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Background: Advanced sarcoma is a group of heterogeneous disease with poor prognosis and poor efficacy of medical
treatment. They represent a promising group of tumors to assess molecular-based therapy (MBT) strategy.
Patients and methods: Genomic profiles of patients with advanced sarcoma included in the ProfiLER program were
established by NGS using a 69 genes panel and CGH array. A weekly molecular board reviewed genomic reports to se-
lect relevant genomic alterations and propose recommendations for MBT.
Results:A genomic profile was available for 158 of 164 patients. At least 1 relevant genomic alterationwas reported for
106 patients (67%), with frequent multiple alterations (68%). In total, 289 relevant genomic alterations were identi-
fied in 143 different genes; 139 homozygous deletions, 86 gene amplifications and 64 somatic mutations. The most
frequently impacted genes were TP53, Rb1, CDKN2A, CDK4, MDM2, and PTEN. MBT was recommended for 47 pa-
tients and initiated for 13 patients.
One objective response was observed for an angiosarcoma treated with pazopanib for FLT4 amplification; 4 patients
had a stable disease, including a long-lasting 33 months stabilization.
Conclusion:Genomic profiling for advanced sarcoma is feasible, even for bone sarcoma. A small proportion of patients
are eventually treated withMBT, similar to other tumor types. We could not demonstrate this strategy to be beneficial
to patients. Our data suggest thatmolecular profiling should not be used in routine practice but warrants further explo-
ration in clinical trials, focusing on sarcoma with complex genomic, and adding transcriptomic analysis to the copy
number and mutational analyses.
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Introduction

Sarcomas are a heterogeneous group of malignant tumors, gathering
over 80 histological subtypes according to the latest WHO classification
[1]. Sarcomas are rare diseases, with an overall annual incidence of 5.6
cases per 100,000 adults in Europe [2]. Sarcomas arise from mesenchymal
cells from soft tissue (75%), 15% from organs (including gastrointestinal
stromal tumor (GIST)) and 10% from bone tissue [3–5].

Sarcomas can be classified according to their genomic characteristics,
driven by a single genomic abnormality (translocation, amplification, mu-
tation or tumor suppressor gene loss) or harboring a complex genomic pro-
file characterized by several gains, amplifications and losses of numerous
chromosomes or chromosome regions, and numerous genetic
translocations.
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In the metastatic setting, patients with soft-tissue sarcoma (STS) have
poor prognosis, with an overall survival (OS) ranging from 12 to
18 months and less than 20% patients are still alive at 2 years. Treatment
of metastatic STS is mainly based on chemotherapy, the most efficient
first-line treatment using doxorubicin, yielding to a tumor response rate
of 10–14% [6].

The one-size-fits-all strategy developed so far in sarcoma demonstrated
its limited efficacy because of the histological heterogeneity of the disease.
Anthracycline-based chemotherapy failed to improve overall survival when
administrated as adjuvant treatment or in metastatic setting in randomized
studies including different histotypes. Better knowledge of biologicalmech-
anisms underlying carcinogenesis and disease progression in each subtype
has become essential to identify reliable diagnosis, prognosis and, hope-
fully, predictive biomarkers [7]. The identification of genomic alterations
e Laennec, 69008 Lyon, France.
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occurring in the carcinogenic process has been used to provide new
targeted therapies with the most convincing efficacy in the last decade.
Tyrosine-kinase inhibitors targeting KIT or PDGFRA gain-of-function muta-
tions in GIST are the best example of such reliable biomarkers [8]. Imatinib
has also been used in dermatofibrosarcoma protuberans to target the
COL1A1 and PGDFR rearrangement with impressive efficacy [9]. Large
scale genomic screening has been implemented to better understand biol-
ogy in sarcoma [10–15]. Such programs are challenging and limited by
low incidence of recurrent alterations; translation of genomic findings
into clinical relevance remains complex despite proof of efficacy in preclin-
ical studies, as MDM2 inhibition in liposarcoma for example.

Molecular based therapies have been proposed to target identified mo-
lecular alterations in each patient tumor. The predictive impact of a geno-
mic alteration remains hypothetical in most of the cases. Whether the
global population may benefit from genome-targeted therapy remains un-
clear [16]. Several studies such as MOSCATO [17] and SHIVA [18] trials
showed limited efficacy and these series included only few sarcomas. How-
ever, such personalized therapeutic approach has to be explored, especially
in rare and heterogeneous cancer like sarcoma.

