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Abstract

Background: Anal squamous cell carcinoma (ASCC) is an infrequent tumor whose

treatment has not changed since the 1970s. The aim of this study is the identifi-

cation of biomarkers allowing personalized treatments and improvement of thera-

peutic outcomes.

Methods: Forty‐six paraffin tumor samples from ASCC patients were analyzed by

whole‐exome sequencing. Copy number variants (CNVs) were identified and their

relation to disease‐free survival (DFS) was studied and validated in an independent

retrospective cohort of 101 ASCC patients from the Multidisciplinary Spanish

Digestive Cancer Group (GEMCAD). GEMCAD cohort proteomics allowed assessing

the biological features of these tumors.

Results: On the discovery cohort, the median age was 61 years old, 50% were males,

stages I/II/III: 3 (7%)/16 (35%)/27 (58%), respectively, median DFS was 33 months,

and overall survival was 45 months. Twenty‐nine genes whose duplication was

related to DFS were identified. The most representative was duplications of the

CYP2D locus, including CYP2D6, CYP2D7P, and CYP2D8P genes. Patients with

CYP2D6 CNV had worse DFS at 5 years than those with two CYP2D6 copies

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

© 2023 The Authors. Cancer published by Wiley Periodicals LLC on behalf of American Cancer Society.

Cancer. 2023;1–12. wileyonlinelibrary.com/journal/cncr - 1

https://doi.org/10.1002/cncr.34797
https://orcid.org/0000-0002-4452-3474
https://orcid.org/0000-0002-4077-0507
https://orcid.org/0000-0003-4630-5830
https://orcid.org/0000-0001-7204-0800
https://orcid.org/0000-0002-6331-9786
https://orcid.org/0000-0003-4867-1420
mailto:jaime.feliu@uam.es
https://orcid.org/0000-0002-4452-3474
https://orcid.org/0000-0002-4077-0507
https://orcid.org/0000-0003-4630-5830
https://orcid.org/0000-0001-7204-0800
https://orcid.org/0000-0002-6331-9786
https://orcid.org/0000-0003-4867-1420
http://creativecommons.org/licenses/by-nc/4.0/
http://wileyonlinelibrary.com/journal/cncr
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fcncr.34797&domain=pdf&date_stamp=2023-04-25


(21% vs. 84%; p < .0002, hazard ratio [HR], 5.8; 95% confidence interval [CI], 2.7–

24.9). In the GEMCAD validation cohort, patients with CYP2D6 CNV also had worse

DFS at 5 years (56% vs. 87%; p = .02, HR = 3.6; 95% CI, 1.1–5.7). Mitochondria and

mitochondrial cell‐cycle proteins were overexpressed in patients with CYP2D6 CNV.

Conclusions: Tumor CYP2D6 CNV identified patients with a significantly worse DFS

at 5 years among localized ASCC patients treated with 5‐fluorouracil, mitomycin C,

and radiotherapy. Proteomics pointed out mitochondria and mitochondrial cell‐cycle

genes as possible therapeutic targets for these high‐risk patients.

Plain Language Summary

� Anal squamous cell carcinoma is an infrequent tumor whose treatment has not

been changed since the 1970s.

� However, disease‐free survival in late staged tumors is between 40% and 70%.

� The presence of an alteration in the number of copies of CYP2D6 gene is a

biomarker of worse disease‐free survival.

� The analysis of the proteins in these high‐risk patients pointed out mitochondria

and mitochondrial cell‐cycle genes as possible therapeutic targets.

� Therefore, the determination of the number of copies of CYP2D6 allows the

identification of anal squamous carcinoma patients with a high‐risk of relapse that

could be redirected to a clinical trial.

� Additionally, this study may be useful to suggest new treatment strategies to

increase current therapy efficacy.

K E YWORD S

anal squamous cell carcinoma, cell cycle, copy number variants, CYP2D6, disease‐free survival,

mitochondrial metabolism, proteomics

INTRODUCTION

Anal squamous cell carcinoma (ASCC) is an infrequent tumor; it has

been estimated that 9440 new cases will be diagnosed in the United

States in 2022, representing approximately 2.8% of all gastrointes-

tinal cancers.1 The standard treatment is a combination of 5‐
fluorouracil (5‐FU) with mitomycin C (MMC) or cisplatin, concomi-

tantly with radiotherapy since the 1970s.2,3 This treatment has

demonstrated its efficacy in early‐stage tumors. However, in T3‐T4

or N1 tumors, disease‐free survival (DFS) ranges are between 40%

and 70%.4,5 Therefore, a molecular characterization and the deter-

mination of potential therapeutic targets are still needed to improve

the management of these patients.

