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Abstract
Pediatric drug development lags adult development by about 8 years (Mulugeta et al. in Pediatr Clin 64(6):1185–1196, 
2017). In such context, many incentives, regulations, and innovative techniques have been proposed to address the disparity 
for pediatric patients. One such strategy is extrapolation of efficacy from a reference population. Extrapolation is currently 
justified by providing evidence in support of the effective use of drugs in children when the course of the disease and the 
expected treatment response would be sufficiently similar in the pediatric and reference population. This paper’s position is 
that, despite uncertainties, pediatric drug development programs should initially assume some degree of extrapolation. The 
degree to which extrapolation can be used lies along a continuum representing the uncertainties to be addressed through 
generation of new pediatric evidence. In addressing these uncertainties, the extrapolation strategy should reflect the level of 
tolerable uncertainty concerning the decision to expose a child to the risks of a new drug. This judgment about the level of 
tolerable uncertainty should vary with the context (e.g., disease severity, existing therapeutic options) and can be embedded 
into pediatric drug development archetypes to ascertain the extent of studies needed and whether simultaneous development 
for adults and adolescents be considered.
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Regulatory Landscape and Ethical Principles 
of Pediatric Research

The careful balance between incentives and obligations has 
stimulated pediatric research and transformed the way medi-
cines are developed and labeled. In the United States (US) 
alone, the US Food and Drug Administration (FDA) has 
issued more than 450 Written Requests for new pediatric 

studies as of October 2019 [1]. In addition, the FDA has 
made labeling changes in 854 drugs, including 199 from 
studies performed under Best Pharmaceuticals for Children 
Act (BPCA) alone, 131 under BPCA and Pediatric Research 
Equity Act (PREA), 475 under PREA only, and 49 under the 
Pediatric Rule (a precursor to PREA) since 2007. Most of 
these labeling changes are based on new pediatric studies  
[2, 3]. The European Medicines Agency (EMA) and its 
Pediatric Committee reported that the number of agreed 
Pediatric Investigation Plans (PIPs) has surpassed 1200 
out of more than 2000 submitted applications or modifi-
cations of the initial applications [4]. Furthermore, more 
than 260 new medicines for use by pediatric patients have 
been authorized, with most of them linked to the Pediatric 
Regulation’s requirements [5]. Evidence for a more robust 
pediatric medicines development also comes from Clinical-
Trials.gov where more than 600 industry sponsored pediatric 
clinical trials are underway. Of the 626 clinical trials which 
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are recruiting or not yet recruiting, majority are being con-
ducted in more than one country.1

The multi-regional nature of most pediatric develop-
ment programs highlights the need to harmonize scientific 
and regulatory principles of pediatric clinical trial conduct. 
However, a dilemma exists in finding a balance between the 
obligation to conduct clinical trials in children to evaluate 
safe and effective treatment options for pediatric indications 
and the need to protect children against the unknown risks 
and harms from trial participation and the use of unapproved 
medicines [6, 7]. There is broad international agreement 
on the ethical principles governing the conduct of clini-
cal trials in children. Children should only be enrolled in a 
clinical trial if the scientific and/or public health objectives 
cannot be met through enrolling subjects who can provide 
informed consent (cf. scientific necessity2; see also Interna-
tional Council for Harmonization (ICH) E11 (R1) [8] and 
EMA Reflection Paper on Extrapolation) [9]. Furthermore, 
children should not be placed at a disadvantage after being 
enrolled in a clinical trial, either through exposure to exces-
sive risks or by failing to get necessary healthcare. The chal-
lenge that remains is how these principles should inform the 
necessary scope of study under regulatory requirements for 
pediatric drug development.3