The ProfiLER program is a multicentric open-label prospective trial es-
tablishing the genetic tumor profile of patients with any types of advanced
cancer in order to proposemolecular-based therapy [19]. The present study
used data from ProfiLER to describe the frequency and distribution of ac-
tionable alterations in locally advanced or metastatic sarcomas, to explore
their use for guiding molecular targeted-agents recommendations, and to
describe responses to molecular-based recommended therapy.

Methods and materials

Study design and patients

The ProfiLER program aimed at establishing the genetic profile of pa-
tients with advanced cancer to guide recommendations of targeted thera-
pies. The trial was conducted in four French authorized institutions, and
coordinated by the Centre Léon Bérard (Lyon, France) after local approval
(Ethics Committee of Lyon Sud-Est IV), in accordance with the Good Clini-
cal Practice guidelines of the International Conference on Harmonization
and the Declaration of Helsinki, and relevant French and European laws
and directives. All patients signed a written informed consent before enrol-
ment [19].

Patients were included in case of confirmed histological or cytological
diagnosis of advanced (locally-advanced or metastatic) malignant tumor
of any histological type, progressive after at least one prior line of standard
treatment, with no access to curative treatment, available tumor sample
-either formalin-fixed and paraffin embedded (FFPE) archived tumor sam-
ple or de novo biopsy for accessible lesion, left at the discretion of investi-
gators. Patients for whom no tumor sample was available were excluded.

Clinical information (patient, tumor and treatment characteristics) were
prospectively collected. To perform this analysis, patients diagnosed with
soft-tissue sarcoma, GIST and bone sarcomawere selected, excluding carci-
nosarcoma because of their epithelial origin.

Procedures

FFPE tumor specimen containing ≥10% of tumor cells (as assessed by
anatomopathologists onH&E slides) were used to determine geneticmolec-
ular profiles by Next Generation Sequencing (NGS) using two successive
gene panels of 59 and 69 genes, respectively (Supplementary Table S1),
and genome wide microarray-based Comparative Genomic Hybridization
(aCGH). The samples with insufficient DNA quantity for standard aCGH
were analyzed using Cytoscan HD (Affymetrix®, Santa Clara, CA, USA) ac-
cording to manufacturer protocol.

The platform Ion Torrent PGM (Thermo Fisher Scientific, Massachu-
setts, USA) was used for mutation screening. Each tumor sample used
10 ng DNA for library construction using Ion AmpliSeq™ Library Kit 2.0
(Thermo Fisher Scientific, Massachusetts, USA) and then sequenced on
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Ion 318™ChipKit V2 using Ion PGM system (ThermoFisher Scientific,Mas-
sachusetts, USA) for 500 cycles according to manufacturer's instructions.
The raw signal data were analyzed using NextGENe Software Suite v3.4.2
(SoftGenetics, PA, USA) and in-house bioinformatics pipeline (BWA for
alignment, GATK UnifiedGenotyper for calling and Annovar for annota-
tion). The pipelines includes the alignment to the human genome 19 refer-
ence, some sequencing quality control (base quality score, mapping
quality), coverage analysis and variant calling. After completion of the ini-
tial data analysis, lists of detected sequence variants (Single nucleotide var-
iants [SNVs] and INDELs) were analyzed using variant filtering and
annotation using COSMIC v.64 and dbSNP build 135. The variants were
then filtered according to their frequency (>5% for SNVs and >10% for
INDELs), reads coverage (>50× for SNVs and >100× for INDELs) and ef-
fect (nonsynonyme, splicing, not polymorphism).

Well characterized hot-spot mutations and gene amplification with≥6
gene copy number were prevailed for treatment recommendation. Homo-
zygous deletion or bi-allelic inactivation (inactivatingmutation and hetero-
zygous deletion) for tumor suppressor genes were taken into account.
Passenger mutations or mutations known to be related to treatment resis-
tance were taken into account only in respect of specific tumor types. KIT
mutation already identified as therapeutic target in GIST were excluded
from this analysis.