With the bloom of high‐throughput sequencing techniques, it is

possible to study the multiple genetic alterations in clinical samples.

Whole‐exome sequencing (WES) is now incorporating into clinical

practice,6,7 and several works have associated genetic alterations

with prognosis in cancer.8–10 Mutations in PIK3CA have been asso-

ciated with overall survival (OS) in recurrent ASCC patients after an

abdominoperineal resection.11 In a previous study, we identified ge-

netic variants in five genes that were associated with DFS in ASCC.12

Our group has recently established the first molecular subtypes

in ASCC,13 using proteomics and genomics data. Two molecular

subtypes were defined, one related to adhesion, T lymphocytes,

mitochondria, and metabolism, among other biological processes, and

the other with a higher frequency of mutations and increased

expression of translation and ribosome proteins. However, this mo-

lecular classification did not have a prognostic implication or clinical

application at the time.

A recently published study highlighted that point mutations in

cancer driver genes contain little information about cancer patient

prognosis, whereas copy number variants (CNVs) in these same

driver genes had significant prognostic power.9 Therefore, the aim of

this study was the characterization of CNVs related to prognosis, and

more specifically to DFS, in ASCC. In addition, high‐throughput

proteomics was used to molecularly characterize the impact of

selected CNVs.

MATERIALS AND METHODS

Patient characteristics of discovery and validation
cohorts

Formalin‐fixed paraffin‐embedded (FFPE) samples from patients

diagnosed with localized ASCC were analyzed in this study.
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For the discovery cohort, tumor samples were reviewed by an

experienced pathologist, and all the samples contained at least 70%

of tumor cells. This study was approved by the ethical committee of

Hospital Universitario La Paz (PI‐1926) and written informed consent

was obtained for all the participants in the study. Twenty‐seven pa-

tients from the VITAL clinical trial study (GEMCAD‐09‐02,

NCT01285778), were treated with panitumumab, 5‐FU, MMC, and

radiotherapy.14 The other 18 patients were included from the routine

clinical practice at Hospital Universitario La Paz and Hospital Clinic

and were treated with cisplatin–5‐FU or MMC–5‐FU and concomi-

tant radiotherapy. The inclusion criteria were to have a histologically

confirmed ASCC, to be 18 years old or older, to have an Eastern

Cooperative Oncology Group performance status score (ECOG‐PS)

from 0 to 2, to have not received prior radiotherapy or chemotherapy

for this malignancy, follow‐up during >3 years or till relapse, and no

presence of distant metastasis at diagnosis.

An independent validation cohort was recruited with the

collaboration of the Spanish Multidisciplinary Group of Digestive

Cancer (GEMCAD). Written consent was obtained for all the par-

ticipants in the study, and the study was approved by the Hospital La

Paz Ethical Committee (PI‐3821). Inclusion criteria were presence of

a tumor with a locally advanced‐stage (TNM T2‐4, NxM0), receiving a

first line of treatment consisting of MMC–5‐FU and radiotherapy

concomitantly, follow‐up longer than 3 years or till relapse, and FFPE

sample available. Exclusion criteria were histological diagnosis

different than ASCC, tumor <2 cm without adenopathies (T1N0M0),

metastasis at diagnosis, receiving a first‐line treatment different than

MMC–5‐FU and radiotherapy, or insufficient follow‐up.

A third cohort consisting of seven patients with blood and pri-

mary tumor samples available was recruited to study germline and

somatic CNVs. The inclusion criteria for this cohort were a diagnosis

of ASCC and blood and primary tumor FFPE samples available.

Human papilloma virus characterization in the
discovery cohort

Human papilloma virus (HPV) infection was determined by CLART

HPV2 (Genomica), following manufacturers' instructions.

DNA isolation from FFPE samples

A 1 � 10 mm slide from each FFPE sample was deparaffinized, and

DNA was isolated with GeneRead DNA FFPE Kit (Qiagen), following

manufacturer's instructions. Once eluted, DNA was stored at −80°C

until use.

