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Abstract 

Orphan drugs are pharmaceutical products designed to treat rare diseases, which affect a small percentage of the 

population. This article provides a detailed overview of orphan drugs, particularly focusing on the regulatory 

landscape, challenges, and ongoing initiatives in India. It examines the improvements in India's regulatory framework, 

including expedited review processes and exemptions from certain clinical trial requirements, aimed at facilitating the 

development and accessibility of orphan drugs. The article also highlights the contributions of Indian pharmaceutical 

companies in the orphan drug sector, showcasing a success story from Sun Pharmaceutical Industries Limited, which 

developed a significant orphan drug. Additionally, the article explores the challenges faced by India in orphan drug 

development due to its large population and limited resources, alongside the global advancements in gene therapy and 

drug repurposing. Despite the absence of a clear regulatory pathway for orphan drug development in India, recent 

policy changes indicate progress. The study advocates for a collaborative approach between the government, 

regulatory bodies, industries, and patient advocacy groups to accelerate the development of orphan drugs. 

Furthermore, it discusses the role of emerging technologies and business models in speeding up the process of 

creating novel treatments for rare diseases. The article also suggests that international collaboration and regulatory 

harmonization could improve access to these life-saving therapies, particularly in resource-constrained countries. 

With the continuous advancement of research and regulatory frameworks, there is hope for improving the treatment 

landscape for rare diseases globally, especially in countries like India. 

Keywords: Bulgaria; cancer costs; health in equalities. Drug development; orphan drugs; patient advocacy Rare 

disease, Geneticdisorders Regulatory pathways. 

 

INTRODUCTION 

A drug is considered an orphan drug under the 1984 amendments to the U.S. Orphan Drug Act (ODA) if it is intended 

to treat a condition that affects fewer than 200,000 individuals in the country or if it is not expected to be beneficial 

within 7 years after FDA approval  [1]. European Union (EU), the European Medicines Agency (EMA) The drug is 

known as “orphan” when it has been developed for diagnosis, prevention, or treatment of a life-threatening or   ently 

and severely disabling illness that affects no more than 5in 10,000EU citizens.[2] orphan diseases are rare conditions 

effecting only a small proportional of the population. They are called “orphan” diseases because they are often 

neglected by pharmaceutical companies and researchers, as they do not generate enough revenue to justify the cost of 

developing treatment strategies. Over 7000 orphan diseases effect an estimated 350 million people worldwide. 

Approximately 6000-8000 rare diseases have been identified to date, 80% of which are caused by mutations in 

numerous geans.  

Rare diseases are those with low prevalence in the population. They are also known as orphan diseases, and the drugs 

developed against these diseases are known as orphan drugs. Despite being „rare‟, rare diseases have been reported in 

70–96 million individuals in India, 29 million in Europe, and 30 million in the US (Rajasimha et al .2014; Chakraborty et al 

.2022). In the US, the Congress passed the Rare Disease Actin1983.Through this act, the US Food and Drug 

Administration (US-FDA) has mandated regulatory processes and pathways for orphan drug development (Haffner 

2016).Since then, several programs in the US have incentivized the development of orphan drugs (US-FDA2022). With 

the advent of modern technologies, some orphan drugs have seen the light of approval. In the past two years, the US-
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FDA has approved *10 drugs belonging to advanced modalities such as gene therapy, gene-editing therapy, cell therapy, 

and gene-modified cell therapy (table 1) (Ciszewski2023; US-FDA 2023b). While these approvals have been exciting for 

the rare disease community, only10% of the *7000 rare diseases have any drug approved (Orphan-Drug-Approvals 

2023; US-FDA 2023d; US- FDA 2023c). 

 

BACKGROUND 

Rare diseases, commonly referred to as orphan diseases, impact a small portion of the population.[3] There are 

approximately6,172 distinctive rare illnesses, 71.9% of which are inherited and 69.9% of which have only pediatric 

onset.[4] Despite their individual rarity, collectively, these diseases affect   An "orphan drug" refers to a medication 

developed specifically to treat a rare disease,  often considered commercially unattractive due to the small patient 

population, and the "orphan drug dynamics" refers to the unique challenges and incentives involved in  developing 

such  drugs, primarily driven by legislation like the Orphan Drug Act (ODA) which aims to encourage pharmaceutical 

companies to invest in research for these conditions by providing various benefits like market exclusivity and tax 

credits; essentially incentivizing the development of drugs that might otherwise be neglected due to low potential 

profit margins the world. The law was passed to encourage the development of drugs for rare diseases.   

