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ABSTRACT ARTICLE HISTORY
Background: Rare cancers account for approximately one in eight of all cancers diagnosed in the Received 27 November 2023
United States (US) every year. Remarkable scientific advances in cancer research over the past 40 years, Accepted 18 March 2024

in addition to financial incentives provided by the Orphan Drug Act (ODA), have led to hundreds of

drug approvals for rare cancers.

Research design and methods: Using an internal US Food and Drug Administration (FDA) database, St
o - . e . orphan drug designation;

we classified and analyzed all orphan drug designations and approvals specifically designed to prevent, 44 development; rare

diagnose, or treat rare cancers, from 1983 to 2022 by affected organ system. disease; FDA approval

Results: In the past 40 years, more than 180 rare cancers have had at least one product that has been

developed and shown promise in its treatment, diagnosis, or prevention resulting in nearly 100

approved products for rare oncologic indications. Rare hematologic cancers were the most frequently

designated and approved cancers, but nearly every organ system was represented by an orphan drug-

designated product.

Conclusions: Orphan drug designations and approvals target a wide variety of rare cancer types and

disease locations suggesting an expanding base of research activity, discovery, and options for patients

with these often-fatal diseases.
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1. Introduction )
The Orphan Drug Act (ODA) of 1983 was created in

Cancer remains one of the leading causes of morbidity and response to a dearth in pharmaceutical investment to prevent,
mortality in the US [1]. In 2022, almost 2 million new diagnoses  diagnose, and treat rare diseases in the US [11]. The law
of cancer were expected, with around 600,000 deaths from defines a rare disease or condition as one that affects fewer
cancer-related causes [2]. This trend increased over the last than 200,000 patients in the US [12]. For rare cancers, this
several decades, up from 1.6 million new cases and 580,000 population estimate includes patients who have ever had the
deaths in 2012-2013 [3]. However, while the number of cancer  cancer in their lifetimes, even if they are in remission [13].
diagnoses and deaths have increased, the death rate has Over the last 40 years, the ODA has helped to fundamentally
decreased by almost 30% in the last 20 years [4,5]. The improved  alter the market of rare disease therapeutics through financial
survival rate in cancers could be due to multiple factors, includ-  incentives for pharmaceutical developers. These benefits
ing improvements in cancer risk factor identification, screening  include a 25% tax credit on applicable development costs;
methods, diagnostic procedures, and therapeutic interventions  exemption from US Food and Drug Administration (FDA) user
[6]. In addition, new and innovative therapeutics are being devel-  fees (specifically those fees that companies pay to the FDA to
oped with target-directed mechanisms of action [7]. Targeted offset the cost of application review); and the potential for 7
therapies have emerged as the standard-of-care in many cancer  years of marketing exclusivity for an approved orphan-desig-
treatment guidelines, providing safer and more effective alter- nated indication or use [14]. Prior to receiving any of these
natives to conventional chemotherapy agents [8]. benefits, developers must first receive orphan drug designation
Many of these advances are being seen in rare cancers [91. from FDA. In the most common pathway to receive designa-
While individually rare, as a whole, rare cancers account for nearly  tion, developers provide (1) evidence of scientific rationale (a
13% (1 in 8) of all cancers diagnosed annually in the US [10]. medically plausible basis for expecting the drug to be effective
Supporting drug and biologic (henceforth ‘drug’) development in the rare disease or condition), either via in vivo preclinical or
for these rare cancers has been a policy priority for decades. clinical data; and (2) a population estimate demonstrating that
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the disease or condition affects fewer than 200,000 people in
the US at the time of the request [15].

Consistent with the overall trends in oncology drug devel-
opment, previous research has demonstrated that the number
of annual orphan drug designations and approvals for man-
agement of rare cancers has increased significantly [16,17]. In
fact, oncologic diseases have the largest proportion of orphan
drug designations and approvals when analyzed by therapeu-
tic area [18]. Remarkably, rare cancers comprise nearly 60% of
the most designated and approved rare diseases [19].

