evaluating treatment response in patients
with MN, and can be used to guide adjustments to therapy
(Figure 33193).
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Figure 33 | Immunologic monitoring in MN after start of therapy. See text for current treatment schedules. Note: The cumulative dose of
cyclophosphamide shouldnot exceed36g inviewof the riskofmalignancy (Chapter 1). To stayon the safe side,weusually limit thecumulativedose to25
g (in an 80 kgmale: 6months cyclical cyclophosphamide at a dose of 2.5mg/kg/d equals 18g and 6months daily cyclophosphamide at a dose of 1.5mg/
kg/d equals 22 g). Lower doses (maximum10g)must be used in patientswhowish to conceive. CNI are unlikely to induce late immunologic remission; in
patientswithpersistent anti-PLA2Rantibodies, thesedrugsmaybeused in combinationwith rituximab. B cell depletion is insufficient to judge theefficacy
of rituximab therapy; extra dosesmaybe considered even if B cells in theperipheral blood are absent or very low. However, in thesepatients, consultation
with an expert center is advised. eGFR should be stable; if not, then it is always necessary to evaluate for other causes, and if eGFRdecrease is attributed to
MN activity, always provide additional therapy. *Some centers will measure anti-PLA2R antibodies at month 3, and adapt treatment at that time. In most
patients, response occurs within 3months after start of therapy. †A negative immunofluorescence test indicates immunologic remission. If measured by
enzyme-linked immunosorbent assay, a cutoff value of 2 RU/ml should be used to define complete immunologic remission. ‡Retreatmentwith rituximab
should be given similarly to the initial treatmentwith 1 or 2 infusions of 1 g rituximab each administered 2weeks apart.182 CNI, calcineurin inhibitor; eGFR,
estimated glomerular filtration rate; MN, membranous nephropathy; PLA2Rab, antibodies against the M-type phospholipase A2 receptor.
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3.4 Special situations

Practice Point 3.4.1: Algorithm for the treatment of pa-
tients with MN and initial relapse after therapy (Figure 34)
Figure 34 | Management of initial relapse after therapy in MN. Details
definition of relapse is variable. Some authors define relapse after remission as
complete remission.We suggest that the course of serumalbumin andPCR sh
dwithout an increase of serum albumin to normal, the subsequent rise in PCR
Inpatientswith apartial remission (characterizedbynormalizationof serumal
by a decrease in serum albumin levels. †Immunologic monitoring is of particu
anti-PLA2R antibodies were still positive, this would be evidence for resistant
advised that anti-PLA2R antibodies be evaluated at the time of remission and
course. In patients with very early relapse, it is important to consider reasons
insufficient B cell depletion, presence of anti-rituximab antibodies). ‡Cyclophos
maximal tolerable dose: The cumulativedose should not exceed10g if preserv
limit risk of malignancies. MN, membranous nephropathy; PCR, protein-creat
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Practice Point 3.4.2: Algorithm for management of patients
with treatment-resistant MN (Figure 35)
of commonly used treatment regimens are shown in Figure 32. *The
an increase in proteinuria>3.5 g/d in patients who developed a partial or
ould beused in the evaluation. If PCRdecreased to values between2–3.5 g/
should be considered resistant disease rather than relapse after remission.
bumin), a relapse shouldbedefinedby an increaseof proteinuria paralleled
larly great value in these situations. If, in the period of “clinical remission,”
disease. Therefore, in patients with positive anti-PLA2R antibodies, it is
relapse. The course of anti-PLA2R antibodies should precede the clinical
for the failure of the previous therapy (e.g., compliance, low drug levels,
phamide canbe repeated; however, physiciansmust take into account the
ation of fertility is required. The cumulative dose should not exceed36g to
inine ratio; PLA2R, M-type phospholipase A2 receptor.
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There is no accepted definition of resistant disease. In
patients with MN, with measurable anti-PLA2R antibodies
at the start of therapy, resistant disease can be defined by the
persistence of anti-PLA2R antibodies at high or unchanged
levels after 1 line of immunosuppressive therapy (of suffi-
cient dose and duration). The persistence of moderate
proteinuria should not be used to define resistant disease, as
proteinuria can persist for 12–24 months after the start of
therapy.

Although persistence of anti-PLA2R antibodies suggests
therapy resistance, there are patients who develop partial
remission of proteinuria with persistent presence of low titers
of anti-PLA2R antibodies. These patients should be carefully
followed; immunosuppressive therapy often can be withheld.
Figure 36 | Evaluation of a kidney transplant recipient with MN. *Lim
THSD7A-associated MN. †Clinical recurrence. ‡This is the estimated avera
suggest that in these patients the recurrence rate can be better estimat
membranous nephropathy; PLA2Rab, antibodies against the M-type pho
containing 7A.
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Obviously, defining resistance is more difficult in patients
who are anti-PLA2R antibody–negative. Patients with
persistent NS (and thus low serum albumin) can be consid-
ered resistant (if duration of follow-up exceeds 6 months). In
patients with low-grade proteinuria, and normalized serum
albumin, persistent proteinuria likely is explained by sec-
ondary FSGS or other factors. In patients with persistent
proteinuria and increased but still somewhat reduced serum
albumin, it may be difficult to judge. In such cases, a kidney
biopsy showing small dense deposits may be used to define
persistent disease activity.

Practice Point 3.4.3: Evaluation of a kidney transplant
recipient with MN (Figure 36)
ited data available, but the same algorithm likely applies to anti-
ge recurrence rate for patients with MN and unidentified antigen. We
ed by evaluating the patient for THSD7A antigen/antibodies. MN,
spholipase A2 receptor; THSD7A, thrombospondin type-1 domain-

Kidney International (2021) 100, S1–S276
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Pre-transplant evaluation
It is important to determine if the patient’s MN is related to
anti-PLA2R antibodies. The presence of anti-PLA2R antibodies
in old or recent serum, or detection of the PLA2R antigen in
the native kidney biopsy, confirms a diagnosis of anti-PLA2R-
associated MN. The absence of antibodies at the time of
transplantation in a patient with anti-PLA2R-associated MN
predicts a low risk of recurrence. In contrast, if anti-PLA2R
antibodies are present, the risk of recurrence is high(er).
Although studies have suggested that higher anti-PLA2R anti-
body levels (>45 RU/ml) are associated with increased risk,
there are insufficient data to define a cutoff value. Although
data on anti-THSD7A and kidney transplantation are lacking,
it is likely that the same algorithm can be used to evaluate
patients with anti-THSD7A-associated MN.

Peri- and post-transplant evaluation
There are insufficient data to support a protocol biopsy or
preemptive treatment with rituximab, unless the patient has
a history of multiple recurrences and positive antibodies. In
patients with MN not associated with anti-PLA2R
Figure 37 | Management of children with MN. HBV, hepatitis B virus; M
phospholipase A2 receptor; THSD7Aab, antibodies against thrombospon
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antibodies, proteinuria should be evaluated monthly for at
least 6–12 months after transplantation. A kidney biopsy is
needed when proteinuria exceeds 1 g/d. In patients with
PLA2R-associated MN, regular measurement of anti-PLA2R
antibodies after kidney transplantation is advised in the first
6–12 months after transplantation. The frequency of
monitoring may vary from once per month in patients with
high titers pretransplant to once per 3 months in patients
without measurable anti-PLA2R antibodies pretransplant
(antibodies may reappear in these patients, which would
suggest reactivation of the disease). A relapse can be antic-
ipated with persistently high or increasing titers of anti-
PLA2R antibodies, and in such cases, performing a kidney
biopsy in patients with proteinuria 0.3–1.0 g/d can be
considered.

Patients with recurrent MN should be treated with
maximal conservative, antiproteinuric therapy. If proteinuria
>1 g/d, we suggest treatment with rituximab.

Practice Point 3.4.4: Algorithm for management of children
with MN (Figure 37)
N, membranous nephropathy; PLA2Rab, antibodies against the M-type
din type-1 domain-containing 7A.
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Figure 38 | Anticoagulant therapy in patients with MN. Adapted from Kidney International, volume 89, issue 5, Hofstra JM, Wetzels JFM.
Should aspirin be used for primary prevention of thrombotic events in patients with membranous nephropathy? Pages 89:981–983, Copyright
Copyright 2016, with permission from the International Society of Nephrology.44 Proposed algorithm for anticoagulant therapy in patients with
membranous nephropathy (MN). This algorithm provides guidance for the clinicians. The proposed cutoff values are based on expert opinion.
When considering anticoagulant therapy, it is important to balance benefits and risks. The following are important considerations:
1. The risk of thrombotic events is related to the level of serum albumin. It is important to note that there is a large difference among

the serum albumin assays.204 A serum albumin concentration of 25 g/l (2.5 g/dl) with bromocresol green (BCG) equals a concentration of
w20 g/l (2.0 g/dl) with bromocresol purple (BCP), or immunonephelometry. It is likely that most studies have used the BCG assay. Consider
using 25 g/l (2.5 g/dl) as a threshold when using BCG, and 20 g/l (2.0 g/dl) when using BCP or immunonephelometry.

2. Assess risk of venous thrombosis and risk of bleeding (https://www.med.unc.edu/gntools/bleedrisk.html).
3. Patients with MN and nephrotic syndrome are also at risk of developing arterial thrombotic events. The risk of arterial thromboembolism

(ATE) is dependent on age, history of previous events, diabetes, estimated glomerular filtration rate (eGFR), smoking, and severity of
nephrotic syndrome (NS). Risk assessment can be done using the Framingham risk score, and including previous events and proteinuria.44

4. Use of aspirin is insufficient to prevent venous thromboembolism (VTE); use of warfarin is sufficient to prevent ATE.
5. Treatment with warfarin: There is more international normalized ratio (INR) variability in nephrotic syndrome and low eGFR; there is increased

risk of thrombosis immediately after starting high-dose warfarin. Consider starting anticoagulation therapy with low-dose low-molecular-
weight heparin and then folding-in warfarin and, when therapeutic, stopping the heparin. A good alternative is to use low-dose low-
molecular-weight heparin þ aspirin for a period of 3 months before switching to warfarin, allowing for judgment on the course of
proteinuria.205

6. Glucocorticoids increase the risk of thrombosis; thus, anticoagulant therapy should not be omitted in patients who start prednisone
therapy.

7. ATE risk is estimated using the Framingham risk score, with added risk in case of low eGFR or higher proteinuria. The Framingham risk
score takes into account age, smoking, serum cholesterol, and blood pressure.
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Practice Point 3.4.5: Prophylactic anticoagulant therapy in
patients with MN and nephrotic syndrome should be based
on an estimate of the risk of thrombotic events and the risk
of bleeding complications (Figure 3844,204,205).

Nephrotic syndrome is associated with an increased risk
of VTE and ATE. Patients with MN have the greatest risk.
The risk of thrombosis is particularly increased in the first
6–12 months after onset of disease. Thus, it is pivotal to
discuss the need of anticoagulant therapy at the time of
diagnosis

Research recommendations
Diagnosis.

� Evaluate accuracy of anti-PLA2R antibodies and anti-
THSD7A antibodies in diagnosing MN; for how long
does positive serology precede the development of the
disease with clinical symptoms?

� Compare the different techniques for the evaluation of anti-
PLA2R antibody–associated MN, and assess accuracy and
optimal cutoff levels for the diagnosis of MN

� New techniques (laser capture microdissection followed by
peptide digestion and mass spectrometry) should be used to
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discover additional antigens in the approximately 20% of
patients who are double-negative for PLA2R and THSD7A.
Examples of recently discovered antigens exostosin 1/2,
NELL-1, and semaphorin 3B
Prognosis.

� Evaluate the accuracy of anti-PLA2R antibody levels in
predicting outcome in patients with MN; consider
outcome in untreated patients (spontaneous remission)
and patients treated with different immunosuppressive
therapy. Determine optimal cutoff levels

� Evaluate the predictive value of changes on anti-PLA2R
antibody levels over a 3–6-month period in patients with
MN, for both those untreated and treated with immuno-
suppressive therapy. Define cutoff values that provide
highest accuracy

� Evaluate the accuracy of anti-THSD7A levels at baseline and
changes during follow-up in predicting outcome; consider
outcome in untreated patients (spontaneous remission) and
in patients treated with different immunosuppressive
therapy. Determine optimal cutoff levels

� Develop a calculator that combines risk biomarkers to es-
timate risk of progressive disease
Kidney International (2021) 100, S1–S276
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� Understand the mechanisms of epitope spreading and
immunodominance and determine whether analysis of
epitope reactivity has a predictive value greater than that of
PLA2R-antibody level

� Establish a genetic and clinical risk score for recurrence
after transplantation

� Evaluate the role of newly discovered antigens and their
association with secondary causes
Treatment.

� Should we aim at complete immunologic remission, or is a
substantial reduction of anti-PLA2R–antibody level
sufficient?

� Evaluate efficacy of CNIs in reducing the period of NS in
patients with MN at low risk for disease progression

� Evaluate efficacy of CNI-based combinations, including
combinationswith rituximab, in high-risk patients; shouldwe
use sequential combinations of immunosuppressive drugs?
Kidney International (2021) 100, S1–S276
� Evaluate the best dosing/protocol for rituximab and the
clinical impact of anti-rituximab antibodies

� Compare efficacy of rituximab-based therapy with
cyclophosphamide-based therapy in patients with MN and
very high risk of disease progression

� Evaluate efficacy of novel B cell (anti-CD20 antibodies,
anti-BLyS/BAFF/APRIL antibodies) or plasma cell–directed
therapy (proteasome inhibitor or anti-CD38 antibodies) in
patients with MN resistant to standard immunosuppressive
therapy

� Evaluate the potential and applicability of antigen-targeted
therapy
Special situations.

� Evaluate optimal prophylactic anticoagulant therapy
� Evaluate usefulness of measuring B cells, including memory
B cells and T-cell phenotypes in patients with MN to pre-
dict outcome and response to therapy
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Chapter 4: Nephrotic syndrome in children
This chapter makes treatment recommendations for children
with nephrotic syndrome (NS), aged 1–18 years. Below the
age of 1 year, all children fulfilling the definition of NS should
be referred to a specialist in pediatric nephrology. The correct
therapeutic approach for such young children is beyond the
scope of this work.
Figure 39 | Definitions relating to NS in children aged 1–18 years. *T
collected separately for assessment. †van der Watt et al.206 NS, nephroti
nephrotic syndrome; SSNS, steroid-sensitive nephrotic syndrome.
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4.1 Diagnosis

Practice Point 4.1.1: The definitions relating to nephrotic
syndrome in children are based on the clinical character-
istics outlined in Figure 39206.
o rule out orthostatic proteinuria, the first morning urine should be
c syndrome; PCR, protein-creatinine ratio; SRNS, steroid-resistant

Kidney International (2021) 100, S1–S276
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4.2 Prognosis

Practice Point 4.2.1: The prognosis for childhood nephrotic
syndrome is best predicted by the patient’s response to
initial treatment and frequency of relapse during the first
year after treatment. Therefore, a kidney biopsy is not
usually needed at initial presentation, and instead is
reserved for children with resistance to therapy or an
atypical clinical course.

Nephrotic syndrome is themost frequent glomerular disease
in children, with an incidence of 1.15–16.9 per 100,000
children.207 Before the availability of antibiotics and gluco-
corticoids, about 40% of children with NS died of infection,
kidney failure, and occasionally thromboembolism.208 If the
children survived, sustained spontaneous remission was
observed only after years of disease activity. Antibiotics reduced
mortality, but it was the introduction of glucocorticoid use in
the 1950s that changed the natural history of the condition.208

Since the 1970s, following onset of disease, children are treated
with a standard dose of glucocorticoids. Response to this
standard dosing regimen and the number of relapses in the
subsequent year allows classification of the child’s NS, and this
classification holdsmore prognostic value than a kidney biopsy,
which is therefore not routinely performed at disease onset. In
general, it is assumed that children with steroid-sensitive forms
of NS, if biopsied, would most frequently be found to have
MCD, though mesangial proliferation with IgM and FSGS (the
lesion most frequently associated with steroid-resistant forms
of NS) has also been described.

In children with steroid-sensitivity receiving timely and
appropriate treatment, kidney function is always maintained,
and prognosis is correlated with the morbidity of prolonged
exposure to glucocorticoids and to second-line glucocorticoid-
sparing agents that are prescribed in frequently relapsing and
Kidney International (2021) 100, S1–S276
especially in steroid-dependent forms of disease. The disease has
a chronic, relapsing–remitting course, which tends to resolve
spontaneously following puberty. However, in 15%–25% of
cases, it may progress to adulthood, maintaining the peculiar
features of the childhood-onset NS with rapid response to glu-
cocorticoids in case of relapse. Moreover, a small percentage of
children may, in subsequent relapses, become secondarily
steroid-resistant. These children have a high chance of both
progressing to kidney failure and relapsing post-transplantation.

A kidney biopsy is therefore performed at onset only in
children with atypical features and in all children with steroid-
resistance (Figure 43). Subsequently, during the disease course,
it may be advisable to perform or repeat a kidney biopsy in
children who have had a prolonged (>2–3 years) exposure to
CNIs or who have secondary steroid-resistance.

In children with steroid-sensitive (SS) and steroid-resistant
(SR) but calcineurin-responsive forms of NS, the optimal
treatment strategy is therefore aimed at employing the lowest
cumulative doses of glucocorticoids and the safest and most
effective glucocorticoid-sparing agents to maintain remission.
The use of vitamin D/calcium, gastroprotection, and an
appropriate vaccination strategy are also important to mini-
mize morbidity.

In children with resistant forms of NS, prompt genetic
testing to allow appropriate management of the kidney dis-
ease and, when present, extrarenal features, is mandatory.
Optimal conservative therapy to minimize the side effects of
prolonged proteinuria and treatment with dialysis and
transplantation must be performed in centers that have spe-
cific expertise in pediatric nephrology.

4.3 Treatment
A schematic approach to treatment is outlined in Figure 40.
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Figure 40 | Treatment algorithm for NS in a newly nephrotic child. Therapeutic approach to NS in children from onset. Refer to clinical trial
where appropriate. *Glucocorticoids: p.o. prednisone or prednisolone. NS, nephrotic syndrome.
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4.3.1 Initial treatment of NS in children

Recommendation 4.3.1.1: We recommend that oral
glucocorticoids be given for 8 weeks (4 weeks of
daily glucocorticoids followed by 4 weeks of
alternate-day glucocorticoids) or 12 weeks (6 weeks
of daily glucocorticoids followed by 6 weeks of
alternate-day glucocorticoids) (1B).

This recommendation places a relatively higher value on the
moderate-quality evidence of equivalent clinical outcomes and
favorable safety profile associated with shorter-term (8–12 weeks)
glucocorticoid treatment, and a relatively higher value on high-
quality evidence suggesting prolonged (>12 weeks) glucocorti-
coid treatment increases the risk of adverse effects without further
improving clinical outcomes in terms of relapse rate. The recom-
mendation places a relatively lower value on low-quality evidence
suggesting that prolonged glucocorticoid therapy may delay the
time to first relapse as compared to 8–12 weeks of treatment.
S142
In terms of oral glucocorticoids, prednisone and prednisolone
are equivalent, used in the same dosage, and are both supported
by high-quality data. All later usages of “oral glucocorticoids”
refer to prednisone or prednisolone.

Recent reports suggest that it may be prudent to dose by body
surface area to avoid underdosing, particularly in younger
children.209–212 An RCT comparing single versus divided dose
showed that the 2 are equivalent in terms of time to remission
and number of subsequent relapses.213 Therefore, a single daily
dose may be preferable to optimize adherence.

Key information
Balance of benefits and harms. Without appropriate treat-

ment, spontaneous remission is very rare for initial episodes
of NS, whose morbidity and mortality, if untreated, are
considerable.208 With the introduction of glucocorticoid
treatment, prognosis improved dramatically, and from the
1970s, standard protocols were implemented for children at
disease onset. The prognosis of children with NS directly
Kidney International (2021) 100, S1–S276
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correlates with response to this treatment and subsequently
with the number of relapses they experience. The majority of
patients who are initially steroid-sensitive remain steroid-
sensitive and never progress to kidney failure. Therefore,
optimal management is based on minimizing toxicity of
treatment, which initially and primarily consists of oral glu-
cocorticoids,207,214 preserving steroid sensitivity, and pro-
longing remission.

Since publication of the previous KDIGO 2012 guideline, 4
RCTs have evaluated the optimal glucocorticoid dosage for
treatment of the initial episode of SSNS in children: 2 studies
comparing 12 weeks to 6 months, 1 study comparing 8
weeks to 6 months, and 1 study comparing 8 weeks to 4
months.215–217 These studies show that extending initial
glucocorticoid treatment from 8–12 weeks to 6 months may
delay the first relapse but does not have an impact on the
occurrence of frequent relapses, nor on the subsequent dis-
ease course.

In an attempt to explain the difference between these more
recent findings and earlier evidence, the 2015 Cochrane sys-
tematic review examined whether there were systematic dif-
ferences in the findings of studies at lower versus higher risk
of bias.218 When restricted to studies at lower risk of bias, the
pooled findings suggested that prolonged treatment makes
little or no difference in the number of children developing
frequently relapsing disease. This was true for both studies
comparing 12 weeks to 8 weeks of therapy and studies
comparing 5–6 months to 8 or 12 weeks of therapy for the
initial episode of SSNS. This finding was further confirmed by
analysis of the more recently published PREDNOS trial,
comparing 8 weeks to 4 months.219

In terms of harms, Sinha et al. showed that adverse effects
related to glucocorticoids (hypertension, Cushingoid
appearance, hirsutism, obesity, short stature, and aggressive
behavior) and infectious episodes were comparable at
randomization, end of intervention, and at 12 months of
follow-up in the 2 treatment groups (12 weeks vs. 6
months).215 Similar findings are reported by Yoshikawa et al.
(median follow-up 36-38 months),217 Teeninga et al. (median
follow-up 47 months),216 and Webb et al. (follow-up 24
months).219 Although these studies do not demonstrate that
the shorter course of treatment has a better safety profile, the
totality of evidence from other conditions strongly suggests
that the risk of adverse events with glucocorticoid treatment is
directly proportional to its duration and cumulative dose.
Therefore, as the shorter course does not appear to result in
more frequent relapses, its impact in terms of safety appears
advantageous, as it entails giving less glucocorticoid at onset.

Quality of evidence. There was moderate-quality evidence
from RCTs that compared glucocorticoid therapy for $12
weeks duration compared with glucocorticoid therapy of 8
weeks duration (Supplementary Table S14217–228). For the
important outcome of relapse frequency, the quality of the
evidence was low (very serious study limitations). The
quality of the evidence was rated as high in a subgroup
analysis after removal of studies with a high or unclear risk
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of bias for allocation concealment. For adverse events
(Cushing’s syndrome), the evidence was downgraded to
moderate because of serious study limitations. However,
other adverse events (infection, other glucocorticoid-related
adverse events) were downgraded to low- or very-low-
quality evidence because of study limitations and serious
imprecision (wide CIs—indicating less certainty in effect),
or serious inconsistency (substantial heterogeneity).
However, there were fewer of these adverse events, so their
low quality was not considered critical to the overall quality
of the evidence rating. Taking all of these considerations
into account, the overall quality in the evidence was rated
as moderate.

Values and preferences. The potential benefits of glucocor-
ticoid treatment, including reduction of morbidity from NS
and a lower risk of progressive kidney function loss, were
judged as critically important to patients and parents. The
Work Group also judged that the relatively low risk of clinically
important harms, including side effects of glucocorticoids,
would be important to many patients. Since preserving steroid
sensitivity and maintaining remission is associated with good
clinical outcomes, providers and patients must weigh the side
effects of glucocorticoids against the risk of undertreating the
first episode, whichmay lead to relapse and a higher cumulative
dose of glucocorticoids, along with a higher risk of progressive
kidney function loss. Historically, it was thought that intense
treatment of the first episode led to fewer relapses and, there-
fore, to a lower cumulative glucocorticoid dose over >12
months. This attitude, however, may have led to overtreating
the first episode. Recent evidence indicates that prolonging
glucocorticoid treatment for >12 weeks increases the risk of
harm without the benefit of reducing the risk of relapse in the
subsequent years. The Work Group judged that all or nearly all
well-informed patients and parents would choose to receive 8–
12 weeks of glucocorticoids as initial treatment of NS,
compared to a longer course of glucocorticoids, another
treatment, or no treatment.

There is insufficient evidence to choose between 8 and 12
weeks of glucocorticoid treatment, so usual local practice,
available resources, and patient preferences may be used to
choose between 8 weeks of treatment as opposed to 12 weeks.
Consideration of patient characteristics may also be helpful.
For example, 8 weeks, rather than 12 weeks, of treatment may
be preferable in children achieving rapid remission (within 7
days from prednisolone initiation) or with comorbidities
(obesity, hypertension, type 1 diabetes, etc.).

Resource use and costs. Prednisolone is inexpensive, widely
available, and does not require special monitoring (e.g., of drug
levels). No published studies have addressed the cost-
effectiveness of glucocorticoid treatment among children who
are steroid-sensitive, but given its low cost and clinical benefit,
this treatment is likely to be cost-effective in most settings.

Considerations for implementation. There are no data eval-
uating whether the best treatment approach could vary by sex
or ethnicity. In children of a particularly young age at disease
onset (i.e., 1 to 4–6 years of age) who may be at higher risk of
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progressing to a frequently relapsing or steroid-dependent
form of NS,222 prolonging treatment of the initial episode
to 16–24 weeks may be beneficial in terms of preventing
subsequent relapses with similar side effects.215 This,
however, is true only in children within this age group who
experience a delayed response to prednisolone (i.e.,
remission in 10–15 days from treatment initiation), whereas
even in younger patients (1 to 4–6 years old), a standard 8–
12-week prednisolone course may be preferable if they
respond rapidly to prednisolone (i.e., in <7 days).

Rationale
This recommendation places a relatively higher value on the
better clinical outcomes and relatively favorable safety profile
associated with shorter-term (8–12 weeks) glucocorticoid
treatment compared with no treatment, as well as a relatively
higher value on evidence suggesting that prolonged (>12
weeks) glucocorticoid treatment increases the risk of adverse
effects without further improving clinical outcomes. The
recommendation places a relatively lower value on weaker
evidence suggesting that prolonged glucocorticoid therapy
may delay the time to first relapse as compared to 8–12 weeks
of treatment. Evidence is insufficient to choose between 8 and
12 weeks of treatment.

The recommendation is strong because the Work Group
judged that all or nearly all well-informed parents and pa-
tients would choose to receive 8 or 12 weeks of glucocorti-
coids as initial treatment of SSNS, compared to a longer
course of glucocorticoids, another treatment, or no treatment.

Practice Point 4.3.1.1: The standard dosing regimen for the
initial treatment of nephrotic syndrome is daily oral pred-
nisone/prednisolone 60 mg/m2/d or 2 mg/kg/d (maximum
60 mg/d) for 4 weeks followed by alternate day prednisone/
prednisolone, 40 mg/m2, or 1.5 mg/kg (maximum of 50 mg)
for other 4 weeks, or prednisone/prednisolone 60 mg/m2/
d (maximum 60 mg/d) for 6 weeks followed by alternate day
prednisone/prednisolone, 40 mg/m2, or 1.5 mg/kg
(maximum of 50 mg), for other 6 weeks.
4.3.2 Prevention and treatment of relapses of NS in children
Children with SSNS have a good long-term prognosis with ex-
pected preservation of GFR into adulthood. Between 80% and
90% of children with SSNS will relapse following an initial
response to glucocorticoids. Half of these children will relapse
infrequently. The remaining half of these children will experi-
ence frequent relapses (FRNS) or become steroid-dependent
(SDNS).229,230 Many children relapse in response to an infec-
tious trigger, but many others will have no identifiable trigger.231

Prevention of relapse may reduce overall glucocorticoid expo-
sure and decrease the adverse effects of long-term glucocorti-
coids, which include impaired linear growth, obesity,
hypertension, ophthalmologic pathology, behavioral changes,
altered bone metabolism, impaired glucose tolerance, acne, and
other physical changes related to Cushing’s syndrome.232–235
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Recommendation 4.3.2.1: For children with
frequently relapsing and steroid-dependent
nephrotic syndrome who are currently taking
alternate-day glucocorticoids or are off glucocorti-
coids, we recommend that daily glucocorticoids 0.5
mg/kg/d be given during episodes of upper respi-
ratory tract and other infections for 5–7 days to
reduce the risk of relapse (1C).

This recommendation places a relatively higher value on the
low-quality evidence that preemptive daily prednisolone reduces
the risk of SSNS relapse during infection, and a relatively lower
value on low-quality evidence of the potential adverse effects of
immunosuppressive risk associated with treatment.

Key information
Balance of benefits and harms. Infections have been long

identified as triggers for relapses in children with FRNS.
Several trials suggest that relapses might be reduced if glu-
cocorticoids are administered daily for 5–7 days at the onset
of upper respiratory tract infection in children with FRNS or
SDNS who are either not currently taking glucocorticoids or
taking alternate-day glucocorticoids. In the most recent 2017
study by Abeyagunawardena et al., 48 patients with SDNS
(but off prednisone for $3months) were randomized to
receive either 5 days of daily prednisolone at 0.5 mg/kg at
the onset of an upper respiratory tract infection, or 5 days
of placebo.236 A minority (34.3%) of the treatment group
relapsed, whereas 39.4% of the control group experienced a
single relapse, and 18.2% had 2 relapses. These short
courses of preemptive glucocorticoid treatment may avert
the need for longer courses of glucocorticoids, thereby
reducing toxicity.

Although higher doses of glucocorticoids during infection
might theoretically cause harmful immunosuppression,
available data do not report an increased length or severity of
the infections in the children receiving daily versus alternate-
day glucocorticoids.

These data are all derived from patients in low-to-middle–
income countries, and infection patterns may differ from
more-developed nations. Thus, these data need to be
confirmed in more diverse populations.

Quality of evidence. There is low quality in the evidence for
RCTs examining the use of daily and increased dose pred-
nisolone in patients on maintenance therapy with alternate-
day prednisolone during viral infections (Supplementary
Table S15218,236–239). Relapse and rate of infection-related
relapse were the only critical or important outcomes
examined in these studies. The quality of the evidence was
downgraded because of study limitations and serious
imprecision, as there was only 1 RCT that examined each
of these outcomes.

Abeyagunawardena et al. 2017 is a crossover study that has
not reported sufficient data to be included in a paired anal-
ysis; therefore, no Supplementary table has been presented.236

Abeyagunawardena et al. 2017236 was downgraded due to a
Kidney International (2021) 100, S1–S276



www.kidney-international.org chap te r 4
31% attrition level for patients not completing both parts of
the crossover study, and because of serious imprecision, as it
is the only trial that examined prednisone versus placebo in
children with SSNS after 3 months off prednisone therapy.

Values and preferences. The Work Group judged that
avoiding relapse and the excess morbidity associated with
subsequent prolonged high-dose glucocorticoid exposure
would be critically important to patients. The Work Group
also judged that the adverse effects associated with a short-
term increase from alternate-day to daily prednisone
dosing, or short-term reinstitution of glucocorticoids if
patients were already off treatment, would also be
important to patients. Given the moderate reduction in risk
of relapse triggered by an infection and the relatively low
increase in risk of adverse events with very short-term
glucocorticoid treatment, the Work Group judged that all or
nearly all well-informed patients with upper respiratory
tract or other infections would choose to receive daily
prednisone compared to alternate-day prednisone or no
treatment.

This preemptive strategy may be preferable in children
with FRNS who are more prone to develop untoward side
effects from high-dose glucocorticoids—such as severe
behavioral changes, sleep disturbance, obesity—or have co-
morbid conditions such as diabetes.

Resource use and costs. Glucocorticoids are among the
most widely available therapies for NS, whereas many other
immunosuppressive treatments are either cost-prohibitive or
unavailable. This preemptive strategy may further reduce
costs by avoiding those associated with the more prolonged
treatment courses required when patients relapse.

Considerations for implementation. There are no data to
suggest that treatment approach should vary on the basis of
sex or ethnicity.

Rationale
The KDIGO 2012 guideline suggested transitioning children
with FRNS who were receiving glucocorticoids on alternate
days (or not receiving glucocorticoids) to daily prednisone for
5–7 days at the start of an infection. Since that publication,
there have been several randomized, but small, clinical trials
that have demonstrated up to a 30% reduction in relapses
with this treatment approach, warranting this statement to
remain as a recommendation.

Practice Point 4.3.2.1: The initial approach to relapse
should include oral prednisone/prednisolone as a single
daily dose of 60 mg/m2/d or 2 mg/kg/d (maximum 60 mg/
d) until the child remits completely for ‡3 days.

Practice Point 4.3.2.2: After achieving complete remission,
reduce oral prednisone/prednisolone to 40 mg/m2 or 1.5
mg/kg (maximum 50 mg) on alternate days for ‡4 weeks.

Recently, 2 RCTs addressing the treatment of relapses,
more specifically the dose and length of alternate day oral
prednisone following induction of remission, have been
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published. One study, the PROPINE trial, compared using 40
mg/m2 on alternate days for 5 weeks versus using the same
cumulative prednisone dose spread out over 10 weeks with a
tapering schedule.240 No benefit in terms of subsequent re-
lapses was found in using the longer treatment schedule. The
second study instead attempted to establish the noninferiority
of employing a lower oral prednisone dose by comparing 40
mg/m2 on alternate days for 4 weeks versus 40 mg/m2 on
alternate days for 2 weeks in children with infrequently re-
lapsing nephrotic syndrome.241 The rate of relapse was similar
in the 2 groups of children. However, noninferiority of the
short regimen was not established in this study. Taken alto-
gether, these results support the use of oral prednisone/
prednisolone at 40 mg/m2 on alternate days for about 4 weeks
following induction of remission for children with SSNS as
stated above. Future larger studies may establish that lower
doses of oral prednisone/prednisolone can be employed
effectively in this setting.

Practice Point 4.3.2.3: For children with frequently re-
lapsing nephrotic syndrome or steroid-dependent
nephrotic syndrome without glucocorticoid toxicity, the
same glucocorticoid regimen may be employed in subse-
quent relapses.

Practice Point 4.3.2.4: For children with frequently relapsing
nephrotic syndrome without serious glucocorticoid-related
adverse effects, low-dose alternate-day oral prednisone/
prednisolone (optimally £0.5 mg/kg/d) can be prescribed to
prevent relapse.

Recommendation 4.3.2.2: For children with
frequently relapsing nephrotic syndrome who
develop serious glucocorticoid-related adverse
effects and for all children with steroid-dependent
nephrotic syndrome, we recommend that
glucocorticoid-sparing agents be prescribed, rather
than no treatment or continuation with glucocorti-
coid treatment alone (1B).

This recommendation places a relatively high value on obser-
vational data and extensive clinical experience that demonstrate
substantial risk of side effects associated with long-term gluco-
corticoids and efficacy of glucocorticoid-sparing agents in pre-
venting relapse, compared with no treatment.

Key information
Balance of benefits and harms. The complications of NS can

be divided into those that are directly disease-associated and
those that are treatment-related. There are few studies that
have compared glucocorticoids and glucocorticoid-sparing
therapies to placebo alone. Historical observational data,
however, are clear that the risk of mortality from infections,
AKI, and complications from edema and thromboembolism
is high in children who are not treated or fail to respond to
any treatments.242
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In a 10-year follow-up study of children with SSNS
enrolled in a clinical trial assessing the efficacy of cyclosporine
for reducing relapse rate, at least half of the children evaluated
experienced severe side effects of glucocorticoids including
severe growth failure, obesity, and low-bone density. These
findings were attributed to glucocorticoid exposure for
frequent relapses following the discontinuation of cyclo-
sporine at 2 years.233 Additional long-term follow-up of pa-
tients into adulthood with childhood-onset NS have
demonstrated high prevalence of hypertension, osteoporosis,
and cataracts attributable to chronic glucocorticoid
exposure.234,243,244

To avoid or mitigate glucocorticoid-related adverse effects,
children with FRNS or SDNS require other agents, including
alkylating agents (cyclophosphamide), levamisole, rituximab,
mycophenolate mofetil (MMF), and CNIs (cyclosporine,
tacrolimus).

Studies have consistently shown a benefit of second-line
therapies in the reduction of relapses for children with
FRNS or SDNS compared to either glucocorticoids alone or
placebo. In a recent meta-analysis of 26 trials comparing the
available immunosuppressive medications to placebo/no
treatment, chlorambucil, cyclophosphamide, levamisole, and
rituximab were associated with a significantly reduced relapse
rate compared to placebo or no treatment at 6- and 12-
months follow-up.245

Adverse effects of these agents include reduced fertility
(alkylating agents), kidney dysfunction, hypertension
(CNIs), leukopenia, and an increased risk of serious in-
fections (all second-line treatment options). Despite these
challenges, it is the opinion of this Work Group that the
overall benefit of these treatments outweighs the almost
universal experience of toxicity related to chronic gluco-
corticoid exposure. Some of the adverse effects, such as
leukopenia with levamisole, are uncommon, mild, and
reversible. Moreover, strategies to mitigate these potential
side effects of some glucocorticoid-sparing agents exist,
including limiting the cumulative exposure to cyclophos-
phamide to <168 mg/kg and monitoring CNI and MMF
drug levels.

Quality of evidence. The assessment of the quality of evi-
dence focused on glucocorticoid-sparing agents individually,
but overall quality was moderate. RCTs comparing
alkylating agents, levamisole, or rituximab to placebo or
glucocorticoids had moderate-quality evidence for
important outcomes. However, RCTs of CNIs and MMF
compared with levamisole in patients with FRNS and SDNS
was graded low because of the indirectness of the evidence,
and study limitations (see below). Despite the low quality of
the evidence for these therapies, the overall quality of the
evidence from RCTs was graded as moderate, as the
majority of glucocorticoid-sparing agents that have been
examined more extensively have a higher quality of
evidence. Many of the RCTs do not report long-term
clinical outcomes, such as all-cause mortality and kidney
failure, given the rarity of these events in this population.
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In patients with FRNS, the quality of the evidence for the
use of cyclophosphamide or chlorambucil compared to glu-
cocorticoids or placebo was moderate for the outcome relapse
at 6–12 months (study limitations) and low at 12–24 months
(study limitations, serious imprecision from small numbers of
patients and events; Supplementary Table S16246–253). Given
that there were fewer patients in trials examining relapse at
12–24 months, relapse at 6–12 months was considered the
most critical outcome.

The quality of the evidence comparing levamisole with
glucocorticoids, placebo, or no treatment in patients with
FRNS and SDNS was moderate from RCTs, because there is
only 1 RCT in patients with FRNS and 1 trial in patients with
SDNS (Supplementary Table S17213,252–260).

There was low quality of the evidence from 1 RCT that
compared MMF with levamisole (Supplementary
Table S18253,261). The quality of the evidence was down-
graded for important outcomes because of inadequate
blinding of participants, study personnel, and outcome as-
sessors, and imprecision (only 1 study).

One RCT compared cyclosporine combined with predni-
sone to prednisone alone in patients with their first episode of
SSNS (Supplementary Table S19253,262,263). It is unclear how
many patients had FRNS or SDNS in this population, so the
quality of the evidence was downgraded. Additionally, the
quality of the evidence in this trial was downgraded due to
serious imprecision (only 1 study), resulting in a grading of
low.

The quality of the evidence for trials comparing rituximab
with placebo or standard of care was moderate for the
important outcome of relapse at 3 and 6 months because of
serious imprecision (few patients) and serious risk of bias,
respectively, and this was considered the most critical
outcome for rating the quality of the evidence, due to the
small number of participants for other outcomes
(Supplementary Table S20209,253,264–269). For relapse at 12
months, the quality of the evidence was downgraded to
moderate, as there were only 2 studies, and substantial het-
erogeneity was found (I2 ¼ 80%). The quality of the evidence
for infection was very low because the CIs were very wide,
indicating appreciable benefit and harm.

There are no RCTs that have examined MMF alone
compared with no treatment or glucocorticoids alone in pa-
tients with FRNS or SDNS.

Values and preferences. In the judgment of this Work
Group, the adverse effects associated with prolonged gluco-
corticoid exposure would be critically important to patients
and their parents. The high morbidity associated with un-
controlled nephrosis, and the high frequency of relapsing
disease for many children with FRNS off glucocorticoids,
makes the option of nontreatment unfeasible. The Work
Group also judged that the potential adverse effects of
glucocorticoid-sparing therapies (e.g., risk of infection,
reduced fertility, kidney dysfunction, and hypertension)
would be less detrimental to patients due to potential risk-
mitigation strategies such as drug-level monitoring and dose
Kidney International (2021) 100, S1–S276
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limitations. Overall, the Work Group judged that avoiding the
adverse effects associated with prolonged glucocorticoid
exposure would be more important to patients and their
parents than the potential adverse effects of glucocorticoid-
sparing therapies.270,271

Resource use and costs. CNIs, alkylating agents, MMF, and
rituximab are considerably more expensive than glucocorti-
coids and may require ongoing clinical and/or laboratory
monitoring. Some glucocorticoid-sparing agents (or the
monitoring that they require) are not available (e.g.,
levamisole) or affordable in all settings. However, the
averted cost associated with preventing glucocorticoid-
induced adverse events may offset the increased cost of
glucocorticoid-sparing therapies.

Considerations for implementation. Relative efficacies of
glucocorticoid-sparing therapies are described in practice
points. In addition to expected efficacy, age, ability to
tolerate frequent phlebotomy for safety labs, and patient
preferences for daily oral therapy versus infrequent
hospitalization for i.v. infusions are all factors that should
be considered in treatment decision-making.

Rationale
The objective of limiting the long-term adverse effects of
glucocorticoids in children with FRNS and SDNS has been
consistent across guidelines from multiple bodies in every
geographic region. The KDIGO 2012 guideline, a recent 2015
Cochrane review for the treatment of SSNS in children, the
British Association of Pediatric Guidelines, and Indian Pedi-
atric Nephrology Group all recommend consideration of
glucocorticoid-sparing therapies in children who are steroid-
dependent, especially those who have exhibited glucocorti-
coid toxicity.

Practice Point 4.3.2.5: Patients should ideally be in remis-
sion with glucocorticoids prior to the initiation of
glucocorticoid-sparing agents such as oral cyclophospha-
mide, levamisole, mycophenolate mofetil (MMF), ritux-
imab, or calcineurin inhibitors (CNIs). Coadministration
of glucocorticoids is recommended for ‡2 weeks following
initiation of glucocorticoid-sparing treatment.

Although the goal of glucocorticoid-sparing agents is to let
the patients be free of glucocorticoids, low-dose daily or
alternate-day glucocorticoids may still be needed to maintain
remission in SDNS despite administration of glucocorticoid-
sparing agents. In children with SDNS, where alternate-day
prednisone is not effective, daily prednisone can be given at
the lowest dose to maintain remission without major adverse
effects.

Practice Point 4.3.2.6: Choosing the most appropriate
glucocorticoid-sparing agent from among oral cyclophos-
phamide, levamisole, MMF, rituximab, and CNI is a
decision that requires careful consideration of specific
patient-related issues such as resources, adherence, adverse
effects, and patient preferences. Oral cyclophosphamide
Kidney International (2021) 100, S1–S276
and levamisole may be preferable glucocorticoid-sparing
therapies in frequently relapsing nephrotic syndrome.
MMF, rituximab, CNIs, and to a lesser extent, oral cyclo-
phosphamide may be preferable to glucocorticoid-sparing
therapies in children with steroid-dependent nephrotic
syndrome (Figure 41178).

Cyclophosphamide. Patients with frequent relapses might
have a superior response to cyclophosphamide and levamisole
compared to patients with steroid dependency.272 In 143
children treated with oral cyclophosphamide for FRNS,
SDNS, or evidence of glucocorticoid toxicity, sustained
remission was more frequent in children with FRNS versus
SDNS (HR: 1.72; 95% CI: 0.99–2.98; P ¼ 0.05).273 None-
theless, there may be a role for this treatment in some patients
with SDNS, especially in areas of the world where other
glucocorticoid-sparing agents are not accessible. In 90 chil-
dren with SDNS who received a single course of oral cyclo-
phosphamide (2 mg/kg/d for 10–12 weeks), a cumulative
remission status of 57% at 1 year was achieved.274 Children
with FRNS older than 7.5 years are more likely to experience a
long-term remission when treated with cyclophosphamide
compared to children who are <4 years of age.274 Younger age
at presentation and having steroid dependence requiring
higher doses (>1 mg/kg/d of glucocorticoids) to maintain
remission appear to be associated with less-sustained re-
missions following treatment with oral cyclophosphamide.275

Gonadal toxicity appears to affect males more than fe-
males, with data supporting a dose-dependent relationship.
Azoospermia has been well-documented when cumulative
cyclophosphamide exposure exceeds 168 mg/kg. For this
reason, second courses of alkylating agents are not
recommended.

Levamisole. Adverse effects of levamisole are uncommon
and mild, including leukopenia and gastrointestinal distur-
bance. Data comparing cyclophosphamide and levamisole are
quite limited and do not determine efficacy of one therapy
over the other in regard to either relapse rates after treatment
discontinuation or frequency of infection events.276

Compared to placebo, levamisole has been shown to delay
the time to relapse post-termination of glucocorticoids, and
26% of the patients treated with levamisole were relapse-free
for at least 1 year, compared to only 6% of patients in the
placebo group.258 Adverse events in this trial were few and
were mostly limited to neutropenia that was easily reversed
with discontinuation of therapy. MMF was not superior to
levamisole in a trial of 139 children with FRNS and SDNS in
regard to sustained remission off glucocorticoids, although it
showed a trend toward superiority in children with more
severe forms (SDNS).261

MMF. Variable outcomes for maintaining remission off
glucocorticoids have been reported in children with FRNS or
SDNS treated with MMF, and these are mostly limited to
retrospective observational data. A recent crossover RCTof 60
children with FRNS compared the efficacy of MMF and
cyclosporine directly. Relapses occurred in 36% of patients
during MMF therapy versus only 15% during cyclosporine
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Figure 41 | Glucocorticoid-sparing therapies in children with SSNS. *Gellermann et al.178 †The CNI, while often used twice daily, may be
dosed once a day, depending on individual formulations. In smaller children (<6 years of age), daily dose of cyclosporine can be divided into 3
doses (every 8 hour) to obtain steady hematic levels. Blood levels of CNI do not provide information on intracellular levels. The target ranges for
CNIs have been based on the transplant literature. The KDIGO Work Group acknowledges that targets for glomerular diseases are not known.
Most clinicians check these levels to verify adherence and avoid CNI toxicity. At present, the most reasonable dosing of a CNI may be to titrate
in the individual patient to obtain the desired effect on proteinuria, balancing dose escalation against serum creatinine and reducing the dose if
serum creatinine increases but does not plateau or increases over 30% of baseline. If the serum creatinine level does not fall after dose
reduction, the CNI should be discontinued. ANCA, antineutrophil cytoplasmic antibody; CBC, complete blood count; CNI, calcineurin inhibitor;
SSNS, steroid-sensitive nephrotic syndrome.
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(P ¼ 0.06). The time without relapse was significantly longer
with cyclosporine than with MMF during the first year (P <
0.05), but not during the second year (P ¼ 0.36). Notably,
adverse events were similar between the treatment arms with
the exception of a lower eGFR and more anemia in the
cyclosporine arm suggesting more nephrotoxicity.178

Post hoc analysis of the Gellermann et al. study comparing
MMF versus cyclosporine provided data that targeting higher
area under the curve (AUC) levels may reduce relapses on
therapy.178 Children with low MPA exposure (AUC <50 mg h/
ml) experienced 1.4 relapses per year compared with only
0.27 relapses per year in those with high exposure (AUC >50
mg,h/ml; P < 0.05). This study also suggested less nephro-
toxicity compared to treatment with CNIs.