In the US, drugs being developed for children are sub-
ject to the same evidentiary standards for efficacy and safety 
as drugs developed in adults (see 21CFR 314.50 and PHS 
Act, 505(d)); that is, effectiveness is determined based on 
adequate and well-controlled investigations. This is echoed 
by the EMA where marketing authorization (MA) is granted 
based on the provision of adequate evidence on clinical 

efficacy and safety. An important means to balance between 
obtaining data to inform treatment options and protecting 
children participating in trials is to avoid enrolling children 
in studies that are duplicative [10]. In this regard, the US and 
EU regulations suggest a strategy of designing pediatric pro-
grams to provide complementary information. This strategy 
is based on assessing the relevance of existing information 
in the adult population to the pediatric population, in terms 
of the disease, drug pharmacology, and clinical response 
to treatment. This strategy, further, identifies the gaps or 
level of uncertainty that need to be addressed to extend a 
conclusion of adequate evidence of efficacy and safety from 
the adult to the pediatric population [11]. Such a strategy is 
called “pediatric extrapolation” and is adopted broadly by 
ICH member parties4 to maximize the use of pre-existing 
information and to reduce the amount of, or general need 
for, additional information to reach conclusions of effective 
and safe use of drugs in children.

This paper discusses extrapolation as a default scientific 
strategy for investigational pediatric product development 
(Sect. 2). Three treatment landscape archetypes will be 
introduced to help frame the discussion of extrapolation 
pertaining to similarity in disease progression and response 
to treatment. A discussion on disease similarity is provided 
in Sect. 3. There are many examples where diseases may 
vary between the reference and pediatric populations, but 
the treatments or standards of care may be similar in a way 
that could support extrapolation. Section 4 discusses simi-
larity in treatment response. This section also discusses the 
potential role for further data generation and considerations 
on how to stagger or defer further evidence generation, in 
the context of prospective benefit and risks. Section 5 pro-
vides a brief discussion on extrapolation methods and inno-
vative trial designs and analytics. Section 6 provides further 
recommendations.

Extrapolation as Core Scientific Strategy 
for a Streamlined Clinical Development

When a regulatory decision is made to require pediat-
ric studies for the linked adult indication, it implicitly 
assumes that the disease is “sufficiently similar." The 
ethical requirements for pediatric drug development also 
indicate that a degree of extrapolation is appropriate. 
More specifically, meeting the ethical requirement for a 

2  Belmont Report entitled Ethical Principles and Guidelines for the 
Protection of Human Subjects of Research is codified in HHS regula-
tions as 45 CFR part 46 which includes four subparts. Subpart D per-
tains to Special Protections for Children as Research Subjects. In the 
EU, children as vulnerable subjects are covered in Directive 2001/20/
EC (Clinical Trials Directive). Directive 2001/20/EC of the European 
Parliament and of the Council of 4 April 2001 on the approximation 
of the laws, regulations, and administrative provisions of the Member 
States relating to the implementation of good clinical practice in the 
conduct of clinical trials on medicinal products for human use. OJ L 
121, 1.5.2001, p. 34.
3  Both the FDA and EMA define children as the age prior to obtain-
ing the legal age of majority. Physiological development and maturity 
of organs, pathophysiology and natural history of the disease or con-
dition, available treatment options, and the pharmacology of the 
  investigational product are factors to be considered in determining 
the subgroups in pediatric studies, e.g., adolescents (12 to less than 
21 yrs old), children (2 to less than 12 yrs old), infants (29 days to 
less than 2 yrs old), and neonates (first 28 days of life). These pediat-
ric studies will be interchangeably referred to as pediatric drug devel-
opment.

4  Member parties that have implemented the guideline include 
ANVISA (Brazil), EC (Europe), FDA (US), HSA (Singapore), Health 
Canada (Canada), MFDS (Republic of Korea), MHLW/PMDA 
(Japan), NMPA (China), Swissmedic (Switzerland), and TFDA (Chi-
nese Taipei).

1  ClinicalTrials.gov search using status = recruiting or not yet recruit-
ing, age = child, study type = interventional, study phase = phase 3–4, 
funder type = industry. Accessed December 22, 2019.
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sufficient prospect of direct benefit to justify the risks 
using adult data assumes that the observed clinical benefit 
is likely to be observed in children. These observations 
support the conclusion that using extrapolation in this 
setting should be a default strategy unless proven unwar-
ranted (see also [12]). Any program that does not explore 
the use of extrapolation should justify why it is not being 
utilized.

