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Abstract

Immunohistochemistry and recent molecular technologies progressively guided access to personalized anti-tumoral thera-
pies. We explored the feasibility, efficacy, and the impact of molecular profiling in patients with advanced brain tumors.
This multicentric prospective trial ProfiLER enrolled patients with primary brain tumors, who have been pre-treated with at
least one line of anti-cancer treatment, and for whom molecular profiles had been achieved using next-generation sequenc-
ing and/or comparative genomic hybridization on fresh or archived samples from tumor, relapse, or biopsies. A molecular
tumor board weekly analyzed results and proposed molecular-based recommended therapy (MBRT). From February 2013
to December 2015, we enrolled 141 patients with primary brain tumor and analyzed 105 patients for whom tumor genomic
profiles had been achieved. Histology mainly identified glioblastoma (N=46, 44%), low-grade glioma (N=26, 25%), high-
grade glioma (N=12, 11%), and atypical and anaplastic meningioma (N=38, 8%). Forty-three (41%) patients presented at
least one actionable molecular alteration. Out of 61 alterations identified, the most frequent alterations occurred in CDKN2A
(N=18), EGFR (N=12), PDGFRa (N=8), PTEN (N=38), CDK4 (N=1), KIT (N=6), PIK3CA (N=5), and MDM2 (N=3).
Sixteen (15%) patients could not be proposed for a MBRT due to early death (N =5), lack of available clinical trials (N=9),
or inappropriate results (N=2). Only six (6%) of the 27 (26%) patients for whom a MBRT had been proposed finally initi-
ated MBRT (everolimus (N =3), erlotinib (N = 1), ruxolitinib (N=1), and sorafenib (N = 1)), but discontinued treatment for
toxicity (N=4) or clinical progression (N=2). High-throughput sequencing in patients with brain tumors may be routinely
performed, especially when macroscopic surgery samples are available; nevertheless delays should be reduced. Criteria for
clinical trial enrollment should be reconsidered in patients with brain tumors, and a panel of genes specifically dedicated to
neurologic tumors should be developed to help decision-making in clinical practice.
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Introduction

Up to 2016, diagnosis and treatment of brain tumors were
based on histopathology classifications [1]. In the last dec-
ade, oncogene mutations, amplifications, or deletions for
various types of cancers was highly considered to guide
targeted therapy development and improve overall sur-
vival. Trastuzumab and pertuzumab inhibit HER-2 over-
expression in breast cancer [2], and erlotinib especially
inhibits EGFR exon 19 or 21 mutation or deletion in non-
small cell lung cancers [3]. Anti-EGFR of third generation
investigated how to overcome resistance [4].

The access to molecular biology platforms, high-
throughput sequencing, and improvement in bioinformat-
ics [5] have extensively evolved [6] and progressively
modified clinical practices and management of patients
with cancer [7]. Despite similar results in terms of tol-
erance are reported in phase I and II trials for patients
with brain tumors, neuro-oncology patients are still often
excluded from large multicohort basket trials [8]. The
multicentric prospective program ProfiLER designed at
the Centre Léon Bérard aimed to determine the molecular
profile from archived or fresh biopsy in 2579 patients with
metastatic, locally advanced solid cancers, or hematologic
cancers [9]. The main objective was to identify the panel
of molecular characteristics in each histopathologic sub-
group for each type of cancer. A molecular multidiscipli-
nary tumor board (MTB) referred patients to early-phase
clinical trials with appropriate biological inclusion criteria
for personalized targeted therapy. We report results in the
subpopulation of 141 patients with brain tumors.