Rituximab. Several RCTs and non-RCTs have suggested a
favorable response to rituximab in patients with SDNS and
FRNS.265,267,269,277 In an RCT by Iijima et al. of 48 children
with FRNS or SDNS, a significant difference (267 vs. 101
relapse-free days [HR: 0.27; 95% CI: 0.14–0.53]; P < 0.0001)
was noted for patients who received rituximab versus
placebo.278 In a randomized noninferiority trial of 30
children with SDNS, all but 1 child in the placebo arm
relapsed within 6 months, compared to a median time to
relapse of 18 months in the children treated with rituximab
(95% CI: 9–32 months).269 Rituximab was found to decrease
the total number of relapses from 88 to 22 and the per-
patient median number of relapses from 2.5 (interquartile
range [IQR]: 2–4) to 0.5 (IQR: 0–1; P < 0.001) during 1 year
of follow-up in 44 children and adults with either SDNS or
FRNS in the Rituximab in Nephrotic Syndrome of Steroid-
Dependent or Frequently Relapsing Minimal Change Disease
Or Focal Segmental Glomerulosclerosis (NEMO) trial.277

Reported rates of adverse events such as infection have been
lower in children with FRNS treated with rituximab versus
placebo. In the Ravani et al. trial, nausea and skin rash during
infusion were common.269 No such events occurred in the
NEMO trial, and in fact, improvement in the growth velocity
and reduction of BMIwas noted in the participants after 1 year.
There are no studies directly comparing adverse event rates in
children treated with rituximab compared to cyclophospha-
mide. One retrospective study in 200 adult patients with MN
reported that during a median follow-up of 40 months, pa-
tients who received rituximab had significantly fewer adverse
events than those who received cyclophosphamide (63 vs. 173,
P < 0.001), for both serious (11 vs. 46, P < 0.001) and
nonserious (52 vs. 127, P < 0.001) adverse events.279

CNIs (cyclosporine and tacrolimus). Relapse following
discontinuation of CNI treatment is frequent. Previous trials
have reported relapse in up to 70% of children who discon-
tinue their CNI, after 6 and 12 months of treatment. Tubu-
lointerstitial lesions, however, have been reported in 30%–

40% of children treated for more than 12 months with
cyclosporine, and up to 80% of those treated for more than 4
years. The optimal duration of treatment based on these data
for cyclosporine is not clear, and data for tacrolimus are even
sparser. To reduce the cost of CNIs, coadministration of
Kidney International (2021) 100, S1–S276
ketoconazole has been reported to reduce the dose needed to
reach target trough levels by almost 50%, thereby yielding a
cost savings of almost 38%, with no reduction in efficacy.

STEROID-RESISTANT NEPHROTIC SYNDROME IN
CHILDREN
In a child who does not achieve complete response to glu-
cocorticoids at 4 weeks, SRNS is diagnosed. If partial remis-
sion is achieved, SRNS can be strongly suspected, but a small
percentage of children will achieve complete response at 6
weeks (defined as late responders). Those who do not will be
defined as patients with SRNS at 6 weeks. Between 4 and 6
weeks from the start of glucocorticoid therapy, a RASi should
be started, and glucocorticoid administration should be
continued. Intravenous methylprednisolone (1 dose daily for
3 days), daily prednisolone, or alternate-day prednisolone can
be used. As soon as an established diagnosis of SRNS is made,
the first step is to consider the possibility of a genetic cause
withwhich immunosuppressionmay not be useful. Therefore, if
possible, genetic testing performed by experts should be rapidly
implemented. Genetic forms of SRNS invariably progress over a
variable time course to kidney failure and should be treated
conservatively, although a few genetic mutations have been
found to have some responsiveness to immunosuppressive
therapies, primarily CNIs. Among those children without a ge-
netic cause of SRNS, a substantial proportion will respond to a
CNI in a variable amount of time (weeks to months). Children
with initial SRNS who are CNI-responders subsequently either
remain in stable remission with no or infrequent relapses, or
develop steroid-dependent forms of NS. For the latter patients,
treat for SDNS as suggested previously and consider conversion
to MMF to maintain steroid-free remission. MMF may also be
considered in patients presenting with an eGFR<30ml/min per
1.73 m2 or used as an alternative to a CNI after remission status
has been maintained for >1 year.280 Rarely, children with an
initial diagnosis of SSNS experience a subsequent relapse that
does not respond to 4 weeks of glucocorticoid therapy (sec-
ondary SRNS). In these cases, often multi-drug resistance de-
velops, leading to kidney failure and ahigh riskofpost-transplant
recurrence.

For children with CNI-resistant SRNS, consideration for
entry into clinical trials evaluating novel therapies on the
horizon should be strongly considered. Sparsentan, a dual
endothelin and ARB was found to decrease proteinuria by
45% versus 19% in a phase 2 randomized double-blind trial
of those treated only with irbesartan, with no differences in
serious adverse events between the groups.280a A phase 3
multicenter trial is in progress. Post-approval studies for LDL
apheresis are ongoing and provide additional clinical trial
options for children with CNI-resistant SRNS. Where clinical
trials are not available, there may be a limited role for treat-
ment with rituximab.

For more detailed recommendations on these aspects of
care and on management of complications of SRNS in chil-
dren, refer to the recent International Pediatric Nephrology
Association (IPNA) guidelines.280
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4.4 Treatment

Recommendation 4.4.1: We recommend using
cyclosporine or tacrolimus as initial second-line
therapy for children with steroid-resistant nephrotic
syndrome (1C).

This recommendation places a relatively higher value on data
suggesting that CNIs are more likely to induce remission than
cyclophosphamide, MMF, or rituximab in treatment of children
with SRNS. Conversely, it places a relatively lower value on
evidence suggesting that prolonged exposure to CNIs may lead to
significant nephrotoxicity.

Key information
Balance of benefits and harms. In patients with SRNS,

the most commonly used agents include cyclosporine, tacroli-
mus, high-dose i.v.methylprednisolone, andMMF, although the
efficacy of these agents is lower in SRNS compared to FRNS or
SDNS. Several RCTs suggested that cyclosporine (with or
without glucocorticoids) increases the likelihood of remission
among patients as compared to no treatment.208,281–284

Investigators with the Europe-based PodoNet Registry
reported almost 62% of the 1174 children with SRNS followed
in a 2015 study received cyclosporine.285 Complete or partial
remission was achieved in at least half of these children. An
RCT of 138 children and young adults with steroid-resistant
FSGS compared cyclosporine to the combination of MMF and
pulse dexamethasone.286 In this study, no difference in
remission rate between the 2 groups was found. This study
was designed to randomize 500 patients; however, the low
recruitment may have significantly underpowered the ability
to measure a moderate effect. A more recent network meta-
analysis of 18 clinical trials comprising 790 children diagnosed
with SRNS found that tacrolimus and cyclosporine were more
efficacious in achieving remission status and were associated
with fewer adverse effects compared with i.v. or oral
cyclophosphamide, MMF, leflunomide, chlorambucil,
azathioprine, and placebo or nontreatment.287

No role for cyclophosphamide has been identified for
children with SRNS, and data for rituximab suggest that it has
a limited role or no role in SRNS.246,277,288,289 Partial and
complete remission occurs significantly more frequently in
children with SRNS who receive cyclosporine or tacrolimus
compared to those receiving intravenous cyclophospha-
mide.290,291 A recent RCT in 60 children who had achieved at
least a partial remission with 6 months of tacrolimus treat-
ment revealed that tacrolimus prevented relapses more
effectively than MMF (24 relapses over 30.3 person-years in
patients receiving tacrolimus compared with 39 relapses
during 21.2 person-years in those treated with MMF).292

Differences in efficacy between cyclosporine and tacroli-
mus have not been found, yet the body of literature for
cyclosporine is more extensive.293 The risk of nephrotoxicity
is similar for cyclosporine and tacrolimus, but gingival hy-
perplasia and hypertrichosis are more prevalent with
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cyclosporine, and glucose intolerance occurs more frequently
with tacrolimus. The differing side-effect profiles may guide
the choice between cyclosporine and tacrolimus (see Con-
siderations for implementation). The large trial of cyclosporine
versus MMF plus dexamethasone suggested similar rates of
adverse events between the 2 treatment arms.

Quality of evidence. The overall quality of the evidence
from RCTs was low. There were only a few small trials that
examined the treatment of patients with SRNS. These trials
were not of sufficient size to determine differences between
therapies; they had various study limitations such as high
attrition bias. However, despite 1 comparison (cyclosporine
vs. MMF with dexamethasone) having a higher quality of the
evidence rating (moderate quality of the evidence), the ma-
jority of comparisons had low quality of the evidence; hence,
the overall quality of the evidence was rated as low.

In the 3 RCTs that compared cyclosporine with placebo or
no treatment, the quality of the evidence was low because of
study limitations (attrition bias) and serious imprecision due
to a small number of patients (n ¼ 49; Supplementary
Table S21282–284,294). The effects on adverse events, such as
infection, were unclear, because of very low quality in the
evidence, and given the low number of participants (n ¼ 17)
included in the trial examining this outcome, it was not
considered critical in determining the overall quality of the
evidence rating for this comparison.

The quality of the evidence was low in 2 RCTs that
compared CNIs with i.v. cyclophosphamide (Supplementary
Table S22290,291,294). The evidence quality was downgraded
because of attrition bias and serious imprecision, as there
were only a few patients in these RCTs (152 participants).

There is moderate quality of evidence for the RCTs that
compared cyclosporine with MMF and dexamethasone
(Supplementary Table S23286,293–295). The quality of the evi-
dence was downgraded to moderate because trials had
insufficient recruitment (few patients) to exclude differences
between treatments.

One RCT compared tacrolimus with MMF in ability to
maintain disease remission in 60 participants (Supplementary
Table S24292,294). The quality of the evidence was low because
of a lack of blinding in the study and serious imprecision (low
number of patients and events).

Values and preferences. The Work Group placed a relatively
high value on data suggesting that CNI treatment is superior
to no treatment and comparators such as cyclophosphamide
and MMF for inducing remission in children with SRNS. The
Work Group also placed a relatively high value on the high
risk of progressive kidney failure associated with untreated
SRNS,285 and the morbidity associated with untreated NS
(e.g., edema, infections, thrombotic complications). The
Work Group placed a relatively lower value on the morbidity
associated with side effects of CNI treatment, including
nephrotoxicity. In the judgment of the Work Group, all or
nearly all well-informed patients with SRNS would accept the
risk of CNI-associated morbidity in exchange for a lower risk
of kidney failure due to SRNS.
Kidney International (2021) 100, S1–S276



Figure 42 | Treatment of SRNS in children. CNI, calcineurin inhibitor; i.v., intravenous; SRNS, steroid-resistant nephrotic syndrome.
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Resource use and costs. The financial burden imposed by
both drug costs and need for therapeutic drug monitoring
may limit the accessibility of cyclosporine or tacrolimus,
especially in low-resource areas. In high-resource areas, payer
variability may equally challenge widespread availability.
Physicians and patients will need to weigh the cost burden
and potential long-term adverse effects of treatment against
the high risk of kidney failure and other morbidities
associated with nontreatment.

Considerations for implementation. Targeted genetic testing
where available may be useful in some patients. Identification
of causative podocyte-specific mutations may avoid
unnecessary cumulative exposure to immunosuppressive
therapies in some cases and help predict possible treatment-
Kidney International (2021) 100, S1–S276
responsiveness in others. In Trautmann et al., 11% of the 74
children with an identifiable podocyte mutation achieved at
least a partial remission with intensified immunosuppression
protocols that included various combinations of
glucocorticoids, tacrolimus or cyclosporine, and MMF.285

Although treatment response rates among patients with
podocyte-specific mutations are low, mitigating nephrotic
complications in children with at least a partial response may
be valuable. A few mutations have been associated with
treatment-responsiveness. For example, patients with WT1
and PLCE1 mutations have been found to have variable
steroid-responsiveness and responsiveness to low-dose
CNIs.296,297 Proteinuric disease has been mitigated in patients
with identified COQ2, COQ6, and ADCK4 mutations with
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ubiquinone supplementation.298–300 The hypertrichosis and
gingival hypertrophy associated with CNIs may impede
treatment adherence, especially in adolescents. Tacrolimus
may need to be avoided in patients with obesity or who may
be at risk for diabetes or already have signs of glucose
intolerance such as acanthosis. Therapy with CNIs should be
discontinued in patients who fail to achieve at least a partial
response within 6 months (Figure 42).

Rationale
CNIs appear to increase the likelihood of remission
compared to no treatment in children with SRNS and have
consistently shown greater efficacy than cyclophosphamide
and MMF. The risk for kidney failure is significantly greater
for patients who fail to achieve a partial or complete
remission with any single or combination therapy. The data
comparing the efficacy of cyclosporine versus tacrolimus in
children with SRNS are sparse and of low quality, and
therefore, a decision to use one versus the other should be
based on preferences of the provider, patient, and family,
after consideration of the different side effect profiles.
Although CNI treatment is associated with adverse effects,
the Work Group judged that all or nearly all well-informed
patients with SRNS would choose to be treated with a CNI
because of the high risk of kidney failure associated with
untreated SRNS.
Figure 43 | General principles in children with NS. *If there is an eviden
treatment in ulcerative colitis, human immunodeficiency virus), a kidney b
2Gruppen et al.302
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4.5 Special situations

Practice Point 4.5.1: Figure 43301,302 outlines the general
principles in children with nephrotic syndrome.

Research recommendations
RCTs are needed to:
� Compare 8 versus 12 weeks of oral prednisone/predniso-
lone for initial therapy: explore further shortening of the
initial glucocorticoid regimen and assess combination
therapy with a glucocorticoid-sparing agent at disease onset

� Optimize subsequent treatment of SSNS after relapse in
different forms of disease

� Optimize dosing regimen for glucocorticoid treatment at
the start of an infection

� Define the optimal dosing and choice of glucocorticoid-
sparing agents in FRNS and SDNS

� Evaluate the optimal duration of glucocorticoid treatment
in SRNS, in particular when CNIs are initiated, and stratify
patients based on identification of podocytopathy-related
genetic mutations

� Determine the mode of action of glucocorticoids and
other immunosuppressives in SSNS; determine the potential
role of pharmacogenomics in treatment; identify biomarkers
or genetic risk haplotypes to stratify disease subgroups

� Include quality-of-life measures as endpoints in clinical trials
assessing treatment of children with both SSNS and SRNS
t extrarenal cause for proteinuria (i.e., lymphoma, monoclonal antibody
iopsy may not be warranted. NS, nephrotic syndrome. 1Gulati et al.301,
Kidney International (2021) 100, S1–S276
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Chapter 5: Minimal change disease (MCD) in adults
Minimal change disease (MCD) is a podocytopathy more
commonly seen in children, but it also accounts for 10%–

25% of adult NS.303 MCD in most patients does not have an
underlying cause. The pathogenesis of MCD is unclear, but
evidence supports T cell dysregulation driving the podocyt-
opathy.304 The effectiveness of B cell–depleting therapeutic
agents also suggests a role for B cells in disease pathogen-
esis.214 Rarely, Hodgkin’s disease and drugs such as lithium
and nonsteroidal anti-inflammatory agents may underlie
MCD.305 This chapter makes management recommendations
for adults ($18 years of age) who have MCD.

5.1 Diagnosis

Practice Point 5.1.1: MCD in adults can be diagnosed only
with a kidney biopsy.

MCD has a distinctive histology, and its presence cannot
be deduced from clinical data alone. Light microscopy shows
no glomerular lesions, or only minimal mesangial promi-
nence. Immunofluorescence microscopy is negative or shows
low-intensity staining for C3 and/or IgM. Electron micro-
scopy demonstrates extensive foot process effacement but no
electron-dense deposits, and in the presence of unremarkable
light and immunofluorescence, findings are diagnostic for
MCD. One caveat is that early FSGS lesions may be missed if
the biopsy sample is small.

5.2 Prognosis

Practice Point 5.2.1: Long-term kidney survival is excellent
in patients with MCD who respond to glucocorticoids, but
less certain for patients who do not respond.

Steroid-sensitive MCD rarely, if ever, progresses to kidney
disease, although AKI due to high-grade proteinuria is rela-
tively common.306 Approximately 10%–20% of adult MCD
patients are steroid-resistant.307 On repeat biopsy, lesions of
FSGS are seen in a significant number of such patients and are
associated with a worse prognosis.60,306 The treatment of
steroid-resistant FSGS is discussed in Chapter 6.

5.3 Treatment
In general, adult MCD is similar to SSNS in children. How-
ever, response to glucocorticoid treatment is slower in adults
than children. There is a paucity of high-quality RCTevidence
evaluating the effectiveness of glucocorticoids over placebo in
adult MCD. Treatment recommendations for adult MCD are
based on observational studies, small RCTs, and extrapolation
from RCTs in children with SSNS.

Recommendation 5.3.1: We recommend high-dose
oral glucocorticoids for initial treatment of MCD (1C).
Kidney International (2021) 100, S1–S276
This recommendation places a relatively higher value on low-
quality evidence suggesting that high-dose glucocorticoids effec-
tively reduce the significant morbidity associated with prolonged
NS compared to no treatment. The recommendation places a
relatively lower value on the possibility that MCD will sponta-
neously remit without treatment and on the risks of adverse
events related to glucocorticoid treatment.

Key information
Balance of benefits and harms. Although untreated MCD

may undergo spontaneous remission, this is relatively un-
common. Approximately 50%–60% of patients remit over 2–
3 years of follow-up, compared to a 30% spontaneous
remission rate in MN over 6 months,308,309 and there is
considerable morbidity associated with persistent nephrosis,
including infections,310 thromboembolic events,311 and
hyperlipidemia.312

MCD is typically responsive to glucocorticoids, with over
80% of patients achieving remission.306,313 Observational
studies consistently report a high response rate to gluco-
corticoids as the initial therapy for MCD among
adults.306,307,313–316 In a very early multicenter controlled
study of glucocorticoids, compared to no treatment, in 125
nephrotic adults (including 31 patients with MCD defined
by light microscopy alone), those treated with $20 mg/
d prednisone for $6 months showed an early and rapid
decrease in proteinuria, compared to the control group.
However, by 2.5 years, there was no difference in proteinuria
or serum albumin in the 2 groups.308 Similarly, in another
RCTof 28 patients with MCD treated with an average of 125
mg prednisone every other day for 2 months, there was no
difference in remission rates between the treated group and
controls over 77 months of follow-up.309 This lack of dif-
ference is likely a consequence of the significant relapse rates
in the treated group despite early remission, plus the fact
that a significant number of placebo-treated patients even-
tually received glucocorticoid treatment.

In addition, numerous high-quality studies demonstrate
that glucocorticoids are effective for treatment of SSNS in
children (Chapter 4). SSNS in children and adult MCD
appear similar in terms of pathogenesis. Therefore, the ben-
efits of glucocorticoid treatment in children are likely to at
least partially extend to adults. In children, several RCTs have
shown excellent remission rates with glucocorticoids admin-
istered for 8–12 weeks.215–217

Therefore, in the judgment of the Work Group, the po-
tential benefits of high-dose glucocorticoid treatment sub-
stantially outweigh the risk of harms in nearly all patients
with MCD.
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Quality of evidence. The quality of the evidence from the
few RCTs that examine the treatment of the first episode of
MCD in adults with NS with glucocorticoids is low
(Supplementary Table S25309,317 and Supplementary
Table S26317–319). These RCTs include only a small number
of participants and have various study limitations that place
them at high risk of bias. Additionally, because of the small
number of participants, the trials exhibit serious imprecision,
with wide CIs indicating less certainty in effect on critical and
important outcomes, such as all-cause mortality, doubling of
SCr level, and complete remission.

Values and preferences. The Work Group judged that the
potential benefits of glucocorticoid treatment, including
reduction of morbidity from NS, as well as a lower risk of
progressive kidney function loss, are critically important to
patients. The Work Group also judged that the relatively low
risk of harms of short-term glucocorticoid treatment, including
precipitation/worsening of diabetes, psychiatric conditions, and
bone loss, would be an important consideration for many
patients. Although the quality of the evidence supporting
glucocorticoid use is low, the long clinical experience with
this regimen, the significant morbidity associated with
untreated nephrosis, and the excess morbidity and mortality
associated with progressive kidney function loss or kidney
failure, together with the low risk of harms, all suggest a
highly favorable risk–benefit ratio. The recommendation is
strong because, in the judgment of the Work Group, all or
nearly all well-informed patients with MCD would want to
receive such treatment.

Resource use and costs. Glucocorticoids are inexpensive and
require little monitoring (e.g., measurements of drug levels
are not required). In low-resource settings, this class of drugs
is affordable and may be the only type available.107

Considerations for implementation. Adverse effects of glu-
cocorticoids may be higher in certain subgroups of patients
(e.g., obese patients and those with poorly controlled diabetes
or a serious psychiatric disorder). In such patients, alternate
immunosuppressive regimens such as CNI or cyclophospha-
mide may be considered (Figure 44). There are no known
race or sex effects on treatment responses in MCD.
Figure 44 | Initial treatment of MCD in adults. The optimal glucocorti
outlined in Figure 45. The choice of medication should be based on ph
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Rationale
Due to the significant reduction in morbidity associated with
prolonged NS and progressive kidney failure, the Work Group
felt that this should be a strong recommendation. In the
opinion of the Work Group, the benefits of high-dose gluco-
corticoids outweigh the potential harms, and this recommen-
dation would be generalizable to all patients with MCD.
Although the evidence has limitations, such as a paucity of
large, well-controlled studies in adults, these limitations are
offset by the long clinical experience with glucocorticoids and
the evidence from large observational studies suggesting that
glucocorticoid treatment does induce earlier remission in adult
MCD than no treatment. The recommendation is strong
because, in the judgment of the Work Group, all or nearly all
well-informed patients would choose to receive high-dose
glucocorticoids as initial treatment of MCD, as compared to
no treatment or other treatments. Also, the treatment is rela-
tively inexpensive and requires minimal monitoring.

Practice Point 5.3.1: Algorithm for the initial treatment of
MCD in adults (Figure 44)

Practice Point 5.3.2: High-dose glucocorticoid treatment
for MCD should be given for no longer than 16 weeks.

Despite the lack of RCT evidence, a maximum duration of
16 weeks is recommended to allow the patient to reach
remission. This statement is based on observational studies
suggesting that a longer course of treatment for MCD may be
needed in adults as compared to children. Only 50% of pa-
tients will respond after 4 weeks of glucocorticoid, but an
additional 10%–25% may respond after a total of 16 weeks of
treatment.306,315

Practice Point 5.3.3: Begin tapering of glucocorticoids
2 weeks after complete remission.

The optimal glucocorticoid taper protocol after remission
in adults is not known. Generally, tapering of glucocorti-
coids is begun after achieving remission. In 2 RCTs in
children, 2–3 months of initial prednisolone therapy was not
inferior to 6 months of initial therapy in terms of time to
coid regimen is not well-defined; however, suggested doses are
ysician and patient preference. MCD, minimal change disease.
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Figure 45 | Treatment of MCD in adults: Initial episode and FR/SD MCD. *Remission rates were not compared in head-to-head studies. CNI,
calcineurin inhibitors; MCD, minimal change disease.
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onset of FRNS.215,217 There are no studies comparing a rapid
versus a slower glucocorticoid taper in adults. Based on case
series, glucocorticoids are usually tapered by 5–10 mg/wk
after remission has been achieved for a total period
of glucocorticoid exposure of approximately 24
weeks.306,310,315 It is important to monitor for side effects of
glucocorticoids in patients and consider alternate agents if
side effects become disabling or if remission has not been
achieved.

Practice Point 5.3.4: Although daily oral glucocorticoids are
used most often to treat MCD, the route and frequency of
administration can be individualized to patient needs.

The role of i.v. methylprednisolone followed by lower-dose
oral prednisone versus standard-dose oral prednisone alone
was compared in 2 RCTs. These approaches were not found to
be different in terms of eventual remission and subsequent
relapse rates.318–320

Observational studies in adults have shown similar
remission rates with the 2 regimens.306,321 For example, in a
study comparing prednisone 1 mg/kg/d in 65 patients and 2
mg/kg every other day in 23 patients followed by a taper, there
was no significant difference in rate of complete remission,
time to remission, rate of relapse, time to first relapse, or
adverse events between treatment groups.306

Practice Point 5.3.5: For patients in whom glucocorticoids
may be relatively contraindicated, consider initial therapy
with cyclophosphamide, a CNI, or MMF.

There are few studies on regimens that are glucocorticoid-
sparing or glucocorticoid-free for the initial MCD episode.
These treatments are considered in patients who have relative
Figure 46 | Definition of remission, relapse, resistance, anddependenc
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contraindications (severe hyperglycemia, preexisting osteopo-
rosis or osteopenia, or glucocorticoid-induced psychosis) or
are unwilling to take glucocorticoids. Cyclophospha-
mide307,322–324 and cyclosporine325 are associated with remis-
sion rates of approximately 75% with this limited experience
(Figure 45). In an RCTof 116 patients, sodiummycophenolate
(SMP) with reduced-dose prednisone (0.5 mg/kg/d, maximum
dose 40 mg daily) was similar to conventional high-dose
prednisone alone (1 mg/kg/d, maximum dose 80 mg daily)
in inducing remission with comparable relapse rates after
completing therapy. The frequency of serious adverse effects
was also similar between the treatment arms.326

In an RCT comparing oral tacrolimus 0.05 mg/kg twice
daily with prednisolone 1 mg/kg daily up to 60 mg, complete
remission rates and relapse rates were no different between
the 2 arms.327 Rituximab (4 weekly doses of 375 mg/m2) was
used to treat 6 patients with MCD as first-line therapy, with 5
of the 6 patients undergoing complete remission and 1 patient
experiencing a 75% decrease in proteinuria.328 No patient
relapsed during the follow-up of 8–36 months despite the
recovery of B-cell count.

5.3.1 Treatment of relapses
MCD is a relapsing disease. Most patients will relapse infre-
quently after remission, but a significant minority will relapse
frequently or become steroid-dependent. Up to 33% of pa-
tients will become frequent relapsers (11%–29%) or steroid-
dependent (14%–30%).306,307,316,320 Definitions of remission
and relapse that are useful in clinically classifying MCD are
provided in Figure 46. The optimal duration of glucocorticoid
treatment in relapsing MCD is not known. One regimen is to
administer oral prednisone at a daily dose of 1 mg/kg
e forMCD.MCD,minimal change disease; PCR, protein–creatinine ratio.
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(maximum dose of 80 mg/d) for 4 weeks or until remission is
achieved, followed by 5-mg decrements every 3–5 days to
discontinuation within 1–2 months.

For subsequent relapses, if not frequent (e.g., <3 per year),
prolonged glucocorticoid use is associated with side effects
including Cushing’s syndrome, obesity, glucose intolerance,
bone loss, and cataracts.329 Several drugs are effective in FR/
SD MCD and may allow reduced exposure to or elimination
of glucocorticoids (Figure 45).

Practice Point 5.3.1.1: Algorithm for treatment of
frequently relapsing (FR)/steroid-dependent (SD) MCD in
adults (Figure 47)

Practice Point 5.3.1.2: Treat infrequent relapses with glu-
cocorticoids (Figure 46).

Infrequent relapses may be treated with glucocorticoids
without incurring major side effects if the duration of therapy
is limited. The dose and duration of glucocorticoid therapy in
patients with infrequent relapses have not been fully investi-
gated. In 1 study, patients were treated with 20–30 mg of
prednisolone for a minimum of 7 days or additionally with
cyclophosphamide until proteinuria returned to a normal
range, suggesting that the high doses of glucocorticoids, as with
the initial treatment of MCD, may not be needed.330 With
prolonged and repeated courses, the possibility of cumulative
side effects (e.g., hyperglycemia and bone loss) may occur. An
RCT of 52 adult patients with MCD in their first relapse of
MCD compared cyclosporine (AUC 1700–2000 ng/ml [1414–
1664 nmol/l]) combined with prednisolone 0.8 mg/kg/d versus
prednisolone 1.0 mg/kg/d and showed lower proteinuria,
improved serum albumin, and shorter time to remission in the
cyclosporine group over a follow-up period of 6 months.331

Recommendation 5.3.1.1: We recommend cyclo-
phosphamide, rituximab, CNIs, or mycophenolic
acid analogs (MPAA) for the treatment of frequently
relapsing/steroid-dependent MCD, rather than
prednisone alone or no treatment (1C).

This recommendation places a relatively higher value on
avoiding the morbidity associated with prolonged glucocorticoid
Figure 47 | Treatment of FR/SD MCD in adults. The choice of medica
frequently relapsing/steroid-dependent.
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exposure in FR/SD MCD. It places a relatively lower value on
the low-quality evidence supporting the efficacy of cyclophos-
phamide, rituximab, CNIs, and mycophenolic acid analogs
(MPAA), and lower value on the higher cost of these alternative
agents compared with prednisone. The choice of therapy for FR/
SD MCD may be informed by patient preference, drug side ef-
fects, costs, and availability, as there is limited evidence to suggest
1 drug class over the other.

Key information
Balance of benefits and harms. As MCD is a steroid-

sensitive disease, other immunosuppressive medications are
expected to work in this population. CNIs (cyclosporine,
tacrolimus), cyclophosphamide, rituximab, and MPAA
(MMF, SMP) have all been reported to be effective
therapies for FR/SD MCD.

Clinical benefits. Observational studies and small RCTs
showed that all 4 categories of agents reduce relapse rate and
induce remission in adult patients with FR/SD MCD
(Figure 48277,306,315,332–338,340). Efficacy rates range from 70%
to 90% in maintaining remission. Generally, these agents are
started after inducing remission with glucocorticoids. It may
not be possible to withdraw glucocorticoids completely in
patients who have been on maintenance glucocorticoids, in
view of the possibility of adrenal suppression.

Cyclophosphamide. In patients who are FR/SD experiencing
side effects from glucocorticoids, cyclophosphamide has
traditionally been the preferred second-line agent. This
practice is extrapolated from clinical trials in children, as
there is a relative paucity of data in adults that are mainly
from observational studies,306,315,331 and 1 RCT comparing
tacrolimus with cyclophosphamide.332 The risks of infertility,
although small, need to be addressed in patients of
childbearing age. A single course of oral cyclophosphamide is
associated with remission in the majority of patients who are
FR/SD. Prolonged therapy (>12 weeks) and repeated courses
of cyclophosphamide should be avoided, in view of
cumulative toxicities. Cyclophosphamide tends to be
associated with more durable remission rates than CNI.333

Compared to 8 weeks of therapy, 12 weeks of treatment with
cyclophosphamide may be associated with more durable
remissions in SD MCD.307
tion should be based on physician and patient preference. FR/SD,
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Figure 48 | Treatment of FR/SD adult MCD—select clinical studies. 1Waldman et al.306, 2Meyrier et al.338, 3Lee et al.337, 4Li et al.332, 5Ponticelli
et al.333, 6Mak et al.315, 7Munyentwali et al.336, 8Iwabuchi et al.335, 9Ruggenenti et al.277, 10Guitard et al.334, 11Sandoval et al.340 CR, complete
response; FR, frequently relapsing; IQR, interquartile range; MCD, minimal change disease; MMF, mycophenolate mofetil; NR, no response; PR,
partial response; qod, every other day; SD, steroid-dependent; SMP, sodium mycophenolate; SR, steroid-resistant.
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Rituximab. Rituximab is effective in observational studies
of FR/SD MCD in patients needing glucocorticoids with or
without other maintenance immunosuppressive thera-
pies.277,334–336 Overall, the efficacy of rituximab in inducing
remission is between 65% and 100%, and notably, it is
associated with a reduction in the number of relapses and a
reduction in the number of immunosuppressive medications.
However, experience with rituximab is limited, and the long-
term efficacy/risks in this population are unknown.

Calcineurin inhibitors. In observational studies and 1 RCT,
CNIs have been associated with remission in 70%–90% of
patient with FR/SDMCD. However, relapse rates are high, and
prolonged therapy may be necessary when patients relapse
during dose reduction.60,337,338 In view of relatively long
experience with CNIs, these drugs may be favored in patients
who relapse after receiving a course of cyclophosphamide or
those who would prefer avoiding the alkylating agent because
of infertility issues. The value of monitoring drug levels of CNI
is uncertain. Older studies used fixed weight–based doses,
whereas reports that are more recent used target drug levels.

MPAAs. MMF and SMP were effective in small, uncon-
trolled studies in patients with FR/SD MCD with remission
rates in the 65%–85% range.306,339,340 In view of this limited
experience, the MPAAs may have a role in those patients who
have relapsed despite cyclophosphamide and CNIs, and when
rituximab is not available.

Adverse events. All 4 categories of agents are associated with
an increased risk of infections. CNIs are potentially nephro-
toxic, but with lower serum levels used in MCD, this side
effect is uncommon.60 Risk factors for tubulointerstitial le-
sions in childhood MCD included cyclosporine use for >24
months and presence of heavy proteinuria for >30 days
during cyclosporine therapy.61 The potential side effects of
cyclophosphamide, MPAA, and rituximab are discussed in
Chapter 1. Cyclophosphamide is generally well-tolerated at
the dose used in FR/SD MCD, and when limited to a single
course.

Quality of evidence. To date, there have been no RCTs
examining the use of cyclophosphamide or rituximab in
adults with MCD with FR/SD NS.

Several RCTs examined the use of CNIs compared to
glucocorticoids alone in adults with MCD and NS.331,341,342

The quality of the evidence for these RCTs is low because
there are concerns of serious risk of bias because of various
study limitations and serious imprecision, as there are only a
few studies, with a low number of participants
(Supplementary Table S27317,331,341–343). These RCTs did not
report critical clinical outcomes, all-cause mortality, or kidney
failure.

Values and preferences. The Work Group judged that the
potential benefit of reduced glucocorticoid exposure is impor-
tant to patients. However, each of the 4 alternative therapies is
associated with potential tradeoffs. These include the increased
Kidney International (2021) 100, S1–S276
burden of twice-daily administration with CNIs and MPAAs,
and the need for frequent blood tests to monitor dosing and
side effects with CNIs. Although cyclophosphamide has a
relatively low risk of side effects and is less expensive compared
to the other 3 classes, patients of childbearing age may prefer
to avoid cyclophosphamide due to the risk of infertility.
Rituximab may be preferred by patients, as the medication is
given as a single course for induction.

Resource use and costs. The medications discussed in this
section, particularly rituximab, are more expensive than
glucocorticoids. Serum levels of CNIs need to be continu-
ously monitored, adding to cost. Cyclophosphamide is
less expensive than the other 3 classes, is widely available,
and does not require any additional laboratory testing apart
from monitoring of peripheral blood counts. MPAAs are
easy to use and do not require serum-monitoring, but cost
may be a limiting factor. Rituximab is the costliest among
these drugs, but costs have declined with the advent of
biosimilar agents.

Considerations for implementation. There are no known
differences in treatment responses of second-line agents
based on sex and ethnicity. The use of cyclophosphamide
is associated with a risk for infertility. MPAAs, cyclophospha-
mide, and rituximab are contraindicated in pregnancy. CNIs
are classified as US Food and Drug Administration (FDA)
category C drugs in pregnancy. Patients being considered for
cyclophosphamide or rituximab should be tested for HBV
prior to administration of the drug.

Generally, FR patients who are in relapse are retreated with
glucocorticoids until remission is achieved before a second-
line agent is introduced. After introduction of the second
drug, glucocorticoid is slowly tapered off, generally over 2–4
weeks as tolerated. After 3–6 months, if the patient remains
dependent on glucocorticoids, then the new drug should be
discontinued and other therapies considered.

In the event of a relapse during drug therapy, an increase
or resumption of glucocorticoids as in the initial episode of
MCD is suggested, followed by a taper over 2–4 weeks,
depending on the response. The suggested medication regi-
mens used to treat adult MCD are listed in Figure 45.

Rationale
In the opinion of the Work Group, this recommendation is
strong due to the adverse events that occur with glucocor-
ticoids in adult patients with FR/SD MCD, and the low-
quality evidence suggesting that the 4 drug classes are
effective in reducing relapse rates. The Work Group felt that
the benefits of these drugs outweigh the potential adverse
events related to the treatments. Most well-informed pa-
tients would choose to reduce/discontinue glucocorticoids in
an effort to reduce/avoid side effects; however, the optimum
second-line agent is not well defined. Factors that need to be
addressed with full participation of the patient include the
S159
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relative efficacy, adverse effects, duration of therapy, and
costs for each drug class before making a decision on the
choice of medication.

Research recommendations
� Although glucocorticoid treatment is often effective, a
substantial minority of patients do not respond and ulti-
mately require second-line treatment. Studies that identify
patients who are likely/unlikely to respond to glucocorti-
coids, including using biomarkers or a genomics
S160
approach, might lead to a more precise, rationale-based
therapy.

� Studies to address the morbidity of longer-term glucocor-
ticoids, the optimal length of glucocorticoid treatment
(short vs. long duration) and the efficacy of glucocorticoid-
sparing/glucocorticoid-free regimens in adult MCD

� RCTs of rituximab, CNI, cyclophosphamide, and MPAA in
SD/FR MCD, including optimal dose and duration of
therapy

� Exploration of the role of levamisole in adult MCD
Kidney International (2021) 100, S1–S276
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Chapter 6: Focal segmental glomerulosclerosis (FSGS)
in adults
This chapter makes treatment recommendations for adult
patients who present with proteinuria and histologic lesions
of focal segmental glomerulosclerosis (FSGS).

Definitions
The nomenclature surrounding the classification of FSGS has
been inconsistent and confusing, in part because a histo-
pathologic pattern of injury has also been considered as a
distinct disease. Likewise, the traditional classification of
FSGS does not reflect practicalities surrounding clinical pre-
sentation, and diagnostic and treatment approaches in pa-
tients with FSGS lesions on the kidney biopsy. Therefore, the
Work Group proposed changes to the nomenclature of FSGS
to improve clinical utility and provide clarity about the un-
derlying pathophysiology. Figure 49 provides an overview of
the proposed classification of FSGS, and Figure 52 lists the
secondary causes of FSGS lesions on the kidney biopsy.

Primary FSGS
The terms “primary” and “idiopathic” FSGS have been used
interchangeably, leading to a great deal of confusion around
FSGS nomenclature. The Work Group suggests eliminating
the use of “idiopathic” to describe any type of FSGS and
endorses the following definitions for FSGS going forward.

We define primary FSGS as a clinical–pathologic syndrome
in which light microscopy of the kidney biopsy demonstrates
FSGS lesions, electron microscopy of the kidney biopsy
demonstrates diffuse foot process effacement, and clinically
the patients display NS. NS is defined as proteinuria >3.5 g/
d plus hypoalbuminemia (<30 g/l), often, but not necessarily
Figure 49 | Proposed classification of FSGS. FSGS, focal segmental glo
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accompanied by dyslipidemia and edema. When considering
a diagnosis of primary FSGS, there should be no other
identifiable causes of FSGS. Although the clinical–pathologic
syndrome of primary FSGS has been attributed to a circu-
lating permeability factor, this factor has yet to be identified.
Currently, the only form of FSGS that can be reasonably
attributed to a circulating permeability factor is FSGS that
recurs rapidly after a kidney transplant and can be success-
fully treated by plasmapheresis to remove the factor.

FSGS can also occur in the absence of a genetic or iden-
tifiable secondary cause, in the absence of NS, and without
diffuse foot process effacement on electron microscopy of the
kidney biopsy. This form of FSGS is distinct from primary
FSGS based on its clinical and histologic manifestations. We
propose calling this disease FSGS-UC (for undetermined
cause). It is conceivable that patients with FSGS-UC have
secondary or genetic forms of FSGS that have not yet been
elucidated.

Secondary FSGS
When an FSGS lesion, with or without the presence of diffuse
podocyte foot process effacement, is found in the setting of an
established pathophysiologic process known to cause FSGS,
we refer to this as secondary FSGS. The known/presumptive
etiologies of secondary FSGS are listed in Figure 52.

Genetic forms of FSGS
FSGS lesions may develop in patients who have mutations in
podocyte or glomerular basement membrane proteins. The
search for a genetic cause is not routine in adults with FSGS
merulosclerosis.

S161
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Figure 50 | Definition of remission, relapse, resistance, and dependence for FSGS. CNI, calcineurin inhibitors; FSGS, focal segmental
glomerulosclerosis; PCR, protein–creatinine ratio.
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(Section 6.1.2. Genetic testing), but should be considered on a
case-by-case basis. For example, patients with genetic forms
of FSGS are often young, have a family history of kidney
disease, may have syndromic features, and are generally
resistant to immunosuppressive treatment. If a genetic cause
of FSGS is found, we have classified this as genetic FSGS
(Figure 52).

Remission, relapse, resistance, and dependence
There is no consensus with regard to the definition of
remission, resistance, or relapse in adults with FSGS. It is the
judgment of the Work Group that harmonizing these defi-
nitions for FSGS and MCD in adults will simplify epidemi-
ologic comparisons and unify treatment approaches for adults
with idiopathic NS. Suggested definitions for remission,
relapse, treatment resistance, and treatment dependence are
listed in Figure 50.
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6.1 Diagnosis

6.1.1 Differentiating between primary and secondary FSGS

Practice Point 6.1.1.1: Adults with FSGS who do not have
nephrotic syndrome should be evaluated for a secondary
cause (Figure 51; Figure 52).

A proposed histopathologic classification of FSGS had
suggested a distinction between different variants of FSGS
lesions on the kidney biopsy.344 Although the occurrence of
certain variants may suggest a secondary form of FSGS, the
predictive value of histopathologic classification in differen-
tiating between primary and secondary FSGS has been
inconsistent.345–347 Moreover, no histopathologic feature is
pathognomonic of primary FSGS. Consequently, although
diffuse foot process effacement on electron microscopy usu-
ally occurs in primary FSGS, variability in the percentage of
the glomerular surface affected by foot process effacement in
Kidney International (2021) 100, S1–S276



Figure 51 | Evaluation of a patient with FSGS lesion on the kidney biopsy and no evidence of other glomerular pathology. FSGS, focal
segmental glomerulosclerosis.

Figure 52 | Causes of secondary FSGS. APOL1, apolipoprotein L1; CMV, cytomegalovirus; CNI, calcineurin inhibitor; EBV, Epstein-Barr virus;
FSGS, focal segmental glomerulosclerosis; HCV, hepatitis C virus; HIV, human immunodeficiency virus; mTOR, mammalian target of rapamycin;
NSAID, nonsteroidal anti-inflammatory drug; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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Figure 53 | Utility of genetic testing in patients with FSGS. APOL1, apolipoprotein-L1; FSGS, focal segmental glomerulosclerosis.
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secondary forms of FSGS suggests this finding is not
completely specific for primary FSGS.348,349 Similarly, diffuse
foot process effacement itself may not be able to differentiate
primary FSGS from genetic forms of FSGS. Conversely, the
absence of diffuse foot process effacement does not exclude
primary FSGS completely, and in one series, the amount of
foot process effacement could be as low as 30% in some
patients with primary FSGS.350

The development of the NS occurs in about 54%–100% of
patients with primary FSGS.347,351–353 The variable incidence
of the NS had been attributed to the inclusion of unrecognized
secondary FSGS in some studies. Primary FSGS is typically
characterized by an abrupt onset of marked proteinuria, and in
1 series, when conditions associated with secondary forms of
FSGS were excluded, NS was found in 100% of the study
population with primary FSGS.352 The diagnosis of primary
FSGS should, therefore, be revisited in patients who do not
have the NS at the time of kidney biopsy, and a search for an
underlying condition should be undertaken.

6.1.2 Genetic testing

Practice Point 6.1.2.1: Genetic testing may be beneficial for
selected patients with FSGS who should be referred to
specialized centers with such expertise (Figure 53).

Recent studies have reported on the findings of pathogenic
or likely pathogenic genetic variants in patients with familial
FSGS, or in patients who are refractory to glucocorticoid
therapy.354 However, the exact role of genetic testing in the
management of adult FSGS is uncertain, as this is not readily
accessible in many regions, nor is the expertise in interpreting
the results of genetic tests widely available. Although genetic
testing may yield greater positive results in patients with
congenital or infantile-onset disease, where a genetic cause
was detected in 100% and 57% of patients, respectively, in 1
study,355 the genetic likelihood is significantly reduced in
patients whose disease starts beyond early childhood.
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There are, therefore, no good data to support routine use
of genetic testing in all adults with FSGS. Selected patients,
such as those with familial kidney disease and/or syndromal
features, may be referred to specialized centers for further
evaluation when genetic testing could be considered to have
potential benefits (Figure 53).356

Although the majority of adults with primary FSGS
respond to immunosuppression, treatment resistance is a
common feature in genetic forms of FSGS, and in particular,
resistance to glucocorticoid therapy is a consistent finding in
all forms of genetic FSGS.354 Therefore, a higher genetic
diagnostic yield may be obtained when considering genetic
testing in individuals who exhibit poor response to immu-
nosuppression agents. Moreover, the discovery of genetic
variants in this group should prompt a discussion on dis-
continuing further immunosuppression treatment.

In addition, primary FSGS had been known to recur
commonly after kidney transplantation with poorer allograft
outcomes, with 32% having recurrent disease at a median
time of 1.5 months after transplantation in 1 particular
study.357 In contrast, it is widely accepted that the recurrence
rate of FSGS after transplantation is significantly low in ge-
netic forms of the disease, with some studies reporting no
individuals exhibiting recurrent disease after a kidney trans-
plant.358,359 Therefore, genetic testing in adults with FSGS for
whom a kidney transplant is planned may provide prognostic
information on transplant outcomes.

Moreover, genetic testing in living relateddonors is important
to advise on the risk of subsequent development of kidney dis-
ease after transplantation, especially in individuals who are
found to have the genetic risk variants but are asymptomatic at
the time of evaluation. In individuals of recent African ancestry,
the presence of APOL1 genetic risk variants have been found to
be associated with an increased odds of developing FSGS.
Furthermore, it has also been shown that APOL1 high-risk
donor kidneys fail at higher rates than non-risk kidneys, and
the recipient APOL1 genotype has not been demonstrated to
Kidney International (2021) 100, S1–S276
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have correlation with allograft survival.360 Therefore, in donors
at high risk for APOL1 risk variants, genetic testing for APOL1
mutations may provide information for both the disease risk in
the donor and allograft outcomes in the recipient.

6.2 Treatment

6.2.1 Management of FSGS-UC and secondary FSGS
Practice Point 6.2.1.1: Immunosuppression should not be
used in adults with FSGS of undetermined cause (FSGS-
UC), or in those with secondary FSGS.

Adult patients with FSGS should receive the necessary
supportive treatment as advised for all patients with persistent
proteinuria (Chapter 1), including the use of RAS blockade,
optimal BP control, and dietary salt restriction.

Patients who have secondary FSGS due to an underlying
disease process should be managed as required for the pri-
mary medical condition. There is no evidence or a priori
rationale justifying the use of glucocorticoids or other
immunosuppressive drugs in this population, and the po-
tential for harm of such treatment is clear.361

A management conundrum occurs when a patient presents
with nephrotic-range proteinuria without NS and FSGS-UC.354

The literature is limited in guiding management for this group
of patients. The Work Group suggests that these patients
receive supportive treatment as outlined above, be monitored
for the development of NS, and be considered for a repeat
kidney biopsy if there is a change in their clinical status.

The kidney prognosis of FSGS correlates with the magni-
tude and persistence of proteinuria. Studies have demonstrated
that patients with non-nephrotic-range proteinuria had 10-
year kidney survival rates >90% without immunosuppressive
treatment.314,362–365 In addition, the reduction of nephrotic-
range proteinuria to non-nephrotic levels in patients with
primary FSGS was associated with significant improvement in
kidney survival (80% vs. 40%), compared to those with
persistent NS.366 These data suggest that the kidney outcomes
of patients without NS remain favorable, and do not warrant
subjecting the patients to the risks of glucocorticoid treatment.

6.2.2 Initial treatment of primary FSGS

Recommendation 6.2.2.1: We recommend that high-
dose oral glucocorticoids be used as the first-line
immunosuppressive treatment for primary FSGS (1D).