By incorporating extrapolation, a pediatric drug 
development program can be streamlined, facilitating 
concurrent approval (i.e., with adults) in specific pedi-
atric subpopulations (e.g., adolescents) to enable their 
timely access to these drugs. This approach will prevent 
or reduce off-label pediatric use of the drug [13]. Usu-
ally this streamlined development is done based on cer-
tain factors, including the mechanism of action of the 
drug, the indication being pursued and implications for 
pediatric cohorts, the current treatment landscape within 
which the drug is being developed (e.g., existing therapies 
or no existing therapies) to name a few. To help frame 
these considerations, there are three potential treatment 
landscapes (or “archetypes”) for an investigational drug. 
These include as follows:

A.	 First in class or first in indication in adults In this arche-
type, there are no approved drugs in adults. However, 
there may be Phase 2 studies in adults establishing proof 
of direct benefit for the drugs in the class. There are no 
studies for the class of drugs in children. For example, 
anifrolumab for systemic lupus erythematosus.

B.	 Established class where adult trials have confirmed 
safety and efficacy achieving registration In this arche-
type, there are approved drugs in the same class in 
adults. There are no approved drugs in the class for chil-
dren. For example, ofatumumab in relapsing/remitting 
multiple sclerosis, glecaprevir/pibrentasvir for chronic 
HCV infection, or cinacalcet for secondary hyperparath-
yroidism (HPT) in patients with chronic kidney disease 
(CKD) receiving dialysis.

C.	 Established class where adult and pediatric trials have 
been conducted, achieving registration In this archetype, 
there are approved drugs in the same class for adults and 
children. For example, everolimus for acute rejection in 
renal transplant.

Alternatively, classes of drugs where adequate and 
well-controlled studies including both adult and pediatric 
populations were successful also justify the framework 
for extrapolation. Identifying the applicable archetype for 
an investigational drug will shape what types of assess-
ments are necessary to determine similarity between ref-
erence and target population and the knowledge gaps.

Similarity of Disease Manifestation 
and Progression

The assessment of disease similarity includes an evalu-
ation of several factors, such as the epidemiology and 
natural history of the disease, its underlying etiology, 
pathophysiology, and tissue findings (histopathology); 
clinical presentation or manifestation of the disease (signs 
and symptoms); criteria for disease diagnosis, classifica-
tion, onset, and disease severity; and comorbidities. Of 
note, age dichotomization (e.g., pediatric/adult) alone is 
an arbitrary characterization from a disease perspective 
and is often based on ethical, sociocultural, and opera-
tional (e.g., care location) considerations. Information on 
the factors above may evolve dynamically and correlate 
with the above archetypes, i.e., the more established the 
class becomes (e.g., archetype C), the more information 
on the similarity or dissimilarity of the pediatric and adult 
disease is available.

In some instances, portability of response measures, 
e.g., similar endpoints, may be used to characterize disease 
progressions providing supportive evidence of similarity. 
In infections, for example, the disease etiology and the 
clinical response endpoint definitions in adults and chil-
dren are generally the same making it possible for many 
pivotal trials in infectious diseases to include children 
(e.g., TB [14, 15]). In asthma, on the other hand, while the 
same drugs are used to treat adults and children, the under-
lying disease has some differences; for example, presence 
of atopy is strongly associated with asthma in children 
where atopy is variably associated in adult phenotypes 
[16]. However, reversible airway obstruction on spirom-
etry can be reliably measured both in older children (ages 
7–18 years) and adults suggesting that differences in dis-
ease etiology do not preclude extrapolation when the same 
endpoint can be applied. The decision to include adoles-
cents (and perhaps younger children) in pivotal clinical 
trials with adults builds on the same logic as extrapolation 
(i.e., the disease and response to treatment are similar and 
assessments of safety in children can be measured).

Within these archetypes, understanding disease pro-
gression in adults may help characterize the natural pro-
gression of disease in children through disease progres-
sion modeling (see Griggs [17] for muscular dystrophy, 
de Winter [18] for diabetes, or in the case of HCV infec-
tion in children below 3 years of age). Longitudinal data, 
often using continuous biomarkers and disease severity, 
can be used to model the disease dynamics over time. 
As therapeutic interventions may alter disease progres-
sion as measured, for example, by a pharmacodynamic 
effect, combining PK-PD models with disease progres-
sion models may help to understand the influence of drug 
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treatment on disease processes and may also help identify 
gaps in knowledge of the disease and response to treatment 
between use in adults and pediatric patients (see also [19]).

