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Abstract Based on biology and pre-clinical data, bromodomain and extra-terminal (BET)

inhibitors have at least three potential roles in paediatric malignancies: NUT (nuclear protein

in testis) carcinomas, MYC/MYCN-driven cancers and fusion-driven malignancies. However,

there are now at least 10 BET inhibitors in development, with a limited relevant paediatric

population in which to evaluate these medicinal products. Therefore, a meeting was convened

with the specific aim to develop a consensus among relevant biopharmaceutical companies,

academic researchers, as well as patient and family advocates, about the development of

BET inhibitors, including prioritisation and their specific roles in children.

Although BET inhibitors have been in clinical trials in adults since 2012, the first-in-child

study (BMS-986158) only opened in 2019. In the future, when there is strong mechanistic

rationale or pre-clinical activity of a class of medicinal product in paediatrics, early clinical

evaluation with embedded correlative studies of a member of the class should be prioritised

and rapidly executed in paediatric populations.

There is a strong mechanistic and biological rationale to evaluate BET inhibitors in paedi-

atrics, underpinned by substantial, but not universal, pre-clinical data. However, most pan-

BET inhibitors have been challenging to administer in adults, since monotherapy results in

only modest anti-tumour activity and provides a narrow therapeutic index due to thrombocy-

topenia. It was concluded that it is neither scientifically justified nor feasible to undertake

simultaneously early clinical trials in paediatrics of all pan-BET inhibitors.

However, there is a clinical need for global access to BET inhibitors for patients with NUT

carcinoma, a very rare malignancy driven by bromodomain fusions, with proof of concept of

clinical benefit in a subset of patients treated with BET inhibitors. Development and regula-

tory pathway in this indication should include children and adolescents as well as adults.

Beyond NUT carcinoma, it was proposed that further clinical development of other pan-

BET inhibitors in children should await the results of the first paediatric clinical trial of

BMS-986158, unless there is compelling rationale based on the specific agent of interest.

BDII-selective inhibitors, central nervous systemepenetrant BET inhibitors (e.g. CC-90010),

and those dual-targeting BET/p300 bromodomain are of particular interest and warrant

further pre-clinical investigation.

This meeting emphasised the value of a coordinated and integrated strategy to drug devel-

opment in paediatric oncology. A multi-stakeholder approach with multiple companies devel-

oping a consensus with academic investigators early in the development of a class of

compounds, and then engaging regulatory agencies would improve efficiency, productivity,

conserve resources and maximise potential benefit for children with cancer.

ª 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The fifth multi-stakeholder Paediatric Strategy Forum

on epigenetic modifiers, organised by ACCELERATE

[1] in collaboration with the European Medicines

Agency (EMA) with participation of the US Food and

Drug Administration (FDA), agreed that there was a

need for a dedicated meeting focused on prioritising the
multiple bromodomain and extra-terminal (BET) in-

hibitors in clinical development that could potentially be
evaluated in children with cancer [2].

The BET family of proteins consists of four mem-

bers (BRD2, BRD3, BRD4 and BRDT) that regulate

chromatin structure and gene expression through

binding to acetylated lysine residues on histone tails,

which is critical in regulating transcription [3]. Each

http://creativecommons.org/licenses/by-nc-nd/4.0/
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BET protein contains tandem dual bromodomains

(BDs), which are structurally similar between all four

family members. The BET family is one of the most

prominent transcriptional vulnerabilities in human

cancer and therefore is an attractive epigenetic thera-

peutic target.

Based on biology and pre-clinical data, BET in-

hibitors have at least three roles in paediatric malig-
nancies: NUT (nuclear protein in testis) carcinomas [4],

MYC/MYCN-driven malignancies [5e8] and fusion-

driven cancers [9e13]. NUT carcinomas are the arche-

type of a BET-driven malignancy, with BRD4 and

BRD3 fusions characteristic of this disease. There is

controversy relating to the role of BET inhibitors in

malignancies other than those driven by BRD3/BRD4

fusions [14e16]. It is uncertain if the concentrations
necessary to achieve a biological effect in vivo in other

cancers can be achieved in clinical practice due to

toxicity, notably thrombocytopenia. As a result, in

clinical trials, in adults to date, pan-BET inhibitors have

been challenging to administer and monotherapy has

generally resulted in only modest anti-tumour activity

[14e23].

