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Primary Glomerulonephritis  
( n=18813, 2000-2010，Nanjing) 

　 n % 
IgAN 8580 45.61 
FSGS 2400 12.87 
MN 2422 12.76 

IgMN 240 1.28 
MPGN 242 1.29 
EnPGN 213 1.13 



Secondary glomerular disease 
 (n= 5162：2000-2010) 

　 n % 
       Lupus Nephritis  2970 57.53 
       Hernch-Schonlein purpura               1784 34.56 
       Systemic Vasculitis  228 4.42 
       HUS/TTP   69 1.34 
       Rheumatoid arthritis  31 0.6 
       Sjögren’s syndrome                       80 1.55 



•  A frequently progressive form of  glomerular 
diseases, exhibiting diverse renal pathology and 
clinical expression  

•  Who develops persistent and progressive disease? 
How can they best be identified early in the course 
of disease? (Pathology/Clinical) 

•   Facilitate the identification of the features that 
may predict response to specific treatments, and 
refine recruitment to clinical trials by their risk of 
progression 



Renal survival  of Chinese Patients with IgAN 
(1155 Cases) 

83% 

95% 

74% 
64% 

•  10-Year: 83% 

•  20-Year: 64% 
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WeiBo Le, Zhihong Liu, et al	 Nephrol Dial Transplant (2012) 27: 1479–1485 



Five key determinants of renal survival in IgAN 

Multivariate Cox regression 

HR(95% CI) P 

Urinary protein>1.0g/d 3.3(2.2-4.9) <0.001 

Hypertension (>140/90mmHg) 1.9(1.3-2.7) <0.001 

eGFR<60ml/min per 1.73m2 2.6(1.4-2.8) <0.001 

Hypoalbuminemia 2.0(1.4-2.8) <0.001 

Hyperuricemia 1.8(1.2-2.6) 0.002 

WeiBo Le, Zhihong Liu, et al	 Nephrol Dial Transplant (2012) 27: 1479–1485 



Time-average proteinuria (TA-P)  
and renal survival 

TA-P<0.5g/d 

TA-P 0.5~1.0g/d  9-fold increased risk 

TA-P>1.0g/d  47-fold increased risk 

U
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WeiBo Le, Zhihong Liu, et al  Nephrol Dial Transplant (2012) 27: 1479–1485 



The predictors of renal survival from data during 
the Follow-up period 

Predictors	 
Univariate Cox regression MultivariateCox regression△ 

HR(95% CI) P Value HR(95% CI) P Value 

TA-P 1.8(1.7-1.9) <0.001 1.8(1.6-1.9) <0.001 

TA-MAP 1.04(1.03-1.06) <0.001 1.03(1.01-1.04) <0.001 

TA-RBC 1.3（1.1-1.7） 0.01 2.1（1.6-2.7） <0.001 

         TA-P ： Time-average proteinuria 
  TA-MAP： Time-average mean arterial blood pressure  
   TA-RBC： Time-average  hematuria 



nature reviews | nephrology2009,5:557-559 

The Oxford Classification of IgA Nephropathy 



 Caihong Zeng, Zhihong Liu et al :Am J Kidney Dis. 2012;60(5):812-820 



A Multi-center  Validation of the Oxford 
Classification of IgAN in Chinese patients 

•  We confirmed the associations of mesangial 

hypercellularity (M) and tubular atrophy/interstitial 

fibrosis (T) with kidney disease outcomes. 

 

•  We did not find the associations between the lesion of S,E, 

C, and  N and disease outcomes. 

 Caihong Zeng, Zhihong Liu et al :Am J Kidney Dis. 2012;60(5):812-820 



Ø  IgAN with recurrent macroscopic hematuria 

Ø  IgAN with minimal change disease  

Ø  IgAN in elderly patients 

IgA Nephropathy 



Long-term outcome of IgAN with  
recurrent macroscopic hematuria  

98% 
Vs. 
95% 

91% 
Vs. 
82% 

91% 
Vs. 
66% 91% 

Vs. 
59% 

WB Le, ZH Liu et al. Am J Nephrol 2014 



 IgAN with minimal change disease 
 



Long-term outcome of IgAN with 
minimal change disease  

Years from biopsy  
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Response to steroid treatment of IgAN patients 
with minimal change disease  

MCD: Minimal change disease （n=77) 
MCD-IgAN: IgAN with minimal change disease (n=80) 
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Comparison of long-term outcome between 
patients with MCD-IgAN and MCD 

MCD: Minimal change disease (n=77) 
MCD-IgAN: IgAN with minimal change disease (n=80) 

months from biopsy  

% 
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ABSTRACT

Background. Studies on biopsy-proven renal disease in the
elderly (age ≥65 years) are extremely limited in China. The
aim of this study was to examine the spectrum of renal dis-
eases and their clinical presentations in elderly patients under-
going renal biopsy.
Methods. All native renal biopsies (n = 851) performed in pa-
tients aged ≥65 years from January 2003 to December 2012
were retrospectively analyzed. The results were compared with
a control group of 28 574 patients aged 18–64 years undergo-
ing renal biopsy over the same period.
Results. These 851 patients included 549 males and 302
females. Primary glomerular diseases (53.94%) occurred more
frequently than secondary glomerular diseases (36.49%). The
clinical manifestations were nephrotic syndrome (NS) in 29.49%
of the patients, chronic renal failure in 24.68%, proteinuria and
hematuria in 13.28%, proteinuria in 10.93%, acute kidney injury
(AKI) in 10.81% and AKI and NS in 8.93%. Membranous ne-
phropathy (MN) was the most frequent diagnosis (28.79%), fol-
lowed by diabetic nephropathy (DN, 9.75%), IgA nephropathy
(IgAN, 9.64%) and vasculitis (6.82%). When compared with the
control group, the results showed that MN (P < 0.0001), DN
(P < 0.0001), vasculitis (P < 0.0001) and amyloidosis (P < 0.0001)
occurred more frequently and IgAN (P < 0.0001), lupus neph-
ritis (P < 0.0001) and minimal change disease (P < 0.0001)
occurred less frequently in the elderly.
Conclusion. This study is the first and largest renal biopsy
series to analyze patients aged ≥65 years in China, and the
results obtained from this study may increase the knowledge
of renal diseases in elderly patients.

