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Introduction
Rare Diseases (RDs), also referred to as orphan diseases, are illnesses that only afflict a 

tiny portion of the general population [1-3]. Although these conditions are uncommon on their 
own, they affect a sizable population globally when combined. Living with a RD poses unique 
challenges for patients, their families, and the healthcare system. Improper management of 
the condition can have fatal consequences for the patient’s health [4,5]. The number of RDs is 
thought to range from 6000 to 8000 world-wide, and new cases are frequently documented 
in the medical literature [3]. RDs include genetic diseases, rare cancers, infectious tropical 
diseases, and degenerative diseases [6,7]. Eighty percent of RDs have a genetic basis and 
mostly manifest in early life [8]. Long-term absences from work or school have been reported 
by a growing number of individuals with RD due to its severity [4].

Understanding rare diseases in India
Due to the multitude of country-specific definitions of RD, there is currently no widely 

agreed description of what an RD is [9,10]. A disease is generally considered “rare” when 
it affects <1:2,000 people (i.e., <0.05%) in the European Union and <1:200,000 people (i.e., 
<0.0005%) in the USA [1]. It’s interesting to note that a certain disease may be considered rare 
in one geographical area but not necessarily in another because of the varying effects of specific 
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Abstract
Rare Diseases (RDs), also referred to as orphan diseases, are illnesses that only afflict a tiny portion of the 
general population. Although these conditions are uncommon on their own, they affect a sizable population 
globally when combined. Patients, their families, and the healthcare system have particular difficulties 
when dealing with rare diseases. RDs encompass infectious tropical diseases, degenerative diseases, rare 
malignancies, and genetic disorders. Due to the multitude of country-specific definitions of RD, there 
is currently no widely agreed description of what an RD is. Given that RD typically affects 6-8% of the 
population in any given nation, even a conservative estimate for India’s 1.4 billion inhabitants would come 
out to be approximately 90 million. Scientists, activists, decision-makers and non-profit organizations 
have worked very hard in the last few decades to address the primary issues surrounding RDs, from 
treatments to diagnostics. Despite their best efforts, unfortunately, only a tiny percentage of RDs have 
access to effective treatments at this time. However, the speed at which genomic sequencing technology 
and international data exchange have developed has accelerated the field of precision medicine. This 
has sped up the identification of new RDs and made it simpler to evaluate genetic heterogeneity in RDs 
that may affect the severity of the disease and the response of the patient to particular pharmaceutical 
therapies. While the field of orphan drug development has advanced significantly, much more work needs 
to be done to guarantee equitable use of genetic therapies. To improve our understanding and treatment 
of RDs, cooperation between pharmaceutical companies, researchers, and healthcare providers is crucial. 
We can work to enhance the lives of people impacted by RDs by raising awareness, supporting inclusivity, 
and encouraging research.
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genetic, environmental, and demographic factors [7,11]. India must 
therefore carefully evaluate the prevalence and severity of the RDs 
before coming up with a definition that meets her needs. Having said 
that, in India, a disease is generally regarded as rare if it affects less 
than 1 in 2,500 people [12]. Given that RD typically affects 6-8% of 
the population in any given nation, even a conservative estimate for 
India’s 1.4 billion inhabitants would come out to be approximately 
90 million. The fact that there are currently few epidemiological 
data on RDs in India in terms of prevalence rate further complicates 
our understanding of RDs in that country. In order to combat this, 
the Indian Council of Medical Research (ICMR) has launched a 
hospital-based “National Registry for Rare Diseases” with the 
assistance of institutions across the country that are engaged in 
the diagnosis and treatment of RDs [13]. Additionally, in March 
2021, the Ministry of Health and Family Welfare, Government of 
India, approved the National Policy for Rare Diseases 2021 (NPRD), 
a public policy document. More importantly, diagnostic efficiency 
is also a major factor in the classification of RDs, as many patients 
with RD may go undetected due to the nature of diagnostic tools, 
and the likelihood of incomplete knowledge regarding some RDs 
[13]. Despite numerous obstacles, innovative approaches have 
also been employed in an effort to speed up the diagnosis of RDs 
in India. For instance, the goal of the Genomics for Understanding 
Rare Diseases: India Alliance Network (GUARDIAN) is to provide 
a special framework for healthcare delivery, implementation, and 
planning that is tailored to RD [12].