Although BET inhibitors have been in clinical trials
in adults since 2012, the first-in-child study only

opened in 2019 [24]. In July 2020, there were at least 10

pan-BET inhibitors in clinical development (a number

of others have been discontinued), and the relevant

paediatric population is not large enough to accom-

modate clinical trials of all these BET medicinal

products.

The consensus of the broader Paediatric Strategy
Forum on epigenetic modifiers was that the future focus

should be on BET inhibitors with a broader therapeutic

index (facilitating combination treatment strategies),

BET inhibitors with improved bloodebrain barrier

penetrance, and second-generation BET inhibitors with

selective inhibition of the BDII bromodomain [2]. The

aim of this follow-up meeting dedicated solely to BET

inhibitors was to develop further a consensus, between
biopharmaceutical companies with publicly recognised

BET inhibitor development plans, academic researchers

and patient advocates, about the development of BET

inhibitors including prioritisation and their specific

roles.

The meeting was held virtually over 4 h on 10th July

2020. As an introduction, an overview of the biological

rationale for BET inhibitors in paediatric malignancies,
relevant pre-clinical data and early clinical studies were

presented. This introduction was followed by pre-

sentations by invited companies of their adult and pae-

diatric plans, pharmacological and clinical information

on nine compounds being developed as BET inhibitors.

This provided a basis for a strategic discussion, overall

conclusions and final consensus recommendations.

There were 47 participants: 15 academic experts; 20
representatives from eight companies with publicly
recognised BET inhibitor development plans (BMS/

Celgene, Boehringer Ingelheim, Constellation Pharma-

ceuticals, AstraZeneca, Incyte, Plexxikon, Develop-

mental Therapeutics Consortium and Abbvie); four

patient advocates (Andrew McDonough Bþ Positive

Foundation, Children’s Cancer Cause, Coalition

Against Childhood Cancer, Solving Kids’ Cancer); six

regulators from the FDA and EMA as observers; and
two organisers. GlaxoSmithKline was initially intending

to participate, but their product (molibresib) has been

discontinued. Zenith Epigenetics did not respond to

invitations.
2. Paediatric cancer biology relevant to BET inhibitors

NUT carcinoma is considered the prototype of a BET

family-driven cancer in which the fusion of BRD4 or

BRD3 with NUTM1 yields a bona fide oncogenic driver

blocking differentiation through activation of MYC

[4,25e27]. These rare aggressive tumours can arise in
children, adolescents and adults. BET inhibitors were

first demonstrated to have pre-clinical activity in BRD4-

rearranged NUT carcinoma [4] and then were shown to

downregulate MYC and MYCN [5]. MYCN-amplified

neuroblastoma was shown to be highly sensitive in vitro

and in vivo to BET inhibitors, through downregulation

of MYCN [6] resulting in enhanced survival in these

models [6,28]. Furthermore, MYCN overexpression
partially reversed the effects of a BET inhibitor on

growth inhibition [28], and BET inhibition down-

regulates the expression of MYCN target genes in neu-

roblastoma [7]. However, not all MYCN-amplified

neuroblastoma models are responsive in vivo [29]. BET

inhibitor treatment also represses MYC/MYCN and

enhances survival in certain medulloblastoma models

[30,31]. In addition, pre-clinical activity has been shown
in paediatric Ewing sarcoma [11], osteosarcoma [32],

rhabdomyosarcoma [10], diffuse intrinsic pontine gli-

oma [13], Mixed lineage leukemia (MLL)-rearranged

leukaemia [12], acute myeloid leukaemia [33] and acute

lymphoblastic leukaemia models [34,35]. Based on the

molecular driver, some sub-types of acute myeloid

leukaemia [36] should be susceptible to BET inhibition

[12,37,38]. A report showing that BET inhibition leads
to the reversible disruption of the GATA1-dependent

transcription of genes that promote erythropoiesis and

thrombopoiesis provides an explanation of the throm-

bocytopenia observed in clinical trials of BET inhibitors

[39].

