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Disclosures: none

I will discuss the following off label use or investigational use: selumetinib, ulixertinib

This presentation reflects my opinion, based on referenced data available
in the public domain, and does not reflect the opinion of the institutions,
sponsors, cooperative groups or consortia with whom I am affiliated.
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Demonstrate how the evolution of  therapy for 
childhood cancer has impacted trial design

Objective
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Mild Moderate

Severe

Life 
Threatening

Fatal

Improve cure rates.           Diminish acute toxicity.          Eliminate late 
effects.

Unifying Goal of Childhood Cancer Drug Development
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Survivors of Childhood Cancer

Armstrong et al JCO 2014
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Supplemental Fig. 2C). The median time from FDA
approval to FCCTe was !0.32 years (range !31 to þ19
years; Fig. 2D). When censored datapoints were
removed from the analysis, the median was !0.79 years
(range !31 to þ15.7 years; n Z 97 drugs; Supplemental
Fig. 2D).

3.3. Timing of first-in-child oncology trials according to
drug characteristics

To identify potential predictors of timing of FCCTs, the
aforementioned results were stratified by date of FDA
approval, drug class and indication. When results for
time between FHCT and FCCT were stratified by FDA
approval date, median values and distribution appeared
similar across time (Fig. 3A). Similarly, when stratified
by drug class and approved disease indication (Fig. 3B
and C), similar results were seen. Separate analyses of
time between FHCT and FCCTe (Fig. 3DeF) and an-
alyses excluding censored trials (Supplemental Fig. 3)
yielded similar results to those of the primary analyses.
These results suggest that the time lag separating first-in-

child (FCCT and FCCTe) from first-in-human trials is
not dependent on the era of FDA approval, drug class
or initial disease indication.

We repeated these analyses for time between FDA
approval and first-in-child trials. When results were
stratified by the initial FDA approval date, median
values remained similar across time and clustered
around 0 years (equivalent to time of initial FDA
approval; Fig. 4A). When stratified by drug class and
approved disease indication, median values again clus-
tered around 0 years. Separate analyses of time between
FDA approval and FCCTe (Fig. 4DeF) and analyses
excluding censored trials (Supplemental Fig. 4) yielded
similar results to those of the primary analyses.

We then looked at outlier agents with the top five
shortest and longest times from FHCT to FCCT,
excluding censored drugs with no known paediatric trial
as of January 1, 2018 (Supplemental Table 3). The five
drugs with the shortest duration were exclusively for
haematologic malignancy indications, whereas the five
drugs with the longest duration were approved for a
range of oncology indications.

Fig. 2. Analysis of paediatric oncology trial start dates for non-hormonal oncology agents approved by FDA from 1997 to 2017

(n Z 117). Each bar represents a single drug. (A) Time between the start date of first-in-human clinical trial (FHCT) and first trial eligible

to enroll paediatric patients (FCCT). (B) Time between FHCT and first trial verified to have enrolled paediatric patients (FCCTe). (C)

Time between FCCT and FDA approval date for each drug, where negative time (x-axis) indicates an FCCT start date before first FDA

approval. (D) Time between FCCTe and FDA approval date for each drug, where negative time (x-axis) indicates an FCCTe start date

before first FDA approval. Drugs without a paediatric trial starting before January 1, 2018, were censored at that time and are indicated in

blue. FCCT, first-in-child clinical trial with eligibility criteria open to patients <18 years; FCCTe, first-in-child clinical trial verified to have

enrolled a patient <18 years; FDA, US Food and Drug Administration. (For interpretation of the references to colour in this figure

legend, the reader is referred to the Web version of this article.)

D.V. Neel et al. / European Journal of Cancer 112 (2019) 49e5652

• Relatively low incidence study 
population, sub-classification and risk 
groups mandate multi-center and 
multi-disciplinary clinical trials

• Improved outcome, accrual rates, 
integration of biology -evidence of 
success of NCI Cooperative Groups

• Lag time to initiation trials in children 
and formulation constraints impact 
trial design

Realities of Clinical Research in 
Children with Cancer

Interval From First in Human to First in 
Child Trials for Oncology Drugs 

Neel et al Eu J Cancer  2019 

Realities of Clinical Research in Children with Cancer
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Drug Development Paradigms 

Balis FM & Fox E, Clinical Investigation 2012  2(3)

2nd +  
Line
Regimens 

Goal Historically Current 
Dose and Safety Phase 1 toxicity based Dose confirmation

Anti-Cancer Activity Phase 2 response Signal Seeking
Clinical Benefit Phase 3 Survival Survival and QOL/PRO
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Therapy Related
• Continuous oral dosing
• Long Half life
• Formulation 
• Less myelosuppressive

Trial Design
• Maximum tolerated dose and acute 

toxicity are no longer used to 
determine dose

• Definitions of Toxicity
• Biomarker selection
• Hybrid designs (Phase 1/2, Phase 2/3)

Targeted Therapy Evolution of  Paradigm in 
the Era of Targeted Therapy

6/17/237
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NCI-COG Pediatric Molecular Analysis for Therapy 
Choice (MATCH)  Trial Overview
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solid tumors incl 
CNS, lymphoma, 
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Trial Designs