Library preparation, exome capture, and Illumina
sequencing

For the whole‐exome sequencing (WES) experiments, purified DNA

was quantified by Picogreen, and mean size was measured by gel

electrophoresis. Genomic DNA was fragmented by mechanical means

(Bioruptor) to an average size of approximately 200 bp. DNA tests

were repaired, phosphorylated, A‐tailed, and ligated to specific

adaptors. Then, PCR‐mediated labeling with Illumina‐specific se-

quences and sample specific barcodes (Kapa DNA library generation

kit) was performed.

Exome capture was done using the VCRome system (capture

size 37 Mb, Roche Nimblegen) under a multiplexing of eight

samples per capture per reaction. After the capture, libraries

were cleaned, quantified and titrated by real‐time PCR before

sequencing. Sequencing was performed with coverage of 4.5 Gb

per sample using an Illumina NextSeq NS500 (Illumina Inc).

WES raw data files are available in Sequence Read Archive

(SRA, https://www.ncbi.nlm.nih.gov/sra) under the name PRJNA

573670.

Bioinformatics processing of WES data

Preprocessing and mapping analyses

The workflow for characterization of SNPs and Indels consisted of

the following steps: (1) FASTQC (http://www.bioinformmatics.bab-

raham.ac.uk/projects/fastqc) was used for quality analysis; (2)

Cutadapt15 and PrinSeq16 were used for adapter removal and reads

preprocessing; and (3) BWA17 in Samtools18 and Picard Tools

(http://picard.sourceforge.net) were used to map the preprocessed

fastq files against the human genome h19 release and create bam

files.

For the calling of CNVs, (1) the “Preprocess Intervals” command

of GATK was used to create an interval list from the hg19 reference

sequence, and (2) the above referred fastq files obtained from the

SRA archive and the GATK commands “CollectReadCounts” and

“CreateReadCountPanelOfNormals” were used to obtain a PON for

CNVs. Next, the GATK commands “collectReadCounts,” “denoiseR-

eadCounts,” “collectAllelicCounts,” “modelSegments,” and “call-

CopyRatioSegments” were used to process the bam files and

generate the calling of CNVs.

For the annotation of effects, the variant effect predictor (VEP)

of ENSEMBL was used to annotate the effects of the CNVs.19

Pipelines

The VariantSeq pipeline manager of the GPRO Suite20 was used to

execute all steps with the exception those of the CNV calling that

were executed by the command line interface.

Identification of CNVs related to DFS

Duplications associated with DFS were determined using BRB Array

Tools21 by a Kaplan–Meier test. A p value under .001 was considered

as statistically significant to correct the multi testing.
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TaqMan quantitative polymerase chain reaction copy
number assays

The reaction mixtures of 10 µL contained a total of 5 ng genomic DNA

as a polymerase chain reaction (PCR) template, 1� TaqMan Gene

Expression PCR Master Mix (5 µL), 1� TaqMan Copy Number Assay

(Hs00010001_cn), and 1� TaqMan Copy Number Reference Assay

(RNase P). Real‐time PCR plates were run in sextuplicate in an

QuantStudio 12K Flex Real‐Time PCR System (Applied Biosystems,

Thermo Fisher) under standard running conditions (95° for 10 min and

40 two‐step cycles consisting of 95°C for 15 s and 60°C for 1 min) and

analyzed with Copy Caller Software 2.1 (Applied Biosystems). A pre-

dicted number of copies <1.91 was considered as deletion, an interval

between [1.92–2.40] was considered as two copies, and a predicted

number of copies >2.41 was considered as duplication.

Analysis of germline and somatic CYP2D6 CNVs

With the aim of determining with certainty if the CYP2D6 alterations

had a germinal or a somatic origin, a study of paired samples of ASCC

paraffin tumors and blood samples was performed.

DNA from blood samples was isolated using Gentra Puregene

Blood core kit B (Qiagen, Germany) according to manufacturer's in-

structions. For this, 500 μL of whole blood were used. DNA con-

centration and purity were determined with the NanoDrop ND‐1000

spectrophotometer (NanoDrop, USA). DNA was stored at −20°C

after quantification.

Protein isolation

The GEMCAD ASCC validation cohort was also analyzed by mass‐
spectrometry proteomics. To isolate proteins, FFPE sections were

deparaffinized in xylene and washed twice in absolute ethanol. Protein

isolates were prepared in 2% sodium dodecyl sulfate (SDS) using a

protocol based on heat‐induced antigen retrieval. Protein quantifica-

tion was done using MicroBCA Protein Assay Kit (Pierce‐Thermo

Scientific) and protein isolates were digested with trypsin (1:50). SDS

was removed using Detergent Removal Spin Columns (Pierce). Finally,

peptides were cleaned up using C18 stage‐tips, re‐solubilized in MS

sample buffer, and spiked with indexed retention time peptides.