In adult malignancies, there are data for combina-

tions with BET inhibitors in pre-clinical models and the

optimal agent may be disease specific [39e41]; however,
there are only modest pre-clinical data available to

suggest potential combination partners with BET in-

hibitors in paediatric cancers. There is pre-clinical syn-

ergy between BET inhibitors and PI3K inhibitors in
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neuroblastoma [42,43] and in some adult tumours [44],

and with CDK4/6 inhibitors in medulloblastoma [45].
3. Clinical trials of BET inhibitors in adults

As a result of their mechanism of action, the main

downstream targets of BET inhibition are enriched in

haematological malignancies. Therefore, BET inhibitors

have been evaluated predominantly in myelofibrosis,

acute myeloid leukaemia and adult lymphoma
[15e23,46e49]. Toxicity, notably thrombocytopenia,

has been described in clinical trials, which has been the

dose-limiting feature. In myelofibrosis, combinations

with ruxolitinib and other JAK Inhibitors are being

explored [50,51].

Beyond haematological malignancies, another focus

of adult clinical development has been on NUT carci-

noma. As described earlier, NUT carcinoma is a very
rare, squamous cell carcinoma defined most commonly

by rearrangement of the NUTM1 gene with either the

BRD4 or BRD3 genes [51e56]. Although the exact

incidence is unknown as it is very frequently mis-

diagnosed, it is estimated that there are approximately

1000 new cases per year in the United States of America;

however, the majority are not diagnosed. Biologically,

there are no differences in NUT carcinomas occurring in
different ages. The malignancy is associated with a very

poor prognosis with a 70% mortality rate 1 year from

diagnosis, 4% 5-year overall survival and a median

survival of 6.5 months [57]. There is no established

therapeutic approach, although some success has been

achieved using a multimodal approach including early

surgical resection and adjuvant chemotherapy and

radiotherapy [49e55]. BET inhibitors are active in NUT
carcinoma, resulting in a partial response rate of

20e33%, although described responses have often been

short-lived with only 10% of patients having responses

lasting for longer than 2 months. In a phase I/II trial of
Table 1
Phase I clinical trials with BET inhibitors in NUT carcinoma.

Molibresib (GSK52

n 19

CR (%) 0 (0)

PR (%) 4 (21)

SD (%) 7 (36)

PD (%) 4 (21)

NE (%) 3 (16)

AEs in all solid tumours on the trial

Evaluable patients 65

DLT (%) 5 (6)

SAE (%) 31 (48)

G3-4 Thrombocytopenia (N/%) 24 (37)

Median PFS (months) 2.5

AE, adverse event; BET, bromodomain and extra-terminal; CR, complete r

protein in testis; PD, progressive disease; PFS, progression-free survival; P

*2 unconfirmed.
molibresib, 19 patients with NUT carcinoma enrolled

on the phase I arm [16] with two confirmed partial re-

sponses (12%) treated at doses of 60 mg and higher, and

there also were two unconfirmed partial responses

(confirmed and unconfirmedZ 21%). A phase I study of

birabresib (previously OTX-015) enrolled nine patients

with NUT carcinoma with three partial responses, but

only one of which had a response duration exceeding 2
months [15] (Table 1).
4. First-in-child trial of a BET inhibitor