Keywords: China, elderly, kidney diseases, renal biopsy,
spectrum

INTRODUCTION

As the population increases, aging has gradually become a
prominent public health problem worldwide. From 2000 to
2030, the percentage of the population aged ≥65 years is
projected to increase from 6.9 to 12.0% worldwide [1]. China
is also confronting the problem of population aging. The
segment with the fastest growth rate comprises individuals
aged ≥65 years, with an expected increase from 8.3% of the
population in 2008 to 16.23% of the population by 2030 [2].

As life expectancy increases, more elderly patients are sur-
viving longer with acute and chronic diseases. The incidence
and prevalence of chronic kidney disease (CKD) and end-
stage renal disease (ESRD) exhibit an increasing trend similar
to those of other diseases [3–5]. Compared with the CKD
prevalence in patients aged 20–39 years, which was only 0.7%,
the proportion was up to 37.8% in patients older than 70 years
[3]. In an observational study of 1299 native inhabitants in
Shanghai, China, Yang et al. [6] found that 9.2% of the sub-
jects were ≥65 years of age and had Stages 3 through 5 CKD.
In addition, age appears to significantly modify the prognosis
of kidney diseases. O’Hare et al. [4] reported that 28% of pa-
tients aged ≥75 years with Stages 3 through 5 CKD develop
ESRD.

The elderly are affected by the same types of kidney dis-
eases as the adult population; however, specific pathogenetic
mechanisms contribute to the development of kidney diseases,

© The Author 2014. Published by Oxford University Press
on behalf of ERA-EDTA. All rights reserved.
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Nephrol	Dial	Transplant	(2014)	0:	1–9 

>65 y 
N=851 



Nephrol	Dial	Transplant	(2014)	0:	1–9 

DISCUSSION

To the best of our knowledge, this study is the largest renal
biopsy series and the first to analyze patients aged ≥65 years in

China. Our center is located in eastern China. Each year,
∼280 000 outpatients and 7000 inpatients are referred to our
center from across China; thus, the data might be viewed as
illustrating the epidemiology of renal disease in China.

In our study, biopsies in the elderly accounted for 2.89% of
all biopsies. This percentage is far lower than the 17–27.4% in
other reports [7, 16]. The percentage of the population aged
≥65 years in China is 8.3% [2], which is lower than the 14–
23% reported for entire population of developed countries
[17]. Another likely reason is that health insurance coverage
had been low in elderly patients, although this situation is im-
proving now. In contrast, some elderly patients were reluctant
to undergo renal biopsy because of the fear of complications.
In previous reports with patients aged ≥65 years, men signifi-
cantly outnumbered women among the patients who received
renal biopsies [7, 11, 18], which aligned with the male pre-
dominance in our study.

MN was present in 53.38% of the primary glomerular
disease cases and in 28.79% of the total elderly patients, which
was significantly higher than the 10.61% in the control group
(Figure 4). This result was comparable with several studies re-
porting that MN was the most common kidney disease in the
elderly [7, 8, 10, 11, 18, 19]. In China, Zeng et al. [20] also re-
ported that MN tends to occur more frequently in Chinese
elderly patients. DN was the second most common cause of
renal disease in the elderly and was the most frequent diagno-
sis in secondary glomerular diseases, which was significantly
more prevalent than in the control group. The main reason for
this finding is that the prevalence of diabetes increases with
age and that kidney disease secondary to diabetes has an in-
creased prevalence in older people [21]. Nonetheless, the per-
centage of DN in our elderly patients (9.75% of all elderly) was
slightly greater than that in Japan (7.7%) [11], Ireland (6.4%)
[7] and the USA (7.22%) [18] (Supplementary data, Table S2).
The relatively higher frequency of DN in our study might be
attributed to the different indications for renal biopsy in

F IGURE 2 : Clinical manifestations for renal biopsy in the elderly.
NS, nephrotic syndrome; CRF, chronic renal failure; AKI, acute
kidney injury.

Table 1. Classification of renal diseases based on renal biopsies in elderly
patients

Number of cases %

Primary glomerular disease 459 53.94
MN 245 28.79
IgAN 82 9.64
MCD 41 4.82
FSGS 40 4.70
MsPGN 24 2.82
IgMN 9 1.06
MPGN 7 0.82
APIGN 4 0.47
CreGN 3 0.35
C3 glomerulonephritis 3 0.35
C1qN 1 0.12

Secondary glomerular disease 302 35.49
DN 83 9.75
Vasculitis 58 6.82
AL-Amyloidosis 51 5.99
AL-amyloidosis (myeloma) 4 0.47
PGNMID 4 0.47
LCDD (myeloma) 4 0.47
LCDD 3 0.35
HSPN 23 2.70
Benign nephrosclerosis 13 1.53
LN 12 1.41
MN (malignancy)a 9 1.06
MN (Sjögren’s syndrome) 6 0.71
MN (rheumatoid arthritis) 4 0.47
MN (hepatitis B virus infections) 1 0.12
MPGN (mixed cryoglobulinemia) 6 0.71
MPGN (Waldenström macroglobulinemia) 2 0.24
MPGN (non-Hodgkin’s lymphoma) 2 0.24
ORG 6 0.71
Anti-GBM nephritis 5 0.59
IgAN (rheumatoid arthritis) 2 0.24
IgAN (lung cancer) 1 0.12
FSGS (small B-cell lymphoma) 1 0.12
HUS 1 0.12
MsPGN (polymyositis) 1 0.12