Materials and methods
Study design and patients

The French prospective multicentric trial ProfiLER
(NCTO01774409) enrolled patients with a metastatic
solid or hematologic tumor disease with no initial limi-
tation on Eastern Cooperative Oncology Group Perfor-
mance Status (ECOG-PS), and inclusions have been later
restricted from October 2013 to patients with ECOG-
PS of 0 or 1. The study received local approval (Ethics
committee of Lyon Sud-Est IV) and was conducted in
accordance with the Good Clinical Practice guidelines of
the International Conference on Harmonization, and the
Declaration of Helsinki, and relevant French and Euro-
pean laws and directives. All patients provided written
informed consent. Results on the global cohort have
been published [9].
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Procedures

The genomic molecular profiles are established using for-
malin-fixed paraffin-embedded (FFPE) tumor specimen
containing > 10% of tumor cells, emerged from primary
tumor, relapse, or metastasis from archival samples or de
novo biopsies. Genetic profiling was obtained by next-
generation sequencing (NGS) on predefined genes [10,
11] and/or genome-wide microarray-based Comparative
Genomic Hybridization (aCGH). Assessment of mutations
was performed using the platform Ion Torrent Personal
Genome Analyzer (Thermo Fisher Scientific, MA).

The size distribution of the DNA amplicons was ana-
lyzed on the 2200 TapeStation (Agilent Technologies,
Santa Clara, USA) using the High Sensitivity DNA Rea-
gent Kit (Agilent Technologies Santa Clara, USA). Tem-
plate preparation, emulsion PCR, and Ion Sphere Particle
8 (ISP) enrichment were performed using the Ion One-
Touch™ 2 kit (Thermo Fisher Scientific, MA) according
to manufacturer’s instructions. The ISPs were loaded onto
an Ion 318™ Chip Kit V2 (Thermo Fisher Scientific, MA)
and sequenced using an Ion PGM™ Sequencing 200 Kit
V2 (Thermo Fisher Scientific, MA) on the Ion Torrent
PGM™ (Thermo Fisher Scientific, MA) for 500 cycles.
The raw signal data were analyzed using NextGENe Soft-
ware Suite v3.4.2 (SoftGenetics, PA) and in-house bioin-
formatics pipeline. The samples with limited DNA quan-
tity not suitable for standard aCGH were analyzed using
Cytoscan HD according to the manufacturer’s protocol
(Affymetrix®, Santa Clara, CA).

The pipeline includes quality score assignment, align-
ment to the human genome 19 reference, mapping quality
QC, coverage analysis, and variant calling. After comple-
tion of the primary data analysis, lists of detected sequence
variants [single nucleotide variants (SN'Vs) and INDELSs]
were compiled in the variant call format (VCF) files. For
downstream analysis, variants with a minimum coverage
of 50 reads containing at least 10 of the mutant reads were
selected. Variant calls were further analyzed using variant
filtering and annotation using COSMIC v.64 released on
March 26, 2013, [11] and dbSNP build 135, released on
June 6, 2012[12].

The variants were filtered according to their frequency
(> 5% for SNVs and > 10% for INDELSs), strand ratio
(>0.2), and reads coverage (> 50X for SNVs and 100X
for INDELSs).

Weekly molecular tumor board (MTB)

A molecular multidisciplinary tumor board including med-
ical oncologists, molecular biologists, and pathologists
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reviewed weekly all the available analyses (CGH and/or
NGS results according to initial disposable tumor quan-
tity) and identified, prioritized, and selected alterations as
actionable when genomic molecular alteration (mutation/
deletion/amplification) allowed to assign a molecular-
based recommended therapy (MBRT). Alterations are
used as key criteria for inclusion in on-going clinical tri-
als, or as target for MBRT, defined as molecular-targeted
agents (MTA) outside EMA approval. The characterization
of alterations as actionable was time dependent, accord-
ing to rapidly developing state of the art, recent relevant
publications and/or ongoing trials, and drug availability.
For patients with molecular alteration identified as target
for a specific therapy, or meeting inclusion criteria for an
early clinical trial, the MTB referred the patient to his
medical oncologist for current health status evaluation and
proposed treatment recommendations. If multiple targets
were identified, treatments currently available through
clinical trials were proposed. In the absence of identified
mutation/deletion/amplification, or for alteration with no
matching MTA available, no specific reccommendations
were issued. Patients who have initiated an MBRT were
followed according to the clinical trial protocol in which
they had been included or according to the routine medical
practice for off-label use of MTAs.