The first dedicated paediatric trial of a BET inhibitor is

now actively accruing patients. This trial is evaluating

BMS-986158 (NCT03936465) [24]. The primary aims of

this trial are to: (i) define paediatric recommended phase

II dose of BMS-986158 and (ii) describe toxicities of this
agent in a paediatric population. The secondary aims

are to: (i) describe the anti-tumour activity of BMS-

986158; (ii) describe the pharmacokinetics of BMS-

986158 in paediatrics and (iii) evaluate potential phar-

macodynamic and predictive biomarkers. The eligibility

criteria are age �21 years, ability to swallow intact pills,

relapsed or refractory solid tumour or lymphoma (cen-

tral nervous tumours only if biomarker selected). In one
cohort, there is a biomarker enrichment strategy for any

of the following features, with a novel continual reas-

sessment method design to allow patients with these

features to enrol into a separate cohort even if the main

dosing cohort is temporarily full: MYCN amplification/

high copy gain; MYC amplification/high copy gain;

translocation involving MYC or MYCN; BRD4 ampli-

fication; translocation involving BRD3 or BRD4; or
histologic diagnosis of NUT carcinoma. The study is

rich in embedded correlative biology. The trial opened

in June 2019, with an estimated completion of July 2022

and 34 participants anticipated.
5762) [15] Birabresib [16] (OTX-015, MK-8628)

9

0 (0)

3 (33)

3 (33)

2 (22)

1 (11)

19

4 (21)

7 (35)

5 (25)

1.3

esponse; DLT, dose-limiting toxicity; NE, not evaluable; NUT, nuclear

R, partial response; SAE, severe adverse event; SD, stable disease.



A.DJ. Pearson et al. / European Journal of Cancer 146 (2021) 115e124 119
5. BET inhibitors presented

BMS-986158, CC-90010, BI 894999, CPI-0610,

AZD5153, INCB57643, PLX2853 and ABBV-075 (all

pan-BET inhibitors), ABBV-744 targeting BDII of the

BET family and NEO2734 targeting BET/p300 bromo-

domain were presented (Table 2).
6. Distinguishing features of BET inhibitors presented

There appeared to be very strong pre-clinical data in

NUT carcinoma using NEO2734 as a combined BET
and p300/CBP inhibitor to cooperatively deplete MYC

[58]. There was considerable interest in ABBV-744 as

this was the only BDII-selective BET inhibitor presented

[59e61]. Pre-clinical data in rats suggest that ABBV-744

could be associated with less thrombocytopenia [59e61]

and pre-clinical data of other BDII-selective inhibitors

indicate that BDII inhibition could be more effective in

MYC-driven malignancies [62]. In addition, there was
interest in CC-90010 because it has greater central ner-

vous system penetrance [63] and in PLX2853 because of

its pharmacokinetics, which may result in less

thrombocytopenia.
Table 2
BET inhibitors discussed at the meeting.

Pan-BET CNS Toxicity Adult developm

BMS-

986158

O Low Thrombocytopenia Phase I/IIa

CC-90010 O O Thrombocytopenia Phase I

BI-894999 O No

supportive

data

Thrombocytopenia Phase I (focus

carcinoma)

CPI-0610 O TBD Thrombocytopenia Phase I/II (mon

ruxolitinib com

III e ruxolitini

ruxolitinib þ p

myelofibrosis

AZD5153 O Low Thrombocytopenia Phase I/II

INCB57643 O Thrombocytopenia Phase I myelofi

PLX2853 O No Less

thrombocytopenia

Phase Ib/IIa

NEO2734 BET/p300

bromodomain

About to enter

development

ABBV-075 O No data Thrombocytopenia Phase I / Pha

ABBV-744 BDII No data Pre-clinical

Less

thrombocytopenia

Phase I AML /
myelofibrosis

CNSdCNS penetration.

AML, acute myelogenous leukaemia; BET, bromodomain and extra-termin

To be determined.
7. Discussion

The average number of non-synonymous coding muta-

tions in childhood tumours is on average about a

hundred-fold lower than in adult malignancies [64,65].

