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Abstract

Background The immune system matures throughout childhood; therefore, evidence about the safety and efficacy of vac-
cines for the prevention of COVID-19 in the paediatric population is important. Efficacy and safety have not been established
for COVID-19 vaccines in a large part of the paediatric population at the time of the initial approval for use in adults. This
study aims to provide an overview of planned and ongoing paediatric clinical trials investigating the safety and/or efficacy
of COVID-19.

Methods We identified all paediatric clinical trials investigating the safety and/or efficacy of COVID-19 vaccines in clini-
caltrials.gov and clinicaltrialregister.eu, as well as all clinical trials planned in agreed PIPs (Paediatric Investigational Plans)
as of 11 June 2021. Information about the study design, the paediatric age groups that they included, and the primary and
secondary safety and efficacy outcomes were collected, together with expected timelines for the studies.

Results 21 clinical trials were identified through the clinical trial registries and 19 clinical trials were specified in 6 agreed
PIPs, 5 of these trials were also in the trial registers. All PIPs stipulated development of the COVID-19 vaccines for the full
paediatric population, with a deferral. The earliest expected completion date of a PIPs is March 2024. The majority (14/21)
of registered trials are randomised double-blinded studies. All investigated safety, 20 have a surrogate efficacy outcome
(immunogenicity), of these 7 also measure clinical efficacy (COVID-19 infections). 18 studies were initiated, of these, all
but one is still ongoing and one in adolescents has been finalised.

Conclusion Even though several trials have been planned in agreed PIPs, the registered paediatric clinical trials identified
are most often not part of a PIP.
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Introduction

The rapid development and implementation of vaccines
against COVID-19 are society’s best weapon against the
social, economic and human devastation brought about
by the COVID-19 pandemic. Along with the approval of
COVID-19 vaccines for the adult population, many have
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highlighted the urgency of an ethical and effective strategy
to implement the COVID-19 vaccines for the paediatric
population as rapidly and safely as possible [1, 2]. The pae-
diatric population is defined as the ‘part of the population
aged between birth and 18 years’ in the European Paediatric
Regulation (EPR) [3]. However, safety and efficacy in a large
proportion of the paediatric population have not been estab-
lished for COVID-19 vaccines at the time of initial approval
for use in adults [4].

In the EU (European Union), four COVID-19 vaccines
have currently been granted a CMA (Conditional Market-
ing Approval) [5-8]. They are manufactured by Pfizer-
BioNTech, Moderna, AstraZeneca and Janssen. Three of
these four vaccines were only approved for use in adults
[5-7]. The Pfizer-BioNTech vaccine was, however, initially
approved for use in adults and adolescents aged 16 or older
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[6]. This indication was extended on 28 May 2021 to include
adolescents aged 12 years and above [9]. The EMA (Euro-
pean Medicines Agency) is currently also evaluating the
Moderna COVID-19 vaccine for use in adolescents (12 to
17 years of age) [10].

Since the EPR [3] came into effect in 2007, it has been
mandatory for Marketing Authorisation Applicants, to sub-
mit the results from studies conducted as part of an agreed
PIP (Paediatric Investigational Plan) when applying for a
MA (Marketing Authorisation), unless granted a waiver or
a deferral. The regulation was set in place to stimulate the
research of medicines for use in the paediatric population
and to provide more information about the use of medicines
in this population. The agreed PIP describes the studies to
be conducted in all relevant subsets of the paediatric popu-
lation, including the timing of completion. However, the
agreed PIP trials need not to be conducted as separate stud-
ies [3] and including adolescents in adult phase III clinical
trials can be feasible when the disease and the response to a
drug are likely to be similar [11]. Since the immune system
develops and matures throughout childhood [12], establish-
ing safety and efficacy is especially important if a vaccine is
to be used in the paediatric population [1, 13, 14].

This study aims to provide insight into the timely drug
development of COVID-19 vaccines for the paediatric
population by investigating registered clinical trials on the
safety and the efficacy of COVID-19 vaccines along with
the planned clinical trials agreed in a PIP and the expected
timelines for completion.