Genomic alterations were classified in signaling pathways according to
the cancer genome atlas. Receptors of tyrosine kinase (RTK): KDR
(VEGFR2), KIT, MET, PTPR, TIE1; Cell Cycle pathway: CCNE1 (cyclin E1),
CDK4, CDKN2A (P16/INK4), RB1; PI3K pathway: PIK3CA, PTEN, RICTOR,
TSC1, TSC2; RAS pathway: HRAS; p53 pathway: MDM2, TP53; Hedgehog
pathway: PTCH1; Other non-classified genes: ADGRE2, BRCA2, DLEU2,
DLEU7, DLG2, DMD, ELAVL2, HMGA2, LINGO2, MAP2K4, MAPK7,
MYOCD, PMP22, TOP3A, TUSC7.
Molecular Tumor Board (MTB) and treatment decision

AweeklymultidisciplinaryMolecular Tumor Board (MTB) gathering to-
gethermolecular biologists,medical oncologists, and pathologists reviewed
NGS and aCGH reports in order to prioritize and select the genomic molec-
ular alterations (amplifications, deletions, mutations) and allow recom-
mendations for molecular-based therapies (i.e. actionable alterations).
Decisions were based on an algorithm (Supplementary Table S2) defined
using COSMIC database (Catalogue Of Somatic Mutation In Cancer) and
the FATHMM (Functional Analysis Through Hidden Markov Models)
score when variants of unknown functional and/or clinical significance
were identified. Molecular-based recommended therapy (MBRT) was de-
fined as a targeted therapy potentially active on the identified genomic al-
teration and recommended outside its EMA approval. Patients who
initiated an MBRT were followed according to the clinical trial protocol
they were referred to, or according to the routine medical practice for off
label use of targeted therapies.
Statistical analysis

Categorical variables are expressed as percentages. Continuous var-
iables are presented as median (range). OS was calculated as the time
from the date of metastatic diagnosis to the date of death or last
follow-up. Survival curves for OS were estimated using the Kaplan-
Meier method. Median and 5-year survival rates were estimated. Uni-
variate analyses used the Log-rank test for each variable of interest. A
p-value of <0.05 was considered as statistically significant. PFS and
OS for patients treated were calculated from the date of treatment initi-
ation to the date of first progression or death for PFS and to the date of
death or last follow up for OS. All statistical analyses were performed
using R package version 3.5.2 (script available online). The results
from the survival analyses are presented with the 95% confidence inter-
val (CI).
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Results

Patient and tumor characteristics

A total of 2579 locally advanced/metastatic cancer patients were in-
cluded in the ProfiLER 01 study between February 2013 and February
2017 including 164 patients diagnosed with soft tissue sarcoma, bone
sarcoma, or GIST. A molecular profile (i.e. at least one conclusive molec-
ular analysis) was achieved for 158 patients. Molecular screening fail-
ures mostly occurred due to insufficient quality and/or quantity of
tumor DNAwith a failure rate of 4% (n= 6 from 164 patients included).
Patient's characteristics at inclusion are detailed in Table 1. The median
age at inclusion was 51.3 (6.8–84.6) years, whereas the median time be-
tween metastatic evolution and inclusion was 1.25 (0–17.7) years. A
majority of women were included, 76% of patients had a performance
status of 0 or 1. The median OS after metastatic diagnosis was 4.34
(95%CI 3.73–5.15) years, with a 5-year survival of 42% (95%CI
35–51%).

One hundred and one patients (64%) had a sarcomawith a complex ge-
nomic profile (leiomyosarcoma, osteosarcoma, chondrosarcoma, undiffer-
entiated pleomorphic sarcoma, pleomorphic liposarcoma, embryonal
rhabdomyosarcoma, unclassified sarcoma, MPNST, angiosarcoma,
fibromyxoid sarcoma, hystiocytic sarcoma, follicular dendritic cells sar-
coma, phyllode sarcoma) whereas 57 (36%) presented a sarcoma with a
known single driver genomic abnormality (well differentiated liposarcoma,
dedifferentiated liposarcoma, myxoid liposarcoma, endometrial stromal
sarcoma, Ewing-sarcoma, synovial-sarcoma, GIST, alveolar rhabdomyosar-
coma, epithelioid sarcoma, and dermatofibrosarcoma protuberans). The
overall survival after the diagnosis of metastases was similar in these two
groups: 4.23 (95%CI 3.23–5.4) years and 4.68 (3.38–6.58) years for sar-
coma with complex genomic profile and sarcoma with single driver geno-
mic abnormality, respectively.

