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Peking Union Medical College Hospital (PUMCH):

a national tertiary referral center ~a,
—_—
\
= The National Center for Diagnosis and Treatment of Complex T
& and Severe Diseases designated by the National Health
Commission of China PUMCH
Patients with complex conditions are referred to PUMCH PRACTICE:

4
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from local institutions across the country

Exploring the
Leading the country in the diagnosis and management of RDs “Chinese Solution’

and undiagnosed conditions to Rare Disease

’9’0 Multidisciplinary team (MDT) consultation and Healthcare and

"“ collaboration Research
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The Multidisciplinary Outpatient Clinic for RDs

Pre screening . . . Outpatient follow-up/
: Appointment Registration Appointment for

Pre-consultation [ Post-consultation

Q Over 50 clinicians from 18 specialties provide services here.
Q Patients have the opportunities to meet with multi specialists with one-time only registration.
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The first specialized inpatient ward for RDs in China

Medical team

U Multidisciplinary medical team
U MDT rounds:

v’ Multi specialists

v Clinical geneticist

@ v' Pharmacist

Patient population

U Patients with confirmed RDs
requiring MDT management

o
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O Patients with undiagnosed b | 2
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® U Participants in clinical studies




The MDT Consultation Center for RDs: one-stop service

Metrics:

300+ consultations

40+ specialties

400+ specialists

160+ RDs / undiagnosed conditions
Each consultation meeting

I Ry Wy Wy

v 20+ specialties involved as needed

Significantly streamline the complex

diagnostic and therapeutic strategies

ayr N 4wk

Substantial reduction in the cost of

multiple rounds of visits andreferrals
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The Clinical Genetic Analysis Platform

Genetic Data analysis & Genetic Research &
testing interpretation counseling training



The National Collaborative Network for RD Diagnosis and
Treatment

419 hospitals across the
country

National-level leading hospital — Peking

Union Medical College Hospital MDT
consultation and telemedicine support

Provincial-level leading hospitals

Accepting regional referrals; implementing diagnosis and
management plans

Member hospitals

Initial patient assessment; summarizing and reporting
medical conditions

Reducediagnosis delay & improve

i . Patient referral
pimeni ey outcomes andsafety for patients

Genetic counseling Telemedicine support




The Public Welfare Project for Rare Disease Service
Improvement (UPWARDS)

Support for free genetic testing and counseling, MDT consultations for patients with RDs

Genetic testing for Multidisciplinary healthcare for Doctor training program on RDs
patients and their families patients
O Genetic testing for RD patients U MDT collaborative management U Training of doctors in diagnosis
and their families (240,000 of RD patients (29000 cases) and treatment of RDs (=825
cases) U Building the capacity of sessions)
O Guidance for genetictesting hospitals to provide MDT Q Imoroving th itv of local
and counseling (=1 set) collaborative services (2100 proving the capacity ofloca
o hospitals) and young doctors in the
O Quality improvement of _ o healthcare of RDs (satisfaction
healthcare and satisfaction of O Production of training resources luati
patients (satisfaction evaluation) of MDT collaborative healthcare evaluation)
for RDs

Supported 20,155 free genetic tests submitted by 1809 doctors at 309 hospitals (as of 2023)



Artificial intelligence tool for the diagnosis of RDs

. Patent Certificate
PhenoBrain for RDs

U Phenotype extraction through aChinese medical

B H
text processing algorithm >

U Phenotype-based clinical diagnosis of 9000+
RDs

U Improve initial clinical diagnosis of RDs by
20%-30%




PUMCH - Taichu Rare Disease Model V1.0 Features

Database for clinical phenotype collection Clinical database

o : . Genetic & Biological
Multidimensional library of Letters

LEES Multi-omics data

- cT Background database

endoscopy physiolog
Y MRI

echocardiography... pathology report

- digital pathology

Special phenotype collection
and analysis

3D Face phonetic symbolism

Electronic medical records )

test

Follow up data

qait analysis

expressive mood Functional experiments

0 Medical record and lab testing dataset

4 Radiology, pathology, ultrasound, nuclear
medicine, and electrophysiology dataset

U Facial features, speech, semantics, developmental
abnormalities, gait, and other phenotypes

Pre-consultation screening

inspact

Surgical data

Medication records

[
|
(
[
[
[
[
[

Sample information

)
)
]
phenotype ]
)
]
]