Tubulointerstitial diseases 46 5.41
AIN 17 2.00
CIN 13 1.53
ATN 12 1.41
Cast nephropathy (myeloma) 2 0.24
ATN (EHF) 2 0.24

Coincidence of two glomerular diseases 29 3.41
Unclassified 15 1.76
Total 851 100.00

MN, membranous nephropathy; IgAN, IgA nephropathy; MCD, minimal change disease;
FSGS, focal segmental glomerulosclerosis; MsPGN, mesangial proliferative
glomerulopathy; IgMN, IgM nephropathy; MPGN, membranoproliferative
glomerulonephritis; CreGN, cresentic glomerulonephritis; C1qN, C1q nephropathy;
DN, diabetic nephropathy; HSPN, Henoch–Schönlein purpura nephritis; APIGN, acute
post-infectious glomerulonephritis; LN, lupus nephritis; ORG, obesity-related
glomerulopathy; LCDD, light-chain deposition disease; PGNMID, proliferative
glomerulonephritis with monoclonal IgG deposits; HUS, hemolytic-uremic syndrome;
AIN, acute interstitial nephritis; ATN, acute tubular necrosis; CIN, chronic interstitial
nephritis; EHF, epidemic hemorrhagic fever.
aIncludes seven cases of lung cancer, one case of bladder cancer and one case of gastric
antral cancer.
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Renal survive in IgA nephropathy between  
elderly and non-elderly patients 

96.5% 

89.6% 
79.4% 

37.7% 



Lee YH et al, Lupus. 2016  

All-cause SMR was significantly increased 2.6-fold in 
patients with SLE 

Heterogeneity, sensitivity test and publication bias

Between-study heterogeneity was identified in the
meta-analyses of all-cause and cause-specific
SMRs (Table 2). Meta-regression analysis showed

that sample size, ethnicity, midpoint year of study
period and publication year had no significant
impact on the heterogeneity in the meta-analysis
of all-cause SMRs in SLE patients (Table 2).

Figure 2 Meta-analysis of all-cause standardized mortality ratio in patients with systemic lupus erythematosus.

Figure 3 Meta-analysis of cause-specific standardized mortality ratio in patients with systemic lupus erythematosus.

SLE and mortality
YH Lee et al.
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Wang Z et al, Medicine (Baltimore). 2015 

Death Causes of SLE in China 



Cumulative renal survival rates in patients with 
LN（n=1814) 

Months from renal biopsy 

CumulaDve	renal	
survival	rates 

			5y 10y 15y 20y 

		93.1% 87.9% 81.0% 68.3% 

J Yang, ZH Liu et al. Lupus; 2015  
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Univariate Multivariate 

HR (95%CI)   P HR (95%CI)   P 
Gender a 2.181 (1.580-3.011) <0.001 2.166 (1.530-3.066) <0.001 
LN duration (months) 1.005 (1.002-1.009) 0.002 1.006 (1.002-1.009) 0.002 
Mean arterial pressure 
(mmHg) 1.027 (1.018-1.037) <0.001 1.016 (1.006-1.026) 0.002 
24-h urinary protein 
(g/24 h) 1.084 (1.045-1.124) <0.001 1.042 (1.002-1.084) 0.039 
Serum creatinine (mg/
dl) b 1.622 (1.540-1.709) <0.001 1.509 (1.409-1.617) <0.001 
Haemoglobin (g/dl)  b 0.788 (0.741-0.837) <0.001 0.898 (0.840-0.961) 0.002 
Serum complement C4 
(g/l) 3.044 (1.278-7.250) 0.012 2.962 (1.268-6.922) 0.012 

Independent  risk factors for ESRD in LN（n=1814) 
 

J Yang, ZH Liu et al. Lupus; 2015  



The patients with TA-Pro 0.5–1g/24 h and TA-Pro >1 g/24 h  were 
associated with a 12.567-fold and 237.698-fold  higher risk for ESRD 
than those with TA-Pro<0.5 g/24 h, respectively 

The time-average proteinuria（TA-Pro）

Evaluation of TA-Pro values for discriminating the 
patients with ESRD from the patients without ESRD Renal survival rates in various groups 



The patients with TA-MAP ≥96.5mmHg were associated with a 10.045-
fold higher risk for ESRD than those with TA-MAP<96.5 mmHg 

The time average mean arterial 
pressure（TA-MAP）

Evaluation of the TA-MAP values for discriminating the 
patients with ESRD from the patients without ESRD Renal survival rates in various groups 



The male patients were associated with a 2.181-fold 
higher risk for ESRD than the female patients  



Cumulative renal survival rates in different 
histological classes (n=1814) 

J Yang, ZH Liu et al. Lupus; 2015  

Months from renal biopsy 
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5-yr 10-yr 15-yr 20-yr 

II 97.4% 88.7% 88.7% 76.0% 

III 94.5% 91.6% 85.8% 72.5% 

III+V 94.3% 92.3% 84.5% 68.2% 

IV 90.5% 84.1% 77.0% 64.2% 

IV+V 92.0% 83.9% 70.7% 49.5% 

V 97.6% 96.8% 92.6% 86.0% 

The 2003 ISN/RPS classification  



The incidence of TMA in LN: 4.6% 
LN with TMA were associated with a 5.7-fold 
higher risk for ESRD than those without TMA 