Study endpoints

The primary endpoint of the study was the incidence of
molecular alterations detected in tumor sample. Secondary
endpoints included a description of patients with actionable
alterations with MBRT initiated and responses to MBRT.

Statistical population and analysis

Analyses were performed on clinical data from patients
enrolled up to December 1, 2015 with molecular analyses
completed and examined by the MTB before April 21, 2016.
Statistical analysis was performed with SAS version 9.3.

Results
Population

Between the February 26, 2013 and the December 1, 2015,
1822 patients were enrolled in the ProfiLER program includ-
ing 141 patients with primary brain tumors. Molecular anal-
yses were performed in 105 of these 141 patients (Fig. 1).
Technical failures (N=36) occurred because of insufficient
quantity or quality of tumoral samples (N=30), or other
technical problems (N=6).

Characteristics of the 105 patients are shown in Table 1.
The main representative histologic type of tumors were
glioblastoma (N =46, 43.8%), low-grade glioma (N =26,
24.8%), high-grade glioma (N=12, 11.4%), and atypical
and anaplastic meningioma (N=38, 7.6%).

Median delay between the diagnosis of the primary tumor
and the inclusion in ProfiLER program was 2.7 (0.2-29)
years [glioblastoma: 14 (0.5-62) months; low-grade glioma:
93 (14.2-257) months; anaplastic gliomas: 77 (29-234)
months]. Median delay from written informed consent to
MTB recommendations was 2.8 (1-7.1) months.

The samples were mainly obtained from surgical resec-
tion (N=104), but some biopsies were also performed [ste-
reotactic biopsy (N=233), open biopsy (N=4)]. Molecular
profiles were mostly successfully achieved using samples
from surgical resection with only 12/104 failures, and the
rate of screen failures for molecular analyses was higher in
samples issued from biopsies [open biopsy (1/4); stereotactic
biopsy (21/33)].

Of the 105 patients, 78 (74.3%) patients had complete
molecular profile based on both CGH array and NGS results,
10 patients (9.5%) had only CGH array results, and 13
patients (12.4%) had exclusively NGS results. Four patients
had no results with any of these procedures, and results have
been later achieved using Affymetrix and not reported in the
present analysis.

Sixty-two (59%) patients had no molecular alterations,
or alteration with no matching targeted treatment available.
Forty-three (41%) patients presented at least one action-
able molecular alteration (mutation/deletion/amplifica-
tion), including 20 patients who had a single alteration, 10
patients had 2 alterations, 8 patients had 3 alterations, and 5
patients had >4 alterations. Altogether, 61 alterations were
described (Table 2). Twenty-two patients had at least one
gene amplification (N=22), 22 had at least one homozy-
gous gene deletion (N=22), and 17 patients had at least
one pathogenic mutation (N=17). The most frequent altera-
tions were CDKN2A homozygous deletion (N=18), EGFR
amplification (N=12), PDGFRa amplification (N =6)/muta-
tion (N=2), PTEN homozygous deletion (N =5)/mutation
(N=3), CDK4 amplification (N=7), KIT amplification
(N=6), PIK3CA mutation (N=35), and MDM?2 amplifica-
tion (N=23) (Table 2).

Among the 43 (41%) patients with at least one actionable
molecular alteration, 16 (15%) patients did not benefit from
MTB recommendation due to early death (N=35) or unavail-
ability of clinical trials (N=9) despite actionable alterations
had been identified, such as EGFR amplification (N=4),
CDK4 amplification (N=2) and/or CDKN2A homozygous
deletion (N=7), or unexploitable results (N =2).

In the 27 (26%) patients who have been proposed a
targeted therapy, only six patients ultimately received the
MBRT (Fig. 1).

