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Abstract

Clinical pharmacology is an integral discipline supporting the development, regu-
latory evaluation, and clinical use of drugs for the treatment of both common and
rare diseases. Here, we evaluated the recommendations and information available
from select clinical pharmacology studies in the therapeutic product labeling of
new molecular entities (NMEs) approved from 2017 to 2019 for both common and
rare diseases. A total of 151 NMEs, including 72 orphan and 79 non-orphan drugs,
were analyzed for recommendations and information available related to food-
drug interaction, drug-drug interaction, renal impairment, hepatic impairment,
QT assessment, and human radiolabeled mass balance studies using data collected
from the original labeling and other regulatory documents. The analysis showed
no statistically significant difference in the recommendations between orphan and
non-orphan drugs except for renal impairment related recommendations in section
8 of the labeling. Although not significant, fewer hepatic impairment labeling rec-
ommendations were available for orphan drugs when compared with non-orphan
drugs. At the time of initial approval, 79 postmarketing requirements (PMRs) and
postmarketing commitments (PMCs) for 33 orphan drugs and 39 PMRs and PMCs
for 19 non-orphan drugs were established; with most difference observed for drug—
drug interaction, hepatic impairment, and QT assessment. Overall, although there
was a trend for more labeling recommendations and fewer postmarketing studies
and clinical trials for non-orphan drugs, there appeared to be no substantial differ-
ences in how these select clinical pharmacology studies are leveraged during the
development and approval of orphan and non-orphan drugs.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
As a discipline, clinical pharmacology can be leveraged to support development,
regulatory evaluation, and clinical use of drugs for common and rare diseases.
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However, analyses have not been performed to examine how select clinical phar-
macology studies have been utilized to inform labeling recommendations and infor-
mation for orphan drugs (for rare diseases) when compared to non-orphan drugs.
WHAT QUESTION DID THIS STUDY ADDRESS?

This study aimed to compare the labeling of orphan and non-orphan drugs ap-
proved by the US Food and Drug Administration from 2017 to 2019 to understand
the availability of recommendations and information from the select clinical
pharmacology studies at the time of original drug approval. In addition, we as-
sessed if any postmarketing studies and clinical trials were established to address
knowledge gaps related to these studies.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

There appeared to be no substantial difference in how the select clinical pharma-
cology studies were leveraged during the development and approval of orphan
and non-orphan drugs, although there was a trend for more labeling recommen-
dations and information as well as fewer postmarketing studies and clinical trials
for non-orphan drugs.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

The findings suggest that leveraging clinical pharmacology principles during
drug development and evaluation can help promote therapeutic optimization,
and as a result, help the right patient receive the right drug, at the right dose, and

at the right time.

INTRODUCTION

Clinical pharmacology, a multidisciplinary field that
bridges basic pharmacology and clinical medicine, is
extensively leveraged to support drug development,
regulatory evaluation, and clinical use." During drug de-
velopment, several in vitro, in vivo, and in silico clinical
pharmacology studies are conducted to evaluate a drug’s
pharmacokinetics (PKs; e.g., absorption, distribution, me-
tabolism, and excretion [ADME]), and pharmacodynam-
ics (PDs). Some of these studies also evaluate the impact
of intrinsic factors (e.g., age, sex, race/ethnicity, genomics,
and organ function) and extrinsic factors (e.g., food-drug
interaction and drug-drug interaction) on drug exposure
and response. Clinical pharmacology relevant informa-
tion from these studies is critical for characterizing the
new drug, informing therapeutic product labeling, de-
termining the need for postmarketing studies and clini-
cal trials, and managing the lifecycle of the product.? In
the labeling, recommendations for dosage in the general
population and specific populations (therapeutic individ-
ualization) are based on information from clinical phar-
macology studies. This is applicable for drugs developed
to treat common diseases as well as rare diseases.

In the United States, rare disease is defined as a disease
that affects fewer than 200,000 people.® It is estimated that
there are over 7000 rare diseases affecting about 30 million
Americans.* However, only 5% of the 7000 rare diseases
currently have an approved therapy.’ The majority of

patients with rare diseases do not have drugs specifically
approved to treat their diseases, thereby resulting in a high
unmet medical need. To address this need, the US Food
and Drug Administration (FDA) continues to develop
pathways to support drug development for rare diseases.
For example, drugs to prevent, diagnose, or treat a rare
disease can obtain orphan drug designation that offers
several incentives for drug developers. In the last decade,
the number of new molecular entities (NMEs) approved
by the FDA that have received an orphan designation has
increased steadily. In 2017, orphan drugs accounted for
39% of all approved NMEs and was 58% in 2018, and 44%
in 2019.° This increase is attributable to the Orphan Drug
Act (ODA) passed in 1983.* It is important to note that
the ODA did not create a different statutory standard for
the approval of orphan drugs when compared with non-
orphan drugs. Approval of both orphan and non-orphan
drugs should be based on substantial evidence of effective-
ness and sufficient information on safety.’” Some factors
that make drug development for rare diseases challenging
include: (a) fewer patients are affected by a given disease
and, therefore, only a limited number of them may enroll
in clinical trials, (b) disease manifestation can be heterog-
enous, (c) the natural history of the disease and its patho-
physiology may not be well understood, and (d) nearly
half of all rare diseases are pediatric diseases. Given these
challenges, for drugs to treat rare diseases, the FDA can
exercise flexibility and scientific judgment to determine
the kind and quantity of data required for drug approval.®
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Although it has been argued by some that the regulatory
standards are higher for the approval of orphan drugs,’
others have pointed out that flexibility has been utilized in
the approval of orphan drugs."

The nature of clinical development programs support-
ing drugs for common and rare diseases are different.™
When compared with non-orphan drug development
programs, fewer subjects are enrolled and fewer studies
are conducted in orphan drug development programs.'’
The types of studies that are conducted can be expected to
vary between orphan and non-orphan drug development
programs. For example, for non-orphan drugs, multiple
dose-finding studies are more common. For orphan drugs,
development programs can vary with respect to enrollment
of healthy volunteers or patients as well as total patient
population enrolled.'” This suggests that the FDA exercises
judgment under the regulations to support an appropriate
clinical pharmacology development program all the while
balancing the need for information with feasibility."®

It may be expected that more information may be avail-
able at the time of approval for non-orphan drugs because
of the number of studies and subjects enrolled in the en-
tire drug development program. Whether information
is available from a large or limited number of studies or
subjects, as a discipline, clinical pharmacology is critical
for informing the labeling. Particularly, studies that as-
sess the impact of food on drug exposure (referred to as
food effect [FE] study),'* drug-drug interaction (DDI),"
renal impairment (RI),'® hepatic impairment (HI),"” QT
assessment,'® and human radiolabeled mass balance (MB)
studies™ are anticipated to be leveraged similarly by both
orphan and non-orphan drugs. When knowledge gaps
are present, that is, specific recommendations cannot be
provided in the labeling, postmarketing studies and clin-
ical trials (i.e., postmarketing requirements [PMRs] and
postmarketing commitments [PMCs]) are anticipated to
be established at the time of drug approval for orphan and
non-orphan drugs to obtain this information, and to sub-
sequently inform the labeling.

Several publications have described the clinical phar-
macology studies that support the development of orphan
drugs.'****! However, a comparison between drugs for rare
diseases and common diseases has not been done to un-
derstand if select clinical pharmacology studies were per-
formed during drug development and how the information
translated into the labeling at the time of approval. Here,
we aimed to compare the labeling of orphan and non-
orphan NMEs approved between 2017 and 2019 to under-
stand the availability of recommendations and information
from the select clinical pharmacology studies at the time of
approval. In addition, we evaluated if any PMRs and PMCs
were established for these orphan and non-orphan drugs to
address knowledge gaps related to these studies.