!
J Yang, ZH Liu et al. Lupus; 2015  



Patients with podocytopathy showed a good response 
to steroid therapy and  good outcomes 

three patients showed no response. The median time to
remission was 4 (IQR, 2, 8) weeks. Renal function recov-
ered to normal in all patients with AKI after induction
treatment. The CR rate in the FSGS group (two of nine,
22.2%) was significantly lower than that in the MCD group
(12 of 13, 92.3%) and MsP group (24 of 28, 85.7%)
(P,0.001). The CR rates were not significantly different
between MCD group and MsP group (Table 4).
Patients were followed up for a median of 62 (IQR, 36,

84) months, during which time 28 (56.0%) patients devel-
oped renal relapses. Sixteen patients had NS relapse,
among whom ten patients had lupus flare with extrarenal
manifestation and/or serological activity (elevated serum
autoantibody level, or decreased complement level). There
was no significant difference in the relapse rate among the
three groups. Thirteen relapsed patients had a second re-
nal biopsy, and among them three patients transitioned to

class IV and three transitioned to class V. All patients
showed normal SCr levels at the last visit. No patients
died or developed end stage renal disease.

Discussion
In the present study, we reported a series of 50 SLE

patients who presented with NS and mild glomerular
lesions. On LM, 28 cases showed MsP, nine cases showed
FSGS, and the other 13 cases were minimal change.
Immune deposition was demonstrated only in the mesan-
gial region by immunofluorescence and EM. The unique
prominent pathologic finding that appeared in all bi-
opsies was extensive FPE, a morphologic characteristic of
podocytopathy. A few biopsies showed scattered isolated
subepithelial or subendothelial dense deposits, but such
deposits might have no correlation with diffuse FPE and NS

Figure 2. | Morphologic features of lupus podocytopathy. (A) Minimal change disease; (B) mesangial proliferation; (C) focal segmental
glomerulosclerosis (collapsing type) (A–C: periodic acid-Schiff, 3400); (D) glomerular mesangial IgG deposition (immunofluorescence,
3400); (E) IgG deposition on the tubular basement membrane (immunofluorescence,3400) in a patient who presentedwith AKI; (F) extensive
podocyte foot process effacement and a small amount of dense deposits in mesangial area in the absence of capillary wall deposits (electron
microscopy, 36,000).

Table 4. Treatment response among different groups of lupus podocytopathy

Treatment Response and Outcomes Total (n=50) MCD (n=13) MsP (n=28) FSGS (n=9) P values

Treatment response 0.001
Complete remission 38 (76.0) 12 (92.3) 24 (85.7) 2 (22.2)
Partial remission 9 (18.0) 1 (7.7) 3 (10.7) 5 (55.6)
No response 3 (6.0) 0 1 (3.6) 2 (22.2)

Time to remission (weeks) 4 (2, 8) 4 (2, 8) 4 (2, 7) 8 (5, 10) 0.25
Relapse 28 (56.0) 7 (53.8) 15 (53.6) 6 (66.7) 0.86
Histologic transition 6/13 (46.2) 1/5 (20.0) 3/5 (60.0) 2/3 (66.7) 0.48

Data are expressed as N (%) or median (interquartile range). MCD, minimal change disease; MsP, mesangial proliferation.

Clin J Am Soc Nephrol 11: 585–592, April, 2016 Morphology and Outcomes of Lupus Podocytopathy, Hu et al. 589

three patients showed no response. The median time to
remission was 4 (IQR, 2, 8) weeks. Renal function recov-
ered to normal in all patients with AKI after induction
treatment. The CR rate in the FSGS group (two of nine,
22.2%) was significantly lower than that in the MCD group
(12 of 13, 92.3%) and MsP group (24 of 28, 85.7%)
(P,0.001). The CR rates were not significantly different
between MCD group and MsP group (Table 4).
Patients were followed up for a median of 62 (IQR, 36,

84) months, during which time 28 (56.0%) patients devel-
oped renal relapses. Sixteen patients had NS relapse,
among whom ten patients had lupus flare with extrarenal
manifestation and/or serological activity (elevated serum
autoantibody level, or decreased complement level). There
was no significant difference in the relapse rate among the
three groups. Thirteen relapsed patients had a second re-
nal biopsy, and among them three patients transitioned to

class IV and three transitioned to class V. All patients
showed normal SCr levels at the last visit. No patients
died or developed end stage renal disease.

Discussion
In the present study, we reported a series of 50 SLE

patients who presented with NS and mild glomerular
lesions. On LM, 28 cases showed MsP, nine cases showed
FSGS, and the other 13 cases were minimal change.
Immune deposition was demonstrated only in the mesan-
gial region by immunofluorescence and EM. The unique
prominent pathologic finding that appeared in all bi-
opsies was extensive FPE, a morphologic characteristic of
podocytopathy. A few biopsies showed scattered isolated
subepithelial or subendothelial dense deposits, but such
deposits might have no correlation with diffuse FPE and NS

Figure 2. | Morphologic features of lupus podocytopathy. (A) Minimal change disease; (B) mesangial proliferation; (C) focal segmental
glomerulosclerosis (collapsing type) (A–C: periodic acid-Schiff, 3400); (D) glomerular mesangial IgG deposition (immunofluorescence,
3400); (E) IgG deposition on the tubular basement membrane (immunofluorescence,3400) in a patient who presentedwith AKI; (F) extensive
podocyte foot process effacement and a small amount of dense deposits in mesangial area in the absence of capillary wall deposits (electron
microscopy, 36,000).

