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ABSTRACT

Purpose Rare cancers are defined by an incidence of <6
out of 100000 cases per year. They are under-represented
in clinical research including tumour molecular analysis.
The aim of Arcagen is to generate a multinational database
integrating clinical and molecular information of patients
with rare cancers.

Patients and methods We present the retrospective
feasibility cohort of patients with rare cancers, with
previously collected tumour samples available from

any stage. Molecular analysis was performed using
FoundationOne CDXx for all histologies except for sarcoma
where FoundationOne Heme was used. Clinical data
including demographic data, medical history, malignant
history, treatment and survival data were collected.
Results Eighty-seven patients from three centres were
screened; molecular data were obtained for 77 patients
(41 sarcomas, 9 yolk sac tumours, 14 rare head and

neck cancers, 13 thymomas). The median age at the time
of diagnosis was 48 (range 28-85). Most patients had
reportable genomic alterations (89%). The most common
alterations were linked to cell cycle regulation (TP53, RB1,
CDKN2A/B deletions and MDM2 amplification). Multiple
activating single-nucleotide variants (SNVs) could be
detected in the RAS/RAF family. The tumour mutational
burden status was globally low across all samples with

a median of 3 Muts/MB (range 0-52). Only 4 cases (ie,
4.7% of tumours) had direct actionable mutations for a
treatment approved in Europe within the patient’s tumour
type.

Conclusion The Arcagen project aims to bridge the gap
and improve knowledge of the molecular landscape of rare
cancers by prospectively recruiting up to 1000 patients.

INTRODUCTION

Rare cancers are defined as histological diag-
noses with an incidence of <6 out of 100000
cases per year. They include >300 histolog-
ical subtypes and may affect all organs.' Alto-
gether, they represent 20% of adult cancer
incidence but 30% of cancer mortality.” The
mortality of rare cancers may be related to
frequent misdiagnosis, delays in diagnosis

Key questions

What is already known about this subject?

» Rare cancers are extremely heterogeneous (>300
histological subtypes).

» Little is known regarding the molecular landscape
of rare cancers.

» Represent 20% of cancer diagnostic but 30% of
death due to cancer.

What does this study add?

» Confirming the importance of the TP53 signalling
pathway in sarcoma.

» Low actionability (below 10% for rare cancer).

» Confirming need for more clinical research on rare
cancers.

How might this impact on clinical practice?

» Feasibility of recruiting patients with rare cancer
for clinical research to understand better the mo-
lecular landscape and actionability of this patient
population.

and treatment, limited research efforts and
lack of optimal guidelines.”™

Rare cancers are underrepresented
in the research programmes exploring
genomic alterations of cancer. Therefore,
little is known regarding prevalence of clin-
ically actionable genomic alterations in rare
cancers in general, although sarcomas and
brain tumours are starting to be better char-
acterised.” A better understanding of this
population may bring new opportunities for
diagnosis and treatment, and potential to
improve patient outcome. Indeed, some rare
cancers have become paradigmatic models
for personalised medicine. Progress with the
understanding of tumour biology and the
subsequent development of targeted thera-
pies enabled major therapeutic advances in
gastrointestinal stromal tumours and thyroid
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cancers.” " Rare tumours now often represent strategic
opportunities to develop new medications, with several
examples of important treatments made available by these
models, such as BRAF inhibitors or TRK inhibitors.!!

Translational and clinical research on rare tumours has
long been hindered by organisational difficulties linked
to dispersal of patients to clinical centres of minimal
experience, inaccurate diagnosis and limited efforts for
tumour collection. Aiming to address these shortcomings,
EURACAN is a European Reference Network dedicated
to rare cancers, bringing together 66 centres from 17
countries as of January 2020. Dedicated research groups
exist within EURACAN to overcome these bottlenecks."

The translational research infrastructure associated
with the research initiatives of EURACAN is SPECTA, a
collaborative European platform led by EORTC.

To improve knowledge on rare cancers, EORTC, in
collaboration with EURACAN developed the translational
research project Arcagen, aiming to perform molecular
profiling on clinically annotated tumour samples from
1000 patients with rare cancers, to improve the biolog-
ical understanding of these tumours. We present here

the results of the first step of this project, an analysis
of retrospectively collected data and samples from sites
within the EURACAN network. This first milestone of the
project includes analysis of 100 samples, collected from
87 patients.