ASCPT

METHODS

NME:s approved as new drug application (NDA) or bio-
logics license application (BLA) by the FDA’s Center for
Drug Evaluation and Research (CDER) from 2017 to 2019
were identified using publicly available databases.****
Of the NMEs approved, two were excluded from further
analysis - (a) fosnetupitant and palonosetron (clinical
pharmacology information for this drug combination
was borrowed from previously approved drugs), and (b)
brilliant blue G ophthalmic solution (which did not have
information on select clinical pharmacology studies as
this diagnostic agent may not need the traditional clinical
pharmacology studies to characterize it).

The original labeling (at the time of NME initial ap-
proval) was used to collect recommendations related to
FE, DDI, RI, and HI, as well as information on QT as-
sessment and human radiolabeled MB study. Publicly
available clinical pharmacology reviews were referred as
needed. Approval letters were used to collect information
on postmarketing studies and clinical trials established for
the select clinical pharmacology studies listed above.

Additional information on the NME, such as route of
administration, type of product, and therapeutic area were
collected. Special regulatory designations, such as orphan
drug designation, breakthrough therapy, priority review,
and fast track, or approval pathway, such as the acceler-
ated approval pathway, were collected.

Food effect

Section 2 (DOSAGE AND ADMINISTRATION) of the
labeling was assessed for the availability of recommen-
dations for dosing a drug in relation to food intake (i.e.,
take the drug “with food,” “without food,” and “with
or without food”). When such a recommendation was
unavailable in section 2, other sections of the labeling,
including subsection 12.3 (Pharmacokinetics), section
17 (PATIENT COUNSELING INFORMATION), and
Medication Guide were utilized to identify the availabil-
ity of FE-related recommendations or information. All
orally administered small molecule drugs were included
in the analysis.

Drug-drug interactions

Section 7 (DRUG INTERACTIONS) of the labeling was
assessed for the availability of recommendations related
to PK-based DDIs. Additionally, when recommenda-
tions were unavailable in section 7, Drug Interaction
Studies of subsection 12.3 (Pharmacokinetics) was used
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to collect information on whether clinical studies were
conducted to evaluate DDI concerns primarily due to al-
teration of metabolic enzymes or transporters. When a
recommendation or information on clinical DDI studies
was unavailable in either section 7 or subsection 12.3,
the availability of information on PK-based in vitro stud-
ies was cataloged. PD-based DDIs were excluded from
this analysis. All NDAs, except diagnostics or local ad-
ministration, were included in the analysis. Antibody
drug conjugate and cytokine/cytokine modulators were
also included in this analysis, whereas all other BLAs
were excluded.

Renal and hepatic impairment

Relevant subsections in section 8 (USE IN SPECIFIC
POPULATIONS) of the labeling were assessed for the
availability of recommendations related to RI and HI.
Additionally, Specific Populations of subsection 12.3
(Pharmacokinetics) was assessed to identify recom-
mendations (both explicit and implicit) for different
stages of RI (i.e., mild, moderate, or severe RI, and kid-
ney failure) and HI (i.e., mild, moderate, or severe HI).
Recommendations such as “avoid use,” “contraindica-
tion,” “dose adjustment,” “no dose adjustment,” “dose
reduction,” and “not recommended” were counted as
recommendation available. If no dose adjustment was
implied, this was also counted as recommendation avail-
able. If the labeling mentioned that recommendation
cannot be provided or if there was no information in the
labeling on the impact of RI or HI, this was considered
as no recommendation available. In order to capture
the full extent of recommendations for the analysis, we
pooled information from subsection 12.3 and section 8
of the labeling. As indicated or implied in the labeling,
information on the type(s) of studies conducted (i.e.,
dedicated renal or hepatic impairment study, population
PK [PopPK] analysis, or both) to determine the impact
of organ impairment was collected. All NMEs were in-
cluded in this analysis, except NDAs that were diagnos-
tics or were for local administration (e.g., intrauterine,
ophthalmic, and topical).

9 «

QT assessment

Subsection 12.2 (Pharmacodynamics) of the labeling was
assessed for information related to clinical studies eval-
uating QT/QTc interval prolongation. When Cardiac
Electrophysiology of subsection 12.2 was present in the
labeling, additional information was collected on the
study design (i.e., thorough QT [TQT], other studies, or

both) used to evaluate QT interval prolongation. When
subsection 12.2 was insufficient to determine the study
design for a drug, the corresponding clinical pharma-
cology reviews were referred. All NMEs were included
in this analysis.

Human radiolabeled mass balance study

Subsection 12.3 (Pharmacokinetics) of the labeling was
assessed for the presence of information on human radi-
olabeled MB study using key search terms. Additionally,
clinical pharmacology reviews were utilized when further
information was needed. All NDAs, except peptides and
oligonucleotide therapeutics, were included. All BLAs
were excluded from the analysis.

Data analysis

Based on their regulatory designation, drugs were catego-
rized as orphan or non-orphan.** Across orphan and non-
orphan categories, descriptive statistical analyses were
performed to compare the availability of recommendation
or information from select clinical pharmacology studies
listed above. Chi-square test (at the 0.05 level of signifi-
cance) was performed for the availability of recommenda-
tion in the labeling for FE in section 2, DDI in section 7, RI
and HI in section 8, and for the availability of information
in the labeling for QT assessment in subsection 12.2 and
human radiolabeled MB study in subsection 12.3. In addi-
tion, PMRs and PMCs established for the aforementioned
clinical pharmacology studies were also compared for or-
phan and non-orphan drugs.

RESULTS

Of the 153 NMEs approved by the CDER from 2017 to
2019, 151 NMEs were included in this analysis. Of these, 72
NMEs (48%; 51 NDAs and 21 BLAs) were orphan drugs and
79 (52%; 61 NDAs and 18 BLAs) were non-orphan drugs.

Regulatory designations and pathways
for approval

When comparing orphan and non-orphan drugs for spe-
cial regulatory designations, significantly more orphan
drugs received breakthrough therapy, priority review, and
fast track designations or were approved via the acceler-
ated approval pathway as compared with non-orphan
drugs (Table 1).
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TABLE 1 Summary of regulatory designations and approval
pathway for orphan and non-orphan drugs

Orphan Non-orphan
Regulatory designation/ (N = 72) (N=179)
pathway % (n) % (n)
Priority review* 88% (63) 49% (39)
Accelerated approval* 21% (15) 5% (4)
Breakthrough therapy* 43% (31) 16% (13)
Fast track* 53% (38) 27% (21)

*All p values were statistically significant at 0.05 level.

Overall availability of information from
select clinical pharmacology studies

When comparing orphan and non-orphan drugs for the
availability of recommendations in the labeling for FE
in section 2, DDI in section 7, and HI in section 8, and
for the availability of information in the labeling for QT
assessment in subsection 12.2 and human radiolabeled
MB study in subsection 12.3, there were no statistically
significant differences (Figure 1). The only statistically
significant difference was observed for the availability of
recommendations for RI in section 8.

Overall, 52 drugs had postmarketing studies and
clinical trials established for the clinical pharmacology

FE
(Sec. 2;
n=83)

DDI
(Sec. 7;
n=117)

RI *
(Sec. 8;
140)

Recommendation
n

(Sec. 8;
n=140)

QT
n=151)

Information

MB
(Sec.12.3; (Sec. 12.2;
n=100)

FIGURE 1
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studies listed above. This included 33 orphan drugs with
79 PMRs or PMCs and 19 non-orphan drugs with 39
PMRs or PMCs.