Method

All paediatric clinical trials investigating a COVID-19 vac-
cine registered at clinicaltrials.gov or clinicaltrialregister.
eu were identified as of 11 June 2021. A paediatric trial
was defined as any clinical trial including subjects from any
of the paediatric subgroups (adolescent, children, toddler
and infants, and term newborn) as defined by the Interna-
tional Conference on Harmonization (ICH) Topic E 11,
2001 [15]. Clinicaltrial.gov was searched with the terms
“COVID-19”, “Corona virus infection”, “SARS-CoV-2" and
“Severe Acute Respiratory Syndrome” filtering for ‘Child
(birth-17)’ as eligibility criteria and ‘Interventional (Clini-
cal trial)’ as study type. Clinicaltrialregister.eu was searched
with the terms “COVID-19”, “Corona virus infection”,
“SARS-CoV-2” and “Severe Acute Respiratory Syndrome”
combined with selected age range set to ‘under 18 years’.
We collected trial design, clinical trial phases, age of par-
ticipants (separated into the paediatric subgroups as defined
by the International Conference on Harmonization (ICH)
Topic E 11, 2001 [15]: adolescents 12—18 years, children
2-11 years, infants and toddlers 28 days to 23 months, and

term newborn 0-27 days), primary and secondary outcome
measures (safety, surrogate efficacy outcome (immunogenic-
ity) and/or clinical efficacy outcome (confirmed COVID-
19 infection)), together with longest primary or secondary
safety follow-up, study start date and completion date.

Then, we identified all agreed PIPs with an active sub-
stance investigated for the prevention of COVID-19 in the
EU as of 17 June 2021, through the website of the European
Medicines Agency’s (EMA) [16]. The Paediatric Commit-
tee (PDCO) decision (waiver and/or agreed PIP and defer-
ral hereof), the date of expected completion of the PIP and
information on planned studies were collected. The EU
approval status and approval date for each active substance
targeted by a PIP were retrieved by matching the PDCO
decision number from the European Public Assessment
Reports (EPARs) of an approved COVID-19 vaccine at the
time of the MA with those of the PIP. The EPARs were also
retrieved from the EMA website.

For clinical trials registered in the clinicaltrialregister.eu,
we recorded if the sponsor reported the trial to be part of a
PIP (section A.7. in the EudraCT form). For clinical trials
registered in the Clinicaltrial.gov, we evaluated if a current
trial was likely to be part of a PIP by matching the trial IDs
provided, trial design, outcome measures and the age groups
involved.

Results

A total of 21 clinical trials testing the safety and efficacy
of a COVID-19 vaccine in the paediatric population were
identified in clinicaltrial.gov and/or clinicaltrialregister.eu
(Fig. 1). Of these, 10 clinical trials investigated a vaccine
approved in the EU (see Fig. 2). No AstraZeneca-spon-
sored studies in the paediatric population was identified.
In July 2021, the first trial is expected to be completed for
adolescents. This is a Phase III study by Pfizer-BioNTech
evaluating the safety and immunogenicity of Comirnaty
(BNT162b2) against COVID-19 in healthy participants,
which includes adolescents, comparing manufacturing
lots, as well as a booster vaccine. Sionvac Biotech are the
first expecting to finalise clinical trials including children;
a Phase 1/2 in September 2021 and a Phase 2 in January
2022. The first trial including infants and toddlers is a
Phase II/III investigating the safety of Moderna COVID-19
vaccine which will be completed in June 2023 (see Fig. 2).
For term newborn, one clinical trial was registered to
investigate the safety and efficacy of a COVID-19 vaccine
(Janssen COVID-19 vaccine). This trial is expected to be
completed in October 2024. Most (15/21) registered clini-
cal trials were randomised control trials, all but one was
registered as double blinded (14/21). All but one of the
registered studies will be investigating safety and efficacy,
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Fig. 1 Flowchart of the study population selection
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Fig.2 Overview of the start and completion dates for all registered
paediatric clinical trials in clinicaltrial.gov and/or clinicaltrialregis-
tereu (N=21) Grey bars represent study timeline, the study is rep-
resented by the shaded bar in the top has not reported expected study

where efficacy is measured by the surrogate endpoint of
immunogenicity (see Table 1). In addition, seven of the
studies will investigate clinical efficacy as the incidence
of COVID-19 infection after vaccination, two where the
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start or end, the bar starts on the date of first reported in EudraCT.
EU vaccination dates, Comirnaty 21/12 2020, COVID-19 vaccine
Moderna 06/01 2021, Vaxzevira 29/01 2021 and COVID-19 vaccine
Janssen 11/03 2021

COVID-19 infections are self-reported by study partici-
pants (data not shown).

