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Abstract

Purpose Despite numerous advances, survival remains
dismal for children and adolescents with poor prognosis
cancers or those who relapse or are refractory to first line
treatment. There is, therefore, a major unmet need for new
drugs. Recent advances in the knowledge of molecular
tumor biology open the door to more adapted therapies
according to individual alterations. Promising results in the
adult anticancer drug development have not yet been
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translated into clinical practice. We report the activity in
early pediatric oncology trials in Spain.

Methods All members of the Spanish Society of Pediatric
Hematology Oncology (SEHOP) were contacted to obtain
information about early trials open in each center.

Results 22 phase I and II trials were open as of May
2015: 15 for solid tumors (68 %) and 7 for hematological
malignancies (32 %). Fourteen (64 %) were industry
sponsored. Since 2010, four centers have joined the Inno-
vative Therapies For Children With Cancer, an interna-
tional consortium whose aim is developing novel therapies
for pediatric cancers. A substantial number of studies have
opened in these 5 years, improving the portfolio of trials
for children. Results of recently closed trials show the
contribution of Spanish investigators, the introduction of
molecularly targeted agents and their benefits.
Conclusions Clinical trials are the way to evaluate new
drugs, avoiding the use of off-label drugs that carry sig-
nificant risks. The Spanish pediatric oncology community
through the SEHOP is committed to develop and partici-
pate in collaborative academic trials, to favor the
advancement and optimization of existing therapies in
pediatric cancer.

Keywords Pediatric hematology and oncology - Early
phase clinical trials - Drug development - Personalized
medicine

Introduction

Cancer remains the first cause of death in children.
Nonetheless, survival probability has considerably changed
within the past 30 years. Clinical research by cooperating
groups has progressively increased the long-term survival
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rate from less than 20 % before 1975 to over 70-80 % in
the new millennium [1]. Despite global good results, sur-
vival is dismal for children with poor prognosis cancers
such as metastatic neuroblastoma, sarcoma, medulloblas-
toma and high-grade glioma, or those who relapse or are
refractory to first line treatment. There is, therefore, an
unmet need for new drugs.

New anticancer agents in pediatrics are necessary to
improve survival and reduce sequels from current multi-
modal  treatment combining  surgery, radiation,
chemotherapy and hematopoietic stem cell transplant.
More recently, particular molecular alterations have led to
the development of personalized targeted therapies, and
this opens the horizon for a more adapted therapeutic
approach according to individual alterations found at
diagnosis or at recurrence.

There are a few pediatric examples where targeted
agents have demonstrated their role such as ALK inhibitors
in ALK-translocated pediatric anaplastic large cell lym-
phoma or inflammatory myofibroblastic tumors [2, 3],
smoothened inhibition in Hedgehog-driven medulloblas-
toma [4] or specific BRAF inhibition in BRAFV600E
mutated high-grade gliomas [5, 6].

In leukemia, the best two examples are found in chronic
myelogenous leukemia (CML) and acute lymphoblastic
leukemia (ALL), where the finding of the Philadelphia
chromosome (t(9;22)(q34;q11)) has allowed the identifi-
cation of the BCR-ABL fusion protein that plays a central
role in the pathogenesis of these diseases. This discovery
has permitted the development of novel agents such as
imatinib, dasatinib or nilotinib that can eliminate leukemia
cells through the inhibition of the ABL kinase activity,
significantly improving the outcome of these patients and
reducing the need for hematopoietic stem cell transplan-
tation [7, 8].

It is, therefore, of paramount importance to continue
investing in research and development of new agents in
pediatric oncology.

