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Abstract

Deriving pediatric doses for locally acting drugs (LADs) presents a unique chal-
lenge because limited systemic exposure hinders commonly used approaches
such as pharmacokinetic matching to adults. This study systematically evaluated
drug development practices used for pediatric dose selection of LADs approved by
the U.S. Food and Drug Administration from 2002 to 2020. The three study objec-
tives were: (1) to determine the dose selection approach for the labeled pediatric
dose, (2) to examine the studied pediatric dose(s), and (3) to evaluate the charac-
teristics of the pediatric clinical programs used to support the labeled pediatric
dose. A total of 187 pediatric submissions were characterized for the labeled and
studied pediatric doses of LADs. The pediatric dose was predominantly labeled
as a flat dose (91%) and at a single-dose level (67%) similar to adults. The majority
(68.4%) of the submissions had the same labeled dose for pediatrics and adults.
Independent pharmacodynamic/efficacy studies in pediatric patients commonly
(64.2%) provided supportive evidence for the labeled pediatric dose. Inhalation,
nasal, and injectable submissions had the highest number of clinical trials, lowest
usage of an extrapolation of efficacy approach, and utilized diverse approaches in
selecting the studied pediatric doses. This article highlights approaches for LAD
dosing in pediatric patients and can be used to inform drug development of these
products in the pediatric population.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

For systemically absorbed drugs, dosing from adult drug development programs
can be leveraged to inform pediatric dose selection; however, locally acting drugs
(LADs) pose a challenge of not being systemically absorbed and limit the utiliza-
tion of approaches such as exposure matching.
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WHAT QUESTION DID THIS STUDY ADDRESS?

This study assessed LAD dosing practices through the following aims: (1) de-
termine the dose selection approach for the labeled pediatric dose, (2) examine
the studied pediatric dose(s), and (3) evaluate the characteristics of the pediatric
clinical programs used to support the labeled pediatric dose.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

This study demonstrated that the majority of the labeled pediatric dose was
at a single-dose level and utilized a flat dosing approach. The labeled pediat-
ric dose was commonly same as adult dose, and pediatric pharmacodynamic/
efficacy studies supported the labeled pediatric dose selection. Inhalation,
nasal, and injectable programs had the most complex pediatric drug develop-
ment programs.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

Review of these programs provides the clinical pharmacology and drug develop-

INTRODUCTION

Drug development in pediatric patients is an evolving
science. Developmental, anatomical, and physiological
changes that occur in pediatric patients increase the com-
plexity of pediatric efficacy evaluation, safety evaluation,
and dose selection. Many drugs are initially developed in
adults, and adult data are used to inform dosing for pedi-
atric studies. Several strategies have been used to inform
pediatric dose selection, including allometric scaling, ex-
posure matching, and model-informed drug development
(MIDD) approaches such as physiologically based phar-
macokinetic modeling.'™

In a systematic review of pediatric dosing methods
between 2012 and 2020, more than half of pediatric pro-
grams utilized MIDD, and the top three strategies for se-
lecting an initial study dose were empirical experience
with the product, allometric scaling, and exposure match-
ing. Titration to target response, pharmacokinetic/phar-
macodynamic (PK/PD) studies, and exposure matching
were identified as the most common strategies for the piv-
otal dose selection.’

Deriving pediatric doses for locally acting drugs (LADs)
presents a unique challenge since limited systemic expo-
sure prevents the utility of common dose selection meth-
ods that leverage PK data such as exposure matching to
adults. A lack of confidence in dose selection could also
limit the use of extrapolation of efficacy and result in a
larger and more complex pediatric drug development pro-
grams.* Even in cases where the disease manifestation in
adults and children is deemed to be similar, uncertainty
as to what dose results in a similar therapeutic effect be-
tween adults and children can limit the application of pe-
diatric extrapolation approaches for LADs.

ment communities with approaches for LAD dosing in pediatric patients.

Therefore, practices for developing and approving LAD
dosing in pediatrics were evaluated in this project with the
following three objectives: (1) determine the dose selec-
tion approach for the labeled pediatric dose, (2) exam-
ine the dose selection approach for the studied pediatric
dose(s), and (3) evaluate the extent of the pediatric clinical
programs used to support the labeled pediatric dose.