In the EU, six PIPs for a COVID-19 vaccine had been
agreed, all covering a development for the entire paediatric
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Table 1 Characteristics of registered clinical trials investigating safety and/or efficacy of COVID-19 vaccines in the paediatric population as of

11 June 2021

No. (%) Comparator Primary or secondary end point
Months (IQR)
Surrogate Clinical Median safety
Randomised Open label Double blind Active Placebo  Safety outcome outcome® follow-up
All (N=21)%¢ 157 (71) 7 (33)" 14 (67) 1(5) 12(57) 21(100) 20(95) 7 (33) 12 (6-12)
Paediatric development stage
Exploratory® 7 3 7 1 7 10 9 2 12 (6-21)
(N=10)
Confirmatory® 8° 4 7 0 5 11 11 5 12 (6-12)
(N=11)
Agei
Adolescents (12-18 14 6 13 1 11 19 18 5 10.5 (6-12)
years®) (N=19)
Children 8 5 7 0 6 12 11 2 12 (6-12)
(2-11 years)
(N=12)
Toddlers and infants 2 1 2 0 2 3 3 2 12 (12—18)
(28 days-2 years)
(N=3)
Term newborn 1 0 1 0 1 1 1 0 12 (-)
(0-27 days)
WN=1)

*Defined as phase I, Phase I/IT or Phase II clinical trials
Defined as phase II/III or phase III clinical trials

‘In the US, 12-17 years

410 trials on vaccines approve in EU,

°Five trials part of an agreed PIP,

"Two study compared multiple lots

£Clinical outcome measure was always in combination with surrogate outcome measure of immunogenicity

"Two studies in immunosuppressed

iThe studies can include several paediatric subsets as well as adults

population. Four of these PIPs are related to currently EU-
approved vaccines (see Table 1). One of the six PIPs was
related to the paediatric development of a vaccine cur-
rently under rolling review by EMA (SARS-CoV-2 rS from
Novavax, Inc.), and one was related to a vaccine (CoV-2
preS dTM from Sanofi Pasteur) currently not under evalu-
ation by EMA. All the PIPs have been deferred until after
approval in the adult population, with completion dates
between March 2024 and March 2025 (see Table 2).

In total, 19 clinical studies were planned for the paediatric
population as part of an agreed PIP. Each PIP contained 2—4
planned clinical trials and had at least one trial in immu-
nosuppressed paediatric patients. Five trials were already
registered in clinicaltrial.gov and/or clinicaltrialregister.eu
(Table 1). Fifteen of the PIP-agreed clinical trials included
adolescents, 14 trials included children, and toddlers and
infants, and 13 trials included term newborn (see Table 2).
Safety and efficacy (specified as immunogenicity) are to
be investigated in all PIP-agreed clinical studies, two are

also to measure clinical efficacy as incidence of COVID-
19 infection after vaccination (see Table 2). PIPs did not
stipulate the need for quality-related studies, non-clinical
studies, extrapolation modelling and simulation studies or
other studies and measures.

Discussion

Our study shows that clinical trials to investigate the safety
and efficacy of all currently EU-approved COVID-19 vac-
cines had been registered in one of the clinical trial data-
bases or planned in agreed PIP for the entire paediatric
population (term newborn to adolescents). However, most
often the registered trials included adolescents and children.
A discrepancy was observed between planned clinical trials
in agreed PIPs and registered clinical trials for infants and
toddlers, and term newborn. Only one study was registered
for term newborn even though thirteen were planned in the
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agreed PIPs for COVID-19 vaccines. Similarly, there was a
discrepancy observed between planned clinical trials with
immunosuppressed paediatric patients in agreed PIPs and
registered paediatric studies in this population. This may
indicate that such trials although agreed with the authorities
have not yet been fully planned and initiated.