Brief overview and socio economic:  

Whether a disease is rare or common, the primary objective of drug development is to develop a safe and 

effective treatment for the disease. Thus, regardless of the nature of the disease, the pathway for drug  

development involves common steps. The first step in the pathway involves understanding the pathogenesis of the 

disease Based on the disease biology, an appropriate drug is designed to prevent  

The IND package of most global regulatory agencies consists of five chapters: 

(i) the mechanism of action of the disease,  

(ii) the process of product development and product characterization, 

(iii) Pharmacology, 

(iv) Toxicology 

(v) The clinical protocol for conducting phase I of clinical trials. 

Socioeconomic: 

1. Economiccost 

According to data from the IQVIA Institute for Human Data Science, global expenditure on orphan drugs exceeded 

$200 billion in 2020, and it is projected to continue to increase in the coming years. This is partly because of the 

high cost of individual orphan drugs, which can sometimes reach hundreds of thousands of dollars per patient per 

year.(5) Next generation sequencing, including whole exome and whole genome sequencing, is an established 

diagnostic tool used to reveal the genetic back ground of rare genetic disorders. However, its diagnostic yield is 

currently less than 50 an extremely low percentage of rare genetic diseases are currently curable with orphan drugs. 

Although a few orphan drugs have been developed to treat rare genetic diseases, many remain incurable. According 

to some estimates, FDA-approved treatments are available for less than 5% of rare genetic disorders, although this 

number may vary depending on the specific populations and data sources. Their product port folios and ensure long-

terms un stability [6]. The development of drugs for rare genetic disorders is a complex and challenging process, and 

not all companies and successfully. Moreover, the prices of orphan drugs are relatively high compared to those of 

other drugs [7].  

2. Strategies For Orphan Drugs 

Enzyme replacement therapy (ERT) is used to treat lysosomal storage diseases (LSD) caused by lysosomal hydro 

lased efficiency ERT involves the introduction of a functional enzyme into the body to compensate for deficient or 

missingenzymes.ERT was first approved in the 1990s for Gaucher disease, and the first ERT drug replaced placenta 

derived glucerase, with imiglycerase in Chinese hamster ovary cells expressing recombinant human-β-gluco 

cerebrosidase. Subsequently, ERT drugs have been developed and approved for more than 10 LSD, including Fabry, 

Pompe,  muco polysaccharidosis types I, II, IVA, VI, VII, and cholesteryl ester storage diseases(Table2).(8)In addition, 

LSD and ERT have recently been  used in hypo phosphatasia with recombinant humanbone- targeted tissue- non-

molecular strategy Specific alkaline phosphatase. Pegvaliase is an FDA-approved ERT used in adults with 

phenylketonuria (PKU) and uncontrolled blood phenylalanine concentrations.  

  

3. Regulatory pathways for INDIA and US FDA: 

The National Policy for Rare Disease 2021 and amendments adopted by India‟s Central Drugs Standard Control 

Organization (CDSCO) in 2019 mark important improvement in the regulation and treatment of orphan diseases in 

India. For the 1st time, India has a precise definition of orphan drugs according to the CDSCO‟s New drugs and 

Clinical Trials Rules in 2019 [9]. Orphan drugs are defined now as drugs used to treat diseases that affect fewer 

than500, 000 persons in India. This criterion is consistent with worldwide standards and aids in the identification of 

drugs designed to treat rare disorders. Indian authorities now have the power to exclude orphan drugs from phase 

III and IV clinical studies, according to the revised guidelines for clinical trials. In acknowledgment of a significant 
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unmet medical need, manufacturers or sponsors of orphan drugs may petition to India‟s CDSCO for an expedited 

review procedure, therefore limitating the necessity for local clinical trials [10].  

 

ORPHANDRUG: THEINDIANSCENARIOANDITSCHALLENGES 

Table1. Strategy and examples of the diseases targeted for orphan drug development 

Strategy Exemplarydiseases Product 

Protein replacement therapy   

Enzyme replacement therapy 
Gaucherdisease Fabrydisease 

MucopolysaccharidosisII 

Imiglucerase Agalasidasebeta 

Idursulfase 

Coagulation factor therapy HemophiliaA RecombinantfactorVIII 

Small-molecule therapy   

Substrate reductiontherapy 
Tyrosinemiatype1 Gaucherdisease Niemann-

PicktypeC 
Nitisinone Eliglustat Miglustat 

Pharmacologicalchaperonetherapy Fabrydisease Cysticfibrosis Migalastat Ivacaftor 

Cofactor therapy Phenylketonuria Sapropterindihydrochloride 

Expression modification therapy Sicklecellanemia Hydroxyurea 

Read-throughtherapy Duchennemusculardystrophy Ataluren 

Monoclonalantibody therapy 

Paroxysmalnocturnalhemoglobinuria 

Familialhypercholesterolemia 

X-linkedhypophosphatemicatemicrickets 

Eculizumab Evolocumab 

Burosumab 

ASOtherapy(exonskippingtherapy) 
Duchennemusculardystrophy 

Spinalmuscularatrophy 

PTC124 

Nusinersen 

Smallinterfering RNA therapy 

(Genesilencing therapy) 