Park et al  Trials 20 572, 2019
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Biomarker Selection  for Patient Eligibility

• Clinical Test or Research Test
• Centralized vs Sites
• Method and Turn around time
• Definitions  and Thresholds
• Prevalence of Biomarker

Langenberg et al  Cancers 13, 4324, 2021 
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Pediatric MATCH Trial Subprotcols

Larotrectinib

Erdafitinib

Screening protocol

July
2017

Oct
2020

Screening
begins

1000 patients
screened

Tazemetostat

Samotolisib

Selumetinib

Ensartinib

Vemurafenib

Olaparib

Palbociclib

Ulixertinib

Ivosidenib

Tipifarnib

NTRK1, NTRK2, NTRK3 fusion

FGFR1, FGFR2, FGFR3 mutation/fusion; FGFR4 mutation

SMARCB1, SMARCA4 mutation/loss

TSC1, TSC2, MTOR, PIK3CA, PIK3R1 mutation; PTEN mutation/loss

Selpercatinib

BRAF mutation/fusion; NRAS, KRAS, HRAS, NF1, ARAF, GNAQ, 
GNA11 mutation

ALK mutation/fusion; ROS1 fusion

BRAF V600 mutation

BRCA1, BRCA2, ATM, RAD51C, RAD51D mutation

CDK4, CDK6, CCND1, CCND2, CCND3 amplification

IDH1 R132 mutation

HRAS mutation

RET mutation/fusion
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July
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BRAF mutation/fusion; NRAS, KRAS, HRAS, NF1, ARAF, GNAQ, 
GNA11, MAP2K1 mutation

Actionable Alterations

Pediatric 
MATCH
Phase 2

treatment
protocols

(n=13)

Parsons DW, Janeway KA et al. JCO 2022
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Interim Summary of Pediatric MATCH Screening
1000 Patients ≤ 21y submitted  tumor for  molecular profiling
• July 2017- October 2020
• Patients with relapsed or refractory solid tumors were eligible
315 patient’s cancer had actional mutation
131 Patients were enrolled on therapeutic sub-protocols

Parsons JCO 2022
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Pediatric MATCH SubProtocol E: 
MAP Kinase Pathway Inhibitor Selumetinib

Eckstein et al JCO 2022

Single Stage Phase 2 Trial  
Actional Alterations: ARAF, BRAF, NRAS, 
KRAS,HRAS, MAP2K1, GNA11, GNAQ, NF1, 
and BRAF
Pediatric Dose established
Primary Endpoint: Objective Response 

58 patients MATCHED to Arm E
21 were enrolled; 20 Treated
Response
• No objective responses
• 3 patients had prolonged stable disease 

(HGG x 2, plexiform neurofibroma x1)
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Pediatric MATCH SubProtocol J: 
MAP Kinase Pathway Inhibitor Ulixertinib

Vo et al ASCO 2021

20 were enrolled and treated
Response
• No objective responses
• 3 patients with BRAF altered glioma or 

neuroglial tumors had prolonged stable 
disease 

Limited Dose Escalation Trial and Single Stage Phase 2 Trial  
Actional Alterations: ARAF, BRAF, HRAS, KRAS, NRAS, MAPK1, MAP2K1, GNA11, GNAQ
hotspot mutations; NF1 inactivating mutations; BRAF fusions
Establishing Pediatric Dose 
• 2 dose levels 260 or 350 mg/m2 twice daily evaluated in Rolling 6 design
• Dose Limiting Toxicity  in the dose escalation and primary cohorts included fatigue, anorexia, 

rash, nausea, vomiting, diarrhea, dehydration, increased creatinine, hypoalbuminemia, 
hypernatremia, and hip fracture.

Primary Endpoint: Objective Response 
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Evolution of Anticancer Drugs

1950
s

1960
s

1970
s

1980
s

2000
s

1990
s

2010
s

2020
s

Cytotoxic chemotherapy

Hormonal therapy

Cell therapy

Immunotherapy

Targeted therapy

Mechlorethamine 
(1949)

Allogeneic BMT (1968)

Rituximab (1997)

Imatinib (2001)

Aldesleukin (1992)

Tamoxifen (1977)

Slide Courtesy of Frank Balis
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Evolution of Principles of  Chemotherapy
Goal of curative therapy is to eradicate all 
malignant cells and precursors 

Curesearch based on Nov 2020 SEER Data

3 Principles of Chemotherapy for 
Childhood Cancer

Cytotoxic 
Era

Cellular 
Tx Era

Immuno
Tx Era

Targeted 
Tx Era

Combina
tion 

Therapy
ü ü ü ü

Adjuvant 
Therapy ü ? ü ü

Dose 
Intensity ü ü ? ?
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Evolution of Trial Design and Conduct
Molecularly Targeted Therapy necessitates Biomarker Selected Trials and 
therefore Smaller patient populations
• Impact Dose Determination: 

• Target Concentrations may be preferred endpoint
• Targeted therapy is less myelosuppressive, not non-toxic
• Toxicity  beyond Cycle 1 should be incorporated (BOIN)
• Dose confirmation and limited dose exploration 

• Basket and  Umbrella Trials are  feasible  in children
• The trial design is still radiographic response- based phase 2
• Multi-Center and International Trials are required
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