This recommendation places a relatively higher value on very
low-quality evidence that the use of glucocorticoids may achieve
remission of proteinuria in adult patients with primary FSGS,
the increased risk of progressive CKD without remission of
proteinuria, as well as the high morbidity and mortality asso-
ciated with kidney failure, and a relatively lower value on the
adverse effects of high-dose glucocorticoids.

Key information
Balance of benefits and harms. The true likelihood of

spontaneous remission in patients with primary FSGS and the
Kidney International (2021) 100, S1–S276
NS is not known, as many such patients are treated with
immunosuppression. However, it is generally accepted that
spontaneous remission rates are>20%.367,368 Indeed, patients
with the NS have worse kidney prognosis than non-nephrotic
patients, with 10-year kidney survival rates of 57% compared
to 92% in those with lower degrees of proteinuria.364

Consequently, many observational studies have demon-
strated that remission of proteinuria induced by therapy is
associated with favorable kidney survival rates,364,366,367,369

whereas patients with persistent nephrotic-range proteinuria
are more likely to experience loss of kidney function.364

Many studies in adults with primary FSGS suggest that
glucocorticoid treatment increases the likelihood of achieving
remission366,370–372; data from children are similar. Therefore,
despite the inherent risks of glucocorticoid use, theWork Group
judged that the apparent effectiveness of this treatment and the
risk of kidney failure that is associated without achieving
remission of proteinuria both justify recommending prednisone
as the first-line treatment in adult patients with primary FSGS.

Quality of evidence. A search of the Cochrane Kidney and
Transplant Registry of studies identified no RCTs that evalu-
ated the use of high-dose glucocorticoids in adult patients
with primary FSGS and NS. The quality of the evidence is
very low, as the evidence that forms the basis of this
recommendation is extracted from observational studies in
the adult population. The benefits of glucocorticoid use are
also extrapolated from pediatric studies in which RCTs
have shown the effectiveness of glucocorticoid treatment in
children with NS, some of whom had primary FSGS.

Values and preferences. The potential benefits of glucocor-
ticoid treatment (including the reduction of morbidity from
NS as well as a lower risk of progressive kidney function loss)
were judged to be critically important to patients. The Work
Group also judged that the risk of harms from prolonged
high-dose glucocorticoid treatment, including metabolic
complications, increased risks for infections, and effects on
bone health would be important to patients.

The Work Group judged that most clinically suitable and
well-informed patients would choose to receive glucocorti-
coids as the initial treatment for primary FSGS with the NS,
compared to another treatment or to no treatment. Some
patients who are at high risk of adverse events from gluco-
corticoids, or who place a high value on avoiding such adverse
events may choose to forgo a trial of glucocorticoid as initial
therapy in favor of alternative immunosuppression. In the
judgment of the Work Group, few if any well-informed pa-
tients would choose to not be treated with immunosuppres-
sion for primary FSGS.

Resource use and costs. Glucocorticoids are among the least
expensive medications available and do not require thera-
peutic drug monitoring. In resource-limited settings, this
class of drug is affordable and may be the only drug available.

Considerations for implementation. The adverse effects of
glucocorticoids may be higher in certain subgroups of pa-
tients, including those who are obese and those who have
diabetes, osteoporosis, or psychiatric disorders. In such
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patients, the adverse effects of prolonged high-dose
glucocorticoid therapy should be discussed with the
patients, and alternative immunosuppressive therapy with
CNI may be explored (Practice Point 6.2.2.4).

Rationale
This recommendation places a high value on very low–quality
evidence on the use of glucocorticoids to achieve remission of
proteinuria in adult patients with primary FSGS who have
NS, with consequent reduction in the morbidity derived from
NS and in the risk for kidney failure. The recommendation
places a lower value on the adverse effects associated with
glucocorticoid use.
Figure 54 | Initial treatment of primary FSGS. *The CNI, while often u
formulations. Blood levels of CNIs do not provide information on intrace
transplant literature. The KDIGO Work Group acknowledges that targets
levels to verify adherence and avoid CNI toxicity. At present, the most re
obtain the desired effect on proteinuria, balancing dose escalation agains
but does not plateau or increases over 30% of baseline. If the serum cr
discontinued. CNI, calcineurin inhibitor; FSGS, focal segmental glomerulo
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The recommendation is strong because, given the significant
morbidity from theNS and the increased risks of progressive loss
of kidney function with persistent proteinuria, the Work Group
judged that the majority of patients would choose glucocorti-
coids as the initial treatment for primary FSGS.Moreover, due to
its low cost, widespread availability, and physician familiarity
with glucocorticoids, most physicians would be willing to
consider this treatment as the initial therapy in most patients
without clinical contraindication to glucocorticoids.

Practice Point 6.2.2.1: Suggested dosing schedule for glu-
cocorticoids in the initial treatment of primary FSGS is
outlined in Figure 54 below.
sed twice daily, may be dosed once a day, depending on individual
llular levels. The target ranges for CNIs have been based on the
for glomerular diseases are not known. Most clinicians check these
asonable dosing of a CNI may be to titrate in the individual patient to
t serum creatinine and reducing the dose if serum creatinine increases
eatinine level does not fall after dose reduction, the CNI should be
sclerosis.
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Figure 54 suggests the initial starting dose of glucocorti-
coids in treating adult patients with primary FSGS. The high
starting dose of 1 mg/kg of predniso(lo)ne is extrapolated
mainly from RCTs in children and has been used in many
observational studies in adults. Because of the potential tox-
icities of daily high-dose glucocorticoid therapy, 1 observa-
tional study evaluated the use of alternate-day glucocorticoid
dosing in elderly patients with FSGS (multiple types) and
found complete remission rates of about 44% after 3–5
months of treatment,373 comparable to reported rates in
studies using predniso(lo)ne doses at 1 mg/kg/d.366,371

Practice Point 6.2.2.2: Initial high-dose glucocorticoids
should be continued until complete remission is achieved,
or as tolerated by patients up to a maximum of 16 weeks,
whichever is earlier.

In the treatment of primary FSGS, glucocorticoids should
be used until remission occurs and tapered thereafter. To
avoid unduly increasing the risk of relapse after rapid
remission, a minimum recommended duration of treatment
is required. Conversely, since longer treatment may not
further increase the likelihood of remission (or reduce the
risk of relapse), a maximum recommended duration of
treatment is required to reduce the risk of glucocorticoid
exposure without additional benefit.

Earlier studies suggested that primary FSGS is a steroid-
resistant disease with dismal outcomes.314,362,363,374–376

However, subsequent observational studies demonstrated
that response to glucocorticoid treatment could be improved
with a higher initial dose and longer duration of
treatment.314,364,367,369,377 The optimal duration of high-dose
glucocorticoid treatment in adult primary FSGS has not been
established, nor has the duration of treatment before
considering a diagnosis of steroid-resistant FSGS. Yet, patients
are not likely to tolerate indefinite treatment with high-dose
prednisone.

Observational studies in adult patients with MCD have
demonstrated that extension of high-dose glucocorticoid
therapy toward 16 weeks resulted in an increase in remission
rate of 10%–25%.307,315,330,378,379 Primary FSGS is less
responsive than MCD; thus, additional therapeutic benefit
beyond 16 weeks is unlikely. Defining a maximum duration of
high-dose prednisone treatment as 16 weeks avoids the pre-
mature labeling of treatment failure and unnecessary treat-
ment with second-line immunosuppressive agents, which are
generally more expensive.

Based on available evidence, it is uncertain whether the side
effects of 16 weeks of glucocorticoid treatment are significantly
worse than those with shorter courses and whether side effects
outweigh benefits in primary FSGS, as studies have been
inconsistent in the reporting of adverse events.

Therefore, in the judgment of the Work Group, the
maximum duration of high-dose glucocorticoid treatment
should be 16 weeks because of diminishing benefits and
increasing toxicity associated with longer courses of treat-
ment. Of note, patients who are likely to respond to therapy
Kidney International (2021) 100, S1–S276
generally demonstrate some degree of proteinuria reduction
before 16 weeks, often within 4–8 weeks of initiating treat-
ment.364,367,377 If proteinuria remains persistent and shows
no signs of reduction, especially if the patient experiences
glucocorticoid side effects, high-dose prednisone therapy
should be stopped before 16 weeks, and alternative treatment
should be considered.

Practice Point 6.2.2.3: Adults with primary FSGS who
respond to glucocorticoid treatment should receive gluco-
corticoids for ‡6 months.

The optimal duration of glucocorticoid therapy is not
known. Treatment schedules have ranged from 4 to 24
months in various studies, with reported complete and partial
remission rates of 28%–74% and 0%–50%, respec-
tively.314,364,367,369 One study found that patients receiving
glucocorticoid therapy for >16 weeks had a much higher
remission rate of 61% compared to 15% in those with a
treatment duration of <16 weeks.377 Similarly, another study
demonstrated that patients who had responded to glucocor-
ticoid therapy had received a significantly longer median
treatment duration of 5.7 months.364 Conversely, another
study found that if a patient had not responded to gluco-
corticoids by 6 months, treatment beyond this duration was
not beneficial.367 Taking into consideration the significant
toxicities associated with prolonged glucocorticoid treatment,
a total treatment duration of 6 months is proposed. Figure 54
also outlines a suggested approach to tapering glucocorticoids
in adults with primary FSGS.

Practice Point 6.2.2.4: In adults with relative contraindi-
cations or intolerance to glucocorticoids, alternative
immunosuppression with CNIs should be considered as the
initial therapy in patients with primary FSGS (Figure 54).

Adults may not tolerate prolonged high-dose glucocorti-
coids well, and with the protracted natural history of primary
FSGS, the side effects of glucocorticoids may be unacceptable
to some patients.380 Additionally, patients who are obese, have
uncontrolled diabetes, psychiatric conditions, or severe oste-
oporosis may be deemed to have a relative contraindication to
glucocorticoids. Ideally, such patients would be considered for
an alternative treatment to glucocorticoids. There are, how-
ever, no RCTs that examined alternative immunosuppressive
agents as first-line therapy in the treatment of adults with
primary FSGS.

Nonetheless, observational studies suggest that CNIs can
be used to reduce the overall exposure or even obviate the
need for glucocorticoid therapy. A retrospective review of 51
adult patients with primary FSGS used lower doses of pred-
nisolone in combination with either cyclosporine or azathi-
oprine in patients with obesity, borderline diabetes, or bone
disease.270 The combination of low-dose prednisolone and
azathioprine or cyclosporine resulted in higher combined
complete and partial remission rates of 80% and 85.7%,
respectively, compared to high-dose prednisolone alone
(62.5%). In addition, a small observational study
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demonstrated that tacrolimus monotherapy achieved partial
remission in all 6 patients after 6.5 � 5.9 months, avoiding
the use of glucocorticoids completely.381 Furthermore, the
favorable outcomes of using CNIs in the management of
steroid-resistant primary FSGS lend additional support to the
use of CNIs as an initial treatment option.

Figure 54 outlines a suggested treatment schedule for using
CNIs as an alternative first-line therapy for adults with pri-
mary FSGS. Other observational studies looking at CNIs as
first-line therapy for primary FSGS considered initial doses of
cyclosporine at 3 mg/kg/d, with no therapeutic drug moni-
toring for a mean duration of 25 months,370 or tacrolimus at
4 mg/d with a target trough level of 4–7 ng/ml (5–9 nmol/l)
for a mean duration of 13.6 � 11.8 months.381

6.3 Special situations

6.3.1 Steroid-resistant primary FSGS.

Recommendation 6.3.1.1: For adults with steroid-
resistant primary FSGS, we recommend that
cyclosporine or tacrolimus be given for ‡6 months
rather than continuing with glucocorticoid
monotherapy or not treating (1C).

This recommendation places a high value on achieving pro-
teinuria remission in reducing the risk of kidney failure and on
the excessive risks associated with continued glucocorticoid use in
patients unresponsive to prednisone therapy. This recommen-
dation places a lower value on the cost and risks of nephrotox-
icity with cyclosporine or tacrolimus treatment, as well as the
need for monitoring drug levels in patients treated with these
agents.

Key information
Balance of benefits and harms. Many observational studies

have shown that reduction of proteinuria and the achieve-
ment of remission are associated with improved kidney out-
comes,314,351,366,372 and resistance to glucocorticoids is
strongly associated with the risk of kidney failure in adult
patients with primary FSGS.314,372 In patients who do not
achieve remission, 5- and 10-year kidney survival was re-
ported to be 60%–90% and 25%–56%, respec-
tively.314,362,363,382 Notwithstanding the unnecessary side
effects associated with continuing high-dose glucocorticoid
therapy in patients who are not likely to respond, the poor
kidney prognosis with unremitting proteinuria in patients
with steroid resistance warrants alternative immunosuppres-
sion strategies to attempt to achieve remission. The CNIs,
cyclosporine and tacrolimus, are 2 such alternatives.

Cyclosporine has been evaluated in 2 small RCTs for its
effectiveness in adult patients with steroid-resistant pre-
sumptive primary FSGS. In 1 study, cyclosporine was used as
monotherapy for 6 months and compared to supportive
therapy in both adult and pediatric patients with SRNS,
including MCD and primary FSGS.284 The second RCT
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included only adult patients with SR primary FSGS and
compared a 26-week treatment with cyclosporine to pla-
cebo.281 All patients received low-dose prednisone. Remission
was achieved in 60% and 70% of the study population
receiving cyclosporine in the respective 2 studies.

There are no RCTs evaluating tacrolimus in similar settings.
However, uncontrolled studies suggest that tacrolimusmaybe an
alternative to cyclosporine.381,383,384 One uncontrolled study
looked at the use of tacrolimus in addition to low-dose gluco-
corticoids for 6months in adult patients with primary FSGS and
steroid resistance, and either cyclosporine resistance or cyclo-
sporine dependence.384 Complete and partial remission
occurred in 40% and 8%, respectively, with a mean time to
remission of about 3 months. Acute reversible decline in GFR
occurred in about 40% of patients. Another prospective study
evaluated the use of tacrolimus in adult patients with steroid-
resistant primary FSGS for 48 weeks and found improved
overall remission rates (complete remission: 38.6%; partial
remission: 13.6%) with a mean time to remission of 15.2 weeks
and acute reversible nephrotoxicity of 15.9%.383 In the judgment
of the Work Group, these limited observational data, as well as
the similar mechanism of action for tacrolimus and cyclo-
sporine, suggest that either tacrolimus or cyclosporine may be
used in the treatment of steroid-resistant primary FSGS.

Since remissions after the use of cyclosporine may occur
slowly and have been reported to take as long as 4–6 months
in certain observational studies, we suggest that a minimum
treatment duration of 6 months should be attempted before
labeling a patient as cyclosporine-resistant. It is the judgment
of the Work Group that a minimum duration of 6 months is
also appropriate for tacrolimus, as tacrolimus is generally
considered to be a more potent immunosuppressive with
efficacy in patients with cyclosporine-resistant or
cyclosporine-dependent disease, but going beyond 6 months
is not likely to improve the rate of treatment response.

Quality of evidence. Systematic reviews were performed by
the ERT comparing cyclosporine (with or without glucocor-
ticoids) against supportive therapy or prednisone treatment in
adult patients with steroid-resistant primary FSGS
(Supplementary Table S28284,385; Supplementary
Table S29281,385; Supplementary Table S30385,386).

In a small RCT (n ¼ 22), cyclosporine treatment alone was
compared with supportive therapy, and cyclosporine was re-
ported to be superior in terms of effect estimates for the
development of ESKD, >50% loss of GFR, doubling of SCr,
and infection. However, this is very low–quality evidence
because of study limitations and very wide CIs indicating
appreciable benefit and harm. There were too few patients
who managed to attain complete remission; therefore, con-
clusions on whether cyclosporine treatment made a difference
for complete remission could not be made from this RCT. In
addition, the study population was heterogeneous and
included both adult and pediatric patients with MCD and
FSGS (Supplementary Table S28284,385).

When cyclosporine with low-dose prednisone was
compared to prednisone treatment alone, treatment with
Kidney International (2021) 100, S1–S276
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cyclosporine was associated with greater benefits in achieving
partial remission and a lower risk of kidney failure. The
quality of evidence from the available RCTs is low because of
study limitations and because there was only 1 small RCT
(n ¼ 49) for this comparison.281 The magnitude of the effect
between the 2 groups for partial remission was large (342 per
1000 patients with cyclosporine vs. 43 per 1000 patients with
prednisone alone). Similar to the previous systematic review,
there were too few patients who managed to attain complete
remission; therefore, conclusions on whether cyclosporine
treatment made a difference for complete remission could not
be made from this RCT (Supplementary Table S29281,385).
Similarly, in 1 small RCT (n ¼ 25), there were too few pa-
tients who achieved complete remission to determine if
cyclosporine plus prednisolone made a difference compared
to treatment with methylprednisolone alone (Supplementary
Table S30385,386).

Values and preferences. The benefits of achieving disease
remission and proteinuria reduction in mitigating the
morbidity associated with the NS and risk of progressive loss
of kidney function were judged to be critically important to
patients. The Work Group also judged that the harmful side
effects of prolonged glucocorticoid treatment would be crit-
ically important to patients, even if such treatment led to
clinical benefits compared to no treatment, which is uncer-
tain. The Work Group also judged that patients would
consider the risk of nephrotoxicity with cyclosporine or
tacrolimus to be less important than the side effects associated
with prolonged glucocorticoid therapy, or the higher risk of
kidney failure without CNI treatment, especially if the risk of
CNI toxicity was reduced by careful monitoring of drug levels
and use of the shortest possible course of CNI treatment.

Resource use and costs. Cyclosporine and tacrolimus
treatment entail a much higher financial burden than
glucocorticoid treatment or no treatment, as both drugs are
significantly more expensive than glucocorticoids, and there
are added costs for monitoring drug levels. In addition,
cyclosporine and tacrolimus, including generic formulations,
may be unavailable and may not be reimbursed by healthcare
financing in low-resource settings. Unfortunately, in such
situations, treatment options are limited, and physicians will
need to weigh the risks of continuing with glucocorticoid
treatment against the impact of progression to kidney
failure with treatment discontinuation.

Considerations for implementation. There is no head-to-
head comparison of cyclosporine and tacrolimus in the
treatment of adult patients with steroid-resistant primary
FSGS. However, one uncontrolled study suggested that there
is a benefit with tacrolimus treatment in patients who do
not respond optimally to cyclosporine.384 Preference for
either of the CNIs is discussed in the following section.

Rationale
This recommendation places a high value on achieving pro-
teinuria remission in reducing the risk of kidney failure and
on the excessive risks associated with continued
Kidney International (2021) 100, S1–S276
glucocorticoid use in patients unresponsive to prednisone
therapy, and a lower value on the cost and risks of nephro-
toxicity with cyclosporine or tacrolimus treatment.

The recommendation is strong because, despite the
absence of proven benefits and the clear potential for harm,
the Work Group judged that all or nearly all well-informed
patients with primary FSGS would choose to stop glucocor-
ticoid treatment if they are steroid-resistant and would switch
to either cyclosporine or tacrolimus.

6.3.2 Dosing schedule for cyclosporine and tacrolimus
Practice Point 6.3.2.1: Treatment of steroid-resistant pri-
mary FSGS: Suggested dosing schedule for cyclosporine
and tacrolimus (Figure 55).

Figure 55 outlines a proposed treatment schedule for
adult patients with steroid-resistant primary FSGS. The
initial starting dose for cyclosporine ranged from 3.5 to
6 mg/kg/d281,387 in various studies, with most starting
at 5 mg/kg/d.60,284,338,388,389 Doses of cyclosporine >5.5 mg/
kg/d had been found to be associated with increased risks of
nephrotoxicity.60 There was even greater variability in
trough drug-level targets that stretched from 50 to 600 ng/ml
(42–500 nmol/l).281,284,387–389 Considering the cost of cyclo-
sporine, dose-related nephrotoxicity, and the unlikely situa-
tion that urgent therapeutic levels are needed, it seems
reasonable to start treatment at a lower dose and increase the
dose gradually toward target trough levels. Apart from 1 study
that targeted cyclosporine trough levels of 250–600 ng/ml
(208–500 nmol/l),284 most demonstrated the ability to
induce remission with trough levels of 100–225 ng/ml (83–
187 nmol/l), although it was noted that higher trough levels
were associated with a greater risk of decline in GFR and
nephrotoxicity. It is therefore the judgment of the Work
Group that a target trough level of 100–175 ng/ml (83–146
nmol/l) be used to balance the benefits of proteinuria
reduction and the risk of GFR decline, and a trough level of
225 ng/ml (187 nmol/l) not be exceeded over a protracted
period.

One uncontrolled study considered tacrolimus at an initial
dose of 0.15 mg/kg/d, with a target trough level of 5–10 ng/ml
(6–12 nmol/l).384 However, at this dose, the mean trough level
exceeded the therapeutic target in thefirst 4weeks (10.3–11.8 ng/
ml, 12.7–14.6 nmol/l) with levels at the 25th percentile at the
higher end of the therapeutic targets (9.2–9.8 ng/ml, 11.4–12.2
nmol/l), suggesting that a lower dosemight bemore prudent.On
the other hand, another prospective study initiated tacrolimus at
0.1 mg/kg/d and managed to achieve mean tacrolimus trough
levels of about 7 ng/ml (8.7 nmol/l).383

The decision between cyclosporine and tacrolimus is
dependent on a variety of factors and takes into consideration
issues with drug availability, drug costs, capability of drug
level monitoring, clinical factors, physician preference, and
familiarity. Drug costs may be less of an issue now that
generic forms of both drugs are available. From the transplant
literature, it has been suggested that tacrolimus has a more
potent immunosuppressive effect than cyclosporine, although
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Figure 55 | Treatment of glucocorticoid-resistant primary FSGS. *The CNI, while often used twice daily, may be dosed once a day, depending
on individual formulations. Blood levels of CNI do not provide information on intracellular levels. The target ranges for CNIs have been based on
the transplant literature. The KDIGO Work Group acknowledges that targets for glomerular diseases are not known. Most clinicians check these
levels to verify adherence and avoid CNI toxicity. At present, the most reasonable dosing of a CNI may be to titrate in the individual patient to
obtain the desired effect on proteinuria, balancing dose escalation against serum creatinine and reducing the dose if serum creatinine increases
but does not plateau or increases over 30% of baseline. If the serum creatinine level does not fall after dose reduction the CNI should be
discontinued. ACTH, adrenocorticotropic hormone; CNI, calcineurin inhibitors; eGFR, estimated glomerular filtration rate.
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this has not been validated in adult FSGS studies. Cosmetic
side effects tend to be less with tacrolimus therapy, and this
drug may be more acceptable in young female patients, as
patients receiving cyclosporine have a higher risk of hirsutism
and gum hypertrophy, with reported incidence of 70% and
30%, respectively, in children treated for >1 year.390

6.3.3 Duration of CNI treatment
Practice Point 6.3.3.1: Adults with steroid-resistant primary
FSGS who respond to CNI treatment should receive CNIs
for a minimum of 12 months to minimize the risk of re-
lapses (Figure 55).

Although CNIs are effective for inducing remission in pa-
tients with steroid resistance, relapses are very frequent after
their withdrawal. In 1 of the RCTs evaluating the effect of
cyclosporine in steroid-resistant disease, relapses occurred in
40% of patients by 1 year, and in 60% by 78 weeks following
cyclosporine withdrawal.281 This outcome was replicated in
another RCT, with 69% of patients experiencing a relapse
within 12 months of cyclosporine withdrawal.284 Observational
studies of cyclosporine treatment also reported relapse rates
S170
ranging of 60%–80%. Similarly, a high incidence of relapse was
seen with tacrolimus, with about 76% of patients developing a
relapse after drug discontinuation.384

With each relapse, the risk of progressiveCKD increases, and
patients given another course of immunosuppression will have
greater exposure to drug side effects and toxicities. It is
imperative that all efforts be made to minimize the risk of
relapses.

The optimal duration of CNI treatment, especially for the
prevention of relapse, has not been established in adult pa-
tients with steroid-resistant primary FSGS. An RCT compared
cyclosporine and cyclophosphamide in steroid-dependent
and frequently relapsing idiopathic NS in both children and
adults, with the primary outcome being relapse-free survival.
Cyclosporine was prescribed for 9 months and tapered by
25% every month until complete discontinuation by 12
months. In the adult population, the relapse rate at 24
months was similar between those who received cyclosporine
(50%) and those who received cyclophosphamide (60%).333

In addition, prolonged CNI treatment in children with
SRNS is a common practice, although the impact of such a
Kidney International (2021) 100, S1–S276
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strategy on relapse prevention, risk of nephrotoxicity, or long-
term kidney function has not been well-established. These
limited data advocate a much more protracted period of CNI
treatment to minimize the risk of relapses, particularly in a
situation in which the evidence for alternative immunosup-
pressive therapies is scanty and the risk of relapse is
significant.

Figure 55 outlines the treatment schedule for steroid-
resistant primary FSGS, suggesting that therapeutic levels of
CNIs should be maintained for at least 12 months for patients
who respond to treatment. The CNI may be tapered thereafter,
with clinical status, drug tolerability, physician comfort, and
financial factors informing the tempo and magnitude of dose
reduction. Patients in complete remission and with evidence of
drug toxicity may need a more rapid reduction in CNI dose.

6.3.4 Patients resistant to or intolerant of CNIs
Practice Point 6.3.4.1: Adults who have steroid-resistant
primary FSGS with resistance to or intolerance of CNIs
should be referred to specialized centers for consideration
of rebiopsy, alternative treatment, or enrollment in a
clinical trial (Figure 55).

There is a dearth of evidence to inform the treatment of
adult patients with steroid-resistant primary FSGS who are
intolerant or resistant to CNIs. It is the opinion of the Work
Group that these patients require highly specialized care and
should be referred to centers with appropriate expertise.
Several immunosuppressive drugs have been tried in adult
idiopathic FSGS, many of which are listed and referenced in
Figure 55. However, most of the studies are poorly designed,
observational in nature, underpowered for any valid conclu-
sions, and heterogeneous in their outcomes. Furthermore,
additional treatment in this group of patients may be futile,
and rather than conferring benefit, it may increase the risks of
adverse events from immunosuppressive therapy. Therefore,
patients should be evaluated in these specialized centers of the
need for further immunosuppression.

MMF and high-dose dexamethasone were given a 2C
recommendation in the KDIGO 2012 GN guideline as an
alternative for patients who do not tolerate cyclosporine.
This recommendation was based on an RCT comparing
cyclosporine to the combination of MMF and high-dose
dexamethasone in children and young adults with steroid-
resistant FSGS that showed no statistically significant dif-
ference in remission rates between the 2 arms.286 However,
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this trial did not meet the initial recruitment target of 500
patients and was severely underpowered, with only 138
patients eventually randomized to either treatment.
Consequently, inferiority of the MMF regimen to cyclo-
sporine cannot be excluded. Moreover, there were signifi-
cant concerns with the design and inclusion criteria that
could have affected the validity of the study results.391 In
considering these issues, the KDIGO 2021 Work Group
agreed that it would be more appropriate to remove the use
of MMF and high-dose dexamethasone as a clinical
recommendation and consider this as an alternative treat-
ment possibility when other therapeutic options have failed.

6.3.5 Management of relapse
Practice Point 6.3.5.1: Adults with previous steroid-
sensitive primary FSGS who experience a relapse can be
treated using the same approach as that for adults with
relapsing MCD (Figure 47).

There is very low–quality evidence to guide the treatment
of relapses in primary FSGS. If the relapses occur in patients
whose disease was previously sensitive to glucocorticoid
therapy, it is suggested that relapses should be approached in
the same way as relapsing MCD in adults (Figure 48).

Research recommendations
� Identify and validate biomarkers of steroid-sensitive pri-
mary FSGS; this includes identification of the putative
permeability factor that has been elusive for decades.

� RCTs are needed:
B To evaluate the efficacy and adverse effects of gluco-
corticoid treatment, including daily versus alternate-day
glucocorticoids, in adult patients with primary FSGS

B To determine the optimal duration of glucocorticoid
treatment in adult patients with primary FSGS and to
compare remission, relapse, and adverse event rates
associated with short or prolonged treatment using
initial high-dose glucocorticoid therapy

B To evaluate the effectiveness of CNIs, with or without
concomitant glucocorticoids, in the treatment of adult
patients with steroid-resistant primary FSGS

B To examine the optimal duration of CNI treatment in
adult patients with steroid-resistant primary FSGS

B To examine the role of plasmapheresis and LDL apheresis
in the treatment of primary FSGS and in the prevention of
recurrent FSGS after kidney transplantation
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Chapter 7: Infection-related glomerulonephritis

This chapter provides practice guidelines for the diagnosis,
prognosis, and treatment of infection-related GN, which may
occur in association with bacterial, viral, fungal, protozoal,
and helminthic infections. The cost implications for global
application of this guideline are addressed in Chapter 1.

7.1 Bacterial infection–related GN
Bacterial infection–related GN can occur after a bacterial
infection (postinfectious glomerulonephritis after a latent
period, often several weeks after an infection) or in the
Figure 56 | Evaluation of classic bacterial infection–related GN synd
ANCA, antineutrophil cytoplasmic antibody; eGFR, estimated glomerular
glomerulonephritis; HIV, human immunodeficiency virus; PCR, protein–c
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presence of an ongoing, acute or chronic bacterial infection.
Bacterial infection–related GN encompasses several entities392:
1. Poststreptococcal GN, which in modern times is a bit of a

misnomer as streptococcal infections account for only 28%–

47% of this postinfectious acute GN. Staphylococcus aureus
or Staphylococcus epidermidis is isolated in 12%–24% of
cases, and gram negative bacteria in up to 22% of cases.393

2. Shunt nephritis is an immune complex–mediated GN that
rarely develops as a complication of chronic infection on
ventriculoatrial, ventriculojugular, or less commonly,
romes. ACR, albumin–creatinine ratio; ANA, antinuclear antibody;
filtration rate; GBM, glomerular basement membrane; GN,
reatinine ratio; PR3, proteinase 3.
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ventriculoperitoneal shunts inserted for the treatment of
hydrocephalus.394 The infecting organisms are usually
Staphylococcus epidermidis, Staphylococcus albus, or Staph-
ylococcus aureus. ANCA titers may be positive.394

3. GN related to infective endocarditis, particularly related to
S. aureus, which has replaced S. viridans as the leading
cause of infective endocarditis. The incidence of GN
associated with Staphylococcus aureus endocarditis ranges
from 22% to 78%, the highest risk being among intrave-
nous drug users. Patients demonstrate low serum com-
plement C3 (53% of 32 tested) or C4 (only 19% of 32
tested). ANCA and antinuclear antibodies can be pre-
sent,395 and pulmonary hemorrhage mimicking anti-GBM
disease (due to cryoglobulinemia) has been observed.396 In
some patients, infection-related GN can occur in the
absence of demonstrable endocarditis.

4. IgA-dominant infection-related GN (IgADIRGN) is an im-
mune complex–mediated GN described concomitant with
methicillin-resistant Staphylococcus aureus (MRSA),
methicillin-sensitive S. aureus, Escherichia coli, S. epidermidis,
and Klebsiella bacteremia in patients with underlying
comorbidities, especially diabetes (Figure 56).397–399

Bacteremia is often, but not always, found, although pre-
sentation may be delayed.398 IgADIRGN has been reported
in patients with skin and joint infections, pneumonia,
osteomyelitis, and endocarditis. Hypocomplementemia can
be seen in 30%–50% of cases.399

7.1.1 Diagnosis

Practice Point 7.1.1.1: Kidney biopsy can be useful in sus-
pected bacterial infection-related glomerulonephritis (GN),
particularly when culture evidence of infection is elusive or
the diagnosis is in doubt, to assess prognosis, and/or for
potential therapeutic reasons. In some cases, biopsy may be
Kidney International (2021) 100, S1–S276
critical for arriving at the correct diagnosis, as comorbid-
ities may contribute to confounding effects (Figure 56).

The kidney histology shows acute, often exudative, endo-
capillary GN with mesangial and capillary wall granular im-
mune deposition. In endocarditis-related GN, the most
frequent morphologic glomerular change is crescentic GN in
>50% of the patients, followed by diffuse endocapillary
proliferative GN and mesangial proliferative GN. The in-
tensity of C3 deposition commonly exceeds that of IgG, and
C3 predominance without C4 suggests alternate rather than
direct complement pathway activation. Subendothelial and
subepithelial electron dense deposits, including “humps,” can
be found on electron microscopy. In shunt nephritis, the
histologic findings are typically a mesangial proliferative
pattern of injury with granular deposits of IgG, IgM, and C3,
and electron-dense mesangial and subendothelial deposits.

In IgADIRGN, the kidney biopsy shows endocapillary
proliferation with prominent neutrophil infiltration in 40%–

80%, and a minority may have isolated mesangial prolifera-
tive or even crescentic GN. On immunofluorescence micro-
scopy, there is mesangial staining in a codominant pattern
with IgA and C3, often with k light chain exceeding l.397

Electron microscopy demonstrates electron-dense deposits
in the mesangium and capillary walls, the latter often with
subepithelial “humps” and less frequently a subendothelial
distribution.400 Differentiation from an exacerbation of clas-
sical IgAN can be accomplished taking into account both the
characteristic clinical and morphologic features described
above, but at times it can be difficult (Chapter 2).

7.1.2 Prognosis and treatment

Practice Point 7.1.2.1: Prognosis and suggested therapy of
bacterial infection-related GN are summarized in
Figure 57401–403.
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Figure 57 | Prognosis and therapy of classic bacterial infection–related GN syndromes. 1Kapadia et al.401, 2Okuyama et al.402, 3Khalighi
et al.403 ACR, albumin–creatinine ratio; ANCA, antineutrophil cytoplasmic antibody; C3GN, complement glomerulonephritis; eGFR, estimated
glomerular filtration rate; GN, glomerulonephritis; PR3, proteinase 3; RCT, randomized controlled trial.
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Research recommendations
Post-streptococcal GN.

� RCT is needed to evaluate the treatment of crescentic
poststreptococcal GN with high-dose glucocorticoids with
or without immunosuppression

� Research is needed to determine the nature of the strep-
tococcal antigen(s) as a basis for developing immunopro-
phylactic therapy

� In patients whose kidney lesion transforms, further
research is needed to elucidate the distinctions and re-
lationships between immune complex–mediated post-
streptococcal GN and C3-dominant, but nonimmune
complex–mediated C3 glomerulopathy (C3G)

� Research is needed to confirm the utility of anti-factor B
antibodies in the diagnosis of poststreptococcal GN404

Shunt nephritis.
� Multicenter observational studies are needed to determine the
incidence, prevalence, and long-term prognosis of shunt
nephritis, and the outcome of those with PR3-ANCAantibodies
Infective endocarditis-related GN.

� Multicenter studies are needed to determine the incidence,
prevalence, long-term prognosis, and mechanism of
glomerular injury of infective endocarditis-related GN
IgADIRGN.

� RCTs of IgADIRGN are needed to assess the value, or lack
thereof, of glucocorticoid and/or immunosuppressive
agents after the infection is controlled

7.2 Viral infection–related GN
7.2.1 Hepatitis C virus (HCV) infection–related GN
The Work Group concurs fully with Recommendations
5.1–5.2.3 of the KDIGO 2018 Clinical Practice Guideline for
the Prevention, Diagnosis, Evaluation, and Treatment of
Hepatitis C in Chronic Kidney Disease.405 Please refer to
this publication for specific recommendations, selection,
and dosing of specific therapeutic agents, and research
recommendations.

7.2.2 Hepatitis B virus (HBV) infection–related GN
Approximately 250–350 million people (5% of the world’s
population) are chronically HBV-infected, making it one of
the most common human pathogens,406–408 and about 3%–

5% of patients with chronic HBV infection develop kidney
disease as a complication.409,410

The most common pattern of glomerular injury seen in
HBV infection is MN.411,412 Lesions of IgAN, mem-
branoproliferative GN (MPGN), FSGS, and crescentic GN are
seen less frequently. Rarely, MCD has been observed in HBV
infection, with remissions following antiviral therapy.413

A variable fraction of patients with HBV infection and
MN display circulating anti-PLA2R antibodies (Chapter
3).414,415

The extrahepatic manifestations of chronic HBV infection
also include systemic vasculitis (especially polyarteritis
nodosa/Kussmaul-Maier disease),406,416 Type II (monoclonal
Kidney International (2021) 100, S1–S276
IgM k antipolyclonal IgG), and Type III (polyclonal IgM, IgA,
IgG) cryoglobulinemia.406–408,417

This section addresses the issues related to treatment of
GN in patients with replicative HBV infection. Due to its
propensity to integrate into the host genome and the ability to
form treatment-resistant, covalently closed circular deoxy-
ribonucleic acid in hepatocytes, HBV infection is very difficult
to permanently cure with antiviral agents, unlike HCV
infection.418 Relapses of viral replication are fairly common in
HBV infection, and immunosuppressive agents can reactivate
dormant or occult infection.418,419

7.2.2.1 Diagnosis
Practice Point 7.2.2.1.1: Patients with proteinuric glomer-
ular disease should undergo testing for HBV infection.

The diagnosis of HBV-mediated GN requires detection of
the serologic manifestations of HBV infection and replicative
virus in the blood, detection of HBV-related protein antigens
in the glomerular immune deposits, and the exclusion of
other causes of glomerular disease. Because HBV infection
may be clinically silent, including absence of hepatic enzyme
elevations indicative of hepatic inflammation and hepatocyte
necrosis, a liver biopsy may be indicated to assess the degree
of hepatic damage, especially fibrosis. Serologic identification
of HBV exposure and infection is best performed by assessing
hepatitis B surface antigen (HBsAg), anti-HBc antibody, and
in selected cases, HBV deoxyribonucleic acid (DNA) quan-
tification representing the burden of replicative viral infec-
tion.418,420 Persistently elevated HBe antigen is a sign of
replicative infection, and conversion to anti-HBe can be taken
as an indication of a remission of viral replication.418

HBV infection is particularly common in patients with MN,
IgAN, cryoglobulinemia, and polyarteritis nodosa (Kussmaul-
Maier disease), and suchpatients shouldbe routinely assessed for
this infection.Whether children and adults withMCD should be
routinely screened forHBV infection is uncertain, but thismight
be wise in countries with a high endemic burden of HBV
infection or in patients with high-infection risk behaviors or
histories. Because of common coinfection, patients with high-
risk behaviors (e.g., i.v. drug abuse, unprotected sexual inter-
course) should also be screened for HCVandHIV infection (see
HCV and HIV sections). About 10% of HBV-infected subjects
are coinfected with HIV, and 10%–30% are coinfected with
HCV.406 Another reason for screening patients with proteinuric
glomerular disease for HBV infection is that many such patients
may become candidates for immunosuppressive therapy (glu-
cocorticoids and or cytotoxic/immunomodulating agents),
which can induce a serious exacerbation of HBV replication
(Chapter 1).419 Occult HBV infectionwith negative HBs antigen
andvariable (positive ornegative) anti-HBccanbest be evaluated
by detection and quantification of HBV DNA by polymerase
chain reaction.420 HBs or HBc antigen can occasionally be
detected in kidney tissue of patients without serologic evidence
of HBV infection.421 Serum HBV DNA levels have a modest
correlation with the severity of clinical findings.422,423
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7.2.2.2 Prognosis
Practice Point 7.2.2.2.1: Adult patients with chronic HBV
infection should be considered at risk for the development
of kidney failure.

Adult patients with HBV infection and MN have a ten-
dency to progress toward kidney failure, and spontaneous
remissions are uncommon.406,411 Therefore, such patients
need careful consideration for treatment beyond attempts to
control viral replication with antiviral agents. The choice of
adjunctive treatment of HBV infection will depend on the
specific manifestations of the kidney (glomerular) disease.
Children with HBV-related MN have a high spontaneous
remission rate and seldom progress to kidney failure (see
section 7.2.2.4 on Special situations below).406,411 HBV
infection may also promote progression in IgAN and FSGS,
but this is not well-established.424–426 Cryoglobulinemia can
be associated with severe and rapidly progressive glomerular
disease,417,427 often associated with vasculitis and crescents.
Polyarteritis nodosa has a particularly poor prognosis when
concomitant HBV infection remains untreated.416

7.2.2.3 Treatment
.
Recommendation 7.2.2.3.1: We recommend that
patients with replicative HBV infection (as denoted
by HBV DNA levels >2000 IU/ml) and GN receive
treatment with nucleos(t)ide analogues as recom-
mended for the general population by standard
clinical practice guidelines for HBV infection (1C).

Due to the poor prognosis of untreated HBV infection (hepato-
cellular cancer, cirrhosis of the liver, GN, and/or vasculitis) and the
availability of effective (but not curative) antiviral agents, nearly
all patients with this condition should be considered candidates for
antiviral therapy, unless contraindication exists.

Key information
Balance of benefits and harms. Chronic replicative HBV

infection can be recognized by a combination of serologic and
viral genome studies.418 We consider chronic replicative HBV
infection to have serious, potentially life-threatening, long-term
complications (liver cirrhosis, hepatocellular carcinoma, GN,
vasculitis) if left untreated. Because of these risks and the mini-
mally moderate risks of harm from therapy of HBV infection,
therapy of replicative HBV infection is worthwhile even though
the evidence of (long-term) benefit for a complicating glomer-
ular disease (i.e., MN) is weak due to the lack of high-quality
RCTs in this population. Circumstances might exist that would
preclude this choice, such as intolerance to all available antiviral
agents, but these are expected to be uncommon.

Eradication or control of HBV replicative infection may
improve outcomes of GN accompanying HBV infection, at
least in observational studies (low-quality evidence). Some
agents, notably a-interferon (IFN), may aggravate underlying
glomerular disease, and their safety has been questioned.
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Treatment of HBV-associated GN with nucleos(t)ide ana-
logues is indicated.

Nucleos(t)ide analogues can favorably modify viral repli-
cation at an acceptable level of undesirable side effects418,428;
however, true lasting cure of the infection is evasive due to the
biology of the virus (i.e., integration into the host genome and
its ability to persist in a dormant fashion in hepatocytes).

CKD, most notably MN, can be a direct consequence of
chronic HBV infection in susceptible individuals and can
progress to kidney failure in 25%–35% of such subjects if left
untreated.406

Quality of evidence. A systematic search of the medical
literature of RCTs in the management of patients with HBV
infection–related GN identified 1 small (n ¼ 40) open-label
study in children with HBV-associated MN.429 This study
did not report any of the critical and important outcomes
identified for this guideline (all-cause mortality, kidney
failure, $50% loss of GFR, malignancy, complete remission,
annual GFR loss). The quality of the evidence from this
RCT was low because of study imprecision (only 1 study)
and risk of bias concerns. Additionally, supporting literature
for this recommendation has been derived from
observational studies that were graded as having low quality
of the evidence because of bias by design. The overall
quality of the evidence was rated as low.

Values and preferences. This recommendation places a
higher value on the avoidance of serious, potentially life-
threatening complications of unabated HBV viral replication,
and a lower value on the side effects, cost, and inconvenience
of treatment with nucleos(t)ide analogues and any associated
monitoring that might be required with such treatment. In
the judgment of the Work Group, all or nearly all well-
informed patients would choose to be treated with nucleos(t)
ide analogues rather than to forgo such treatment.

Resource use and costs. This recommendation will entail
substantial costs, including out-of-pocket costs, due to the high
cost of anti-HBV viral agents and the cost of testing for
evaluation of the response to antiviral therapy. There may also
be limited availability of these agents in certain regions of the
world. These costs may be offset to some degree by avoiding
the costs of treatment of long-term complications (such as
liver or kidney transplantation, dialysis, or NS). Formal, long-
term cost–benefit analyses are required to examine this
assumption, especially in subjects with glomerular disease
believed to be a complication of HBV infection.

Considerations for implementation. Substantial variation
exists in the prevalence of HBV infection in different regions
of the world. It is expected that the burden of disease from
glomerular complications of chronic HBV infection will be
greater in those regions where HBV infection is endemic.
Measures to prevent the acquisition of HBV infection, such as
vaccination, better hygiene, and elimination of blood-borne
infection (e.g., from transfusion or i.v. drug abuse) are
crucial. All measures should be considered equally for all
sex, races, and ethnicities.
Kidney International (2021) 100, S1–S276
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Rationale
To date, evidence-based treatment recommendations for adult
patients with replicative viral infection and glomerular disease
cannot be made due to lack of appropriate RCTs in this popu-
lation. Nevertheless, potent nucleos(t)ide analogues with anti-
HBV activity and high barriers to development of resistance
are now available and widely considered as treatments of choice
for HBV infection.428 Lamivudine has a high association with
acquired resistance and is no longer recommended as initial
therapy.418 Pegylated IFN-a is less commonly used due to
limited efficacy and tendency to evoke serious side effects, but it
may be effective in milder cases with low viral load.418 Combi-
nation therapies using IFN and nucleos(t)ide analogues are not
generally recommended, except in special circumstances.418

Clinical practice guidelines on the evaluation and man-
agement of chronic HBV infection have been recently pub-
lished, and we have drawn heavily upon these publications for
developing current recommendations for HBV infection
associated with GN.407,408,418

Several drugs are now available for the treatment of chronic
HBV infection (entecavir, tenofovir disoproxil, tenofovir ala-
fenamide, adefovir, telbivudine). The efficacy of these drugs for
HBV infection has been assessed in RCTs.418 However, as of
2016, only 1 RCT of treatment of HBV-related GN could be
identified.429 It was an open-label, controlled trial of a-IFN in
HBV-relatedMN in children that showed short-term beneficial
effects and a 40% seroconversion rate of HBe and improve-
ment in proteinuria. Side effects were common. This study was
judged to be of low quality and potentially biased. However,
observational studies in adults have been consistent with these
findings.430 No RCTs using nucleos(t)ide analogues have been
reported. Several meta-analyses, including observational
studies, have appeared.431–435 In 1 meta-analysis of 6 trials (1
RCT), a-IFN and lamivudine, with or without accompanying
glucocorticoids, were associated with a higher proteinuria
remission rate and clearance of HBeAg as a sign of control of
replicative viral infection, compared to glucocorticoids or
supportive care only. Glucocorticoids alone were judged to be
ineffective.434 The Yang et al. analysis was limited to HBV-
associated MN and included 3 trials of IFN-a and 2 trials of
nucleoside analogues.432 Antiviral treatment was superior to
control in terms of complete or partial remission of proteinuria
and clearance of HBeAg. No difference in outcome was
observed between nucleoside analogues and IFN, but no head-
to-head comparisons of the 2 antiviral regimens were con-
ducted. Serious extrarenal side effects were seen commonly in
IFN-treated subjects. The emergence of drug resistance was
common in nucleoside analogue (lamivudine) regimens. Sus-
tained viral response was observed in 60% of patients treated
with IFN, and in 85% with nucleoside analogues. Spontaneous
viral remission was seen in about 6% of controls. Similar
favorable responses to antiviral therapy were observed in a
small, open-label, uncontrolled trial in HBV-related cry-
oglobulinemic vasculitis.417 Very few studies of antiviral ther-
apy of HBV-infection in patients with IgAN or FSGS have been
Kidney International (2021) 100, S1–S276
conducted. Observational cohort studies have suggested ben-
efits of combined lamivudine and glucocorticoids in HBV
inactive carriers with IgAN.436 A role for CNIs in the treatment
of HBV-associated glomerular disease (MN and FSGS) has
been suggested.437,438 Calcineurin agents can be used safely in
patients with glomerular and other autoimmune diseases in the
presence of HBV infection, as these agents tend to reduce viral
replication by inhibiting HBV entry without interfering with
sodium–taurocholate cotransporting polypeptide (NTCP) ac-
tivity.439,440 In a pilot study, sulodexide combined with anti-
viral therapy (entecavir) was shown to have an additive
beneficial effect on proteinuria in HBV-related MN, perhaps
via a complement-activation-inhibiting mechanism.441

Treatment of patients with HBV infection and GN should
be conducted according to standard clinical practice guide-
lines for HBV infection, requiring the identification of
replicative viral infection (HBeAg positivity and/or viral DNA
levels of >2000 IU/ml).408,418 Nephrotoxicity of some of the
nucleos(t)ide analogues (particularly adefovir and tenofovir)
can be of concern. The use of these agents in patients with
CKD (due to GN or otherwise) or NS may require dosing
modifications.428

Practice Point 7.2.2.3.1: Pegylated interferon regimens
should not be used to treat patients with replicative HBV
infection and GN.

