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Abstract. Background/Aim: This study aimed to describe
genomic alterations on squamous cell cervical and anal
carcinomas. Materials and Methods: From 2013 to 2019,
3,269 patients were included in the molecular screening
ProfiLER trial. Only patients with non-metastatic cervical or
anal cancer, and those initially treated with radiotherapy in a
curative intent were selected. Genetic analyses were performed
by next generation sequencing (NGS). Results: Genomic
alterations were observed in most patients: 5 patients out of 15
(33.3%) had at least one mutation on NGS and 4 out of 15
(26.7%) had at least one aberration of the number of copies of
genes in the comparative genomic hybridation (CGH) analysis.
The most common mutated gene was PIK3CA. Conclusion: All
omic approaches must be integrated in the locally advanced
cancer setting by new clinical trial design to develop two
routes in the treatment strategy: intensification or de-escalation
treatment strategy according to omic markers.

To draw benefit from a cancer treatment, it is crucial that
clinicians target patients with eligible tumor biomarkers. In

addition to traditional clinico-pathological factors, knowing
about genomic alterations helps practitioners choose the best
drug and/or radiation therapy, in short to decide on the right
strategy. Indeed, it is now well established that cancers are
frequently driven by specific genomic alterations (1). Thus,
in the era of precision medicine, tumor genome analysis is a
necessary prerequisite to better understand neoplasm
pathology and outcome (2). The interest lies in both the
diagnosis and therapeutic choices. The major challenge of
such an approach is to improve patient outcomes by
increasing efficacy and minimizing unnecessary side-effects. 

In 2004, Samuels et al. reported a high frequency of
mutations within coding regions of the phosphatidylinositol-
4,5-bisphosphate 3-kinase catalytic subunit alpha (PIK3CA)
gene in tissues from a large variety of primary malignant
tumors (3). PIK3CA mutation is a mechanism involved in
hyper activation of PIK3/AKT pathway, well-known as a
key regulator of cell-cycle proliferation, growth, survival,
protein synthesis, and glucose metabolism. The PIK3CA-
AKT-mTor pathway was found to be over-expressed (4, 5).
PIK3CA mutation was shown to predict better local
response after irradiation for breast and head and neck
cancers (6). The impact of PIK3CA mutation in cervix
carcinomas is debated (7, 8) as, on the one hand, it has a
positive impact on responsiveness (6) and on the other hand,
it is a factor of radioresistance (9, 10). Gene profile
assessments are rare in the literature about anal carcinomas.
In a French large cohort between 1992 and 2015, 49 patients
were screened and assessed with an omic approach (11).
The most frequently altered pathway in the 49 tumors was
the PI3K/Akt/Mtor pathway, it was altered in 22 out of the
49 tumors.
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The present study focused on squamous cell cervical and
anal carcinomas included into the ProfiLER trial. The aim
was to describe genomic alterations found in this sub-
population and determine if the same tendency of
radiosensibility in PIK3CA-mutated squamous cell
carcinoma can be found in these pelvic cancers. 

Materials and Methods

From February 2013 to February 2019, 3,269 patients were included
in the ProfiLER trial (NCT01774409) (12). ProfiLER programme
is a large molecular screening program aiming to select molecular-
based recommended therapies for metastatic cancer patients. Only
patients with an initially non-metastatic squamous cell cervical or
anal carcinoma were selected into the ProfiLER database for the
present trial. Selected patients had to be initially treated with
radiotherapy, in a curative intent for an early/or locally advanced
disease. Patients with de novo initial metastatic diseases or without
a complete genomic analysis were excluded from the accrual study.
Patient and tumor characteristics, treatment data (radiotherapy and
brachytherapy procedures, surgery, chemotherapy) and clinical
outcomes were collected from medical records. The ProfiLER trial
was conducted in accordance with the Good Clinical Practice
Guidelines of the International Conference on Harmonization and
the Declaration of Helsinki, and relevant European laws. All
patients provided written consent. ProfiLER trial is registered with
ClinicalTrials.Gov. Radioresistance is defined as a loco regional
relapse (LRR) in the infield radiation after curative radiotherapy.
The local-regional progression free survival (LRPFS) was defined
as the time between the end of the curative therapeutic sequence -
including radiotherapy- and LRR. Response evaluation was
performed clinically and pelvic MRI at 12 weeks after treatment
completion. Patients without clinical and MRI (Magnetic resonance
imaging) tumour were considered as complete responders.