@ Springer
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Fig.1 Study profile. MBRT
molecular-based recommended

141 patients assessed for primary brain tumor

therapy, MBT molecular tumor
board

Withdrawals (n =36)

» - insufficient quality or quantity of tumor samples (n=30)
- Technical failure (n =6)

Yy

105 patients with tumor genomic profiles
reviewed by the Mole

cular Tumor Board (MTB)

No actionable alteration identified or partial technical
failure (n =62)

A 4

v

43 patients with at least one actionable alteration

16 patients with no MBRT

- 5 patients died before MTB

- 9 patients with no MBRT available/no clinical trial
- 2 patients with ambiguous results

A 4

27 patients with at least one MBRT
- 16 patients with | MBRT
- 7 patients with 2 MBRT
- 4 patients with 3 MBRT

A 4

21 patients did not initiate MBRT
- 1 patient died before MTB
- 4 patients in palliative care
- 6 patients lost to follow up

\ 4

- 5 patients with no clinical trials available
- 2 patients with exclusion criteria for specific clinical trial
- 3 patients without progressive disease

6 patients initiated MBRT
- 3 patients received everolimus
- 1 patient received erlotinib
- 1 patient received ruxolitinib
- 1 patient received sorafenib

The characteristics of the 6 patients who received a
MBRT are described in Table 3. The six patients who initi-
ated MBRT were patients with glioblastoma, who had been
treated at least with the standard first-line therapy combining
radiotherapy and temozolomide. The median delay between
glioblastoma diagnosis and inclusion in ProfiLER trial was
21 (18-60) months. Four of the six patients were treated in
the multicenter basket trial MOST (NCT02029001) linked
to ProfiLER program, investigating nilotinib, everoli-
mus, sorafenib, lapatinib, and pazopanib, in patients with

@ Springer

identified adequate molecular alteration at the time of our
study. Three of them with identified activation of the Pi3K/
AKT/mTOR pathway received everolimus, one patient
with PDGFRa amplification received sorafenib, one patient
with JAK mutation was treated with ruxolitinib, and the last
patient with EGFR mutation received erlotinib. Treatment
discontinuation occurred for toxicity [persistent thrombocy-
topenia grade 3 (N=2), cerebral hemorrhage grade 2 (N=1),
hypertriglyceridemia grade 4 (N=1)] or for clinical progres-
sion (N=2).
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Table 1 Patient characteristics N=105

Median age at inclusion in ProfiLER trial (years) 49.0 (19-78)

Gender
Male 70 (66.3%)
Female 35 (33.7%)

Performance status (ECOG-PS) 21 (20%)
Missing data 16 (19%)

0 49 (58.3%)
1 16 (19%)

2 3 (3.6%)

3

Tumor histology
Glioblastoma 46 (43.8%)
Low-grade glioma 26 (24.8%)
Anaplastic glioma 12 (11.4%)
Grade II meningioma 4 (3.8%)
Grade III meningioma 4 (3.8%)
Ependymoma (NOS) 2 (1.9%)
Anaplastic ependymoma 2 (1.9%)
Medulloblastoma 2 (1.9%)
Angiomatoid histio-cyto-fibroma 1 (1%)
Anaplastic ganglioglioma 1 (1%)
Pinealoma 1(1%)
Pinealoblastoma 1(1%)
Primitive neuro-ectodermal tumor (NOS) 1(1%)

Median delay from diagnosis of primary brain tumor to inclusion in ProfiLER trial

(months)

Glioblastoma (months)
Low-grade glioma (months)

32.4(2.4-352.2)

14.2 (0.5-62.2)
93.6 (14.2-257.1)

Anaplastic glioma (months) 77 (29-234)
Median delay from written inform consent to MTB results (months) 2.8 (1-7.1)
Number of patients with <1 alteration 43

1 20
2 10
3 8

>4 5

ECOG-PS Eastern Cooperative Oncology Group Performance Status, MTB molecular tumor board; NOS

not otherwise specified

Discussion

We aim to explore the use of personalized medicine to treat
patients with malignant brain tumors and especially for
patients with high-grade gliomas who have an extremely
poor prognosis.