To date, there has been no comprehensive summary of onco-
logic orphan drug designations. This article will provide an over-
view and analysis of the characteristics of oncologic orphan drug
designations and approvals granted by the FDA from 1983 to
2022. As the public and policymakers are eager to engage in
discussions regarding rising healthcare costs, patient access, and
outcomes, an evaluation of the ODA’s impact on cancer drug
development is relevant. At the 40-year anniversary of this legis-
lation, it is an appropriate time to evaluate the historical land-
scape of oncologic orphan drug designations.

2. Materials and methods

To perform our data analysis, we used an internal FDA data-
base that contained all orphan drug designations and asso-
ciated approvals from 1983 to 2022. This internal dataset
contains all orphan drug designations that were ever granted,
regardless of the current status of the drug (e.g. development
discontinued) or designation (e.g. withdrawn) (A database that
contains all data considered relevant to this study, including
orphan drug designations, approvals, the respective designa-
tion dates, and company names, is also available publicly on
the FDA’'s webpage [20]). All designations and approvals
related to oncology, either directly for diagnosis, prevention,
or treatment of cancer, were extracted from the database and
gathered into a separate dataset.

Several major variables were considered from the internal
database for analysis, including designation date, product type
(drug or biologic), intended use of the product (therapeutic,
prophylactic, or diagnostic), and disease for which the product
received orphan drug designation.

We also created several variables for this analysis. As
orphan-designated diseases are typically longer phrases that
may be difficult to aggregate, we converted all orphan-desig-
nated disease ‘phrases’ into simplified, uniform disease ‘terms.”’
For example, an orphan-designated disease phrase of ‘diag-
nostic for the management of malignant rhabdoid tumors,’
was converted into the disease term ‘rhabdoid tumor.’

Using a standardized disease terminology designed for opti-
mal data integration and harmonization to align disease naming
across multiple sources (‘Mondo’), we assigned discrete disease
labels based on the most granular information available in the
original orphan-designated disease phrases [21]. Infrequently,
this resulted in seemingly related cancers being separated into
different types of cancers. One example of this distinction
occurred between glioma and glioblastoma, with glioma repre-
senting any tumor originating in the glial cells while glioblas-
toma referring specifically to a grade IV astrocytoma or
glioblastoma multiforme (GBM). Each designation was
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considered individually and assigned to the lowest hierarchical
term in the original orphan-designated phrase. Two percent of
the oncologic designations analyzed could not be classified into
a discrete disease label via the Mondo ontology. In these cases,
we included them in the dataset, but aggregated disease terms
according to our own discrete disease label based on the details
provided in the designation phrase.

Our dataset includes all approvals that are associated with an
orphan drug designation. Drug approvals, including orphan drug
approvals, can be granted to a variety of types of approvals,
including novel drugs or biologics, new indications, and new
formulations. For ease of comparison, and to provide a more
precise and relevant assessment of the actual frequency of drugs
approved for a specific orphan drug-disease combination, we
limit our dataset to focus on ‘initial approvals’ which we define as
the first approval associated with an orphan designation. This is
in contrast to ‘subsequent approvals,’ which occur after the initial
approval and are expansions of the initial approval, e.g. age
expansions based on clinical studies, new formulations. For
instance, ofatumumab, a drug designated for treatment of
chronic lymphocytic leukemia, received five approvals between
1983 and 2022: one was the first approval under this orphan
designation and the subsequent four expanded the population
eligible to receive ofatumumab. However, for this study, we
counted one approval (the ‘initial approval’) and did not include
the four ‘subsequent approvals’ in our approval counts.

