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Numbers related with orphan diseases



Definition, number, and 
cumulative prevalence of rare  diseases

Am J Med Genet. 2019;179A:885–892.
Eur J of Med Genet  2011;54:220-224.

Korea : <20,000 (~1 in 2,500)

Korea : < 200  (~1 in 250,000)



Statistics of Orphan drugs
Orphan drugs statistics References

Annual worldwide expenditure on 
orphan drugs

$125 billion EvaluatePharma's Orphan Drug Report 2018

Percentage of worldwide orphan drug 
expenditure compared to non-generic 
prescribed drug expenditure

15.9% EvaluatePharma's Orphan Drug Report 2018

Number of orphan drug approvals since 
the Orphan Drug Act of 1983

744 FDA's Orphan Drug Product database

Percentage of orphan drug approvals 
compared to all novel drug approvals

39–53% FDA's Orphan Drug Product database

Percentage of rare diseases treated with 
an FDA-approved orphan drug indication

2.4%
(226/9,603)

Am J Med Genet. 2019;179A:885–892.

Percentage of orphan drug approvals 
among the FDA orphan drug 
designations since the Orphan Drug Act 
of 1983

15.6 %
(744/4,780)

Am J Med Genet. 2019;179A:885–892.



Big chasm between diagnosis and curative 
therapy in genetic disorders

Photo credit: modified from Google image

Diagnosis
Curative Treatment

Care for the rare !!

Death Valley?

Where are we  now?



왜 희귀약품개발에 관심을 가지게 되나?

Source;  Evaluate Pharma Success Rates (2014)

▣ 지속적인 성장률 예상 (CAGR(compound annual growth rate)

 시장 독점권 (미국 7년/유럽 10년) 

 상대적으로 적은 개발 비용

 보험 지원 및 高價의 약가 구조

Orphan Non-Orphan

시장 독점권 미국 7년/유럽 10년 5년

임상 3상 (환자수/비용) 731 명/99M$ 3,540 명/188M$

치료비용/환자1名/1年 137,782 $ 20,875 $

투자 회수율
(NPV/임상 3상 비용)

14.9
(86 B$/5.8 B$)

7.9
(180 B$/22.8 B$)



Invoice Spending on Orphan Drugs in the 
United States 1992–2019, US$Bn

Source: IQVIA Institute, Aug 2020;
FDA Orphan Drug Designations and Approvals; 

IQVIA National Sales Perspective, Jan 2020



Epoch making events of FDA approved orphan drug

 1955 PKU: Diet therapy

 1982 Type I DM: Insulin 

 1985  Growth hormone deficiency: recombinant human growth hormone 

 1991-1995 Gaucher disease: Ceredase, Cerezyme, enzyme replacement therapy

 1992  Hemophilia A: recombinant Factor VIII

 2012 Cystic fibrosis: Ivacaftor (CFTR potentiator)

 2016  Duchenne muscular dystrophy: Eteplirsen (Exondys 51) , antisense 

oligonucleotide therapy 

 2017  Retinal dystrophy: LUXTURNA™

 2017  B-cell precursor ALL: CD-19 directed genetically modified autologous T-cell      

immunotherapy (KYMRIAH)

 2018 Adult PKU: Palynziq (pegvaliase-pqpz), enzyme replacement therapy 

 2019 Spinal muscular atrophy: most expensive gene therapy product (25억원),       

Zolgensma

 2020, 2022  Spinal muscular atrophy: Evrysdi (risdiplam) 



Product Development: 
Disease-driven vs Drug driven

Modified from PharmBio Sciences 2010 ; 4:290-299

Blockbusters

Individuals
Personalized Medicine

< 200K Patients

Populations
Evidence-Based medicine

> 200K Patients
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Drug

Disease

Pharmacologic
Mechanism of action

Molecular
Pathways

Driver

Orphan Drugs

PCSK9 antibody for hypercholesterolemia
SGLT2 inhibitor for NIDDM
GLP-1 analogue(Saxenda® ) for obesity
Folate, along with vitamins B6 and B12 for 
hyperhomocysteinemia

