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Squamous cell carcinoma is the most frequent histologic type of anal carcinoma. The standard of
care since the 1970s has been a combination of 5-fluorouracil, mitomycin C, and radiotherapy. This
treatment is very effective in T1/T2 tumors (achieving complete regression in 80-90% of tumors).
However, in T3/T4 tumors, the 3-year relapse free survival rate is only 50%. The VITAL trial aimed to
assess the efficacy and safety of panitumumab in combination with this standard treatment. In this
study, 27 paraffin-embedded samples from the VITAL trial and 18 samples from patients from daily
clinical practice were analyzed by whole-exome sequencing and the influence of the presence of
genetic variants in the response to panitumumab was studied. Having a moderate- or high-impact
genetic variant in PIK3CA seemed to be related to the response to panitumumab. Furthermore,
copy number variants in FGFR3, GRB2 and JAK1 were also related to the response to panitumumab.
These genetic alterations have also been studied in the cohort of patients from daily clinical practice
(not treated with panitumumab) and they did not have a predictive value. Therefore, in this study,
a collection of genetic alterations related to the response with panitumumab was described. These
results could be useful for patient stratification in new anti-EGFR clinical trials.

Anal squamous cell carcinoma (ASCC) is the most frequent histologic type of anal carcinoma. An estimated
8300 new diagnoses were predicted in the United States in 2019, representing 2.5% of gastrointestinal cancers'.
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The combination of 5-fluorouracil (5-FU), mitomycin C (MMC), and radiotherapy (RT) has been established as
the standard of care in Europe and the U.S. since the 1970s>*. This treatment achieves a 5-year overall survival
(OS) rate of 70-80%*° and is particularly very effective in cT1/T2 tumors, achieving complete regression in 80%-
90% of cases, permanently in most of them. However, in large anal tumors (T3-4 or N +), the 3-year disease-free
survival (DFS) rate is around 50%°.

The incidence of ASCC has been associated with many risk factors, most importantly with human papil-
lomavirus (HPV) infection’. The HPV-associated E5 protein amplifies the mitogenic signals through the epi-
dermal growth factor receptor (EGFR) pathway® which is broadly expressed in squamous cell carcinomas of the
anogenital tract and oropharynx’~'!.

EGFR activation causes multiple effects, including cell proliferation, migration, adhesion, angiogenesis,
and inhibition of apoptosis'>**. Monoclonal EGFR antibodies prevent the activation of signaling transduction
pathways mediated by EGFR. Panitumumab and cetuximab are the two EGFR antibodies most used in clinical
practice. They bind to the extracellular domain of the EGFR monomer and compete for receptor binding by the
endogenous ligands, blocking ligand-induced receptor activation'*. EGFR is highly expressed in ASCC' and
several clinical trials using an anti-EGFR therapy exist. However, despite the molecular evidence for the use of
anti-EGFR therapy, these trials have not demonstrated its efficacy in the population with ASCC'¢-18. The VITAL
study (GEMCAD-09-02, NCT01285778), a phase II multicenter, single-arm study, aimed to assess the efficacy
and safety of panitumumab in combination with the standard treatment of localized ASCC tumors (5-fluoro-
uracil (5FU), mitomycin C and radiotherapy). However, the conclusion of this trial was that the panitumumab
addition to standard chemotherapy increased toxicity and did not improve patients’ outcomes®. In this work,
we have studied samples from this clinical trial and from a cohort treated only with chemoradiotherapy to define
possible mechanisms of resistance and to suggest how to select patients in future studies.

In addition, the mutational status of certain genes has demonstrated its utility as a predictor of response to
treatment in other cancers. That is the case, for instance, with KRAS status, which is a strong biomarker of nega-
tive response to EGFR antibodies in colorectal cancer patients?*-22,

The objective of this study was to describe the genetic variants that could be associated with presentation of a
negative response to panitumumab and that could be used to stratify the ASCC population in future clinical trials.

Results

Patient cohort. Twenty-seven patients from the VITAL clinical trial (GEMCAD-09-02, NCT01285778)
were studied. These patients received panitumumab, 5FU and mitomycin C concomitantly with radiotherapy.
The endpoint of this clinical trial was disease-free survival (DFS). Eight patients (30%) out of 27 had a relapse
event. At 24 months, the DFS rate was 70%.

