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The Global Burden of Rare Diseases

Rare diseases: ~6,000 — 8,000 disorders

Defined by prevalence (1:2000 - EU; 1:2500 — JPN)

Affect ~30 M patients in EU and in the USA, > 300 M worldwide
80% of rare diseases have a genelic origin

Typical challenges: variable phenotypes, fragmented data, lack of

standards, poor knowledge for disease mechanisms and natural history

“Orphan diseases” : severity, insufficient resources and knowledge,
specific conditions for drug development



Rare Diseases: Specific Burden

» Severe, chronic, often degenerative or life-threatening
* Onset: 50% in childhood
* Disabling: quality of life compromised — loss of autonomy

» Psychological burden: patients, families, lack of hope, lack of support
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« Difficult to diagnose and manage; heterogeneity in terms of care



Emotional Burden of an Inherited Disease
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Rare Kidney Diseases

* Rare kidney diseases: > 150 disorders

» Overall prevalence: ~60-80 cases per 100,000

» Atleast 10% adults and virtually all children on RRT

» Fifth most common cause of ESRD (Diab > HT = GN > PyeloN)

« Patients with inherited kidney disorders rarely die (progresses in RRT)
« However: poor health, poor quality of life, multisystemic complications

— children with severe congenital nephropathies can be dialysed from neonatal
age onwards, but face many decades of life with ESRD and have a high
likelihood of changes in physical, cognitive, and psychosocial development.



Inherited Kidney Disorders: Segmental Distribution

| flamarnilar dicaacas Thirk acrandinn limmh and dictal | ‘

| | Cystinuria, types 1-3

Devuyst O, et al. Lancet 383, 2014



Kidney Function and Homeostasis

Eckardt KU, et al. Lancet 382, 2013



Rare Inherited Kidney Disorders:

Opportunities



Nature, 19 March 2014

Falling fast

In the first few vears after the end of the Human Genome Project, the cost of
genome sequencing roughly followed Moore’s law, which predicts exponential
declines in computing costs. After 2007, sequencing costs dropped precipitously.
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Inherited Kidney Disorders: Next-generation Seguencing

Development and validation of multigene panels: simultaneous investigation
of all relevant genes for a given phenotype
— Reduced costs and turn-around times

Successful application.muliigene panels/NGS for diagnostic:
* Alport syndrome
« Steroid-resistant nephrotic syndrome
* Nephronophthisis - ciliopathies
« Tubulopathies

Whole exome and whole genome sequencing — new challenges



Inherited Kidney Disorders: Omics Technologies

Devuyst O, et al. Lancet 383, 2014



Research Programmes, Cohorts, Biorepositories

Fragmentation of patient-related information represents a major obstacle
for rare disease research.

EPIRARE: European Platform for Rare Disease Registries (www.epirare.eu)

PARENT: Patient Registries Initiative (www.patientregistries.eu)

RD-CONNECT: A platform connecting databases, registries, biobanks and clinical bioinformatics
IRDIRC: International Rare Diseases Research Consortium (www.irdic.org)

EURenOmics: European Consortium for High-Throughput Research in Rare Kidney Diseases
ORPHANET: The portal for rare diseases and orphan drugs (www.orpha.net)

EURORDIS: The European Organization for Rare Diseases (www.eurordis.org)

Center for Mendelian Genomics (www.mendelian.org)




Inherited Kidney Disorders: Health Policies

To ensure that approaches developed at highly specialized tertiary care
centers can be adopted in facilities that cover the majority of population.

To promote the implementation of clinically relevant genetic testing and to

ensure delivery and impact of genetic information to physicians, patients
and society in general.
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EDITORIAL

Patient Organizations and Research on Rare Diseases

Julie R. Ingelfinger, M.D., and Jeffrey M. Drazen, M.D.
N Engl J Med 2011; 364:1670-1671 | April 28, 2011 | DOI: 10.1056/NEJMe 1102290

Comment on: Efficacy and safety of sirolimus in lymphangioleiomyomatosis.
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Common Elements in Rare Kidney Diseases:

Technological advances in diagnosis

Consequences of improved genetic diagnosis

Management of renal function, optimal pediatric transition care
Challenges in trial design and conduct

Development of novel biomarkers or surrogates

Translation of new knowledge into clinical programs

QOL issues

Policy initiatives — various parts of the world

— Implementation of the resources in low-income countries ?



Controversies Conferences examine what is known, what
can be done with what is known and what needs to be
known on topics of clinical relevance in nephrology.