Availability of recommendations related
to food

The analysis included 83 NMEs (all NDAs), of which
41 (49%) were orphan and 42 (51%) were non-orphan
drugs that were administered orally. Of this, 90%
(37/41) orphan and 93% (39/42) non-orphan drugs had
specific recommendations related to food intake in
section 2 of the labeling (Figure 1). Of the four orphan
drugs without recommendations in section 2, one had
recommendation in the Medication Guide and all four
had information related to the effect of food on drug
exposure in subsection 12.3. Of the three non-orphan
drugs without recommendations in section 2, one had
recommendation in section 17, one had food effect
related information in subsection 12.3, and one had
information on food intake in section 14 (CLINICAL
STUDIES).

One orphan and one non-orphan drug had a PMR es-
tablished to further evaluate the effect of food on exposure
or response to the drugs (Figure 2).

Orphan (n=41) | 00%
Non-orphan (n=42) I O3 %

Orphan (n=54) I 7 0%
Non-orphan (n=63) I —— N 7 5%,

Orphan (n=69) N 33%

Non-orphan (n=71) I 5 5%

Orphan (n=69) N 42 %
Non-orphan (n=71) I 50 %

Orphan (N=72) I )%/
Non-orphan (n=79) I 6%

Orphan (n=45) I G 7 %
Non-orphan (n=55) I G2 %

Clinical pharmacology recommendation or information availability in the original labeling of orphan and non-orphan

drugs. *RI recommendation availability was statistically significant in Section 8 of the labeling (p < 0.05) between orphan and non-orphan

drugs. See Methods for inclusion and exclusion criteria for each study category. DDI, Drug-drug Interaction; FE, Food Effect; HI, Hepatic
Impairment; MB, human radiolabeled Mass Balance study; RI, Renal Impairment; Sec., Section of the labeling.
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Orphan (n=54)
g Non-orphan (n=63)
Orphan (n=69) I 0%
= Non-orphan (n=71) I (%
Orphan (n=69)
T Non-orphan(n=71) N 4%
Orphan (n=72) s 11%
8 Non-orphan (n=79) m— 3%
Orphan (n=45) = 2%
g Non-orphan (n=55)

FIGURE 2 Postmarketing studies established for orphan and non-orphan drugs for the select clinical pharmacology studies.

Postmarketing studies include both postmarketing requirements (PMR) and commitments (PMC). The percentages presented reflect the

number of drugs with postmarketing studies established rather than the total number of postmarketing studies established. DDI, Drug-drug

Interaction; FE, Food Effect; HI, Hepatic Impairment; MB, human radiolabeled Mass Balance study; RI, Renal Impairment.

Availability of recommendations for
drug-drug interaction

The analysis included 117 NMEs (90% NDAs and 10%
BLAs), of which 54 (46%) were orphan and 63 (54%) were
non-orphan drugs. Of this, 70% (38/54) orphan and 75%
(47/63) non-orphan drugs had PK-based DDI recommen-
dations in section 7 of the labeling (Figure 1).

Drugs without a PK-based DDI recommendation in sec-
tion 7 (n = 32; 16 orphan and 16 non-orphan drugs) were
analyzed further for information on PK-based clinical DDI
studies in subsection 12.3 and subsequently for information
from in vitro DDI studies in the same subsection (Data S1).
For 27 drugs (12 orphan and 15 non-orphan), clinical and/
or in vitro DDI studies were described in subsection 12.3 of
the labeling. For one of the five drugs without any informa-
tion in section 7 and subsection 12.3, in vitro studies were
done (negative DDI finding) but information was not in the
original labeling. For the other four drugs, DDI was not an-
ticipated based on the drug properties.

Eighteen of the 54 orphan drugs had a total of 44 post-
marketing DDI studies, including 29 established as PMRs
and 15 established as PMCs (Figure 2). Six of these were
established for in vitro, 32 for clinical, and six for in silico
studies. Fifteen of the 63 non-orphan drugs had a total of
25 postmarketing DDI studies, including 15 established as

PMRs and 10 established as PMCs (Figure 2). Five of these
were established for in vitro, 17 for clinical, and three for
in silico studies.

Availability of recommendations for renal
impairment

The analysis included 140 NMEs (75% NDAs and 25%
BLAS), of which 69 (49%) were orphan and 71 (51%) were
non-orphan drugs. Specifically looking at section 8 of the
labeling, 65 drugs, 38% (26/69) orphan and 55% (39/71)
non-orphan drugs, had specific recommendations re-
lated to RI (Figure 1). When looking at both section 8 and
subsection 12.3, 115 drugs, 78% (54/69) orphan and 86%
(61/71) non-orphan drugs, had recommendations for vari-
ous RI stages (Figure 3). Of the 140 drugs, 25 (15 orphan
and 10 non-orphan) drugs had no information on RI, or it
was stated in the labeling that a recommendation cannot
be provided.

When further looking at the 115 drugs for specific RI
stages (Figure 3), recommendations for mild RI were avail-
able for 98% (53/54) orphan and 100% (61/61) non-orphan
drugs. Recommendations for moderate RI were avail-
able for 98% (53/54) orphan and 97% (59/61) non-orphan
drugs. Recommendations for severe RI were available for
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57% (31/54) orphan and 77% (47/61) non-orphan drugs.
Recommendations for patients with kidney failure were
available for 31% (17/54) orphan and 44% (27/61) non-
orphan drugs, respectively.

Of the 54 orphan drugs with recommendations avail-
able across various RI stages, for 49 drugs, the labeling
had information on the type of study used to characterize
the effect of renal function on PK. This included PopPK
(n = 37), dedicated RI study (n = 10), and both (n = 2)
(Data S2). Of the 61 non-orphan drugs with recommenda-
tions available, for 55 drugs, the labeling had information
on the type of study used to characterize the effect of renal
function on PK. This included PopPK (n = 22), dedicated
RI study (n = 30), and both (n = 3; Data S2). Information
about the type of the study was unavailable in the labeling
for five orphan and six non-orphan drugs (Data S2).

Orphan (n=54)

=
= _
Non-orphan (n=61)
% Orphan (n=54)
o
©
© Non-orphan (n=61)
p=
c» Orphan (n=54)
o
>
& Non-orphan (n=61)
>Q Orphan (n=54)
c =
=i
¥ w  Non-orphan (n=61)
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Six of the 69 orphan drugs had six postmarketing RI
studies, including five PMRs and one PMC. Four of the
71 non-orphan drugs had four postmarketing RI studies,
including three PMRs and one PMC (Figure 2).

Availability of recommendations for
hepatic impairment

The analysis included 140 NMEs (75% NDAs and 25%
BLAS), of which 69 (49%) were orphan and 71 (51%) were
non-orphan drugs. Specifically looking at section 8 of the
labeling, 66 drugs, 42% (29/69) orphan and 52% (37/71)
non-orphan drugs, had specific recommendations re-
lated to HI (Figure 1). When looking at both section 8 and
subsection 12.3, 107 drugs, 74% (51/69) orphan and 79%

. 03%
., 100%
. 08%
I, 7%
I S 7%
., 7 7%
I 31%

I 4%

FIGURE 3 Availability of recommendation by renal function stages. 115 drugs with recommendations for various renal impairment
stages in Section 8 and Subsection 12.3 of the labeling were included. See Methods for additional details.

- Orphan (n=51)
s
Non-orphan (n=56)
FIGURE 4 Availability of ‘E Orphan (n=51)
recommendation by hepatic function =
stages. 107 drugs with recommendations § Non-orphan (n=56)
for hepatic function stages in Section 8
and Subsection 12.3 of the labeling were §
included. See Methods for additional b«

details.