Sildenafil for pulmonary hypertension
Ambroxol for  neuronopahic Gaucher disease
Thalidomide  for  leprosy, myeloma
Β-blocker for Marfan syndrome 
Sirolimus for PROS
Hydralainze for vEDS
Minoxidil for hair loss 



Process of drug development 

 Disease epidemiology
 Number of patients & clinical experiences
 Disease phenotype delineation
 Natural history of the disease
 Mechanism & pathophysiology
 In vitro & In vivo model  (cell model, animal model): 

 but  not always animal study results ≠ human study results 

3-5 yrs 5-7 yrs

Chemical screening
Lead identification & 
optimization



Major challenges in orphan drug development

Drug Discovery Today 2019;24:867-872.

“N of 1 clinical trial” 



Treatment strategies of
genetic disorders at various levels

Level of intervention Treatment strategies

Epigenetics Epigenetic therapy/ Gene expression modulation 

Genes Organ/tissue/cell therapy

Gene therapy (ex vivo/in vivo) , genome editing 

Modulation of gene expression by chemicals

RNA Anti-sense oligonucleotide / iRNA therapy

Stop codon read-through therapy

Exon skipping by phosphorodiamidate morpholino
oligonucleotide(PMO)

Proteins Protein replacement therapy 

Enhancement of residual enzyme by pharmacological 
chaperone



Current approved gene therapy product

1. Gendicine: 2003, Chinese FDA,  head and neck squamous cell carcinoma
2. Oncorine: 2005 Chinese FDA, refractory nasopharyngeal cancer
3. Glybera: 2012 EMA, lipoprotein lipase deficiency
4. Imlygic: 2015 FDA, 2015 EMA, melanoma
5. Zalmoxis: 2016 EMA, add-on treatment in adults who have received a 

haematopoietic stem cell transplant
6. Strimvelis: 2016 EMA, ADA-SCID (Severe Combined Immunodeficiency due to 

adenosine deaminase deficiency).
7. Luxturna: 2017 FDA, 2018 EMA, retinal dystrophy by  RPE65 gene defect
8. Kymriah: 2017 FDA, 2018 EMA, CAR-T for B-cell ALL 
9. Yescarta: 2017 FDA, 2018 EMA, CAR-T for Non-Hodgkin’s lymphoma
10. Zolgensma: 2019 FDA, spinal muscular atrophy
11. Zynteglo : 2019 EMA, β-thalassemia

https://www.genetherapynet.com/



Gaucher
disease

Fabry
disease

Pompe
disease

Hunter/
Hurler/

Morquio
diseases

효소대치요법이가능한리소솜축적질환



LSDs
Gaucher
Disease

Fabry
Disease

MPS I MPS II MPSIVA MPSVI MPS VII
Pompe

Disease
CESD CLN2

Alpha-
Mannosid-

osis

Product Cerezyme Fabrazyme Aldurazyme Elaprase Vimizim Naglazyme Mepsevii

Myozyme

Lumizyme

Nexviazyme®

Sebelipas
e alfa

(KANUMA
)

Brineura™ 
(cerlipona

se alfa)

Year of 
FDA/EMA

Approval 

1995 2001 2003 2007 2014 2006 2017
2006

2021
2015 2017 2018

Year of 
Initiation

In Korea

1994 2003 2004 2008 2015 2008 2005 2016

Financial 
Coverage

In Korea

1998 2004 2004 2009 2015 2010

2009

(infantile)

2011

(late onset)

Abcertin

(2012)

Velaglucerase

(2015)

Taliglucerase

(2016)

Fabagal

(2014)

Replagal

(2014)

Hunterase

(Green 
Cross)

2012

Intraventr
icle

infusion

ERT: enzyme replacement therapy, LSD: lysosomal storage disease, MPS: mucopolysaccharidosis, CESD: cholestryl ester storage disease
CLN2: neuronal ceroid lipofuscinosis type 2

Current status of FDA approved enzyme replacement 
therapy (ERT) in lysosomal storage disorders(LSD) 