The European Association for Study of the Liver (EASL)
clinical practice guidelines suggested that IFN-a–based regi-
mens not be employed in HBV-associated GN, as IFN therapy
could aggravate autoimmune phenomena in such patients.418

In one case, de novo MN appeared after starting IFN therapy
for HBV infection.442 The consistency of this effect is un-
certain, but since newer antiviral regimens are effective in
inducing a viral response with fewer side effects, the utility of
use of IFN-based regimens can be questioned.

Practice Point 7.2.2.3.2: Immunosuppressive agents, such
as cyclophosphamide or rituximab, may accelerate HBV
replication and should be avoided in patients with un-
treated replicative HBV infection and GN.

The heterogeneity of patients with HBV infection (e.g.,
degree of liver function impairment, extent of extrahepatic
involvement) creates substantial complexity in establishing
treatment guidelines in patients with HBV-mediated kidney
disease. Agents that can augment HBV replication (such as
glucocorticoids, alkylating agents, rituximab), thus aggra-
vating the hepatic manifestations of disease, constitute a real
risk (Chapter 1).419 Alternative agents, such as CNIs, that
have little or no effect (or even a beneficial effect) on HBV
replication may be preferred.437–440 All patients receiving
rituximab for any indication should have HBsAg and core
antibody (HBcAb) checked. If positive, therapy to treat HBV
must be instituted in conjunction with hepatology. Therapy
with immunosuppression should be given cautiously, with
awareness of its risks and benefits.
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7.2.2.4 Special situations
Practice Point 7.2.2.4.1: Rituximab and cyclophosphamide
should be avoided in patients with simultaneous HBV
infection and anti-PLA2R antibody-mediated MN until a
sustained virologic remission has been obtained by nucle-
os(t)ide analogue therapy.

The utility of antiviral therapy in patients with simulta-
neous HBV infection and anti-PLA2R antibody–mediated
MN has not been evaluated, but rituximab or
cyclophosphamide-based regimens carry a risk of aggravation
of HBV replication in such patients and probably should be
avoided, at least until a sustained virologic remission has been
obtained by nucleos(t)ide analogue therapy (Chapter 3).443 A
CNI regimen might be preferred in such patients, but evi-
dence is lacking to support such use. It is also possible that the
association of HBV infection and PLA2Rþ MN is coinci-
dental rather than causal, at least in some cases.

Practice Point 7.2.2.4.2: Plasma exchange may be tried in
patients with accompanying cryoglobulinemic vasculitis.

The role of plasma exchange in treatments of HBV-related
cryoglobulinemic vasculitis has been incompletely assessed,
but if the plasma level of cryoglobulins is high (CryoCrit
>5%, >500 mg/dl) and symptomatic vasculitis is present, it
might be tried with 5% albumin or fresh frozen plasma
replacement.417,427

Practice Point 7.2.2.4.3: Children with HBV infection and
MN should be managed conservatively without immuno-
suppression due to a high likelihood of spontaneous
remission of the kidney disease.
Figure 58 | The global distribution of CKD associated with HIV infect
kidney disease in the global adult HIV-infected population: a systematic r
2018 Ekrikpo et al. This is an open access article distributed under the t
creativecommons.org/licenses/by/4.0/). CG, Cockcroft–Gault; CKD-EPI, Ch
immunodeficiency virus; MDRD, Modification of Diet in Renal Disease.

S178
The presence of occult HBV infection and MN (circulating
HBs negative with HBs/HBc antigen in the immune deposits)
in children may require antiviral therapy, as immune sup-
pression alone is seemingly ineffective.444

Research recommendations
� RCTs are needed to establish the most effective antiviral
treatment regimen in modifying the progression of HBV-
associated GN. Studies will need to account for the extra-
renal disease involvement, as well as evaluate varying drug
combinations, including timing and duration of therapy

� RCTs in children should be evaluated separately in view of
the higher rate of spontaneous remission in HBV-associated
GN

7.2.3 Human immunodeficiency virus (HIV)–related GN
This section makes management suggestions for adults aged
>18 years with HIV-related glomerular disease.

There are no RCTs for HIV-related kidney disease. For a
summary of current issues related to this topic, we refer
readers to the publication from the KDIGO HIV Contro-
versies Conference.445

According to the United Nations AIDS organization,
approximately 36.9 million people were living with HIV in
2017. In 2017, 59% (CI: 44%–73%) of all people living with
HIV were accessing treatment.445 A recent review of HIV-
related kidney disease defined by different GFR-estimating
formulas (MDRD, CKD-EPI, and Cockcroft–Gault) demon-
strated that the presence of kidney disease varied by formula
and by region in the world, but it is truly a growing issue in
the HIV pandemic (Figure 58).446,447
ion. Reproduced from Ekrikpo UE, Kengne AP, Bello AK, et al. Chronic
eview and meta-analysis. PLoS One. 2018;13:e0195443.447 Copyright ª
erms of the Creative Commons Attribution License (https://
ronic Kidney Disease Epidemiology Collaboration; HIV, human
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7.2.3.1 Diagnosis
Practice Point 7.2.3.1.1: A kidney biopsy should be per-
formed, when feasible, to evaluate the morphology of HIV-
related kidney disease. A pathology-based description of
HIV-related kidney disease should be used to help define
and guide therapy.

The KDIGO Controversies Conference proposed a patho-
logic classification of HIV-related kidney disease to help high-
light the various mechanisms of HIV-related kidney disease.445

HIV can have many effects on the kidney. Glomerular,
interstitial, and vascular diseases have unique presentations
in patients with HIV. Infections, both the actual infection
and the treatment, can impact kidney function. Traditional
causes of kidney disease in the patients without HIV, such
as hypertensive nephropathy or CKD and diabetes, are also
in the differential. Finally, medications for the treatment of
HIV, for immune prophylaxis and for common ailments,
must also be considered when there is a change in kidney
function that is of concern to the clinician. In patients with
HIV infection, many of these pathologies can mimic HIV-
associated nephropathy (HIVAN), but each condition re-
quires a different therapy.448–450 A kidney biopsy–based
approach helps to navigate both the challenges of diag-
nosis and future knowledge. A recent review highlighted
Figure 59 | The spectrum of kidney biopsy findings in patients with
volume 97, issue 5, Kudose S, Santoriello D, Bomback AS, et al. The spect
era, pages 1006–1016, Copyright ª 2020, with permission from the Inte
from 2010–2018 were retrospectively reviewed; 437 (1.6%) from patients
Hispanic; <1% Asian; 80% on antiretroviral therapy [ART]; comorbidities
coinfection). Conclusion from the study: ART has changed the landscape
diabetic nephropathy, and non-collapsing glomerulosclerosis, but it has
HIV, human immunodeficiency virus; HIVAN, human immunodeficiency
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the complexity of diagnosis on biopsy and the need for
precision in diagnosis for optimization of management
(Figure 59).451

Podocytopathy is a common lesion seen in the glomerulus
in HIV infection and may take the form of collapsing glo-
merulopathy (HIVAN), particularly in patients with African
genetic background, FSGS without collapsing features (FSGS-
UC), or MCD.1,2,451 Many immune complex–mediated dis-
eases have also been described in the context of HIV, including
IgAN, lupus-like GN, MN, and MPGN.451 Because of the lack
of certainty regarding HIV causality in these cases, it has been
recommended that the term HIV-associated immune complex
kidney disease (HIVICK) not be used. Certain genes, such as
APOL1, can increase risk of FSGS and HIVAN, but not of
immune complex disease in HIV. The pathology of the biopsy
is the same, no matter the number of genetic variants.452 More
information on genetic factors is needed (Figure 60453).

Tubulointerstitial disease can be present with HIVAN, but
it can also be due to medications, or can be a response to
infection. Vascular diseases were more prevalent prior to
highly active antiretroviral therapy (HAART) therapy.454,455

More than a third of the patients with HIV who underwent
a kidney biopsy had diabetic nephropathy; or MN, MPGN, or
IgAN; or another pattern of immune complex GN.448,456 A
HIV in the modern era. Reproduced from Kidney International,
rum of kidney biopsy findings in HIV-infected patients in the modern
rnational Society of Nephrology.451 A total of 26,737 native biopsies
with HIV (mean age: 53 years; 66% male; 58% black; 25% white; 17%
included: 57% hypertension, 31% diabetes, 27% hepatitis C
of HIV-associated kidney disease toward diverse immune complex GN,
not eradicated HIV-associated nephropathy. GN, glomerulonephritis;
virus-associated nephropathy; NOS, not otherwise specified.
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Figure 60 | Lifetime risk of HIVAN or FSGS-UC in the setting of HIV by number of APOL1 risk alleles. Adapted from Seminars in Nephrology,
volume 35, issue 3, Dummer PD, Limou S, Rosenberg AZ, et al. APOL1 kidney disease risk variants: an evolving landscape, pages 222–236, 2015,
published by Elsevier.453 APOL1, apolipoprotein L1; ART, antiretroviral therapy; FSGS-UC, focal segmental glomerulosclerosis—undetermined
cause; HIV, human immunodeficiency virus; HIVAN, HIV-associated nephropathy.
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rare disease—diffuse infiltrative lymphocytosis syndrome
(DILS)—which is present in patients with HIV, has
been reported as a cause of kidney injury in HIV.457 HIV-
related thrombotic microangiopathy has been reported as a
first presentation of HIV,454,455 and it is associated with he-
maturia and proteinuria. The mechanism of this disease is not
clear but seems to be associated with ADAMTS 13 levels.458
Figure 61 | Risk factors and underlying etiologies of CKD in individu
D’Agati VD, et al. Kidney disease in the setting of HIV infection: conclus
Controversies Conference. Kidney Int. 2018;93:545–559, https://www.kidn
ª 2017, International Society of Nephrology. Published by Elsevier Inc.
creativecommons.org/licenses/by-nc-nd/4.0/).445 ABCC, ATP-binding cass
therapy; CKD, chronic kidney disease; FSGS-UC, focal segmental glomerul
HIVAN, HIV-associated nephropathy.
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7.2.3.2 Prognosis
Practice Point 7.2.3.2.1: The factors contributing to the
long-term outcome of HIV infection associated with GN
are numerous and include persistence of viral replication,
response to antiviral treatment, genetic predisposition to
glomerular injury (e.g., APOL1 risk alleles), coinfection
with other viruses, and development of immune complex
als who are HIV-positive. Reproduced from Swanepoel CR, Atta MG,
ions from a Kidney Disease: Improving Global Outcomes (KDIGO)
ey-international.org/article/S0085-2538(17)30823-2/fulltext, Copyright
This is an open access article under the CC BY-NC-ND license (http://
ette transporter proteins; APOL1, apolipoprotein L1; ART, antiretroviral
osclerosis—undetermined cause; HIV, human immunodeficiency virus;
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disease or thrombotic microangiopathy. Thus, the estima-
tion of prognosis in individual patients can be very
difficult.

No RCTs exist to guide prognosis. A summary of factors to
consider is given below (Figure 61445). Limited data show that
comorbid conditions (HBV, HCV, TB, and syphilis) can
impair long-term prognosis.459–463 AKI is also a risk factor for
long-term progression of CKD in HIV to kidney failure.464

Whether APOL1 risk alleles should be assessed routinely in
patients of west African ancestry with HIVAN remains un-
certain.

7.2.3.3 Treatment
.
Recommendation 7.2.3.3.1: We recommend that an-
tiretroviral therapy be initiated in all patients with
HIV and CKD, especially biopsy-proven HIV-associ-
ated nephropathy (HIVAN), regardless of CD4 count,
adjusted to the degree of kidney function (1C).

The presence of CKD is not a contraindication for antiretroviral
therapy (ART) of HIV infection. Current consensus data, based
on 2 large RCTs on the time to initiate ART, namely Strategic
Timing of AntiRetroviral Treatment (START), and Early Anti-
retroviral Treatment and/or Early Isoniazid Prophylaxis Against
Tuberculosis in HIV-infected Adults (TEMPRANO), demon-
strate benefit of early initiation of ART at the time of diagnosis,
regardless of CD4 count.465,466 This Work Group believes that
the benefit outweighs the risk to support this recommendation,
and patients with such infections also place a high value on early
treatment, when possible.

Key information
Balance of benefits and harms. These recommendations

derive from the benefit of ART in the HIV literature and the
low-quality data that the extrapolation to patients with GN
seems to support.

Quality of evidence. The quality of the evidence is low, with
no RCTs for guidance in patients with HIVAN. The evidence
identified to support this recommendation is indirect, as it
has been conducted in the general HIV population and in
observational studies, which exhibit bias by design.

Values and preferences. The Work Group placed a higher
value on minimizing the harmful effects of HIV infection and
a lower value on the risk of adverse events, kidney and non-
kidney, related to ART and kidney biopsy.

Resource use and costs. Treatment of HIV to prevent kidney
side effects is much less costly than kidney transplant and
kidney replacement therapy, and many end-stage therapies
are not available throughout the world. We have no specific
cost data on which to base our recommendations.

Considerations for implementation. At this time, there is not
enough information to guide choices based on sex or ethnic
background, aside from what is considered in standard
treatment for patients who are HIV-positive.
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Rationale
At this time, there are no RCTs for HIV-related kidney dis-
ease.467 Supportive data suggest ART therapy is beneficial to
HIV-related kidney disease. In patients with HIV, proteinuria,
and/or decreased kidney function is associated with increased
mortality and worse outcomes.468 Data from several RCTs
suggest that ART is beneficial in both preservation and
improvement of kidney function in patients without CKD
with HIV.452,467,469,470 A decrease in HIV viral load during
ART is associated with kidney function improvement, and an
increase in viral load is associated with worsening kidney
function.453,471,472

Treatment of HIV-related GN is mostly extrapolated from
HIVAN. Observational studies, data from uncontrolled or
retrospective studies,465–467,473–475 and data from an RCT476

suggest that HAART (defined as combination ART therapy
with $3 drugs) is beneficial in both preservation and
improvement of kidney function in patients with HIVAN.
Since the introduction of HAART in the 1990s, there has also
been a substantial reduction in the incidence of HIVAN.477 In
multivariate analysis, HIVAN risk was reduced by 60% by use
of HAART, and no patient developed HIVAN when HAART
had been initiated prior to the development of acquired im-
mune deficiency syndrome (AIDS).477 The use of HAART has
also been associated with improved kidney survival in patients
with HIVAN.478

Antiviral therapy has been associated with GFR improve-
ments in patients with HIV with both low CD4 lymphocyte
counts and impaired baseline kidney function, supporting an
independent contribution of HIV-1 replication to CKD in
advanced HIV disease.479 Early observational studies also
suggested a benefit for ACEi.480 Several retrospective obser-
vational or uncontrolled studies conducted before or during
the initial phases of ART reported variable success with the
use of glucocorticoids in patients with HIV-associated kidney
diseases.478,481,482 There is only one study using cyclosporine
in 15 children with HIV and NS.483 These early observational
studies suggested a benefit for ACEi and glucocorticoids in
HIV-mediated kidney disease, but the studies were done prior
to introduction of ART; and in the era of modern HAART
therapy, it is not known whether this benefit remains in the
context of current management.480 There is no RCT that
evaluates the value of ART therapy in patients with
HIVAN.467 There is very low–quality evidence to suggest that
ART may be of benefit in patients with HIV-associated im-
mune complex kidney diseases and thrombotic micro-
angiopathies,484–487 but other data suggest that antiviral
therapy is not specifically beneficial in HIVICK.448

With ART, outcomes of patients receiving kidney
replacement therapy are the same as those in HIV-negative
counterparts.486 Patients with HIV can now undergo trans-
plantation as a therapeutic option.

Practice Point 7.2.3.3.1: A decision for the use of gluco-
corticoids as an adjunct therapy for HIVAN must be made
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on a case-by-case basis, as the risks and benefits long-term
are uncertain.

The potential for harm cannot be ignored. A study inHIVAN
compared traditional ART versus ART plus a glucocorticoid
regimen (1 mg/kg up to 60 mg) and ACEi or ARB therapy. This
study demonstrated a significant increase in GFR, increased
adverse events (infections and all-cause mortality), and reduced
interstitial inflammation.488 This finding is consistent with other
studies that have demonstrated that glucocorticoids have
improved function in HIVAN.475,480,489 The risk of glucocorti-
coids versus the benefit must be individually balanced.

Research recommendations
� RCTs are needed to:

B evaluate the efficacy of ART in HIV-associated glomer-
ular disease, both podocytopathies, and immune-
complex diseases

B evaluate the role of other therapies (e.g., RASi, gluco-
corticoids, etc.) in combination with ART in the treat-
ment of HIV-associated kidney diseases

B help determine optimal kidney replacement therapy and
transplant regimens for HIV-associated kidney diseases

B identify the role for assessment of APOL1 and other
genetic risk variants and their clinical application to
optimize HIV-related kidney disease treatment.

7.3 Nephropathies due to infections with
schistosomiasis, filariasis, and malaria
Chronic parasitic infection is increasingly recognized as a
cause of CKD and kidney failure, especially in tropical and
subtropical areas of the world, and in areas of socioeconomic
depression and inadequate sanitation. This section covers
Figure 62 | Six patterns of schistosomal glomerular pathology. AFRA
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diagnosis, prognosis, and treatment of several parasite in-
fections that may cause glomerulopathy, specifically, schisto-
somiasis, filariasis, and malaria.

7.3.1 Schistosomal nephropathy
Schistosomiasis (syn. Bilharziasis), a chronic infection by
trematodes (blood flukes), is encountered in Asia, Africa, and
South America. Schistosomiasis results from an immune
response by the host against the schistosome eggs. Schisto-
somal glomerular disease is postulated to derive from this
immune response.

Clinical glomerular disease has been described most
frequently in association with hepatosplenic schistosomiasis
produced by Schistosoma mansoni.490 Five patterns of schis-
tosomal glomerular pathology have been described by the
African Association of Nephrology (AFRAN; Figure 62). A
6th pattern has been proposed to describe the pathology
associated with schistosomal GN and HCV coinfection
(Figure 62). It should be recognized that in highly endemic
areas, the association of GN with schistosomiasis may be
coincidental rather than causal.

Many patients may have asymptomatic and self-limited
glomerular disease. GN is most commonly seen in young
male adults. Histologic studies have documented glomerular
lesions in 10%–12% of cases.491 Hepatic fibrosis from
S. mansoni is more commonly associated with symptomatic
presentation of a schistosomal GN and is an independent
risk factor for the development of chronic, progressive
glomerulopathy in 10%–15% of patients. The severity of
glomerular lesions and proteinuria correlates with liver
macrophage dysfunction and decreased immune complex
clearance.492
N, African Association of Nephrology.

Kidney International (2021) 100, S1–S276
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7.3.1.1 Diagnosis

Practice Point 7.3.1.1.1: Test for appropriate endemic
coinfections (Salmonella, HBV, HCV, HIV), as targeted
treatment may alter the aggressiveness of an underlying GN
or the sequela of schistosomiasis.

Coinfections can impact the severity of glomerular disease
as well as associated complications. Schistosomiasis with Sal-
monella coinfection is associated with a rapid-onset GN and
NS.493 Treatment of coexistent salmonella infection favorably
influences the course of GN.493–496 Schistosomiasis with HBV
orHCV coinfection is associated with amore rapid progression
to cirrhosis or liver carcinoma. Schistosomiasis with HIV co-
infection is associated with higher HIV viral activity.

Practice Point 7.3.1.1.2: Obtain a kidney biopsy in patients
suspected of having schistosomal GN in the presence of a
viral coinfection (HCV, HBV, HIV).

Kidney biopsy is generally recommended in any patient
with overt or progressive kidney disease (proteinuria >1 g/d,
hypocomplementemia, hematuria, reduced GFR). A kidney
biopsy can reasonably be deferred if the proteinuria is mild
(<1 g/d), and the patient lacks hematuria or reduction in
GFR, as the directed antiparasitic therapy will also cure mild
schistosomal GN. A definitive diagnosis of schistosomal GN
requires identification of the parasitic antigens in the
glomeruli (specialized laboratories only).

It is important to differentiate MPGN due to schistoso-
miasis from MPGN caused by HBVor HCV. HIV can also be
a common cause of FSGS.

7.3.1.2 Treatment

Practice Point 7.3.1.2.1: Treat patients with schistosomal
infection and GN with an appropriate antiparasitic agent in
sufficient dosage and duration to eradicate the organism.
There are no indications for use of immunosuppressive
agents in schistosomal nephropathy.

Specific antiparasitic treatment can alter the development
or progression of kidney disease when started in the initial
phase of infection. Class I and Class II schistosomal GN are
likely to spontaneously resolve and/or respond to antiparasitic
therapy. The proliferative forms of schistosomal GN (Class
III, IV, V, VI) are more likely to progress to kidney failure
despite antiparasitic therapy.

Two antiparasitic drugs are available to treat schistosomi-
asis, and treatment is recommended for all patients that are
infected. No dose adjustment is necessary for kidney or he-
patic impairment (Figure 63). The drugs should be given with
Figure 63 | Dosing of antischistosomal agents.
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food, separated by at least 4–6 hours. The tablet should not be
chewed. Praziquantel dosing is effective in curing 60%–90%
of patients with schistosomiasis. Oxamniquine is used for
praziquantel-resistant patients or those with refractory
schistosomal disease.497 Successful treatment can prevent
development of glomerular disease. However, established
schistosomal GN does not respond to either antiparasitic
agent.490 Praziquantel is pregnancy category B, and is excreted
in human breast milk, so it should not be used in lactating
women. Oxamniquine is contraindicated in pregnancy.

There is no established role for glucocorticoids or
immunosuppressant therapy in schistosomal GN. However,
immunosuppression may rarely be necessary in severe Class
VI schistosomiasis GN, coinfection with HCV, and severe
mixed cryoglobulinemia syndrome.405

7.3.1.3 Special situations

Practice Point 7.3.1.3.1: Monitor patients with hepatic
fibrosis from schistosomiasis for the development of kid-
ney disease.

Patients with chronic hepatosplenic schistosomiasis and
hepatic fibrosis are at higher risk of developing chronic
schistosomal GN and should be monitored for hematuria/
proteinuria and SCr changes.498 In the opinion of the Work
Group, annual testing may be reasonable.

Practice Point 7.3.1.3.2: Evaluate patients with a history of
schistosomiasis and an elevated SCr and/or hematuria for
bladder cancer and/or urinary obstruction.

Infection with S. haematobium can lead to genitourinary
symptoms due to chronic granulomatous inflammation,
leading to ulceration, strictures, and obstructive uropathy.
Imaging may be needed to determine if hematuria or kidney
disease stems from a chronic obstruction, given that chronic
schistosomal disease can also cause acute/chronic GN. Pa-
tients are also at an increased risk for bladder cancer. Monitor
periodically with urine cytology or cystoscopy (gold stan-
dard), especially in the setting of hematuria.498

Research recommendation
� Studies are required to evaluate the right sequencing/timing
of treatment of antibiotics for salmonella and antiparasitic
therapy for schistosomiasis.

7.3.2 Filariasis and glomerular disease
Filarial worms are nematodes that are transmitted to humans
through a mosquito vector and dwell in the subcutaneous
tissues and lymphatics. Glomerular disease has been reported
in association with Loa loa, Onchocerca volvulus, Wuchereria
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bancrofti, and Brugia malayi infections in Africa and some
Asian countries. There are limited observational studies and
no RCTs in filarial nephropathy.

The incidence, prevalence, and natural history of glomer-
ular involvement in various forms of filariasis are poorly
documented. This condition is usually found in areas with
poor vector control and inadequate healthcare facilities.
Glomerular involvement is infrequent. Light microscopy re-
veals diffuse proliferative MPGN, MCD, or chronic-sclerosing
GN, or the collapsing variant of FSGS.499 Microfilariae may
be found in the arterioles, glomerular and peritubular capil-
lary lumina, tubules, and interstitium.499

Immunofluorescence and electron microscopy show im-
mune deposits along with worm antigens and structural
components.500,501 Urinary abnormalities have been reported
in 11%–25% and NS is seen in 3%–5% of patients with loiasis
and onchocerciasis, especially those with polyarthritis and
chorioretinitis.501,502 Proteinuria and/or hematuria was
detected in over 50% of cases with lymphatic filariasis, and
25% showed glomerular proteinuria.503,504

7.3.2.1 Treatment
Practice Point 7.3.2.1.1: Treat patients with filarial infection
and GN with an appropriate antiparasitic agent in suffi-
cient dosage and duration to eradicate the organism.

A reduction in proteinuria can be observed following
antifilarial therapy in patients with non-nephrotic proteinuria
and/or hematuria. An increase in proteinuria or decline in
kidney function can follow initiation of diethylcarbamazine
or ivermectin,504,505 probably due to an exacerbation of the
Figure 64 | Global distribution of malaria transmission. Reproduced
http://www.cdc.gov/malaria/about/distribution.html. Accessed January 2
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immune process secondary to antigen release into circulation
after death of the parasite.506 Therapeutic apheresis has been
utilized to reduce the microfilarial load and prevent antigen
release before starting antifilarial treatment.507 The renal
response to antifilarial therapy is inconsistent in those with
NS. Deterioration of GFR may continue despite clearance of
microfilariae with treatment.

Potential kidney toxicity of treatment regimens requires
careful monitoring of kidney function. Please refer to the
WHO treatment guidelines for filariasis.508

Diethylcarbamazine is contraindicated in pregnancy (animal
studies have shown an adverse effect on the fetus, but no well-
controlled studies have been done in humans). However, po-
tential benefits may warrant use of the drug in pregnant women,
despite potential risks. Diethylcarbamazine is considered safe
during lactation. Ivermectin is in pregnancy category C. Iver-
mectin is also excreted in breast milk, and its use is not recom-
mended during lactation unless the risk of delayed maternal
treatment outweighs potential risk to the nursing infant.

Research recommendations
� Epidemiologic studies of kidney involvement in regions
endemic for filaria

� Studies on the effect of population-based treatment with
filaricidal agents on the course of filarial kidney disease

7.3.3 Malarial nephropathy
Malaria caused by Plasmodium parasites transmitted through
the female Anopheles mosquito is the most prevalent endemic
disease in the world (Figure 64).
from Centers for Disease Control and Prevention-CDC. Available at:
7, 2021.
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Figure 65 | Pathophysiology of kidney involvement in malaria.510 DIC, disseminated intravascular coagulation.

Figure 66 | Histopathologic staging of quartan malarial nephropathy.

Figure 67 | Antimalarial drugs and pregnancy.521
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Malarial infection can cause a diversity of kidney injuries,
both acute and chronic. Malarial infection–related GN is
believed to be primarily a condition mediated by immune-
complex formation.

Malaria-associated AKI can be classified as AKI from acute
tubular necrosis (ATN), acute malarial-associated GN (revers-
ible), or chronic and progressive GN (irreversible).509 Immune-
system activation between the malaria antigen and host red
blood cells can lead to immune complex complement-mediated
GN, acute interstitial nephritis, or acute GN (Figure 65).510

The exact incidence of GN in malaria is unknown, but it is
estimated to be around 18%.511 Acute malaria-associated GN
can occur with Plasmodium falciparum or Plasmodium vivax
infections, but is more common with P. falciparum. These
patients will present with NS (transient mild proteinuria,
microscopic hematuria, and occasionally low complement
levels), and histopathology revealing MPGN or mesangio-
proliferative GN.509

Chronic infection with P. malariae (and to a lesser extent
P. vivax, P. ovale) has been associated with irreversible and
progressive GN. In the past, this has been known as tropical
nephritis or “quartan malarial nephropathy” (QMN;
Figure 66).512,513 Nephrotic syndrome, sometimes with
impaired kidney function, is a common clinical manifestation.
QMN is principally encountered in young children.510 Nowa-
days, the lesion is much less common, and most children in the
tropics with NS have MCD, FSGS, HBVor HIV infection, sickle
cell disease, or SLE, rather than QMN.511,514,515

7.3.3.1 Treatment
Practice Point 7.3.3.1.1: Treat patients withmalarial infection
and GN with an appropriate antiparasitic agent in sufficient
dosage and duration to eradicate the organism from blood
and hepatosplenic sites. There are no indications for use of
immunosuppressive agents in malarial nephropathy.

The outcome of GN due to malarial infection is difficult to
predict, as eradication of the parasitic infection is not always
followed by recovery. GN and CKD can develop despite
malarial eradication, detectable 3–5 years after primary
infection.516 Complete kidney recovery can be seen in
approximately 64%–79% of cases of AKI or acute GN asso-
ciated with P. falciparum and P. vivax.516–519

There does not appear to be any role for glucocorticoids or
immunosuppressant therapy in malarial nephropathy,512,513

although controlled trials are lacking. Treatment should
focus on malarial eradication.
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P. falciparum infection: Artemisinin-based combination
therapy (ACT) is recommended over monotherapy due to the
development of artemisinin resistance. The patient should
also receive a single low dose of primaquine to reduce malaria
disease transmission. No testing for glucose-6-phosphate
dehydrogenase (G6PD) deficiency is required due to low
risk of serious toxicity.

P. malariae infection: ACT, or chloroquine in areas without
chloroquine-resistance.

P. ovale, P. vivax infections: ACT, or chloroquine in areas
without chloroquine-resistance. Primaquine should be added to
prevent relapses, adjusted to a patient’s G6PD enzyme activity.

Severe malaria requires treatment with i.v. or intramus-
cular artesunate for at least 24 hours, followed by a complete
3-day course of ACT once the patient is able to tolerate oral
medications.

The WHO also provides detailed recommendations for
treatment of malaria.520

7.3.3.2 Special situations
In cases of severe malaria in children aged <6 years, when
injectable medication cannot be given, the child should
receive rectal artesunate and then be referred to a healthcare
facility where the full level of care can be provided.

Halofantrine is both embryotoxic and cardiotoxic. Tetra-
cycline/minocycline is associated with impairment of bone
growth and teeth discoloration in the fetus and during in-
fancy. Both are contraindicated during pregnancy and/or
breastfeeding. Primaquine and tafenoquine can cause hemo-
lysis in individuals with G6PD deficiency and are contra-
indicated in G6PD-deficient individuals, pregnant women
(since the G6PD status of the fetus cannot be determined),
infants <6 months of age (since G6PD testing can be
confounded by fetal hemoglobin in early life), and for women
breastfeeding infants <6 months old (Figure 67521).
Research recommendations
� Studies on the incidence and prevalence of malarial ne-
phropathy and its response to antimalarial therapy, espe-
cially in endemic areas of West Africa

� RCTs to investigate the role of glucocorticoids and immu-
nosuppressive agents when malarial nephropathy pro-
gresses, despite eradication of the malarial parasite

� Studies to assess the safety and efficacy of antimalarial
treatments in pregnancy, as pregnant women are often
excluded from clinical trials521
Kidney International (2021) 100, S1–S276
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Chapter 8: Immunoglobulin- and
complement-mediated glomerular diseases with a
membranoproliferative glomerulonephritis (MPGN)
pattern of injury
This chapter replaces the 2012 guideline chapter for idio-
pathic MPGN. Given the advances in our understanding of
underlying etiology and the recognition that MPGN is not a
disease but a pattern of glomerular injury, this updated
chapter discusses the evaluation and management of the
glomerular disease that often have a membranoproliferative
pattern of injury, including C3G.522

The treatment of MPGN depends upon identification of
an underlying cause. In most cases, the MPGN lesion derives
from deposition of immunoglobulins and complement as
either immune complexes (secondary to an underlying
infection/autoimmune process), or monoclonal immuno-
globulins, or is due to dysregulation of the alternative com-
plement pathway.

In a few cases of immune complex–mediated MPGN, an
identifiable underlying cause cannot be found despite extensive
evaluation. This may be seen in children and young adults, but
is rarely seen in adults. These patients are considered to have an
“idiopathic” immune complex–mediated MPGN or immune
complex–mediated MPGN of unknown etiology.

Because previous controlled trials included patients based
on the old and now discarded electron-microscopic classifi-
cation of MPGN, and not on the current classification that
uses immunofluorescence microscopy in combination with
presumptive disease pathobiology, there is insufficient high-
quality evidence to form recommendations for the manage-
ment of the various diseases that have MPGN histology.
Therefore, practice points will be given to assist in clinical
decision-making for these patients.

Nomenclature
The membranoproliferative pattern of GN is a light-
microscopic pattern of kidney injury, characterized princi-
pally by an increased number of intraglomerular cells and
diffuse thickening of the glomerular capillary walls. The
clinical presentation is not specific, and patients commonly
present with proteinuria (frequently associated with the NS),
hypertension, glomerular hematuria, and abnormal kidney
function. Hypocomplementemia (C3 and/or C4) is often, but
not always, present. An MPGN pattern of injury may be
found in many unrelated disorders (Figure 68). Identification
of the pathogenic mechanisms specific for a disease is critical
for appropriate management.
Kidney International (2021) 100, S1–S276
Membranoproliferative lesions were historically classified
based on the location of deposits on electron microscopy
examination as:
� Type I MPGN (MPGN I)—characterized by subendothelial
and mesangial electron-dense deposits consisting of both
immunoglobulin and C3

� Type II MPGN (MPGN II—Dense deposit disease [DDD])—
characterized by electron-dense intramembranous deposits,
predominantly consisting of complement

� Type III MPGN (characterized by both subepithelial and
subendothelial deposits)
This historical classification was not based on disease

pathogenesis, and as a result, different pathogenic processes
fell under the collective designation of MPGN.

Advances in our understanding of underlying disease
mechanisms leading to the development of a mem-
branoproliferative pattern of kidney injury have resulted in a
new pathobiology-based classification. The new classification
relies on immunofluorescence examination; deposits are
defined as primarily immunoglobulin (monoclonal), poly-
clonal immunoglobulin and complement, or predominantly
complement (Figure 69).523,524

On the basis of the immunofluorescence findings, MPGN
can be broadly divided into an immunofluorescence-negative
subgroup, a complement-dominant subgroup, and an
immunoglobulin subgroup, with or without complement.
When MPGN is immunoglobulin-positive, regardless of the
presence of complement, evaluation for infection, autoim-
mune disease, and monoclonal gammopathy should be done.
Complement-dominant MPGN is further divided into C3/C4
glomerulopathy. A complement-dominant pattern requires
evaluation of the alternative pathway of complement.
Absence/trace Ig or C3 suggests a TMA.

It should be understood that the presence of anMPGN lesion
implies that the pathogenic process has been present for some
time and that other patterns of injury, including endocapillary
proliferative GN, mesangioproliferative GN, and crescentic GN,
may occur as a result of the same process. Thus, the type of lesion
initially seen on light microscopy will depend, in part, on the
timing of the kidney biopsy in relation to disease chronicity.525

Immune complex–mediated GN (ICGN) with an MPGN pattern
ICGN is characterized by the deposition of immune com-
plexes containing both polyclonal immunoglobulins and
S187
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Figure 68 | Causes of a membranoproliferative pattern of injury. CFB, complement factor B; CFH, complement factor H; CFHR5, complement
factor H–related protein 5; CFI, complement factor I; DDD, dense deposit disease; HCV, hepatitis C virus; HUS, hemolytic–uremic syndrome; Ig,
immunoglobulin; MPGN, membranoproliferative glomerulonephritis; POEMS, polyneuropathy, organomegaly, endocrinopathy, monoclonal
protein, skin changes; SLE, systemic lupus erythematosus; TTP, thrombotic thrombocytopenic purpura.
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complement (excludes IgAN). This lesion classically results
from chronic antigenemia with or without circulating im-
mune complexes. ICGN may manifest with the MPGN
pattern of injury or other proliferative glomerular lesions.

ICGN is usually due to:
� Infections: Hepatitis C and B viral infections are among the
most common underlying causes of ICGN, but bacterial
and protozoal infections can also cause ICGN.

� Autoimmunity: ICGN can be associated with certain
autoimmune disorders, such as SLE, Sjögren’s syndrome,
and rheumatoid arthritis.

GN with monoclonal immunoglobulin deposits
Proliferative patterns of kidney injury secondary to deposition
of monoclonal immunoglobulins are observed in patients
with monoclonal gammopathies. These disorders are
S188
infrequently found in patients with overt hematologic disease,
such as multiple myeloma, Waldenström macroglobulinemia,
or B cell lymphoma. They most commonly occur in the
setting of an indolent clonal, plasma cell, or lymphocytic
disorder, and may be classified as a monoclonal gammopathy
of renal significance (MGRS).526 Kidney injury results from
direct glomerular deposition of the monoclonal immuno-
globulin. Examples include immunotactoid glomerulopathy,
type I and type II cryoglobulinemic GN, and proliferative GN
with monoclonal Ig deposits (PGNMID). Of note, in
approximately 70% of the cases of PGNMID, a clone cannot
be detected.527 Each type can be differentiated by the distri-
bution and ultrastructural appearance of deposits (i.e.,
amorphous or organized), by electron microscopy.528 A
complete discussion of these entities is beyond the scope of
this guideline.
Kidney International (2021) 100, S1–S276



Figure 69 | Pathophysiology of membranoproliferative lesions. DDD, dense deposit disease; GN, glomerulonephritis; HUS, hemolytic–
uremic syndrome; IC, immune complex; Ig, immunoglobulin(s); MPGN, membranoproliferative glomerulonephritis; TMA, thrombotic
microangiopathy.
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Glomerulonephritis with C3- and C4-dominant deposits
C3G is a rare entity that is defined by C3-dominant glomeru-
lonephritis (a proliferative histologic lesion with C3 deposition
at least 2 orders of magnitude greater than any other immune
reactant) on immunofluorescence.529 This category includes
both DDD and the newer designation of C3 glomerulone-
phritis (C3GN).530 Although DDD is defined by highly
electron-dense osmophilic, predominantly intramembranous
deposits, C3GN is characterized bymesangial and capillarywall
deposits of lesser intensity. Other C3-dominant glomerular
lesions (e.g., infection-related GN) must be excluded. Masked
monoclonal immunoglobulin deposits should be considered in
patients with a pattern of C3GN when immunofluorescence
shows a small amount of immunoglobulin deposition admixed
with C3 deposits. Immunofluorescence studies on paraffin-
embedded tissue after pronase digestion may unmask
glomerular deposits of monoclonal Ig.531 An MPGN pattern is
inconstantly observed in C3G, and hypocomplementemia is
present in only about 50% of cases.532,533 The underlying dis-
ease mechanism of C3G is presumed to result from dysregu-
lation of the alternative complement pathway.534 A similar
entity of complement-mediated GN that is characterized by
bright C4d staining but with no or minimal C3 or immuno-
globulin deposits on immunofluorescence (C4 glomerulopathy
[C4G]) has recently been described.535 Further studies are
required to determine its underlying cause.

8.1 Diagnosis
Practice Point 8.1.1: Evaluate patients with immune
complex-mediated GN (ICGN) for underlying disease
(Figure 68).
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First, consider infection such as HBV and HCV infection,
chronic bacterial infection (e.g., endocarditis, shunt nephritis,
abscesses), fungal, and particularly in the developing world,
parasitic infections (e.g., schistosomiasis, echinococcosis,
malaria). Streptococcal serology should be performed in pa-
tients with recent history of infection. Second, consider
autoimmune disorders such as SLE (particularly in the
chronic phase of LN) and, less often, Sjögren’s syndrome or
rheumatoid arthritis. Besides autoimmunity, an underlying
immune abnormality may be a trigger for ICGN. ICGN may
be associated with malignancy; therefore, age-appropriate
cancer screening may be warranted.

Practice Point 8.1.2: Evaluate patients with GN and
monoclonal immunoglobulin deposits for a hematologic
malignancy.

Patients with PGNMID, as determined by immunofluo-
rescence, should undergo a complete evaluation for a hema-
tologic malignancy or an indolent plasma cell or lymphocytic
disorder, regardless of age, that includes: (i) serum and urine
protein electrophoresis; (ii) serum and urine immunofix-
ation; (iii) measurement of serum-free light chain levels; and
(iv) hematology consultation to further evaluate for the
presence of an underlying B cell/plasma cell clone producing
the monoclonal immunoglobulin.526 Working with a hema-
tologist is important not only to further evaluate these pa-
tients (i.e., with a bone marrow biopsy, if indicated) but also
because a number of the drugs used to treat these patients are
not commonly used by practicing nephrologists.

Practice Point 8.1.3: If no underlying etiology is found for
ICGN after extensive workup, evaluate for both
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Figure 70 | Evaluation of abnormalities of the alternative pathway of complement. Adapted from Kidney International, volume 89, issue 2,
Angioi A, Fervenza FC, Sethi S, et al. Diagnosis of complement alternative pathway disorders, pages 278–288, Copyright ª 2016, with
permission from the International Society of Nephrology.539 ‡The presence of a circulating monoclonal gammopathy is less common below the
age of 50 years. Ability to detect a monoclonal protein will depend on the sensitivity of the assay used. †Some complement assays may require
referral to specialist/research laboratories, and interpretation of complement assays may require expert consultation. AP50, complement
alternate pathway activation 50%; Bb, activated factor B; C3d, complement component 3d; C4d, complement component 4d; CFB, complement
factor B; CFH, complement factor H; CFHR1-5, complement factor H–related protein 1-5; CFI, complement factor I; CH50, complement hemolytic
activity 50%; FB, factor B; FH, factor H; FI, factor I; Ig, immunoglobulin; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M;
MLPA, multiplex ligation-dependent probe amplification; sMAC, soluble membrane attack complex.

chap te r 8 www.kidney-international.org
complement dysregulation and drivers of complement
dysregulation (Figure 70).

Data support a role for complement dysregulation in
ICGN.536,537 In addition, cohort data demonstrate that classic
C3G may masquerade as ICGN (i.e., significant immuno-
globulin may be present) when an infectious trigger is present
at the time of kidney biopsy.538 Substantiating a role for excess
complement activity may inform a treatment approach, over
and above supportive measures, and/or standard immuno-
suppression for active GN. A complete complement workup
includes an assessment of overall complement activity, mea-
surement of serum levels of complement proteins, and in
select cases, screening for autoantibodies against complement
regulatory proteins and genetic studies (Figure 70539).

Practice Point 8.1.4: Rule out infection-related GN or post-
infectious GN prior to assigning the diagnosis of C3 glo-
merulopathy (C3G).

Both infection-related GN (i.e., in the presence of active
infection) and postinfectious GN (i.e., in patients with a pre-
ceding infection that has resolved) are presumed to be
nonrecurrent, acute disease processes requiring only a limited
workup. Treatment is best focused on resolving the infection
while supporting kidney function. Immunosuppression is
unlikely to be required except in extreme cases (i.e., rapidly
progressive loss of kidney function and/or crescentic
glomerular disease) and only after concurrent infection is
controlled.

Practice Point 8.1.5: Evaluate for the presence of a mono-
clonal protein in patients who present for the first time
with a C3G diagnosis at ‡50 years of age (Figure 69).
S190
C3G in its classic form is a disease of children and young
adults538,540 related to autoantibody (nephritic factor)-
mediated dysregulation of the enzyme complexes of the
alternative pathway of complement, or to other key comple-
ment pathway proteins, and to a lesser extent to mutations in
genes encoding Factor H, Factor I, Complement Factor H–

related (CFHR) proteins, or C3.534 Recently, the association
between the production of a monoclonal protein in older
adults and the development of C3G has been described.533,541

In patients over the age of 50 years with C3G, the prevalence
of monoclonal gammopathy ranges from 31% to 83% versus
approximately 3% in age-matched controls.533 However, C3G
with an associated circulating monoclonal protein has
sometimes been reported in patients aged 20–47 years,
demonstrating that the disease affects a large age span.538 The
association rests on the epidemiologic findings, as direct ev-
idence demonstrating monoclonal gammopathy as the cause
of C3G is lacking in most patients. However, it appears that a
number of monoclonal proteins have complement dysregu-
lating features, primarily through direct activation of the
complement alternative pathway.541 The impetus for evalu-
ating a given patient for a clonal B cell disorder stems from
the limited data suggesting that a therapeutic strategy that
addresses the clone may provide a treatment benefit for a
paraprotein-associated C3G.542 The comprehensive evalua-
tion of a patient suspected of having a monoclonal protein is
beyond the scope of this presentation.

8.2 Treatment

8.2.1 ICGN
Prior guidelines supported the use of oral cyclophosphamide
or MMF plus low-dose, alternate-day, or daily glucocorticoids
Kidney International (2021) 100, S1–S276
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as a therapeutic approach to ICGN, particularly in those with
idiopathic disease and NS and/or rapidly progressive diseases.
The same advances in our understanding of underlying disease
mechanisms that have driven a nomenclature change have also
highlighted the confounding heterogeneity of prior disease
cohorts. Additionally, idiopathic ICGN is an exceptional con-
dition in adults. Data no longer support the global application
of broad-spectrum immunosuppression as in prior recom-
mendations, but rather a more individualized approach. The
optimal management of many of the disorders that have an
MPGN injury pattern remains to be defined. Unless otherwise
indicated, the practice points offered below are based upon
very low–quality evidence, clinical experience, and expert
opinion. Treatment is often influenced and determined by the
severity of proteinuria and kidney dysfunction.

Practice Point 8.2.1.1: When the cause of ICGN is deter-
mined, the initial approach to treatment should focus on
the underlying pathologic process.

After identification of the underlying trigger for ICGN, the
most effective therapy is to treat the primary disease process
(Figure 68). In addition, all patients with ICGN are likely to
benefit from the usual, routine care considered for patients
with other active glomerular disease (Chapter 1).

Practice Point 8.2.1.2: Indolent ICGN, whether idiopathic
or linked to a primary disease process, is best managed
with supportive care and carefully considered use of
immunosuppression.

Patients with indolent disease may present late when active
inflammation has subsided. Such patients may have a bland
urine sediment with a variable degree of proteinuria and
elevation in SCr. Such patients should be treated with RASi
alone, unless the kidney biopsy shows signs of active inflam-
mation. Patients who present with advanced kidney disease and
severe tubulointerstitial fibrosis on kidney biopsy are less likely
to benefit from immunosuppressive therapy even if there is still
some active inflammation in the kidneys, so assessment of the
extent of chronicity on the kidney biopsy may help in deciding
whether or not to treat with immunosuppression.

Practice Point 8.2.1.3: For patients with idiopathic ICGN
and proteinuria <3.5 g/d, the absence of the nephrotic
syndrome, and a normal eGFR, we suggest supportive
therapy with RAS inhibition alone.

No evidence exists to support a benefit from immuno-
suppressive therapy in adults. Given that disease progression
can occur, regular monitoring of SCr, proteinuria, and the
urinalysis is recommended.

Similarly, there are no data available to inform the threshold
for starting immunosuppression for the treatment of ICGN (as
defined by the new nomenclature) in children who are not
experiencing the NS. The authors recognize that in practice,
immunosuppression may be initiated at lower levels of urine
protein than may be considered in adults, and MMF is more
likely to be utilized as a glucocorticoid-sparing option.
Kidney International (2021) 100, S1–S276
Practice Point 8.2.1.4: For patients with idiopathic ICGN, a
nephrotic syndrome, and normal or near-normal SCr, try a
limited treatment course of glucocorticoids.

Prednisone (or its equivalent) can be initiated at 1 mg/kg/
d (maximum dose of 60–80 mg/d) for 12–16 weeks. If the
patient responds, prednisone may be gradually tapered to
alternate-day therapy over 6–8 months. If there is <30%
reduction in proteinuria after 12–16 weeks, we recommend
tapering and discontinuation of prednisone.

Patients with a contraindication to glucocorticoids or
unwilling to take glucocorticoids can be treated with a CNI.
We do not encourage the extended use of glucocorticoids,
where a glucocorticoid-sparing option may be available,
particularly in children.