Non-orphan (n=56)

I 037%
I 100%
I 7%
I 01%

Orphan (n=51) I 23%

I 30%
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(56/71) non-orphan drugs, had recommendations for vari-
ous HI stages (Figure 4). Of the 140 drugs, 33 (18 orphan
and 15 non-orphan) drugs had no information on HI, or it
was stated in the labeling that a recommendation cannot
be provided.

When further looking at the 107 drugs for specific HI
stages (Figure 4), recommendations for mild HI were avail-
able for 98% (50/51) orphan and 100% (56/56) non-orphan
drugs. Recommendations for moderate HI were available
for 65% (33/51) orphan and 91% (51/56) non-orphan drugs.
Recommendations for severe HI were available in 43%
(22/51) orphan and 80% (45/56) non-orphan drugs.

Of the 51 orphan drugs with recommendations avail-
able across various HI stages, for 43 drugs, the labeling
had information on the type of study used to characterize
the effect of hepatic function on PK. This included PopPK
(n = 28), dedicated HI study (n = 13), and both (n = 2;
Data S3). Of the 56 non-orphan drugs with recommen-
dations available, for 48 drugs, the labeling had informa-
tion on the type of study used to characterize the effect
of hepatic function on PKs. This included dedicated HI
study (n = 31), PopPK (n = 12), and both (n = 5; Data S3).
Information about the type of the study was unavailable in
the labeling for eight orphan and eight non-orphan drugs.

Nineteen of the 69 orphan drugs had a total of 20 post-
marketing HI studies established as PMRs. Three of the
71 non-orphan drugs had three postmarketing HI studies
established as PMRs (Figure 2).

Availability of information on
QT assessment

The analysis included 151 NMEs (74% NDAs and 26%
BLAsS), of which 72 (48%) were orphan and 79 (52%) were
non-orphan drugs. Information related to QT assessment
in subsection 12.2 was not available in 56 NMEs (37%).
Of the remaining 95, 60% (43/72) orphan and 66% (52/79)
non-orphan drugs had specific information related to QT
assessment in subsection 12.2 of the labeling (Figure 1).
For orphan drugs, 40% (17/43) had conducted TQT stud-
ies, 51% (22/43) had relied on other types of studies, and
9% (4/43) had utilized both TQT and other types of stud-
ies to provide information on the risk of QT prolongation.
For non-orphan drugs, 60% (31/52) had conducted TQT
studies, 28% (15/52) had relied on other types of studies,
and 12% (6/52) had utilized both TQT and other types of
studies to provide information on the risk of QT prolonga-
tion (Data S4).

Eight of the 72 orphan drugs had eight postmarketing
QT assessment studies established as PMRs. Two of the 79
non-orphan drugs had two postmarketing QT assessment
studies established as PMRs (Figure 2).

Availability of information from human
radiolabeled mass balance study

The analysis included 100 NDAs, of which 45 (45%)
were orphan and 55 (55%) were non-orphan drugs. Of
this, 67% (30/45) orphan and 62% (34/55) non-orphan
drugs had specific information from human radiola-
beled MB study in subsection 12.3 (Figure 1). Although
not picked up in the keyword search of the subsection
12.3, eight additional non-orphan drugs had informa-
tion on human radiolabeled MB studies in the clinical
pharmacology review resulting in 76% of non-orphan
drugs with MB studies.

One orphan drug had one PMR established to conduct
a human radiolabeled MB study. None of the non-orphan
drugs had PMRs or PMCs established for human radiola-
beled MB studies (Figure 2).

DISCUSSION

Overall, more orphan drugs had received special regulatory
designations or were approved via the accelerated path-
way. This is not surprising, as these special designations
and programs, such as fast track, breakthrough therapy,
priority review, and accelerated approval, were established
to facilitate and expedite development and approval of new
drugs that address unmet medical needs.”*>**

Our analysis showed no statistically significant dif-
ference in recommendations or information availabil-
ity for FE, DDI, HI, QT assessment, and MB studies
between orphan and non-orphan drugs, except for RI
related recommendations in section 8 of the labeling
(Figure 1). More postmarketing studies and clinical tri-
als were established for orphan drugs when compared
with non-orphan drugs (Figure 2). The findings for or-
phan drugs in this analysis were similar to what was ob-
served for drugs of neurological rare diseases in another
study, which found that the effects of intrinsic or extrin-
sic factors were adequately characterized in most of the
drug applications.*

Food effect

Food-drug interactions can affect systemic drug expo-
sure and consequently can have a significant impact on
the safety and efficacy of orally administered drugs.**
Therefore, it is important to determine the impact of food
during new drug development to assess the effect on sys-
temic drug exposure. This allows for dosing recommen-
dations to be provided in the labeling in relation to food
consumption (e.g., on an empty stomach, or with food).
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If dosing of a drug in relation to food consumption is im-
portant to the efficacy or safety of the drug, that informa-
tion should be clearly stated in section 2 (DOSAGE AND
ADMINISTRATION) of the labeling.”> >’ These expecta-
tions outlined here apply to the development and approval
of both orphan and non-orphan drugs.

As expected, there was no significant difference in the
availability of recommendations related to FE between
orphan and non-orphan drugs in section 2 (over 90%;
Figure 1). When considering all sections of the labeling,
all small molecule drugs included in the analysis had a
recommendation and/or information on the effect of food.

With respect to PMRs and PMCs, no difference was ob-
served between orphan and non-orphan drugs (one PMR
each was established). Although both drugs had specific
recommendations in section 2 of the labeling, more in-
formation (e.g., impact of food intake or exposure with a
low-fat meal) was needed to determine the optimal dosing
recommendations in relation to food resulting in a PMR
for these two drugs.

Drug-drug interaction

DDIs can either reduce therapeutic efficacy or enhance
drug toxicity.”® Recently, the FDA issued several guid-
ances describing a systematic, risk-based approach for
assessing the DDI potential and for providing recom-
mendations to mitigate them.'>2°732 First, an in vitro as-
sessment to evaluate the potential interaction between
drugs with cytochrome P450 enzymes and transporters
should be conducted.?* When results from in vitro stud-
ies suggest a clinical DDI study needs to be conducted,
such studies should follow." If the investigational drug
is a therapeutic protein that may modulate expression
and thus function of CYP enzymes, such as a proinflam-
matory cytokine or a cytokine modulator, evaluation
will need to be considered to evaluate the impact on
exposure of other concomitant drugs that are primar-
ily eliminated by CYP-mediated metabolism.*® In addi-
tion, if gastric pH elevation by acid-reducing agents or
drug interaction with combined oral contraceptives are
of concern, evaluation will be needed to assess if an in-
teraction in vivo may occur and whether that may affect
the concentrations of the investigational drug or con-
traceptives leading to adverse impact on efficacy and/
or safety.*"*?

Depending on the need, DDI information typically
appears in section 7 (DRUG INTERACTIONS) and sub-
section 12.3 (Pharmacokinetics) apart from other sections
of the labeling.*® Section 7 contains actionable recom-
mendations to prevent or manage drug interactions. Drug
Interaction Studies within subsection 12.3 include more
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details of in vitro and clinical DDI studies, including both
positive and pertinent negative results.”>*’ These expecta-
tions outlined here apply to the development and approval
of both orphan and non-orphan drugs.

Overall, the availability of recommendation or in-
formation related to DDI was not significantly different
for orphan and non-orphan drugs (Figure 1). As not all
drugs will have recommendations in section 7, subsec-
tion 12.3 was further analyzed. Of those without rec-
ommendation or information on clinical DDI in section
7 or subsection 12.3, some had relied on in vitro DDI
studies to conclude a lack of clinically significant drug
interactions. This may explain why some drugs had no
clinical DDI studies documented as the in vitro results
may have already ruled out the need for a clinical study.
Additionally, the conduct of in vitro studies is not ex-
pected to be significantly different between orphan and
non-orphan drugs.

