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Joint adolescent–adult early phase clinical

trials to improve access to new drugs for

adolescents with cancer: proposals from the

multi-stakeholder platform—ACCELERATE

The impressive progress recently observed in adult cancers

through the introduction of new drugs has not yet been translated

to adolescents 12–17 years of age [defined according to the

International Conference on Harmonization (ICH) E11]. The

current drug development landscape separates adult and paediat-

ric drug development (Table 1). Adolescents are grouped with

children, leading to a mismatch with a lack of trials for adoles-

cents with relapsed cancer and delayed access to new, effective

drugs already available for adults.

In some cancer types with identical drug targets in the paediat-

ric and adult populations, adult phase II trials have demonstrated

efficacy, but paediatric clinical development commenced much

later. This has resulted in significantly delayed introduction of

beneficial drugs to adolescents (e.g. brentuximab vedotin in

Hodgkin’s disease; Table 2). In diseases too rare in adolescents to

allow completion of paediatric trials within a reasonable time-

frame, even with worldwide accrual over several years, a very low

(but not non-existent) incidence of a condition in adolescents

has triggered the regulatory requirement for an adolescent study,

while waivers have been granted, based on the absence of the con-

dition, for studies in children < 12 years. This has resulted in

‘unfeasible’ adolescent-specific phase I trials, using a drug already

demonstrated effective in adults with the same disease (e.g.

vemurafenib development in melanoma; Table 2). Both situa-

tions have inadvertently lead to off label drug use in adolescents,

with no data collected, delaying adolescent data collection for

marketing authorisation.

The multi-stakeholder platform ACCELERATE (http://www.

accelerate-platform.eu) [1] presents a consensus expert opinion,

based on a literature review and multidisciplinary discussions

between representatives from academia, patient/parent advocacy

groups, regulatory agencies and pharmaceutical companies,

which aims to improve early drug access for adolescents with

cancer.

We propose a rational approach to drug development based on

the mechanism of action (MoA) of the drug, the therapeutic need

and disease epidemiology in adolescents; and similarity between

adolescents and adults disease, physiology and drug exposure.

Enrolment of adolescents of 12 years and over in adult early-

phase clinical drug trials, even in phase I first-in-human trials,

may represent a safe and more efficient alternative compared

with the current unsatisfactory situation (Figure 1). This

approach is complementary to existing paediatric and adult drug

development approaches and should not replace, or delay them;

rather it increases opportunities for adolescents to be included in

early-phase trials [2].

Despite the theoretical concern that the inclusion of adoles-

cents within adult early-phase studies could risk a drug’s adult

development should there be unacceptable toxicity in a minor,

the evidence to date demonstrates that the proposed approach is

safe (no extra acute toxicity issues), does not infringe legal or

regulatory boundaries and would not detrimentally affect the

conclusions of the adult trials [similar phase II recommended

dose (RP2D) and pharmacokinetic (PK) parameters]. There is

neither a difference in safety monitoring between adults and

adolescents nor in regulatory obligations (e.g. ICH-E6 [3]) and

oversight of authorised clinical trials. Late effects are rarely

observed in early trials due to the low overall survival rates and

are better identified during late or post-authorisation phase tri-

als. To date, we are not aware of any adverse events observed in

adolescents or children have hindered the registration process in

adults.

The influence of pubertal endocrine changes (changes in body

composition, maturation of liver metabolism and renal function)

[4] on drug metabolism does not generally result in additional

safety risks. Animal models used in pre-clinical drug develop-

ment have an equivalent human age ranging from around

12 years old to mature adults, facilitating pre-clinical study of

potential safety issues. Comparisons of adult and paediatric phase

I trials of chemotherapeutic [5], molecularly targeted [6] and

immunotherapeutic agents (monoclonal antibodies [7, 8],

immune checkpoint Inhibitors [9]) revealed no specific safety

concerns for adolescents � 12 years. Acute toxicity profiles were

similar in both paediatric and adult populations with a lower rate

of dose limiting toxicity in children compared with adults (0.5%

versus 2–3%) [5, 6, 10]. The maximal tolerated dose (MTD)

determined in adult and paediatric phase I trials were within the

same range, whatever the class of anticancer agent used. The cor-

relation between paediatric MTD (pMTD) and adult MTD

(aMTD) was strong for chemotherapeutic agents (r¼ 0.97;

pMTDs¼ 80–160% of aMTDs in 80% of phase I trials) [5],

molecularly targeted agents [pMTD¼ 90–100% of the body

surface area (BSA)-adjusted aMTD, pRP2D¼ 90–130% of the

BSA-adjusted approved adult dose for 70% of trials and 75% of

compounds evaluated) [6], and immunotherapies (pRP2D¼
100–120% of the BSA-adjusted approved dose in adults) [6–9].