We report a long delay between diagnosis and inclusion
in the ProfiLER program. Most of the enrolled patients have
already been heavily treated with several lines of treatment
and did not meet highly selective criteria for inclusion in
potential clinical trials. High-grade gliomas rarely received
more than 2 or 3 lines, including as first-line post-operative
strategy, radiation with concomitant monthly administration
of temozolomide. At time of relapse, patients fit enough may
experience further surgery and may receive several other

treatments such as nitrosoureas and antiangiogenic, but
reduced life expectancy is generally observed. In addition,
increased number of relapses associated with new alterations
compared to primary tumors. Primary glioma cells culture
demonstrate large genomic and transcriptional changes dur-
ing the first 30 cell passages [13], and tumor landscape dif-
fers between diagnosis and relapse [14].

The ProfiLER trial planned to use any available archived
samples and did not require de novo biopsy for histologic
and molecular confirmation. Although this issue is currently
being debated, this was a pragmatic decision at time of trial
conception. Our series showed that analyses required exten-
sive delays and results were lately available. Several difficul-
ties should be addressed through earlier obtention of patient
written consent to transfer samples mainly stored outside

@ Springer
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Table2 Molecular alterations (amplification, deletion, mutation)
identified as potential target for molecular-based recommended ther-
apy (MBRT)

N=105
(43 patients
with 61 altera-

Molecular alterations

tions)
Amplification 22 (21.0%)
CCNE (cyclin E) 1 1.0%)
CDK4 7 6.7%)
CDK6 1 (1.0%)
EGFR 12 (11.4%)
KDR (VEGFR2) 5 (4.8%)
KIT 6 (5.7%)
MDM?2 3 2.9%)
PDGFRA 6 (5.7%)
Deletion 22 (21.0%)
CDKN2A (P16/INK4) 18 17.1%)
PDGFA 1 (1.0%)
PTEN 5 (4.8%)
7SCI 1 (1.0%)
Mutation 17 (16.2%)
BRAF 1 (1.0%)
FLTI (VEGFRI) 1 (1.0%)
FLT3 (STKI) 1 (1.0%)
HRAS 1 1.0%)
JAK 1 1.0%)
KDR (VEGFR2) 1 (1.0%)
MET 1 1.0%)
MTOR 1 (1.0%)
PDGFRA 2 (1.9%)
PIK3CA 5 (4.8%)
PTEN 3 (2.9%)

N=105 patients, N=43 patients with at least one molecular altera-
tion, n=61 alterations. MBRT: molecular-based recommended ther-
apy. To note, one patient with similar alterations (mutation, amplifica-
tion or deletion) was considered only once

our center, and earlier molecular biology results issued
from high-throughput technologies leading to ideally pro-
pose inclusion in clinical trials in the first-line of treatment.
Appropriate procedures were not systematically imple-
mented in each hospital when the study was initiated, and
even if specific medical consultations were planned, access
to samples and molecular analyses was not systematically
possible, and better addressing scheme of anatomopatho-
logic samples between laboratories and hospitals would
participate in reducing delays. Similar observations were
reported in more recent trials which also faced difficulties
in shortening delay to achieve molecular profile results on
fresh biopsy [15, 16]. A delay of eight weeks from biopsy to
medical consultation for results report is usually necessary.
The feasibility of a semi-emergency complex multilayer
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molecular diagnostics with a median time of 4-5 weeks from
surgery to the molecular tumor board would be required to
address the ongoing need of potential eligibility for MBRT
for 35% of newly diagnosed glioblastomas [17]. Neuro-
oncologists currently follow the 2016 WHO classification
and integrated diagnosis involving molecular results has
been implemented in the routine practice [7].