With respect to PMRs and PMCs, irrespective of
whether a drug was orphan or not, DDI was the most
common type of postmarketing study established. This
is not surprising given the complexity of the DDI assess-
ment landscape (i.e., multiple mechanisms for PK-based
interaction), including drug metabolizing enzyme-based,
transporter-based, as well as based on other mechanisms
such as changes in gastric pH with acid reducing agents.
Even within drug metabolizing enzymes and transporters,
several enzymes and transporters may need to be investi-
gated to assess the potential for DDI from the perspective
of the investigational drug being a substrate (i.e., victim)
and as an inducer or an inhibitor (i.e., perpetrator). The
number of postmarketing DDI studies established was
numerically higher for orphan drugs (Figure 2). Although
a majority of the PMR/PMC studies established for both
orphan and non-orphan drugs were clinical DDI studies,
in vitro and in silico studies were also established depend-
ing on the knowledge gap. Overall, the need to establish a
PMR or PMC was generally based on the need to evaluate
the PX of the investigational drug and concomitant med-
ication to assess the magnitude of increase or decrease
in drug exposure so as to provide appropriate labeling
recommendations.

Renal impairment

The kidneys play an important role in the elimination of
drugs, and impairment or renal function can alter the PKs
of drugs.*® Changes in exposure can potentially impact
the response (safety or efficacy) to a drug, thereby neces-
sitating different dosage recommendations when com-
pared with patients with normal renal function. Based
on the exposure differences and understanding of the
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exposure-response relationships of a drug, labeling rec-
ommendations can range from no dose modification to
contraindication in specific organ function stage.16 The
FDA draft guidance provides recommendation on when
characterization of the impact of RI on drug PKs should
be considered, as well as the design and conduct of dedi-
cated RI studies and considerations for when and how to
utilize PopPK to characterize the impact of RI on PKs. It
also provides recommendations on how to derive the dose
for patients with RI.'®

A concise summary of any clinically important differ-
ences in response and recommendations for use of the drug
in specific populations defined by renal function should be
reported in section 8 (USE IN SPECIFIC POPULATION)
of the labeling unless the specific population was not
assessed.”” In certain circumstances, if describing the
absence of data provides important information for the
prescriber, the heading should be retained.?® In addition,
Specific Populations of Subsection 12.3 (Pharmacokinetics)
should include descriptions and results of studies and
analyses conducted to identify potential PX differences as
well as changes in both the parent drug and any relevant
metabolites.”” These expectations outlined here apply to
the development and approval of both orphan and non-
orphan drugs.

In this analysis, we observed that a lower proportion of
orphan drugs had recommendations related to RI in sec-
tion 8 of the labeling compared with non-orphan drugs,
and this difference was statistically significant. Although
no obvious rationale was identified, this difference may be
attributed to a number of factors. For example, the excre-
tory routes may not be evenly distributed between orphan
and non-orphan populations or the orphan drug may
have been approved for a population that may not have
an underlying RI and therefore less emphasis would have
been placed on adding that information. It might also be
a reflection of the labeling requirement for section 8 be-
cause only clinically important differences in response or
recommendations for use of the drug in the specific popu-
lation are included.>*

When looking in both section 8 and subsection 12.3, no
difference was observed between orphan and non-orphan
drugs for mild and moderate RI. However, lack of informa-
tion (e.g., unknown or no study done) was the most com-
monly reported finding for severe RI and kidney failure
stages for both orphan and non-orphan drugs. As disease
severity progressed, recommendations became scarce for
both orphan and non-orphan drugs, and was more pro-
nounced for orphan drugs. This may be because patients
with severe RI or kidney failure are often excluded from
clinical trials* and the labeling might be more conserva-
tive in the absence of data in the specific subpopulation.

Based on the labeling language, orphan drugs more
often relied on PopPK analyses compared with non-orphan
drugs. This may be reflective of the drug characteristics
and the need to maximize data to obtain necessary infor-
mation in a data sparse setting. More non-orphan drugs
had dedicated RI study compared with orphan drugs in
the labeling. This may possibly be related to the charac-
teristics of the non-orphan drugs included in this analysis
and the general expectation to follow conventional study
design in data rich settings.

With respect to PMRs and PMCs, there were no ob-
served differences in the studies being established to de-
termine the appropriate dosing recommendations for
various RI stages for orphan and non-orphan drugs. PMRs
were most commonly established for severe RI. These
studies were driven by a lack of data at the time of drug
approval and the need to identify the appropriate dosing
recommendations for the subpopulation.

Hepatic impairment

The liver is an important organ involved in the clearance
of drugs, and HI can alter the PKs of drugs eliminated
by the liver.*® Standalone PK studies in subjects with HI
are typically used to derive dosing recommendations for
this patient population, as they are often excluded from
pivotal clinical trials.*> Patients are most commonly en-
rolled into an HI study using the Child-Pugh score to
classify the degree of HI into mild, moderate, and severe
stages, however, in oncology, a growing number of stud-
ies utilizes the National Cancer Institute (NCI) organ
impairment working group (ODWG) criteria. Similar to
RI, different labeling recommendation may be needed for
different HI stages based on the knowledge of the expo-
sure response relationships. The FDA guidance provides
recommendations on when a dedicated PK study in pa-
tients with impaired hepatic function is needed and when
PopPK analysis may be useful.'” The labeling expectations
are similar for HI as described above for RL.>'"*>?7 The
expectations outlined here apply to the development and
approval of both orphan and non-orphan drugs.

In this analysis, numerical difference in the availability
of recommendations was observed in the HI subsection of
section 8 between orphan and non-orphan drugs, although
not statistically significant. As stated above in the RI dis-
cussion, both explicit and implicit recommendations were
collected by pooling information from subsection 12.3
and section 8. When looking in both section 8 and sub-
section 12.3, no difference was observed between orphan
and non-orphan drugs for mild HI. As the disease severity
progressed, information became scarce for orphan drugs
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when compared with non-orphan drugs. The biggest dif-
ference was observed for severe HI for orphan drugs when
compared with non-orphan drugs. Similar to RI, this dif-
ference may be influenced by a number of factors. For ex-
ample, patients with severe HI were often excluded from
clinical trials and the labeling might be more conservative
in the absence of data in the specific subpopulation.

When examining the type of studies conducted to
support HI recommendations, based on the labeling lan-
guage, orphan drugs more often relied on PopPK analyses
than non-orphan drugs. This may be a result of specific
drug characteristics distributed between orphan and non-
orphan populations and the need to leverage sparse data
to the maximum possible extent. Non-orphan drugs re-
ported more dedicated HI studies when compared with
orphan drugs in the labeling. This may possibly be related
to non-orphan drug-specific characteristics included in
this analysis and the general expectation to follow tradi-
tional study design when more data are available.

With respect to PMRs and PMCs, more orphan drugs
had HI studies established than non-orphan drugs. All
studies were established as PMRs. Whether orphan drug
or non-orphan drug, when adequate information was un-
available at the time of the drug approval, postmarketing
studies, and clinical trials are established to obtain more
data to provide labeling recommendations for the corre-
sponding HI stages.