In order to compare patients treated with chemoradiotherapy and panitumumab with those treated only
with chemoradiotherapy, a cohort of eighteen patients from daily clinical practice at Hospital Universitario La
Paz and the Hospital Clinic of Barcelona was used. Of these eighteen patients, eight patients presented a relapse
(44%). At 24 months, the DFS rate was 54%. All patient characteristics are shown in Table 1.

There were no significant differences in DFS between patients receiving chemoradiotherapy with and without
panitumumab (Fig. 1).

(p=0.217, HR=1.76).

Quality of whole-exome sequencing experiments. Mean coverage shown in WES experiments
was>42.6x. The mapping efficiency was 90-98%, with the exception of one sample (75.4%). The human exome
contains > 195,000 exonic regions, of which only 23,021 (11.21%) were not mapped in any sample.

Genetic variants identified in genes involved in the panitumumab pharmacodynamics path-
way. The EGFR inhibitor pharmacodynamics pathway was obtained from the PharmGKB database (https://
www.pharmgkb.org/). We studied the presence of genetic variants and CNVs in genes of this pathway in the
eight patients that did not respond to treatment (i.e. had a relapse).

Of these eight patients, four of them presented a high- or moderate-impact genetic variant in the PIK3CA
gene. The genetic variants were chr3_178917478_G/A (rs587777790) and chr3_178936091_G/A (rs104886003)
(shown in two patients). The rs587777790 variant is a missense substitution and causes Gly110 to change to
Asp. It is classified by ClinVar (https://www.ncbinlm.nih.gov/clinvar/) as pathogenic in Cowden syndrome and
as likely to be pathogenic in several neoplasms. The rs104886003 variant is a missense substitution that causes
Glu545 to change to Lys. It is classified by ClinVar as pathogenic in neoplasms of the large intestine.

Another patient presented a deletion of PIK3CA (chr3_178937459_T/-), which creates a frameshift starting
at codon Arg617. The new reading frame ends in a STOP codon at position 7. This deletion was classified by
ClinVar as pathogenic in the colon and neoplasms of the large intestine.

In addition, four patients presented a duplication of the GRB2 gene and two carried a duplication of the JAKI
gene, both of which are also involved in the pharmacodynamics pathway of EGFR inhibitors. Two other patients
had a duplication of the EGFR and one patient presented a deletion of this gene but these were not related to DFS.

Regarding DFS, no alteration in any gene presented statistically significant differences. However, hazard
ratios (HR) were all above 2 in the case of PIK3CA, GRB2 and JAK]I. In the cohort of patients from daily clinical
practice these genes did not seem to have a relationship with DFS (Fig. 2).

Geneticvariantsin genesthathad been previously beenrelated to EGFRinhibitorresponse. In
previous works, BRAF inactivation or PTEN deletion had also been associated with a worse response to EGFR
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VITAL cohort | Chemo-only cohort
Number of patients 27 18
Age at diagnosis (median and range) 63 (42-83) 59 (41-86)
Age at diagnosis (mean) 62 59
Gender
Male 13 (48%) 10 (56%)
Female 14 (52%) 8 (44%)
HPV
16 17 (63%) 9 (50%)
Other subtypes 5(19%) 3(16.3%)
Negative 2 (7%) 3(16.3%)
Unknown 3(11%) 3(16.3%)
HIV
Positive 0(0%) 2 (11%)
Negative 27 (100%) 16 (89%)
T
<5cm 16 (59%) 12 (66%)
>5cm 9 (33%) 3 (17%)
Unknown 2 (8%) 3(17%)
Lymph node status
NO 8 (30%) 11 (61%)
N positive 17 (63%) 7 (39%)
Unknown 2 (7%) 0 (0%)
TNM stage
I 0 (0%) 3(16.3%)
1I 8(30%) 8 (44.7%)
Il 19 (70%) 7 (39%)

Table 1. Patients’ characteristics.
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Figure 1. Survival curves. Survival curves in patients from the VITAL clinical trial treated with chemotherapy,
radiotherapy, and panitumumab; and patients from daily clinical practice (treated only with chemotherapy plus
radiotherapy). DFS Disease-free survival.

inhibitors*>?*. For this reason, we characterized the alterations presented in these genes in our cohort. Two
patients out of eight that did not respond to panitumumab presented a PTEN gene deletion.