MATERIALS AND METHODS

Patient selection

To test the feasibility of this project, three centres from
the EURACAN network were selected: Centre Leon
Berard (Lyon, France), Bergonie Institute (Bordeaux,
France) and Hospices Civils de Lyon (France).

We selected four rare cancer domains for the retro-
spective part of the study: sarcoma, thoracic malignan-
cies, ovarian cancer and head and neck cancer. From
those four domains, we chose to include patients with
a diagnosis of undifferentiated pleomorphic sarcoma
(UPS) and myxofibrosarcoma (MFS), ovarian yolk sac
tumour (YST), thymomas and rare histologies of head
and neck cancers including ethmoidal, paranasal sinus

Tumour type Sarcoma Ovarian YST Rare head and neck Thymus
[Number of
. 43 10 18 16
patients
Evaluable
. 41 9 14 13
patients
Age distribution | » @ @ ®
at diagnosis e e e e
w0 0 w w
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Gender 25 IR 16 0d9e9 12992 509 8
Histology
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19
9 2 13
22
1 9
Myxofibrosarcoma Sac yolk tumour NPS adenocarcinoma Thymoma
Undeffirentiated NPS squamous cell
pleomorphic sarcoma carcinoma
NPs
esthesioneuroblastoma
Salivary gland
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NPS undifferentiated
carcinoma
Primary 40 9 14 4
Recurrence 1 0 0 3
Paired 0 0 0 [ ]

Figure 1 Clinical description of the population with number of patients (total/evaluable). NPS, nasopharynx and paranasal

sinus; YST, ovarian yolk sac tumour.
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and nasal cavity adenocarcinomas, based on sample avail-
abilities in the sites’ biobanks (see figure 1 for clinical
characteristics).

All tumour samples were assessed by expert patholo-
gists within their disease types, at the site level, to confirm
the diagnosis.

All samples were analysed by Foundation Medicine Inc
laboratories (FMI, Penzberg, Germany and Cambridge,
Massachusetts, USA) (see online supplemental
information).

RESULTS

Project description and sample workflow—feasibility

One hundred samples from 87 patients were included
in the retrospective pilot. Quality control (QC) was
performed by the pathologist from the hospitals.

From the first 100 samples received, 22 failed (22% of
failure). A second set of slides cut from the same block
was requested to the site and was available for 17 out of
22 cases. The success rate for those 17 cases was 41% (n=7
out of 17) (online supplemental figure 1a). Thus, the
global failure rate was 15% (15 failures out of the orig-
inal 100 samples) due to two main reasons: sample quality
issue (60%, n=9) or not enough material after DNA/RNA
extraction (40%, n=6).

Out of the 100 samples, 43 came from patients with
sarcoma, and the failure rate of the FoundationOne
Heme test was 4.6% (n=2) (online supplemental figure
la).

Results were reported via the FMI clinical reports with
a median turnaround time of 16 days (range 9-157) for
FoundationOne CDx and 15 days (range 10-106) for
FoundationOne Heme. The 145 days turnaround time
was due to a test failure on the first sample and the request
of a second sample to the clinical site.

Clinical characteristics of the patient population
Seventy-seven patients (85 samples) had available molec-
ular and clinical data and were included in the analysis.
Forty-one patients (53.2%) were diagnosed with sarcoma,
9 (11.7%) with YST, 14 (18.2%) with rare head and neck
cancers and 13 (16.9%) with thymoma. The baseline
characteristics of the patients are described in figure 1.
All clinical characteristics are limited to the evaluable
population.

Molecular data were available for 41 patients with
sarcoma. The median age at the time of diagnosis of our
population was 69 (range 33-85). The reported histology
was MFS for 19 patients and UPS for 22 patients. Samples
were collected from the surgical resection of the primary
tumour for 40 patients and from a local recurrence for 1
patient. Eleven patients (27%) had received treatment,
radiotherapy (four, 9.7%) or chemotherapy (seven, 17%),
before the sample was taken. A recurrence of the disease
was reported for 14 patients (34%), 12 of which had a
grade 3 tumour at the time of diagnosis and median time

to recurrence from the primary diagnosis was 10 months
(range 1-23 months).