In general, only a few of the trials registered were con-
ducted as part of an agreed PIP, which indicated that the
development is not driven by the EPR. However, if an agreed
PIP contains requirements that has already been studied, this
should not lead to duplication of research. The initial agreed
PIPs have shown to be dynamic with many modifications
introduced based on feasibility and changed in the devel-
opment [17]. Also, even though studies in the PIPs only
concern the paediatric population, this does not necessar-
ily call for separate paediatric trials. Indeed, a majority of
the identified COVID-19 vaccine trials including the pae-
diatric population or subsets of the paediatric population
were not separate paediatric trials, but also include the adult
population.

Also, the paediatric COVID-19 vaccine development
has progressed very fast with only five months delay from
approval in individuals above 16 years of age to the exten-
sion of the indication to cover individuals 12 years of age
and older as well [18]. For innovative therapeutics, the
median time between regulatory approval in adults and the
approval in the paediatric population is 5.6 years [19]. This
could indicate that market forces are driving the COVID-
19 vaccine development for adolescent and children, not
the agreed PIPs. Four of the six PIP applications initially
contained a waiver for conducting studies in subsets of the
paediatric population. These were, however, later withdrawn
assumingly because of PDCO’s evaluation. If this is in fact
the case, the agreed PIPs could play a role in stimulating
the development of the COVID-19 vaccines for the younger
paediatric populations.

Chronological age will in many cases be an inappropriate
proxy for physiological development and disease presenta-
tion relevant to medicines development in the paediatric
population [20, 21]. The same most likely holds for vac-
cine development where maturation of the immune system
[11] does not necessarily correlate with the paediatric sub-
set as defined by regulatory authorities. In our study, we
observe PIP-agreed studies for adolescents, however this
population was in many cases included in the pivotal trials
with adults. However, if sponsors do not generate the evi-
dence needed for safe and effective use of their product in
all relevant populations, the burden of medical uncertainty
is laid upon the groups not represented in the drug devel-
opment program [22]. The relevance of this with respect
to COVID-19 vaccines is clearly exemplified by the recent
observation that suggest a disproportionate higher frequency

of post-vaccination myocarditis in adolescents and young
adults than in the average adult population [23].

Four vaccines are currently (June 11, 2021) under rolling
review by EMA (CVnCoV, NVX-CoV2373, Sputnik V, Vero
Cell) [24]. Only one of these has an agreed PIP listed on the
EMA website (NVX-CoV2373), even though COVID-19
Vaccine (Vero Cell) was registered to be investigating the
safety and immunogenicity of adolescents and children in
two confirmatory clinical trials.

As mentioned, the Pfizer-BioNTech Covid-19 vaccine
was approved for adolescents 12 to 17 years of age on 28
May 2021. The study providing the basis for the paediatric
indication was carried out in accordance with the PIP for
the Pfizer-BioNTech COVID-19 vaccine and enrolled 2260
adolescents aged 12—15 [9]. However, this study has not
yet reached the completed date according to information
registered by the sponsor in both clinicaltrial.gov and clini-
caltrialregister.eu, and the approval must have been granted
based on data from an interim analysis. For the EU-approved
COVID-19 vaccines, clinical studies in children, infants and
toddlers have only just been initiated and are not expected
to be completed until mid-2023. The Janssen study to be
completed at the end of 2024 will also include term new-
born. Some reports have been made that Pfizer-BioNTech
and Moderna will apply for EUA for children (2-11 years
of age) in fall 2021 [25].

We found that for both registered studies and planned
studies agreed as part of the PIP, efficacy is mostly meas-
ured as immunogenicity. Only a few measured incidences
of COVID-19 infection after vaccination. A similar pattern
was observed by Kesselheim, et.al. 2020 showing that for
vaccines approved by the FDA between 2006 and 2020, 65%
of the pivotal studies supporting the approval have immuno-
genicity as primary end point. In the paediatric population,
this was even higher (80%) [26]. Immunogenicity is a sur-
rogate measurement allowing for a quicker assessment of
efficacy. This is in particular useful when efficacy on clinical
endpoints has been established in another population (e.g.
adults) and allows for a faster development.