In 2007, a new regulation for pediatric medicines was
implemented in Europe, requiring specific plans for the
development of new drugs in children, including anticancer
medicines, if the indication is relevant to this population.
This new regulation requests the so-called Pediatric
Investigational Plan (PIP) that needs to be submitted by the
companies to the European Medicines Agency (EMA) at
the time of registration of any new drug [9]. This regulation
mandates that the pharmaceutical companies propose and
comply with a PIP before they seek for marketing autho-
rization (MA) for a new medicine (or variation of an
existing MA). Completed PIPs are rewarded with a
6-month extension of the medicine’s supplementary

protection certificate or, in the case of orphan designated
medicines, a 2-year extension of the 10-year market
exclusivity for the authorized indication. The objectives of
this new regulation are to increase the availability of
authorized medicines for children by generating safety and
efficacy data and high-quality ethical pediatric clinical
research, and to increase and improve the available infor-
mation in pediatric drugs [10]. Despite the introduction of
these initiatives in the last 15 years in the USA and Europe,
new drug development in children with cancer is not suf-
ficient yet: only half of the 28 non-generic cancer drugs
approved since 2007 were waived; of these 28 drugs, 26
were potentially relevant for pediatric cancers [11]. It is,
therefore, essential that representatives of stakeholders-
academia, regulatory bodies, pharmaceutical companies,
parents’ organizations and advocacy groups, philanthropic
organizations, and government continue to work together
and collaborate closely to facilitate the access to new drugs
to children with cancer [11].

In general, current pediatric oncology treatments for
relapse are often not evidence-based and most of the agents
that are used do not have a pediatric indication. Mounting
evidence shows that off-label use of adult drugs in pedi-
atrics use has significant risks for the patients and precludes
gaining scientific knowledge [12]. The evaluation of new
anticancer medicines for children and adolescents should
be done within regulatory compliant, ethically approved
and well-conducted clinical trials. In this line, the Inno-
vative Therapies For Children With Cancer Consortium
(ITCC) (http://www.itcc-consortium.org) is an interna-
tional organization whose main aim is to evaluate new
drugs for the treatment of cancer in children and adoles-
cents. Under this premise, the ITCC provides accreditation
for conducting early clinical trials in pediatric cancer and
facilitates contact with sponsors to open new sites [13].

The aim of this report is to describe the activity of early
(phase I and II) clinical trials for pediatric cancer in Spain.
This will serve as a baseline to analyze the early trial
activity in the future.

Materials and methods

Phase I and II cancer trials currently open in pediatric
centers in Spain were identified through the Spanish
Society of Pediatric Hematology and Oncology (SEHOP),
an institution that gathers all pediatric oncology units in the
country. Last update of this identification process was
made in May 2015.

All members of SEHOP were contacted by mail to
obtain information about early clinical trials open in each
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Table 1 Phase I/II trials open in pediatric Spanish centers for solid tumors

Study drug Mechanism of Study  Disease Sponsor ~ Number of References
action phase participating
centers
CLDK378X2103 ALK-TKI I ALK mutated solid Industry 3 NCT01742286
tumors
Afatinib Multi-TKI I Brain tumors and  Industry 1 NCT02372006
RMS
BRIM-P: Vemurafenib BRAF-TKI 1 Melanoma Industry NCT01519323
Lenvatinib VEGFR-TKI v Solid tumors Industry EudraCT Number:
2013-005,534-38
Dabrafenib BRAF-TKI i BRAF-V600 Industry 2 NCT01677741
mutated solid
tumors
Abraxane (Nab-Placitaxel) Cytotoxic /1 Solid tumors Industry 3 NCT01962103
Celyvir Oncolytic virus v Solid tumors Academia 1 NCTO01844661
LTI ch14.18/CHO—IL2 Immunotherapy v Neuroblastoma Academia 3 NCTO01701479
Dinutuximab—IL2 Immunotherapy 1I Neuroblastoma Academia 1 NCT02169609
Beacon Cytotoxic £ VEGF 1I Neuroblastoma Academia 3 NCT02308527
MAB
Irinotecan/Cisplatin Cytotoxic II Brain tumors Academia 1 NCTO01574092
Ipililumab Anti-CTLA-4 MAB 11 Melanoma Industry 1 NCT01696045
Sunitinb Multi-TKI 1II GIST Industry 4 NCTO01396148
GEIS-21 Cytotoxic 1I Ewing Sarcoma Academia 9 NCT01696669
(Gemcitabine + Docetaxel)
TH-302 Cytotoxic I Soft tissue Industry 1 NCTO01440088