METHODS

Identification of LADs with pediatric
labeling

A subset of drugs with pediatric labeling approved by the
U.S. Food and Drug Administration's (FDA's) Center for
Drug Evaluation Research (CDER) was selected from the
FDA's public pediatric labeling site (Figure 1).” LADs
were defined as those not intended to be absorbed into the
bloodstream and whose mechanism of action occurred at
the site of drug administration). Drug products were iden-
tified as LADs based on a review of the labeling language
in the following sections of the prescribing information
(PI): Indications and Usage, Dosage and Administration,
Pediatric Use, Clinical Pharmacology, and Clinical Studies.
A 19-year study timeframe from 2002 to 2020 was chosen to
obtain a sufficiently large database of LAD regulatory sub-
missions to facilitate a reasonable evaluation. In addition,
2002 was the enactment date of the Best Pharmaceuticals
for Children Act (BPCA) and is the year in which pediatric
reviews were posted on a public website.°

Each pediatric labeling update for the selected LADs
in the pediatric labeling database was captured as a sub-
mission. When the different indications and/or age groups
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FIGURE 1 Schematic of project workflow. BLA, biologics license application; BPCA, Best Pharmaceuticals for Children Act; CBER,
Center for Biologics Evaluation and Research; LAD, locally acting drug; NDA, new drug application; PREA, Pediatric Research Equity Act.

had different dosing regimens within one labeling update,
they were captured as separate submissions to aid with
categorization. Excluded from the list were submissions
resulting from safety post-marketing studies of drugs al-
ready indicated for the pediatric population (Figure 1).
Submissions that did not receive approval for the studied
pediatric indication(s) or age group were analyzed sep-
arately from those approved to get an understanding of
their pediatric clinical programs and the studied doses.

Data extraction

Information regarding dose and characteristics of the
pediatric study programs were collected from publicly
available FDA websites such as Drugs@FDA, pediatric
labeling changes spreadsheet, and the Pediatric Research
Equity Act (PREA)/BPCA pediatric website, as well as
Pharmapendium.6'10 For 5% of the submissions, the la-
bels or regulatory reviews were missing from the publicly

available FDA sources. This information was instead ob-
tained from internal FDA sources and are only reported
at a summary level without disclosure of the names of
the drug products in this article. Information extracted
from the data sources included therapeutic indications,
labeled pediatric and adult doses, studied pediatric doses,
and other characteristics of the pediatric study programs
such as the number and type of pediatric clinical studies,
number of studied doses, and utilization of extrapolation
of efficacy approach. Subsequently, the collected data
were categorized and analyzed as presented in Table S1,
Figure 1, and Table 1.

Data categorization and analysis

Labeled pediatric dose

The labeled pediatric dose was categorized based on
whether the dose level was labeled at a single-dose level
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TABLE 1 Definitions used for categorizing labeled and studied pediatric doses for locally acting drugs (LADs).

Pediatric dose level
Single-dose level

Multiple-dose levels

Dose that is given at a single-dose level

Dose that is presented as a range of doses/concentrations/volumes and includes a range of

doses and titration to target

Other Dose level that does not fit into any of the above categories

Pediatric dose strategy
Flat dose
Body size-based dose

Dose strategy without correction for body weight

Dose strategy that includes weight-based dose, weight-band dose, and body surface area (BSA) dose

Other Dose strategy that does not fit into any of the above categories
Labeled pediatric dose
Same as adult dose (SAAD) If the dose language between adults and pediatric dose is the same and the same concentration

and dosage strength are used in pediatrics and adults

Not same as adult dose
Supportive evidence for labeled pediatric dose

Pharmacodynamic (PD)/efficacy

studies outcome
Based on literature review

Safety study(ies)

If the dose language between adults and pediatrics is different

Dose supported by independent pediatric PD/efficacy studies with a measurable clinical