Furthermore, another of these eight patients had a point mutation in BRAF. Alamut splicing predictors clas-
sified this variant as a splice site substitution located in the acceptor splice site of intron 13. The consequence of
this change is not predictable but a skip of exon 14 is very likely.
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Figure 2. Disease-free survival curves for relevant genetic variants in pharmacodynamics pathway of EGFR
inhibitors. (A) Disease-free survival curves for patients with high- and moderate-impact genetic variants in
PIK3CA versus PIK3CA wild-type in patients from the VITAL clinical trial and from the chemoradiotherapy
cohort. (B) Disease-free survival curves for VITAL clinical trial and chemoradiotherapy cohort patients
according to GRB2 status. HR between normal-duplicated vs deletion =4.19 (CI95% 0.92-19.2). (C) Disease-
free survival curves for VITAL clinical trial patients according to JAKI status. DFS Disease-free survival.

All genetic variants shown in these genes are summarized in Table 2.

Finally, the high- and moderate-impact variants in genes included in the EGFR inhibitor pharmacodynamics
pathway seems to be related to DFS when grouped together. Patients without any variation in those genes had a
better prognosis than patients with one or more genetic variants (Fig. 3). The accumulation of genetic variants
in the genes of the EGFR inhibitor pharmacodynamics pathway did not split the chemotherapy-only population
according to DFS.

Genetic variants in EGFR family receptors. Studying the EGFR pathway in KEGG (https://www.
genome.jp/kegg/pathway.html), it is shown that several receptors are similar to EGFR: FGFR3, ERBB2, ERBB3,
and IGF1R. We studied if the presence of genetic alterations or CNVs in these receptors were related to the
response to panitumumab. Strikingly, the number of copies of the FGFR3 gene seems to be related to disease-free
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Table 2. Genetic variants in genes involved in the pharmacodynamics pathway of EGFR inhibitors and
genetic variants in PTEN and BRAF, genes previously described in the literature as being related to the
response to EGFR inhibitors.
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Figure 3. Survival curves according mutation accumulation in pharmacodynamics pathway of EGFR
inhibitors. Survival curves grouping patients from the VITAL clinical trial and from the chemoradiotherapy
cohort according to the presence of high- and moderate-impact genetic variants in genes involved in the
pharmacodynamics pathway of EGFR inhibitors.

survival in VITAL patients. Again, in the cohort of patients from daily clinical practice these genes did not seem
to have a relationship with DES (Fig. 4). This suggests that these genes were related to the response to panitu-
mumab rather than to the prognosis.
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Figure 4. Survival curves for relevant EGFR-family receptors. Disease-free survival curves for VITAL
clinical trial and chemoradiotherapy cohort patients according to FGFR3 status. HR between normal-del vs
duplication =4.30 (CI95% 1.28-88.25) dup: FGFR3 duplication; normal: FGFR3 wild type; del: FGFR3 deletion.

Discussion

ASCC is a rare tumor and its treatment has not been improved since the 1970s. Although ASCC tumors over-
express EGFR, the results of clinical trials with EGFR antibodies were negative, even several trials showed more
toxicity but not more efficacy'é"'®. In this study, we characterized WES genetic alterations that could be related
to resistance to panitumumab treatment.

Firstly, genes defined in PharmGKB as being involved in the EGFR inhibitor pharmacodynamics pathway
were studied'. Four patients that relapsed presented a genetic variant in PIK3CA. PIK3CA mutations in colo-
rectal cancer have been previously associated with resistance to EGFR inhibitors*. Two patients that relapsed
had a deletion of the PTEN gene. PTEN inactivation was defined as a negative predictor of response to EGFR
inhibitors in colorectal cancer***. Finally, one patient showed a mutation in BRAF, in the splice acceptor site of
intron 13. The consequence of this change is not predictable by Alamut pathogenic predictors but a skip of exon
14 is very likely. Several studies have previously identified that BRAF V600E, which is a missense substitution
located in exon 15 and causes BRAF constitutive activation, is associated with a poor prognosis in colorectal
cancer®*. Additionally, it has been established that the levels of EGFR expression were not correlated with the
clinical response to cetuximab or panitumumab in colorectal cancer patients?*. We did not show any correlation
between the number of copies of EGFR and DFS in our ASCC cohort either.