The intra-abdominal tumor location was the most frequent (43%).
The mostly represented histological subtype was leiomyosarcoma (n
= 33, 21%), 29 patients (18%) had a bone sarcoma (osteosarcoma,
chondrosarcoma or Ewing-sarcoma), 19 patients (12%) an undifferenti-
ated pleomorphic sarcoma (UPS), and 16 patients (10%) a liposarcoma.
Histological subtype distribution is presented in Fig. 1.

Genomic profilingwas performed on archival tumor sample (n=88) or
on de novo biopsy for accessible lesion (n=61), datawere non-available in
9 samples.
Table 1
Patients characteristics.

Median age at sarcoma diagnosis, years [IC 95%] 48 [0–83]
Median age at locally advanced/metastatic diagnosis, years [IC
95%]

50 [5–83]

Median age at inclusion, years [IC 95%] 51.3 [6.8–84.6]
Sex:

Female 85 (58%)
Male 73 (42%)

Performance status:
0 46 (29%)
1 74 (47%)
2 19 (12%)
3 5 (3%)
NA 14 (9%)

Tumor location:
Trunk 39 (25%)
Intra-abdominal 68 (43%)
Limbs 51 (32%)

Genomic profile:
Single driver genomic alteration 57 (36%)
Complex genomic profile 101 (64%)

Median OS after metastatic diagnosis, years [IC 95%] 4.34
[3.73–5.15]
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Genomic alterations

One hundred and six (67%) patients harbored at least one genomic al-
teration for a total of 289 genomic alterations in 143 different genes. Out
of these 289 genomic alterations, 139 were homozygous deletions, 86
were gene amplifications, and 64 were somatic mutations. CHG array also
identified gene breakpoint for 16 patients, suggesting an underlying rear-
rangement. In the 106 patients, sixty-eight (43%) presented multiple alter-
ations, with up to 8 alterations for one patient. The median number of
genomic alterations was 3.26 [1–8] and 2.26 [1–7] in patients with com-
plex genomic and simple genomic sarcoma, respectively. Thirty-three out
of 143 genes had more than one genomic alteration. The most frequently
impacted genes were TP53, Rb1, CDKN2A, CDK4, MDM2, PTEN (Fig. 2).
The incidence ofmolecular alterations in these 33 genes in each histological
subtype are reported and classified according to the signaling pathway im-
pacted (Table 2). Themost frequently impacted genes were involved in cell
cycle pathway especially in GIST, liposarcoma, and leiomyosarcoma, and
genes involved in p53 pathway especially in liposarcoma and
leiomyosarcoma.

Themedian overall survival aftermetastatic evolutionwas 4.51 (95%CI
3.86–6.02) years in patient without genomic actionable alteration, and
3.9 years (95%CI 3.16–5.07) in patient with at least one actionable geno-
mic alteration, though no statistically significant difference was reached
(p = 0.2).

Molecular based recommended therapy

The MTB recommended MBRT for 47 patients (44% of the population
with a genomic alteration, 30% of the total population), and a total of 61
MBRT were proposed. The most frequently recommended treatment were
TKI (n= 23, 38%), then Cell Cycle inhibitors (n= 18, 29%), MTOR inhib-
itors (n= 12, 20%),MDMD2 inhibitors (n=6, 10%), and PARP inhibitors
(n = 2, 3%).

Thirteen patients (28% of the patients with MBRT, 8% of the total pop-
ulation) initiated the recommended treatment. For 34 patients, the MTB
recommended a treatment that the patient didn't receive, in majority of
cases because the use of a standard-of-care treatment was favored (n =
20), and for clinical contraindications (n = 6). The characteristics of the
13 patients treated are reported in Table 3. Nine patients had a complex ge-
nomic sarcoma and 4 had a sarcoma with a known single driver genomic
abnormality (GIST [N = 3] and Ewing Sarcoma [N = 1]). Eight patients
were oriented towards a molecularly tailored clinical trial based on the re-
sults ofmolecular screening. Five patients received anti-angiogenic tyrosine
kinase inhibitor (sorafenib, pazopanib, regorafenib), four patients were
treated with CDK4/6 inhibitors (ribociclib or palbociclib), 3 patients were
treated with MTOR-inhibitors (everolimus), and 1 patient was treated
with anti-Her1/2 tyrosine-kinase inhibitor (Fig. 3).