A rare exception was sunitinib, with a pRP2D lower than in adults

and different main toxicities. However, case reports have

recorded children tolerating higher doses, and a large percentage

of adults on sunitinib have to undergo dose reductions with

cumulative dosing [11].

PK parameters are similar between adolescent and adult popu-

lations [5, 12]. For cytotoxic agents, paediatric and adult plasma

drug clearance were correlated [r¼ 0.97; median coefficient of
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variation¼ 42% (11%–69%), median paediatric/adult ratio¼
0.95 (0.06–2.2)] [5]. Adolescent PKs resembled those in adults,

although differences were seen between younger children and

adolescents� 10–12 years [4]. Oral absorption appeared similar

to adults from 5 to 10 years of age onwards [4]. The exception

was erlotinib [6], where the mean weighted clearance although

lower than in children was not significantly different between

adolescents and adults [13].

Despite common misconceptions, there are no legal or regula-

tory barriers to including adolescents in adult phase I/II trials and

to including young adults in paediatric trials. Although the FDA

regulations and EU pharmaceutical legislation are not identical,

no obstacles exist to the inclusion of minor patients within adult

trials in the US either [14], thus facilitating international transat-

lantic trial conduct in both populations.

Changes are needed to ensure adolescents

access early drug development

programmes

Changes are proposed to improve access of new anticancer drug

to adolescents and efficiency of drug development (Figure 1).

Table 1. European regulation and current drug development landscape for adolescents

European regulation
� The Regulation mandated the establishment of the European Medicines Agency (EMA)’s Paediatric Committee (PDCO), coordinating the Agency’s work

on the development of medicines for children and agreeing to the studies that pharmaceutical companies must carry out as part of Paediatric
Investigation Plans (PIPs).
� The Regulation comprises a system of requirements, obligations, incentives and rewards for completed PIPs, and also waivers and deferrals which provide

the framework for either obviating or postponing the institution or completion of studies in some or all of the paediatric population (age < 18 years).
� The Clinical Trials Regulation (EU) No 536/2014 has further improved the environment for clinical research in the paediatric population, now legally

recognising their assent or agreement to clinical trial participation at the European level [25]. This is amongst other provisions to facilitate international
research and to ensure quicker access to new, innovative treatments [26].

Consequences on current drug development landscape for adolescents
� The possibility for PIP requirements beyond studies proposed by companies is limited by the adult condition (cancer type), and cannot be mandated on

the basis of the drug’s-MoA. However, as PIPs must specify how research and development is done in patients from all age cohorts < 18 years, sponsors
usually include adolescents 12–17 years in paediatric separate studies, rather than including them in relevant adult trials (which cannot be mandated).
Adult studies generally recruit patients � 18 years, while paediatric studies often cease recruitment at 18–21 years.
� As paediatric studies generally start later than studies in adults, there are delays in evaluating new drugs for adolescents, and adult patients with ‘typical

paediatric cancers’ are not included in disease-specific ‘paediatric’ trials. Such studies can be proposed by companies, and some have been agreed as
part of PIPs (e.g. lenvatinib in an osteosarcoma phase II trial, NCT02432274), while others are executed without being part of a PIP (e.g. ruxolitinib phase III
trial in GVHD, NCT02913261).

The European Paediatric Medicine Regulation [(EC)-No1901/2006)] has dramatically improved the European regulatory environment for the development
of paediatric medicines in the EU and has had an international impact [27].

Table 2. Implication of the current situation for adolescents with cancer—concrete examples

Delay of drug access in common diseases
Hodgkin’s lymphoma occurs in children, adolescents and adults, with very similar biology and clinical behaviour. Brentuximab vedotin was approved for

adult with relapsed/refractory CD30 positive Hodgkin’s lymphoma (NCT00430846) [28] in October 2012 in Europe, while the phase I/II trial for patients
aged < 18 years, which was included in a PIP, only started in April 2012 (NCT01492088) thus delaying authorisation of this promising drug for adolescent
use. Moreover, since March 2015, the drug is being evaluated in combination in a first line study (NCT02292979) in adult Hodgkin’s lymphoma, but ado-
lescents are excluded from this trial. The same pattern also occurred with the anti-PD1 immune checkpoint inhibitor (nivolumab) trials in adult
Hodgkin’s lymphoma [29] (NCT01592370 and NCT02304458), although delays were reduced.