HereditaryATTRamyloidosis 

Acuteintermittentporphyria 
Patisiran,Vutrisiran Givosiran 

Genetherapy 
LebercongenitalamaurosisduetoRPE65genemutat

ion Spinalmuscularatrophy 

Voretigeneneparvovec-rzyl 

Onasemnogeneabeparvovec-

xioi 

(Stem)celltherapy/Organtransplantati

on 

Hurlersyndrome 

Ornithinetranscarbamylasedeficiency 

Hematologicmalignancies 

Hematopoieticstemcelltherapy 

Livertransplantation 

ChimericantigenreceptorT(CA

R-T)cell 

Drugre purposing Gaucherdisease Marfansyndrome AmbroxolLosartan 

mRNA therapy Methylmalonicacidemia Phenylketonuria Research 

ATTR, amyloid transthyretin.   
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Table2.Current status of approved enzyme replacement therapies for are diseases 

Disease Deficient enzyme Product* AvailableinKorea 

Gaucherdisease Β Glucocerebrosidase Imiglucerase(Cerezyme) o 

  Velaglucerasealfa(VPRIV) o 

  Taliglucerasealfa(Elelyso) o 

  Imiglucerase(Abcertin) o 

Fabrydisease α-GalactosidaseA Agalsidasaebeta(Fabrazyme) o 

  Agalsidasealfa(Replagal) o 

  Agalsidasebeta(Fabagal) o 

MPSI α-L-Iduronidase Laronidase(Aldurazyme) o 

MPSII Iduronate2-sulfatase Idursulphase(Elaprase) o 

  Idursulfasebeta(Hunterase) o 

MPSIVA N-acetylgalactosamine-6-sulfatase Elosulphasealpha(Vimizim) o 

MPSVI ArylsulfataseB Galsulphase(Naglazyme) o 

MPSVII β-Glucuronidase Vestronidasealfa(Mepsevii) x 

Pompedisease Lysosomalα-glucosidase Alglucosidasealfa(Myozyme/Lumizyme) o 

  Avalglucosidasealfa(Nexviazyme) o 

CESD Lysosomalacidlipase Sebelipasealfa(Kanuma) o 

Alpha-mannosidosis Lysosomalα-mannosidase Velmanasealfa(Lamzede) x 

CLN2 Tripeptidylpeptidase1 Cerliponasealfa(Brineura) x 

Niemann-PickdiseasetypeA/B Acidsphingomyelinase Olipudasealfa(Xenpozyme ) x 

Hypophosphatasia Tissue-nonspecificalkalinephosphatase Asfotasealfa(Strensiq) o 

Phenylketonuria Phenylalaninehydroxylase Pegvaliase-pqpz(Palynziq) x 

MPS,mucopolysaccharidosis;CESD,cholesterylesterstoragedisease;CLN2,ceroidlipofuscinosistype2. 

*Brand name in parenthesis. 
 

  

US FDA 

The US FDA has provided a detailed pathway for orphan drug development. Further, it regularly updates and 

publishes numerous guidance in this regard. We have not listed this guidance here; rather, we have provided 

references and a link to these guidance and processes (Ciszewski2023; SrivastavaandWislow 2023; US-FDA 
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2023c). The reader is also encouraged Developing drugs for rare diseases is more complex and expensive than 

that for common diseases because the underlying mechanisms of many rare diseases are not well understood and it 

can be difficult to  identify suitable patients for clinical trials. Take the drug for many years. 
 