All registered clinical trials had a primary or secondary
safety outcome, most often in a randomised control trial,
with a median safety follow-up of 12 months after last
dose. Kesselheim et al. found that pivotal studies support-
ing the approval of a vaccine by the FDA between 2006
and 2020, had a median follow-up of 18 months, and for
the studies in the paediatric population, the duration was at
least 12 months [26]. The vaccines currently approved in
the EU for prevention of COVID-19 were granted a CMA
(conditional marketing authorisation) which can be granted
when the benefit-risk balance is positive, but the level of
evidence-uncertainty is higher than what is required for a
regular approval. The CMA was based on interim analysis
of data from phase II/III studies with a medium follow-up
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of only around two months after last dose [4—7]. The recent
approval of the Pfizer-BioNTech vaccine for use in adoles-
cents 12 to 15 years of age was based on similar uncertainty
around long-term safety [27]. The CMA can be used in cases
where the medical product fulfils the unmet medical needs
of patients with seriously debilitating or life-threatening
diseases, or as in the case of COVID-19, in an emergency
situation in response to a public health threat [28].

For the paediatric population, COVID-19 does not seem
to be a seriously debilitating or life-threatening disease.
Studies have suggested that paediatric individuals are at a
lower risk of developing COVID-19 and that they have the
disease more mildly than adults do [29-34]. The paediatric
population may play a part in transmission and in achieving
herd immunity [1, 2, 35], although studies suggest that the
paediatric population only plays a minor role in community
transmission [33, 34]. Since the vaccines are to be used by
healthy individuals, safety is of utmost importance, leav-
ing little room for trade-off on the benefit-risk balance. The
benefit-risk balance may be even narrower when developing
a vaccine for the paediatric population. Discussions about
the use of COVID-19 vaccines approved through the CMA
pathway are warranted for children (younger than 12 years of
age), as is the evidence needed for a standard approval. Simi-
lar discussions have been opened in the US with respect to
the use of EUA (Emergency Use Approval) versus standard
approval at an Advisory Committee meeting in June 2021
[36].

The overview of clinical trials for vaccines for the pre-
vention of COVID-19 in the paediatric population pro-
vided here only represents a snapshot in time. The devel-
opment is moving at unprecedented speed, as is obvious
from the recent expansion in the approved indication of
the Pfizer-BioNTech vaccine to adolescents 12—15 years of
age in May 2021 [18, 37, 38], as well as Moderna’s appli-
cation to extend the indication of its COVID-19 vaccine
for use in adolescents [9]. Also, this overview is limited
to information available in the public domain, specifically
studies reported in Clinialtrial.gov, the EU clinicaltrial-
register.eu and in the publicly available PIPs. The latter
only provides a few details on the planned studies agreed
as part of a PIP, and a timeline for the completion of the
full paediatric development programme. What is more, the
division of the paediatric population into developmental
subgroups is to some extent arbitrary [15]. The categori-
cal determinant does not take physiological development
into considerations but follows chronological age alone.
Post-puberty adolescents’ immune systems may be fully
matured, which appears to have been considered by some
vaccine developers, as, e.g. the initial Comirnaty vaccine

@ Springer

authorisation included adolescents 16 year of age or older.
Finally, many registered clinical trials were started as
phase I for which the protocol was amended into phase II
and later phase III (quasi-adaptive). Finally, when inter-
preting the study timelines, it is important to remember
that some phase II/III studies start with the adult popula-
tion and only include the paediatric population at a later
stage.

Conclusion

This study shows that clinical trials to investigate the
safety and efficacy of all currently approved COVID-19
vaccines had been registered in one of the clinical trials
databases or planned in an agreed PIP for most of the pae-
diatric population (neonates to adolescents); however, this
development does not seem to be driven by the agreed
PIPs.