Based on the targeted disease, each designation and initial
approval was also classified into an affected ‘site group’ and
associated organ based on the International Classification of
Diseases for Oncology Site Recode ICD-0-3/WHO 2008 Definition
[22]. However, the designations did not always precisely align with
this classification system, and we therefore added groupings,
when necessary. We created the site group ‘Blood’ to group all
hematologic malignancies, and for ‘Brain and Nervous Tissue,’ the
organ of ‘Brain’ was broadened to two categories: ‘Central Nervous
System (CNS)" and ‘Peripheral Nervous System (PNS)." The subca-
tegory of ‘Neuroendocrine’ was created within the site group of
‘Endocrine’ diseases. Additionally, some orphan drug designations
(and subsequent approvals) did not fit into established categories
or organ systems and were therefore subdivided into a
‘Miscellaneous’ category consisting of ‘Genetic cancer syndromes’
(e.g. von Hippel-Lindau disease) and ‘Tissue agnostic/Biomarker-
defined cancers’ — multiple cancer types related to one or more
specific molecular alterations (e.g. Neurotrophic Tyrosine Receptor
Kinase [NTRK] fusion-positive solid tumors) [23].

Finally, we investigated the number of orphan drug designa-
tions and approvals for cancer- or therapy-related complications
(e.g. tumor lysis syndrome, neoplastic meningitis, and chemother-
apy-induced toxicity). We present this as a separate analysis
because, while these drugs are not designed for a particular rare
cancer, they are related to the innate response to malignancy or to
the complications arising from the treatment of cancer.

2.1. Limitations

While the longitudinal nature of the data provides for a sub-
stantial time period to assess trends, the drug development
process is complex and sponsors experience many obstacles
and delays prior to drug approval, which lead to the two
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central limitations of this study. First, not all designations are
currently in development. The dataset used for this analysis
cannot assess whether a drug continues to be in develop-
ment, and therefore, there may be many designations in our
dataset that will not be translated into a drug approval.

Second, not all diseases that have had orphan drugs desig-
nated for them in the past would still be considered rare
today. Designation determinations rely on population esti-
mates at the time of a sponsor’s request and these calcula-
tions can change over time. For many cancers, the prevalence
is now over 200,000, and therefore our results may overesti-
mate current oncology rare disease drug development trends
by including these designations. However, it is important to
note that drugs to treat certain rare subtypes of non-rare
cancers may still be granted orphan drug designation under
the regulations as an orphan-subset, which may lead to a high
number of designations and approvals associated with a non-
rare cancer [14,24].

3. Results

There were 2,355 orphan drug designations related to cancer
between 1983 and 2022 and 317 (13%) of these designations
resulted in at least one initial approval (first approval under
one orphan drug designation). There were 181 rare cancers
that were represented by the 2,355 designations and 92 rare
cancers had at least one FDA approval. We found that five
cancers had more than 100 associated designations each, 29
cancers had 20 or more designations each, and 54 rare cancers
had only one associated designation. The maximum number
of initial approvals was 19 (for multiple myeloma
designations).

The vast majority of oncologic orphan products (n=2289;
97.2%) were designated as a therapeutic, while the remaining
designations were diagnostic (n=57; 2.4%) or prophylactic
(h =9; 0.4%). Around 60% of all oncologic designations were
for small-molecule drugs, and 40% were biologic products.
Among the approvals, the estimates were similar: 67% drugs
and 33% biologics. The proportions for both designations and
approvals have been roughly the same over the 40-year
period.
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Over the last four decades since the passage of the ODA,
oncologic orphan drug designations grew in number annually,
as detailed in Figure 1. In the first 10 years after the ODA
passed, from 1983 to 1992, there were 123 designations for
rare cancers, and that number almost doubled to 202 in the
following decade. This growth was surpassed in the next 10
years, from 2003 to 2012, with a 196% increase to 598 desig-
nations. This growth trend slowed slightly in the most recent
10 years, from 2013 to 2022, with a 140% increase to 1,432
designations. This is mirrored by orphan drug approvals,
which saw their greatest increase from 2003 to 2012 (n=62)
to 2013-2022 (n =206) with a 232% increase in approvals.