PUMCH -Taichu
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Medical records summarization & preliminary diagnosis

Phenobrain
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The National Rare Diseases Registry System of China (NRDRS)

www.nrdrs.org.cn
NRBRS ot il Collaborative Pls
W
Cohort study proposal

PTEERERHBEIMRS \

o NATIONAL RARE DISEASES REGISTRY SYSTEM OF CHINA ,, ,:‘l ~ il ¢
) B ———

: Patient consent & recruitment

h

f Ui Demographics \
: el U Family history

» 107 institutions across the country (i Phenotypes (HPO)
> 248 cohorts U Biosamples
> 88.142 cases 0 Genomic data (Fastq)

’ i Medical imaging data
» 105 clinical trials \_ ging W,
» 456 publications v

NRDRS




NRDRS: the most important database for RD research in
China

f o

W H PEEREREERES Data drives discovery

—, NATIONAL RARE DISEASES REGISTRY SYSTEM OF CHINA
-

o

A platform connecting patients,
providers academia, industry and
policymaker

oo

Natural history studies

I Epidemiologic sudies

I Badc ressarch

L ] I Clinical trials



National Genotype-Phenotype Database for RDs
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The National Rare Disease Biobank

5. Liver

Oxidation reduction
Steroid metabolic process
Coagulation

1. Brain 8. Heart and skeletal muscle
Transmission of nerve impulse Muscle contraction
Neurological system process Heart development
2. Endocrine tissue 9. Gl-tract
Regulation of hormone levels (1] Digestion
Neurological system process Chemical homeostasis
3. Lung o o 10. Pancreas
Respiratory gaseous exchange o Proteolysis
Immune response e Secretion
4. Blood and immune system 11. Kidney
Immune response @ Transmembrane transport
Cell activation o Excretion
®
(7]

12. Female tissue

Female pregnancy
Embryonic morphogenesis

6. Male tissue

Sexual reproduction
Spermatogenesis

13. Skin

Epidermis development
Cell adhesion

7. Adipose tissue

Fatty acid metabolic process
Response to hormone stimulus

t

1SO20387 certified
120+ disease, 230,000+ samples

g Technical standards of biobank: validation and revision to

provide abasis for national standardization

Biospecimens: crucial resources and essential elements in the
g basic, clinical and translational research

g Community: industry—academia collaboration

- .




The National Rare Disease Surveillance System

> Launched in Nov 2019

iR ()

<7271.00

581 institutions covering 31

7271.00~13916.00

13916.00~20561.00

provincial-level administrative

regions in China

27206.00~33851.00

33851.00~40496.00

990,000 confirmed RD cases were

40496.00~47141.00

reported

>47141.00

Based on the data of cases reported
Lewiids (KF100 5 NIF)
<31.00
1 31.00~53.00
W 53.00~75.00
W 75.00~97.00
W 97.00~119.00
W 119.00~141.00
W 141.00~163.00
W >163.00

i ' released

o WRIDIO 2024 Autoniavi - G5(3019)7565

nationwide, the Rare Disease
Surveillance Report of China was

- China Rare Disease Surveillance Report (2024)



PUMCH designated as the National Center for Healthcare
Quality Management in RDs

Twenty provincial-level Educational materials

centers have been set up & training program In

erson & online
Quality improvement :

projects implemented ‘4
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Transthyretin Amyloid Cardiomyopathy (ATTR-CM)

Early diagnosis - Disease subtyping - Clinical trials - Guidance development

Transthyretin
Protein (TTR) '~3 Mutation /
S Aging
Hom;)tetramer
tion i S D ition i Restrictive
Polyneuropathy Pee;f;:z;%’efves e Cardiac Tissues Cardiomyopathy
Amyloid Fibrils — -

TTR Amyloid Polyneuropathy (TTR-FAP) TTR Amyloid Cardiomyopathy (TTR-CM)
Onset Age: 30-40 Age: 60-70 m—
Type: variant (V30M) variant (V122l) wild type (WtTTR)
*Life expectancy: 9-11 years 5-7 years 5-7 years

* post-onset of symptoms



Non-invasive diagnosis for ATTR-CM:

Grade 0 Grade 1

1 99Tem-PYP scintigraphy with high sensitivity and specificity
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- Non-invasive 2°Tcm-PYP scintigraphy 80%

20% ) 7

Invasive myocardial biopsy

Diagnostic yield :



The clinical trial and accelerated NDA approval of Tafamidis in

China

The NEW ENGLAND JOURNAL of MEDICINE

‘ ORIGINAL ARTICLE

Tafamidis Treatment for Patients
with Transthyretin Amyloid Cardiomyopathy

Mathew S. Maurer, M.D., Jeffrey H. Schwartz, Ph.D.,
Balarama Gundapaneni, M.S., Perry M. Elliott, M.D.,
Giampaolo Merlini, M.D., Ph.D., Marcia Waddington-Cruz, M.D.,

Arnt V. Kristen, M.D., Martha Grogan, M.D., Ronald Witteles, M.D.,
Thibaud Damy, M.D., Ph.D., Brian M. Drachman, M.D., Sanjiv J. Shah, M.D.,
Mazen Hanna, M.D., Daniel P. Judge, M.D., Alexandra I. Barsdorf, Ph.D.,
Peter Huber, R.Ph., Terrell A. Patterson, Ph.D., Steven Riley, Pharm.D., Ph.D.,

Jennifer Schumacher, Ph.D., Michelle Stewart, Ph.D., Marla B. Sultan, M.D., M.B.A,,

and Claudio Rapezzi, M.D., for the ATTR-ACT Study Investigators*

» PUMCH led the multi-center phase IV clinical trial of
Tafamidis and conducted the trial using the NRDRS
platform.

» Priority review and accelerated NDA approval in Chinain
Sep 2020.

» Included by the National Reimbursement Drug List
(NRDL) in 2021.

NRERS =

EHET OIS

2 & . S8




The first Chinese expert consensus on the diagnosis and
treatment of ATTR-CM

Diagnosis of Cardiac Amyloidosis

Invasive Non-Invasive
. . . (all types) 7
> Guide the healthcare of patients with ATTR-CM . - fnly for TR
Cardiac Biopsy positive for Grade 2 or 3 cardiac uptake at
amyloid diphosponate Scintigraphy
> Quality improvement projects have been +
or Negative serum free light chains &
A A R —— - negative serum and urine
implemented nationwide Extracardiac Biopsy positive for kAR (P K UFE)
amyloid it
% Echocardiographic/CMR criteria

Echocardiographic/CMR criteria

|A'I"I'th| — | Cardiomyopathy |—#

v
> From 2018 to 2023 [ carsiomyopathy ‘_.

» The number of confirmed ATTR-CM cases [arTey | Ca':;?_mvm:hvh;“ﬂ —_—
nationwide had a 20-fold increase
| P |—

ONLY

> The risk of in-hospital mortality decreased
by30% A= G




Obstructive Hypertrophic Cardiomyopathy (HCM)

> HCM is a myocardial disorder characterized by

primary left ventricular (LV) hypertrophy.

> The prevalence of HCM in the Chinese population is

about 80 per 100,000 adults.

> Treatment goals: relieving clinical symptoms, C Avoid vasodilators and high-dose diuretics )

improving cardiac function, delaying disease

Beta-blocker, verapamil/diltiazem

l S,[uptoms persist

progression, and reducing death.

> No agency-approved therapy available in China.
Disopyramide Septal reduction therapy



Study design of the clinical trial of Mavacamten in patients
with HCM

Screening Double-Blinded Placebo-Controlled Treatment LTE period Post-Treatment
4 weeks 30 weeks 48 weeks 8/20 weeks*

X Enrolled
Diagnosed oHCM n=81
LVOTg 250 mmHg* b
NYHA class [1-1lf 2:1
Placebo
Visits (weeks)
é ® ¢ o ® o ' 3K ) ® O
w4 D1 W4 W6 W8 W12 W14 W18 W20 W24 W26 W30 w78 W86/98
1 EOT EOS
1 . .
1 * Dose up-titration at Week 8; 14; 20 *Post treatment follow-up period: 8 weeks (or 20
! * Based on central-read Echo and plasma concentration , weeks for poor CYP2C19 metabolizer)
Starting dose: * Permissible doses: 1 mg, 2.5 mg, 5 mg, 10 mg, and 15 mg LVOT peak gradient = 50 mmHg at rest ar after
2.5 mg, once daily

Valsalva maneuver during screening



Structural biology-based drug development for RDs

Nomination for the "Top 10 Advances in Chinese Life Sciences in 2022"

Structural basis for the clinical development of
antibodies or small molecule drugs for the
treatment of rare pituitary diseases

Structural basis for the development of small
molecule drugs targeting the glycoprotein
hormone receptor

Article

Hormone- and antibody-mediated
activation of the thyrotropinreceptor

0dong Lusn™4=%%. Yujie Ji*! Xinteng He. Ning Song®".