Practice Point 8.2.1.5: For patients with idiopathic ICGN,
abnormal kidney function (but without crescentic in-
volvements), active urine sediment, with or without
nephrotic-range proteinuria, add glucocorticoids and
immunosuppressive therapy to supportive care.

Prednisone (or its equivalent) can be initiated at 1 mg/kg/
d (maximum dose 60–80 mg/d) for 12–16 weeks. Patients
who respond with stabilization or improvement in kidney
function or $30% reduction in proteinuria are considered to
have a satisfactory response to initial therapy. In such pa-
tients, gradually taper and discontinue prednisone.

Patients that experience worsening kidney function
and/or <30% reduction in proteinuria after 12–16 weeks
are considered to have had an unsatisfactory response. In such
patients, reduce the dose of prednisone to 20 mg/d and add
MMF. If, after 6–12 months of combined therapy, there is no
improvement in kidney function, hematuria, or proteinuria,
discontinue therapy, and consider a repeat kidney biopsy. If
the kidney biopsy continues to show active GN, consider
using cyclophosphamide or rituximab.

Initiate daily oral cyclophosphamide (2 mg/kg/d;
maximum 200 mg/d in adults) with prednisone (10 mg/d) for
3–6 months. The cyclophosphamide dose should be reduced
by 25% in older adults (age >60 years) and adjusted appro-
priately for abnormal kidney function.

Alternatively, in adults, initiate rituximab at 1 g followed
14 days later by a second dose of 1 g and repeat this 2 g
regimen at 6 months.

In patients with persistent disease activity despite at least 6
months of MMF plus low-dose prednisone or after 3–6
months of daily oral cyclophosphamide plus prednisone or
rituximab, discontinue glucocorticoids and immunosuppres-
sion and continue supportive therapy.

Practice Point 8.2.1.6: For patients presenting with a
rapidly progressive crescentic idiopathic ICGN, treat with
high-dose glucocorticoids and cyclophosphamide.

Initiate treatment with i.v. methylprednisolone (1–3 g)
followed by oral glucocorticoids and oral cyclophosphamide
using a regimen similar to that used for patients with ANCA-
associated vasculitis (AAV; Chapter 9).
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Practice Point 8.2.1.7: For most patients with idiopathic
ICGN presenting with an eGFR <30 ml/min per 1.73 m2,
treat with supportive care alone.

Unless kidney biopsy shows an active necrotizing cres-
centic glomerulonephritis (NCGN) or other reason that could
support use of immunosuppression (i.e., minimal interstitial
fibrosis or concomitant acute tubulointerstitial nephritis),
these patients should be treated conservatively with referral
for kidney transplant evaluation in due course.

Practice Point 8.2.1.8: Patients who fail to respond to the
treatment approaches discussed in 8.2.1.4 and 8.2.1.5
should be considered for a clinical trial where available.

8.2.2 C3 glomerulopathy
An optimal treatment strategy for C3G using currently avail-
able therapeutics has not been established. Expert opinion has
encouraged the usual supportive measures (Chapter 1), as well
as the use of immunosuppression in the setting of moderate-
to-severe disease, defined as moderate-to-marked prolifera-
tion on biopsy and proteinuria (>2 g/d).543 This opinion is
based primarily on 4 retrospective cohorts and on an extrap-
olation of data from other non-related proliferative glomeru-
lonephritides. Well-controlled data are unavailable.

Practice Point 8.2.2.1: In the absence of a monoclonal
gammopathy, C3G in patients with moderate-to-severe dis-
ease should be treated initially with MMF plus glucocorti-
coids, and if this fails, eculizumab should be considered.

Consider treating patients with C3G who have proteinuria
>1 g/d and hematuria or have had declining kidney function
for at least 6 months.

The reported effectiveness of immunosuppressive treat-
ment in C3G has been variable. Medjeral-Thomas et al.
reported 32 patients with C3G who received immunosup-
pressive treatment (glucocorticoids alone or combined with
other drugs). Immunosuppression did not seem to reduce
progression to kidney failure as compared to no treatment.544

Similar results were obtained by Servais et al. in a cohort of 85
patients with C3G.537

More recent data showed encouraging results with MMF.
Rabasco et al. reported a relative treatment advantage withMMF
in a cohort of 60 patients with C3G.545 In amean follow-up of 47
months, the 22 patients who receivedMMF plus glucocorticoids
showed lower rates of ESKD (0%vs. 16.6%) anddoubling of SCr
(0% vs. 39%) as compared to patients exposed to other
immunosuppression. In addition, the rates of remission in the
MMF group were significantly higher (19 of 22 patients vs. 9 of
18 patients; P < 0.05). The response to immunosuppression
seen in this retrospective cohort provided the support for the
current expert opinion on treatment approach for C3G.543

Similarly, Avasare et al. reported the kidney outcomes for
30 patients with C3G after MMF.546 After a mean follow-up
of 3 years, two-thirds had an either stabilized or reduced
SCr level and reduced proteinuria. Ravindran et al. reported
the kidney outcomes on a subcohort of 144 patients with
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C3G.533 Of 24 patients given MMF (median follow-up 9.6
months), 3 had improved kidney outcome measures, and 4
had stable disease. Fifteen patients worsened. Finally, Bom-
back et al. reported the results of a subcohort of their 111
patients with C3G.532 Of the 42 patients exposed to MMF, 19
achieved either a complete or partial remission.

The benefits of terminal complement blockade with the anti-
C5 monoclonal antibody eculizumab remain unestablished. A
trial involved 3 patients with DDD (including 1 kidney trans-
plant recipient) and 3 patients with C3GN (including 2 kidney
transplant recipients), all of whom had proteinuria>1 g/d and/
orAKI at enrollment. Complement testing identified pathogenic
variants in Complement Factor H (CFH) and CD46 in one
patient each and C3 nephritic factors in 3 patients. After 12
months of twice-weekly eculizumab, 3 patients had a renal
response (decrease in SCr levels and/or proteinuria), and 1 pa-
tient with stable laboratory parameters had histopathologic ev-
idence of improvement. Eculizumab normalized soluble C5b-9
level in all patients with elevated levels of this biomarker of
terminal pathway activity at baseline, suggesting itmay represent
a potentially useful marker of response.

In a recent retrospective study, 26 patients with C3G were
treated with eculizumab for amedian duration of 14months. Of
these, 6 patients (23%) had a global clinical response, 6 (23%)
had a partial clinical response, and 14 (54%) had no response. As
compared to those with partial response or no response, re-
sponders had lower eGFRs,more rapidly progressive disease, and
more extracapillary proliferation on kidney biopsy samples. Age,
extent of kidney fibrosis, frequency of NS, and features of
alternative pathway activation did not differ. These results are
consistent with the fact that eculizumab mainly targets glomer-
ular inflammation and has no effect or limited effect on the
complement dysregulation that governs C3G.547

In the absence of clear evidence, the use of eculizumab can
be considered in patients with progressive disease who fail to
respond to other therapies.

Practice Point 8.2.2.2: Patients who fail to respond to the
treatment approaches discussed in 8.2.2.1 should be
considered for a clinical trial where available.
Research recommendations
� Further define the diagnostic criteria for C3G (utilizing
biomarkers and histology characteristics) to allow for the
separation of C3G from confounding conditions

� RCTs of immunosuppression in patients with fully char-
acterized idiopathic ICGN and C3G without monoclonal
gammopathy

� In-depth study of the role of complement in each of the
diseases included in this chapter

� Optimize the evaluation of suspected paraprotein-
associated C3G

� RCTs of clone-targeted chemotherapy versus immunosup-
pression for the treatment of paraprotein-associated
glomerular disease
Kidney International (2021) 100, S1–S2
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Chapter 9: Antineutrophil cytoplasmic antibody
(ANCA)-associated vasculitis
A

9.1 Diagnosis
Small-vessel vasculitis encompasses a group of diseases
characterized by necrotizing inflammation of small vessels
(i.e., arterioles, capillaries, and venules) and little or no
deposition of immune complexes in the vessel wall (pauci-
immune). Medium or large vessels may occasionally also be
involved. Pauci-immune small-vessel vasculitides include
granulomatosis with polyangiitis (GPA), microscopic poly-
angiitis, and eosinophilic granulomatosis with polyangiitis
(eGPA).548 The kidney lesion associated with these conditions
is a pauci-immune focal and segmental NCGN. Active pauci-
immune small-vessel vasculitis is typically associated with
circulating ANCA, and GPA, microscopic polyangiitis, and
eGPA were grouped under the term “ANCA-associated
vasculitis” (AAV) in the 2012 Chapel Hill definitions of pri-
mary systemic vasculitis.548 NCGN may occur with or
without extrarenal manifestations of disease.

Patients with systemic vasculitis may present with extra-
renal manifestations affecting one or several organ systems,
with or without kidney involvement. Commonly involved
systems are the upper and lower respiratory tract, skin, eyes,
and the nervous system. Pulmonary hemorrhage affects 10%
of patients with AAV and is associated with an increased risk
of death.549 The need to treat extrarenal vasculitis may in-
fluence treatment choices for kidney vasculitis.

The clinical manifestations associated with NCGN
include microscopic hematuria with dysmorphic red blood
cells and red cell casts, and proteinuria that is usually
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Figure 71 | Biopsy strategy in suspected kidney vasculitis.ANCA, antine

Kidney International (2021) 100, S1–S276
moderate (1–3 g/d). Pauci-immune NCGN is frequently
associated with a rapidly declining GFR over days or weeks.
A slowly progressive course has also been described when
active vasculitic lesions may be hard to find on histology,
and some patients with kidney vasculitis, especially if pre-
senting with extrarenal disease, are diagnosed when the GFR
is still normal.

AKI can present together with alveolar hemorrhage and is
often referred to as a “pulmonary–renal syndrome.” Although
several diseases can manifest as a pulmonary–renal syndrome,
simultaneous lung and kidney injury should raise concern for
vasculitis. In this situation, serologic testing and interpreta-
tion are of great diagnostic importance. A positive test for
anti-GBM antibodies suggests anti-GBM disease (formerly
Goodpasture’s syndrome) and a need for urgent plasma ex-
change without waiting for a positive diagnostic biopsy
(Figure 71), whereas a positive test for ANCA is compatible
with a diagnosis of AAV. Some patients are positive for both
ANCA and anti-GBM antibodies. The diagnosis of AAV relies
on the combination of clinical findings and results of imaging
studies and laboratory tests (such as C-reactive protein level,
complete blood count, kidney parameters, and urine sedi-
ment analysis). In addition, myeloperoxidase (MPO)- and
proteinase 3 (PR3)-ANCA testing and, when feasible, biopsy
of the kidney or other affected organs should be performed.

About 90% of patients with small-vessel vasculitis or
NCGN have ANCA, directed primarily to the neutrophil
granule proteins MPO or PR3.550 The 2017 revised
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utrophil cytoplasmic antibody; MPO,myeloperoxidase; PR3, proteinase 3.
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international consensus on testing of ANCA in GPA and
microscopic polyangiitis states that high-quality antigen-
specific immunoassays are the preferred screening method for
MPO- and PR3-ANCA.551

Practice Point 9.1.1: In the case of a clinical presentation
compatible with small-vessel vasculitis in combination with
positive myeloperoxidase (MPO)- or proteinase 3 (PR3)-
ANCA serology, waiting for a kidney biopsy to be per-
formed or reported should not delay starting immuno-
suppressive therapy, especially in patients who are rapidly
deteriorating (Figure 71).

In AAV, a kidney biopsy is of importance for both the
primary diagnosis and recurrent disease. This also relates to
recurrent disease after kidney transplantation (Figure 72 and
Figure 73). Biopsy remains the gold standard, and in GPA, the
diagnostic yield of a kidney biopsy can be as high as 91.5%.552

The kidney biopsy provides prognostic information through
assessment of glomerular, tubulointerstitial, and vascular
histopathology.553 Therefore, a kidney biopsy should always
be considered in patients suspected of active kidney involve-
ment, but in the context of positive MPO– or PR3–ANCA
serology and a clinical picture compatible with small-vessel
vasculitis with low suspicion for secondary vasculitis, an
immediate biopsy may not be necessary and should not delay
the initiation of treatment.

The treatment recommendations in this guideline derive
from studies of patients with AAV and/or NCGN. About 10%
of patients presenting with signs and symptoms of micro-
scopic polyangiitis, GPA, or NCGN are persistently ANCA-
negative. These patients are treated similarly to patients
Figure 72 | Definition of disease activity, remission, relapse, and tre
ANCA, antineutrophil cytoplasmic antibody; GN, glomerulonephritis.
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who are ANCA-positive, although no study has focused
specifically on the treatment of patients who are ANCA-
negative. Considering patients who are ANCA-negative, it is
important to realize that several nonvasculitic diseases may
closely mimic small-vessel vasculitis. These include systemic
rheumatic diseases, for example, SLE, infections, and malig-
nancies (Figure 74554).

Practice Point 9.1.2: Patients with ANCA-associated
vasculitis (AAV) should be treated at centers with experi-
ence in AAV management.

A center with experience in AAV management is equipped
with adequate facilities for rapid diagnosis and management.
For diagnosis, adequate serologic and histologic tests should
be available. All treatment modalities should be available,
including rituximab and plasma exchange. The center should
have experience with these treatment modalities and their
complications. Finally, a center should have access to an
intensive care unit and an acute hemodialysis facility.

9.2 Prognosis
9.2.1 Survival
Factors influencing remission, relapse, kidney and overall
survival in AAV have been described.555–557 Important factors
associated with survival are age and kidney function and/or
kidney involvement at diagnosis. Without immunosuppressive
therapy, AAV is associated with poor outcomes. Consequently,
immunosuppressive treatment is pivotal to improve survival of
individual patients with active systemic AAV, including older
adults (>75 years of age) for whom immunosuppressive
treatment has been associated with improved survival.558
atment-resistant disease in AAV. AAV, ANCA-associated vasculitis;
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Figure 73 | Diagnostic strategy in rapidly progressive glomerulonephritis. ANA, antinuclear antibody; ANCA, antineutrophil cytoplasmic
antibody; GBM, glomerular basement membrane.

Figure 74 | Frequency of organ involvement in AAV. Reproduced from The New England Journal of Medicine, Jennette JC, Falk RJ, Small-
Vessel Vasculitis, Volume 337, Pages 1512–1523, Copyright ª 1997 Massachusetts Medical Society. Reprinted with permission from
Massachusetts Medical Society.554 AAV, ANCA-associated vasculitis.
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9.2.2 Kidney prognosis and treatment response
Kidney histology is predictive of long-term risk of kidney
failure; prognostic histologic scores have been developed (e.g.,
by Berden et al.553 and Brix et al.559; Figure 75553).

In validation studies of the histopathologic classification by
Berden, >50% normal glomeruli in the focal class were
associated with a favorable outcome, whereas >50% sclerotic
glomeruli were associated with a poor outcome.560 Also, in
the kidney risk score developed by Brix et al., a higher per-
centage of normal glomeruli (>25%) was associated with
favorable kidney outcomes.559 However, regarding the
Kidney International (2021) 100, S1–S276
crescentic class (>50% cellular crescents) and mixed class,
discrepancies in outcome have been reported.

Importantly, kidney recovery can be seen in the face of
advanced kidney damage, and induction treatment should not
be withheld on the basis of unfavorable histologic findings.

Assessing response of kidney vasculitis can be difficult in the
presence of persistent hematuria and proteinuria, which are
seen in 50% of patients. A stable or falling creatinine level is a
guide; control of extrarenal disease and normalization of in-
flammatory markers (e.g., C-reactive protein) are also helpful
but do not exclude ongoing kidney activity. Also, other causes
S195



Figure 75 | Histopathologic classification of ANCA-associated
glomerulonephritis. Biopsies should be scored for glomerular
lesions in the following order: globally sclerotic glomeruli, normal
glomeruli, and glomeruli with cellular crescents. Biopsies that do not
fit into a category based upon a predominant glomerular phenotype
will be included in the mixed category.553
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of AKI, not related to AAV, should be considered; therefore, a
kidney biopsy should be considered at presentation and during
follow-up in case of poor treatment response (Figure 71).

Histologic activity is unlikely in the absence of hematuria.
Persisting proteinuria can reflect disease activity or chronic
parenchymal damage from preceding inflammation. Such
chronic damage confers an adverse long-term kidney prog-
nosis. The significance of persisting hematuria is unclear. In
a retrospective study, no difference was found in the
occurrence of ESKD between patients with and without
persisting hematuria, but more patients with hematuria
experienced a relapse of kidney disease.561 More impor-
tantly, a return of hematuria after initial resolution may
indicate kidney relapse.

9.2.3 Relapses

Practice Point 9.2.3.1: The persistence of ANCA positivity,
an increase in ANCA levels, and a change in ANCA from
negative to positive are only modestly predictive of future
disease relapse and should not be used to guide treatment
decisions.

PR3- and MPO-AAV are characterized by the occurrence
of relapses. Patients who are PR3-ANCA-positive experience
more relapses than those who are MPO-ANCA positive.562

The achievement of ANCA-negativity after induction treat-
ment is associated with a lower risk of relapse.563,564 Both a
rise or persistence of ANCA are only modestly predictive of
future disease relapse.565 Also, a change in ANCA status from
negative to positive has been associated with a higher inci-
dence of relapse, and more frequent clinical assessments
should be considered. However, regarding the relapsing
phenotype of AAV, ANCA measurements should not guide
treatment decisions in individual patients.
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9.3 Treatment
Treatment of AAV is generally divided into an initial phase,
commonly termed “induction,” followed by a “maintenance”
phase.

9.3.1 Induction

Recommendation 9.3.1.1: We recommend that
glucocorticoids in combination with cyclophospha-
mide or rituximab be used as initial treatment of
new-onset AAV (1B).

The best evidence is available for patients with new-onset AAV.
In patients with severe (SCr >4 mg/dl [>354 mmol/l]) kidney
disease, limited data for induction therapy with rituximab are
available.

Key information
Balance of benefits and harms. Cyclophosphamide, in

combination with glucocorticoids, has been used as induction
therapy in several RCTs. In 2 RCTs, rituximab alone or in
combination with 2 cyclophosphamide pulses was shown to be
equally as effective as cyclophosphamide, with a similar rate of
infectious complications (Supplementary Table S31566–569).
However, post hoc analysis of the Rituximab in ANCA-
Associated Vasculitis (RAVE) trial found a superior remission
rate for the PR3-ANCA subgroup at 6 months treated with
rituximab, with an odds ratio (OR) of 2.11 (95%CI: 1.04–4.30)
in analyses adjusted for age, sex, and new-onset versus re-
lapsing disease at baseline.570 In patients with PR3-AAV and
relapsing disease, more patients achieved remission at 6 and 12
months with rituximab, with an OR of 3.57 (95% CI: 1.43–
8.93) at 6months and anORof 4.32 (95%CI: 1.53–12.15) at 12
months.570 No association between treatment drug and
remission was observed in patients with MPO-AAV (RAVE
trial; Supplementary Table S32567,569).

Regarding the route of cyclophosphamide administration,
oral and i.v. cyclophosphamide resulted in similar outcomes.
With i.v. cyclophosphamide, a reduction of the total cyclo-
phosphamide dosage is achieved compared to oral cyclo-
phosphamide. In the Pulse Versus Continuous
Cyclophosphamide for Induction of Remission in ANCA-
Associated Vasculitides (CYCLOPS) study, this resulted in a
lower rate of leukopenia (Supplementary Table S33569,571).
Nevertheless, more patients tended to experience relapses
after i.v. cyclophosphamide during long-term follow-up.

In patients with non-life-threatening disease, excluding
those with rapidly progressive kidney disease, MMF might be
an alternative to cyclophosphamide for the MPO-ANCA sub-
group.MMF had a similar remission rate to cyclophosphamide
for patients with both PR3- and MPO-ANCA (Supplementary
Table S34569,572–575), but amuch-increased relapse risk in those
with PR3-ANCA in the Clinical Trial of Mycophenolate Versus
Cyclophosphamide in ANCAVasculitis (MYCYC) trial.574

Methotrexate, with glucocorticoids, has been used for AAV
without kidney disease in the absence of irreversible tissue
Kidney International (2021) 100, S1–S276
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damage but is associated with a higher relapse rate and higher
late accrual of damage compared to cyclophosphamide
(Supplementary Table S35569,576,577).

Glucocorticoids are major contributors to adverse events.
Intravenous methylprednisolone (doses of 1–3 g) is widely
used for more severe presentations but has not been tested
in an RCT. Oral prednisolone/prednisone starting at 1.0
mg/kg/d has been used in most RCTs, again without direct
RCT support. The rate of reduction of glucocorticoids
varies between studies, with some aiming for withdrawal by
month 5, while others continue 5–10 mg/d after 6
months.578 The Plasma Exchange and Glucocorticoids for
the Treatment of ANCA-Associated Vasculitis (PEXIVAS)
trial demonstrated that for patients with GFR <50 ml/min
per 1.73 m2, a more rapid reduction was as effective but
safer than a “standard” glucocorticoid tapering regimen.579

In the RAVE trial, the rituximab group had a lower
glucocorticoid exposure, and observational studies have
supported early glucocorticoid removal when rituximab is
used (Figure 79).

Complement-targeted therapy might be another strategy
to reduce glucocorticoid exposure. An oral C5a receptor
antagonist, avacopan, has been shown in the A Phase 3
Clinical Trial of CCX168 (Avacopan) in Patients with ANCA-
Associated Vasculitis (ADVOCATE) phase 3 trial to be an
effective alternative to glucocorticoid treatment in AAV with
potential to improve kidney outcomes.580

Quality of evidence. The overall quality of evidence is
moderate. The RCTs that compared rituximab with cyclo-
phosphamide reported important outcomes of remission
and relapse, and the quality of the evidence was rated as
moderate for these outcomes because of serious imprecision
(Supplementary Table S31566–569). The critical outcome, all-
cause mortality, was included; however, there were no cases
reported for kidney failure in the 2 trials. Only the RAVE
trial was blinded for both participants and personnel and is
regarded by the panel as the best evidence available. Effects
on complete remission at 6 months, relapse rate, and serious
adverse events are graded as moderate. In a secondary paper,
complete remission in ANCA subgroups was reported; this
is graded as low due to imprecision (only 1 study). There
were no differences in kidney outcomes, and those with SCr
>4 mg/dl (>354 mmol/l) were excluded. Finally, follow-up
was short at 18 months.

The studies comparing continuous oral versus i.v. pulse
cyclophosphamide were not blinded (participants and study
personnel; Supplementary Table S36569,581–583). Overall, the
quality of evidence on the important endpoints of complete
remission and leukopenia is graded as moderate because of
study limitations. Other outcomes exhibited low quality of
evidence because of serious imprecision due to very few
events (relapse, all-cause mortality). The Work Group con-
siders the CYCLOPS study the best available study on this
topic because of the addition of azathioprine to both
Kidney International (2021) 100, S1–S276
treatment arms; consequently, it was evaluated separately
(Supplementary Table S33569,571). The quality of the evidence
was low for all critical outcomes, due to imprecision, as there
was only 1 study.

The RCTs comparing MMF versus cyclophosphamide
had few events for many critical and important outcomes
(all-cause mortality, ESKD, malignancy, serious adverse
events), and hence the quality of the evidence was low
(Supplementary Table S34569,572–575). However, for the
outcomes of infection and relapse, the quality of the evi-
dence was rated as moderate due to study limitations from
some studies (unclear blinding of outcome assessors). The
MYCYC574 and Tuin et al.575 studies had an independent,
blinded adjudication committee assess the primary
endpoint of complete remission at 6 months, but the other
studies had concerns regarding blinding and hence the
quality of the evidence for this outcome has been rated as
moderate.

Values and preferences. This Work Group places a relatively
high value on achieving complete remission of disease, which
was the primary outcome of most evaluated studies. However,
extended immunosuppressive therapy should be associated
with a minimum of adverse events. In subgroups of patients
for whom fertility is a concern, and in relapsing patients,
rituximab may be preferred.

Intravenously pulsed versus oral continuous cyclophos-
phamide results in a similar outcome. However, the cumu-
lative dosage of cyclophosphamide is lower with i.v.
cyclophosphamide. Patients treated with i.v. pulse cyclo-
phosphamide may have an increased risk of relapse, as re-
ported in the CYCLOPS study.

Glucocorticoids are disliked by patients and are major
causes of adverse events. Use of rituximab or the combi-
nation of rituximab with cyclophosphamide may be asso-
ciated with a lower glucocorticoid requirement, particularly
desirable in those at higher risk of glucocorticoid
toxicity.567,584 C5a receptor inhibition with avacopan is a
potential alternative to glucocorticoid treatment, which in
addition to its efficacy in controlling disease, has been
shown to improve patient quality of life when compared to
prednisone in AAV.580

Resource use and costs. Rituximab is typically more
expensive than cyclophosphamide, although secondary
costs for cyclophosphamide (infusions and monitoring)
and reduced cost of generic rituximab can make the
total costs similar. Ease of administration, simpler
monitoring, glucocorticoid sparing, and reduced early
toxicity associated with rituximab compared to cyclo-
phosphamide are additional factors that influence cost
and resource use.

Regarding i.v. versus oral cyclophosphamide, with intra-
venous cyclophosphamide, a reduction of the total cyclo-
phosphamide dosage is achieved compared to oral
cyclophosphamide. However, oral cyclophosphamide is less
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expensive. In patients treated with either i.v. or oral cyclo-
phosphamide, frequent monitoring for treatment toxicity, in
particular leukopenia, is important.

Considerations for implementation. The choice of treatment
regimen depends on patient comorbidity, age, and preference,
as well as local availability and cost.

Rationale
Cyclophosphamide, in combination with glucocorticoids, has
been applied as induction therapy in multiple RCTs. In 2
RCTs, rituximab has been shown to be equally effective in
inducing remission to cyclophosphamide.566,567 Rituximab
compared to cyclophosphamide probably has little or no
difference in relapse rate at 1–6 months (RR: 0.63; 95% CI:
0.35–1.14). Rituximab and cyclophosphamide have similar
rates of severe adverse events, including infections. However,
risks of long-term comorbidities, such as malignancy, HBV
and HCV reactivation, and secondary immunodeficiency,
appear to differ between rituximab and cyclophosphamide
and may influence choice.585,586

In the RAVE study, patients with relapsing disease
more often achieved remission at 6 and 12 months in the
rituximab group compared to the cyclophosphamide–
azathioprine group.570,587 Analysis of the data according
to ANCA status showed that patients with PR3-AAV were
significantly more often in complete remission at 6
months than patients treated with cyclophosphamide–
azathioprine.570

An important consideration when interpreting the RAVE
trial is that it excluded patients with severe kidney disease
(SCr >4 mg/dl [>354 mmol/l]). A recent single-center
retrospective study found that rituximab was comparable
to cyclophosphamide in remission induction at 6 months.588

However, no prospective data on the efficacy of remission
induction of rituximab in severe kidney disease are available.
In contrast, the Rituximab versus Cyclophosphamide in
ANCA-Associated Vasculitis (RITUXVAS) study included
such patients and showed that rituximab combined with 2
cyclophosphamide pulses and glucocorticoids was compa-
rable to cyclophosphamide for remission induction and
number of adverse events.566

Regarding the administration route of cyclophosphamide,
4 RCTs compared induction therapy with i.v. pulse versus
continuous oral cyclophosphamide.569,571,581–583 Intravenous
cyclophosphamide and oral cyclophosphamide resulted in a
similar rate of complete remission, but less leukopenia was
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seen in patients given i.v. cyclophosphamide. In the
CYCLOPS study, a higher rate of relapse was reported with i.v.
pulse cyclophosphamide.571 This reflects the 50% reduction
in cyclophosphamide exposure seen with i.v. regimens;
shorter-course oral cyclophosphamide regimens are also
associated with higher relapse risk.

In patients with non-severe disease, MMF and metho-
trexate have been compared to cyclophosphamide.
Regarding MMF versus cyclophosphamide, no significant
differences were found, but cyclophosphamide tended to
show better efficacy and fewer relapses.569,572–575 Compared
to cyclophosphamide, methotrexate was associated with a
higher relapse rate (RR: 1.50; 95% CI: 1.03–
2.17).569,576,577,589 Effects on other critical and important
outcomes are unclear, as they were not reported or occurred
infrequently.

Glucocorticoids are part of induction therapy. In the
PEXIVAS study, all patients received oral prednisone/pred-
nisolone at 1 mg/kg/d for the first week, followed by rapid
or slow tapering schedules. This led to about a 50% dif-
ference in oral glucocorticoid exposure during the first 6
months The lower-dose regimen was noninferior for efficacy
and is safer, and therefore is preferred.579,590 All patients in
the PEXIVAS trial received an initial dose of i.v. methyl-
prednisolone of 1–3 g; the optimal dose is yet to be
determined.

Cyclophosphamide dose should be reduced for kidney
impairment and age, as these patients are at increased risk for
infection (Figure 80).

Low-dose sulfamethoxazole/trimethoprim (TMP-SMX), or
alternative, is advised for pneumocystis pneumonia prophy-
laxis for the duration of the cyclophosphamide course or for 6
months following rituximab induction. Longer-term use may
be considered in those receiving repeated rituximab infusions,
for those with structural lung disease, or those requiring
ongoing immunosuppressive or glucocorticoid therapy.

In a retrospective study, the IgG level before rituximab
correlated with hypogammaglobulinemia post-rituximab.591

Therefore, IgG levels should be measured at baseline and
every 6 months for patients treated with rituximab. A low level
at baseline (defined as IgG <3 g/l; Figure 80) may predict a
greater risk of secondary immunodeficiency with rituximab.591

Practice Point 9.3.1.1: A recommended treatment algo-
rithm for AAV with kidney involvement is given in
Figure 76.
Kidney International (2021) 100, S1–S276



Figure 76 | Recommended treatment regimen for AAV. AAV, ANCA-associated vasculitis.
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Practice Point 9.3.1.2: In patients presenting with markedly
reduced or rapidly declining GFR (SCr>4mg/dl [>354 mmol/
l]), there are limited data to support rituximab and glucocor-
ticoids. Cyclophosphamide and glucocorticoids are preferred
for induction therapy. The combination of rituximab and
cyclophosphamide can also be considered in this setting.

No patients with a SCr >4 mg/dl (>354 mmol/l) were
included in the RAVE trial, and therefore in severe kidney disease,
limited data for induction therapy with rituximab in combina-
tion with glucocorticoids are available, and cyclophosphamide is
Kidney International (2021) 100, S1–S276
still the preferred agent for induction of remission. In severe
kidney disease, combining 4 weekly infusions of rituximab and 2
i.v. cyclophosphamide pulses with glucocorticoids might be an
alternative to i.v. cyclophosphamide for 3–6 months. In the
RITUXVAS trial, this regimen resulted in a similar rate of
remission and adverse events as cyclophosphamide.566

Practice Point 9.3.1.3: Considerations for choosing between
rituximab and cyclophosphamide for induction therapy are
given in Figure 77.
S199



Figure 78 | Considerations for the route of administration of cyclophosphamide for AAV. AAV, ANCA-associated vasculitis.

Figure 77 | Factors for consideration when choosing between rituximab and cyclophosphamide for induction therapy of AAV. AAV,
ANCA-associated vasculitis; ANCA, antineutrophil cytoplasmic antibody; GN, glomerulonephritis; PR3, proteinase 3; SCr, serum creatinine.
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Practice Point 9.3.1.4: Considerations for choosing the
route of administration of cyclophosphamide are given in
Figure 78.

Practice Point 9.3.1.5: Discontinue immunosuppressive
therapy after 3 months in patients who remain on dialysis
and who do not have any extrarenal manifestations of
disease.

Practice Point 9.3.1.6: Recommendations for oral gluco-
corticoid tapering are given in Figure 79.

Following cyclophosphamide induction, oral prednisolone
should be reduced to a dose of 5 mg/d by 6 months.
Figure 79 | Prednisolone tapering regimen for AAV. AAV, ANCA-
associated vasculitis.
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Following rituximab induction, prednisolone can be with-
drawn by 6 months.

The dose of oral prednisolone is 1 mg/kg/d for the first
week, and then a programmed reduction is followed
(Figure 79). Intravenous methylprednisolone is widely used
initially for patients with more severe presentations, at a dose
of 1–3 g in total. This approach is not evidence-based and is
likely to contribute to glucocorticoid toxicity.

Practice Point 9.3.1.7: Recommendations for immunosup-
pressive dosing are given in Figure 80.

Practice Point 9.3.1.8: Consider plasma exchange for pa-
tients with SCr >5.7 mg/dl (500 mmol/l) requiring dialysis
or with rapidly increasing SCr, and in patients with diffuse
alveolar hemorrhage who have hypoxemia.

The Methylprednisolone Versus Plasma Exchange for Renal
Vasculitis (MEPEX) trial showed improved kidney outcomes in
patients with severe kidney disease (SCr >5.7 mg/dl [>500
mmol/l]) who were treated with plasma exchange.592 Also, a
meta-analysis that looked at the addition of plasma exchange
showed a reduction in the occurrence of ESKD at 3 and 12
months after diagnosis (Supplementary Table S37566,569,592–
598). The PEXIVAS trial failed to demonstrate that plasma ex-
change delayed the time to ESKD or death for patients with
AAV presenting with GFR<50 ml/min per 1.73 m2 or alveolar
hemorrhage over a median follow-up of 2.9 years.579 Post hoc
studies of the PEXIVAS dataset andmeta-analysis may generate
results relevant to future recommendations. However, no
meta-analysis on the effect of plasma exchange in patients with
severe kidney disease (SCr >5.7 mg/dl [>500 mmol/l]),
including the PEXIVAS study, is yet available. For now, the
routine use of plasma exchange is not recommended for
Kidney International (2021) 100, S1–S276



Figure 80 | Immunosuppressive drug dosing for AAV. AAV, ANCA-associated vasculitis; GFR, glomerular filtration rate; i.v., intravenous; MMF,
mycophenolate mofetil.

www.kidney-international.org chap te r 9
patients presenting with a GFR <50 ml/min per 1.73 m2, but
plasma exchange can be considered in those with more severe
presentations (SCr >5.7 mg/dl [>500 mmol/l], especially if
oliguric) or in those with alveolar hemorrhage and hypoxemia
in whom early mortality is high.

Practice Point 9.3.1.9: Add plasma exchange for patients
with an overlap syndrome of ANCA vasculitis and anti-
GBM.

In a single-center study, 5% of patients who were ANCA-
positive were also positive for anti-GBM antibodies, and 32%
of patients who were anti-GBM-positive patients had detectable
ANCA.599 Thus, double-positivity for both ANCA and anti-
GBM antibodies is common. These patients behave more like
those with anti-GBM disease than like those with AAV, sup-
porting the initiation of plasma exchange (Figure 81). However,
Figure 81 | Plasma exchange dosing and frequency for AAV. If a pat
frozen plasma. ANCA, antineutrophil cytoplasmic antibody.
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unlike those with pure anti-GBM disease, these patients have a
tendency to relapse and should receive maintenance therapy.

9.3.2 Maintenance therapy

Recommendation 9.3.2.1: We recommend mainte-
nance therapy with either rituximab or azathioprine
and low-dose glucocorticoids after induction of
remission (1C).

This recommendation places a higher value on prevention of
relapses and a relatively lower value on adverse events related to
immunosuppressive drugs.

Key information
Balance of benefits and harms. To date, most maintenance

studies have been done after induction of remission with
ient is at risk of bleeding, volume replacement should be with fresh,
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cyclophosphamide plus glucocorticoids. Maintenance regi-
mens have evolved over time, and several immunosuppressive
medications have been evaluated. Azathioprine, given
after $3 months of cyclophosphamide induction, was found
to be equally effective for relapse prevention with less
leukopenia than extending cyclophosphamide for 12 months
(Supplementary Table S38569,600). Compared to azathioprine,
MMF maintenance was less effective in relapse prevention
and did not have a superior infection profile (Supplementary
Table S39569,601). In contrast, methotrexate and azathioprine
were found to be equally effective in relapse prevention with
similar toxicity and long-term outcomes (Supplementary
Table S40569,602). Overall, azathioprine has been the stan-
dard immunosuppressive used for maintenance of remission
in AAV over the past several years.

The duration of azathioprine maintenance has been
examined. Compared to tapering maintenance azathioprine
after 12 months of treatment, tapering after 4 years of therapy
decreased relapse rate and the incidence of kidney failure.577,603

The benefits of longer-duration azathioprine maintenance
therapy did not differ between PR3- or MPO-ANCA, or in
patients who remained ANCA-positive or became ANCA-
negative after 12 months. In these studies, there were no dif-
ferences in all-cause mortality, infection, or serious adverse
events between treatment arms, but the quality of the evidence
was very low (Supplementary Table S41569,577,603).

After rituximab was found to be effective for induction of
remission in AAV, it was tested as a maintenance medication.
In new-onset disease, after cyclophosphamide induction,
maintenance with rituximab decreased major, but not minor,
relapses compared to azathioprine (MAINtenance of Remis-
sion Using RITuximab in Systemic ANCA-associated Vascu-
litis [MAINRITSAN]; Supplementary Table S42569,604).
However, after rituximab induction for relapsing AAV, rit-
uximab maintenance decreased major and minor disease re-
lapses compared to azathioprine (Rituximab versus
azathioprine as therapy for maintenance of remission for
anti-neutrophil cytoplasm antibody-associated vasculitis
[RITAZAREM]).605 No difference in infection rate was found
between azathioprine and rituximab (Supplementary
Table S43569,606).

As a maintenance drug, rituximab can be dosed on a fixed
schedule or upon reappearance of CD19þ B cells and/or
ANCA. Although both regimens prevented relapse equally
well, dosing based on reappearance of B cells required
fewer rituximab infusions. No differences in adverse events
were reported (MAINRITSAN2; Supplementary
Table S42569,604).

Addition of TMP-SMX (160/800 mg) compared with
placebo in maintenance therapy may have little or no differ-
ence on complete remission at 1 or 2 years (Supplementary
Table S44569,607,608).

Quality of evidence. The overall quality of the evidence was
rated as low due to the lower quality of the evidence for rit-
uximab as maintenance therapy, which is based on fewer RCTs
compared with that for azathioprine. All comparisons, apart
S202
from azathioprine duration, included data from single studies
with relatively low numbers of patients and limited follow-up,
resulting in wide CIs and serious imprecision, in particular for
the critical outcomes of all-cause mortality and kidney failure.
The quality of the evidence for azathioprine as maintenance
therapy was moderate for relapse in RCTs that compared
azathioprine with cyclophosphamide (Supplementary
Table S38569,600), methotrexate (Supplementary
Table S40569,602), MMF (Supplementary Table S39569,601), and
RCTs that compared extended with standard azathioprine
therapy (Supplementary Table S41569,577,603).The quality of
the evidence was downgraded because of imprecision, as
there was only 1 study for each comparison. However, the
comparison of MMF with azathioprine exhibited low quality
of evidence for infection because of very wide CIs that
indicated less certainty in the effect.

There is currently limited evidence available for mainte-
nance therapy after induction therapy with rituximab and
glucocorticoids. There was low-quality evidence from RCTs
that compared rituximab with azathioprine for major
relapse because of a lack of blinding of outcome assessors,
and serious imprecision, as there are 2 RCTs that examined
this comparison (Supplementary Table S42569,604 and
Supplementary Table S43569,606). The RCT, which compared
tailored rituximab therapy based on the reappearance of
CD19þ B cells and ANCA-levels, exhibited low quality of
evidence for major relapse and adverse events, including all-
cause mortality, infection, and malignancy (Supplementary
Table S42569,604). The quality of the evidence was down-
graded from this RCT because of very serious imprecision,
as there was only 1 study, and outcomes exhibited very
wide CIs, indicating less certainty regarding the treatment
effect.

Data are also limited regarding the continuation of glu-
cocorticoids during maintenance. In most RCTs, glucocorti-
coids were withdrawn within or shortly after the induction
window. However, in the Randomised controlled trial of
prolonged treatment in the remission phase of ANCA-asso-
ciated vasculitis (REMAIN) trial, low-dose glucocorticoids
were combined with azathioprine maintenance.577 In a meta-
analysis of observational studies and RCTs, a longer course of
glucocorticoids in AAV was associated with fewer relapses.609

Values and preferences. This Work Group places a relatively
high value on the prevention of relapses of disease, which are
associatedwithmorbidity, and advises thatmaintenance therapy
be given to all patients after induction of remission. However,
extended immunosuppressive therapy should be associated with
a minimum of adverse events, and relapse risk may influence
maintenance initiation, choice of medication, and duration.

Several AAV relapse risk factors have been identified,
including a prior history of relapse and having a PR3-ANCA
rather than an MPO-ANCA.562,610 In the RAVE study, pa-
tients did not receive maintenance therapy after induction
with rituximab, and a high relapse rate was seen in both the
rituximab and cyclophosphamide–azathioprine groups, but
glucocorticoids were withdrawn before 6 months.570 Current
Kidney International (2021) 100, S1–S276
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practice, and therefore expert opinion, varies on whether
maintenance therapy can be avoided in patients with MPO-
AAV after induction of remission with rituximab. It also
varies on the use and duration of glucocorticoids in mainte-
nance regimens. In the REMAIN trial, which studied patients
with a history of renal vasculitis, no difference in relapse risk
with ANCA serotype was seen. If maintenance therapy is not
used, such patients should be considered at higher risk of
relapse, and monitored accordingly.577

In the subgroup of patients with MPO-AAV presenting
with kidney failure without extrarenal disease manifestations,
the risk of relapses is low, so the risk of adverse infectious
events from immunosuppression might outweigh the benefits
of relapse prevention.611 Therefore, in patients with MPO-
ANCA who are treated with dialysis and have no extrarenal
manifestations of disease, despite thorough review including
chest computed tomography (CT) scanning, the risks of
maintenance therapy could outweigh the benefit. Further,
when a complete clinical remission is achieved in the sub-
group of patients with MPO-ANCA disease and abnormal
kidney function, these patients may not need maintenance
immunosuppression, but instead could be closely monitored
with regular ANCA serologies.

In summary, the best evidence for effective relapse pre-
vention is available for rituximab maintenance or prolonged
azathioprine in combination with low-dose glucocorticoids.
However, there may be an advantage in favor of rituximab. In
the MAINRITSAN study, health-related quality of life was
compared between patients treated with rituximab and
azathioprine. Mean improvements of Health Assessment
Questionnaire (HAQ) scores from baseline to 24 months were
significantly better for the rituximab group as compared to
the azathioprine group.612

Therefore, this Work Group prefers rituximab for main-
tenance therapy, particularly for patients with known re-
lapsing disease, PR3-AAV, and azathioprine allergy, and after
rituximab induction (RITAZAREM). However, some caution
should be exercised, as there is a paucity of data on the long-
term effects of rituximab maintenance treatment. Although
significant falls in IgG were not seen after rituximab in the
RCTs, longer-term observational data suggest an increasing
risk of secondary immunodeficiency in this population.

Resource use and costs. Rituximab is relatively expensive
and is not available worldwide; however, biosimilars will
potentially generate global access to this drug. Additionally,
prevention of relapses reduces the costs of hospitalization,
and induction therapy with its frequent hospital visits. Rit-
uximab also permits the withdrawal of glucocorticoids.

Rationale
This Work Group advises maintenance therapy be given to all
patients with AAV after induction of remission with either
cyclophosphamide or rituximab. The aim of this maintenance
therapy is to prevent relapse of disease after induction of
remission. Remission is defined as the absence of manifesta-
tions of vasculitis. To score the absence of clinical features of
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active disease, a validated scoring system such as the Bir-
mingham Vasculitis Activity Score (BVAS) can be used.613

During follow-up, a structured clinical assessment in com-
bination with inflammatory markers and kidney function
should be conducted in all patients.

Rituximab maintenance after cyclophosphamide induction
has been shown to be superior to azathioprine for preventing
relapses in 1 RCT. It probably decreases major relapses; no
difference in adverse events was reported (MAINRITSAN).604

Azathioprine maintenance up to 18 months after induction of
remission with cyclophosphamide has been shown to be
equally effective as continuing cyclophosphamide (Cyclo-
phosphamide versus Azathioprine for Early Remission Phase
of Vasculitis [CYCAZAREM]) for 1 year and then switching
to azathioprine.600 MMF has not been shown to be more
effective than azathioprine.601

The evidence for the minimum duration of maintenance is
weak; longer maintenance reduces relapse rate but could be
associated with more adverse events. Azathioprine prolongation
(REMAIN trial; Extended versus standard azathioprine main-
tenance therapy in newly diagnosed proteinase 3 anti-neutrophil
cytoplasmic antibody-associated vasculitis patients who remain
cytoplasmic anti-neutrophil cytoplasmic antibody-positive
after induction of remission: a randomized clinical trial
[AZA-ANCA]) limits relapse rate after 4 versus 2 years.577,603

As the aim of maintenance therapy is the prevention of
relapses, the risk of relapse should be considered for both the
choice of the immunosuppressive agent and the duration of
maintenance therapy.

Reported risk factors for relapse are PR3-ANCA versus
MPO-ANCA, and CV or lung involvement.562,610 Persistent
ANCA-positivity after induction of remission has also been
reported.577,614 The RCT that tested extended azathioprine
for 4 years versus azathioprine for 2 years in patients with
PR3-AAV who remained ANCA-positive showed a nonsig-
nificant difference (at 4 years, 48% standard vs. 24% extended
relapses) but was underpowered.603

Comparison with other guidelines. Considering other guide-
lines, the European LeagueAgainst Rheumatism/EuropeanRenal
Association-European Dialysis and Transplant Association
(EULAR/ERA-EDTA) prefers azathioprine and glucocorticoids
over rituximab for remission maintenance.578 According to the
evidence reviewed by the ERT, rituximab was found to be
superior to azathioprine, due to lower rates of major relapse.
Therefore, this panel prefers rituximab over azathioprine for
maintenance therapy in AAV. The EULAR/ERA-EDTA
guideline advises maintenance therapy for at least 24 months
following induction. This panel has not advised a fixed
duration of maintenance but an interval of 18 months to 4
years following induction of remission, tailored according to an
individual’s risk of relapse and the drug used for maintenance.
Additionally, in MPO-AAV after induction of remission with
rituximab, maintenance therapy may sometimes be avoided if
the patient can be monitored intensively. However, this point is
based on expert opinion; little evidence is available, and no
consensus was reached, even among experts.
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Figure 82 | Factors that increase relapse risk for AAV. AAV, ANCA-associated vasculitis; ANCA, antineutrophil cytoplasmic antibody; PR3,
proteinase 3.
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Practice Point 9.3.2.1: Following cyclophosphamide in-
duction, either azathioprine plus low-dose glucocorticoids
or rituximab without glucocorticoids should be used to
prevent relapse.

Practice Point 9.3.2.2: Following rituximab induction,
maintenance immunosuppressive therapy should be given
to most patients.

The preference of this Work Group, based upon observa-
tional reports and unpublished data from the RITAZAREM
study, is for rituximab maintenance. The RITAZAREM study
showed that also after rituximab induction for relapsing AAV,
rituximab maintenance decreased major and minor disease
relapses compared to azathioprine maintenance (RITA-
ZAREM).615 However, azathioprine combined with gluco-
corticoids can be considered as an alternative.

In the RAVE study, no maintenance was given following
induction of remission in AAV. The relapse rate was lower in
MPO-AAV compared to PR3-AAV. This finding led some ex-
perts to opine that patients with MPO-AAV in complete clin-
ical remission after induction therapy with rituximab with a
low relapse risk may not need maintenance therapy, but instead
could be closely monitored with regular ANCA serologies and
home urine checks. Consensus regarding no maintenance was,
however, not reached within the KDIGO Work Group.
Figure 83 | Considerations for using rituximab or azathioprine for A
antineutrophil cytoplasmic antibody; HBsAg, hepatitis B surface antigen
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Practice Point 9.3.2.3: The optimal duration of azathio-
prine plus low-dose glucocorticoids is not known but
should be between 18 months and 4 years after induction
of remission.