There currently is no universal answer to the question 
“When is it reasonable to assume similarity of disease and 
disease progression?” The answer depends in part on the 
indication, clinical consensus of meaningful difference, and 
the definition of the criteria for delineating when “similar 
is similar enough.” There are cases when the variability 
within the drug–disease interaction is wide but evidence 
from clinical experience over time, particularly in the case 
of Archetype C, suggests that the response of the drug may 
be similar. For example, FDA now accepts that, for opioids, 
non-steroidal anti-inflammatory drugs, acetaminophen, and 
local anesthetics, it is scientifically appropriate to extrapo-
late efficacy from adults to pediatric populations down to 
age 2–4 years [20, 21]. Importantly, there are other situ-
ations where clinical differences are observed that do not 
affect treatment response, e.g., irritable bowel disease [22], 
hypertension [23], or venous thrombosis [24]. In these cases, 
disease dissimilarity would not stop a clinician from treat-
ing a child with a compound demonstrated to be effective in 
adults. Hence, evidence of dissimilarity of disease progres-
sion may not preclude extrapolation. Additionally, disease 
dissimilarity does not mean that a drug has a dissimilar risk 
when used in children compared to adults. Nevertheless, 
understanding the differences in diseases may be helpful to 
appraise whether such differences will result in a substan-
tively different treatment response when the same drug is 
used in children. Table 1, for example, shows three indica-
tions in different development archetypes, where there prob-
ably are some minor differences in disease progression, but 
similar drugs are used in adult and children. Finally, the drug 
developer should also keep in mind that where differences in 
disease progression are present, establishing the appropriate-
ness of the reference efficacy data for use in an extrapolation 
approach is essential to inform the benefit–risk.

Similarity of Drug Response

Establishing similarity in response to treatment within 
a given disease requires an assessment of the mecha-
nism of action of the drug or drug class, knowledge of 
dose–response, and a systematic assessment and synthesis of 
available clinical trial data and any other relevant evidence 
from clinical practice (e.g., from other pediatric age groups, 
related pediatric indications, and adult indications). Similar-
ity of clinical response may also come from other indications 
(e.g., similar mechanistic target) being studied, or from other 
products used to treat the same indication. Table 2 shows 
examples of investigational drugs representative of each 
of the three archetypes. In each of these diseases, evidence 

to support the extrapolation approach is assessed using the 
treatment response in adults and adolescents for the class in 
question and the treatment response for other classes. The 
investigational drug in Archetype B and C may be able to 
benefit from information from other drugs in the same class 
or other classes. For an investigational drug within a well-
established class, relevant data are available from other in-
class drugs to establish a reasonable expectation for similar-
ity in response. For Archetype A, uncertainty may remain as 
to whether similarity in response is expected.

It is possible that data may suggest a dissimilar response, 
a risk for dissimilar response, or even a lack of efficacy (see 
also [25]). If the difference identified can be explained in 
relation to a specific biomarker, then it may be helpful to 
describe the degree to which this biomarker explains dif-
ferences in efficacy, safety, and benefit–risk. Possible 
approaches include quantitative synthesis or meta-anal-
ysis of existing treatment data, disease response models, 
PK-PD dose–response models, or systems pharmacology 
approaches. Whatever method is used, developers will also 
want to consider if the differences could result in a clinically 
meaningful loss of efficacy or an unfavorable benefit–risk.

If efficacy for drugs in the class have not been established 
in either adults or children (e.g., Archetype A), there may be 
uncertainty whether efficacy in adults will predict efficacy in 
children. In this situation, a Phase 2 or Phase 3 study dem-
onstrating efficacy in adults provides evidence of clinical 
benefit. However, the line of reasoning that efficacy can be 
translated to children has not been established definitively 
in these cases. Such a line of reasoning may be informed 
by other classes of drugs where both adult and pediatric 
development have been completed, but uncertainty may 
remain in the absence of data in the new class of drugs. 
When similarity of disease and response to treatment has 
been established in one class of drug for the same indica-
tion, this could support the conclusion that the drug target 
present in adults with that disease remains the same in the 
pediatric disease. For example, results from the belimumab 
Pluto study demonstrated that extrapolation is possible with 
a first-in-class pediatric approval, based on an extrapola-
tion strategy building on general clinical manifestations and 
response (see [26]).