« Current practice recommendations

» Clinical questions and outstanding issues

 Research agenda

Gitelman Syndrome (Brussels, February 20106)

Complement-Mediated Kidney Diseases (Barcelona, November 2015)

Fabry Nephropathy (Dublin, October 2015)

Nephropathic Cystinosis (Lisbon, December 2014)

Autosomal Dominant Tubulointerstitial Kidney Disease (Boston, September 2014)

Autosomal Dominant Polycystic Kidney Disease (ADPKD) (Edinburgh, January 2014)



Methodology

e Scope of work — Topics — Roster (global)

* Plenary lectures covering. major themes

* Balanced review of the literature:‘areas of consensus,
controversies, gaps of knowledge

e Highlighting controversial issues

* Prioritized breakout questions — specific sessions

* Consensus report
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Trans Assoc Am Physicians. 1966;79:221-35.

A new familial disorder characterized by hypokalemia and
hypomagnesemia.

Gitelman HJ, Graham JB, Welt LG.

Clinical identification: 1966

PMID: 5929460 [PubMed - indexed for MEDLINE]

124 © 1996 Nature Publishing Group http://www.nature.com/naturegenetics

Gitelman’s yariapt of Bartter’s _
syndrome, inherited hypokalaemic

alkalosis, is caused by mutations in the
thiazide-sensitive Na—-Cl cotransporter

David B. Simon!2, Carol Nelson-Williams!-, Margaret Johnson Bia2,

David Ellison®?, Fiona E. Karet!?, Antonio Morey Molina*, Ivar Vaara®,
Fujihiko Iwata% Howard M. Cushner’, Marianne Koolen?, Francisco J. Gainza®,
Hillel J. Gitelman'® & Richard P. Lifton!»2




Gitelman’s Syndrome

e The most frequent inherited tubulopathy : 1:40,000 (HZ 1% in Europe)
e Autosomal recessive transmission
e Mutations in SLC12A3 coding for NCC (16q13)

e Phenotype similar to thiazidea@ministration :
- « Mild » salt-loSing
- Hypokalemia, hfipomagnesemia Q> Extracellular
- Inappropriatekaliuresis Y e
- Metabolic alkalosis

- Hypocalciuria




J Am Soc Nephrol (2011) 22: 693-703

Largest cohort thus far: 448 unrelated patients from EUNEFRON

-> Direct sequencing of geriomic DNA:
* 70% (315/448): two mutations
* 25% homozygous — 75% compound heterozygous
* 18% (81/448): one mutation
*12% (52/448): no mutation



Spectrum of Mutations in Gitelman Syndrome

Missense: 59% 39%

Direct seq:
14%  small ins/del

_ - P 13%
2% 6% 6%

Largest cohort thus far: 448 unrelated patients
J Am Soc Nephrol (2011) 22: 693-703



Gitelman Syndrome: Many Unsolved Issues

Diagnostic criteria and methods

Clinical workup and follow-up

Phenotypic heterogeneity

Nature and severity of the

Biochemical abnormalities and clinical manifestations

Treatment and long-term consequences of the disease

Kidney Disease: Improving Global Outcome (KDIGO) controversies
conference to assess the current state of knowledge related to GS,
identify knowledge gaps, and propose a research agenda.



Gitelman Syndrome: Clinical Manifestations




Positive Criteria for suspecting Gitelman Syndrome

Chronic hypokalemia (<3.5 mmol/l) with renal potassium wasting
Metabolic alkalosis

Hypomagnesemia (<0.7 mmol/l) with renal magnesium wasting
Hypocalciuria

High plasma renin activity or levels

Fractional excretion of chloride > 0.5%

Low or normal-low blood pressure

Normal renal ultrasound



Features against a Diagnostic of Gitelman Syndrome

Use of thiazide diuretics or laxatives

Family history of autosomal dominant kidney disease

Absence or inconsistent hypokalemia in absence of substitutive therapy
Absence of metabolic alkalosis

Low renin values

Urine: low urinary potassium excretion; hypercalciuria

Hypertension, increased extracellular fluid volume

Ultrasound: nephrocalcinosis, nephrolithiasis, unilateral or cystic kidneys
Prenatal history of polyhydramnios, hyperechogenic kidneys

Presentation before age 3 years



Gitelman Syndrome: Diagnostic

|dentification of biallelic inactivating mutations in SLC12A3

Recommend: NGS-based gene panel to sequence at least SLC12A3, CLCNKB, and HNF1B.

In view of the rapid progress of genetic testing, hydrochlorothiazide testing is no
longer recommended : related risks ©f acute volume depletion; limitations in patients
taking medications affecting tubular transport processes; risk of acute interstitial

nephritis and hypersensitivity reactions.
Unless significant proteinuria, renal biopsy is not necessary for the diagnosis of GS.



Gitelman Syndrome: Recognized Complications

Most of the clinical problems in GS are linked to chronic salt loss,
hypokalemia, or hypomagnesemia.