‘Unfeasible’ adolescent-specific trials
A phase I trial of vemurafenib was opened internationally in January 2013 only for 12- to 17-year olds with stage IIIC and IV melanoma and B-RAF V600

mutations (NCT01519323), despite this disease being extremely rare in adolescents [30], while an adult study started recruitment from 16 years old
upwards in March 2011 (NCT01307397). Confounding the situation was off label use of this drug in adolescents with no data formally collected. Only 6
patients were recruited to NCT01519323 despite it being open in 10 countries. Recently, adult studies have proven that the combination of vemurafenib
with an MEK inhibitor provides a better therapeutic option than single agent vemurafenib [31]. Similarly, the adolescent melanoma phase I/II ipilimumab
trial was closed prematurely because of low accrual (NCT01696045), at a time when the melanoma standard-of-care had changed with the emergence
of the anti-PD1 antibodies, and the PIP covering the paediatric melanoma development required recruitment of adolescents into ongoing adult trials.
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1. In adult early-phase anticancer drug studies, the age of entry
into clinical trials should be lowered to 12 years where the
agent has an MoA relevant to adolescents’ unmet treatment
needs, especially when the disease is rarely present in adoles-
cents (making separate studies unlikely), unless there are well-
justifiable medical and/or scientific reasons not to do so.

2. There should be no set upper or lower age limit criteria for
phases II and III trials for adolescent and young adult (AYA)
cancers that are present in both paediatric and adult popula-
tions with similar biology. Adolescents over 12 years of age
should be included from the onset of the cancer drug devel-
opment process in adults. Additional adolescent PK and tox-
icity studies should be undertaken in phase II studies.
Children < 12 years should be studied as soon as the pRP2D
is determined.

3. Trials enrolling adolescents should always be conducted in
an age-appropriate setting with clinical care provided by
expert paediatric or AYA oncologists, to ensure best safety,
care and compliance. This could be facilitated by having co-
principal investigators, with separate responsibilities for
adults and adolescents.

4. Adolescents should be included in paediatric phase I, II and
III trials where relevant (e.g. adolescents with paediatric can-
cers type or biological targets).

5. Young adult with paediatric cancer types should be offered to
participate in paediatric phase II/III trials.

6. This approach should yield adequate data to support an adoles-
cent indication at the time of the initial marketing authorisa-
tion application for a given anticancer drug, particularly where
the disease crosses the age spectrum and has similar biological

and clinical behaviour, or when diseases are histologically dif-
ferent but have similar targets present across the age spectrum.
Adolescent PK/safety data collected in adult trials, even within
trials for different diseases, might support extrapolation of
activity between diseases if the targets are the same.

Key success factors for the implementation

of a joint adolescent–adult clinical trial

platform

Firstly, the early opening of adolescent slots in adult trials, i.e.

before the adult recruitment is well advanced (e.g. denosumab in

giant cell tumours, NCT00680992) [15] is crucial. The timing

should be balanced between opening to adolescents once there is

some adult safety and PK data, but not so late that few can realis-

tically participate. This time point could be defined on a study-

by-study basis (e.g. once safety data from the first 1–2 adult

cohorts have been assessed; or at the point of adult expansion

cohorts opening). This will avoid that adolescents being exposed

to potentially sub-therapeutic doses, and maximise the chance

for individual benefit, complying with the requirement that

paediatric/adolescent patients participating in research have the

prospect of direct benefit which justifies the risk of participation.

Drug dosage may be calculated as BSA-adjusted adult dose

without exceeding that adult dose. For this, appropriate tablet/

pill strengths should be made available for optimal dosing with-

out necessarily requiring liquid formulation. Dosing in adoles-

cents can also be modelled based on population PK modelling of

Situtations

Similar targets present
across the age spectrum

Disease similar in adult
and paediatric population

e.g. bone sarcoma, Hodgkin disease

Adult disease rarely
present in adolescents

e.g. carcinoma, melanoma

Paediatric disease rarely
present in the adult

population
e.g. medulloblastoma

To include both paediatric and adult
population

from phase-II to phase-III trials

To include adolescnets from 12 years
in adult phase-I to -III trials

To include adult patients in
pediatric phase-II to -III trials 

To include adolescents from 12 years
in adult phase-I trials To facilitate

regulatory
authorisation
of a given
cancer drug for
adolescents
from 12 years
at the same
time as adult
authorisation

Solutions

Figure 1. ACCELERATE trial strategy for adolescents and young adults.
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the dose-finding data obtained from adults. Drug concentrations

in adolescents can be determined during the trial and PK can be

confirmed in late-phase adult trials.

The number of adolescents to be recruited should be included

within the upfront overall enrolment calculation, and the pre-

specified primary analyses designed to include the adolescent

data. We propose not to pre-define a minimum number of ado-

lescents to be recruited, in order to avoid delays in completion,

reporting and publication of the trial and authorisation process.