Thymomas are among the rarest cancers, with an inci-
dence of 0.15 cases per 100000 person-years."” In the
pilot phase, molecular data were available for 13 patients.
The median age at diagnosis was 53 (range 33-75). Histo-
logical subgroup as per 2015 WHO classification and
Masaoka-Koga stage as assessed on surgical specimens
can be found in online supplemental table 1. Most of the
patients never smoked (9 out of 11), consistent with the
absence of increased risk with smoking."? Paired primary
and metastatic samples were analysed for six patients, four
patients had only primary tissue and three only metastatic
lesion from the pleura. All patients underwent surgery,
with a RO status for 11 patients (85%) and R1 status for
2 patients (15%). Nine patients (69%) had received
perioperative treatment either radiotherapy only (one
case), chemotherapy only (two cases) or a combination of
both (six cases). A recurrence of the disease was reported
in 10 patients (77%), 4 of which had a grade 4 (A or B) at
the time of diagnosis.

Nine patients with rare ovarian cancer were eval-
uable. Median age at diagnosis was 26 years (range
17-36) with a diagnosis of YST. All patients underwent
surgery and chemotherapy and all samples were from
the surgical resection of the primary tumour. Patients
were diagnosed at different International Federation
of Gynecology and Obstetrics stages; three with stage 1,
one with stage 2, three with stage 3 and two unknown. A
recurrence of the disease was reported for two patients
(22%) with a median of 9 months (range 9-30), and
only one patient died from disease within 23 months of
diagnosis.

Eighteen patients with rare head and neck cancer
were screened, and molecular data were available for 14.
Median age at diagnosis was 60 (range 21-82) with a 6:1
male:female ratio. Histology at diagnosis was variable with
13 patients with a tumour located in the nasopharynx
and paranasal sinuses (adenocarcinoma n=9, squamous
cell carcinoma n=1, esthesioneuroblastoma n=2and
undifferentiated carcinoma n=1) and 1 patient with a
salivary gland adenocarcinoma. Eleven patients under-
went surgical resection, none with neo-adjuvant chemo-
therapy, and one patient received adjuvant radiotherapy.
One patient with ethmoidal adenocarcinoma presented a
local recurrence after 19 months. Out of the 14 patients
for whom molecular data were available, 8 (57%) were
non-smokers.

Molecular alterations, tumour mutational burden and
microsatellite instability status, based on the clinical reports
from FMI

From the FMI reports, most patients had reportable
genomic alterations (89%, figure 2A). Recurrent path-
ways, such as in TP53 signaling or RTK pathways are high-
lighted in figure 2A and 2B.
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Figure 2 Overview of the significant molecular alterations fou

nd in the pilot study. (A) Waterfall plot highlighting the most

common significant alterations per tumour types, sorted by molecular pathways. Only samples where molecular alterations in
those specific genes were detected are represented. (B) TP53 signalling alterations in sarcoma (myxofibrosarcoma, n=19, in

blue; undifferentiated pleomorphic sarcoma, n=22, in orange).

p53 signalling pathway

Molecular alterations on genes involved in the cell cycle
were the most recurrent alterations in this pilot study. We
identified TP53, RB1 and CDKNZ2A/B deletions as well
as MDM?2 amplification (figure 2A). This was especially
noticeable in the sarcoma and rare head and neck popu-
lation.

For sarcoma, we found significant molecular alterations
in genes related to pb3 signalling in 15 MFS samples
(78.9%) and 15 UPS samples (68%) (figure 2B, blue
bars for MFS, orange bars for UPS). More specifically
regarding 7TP53, deletions were found in 3 MFS (15.8%)
and 2 UPS (9.1%) and single-nucleotide variant (SNV)
in 6 MFS (31.6%) and 12 UPS (54.5%). For RBI in MFS,
three samples had a deletion (15.8%) and one had an
SNV (5.3%). In UPS, four samples had alterations in the
RBI gene as well (one was a deletion (4.5%) and three
were SNV (13.6%)). CDKN2A/B was deleted in four MFS

(21.1%) and three UPS (13.6%). Finally, some amplifica-
tions were also identified, specifically MDM2 was ampli-
fied in one MFS sample (5.3%), CCNDI amplified in one
MFS sample (5.3%) and CCNEI amplified in one UPS
sample (4.5%) (figure 2B). The pattern of alterations was
different between the two sarcoma subtypes; however, the
majority of samples showed some form of pathway alter-
ation, highlighting the central role of this pathway for
sarcoma development.