Gaucher Disease 
Time Line

1882, Phillipe Charles Ernest Gaucher

Doctoral Thesis: description of  32 yr old woman with splenomegaly

1905, Brill  NE 

premortem diagnosis  “Gaucher disease”

1955, de Duve C, 

Discovery of lysosome

1966,  Brady RO, concept of 

ERT in Gaucher disease

1974,  Brady RO, first clinical trial with 

purified glucocerebrosidase in human

1984,  Genzyme begins aglucerase clinical trial 

1991,  Ceredase (placentally derived aglucerase) approved by 

FDA

1994, Cerezyme approved by FDA , 

First ERT in a Korea patient

2003, Substrate reduction therapy 

(miglustat) –FDA approval

2013, Abcertin

2010, Velaglucerase alfa

2012, Taliglucerase alfa

2014, Cerdelga(Eligustat)

















Algorithm for Rare Disease Research
(e.g. Wilson disease)

 Introduction: What are unmet needs? (screening, diagnosis, treatment and monitoring 
marker)

 How common is it in Korea?

 Natural history study & genetic epidemiology

• Clinical characteristics of Korean patients with Wilson disease & prognostic factor 
of hepatic outcome

• Mutation spectrum of ATP7B gene & functional analysis of mutant ATP7B & 
genotype-phenotype correlation

 Understanding of pathophysiology

• Proteome & transcriptome analysis of liver and brain of LEC rat model for Wilson 
disease during the disease progression 

 Search for new biological marker for newborn screening, confirmative diagnosis, and 
treatment

• Proteomic approach

• iPS cell model





Fair pricing of “old” orphan drugs

 2010, the pharmaceutical company Valeant purchased Aton Pharma, which had 
previously acquired the US license for Syprine from Merck.

 Around November 2013, Valeant Canada announced that, as of January 2014, the 
price of Syprine would match the US price: roughly Can $13,244 per month ($158, 
928 per year),which is about 13 times the previous price.



Total Number of Orphan Designations  and Approvals

Orphanet J Rare Dis 2021;16:265-74.



Classification of  clinical trial agents  as of 2017

Trends in Pharmacological Sciences, June 2018, Vol. 39, No. 6



www.fda.gov

FDA Orphan Drug Approval Trends in U.S.A

Since 1983: 600+ orphan drug indications approved from 450+ distinct drug products



e-Patient movement



국가 간 희귀약품개발 정책의 비교
미국 유럽연합 일본 한국

개발촉진법 Orphan drug act (1983) Orphan drug 
regulation(2000)

약사법에희귀약품지
정에관한규정(1993)

약사법에희귀약품
지정에관한규정
(1998)
희귀약품센터(1999)

희귀질환관리법
(2016)

시장독점권 7 년 10 년 10 년 10 년

인허가특권 신속허가제도
임상시험계획서작성자문

임상시험전과정
자문

연구개발전과정자문
신속허가제도
재인가기간연장

신속허가제도
재심사면제

인센티브 허가심사비면제 임상시험계획서
심사비면제, 허
가심사료반액
면제, 허가전현
장실사료면제

심사비할인

조세혜택 임상시험경비 50% 가맹국마다
다름

법인세 10%, 연구개발
비 6% 조세감면

연구및인력개발비
용의 20%(중소기업
은 30%) 소득세또
는법인세에서공제

연구개발비
지원

임상시험경비지원(직접
비및간접비)

가맹국마다
다름

임상시험경비 50%지
원

국가과제연구비수
혜시 일부혜택



Take Home Message:
Multidisciplinary integrative efforts

• Clinician: phenotype clarification, clear and identifiable symptom & 
signs, natural history of disease, creative idea, clinical study design

• Patient organization: enhancement of awareness & education 
regarding clinical trials, e-patient movement  

• Researcher: elucidation of disease pathophysiology, demonstration 
of proof-of-concept, linkage between drug and target,  drug 
mechanism of action

• Pharmaceutical company: funding for research & development 

• Regulatory agency: balancing between urgency of development & 
safety issues, funding , legal issue 

• Networking: ex) GARD, RDCRN, Orphanet,  ERN….



Q & A