sarcomas

(Evofosfamide) + Doxorubicin

CTLA-4 cytotoxic T-lymphocyte antigen 4, GIST gastrointestinal stromal tumor, /L-2 interleukin-2, MAB monoclonal antibody, RMS rhab-
domyosarcoma, TKI tyrosine kinase inhibitor, VEGF vascular endothelial growth factor, VEGFR vascular endothelial growth factor receptor

center. This activity is conducted twice a year with the aim
of informing all members of all open trials. Additional
clinical trial websites such as http://www.clinicaltrials.gov
and the EU Clinical Trials Register (http://www.
clinicaltrialsregister.eu) were searched.

Results

Early clinical trials centers, role of the ITCC
consortium

From 2010, four Spanish centers have progressively joined
the Innovative Therapies For Children With Cancer Con-
sortium [13]: Hospital Universitari La Fe in Valencia;
Hospital Universitari Vall d’Hebron and Hospital Sant Joan
de Déu in Barcelona and Hospital Nifio Jesds in Madrid.
Other SEHOP centers have also participated in the trials
described here, mainly phase II, such as Hospital La Paz and
Doce de Octubre in Madrid, Virgen del Rocio in Seville,
Virgen de la Arrixaca in Murcia, Hospital de Cruces in
Bilbao and Hospital General Universitario in Alicante.
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Clinical trial portfolio: coverage for most pediatric
cancers

Phase I and II trials open in pediatric centers in Spain up to
May 2015 are displayed in Tables 1 and 2 for solid tumors
and hematological malignancies respectively.

A total of 22 early trials were open. Fifteen early phase
clinical trials were open in solid tumors (68 %). Of those, 3
are pure phase I trials (20 %), 5 (33 %) are phase I/II and 7
(47 %) are pure phase II trials. Four studies investigate
single or combined cytotoxic agents (27 %) and 1 study a
combination of cytotoxic agents & a monoclonal antibody
(MAB); 1 study evaluates oncolytic viral therapy (CELY-
VIR [14]); 2 trials investigate the combination of two
immunotherapeutic agents in neuroblastoma and 1 other a
single MAB in melanoma. Six are trials investigating tyr-
osine kinase inhibitors (TKI) (40 %). Two trials are
molecular target specific (13 %), 10 tumor-type specific
(67 %) and 3 for all solid tumors (20 %). Six are academic
studies (40 %) and 9 are pharmaceutical industry-spon-
sored (60 %). Ten solid tumor trials are open for patients
up to 18 years (67 %), 3 up to 21 years (20 %) and 1 up to
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Table 2 Phase I/II trials open in pediatric Spanish centers for hematological malignancies
Study drug Mechanism of action Study  Disease Sponsor ~ Number of References
phase participating
centers
NK cell Cell therapy 1 Acute lymphoblastic leukemia and T  Academia 1 NCT01944982
therapy cell lymphoblastic lymphoma
Dacogen Hypomethylating v Acute myeloid leukemia Industry 3 NCTO01853228
agent + cytotoxic
Brentuximab Anti-CD30 MAB i Anaplastic large cell lymphoma and Industry 1 NCT01492088
Hodgkin lymphoma
Carfilzomib Proteasome v Acute lymphoblastic leukemia Industry 1 NCT02303821
inhibitor + cytotoxic
Nilotinib TKI 1I Ph + chronic myeloid leukemia Industry 3 NCTO01844765
Moxetumumab  Anti-CD22 MAB II Acute lymphoblastic leukemia and Industry NCT02227108
lymphoblastic lymphoma
Inter-B-NHL-  Rituximab (anti-CD20  1I B-Cell malignancies Academia 7 NCTO01516580
Ritux 2010 MAB) =+ cytotoxic