We also identified the rare cancers with the most designated
and approved products (Tables 1 and 2). Within the top desig-
nated cancers, there are three hematologic malignancies: acute
myeloid leukemia (AML), multiple myeloma, and B-cell chronic
lymphocytic leukemia (CLL). The remaining diseases represent a
diverse array of systems affected by cancer, including the ner-
vous, digestive, and reproductive systems, in addition to the skin.

This diversity is consistent with the rare cancers with the
highest numbers of approved products, with an increased
representation of hematologic malignancies, including multi-
ple myeloma, AML, follicular lymphoma, and chronic myelo-
genous leukemia (CML). Overall, these figures depict that a
wide variety of cancers have had products designated and

Table 1. Top 10 rare cancers with the most orphan drug designations (1983-
2022).

Disease Number of Designations
Malignant pancreatic neoplasm 185
Acute myeloid leukemia 183
Multiple Myeloma 130
Glioma 129
Metastatic melanoma 120
Ovarian cancer* 91
Hepatocellular carcinoma 89
Gastric cancer 80
Glioblastoma 78
B-cell chronic lymphocytic leukemia 57

*This cancer is no longer considered a rare disease as defined by statute as total
disease prevalence is currently calculated to be greater than 200,000 affected
people in the US.

Number of Approvals

Figure 1. Number of oncologic orphan drug designations (n=2,355) and approvals (n=317) from 1983-2022.



Table 2. Top 10 orphan drug-designated cancers with the most initial approvals
(1983-2022).

Disease Number of Approvals
Multiple myeloma 19
Non-small cell lung carcinoma* 18
Metastatic melanoma 16
Acute myeloid leukemia 14
B-cell chronic lymphocytic leukemia 12
Follicular lymphoma 11
Hepatocellular carcinoma 1
Chronic myelogenous leukemia 8
Diffuse large B-cell lymphoma* 8
Ovarian cancer* 8

*This cancer is no longer considered a rare disease as defined by statute as total
disease prevalence is currently calculated to be greater than 200,000 affected
people in the US.

approved for them, with relatively more hematologic malig-
nancies represented in the list of rare cancers with the most
(initial) approved products.

The affected systems receiving the most designations are
hematologic, gastrointestinal, and nervous systems (Figure 2).
To further identify and analyze the characteristics of oncologic
orphan drug designations, we classified each rare cancer
represented by designations by the site group (organ system)
and site (organ) when applicable (Table 3). The three cancer
sites most represented by designations are hematologic leu-
kemias, lymphomas, and CNS tumors. Outside of these groups,
pancreatic and hepatic malignancies, melanomas of the skin,
and ovarian cancers share significant numbers of designations.

The systems receiving the most orphan drug approvals
were hematologic, gastrointestinal, and respiratory system
malignancies. However, hematologic malignancies received
significantly more approvals relative to designations than
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any other body system. While the ratio of designations to
approvals for the rare cancers with the most designated pro-
ducts is greater than 10:1, reaching almost 40:1 for nervous
system tumors, the ratio for hematologic cancers is around 5:1.

Overall, we see that almost every organ and organ system
has been targeted by at least one orphan drug-designated
oncologic product.

In a separate analysis, we found that drugs for cancer- and
therapy-related complications account for a greater number of
designations (56) and approvals (21) than most cancer sites.

4. Discussion

This research uses a comprehensive 40-year dataset of orphan
drug designations and approvals to assess trends in rare can-
cer drug development. The results highlight three key trends:
1) oncology is an active and growing area for rare disease drug
development, 2) a wide variety of systems and pathologies
have been targeted, and 3) rare cancers of the blood have the
highest approval rates among rare cancers.