Patients receiving a targeted therapy based on genomic alteration had
PFS of 2.3 (95%CI 1.7–not reached) months, and OS of 6.1 (95%CI 3.8–
not reached) months. One objective response was observed: a patient
with angiosarcoma reached partial response with pazopanib, though not
lasting more than 3 months; four patients had a stable disease at first eval-
uation, including a long-lasting 33months stabilization for one patient with
chondrosarcoma treated with sorafenib. Eight patients had progressive dis-
ease. At data cut-off, all patients had stopped the recommended treatment
for progression (Table 3).

Discussion

This study describes genomic alterations and molecular based recom-
mended therapies in a cohort of 164 patients with locally advanced or met-
astatic sarcomas included in the ProfiLER 01molecular screening program.
Others teams reported comprehensive genomic analysis to identify relevant
alterations in sarcomas [10,15]. However, ProfiLER 01 is the largest study
to report potential efficacy of therapy recommended to target identified ge-
nomic alterations. The SHIVA and MOSCATO trials [17,18] included 8



Fig. 1. Histological subtypes.
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patients with sarcoma and 26 patients with mesothelioma and sarcoma,
respectively.

This analysis demonstrated that high throughput genomic analysis is
feasible in sarcoma as in other tumors, with rare procedure-related failures,
even for bone sarcoma known to be more challenging because of technical
constraints resulting from poor quality samples (smaller size and degrada-
tion of nucleic acids due to the decalcification process).

The sarcoma cohort showed that 67% of patients had an identified mo-
lecular alteration, 30% of patients hadmolecular based recommended ther-
apy and 8% initiated the proposed treatment, these proportions are similar
to those reported in 2579 patients with various histological tumor types in
Fig. 2. Description of alterations for genes with m
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the Profiler-01 study [19]. These results are also consistent with those of
other genomics-guided therapy trials [10,12,17,18,20].

In these patients with sarcoma with identified alteration(s), the most
frequent alterations occurred in TP53, in Rb1, and CDKN2A. Our series sug-
gests that copy-number alterationsmay bemore common thanmutations in
sarcomas, with the limitation of a sequencing panel covering mostly
carcinoma-associated oncogenes and tumor suppressors and covering an
overall limited number of DNA base pairs. Those findings are however con-
sistent with those of TCGA [15] database, whereas NGS showed that muta-
tions were the most frequent genomic alteration [10], and TP53 was the
most frequent genomic alteration in a large cohort of sarcomas.
ore than one significant molecular alteration.



Table 2
Incidence of actionable molecular alterations in each histological sub types and according to signaling pathway involved.
Only genes with more than one genomic alteration are presented in this table.
LMS = leiomyosarcoma, UPS = undifferentiated pleomorphic sarcoma, LPS = liposarcoma, RMS = rhabdomyosarcoma, ESS = endometrial stromal sarcoma, GIST =
gastro-intestinal stroma sarcoma, SS = synovial sarcoma.

LMS (n = 33) Bone (n = 29) UPS (n = 19) LPS (n = 16) RMS (n = 11) ESS (n = 10) GIST (n = 9) SS (n = 6) Others (n = 25) % Total pop.

RTK pathway – 10% 5% 6% – 10% 33% – 16% 8%
KDR (VEGFR2) – 3% – – – – – – 4% 1%
KIT – – – – – – 22% – 8% 3%
MET – 3% – 6% – – – – 4% 2%
PTPR – – – – – 10% 11% – – 1%
TIE1 – 3% 5% – – – – – – 1%

Cell cycle pathway 42% 21% 37% 50% 9% 30% 67% – 28% 33%
CCNE1 – 7% 5% 6% – – – – – 3%
CDK4 – 3% – 38% 9% 10% – – – 6%
CDKN2A (P16/INK4) 3% 7% 5% – – 10% 67% – 24% 11%
RB1 39% 3% 26% 6% – 10% – – 4% 14%

PI3K pathway 12% 7% 11% 13% 9% 10% 22% – 16% 11%
PIK3CA – 3% – 6% 9% – – – – 2%
PTEN 6% – 5% 6% – – – – 12% 4%
RICTOR 3% 3% – – – – – – – 1%
TSC1 3% – – – – – 22% – 4% 3%
TSC2 – – 5% – – 10% – – – 1%