NK natural killer, MAB monoclonal antibody, TKI tyrosine kinase inhibitor

Table 3 Available clinical trials in 2010 and 2015 by specific disease
groups

Clinical trials 2010 2015

Brain tumors
High-grade glioma L 4
Low-grade glioma
Medulloblastoma

L 2R 2R 2R 4

Other brain tumors
Leukemia lymphoma
ALL
AML
CML L 4
Lymphoma

L 2R 2K 2R 4

Solid tumors
Osteosarcoma
Ewing Sarcoma
Rhabdomyosarcoma *
Other sarcomas L 2
Neuroblastoma

L 2R 2R R 2K 2R 2

Melanoma

L 4

Other solid tumors

ALL acute lymphoblastic leukemia, AML acute myeloid leukemia,
CML chronic myeloid leukemia

30 years (7 %). One trial only includes patients above
15 years (6 %).

There are 7 early phase clinical trials in hematological
malignancies (32 %). Of those, 4 (57 %) are phase I/II and
3 (43 %) are pure phase II trials. Three studies investigate
the combination of conventional cytotoxic agents with,
either a hypomethylating agent (n = 1; 14 %), a protea-
some inhibitor (n = 1; 14 %), a MAB (n = 1; 14 %) or

cell therapy with natural killer (NK) cells (n = 1; 14 %).
Two are trials investigating a single MAB (29 %) and one
a TKI (14 %). One trial (14 %) is the molecular target
specific and 6 (86 %) are tumor-type specific. Two are
academic studies (29 %) and 5 are pharmaceutical industry
sponsored (71 %). Five of these trials are open for patients
up to 18 years (71 %) and 2 up to 21 years (29 %).

Table 3 shows the improvement in the options available
to treat pediatric patients with relapsed/refractory cancers
in Spain from 2010 to 2015.

Trials with results reported

Results of recently closed trials or interim results of
ongoing trials have been reported showing the contribution
of Spanish investigators, the introduction of molecularly
targeted agents into pediatrics and the benefits that indi-
vidual patients can draw from new agents targeting cancer
vulnerabilities (Table 4).

Discussion

This report summarizes the early clinical trial activity in
pediatric and adolescent cancers in Spain.

Children with high-risk cancers have difficulties to
access novel drugs. More clinical trials have been opened
over the past 3 years, probably as a result of joining the
ITCC, the pediatric regulation and the efforts of institutions
to devote teams dedicated to early clinical trials including
physicians, research nurses, study coordinators and data
managers.

@ Springer
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Table 4 Summary of results reported to date

Agent [References] Findings

Ceritinib (LDK 378) [3]

22 patients less than 18 years with ALK aberrant tumors

RDE: 510 mg/mz. PK comparable to that of the adults
2 DLTs at 560 mg/mz/day. Common AEs: diarrhea, vomiting, nausea, elevated ALT
6 Objective responses: 2 of 2 patients with ALCL and 4 of 7 with MT/IMT

LDE 225 [4]

33 patients less than 18 years. No molecular selection

Systemic exposure at 223 and 372 mg/m> were similar to that of the adults
1 DLTs at 372 mg/m* Common AEs: CK elevation

2 Meduloblastoma patients with an activated Hh-signaling pathway had a complete response

Dabrafenib [6]

27 patients less than 18 years with BRAF aberrant tumors

RDE: 4.5 mg/kg/day for patients >12 years and 5.25 mg/kg/day for patients <12 years

1 DLTs at 4.5 mg/kg/day. Severe AEs: hypotension, maculopapular rash, DIC, fever and arthralgia
23 Objective responses: 6 of 8 patients with HGG, 14 of 15 with LGG, 2 o 2 LCH, 1 of 2 with OST

Celyvir [15]

14 patients less than 18 years with refractory or relapsed metastatic neuroblastoma

Weekly infusions of autologous marrow-derived mesenchymal stem cells (MSCs) carrying an oncolytic adenovirus

(range 4-70)

Total cells (min. 70 x 10%, max. 2640 x 10°) and viral particles (min. 1.8 x 10'% max. 5.28 x 10'%)