Increasingly recognized complications:

« Chondrocalcinosis and sclerochoroidal calcifications

« Higher bone mineral density, decreased rate of bone remodeling

« Growth retardation, pubertal'delay, and short stature

« Hypokalemic rhabdomyolysis

« Prolonged QT interval in 50%, increased risk for ventricular
arrhythmias

* Glucose intolerance or insulin resistance or both

* Glomerular proteinuria due to abnormalities of the GBM

« Chronic kidney disease

— Appropriate workup



Gitelman Syndrome: Treatment

« ad libitum NaCl intake - ? benefit of pharmacological NaCl supplements
 Individualized lifelong oral potassium or magnesium supplementation

« If hypomagnesemia, magnesium supplementation-should be considered first
» Advice on type of supplements (tolerability-and bioavailability of Mg)

Targets: for potassium 3.0 mmol/l and magnesium 0.6 mmol/l

— Additional drugs if needed and adherence verified:

« Potassium-sparing diuretics amiloride, spironolactone, potassium canrenoate,
and eplerenone can be useful (both for potassium and magnesium depletion)

* Renin angiotensin system inhibitors

* Indomethacin - caution



meeting report www.kidney-international.org

Gitelman svndrome: consensus and auidance from /A .

+ List of drugs to avoid: HypoK and HypoMg
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Quotes from Patients in Conference

GS can compromise school performance (e.g., absence, difficulty in concentration).

Low adherence to the supplements due to socioeconomic difficulties, lack of
reimbursement, transition phase (pediatric — adult).

Antiandrogenic effects of spironolactone (inlc. gynecomastia, hirsutism, erectile
dysfunction), particularly difficult in adelescents and young adults.

Aggravation of hypokalemia and hypomagnesemia during pregnancy: need for
management plan involving nephrology and specialized obstetrics.

GS can compromise work performance. Fatigue makes working an 8-hour day
impossible. Work shifts may be particularly difficult. Patients are afraid to disclose their

condition because they fear losing their job.



Education - Patient Empowerment
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Research Agenda (I)
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« Value of ionized versus total magnesium measurement
Clinical aspects
« Blood pressure control, hypertension (incidence, cause, etc.)
o Cardiovascular complications: conduction, myeocardium, predictive
effort ECG, reproducibility, age effect, QT-interval, and electrolyte levels
o Metabolic complications: glucose’ tolerance, role of magnesium
balance

~ - - (] - ]

o Sex effect
« Establishing prevalence of the disease and the carrier state






KDIGO Amsterdam, June 16-19, 2016

COMMON ELEMENTS IN UNCOMMON
KIDNEY DISEASES

Address common clinical and patient issues across the field of rare kidney
diseases.

Identify controversial topics and outstanding knowledge gaps

Propose a research agenda to resolve these issues

Determine whether there is sufficient evidence base for providing guidance
in clinical management

Systematically integrate patient perspectives
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Global panel — Multidisciplinary expertise

Adult nephrology

Pediatric nepirol‘y )
Imaging

pathology

‘Research & Development e Rreer
" Patient organizations
Regulatory authorities

Design of clinical trials




Amsterdam, June 16-19, 2016



Increasing Role of Genetic Testing in Diagnosis

« Confirming clinical diagnosis

 Differentiating heterogeneous disorders

« Determining appropriate treatment

» Guiding decisions about family planning

« Determining the cause of unexplained familial renal disorders
 ldentifying risk factors for recurrence.in kidney transplantation
« Evaluating family members’ suitability for kidney donation

* Prompting evaluation for extrarenal features

Presymptomatic genetic screening
» Counseling about reproductive options, respect of individual beliefs
» Consequences for health insurance

Implementing access to diagnostic services in low-income regions
« Telemedicine, mini-gene panels,...



Helping Patients in Healthcare Systems with Differing Resources




Challenges in Clinical Study Design

Limitations for research in rare kidney diseases: small sample sizes, need for
long duration of follow-up, paucity of outcome measures.

» Study design considerations

* Prognostic and predictive enrichment strategies to recruit patients

» Disease entities defined by common pathophysiological mechanisms
- extrapolation of drug MOA

« Patient insights and input are essential for designing clinical trials

* Qutcome measures, kidney-specific PROMs






TRANSLATION OF RESEARCH TO CLINICAL CARE

« Specialized Centers, registries and biobanks

* Instruments and standards:

Informed consent

Standard of care for each disease

Patient-reported outcome measures
* Providers and patients: training, awareness, empowerment
« Psychological support for patients and families

« Patient organizations






Issues with Patient Care in Rare Diseases
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Thank you for your attention