Dose that relies on data and information from the literature

Dose that is supported by safety clinical studies

Other Dose support that does not fit into any of the above categories

Support for studied pediatric dose
Same as adult dose

Based on efficacy in adults or older
pediatric patients

Based on a previously studied
product in pediatric patients

Based on studies in another
indication in pediatric patients

Dose selected is same as adult dose with no further explanation in review documents

Dose selected is based on previously shown efficacy in adults or older pediatric population

Dose selection supported by a previously studied drug product in the pediatric population

Dose studied is based on a different approved indication in the pediatric population

Other Dose support that does not fit into any of the above categories

or was presented as multiple-dose levels, and if the pedi-
atric dose strategy was labeled based on body size or with-
out correction for body size (flat dosing; see definitions in
Table 1). In both scenarios, if the dosing did not fit either
category, it was labeled as “other.”

Next, the labeled pediatric dose was compared to the
labeled adult dose and assigned “same as adult dose”
(SAAD) when dosing was identical between the adult and
all the pediatric populations. The labeled pediatric dose
was assigned “not SAAD” when dosing between adult and
one or more of the pediatric populations was different.

To assess the supporting evidence for the labeled pe-
diatric dose, the types of studies and data available in
the pediatric clinical programs were evaluated. The cat-
egories were defined as “PD/efficacy studies” when the
sponsor performed independent PD/efficacy pediatric
studies, “literature-based assessment” when the only data
provided came from the literature, “safety studies” when
the pediatric data only included safety studies, or “other”
when the program did not fit into the aforementioned cat-
egories (see definitions in Table 1).

Studied pediatric dose(s)

The doses evaluated within the pediatric studies and the
supportive evidence available to support those studied
pediatric dose(s) were assessed. The supportive evi-
dence was categorized as follows: “based on studies in
another indication in pediatric patients” when the dose
studied was based on a different approved indication of
the same product in the pediatric population, “based
on a previously studied product in pediatric patients”
when the dose selection was supported by a different
previously studied and approved drug product in the
pediatric population, or “based on efficacy in adults or
older pediatric patients” when dose selection was only
supported by previous safety and efficacy in adults or
older pediatric population. In addition, when the sup-
portive evidence for the studied pediatric dose could
not be found and if the comparison between the labeled
pediatric and adult doses was SAAD, the studied pedi-
atric dose was categorized as “same as adult dose.” The
category “other” was used when the studied dose did not
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fit into any of the aforementioned categories (see defini-
tions in Table 1).

In addition, information on the number of doses and/
or dosing regimens studied was collected. The dosing
regimens studied were categorized as “same as pediatric
labeled dose” if the studied pediatric dose was the same
as the labeled pediatric dose, and “studied pediatric doses
lower or higher (or both) than the labeled dose” was as-
signed if the sponsor studied lower and/or higher than the
labeled pediatric dose in addition to the labeled pediatric
dose.

Pediatric clinical programs

Other characteristics of the pediatric clinical programs
such as the number and type of pediatric clinical trials
and the utilization of extrapolation of efficacy approach
were captured. Utilization of extrapolation of efficacy for
pediatric approval was captured based on the description
in the FDA reviews.

RESULTS
Characteristics of LADs

A total of 137 drug products approved for pediatrics be-
tween January 2002 and December 2020 that met the
definition of LADs were identified. For these products,
a total of 187 pediatric submissions were identified.
The most common routes of administration were der-
mal (34%), ophthalmic (23%), inhalation (14%), and oral
(11%) (including tablets, capsules, and oral suspensions;
Figure 2). Other routes of administration included nasal,
Vaginal and intrauterine (n=4)

Otic (n=6)

Injectable (n=7)

Nasal (n=8)

Oral (n=15)

Inhalation (n=19)

Ophthalmic (n=31)

Dermal (n=47)

FIGURE 2 Products by route of administration (n=137).

injectable (including intramuscular, intradermal, in-
traoral, intratympanic, and intravitreal), otic, and vaginal
and intrauterine.