However, as most mutations in paediatric malignancies

influence chromatin-associated proteins or transcrip-
tion, and paediatric cancers are driven by developmental

gene expression programs, targeting epigenetic mecha-

nisms, such as inhibition of BET, has the potential to be

a very important therapeutic approach in paediatric

cancer.

There are many targets relevant to BET inhibitors on

the FDA Relevant Paediatric Molecular Targets List

[66], including BRD3-NUTM1, BRD4-NUTM1, ETS
gene fusion, EWSR1-FLI1, MYC, NFkappaB, NSD3-

NUTM1 and PAX-FOXO1. Therefore, the FDA

Reauthorization Act of 2017, section 504, which in-

corporates the Research to Accelerate Cures and Equity

(RACE) for Children Act [67], mandates clinical inves-

tigation of this class of agents in children unless the

required investigations are waived or deferred.

It was agreed that it is not scientifically justified or
feasible to undertake simultaneously early clinical trials

in paediatrics of all pan-BET inhibitors currently in

clinical development.
ent Paediatric

development

Combination Comments

Phase I

Long half-life

on NUT Planned

(focus on

NUT

carcinoma;

adolescents)

One paediatric dosage

formulation planned

otherapy and

bination) Phase

b þ CPI-0610 vs

lacebo in

Ruxolitinib Wide therapeutic index

? AML Olaparib

Venetoclax

Unique bivalent

binding mode

brosis

Planned Very interesting

pharmacokinetics high

maximum serum

concentration but with

short half-life

clinical Promising pre-clinical

data in NUT carcinoma

se I myelofibrosis

phase I

al; CNS, central nervous system; NUT, nuclear protein in testis; TBD,
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Pan-BET inhibitors have been under investigation in

clinical trials in adults since 2012 and have been chal-

lenging to administer in adults. Monotherapy has

resulted in modest anti-tumour activity, and there ap-

pears to be a narrow therapeutic index due to throm-

bocytopenia. It was agreed that there is a disconnect

between the in vitro activity of BET inhibitors and their

clinical activity in adults. The pre-clinical in vivo activity
observed has most commonly, but not exclusively [41],

been a slowing of tumour growth without tumour

regression, mirroring but not exclusively [41], the clinical

findings for most adult cancers against which BET in-

hibitors have been evaluated. Dating from 2010, there is

a strong pre-clinical evidence of activity in NUT carci-

noma [4], MYCN, MYC and fusion-driven malignancies

(in most studies), which was first published in 2013 [6].
Therefore, this drug class remains of broad interest for

evaluation in a range of paediatric cancers.

There is a clear genomic rationale for evaluating BET

inhibitors in NUT carcinoma, as these drugs target the

initiating fusion and the clinical need is great. In view of

these features, it was agreed that clinical development of

BET inhibitors for NUT carcinomas needs to be

considered separately from development in other dis-
eases impacting children. Owing to the rarity of these

tumours and the fact that BET inhibitors have anti-

tumor activity in patients with NUT carcinoma, there is

a need for a global approach and access to this class of

compounds. The development and regulatory pathway

for NUT carcinomas should include children, adoles-

cents and adults, with clinical trials designed to identify

ways to increase the proportion of patients responding
to BET inhibitors and increasing the duration of

response among responding patients. To achieve the

goal children, adolescents and adults should be included

in the pivotal registration studies, augmented through

extrapolation and pharmacokinetic modelled dosing.