This paves the way to molecular target front-line assess-
ment, and decision should be taken shortly in the case of
de novo biopsy requirement at time of relapse. Sampling
impacts the results of molecular analyses, and we noted that
samples issued from macroscopic resection provide the most
appropriate samples for analysis. Repeated open biopsy for
diagnostic purposes is cumbersome, and alternative proce-
dure should be favored. As for other tumor sites, iterative
biopsies should be avoided, and liquid biopsies are preferred
if such samples allow to appropriately access relevant data
for clinical decisions [18]. Nevertheless, liquid biopsies
are generally not contributive enough in neuro-oncology,
especially for glioma. A second issue to overcome is the
intra-tumoral heterogeneity. As glioblastomas usually did
not harbor a single actionable driver mutation, efficacy of
a monotherapy may be hampered by subclonal evolution.
EGFR amplification and/or mutation have been detected
in more than half of glioblastomas. These alterations have
guided the development of treatment strategies targeting
EGFR. However, investigations using EGFR as target in
clinical trials did not demonstrated efficacy so far [19-21].
This may partially be explained by the clonal and func-
tional heterogeneity of EGFR in glioblastoma development
[22]. Despite the lack of efficacy of anti-EGFR therapy, one
patient received erlotinib as compassionate treatment.

The concept of “actionable” target has evolved over time,
and patient recruitments are only allowed for restricted
period; therefore improved access to appropriate studies
justifies the requirement for expertise of a dedicated MTB.
Moreover, among the actionable alterations initially identi-
fied, early-phase trials allowing the enrollment of patients
with primary brain tumors were scarce. Indeed, primary
or secondary brain tumors are often exclusion criteria for
phase I trials. Yet, inclusion of patients with brain tumor
in early-phase trials have been considered as feasible [8].
Less stringent criteria should be applied to allow inclusion
of neuro-oncological patients for whom neurological deficit
is the single barrier to inclusion [23].

So far, specific trials investigating targeted therapies in
patients with brain tumor harboring molecular alterations,
such as rindopepimut in patients with glioblastoma carry-
ing EGFRvIII mutation [24] or anti-EGFR for recurrent or
newly diagnosed glioblastomas [25, 26], did not demonstrate
efficacy. Another phase III study INTELLANCE investigat-
ing the antibody—drug conjugate depatuxizumab mafodotin
prematurely stopped for futility (NCT02573324).
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Table 3 Characteristics of the 6 patients for whom MBRT was proposed and initiated

Patient Tumor histology Age Previous lines of Alterations Delay (months) MBRT, Delay (months) from
(years) treatment from diagnosis treatment duration, treatment initiation to
to inclusion in reason for discon-  death)
ProfiLER tinuation
#1 Glioblastoma 47 -*stupp JAK mutation 21 Ruxolitinib, 3
-temozolomide 22 days,
-lomustine Hematologic toxic-
-stereotaxic radio- ity (thrombocyto-
therapy penia grade 3)
#2 Glioblastoma 45 -*stupp Amplification 4q: 22 Sorafenib, 4
-stereotaxic radio- PDGFRa, KIT, 9 days,
therapy KDR Cerebral hemor-
-lomustine rhage grade 2
-bevacizumab
#3 Glioblastoma 73 -*stupp pTEN homozygote 18 Everolimus, 2
-lomustine + beva- deletion 18 days,
cizumab Hematologic toxic-
ity (thrombocyto-
penia grade 3)
#4 Glioblastoma 51 -*stupp EGFR amplifica- 20 Erlotinib, 1
-lomustine + beva- tion 46 days,
cizumab Clinical progres-
sion
#5 Glioblastoma 64 -*stupp MTOR exon 53 60 Everolimus, 6
-temozolomide mutation 87 days,
Clinical progres-
sion
#6 Glioblastoma 54 -*stupp pTEN Heterozy- 21 Everolimus, 2
-lomustine + beva- gous deletion 17 days,
cizumab + Toxicity (grade 4
-stereotaxic radio-  2nd allele mutation hypertriglyceri-
therapy (bi-allelic inacti- demia)
-temozolo- vation)
mide + bevaci-
zumab
-rindopepimut