A total of 25 submissions (15 products) were identified
that did not receive FDA approval for the proposed pedi-
atric indication due to the following reasons: 12% (3/25)
due to lack of pediatric enrollment, 12% (3/25) due to in-
adequate efficacy and safety, 16% (4/25) due to inadequate
safety, and the remaining 60% (15/25) due to insufficient
efficacy. They were represented by 33% (5/15) dermal, 27%
(4/15) inhalation, 13% (2/15) ophthalmic, 6.7% (1/15) oral,
6.7% (1/15) nasal, 6.7% (1/15) injectable, and 6.7% (1/15)
suppository products.

Assessment of labeled pediatric dose(s)
for LADs

The pediatric dose was labeled at a single-dose level in
67% (125/187) of submissions, at multiple-dose levels in
28% (52/187) of submissions, and in the other category
in 5% (10/187) of submissions (Figure 3a). Multiple-
dose levels included 40% (21/52) labeled with titration
to target dosing and 60% (31/52) allowing use of a range
of doses. The dose level category was similar between
adults and pediatrics in 82% (147/179) of the submis-
sions. The dose level comparison to adults was not feasi-
ble for eight submissions that were for pediatric-specific
diseases/conditions.

Of the 187 pediatric submissions, the labeled pedi-
atric dose was a flat dose in 91% (169/187) of submis-
sions, body size-based dosing (including body surface
area, weight-band, and weight-based dose) in 4% (8/187)
of submissions, and 5% (10/187) used other strategies
(e.g., diagnostic agents where the dose is chosen by the

34%
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Body size-based dose (BSA
dosing, weight band dosing
and weight-based dosing)
Oth
91% e
(c)
15% | ] vz vV
. | 18%
31% freree]
64%
75%
42%
[}
93%
83%
59%
33% 36%
25%
Dermal Inhalation Injectable Nasal  Ophthalmic  Oral Otic  Vaginal and
(n=58) (n=28) (n=12) (n=22) (n=40) (n=16) (n=7) intrauterine
(n=4)
W SAAD B Not SAAD @ Not indicated in adults

FIGURE 3 (a-c) Assessment of labeled pediatric dose for 187 submissions. (a) Dose level. (b) Dose strategy. (c) Labeled pediatric dose

categorization. BSA, body surface area; SAAD, same as adult dose.

physician)**™* (Figure 3b). The dose strategy was simi-

lar between adults and pediatrics in 90% (161/179) of the
submissions. The dose strategy could not be compared to
adults for eight submissions that were for pediatric spe-
cific diseases/conditions.

Overall, the dose/dosing regimen labeled for pediat-
ric was the same as adults (SAAD) in 68.4% (128/187)
of submissions. SAAD was most commonly seen for
vaginal and intrauterine (100%, 4/4), dermal (93%,
54/58), ophthalmic (83%, 33/40), and inhalation (61%,
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17/28) (Figure 3c). Regardless of whether the dose was
SAAD, the supportive evidence for the labeled pediatric
dose was categorized as 64% (120/187) of submissions
supported by independent pediatric PD/efficacy stud-
ies, 21% (39/187) supported by safety studies only, 10%
(18/187) were based on literature review, and the re-
mainder of the submissions utilized other approaches to
support the labeled pediatric dose. Fifty percent or more
of the submissions across all routes of administration
except ophthalmic and vaginal and intrauterine had in-
dependent PD/efficacy studies in pediatrics (Figure 4).
The supportive evidence for the labeled pediatric dose
was pediatric safety studies for 40% (23/58) of dermal
submissions, 23% (9/40) of ophthalmic submissions,
18% (4/22) of nasal submissions, 8% (1/12) of inject-
able submissions, 6% (1/16) of oral submissions, and 4%
(1/28) of inhalation submissions (Figure 4). The sup-
portive evidence for the labeled pediatric dose was based
on literature review for 28% (11/40) of ophthalmic sub-
missions, 25% (3/12) of injectable submissions, and 25%
(4/16) of oral submissions. All (4/4) of the vaginal and
intrauterine submissions were approved based on other
means such as extrapolation of efficacy from adults or
older pediatric age groups without any pediatric studies
performed (Figure 4).