TSHE N P el

s
..«“ lﬂura’lhdi-qw"’ Zheng®, Shuyang Zhang™2=,

TSHR < 81
TSHR 5"L ML-109

E ¥/ Jstermacoljoumlofscience 2Septembr 2022

ﬁ nature

G ,-"‘ by,

Mechanism of hormone and allosteric
agonist mediated activation of follicle
stimulating hormone receptor

bvm w;{\rm
R

uXu® "2, Hulbing Zhang® **55%, Xiaodong Lusn® 501,
S hgHe®™, ChunyouMao® * “‘mnanswv"“‘v\pl“
< liang Jiang @™, ¥i Jisng @™, Shuyang Zhang ® 7"
25 g Erc Xu® T2
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5% | COMMUNICATIONS

Nature 2021; Nat Commun 2023



Drug development for familial hypercholesterolemia

Lipid-lowering therapy for both rare dyslipidemic diseases and common chronic diseases

New drug development with

Driven by clinical problems Multi-omics discovery of targets intellectual property rights

National Rare Dissases Registry System of China

Carrying out research on the
domestic PCSK9 monoclonal
antibody drug Inusi injection

Raw image at 300 kV K3

Study population

Mapping of fh immunity and
enterobacteria in the Chinese
population

3 ’:

Modification of novel PCSK9
antibodies based on new targets

Development of drugs based on the
structure of GPR146, which will become

GSTSC Resolutian: 2414

A 15-year early-onset coronary heart 0w new drugs with clinical potential
disease registry cohort: ' \ o .
) - \ Not only is it valuable for rare diseases,
23 familial hypercholesterolemic N but it can also help with lipid-lowering
families N T therapy for common diseases



Drug development blossoms for RDs in China

Number of drugs

o

1000 - 682 805

nature reviews drug discovery

Explore content v About the journal ¥  Publish with us v Subscribe

nature  discovery > fromt st's couch > article

FROM THE ANALYST'S COUCH

Trendsinrare disease drug
development
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Over the past five years, the number of RD drugs under
development in China has increased significantly, with
an average annual growth rate of 34%, exceeding the
global growth rate of nearly 42%

By the end of 2022, there will be a total of 840 RD drugs
under development in China, most of which are in the
preclinical stage.

In terms of therapeutic areas: rare neurological
disorders (12%), respiratory disorders (8%),
digestive/metabolic disorders (7%), and immune system
disorders (6%).

Biologics account for almost half (49%) of the RD
pipeline, with proteins (20%), cytostatics (16%), and
nucleic acids (9%) rounding out the top three.



Medical Education for Rare Diseases

The three stages: medical school, graduate, and continuing medical education

Lifetime
Knowledge update

Set up the Chinese
Society of RDs
Launch a journal

PEEFRVAMI RR-BEAES

Gt Specialists
arious training 2 o Practic
SreaE Difficult / critical
illness
Standardized Residency
residency training o -
Clinical ability
e e e T e e e e e e P T o P o ot e o W e
A
Teaching material Medical students medic

and courses

development Basic knowledge and skills gt




Graduate medical education: Clinician Training Program at the
Dept. of RDs, PUMCH

Internal medicine training: mandatory 24-26m;
Elective courses: Rare Diseases/Neurology/Endocrinology

Theoretical Learning: Rare Diseases, Medical Genetics, Clinical Medical Ethics

MDT consultation for RDs & undiagnosed diseases

Research Training: Basic Clinical, Interdisciplinary (Al/Data/Bioinformatics/Medical Engineering)

Rare disease ward Rotating: Neurology, Endocrinology, Pediatrics

Genomics, Medical Genetics, Medical Biochemical Genetics, Molecular Genetic Pathology