Practice Point 9.3.2.4: The optimal duration of rituximab
maintenance is not known, but studies to date have
evaluated a duration of 18 months after remission.
There is no role for the routine use of an oral gluco-
corticoid or oral immunosuppressive with rituximab
maintenance.

Practice Point 9.3.2.5: When considering withdrawal of
maintenance therapy, the risk of relapse should be
considered, and patients should be informed of the need
for prompt attention if symptoms recur (Figure 82).

Practice Point 9.3.2.6: Consider methotrexate for mainte-
nance therapy in patients, after induction with metho-
trexate or for those who are intolerant of azathioprine and
MMF, but not if GFR is <60 ml/min per 1.73 m2.

Practice Point 9.3.2.7: Considerations for choosing ritux-
imab or azathioprine for maintenance therapy are pre-
sented in Figure 83.
AV maintenance therapy. AAV, ANCA-associated vasculitis; ANCA,
; IgG, immunoglobulin G; PR3, proteinase 3.
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Figure 84 | Immunosuppressive dosing and duration of AAV maintenance therapy. *RITAZAREM was in relapsing AAV. MAINRITSAN,
MAINtenance of Remission Using RITuximab in Systemic ANCA-associated Vasculitis; MMF, mycophenolate mofetil; RITAZAREM, Rituximab
versus azathioprine as therapy for maintenance of remission for antineutrophil cytoplasm antibody-associated vasculitis (AAV).
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Practice Point 9.3.2.8: Recommendations for dosing and
duration of maintenance therapy are given in Figure 84.

9.3.3 Relapsing disease

Practice Point 9.3.3.1: Patients with relapsing disease (life-
or organ-threatening) should be reinduced (Recommen-
dation 9.3.1.1.), preferably with rituximab.

Relapses respond to immunosuppression with a similar
response rate as the initial presentation, and severe relapses
should be treated by reintroducing induction therapy. When
deciding whether to use cyclophosphamide again, the cu-
mulative dose of cyclophosphamide already given should be
taken into account. Cumulative dosages above 36 g have
been associated with the occurrence of malignancies.616 In a
post hoc analysis of the RAVE trial, higher remission rates
were seen in relapsing patients treated with rituximab
compared to cyclophosphamide, especially for patients with
PR3-AAV.570 Rituximab is therefore preferred for relapsing
AAV. The RITAZAREM trial studied the effect of rituximab
induction in 187 patients with relapsing GPA/microscopic
polyangiitis—there was a high rate of remission, >90% by 4
months.605

In patients with non-severe relapses, immunosuppression
should be increased while avoiding cyclophosphamide. Apart
from MMF, which has been tested in combination with glu-
cocorticoids in RCTs for induction therapy in relapsing pa-
tients, there is no strong evidence to support other
regimens.574,575 However, if non-severe relapses are treated
with MMF, there is an increased rate of future relapse, and
glucocorticoid exposure will be increased accordingly; there-
fore, in the current guideline, rituximab is preferred.
Kidney International (2021) 100, S1–S276
9.4 Special situations

9.4.1 Refractory disease

Practice Point 9.4.1.1: Refractory disease can be treated by
an increase in glucocorticoids (intravenous or oral), by the
addition of rituximab if cyclophosphamide induction had
been used previously, or vice versa. Plasma exchange can be
considered.

The causes of refractory disease include drug intolerance,
nonadherence, concomitant morbidities complicating treat-
ment, a secondary drive for vasculitis such as malignancy, drugs
or infection, and true treatment failure. Progression of kidney
failure can reflect chronic damage anddoes not necessarily imply
active disease; a kidney biopsy can be considered to assess
ongoing kidney disease activity. Several small series suggest a role
for rituximab in resistant ANCA vasculitis.

Practice Point 9.4.1.2: In the setting of diffuse alveolar
bleeding with hypoxemia, plasma exchange should be
considered in addition to glucocorticoids with either
cyclophosphamide or rituximab.

In the absence of hypoxemia, diffuse alveolar hemorrhage
has a benign prognosis and responds as extrapulmonary disease
is controlled. Alveolar hemorrhage with hypoxemia has a high
early mortality risk, and plasma exchange should be considered
in addition to glucocorticoids with either cyclophosphamide or
rituximab. Patients in the intensive care unit, such as those
receiving assisted ventilation, have a particularly high risk of
infection and death. Leukopenia should be avoided, with
glucocorticoid use minimized. Plasma exchange and high-dose
i.v. immunoglobulins can be considered in this setting.
S205
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9.4.2 Transplantation

Practice Point 9.4.2.1: Delay transplantation until patients
are in complete clinical remission for ‡6 months. Persis-
tence of ANCA should not delay transplantation.

AAV can recur after kidney transplantation. The frequency
of disease recurrence in AAV has been assessed in several
retrospective studies and is about 0.02–0.03 per patient-
year.617,618 This relapse rate was not influenced by remission
duration or ANCA status before transplantation.617
S206
Research recommendations
� RCTs to incorporate patient-reported outcomes, to assess
long-term outcomes, to define the use of rituximab in se-
vere AAV, and to assess therapies in ethnically diverse
populations

� Biomarker studies to identify early markers of disease
relapse, markers to guide the choice of therapy, including
plasma exchange, markers to predict optimal dosing and
dosing interval for rituximab, and surrogate markers of
response
Kidney International (2021) 100, S1–S276
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Chapter 10: Lupus nephritis
The reported lifetime incidence of lupus nephritis (LN) in
patients with SLE is 20%–60%, depending on the de-
mographics of the population studied.619–622 Kidney
involvement in SLE has been associated with higher mortality,
especially for patients progressing to kidney failure.623–625 The
ultimate goal of treating LN is to preserve kidney function
and reduce the morbidity and mortality associated with CKD
and kidney failure, while minimizing medication-associated
toxicities.

This chapter makes management recommendations for
adults who have SLE with kidney involvement. The focus is
on immune complex–mediated GN in the setting of SLE,
commonly referred to as LN, but other types of kidney injury
in patients with SLE are also discussed. Information for pe-
diatric populations is limited, but an approach to the man-
agement of children with LN is outlined in Practice Point
10.3.3.

10.1 Diagnosis

Practice Point 10.1.1: Approach to the diagnosis of kidneyOUTDATED

involvement in systemic lupus erythematosus (SLE)
(Figure 85)
 E
Patients with SLE should be actively and regularly moni-
tored, as the clinical presentation of kidney involvement can
remain silent or asymptomatic for a significant period of
time. As the incidence of LN varies by race/ethnicity and age,
a high index of suspicion should be maintained for patients of
Asian, African/Caribbean, and Hispanic descent.619–622 There
is a higher incidence of LN and more-severe disease in
childhood-onset SLE compared to adult-onset SLE.626

Although a proteinuria level of 500 mg/d is suggested as a
threshold for further investigations, taking into consideration
physiological causes of low-level proteinuria and to avoid
unnecessary kidney biopsies, it is important to note that the
severity of proteinuria varies considerably in severe active
nephritis and can appear relatively “insignificant” at times. A
holistic assessment including clinical, urinary, and laboratory
parameters, and also repeated investigations to note the
progression of abnormal findings over time, are important in
informing clinical management decisions. Because clinical
findings do not always correlate with the extent or severity of
kidney involvement,627,628 a kidney biopsy is useful to
confirm the diagnosis and for the assessment of activity and
chronicity features that inform treatment decisions and
prognosis.627–637 Kidney biopsies should be read by an
experienced kidney pathologist and classified according to the
ISN/RPS scheme.638–640 Electron microscopy, where available,
is helpful in ascertaining ultrastructural details of histopa-
thology such as the extent and severity of podocyte injury and
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the loci of immune deposits. Clinicians should pay attention
to the detailed description of both active and chronic histo-
pathologic features affecting different elements of the kidney
parenchyma, especially regarding potentially reversible active
lesions versus chronic damage not reversible by immuno-
suppressive medications (Figure 86).
10.2 Treatment

10.2.1 General management of patients with lupus nephritis

Recommendation 10.2.1.1: We recommend that
patients with SLE, including those with lupus
nephritis (LN), be treated with hydroxychloroquine
or an equivalent antimalarial unless contraindicated
(1C).

This recommendation places a relatively higher value on the
various benefits associated with hydroxychloroquine use reported
in observational studies (including lower rates of disease flares,
progressive kidney damage, and vascular complications) and on
the generally favorable safety profile of hydroxychloroquine
treatment. It places a relatively lower value on the lack of large-
scale prospective RCT data.

Key information
Balance of benefits and harms. The reported benefits of

antimalarial use in SLE include lower flare (including kidney)
rates,641,642 higher response rates to therapy,641–644 lower
incidence of CV and thrombotic events in patients with
antiphospholipid antibodies,645–648 less organ damage,649–654

improved lipid profile,655,656 and better preservation of
bone mass.657

Hydroxychloroquine use in pregnancy has been associated
with a decrease in lupus activity and a satisfactory safety
profile in both the mother and the fetus.658–660 Significant
side effects are uncommon but include skin rash, increase in
skin pigmentation, muscle weakness, and visual change or
loss of vision. Hydroxychloroquine may accumulate in lyso-
somes and cause a form of phospholipidosis with accumu-
lation of multilamellar zebra bodies in podocytes that can
mimic the appearance of Fabry disease.661,662

Quality of evidence. Moderate-quality data support the
benefit of hydroxychloroquine use in patients with SLE, but in
LN, the available evidence is predominantly from observational
studies and post hoc analyses. In a 24-week RCT that included 47
patients, the Canadian Hydroxychloroquine Study Group
reported a higher incidence of SLE flares in patients who
stopped hydroxychloroquine compared to those who
continued treatment, with a hazard ratio (HR) of 2.50 (95%
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Figure 85 | Diagnosis of kidney involvement in SLE. eGFR, estimated glomerular filtration rate.
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CI: 1.08–5.58). The frequency of severe LN flares was also
increased but did not reach statistical significance.663 A
systematic review that included 95 reports published between
1982 and 2007, 5 of which were RCTs, concluded that
hydroxychloroquine use could prevent SLE flares and increase
long-term patient survival, while toxicity was infrequent, mild,
and usually reversible; and hydroxychloroquine use in
pregnancy was associated with a decrease in lupus activity
without harm to the fetus.664 Low-quality observational
studies have indicated that hydroxychloroquine may have
S208
kidney benefits, protective effects against infection, and may
increase complete remission rate in patients with LN. The
quality of the evidence is low because of study limitations,
indirectness, or imprecision, but it has been upgraded because
of the large reported effect sizes (Supplementary
Table S45643,644,651–666). Two observational studies reported an
association between hydroxychloroquine treatment and
reduced mortality in patients with LN, but the quality of
evidence for this outcome is very low (Supplementary
Table S45654,666).
Kidney International (2021) 100, S1–S276



Figure 86 | Activity and chronicity items included in LN kidney biopsy report. NIH, National Institutes of Health, USA.
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Values and preferences. The potential benefits of preventing

organ damage and vascular complications were judged as being
important to patients. The Work Group also judged that the
relatively low risk of adverse events associated with hydroxy-
chloroquine would also be important to patients. Therefore,
the Work Group felt that nearly all well-informed patients in
the target population would choose to receive hydroxychloro-
quine treatment in comparison to no treatment.

Resource use and costs. Hydroxychloroquine can be an
expensive drug in some countries. Therefore, in low-resource
settings, it may be acceptable to substitute structurally similar
drugs such as chloroquine that have a similar mechanism of
action but are less expensive.

Considerations for implementation. Because of the risk of
hemolysis in patients who have glucose-6-phosphate
dehydrogenase (G6PD) deficiency, measurement of G6PD
levels is preferred in men, especially those of African,
Asian, or Middle Eastern origin, before starting
hydroxychloroquine. However, this risk appeared low,
according to the findings of a recent report.667 All patients
should have a baseline retinal examination and then annual
eye testing, especially after 5 years of use. Clinicians should
be aware that antimalarials may be cardiotoxic (e.g.,
congestive heart failure, conduction abnormalities) after
long-duration therapy or high cumulative exposure. The
dosing of hydroxychloroquine is 6.5 mg/kg ideal weight/
d or 400 mg/d, and during the maintenance phase, this
should be lowered to 4 to 5 mg/kg/d. In patients with
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eGFR <30 ml/min per 1.73 m2, the dose of hydroxychloro-
quine should be reduced by $25%.

Rationale
Data from multiple observational cohort studies show various
benefits of hydroxychloroquine treatment in SLE, notably a
reduced incidence of flare and organ damage accrual, and a
relatively low rate of drug-related adverse effects, including
ocular toxicity. Despite the relatively low-quality evidence, the
overall balance between benefits and potential risks provides
the basis for recommending its use as part of general man-
agement in patients with SLE.

Practice Point 10.2.1.1: Adjunctive therapies to manage LN
and attenuate complications of the disease or its treatments
should be considered for all patients, as outlined in
Figure 87.

Although many of the above recommendations also apply
to patients with proteinuric kidney diseases treated with
immunosuppression in general (Chapter 1), some risks are
especially relevant to patients with SLE and LN. Patients with
SLE show increased mortality rates when compared to age-
and sex-matched controls in the general population.668,669

Infections, CV complications, and CKD, especially kidney
failure, are major causes of death.623–625,670 Early deaths are
related to infections or lupus activity, while CVand malignant
complications and deaths related to kidney failure account for
late mortalities.671
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Figure 87 | Measures to minimize the risk of complications related to LN or its treatment. HBV, hepatitis B virus; HCV, hepatitis C virus;
HIV, human immunodeficiency virus; LN, lupus nephritis; RAS, renin–angiotensin system.
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Cardiovascular complications in patients with LN. Patients
with SLE have both traditional (dyslipidemia, smoking,
obesity, etc.) and non-traditional (proteinuria, inflammation,
etc.) CV risk factors. A patient often has multiple risk factors,
which can be secondary to disease-related organ damage
(especially CKD, hypertension, proteinuria) or treatment
(such as glucocorticoids and CNIs). Regular evaluation of
various risk factors and timely treatment are essential to
prevent premature CV complications.672

Infections in patients with LN. Infection is a leading cause of
death in patients with LN, and infection-related deaths are
more common during the initial phase of management
following exposure to intensive immunosuppressive
therapy.665,668,673 There are data to suggest a higher
incidence of adverse outcomes related to infections in Asia,
which may be related to delayed presentation and the access
to care.673 Avoidance of overimmunosuppression is an
important measure to reduce the risk of infections and
adverse outcomes. Prophylaxis for Pneumocystis is standard
practice in organ transplant recipients, but its role in
patients on high-dose glucocorticoid therapy without HIV
infection remains controversial, and there are few data from
patients with SLE.618,619 Antibiotic-related adverse drug
S210
reactions are not infrequent in patients with lupus, and in
an early survey, 31% reported allergy to sulfonamide, with
one-fifth of these patients also reporting worsening of SLE
with the drug intolerance.674 In a retrospective study from
Thailand that included 132 patients with various connective
tissue diseases, TMP-SMX was effective in preventing
pneumocystis pneumonia, and adverse drug reaction
occurred in only 9.4% of patients with SLE given
prophylaxis.675 However, a recent retrospective study from
Japan reported a drug allergy rate of 41.9% in patients with
lupus given TMP-SMX prophylaxis with conventional
dosing, but only 10.7% in those with gradual introduction
of the drug over a 9-day period.676 Pneumocystis
pneumonia is a severe complication in patient who are
immunosuppressed and can result in fatality. Prophylaxis
should be actively considered, taking into consideration a
patient’s allergic diathesis. The rate of Herpes zoster is 2–10
times higher in patients with SLE than in healthy controls,
but the role of antiviral prophylaxis is uncertain. Available
zoster vaccine preparations include the live-attenuated
vaccine Zostavax� and the adjuvanted recombinant vaccine
Shingrix. In general, live vaccines should be avoided in
immunosuppressed subjects. There are no data on the
Kidney International (2021) 100, S1–S276
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efficacy of the recombinant zoster vaccine in patients with
lupus, and there is concern about whether the adjuvant
might affect disease activity. There is also concern that the
polio vaccination has been associated with lupus flares,
whereas the data on influenza vaccination are conflicting.
Response to vaccination is reduced following exposure to
high-dose immunosuppression.677

Contraception and pregnancy. Pregnancy in patients with
LN is associated with increased maternal complications and
inferior fetal outcomes compared with the occurrence in
healthy individuals, and the risks are higher when LN is active.
Some of the frequently used medications in patients with lupus
are contraindicated during pregnancy, such as MMF, cyclo-
phosphamide, and warfarin. Counseling with regard to
contraception and pregnancy should be done early in patients
of childbearing age. Patients should be seen by a gynecologist
to discuss the choice of methods for contraception. For patients
who prefer oral hormonal contraception, estrogen–progestin
contraceptives with ethinyl estradiol dose at not higher than
30 mg may be used in patients who are negative for
antiphospholipid antibodies and with stable low disease
activity, whereas progestin-only contraceptives are preferable
in patients with a moderate or high level of disease activity.
Estrogen-containing contraceptives should be avoided in
patients with antiphospholipid antibodies or a history of
thrombosis, in view of the risk of thromboembolism.678 Data
from women exposed to chemotherapy showed efficacy of
gonadotrophin-releasing hormone (GnRH) analogues in
reducing the rate of premature ovarian failure, whereas the
putative gonadal protective effect of oral contraceptive pills
appeared variable.679 Fertility protection with GnRH agonists,
or sperm and oocyte cryopreservation, should be considered

OUTDATED
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Figure 88 | Immunosuppressive treatment for patients with Class I o
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in patients treated with cyclophosphamide, especially in
patients with high cumulative exposure.

Bone health. Glucocorticoid therapy, especially when high
doses are used for long durations, increases bone loss.680,681 In
children, glucocorticoid cumulative dose affects peak bone
mass and growth.682 Individual evaluation of fracture risk can
be estimated using patient demographics and clinical history,
glucocorticoid dose, and the Fracture Risk Assessment Tool
(FRAX) score.683 Calcium (optimal intake 1000–1200 mg/d)
and vitamin D supplementation are recommended for patients
with LN, as well as consideration for oral bisphosphonates
according to individual risk assessment.684,685

Malignancies in patients with LN. Patients with SLE have
increased risk of malignant tumors, including non-Hodgkin’s
lymphoma, lung, liver, vulvar/vaginal, thyroid, nonmelanoma
skin cancer, and the risk (especially with bladder cancer) is
increased in patients with a history of exposure to cyclophos-
phamide.686,687 In general, the surveillance for malignancies in
patients with LN follows the cancer-screening policies for the
general population in the local community, and specific ma-
lignancy screening guidelines for patients with SLE are either
lacking or largely opinion-based.688 Although there is pre-
liminary evidence showing efficacy and safety of human
papillomavirus vaccines in patients with SLE, there is also
controversy about whether the vaccine may cause predisposi-
tion to the development of SLE or lupus-like disease.689,690

10.2.2 Class I or Class II lupus nephritis

Practice Point 10.2.2.1: Approach to immunosuppressive
treatment for patients with Class I or Class II LN
(Figure 88)
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Patients with Class I or Class II LN generally have normal
kidney function, or at most, low-grade proteinuria that is well
below the nephrotic-range, and sometimes microscopic he-
maturia. For these patients, no specific immunosuppressive
therapy beyond what is being given for nonrenal lupus is
needed.691

Patients with Class I or II histology but with nephrotic-
range proteinuria or NS are considered to have lupus podo-
cytopathy. This diagnosis may be confirmed by demonstrating
diffuse podocyte effacement on electron microscopy. Clinically
and histologically, these patients are similar to those with MCD
or FSGS, often showing a good response to glucocorticoid
treatment.692–694 Although there have been no RCTs, obser-
vational data showed that over 90% of patients given gluco-
corticoid monotherapy achieved remission within a median
time of 4 weeks.692,695–699 Data on relapse are even more
limited, but there appears to be a significant risk of relapse after
glucocorticoids are tapered.700 Although optimal duration is
not known, maintenance with low-dose glucocorticoid plus an
additional agent such as an MPAA, azathioprine, or a CNI is
suggested, especially in patients with a history of relapse.

10.2.3 Class III or Class IV lupus nephritis

10.2.3.1 Initial therapy of active Class III/IV lupus nephritis

Recommendation 10.2.3.1.1: We recommend that
patients with active Class III or IV LN, with or
without a membranous component, be treated
initially with glucocorticoids plus either low-dose
intravenous cyclophosphamide or MPAA (1B).

This recommendation places a high value on the data demon-
strating that glucocorticoids, in combination with MPAA or
standard-dose cyclophosphamide, will improve kidney outcomes
in active severe LN. It also places a high value on the data
demonstrating comparable efficacy between MMF and cyclo-
phosphamide in active severe LN. The Work Group recognizes
that 2 new therapies have been approved for LN by the US FDA
recently. The data leading to the approvals have recently been
published.701,702 This evidence has not yet been systematically
reviewed in the context of current therapies, and it has not been
graded for quality. Nevertheless, these therapies are promising
and are discussed in subsequent practice points. All potential
approaches to initial treatment of proliferative LN are shown in
Figure 89.

Key information
Balance of benefits and harms. The short-term prognosis of

patients with proliferative LN improved dramatically when
treatment with high-dose glucocorticoids was started in the
1960s.703 However, the long-term kidney prognosis
continued to be poor as many patients progressed to kidney
failure despite treatment. In landmark studies during the
1980s, the addition of cyclophosphamide to glucocorticoids
was shown to be superior to treatment with glucocorticoids
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alone in preserving long-term kidney survival in active severe
LN.630,704–707

For decades, the accepted standard of care for prolifera-
tive LN was high-dose glucocorticoids plus cyclophospha-
mide, but the risk of severe side effects prompted
investigation of alternative induction regimens. This led to
several trials comparing other agents to cyclophosphamide
for initial treatment of LN, including azathioprine and
MPAA.

MPAAs received considerable attention and were shown
to have efficacy similar to that of cyclophosphamide for
initial treatment of LN.708,709 Although some studies sug-
gested that MPAAs were associated with fewer adverse ef-
fects than cyclophosphamide, several investigations
demonstrated a similar prevalence but different profile of
adverse events.

However, all studies used concomitant high-dose gluco-
corticoids, and these likely accounted for many treatment-
associated adverse events.629,631,708–710 The dose of MPAA
also differed between the studies. Nonetheless, based on
relatively favorable “real-world” clinical experience, MPAA-
based regimens have mostly replaced cyclophosphamide-
based regimens for the initial treatment of proliferative LN.
The dose of MMF is typically 2–3 g/d. Figure 91 shows the
details of cyclophosphamide-dosing regimens.

Based on the hypothesis that the risk–benefit ratio of initial
LN treatment could be improved further, a reduced-dose
cyclophosphamide regimen was compared to standard high-
dose cyclophosphamide in a study of 90 patients of Euro-
pean descent with active nephritis. The results showed no
statistically significant difference in efficacy both short- and
long-term and an improved side-effect profile.634,711 This
regimen was also tested in a short-term trial that included 100
Indian patients and showed similar remission rates compared
to MPAA.709 In view of the scarcity of data on reduced-dose
cyclophosphamide in patients of African or Hispanic
descent, there is concern as to whether this regimen is
effective in these patient groups.

It is important to note that of all these treatment options,
only initial treatment with cyclophosphamide has long-term
data from controlled trials showing its higher efficacy in
preserving kidney function compared to treatment with
glucocorticoids alone.705,706 All the other regimens have
shown comparable or superior short-term efficacy, but trials
have not been carried out to compare long-term efficacy on
kidney survival. There is increasing evidence, based on data
from observational studies,632,711–715 that effective induction
of renal response after initial therapy, especially a complete
renal response, is associated with more-favorable long-term
kidney outcomes.

In summary, Class III and Class IV LN are often very
severe, and without treatment, they are associated with
significant patient morbidity and mortality and a very high
risk of kidney loss. Four distinct approaches have evolved
to achieve renal response and prevent loss of kidney
function. The attempt to reduce medication side effects

 CHAPTER. 
 UPDATE.
Kidney International (2021) 100, S1–S276



Fi
g
u
re

8
9
|
R
ec
o
m
m
en

d
ed

ap
p
ro
ac
h
fo
r
in
it
ia
lt
h
er
ap

y
o
f
ac
ti
ve

C
la
ss

II
I/
IV

LN
.*
Tr
ea
tm

en
ts
in

Re
co
m
m
en

d
at
io
n
10

.2
.3
.1
.1
.‡
Re

fe
r
to

Fi
g
u
re

90
fo
r
ex
am

p
le
s
o
f
co
rt
ic
o
st
er
o
id

tr
ea
tm

en
t

re
g
im

en
.§
Re

fe
r
to

Fi
g
u
re

91
fo
r
co
m
m
en

ts
o
n
cy
cl
o
p
h
o
sp
h
am

id
e
re
g
im

en
s.

†
D
en

o
te
s
tr
ea
tm

en
ts

ap
p
ro
ve
d
b
y
th
e
U
.S
.F
o
o
d
an

d
D
ru
g
A
d
m
in
is
tr
at
io
n
.b

.i.
d
.,
tw

ic
e
d
ai
ly
;e

G
FR

,e
st
im

at
ed

g
lo
m
er
u
la
r
fi
lt
ra
ti
o
n
ra
te
;i
.v
.,
in
tr
av
en

o
u
s;
M
M
F,
m
yc
o
p
h
en

o
la
te

m
o
fe
ti
l;
M
PA

A
,m

yc
o
p
h
en

o
la
te

ac
id

an
al
o
g
s;
p
.o
.,
o
ra
l;
q
2w

k,
ev
er
y
2
w
ee

ks
;q

4w
k,
ev
er
y
4
w
ee

ks
;s
.c
.,
su
b
cu
ta
n
eo

u
s;
SC

r,
se
ru
m

cr
ea
ti
n
in
e.

www.kidney-international.org chap te r 10

Kidney International (2021) 100, S1–S276 S213

OUTDATED CHAPTER. 
PLEASE SEE UPDATE.



chap te r 10 www.kidney-international.org

E

has been modestly successful, shifting side-effect profiles
away from the leukopenia, infertility, and future cancers
associated with high cyclophosphamide exposure. Despite
the potential of important treatment-associated toxicities,
the benefits of treating proliferative LN outweigh the
harms.

Quality of evidence. In the 6 RCTs that compared i.v.
cyclophosphamide with glucocorticoids, there was moderate
quality of evidence for a kidney benefit and decrease in kidney
relapse. The quality of the evidence from these RCTs was
downgraded to moderate because of study limitations (unclear
blinding of participants and personnel, unclear allocation
concealment; Supplementary Table S46630,704,705,707,716–718).

High-dose versus low-dose cyclophosphamide has been
compared in a few RCTs (Supplementary Table S47634,718–
721). The results from these trials indicate that low-dose
cyclophosphamide is associated with fewer adverse events
(such as infection, malignancy, leukopenia, and bone
toxicity718; although in some studies, the efficacy also
appeared lower than that of the high-dose regimen), with
moderate quality of the evidence because of serious impre-
cision (only a few events, resulting in wide CIs indicating
appreciable benefit and harm).

From the RCTs, there is moderate quality in the evidence
that MMF exhibits a similar efficacy, and a different side-
effect profile compared with i.v. cyclophosphamide. The
quality of the evidence was downgraded to moderate because
of unclear reporting of allocation concealment in trials
(Supplementary Table S48629,708–710,718,722–725).

Values and preferences. Without treatment, the prognosis
for kidney survival in patients with proliferative LN is poor, so
the Work Group judged that most well-informed patients
with Class III and IV LN would choose to be treated with
one of the immunosuppression regimens outlined
previously. Given the risks of infertility associated with
cyclophosphamide and the spectra of future malignancy,
most patients of childbearing age who anticipate conceiving
in the future, and most patients, in general, will likely opt
for initial treatment with MPAA over standard-dose
cyclophosphamide. Low-dose i.v. cyclophosphamide has less
risk than standard-dose and is a reasonable alternative to
MPAA, but because the data favoring low-dose
cyclophosphamide have largely come from White patients
with mild to moderately severe LN, this alternative may not
be appropriate for the treatment of severe LN in patients of
African or Hispanic ancestry.

Resource use and costs. Management of active LN with
immunosuppression is resource and labor intensive because
the medications and the surveillance for potential complica-
tions are costly. Intravenous administration requires an
infusion center with supervision, and patients must be
monitored frequently for treatment- or disease-related
complications, and require frequent clinical laboratory
testing. However, it is likely that these costs are less over
time than those associated with managing CKD and kidney
failure resulting from no treatment, although a direct
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economic analysis has not been done. Furthermore, there
have been no comparisons of quality of life between
patients with CKD, patients with kidney failure receiving
kidney replacement therapy, and patients receiving
immunosuppression, especially with high-dose or prolonged
administration of glucocorticoids. MPAA regimens were
associated with higher medication costs but lower facility
costs and a superior quality of life compared to i.v.
cyclophosphamide regimens.726–728

Considerations for implementation. In view of the significant
treatment costs,728–730 the choice of therapy is often region-
specific and depends on drug availability, reimbursement
policies, and the financial means of individual patients.
Other considerations when choosing initial therapy for LN
include likelihood of adherence, age, prior
immunosuppressive exposure, disease tempo and severity,
and race and ethnicity.

Physicians may choose an i.v. regimen if suboptimal
adherence is anticipated. Age is an important factor with
respect to preservation of fertility, as susceptibility to gonadal
failure after cyclophosphamide use increases with age. Sus-
ceptibility to future malignancies increases with higher life-
time cyclophosphamide exposure, so a detailed knowledge of
prior therapies is important. Despite these considerations for
cyclophosphamide, many physicians would initially choose
standard-dose cyclophosphamide for patients in whom kid-
ney function is rapidly deteriorating and whose biopsy shows
severe activity (e.g., capillary necrosis, an abundance of
crescents). It should be noted that there are sparse data on
this group of patients who present with aggressive disease, as
their clinical characteristics precluded them from inclusion in
clinical trials. Physicians caring for patients of mixed ethnic
background or Hispanic ethnicity may choose MPAA over
cyclophosphamide as there are some post hoc analysis data
suggesting it has higher efficacy,731,732 whereas physicians
caring for Chinese patients may want to choose MPAA and
glucocorticoids, or triple immunosuppression with gluco-
corticoids plus low-dose MPAA plus low-dose CNI, as
opposed to a cyclophosphamide-based regimen.636,733

Rationale
Class III or IV LN is an aggressive disease that requires
prompt and effective therapy to abate ongoing injury and
destruction of normal nephrons. Immunosuppressive treat-
ment targets the active inflammatory lesions in kidney his-
topathology, in contrast to the chronic lesions, the extent of
which portend CKD and long-term kidney prognosis.

The choice of initial treatment for Class III or IV LN entails
personalized consideration of the balance between benefit and
risk and is informed by data on short-term response and long-
term efficacy and safety, potential adverse effects including
infections and cumulative toxicities, quality of life, and factors
relevant to patient experience and adherence.

Patient and kidney survival rates in Class III or Class IV
LN have improved since the 1970s, first with the use of glu-
cocorticoids, and subsequently following the adoption of
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combined immunosuppressive regimens with cyclophospha-
mide or MPAA as standard therapy.

Glucocorticoids remain an integral component in initial
therapy for Class III or IV LN based on their anti-
inflammatory and immunosuppressive actions. The addition
of cyclophosphamide or MPAA was associated with lower
relapse rates and improved long-term kidney survival
compared with glucocorticoid treatment alone. Combined
immunosuppressive regimens also facilitate glucocorticoid
minimization, thereby reducing their adverse effects
(Figure 90).

Practice Point 10.2.3.1.1: A regimen of reduced-dose glu-
cocorticoids following a short course of methylpredniso-
lone pulses may be considered during the initial treatment
of active LN when both the kidney and extrarenal disease
manifestations show satisfactory improvement (Figure 90).

Glucocorticoids are used in all current treatment regimens
of LN. These drugs have both immunosuppressive and anti-
inflammatory effects and provide immediate treatment for
the often extensive intrarenal inflammation that is seen in
patients with Class III and Class IV LN. This regimen is
necessary because there is a lag before the immunosuppressive
effects of cyclophosphamide, MPAA, CNIs, or B cell–directed
therapies are seen. The dose, tapering regimen, and duration
of glucocorticoid schemes vary considerably among clinicians
and are largely opinion-based. Examples are given in
Figure 90.

The role of i.v. methylprednisolone pulses at the start of
treatment is not well-studied but is commonly given as up to
3 daily doses of 500 mg each (range 250–1000 mg/d), espe-
cially in patients who present with a clinical syndrome of
RPGN—acute and severe deterioration of kidney function
often accompanied by a high proportion of crescents or
vascular lesions in the kidney biopsy, or when there are severe
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Figure 90 | Example of glucocorticoid regimens for LN. LN, lupus nep
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extrarenal manifestations, such as central nervous system or
lung involvement.

To minimize the side effects due to high cumulative
exposure to glucocorticoids, there is increasing use of initial
i.v. glucocorticoid pulses followed by a lower starting dose
and/or more-rapid taper of oral glucocorticoid in recent
clinical trials.734 Results from a retrospective propensity
analysis of data from 63 patients enrolled in the Aspreva
Lupus Management Study (ALMS) and the phase 2 Aurinia
Urinary Protein Reduction Active-Lupus with Voclosporin
(AURA-LV) trial suggested that doses of glucocorticoids and
MPAA lower than those adopted in ALMS may result in
better long-term safety, including a reduction in lympho-
proliferative disorders, skin cancers, and glucocorticoid-
related side effects.735 In children, the avoidance of excessive
glucocorticoid exposure also has implications for growth,
psychosocial issues, and drug adherence.736 With accumulating
data on the efficacy and glucocorticoid-sparing role of
immunosuppressive medications such as cyclophosphamide
and MMF, there is a move toward reducing exposure to glu-
cocorticoids (Supplementary Table S49718,737). Examples of
dosing and tapering regimens in initial treatment of LN, based
on published literature and recent clinical trials that investigate
the efficacy and safety of new therapeutic agents, are shown in
Figure 90. They serve to illustrate variations in exposure to
glucocorticoids, but it is premature to recommend one over the
other, as the regimens have not been formally compared to one
another in prospective clinical trials.

Practice Point 10.2.3.1.2: Intravenous cyclophosphamide
should be used as the initial therapy for active Class III and
Class IV LN in patients who may have difficulty adhering to
an oral regimen.

Cyclophosphamide may be given orally or intravenously,
and in a standard-dose (also known as the modified National
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Figure 91 | Cyclophosphamide dosing regimens, combined with glucocorticoids, in initial treatment for active Class III/IV LN. i.v.,
intravenous; LN, lupus nephritis; max, maximum; NIH, National Institutes of Health, USA.; p.o., oral.
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Institutes of Health (NIH) regimen or high-dose regimen) or
low-dose (also known as the Euro-Lupus regimen). The
dosing and duration for these regimens are given in Figure 91.

The choice of which regimen to use depends on several
factors and can be individualized:
� Efficacy: Oral and standard-dose i.v. cyclophosphamide
regimens have been used in diverse ethnic populations and
for all levels of disease severity, and show equivalent effi-
cacy.635,738–741 Reduced-dose cyclophosphamide (Euro-
Lupus regimen) shows equivalent efficacy to standard-dose
cyclophosphamide but was tested mainly in White pa-
tients.634,711 Emerging data suggest low-dose cyclophos-
phamide is effective in Asians, Hispanics, and Black
patients, but these studies did not make direct comparisons
to standard-dose i.v. cyclophosphamide (Supplementary
Table S47634,718–721,742).

� Cost: Intravenous cyclophosphamide is more expensive
than oral and requires the availability of an infusion suite
and experienced staff.

� Convenience: Oral cyclophosphamide does not require pa-
tients to stop work or family activities.

� Toxicity: The toxicities of cyclophosphamide may be consid-
ered immediate (e.g., gastrointestinal, susceptibility to infec-
tion) or delayed (e.g., loss of fertility, future malignancies).

� Standard-dose i.v. cyclophosphamide was shown to be less
toxic than oral cyclophosphamide, but the dose and dura-
tion of oral treatment in these reports were substantially
higher and longer than those currently recommended
(Supplementary Table S50630,718,741). The incidence of
bladder toxicity is also felt to be lower with i.v. cyclo-
phosphamide. Reduced-dose i.v. cyclophosphamide has the
most favorable immediate toxicity profile among the 3
cyclophosphamide regimens.
B The risk of future hematologic malignancy is related to
total lifetime exposure (>36 g), as is myelofibrosis (>80
g). Total lifetime exposure plus age constitutes a signif-
icant risk factor for premature ovarian failure (>7.5–15
g/m2 for young to older pediatric patients, respectively;
300 mg/kg for adults).
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Practice Point 10.2.3.1.3: An MPAA-based regimen is the
preferred initial therapy of proliferative LN for patients at
high risk of infertility, patients who have a moderate to
high prior cyclophosphamide exposure, and patients of
Asian, Hispanic, or African ancestry.

Trials of MMF for initial treatment of proliferative LN have
targeted dosing of 2–3 g/d. Several studies have shown that
MMF has comparable short-term efficacy to oral or i.v.
cyclophosphamide for induction of complete and partial renal
responses (Supplementary Table S48629,631,632,710,718,722–725).
MMF has significant gastrointestinal toxicity, and at
moderate-to-high doses, some patients may not tolerate it. In
patients with gastrointestinal intolerance, a trial of enteric-
coated MPA in a dose range of 1440–2160 mg is warranted,
in view of its greater gastrointestinal tolerance.737

Although MPAA does not predispose patients to gonadal
failure or hematologic malignancies as does cyclophospha-
mide, the ALMS trial (target dose 3 g/d) showed a similar
incidence of side effects between patients treated with MMF
plus glucocorticoids and patients treated with cyclophos-
phamide plus glucocorticoids.629 In this trial, 9 deaths
occurred in the MMF group, and 5 in the cyclophosphamide
group. Seven of the 9 deaths in the MMF group were due to
infections, and 7 of the 9 deaths in MMF-treated patients
occurred in Asia. Concomitant high-dose glucocorticoids and
the relatively high MPA exposure have been proposed as
contributory factors to the higher-than-expected infection-
related adverse outcomes in this trial. In this regard, data
from kidney transplant clinical trials showed that, compared
with an MMF dose of 2 g/d, an increased MMF dose of 3 g/
d did not result in a higher efficacy in the non-Black patient
population, but was associated with more adverse events.743

Therefore, consideration of the race or ethnicity of a pa-
tient, or the geographic locality, may also be relevant when
deciding on the dose of MPAA to be used, in view of the
potential differences in risk profiles among patients.

MPA pharmacokinetics varies considerably among pa-
tients, especially in the context of hypoalbuminemia and
impaired kidney function. Data from small-scale studies
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suggested that an MPA area under the concentration-versus-
time curve of 35–45 mg/hr/l or a trough level of 3.0–4.5
mg/l may serve to ensure adequate exposure during initial
therapy, but the role of therapeutic drug-level monitoring
remains to be established.744–748

MMF has been tested successfully in diverse ethnic groups.
A more granular look at the efficacy of MMF in specific ethnic
groups was done through a post hoc analysis of data from the
ALMS study, the largest trial comparing MMF to i.v. cyclo-
phosphamide to date.629,731 The analysis showed higher
treatment response rates for MMF compared to cyclophos-
phamide in Hispanic patients (60.9% vs. 38.8%, P ¼ 0.011)
and patients from Latin America (60.7% vs. 32%, P ¼ 0.003),
whereas the response to MMF was numerically higher but not
statistically different than that to cyclophosphamide in Black
patients (53.9% vs. 40.0%, P ¼ 0.39). A higher response rate
to MMF than to cyclophosphamide in Hispanic patients was
also reported in cohort studies.732 In contrast, the response
rate to cyclophosphamide was numerically higher but not
statistically different than that to MMF in Asian patients
(63.9% vs. 53.2%, P ¼ 0.24).629,731

Cyclophosphamide has historically been the first-choice
treatment for very severe proliferative LN. An analysis of
pooled data from various clinical trials of patients with Class
III/IV LN, crescents in >15% of glomeruli, and abnormal SCr
level at presentation showed a comparable early response to
glucocorticoids plus either cyclophosphamide or MMF.749

However, the analysis also suggested that initial treatment
with cyclophosphamide might be associated with a more
sustained response and more favorable long-term kidney
outcome than initial treatment with MMF. In the mainte-
nance phase of ALMS,633 although not statistically different,
patients initially treated with cyclophosphamide had numer-
ically lower rates of disease flare compared with those initially
treated with MMF.

Practice Point 10.2.3.1.4: Initial therapy with a triple
immunosuppressive regimen that includes a CNI (tacroli-
mus or cyclosporine) with reduced-dose MPAA and glu-
cocorticoids is reserved for patients who cannot tolerate
standard-dose MPAA or are unfit for or will not use
cyclophosphamide-based regimens.

Calcineurin inhibitors (CNI) are potent immunosuppres-
sive medications due to their inhibition of T lymphocyte
activation and release of interleukin-2. They also modulate
the podocyte cytoskeleton, leading to reduction of proteinuria
in various glomerular diseases. The use of a CNI in the
treatment of LN may therefore lead to more effective or more
rapid reduction of proteinuria.

Data from short-term studies with follow-up of 6–12
months suggest that a regimen of glucocorticoids combined
with cyclosporine or tacrolimus, with or without reduced-
dose MPAA, as initial LN therapy has comparable efficacy
to glucocorticoids combined with cyclophospha-
mide.636,750,751 Until recently, most of these trials had been
done in Asia (see Practice Point 10.2.3.1.5). The largest trial,
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conducted in China, combined a fixed, relatively low-dose of
tacrolimus (4 mg/d, achieved trough levels of 5.2–5.5 ng/ml
[6.4–6.8 nmol/l]) with low-dose MMF (1 g/d) in patients
with a baseline serum creatinine level #3.0 mg/dl (265
mmol/l), and reported earlier attainment of renal response
than in controls treated with NIH-cyclophosphamide
regimen with a higher complete renal response rate (46%
vs. 26%) after 24 weeks of treatment.636 Extended follow-up,
however, showed comparable renal response rates in both
groups during the second year of treatment.733 Similarly, a
study from Japan reported a complete response rate of 80%
after 6 months of treatment with a triple immunosuppres-
sive regimen that included glucocorticoids, reduced-dose
cyclophosphamide, and tacrolimus.750

The evidence from the few RCTs that compared triple-
therapy to cyclophosphamide is judged as low quality because
of study limitations and indirectness (Supplementary
Table S51636,718,752). As these early trials mainly included pa-
tients of Asian ethnicity, and some excluded patients with se-
vere disease, the generalizability of this therapy to the broader
LN population is unclear (see also Practice Point 10.2.3.1.5).

Of importance, in the large Chinese study, the number of
infections was higher in patients who received triple therapy
than in those who were treated with cyclophosphamide,
although this difference did not reach statistical significance.
More data are also required on the incidence of acute and
chronic CNI nephrotoxicity, the metabolic side effects of
CNIs and their effect on blood pressure control, as well as the
optimal duration of treatment and whether there may be a
rebound of proteinuria after stopping CNI.751

Practice Point 10.2.3.1.5: In patients with baseline eGFR of
at least 45 ml/min per 1.73 m2, voclosporin can be added to
MPAA and glucocorticoids as initial therapy for 1 year.

Voclosporin is an analogue of cyclosporine that exhibits
enhanced potency in calcineurin inhibition. Voclosporin was
noninferior to tacrolimus in the prevention of biopsy-proven
acute rejection in a 6-month multicenter open-label phase 2b
trial that involved 334 low-risk kidney transplant re-
cipients.753 Voclosporin for the treatment of active biopsy-
proven Class III, IV, or V lupus nephritis was investigated
in Aurinia Urinary Protein Reduction Active - Lupus With
Voclosporin (AURA-LV),734 a phase 2 RCT of 265 subjects
and Aurinia Renal Response in Active Lupus With Voclo-
sporin (AURORA),702,754 a phase 3 RCTof 357 subjects. Both
trials included patients of diverse ancestry. Voclosporin was
compared to placebo, and all patients received glucocorticoids
and MMF (target dose: 2 g/d) as background therapy. The
rapidly tapered corticosteroid regimen used was novel. All
patients received 2 doses of intravenous methylprednisolone
(500 mg/dose) followed by 20–25 mg prednisone that was
rapidly tapered to 2.5 mg/d by 16 weeks. The primary
endpoint of these trials was renal response (RR), defined as
urine PCR #0.5 mg/mg, eGFR $60 ml/min per 1.73m2, or
no decline of >20% from baseline, and prednisone dose
of <10 mg/d for the 8 weeks prior to endpoint measurement.
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In AURA-LV, 33% of patients treated with voclosporin 23.7
mg twice per day reached an RR at 24 weeks compared to 19%
of placebo-treated patients (OR 2.03, P< 0.05).734 Similarly, in
AURORA, 41% of voclosporin-treated patients achieved RR at
52 weeks, compared to 23% of placebo-treated patients (OR
2.65, P< 0.001).702,754 A pooled analysis of the 2 trials showed
that patients treated with voclosporin added to standard ther-
apy had an RR rate of 44% at 1 year, compared to 23% in
placebo patients (P < 0.0001).755 Adverse events were similar
between the placebo and voclosporin arms.

Compared to other CNIs, such as cyclosporine and
tacrolimus, voclosporin has a more consistent
pharmacokinetic–pharmacodynamic relationship due to
enhanced binding of the voclosporin–cyclophilin complex to
calcineurin and reduced drug and metabolite load. Pre-
liminary evidence, based on data from the AURA-LV and
AURORA trials, suggests that therapeutic drug monitoring
may not be necessary in patients.756

Results from these 2 pivotal trials led to the US FDA
approval of voclosporin to treat adult patients with LN in
January 2021. Of note, voclosporin is not recommended for
patients with a baseline eGFR #45 ml/min per 1.73 m2, as
these patients were excluded from the trials. Also, voclosporin
has not been studied with cyclophosphamide.

The positive results of AURA-LN and AURORA coupled
with the Asian studies of tacrolimus and cyclosporine suggest
triple immunosuppressive therapy incorporating a CNI can
be an effective treatment regimen for LN. An advantage of a
CNI-based regimen is the more rapid reduction of protein-
uria. However, more data on long-term efficacy and safety of
CNI use in LN are required.

Practice Point 10.2.3.1.6: There is an emerging role for B-
lymphocyte targeting biologics in the treatment of LN.
Belimumab can be added to standard therapy in the
treatment of active LN. Rituximab may be considered
for patients with persistent disease activity or repeated
flares.