Evaluation of the studied pediatric doses
for LADs

Evaluation of the studied pediatric doses involved captur-
ing the doses, the relationship between the studied dose(s)
to the labeled pediatric dose, and assessing the underlying
evidence to support the dose selection. Twenty-eight sub-
missions with pediatric approvals based on extrapolation
of efficacy from adult findings, literature reviews, or adult
bioequivalence studies that did not have any pediatric
clinical programs were excluded from this analysis. The
studied pediatric dose was SAAD in 48.4% (77/159) of sub-
missions. Studied doses were supported by data on a pre-
viously studied product in pediatrics (21.4%, 34/159), data
in adults or older pediatric patients for the same product
(18.2%, 29/159), data for the same product in a different
indication in pediatrics (3.8%, 6/159), and the remainder
were supported by other means (8.2%, 13/159). An exam-
ple of the other category is the pediatric studied dose that
was selected based on clinician experience such as in the
case of lidocaine hydrochloride indicated for providing
local analgesia prior to venipuncture or onabotulinum-
toxin A for treatment of upper limb spasticity. In addition,
the studied pediatric dose for sevelamer carbonate tablets,
anon-absorbed phosphate binder indicated for the control

[ ]
18%
25%
28%
40%
2% 25%
23%
6%
100%
93%
82%
67%
59%
4800 50%
Dermal Inhalation Injectable Nasal Ophthalmic Oral Otic Vaginal and
(n=58) (n=28) (n=12) (n=22) (n=40) (n=16) (n=7) intrauterine
(n=4)
W PD/efficacy studies @ Safety study(ies) [ Based on literature review [0 Other

FIGURE 4 Categorization of pediatric clinical development programs to support the labeled pediatric dose (n=187). PD,

pharmacodynamic.
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of serum phosphorus with chronic kidney disease, was
based on a percentage of adult dose."* The dose studied
in pediatric studies was SAAD in 75% (43/57) of dermal
and 71% (20/28) of ophthalmic submissions (Figure 5a).
Inhalation, nasal, and injectable submissions had the most
diverse approaches for selecting doses for pediatric stud-
ies and utilized different supporting evidence approaches
across their submissions (Figure 5a).

For the 25 submissions that did not receive pediatric in-
dications, the studied pediatric dose was most commonly
supported by data from adults or older pediatric patients
(52%, 13/25) and SAAD (20%, 5/25; data not shown).

Thirty-nine percent of submissions (62/159) studied
more than one dose and/or dosing regimen in the pediat-
ric studies. Submissions for injectable (100%, 9/9), inhala-
tion (85%, 23/27), oral (67%, 6/9), and nasal (50%, 11/22)
included studies evaluating more than one dose and/or
dosing regimen (Figure 5b).

Across submissions, 33% (52/159) studied doses lower
or higher in addition to the labeled pediatric dose(s) and
67% (107/159) studied only the labeled pediatric dose(s).
Eighty-six percent of ophthalmic, 82% of dermal, 71% of
otic, 67% of oral, and 59% of nasal submissions studied
only the labeled pediatric dose (Figure 5c). In contrast,
67% of submissions for both injectable and inhalation
products studied doses lower or higher in addition to the
labeled pediatric dose (Figure 5c).

Characteristics of the pediatric clinical
programs for LADs

The size of the pediatric drug development programs
ranged from one to up to 11 pediatric clinical trials. For
dermal products, 60% (34/57) of the submissions had one
or two pediatric clinical trials. In contrast, 57% (16/28) of
inhalation submissions had four or more pediatric clinical
trials per submission (data not shown).