Author Contributions

HC conceptualised and designed the study, designed the data collection
instruments, collected the data, carried out the initial analyses, drafted
the initial manuscript, and reviewed and revised the manuscript. Dr.
CEH conceptualised and designed the study, supervised data collection,
validated subsets of the collected data, supervised the process of draft-
ing the initial manuscript, and reviewed and revised the manuscript.
Adj. Prof. ST conceptualised and designed the study and critically
reviewed the manuscript for important intellectual content. HC, ST
and CEH approved the final manuscript as submitted and agree to be
accountable for all aspects of the work.

Funding
PhD candidate (Helle Christiansen) was funded by a grant from Lun-
dbeck Pharma A/S to the Copenhagen Centre for Regulatory Science.
The authors Christine E. Hallgreen and Steffen Thirstrup have nothing
to disclose.

Declarations

Conflict of interest

This study was carried out under the umbrella of the Copenhagen
Centre for Regulatory Science (CORS). CORS is a cross-faculty uni-
versity-anchored institution involving various public bodies (Danish
Medicines Agency, Copenhagen University) and private stakeholders
(Novo Nordisk, Lundbeck, Ferring pharmaceuticals, LEO pharma) as
well as patient organisations (Rare Diseases Denmark). The centre
is purely devoted to the scientific aspects of the regulatory field and
has a patient-oriented focus. The research is not a company-specific
product or directly company related. Steffen Thirstrup is a full-time
employee of NDA Group and does not receive consulting fees directly
from clients.



Therapeutic Innovation & Regulatory Science (2022) 56:474-482

481

Open Access

This article is licensed under a Creative Commons Attribution 4.0
International License, which permits use, sharing, adaptation, dis-
tribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

Supplementary Information
The online version contains supplementary material available at https://
doi.org/10.1007/s43441-021-00356-y.

References

1. Cooper DM, Afghani B, Byington CL, et al. SARS-CoV-2
vaccine testing and trials in the pediatric population: biologic,
ethical, research, and implementation challenges. Pediatr Res.
2021;21:1-5.

2. Principi N, Esposito S. Why it is important to develop an effec-
tive and safe pediatric COVID-19 vaccine. Vaccines (Basel).
2021;9(2):14.

3. Regulation (EC) No 1901/2006 of the European Parliament and of
the Council of 12 December 2006 on medicinal products for pae-
diatric use and amending Regulation (EEC) No 1768/92, Direc-
tive 2001/20/EC, Directive 2001/83/EC and Regulation (EC) No
726/2004, (2006).

4. Hudgins JD, Bacho MA, Olsen KL, et al. Pediatric drug informa-
tion available at the time of new drug approvals: a cross-sectional
analysis. Pharmacoepidemiol Drug Saf. 2018;27(2):161-7.

5. European Medicines Agency. European Public Assessment Report
(EPAR) COVID-19 Vaccine Janssen. 11.03.2021. Report No.:
EMA/158424/2021 Contract No.: EMA/158424/2021.

6. European Medicines Agency. European Public Assessment Report
(EPAR) COVID-19 Vaccine AstraZeneca. 29.01.2021. Report
No.: EMA/94907/2021 Contract No.: EMA/94907/2021.

7. European Medicines Agency. European Public Assessment Report
(EPAR) COVID-19 Vaccine Moderna. 11.03.2021. Report No.:
EMA/15689/2021 Corr.1 Contract No.: EMA/15689/2021 Corr.1.

8. European Medicines Agency. European Public Assessment
Report (EPAR) Comirnaty. 19.02.2021 19 Feb 2021. Contract
No.: EMA/707383/2020 Corr.1*.

9. European Medicines Agency. EMA starts evaluating use of
COVID-19 vaccine Comirnaty in young people aged 12 to
15 2021 [Available from: https://www.ema.europa.eu/en/
news/ema-starts-evaluating-use-covid-19-vaccine-comir
naty-young-people-aged-12-15.

10. European Medicines Agency. EMA evaluating the use of COVID-
19 Vaccine Moderna in young people aged 12 to 17 2021 [Avail-
able from: https://www.ema.europa.eu/en/news/ema-evaluating-
use-covid-19-vaccine-moderna-young-people-aged-12-17.