Target genes were studied either on archival tumour sample
(n=9/15, 60%) or on new biopsies of an accessible lesion (n=6/15,
40%). Genetic analyses were performed by NGS (Next Generation
Sequencing) to search mutations/insertions/deletions for 69
predefined cancer genes. The platform Ion Torrent PGM (Thermo
Fisher Scientific, Waltham, MA, USA) was used for mutation
screening. For each tumour sample, 10 ng of DNA was used for the
library construction using Ion AmpliSeqTM Library Kit 2.0
(Thermo Fisher Scientific) and then sequenced on an Ion 318TM
Chip Kit V2 by Ion PGM system (Thermo Fisher Scientific) for 500
cycles according to the manufacturer’s instruction. The raw signal
data were analyzed using NextGENe Software Suite v3.4.2
(SoftGenetics, State College, PA, USA) and in-house bioinformatics
pipeline. Microarray-based comparative genomic hybridization
(CGH) was used to analyse copy number variations (CNV) of
genes. So, 1.5 μg of tumour DNA and 1.5 μg of reference DNA
(Promega #G1471 or #G1521, Madison, WI, USA) were at 95°C
for 10 minutes to be denatured and fragmented. Tumour DNA was
then chemically targeted with Kreatech’s Universal Linkage System
(ULSTM, Kreatech Diagnostics, Amsterdam, the Netherlands) Cy5-
dye, while reference DNA was targeted with Cy3-dye (Agilent
#5190-0450). Targeted samples were then purified and co-
hybridization was performed on 4*180K Agilent SurePrint G3
Human whole-genome oligonucleotide arrays (Agilent #G4449A),
containing 180,000 oligonucleotide probes. Then, slides were

washed, dried, scanned on the Agilent Surescan scanner and then
processed and analysed. Amplifications and homozygous deletions
were analyzed. Gains or simple deletions were excluded because
they were not considered as clinically relevant. Then, genes were
grouped according to main biological pathways using online
databases as GenCards and PathCards in PIK3CA/AKT/mTOR,
tyrosine kinase receptors, MAP kinases (Mitogen-activated protein
kinases), apoptosis, angiogenesis, proliferation, and DNA damage
control pathways. A more detailed description of sample processing,
library preparation, predefined selected cancer genes, sequencing
and raw data analysis has been published recently (13).

Statistical analyses were processed with R-3-2-2 (R Core Team
R Foundation for Statistical Compting, Vienna, Austria). A
descriptive analysis of population, tumour characteristics, treatment,
and genomic alterations was first performed. LRFS and distant
relapse survival (DRS) were extracted. 

Results

Thirty patients with anal (n=10) or cervix (n=20) squamous
cell carcinomas (SCC) out of 3,269 patients were included
in the ProfiLER trial, corresponding to 0.9% of total patients.
Fifteen patients were excluded from our study: 7 patients had
an incomplete NGS or CGH analysis, 3 were not initially
treated with radiotherapy and 5 had a de novo metastatic
disease. Patient, treatment, outcome characteristics and
NGS/CGS analysis are detailed in Table I. Fifteen patients
were included in the present study: 6 out of 15 (40%) had
anal SCC and 9 out of 15 (60%) had cervix SCC. Median
age for the whole series was 42 years old (ranging from 31
to 64). The vast majority of patients were females (13 out of
15). Most tumors were staged as locally advanced disease
(13 out 15). All cervix carcinoma patients were initially
treated with concomitant radio chemotherapy followed by
brachytherapy +/– completion surgery. All anal carcinoma
patients were treated with concomitant radio chemotherapy
+/– brachytherapy with no completion surgery procedure. 

Regarding genomic alterations, 5 patients out of 15 (33.3%)
had at least one mutation on NGS and 4 out of 15 (26.7%) had
at least one aberration of the number of copies of genes in
CGH analysis. The most common mutated gene was PIK3CA.
Three patients out of 15 (20%) had a PIK3CA mutation: 1 had
anal SCC and 2 had cervical SCC. We observed 1 cervical
SCC out of 9 had TSC1 mutation (11.1%), 1 had ROS1
mutation and 1 had MPL mutation. As to anal SCC, 1 patient
out of 6 had a DDB2 mutation (16.7%). 

Nine patients out of 15 (60%) had a local relapse in the
radiation field corresponding to our definition of radio
resistance tumor. Median follow-up was 5 years (range=1-
12 years) for the 15 cases. Median time to LRRS was 12
months (range=6-46) and 5 months (range=3-46) in cervix
and anal carcinomas, respectively. Median time to DRS was
45 months (range 1 to 54) and 22 months (range=3-60) in
cervix and anal carcinomas, respectively. Median follow-up
was 7 years (range=1-12 years). At last follow-up, 3 patients
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were still alive, 12 had deceased due to cancer. Median
overall survival was 54 and 31 months in cervix and anal
carcinomas, respectively.