The utilization of extrapolation of efficacy from adults
or older pediatric groups to younger pediatric groups was
evaluated based on the availability of explicit information
in the FDA regulatory reviews. An extrapolation of effi-
cacy approach is used when there is sufficient evidence
about the similarity of disease and response to the inter-
vention."” Extrapolation of efficacy approach was utilized
in 39% (64/164) of submissions. Among the 28 submis-
sions with no pediatric clinical trials that were excluded
from the previous analysis, five submissions utilized the
extrapolation of efficacy approach, and they were included
in this analysis (the other 23 submissions were based on
literature reviews or bioequivalence assessments). The
five submissions included four contraceptive submis-
sions (levonorgestrel-releasing intrauterine systems and

ASCPT

segesterone acetate and ethinyl estradiol vaginal system)
and a submission for an inhalation product (albuterol
sulfate).'®%

Overall, the extrapolation of efficacy approach was uti-
lized in 100% of vaginal and intrauterine submissions, 67%
of oral submissions, 49% of dermal submissions, and 46%
of ophthalmic submissions. Nasal, inhalation, otic, and
injectable submissions less commonly utilized the extrap-
olation of efficacy approach with only 27%, 18%, 14%, and
11% of their submissions, respectively, indicating the use
of extrapolation of efficacy approach (Figure 6). An exam-
ple of the extrapolation of efficacy approach is dapsone for
the topical treatment of acne vulgaris in pediatric patients
aged 9 to <12years old in which the sponsor conducted
only a safety study. The efficacy was extrapolated from
the older pediatric age group (12years and older) to this
younger pediatric population (9 to <12years old).*

DISCUSSION

Considerations surrounding pediatric dosing remain an
integral part of pediatric drug development. Pediatric tri-
als are often initiated after the efficacy and safety for the
drug has been determined in adults.**** This approach
allows for a reference range of systemic exposures from
adults to be leveraged to inform a target range of systemic
exposure in children.? However, this approach is gener-
ally not applicable for LADs because there is little or no
systemic absorption. Even when LADs have some sys-
temic exposure, the plasma concentration profiles of these
products are generally not reliable surrogate end points
for their pharmacological activities.”* In fact, according
to the FDA's guidance on allergic rhinitis product devel-
opment, efficacy trials in pediatric patients are recom-
mended for intranasal formulations regardless of whether
the drug under development has been approved in adults,
due to the plasma concentration of such drugs not being
consistently detectable or a reliable measure of efficacy.”

Differences in anatomy and physiology between adults
and pediatrics and the characteristics of the relevant drug
delivery device (e.g., size and shape) can affect the effi-
cacy and safety of LADs and have implications related to
dose.”® Pediatric doses are commonly prescribed using
body size-based dosing, but they can also be given as flat
doses. Flat dosing has been reported to offer certain ad-
vantages over body size-based dosing such as higher pa-
tient compliance, reduced risk of dose calculation errors
by clinicians, easier preparation and administration, as
well as cost-effectiveness.?® In our study, 91% of the sub-
missions were labeled as flat doses in the pediatric pop-
ulation consistent with adult dosing. In addition, 68% of
submissions were labeled for pediatrics at the same as
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FIGURE 5 (a)Supportive evidence for the studied pediatric dose (n=156). Studies approved based on literature reviews and
bioequivalence studies that did not have any pediatric clinical programs were excluded from this analysis. (b) Percentage of pediatric
programs that studied more than one dose and/or dosing regimen. (c) Categorization of doses studied in pediatric study plans with same as
pediatric labeled dose (shaded in black) and doses lower or higher (or both) in addition to the labeled dose (shaded in white). SAAD, same as
adult dose.
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FIGURE 6 Extrapolation of efficacy approach from adults or older pediatric population to younger pediatric population (n=164).
Five of 28 submissions without pediatric clinical programs were included in this analysis because they utilized the extrapolation of efficacy

approach. The remainder of 23 submissions, approved based on literature reviews and bioequivalence studies that did not have any pediatric

clinical programs, were excluded from this analysis.

adult dose. Long-term effects of using fixed adult doses for
prolonged therapy in pediatric patients have not been ade-
quately studied. However, injectables, nasal, and oral LAD
products were more likely to be labeled in pediatrics at
doses different from those labeled for adults. Additionally,
inhalation, injectable, nasal, and oral products commonly
studied more than one dose and/or dosing regimen in the
pediatric studies.