Similarly, multiple alterations in this pathway were
found within the head and neck samples, with 10 SNV
in TP53 (55%), 2 in RBI (11%) and 1 SNV, 1 DEL in
CDKN2A/B (11%). Genes involved in the cell cycle
pathway are the most frequently altered according to
data previously reported in rare head and neck series
but are interestingly also the most frequently altered
pathway in head and neck squamous cell carcinoma
(HNSCC).!*1°

4

Morfouace M, et al. ESMO Open 2020;5:€001075. doi:10.1136/esmoopen-2020-001075



) kras
NM_033360

Domains: @ COG1100
H_N_K_Ras_like

2
} G12V D33E
1

0 50 100 150 189
@ Yolk sac ® Thymic © Head and Neck

c)
BRAF
NM_004333

Domains: M Pkinase M Raf_RBD
PKc_like 1 C1

2

G596C
D594G Py V600E

0 200 400 600 766
@ Yolk sac @ Thymic © Head and Neck

e)
Amplified genes in one yolk sac sample
o~ <
S
S2say 2
SeRE €
Nw
R
/TN
~
22838
< X ™
T 5382
(SRS
f)
TMB per tumour type
1 9 13 40
samples samples samples samples
100
=2}
s H
= 10 :
1 - .
0 - -
Thymus Yolk sac H&N Sarcoma

b)

HRAS Domains: M COG1100
NM_001130442 H_N_K_Ras_like
2
G12v
G13R Q61L K117N
1 ® ° °
0 50 100 150 189
@ Yolk sac @ Thymic © Head and Neck
d) . -
Fusions and structural variants
X 1
"
" 2
PR \g
&
o <
N/ ‘ Ei 2
SV % R = o
. \ | "o »
° > o
~ "¥q, \ | N
2] 28y, S FBN\'FGFR."
HO) = o
wvwds‘i
3
\
A\
< o‘*’fl%s Y. “
> 7%
> 2 22
Ui g I
< 2 %
Q
17
or v
6 2
g)
MSI status
90
81
80
e 70
5
E 60
3
5 50
@
o 40
€
5
z 30
20
10
1 3
0
Low Intermediate Cannot Be

Determined

Figure 3 Lollipop plot represented the mutations found in the RAS and RAF family. (A) Molecular alterations in KRAS, (B)
molecular alterations in HRAS, (C) molecular alterations in BRAF. (D) Summary of fusions (red) and rearrangements (blue)
found in all tumour types. Genes are localised on the outer ring. (E) Amplifications on chromosome 12p found in one yolk
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sarcoma sample and those are excluded from the plot. (G) Microsatellite instability status (MSI) across all samples.

In contrast to more common epithelial ovarian cancer
and as anticipated, no molecular alterations were identi-
fied in the p53 or homologous recombination deficiency
(HRD) pathways for the YSTs. The only alteration found
in the thymoma samples was one deletion of CDKN2A/B.

RTK-RAS/RAF-PI3K pathway
Multiple SNVs were detected in the RAS/RAF family
(figure 3).

In the YST samples,"”™"” we found KRAS alterations
(D33E and G12V, figure 3A) in two out of nine patients
(22%). We also found a canonical KIT mutation in
exon 17, codon 816, which was previously identified as

a recurrent mutation for ovarian germ cell tumours
and potentially actionable with drugs like avapritinib or
ripretinib.'” '®

Regarding the thymoma samples, we identified several
mutations in this family: one patient with multiple HRAS
canonical mutations'***: G12V (hotspot, activating muta-
tion), subclonal, G13R (hotspot, activating mutation) and
subclonal, K117N (activating mutation); and one patient
with a HRAS Q61L mutation conserved between primary
and recurrent sample (thymus and pleura, figure 3B).
In this population, we also observed several mutations in
the RAF family: one mutation in BRAFV600E (activating
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mutation) and one in BRAF D594G (impaired kinase
activity, figure 3C). Another BRAFmutation (G596C) was
identified in a patient with a nasopharynx and paranasal
sinus (NPS) adenocarcinoma (head and neck cohort).
This specific mutation is located within the kinase
domain of the BRAF protein, and results in decreased
BRAF kinase activity, but was shown in vitro to activate
downstream MEK and ERK in combination with CRAF.*

In sarcoma, a KRAS amplification and a HRAS ampli-
fication were each identified in one UPS sample (9% of
UPS patients) (figure 3A,B).