Where data are limited, e.g., Archetype A, it may be help-
ful to include non-clinical data and insights generated from 
modeling and simulations. If there is a correlation between 
exposures and clinical response in that same population or 
a pharmacodynamic endpoint correlates with a clinical end-
point, then models can show that at the given exposures 
in children a comparable response can be expected. Fur-
thermore, organ maturation, translating to the maturation of 
metabolic processes, helps to inform the PK-PD character-
istics of a drug within each age subgroup. In these cases, PK 
data from adult studies and from pediatric studies in other 
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indications can be used to support the assumptions of the 
model. A discussion on the reliability of the model predic-
tions also should be included.

Of note, there will be additional information (e.g., natu-
ral history or epidemiological data relevant to similarity or 
differences in disease, PK, PD, and clinical response) that 
will emerge during the development program. As such, the 
extrapolation plan should continuously be refined as new 
data emerge. Pediatric extrapolation is an iterative process.

Regardless of the archetype that applies to an investiga-
tional product, some degree of extrapolation of information 
will inevitably be included. For this reason, similarity of the 
drug response needs to be evaluated to support extrapola-
tion, with the understanding that additional data may need 
to be generated to do so. To support this, clinical trials in the 
program need to be designed in a way that allows for valida-
tion of the similarity of the clinical response at a comparable 
exposure, i.e., leverage information when it is warranted and 
refrain from such leveraging when not justifiable. A simple 
way of doing this is to ensure the similarity in the design of 
the adult and pediatric trials. While this may not always be 
feasible, one can argue that a trial result in children showing 
consistent direction of treatment effect as in adults, despite 
some numerical differences, may be indicative of similarity 
of the disease.

Extrapolation and Finding Knowledge Gaps 
or Uncertainties

A properly designed extrapolation plan will not only detail 
the components to be evaluated to establish similarity of 
disease progression and drug response, but also identify the 
knowledge gaps and uncertainties that need to be addressed 
by additional data. The extrapolation plan would include 
the clinical investigation(s) needed to fill that knowledge 
gap and validate the initial assumption about extrapolation. 
The three components used to establish similarity are the 
same components where knowledge gaps may exist, i.e., 
(1) dose, (2) efficacy, and (3) safety and tolerability (see 
also [27]). Extrapolation of the safety and tolerability of a 
drug to the pediatric population may be challenging. The 
extrapolation of dose will be dependent on PK, PD, and 
dose–response data being generated. When scientifically and 
clinically necessary, such knowledge gaps may be addressed 
by conducting a dedicated safety and PK trial in the pediatric 
population.

For efficacy, critical factors in assessing knowledge gaps 
include how much efficacy information is available from the 
reference population, how much that information informs 
efficacy in the pediatric population, and how much data are 
still needed to support the extrapolation of efficacy. Infor-
mation synthesized in the reference population is similar to 

a meta-analytic estimate of the treatment effect along with 
its precision. The degree of similarity of the disease and 
drug response will determine the degree to which informa-
tion from the adult population is applicable to the pediatric 
population. The more data are available for the drug class 
is, e.g., Archetype C, the more established this degree of 
similarity. If it has been established that the disease in the 
adult and pediatric population is not similar, there will 
be uncertainty in the efficacy of the drug beyond what is 
acceptable for extrapolation purposes. Hence, the informa-
tion that can be borrowed from the reference population will 
generally be less than what is needed to conclude efficacy 
and will need to be supplemented by additional data. To 
fill this knowledge gap, the plan may be to conduct either 
PK/PD, dose–response, an uncontrolled clinical trial, or a 
randomized and controlled clinical trial. Note that all these 
trials provide information about efficacy but with different 
levels of information or trial rigor. The necessary rigor of 
the trial is determined by the amount of information already 
obtained, the benefit–risk balance, consideration of unmet 
need, and feasibility of a trial in that disease and age groups. 
In Archetype A, for example, if there is high unmet need, 
one may tolerate a higher probability of a false-positive con-
clusion (depending of course on the therapeutic index and 
risks of the investigational treatment). If so, all one may 
need is an uncontrolled PK/PD trial as opposed to a rand-
omized clinical trial.