Table 4. Treatment response among different groups of lupus podocytopathy

Treatment Response and Outcomes Total (n=50) MCD (n=13) MsP (n=28) FSGS (n=9) P values

Treatment response 0.001
Complete remission 38 (76.0) 12 (92.3) 24 (85.7) 2 (22.2)
Partial remission 9 (18.0) 1 (7.7) 3 (10.7) 5 (55.6)
No response 3 (6.0) 0 1 (3.6) 2 (22.2)

Time to remission (weeks) 4 (2, 8) 4 (2, 8) 4 (2, 7) 8 (5, 10) 0.25
Relapse 28 (56.0) 7 (53.8) 15 (53.6) 6 (66.7) 0.86
Histologic transition 6/13 (46.2) 1/5 (20.0) 3/5 (60.0) 2/3 (66.7) 0.48

Data are expressed as N (%) or median (interquartile range). MCD, minimal change disease; MsP, mesangial proliferation.

Clin J Am Soc Nephrol 11: 585–592, April, 2016 Morphology and Outcomes of Lupus Podocytopathy, Hu et al. 589

WX Hu, ZH Liu, et al. CJASN, 2016  



        Considerable interethnic variation is evident in the 
efficacy and tolerability of the various immunosuppressive 
regimens, which necessitates individualized treatment and 
comparison of the efficacy and side effects across different 
ethnic groups.  



Evidence origin from Chine in KDIGO GN Guideline(2012) 

　 n RCT Retrospective 

IgAN 3 1 2 

SRNS 1 1 0 

MCD 0 0 0 

MN 2 1 1 

FSGS 0 0 0 

LN 2 2 0 

MPGN 0 0 0 

HSPN 0 0 

anti-GBM disease 1 0 1 

ANCA vasculitis 1 1 0 

Total  10 6 4 



Published Randomized Controlled Trial from China 
during  2012 to 2016 

Diseases RCT  

IgAN 5 
MN 4 

FSGS/MCD 4 
LN 5 

AAV 1 
HSPN 2 
Total 21 



.Ann Intern Med. 2015 Jan 6;162(1):18-26 

Multitarget Therapy for Induction Treatment of Lupus Nephritis
A Randomized Trial
Zhihong Liu, MD; Haitao Zhang, MD; Zhangsuo Liu, MD; Changying Xing, PhD; Ping Fu, MD; Zhaohui Ni, MD; Jianghua Chen, MD;
Hongli Lin, MD; Fuyou Liu, MD; Yongcheng He, MD; Yani He, MD; Lining Miao, MD; Nan Chen, MD; Ying Li, MD; Yong Gu, MD;
Wei Shi, MD; Weixin Hu, MD; Zhengzhao Liu, MD; Hao Bao, MD; Caihong Zeng, PhD; and Minlin Zhou, MD

Background: Treatment of lupus nephritis (LN) remains
challenging.

Objective: To assess the efficacy and safety of a multitarget
therapy consisting of tacrolimus, mycophenolate mofetil, and
steroid compared with intravenous cyclophosphamide and ste-
roid as induction therapy for LN.

Design: 24-week randomized, open-label, multicenter study.
(ClinicalTrials.gov: NCT00876616)

Setting: 26 renal centers in China.

Patients: Adults (aged 18 to 65 years) with biopsy-proven LN.

Intervention: Tacrolimus, 4 mg/d, and mycophenolate mofetil,
1.0 g/d, versus intravenous cyclophosphamide with a starting
dose of 0.75 (adjusted to 0.5 to 1.0) g/m2 of body surface area
every 4 weeks for 6 months. Both groups received 3 days of
pulse methylprednisolone followed by a tapering course of oral
prednisone therapy.

Measurements: The primary end point was complete remission
at 24 weeks. Secondary end points included overall response
(complete and partial remission), time to overall response, and
adverse events.

Results: After 24 weeks of therapy, more patients in the multi-
target group (45.9%) than in the intravenous cyclophosphamide

group (25.6%) showed complete remission (difference, 20.3 per-
centage points [95% CI, 10.0 to 30.6 percentage points]; P <
0.001). The overall response incidence was higher in the multi-
target group than in the intravenous cyclophosphamide group
(83.5% vs. 63.0%; difference, 20.4 percentage points [CI, 10.3 to
30.6 percentage points]; P < 0.001), and the median time to
overall response was shorter in the multitarget group (difference,
!4.1 weeks [CI, !7.9 to !2.1 weeks]). Incidence of adverse
events did not differ between the multitarget and intravenous
cyclophosphamide groups (50.3% [91 of 181] vs. 52.5% [95 of
181]).

Limitation: The study was limited to 24 weeks of follow-up.

Conclusion: Multitarget therapy provides superior efficacy com-
pared with intravenous cyclophosphamide as induction therapy
for LN.

Primary Funding Source: National Basic Research Program of
China, National Key Technology R&D Program.

Ann Intern Med. 2015;162:18-26. doi:10.7326/M14-1030 www.annals.org
For author affiliations, see end of text.
This article was published online first at www.annals.org on 11 November
2014.

Despite the availability of many new immunosup-
pressive drugs, treatment of lupus nephritis (LN)

remains a major challenge. Management of LN typically
consists of an initial induction phase to achieve rapid
remission, followed by a long-term maintenance phase
to prevent disease relapse. Induction therapy is partic-
ularly important because patients with complete remis-
sion typically have a better prognosis, with fewer epi-
sodes of relapse, than patients who do not achieve
remission (1, 2). However, the incidence of complete
remission with current induction therapy regimens,
such as mycophenolate mofetil (MMF) and cyclophos-
phamide, remains low (3–7). Therefore, more effective
induction regimens for LN are needed.

We hypothesized that induction therapy compris-
ing multiple drugs targeting different aspects of the im-
mune response would be more effective than a single

agent and, further, that lower doses of multiple drugs
may maximize efficacy and minimize adverse effects (8,
9). For decades, a multitarget approach has been the
basis of antirejection therapy following solid organ
transplantation (10–12).