QT assessment

Evaluation of QT interval prolongation and proarrhyth-
mic risk for non-antiarrhythmic drugs must be con-
ducted with rigorous study design to investigate any
potential cardiac safety signals.'® Different study designs
can be used to study cardiac safety.’® In general, the
TQT study should be conducted early in clinical devel-
opment to inform the design of the late phase clinical
trials. This study is typically conducted in healthy vol-
unteers. Alternatively, if there is a toxicity or tolerabil-
ity concern, then it can be conducted in patients. When
the TQT studies are not conducted, other studies (e.g.,
alternative study design and exposure-response analysis)
may be used to infer QT/QTc interval prolongation.'®
Information related to QT prolongation can be presented
in several sections of the labeling, including subsection
12.2 (Pharmacodynamics) that describes the specifics
of the study.”” The general recommendation is that the
subsection 12.2 should include the subheading Cardiac
Electrophysiology and describe the drug’s effect on the QT
interval for dose(s) studied or exposure range observed
as well as any dose- or exposure-response relationships
that are identified.”’” If there is no effect of the drug on
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the QT interval, the subsection should state that, and
if the information is unknown, the subheading may be
omitted.”” When there are potential clinically significant
risks associated with QT prolongation, other sections of
the labeling will include additional information.”> The
expectations outlined here apply to the development and
approval of both orphan and non-orphan drugs.

In this analysis, a majority of the drugs had informa-
tion related to QT interval prolongation assessment in
subsection 12.2 (Figure 1). Of those drugs, fewer orphan
drugs had relied on TQT studies when compared with
non-orphan drugs. The orphan drugs relied more on other
studies (e.g., alternative study designs and/or concentra-
tion QT analysis) to provide labeling recommendations.
Of note, all TQT studies were conducted for the assess-
ment of small molecule orphan and non-orphan drugs.
All of the biologics with information in subsection 12.2
utilized other study design (e.g., alternative study designs
and/or concentration QT analysis) to determine the po-
tential for QT prolongation. These results indicate that
the needs of the drug development program (e.g., based
on drug properties and clinical context) rather than desig-
nation (orphan vs. non-orphan) determines what studies
are conducted. This finding is similar to a recent survey of
oncology drugs approvals concluding that submissions for
monoclonal antibodies were more likely to rely on model-
based approaches in place of dedicated clinical studies for
evaluation of potential QT prolongation.*®

Orphan drugs had slightly higher number of PMRs
established compared with non-orphan drugs. Whether
orphan drug or not, when information on QT was limited
or lacking (e.g., insufficient data available to rule out any
safety concerns, and the study submitted for QT assessment
did not meet the International Council for Harmonization
of Technical Requirements for Pharmaceuticals for
Human Use [ICH] E14 and ICH E14 Q&A guidelines to
exclude small effects), a PMR was established to gather
additional information.

Human radiolabeled mass balance study

For NMEs, it is essential to characterize their ADME
during drug development.’” A human radiolabeled MB
study is one of the most informative studies to collect in-
formation on identity and quantity of circulating parent
compound and metabolites, and to understand the elimi-
nation pathways of the drug.*’ In general, MB studies
are conducted for small molecule drugs in order to help
inform the subsequent drug development program (e.g.,
design of a DDI study and the need for HI and/or RI stud-
ies). However, when metabolism and elimination path-
ways are known (e.g., monoclonal antibodies, hormones,
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peptides, and oligos) or a majority of dose is recovered in
urine as unchanged parent, or if the systemic exposure is
negligible, a study may not be needed.

In our analysis, information availability was not signifi-
cantly different between orphan and non-orphan drugs,
with numerically higher non-orphan drugs conducting
human radiolabeled MB study. There was one PMR estab-
lished for an orphan drug to address the knowledge gap
related to routes and rates of excretion and to identify the
presence of circulating metabolites.

Postmarketing studies and clinical trials

PMRs and PMCs remain a useful tool for the FDA to ensure
that the approved drugs are safe and effective.*® These stud-
ies can be established at the time of approval or even after
drug approval, based on emerging needs. PMRs and PMCs
are clinical studies and trials that a drug developer conducts
after the approval of a drug to gather additional information
about a product’s safety, efficacy, or optimal use.* PMRs in-
clude studies that drug developers are required to conduct
under one or more statutes or regulations whereas PMCs
are studies that drug developers have agreed to conduct, but
that are not required by a statute or regulation.*®

Numerically higher PMRs and PMCs were estab-
lished for orphan drugs when compared with non-
orphan drugs at the time of approval (Figure 2).
However, PMRs and PMCs are established irrespective
of whether a drug is orphan or not when pertinent in-
formation is unavailable to help characterize benefit-
risk assessments in general or specific populations. The
goal is to gather additional information that will pro-
mote therapeutic optimization and individualization
for all patient subgroups who will eventually receive
the drug upon its approval.

Limitations

In this analysis, we did not evaluate if the therapeu-
tic area of the orphan and non-orphan drugs had an
impact on either the availability of labeling recom-
mendation and information or the establishment of
PMRs and PMCs. Additionally, clinical pharmacol-
ogy covers a broad spectrum of studies. This analysis
only examined select studies with recommendations
and information that are available in the labeling and
other regulatory documents (e.g., approval letters and
clinical pharmacology reviews). In this analysis, we did
not include other clinical pharmacology studies, such
as dose finding, bioavailability, bioequivalence, etc.
Additionally, only NMEs approved between 2017 and

2019 were included in this analysis. Therefore, these
results may not be generalizable to all orphan and non-
orphan drug approvals.

CONCLUSION

In this analysis, overall, there were no major differences
in the availability of clinical pharmacology recommen-
dations and information related to FE, DDI, RI, HI, QT
assessment, and human radiolabeled MB studies in the
product labeling for orphan and non-orphan NMEs. A
trend for increased availability of labeling recommen-
dations and information for non-orphan drugs was ob-
served. PopPK approaches were more often invoked for
orphan drugs to characterize the impact of renal and he-
patic impairment. Some knowledge gaps existed at the
time of initial approval for both orphan and non-orphan
drugs, and this was more pronounced for orphan drugs
leading to more postmarketing studies and clinical tri-
als being established, particularly for DDI, HI, and QT
assessments.

Development and regulatory evaluation of drugs for
both common and rare diseases have several challenges
and opportunities for both drug developers and regu-
lators. For example, whether a drug has orphan des-
ignation or not, when relevant clinical pharmacology
information was lacking, it can lead to incomplete ben-
efit/risk assessment resulting in certain knowledge gaps
at the time of drug approval, such as a lack of therapeu-
tic optimization for some subpopulations. Leveraging
clinical pharmacology principles during drug develop-
ment and evaluation can fulfill knowledge gaps and
help the right patient receive the right drug, at the right
dose, and at the right time.

AUTHOR CONTRIBUTIONS

AR, J.H., M.S,, X.Y., and R.M. wrote the manuscript.
AR, JH.,M.S.,, X.Y., and R.M. designed the research. J.H.
performed the research. A.R., J.H., M.S,, and X.Y. ana-
lyzed the data.

FUNDING INFORMATION

This project was supported in part by an appointment
(J.H.) of the research fellowship program at the Office of
Clinical Pharmacology, Center for Drug Evaluation and
Research, US Food and Drug Administration (FDA),
administered by the Oak Ridge Institute for Science and
Education through an interagency agreement between
the US Department of Energy and the FDA.

CONFLICT OF INTEREST
The authors declared no competing interests for this work.



CLIN PHARM FOR ORPHAN AND NON-ORPHAN DRUGS

| 2595

PREVIOUS REPORT

Parts of the results were presented at the 2021 American
Society for Clinical Pharmacology and Therapeutics
Annual Meeting.

DISCLAIMER
The article reflects the views of the authors and should
not be construed to represent the FDA’s views or policies.

REFERENCES

1.

10.

11.

Atkinson AJ. Chapter 1—Introduction to clinical pharma-
cology. In: Atkinson AJ, Huang S-M, Lertora JJL, Markey SP,
editors. Principles of Clinical Pharmacology (Third Edition).
Washington, DC: Academic Press; 2012: 1-9.