Secondly, similar receptors to EGFR were studied. The number of copies of FGFR3 seems to be related to
DEFS in ASCC patients treated with panitumumab. Oliveras-Ferraros et al. described FGFR3 hyperactivation in
cetuximab-resistant epidermoid carcinoma cells and identified a synergistic effect in the combination of cetuxi-
mab plus an FGFR3 inhibitor in these cells®. In addition, Ware et al. associated an acquisition of resistance to
EGFR inhibitors in non-small cell lung cancer with FGFR3 and FGFR2 activation?. These results agreed with
the lower DFS shown in ASCC patients with a FGFR3 duplication treated with panitumumab.

It is remarkable that these genetic variants seem not to have a relationship with prognosis in the cohort of
patients treated only with chemoradiotherapy and not with panitumumab. This suggests that these alterations
were probably not related to prognostic prediction, since in that case these variants would also have prognostic
value in the cohort of patients not treated with panitumumab, although they were related to a lack of response
to panitumumab treatment.

These results could be useful in other diseases where anti-EGFR treatment is proposed. For instance, cetuxi-
mab and panitumumab showed debatable results in head and neck squamous cell carcinoma?®®. The presence of
a biomarker could therefore help to guide anti-EGFR treatment in these tumors.

The main limitation of the study is that an independent validation of the relationship between these genetic
variants and the response to panitumumab in ASCC is needed, followed by functional validation of validated
moderate variants. Another limitation is the small number of samples due to the fact that ASCC is a rare tumor
and available information is scarce.

In this study, a collection of genetic variants and genes that were related to the response to panitumumab in
ASCC were described. Clinical trials evaluating anti-EGFR efficacy in a localized ASCC population have recently
failed. Molecular biomarkers, including mutations, have demonstrated their utility in predicting responses to
drugs, so it seems useful to identify genetic alterations in ASCC patients that had a poor response to anti-EGFR
therapy. Additionally, these results could help in the design of new anti-EGFR therapy studies. Finally, the results
of this study suggest the potential usefulness of molecular stratification of patients in clinical trials.
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Methods

Patient cohort. Twenty-seven patients recruited from the VITAL clinical trial (GEMCAD-09-02,
NCT01285778) were included in this study. These patients had received 5FU and mitomycin C concomitantly
with radiotherapy, and panitumumab. The recruitment period was from October 2010 to March 2017. Patients
received treatment with panitumumab (Vectibix; Amgen) 6 mg/kg intravenously (IV) on day 1 and every
2 weeks for 8 weeks. Panitumumab treatment was followed by 5-FU 1000 mg/m2 /d by continuous IV infusion
on days 1-4 and 29-32, and Mitomycin C 10 mg/m2 IV on days 1 and 29. RT was given on days 1-37 to a total
dose of 45 Gy (1.8 Gy/fraction, 5 fractions per week) to the primary tumor and mesorectal, iliac and inguinal
lymph nodes, plus a boost dose of 10-15 Gy to the primary tumor and affected lymph nodes. Intensity modu-
lated radiation therapy or 3-D conformal radiotherapy was used depending on the center’s availability following
protocol guidelines.

Eighteen patients from daily clinical practice in Hospital Universitario La Paz and the Hospital Clinic of
Barcelona were included as a control group. These patients had received chemotherapy (5FU and mitomycin C)
concomitantly with radiotherapy, but they were not treated with panitumumab or another EGFR inhibitor. The
recruitment period was from January 1st 2006 to December 30th 2016.