11. Noel GJ, Nelson RM, Bucci-Rechtweg C, et al. Inclusion of ado-
lescents in adult clinical trials: report of the institute for advanced
clinical trials for children’s Pediatric innovation research forum.
TIRS. 2021.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Simon AK, Hollander GA, McMichael A. Evolution of the
immune system in humans from infancy to old age. Proc R Soc
B. 1821;2015(282):20143085.

Hill DL, Carr EJ, Rutishauser T, et al. Immune system develop-
ment varies according to age, location, and anemia in African
children. Sci Transl Med. 2020;12(529):eaaw9522.

Liston A, Carr EJ, Linterman MA. Shaping variation in the human
immune system. Trends Immunol. 2016;37(10):637—46.
European Medicines Agency. ICH Topic E 11: Clinical Investi-
gation of Medicinal Products in the Paediatric Population. EMA
homepage; 2001. Available from: https://database.ich.org/sites/
default/files/E11_R1_Addendum.pdf.

European Medicines Agency. Download table of opinions and
decisions on paediatric investigation plans (PIPs). Available from:
https://www.ema.europa.eu/en/medicines/download-medicine-
data#paediatric-investigation-plans-section.

Hwang TJ, Tomasi PA, Bourgeois FT. Delays in comple-
tion and results reporting of clinical trials under the Paediatric
Regulation in the European Union: a cohort study. PLoS Med.
2018;15(3):1002520.

First COVID-19 vaccine approved for children aged 12 to 15 in
EU [press release]. 28.05.2021 2021.

Carmack M, Hwang T, Bourgeois FT. Pediatric drug policies sup-
porting safe and effective use of therapeutics in children: a sys-
tematic analysis. Health Aff (Millwood). 2020;39(10):1799-805.
Vieira I, Sousa JJ, Vitorino C. Paediatric medicines - regulatory
drivers, restraints, opportunities and challenges. J Pharm Sci.
2021;110(4):1545-56.

Rose K. The challenges of pediatric drug development. Curr Ther
Res. 2019;90:128-34.

London AJ, Kimmelman J. Accelerated drug approval and health
inequality. JAMA Intern Med. 2016;176(7):883—4.

Calcaterra G, Mehta JL, de Gregorio C, Butera G, Neroni P, Fanos
V, et al. COVID 19 vaccine for adolescents. Concern about myo-
carditis and pericarditis. Pediatr Rep. 2021;13(3):530-3.
European Medicines Agency. COVID-19 vaccines under rolling
review. Available from: https://www.ema.europa.eu/en/human-
regulatory/overview/public-health-threats/coronavirus-disease-
covid-19/treatments-vaccines/vaccines-covid-19/covid-19-vacci
nes-under-evaluation#covid-19-vaccines-under-rolling-review-
section.

Mandavilli A. In the U.S., vaccines for the youngest are expected
this fall. New York Times. 2021 June 8, 2021.

Kesselheim AS, Darrow JJ, Kulldorff M, et al. An overview of
vaccine development, approval, and regulation, with implications
for COVID-19. Health Aff (Millwood). 2021;40(1):25-32.
Frenck RW, Klein NP, Kitchin N, et al. Absalon J, Lockhart S,
et al. Safety, Immunogenicity, and Efficacy of the BNT162b2
Covid-19 Vaccine in Adolescents. New England Journal of Medi-
cine. 2021.

Commission Regulation (EC) No 507/2006 of 29 March 2006 on
the conditional marketing authorisation for medicinal products
for human use falling within the scope of Regulation (EC) No
726/2004 of the European Parliament and of the Council, (2006).
Ding Y, Yan H, Guo W. Clinical characteristics of children with
COVID-19: a meta-analysis. Front Pediatr. 2020;8(431):41.
Rubens JH, Akindele NP, Tschudy MM, et al. Acute covid-19
and multisystem inflammatory syndrome in children. BMJ.
2021;372:385.

Ludvigsson JF. Systematic review of COVID-19 in children shows
milder cases and a better prognosis than adults. Acta Paediatr.
2020;109(6):1088-95.