RAS pathway – – – – 9% – – 33% 4% 3%
HRAS – – – – 9% – – 33% 4% 3%

p53 pathway 42% 17% 32% 75% 9% 20% – – 16% 28%
MDM2 – – – 44% – – – – 4% 5%
TP53 42% 17% 32% 31% 9% 20% – – 12% 23%

Hedgehog pathway – – 11% – – – – – – 1%
PTCH1 – – 11% – – – – – – 1%

Other 58% 34% 21% 13% – 30% 44% 17% 12% 29%
ADGRE2 – 7% – – – – – – – 1%
BRCA2 3% – 5% – – – – – – 1%
DLEU2 3% – 5% – – 20% – – – 3%
DLEU7 9% 3% – – – 10% – – – 3%
DLG2 – 3% 5% – – – – – – 1%
DMD 3% 3% 5% – – – – 17% – 3%
ELAVL2 3% – – – – – 22% – 8% 3%
HMGA2 – – – 13% – – – – – 1%
LINGO2 3% – – – – – 22% – 4% 3%
MAP2K4 3% 3% – – – – – – – 1%
MAPK7 6% 3% – – – – – – – 2%
MYOCD 9% – – – – – – – – 2%
PMP22 6% 3% – – – – – – – 2%
TOP3A 6% 3% – – – – – – – 2%
TUSC7 3% 3% – – – – – – – 1%
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A MBRT could be offered for less than half of patients harboring an ac-
tionable molecular alteration (47 out of 106 patients). This low rate of
MBRT proposal reflects the lack of access to innovative drugs, lack of
molecular-based basket clinical trials aiming at assessing a potential predic-
tive impact of molecular alteration for efficacy of targeted therapy. It also
highlights the complexity of MTB decision-making, facing with multiple
molecular alterations in a single tumor, variants of unknown functional
and/or clinical significance or unknown predictive impacts of some hotspot
variants (depending on tumor types).

Only 13 of the 47 patients for whom MBRT was proposed actually re-
ceived the treatment. This low rate of treatment initiationmay be partly ex-
plained by a molecular screening too lately proposed in advanced setting,
usually after several lines of standard chemotherapy. We report a high pro-
portion of patients with favorable prognosis at inclusion, patients in good
condition for whom overall survival exceed 4 years. This cohort should
not be considered as representative of “real life” patients with metastatic
sarcoma. The ongoing study Profiler 02 aims at correcting this recruitment
bias through molecular screening performed during the first line treatment
to allow MBRT to be administrated in second line therapy.

In the thirteen (8% of the cohort) patientswho initiated theMBRT, 4 pa-
tients had a simple genomic sarcoma and 9 a complex genomic sarcoma. In-
terestingly, 8 patients out of the 13 initiated MBRT within a clinical trial in
which they could be included thanks to the molecular alteration identified.
Among patients with sarcoma and single driver abnormalities, three pa-
tients with GIST harboring CDKN2A (p16INK4) homozygous deletion were
5

treated with the CDK4/6 inhibitor palbociclib, and one patient with
Ewing Sarcoma TIE1 mutated received sorafenib. Despite CDKN2A homo-
zygous deletion, limited efficacy of CDK4/6 inhibitors has been recently re-
ported in a phase 2 trial [21]. Among patients with sarcomas with complex
genomic profile, bone sarcomas display several actionable alterations,
mostly in RTK, cell cycle, and PI3K pathways. One patient with
angiosarcoma harboring FLT4 amplification presented a good quality par-
tial response to pazopanib. The patient was treated prior to drug approval.
One patient with chondrosarcoma had long lasting stable disease during al-
most 3 years on sorafenib, as proposed MBRT to target an identified KDR
mutation. These findings, limited by the low number of treated patients,
suggest that molecular screening may be beneficial to complex genomics
sarcoma, and would present marginal interest for sarcomas with single
driver genomic abnormality.

Overall, our data suggest that molecular screening should not be
used in routine practice but warrants further exploration in clinical
trials. Similarly, the concept of personalizing cancer therapy needs
to be further explored as newer drugs emerge, targeting different cel-
lular processes (epigenetics).

Potential improvements in performance of such molecular screening
program should nevertheless be considered. With more than half of geno-
mic analyses performed on archived primary tumor samples, the frequency
of genomic alterations may have been underestimated. Disease progression
and metastatic evolution are known to correlate with the emergence of
subclonal genomic alterations [22].Moreover, biopsiesmay not adequately



Table 3
Characteristics of patients treated with MBRT.