One example where the determination of unmet need can 
be an important consideration is the question of when to 
study a first-in-class agent where efficacy and safety have not 
yet been established clearly in adults (Archetype A). Extend-
ing enrollment of an existing adult trial to adolescents to 
accelerate labeling for the pediatric indication may deserve 
thoughtful consideration when evidence of clinical benefit 
has been established from adult Phase 2 trials. In indications 
where there is an unmet medical need and in particular for 
drugs with favorable benefit–risk profile, accelerating pedi-
atric drug development could be achieved by the inclusion 
of adolescents in adult Phase 2 and/or 3 clinical trials. In 
addition, the lack of available alternative treatments in the 
context of disease severity may justify exposure to the risks 
of the investigational drug based on the prospect of poten-
tial clinical benefit and a favorable benefit–risk profile for 
trial participation (see 21 CFR 50.52). Alternatively, if there 
are safety concerns for the drug, a cautious approach may 
be prudent even in high unmet need settings. However, this 
must be weighed against the cost of delaying the investiga-
tion of the drug in children until further adult efficacy and 
safety data are available; the broader pediatric population 
may be exposed to off-label use following the approval of 
the adult indication.

For deferred development, as shown in Table 3, there 
are cases when development cannot commence until an 
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acceptable benefit–risk profile is established in the adult 
indication which could mean after approval of the adult 
indication. This decision may depend on whether the safety 
profile will be elucidated in further adult trials or only after 
approval as part of post-marketing safety surveillance. If the 
adult development proceeds despite such a safety signal, it 
may be appropriate for the adolescent program to proceed 
as well.

Extrapolation Plan and Use of Innovative 
Clinical Trial Designs

Innovative clinical trial designs are integral to implementa-
tion of extrapolation plans. For example, if the rationale for 
extrapolation has not yet been established (e.g., Archetype 
A) and is dependent on the benefit–risk evaluation for the 
pediatric population, the clinical development for an inves-
tigational drug in adults and children may be done either 
in parallel or staggered as seen in Table 3. If the effect size 
observed in adult proof of concept trials is substantial, i.e., 
undermining the assumption of equipoise in a placebo-con-
trolled pediatric trial, it may be difficult to enroll the trial 
with a placebo arm. In this scenario an exposure–response 
study and/or an uncontrolled trial could be used to avoid 
the need for a placebo. Open label trials may also be used 
depending on the effect size observed in the adult trial(s). 
The acceptable type 1 error or tolerable uncertainty may 
also be higher. Furthermore, many of these designs may be 
supplemented using external control data if similarity in 
populations can be guaranteed (see for example [28, 29]).

In established classes, i.e., Archetypes B and C, simulta-
neous development of the drug in adults and children may 
be the norm unless safety concerns specific to the pediatric 
population or subpopulations have been identified. In these 
archetypes, the ability to leverage data through Bayesian sta-
tistics or other meta-analytic tools needs to be explored to 

speed development and ensure feasibility of development, 
for example, when competing drugs are in the market (see 
[30–32]). Alternative strategies utilizing multi-sponsor mas-
ter protocols can leverage a common control and/or gain effi-
ciency through leveraging of data from similar compounds. 
There are additional advantages of a platform trial that may 
not include a common control. It may be possible to lev-
erage exposure–response studies with or without another 
uncontrolled trial, particularly in the case where the use of 
extrapolation has been clearly established.

Discussion

It is a clear ethical obligation to ensure that children are 
not enrolled in unnecessary clinical studies. This obligation 
compels us to explore the use of extrapolation, when scien-
tifically and clinically appropriate, to the fullest extent possi-
ble when designing pediatric clinical development programs. 
Extrapolation is an inductive inference that extends known 
experience and/or data (“reference”) into an area not known 
or previously experienced (“target”) to arrive at a (credible, 
but inherently uncertain or probabilistic) knowledge of the 
unknown area. Efficacy is a causal inference that is extrap-
olated from the “reference” (e.g., adult) population to the 
“target” (e.g., pediatric) population based on a descriptive 
inference of sufficient similarity between the two popula-
tions. Similarity of the progression of the disease and the 
drug response between these two populations are the two key 
“descriptive” attributes on which extrapolating efficacy was 
proposed a priori by FDA in 1992 and in the ICH E11(R1) 
guideline and the EMA reflection paper [9–33]. Extrapola-
tion should be a default strategy for the extension of adult 
labeling, where appropriate, to the pediatric population.