RD joint outpatient clinic, MDT consultation for RDs

Research training: basic or clinical, interdisciplinary

i Rare disease i i . . -
Attendlng Rare Disease JP'.nt Sub specialty outpatient clinics
ward Outpatient Clinic abroad

3-5yr — ———————— ————————————— ———— %

Visiting scholar




The Rare Disease Branch of the Chinese Medical Association:
Chinese Society of Rare Diseases (CSRD)

Establishment of CSRD The annual congress of CSRD
February 19, 2023 Beijing

@) o
CSRD2024 &%
REESSH-RERREASS

The 2* Congress of Chinese Society of Rare Diseases

2024%108118-138 & L M
OCTORER 1-13.2006 %‘ 2 = 8
o 2
. ,
PR 5k * e
: . .




Education and training programs improve healthcare for RDs
nationwide

Nationwide surveys on RDs in 2019 and 2022

Rare disease awareness, MDT development, genetic testing, and drug
accessibility significantly improved

Y |

[} 1

76% i 2019 i

69% 68% i i

| 60% ! '
% A7 AR 9 , | 13,000doctors |
L TR r 48% ! nationwide !

1 1

e 39% R
et 19% - o e [
i 2022 i

1 ]

: 1

Rare disease MDT Diagnostic Drug accessibility i 40,000 doctors 1

I 1

awareness  implementation genetic testing l nationwide |

2019 ™2022 ' :




The China model contributing to the evolving landscape of RD
healthcare and research worldwide

THE LANCET

“China has been successful in
improving the health of its more than
1billion citizens, but health outcomes
continue to depend on geography.”

The United Nations Conference on
Rare Diseases

Orphan drug development in China: progress and challenges

0n Aug 26, 2019, the National People’s Congress (NPC)
Standing Committee approved the new revision of the
Drug Administration Law of China that allows orphan
drug approval to be based on evidence from foreign
dlinical trials through the green channel mechanism
with priority review and accelerated approval. Medical
institutions can now legally purchase small amounts of
urgently needed orphan drugs from overseas markets.’
This is welcome news for China’s 16 million patients
with rare diseases.”

Rare diseases are a public health issue in China, as

Shuyang Zhang
Peking Union Medical College Hospital

Med: Rare Disease Day: Amplifying voices,

orphan drugs from foreign countries will be legally
available. Since 2018, 37 urgently needed orphan
drugs qualified for accelerated and simplified approval
by the NMPA.* Through the green channel approval
process, Peking Union Medical College Hospital legally
purchased mitotane for adrenal cortical carcinoma,
with the help of the China Alliance for Rare Diseases,
which comprises more than 50 entities ranging from
medical institutes, universities, academic institutions,
and companies.® A challenge is that medical providers
still hesitate to preorder these drugs because of their

Brick by brick, building hope: The Chinese approach for rare diseases
gnificant medical challenge and a socetalissue. In China, due

maynot be as rare as one might think. My entry

e diseases was prompted by a patient | encountered in the outpa-
erson suffering from homozygous familial hypercholesterolemi
way due to early-onset coronary heart disease. Through years of
o catalogs o draw attention to and in
1o become

e utilized global rare
fing of rare diseases, encouraging more indi

nvolved in the field and transforming the

in 2023, Peking Union Medical Col
Medical Department. Leveraging the advantages of multdiscipl
the time for diagnosing rare diseases at Peking Union Medical C

\agement approach.
spital established the Rare Disease

-onsultations,
Hospital has

costs have

been reduced from an average of d years to a swift 4 weeks. Me
decreased significantly by more than 90%. Additionally, we have establ

s, biobanks, and clinical databases. Based o
for the Chinese population, senving

data
ot

datapl o,

arch ba:

ulation. Simultane scientific

advocating hope

"The Chinese model worthy of learning

from the countries in the world"
- -The President of the United Nations General

Assembly

“Leading the world’s model for the
diagnosis and treatment of rare diseases

collaborative mode"

- -President of the International Association for
Undiagnosed Diseases



Diagnose

Manageable
/" Accessible

China’'s Solution for rare disease healthcare and research




Durhane Wong-Rieger, PhD

President & CEO
Canadian Organization for Rare Disorders

@ durhane@raredisorders.ca

Canadian Organization
for Rare Disorders
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