US Food and Drug Administration. Manual of policies and pro-
cedures. Good review practices: clinical pharmacology reivew of
New Molecular Entity (NME) New Drug Applications (NDAs)
and original biologics license applications. Center for Drug
Evaluation and Research, Office of Clincial Pharmacology.
MAPP 4000.4 Rev. 1. https://www.fda.gov/media/71709/download.
Accessed August 20, 2021.

US Food and Drug Administration. Guidance for Industry. Rare
diseases: common issues in drug development. Draft Guidance.
Published 2019. https://www.fda.gov/media/119757/down-
load. Accessed March 5, 2021.

National Institute of Health. FAQs about rare diseases. https://
rarediseases.info.nih.gov/diseases/pages/31/fags-about-rare-
diseases. Accessed September 17, 2021.

PhRMA. Meeting the need: rare diseases and the orphan
drug act. https://www.phrma.org/-/media/Project/ PhRMA/
PhRMA-Org/PhRMA-Org/PDF/P-R/PhRMA-Orphan-Chart-
Pack_Final_10112019.pdf. Accessed October 12, 2021.
USFood and Drug Administration. Newdrugsat FDA: CDER’s
new molecular entities and new therapeutic biological prod-
ucts. Center for Drug Evaluation and Research. https://
www.fda.gov/drugs/development-approval-process-drugs/
new-drugs-fda-cders-new-molecular-entities-and-new-thera
peutic-biological-products. Accessed March 15, 2021.

US Food and Drug Administration. Guidance for Industry.
Demonstrating substantial evidence of effectiveness for human
drug and biological products. Draft Guidance. https://www.
fda.gov/media/133660/download. Published 2019. Accessed
October 12, 2021.

US Food and Drug Administration. Code of Federal Regulations
Title 21 [21CFR314.105]. https://www.accessdata.fda.gov/scrip
ts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=314.105. Accessed March
14, 2021.

Gobburu J, Pastoor D. Drugs against rare diseases: are the regula-
tory standards higher? Clin Pharmacol Ther. 2016;100(4):322-323.
Sasinowski FJ. Quantum of effectiveness evidence in FDA's
approval of orphan drugs: cataloguing FDA's flexibility in
regulating therapies for persons with rare disorders. National
Organization for Rare Disorders. http://cdn.rarediseases.org/
wordpresscontent/wp-content/uploads/2014/12/NORD-study-
of-FDA-approval-of-orphan-drugs.pdf. Accessed October 7,
2021.

Orfali M, Feldman L, Bhattacharjee V, et al. Raising or-
phans: how clinical development programs of drugs for rare

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

ASCPT
and common diseases are different. Clin Pharmacol Ther.
2012;92(2):262-264.
Bashaw ED, Huang S-M, Coté TR, et al. Clinical pharmacology
as a cornerstone of orphan drug development. Nat Rev Drug
Discov. 2011;10(11):795-796.
Bashaw ED. A clinical pharmacology-regulatory perspective on
the approval of drugs for rare diseases. Clin Pharmacol Ther.
2016;100(4):327-329.
US Food and Drug Administration. Guidance for industry.
Assessing the effects of food on drugs in INDs and NDAs — clin-
ical pharmacology considerations. Draft guidance. https://www.
fda.gov/media/121313/download. Published 2019. Accessed
April 30, 2021.
US Food and Drug Administration. Guidance for Industry.
Clinical drug interaction studies—cytochrome P450 enzyme- and
transporter-mediated drug interactions. Published 2020. https://
www.fda.gov/media/134581/download. Accessed June 7, 2021.
US Food and Drug Administration. Guidance for industry.
Pharmacokinetics in patients with impaired renal function—
study design, data analysis, and impact on dosing. Draft guid-
ance. Published 2020. https://www.fda.gov/media/78573/
download. Accessed May 31, 2021.
US Food and Drug Administration. Guidance for Industry.
Pharmacokinetics in patients with impaired hepatic function:
study design, data analysis, and impact on dosing and labeling.
Published 2003. https://www.fda.gov/media/71311/download.
Accessed May 31, 2021.
US Food and Drug Administration. Guidance for Industry. E14
clinical evaluation of QT/QTc interval prolongation and proar-
rhythmic potential for non-antiarrhythmic drugs. Published
2005. https://www.fda.gov/media/71372/download. Accessed
May 24, 2021.
US Food and Drug Administration. Guidance for Industry.
Clinical pharmacology considerations for human radiola-
beled mass balance studies. Draft Guidance. Published 2022.
https://www.fda.gov/media/158178/download. Accessed May
5,2022.
Bashaw ED, Fang L. Clinical pharmacology and orphan drugs:
an informational inventory 2006-2010. Clin Pharmacol Ther.
2012;91(5):932-936.
Abuasal B, Ahmed MA, Patel P, et al. Clinical pharmacology in
drug development for rare diseases in neurology: contributions
and opportunities. Clin Pharmacol Ther. 2022;111(4):786-798.
US Food and Drug Administration. Designating an orphan
product: drugs and biological products. https://www.fda.
gov/industry/developing-products-rare-diseases-conditions/
designating-orphan-product-drugs-and-biological-products.
Accessed September 17, 2021.
US Food and Drug Administration. Drugs@FDA. https://www.
accessdata.fda.gov/scripts/cder/daf/. Accessed March 15, 2021.
US Food and Drug Administration. Fast track, breakthrough
therapy, accelerated approval, priority review. https://www.fda.
gov/patients/learn-about-drug-and-device-approvals/fast-track-break
through-therapy-accelerated-approval-priority-review. Accessed
September 17, 2021.
US Food and Drug Administration. Guidance for Industry.
Labeling for human prescription drug and biological products—
implmenting the PLR content and format requirements.
https://www.fda.gov/media/71836/download. Published 2013.
Accessed May 27, 2021.