Fusion and other rearrangements

Four fusions were identified in patients with sarcoma (two
in UPS and two in MFS cases), two of which were action-
able (ETV6-NTRK3 and FBN1-FGFR3) (figure 3D). It is
important to note that sarcoma samples were analysed
with FoundationOne Heme, which is expected to have
higher sensitivity for certain fusion events as it includes
analysis of RNA.

Rearrangements (or structural variants) were mostly
found in sarcoma (four in MFS: IGH-15q25, KTM2C
exon 45, ZMYM3 exon 12, POT1 intron 6; and 5 in
UPS: RAD21 exon 8, KITM2C exon 45, TSC2 intron b5,
HSP90AA1, PTPRO exon 22), rare histologies of head
and neck (three cases: CDK12 exon 12, ARIDIA exon
5 and MYB intron 14) as well as one in YST (ARIDIA
exon 19) (figure 3D). Similarly, multiple amplifications
were found in regions of chromosome 12p for a yolk sac
tumour sample (figure 3E), with specific amplifications
detected in clinically relevant genes CCND2, KDM5A,
FGI23, FGIF6 and KRAS as well as amplifications of
unknown significance in CDKNIB, PIK3C2G, PTPRO,
RADb52 genes (all located in 12p). This might suggest the
presence of bigger chromosomal aberration that would
require further confirmation by an orthogonal molecular
technique.

Tumour mutational burden and microsatellite status

The tumour mutational burden (TMB) status was low
across all samples with a median of 3 Muts/MB, range
0-52 (figure 3F).

All samples but one (from an esthesioneuroblastoma)
were microsatellite instability status low/stable (eg,
mismatch repair proficient) (figure 3G).

Globally, most samples presented with a limited number
of molecular alterations. This is particularly noticeable
in YST, with five out of nine patients with no reportable
alterations and three out of nine patients with only one
alteration.

A complementary analysis of the molecular data can be
found in online supplemental information.**’

DISCUSSION

Feasibility

Rare cancers represent 22% of all human cancers, and
30% of the cancer deaths. Projects describing the molec-
ular landscape of common cancers and less frequently

rare cancers have been recently reported by consortia
such as The Cancer Genome Atlas (TCGA) or Interna-
tional Cancer Genome Consortium.”' These programmes
provide description of molecular landscapes and may
suggest actionable targets. However, rare cancers are
under-represented in these studies: even if such analysis
include some rare cancer population, their number are
always limited. Describing the molecular landscape of
rare cancers is therefore a considerable collective task
which is of major importance to fill the knowledge gap
and to improve the poor outcome generally associated
with rare cancers.

Relevant molecular information was generated during
this pilot phase and was associated with the clinical
data already collected by the clinical sites. The archival
FFPE (Formalin-Fixed Paraffin-Embedded) material was
collected between 2001 and 2018. The failure rate of
15% is consistent with other studies and clinical trials,
especially for use of retrospective material. This suggests
that for some prospective cases, if an FFPE sample is not
usable for next-generation sequencing an alternative
option, such as liquid biopsy, should be used as a rescue
pathway. Another advantage of using liquid biopsy, espe-
cially for advanced patients for whom an updated biopsy
is not always clinically possible, is to have an up-to-date
overview of the cancer.

This pilot study confirmed the feasibility of collecting
material from patients with rare cancer from EURACAN
sites for molecular analysis in a time frame compatible
with recurrences after initial surgery. The prospective
phase is currently recruiting patients all over Europe,
and the failure rate on patient level, after adding liquid
biopsy, dropped to 1.6%. Of the 190 patients analysed,
132 were successful using FFPE material (69.4%), and 55
were rescued with liquid biopsy (29%) (cut-off date 31
July 2020).