First, oncology appears to be an active therapeutic area for rare
disease drug development. While previous research has demon-
strated that rare cancers represent the largest disease category of
orphan drug designations, this research also shows that there has
been rapid growth over time in the number of orphan drug
designations granted in this area, as demonstrated in Figure 1 [16].

We propose two key factors that may have contributed to
such growth. First, we recognize that advancements in the
understanding of cancer pathophysiology along with techno-
logical advancements have enabled development of targeted
therapies, including small-molecule inhibitors, chimeric anti-
gen receptor (CAR) T-cell therapy, and monoclonal antibodies.
With the ability to classify and target specific proteins or
genetic markers within a tumor, there are now greater

Blood ME——— ., 864
Gastrointestinal B 3¢ 480
Brain and Nervous Tissue 7 297
Female Genital/Reproductive [ 5 === 132
Skin B | == 131
Soft Tissue ;™ 83
Respiratory B ,5® 83
Endocrine =¥ ,," 79
Bones and Joints 4 ' 44
Urinary Fg 40 ® Orphan Drug Designations = Initial Approvals
Mesothelioma ", 35
Oral Cavity and Pharynx ", 31
Eye and Orbit "7 17
Kaposi's Sarcoma g 14
Miscellaneous* F4 11
Breast 5 9
Male Genital/Reproductive '3 5
0 100 200 300 400 500 600 700 800 900 1000

Figure 2. Oncologic orphan drug designations (and approvals) by organ system, 1983-2022.
*Miscellaneous category includes tissue agnostic/biomarker-defined cancers, and genetic cancer syndromes
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Table 3. Classification of oncologic orphan drug designations
(and Approvals) by site group and site, 1983—2022
(Designations, n = 2,355) (Approvals, n =317).

() Blood (864) (151)
a. Leukemia (365) (53)
b. Lymphoma (264) (64)
c. Plasma cell dyscrasias (142) (27)
d. Myelodysplastic/MDS/Myelofibrosis (90) (73)
e. Other lymphocytic leukemia (3) (0)
(Il) Brain and Nervous Tissue (297) (7)
a. Central nervous system (249) (4)
b. Peripheral nervous system (44) (3)
c.  Other nervous system (4) (0)
(Il) Eye and Orbit (17) (1)
(IV) Oral Cavity and Pharynx (31) (2)
a. Nasopharynx (7) (0)
b. Oropharynx (20) (2)
c.  Other oral cavity and pharynx (4) (0)
(V) Endocrine (79) (24)
a. Neuroendocrine (45) (12)
b. Thyroid (21) (8)
c.  Other endocrine including thymus (13) (4)
(Vl) Respiratory (Lung and Bronchus) (83) (25)
(VIl) Gastrointestinal (480) (36)
Pancreas (194) (4)
Liver and Intrahepatic Bile Duct (102) (77)
Stomach (85) (5)
Other Biliary (41) (5)
Esophagus (25) (3)
Colon and Rectum (12) (2)
Anus, Anal Canal, and Anorectum (5) (0)
. Other digestive organs (16) (6)
Urinary (40) (6)
a. Kidney and Renal Pelvis (33) (5)
b. Urinary bladder (7) (1)
(IX) Female Genital/Reproductive (132) (715)
a. Ovary (104) (17)
b. Cervix (12) (0)
c. Vulva (2) (0)
d. Other female genital organs (14) (4)
(X) Breast (9) (5)
(XI) Male Genital/Reproductive (5) (2)
a. Prostate (4) (7)
b. Testis (1) (7)
(XIl) Bones and Joints (44) (4)
a. Bone (42) (4)
b. Joints (2) (0)
Soft Tissue (83) (77)
Skin (131) (76)
a. Melanoma (127) (16)
b. Other non-epithelial skin (4) (0)
(XV) Kaposi's sarcoma (14) (6)
Mesothelioma (35) (2)
Miscellaneous (11) (4)
a. Tissue agnostic/Biomarker-defined cancers (8) (3)
b. Genetic cancer syndromes (3) (7)