Results from phase 2 and phase 3 clinical trials did not
demonstrate superiority in efficacy when B cell–targeting
therapies (rituximab, ocrelizumab), costimulatory blockade
(abatacept), or anti-interleukin-6 monoclonal antibody were
added to standard initial therapy of glucocorticoids and either
MMF or cyclophosphamide.757–762 The negative outcomes
contrast with reports of case series that suggested efficacy when
patients with suboptimal response to standard therapy were
treated with rituximab.763–766 Interestingly, patients treated
with rituximab and abatacept in the RCTs showed more
effective suppression of anti-double-stranded deoxy-
ribonucleic acid (dsDNA) levels and complement activation,
but this biological efficacy did not translate to conventional
clinical indicators of treatment response.757,759 Reasons for the
apparent discrepancy between biological efficacy versus clinical
observations, and between the case series versus RCT results,
include the different populations of patients studied, the
outcome parameters used in the trials, and the relatively short
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duration of observation in the trials. Some trials using biologics
have yielded encouraging results. For example, in a prospective
single-center pilot study to investigate whether rituximab could
facilitate corticosteroid avoidance, 50 patients with active LN
(22Class V, 28Class III/IV�V)were treatedwith rituximab 1 g
and methylprednisolone 500 mg i.v. on day 1 and day 15 and
were maintained onMMF (maximum dose 1.5 g twice per day,
target trough blood level of mycophenolic acid 1.2–2.4 mg/ml
[3.7–7.5 mmol/l]) without glucocorticoids, and by 52 weeks,
52%of patients achieved complete remission and 34%achieved
partial remission.767

The negative outcomes in previous clinical trials do not
preclude a therapeutic role for some of these novel agents in
selected patients, including those who have not responded
well to or who do not tolerate standard therapy, or when
steroid-sparing is attempted (Supplementary Tables S56–
S59718,742,757–759,764).767

Ongoing clinical trials continue to investigate the role of
biologics for the treatment of LN. A recent phase 2 study
showed that in adult patients with active proliferative LN
treated with MPAA and glucocorticoids, the addition of
obinutuzumab resulted in higher complete renal response
rates at week 76 (40% vs. 18%, P ¼ 0.007), and at week 104
compared to placebo (54% vs. 29%, P ¼ 0.005). The rate of
serious adverse events and serious infections did not differ
between the 2 groups.760

A phase 3 RCTof belimumab (10 mg/kg i.v. on days 1, 15,
and 29, then every 28 days to week 100) added to standard-of-
care therapy resulted in approval of belimumab for LN by the
U.S. FDA in December 2020.701 This trial, Efficacy and Safety
of Belimumab in Patients with Active Lupus Nephritis
(BLISS-LN), examined the 2-year primary efficacy renal
response (PERR) after belimumab or placebo was added to
standard-of-care therapy, which was either MMF or the Euro-
Lupus reduced-dose cyclophosphamide regimen chosen by
the site investigator. PERR was defined as a ratio of PCR
of <0.7, an eGFR that was no worse than 20% below baseline
or at least 60 ml/min per 1.73 m2, and no use of rescue
therapy for treatment failure. At week 104, significantly more
patients who received belimumab achieved a PERR compared
to the number of those who received placebo (43% vs. 32%;
OR 1.60; P ¼ 0.03; Supplementary Table S60701). Key sec-
ondary endpoints included complete renal response and the
risk of renal event or death. These also favored belimumab.
Subgroup analysis showed that the overall PERR response was
driven by the results in the larger subgroup (73.5%) of pa-
tients who received MMF as background therapy. Belimumab
treatment was not associated with excess adverse events.

In summary, there are accumulating data on the bio-
logical and clinical efficacy of various biologics. Although
long-term results are awaited, results on these biologics
have expanded the armamentarium of therapeutic options
and potential combinations of treatments. The favorable
safety profile associated with some of the new biologics
presents a distinct advantage. Further investigations are
necessary to define the profiles and characteristics of
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patients who would benefit most from each of the various
novel therapies.

Practice Point 10.2.3.1.7: Other therapies, such as azathi-
oprine or leflunomide combined with glucocorticoids, may
be considered in lieu of the recommended initial drugs for
proliferative LN in situations of patient intolerance, lack of
availability, and/or excessive cost of standard drugs, but
these alternatives may be associated with inferior efficacy,
including increased rate of disease flares and/or increased
incidence of drug toxicities.

Azathioprine combined with methylprednisolone pulses
showed a comparable short-term renal response rate to that for
prednisolone combined with standard-dose i.v. cyclophospha-
mide in a study that included 87 patients in theNetherlands, but
the azathioprine and pulsemethylprednisolone group hadmore
infections, and their extended follow-up data showed a higher
relapse rate and greater progression of CKD (Supplementary
Table S52630,718,768,769). Nonetheless, some patients may not
tolerateMPAA, cyclophosphamide, or CNIs, or these drugsmay
be unavailable, too costly in some regions of the world, or
contraindicated, as in pregnant patients.

Short-term studies in Chinese patients compared leflu-
nomide against i.v. cyclophosphamide, in both cases com-
bined with glucocorticoids, and reported comparable renal
response rates of approximately 70% after 6 months.770,771

Other therapies that have not shown significant benefit
when added to standard therapy include plasmapheresis
(Supplementary Table S53618,635,772–774), and the anti-
interleukin-6 antibody sirukumab (Supplementary
Table S54618,775). In a phase 2a trial, laquinimod was associ-
ated with a higher renal response rate (62.5% compared with
33.3% in the placebo group) when added to standard-of-care
treatment with glucocorticoids and MMF in patients with
active LN (Supplementary Table S55618,776).
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Figure 92 | Maintenance therapy for Class III and Class IV LN. The tar
KDIGO Work Group acknowledges that targets for glomerular diseases a
and avoid CNI toxicity. At present, the most reasonable dosing of a CNI m
proteinuria, balancing dose escalation against serum creatinine level, redu
or increases over 30% of baseline. If the serum creatinine level does no
calcineurin inhibitor; LN, lupus nephritis.
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10.2.3.2 Maintenance therapy for Class III and Class IV lupus
nephritis

Recommendation 10.2.3.2.1: We recommend that
after completion of initial therapy, patients should
be placed on MPAA for maintenance (1B).

This recommendation places a high value on the data demon-
strating that long-term, reduced-dose MPAA decrease the risk of
LN relapse compared to azathioprine or no treatment and that
MPAA have effectiveness comparable to that of cyclophospha-
mide but with a lower risk of adverse events. The recommen-
dation places a lower value on the risk of adverse events
associated with long-term MPAA treatment as compared to no
treatment (Figure 92).

Key information
Balance of benefits and harms. High-intensity immuno-

suppression for the initial treatment of LN is given for 3–6
months, depending on the regimen (Section 10.2.3.1). At the
end of initial therapy, only about 10% to 40% of patients
achieve complete response as defined by clinical parame-
ters,2,628,634,636 and approximately 20% achieve complete
histologic remission, defined as an activity index of zero on
repeat kidney biopsy.627 Also, LN relapses frequently, and
relapses predispose to additional kidney damage and pro-
gression to kidney failure. Ongoing treatment is therefore
needed to consolidate initial responses into more complete
and sustained responses, and to prevent disease flares. After
initial therapy, ongoing immunosuppression is designated as
maintenance therapy.

The evolution of current maintenance therapy for prolif-
erative LN is an example of how investigators have tried to
balance preservation of kidney function against the toxicities
of long-term immunosuppressive therapy. After it became
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clear that the addition of a cytotoxic agent to glucocorticoids
during the initial treatment of LN improved long-term kidney
survival, patients were kept on oral, or in later studies i.v.,
cyclophosphamide for months or years.716 This led to
considerable lifetime cyclophosphamide exposure and
toxicity.777,778 A study reported in 2004 compared quarterly
i.v. cyclophosphamide against oral MMF or azathioprine for
LN maintenance, and the results showed not only a significant
reduction in side effects in those treated with MMF or
azathioprine but also improved kidney and patient outcomes
compared to the cyclophosphamide group.779 This led to a
decrease in the use of quarterly cyclophosphamide as main-
tenance treatment. Favorable long-term results with sequen-
tial immunosuppressive regimen have been published by
others,712,713 and together, they ushered in the current era of
intense, high-dose immunosuppression for the initial treat-
ment of proliferative LN, followed by prolonged immuno-
suppression with a less intense regimen to reduce adverse
events while ensuring the continued suppression of immune-
mediated pathogenic processes so that the response following
initial therapy is consolidated, the disease remains quiescent,
flares are prevented, and further damage to the kidney or
other organs is avoided.

MMF and azathioprine were directly compared as main-
tenance agents in 2 major clinical trials (Supplementary
Table S61629,718,779–781).633,711 In an LN cohort of 227 ethni-
cally diverse patients, the maintenance phase of ALMS
showed that over 3 years of follow-up, the composite treat-
ment failure endpoint of death, ESKD, LN flare, sustained
doubling of SCr, or requirement for rescue therapy was
observed in 16% of MMF-treated patients and in 32% of
azathioprine-treated patients (P ¼ 0.003).633 LN flares
occurred in 12.9% of MMF-treated patients and 23.4% of
azathioprine-treated patients. In contrast, the Mycophenolate
Mofetil Versus Azathioprine for Maintenance Therapy of
Lupus Nephritis (MAINTAIN) trial randomized 105 pre-
dominantly White patients to MMF or azathioprine and
glucocorticoid maintenance therapy after initial therapy with
the low-dose cyclophosphamide regimen and showed no
difference in time to kidney flare between the 2 groups, with a
cumulative kidney flare rate of around 20% in both groups
after 36 months.711 A higher proportion of patients in the
azathioprine group had adverse events leading to withdrawal
of therapy in the ALMS maintenance trial (39.6% vs. 25.2%),
and there was a higher incidence of cytopenia in the azathi-
oprine group in the MAINTAIN trial. Thus, in most LN
populations, MMF (MPAA) is the maintenance drug of
choice.

An RCT compared maintenance treatment with triple
immunosuppression that included low-dose MPAA, low-dose
tacrolimus, and low-dose glucocorticoids (“multitarget”
regimen) against azathioprine in responders following
“multitarget” regimen or NIH i.v. cyclophosphamide as initial
treatment for 6 months in the 2 groups respectively, and the
results showed similar efficacy in preventing flares in the 2
groups and a higher incidence of adverse events due to
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transaminitis in the azathioprine group.733 However, the
follow-up duration of 18 months was relatively short, and the
generalizability of data needs further investigation. Also,
although the response rate was significantly higher in the
“multitarget” group after 6 months of initial treatment, the
cumulative response rate was similar between the 2 groups
during the second year of therapy, increasing to approxi-
mately 90% by the end of 24 months. Other investigators
have reported relatively favorable results with various “mul-
titarget” triple immunosuppressive maintenance treatment
regimens that comprised glucocorticoids with MPAA and
either cyclosporine782,783 or tacrolimus.784

Based on these considerations collectively, the Work Group
concluded that the benefits of maintenance immunosup-
pression far outweigh its potential harms, and MPAA is the
preferred drug based on the data to date (Practice Point
10.2.3.2.1).

Quality of evidence. Only 1 RCT compared long duration
(18 months) of cyclophosphamide therapy encompassing
both the initial treatment period and the maintenance phase
with short duration (6 months) of cyclophosphamide therapy
as initial treatment followed by maintenance treatment with
variable immunosuppressive regimens. Due to study limita-
tions and very serious imprecision (only 1 study, and very
wide CIs, indicating appreciable benefit and harm), the
quality of the evidence for this trial is very low
(Supplementary Table S62716).

Similarly, only 1 RCT (n ¼ 39) compared azathioprine
with quarterly pulse cyclophosphamide as maintenance
treatment, indicating very low quality of the evidence because
of study limitations and very serious imprecision (only 1
study, wide CIs) (Supplementary Table S63779).

The ALMS trial compared azathioprine with MMF as
maintenance therapy in patients with proliferative LN and
showed an increased rate of composite “treatment failure”
endpoint and adverse effects (e.g., leukopenia) in patients
who received azathioprine.633 Despite the large sample size
and the fact that this was an RCT, the quality of the evidence
was downgraded to moderate because of imprecision (few
events) or study limitations (unclear allocation concealment).

Data on the use of CNIs or mizoribine as maintenance
treatment are generally of low quality (Practice Point
10.2.3.2.4785–788).

Values and preferences. In the judgment of the Work Group,
most well-informed patients who have undergone aggressive
immunosuppression to control their LN would choose
maintenance therapy to try to attain complete remission
if it had not yet been achieved, and in all cases to avoid
disease relapses needing reinstitution of high-dose
immunosuppression. In the judgment of the Work Group, the
better efficacy of MPAA with its generally favorable tolerability
profile, compared to azathioprine, attests that most well-
informedpatientswould chooseMPAAas thefirst-line treatment.

However, patients who have had severe adverse effects
while on MPAA, or who place a high value on becoming
pregnant, may choose azathioprine (or a CNI) over MPAA, as
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may patients for whom MPAAs are unavailable or
unaffordable.

Resource use and costs. In general, it is reasonable to as-
sume that the personal and societal cost of not using main-
tenance therapy and risking disease relapse after investing in
initial therapy would be higher than the cost of maintenance
medications. Compared with initial therapy, facility costs are
often lower, as maintenance regimens are oral, and outside of
medication expense, with major resource implications arising
from laboratory monitoring of lupus activity and immuno-
suppression and managing complications of treatment.
Although the drug cost of MPAA is considerably higher than
that of azathioprine, there are few cost-effectiveness analyses
of maintenance treatment for LN.789 Also, some drugs may
have limited accessibility in certain regions, and this may
influence choices. Drug-level monitoring is required in
patients treated with CNIs, but not when azathioprine or
MPAA is used, and this also has implications for
affordability and accessibility.

Considerations for implementation. Apart from availability
and cost ofMPAA, themajor consideration for implementation
of maintenance therapy is safety during pregnancy. Although it
is not advisable to attempt pregnancy until LN and SLE have
been well-controlled for some time, which would give ample
opportunity to switch patients over to a “pregnancy-friendly”
regimen, pregnancy decisions are complex, and maintenance
therapy often needs to be individualized on this basis
(Section 10.3.2.). MPAA is contraindicated during pregnancy
and should be discontinued well in advance of trying to
conceive. In contrast, low-dose azathioprine and CNIs can be
used during pregnancy.

Rationale
The use of maintenance combined immunosuppressive
therapy in Class III/IV LN to consolidate response to initial
immunosuppressive treatment and prevent disease flares is
supported by evidence of at least moderate quality. There are
more robust data supporting the superiority of MPAA over
azathioprine as maintenance therapy, from clinical trials that
included patients of different races and ethnicities.

Practice Point 10.2.3.2.1: Azathioprine is an alternative to
MPAA after completion of initial therapy in patients who
do not tolerate MPAA, who do not have access to MPAA, or
who are considering pregnancy.

As discussed under Recommendation 10.2.3.2.1, the direct
comparison between MPAA and azathioprine as maintenance
treatment in LN, both combined with low-dose glucocorti-
coids, is mainly based on data from ALMS and the MAIN-
TAIN trial.633,780 Although the results from the latter showed
no statistically significant difference in time to disease flare or
long-term clinical outcomes in Caucasian patients, data from
ALMS based on a large sample size from different countries
with different ancestry demonstrated superior efficacy of
MPAA compared with azathioprine, and in both trials,
azathioprine was associated with more adverse effects, such as

OUTDATED
PLEASE SE
Kidney International (2021) 100, S1–S276
leukopenia and abnormal liver-enzyme levels. However,
azathioprine is much cheaper than MPAA, and financial
barriers may limit access to MPAA in many countries. Under
such circumstances, or in patients who do not tolerate
MPAA because of side effects, low-dose glucocorticoids
combined with azathioprine are an effective maintenance
immunosuppressive treatment. Observational cohort data
from Chinese patients showed that in patients who
received MPAA as initial therapy, the disease flare rate was
increased when the total duration of MPAA was <2
years,632,715 and that long-term maintenance treatment
with MPAA was associated with a low disease flare rate.790

Overall, although the efficacy and safety data to date favor
MPAA as maintenance treatment, azathioprine is an
acceptable alternative, especially in the later phase of long-
term management.

Practice Point 10.2.3.2.2: Glucocorticoids should be tapered
to the lowest possible dose during maintenance, except
when glucocorticoids are required for extrarenal lupus
manifestations; discontinuation of glucocorticoids can be
considered after patients have maintained a complete
clinical renal response for ‡12 months.

Prolonged glucocorticoid exposure is associated with
continued and significant organ damage accrual and
morbidity.737,791 At the end of the initial phase of treatment,
the goal is to have reduced most patients to a daily dose of
prednisone (or equivalent) that is #7.5 mg, and preferably as
low as possible. The tapering regimen and duration of gluco-
corticoid maintenance therapy vary considerably among cli-
nicians and are largely opinion-based, informed by
individualized considerations of a patient’s risk of developing
disease flare, and the risk–benefit balance of the prevailing dose
of immunosuppressive medications. A recent open-label
controlled trial (Evaluation of the Discontinuation of Main-
tenance Corticosteroid Treatment in Quiescent Systemic Lupus
[CORTICOLUP] trial) compared continuation of prednisone
5 mg daily against discontinuation in 124 multiethnic patients
in Paris with stable and quiescent SLE (history of LN in 34%
and 41%, respectively).792 The results showed a significantly
increased flare rate over 52 weeks of follow-up in patients who
discontinued prednisone (HR: 0.2 in those who continued
prednisone 5 mg daily, P¼ 0.002), and 45 of 63 patients in the
discontinuation group remained glucocorticoid-free. Gluco-
corticoid discontinuation in patients with stable quiescent
disease can be considered, but it should be undertaken with
caution and careful monitoring for disease flare. Glucocorti-
coid avoidance in maintenance therapy has been attempted
with the use of rituximab, but the evidence to support this
approach remains limited to one cohort.767

Practice Point 10.2.3.2.3: The dose of MMF in the early
maintenance phase is approximately 750–1000 mg twice
daily, and for MPA, approximately 540–720 mg twice daily.

The suggested dosages are largely based on data from the
ALMS and MAINTAIN trial.633,780 As mentioned before, the
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Work Group recommends maintenance of these doses until
achievement of complete response and then tapering
(Figure 93). Due to pharmacogenetic differences, the level of
MPA exposure varies considerably among patients receiving
the same dose of MPAA. Although there are insufficient data
to date to provide recommendations on therapeutic drug
monitoring, measurement of MPA exposure may be helpful
in patients with unsatisfactory treatment response or who
manifest drug toxicities. There are preliminary data associ-
ating disease flares with low MPA exposure, but optimal drug
level at different phases of clinical management remains to be
determined.793

Practice Point 10.2.3.2.4: If MPAA and azathioprine cannot
be used for maintenance, CNIs or mizoribine should be
considered.

Experience in Japanese patients suggested that low-dose
tacrolimus at 3 mg/d was safe and effective when given as
long-term maintenance therapy together with low-dose
glucocorticoids.785,794 In a study of 70 Chinese patients
who achieved remission after initial therapy with glucocor-
ticoids and either i.v. cyclophosphamide or tacrolimus,
maintenance therapy with tacrolimus (trough blood level
target of 4–6 ng/ml [5–7.4 nmol/l]) was compared with
azathioprine 2 mg/kg/d, both in combination with predni-
sone 10 mg/d. Over 6 months of follow-up, kidney relapse
occurred in 2 azathioprine-treated patients and in none in
the tacrolimus group (Figure 93).795

Adding tacrolimus or cyclosporine to maintenance
therapy was reported in case series as effective in reducing
proteinuria in patients with unsatisfactory suppression of
proteinuria following initial therapy with glucocorticoids
and MMF, especially in patients who showed features of
MN in their baseline kidney biopsies.783,786,796–798 Caution
is required when considering adding CNI for the purpose
of decreasing proteinuria. It is desirable that there be his-
tologic evidence of podocyte injury so that the CNI is likely
to be effective. Also, it is prudent to avoid over-
immunosuppression and chronic CNI nephrotoxicity,
especially in patients with CKD.
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Figure 93 | Maintenance immunosuppressive regimens in patients w
nephritis.
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Although most studies were done in patients of Asian
origin, it is reasonable to consider a CNI for maintenance
therapy in any patients who cannot take MPAA or azathio-
prine. CNIs can also be used safely during pregnancy
(Figure 93).

The experience with mizoribine as maintenance therapy
in LN is largely limited to Japanese patients.787,799 Results
from a post-marketing surveillance study that included
559 mizoribine-treated patients showed that nearly all
were receiving glucocorticoids, and 43.8% were receiving
tacrolimus as concomitant treatment. Overall, 63.3% of
patients achieved complete or partial remission, and only
3.6% of patients experienced serious adverse drug reactions
within 2 years of mizoribine treatment, and the authors
concluded that mizoribine was safe and effective
(Figure 93).800

Practice Point 10.2.3.2.5: The total duration of initial
immunosuppression plus combination maintenance
immunosuppression for proliferative LN should not
be <36 months.

The optimal duration of maintenance immunosuppression
in patients with proliferative LN is not known. If withdrawn
too early, patients may relapse even after having had a good
response to treatment. Prolonged maintenance increases
exposure to immunosuppression and may not provide suffi-
cient continued benefits to outweigh toxicity risk. The Work
Group recommends that the total duration of immunosup-
pression (initial therapy plus maintenance) for patients with
proliferative LN who have achieved a complete renal response
and have no ongoing extrarenal manifestations be $36
months, based on considering the following evidence
collectively:
� In Chinese patients who received MMF as initial therapy,
discontinuation of MMF before 2 years was associated with
an increased risk of disease flare.632,715

� During the third to fourth year of MMF maintenance
therapy, kidney flare was associated with low 12-hour
trough MPA blood levels, whereas patients with trough
levels of approximately 2 mg/l remained in remission.801
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� The ALMS maintenance phase data reported a relatively
high incidence of treatment failure (16%–32%) and kidney
flares (13%–23%) despite 36 months of immunosuppres-
sion and maintenance with low-dose glucocorticoids and
either MMF or azathioprine.633

� In an Italian cohort, immunosuppression was tapered in
patients who were in complete remission for >12 months,
and 27% relapsed. One of the predictors of successful
treatment discontinuation was a longer duration (median
of 4 years) of prior immunosuppressive therapy.802

� Despite $36 months of immunosuppression and $12
months of sustained complete clinical renal response, 28%–

50% of patients continue to show inflammatory histologic
activity on repeat kidney biopsy.803–805 Patients with
persistent histologic activity have an increased risk of LN
flare after maintenance immunosuppression is dis-
continued, compared to patients who have no residual in-
flammatory activity in their kidneys.804,805

� Patients who have achieved a partial remission tend to be left
on maintenance immunosuppression indefinitely. Kidney
biopsy studies of such patients have shown that many have
resolution of histologic activity803–805 but are clinically only
in partial remission due to residual proteinuria. In such
patients, proteinuria may reflect CKD as opposed to active
disease, and immunosuppression may be able to be dis-
continued in the absence of ongoing kidney inflammation.
In summary, despite not knowing the optimal duration of

maintenance immunosuppression for proliferative LN, most
patients will require $3 years of therapy. Clinical response

OUTDATED
Figure 94 | Management of patients with pure Class V LN. LN, lupus
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findings do not correlate completely with ongoing kidney
inflammation. A repeat kidney biopsy could be considered to
inform the decision to continue or withdraw maintenance
immunosuppression.

10.2.4 Class V lupus nephritis

Practice Point 10.2.4.1: A suggested approach to the man-
agement of patients with pure Class V LN is described in
Figure 94.

Class V LN accounts for 5%–10% of all LN cases. Data on
clinical management are based on very few RCTs with small
sample sizes, analyses of pooled data, and observational
studies. Because 10%–30% of patients with Class V LN and
nephrotic proteinuria progress to kidney failure during long-
term follow-up, heavy proteinuria does not usually sponta-
neously remit, as it may in primary MN, and as heavy pro-
teinuria increases CV morbidity and predisposes patients to
thrombosis, treatment of Class V patients who have
nephrotic-range proteinuria or NS is warranted.806–809

A small RCT demonstrated that remission was significantly
more likely with prednisone plus cyclophosphamide (60%) or
prednisone plus cyclosporine (84%) than prednisone alone
(27%), but cyclophosphamide maintained remission longer
(no relapses within a year) than CNI treatment (40% relapsed
within a year of discontinuing the CNI).738 Pooled data from
2 studies showed that prednisone plus either cyclophospha-
mide or MMF had similar efficacy in lowering proteinuria
after 6 months of treatment.810 Other studies with relatively
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small sample sizes reported the efficacy of glucocorticoids
combined with azathioprine,644,809 oral cyclophosphamide,811

i.v. cyclophosphamide,738,812 MMF,643,644,812–815

CNIs,738,797,814,816–818 and rituximab,767,819 with response
rates of 40%–60%. Tacrolimus was reported as effective when
given together with glucocorticoids as initial therapy to pa-
tients with Class V LN who presented with NS, or when given
as add-on therapy to patients with mixed Class V and Class
III/IV LN whose proteinuria response was judged suboptimal
after initial treatment with prednisolone and MMF.786 In the
phase 3 voclosporin trial (AURORA; see Practice Point
10.2.3.1.5), 14% of the patients had pure Class V LN.754

Although adding voclosporin to background therapy was
more effective than background immunosuppression alone in
achieving renal response, the details on the patients with Class
V have not been presented. There is a lack of robust data in
the management of Class V LN, especially in patients who
present with NS. The data to date are more in favor of
combining glucocorticoids with MPAA, a CNI, or short-term
cyclophosphamide than with other options.

In addition to general methods to reduce urine protein,
such as RASi and meticulous BP control, MMF is a reasonable
first choice for treating patients with Class V and nephrotic-
range proteinuria. If ineffective, we suggest cyclophospha-
mide for #6 months next in an effort to induce long-term
remission, but long-term CNI or rituximab may also be
tried if the patient has had prior significant exposure to
cyclophosphamide or is reluctant to take the medication in
view of the associated toxicities. Appropriate measures to
prevent venous thrombosis should be considered in patients
whose proteinuria persists despite treatments (Chapter 1).

10.2.4.1 Assessing treatment response in LN.
Practice Point 10.2.4.1.1: Definitions of response to therapy
in LN are provided in Figure 95.

All response criteria currently used in clinical trials of LN
require improvement in proteinuria and stabilization or
improvement in kidney function. Several observational studies
suggest that long-term kidney health is considerably more
favorable in patients who respond to treatment.712,820–822
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Figure 95 | Commonly used definitions of response to therapy in LN
proteinuria <0.5 g/1.73 m2/d or <300 mg/m2/d based on a 24-h urine
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However, there are no universally accepted criteria for the
level of improvement required, which makes direct compari-
sons of different clinical trials more difficult.

The definitions in Figure 95 are commonly used with
“baseline” kidney function referring to the level before disease
flare, which is not known in patients with no previous
medical record. Long-term data from 2 large European LN
trials showed that favorable kidney outcomes were predicted
by achieving a proteinuria level of 0.7–0.8 g/d after 12 months
of therapy, a conclusion supported by other reports.714,823–825

In this regard, renal response at week 104 or week 52 have
been used as study endpoints in recent clinical trials such as
the phase 3 BLISS-LN study.701

Another caveat is the lack of consensus on the appropriate
time when response should be assessed. For logistic and
economic reasons, large clinical trials often evaluate response
at 6–12 months, but improvement of proteinuria and eGFR is
continuous over time, and the rate of improvement varies
considerably among patients. Also, there are marked differ-
ences in baseline kidney abnormalities at disease presentation.
Therefore, the time to reach prespecified proteinuria and
eGFR cutoffs, either absolute or relative to baseline, varies
considerably among patients.629,631,632,739,797,826,827

Outside of a formal clinical trial setting, the Work Group
suggests that if patients are improving, allowing 18–24
months to achieve a complete response is reasonable in pa-
tients who show continuous improvement. A potential tool to
predict kidney outcomes was derived from a post hoc analysis
of the large ALMS trial. This analysis suggested favorable
kidney outcomes are predicted by normalization of comple-
ment levels and $25% reduction of proteinuria after 8 weeks
of treatment.828

SLE is a systemic disease, and the kidney should not be
examined in isolation from other clinical manifestations.
Several other clinical parameters have not been evaluated
in detail in clinical studies but are relevant at individual
levels such as systemic activity of SLE (e.g., SLEDAI score),
BP control, edema resolution, urine sediment, hemoglobin
and albumin improvements, and serologic parameters,
including dsDNA antibodies and serum complements. If
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lupus serologies are abnormal, it is reasonable to expect
improvement with therapy for LN, although many patients
remain positive for anti-dsDNA and/or have low comple-
ment levels despite resolution of proteinuria. Extrarenal
lupus activity requiring continuation or a change in ther-
apy could remain even if the kidney improves. Finally,
response is currently only assessed clinically. Considerable
data suggest that persistent intrarenal lupus activity may
remain, despite resolution of proteinuria and eGFR.803–805

A repeat kidney biopsy may, therefore, be useful in con-
firming renal response, especially before important major
treatment decisions such as discontinuation of immuno-
suppression.627

10.2.4.2 Management of unsatisfactory response to treatment
Practice Point 10.2.4.2.1: An algorithmic approach to pa-
tients whose response to therapy is deemed unsatisfactory
is provided in Figure 96.

Judging the response to therapy as unsatisfactory is
difficult because there are no robust data with which to
compare an individual’s response trajectory, and there needs
to be a balance between giving a patient sufficient time to
respond and the likelihood of ongoing nephron loss.
Nonetheless, patients are expected to show improvement
over time after treatment. So, no improvement or worsening
despite treatment for 3–4 weeks is clearly unsatisfactory and
warrants early appraisal of potential causes for nonresponse
and early intervention, whereas patients who show response
to treatment can be closely observed, and investigated when
the level of improvement after 3–4 months of therapy is
suboptimal or below expectation. A 2-month time frame to
see improvement was suggested based on post hoc analysis of
data from the ALMS trial,828 but deterioration needs to be
evaluated on an individual basis in terms of rapidity and
severity.
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Figure 96 | Management of patients who show unsatisfactory respo
nephritis.
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The role of nonadherence in unsatisfactory treatment
response cannot be over-emphasized. The prevalence of
nonadherence in patients with SLE could be >60%.829–832

Switching from oral immunosuppression to i.v. cyclophos-
phamide should be considered when nonadherence is sus-
pected or proven.

The quality of evidence on the management of LN “re-
fractory” to standard initial therapy is marred by variable
definitions of treatment response or refractoriness, the
disparity between kidney histology and clinical outcome pa-
rameters, the legacy effect of prior therapy, and the impact of
factors other than disease activity on outcome parameters
such as proteinuria and kidney function. Available data on the
management of refractory disease are largely from uncon-
trolled observational cohort studies, with varied inclusion
criteria and based on relatively small sample size.

The role of switching between therapeutic regimens has
not been formally investigated. In a US study that compared
mycophenolate with i.v. cyclophosphamide, patients who did
not show response, defined as improvement by $30%, after
12 weeks of treatment were switched to the other treatment
arm.710 Another study reported efficacy of MMF in patients
refractory to or who had relapsed after cyclophosphamide
treatment.833 However, a legacy effect of prior therapy could
not be excluded. Unequivocal evidence on the efficacy of
switching therapies is lacking.

Evidence supporting the use of rituximab for refractory
LN is from open-label observational studies that have re-
ported response rates of 50%–80%762,790,834–845 and a
meta-analysis of 31 studies with 1112 patients that showed
complete and partial response rates of 46% and 32%,
respectively, after rituximab was added.846 The role of other
biologics with demonstrated efficacy in recent clinical trials,
such as obinutuzumab or belimumab, warrants further
investigation.
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Similarly, data from observational cohorts suggested efficacy
of CNIs, combined with either glucocorticoids and/or MMF, in
patients with refractory or relapsing LN.783,784,847–851

10.2.4.3 Treatment of LN relapse
Relapses of LN are common, and LN flare is an important
predictor of poor long-term kidney survival.852–855 LN flare
rates of 10%–50% have been reported, and relapses occur
over time.856 Failure to achieve complete remission
increases the risk of subsequent relapse.706,712,857 Relapse
rates of 39% and 64% were found in patients who achieved
complete remission or partial remission, respectively, and
time-to-relapse after complete response was 36 months,
compared to 18 months after partial response.706 Similarly,
an HR of 6.2 for relapse was reported in Chinese patients
who did not achieve complete remission after initial
therapy.712

Practice Point 10.2.4.3.1: After a complete or partial
remission has been achieved, LN relapse should be treated
with the same initial therapy used to achieve the original
response, or an alternative recommended first-line therapy.

There are no data that focus on the treatment of LN flares
alone. However, it is generally agreed that there is no major
difference between management of an LN flare and that of de
novo active LN, and initial therapies are the same as outlined
above. Although not yet ready for clinical management,
emerging data from a recent transcriptomic study of paired
serial kidney biopsies showed slight differences in intrarenal
inflammatory gene expression between the initial presentation
and LN relapse.858 All LN clinical trials testing initial, induction
therapies for LN include both types of patients. Although these
considerations form the basis for Practice Point 10.2.4.3.1,
there are several caveats in choosing an approach:
1. If patients had been treated with cyclophosphamide in the

past, it is important to calculate lifetime exposure. Ovarian
failure has been associated with age (and oocyte reserve)
and cumulative dose, with sustained amenorrhea occurring
in up to 50% of patients aged >32 years with a cumulative
exposure of 8 g/m2.859,860 The chance of future malignancy
increases after a total exposure of 36 g, so if a patient is
approaching this level, cyclophosphamide is better avoided.

2. If patients relapse during pregnancy, treatment choices are
more limited. These are discussed in Section 10.3.2.

3. Patient preference and/or tolerance of the initial regimen
should be considered. Also, patient adherence should be
considered in the choice of treatment.

4. Disease activity should be verified, as proteinuria may be
secondary to CKD.
The last point is critical but complex. The same clinical

criteria used to diagnose de novo LN are used to diagnose LN
flares absent a kidney biopsy. That is, flares are generally
considered when proteinuria increases beyond a certain
threshold, with or without an active urinary sediment or
deterioration of kidney function. Without histology, it is
sometimes difficult to determine whether changes in
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proteinuria are due to active inflammatory kidney injury or
reflect progression of chronic damage incurred during pre-
ceding episodes of active LN, because there is often discor-
dance between clinical findings and histologic findings.627,628

The tempo and magnitude of change in proteinuria may help
with rapid increases, and large changes often reflect active
disease. SLE serologies (e.g., complement, anti-dsDNA) may
support a flare diagnosis but need to be evaluated in the
context of prior serologic trends. A change from normal to
abnormal is more useful than serologic studies that are always
normal or always abnormal. Given the risks of immunosup-
pression, if the diagnosis of flare remains uncertain, a repeat
kidney biopsy to assess disease activity versus chronic damage
is important to inform treatment decisions.861

In lieu of waiting until LN flares before treating it, some
investigators have examined preemptive treatment to prevent
flare. A trial in the Netherlands compared “early treatment” of
16 patients to conventional management of 23 patients who
increased their anti-dsDNA levels by 25%.862 Prednisone was
increased by 30 mg/d in the early treatment group and was
tapered back to baseline over 18 weeks. After a mean follow-
up of <2 years, 2 major relapses (12.5%, both with LN
relapse) occurred in the early treatment group, compared to
20 relapses (87%), 7 of which were major (1 kidney relapse),
in the conventionally managed patients. A prospective trial in
the US randomized 41 patients who showed an increase in
both anti-dsDNA and C3a to prednisone (30 mg/d tapered
>4 weeks) or placebo. During a short follow-up (90 days), no
patients given prednisone had a severe flare, but 6 placebo
patients did, and 3 of the flares were kidney-related.863 A
recently published retrospective study of Chinese patients
with LN suggested that a moderate increase in immunosup-
pressive treatment dose was effective in preventing kidney and
nonrenal flares without excessive treatment-related adverse
effects.793 Taken together, all of these data suggest that
impending LN flares may be preventable, at least for some
patients, but larger RCTs of sufficient duration are needed
before this approach can be endorsed.

10.3 Special situations

10.3.1 Lupus nephritis and thrombotic microangiopathy

Practice Point 10.3.1.1: Patients with LN and thrombotic
microangiopathy (TMA) should be managed according to
the underlying etiology of TMA, as shown in Figure 97864.

TMA is a pathologic description of vascular endothelial
injury secondary to various etiologies.865 The causes of TMA
most relevant to patients with LN are thrombotic thrombo-
cytopenic purpura (TTP), antiphospholipid syndrome (APS),
and complement-mediated TMA. However, patients with
lupus can also develop TMA due to Shiga-toxin-hemolytic
uremic syndrome, infections, drugs, or malignancies.454,866

The key to a good outcome for TMA in LN is rapid diag-
nosis and prompt treatment. When appropriate expertise is
available, it is preferable that patients with LN and TMA be
comanaged with an experienced hematologist. However,
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Figure 97 | Management of patients with LN and TMA. Bendapudi PK, Hurwitz S, Fry A, et al. Derivation and external validation of the
PLASMIC score for rapid assessment of adults with thrombotic microangiopathies: a cohort study. Lancet Haematol. 2017;4:e157–e164.864

ADAMTS13, a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13; PLASMIC, Platelet count, combined
hemoLysis variable, absence of Active cancer, absence of Stem-cell or solid-organ transplant, MCV, INR, Creatinine.
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some of the serologic and genetic testing needed for a specific
diagnosis, such as ADAMTS13 activity or the presence of anti-
ADAMTS13 antibodies in the case of TTP, antiphospholipid
antibodies, and complement studies may not be available, and
even when they are available, they often take considerable
time to complete (Figure 97). If TTP is suspected, one may
consider using the PLASMIC score,864 and if the score defines
Kidney International (2021) 100, S1–S276
an intermediate-to-high risk of TTP, adults should be started
on plasma exchange and glucocorticoids while waiting for the
investigation results. In children, TTP is less common, and
plasma exchange has been associated with considerable
morbidity,867 so it is acceptable to defer plasma exchange for
24–48 hours until the ADAMTS13 result is available to
confirm that the procedure is indicated.868
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TMA due to lupus-associated TTP. The diagnosis of TTP is
mainly reserved for patients with TMA and low ADAMST13
activity (#10%).865,869 The treatment of confirmed TTP in
LN is extrapolated from that of acquired TTP and includes
plasma exchange,870,871 high-dose glucocorticoids,872,873 rit-
uximab,874–877 and/or caplacizumab (von Willebrand factor
inhibitor; Figure 97).878,879

TMA due to APS. Antiphospholipid antibodies (aPLA) are
found in about 30% of patients with SLE and may be asso-
ciated with venous and/or arterial macro- or microvascular
thrombosis, thrombocytopenia, adverse pregnancy outcomes,
and neurologic abnormalities. Kidney damage is a well-
recognized complication of APS, presenting as renal artery
thrombosis or stenosis, RVT, or injury to the kidney
microvasculature, also known as APS nephropathy.880 There
are few data on the management of APS nephropathy. In a
retrospective study of 97 patients with kidney TMA, 62.9%
tested positive for aPLA, 38.1% for lupus anticoagulant, and
13.4% had APS.881 Complete and partial response rates
were 38.1% and 22.6%, respectively, after 12 months of
immunosuppressive treatment. Thirty-seven of 61 patients
who were aPLA-positive also received anticoagulation
therapy, and anticoagulated patients showed a higher
complete response rate (59.5% vs. 30.8%), and the partial
response rate was 18.9% and 26.9% in patients who had or
had not received anticoagulant therapy, respectively.
Therefore, it is reasonable to treat APS nephropathy with
long-term anticoagulation with warfarin. Direct oral
anticoagulants are not recommended, as they were inferior
to warfarin in preventing thromboembolic events in this
setting.882,883

Catastrophic APS is characterized by thrombosis, often of
rapid onset, affecting multiple organs, and it is associated
with high mortality. Treatment includes both total anti-
coagulation and high-dose glucocorticoids.884 Plasma ex-
change is often used in catastrophic APS152 and has been
associated with improved patient survival in retrospective
studies.885 There are recent anecdotal reports on the potential
efficacy of rituximab in catastrophic APS.886,887 It has been
shown that complement activation is involved in the patho-
genesis of tissue injury induced by aPLA, and there is
emerging evidence on the efficacy of eculizumab in the
treatment of catastrophic APS.888–890

Complement-mediated TMA and atypical hemolytic uremic
syndrome (aHUS). Many cases of kidney TMA with
ADAMTS13 activity >10% and negative aPLA correspond to
complement-mediated TMA, and these patients ideally should
be evaluated with complement studies when they are
available.539,543 aHUS is a rare and severe form of TMA caused
by dysregulation of the alternative complement pathway due to
genetic or acquired functional defects in complement
regulatory proteins, resulting in excessive production of the

OUTDATED
PLEASE SE
S228
terminal complement complex C5b-C9, triggering endothelial
cell injury that predominantly affects the kidney vasculature in
the arterioles and interlobular arteries.

Complement-mediated TMA in LN does not respond well
to plasma exchange or immunosuppression with glucocorti-
coids and cyclophosphamide, and it may be best treated with
a complement inhibitor such as eculizumab, although the
optimal dose and duration remain controversial.891–893 The
limited data to date show a high response rate, with resolution
of TMA in 68% of patients with secondary aHUS.894 Data
from 31 adult patients (26 treated with plasma therapy and 5
plasma-resistant patients treated with eculizumab) showed
complete kidney recovery in 4 of 5 eculizumab-treated pa-
tients.895 Efficacy of eculizumab treatment was also reported
in a patients with lupus and heterozygous deletion in com-
plement factor H CFHR1-CFHR3 gene presenting with TMA,
and a review of 20 patients showed a kidney recovery rate of
85% in patients with SLE and/or APS after treatment with
eculizumab.896 A recent report on 9 patients with TMA
associated with SLE and/or APS showed that kidney function
improved by 25% in half of the patients after 4 weeks of
eculizumab treatment, and 2 of 3 patients were able to dis-
continue dialysis.897

Another recent report on 11 patients with TMA and LN
showed complement regulatory protein mutations in 6 pa-
tients, and response to eculizumab treatment in 10 patients.889

Prior to the advent of eculizumab, plasma exchange and/or
plasma infusion was the only treatment for aHUS, with effi-
cacy in less than half of patients and little benefit in patients
with membrane cofactor protein mutations.873,898,899 As
complement studies often take some time to return, initiation
of plasma exchange is warranted during the waiting period, or
if access to eculizumab is limited. The rationale and objectives
of plasma infusion and plasma exchange include the
replacement of absent or mutated circulating complement
regulators such as CFH and the removal of antibodies
directed to complement regulatory proteins or mutated fac-
tors that play a permissive role in aberrant complement
activation. In the absence of eculizumab, the efficacy of
plasma exchange and plasma infusion varies, and the duration
of therapy is dependent on the treatment response.900–903

Data from 31 adult patients (26 treated with plasma therapy
and 5 plasma-resistant patients treated with eculizumab)
showed recovery of kidney function in approximately 40% of
patients given plasma therapy.895

10.3.2 Pregnancy in patients with lupus nephritis

Practice Point 10.3.2.1: Patients with active LN should be
counseled to avoid pregnancy while the disease is active or
when treatment with potentially teratogenic drugs is
ongoing, and for ‡6 months after LN becomes inactive.
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Practice Point 10.3.2.2: To reduce the risk of pregnancy
complications, hydroxychloroquine should be continued
during pregnancy, and low-dose aspirin should be started
before 16 weeks of gestation.

Practice Point 10.3.2.3: Only glucocorticoids, hydroxy-
chloroquine, azathioprine, and CNIs are considered safe
immunosuppressive treatments during pregnancy.

Adverse pregnancy outcomes, such as preeclampsia, preterm
birth, and fetal loss, are higher in patients with active LN.904,905

Commonly used medications for LN induction and mainte-
nance therapy, particularly cyclophosphamide and MMF for-
mulations, are toxic to the fetus or teratogenic, respectively. A
discussion of acceptable methods of contraception should,
therefore, take place as part of initiating treatment for LN.
Because of the increased risk of clotting in patients with SLE and
antiphospholipid antibodies, use of estrogen-containing birth
control should be avoided or minimized. A risk-factor checklist
has been proposed by some organizations to stratify, plan, and
counsel pregnancy in patients with lupus.906

Hydroxychloroquine is considered safe in pregnancy and
may decrease the rate of preterm birth and intrauterine
growth retardation, whereas withdrawal of hydroxy-
chloroquine has been associated with LN flare, so it should
be continued when an LN patient becomes preg-
nant.659,664,907 Low-dose aspirin (#100 mg/d) may also
reduce the risk of preeclampsia and intrauterine growth
retardation and can be started at conception or as soon as
pregnancy is recognized.908,909 The incidence of LN flare in
pregnancy has been reported to be 11%–28% and is higher if
patients have low serum complement levels or high anti-
dsDNA antibody titers.904 Active LN during pregnancy can
be treated with glucocorticoids plus azathioprine and/or a
CNI, although in the first trimester, the use of glucocorti-
coids is associated with an increased risk of gestational
diabetes and cleft palate. For patients on maintenance
therapy, if they are on azathioprine, this can be continued,
but if they are on MPAA, this must be discontinued or
changed to azathioprine.

10.3.3 Treatment of lupus nephritis in children

Practice Point 10.3.3.1: Treat pediatric patients with LN
using immunosuppression regimens similar to those used
in adults, but consider issues relevant to this population,
such as dose adjustment, growth, fertility, and psychosocial
factors, when devising the therapy plan.

Approximately 20% of SLE is diagnosed before the age of 18
years, and genetic components aremore common in childhood-
onset SLE.910–912 There is suggestive evidence that disease is
often more severe in the pediatric population. In adolescent
patients with SLE and isolated proteinuria, orthostatic or
postural proteinuria should be excluded, as this phenomenon
has been observed frequently in this population.913,914

There are few large-scale RCTs to guide treatment of chil-
dren with LN, and much of the current literature reports the
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results of adult regimens applied to this population. The data
are insufficient to confirm superiority of efficacy for any
particular treatment regimen. Several issues must be addressed
when treating pediatric lupus, including adherence concerns,
which may favor i.v. medications; growth concerns, which may
favor limiting glucocorticoid exposure; fertility concerns,
especially as patients approach adolescence, which may favor
limiting cyclophosphamide exposure; and psychosocial con-
cerns relating to school and socialization with peers. Special
considerations regarding glucocorticoid dosing in children are
included under Practice Point 10.2.3.1.1. Children with LN
should be comanaged by pediatric nephrologists and rheu-
matologists with expertise in lupus, and the expertise of other
professionals, such as clinical psychologists, psychiatrists, or
social workers, can be helpful.

10.3.4 Management of lupus patients with kidney failure

Practice Point 10.3.4.1: Patients with LN who develop
kidney failure may be treated with hemodialysis, peritoneal
dialysis, or kidney transplantation; and kidney trans-
plantation is preferred to long-term dialysis.

There are no data to favor one form of dialysis over
another in kidney failure due to LN. Patients with lupus
receiving hemodialysis display similar 3-year survival rates
and mortality due to CV or infectious complications to those
of patients receiving peritoneal dialysis.915–917 Therefore,
kidney replacement therapy should be individualized, taking
into account patient characteristics and preferences.

Kidney transplantation is preferred to dialysis. Kidney
transplant outcomes are similar to those in patients who
developed kidney failure due to other types of kidney dis-
ease,918,919 and transplanted patients have lower mortality than
patients with lupus who remain on dialysis.920 As clinical
outcomes are better in patients with shorter durations of
dialysis,921,922 transplantation may be carried out as soon as
disease is quiescent. Although lupus activity tends to decrease
after kidney failure develops, patients can still flare,923 so pe-
riodic monitoring is required. LN can recur in kidney allo-
grafts, but the risk is low, and flares do not generally result in
allograft loss.924–926 One important consideration is that pa-
tients who have antiphospholipid antibodies may experience
dialysis vascular access clotting or allograft thrombosis and may
require prophylactic anticoagulation.927–929

Research recommendations
� Identify and validate biomarkers of kidney histology that
can be used to follow the tissue response to treatment in
real-time to help in managing immunosuppression.

� Identify and validate biomarkers of impending LN flare that
can be used to decide if preemptive immunosuppressive
therapy is indicated.

� Classify LN on the basis of molecular pathogenesis and
histology as opposed to histology alone. This classification
ideally could be used in conjunction with novel, targeted
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therapies for LN to select the most appropriate treatment,
including biologic medications targeting specific pathogenic
pathways.

� Establish renal response criteria that reflect resolution of
disease activity at the tissue level and are also predictive of
long-term kidney survival and patient survival without
need of kidney replacement therapy.

� Establish criteria for duration of maintenance immuno-
suppression and the safe withdrawal of therapy.

� RCTs are needed to test the following questions:
B What is the optimal therapy for patients with severe
Class III/IV LN (i.e., patients presenting with severe AKI
and/or markedly abnormal SCr level or eGFR) who have
been excluded from the majority of clinical trials to date?
S230
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B What is the optimal therapy for pure Class V LN?
B Do antimalarials improve the responsiveness of LN to
treatment and/or help maintain disease quiescence and
prevent flares?

B Is there a role for complement inhibition in the man-
agement of LN?