Clinical implications of this pilot study
The analysis performed by FMI include possible action-
ability of clinically relevant alterations. Those alterations
can be either directly actionable (approved in Europe for
the given molecular alteration) within the disease type,
or in a different disease entity. It also includes potential
clinical trials recruiting patients with the specific genomic
alteration. Within this study, only 4.7% of rare cancers
had directly actionable mutations, with already tested
targeted therapy available within the same disease entity
(8 sarcoma cases out of 41 (7.3%) and 1 rare head and
neck case out of 14 (7.1%)): 1 patient had a NTRK fusion,
1 patient had an EGFR exon 20 insertion and 2 patients
had FGFR fusion/amplification (figure 4A, green bars).
However, if we look into global actionability (inde-
pendently of disease type), a European Medicines
Agency-approved treatment for that specific molecular
alteration could be recommended for almost 44.7% of the
patients, including 2 YSTs (22.2%), 18 sarcomas (43.9%),
8 rare head and neck cancers (57.1%) and 7 thymomas
(53.8%) (figure 4A, yellow bars). The recommendations
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encompass several pathways from CDK4/6 inhibitors,
RTKI (Receptor Tyrosine Kinase Inhibitor), PARPi
(Poly(ADP-ribose) polymerase inhibitor), mammalian
target of rapamycin inhibitors or immune checkpoint
inhibitors. Finally, clinical trials enrollment for drugs
not yet approved for similar molecular alterations could
be recommended for 3.5% of the patients, that is, three
patients with rare histology of head and neck cancer
(figure 4A, orange bars).

A closer look at the type of molecular alterations that
were used for treatment recommendation highlighted
that for rare cancers, half of the recommendations within
the disease type (two out of four cases) are linked to
fusions (figure 4B, dark blue bar), one recommendation
based on indel and the last one based on amplification.
However, recommendations based on other disease types
are based on SNVs (17 cases, 45.7%), amplification (12
cases, 34.2%), indels (5 cases, 14.2%), rearrangements (1
case, 2.8%) or high TMB (1 case, 2.8%) (figure 4B).

In order to compare our results with data obtained from
more common cancers, we selected 49406 patients from
the FMI database (run with the FoundationOne CDx plat-
form), including: 11 389 breast cancer, 1626 HNSCC, 2838
melanoma, 1210 kidney cancer, 20442 lung carcinoma,

5653 ovarian carcinoma and 6248 pancreatic carcinoma.
In this population, we found that therapy recommen-
dations within the same tumour type was possible for
58% of the patients (figure 4C, green area) and clinical
trial enrollment was suggested for 18% of the patients
(figure 4C, orange area). Recommendations for therapy
available within a different tumour entity was possible for
15% of the patients (figure 4C, yellow area), leaving only
9% of the patients for which no therapy or clinical trial
was recommended, versus almost 52% in the rare cancer
population (figure 4C, grey area).

This raises the question of the relevance of using a panel
defined for common solid tumours to determine the
molecular landscape of rare cancers. In this project, two
different panels were used; as the F1H is for sarcomas and
does more specifically focus on fusions found in sarcomas.
As described in figure 5, the landscape and types of molec-
ular alterations varies tremendously between cancer
types (figure 5, rare cancers in the first column, common
cancers in columns 2 and 3). In common cancer, common
driver alterations have been heavily studied and clinically
targeted. These include multiple SNVs (eg, EGFR or KRAS
G12C mutation in non-small-cell lung carcinoma), as well
as amplification (ERBBZ2in breast cancer).
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Figure 5 Summary of gene alteration frequencies for rare tumours from Arcagen cohort (first column) and common tumours
provided by FMI (second and third column). Percentages and number of samples for each tumour type is presented on y-axis,
left and right from the graph, respectively. MFS, myxofibrosarcoma; NSCLC, non-small-cell lung carcinoma; SNV, single-
nucleotide variants; UPS, undifferentiated pleomorphic sarcoma; YST, yolk sac tumor.

Given the presence of mutations overlapping in haema-
tological and solid tumours, and across solid tumour
types, more broad panels encompassing all types of alter-
ations could be proposed for all cancer types.

Sarcoma

Historically, MFS was considered a subset of UPS,
however they have been recently separated based on
their different clinical and pathological characteris-
tics.”* ™ A recent paper from TCGA™ revisited this sepa-
ration based on molecular profile. Indeed, after analysis
of 44 UPS and 17 MFS, they concluded that those are
not 2 distinct populations but a spectrum of tumour
entity, with different amounts of myxoid stroma. From
our smaller dataset, we can conclude that both MFS and
UPS have a strong dependency on cell cycle dysregula-
tion. However, alterations in the RAS/RAF-PI3K path-
ways were mostly limited to the MFS population. This
potentially points to different genetic alterations in the
two subgroups, which will be further explored in the
prospective phase.