S o an oo

(Vi)

opportunities to combat rare cancers [25]. These technologies
and molecular targets can also be shared across a variety of
different cancers, presenting the opportunity to use one drug
for different types of cancers [25]. We also propose that sev-
eral policy and funding initiatives within the last 20 years have
likely significantly contributed to the development of oncolo-
gic orphan drugs. This includes the funding of the National
Cancer Institute (NCI), which in recent years has topped $5B
annually [26]. Reforms that increased Medicare reimburse-
ments for cancer drugs in the early 2000s likely also contrib-
uted to the drug industry’s activity in this area [27]. Finally, the
Cancer Moonshot Initiative, funded through the 21° Century
Cures Act of 2016, authorized $1.8B in funding for cancer
research over 7 years [28].

Second, our analysis in Figure 2 demonstrates that nearly
every organ system is targeted by at least one orphan-desig-
nated product for rare cancer, thus representing a wide variety
of systems and pathologies. From a societal perspective, drug
development has not been limited to certain rare cancers. It is
likely that this wide representation is due to a previously
mentioned fact - that technologies and targets can be shared
across cancers. It is likely that developers have translated their
experience from cancers with greater development to other
rare cancers with previously less development. This appears to
have helped bolster the entire rare cancer drug development
pipeline.

Third, we found that hematologic malignancies, including
leukemias, lymphomas, and myelomas, have the highest num-
ber of approvals relative to designations. Additionally, among
rare cancers with the most orphan drug-designated products,
cancers of the nervous system and pancreas proportionally
have the fewest number of associated approvals.

These findings may be explained by several scientific and
clinical factors. First, hematologic cancers may have higher
approval rates because of the success of drug cocktails in improv-
ing outcomes for specific subgroups [29]. Second, approval rates
for brain cancers may be lower than average because of chal-
lenges inherent in developing therapies that cross the blood-brain
barrier (a natural protective structure). In addition to a formidable
natural resistance to therapies, the high degree of intra-tumoral
cellular heterogeneity and plasticity along with the migratory
nature of glioblastoma cells contribute to the poor outcomes
experienced by patients with glioblastoma [30-32]. Finally, pan-
creatic cancer may have lower approval rates because almost half
of these cancers are metastatic at diagnosis, leading to difficulty in
demonstrating a treatment benefit for pancreatic cancer [33].
Clinical trials of drugs have consistently failed to show a therapeu-
tic benefit due to cell-specific and extracellular resistance mechan-
isms that inhibit drug delivery and efficacy, and targeted therapy
approaches have been largely unsuccessful [33,34].

The current increasing trend in oncologic orphan drug
designations suggests that we will continue to see approvals
for rare cancer treatments [35]. Further scientific understand-
ing of the underlying pathophysiologic and genetic bases of
cancer may lead to identification of potential new targets for
drug development that, along with advances in technologies
like artificial intelligence, machine learning, and CRISPR-based
genome engineering, may contribute to advances in this
space [7]. Future research could explore specific areas where
these advances may lead in rare cancer drug development, as
well as investigating any differences between orphan-desig-
nated and non-orphan-designated oncology approvals.

5. Conclusion

This study represents the first comprehensive overview of oncol-
ogy orphan drug designations and approvals and can serve as a
baseline for assessment of future analyses. In the 40 years since
enactment of the ODA, 2,355 oncologic orphan drug designa-
tions were granted for 181 rare cancers. Additionally, 317 of
those designations resulted in at least one FDA approval for
use in 92 rare cancers. Rare hematologic cancers were the most
frequently represented cancers, but nearly every organ system



was represented by an orphan drug-designated product. Interest
and investment in drug development for rare cancers, as mea-
sured by the number of orphan drug designations and asso-
ciated approvals, has been stimulated by policy and funding
initiatives coinciding with exponential scientific advances in
recent years.
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