While regulatory guidelines require sponsors to
consider age-appropriate formulations,””** there are
currently no requirements for the development of age-
appropriate delivery devices despite the need to ensure
that an adequate amount of drug is delivered, for in-
stance via the intranasal route. For this reason, the FDA
recommends that all key clinical trials such as dose-
ranging studies and confirmatory efficacy and safety
trials be conducted with the to-be-marketed product for
intranasal products.?

LADs not only present challenges to new drug applica-
tions (NDAs) but to generic drug development as well. In
the product development phase, optimization and prod-
uct scale-up become difficult because of limited methods
of comparing pre- and post-product change. Sponsors
are also less reluctant to make major manufacturing im-
provements if additional clinical studies are warranted to
validate the changes.” For generic LAD products, a bio-
equivalence study with the clinical end point is often used
instead of commonly used PK end points used for most
genelrics.z“’29

These complexities may translate to drug development
programs for pediatrics. Green et al., who did not consider
LADs in their report, reported the most common pivotal
dosing strategies in pediatric programs were titration to
target response in 33% of programs, PK/PD studies (30%),

and exposure matching (20%).! In our study, PD/efficacy
studies commonly supported the labeled pediatric dose
across most routes of administration. Independent PD/
efficacy studies in pediatric patients were conducted for
64% of LAD submissions ranging from 48% of ophthalmic
submissions to 93% of inhalation submissions. Injectable
products and drug-device combination products such as
inhalation and nasal submissions reported the highest
number of clinical trials and assessed more than one dose
and/or dosing regimen in their pediatric studies. In the
case of the inhalation and nasal products, the matura-
tional difference in the respiratory tract (diameter, length,
and geometry of the passages) likely played a role in this
diversity of approach. As for injectables, difference in the
skin and subcutaneous thickness and fat content between
pediatric and adult subjects likely contributed to the ob-
served differences.

An upward shift in the usage of extrapolation of ef-
ficacy approach in pediatric studies has occurred over
time; between 2015 and 2020, 71% of the of drugs utilized
extrapolation of efficacy (complete + partial) compared
to 63% of the drugs listed in the 2009-2014 assessment
of pediatric approvals."® In our study, extrapolation of
efficacy was utilized for 39% of submissions. Injectable,
nasal, and inhalation submissions had the lowest re-
ported usage of extrapolation of efficacy approach. Of
the submissions that used extrapolation of efficacy, the
labeled pediatric dose for 75% (48/64 submissions) was
SAAD.

It has been reported by a number of authors that one
in every five pediatric trials fails because of inappropriate
trial design, inadequate participant enrollment, and poor
dose selection.?*** Our database of pediatric LADs iden-
tified 25 submissions (15 products) that were not approved
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by the FDA due to lack of pediatric enrollment or inade-
quate efficacy and/or safety data.

This study has several limitations that should be ac-
knowledged. First, our list of approved LADs with pedi-
atric submissions between 2002 and 2020 was developed
using publicly available information and may not have
been a comprehensive list. Approved LADs in the time-
frame were identified based on evaluation of their mech-
anism of action and the routes of administration by two
independent researchers, but some submissions may
have been missed. In addition, the data source could have
missed some pediatric submissions. Second, there was a
limitation in categorization as submissions could have
multiple indications with multiple pediatric age groups
with different studied and labeled dosing regimens in
some cases. However, consistent methodology and the
use of adjudication by the second researcher was used for
categorization.

In summary, this study highlights similarity in dos-
ing approaches for LADs between adults and pediatric
patients despite challenges such as limitation in utiliza-
tion of approaches such as exposure matching. Contrary
to our expectation of limited application of extrapola-
tion of efficacy approaches for LADs, the study showed
that more than one in three submissions used such ap-
proach. However, pediatric programs for LADs commonly
included PD/efficacy studies. Additionally, this study
showed that drug-device combination products such as
inhalation and nasal products in addition to injectable
products had the most complex pediatric development
programs.

This systematic evaluation of dosing for LADs can in-
form development of a structured dosing approach in the
pediatric population and provide insight into future best
practices. The work has helped identify potential LAD
product types with the most complex development pro-
grams that could be targeted to further streamline pediat-
ric drug development programs.
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