No severe adverse events were reported

4 Objective responses: 1 stable disease, 2 partial remissions and 1 complete remission

LTI ch14.18/CHO-IL2

97 patients less than 21 years with high-risk neuroblastoma

[14] PK of ch14.18/CHO in cycle 1 was: Cpax = 12.2 £ 0.4 pg/ml, 1, = 8.4 + 1.1 day, AUC = 145.3 + 5.8 ng day/ml
1 and 4 years PFS was 54.4 4+ 6.9 and 32.3 &+ 6.9 % against 19 & 2 and 8 + 3 % of historical controls
1 and 4 years OS was 94.2 £ 3.2 and 60.9 & 9.0 % against 56 £ 3 and 14 & 4 % of historical controls

AE adverse event, ALCL anaplastic large cell lymphoma, ALT alanine aminotransferase, AUC area under the curve, CK creatine phosphokinase,
DIC disseminated intravascular disease, DLT dose limiting toxicities, HGG high-grade glioma, IMT inflammatory myofibroblastic tumor, LCH
Langerhans cell histiocytosis, LGG low-grade glioma, MT myofibroblastic tumor, OS overall survival, OST other solid tumors, PFS progression-
free survival, PK pharmacokinetics, RDE recommended dose for expansion

Between 2010 and 2014, four centers have joined the
ITCC, a consortium created in 2003 that gathers 9 Euro-
pean research laboratories and 47 European pediatric
oncology units with the capacity to conduct phase I and II
cancer trials. One of the objectives of this consortium is to
develop novel therapies for the treatment of pediatric and
adolescent cancers in collaboration with pharmaceutical
companies, regulatory bodies, parents’ and patients’ orga-
nizations [13]. In 2013, the ITCC was evaluating twelve
new drugs in early phase clinical trials, while it was only
one in 2007; half of these trials had been conducted to
comply with the regulatory requirements of a PIP; this has
notably improved the access of new therapies for children
in this continent [10]. As a country, being an active part of
the ITCC opens the door to participate in international
collaborative studies and facilitate the access of innovative
and promising therapies for our patients.

The majority of the trials in pediatric oncology and
hematology currently open in our country are sponsored
by pharma (64 %). There are fewer trials for indications
such as central nervous system (CNS) tumors or

@ Springer

sarcomas, a gap that should be bridged through academic-
led clinical trials. Through our national Society of Pedi-
atric Hematology and Oncology (SEHOP), we should aim
to develop and to participate in collaborative academic
trials, to favor the advancement and optimization of
already existing therapies in uncommon conditions such
as pediatric cancer that often are not a primary focus of
for-profit companies. An important caveat at this point is
the lack of funding for the conduct of academic clinical
trials. There are very few non-profit organizations dedi-
cating specific funding calls for pediatric cancer research
and no specific call to support the conduct of clinical
trials. For instance, this poses a significant challenge to
join international clinical trials where funding for the
national and local costs is required.

Besides this, the positive results seen in molecular
selected populations treated with targeted agents such as
BRAF and ALK inhibitors [3, 4, 6] or anti-GD2 mono-
clonal antibodies for high-risk neuroblastoma [15] are
encouraging. This should stimulate investment in basic and
clinical research and to promote addressing patients to
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centers where innovative therapies are available and that
may be of benefit for them.

Recent reports from The Royal Marsden (London,
United Kingdom) [16] and Gustave Roussy (Villejuif,
France) hospitals [17], two of the largest pediatric oncol-
ogy phase I/Il units in Europe, have shown that imple-
menting early phase clinical trials in pediatric oncology is
feasible and safe, and that a significant number of patients
will derive benefits in terms of survival.

Clinical trials are the way to evaluate new drugs and
gaining robust evidence about treatment efficacy in rare
cancers that would benefit doctors and patients alike. Off-
label use and compassionate use put patients at increased
risk and do not allow gaining scientific knowledge for
future patients [12].

This report represents the first effort to describe the
activity in pediatric oncology and hematology drug
development at a national level. We pretend that this
description serves as the baseline to be compared with in
the future.
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