Table3.FDA/EM Aapproved gene therapy product forraremonogenic diseases 

Disease Product Vector Gene Approach 
Yearof 

approval 

Lipoproteinlipasedeficiency Glybera(alipogenetiparvovec) AAV1 Lipoproteinlipase Invivo 2012 

SCIDduetoadenosinedeaminas

e deficiency 
Strimvelis(GSK2696273) 

Retrorviru

s 
Adenosinedeaminase 

Exvivo(CD34

+cells) 
2016 

RetinaldystrophyduetoRPE65 

mutation 
Luxturna(voretigeneneparvovec-rzyl) AAV2 RPE65 Invivo 2017 

Spinalmuscularatrophy 
Zolgensma(onasemnogeneabeparvovec

-xioi) 
AAV9 SMN1 Invivo 2019 

β-Thalassemia Zynteglo(betibeglogeneautotemcel) Lentivirus Modified β-globingene 
Exvivo(CD34

+cells) 
2019 

Metachromaticleukodystrophy Libmeldy(atidarsageneautotemcel) Lentivirus ARSA 
Exvivo(CD34

+cells) 
2020 

Adrenoleukodystrophy 
Skysona(elivaldogeneautotemcel/lenti-

D) 
Lentivirus ABCD1 

Exvivo(CD34

+cells) 
2021 

HemophiliaB Hemgenix(etranacogenedezaparvovec) AAV5 
PaduavariantoffactorI

X (FIX-Padua) 
Invivo 2022 

FDA/EMA,U.S.FoodandDrugAdministration/EuropeanMedicinesAgency;SCID,severecombinedimmunodeficiency;AAV,adeno-

associatedvirus;ARSA,arylsulfataseA. 

These programs include  

(i) orphan drug designation; 

(ii) Accelerated, fast-track designation of products; 

(iii) Voucher programs (Srivastavaand.Wislow2023).  

Since 1983, 6493 drugs with orphan drug designation have been in the development pipeline; of these, 700 

have been approved by the US-FDA (Orphan-Drug-Approvals 2023; US-FDA 2023d).  

 

In a Global-Genes conference in May 2023, Peter Marks, MD, the head of Center for Biologics Evaluation and Research 

(CBER), summarized the potential new developments in the regulatory pathways for orphan drugs (Marks and Wilson 

2023). He emphasized there aspects of orphan drug development. First, the review and approval process of therapies 

should be streamlined and focused on platform strategies. For example, homogeneity of gene therapies using the same 

backbone viral vectors could be lever- aged in streamlining their approval process. 

Current scenario of orphan drugs 

The number of orphan drug clinical trials and approvals is increasing, but there are challenges to developing and using 

these drugs.  

 

CLINICAL TRIALS  

 The number of orphan drug clinical trials increased annually from 2013 to 2021. 

 The number of phase I and phase II clinical trials increased annually from 2018 to 2021. 

 Orphan drug approvals  

 The number of orphan drug approvals has increased over time.    

 Orphan drug policies  

 The US has the Orphan Drug Act, which was passed in 1983 to encourage pharmaceutical companies to 

develop treatments for rare diseases. 

 India has a National Policy for the Treatment of Rare Diseases (NPTRD). 

 

FUTURE DIRECTIONS 

Future directions in orphan drug research can en compass a wide range of innovative approaches. As approximately 

80% of rare diseases are estimated to have a genetic origin[11] which can be overcome by adapting gene therapy 

techniques, including gene replacement, genes licencing and gene editing(e.g., CRISPR/Cas9). In India, the development 
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of orphan drugs is particularly challenging due to factors such as a large population, resource constraints, and the lack 

of a clear regulatory path for orphan drug development [12]. The annual treatment cost for a young child weighing 

10kg  for some rare diseases in India might range from18lakhsto 1 crore 70 lakhs. The future of orphan drugs is likely 

to see a significant focus on personalized medicine, advanced gene therapies, increased collaboration between research 

institutions and patient advocacy groups, leveraging big data analytics to identify rare disease populations, and a 

continued push for global regulatory harmonization to improve access to treatments for patients worldwide, ultimately 

offering more targeted and effective treatments for rare diseases with improved accessibility.  

 

CONCLUSION 

Orphan drug development faces unique challenges due to the small patient population and high research costs, but 

recent advancements in genetic testing and gene therapies offer new hope for treating rare diseases. In India, the 

adoption of the National Policy for Rare Diseases has sparked progress, though more is needed to enhance 

accessibility and affordability. The success of drugs like SEZABYTM demonstrates the potential for innovative therapies 

to transform patient outcomes. Globally, governments incentivize orphan drug development through tax benefits, 

expedited approvals, and market exclusivity, helping to overcome the financial barriers faced by pharmaceutical 

companies. Ongoing collaborations between regulatory bodies, such as the US-FDA, and drug manufacturers are 

critical for advancing research and ensuring equitable access to these life-saving treatments. The market for orphan 

drugs is growing rapidly, expected to reach $340.84 billion by 2027, signaling a bright future for rare disease treatment 

innovation .Orphan drug development is a complex and costly process, primarily due to the limited patient population 

and the specialized nature of the diseases. In India, recent efforts, such as the introduction of the National Policy for 

Rare Diseases, have set the foundation for advancing the treatment of rare conditions. 
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