MBRT: molecular-based recommended therapy; *stupp: radiotherapy + concomitant and adjuvant administration of temozolomide

Although our patient did not show actionable targets such
as BRAF, some targeted therapies in brain tumors have been
reported to be efficient. The multicohort trial VE-BASKET
revealed promising results in glioblastoma and anaplastic
astrocytoma with BRAFV600E mutation [27]: median pro-
gression-free survival was 5.3 (95% CI 1.8-12.9) months
with an objective response rate of 9.1% and a median sur-
vival of 11.9 (95% CI 8.3-40.1) months. The bi-therapy
dabrafenib-trametinib (BRAF and MEK inhibitors) led to
improved response rates [28]. This BRAFV600E mutation
is scarce in high-grade glioma but may represent a high rate
of pleomorphic xanthoastrocytoma epithelioid glioblastoma
[29].

The basket trial MOST enrolled patients with any tumors,
and high-throughput technologies from ProfiLER trial were
not specifically dedicated to patients with brain tumors.
Only 7.7% of the patients in the ProfiLER program had
neurological tumors [9]. The current gene panel excluded

some genes which may be relevant for targeted therapies
and may favor inclusions in brain tumor-specific trials. For
example, patients with medulloblastoma harboring SHH-
activation pathway were eligible in other ongoing trials
such as MEVITEM investigating the efficacy of the Sonic
Hedgehog pathway inhibitor vismodegib [30-32]. Similarly,
the phase I evaluating the IDH-mutant inhibitor ivosidenib
demonstrated good tolerance and promising results in
terms of efficacy in patients with low-grade glioma [33].
The results of the trial TARGET investigating anti-FGFR3
(NCTO02824133) are pending.

In our series, patients may have several targets identified
but only one therapy was available at the time of MTB deci-
sion, and no priorization had to be performed. Three patients
with mTOR pathway activation were treated with everolimus
in the basket trial MOST for less than three months and dis-
continued for progression or toxicity. Such result could be
explained by glioblastoma natural resistance to mammalian
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target of rapamycin (m-TOR) inhibitors [34], although
activation of the PI3K-AKT-mTOR signaling pathway in
glioblastomas has been described [35]. Three other patients
had mutation or amplification in genes encoding for tyros-
ine kinases and received off-label-targeted therapies. Early
discontinuations occurred for toxicity (N =2) or for clinical
progression (N=1). The patient treated with rulxlitinib had a
JAK p.T756A mutation, identified only once in the COSMIC
database (COSM240271) which did not allow to predict sen-
sitivity to the anti-JAK ruxolitinib. Indeed, monodrug-tar-
geted therapies did not only fail to demonstrate efficacy but
also reported unacceptable toxicities. The randomized study
SHIVA investigating the use of molecular-targeted agents
outside their indication in heavily pre-treated patients with
cancer did not improve progression-free survival compared
with other treatments at physician's choice [16].

This study proposed molecular-targeted therapy to
patients already pre-treated with potentially toxic drugs,
such as temozolomide [36] and lomustine [37], based on
hematologic parameters. Discontinuations occurred for tox-
icity in patients who had already received long and aggres-
sive treatments. MTA should be proposed as adjuvant treat-
ment, alone or in association with standard therapies [38].

We reported the results of a high-throughput technol-
ogy in patients with brain tumors. The trial ProfiLER-2
(NCTO03163732) planned to explore how many patients
could benefit from a MBRT based on a broader panel of
genes compared to our standard panel genes. A panel of
genes dedicated to brain tumor should be developed and
inclusion criteria for appropriate enrollment of patients with
neurologic cancers in clinical trials should be reconsidered.
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