Therapeutic challenges associated with rare diseases
Scientists, activists, decision-makers, and nonprofit 

organizations have worked very hard in the last few decades to 
address the primary issues surrounding RDs, from treatments to 
diagnostics. Despite their best efforts, unfortunately, only a tiny 
percentage of RDs have access to effective treatments at this time 
[14,15]. Nevertheless, rapid genomic sequencing technology and 
extensive worldwide data exchange have significantly sped up the 
discovery of new RDs [16,17]. With the significant progress made 
in whole-genome sequencing (WGS) in recent years, a critically 
ill child with an RD can be diagnosed in few hours. Additionally, 
the unparalleled progress of WGS has contributed to the rapid 
development of precision medicine by making it simple to evaluate 
the genetic heterogeneity in an RD that might affect the severity 
of the disease and how well a patient responds to a certain 
pharmaceutical therapy [18,19]. Research on natural history plays 
a major role in the epidemiological comprehension of RDs [20-22]. 
These studies follow RD of a patient across time to find genetic, 
environmental, demographic and/or epigenetic factors that are 
associated with the development and prognosis of the disease in 
the absence of treatment. Additionally, they have produced valuable 
data regarding the phenotypic variety of RDs and have identified 
subgroups of RDs that may result from distinct genetic variants 
and cause comparable disease symptoms [23]. Therefore, when 
an Research and Development (R&D) organization wants to apply 
for more extramural funding for its R&D from public or private 
funding organizations, such longitudinal studies should be given 

top attention. Similar long-term investigations might potentially 
provide insight into the outcomes of the treatments.

Because it takes a lot of research to develop orphan drugs, 
they are typically quite expensive [24-26]. Furthermore, wealthy 
individuals are largely able to purchase these extremely expensive 
treatments due to the narrow consumer base for orphan drugs. 
Interestingly, though, patients may receive up to USD 27,000 in 
financial assistance for RD treatment as a one-time therapy expense 
under India’s NPRD, 2021 [27]. Moreover, building a knowledge 
basis for prevention or effective treatment of RDs requires the 
identification of underlying mechanisms, particularly for unusual 
cases of RDs. For instance, a single gene may have several distinct 
mutations that cause different diseases with different symptoms or 
intensities [28-30]. After being categorized as a single disease for 
a long time, muscular dystrophy is now known to have nine main 
variants, with Duchenne Muscular Dystrophy (DMD) being the most 
prevalent type [31-33]. It is unclear if epigenetic factors-aside from 
genetics-have a significant impact on the genesis of many RD types. 
Therefore, it is necessary to include epigenomics in a routine RD 
screening program because it is becoming increasingly important 
in research studies attempting to understand the underlying 
mechanisms of very uncommon RD [34,35]. Epigenomics involves 
studying the entire set of epigenetic modifications on a cell’s 
genetic material. Together, in order to expedite the development 
of early-stage possible therapeutic interventions, comprehensive 
WGS and epigenomics should be included in the three-pronged 
screening procedure for any RDs, along with targeted polymerase 
chain reaction (PCR) screening for known gene mutations [36].