Yolk sac tumours

YSTs account for 20% of ovarian germ cell tumours,
which represent around 3% of all ovarian cancer. They
usually affect adolescent and young women, which is
consistent with the young median age of the pilot popu-
lation.

In YST, we confirmed the low mutational rate and the
lack of mutations in the HRD pathways, in contrast to 48%
of the high-grade serous carcinoma.” All samples were
MSS (microsatellite stable) with no alterations in POLE
(DNA Polymerase Epsilon) and their TMB scores were
low. The low mutational rate (possibly linked to reduced
tumour heterogeneity) is consistent with the encouraging
response to chemotherapy, especially platinum-based
chemotherapy, seen in this patient population, even in
relapse cases.”

In contrast to what was already published, we did not
identify any significant amplification in CDK nor PI3K/
AKT in our limited cohort. We did, however, confirm in
one out of nine samples (11%) a mutation in KIT (previ-
ously described as the most significantly mutated gene in
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dysgerminomas), and in one out of nine samples (11%),
an amplification of genes located in chromosome 12p."”

Chromosome 12p gain is the most frequent copy-
number variant in ovarian-germ cell tumours'’ and
amplification in chromosome 12p has been described
in testicular germ cell tumours, where gain of the short
arm of chromosome 12 is crucial for invasive growth and
renders the tumour independent from the supportive
Sertoli cells.* This amplification in 12p was detected only
in one YST sample, therefore increasing the sample size
may be needed to potentially detect more cases.

Finally, we identified alterations in ARIDIA in two
samples: one rearrangement within exon 19 and one
mutation Q538% (on exon 3). The SWI/SNF (SWltch/
Sucrose Non-Fermentable) complexes are frequently
mutated across histological subtypes of cancer (up to
20%), with ARID1A the most frequently mutated gene
within this family. to date, no direct treatment is associ-
ated with alterations in ARID1A, but ARID1A mutations
have been shown to be more frequent in clear cell carci-
noma.*” This epigenetic vulnerability could potentially
be targeted with HDAC or EZH2 inhibitors.*’ Similarly,
ARIDIA mutations have been shown to sensitise ovarian
clear cell carcinomas cell lines to BET inhibitors, in vitro
and in vivo.*

Thymomas

Mutations in the Ras/Raf pathways were identified in 4
out of 13 patients (30%), identifying a potential thera-
peutic target, especially in the light of available RAF
and more recently KRAS inhibitors. We did not find any
TP53 mutations, and only one RBI deletion, contrary
to already published data.” Enrollement of patient with
thymoma in the prospective cohort will help generating
more robust data.

Rare head and neck tumours

The most frequently altered genes are participating in
cell cycle regulation (TP53, RB1, CDKN2A/B), which is
consistent with previous publications.'® From our small
dataset, we conclude that the most frequent alteration in
rare head and neck tumours overlap with the alterations
found in the common HNSCC."* This could allow access
of rare cancer entities to clinical trials testing molecular
driven treatments in HNSCC.

CONCLUSIONS

The pilot study shows that comprehensive molecular
characterisation of rare tumours is important, since
the molecular landscape of these tumours is much less
known than more common cancers. Fewer actionable
targets and therapeutic options are available to patients
with rare adult cancers versus more common cancers
(60% vs 25%). The multiplicity of these cancers requires
an international network for completing the description
of somatic alterations in these cancers. Most available
screening panels, developed for common solid cancers,
often with limited genes interrogated, would most likely

need to be adapted to include rare cancer specifics,
leading to ‘customise’ screening strategy depending on
the tumour type. Additionally, more clinical trials dedi-
cated to rare cancers are needed.

The Arcagen project is aiming to bridge the gap and
improve the knowledge of the molecular landscape of rare
cancers by recruiting prospectively up to 1000 patients,
using the EORTC SPECTA translational research plat-
form. Going beyond the ‘molecular landscape’, it is also
assessing actionability and matching treatment opportu-
nities, in the light of the rapid evolution of the targeted
treatment landscape and the need for infrastructures in
healthcare systems to cope with the testing and treatment
paradigm we are facing.
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