B What are the optimal or prioritized therapies for child-
hood LN?

B What are the efficacy and safety profiles of CNIs,
including the optimal drug exposure when used as initial
or maintenance treatment of LN? What are the long-
term implications of such treatment?

B What are the optimal glucocorticoid-reduction protocols
for LN management?
Kidney International (2021) 100, S1–S276
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Chapter 11: Anti-glomerular basement membrane
(Anti-GBM) antibody glomerulonephritis
Anti-glomerular basement membrane (GBM) antibody GN is
a rare glomerular disease with an incidence of 0.5–1 per
million population. It is caused by autoantibodies against the
noncollagenous domain of the a3 chain of type IV collagen.
Anti-GBM GN may present either as an isolated kidney dis-
ease or as a pulmonary–renal syndrome (Goodpasture’s
syndrome). Anti-GBM is usually a rapidly progressive cres-
centic GN, and about 80% of patients have crescents in half or
more of their glomeruli.930 Goodpasture’s syndrome occurs in
40%–60% of patients, and kidney disease is accompanied by
sometimes massive and fatal pulmonary hemorrhage.931 Anti-
GBM disease with pulmonary involvement is more frequent
in men (about 80%) and typically occurs during the second
decade.932 Isolated anti-GBM nephritis does not have clear
male preponderance and may also occur in older persons.933

If untreated, anti-GBM disease has very high morbidity, with
almost all patients going on to kidney failure, and it can have
significant mortality. In patients with Goodpasture’s syn-
drome, the mortality rate was 96% before the introduction of
immunosuppression, and 47% despite treatment with
immunosuppression.934 Most patients died of respiratory
failure.932 The cornerstone of the treatment is rapid removal
of the pathogenic autoantibodies and suppression of their
production to prevent further kidney and pulmonary injury.
This chapter makes management recommendations for adults
($18 years of age) who have anti-GBM GN with or without
pulmonary involvement.

11.1 Diagnosis

Practice Point 11.1.1: Diagnosis of anti-glomerular base-
ment membrane (GBM) disease should be made without
delay in all patients with suspected RPGN (Figure 98).

In patients who present with a suspected RPGN, serologic
testing for the presence of anti-GBM antibodies should be
done urgently using commercially available enzyme-linked
immunoassays. The immunoassays for anti-GBM antibodies
may be negative in up to 10% of patients, and in these in-
dividuals, diagnosis may be established only by kidney biopsy
demonstrating linear IgG deposition along the GBM.935,936

Diagnosis of diffuse alveolar hemorrhage is usually done
clinically and confirmed by high-resolution CT scan. Bron-
choscopy and pulmonary functional testing may be useful,
but they are often unnecessary and may be difficult to
perform in critically ill and unstable patients. Diagnosis
should be made without delay, and kidney biopsy findings
should be reported to the clinician by the pathologist on the
day of the biopsy (Figure 98).
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11.2 Treatment

Recommendation 11.2.1: We recommend initiating
immunosuppression with cyclophosphamide and
glucocorticoids plus plasmapheresis in all patients
with anti-GBM GN except those who are treated
with dialysis at presentation, have 100% crescents
or >50% global glomerulosclerosis in an adequate
biopsy sample, and do not have pulmonary hem-
orrhage (1C).

This recommendation places a relatively higher value on pre-
venting mortality and further loss of kidney function and a
relatively lower value on the potential adverse events that may
occur with the intense immunosuppression regimen recom-
mended. Given the uniformly poor prognosis of untreated dis-
ease, almost every patient and physician would be expected to
choose this treatment regimen.

Key information
Balance of benefits and harms. Untreated anti-GBMdisease is

associated with considerable morbidity and mortality.
Observational studies have shown that early mortality of anti-
GBM decreased from 47%932 to 8.5% with plasma exchange
and immunosuppression,933 and 5-year patient survival is
currently >90% with treatment.937 In contrast, although
kidney survival has improved with plasma exchange and
immunosuppressive treatment, it still remains relatively poor,
in part because of delayed diagnosis and initiation of
treatment. Since 2007, the 5-year kidney survival rate of
treated patients has improved from about 25% to 50%,
probably because of both earlier diagnosis and a higher
proportion of patients being treatedwith plasma exchange.937,938

Plasma exchange, in combination with immunosuppres-
sion is, undoubtedly, life-saving and helps prevent kidney
failure in patients with independent kidney function at
presentation.

Potential harms include infections associated with immu-
nosuppression and bleeding after plasma exchange. Admin-
istration of fresh frozen plasma after plasma exchange may be
indicated, especially in patients with alveolar hemorrhage and
after kidney biopsy.

Quality of evidence. The evidence is based mostly on the
comparison of treated patients with historical controls; there
has been only one RCT, which is of very low quality. No
systematic review of observational studies was undertaken by
the ERT. However, the observational studies that were
S231
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Figure 98 | Diagnosis and therapy in anti-GBM disease. CT, computed tomography; GBM, glomerular basement membrane.
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identified by the Work Group exhibit strong mortality and
kidney benefit for patients treated with immunosuppression
and plasma exchange, compared with those receiving
incomplete treatment or no treatment. Therefore, the overall
quality of evidence was rated as low.

One small (n ¼ 17) RCT compared plasma exchange with
standard of care in patients with anti-GBM disease
(Supplementary Table S64939). The quality of the evidence for
critical outcomes (all-cause mortality, kidney failure, and
infection) was very low because of study limitations (unclear
randomization and allocation concealment methods used)
and very serious imprecision (only 1 study, with few patients
and very wide CIs indicating less certainty in effect). Other
outcomes, such as anti-GBM antibodies, were not considered
to be critical and important outcomes for the guideline.
S232
Values and preferences. Because untreated anti-GBM GN
and Goodpasture’s syndrome carry a high risk of mortality
and morbidity (kidney failure), it is likely all patients and
physicians would opt for treatment with aggressive
immunosuppressive therapy.

Resource use and costs. The management of anti-GBM
disease and Goodpasture’s syndrome is expensive and
resource-intensive. Patients with suspected anti-GBM
disease optimally require a specialized center with available
intensive care, plasma exchange, nephropathology, and
acute hemodialysis capabilities, some or all of which may
not be available in some regions. Costs are offset to some
extent if treatment results in preservation of independent
kidney function, and patients do not require long-term
kidney replacement therapy.
Kidney International (2021) 100, S1–S276
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Considerations for implementation. Treatment for anti-GBM
disease should be started as soon as possible for most patients.
However, the chance for recovery and preservation of
independent kidney function is low in patients presenting
with certain clinical and pathologic conditions. Recovery of
kidney function is only about 5% in patients who have a
high proportion of crescents (85%–100%) on kidney
biopsy, oliguria, and/or advanced kidney failure requiring
initiation of dialysis.940 In such patients, the decision to
initiate therapy should take into account this low chance of
kidney recovery and the ability of the patients to withstand
intense immunosuppression based on their other clinical
characteristics. However, treatment is necessary in these
patients if they have pulmonary hemorrhage.

Anti-GBM disease is more common in Caucasian patients.
In Chinese patients, the disease occurs more frequently in
older people.941 Pulmonary disease is more frequent in
smokers,942 and presence of pulmonary disease may be
associated with better kidney outcomes,943 probably because
of earlier diagnosis. Pulmonary–renal syndrome occurs more
frequently in young men; isolated anti-GBM nephritis may
occur in older persons and with less male preponderance.

Rationale
The aim of treatment is to suppress kidney inflammation,
remove circulating pathogenic autoantibodies (with plasma
exchange), and suppress the formation of the autoantibodies
(with immunosuppression). This treatment is able to prevent
ongoing kidney damage, but it is unable to reverse already
established chronic kidney damage. Treatment usually results
in recovery from alveolar hemorrhage.

Formation of anti-GBM antibodies ceases spontaneously
after several months and within weeks in patients treated with
plasma exchange and immunosuppression. Relapses are rare
(mostly in smokers), and long-term maintenance immuno-
suppression is not necessary. When anti-GBM antibodies are
persistently negative, kidney transplantation is associated with
a very low recurrence rate.

Practice Point 11.2.1: Treatment for anti-GBM disease
should start without delay if this diagnosis is suspected,
even before the diagnosis is confirmed.

As anti-GBM antibodies are pathogenic, they should be
removed completely from the circulation as quickly as
possible. Antibodies are cleared in most patients treated with
plasma exchange combined with immunosuppression within
8 weeks.933 Acceleration of the anti-GBM removal could
improve the recovery of kidney function in anti-GBM disease.
If there is a high index of suspicion of anti-GBM disease,
treatment should start without delay (within 24 hours), even
before the diagnosis is confirmed with a kidney biopsy.

Practice Point 11.2.2: Plasma exchange should be per-
formed until anti-GBM titers are no longer detectable.

Plasma exchange gradually and relatively slowly (within
several weeks) eliminates anti-GBM antibodies from the
Kidney International (2021) 100, S1–S276
circulation and usually needs to be performed for 2–3 weeks
before anti-GBM antibodies disappear completely.933,935,944 In
patients with alveolar hemorrhage, or immediately after kidney
biopsy, plasma exchange should be done with fresh frozen
plasma. If albumin is used, administration of fresh frozen
plasma at the end of plasma exchange is warranted.

Practice Point 11.2.3: Cyclophosphamide should be
administered for 2–3 months and glucocorticoids for about
6 months (Figure 99931,945,946).

Formation of anti-GBM antibody ceases spontaneously after
6–9months.947 However, based on available clinical experience,
oral cyclophosphamide daily for 3 months and gradually
tapered glucocorticoids completely withdrawnwithin 6months
seem to be appropriate inmost patients to prevent newantibody
production.933,948 In patients with persistent anti-GBM anti-
body after 3 months of cyclophosphamide, continuation of
treatment with either azathioprine or mycophenolate (in
combination with glucocorticoids) is suggested.945

As the risk of infection in patients with kidney failure
treated with cyclophosphamide is high,949 prophylaxis of
Pneumocystis pneumonia with cotrimoxazole can be consid-
ered.945 In patients with serious infection during treatment
with plasma exchange, adding i.v. immunoglobulin therapy to
antibiotics can be considered. Intravenous immunoglobulin
should be given immediately after plasma exchange to limit its
removal, but the real impact of this approach is uncertain.950

Practice Point 11.2.4: No maintenance therapy of anti-GBM
disease is necessary.

Relapses of anti-GBM disease are uncommon (0%–6% of
cases). None of 41 patients with anti-GBM disease had
recurrent antibodies or relapsed beyond 6 months.935 Indi-
vidual patients with relapses many years after the first pre-
sentation of the disease were, however, reported,951–954 and
repeated relapses may occur in patients who do not stop
smoking or who are exposed to lung irritants.955,956 Treat-
ment of patients who do not have detectable anti-GBM an-
tibodies beyond 6 months is not recommended. Smoking
should be strongly discouraged.

Practice Point 11.2.5: Patients with GN who are anti-GBM-
and ANCA-positive should be treated with maintenance
therapy as for patients with AAV.

Double positivity of anti-GBM and ANCA is frequent.
About 5% of patients with AAV will also have anti-GBM
antibodies, and up to one-third of patients with anti-GBM
GN may be ANCA-positive.599

Double-positive patients also may have severe kidney dis-
ease and often have lung hemorrhage at presentation, but
they have a greater chance of kidney recovery from dialysis-
dependence than patients with only anti-GBM antibodies.
In contrast to patients with only anti-GBM antibodies,
double-positive patients have a similar relapse rate as that of
patients with AAV and require aggressive early treatment as
for anti-GBM disease followed by maintenance immuno-
suppression as for AAV (Chapter 9).935
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Figure 99 | Treatment of anti-GBM disease. Adapted from Journal of the American Society of Nephrology, volume 10, issue 11, Kluth DC, Rees
AJ. Anti-glomerular basement membrane disease, pages 2446–2453, Copyright ª 1999, with permission from the American Society of
Nephrology.946 Adapted from Clinical Journal of the American Society of Nephrology, volume 12, issue 7, McAdoo SP, Pusey CD. Anti-glomerular
basement membrane disease, pages 1162–1172, Copyright ª 2017, with permission from the American Society of Nephrology.931 Adapted
from Kaplan AA, Appel GB, Pusey CE, et al. Anti-GBM (Goodpasture) disease: treatment and prognosis. UpToDate: Evidence-based Clinical
Decision Support. Available at: www.uptodate.com. Accessed September 7, 2021.945
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Practice Point 11.2.6: In refractory anti-GBM disease, rit-
uximab may be tried.

Refractory anti-GBM disease is rare (<10%).952 Experience
with rituximab in anti-GBM disease is limited to case reports,
along with 2 small case series of 8 patients who incompletely
responded to standard treatment and were successfully rescued
with rituximab,957 and 4 patients treated with dialysis primarily
treated with rituximab instead of cyclophosphamide as first-line
therapy for pulmonary remissionwith no effect on the kidney.958

There are several case reports of patients with anti-GBM
disease who were successfully treated with mycophenolate
or MPA instead of cyclophosphamide.959–962 Mycophenolate
could be used instead of cyclophosphamide in patients who
refuse cyclophosphamide or are intolerant of cyclophospha-
mide because of its toxicity.

Imlifidase is an IgG-degrading endopeptidase from Strep-
tococcus pyogenes (IdeS) that cleaves human IgG into F(ab�)2
and Fc fragments, and inhibits antibody- and complement-
dependent cytotoxicity. IdeS treatment immediately cleared
anti-GBM antibodies from the circulation of 3 patients with
anti-GBM disease who were treated with dialysis, but none of
these patients recovered independent kidney function.963 A
clinical trial testing the utility and safety of IdeS in anti-GBM
disease is currently underway (NCT03157037).

Immune adsorption removes anti-GBM antibody effec-
tively. Among 10 patients with anti-GBM disease treated with
immunoadsorption, dialysis dependency was successfully
reversed in 3 out of 6 patients.964
S234
Practice Point 11.2.7: Kidney transplantation in patients
with kidney failure due to anti-GBM disease should be
postponed until anti-GBM antibodies remain undetectable
for ‡6 months.

Survival of patients with anti-GBM disease after kidney
transplantation is comparable to that in patients with other
causes of kidney failure.965 Recurrence of anti-GBM disease
may be as high as 50% after transplantation in patients who
have detectable anti-GBM antibodies at the time of trans-
plantation,966 but it is very rare (<3%) in patients who have
no antibodies.948

Anti-GBM antibodies form in 5%–10% of patients with
Alport syndrome after kidney transplantation, but overt anti-
GBM disease is less frequent. If clinical anti-GBM GN occurs,
it often does so early and results in graft loss.967

Research recommendations
� Compare:

B Rituximab to cyclophosphamide plus glucocorticoids
and plasma exchange for induction of remission in anti-
GBM disease

B MMF to cyclophosphamide plus glucocorticoids and
plasma exchange for induction of remission in anti-
GBM disease

B Immune adsorption to plasma exchange plus back-
ground immunosuppression for induction of remission
in anti-GBM disease
Kidney International (2021) 100, S1–S276
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Methods for guideline development
Table 1 | Hierarchy of outcomes

Hierarchy Outcomes

Critical outcomes � All-cause mortality
� Kidney failure (formerly known as

ESKD)
� $50% loss of GFR
� Infection
� Glucocorticoid-related adverse events
� Malignancy

Important outcomes � Complete remission/relapse
� Annual GFR loss (minimum 3 years

follow-up)

ESKD, end-stage kidney disease; GFR, glomerular filtration rate.
The critical and important outcomes were voted on by the Work Group using an
adapted Delphi process (1–9 Likert scale). Critical outcomes were rated 7–9, and
important outcomes were rated 4–6 on the 9-point scale.
Aim
This is an update of the KDIGO Clinical Practice Guideline for
Glomerulonephritis published in 2012.968 In November 2017,
KDIGO held a Controversies Conference to determine whether there
was sufficient new evidence to support updating any of the guideline
recommendations. It was decided that a guideline update was
required.1,2

The objective of this project was to update the evidence-based
clinical practice guideline for the management of glomerular dis-
eases. The guideline development methods are described below.

Overview of the process
This guideline adhered to international best practices for guideline
development (Appendix B: Supplementary Tables S2 and S3).969 This
guideline has been developed and reported in accordance with the
AGREE II reporting checklist.970 The processes undertaken for the
development of the KDIGO 2021 Clinical Practice Guideline for the
Management of Glomerular Diseases are described below.
� Appointing Work Group members and the ERT
� Finalizing guideline development methodology
� Defining scope and topics of the guideline
� Formulating clinical questions—identifying the Population,
Intervention, Comparator, Outcome, Methods (PICOM)

� Selecting topics for systematic evidence review and linking to
existing Cochrane Kidney and Transplant systematic reviews

� Developing and implementing literature search strategies
� Selecting studies according to predefined inclusion criteria
� Data extraction and critical appraisal of the literature
� Evidence synthesis and meta-analysis
� Grading the quality of the evidence for each outcome across
studies

� Grading the strength of the recommendation, based on the quality
of the evidence and other considerations

� Convening a public review in June 2020
� Updating the guideline
� Finalizing and publishing the guideline

Commissioning of Work Group and ERT. The KDIGO Co-
Chairs appointed the Work Group Co-Chairs, who then assembled
the Work Group, to include content experts in adult and pediatric
nephrology, pathology, epidemiology, and public health. Cochrane
Kidney and Transplant was contracted to conduct systematic
evidence review and provide expertise in guideline development
methodology. The ERT consisted of adult and pediatric
nephrologists, and methodologists with expertise in evidence
synthesis and guideline development. The ERT coordinated the
methodological and analytical processes of guideline development,
including literature searching, data extraction, critical appraisal,
evidence synthesis and meta-analysis, grading the quality of the
evidence per outcome, and grading the quality of the evidence for
recommendations. The Work Group was responsible for
writing the recommendations and practice points and
underlying rationale, as well as grading the strength of each
recommendation.
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The KDIGO Co-Chairs, KDIGO Methods Chair, Work Group
Co-Chairs, and the ERT had a 1-day meeting in Houston, Texas,
USA in February 2018 to discuss the previous guideline and the
findings from the KDIGO Controversies Conference on Glomeru-
lonephritis,1,2 and finalize the guideline development process.
Guideline topics from the previous guideline and new guideline
topics were linked with appropriate clinical questions to underpin
the systematic evidence review. The draft guideline topics and review
topics were finalized with feedback from the Work Group.

Defining scope and topics and formulating key clinical
questions. The guideline Work Group, with assistance from the
ERT, determined the overall scope of the guideline. A preliminary list
of topics and key clinical questions was informed by the previous
KDIGO guideline968 and the KDIGO Controversies Conference on
Glomerular Diseases.1,2 Analytical frameworks were developed to
present a visual representation of the clinical question and facilitate
discussion about the scope of the guideline. The majority of clinical
questions for this guideline were based upon RCTs to avoid bias by
design. Clinical questions adhered to the PICOM format (a list of
critical and important outcomes was compiled after voting from the
Work Group [Table 1]). The Work Group and the ERT further
refined the clinical questions to finalize the inclusion and exclusion
criteria to guide literature searching and data extraction. Clinical
questions were mapped to existing Cochrane Kidney and Transplant
systematic reviews. These systematic reviews were updated accord-
ingly. For clinical questions that did not map to any Cochrane
Kidney and Transplant systematic reviews, de novo systematic re-
views were undertaken. The previous guideline was reviewed to
ensure all identified studies were included in the evidence review.968

Details of the PICOM questions and associated Cochrane
Kidney and Transplant systematic reviews are provided in
Table 295,112,146,192,218,253,294,317,385,475,569,718. All evidence reviews
were conducted in accordance with the Cochrane Handbook,971

and guideline development adhered to the standards of GRADE
(Grading of Recommendations, Assessment, Development, and
Evaluation).972
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Table 2 | Clinical questions and systematic review topics in PICOM format

Guideline Chapter 1 General principles in the management of glomerular diseases

Clinical question In patients with glomerular diseases, what are patient preferences and values for immunosuppressive and non-
immunosuppressive therapy?

Population Patients with glomerular disease
Factor of interest Values and preferences for immunosuppressive or non-immunosuppressive therapy
Outcomes Values and preferences
Study design All study types
SoF tables Supplementary Tables S65–S67

Guideline Chapter 2 IgAN/IgAV

Clinical question In patients with biopsy-proven IgAN, what non-immunosuppressive agents, compared to no treatment or placebo,
improve efficacy outcomes and reduce adverse effects?

Population Patients with IgAN
Intervention Fish oil, anticoagulants or antiplatelets, antioxidants, tonsillectomy, statins, traditional Chinese medicine, vitamin D, vitamin

E, allopurinol, etc.
Comparator No treatment or placebo
Outcomes Outcomes listed in Table 1
Study design RCTs
Cochrane systematic
review

Reid SM, et al. Non-immunosuppressive agents for treating IgA nephropathy (Review). Cochrane Database of Systematic
Reviews. 2011:3;CD00396295

SoF tables Supplementary Tables S4, S5, S7, and S87–S104
Clinical question In patients with biopsy-proven IgAN, what immunosuppressive agents, compared to no treatment or placebo,

improve efficacy outcomes and reduce adverse effects?
Population Patients with IgAN
Intervention Immunosuppressive therapy
Comparator No treatment or placebo
Outcomes Outcomes listed in Table 1
Study design RCTs
Cochrane systematic
review

Natale P, et al. Immunosuppressive agents for treating IgA nephropathy (Review). Cochrane Database of Systematic Reviews.
2020:3;CD003965112

SoF tables Supplementary Tables S6 and S68–S86
Clinical question In patients with biopsy-proven IgAV (Henoch-Schönlein purpura nephritis), what immunosuppressive agents,

compared to no treatment, placebo, or standard of care, improve efficacy outcomes and reduce adverse effects?
Population Patients with IgAV (Henoch-Schönlein purpura nephritis)
Intervention Immunosuppressive therapy
Comparator No treatment, placebo, or standard of care
Outcomes Outcomes listed in Table 1

Additional outcomes—BMI
Study design RCTs
Cochrane systematic
review

Hahn D, et al. Interventions for preventing and treating kidney disease in Henoch-Schönlein purpura (HSP) (Review).
Cochrane Database of Systematic Reviews. 2015:8;CD005128146

SoF tables Supplementary Tables S8 and S105–S109

Guideline Chapter 3 MN

Clinical question In adults with biopsy-proven MN and NS, what immunosuppressive agents, compared to no treatment, placebo, or
other immunosuppressive therapies, improve efficacy outcomes and reduce adverse effects?

Population Adults with primary MN and NS
Intervention Immunosuppressive therapy
Comparator No treatment, placebo, or other immunosuppressive therapies
Outcomes Outcomes listed in Table 1
Study design RCTs
Cochrane systematic
review

Chen Y, et al. Immunosuppressive treatment for idiopathic membranous nephropathy in adults with nephrotic syndrome
(Review). Cochrane Database of Systematic Reviews. 2014:10;CD004293192

SoF tables Supplementary Tables S9–S13 and S110–S131

Guideline Chapter 4 NS in children

Clinical question In children (3–18 years of age) with SSNS, what glucocorticoid therapy regimens, compared with no treatment,
placebo, or standard of care, improve efficacy outcomes and reduce adverse effects?

Population Children (3–18 years of age) with SSNS
Intervention Glucocorticoid therapy
Comparator No treatment, placebo, or standard of care
Outcomes Outcomes listed in Table 1
Study design RCTs
Cochrane systematic
review

Hahn D, et al. Corticosteroid therapy for nephrotic syndrome in children (Review). Cochrane Database of Systematic Reviews.
2020:8;CD001533218

SoF tables Supplementary Tables S14–S15 and S132–S147

(Continued on following page)
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Table 2 | (Continued) Clinical questions and systematic review topics in PICOM format

Guideline Chapter 4 NS in children

Clinical question In children (3–18 years of age) with SSNS, what non-glucocorticoid immunosuppressive regimens, compared to no
treatment, placebo, or standard of care, improve efficacy outcomes and reduce adverse effects?

Population Children (3–18 years of age) with SSNS
Intervention Non-glucocorticoid immunosuppressive therapy
Comparator No treatment, placebo, or standard of care
Outcomes Outcomes listed in Table 1
Study design RCTs
Cochrane systematic
review

Larkins NG, et al. Non-corticosteroid immunosuppressive medications for steroid-sensitive nephrotic syndrome in children
(Review). Cochrane Database of Systematic Reviews. 2020:4;CD002290253

SoF tables Supplementary Tables S16–S20 and S148–S163
Clinical question In children (3–18 years of age) with SRNS, what immunosuppressive therapy, compared to no treatment, placebo,

or other immunosuppressive medication, improves efficacy outcomes and reduces adverse effects?
Population Children (3–18 years of age) with SRNS
Intervention Immunosuppressive therapy
Comparator No treatment, placebo, or other immunosuppressive therapies (including glucocorticoids)
Outcomes Outcomes listed in Table 1
Study design RCTs
Cochrane systematic
review

Liu ID, et al. Interventions for idiopathic steroid-resistant nephrotic syndrome in children (Review). Cochrane Database of
Systematic Reviews. 2019:11; CD003594294

SoF tables Supplementary Tables S21–S24 and S164–S173

Guideline Chapter 5 MCD in adults

Clinical question In adults with biopsy-proven MCD and NS, what immunosuppressive agents, compared to no treatment, placebo,
or other immunosuppressive therapy, improve efficacy outcomes and reduce adverse effects?

Population Adults with biopsy-proven MCD and NS
Intervention Immunosuppressive therapy
Comparator No treatment, placebo, or other immunosuppressive therapies
Outcomes Outcomes listed in Table 1
Study design RCTs
Cochrane systematic
review

Palmer SC, et al. Interventions for minimal change disease in adults with nephrotic syndrome (Review). Cochrane Database
of Systematic Reviews. 2008:1;CD001537317

SoF tables Supplementary Tables S25–S27 and S174

Guideline Chapter 6 FSGS in adults

Clinical question In adults with biopsy-proven FSGS, what immunosuppressive agents, compared to no treatment, placebo, or other
immunosuppressive therapy, improve efficacy outcomes and reduce adverse effects?

Population Adults with biopsy-proven FSGS
Intervention Immunosuppressive therapy
Comparator No treatment, placebo, or other immunosuppressive therapies
Outcomes Outcomes listed in Table 1
Study design RCTs
Cochrane systematic
reviews

Braun N, et al. Immunosuppressive treatment of focal segmental glomerulosclerosis in adults. Cochrane Database of
Systematic Reviews. 2008:3;CD003233385

SoF tables Supplementary Tables S28–S30 and S175–S181

Guideline Chapter 7 Infection-related glomerulonephritis

Clinical question In adult patients with HBV- or HCV-related GN, what antiviral treatment therapy, compared to no treatment,
placebo, or standard of care, improves efficacy outcomes and reduces adverse effects?

Population Adults with HBV- or HCV-related GN
Intervention Antiviral treatment therapy
Comparator No treatment, placebo, or standard of care
Outcomes Outcomes listed in Table 1
Study design RCTs
Cochrane systematic
reviews

None relevant

SoF tables Supplementary Tables S182–S184
Clinical question In patients with HIV-associated nephropathy, what antiretroviral treatment, compared to no treatment, placebo, or

standard of care, improves efficacy outcomes and reduces adverse effects?
Population HIV-associated nephropathy
Intervention Highly active antiretroviral therapy (HAART; alone or combined with antihypertensive agents, glucocorticoids, and

immunosuppressive therapies)
Comparator No treatment, placebo, or standard of care

(Continued on following page)
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Table 2 | (Continued) Clinical questions and systematic review topics in PICOM format

Guideline Chapter 7 Infection-related glomerulonephritis

Outcomes Outcomes listed in Table 1
Study design RCTs
Cochrane systematic
reviews

Yahaya I, et al. Interventions for HIV-associated nephropathy (Review). Cochrane Database of Systematic Reviews.
2013:1;CD007183475

SoF tables Supplementary Table S185

Guideline Chapter 8 Immunoglobulin- and complement-mediated glomerular diseases with an MPGN pattern of injury

Clinical question In patients with complement-mediated disease, what immunosuppressive agents, compared to no treatment,
placebo, or standard of care, improve efficacy outcomes and reduce adverse effects?

Population Patients with C3-mediated GN, C3 DDD, CFHR5 nephropathy, C4-mediated GN, idiopathic MPGN
Intervention Immunosuppressive therapy
Comparator No treatment, placebo, or standard of care
Outcomes Outcomes listed in Table 1
Study design RCTs and observational studies
Cochrane systematic
reviews

None relevant

SoF tables Supplementary Table S186 and S187
Clinical question In adults with proliferative GN (monoclonal immunoglobulin deposits [monoclonal immunoglobulin deposition

disease], immunotactoid GN, fibrillary GN, cryoglobulinemia-related kidney disease), compared to no treatment,
placebo, or standard of care, does immunosuppressive therapy improve clinically relevant outcomes and decrease
harms?

Population Adults with proliferative GN kidney with monoclonal immunoglobulin deposits (monoclonal immunoglobulin deposition
disease), immunotactoid GN, fibrillary GN, cryoglobulinemia-related kidney disease,

Intervention Immunosuppressive therapy
Comparator No treatment, placebo, or standard of care
Outcomes Mortality, kidney failure, complete kidney remission, hematologic response, adverse events
Study design RCTs and observational studies
Cochrane systematic
reviews

None relevant

SoF tables Supplementary Tables S188 and S189

Guideline Chapter 9 ANCA-associated vasculitis

Clinical question In adults with AAV, what immunosuppressive agents compared to no treatment, placebo, or other
immunosuppressive therapies improve clinical efficacy outcomes and reduce adverse effects?

Population Adults with AAV
Intervention Immunosuppressive therapy
Comparator No treatment, placebo, or other immunosuppressive therapies
Outcomes Outcomes listed in Table 1
Study design RCTs
Cochrane systematic
reviews

Walters et al. Interventions for renal vasculitis in adults (Review). Cochrane Database of Systematic Reviews.
2020:1;CD003232569

SoF tables Supplementary Tables S31–S44 and S190–S200

Guideline Chapter 10 Lupus nephritis

Clinical question In patients with biopsy-proven LN, compared to no treatment, placebo, or standard of care, does antimalarial
therapy improve clinical efficacy outcomes and reduce adverse effects?

Population Patients with biopsy-proven LN
Intervention Antimalarial therapy
Comparator No treatment, placebo, or standard of care
Outcomes Outcomes listed in Table 1
Study design RCTs and observational studies
Cochrane systematic
reviews

None relevant

SoF tables Supplementary Table S45
Clinical question In patients with nonproliferative (Class I, II, V, or VI) LN, what immunosuppressive agents, compared to no

treatment, placebo, or other immunosuppressive therapies, improve efficacy outcomes and reduce adverse effects?
Population Patients with biopsy-proven nonproliferative (Class I, II, V, or VI) LN
Intervention Immunosuppressive therapy
Comparator No treatment, placebo, or other immunosuppressive therapies
Outcomes Outcomes listed in Table 1
Study design RCTs
Cochrane systematic
reviews

None relevant

SoF tables Supplementary Tables S203, S204, and S205

(Continued on following page)
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Table 2 | (Continued) Clinical questions and systematic review topics in PICOM format

Guideline Chapter 10 Lupus nephritis

Clinical question In patients with biopsy-proven proliferative (Class III, IV, III/V, or IV/V) LN, what immunosuppressive agents,
compared to no treatment, placebo, or other immunosuppressive therapies, improve efficacy outcomes and reduce
adverse effects?

Population Patients with biopsy-proven proliferative (Class III, IV, III/V, or IV/V) LN
Intervention Immunosuppressive therapy
Comparator No treatment, placebo, or other immunosuppressive therapies
Outcomes Outcomes listed in Table 1
Study design RCTs
Cochrane systematic
reviews

Tunnicliffe DJ, et al. Immunosuppressive treatment for proliferative lupus nephritis. Cochrane Database of Systematic
Reviews. 2018:6;CD002922718

SoF tables Supplementary Tables S46–S63, S201–S204, and S207–S218

Guideline Chapter 11 Anti-GBM antibody GN

Clinical question In patients with biopsy-proven anti-GBM, what immunosuppressive agents, compared to no treatment, placebo, or
other immunosuppressive therapies, improve efficacy outcomes and reduce adverse effects?

Population Patients with biopsy-proven anti-GBM
Intervention Immunosuppressive therapy
Comparator No treatment, placebo, or other immunosuppressive therapies
Outcomes Outcomes listed in Table 1
Study design RCTs
Cochrane systematic
reviews

None relevant

SoF tables Supplementary Table S64

AAV, ANCA-associated vasculitis; ANCA, antineutrophil cytoplasmic antibody; BMI, body mass index; CFHR5, Complement factor-H–related protein 5; DDD, dense deposit
disease; FSGS, focal segmental glomerulosclerosis; GBM, glomerular basement membrane; GN, glomerulonephritis; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human
immunodeficiency virus; IgAN, immunoglobin A nephropathy; IgAV, immunoglobin A vasculitis; LN, lupus nephritis; MCD, minimal change disease; MN, membranous ne-
phropathy; MPGN, membranoproliferative glomerulonephritis; NS, nephrotic syndrome; PICOM, Population, Intervention, Comparator, Outcomes, Methods; RCT, randomized
controlled trial; SoF, summary of findings; SRNS, steroid-resistant nephrotic syndrome; SSNS, steroid-sensitive nephrotic syndrome.
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Literature searches and article selection. Searches for RCTs
utilized the Cochrane Kidney and Transplant Registry of studies in
October 2018 and supplemented until September 2019. An updated
search was undertaken in June 2020. The Cochrane Kidney and
Transplant Registry of studies is a database of RCTs in kidney disease
that ismaintained by information specialists. The database is populated
by monthly searches of the Cochrane Central Register of Controlled
Trials, weekly searches of MEDLINE OVID, yearly searches of Embase
OVID, hand-searching of major kidney and transplant conference
proceedings, searches of trial registries, including clinicaltrials.gov
and the International Clinical Trials Register search portal.

For review topics that matched existing Cochrane Kidney and
Transplant systematic reviews, an updated search for the review
using the Cochrane Kidney and Transplant Registry of studies was
conducted. The Cochrane Kidney and Transplant Registry of studies
was searched for clinical questions that included only RCTs and were
not linked to any existing Cochrane systematic review. For clinical
questions that included other study types, for example, observational
studies, the medical literature databases MEDLINE and Embase were
searched. The search strategies are provided in Supplementary
Appendix A: Supplementary Table S1.

The titles and abstracts resulting from the searches were screened
by 2 members of the ERT who independently assessed retrieved
abstracts, and if necessary, the full text, to determine which studies
satisfied the inclusion criteria. Disagreement about inclusion was
resolved by discussion with a third member of the ERT.

A total of 25,925 citations were screened. Of these, 479 RCTs and
102 observational studies were included in the evidence review
(Figure 100).

Data extraction. Data extraction was performed independently
by 2 members of the ERT. Unclear data were clarified by contacting
the author of the study report, and any relevant data obtained in this
Kidney International (2021) 100, S1–S276
manner were included. The ERT designed data extraction forms to
capture data on study design, study participant characteristics,
intervention and comparator characteristics, and critical and
important outcomes. Any differences in extraction between mem-
bers of the ERT were resolved through discussion. A third reviewer
was included if consensus could not be achieved.

Critical appraisal of studies. The majority of reviews undertaken
were intervention reviews that included RCTs. For these reviews, the
Cochrane Risk of Bias tool was used to assess individual study
limitations based on the following items973:
� Was there adequate sequence generation (selection bias)?
� Was allocation adequately concealed (selection bias)?
� Was knowledge of the allocated interventions adequately pre-
vented during the study (detection bias)?
B Participants and personnel (performance bias)
B Outcome assessors (detection bias)

� Were incomplete outcome data adequately addressed (attrition
bias)?

� Are reports of the study free of suggestion of selective outcome
reporting (reporting bias)?

� Was the study apparently free of other problems that could put it
at risk of bias?
All critical appraisal was conducted independently by 2 members

of the ERT, with disagreements regarding the risk of bias adjudica-
tions resolved by consultation with a third review author.

Evidence synthesis and meta-analysis. Measures of
treatment effect. Dichotomous outcome (all-cause mortality, kid-
ney failure, $50% loss of GFR, infection, malignancy, complete
remission/relapse) results were expressed as RR with 95% CI. When
continuous scales of measurement were used to assess the effects of
treatment, such as annual GFR loss, the mean difference (MD) with
95% CI was used. Data synthesis. Data were pooled using the
S239
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Figure 100 | Search yield and study flow diagram.
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Mantel-Haenszel random-effects model for dichotomous outcomes
and the inverse variance random-effects model for continuous out-
comes. The random-effects model was chosen because it provides a
conservative estimate of effect in the presence of known and un-
known heterogeneity.971

Assessment of heterogeneity. Heterogeneity was assessed by vi-
sual inspection of forest plots of standardized mean effect sizes, and
of risk ratios, and by c2 tests. A P value of <0.1 was used to denote
statistical heterogeneity, and an I2 was calculated to measure the
proportion of total variation in the estimates of treatment effect that
was due to heterogeneity beyond chance.971 We used conventions of
interpretation as defined by Higgins et al.974

Assessment of publication bias. We made every attempt to
minimize publication bias by including unpublished studies (for
example, by searching online trial registries). To assess publication
bias, we used funnel plots of the log odds ratio (effect vs. standard
error of the effect size) when a sufficient number of studies were
available (i.e., >10 studies).971 Other reasons for the asymmetry of
funnel plots were considered.

Subgroup analysis and investigation of heterogeneity. Subgroup
analysis was undertaken to explore whether there were clinical dif-
ferences among the studies that may have systematically influenced
the differences that were observed in the critical and important
outcomes. However, subgroup analyses are hypothesis-forming
rather than hypothesis-testing and should be interpreted with
caution. The following subgroups were considered: baseline kidney
S240
function (GFR, proteinuria, presence of albuminuria, presence of
macroscopic hematuria), histopathologic class of disease, primary
versus secondary forms of disease, sex, and adult versus pediatric.
The test of subgroup differences used the I2 statistic and a P value
of 0.10 (noting that this is a weak test).971

Sensitivity analysis. The following sensitivity analyses were
considered:
� Repeating the analysis excluding unpublished studies
� Repeating the analysis, taking account of the risk of bias, as
specified

� Repeating the analysis excluding any very long or large studies, to
establish how much they dominate the results

� Repeating the analysis excluding studies using the following filters:
language of publication, source of funding (industry vs. other),
and country in which the study was conducted.
However, the available data were insufficient to determine the

influence of these factors on the effect size of critical and important
outcomes.

Grading the quality of the evidence and the strength of a
guideline recommendation. Grading the quality of the
evidence for each outcome across studies. The overall quality of
the evidence related to each critical and important outcome was
assessed using the GRADE approach,972,975 which assesses the quality
of the evidence for each outcome. For outcomes that are based on
data from RCTs, the initial grade for the quality of the evidence is
considered to be high. For observational studies, the initial quality of
Kidney International (2021) 100, S1–S276



Table 3 | Classification for quality and certainty of the evidence

Grade Quality of evidence Meaning

A High We are confident that the true effect is close to the estimate of the effect.
B Moderate The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different.
C Low The true effect may be substantially different from the estimate of the effect.
D Very low The estimate of the effect is very uncertain, and often it will be far from the true effect.
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the evidence is low. The quality of the evidence is lowered in the
event of study limitations; important inconsistencies in results across
studies; indirectness of the results, including uncertainty about the
population, intervention, and outcomes measured in trials and their
applicability to the clinical question of interest; imprecision in the
evidence review results; and concerns about publication bias. For
imprecision, data were benchmarked against optimal information
size, low event rates in either arm, CIs that indicate appreciable
benefit and harm (25% decrease and 25% increase in the outcome of
interest), and sparse data (only 1 study), all indicating concerns
about the precision of the results.972 The final grade for the quality of
the evidence for an outcome could be high, moderate, low, or very
low (Table 3). For observational studies and other study types, it is
possible for the quality of the evidence to be upgraded from a rating
of low quality, according to the specified criteria. For further details
on the GRADE approach for rating quality of the evidence, see
Table 4.

Summary of findings (SoF) tables. The SoF tables were developed
to include a description of the population, intervention, and
comparator. In addition, the SoF tables included results from the data
synthesis as relative and absolute effect estimates. The grading of the
quality of evidence for each critical and important outcome is also
provided in the SoF tables. The SoF tables were generated
using MAGICapp, an online software application designed to support
guideline development, and they are available in the Data Supplement:
Appendix C and Appendix D (https://kdigo.org/guidelines/gd/).

Developing the recommendations. The recommendations were
drafted by the Work Group Co-Chairs and Work Group members.
Recommendations were revised in a multistep process during face-to-
Table 4 | GRADE system for grading quality of evidence

Study design
Starting grade for the
quality of evidence Step 2—Lower grade

RCT High Study limitations:
–1, serious
–2, very serious

Moderate Inconsistency:
–1, serious
–2, very serious

Observational Low Indirectness:
–1, serious
–2, very serious

Very low Imprecision:
–1, serious
–2, very serious

Publication bias:
–1, serious
–2, very serious

RCT, randomized controlled trial; GRADE, Grading of Recommendations Assessment, De
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face meetings (Amsterdam, The Netherlands, August 2018 and
Budapest, Hungary, June 2019) and by email communication. The
final draft was sent for external public review, and reviewers
provided open-ended responses. Based on the external stakeholder
feedback, the draft was further revised by the Work Group. All
Work Group members provided feedback on initial and final drafts
of the guideline statements and text and approved the final version
of the guideline. The ERT also provided a descriptive summary of
the evidence quality in support of the recommendations.

Grading the strength of the recommendations. The strength of a
recommendation is graded as strong or weak (Table 5). The strength
of a recommendation was determined by the balance of benefits and
harms across all critical and important outcomes, the grading of the
overall quality of the evidence, patient values and preferences,
resource use and costs, and considerations for implementation
(Table 6).

Balance of benefits and harms. The Work Group and ERT
determined the anticipated net health benefit on the basis of ex-
pected benefits and harms across all critical and important outcomes
from the underlying evidence review.

Quality of evidence. The overall quality of the evidence was based
on the certainty of the evidence for all critical and important out-
comes, taking into account the relative importance of each outcome
to the population of interest. The overall quality of the evidence was
graded (A, B, C, or D—Table 3).

Patient values and preferences. No patients or caregivers were
involved in the Work Group. The Work Group, from their experi-
ence in managing patients with glomerular disease and their un-
derstanding of the best available scientific literature, made judgments
Step 3—Raise grade for observational evidence

Strength of association
þ1, large effect size (e.g., <0.5 or >2)
þ2, very large effect size (e.g., <0.2 or >5)

Evidence of a dose–response gradient

All plausible confounding would reduce the demonstrated effect

velopment, and Evaluation.
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Table 6 | Determinants of the strength of recommendation

Factors Comment

Balance of benefits and harms The larger the difference between the desirable and undesirable effects, the more likely a strong recommendation
is provided. The narrower the gradient, the more likely a weak recommendation is warranted.

Quality of evidence The higher the quality of evidence, the more likely a strong recommendation is warranted. However, there are
exceptions for which low or very low quality of the evidence will warrant a strong recommendation.

Values and preferences The more variability in values and preferences, or the more uncertainty in values and preferences, the more likely a
weak recommendation is warranted. Values and preferences were obtained from the literature, when possible, or
were assessed by the judgment of the Work Group when robust evidence was not identified.

Resource use and costs The higher the costs of an intervention—that is, the more resources consumed—the less likely a strong
recommendation is warranted.

Table 5 | KDIGO nomenclature and description for grading of recommendations

Grade

Implications

Patients Clinicians Policy

Level 1 ‘Strong’
“We recommend”

Most people in your situation would
want the recommended course of
action, and only a small proportion
would not.

Most patients should receive the
recommended course of action.

The recommendation can be evaluated
as a candidate for developing a policy
or a performance measure.

Level 2 ‘Weak’
“We suggest”

The majority of people in your situation
would want the recommended course
of action, but many would not.

Different choices will be appropriate for
different patients. Each patient needs
help to arrive at a management
decision consistent with her or his
values and preferences.

The recommendation is likely to require
substantial debate and involvement of
stakeholders before policy can be
determined.
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on the values and preferences of patients. Formal qualitative evidence
synthesis on patient priorities and preferences was undertaken, but
there was limited evidence available to inform the formulation of
guideline recommendations (Appendix D).

Resource use and costs. Healthcare and non-healthcare
resources, including all inputs in the treatment management
pathway,976 were considered in grading the strength of a
recommendation. The following resources were considered: direct
healthcare costs; non-healthcare resources, such as transportation
and social services; informal caregiver resources (e.g., time of
family and caregivers); and changes in productivity. Economic
evaluations, including cost-effectiveness analysis, were not
conducted for any of the guideline topics.

Practice points
In addition to graded recommendations, KDIGO guidelines now
include “practice points” to help clinicians better evaluate and
implement the guidance from the expert Work Group. Practice points
are consensus statements about a specific aspect of care, and they
supplement recommendations for which a larger quantity of evidence
was identified. These were used when no formal systematic evidence
review was undertaken, or there was insufficient evidence to provide a
graded recommendation. Practice points represent the expert judg-
ment of the guideline Work Group, but they also may be based on
limited evidence. For example, practice points were provided on
monitoring, frequency of testing, dosing adjustments for the stage of
CKD, and use of therapies in specific subgroup populations. Practice
S242
points were sometimes formatted as a table, a figure, or an algorithm
to make them easier to use in clinical practice.

Format for guideline recommendations
Each guideline recommendation provides an assessment of the
strength of the recommendation (strong, level 1; or weak, level 2)
and the quality of the evidence (A, B, C, D). The recommendation
statements are followed by Key information (Balance of benefits and
harms, Quality of evidence, Values and preferences, Resource use and
costs, Considerations for implementation), and Rationale. Each
recommendation is linked to relevant SoF tables. An underlying
rationale also may support a practice point.

Limitations of the guideline development process
The evidence review prioritized RCTs as the primary source of evi-
dence. For a select number of clinical questions in this guideline, the
ERT undertook a comprehensive evidence review beyond RCTs.
However, these reviews were not exhaustive, as specialty or regional
databases were not searched, and manual searching of journals was
not performed for these reviews. In the development of these
guidelines, no scoping exercise with patients, limited searches of the
qualitative literature, or formal qualitative evidence synthesis
examining patient experiences and priorities were undertaken. As
noted, although resource implications were considered in the
formulation of recommendations, formal economic evaluations were
not undertaken for all topics.
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she is an advisor to KidNeeds, a global C3G family commu-
nity. Finally, Dr. Nester is a clinical trialist; her clinical
practice has become a hub for bringing a new generation of
anti-complement therapeutics to a rare disease population.

Dr. Nester’s background in complement biology, com-
bined with her unique training as an adult and pediatric
glomerular disease clinician, facilitates her role as a highly
sought-after speaker and educator in the area of complement
biology and kidney disease.

CMN reports being on advisory boards for Achillion, Alexion,
BioCryst, Novartis, and Pfizer; grant/research support from
Achillion, Alexion, BioCryst, Novartis, and Travere (formerly
Retrophin); and receiving author royalties from UpToDate.

Jai Radhakrishnan, MD, MS,
MRCP, FACC, FASN, is a professor
of medicine at Columbia University
Medical Center, New York, NY, USA,
and the clinical director of the
nephrology division at New York-
Presbyterian Hospital, New York,
NY, USA. After completing his initial
medical training in India and the

United Kingdom, he completed his nephrology training at the

Massachusetts General Hospital in Boston, MA, USA and
Columbia University Medical Center in New York, NY, USA.
He completed his master’s degree in biostatistics from the
Mailman School of Public Health, Columbia University, New
York, NY, USA.

His clinical and research interests are in glomerular diseases.
He is an associate editor of Kidney International and founding
editor/editor-in-chief of Kidney International Reports. As a
clinician–educator, Dr. Radhakrishnan has served on educa-
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