Complex regulatory challenges and potential fixes 
pertaining to the orphan drug approval procedure

One area of public health policy intricacy that necessitates careful 
consideration is the determination of whether data is sufficient for 
the regulatory agency to approve drugs intended for individuals 
with RD [37,38]. In general, companies have significant financial 
and time constraints when producing the evidence necessary to 
justify the licensing of a drug, particularly biologics. Additionally, 
preliminary clinical studies may not confirm the safety or efficacy 
of the orphan drug. Given the challenges of carrying out traditional 
clinical trials for many extremely RDs, including those with clinical 
features that progress over a longer period of time, this is further 
complicated by the fact that different standards of evidence should 
be applied to approve orphan drugs [39,40]. Consequently, the lack 
of patients known to have the disease indication makes it challenging 
to definitively verify the safety and efficacy of orphan medications, 
especially when the clinical improvement is marginal, utilizing a 
relatively low-powered clinical trial. Furthermore, because of the 
small market and the higher expenses associated with a new drug’s 
necessary regulatory compliance, orphan pharmaceuticals-drugs 
meant for very rare populations-may be especially susceptible to 
extinction [41]. Having said that, in order to get around this, the 
Orphan Drug Act was put into effect in the United States [42]. It 
offers biopharmaceutical companies protection from competition 
in the form of grant support, tax exemptions for specific clinical 
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development costs, exclusive marketing rights and other various 
incentives to develop drugs for people with RD. A rolling review 
mechanism must be used to expedite the approval of new RD 
drug applications, and a special category must be established to 
do so [43]. This will enable periodic consultation with regulatory 
bodies like the Drug Controller General of India (DCGI) regarding 
the entire application for approval, including sections on pre-
clinical studies, early phase I and phase II clinical trial results, 
and phase III studies [44]. An expedited drug approval procedure 
that permits the use of surrogate endpoints-biomarkers meant 
to replace clinical endpoints-to predict clinical benefit in certain 
situations, including urgent need, would encourage pharmaceutical 
companies to focus more on developing orphan disease 
treatments [45]. Additionally, the drug sponsor benefits from 
looser regulations for post-marketing research to gather more 
information about the advantages and disadvantages of a medicine. 
Therefore, a combination of “push” and “pull” incentives from the 
regulatory agencies would facilitate the orphan drug development 
process overall [46]. The entire process from drug development 
to market approval and authorization is likely to be facilitated by 
push incentives like lowering or subsidizing R&D costs, providing 
research tax credits, grants for orphan products and exemption 
from user fees, and pull incentives like the market exclusivity 
provision and expedited and facilitated drug review processes.

Although the biopharmaceutical sector, public companies, and 
private foundations have placed a great deal of focus on accurately 
investigating RDs and developing orphan drugs, approximately 95% 
of RD cases still lack suitable treatment [47,48]. To circumvent this, 
the development of cellular, genetic and molecular therapies could 
power precision medicine, which would transform the healthcare 
sector and enable patients with RD to be managed effectively. 
For instance, skin biopsies make it simple to develop patient-
derived fibroblast cell cultures [49,50]. These cellular models 
are particularly helpful in understanding the pathophysiological 
changes and how a certain mutation reacts to a given treatment. 
To gain a deeper understanding of the underlying mechanisms of 
RDs, it is also conceivable to produce two of the most affected cell 
types, such as neuron and muscle, using current direct or indirect 
cell trans-differentiation procedures [51,52]. Therefore, these 
cellular models can be used by precision medicine, which typically 
relies on the assumption that distinct mutations and notable inter-
individual genetic variation significantly contribute to a particular 
drug response, to test the toxicity and efficacy of candidate orphan 
drugs and select the most effective one to meet a patient’s needs 
[53,54].

Even while the field of developing orphan drugs has made 
significant strides, much more has to be done to ensure that 
genetic therapy is used equitably. Genomic medicine carries a 
risk due to the time-consuming nature of genetic teaching and 
counseling: Some physicians may find it difficult to recognize the 
true benefits and may grow reticent to suggest genetic testing or 
therapy [55,56]. Incorporating scientists and clinical geneticists 
into a multidisciplinary, case-based approach could help health 
care practitioners make more useful decisions for their patients. 

Moreover, genomic medicine should be a regular topic of discussion 
at all CMEs (continuing medical education) across the globe [57].
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