Controlled clinical trials have established MMF as
an option for induction treatment of LN and mainte-
nance of renal response following induction (4, 13). Rel-
ative specificity for activated lymphocytes as well as
antiproliferative and antifibrotic actions may be respon-
sible for some of MMF's beneficial effects in LN (14).
Tacrolimus is a calcineurin inhibitor and a potent inhib-
itor of human T-cell proliferation. Several recent studies
have confirmed that calcineurin inhibitors have a pro-
tective effect on glomerular podocytes independently
of immunosuppressive effects (15, 16). These findings
may explain the underlying mechanism of tacrolimus's
antiproteinuric effect, which has been observed in the
treatment of glomerular diseases, especially membra-
nous lesions (17, 18). Previous studies have also
shown that tacrolimus is effective, well-tolerated, and
safe for induction and maintenance therapy for LN (17,
19–21).

We conducted a pilot study to evaluate a multitar-
get LN induction regimen that combined tacrolimus,
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Therapeutic goals for patients with  lupus 
nephritis 

Ø  To achieve prompt complete remission 

Ø  To avoid renal flare, and  chronic renal impairment 

Ø  To fulfill these objectives with minimal toxicity 



Steroid  

MMF 

FK506 

Multitarget 
Therapy  

Multiple drugs in lower dose 
        maximal the efficacy，minimal the side effects 



Inclusion criteria 
 

Ø Age 18-65 years old with either gender 

Ø Fullfilled the criteria of the ACR for SLE 

Ø Biopsy proved Class III/IV/V/III+V/IV +V LN 

Ø SLE-DAI>10   

Ø Chronicity index(CI)≤ 3 

Ø  Proteinuria ≥1.5g/24h, with or without activity 
urinary sediment 

Ø Serum creatinine ≤3.0mg/dl (265.2umol/L) 

Ø Provided written informed consent 



Interventions 

Multi-target Group     FK506:  4mg/d  

                                              MMF:   1.0g/d   

																																																			Methylprednisolone : IV. 0.5g/d×3;                                                                                        

                                                           Pred. 0.6mg/kg/d ×4wks;  

                                                           gradually tapered to 10mg/d 

 IVCY Group (control)  IVCY:  0.75g/m2/BSA/mo×6 

                                                	Methylprednisolone : IV.   0.5g/d×3;  

                                                             Pred. 0.6mg/kg/d ×4wks;  

                                                             gradually tapered to 10mg/d 

Zhi-Hong Liu, et al. Ann Intern Med. 2015 Jan 6;162(1):18-26 



Outcomes (The primary end point)  

Complete remission(CR) :  

Ø Proteinuria <0.4 g/24 h 

Ø   Without active urinary sediment 

Ø   Serum albumin ≥35 g/L 

Ø   Serum creatinine  normal or increase ＜15% 

above baseline values 

Complete remission rate after 24 weeks 



 

The partial remission rate (PR)   
Ø   50% improvement in proteinuria   

Ø  urine protein <3.5g/24h,  

Ø  serum albumin ≥30 g/L, 

Ø  SCr normal or < 30% above baseline Scr 

        
Overall remission： CR+PR 



Ø  Overall response rate and the  time to response 

Ø  Response rates in pathologic subgroups of patients 

Ø  24 hour urinary protein excretion rate 

Ø  Changes of serum albumin and creatinine 

Ø  Disease activity 

Ø  The adverse events 

Outcomes (The secondary endpoint ） 
 
 



Assessed	for	eligibility	(n=544) 

Randomized	(n=368) 

Excluded	(n=176)	
•  Not	meeDng	inclusion	(n=151)	
•  Declined	to	parDcipate	(n=25) 

Allocated	to	mulD-target	group	(n=181)	
•  Received	allocated	intervenDon	(n=181)	
•  Did	not	receive	allocated	intervenDon(n=0)	

Lost	to	follow-up	(n=11)	
DisconDnued	intervenDon	(n=15)	
•  Withdrew	consent	(n=1)	
•  Failed	to	adhere	to	the	protocol	(n=4)	
•  Due	to	AE	(n=10) 

Allocated	to	IVCY	group	(n=187)	
•  Received	allocated	intervenDon	(n=181)	
•  Did	not	receive	allocated	intervenDon(n=6)	

Lost	to	follow-up	(n=13)	
DisconDnued	intervenDon	(n=13)	
•  Withdrew	consent	(n=5)	
•  Failed	to	adhere	to	the	protocol	(n=5)	
•  Due	to	AE	(n=3) 

Analyzed	(n=181)	
•  Excluded	from	analysis	(n=0) 

Analyzed	(n=181)	
•  Excluded	from	analysis	(n=6) 

28 centers 
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             CR：MT group      45.9%  
                       IVCY group   25.6%, (P < 0.001)  
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    overall remission： MT group      85.0% 
                                      IVCY group   68.6% ( P < 0.001)   



    The incidence of complete remission was higher in the multitarget 

group than in the IVCY group among patients with class IV LN 

(51.5% vs. 29.9%); class V LN (33.1% vs. 7.8%) and class IV+V LN 

(45.2% vs. 26.5%).  

The incidence of complete remission  
        in pathologic class subgroup 
 

     The multitarget therapy may be a valuable treatment 
approach in patients with class IV (proliferative LN) and 

class V (membranous LN) lesions.  



Median time to overall response was 8.9 weeks (CI, 

7.7 to 9.9 weeks) in the multitarget group and 13.0 

weeks (CI, 11.3 to 16.1 weeks) in the IVCY group 

(difference, - 4.1 weeks [CI, - 7.9 to - 2.1 weeks]).  