Data from the first paediatric trial of a BET inhibitor,

BMS-986158, will be highly informative as ‘proof of

concept’ in tumours beyond NUT carcinoma, and this
trial should clarify the role of pan-BET inhibitors in

children. Moreover, the clinical experience should yield

important information as to whether a clinically mean-

ingful biological effect can be achieved despite throm-

bocytopenia as a common toxicity of this drug class. If a

patient population can be identified in which clinical

activity is observed, then further development of pan-

BET inhibitors in this group can be planned, including
development of a paediatric appropriate formulation. In

the future, the potential evaluation of BET inhibitors

together with thrombopoietin mimetics (e.g. romiplos-

tim) can be considered to overcome the dose-limiting

toxicity of thrombocytopenia and potentially improve

the therapeutic window of these agents. However, as a

prelude to clinical evaluation of this combination,

extensive pre-clinical research will be required.
It was proposed that further clinical development of

other pan-BET inhibitors in children, apart from those

with NUT carcinoma, should be postponed until the

early results of the paediatric clinical trial of BMS-

986158 are known, unless there is compelling rationale

based on the specific agent of interest. This proposal is

based on the adult experience of BET inhibitors for

which there are substantial pre-clinical data indicating
in vitro and in vivo activity in a range of adult malig-

nancies, which has not yet translated to clinical activity,

with the exception of myelofibrosis, some advanced

sarcomas and diffuse large B-cell lymphomas. The pre-

liminary results of the BMS-986158 trial will first be

required to demonstrate proof of concept that pan-BET

inhibitors can be effective in MYC/MYCN-driven tu-

mours. The trial design allows enrichment for patients
with MYC/MYCN-amplified tumours.

Further pre-clinical evaluation of BDII-selective in-

hibitors, BET/p300 bromodomain dual inhibitors (e.g.

NEO2734) and PLX2853 should be prioritised in view

of their promising pre-clinical data [68,69] and if

confirmed, early clinical studies prioritised. There is an

unmet need for clinically active BET inhibitors in central

nervous system tumours driven by MYC/MYCN, and
there is interest in further paediatric evaluation of BET

inhibitors with improved central nervous system pene-

trance such as CC-90010.

The clinical evaluation of combinations including

BET inhibitors should be based on a strong biological

rationale and robust pre-clinical studies, especially since

thrombocytopenia has to date appeared to be a key

dose-limiting toxicity and appears to be an on-target
class effect of BET inhibitors [38]. Understanding how

BET inhibitors and other epigenetic modifiers might

impact expression of other therapeutic targets may

indicate potential novel combinations to evaluate in

paediatrics. Attention should be paid to avoid drug

combinations where the second agent also has throm-

bocytopenia as a significant overlapping toxicity.

The general proposed regulatory strategy, where
there are multiple products of the same class, is that

there is a consolidated agreement by all involved (in-

dustry and academia) regarding which product, based

on current evidence, is considered to have the highest

potential to address unmet medical needs. This product

should then be advanced into paediatric development

and submitted for regulatory approval, without delay

(i.e. without a deferral). Part of this prioritisation dis-
cussion, however, also includes the need to decide on the

sequence in which (any) other available (or emerging)

products should be developed in reference to the one

decided to move forward into development. This should

be based on scientific arguments. The development of

these products should be deferred in sequence and in

dependency, so that as soon as a development is

completed (either due to futility or efficacy) others are
already prepared for evaluation. Such consolidated



Box 1. Key conclusions of the meeting.

� Based on biology and pre-clinical data, BET inhibitors

have at least three potential roles in paediatrics: nuclear

protein in testis (NUT) carcinomas, MYC/MYCN-driven

malignancies and fusion-driven cancers.

� Although BET inhibitors have been in clinical trials in

adults since 2012, the first-in-child study (BMS-986158)

only opened in 2019.

� As many targets relevant to BET inhibitors are on the

FDA Paediatric Molecular Targets List, clinical investi-

gation of this class is mandated unless the required in-

vestigations are waived or deferred.

� As there are at least 10 BET inhibitors in development

with a limited relevant paediatric population in which to

evaluate these medicinal products, prioritisation is

required. It was concluded that it is not scientifically

justified or feasible to undertake simultaneously early

clinical trials in paediatrics of all pan-BET inhibitors.