Age Location Histological subtype Genomic alteration MBRT initiated Clinical trial PFS (m) Best response OS (m)

57 Limbs Leiomyosarcoma AKT2 amplification Everolimus MOST 2.6 Progression 10.9
47 Trunk MPNST ERBB2 mutation c.G2329T/p.V777L Lapatinib MOST 1.9 Stable 3.8
79 Limbs Angiosarcoma FLT4 amplification Pazopanib MOST 3.1 Partial response 10.7
30 Limbs UPS AKT2 19q13.1-q13.2 deletion Everolimus – 1.4 Progression 4.1
13 Limbs Osteosarcoma KDR amplification Regorafenib BAY15906

Phase I
1.9 Progression 3.1

20 Limbs Osteosarcoma VEGFA amplification Sorafenib – 2.3 Progression 2.8
21 Limbs Osteosarcoma PIK3CA amplification Everolimus MOST 2.7 Progression 11
43 Trunk Osteosarcoma CDK4 amplification Ribociclib LEE011

Phase I
1.7 Progression 6.1

31 Limbs Ewing sarcoma TIE1 mutation c.G1379C/p.S460T Sorafenib – 3.6 Stable 7.4
58 Limbs Chondrosarcoma KDR mutation c.3380C>A Sorafenib – 33.6 Stable 39.6
58 Abdominal GIST CDKN2A homozygous deletion Palbociclib – 0.8 Progression 4.9
66 Abdominal GIST CDKN2A homozygous deletion Palbociclib CycliGIST 0.9 Progression 2.6
80 Abdominal GIST CDKN2A homozygous deletion Palbociclib CycliGIST 3.7 Stable 22.9
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capture tumor heterogeneity. Whereas multiple biopsies are obviously re-
stricted in clinical practice, reiterating a biopsy at disease progression or
using liquid biopsies could strengthen genomic analysis results through en-
hanced representation of active tumoral subclones.

Some technical aspects could be considered to improve genomic screen-
ing yield. During the inclusion period of Profiler 01, the panel of genes has
Fig. 3. Flow diagram o
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been enriched with ten additional genes in its second version (n= 69), but
more genes could have been included for a more comprehensive analysis,
such as ATRX [23], ARID1A or ARID1B [15], and INI1 [24]. The relevance
of enlarged panel is raised in the ProfiLER 02 trial (NCT03163732), which
randomizes the use of currently standard panel (87 genes) versus extended
molecular profiling panel (324 genes). The use of larger panels may, in
f patients included.



P. Arnaud-Coffin et al. Translational Oncology 13 (2020) 100870
addition, allow the determination of tumor mutational burden to support
the use of anti-PD1/PDL1.

In addition, molecular analyses in the ProfiLER 01 program were
not initially designed to identify oncogenic fusions which have proved
to be highly actionable molecular alterations, including in some sub-
types of sarcomas [25]. Indeed fusions are not captured by conven-
tional small scale NGS panels and require either a dedicated DNA
NGS panel focusing on known breakpoint regions or RNA sequencing
targeting oncogenes of interest. An increasing number of gene fusions
are being discovered in sarcomas [26,27], and are mainly used for di-
agnostic purposes. The recent approval of the highly selective inhibi-
tor of tropomyosin receptor kinases (TRK) larotrectinib in cancers
harboring TRK fusion, shows that some of these fusions may be thera-
peutically relevant and may help improve patient outcome [28]. Con-
tribution of whole transcriptome shotgun sequencing has not yet been
demonstrated in routine use, but its impact on metastatic sarcoma pa-
tients' outcomes seems to be promising. However, large molecular
analysis, using CGH array, NGS or RNA sequencing technologies are
expensive and their cost-effectiveness have to be assessed attentively,
with a need to limit healthcare costs and prioritize expenditures that
improve patients outcomes.

The added value of large molecular screening for patients with single
driver genomic abnormality is limited, whereas it may benefit to sarcomas
with complex genomics, especially to bone sarcoma, enabling new treat-
ments options.

Although we cannot recommend routine use of genomic screening, the
use of wider panel and the addition of RNA sequencing and comprehensive
genomic profiling in clinical trials will eventually allow a deeper under-
standing of sarcoma biology in humans and thus may impact treatment
and patient outcome.
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