Bhopal SS, Bagaria J, Olabi B, et al. Children and young people
remain at low risk of COVID-19 mortality. Lancet Child Adoles-
cent Health. 2021;5(5):e12-3.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s43441-021-00356-y
https://doi.org/10.1007/s43441-021-00356-y
https://www.ema.europa.eu/en/news/ema-starts-evaluating-use-covid-19-vaccine-comirnaty-young-people-aged-12-15
https://www.ema.europa.eu/en/news/ema-starts-evaluating-use-covid-19-vaccine-comirnaty-young-people-aged-12-15
https://www.ema.europa.eu/en/news/ema-starts-evaluating-use-covid-19-vaccine-comirnaty-young-people-aged-12-15
https://www.ema.europa.eu/en/news/ema-evaluating-use-covid-19-vaccine-moderna-young-people-aged-12-17
https://www.ema.europa.eu/en/news/ema-evaluating-use-covid-19-vaccine-moderna-young-people-aged-12-17
https://database.ich.org/sites/default/files/E11_R1_Addendum.pdf
https://database.ich.org/sites/default/files/E11_R1_Addendum.pdf
https://www.ema.europa.eu/en/medicines/download-medicine-data#paediatric-investigation-plans-section
https://www.ema.europa.eu/en/medicines/download-medicine-data#paediatric-investigation-plans-section
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/vaccines-covid-19/covid-19-vaccines-under-evaluation#covid-19-vaccines-under-rolling-review-section
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/vaccines-covid-19/covid-19-vaccines-under-evaluation#covid-19-vaccines-under-rolling-review-section
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/vaccines-covid-19/covid-19-vaccines-under-evaluation#covid-19-vaccines-under-rolling-review-section
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/vaccines-covid-19/covid-19-vaccines-under-evaluation#covid-19-vaccines-under-rolling-review-section
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/vaccines-covid-19/covid-19-vaccines-under-evaluation#covid-19-vaccines-under-rolling-review-section

482

Therapeutic Innovation & Regulatory Science (2022) 56:474-482

33.

34.

35.

36.

Viner RM, Mytton OT, Bonell C, et al. Susceptibility to SARS-
CoV-2 infection among children and adolescents compared with
adults: a systematic review and meta-analysis. JAMA Pediatr.
2021;175(2):143-56.

Say D, Crawford N, McNab S, et al. Post-acute COVID-19 out-
comes in children with mild and asymptomatic disease. Lancet
Child Adolescent Health. 2021;5(6):e22-3.

Petersen E, Buchy P. Vaccination against SARS-CoV-2 should
be included in childhood vaccination programs. Int J Infect Dis.
2021;106:429-30.

US Food and Drug Administration. Vaccines and Related Bio-
logical Products Advisory Committee June 10, 2021 Meeting

@ Springer

37.

38.

Announcement 2021 [Available from: https://www.fda.gov/advis
ory-committees/advisory-committee-calendar/vaccines-and-relat
ed-biological-products-advisory-committee-june-10-202 1 -meeti
ng-announcement#event-materials.

Health Canada. Regulatory Decision Summary-Pfizer-BioNTech
COVID-19 Vaccine. 2021.

FDA. FDA letter: Pfizer-BioNTEC COVID-19 Vaccine EAU Let-
ter of Authorization reissued 05-10-2021. 2021.


https://www.fda.gov/advisory-committees/advisory-committee-calendar/vaccines-and-related-biological-products-advisory-committee-june-10-2021-meeting-announcement#event-materials
https://www.fda.gov/advisory-committees/advisory-committee-calendar/vaccines-and-related-biological-products-advisory-committee-june-10-2021-meeting-announcement#event-materials
https://www.fda.gov/advisory-committees/advisory-committee-calendar/vaccines-and-related-biological-products-advisory-committee-june-10-2021-meeting-announcement#event-materials
https://www.fda.gov/advisory-committees/advisory-committee-calendar/vaccines-and-related-biological-products-advisory-committee-june-10-2021-meeting-announcement#event-materials

	Status of Planned and Ongoing Paediatric Trials Investigating COVID-19 Vaccines: A Cross-Sectional Study of Paediatric Clinical Trials Planned in Agreed PIPs andor Registered in Clinical Trial Databases
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Method
	Results
	Discussion
	Conclusion
	References