 

 

Median time to overall response 
 



Other Secondary End Points 

Change From Baseline to Week 24 
 

Multitarget 
(n = 181) 

IVCY 
(n = 181) 

Difference 
(95% CI) P value 

Proteinuria,	mean	(SD),	g/d, -3.38 (2.77) -2.68 (2.69) -0.70 (-1.31 to  -0.09) 0.025 

Albumin	mean	(SD),	g/L,	 15.15 (7.11) 13.51 (6.84) 1.63 (0.07 to 3.19 ) 0.040 

Serum	creaDnine	mean	(SD),	µmol/L	 -6.33 (26.39) -9.92 (24.68) 3.59 (-2.12 to  9.30)  0.22 

eGFR	mean	(SD),	mL/min	per	1.73	m2 5.39 (37.20) 9.35 (33.63) -3.95 (-11.88 to 3.97)  0.33 

SLE-DAI	mean	(SD) -11.01 (6.07) -8.55 (5.05) -2.46 (-3.77 to  -1.15) <0.001 

C3	mean	(SD),	g/L 0.38 (0.30) 0.31 (0.25) 0.08 (0.01 to  0.14 )  0.022 

C4	mean	(SD),	g/L 0.08 (0.19) 0.06 (0.15) 0.02 (-0.02 to  0.06)  0.37 

NegaDve	conversion	raDo	of	anD-dsDNA	
from	baseline	to	24	wk,	n(%) 50 (64.1)  45 (52.3)  11.78 (3.59 to  26.71)  0.155 

Both treatment groups had stable renal function and did not 
differ with respect to serum creatinine and eGFR changes 



Repeated Renal Biopsy 

Variable, 
median (25th, 

75th percentiles) 

Multitarget (n = 14) IVCY (n = 9) 
Initial 
Biopsy 

Repeat 
Biopsy 

Initial 
Biopsy 

Repeat 
Biopsy 

Activity index 11.5 (7, 16) 2 (1,3) † 11 (5, 15) 3 (2, 4)‡ 

Chronicity index 1 (0, 2) 2 (1, 2) 1 (1, 3) 3 (2, 3) 

A marked reduction in the 
pathologic activity index in 
both treatment groups, with 
numerically more pronounced 
changes in the MT group  

Result suggest that the multitarget therapy induces not only clinical remission but also histologic remission.  



Adverse Events 

Variable 
Multitarget 

(n = 181), n (%) 
IVCY 

(n = 181), n (%) 
All adverse events (include serious 
adverse events) 

91 (50.3) 95 (52.5) 

Infections 51 (28.2) 46 (25.4) 
Upper gastrointestinal symptoms‡ 7 (3.9) 37 (20.4) 
Diarrhea  14 (7.7) 6 (3.3) 
Liver dysfunction 1 (0.6) 6 (3.3) 
Hyperglycemia 5 (2.8) 4 (2.2) 
New-onset hypertension  10 (5.5) 4 (2.2) 
Myalgia  2 (1.1) 0 
Headache  3 (1.7) 0 
Alopecia  6 (3.3) 9 (5.0) 
Leukopenia† 1 (0.6) 12 (6.6) 
Tremor† 8 (4.4) 1 (0.6) 
Menstrual disorder  2 (1.1) 7 (3.9) 
Gingival hyperplasia  2 (1.1) 0 
Osteonecrosis  1 (0.6) 0 
Arthralgia 3 (1.7) 1 (0.6) 
Doubling of serum creatinine level 2 (1.1) 0 
Thrombocytopenia  1 (0.6) 0 
Others  20 (11.0) 11 (6.1) 

† P < 0.05   
‡ P < 0.001 



Hong	Zhang	and	Vlado	Perkovic		
on	behalf	of	the	TESTING	study	group	

	
Late	Breaking	Clinical	Trials	

ERA-EDTA	MeeDng,	Vienna	2016		



TESTING	trial	
	
•  Aim:	

–  Long-term	efficacy	and	safety	of	oral	
methylprednisolone	on	a	background	of	RAS	inhibitor	
therapy,	in	paJents	with	IgA	nephropathy	at	a	high	
risk	of	progression	

•  Design:		
–  InvesJgator-iniJated,	internaJonal,	randomized,	
double-blind,	placebo-controlled	trial	



Study	populaDon	

IgA	nephropathy	at	high	risk	of	progression:	
– Biopsy	proven	IgA	nephropathy	
– eGFR	20-120	mls/min/1.73	m2	

– Proteinuria	>	1g/day	aWer	at	least	3	months	of	
maximum	labelled	or	tolerated	RAS	blockade	

	



IntervenDon	
•  Methylprednisolone	or	Placebo	(double	blind)	

–  0.6-0.8	mg/kg/day	(maximal	48mg/day)	for	2	months	
–  Tapered	at	8mg	daily/month	and	stopped	within	6-8	months	

•  Background	therapy	
–  OpJmal	blood	pressure	control	target	<130/80mmHg	
–  ACE	inhibitors	or	ARBs	adjusted	to	the	maximum	labeled	or	

tolerated	dose 



Efficacy	outcomes	
 

•  Primary	end	points:		
–  Composite	of	a	persistent	40%	decrease	in	eGFR,	ESKD,	or	
death	due	to	kidney	disease	

	

•  Secondary	end	points:		
–  40%	decrease	in	eGFR,	ESKD	or	all-cause	death	
–  50%	decrease	in	eGFR,	ESKD	or	all-cause	death	
–  Each	of	40%	decrease	in	eGFR,	ESKD	or	all-cause	death	
–  Annual	rate	of	eGFR	decline 
–  Proteinuria	reducJon	



RESULTS	



IDMC	communicaDon		
November,	2015	

‘……….Concern	over	an	imbalance	in	severe	adverse	events	
between	the	test	and	control	treatment	groups	and	agribuJon	
of	the	majority	of	the	severe	adverse	events	to	the	test	
medicaJon,	methylprednisolone,	has	led	the	DSMB	to	conclude	
that	the	trial	should	not	conJnue	in	its	current	form………..’			
	