Knowledge of the similarity of disease and similarity of 
response will be on a continuum of uncertainty; decisions 
about extrapolation built on a dichotomy of these concepts 

Table 3   Similarity of Response and Potential for Simultaneous Development in Adults and Adolescents

a For first in class this will be proof of direct benefit from Phase 2b adult study
b For deferred development or possible simultaneous development, an additional check on whether there is positive benefit–risk may need to be 
evaluated

Efficacy and Safety of class estab-
lished in adults onlya

Efficacy and Safety of class 
established in children

Unique safety signal in 
adults for the drug

Simultaneous 
developmentb

Investigational drug belongs 
to Well-established Class

Yes Yes No Yes
Yes No No Yes
Yes Yes Yes Possibly
Yes No Yes Defer

Investigational drug is aim-
ing for First in class/First 
in indication

Yes No Yes Defer
Yes No No Yes
No No Yes Defer
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may not be appropriate. The archetypes presented here are 
to facilitate a nuanced discussion of extrapolation but can 
also be used as a guide to structured extrapolation imple-
mentation. Despite uncertainty, pediatric drug development 
programs should initially assume that some form of extrapo-
lation is possible and the program plan revised as evidence 
for or against the use of extrapolation emerges. In the current 
regulatory environment, detailed agreements are required 
early in investigational drug development (i.e., upon comple-
tion of adult human PK characterization (EU), end of phase 
2 (US)) which does not provide enough flexibility for timely 
or efficient modification of pediatric plans using adult data 
prior to finalization of the agreement. In view of this issue, 
implementation of extrapolation requires greater regulatory 
flexibility than is currently afforded in order to accommodate 
the iterative nature of product development.

Whether a drug is effective or offers a prospect of clinical 
benefit involves a causal inference. From a policy perspec-
tive, these judgments differ in the degree of tolerable uncer-
tainty (i.e., the acceptable risk of being wrong). Efficacy 
(from an FDA regulatory perspective) requires either two 
clinical trials, one clinical trial with overwhelming evidence 
or one clinical trial with additional supporting evidence (21 
CFR 514.4) [34]. Establishing pediatric efficacy may not 
require this same level of certainty where adult efficacy has 
been demonstrated. The tolerable uncertainty concerning 
the decision to approve a new drug (i.e., efficacy) is framed 
by the risk of being wrong across an entire population. The 
tolerable uncertainty concerning the decision to expose a 
child to the risks of a new drug in a research protocol (i.e., 
prospect of direct benefit) is framed by the risks and poten-
tial benefits to that individual child. Arguably, the lack of 
safe and effective treatment options for a smaller pediatric 
population with severe life-threatening disease argues for 
a level of tolerable uncertainty closer to that of individual 
clinical decisions. When a drug is known to be effective in 
adults, we should be willing to incorporate this informa-
tion into our pediatric program planning, if there is reason-
able evidence of similarity of disease progression and drug 
response between the adult and pediatric populations.

There is one goal in pediatric drug development: to pro-
vide safe and effective medicines that are appropriately 
labeled for use in children. In view of this, pediatric drug 
development should keep pace with the speed of innova-
tion in developing medicines. It is in our children’s and 
society’s best interest to ensure that evidence is generated 
thoughtfully and efficiently to inform the appropriate use of 
therapies across pediatric populations. The use of innovative 
methodologies such as pediatric extrapolation will help us 
deliver on this promise. Analytic tools that can be used to 
“borrow” adult data, along with adaptive study designs to 
manage uncertainty, are helpful methods for enhancing effi-
ciency in extrapolation. Both drug developers and regulatory 

agencies should assess the role of innovative approaches in 
every pediatric plan they receive or issue. Incentives are 
needed to encourage more efficient and innovative programs 
to robustly inform the appropriate use of therapies across 
pediatric populations. Examples of successful plans, innova-
tive approaches, and fruitful regulatory interactions can be 
persuasive steps to encourage further innovation that will 
serve our children well.
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