However, it is crucial that this upfront agreement is not merely a

token gesture. Involvement of experts in both adult and paediat-

ric oncology early drug development will help design the most

appropriate studies to ensure that adolescent inclusion does not

delay the study execution. This process could be eased by having

adult and paediatric oncology co-principal investigators and at

least one paediatric/AYA oncology expert on the Trial Steering

Committee. Several academic institutions host both adult and

paediatric early drug development departments, thereby

facilitating the capture of adolescent patients into trials. The

structure of paediatric early drug development in Europe

through the consortia such as ITCC will facilitate referral of ado-

lescents to open sites. Data from adolescents enrolled in adult

studies should contribute to data on a given drug for the overall

paediatric population. Joint paediatric/adult trials can be consid-

ered in PIP proposals.

Adolescents require a dedicated environment in specialised

centres and age-appropriate assent and consent forms.

Consideration should be given to local and national regulations

regarding enrolment of minors in clinical trials, including accept-

ability of contraception. Harmonisation of trial authorisation

process for minors by competent authorities, institutional review

boards and ethics committees is warranted, and will require fur-

ther work in this area.

Adolescents and their parents are leading co-drivers of this ini-

tiative and strongly support a joint adolescent/adult approach.

Early and rapid access to new drugs is a priority for all patients

experiencing a cancer relapse, and their wish is to be proactively

informed about available trials. Adolescents define themselves as

the ones who have to live with the disease without current chance

of cure and thus claim to understand and freely choose whether

or not to participate in a trial once they have had clear explana-

tions of expected adverse effects and uncertainties about drug

efficacy. They are more than willing to participate in adult trials

to increase the chance of their own disease responding, as well as

for altruistic reasons, as long as they can still be treated in an age-

appropriate environment. These factors are crucial for trial com-

pliance, and data quality.

A consensus exists and progress is ongoing

There are many benefits of including adolescents in adult phase

I/II trials once safety and PK data are available from adult patients

but without the need for prior paediatric data. Firstly, it acceler-

ates access to new drugs for adolescents and potentially provides

data to inform drug development in both children and adults,

e.g. figitumumab in Ewing’s sarcoma [16]; crizotinib in ALK/

MET aberrant tumours, NCT01524926. Where early signs of

activity are seen in a paediatric disease present in adolescents, the

opportunity exists for adolescent data to inform broader paediat-

ric drug development. The development of drugs in adults might

also be positively influenced by recruiting adolescents whose

tumours harbour an oncogenic driver or drug target which might

achieve proof-of-concept/proof-of-principle for drugs with a

new MoA. This approach should ultimately shorten the paediat-

ric drug development and reduce the likelihood of off-label use in

the paediatric population once the drug is authorised for adult

use. An additional benefit is to advance the understanding of the

biology related to new drugs (e.g. vismodegib in SHh-medullo-

blastoma [17–19] where medulloblastoma molecular biology was

investigated across ages to an unprecedented level [20]).

Importantly, this approach has already strengthened links

between paediatric and medical oncologists, building on experi-

ence gained in successful joint paediatric-adult phase III trials

[21], and support initiatives such as the French InterSARC net-

work (joint phase II/III trials in adult and paediatric sarcomas).

Similarly collaboration between tumour profiling programmes at

relapse, with analyses performed for the adult and paediatric pop-

ulations (e.g. MOlecular Screening for Cancer Treatment

Optimization [22] may identify new druggable alterations rele-

vant for future MoA-based treatment strategies). Joint AYA ini-

tiatives led by the academic community are now moving forward

under the auspices of the European Society for Paediatric

Oncology (SIOPE) and of Medical Oncology, as a result of the

work done by the different national AYA groups, in particular

within the ENCCA [23]. The fifth SIOPE cancer strategy plan

includes adolescent access to new drugs as a priority. Finally,

from an operational and cost stand points, this approach allevi-

ates the burden of opening an adolescent-specific trial in cancers

with a low incidence in adolescents (e.g. melanomas, gastrointes-

tinal stromal tumours, thyroid cancers, carcinomas) and permit

an integrated adult/paediatric data set for regulatory decision

making. This is in line with the ICH-E11 guidance (2016), which

stipulates that paediatric data should be included at an early stage

in adult marketing authorisation applications for medicinal

products that may represent a significant therapeutic advance in

diseases with limited therapeutic options.

Conclusion

ACCELERATE proposes adult phase I/II trials to include

adolescents above the age of 12 years, which is not only ethical,

but feasible and safe, unless there are medical or scientific contra-

indications, either where the MoA of the drug being studied is

potentially relevant to adolescents or when the disease is rarely

present in the adolescent population. This approach is supported

by similar dosing and PK parameters in adolescents and adults

and no extra toxicity observed in adolescents. Very importantly,

inclusion of adolescent in clinical trials in adults should neither

delay the activation, completion, nor reporting and publication

of the trial and authorisation process. Finally, our proposed strat-

egy has very recently been endorsed by the FDA, further demon-

strating the progressive international harmonisation of views on

this key issue [24].
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