https://www.fda.gov/media/71709/download
https://www.fda.gov/media/119757/download
https://www.fda.gov/media/119757/download
https://rarediseases.info.nih.gov/diseases/pages/31/faqs-about-rare-diseases
https://rarediseases.info.nih.gov/diseases/pages/31/faqs-about-rare-diseases
https://rarediseases.info.nih.gov/diseases/pages/31/faqs-about-rare-diseases
https://www.phrma.org/-/media/Project/PhRMA/PhRMA-Org/PhRMA-Org/PDF/P-R/PhRMA-Orphan-Chart-Pack_Final_10112019.pdf
https://www.phrma.org/-/media/Project/PhRMA/PhRMA-Org/PhRMA-Org/PDF/P-R/PhRMA-Orphan-Chart-Pack_Final_10112019.pdf
https://www.phrma.org/-/media/Project/PhRMA/PhRMA-Org/PhRMA-Org/PDF/P-R/PhRMA-Orphan-Chart-Pack_Final_10112019.pdf
https://www.fda.gov/drugs/development-approval-process-drugs/new-drugs-fda-cders-new-molecular-entities-and-new-therapeutic-biological-products
https://www.fda.gov/drugs/development-approval-process-drugs/new-drugs-fda-cders-new-molecular-entities-and-new-therapeutic-biological-products
https://www.fda.gov/drugs/development-approval-process-drugs/new-drugs-fda-cders-new-molecular-entities-and-new-therapeutic-biological-products
https://www.fda.gov/drugs/development-approval-process-drugs/new-drugs-fda-cders-new-molecular-entities-and-new-therapeutic-biological-products
https://www.fda.gov/media/133660/download
https://www.fda.gov/media/133660/download
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=314.105
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=314.105
http://cdn.rarediseases.org/wordpresscontent/wp-content/uploads/2014/12/NORD-study-of-FDA-approval-of-orphan-drugs.pdf
http://cdn.rarediseases.org/wordpresscontent/wp-content/uploads/2014/12/NORD-study-of-FDA-approval-of-orphan-drugs.pdf
http://cdn.rarediseases.org/wordpresscontent/wp-content/uploads/2014/12/NORD-study-of-FDA-approval-of-orphan-drugs.pdf
https://www.fda.gov/media/121313/download
https://www.fda.gov/media/121313/download
https://www.fda.gov/media/134581/download
https://www.fda.gov/media/134581/download
https://www.fda.gov/media/78573/download
https://www.fda.gov/media/78573/download
https://www.fda.gov/media/71311/download
https://www.fda.gov/media/71372/download
https://www.fda.gov/media/158178/download
https://www.fda.gov/industry/developing-products-rare-diseases-conditions/designating-orphan-product-drugs-and-biological-products
https://www.fda.gov/industry/developing-products-rare-diseases-conditions/designating-orphan-product-drugs-and-biological-products
https://www.fda.gov/industry/developing-products-rare-diseases-conditions/designating-orphan-product-drugs-and-biological-products
https://www.accessdata.fda.gov/scripts/cder/daf/
https://www.accessdata.fda.gov/scripts/cder/daf/
https://www.fda.gov/patients/learn-about-drug-and-device-approvals/fast-track-breakthrough-therapy-accelerated-approval-priority-review
https://www.fda.gov/patients/learn-about-drug-and-device-approvals/fast-track-breakthrough-therapy-accelerated-approval-priority-review
https://www.fda.gov/patients/learn-about-drug-and-device-approvals/fast-track-breakthrough-therapy-accelerated-approval-priority-review
https://www.fda.gov/media/71836/download

2596 |

HSIEH ET AL.

26.

27.

28.

29.

30.

31.

32.

33.

34.

ASCPT
US Food and Drug Administration. Guidance for Industry.
Dosage and administration section of labeling for human pre-
scription drug and biological products—content and format.
Published 2010. https://www.fda.gov/media/72142/download.
Accessed May 25, 2021.
US Food and Drug Administration. Guidance for Industry.
Clinical Pharmacology section of labeling for human pre-
scription drug and biological products—content and format.
Published 2016. https://www.fda.gov/media/74346/download.
Accessed May 25, 2021.
Huang S-M, Temple R, Throckmorton DC, Lesko LJ. Drug
interaction studies: study design, data analysis, and im-
plications for dosing and labeling. Clin Pharmacol Ther.
2007;81(2):298-304.
US Food and Drug Administration. Guidance for Industry.
In vitro drug interaction studies—cytochrome P450 enzyme-
and transporter-mediated drug interactions. Published 2020.
https://www.fda.gov/media/134582/download. Accessed June
7,2021.
US Food and Drug Administration. Guidance for Industry.
Drug-drug interaction assessment for therapeutic proteins.
Draft Guidance. Published 2020. https://www.fda.gov/media/
140909/download. Accessed August 2, 2021.
US Food and Drug Administration. Guidance for Industry.
Evaluation of gastric pH-dependenct drug interactions with
acid-reducing agents: study design, data analysis, and clinical
implication. Draft Guidance. Published 2020. https://www.fda.
gov/media/144026/download. Accessed October 29, 2021.
US Food and Drug Administration. Guidance for Industry.
Clinical drug interaction studies with combined oral contra-
ceptives. Draft Guidance. Published 2020. https://www.fda.
gov/media/143849/download. Accessed October 29, 2021.
Paglialunga S, Offman E, Ichhpurani N, Marbury TC, Morimoto
BH. Update and trends on pharmacokinetic studies in patients
with impaired renal function: practical insight into application
of the FDA and EMA guidelines. Expert Rev Clin Pharmacol.
2017;10(3):273-283.
Sahre MD, Milligan L, Madabushi R, et al. Evaluating pa-
tients with impaired renal function during drug development:

35.

36.

37.

38.

39.

highlights from the 2019 US FDA Pharmaceutical Science and
Clinical Pharmacology Advisory Committee Meeting. Clin
Pharmacol Ther. 2021;110(2):285-288.

Talal AH, Venuto CS, Younis I. Assessment of hepatic impair-
ment and implications for pharmacokinetics of substance use
treatment. Clin Pharmacol Drug Dev. 2017;6(2):206-212.
Faucette S, Wagh S, Trivedi A, Venkatakrishnan K, Gupta N.
Reverse translation of US Food and Drug Administration
Reviews of Oncology New Molecular Entities Approved in
2011-2017: lessons learned for anticancer drug development.
Clin Transl Sci. 2018;11(2):123-146.

Coppola P, Andersson A, Cole S. The importance of the
human mass balance study in regulatory submissions. CPT
Pharmacometrics Syst Pharmacol. 2019;8(11):792-804.

US Food and Drug Administration. Postmarketing require-
ments and commitments: introduction. https://www.fda.gov/
drugs/guidance-compliance-regulatory-information/postm
arket-requirements-and-commitments. Accessed June 7, 2021.
US Food and Drug Administration. Postmarketing studies and
clinical trials - implementation of section 505(0)(3) of the Federal
Food, Drug, and Cosmetic Act Guidance for Industry. https://
www.fda.gov/media/148646/download. Accessed June 7, 2021.

SUPPORTING INFORMATION
Additional supporting information can be found online

in

the Supporting Information section at the end of this

article.

How to cite this article: Hsieh J, Sahre M, Yang X,
Madabushi R, Ramamoorthy A. Clinical
pharmacology information in regulatory submissions
and labeling: A comparative analysis of orphan and
non-orphan drugs approved by the FDA. Clin Transl
Sci. 2022;15:2583-2596. d0i:10.1111/cts.13362



https://www.fda.gov/media/72142/download
https://www.fda.gov/media/74346/download
https://www.fda.gov/media/134582/download
https://www.fda.gov/media/140909/download
https://www.fda.gov/media/140909/download
https://www.fda.gov/media/144026/download
https://www.fda.gov/media/144026/download
https://www.fda.gov/media/143849/download
https://www.fda.gov/media/143849/download
https://www.fda.gov/drugs/guidance-compliance-regulatory-information/postmarket-requirements-and-commitments
https://www.fda.gov/drugs/guidance-compliance-regulatory-information/postmarket-requirements-and-commitments
https://www.fda.gov/drugs/guidance-compliance-regulatory-information/postmarket-requirements-and-commitments
https://www.fda.gov/media/148646/download
https://www.fda.gov/media/148646/download
https://doi.org/10.1111/cts.13362

	Clinical pharmacology information in regulatory submissions and labeling: A comparative analysis of orphan and non-­orphan drugs approved by the FDA
	Abstract
	INTRODUCTION
	METHODS
	Food effect
	Drug–­drug interactions
	Renal and hepatic impairment
	QT assessment
	Human radiolabeled mass balance study
	Data analysis

	RESULTS
	Regulatory designations and pathways for approval
	Overall availability of information from select clinical pharmacology studies
	Availability of recommendations related to food
	Availability of recommendations for drug–­drug interaction
	Availability of recommendations for renal impairment
	Availability of recommendations for hepatic impairment
	Availability of information on QT assessment
	Availability of information from human radiolabeled mass balance study

	DISCUSSION
	Food effect
	Drug–­drug interaction
	Renal impairment
	Hepatic impairment
	QT assessment
	Human radiolabeled mass balance study
	Postmarketing studies and clinical trials
	Limitations

	CONCLUSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST
	PREVIOUS REPORT
	DISCLAIMER
	REFERENCES