SC	decision	in	response	

•  DisconJnue	study	treatment	
•  ConJnue	follow-up	of	all	parJcipants	off	
treatment		

•  Analyse	and	report	results	to	date		
– All	parJcipants	recalled	for	a	study	visit		
– TransiJonal	study	analysis	

	



Trial	profile 
523	paJents	screened 

262	randomized 

	
261(50%)	excluded	during	run-in	phase:	
				31	(12%)	esJmated	GFR	<20	or	>120ml/min/1.73m2	

				128	(49%)	proteinuria	<1g/day	
				3	(1%)	HBsAG	+ve	
				74	(28%)	parJcipant	decision	
				25	(10%)	other	reasons	
		 

136	assigned	to	
methylprednisolone 

126	assigned	to	
placebo 

2	lost	follow-up 0	lost	follow-up 

134	primary	outcome	available 126	primary	outcome	available	

From	May	2012	to	November	2015	 



Baseline	characterisDcs 
CharacterisDcs Methylprednisolone	group	

(N=136) 
Placebo	group	

(N=126) 
Age	-	yr 38.6	±11.5 38.6±10.7 
Female	sex	–	no.	(%) 50	(36.8%) 46	(36.5) 
Race	–	no.	(%) 
				Chinese 130	(95.6) 121(96.0) 
				Caucasian 5	(3.7) 3	(2.4) 
				South-East	Asian 1	(0.7) 12(1.6) 
Smoker	-	% 34	(25.0) 31	(24.6) 
Body-mass	index 24.4	±	4.5 23.4	±	3.7 
Hypertension-no.(%) 71	(52.2) 52	(41.3) 
Blood	pressure	-	mmHg 
					systolic 123.9	(14.7) 124.3	(11.6) 
					diastolic 79.3	(10.5) 79.8	(9.9) 
Urine	protein	excreJon	–	g/day 2.55	(2.45) 2.23	(1.11) 
Serum	creaJnine	–	mg/dl 1.5	(0.6) 1.6	(0.6) 
EsJmated	GFR	–	ml/min/1.73m2 59.6	(24.1) 58.5	(23.1) 
Total	Cholesterol	–	mg/dl 188.9	(39.0)	 191.8	(51.1) 
Oxford	histological	Score 
					M1	lesion	–	no.	(%) 76	(57.6) 75	(61.0) 
					E1	lesion	–	no.	(%) 43	(31.6%) 30	(23.8%) 
					S1	lesion	–	no.	(%) 94	(71.2) 89	(72.4) 
					T0/T1/T2	lesion	–	no.	(%) 51(38.6%)/58(43.9)/23(17.4) 43(35.0)/60(48.8)/20(16.3) 
Therapy	with	RAS-blocking	agents	-	% 
					ACE	inhibitor 83	(61.0%) 77	(61.1%) 
					ARB 55	(40.4%) 49(38.9%) 



Serious	adverse	events	

Hazard ratio 4.95 
(95% CI 1.87-17.0), p=0.003 

3.2%	
	
14.7%	
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	 	 	Time	(months)	



Safety	outcomes	 
Outcome Methylprednisol

one	group	
(N=136) 

Placebo		
group	
(N=126) 

P	Value 

Total	paDents	with	serious	adverse	events	–	no. 20 4 0.001 

Serious	adverse	events	of	infecDon	 11 0 <.001 

					Fatal	infecJon 2 0 NS 

					PneumocysJs	jirovecii	pneumonia	 3 0 NS 

					Other	lung	infecJon 2 0 NS 

					SepJc	arthriJs	 1 0 NS 

					Perianal	infecJon		 1 0 NS 

GastrointesDnal	serious	adverse	events 3 1 NS 

Bone	disorders 

				Avascular	necrosis	 3 0 NS 

				Fracture 1 0 NS 

New	onset	diabetes	mellitus	 2 3 NS 



Effect	on	Proteinuria	

Month	 Mean	Δ p	value	
3	 -0.83	 <.0001	
6	 -1.00	 <.0001	
12	 -1.20	 <.0001	
24	 -1.03	 <.0001	
36	 -0.93	 0.0077	

Time averaged proteinuria: 
1.37 vs 2.36 g/day (42% lower) 

P<0.001 



Effect	on	eGFR	

Placebo 

Methylprednisolone Month	 Mean	Δ p	value	
3	 5.14	 0.0019	
6	 6.74	 <.0001	
12	 4.62	 0.0091	
24	 5.43	 0.0088	
36	 7.67	 0.0092	

Annual eGFR slope*: 
-1.7 vs -6.8 mls/min/1.73m2/yr  

 P=0.031 

*-	defined	for	each	individual	paJent	using	the	slope	from	
least	squares	linear	regression	of	all	eGFR	esJmates	over	Jme	



Primary	outcome	

composite	of	ESKD,	renal	death	or	40%	decrease	in	eGFR		

HR 0.37 (0.17-0.85)  
p= 0.019 
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Conclusions 
•  Full	dose	steroid	therapy	was	associated	
with	significantly	increased	rates	of	serious	
adverse	outcomes	in	paJents	with	IgA	
nephropathy	

•  The	results	to	date	suggest	renal	benefit	
based	on	a	modest	number	of	events		

•  The	ongoing,	long-term	follow-up	will	help	
to	further	define	the	balance	of	risks	and	
benefits	

 