Inclusion criteria included patients older than 18 years old, with histologically confirmed ASCC, with an
Eastern Cooperative Oncology Group performance status (ECOG-PS) of 0 to 2, without previous radiotherapy
or chemotherapy, and without distant metastasis. Demographic variants, related to both tumor and treatments,
were collected. Human papillomavirus (HPV) infection was determined using CLART HPV2 (Genomica). All
patients are from white ethnicity. This study was approved by Hospital Universitario La Paz Ethics Committee.
Informed consent was obtained for all the patients enrolled in the study. Disease-free survival (DFS) is defined as
the time since the first dose of treatment to date of the first treatment failure, defined as local, regional or distant
failure, second primary tumor, or death for every cause. Overall survival (OS) is defined as the time since the
first dose of treatment to date of death.

Sample processing and DNA isolation. Tumor samples without any prior treatment were obtained and
reviewed by a pathologist and only those with 70% tumor cells were selected. One 10-mm section from each
FFPE sample was deparaffinized and DNA was extracted using the GeneRead DNA FFPE Kit (Qiagen), follow-
ing the manufacturer’s instructions. Once eluted, DNA was frozen at -80 °C until use.

Whole-exome sequencing experiments. Whole-exome sequencing (WES) from 45 FFPE samples of
ASCC (27 from the VITAL trial and 18 from daily clinical practice) was performed. Purified DNA was quantified
by Picogreen and mean size was determined by gel electrophoresis. Genomic DNA was fragmented by mechani-
cal means (Bioruptor) to a mean size of around 200 bp. Then, DNA samples were repaired, phosphorylated,
A-tailed and ligated to specific adaptors, followed by PCR-mediated labeling with Illumina-specific sequences
and sample-specific barcodes (Kapa DNA library generation kit).

Exome capture was performed using the VCRome system (capture size of 37 Mb, hgl9 was used as reference,
Roche Nimblegen) with multiplexing of 8 samples per capture reaction. Capture was carried out with strict adher-
ence to the manufacturer’s instructions. After capture, libraries were purified, quantified and titrated by Real
Time PCR before sequencing. Samples were then sequenced to an approximate coverage of 4.5 Gb per sample
in Illumina-NextSeq NS500 (Illumina Inc.) using 150-cycle (2 x 75) High Output cartridges.

Bioinformatics analyses. The quality of the WES experiments was checked using FASTQC (http://
www.bioinformmatics.babraham.ac.uk/projects/fastqc). First, adaptors were removed using Cutadapt®. Then,
FASTQ files were filtered by quality using PrinSeq®. Both tools are included in the GPRO Suite (Biotechvana)*'.
Sequences were then aligned using the human genome h19 as a reference genome, using the BWA?, Samtools®
and Picardtools (http://picard.sourceforge.net) tools. For variant calling, the MuTect tool from the GATK4
package®, combined with PicardTools were used, firstly to create a panel of normal samples (PON) using 11
samples from Iberian exomes from 1000 genomes (http://www.ncbi.nlm.nih.gov/sra/) to discard germline vari-
ants and, secondly, for the variant calling®.

Copy number variants (CNVs) were called using the GATK4 package® and PON to standardize copy propor-
tions and remove noise from the counting data of each sample.

Interpretation of the genetic variants. The PharmGKB database (https://www.pharmgkb.org/) and
KEGG (https://www.genome.jp/kegg/pathway.html) were used to select genes included in the EGFR inhibi-
tor pharmacodynamics pathway and in the EGFR pathway respectively. The effect and pathogenicity of each
genetic variant were assessed using Alamut Visual v2.11 (Interactive Biosoftware). Moderate (missense) and
high impact genetic variants (frameshift, splice variants, stop-loss and stop-gain variants), are defined according
VEP criteria of the impact of each mutation in the corresponding gene.

Statistical analyses. Statistical analyses were performed in GraphPad Prism v6. Kaplan-Meier and log-
rank tests were used for survival analysis. p values were two-sided and considered statistically significant under
0.05.

Ethical statement. All research was performed in accordance with relevant guidelines/regulations. Writ-
ten consent was obtained from all patients. This study was approved by Hospital Universitario La Paz Ethics
Committee (PI-1926).
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Data availability
Whole-exome sequencing raw data files are available in Sequence Read Archive (SRA, https://www.ncbi.nlm.
nih.gov/sra) under the name PRJNA573670.
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