Discussion

In the present small case series, we observed that 22.3% of
cervical SCC had a PIK3CA mutation. These data are
consistent with the date collected in literature. Indeed, there
is a wide range of PIK3CA mutations in cervical SCC: 5%
to 37.5% (13-15) and 14% in COSMIC (Catalogue of
Somatic Mutations in Cancer) database (16). In cervical
cancer, activating mutations in the PIK3CA gene have been
found almost exclusively in exon 9 (14). The two PIK3CA
mutations identified in our study were located in the exon 9
helical domain (E545K), a well-described hotspot mutation
that resulted in constitutive activation of cellular signaling
(17). The fact that a small number of patients were included
did not enable us to perform a statistical analysis of survival
or local relapse after chemo-radiotherapy. Several trials
suggested that PIK3CA mutations were associated with
shorter survival [67.1 vs. 90.3 months (HR=9.1, 95%
CI=2.8-29.5, p<0.001)] for Wright et al. (15). McIntyre et
al. (2013) also reported that in patients treated with radical
chemo-radiotherapy for a cervix cancer, the PIK3CA
mutation status was strongly associated with overall survival
in FIGO stage IB/II but not stage III/IVA (10). De la
Rochefordiere et al. came to the same conclusion with a poor
response and a poor survival after definitive radiotherapy for
cervical SCC with PIK3CA mutations (18). Conversely,
Libing Xiang et al. reported a better treatment outcome for
patients with PIK3CA mutations (HR=0.54, 95% CI=0.29-
0.99, p=0.048) and PIK3CA mutations were significantly
associated with less distant metastases (7). The same trend
was observed in a study performed by Hou et al. The
presence of PIK3CA mutations was associated with a
significantly longer overall survival (median: 9.4 months)
unlike the absence of PIK3CA mutations (median, 4.2
months; p=0.019) (19). The size of cohorts, heterogeneity of
samples and heterogeneity of administrated treatment
(surgery, chemotherapy and chemo-radiotherapy) might
explain those contradictory outcomes. More recently, a
systematic review supported a potential negative effect of
PIK3CA mutation in cervical SCC (20). Regarding anal
SCC, only two patients had a genomic mutation. One patient
had a PIK3CA mutation on exon 9 (E545K). PIK3CA
mutation is the most frequent mutated gene in anal SCC (21-
23). To our knowledge, very few studies focused on PIK3CA
mutation and outcome in anal SCC. Cacheux et al. evaluated
PIK3CA mutation and outcomes in patients with anal SCC.
PIK3CA mutation was associated with poor outcome for
patients treated with abdominoperineal resection after local
relapse post- chemo-radiotherapy (24).

Interestingly and reported twice by our team, PIK3CA
mutations were found to be prognostic factors of loco-
regional relapse in breast and head and neck cancers. This
alteration was associated with favorable local-regional
progression free survival (6).

This prospective study highlights the occurrence of
PIK3CA mutation in pelvic squamous cell carcinoma.
However certain limitations must be taken into account.
Firstly, in view of our small sample, we could not
reasonably perform statistical analysis of patient outcome
and genomic alterations. Moreover, subgroup analysis was
also not performed. It seems important to achieve data
collection from a larger cohort to determine if PIK3CA
mutation is correlated with pelvic SCC outcome. Thus,
results of this study must be interpreted with caution due to
the small number of patients included. Furthermore,
molecular screening was carried out in 60% of cases on
archived tumors and in 40% of cases on new biopsies of an
accessible lesion. This heterogeneity does not allow to
analyze the influence of antineoplastic treatments on the
molecular results.

Despite the emergence of an increasing number of
innovative drugs, the notion of treatment de-escalation in
medicine is still being explored for infectious disease
management (25). A de-escalation concept is also typically
interesting for cancer treatment particularly in adjuvant
strategies. In such case, this concept implies a reduction of
toxicity burden, while maintaining the highest efficacy.  

Ultimately, it could be useful to know if PIK3CA
mutation could be regarded as a biomarker. This could
enable practitioners to consider de-escalation strategies in
PIK3CA-mutated SCC as in breast or head and neck cancer
patients, for whom clinical trials are being designed. To
conclude, all omic approaches must be integrated in the
locally advanced cancer setting by a new clinical trial
design in order to develop two routes of treatment strategy:
intensification or de-escalation treatment, according to
omic markers.
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