� There is a strong mechanistic and biological rationale to

evaluate BET inhibitors in paediatrics, underpinned by

substantial, but not universal, pre-clinical data. However,

pan-BET inhibitors have been challenging to administer

in adults, monotherapy has resulted in modest anti-

tumour activity, and there may be a relatively narrow

therapeutic index due to thrombocytopenia.

� There is a very clear biological rationale for BET in-

hibitors in NUT carcinoma, and there is a clinical need

for global access to BET inhibitors for patients with this

malignancy. Development and regulatory pathway

should include children, adolescents and adults.

� Further clinical development of other pan-BET in-

hibitors in children with tumours other than NUT car-

cinoma should be postponed until the results of the

paediatric clinical trial of BMS-986158 are known, unless

there is compelling rationale based on the specific agent

of interest.

� BDII-selective medicinal products and those targeting

BET/p300 bromodomain are of interest and warrant

further pre-clinical investigation.

� The clinical evaluation of combinations including BET

inhibitors should be based on a strong biological ratio-

nale and robust pre-clinical studies.

� Understanding how BET inhibitors and other epige-

netic modifiers might impact expression of other thera-

peutic targets may indicate potential novel combinations

to evaluate in paediatrics.

� When there is strong mechanistic rationale or pre-

clinical evidence for the activity of a class of medicinal

product, early clinical evaluation, with embedded

correlative biology of a member of the class in paediatrics

should be prioritised and rapidly executed.

� A coordinated and integrated approach to paediatric

cancer drug development is of great value. A multi-

stakeholder approach with multiple companies devel-
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prioritisation strategies allow fulfilment of the respective

regulatory requirements, improves efficiency and is of

benefit to children with malignancy. Any remaining level

of uncertainty can be managed through modifications

which might be needed to contextualise subsequent

development relative to any emerging evidence.

Regulators only participated as observers and no

regulatory decisions were made at the meeting. How-
ever, it was highlighted that early interactions with

regulatory agencies (e.g. through the request of Paedi-

atric Investigation Plan (PIP) and initial Paediatric

Study Plan (iPSP) pre-submission meetings), concurrent

submission of individual PIPs and iPSPs to the EMA/

Paediatric Commitee (PDCO) and FDA, respectively,

including importantly a request for discussion at cluster

calls [70].
The patient advocates emphasised the critical value of

considering the needs of children and adolescents early

in the drug development process. For the 126 agents first

approved by the FDA for any oncology indication from

1997 to 2017, there was an unacceptable delay (median

6.5 years) from the initiation of first-in-human trials to

the start of the first-in-child trial [71]. BET inhibitors

clearly exemplify this issue as the first clinical trial of a
BET inhibitor in adults opened in 2012; however, the

first-in-child study opened in 2019, 7 years later. This

delay occurred despite a strong mechanistic rationale

and pre-clinical evidence for the activity of BET in-

hibitors in paediatric malignancies.

In the future, when there is strong pre-clinical evi-

dence for the activity of a class of medicinal product, or

when there is strong mechanistic rationale [72], but un-
certainty about the potential utility in paediatrics, early

clinical evaluation, with detailed embedded correlative

biology of a member of the class in paediatrics, should

be prioritised and rapidly executed. To achieve this goal,

there should be measures to facilitate and incentivise

paediatric anticancer drug development: there are op-

portunities for this to occur in Europe with the Euro-

pean Commission current evaluation of the EU
Paediatric and Orphan Regulations [73] and the new EU

Pharmaceutical Strategy [74].

This meeting emphasised the value of a coordinated

and integrated strategy to drug development in paedi-

atric malignancy. An approach with multiple companies

developing a consensus with clinicians, based on strong

scientific rationale and/or proof of principle, early in the

development of a class of compound, and then engaging
regulatory agencies would improve efficiency, produc-

tivity conserve resources and benefit children with

cancer.
oping a consensus with clinicians early in the develop-

ment of a class of compound and then engaging

regulatory agencies in a consolidated effort would

improve efficiency, productivity, conserve resources and

benefit children with cancer.
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