Liquid chromatography with tandem mass
spectrometry proteomics experiments

For the data‐independent acquisition (DIA) step, each sample was

run individually. Mass spectrometry analysis was performed on an

Orbitrap Fusion (Thermo Scientific) equipped with a Digital PicoView

source (New Objective) and coupled to an M‐Class UPLC (Waters),

operated in trapping mode. Peptides were loaded onto a commercial

MZ Symmetry C18 Trap Column (5 µm, 180 µm � 20 mm, Waters)

followed by nanoEase MZ C18 HSS T3 Column (1.8 µm,

75 µm � 250 mm, Waters). The peptides were eluted at a flow rate of

300 nL/min with a gradient from 5% to 22% in 109 min. The DIA runs

were acquired in Orbitrap‐Orbitrap mode with isolation windows of

24 mass‐to‐charge ratio (m/z) covering a range from 385 to 1015 m/z

(DIA) with 1 Da overlap. All relevant data were deposited in the

ProteomeXchange Consortium via the PRIDE (http://www.ebi.ac.uk/

pride) partner repository with the data set identifier PXD037816 and

can be accessed through the reviewer account (username: revie-

wer_pxd037816@ebi.ac.uk; password: lQUp0ASW).

Spectronaut 15.4.210913 was used for directDIA analysis with

default parameter settings. Spectra were searched against a canon-

ical SwissProt database for human and common protein contami-

nants (NCBI taxonomy ID9606, release date July 9, 2019). Protein

quantification was performed in Spectronaut using default settings

and quantitative data were extracted using the BGS Factory Report

(default) and used for follow‐up analyses. To perform statistical

modeling, fragment intensities were aggregated into precursor and

peptide intensities. Log2 transformation and filtering according 75%

of valid values were done using Perseus software.22

Systems biology analyses

Protein data obtained from mass‐spectrometry experiments were

analyzed by a systems biology approach based on probabilistic

graphical models (PGMs) as previously reported.23 Briefly, PGMs

order the protein data in a network structure according to two

criteria: first, calculating the spanning tree with the maximum likeli-

hood, and then, performing a forward search adding edges that

reduce Bayesian information criterion (BIC) but preserving the

decomposability of the graph.24 The obtained network has functional

structure (i.e., proteins are grouped according biological functions).

The overrepresented functions of each node of the network was

established by gene ontology analyses using DAVID bioinformatics

resources,25 using “Homo sapiens” as background and GOTERM‐FAT,

KEGG, and Biocarta as categories. With the aim of comparing groups,

functional node activities were calculated as the mean expression of

these proteins related to the overrepresented function of each node.

Statistical analyses

Statistical analyses were done using GraphPad Prism v6. Survival

analyses were performed using a Kaplan–Meier and long‐rank test in

BRB Array Tools.21 DFS was defined as the time since the first dose

of treatment to the first treatment failure or 5 years. OS was defined

as the time since the first dose of treatment to death or 5 years.

Hierarchical cluster was done in MeV software using correlation as

associative method and average linkage as linkage method.26 All p

values were bilateral and considered as significant under 0.05, with

the exception of the Kaplan–Meier test done in BRB Array Tool,

where a p value <.001 was considered for multi‐testing correction.

Comparisons between groups were done using nonparametric tests

such as Mann‐Whitney test and Kruskal–Wallis test.
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Resource availability

Data are available in a public, open access repository. Copy

number variant data are available in SRA (https://www.ncbi.nlm.

nih.gov/sra) under the name PRJNA573670. Proteomics data are

available in ProteomeXchange Consortium via the PRIDE (http://

www.ebi.ac.uk/pride) partner repository with the data set identifier

PXD037816.

RESULTS

Discovery cohort

Forty‐six patients diagnosed with localized ASCC were included in

the discovery cohort. Twenty‐seven patients were also included in

the VITAL clinical trial (GEMCAD‐09‐02, NCT01285778). VITAL

patients received panitumumab, 5‐FU, and MMC, concomitantly with

radiotherapy. Eighteen patients were recruited from the Hospital

Universitario La Paz (Madrid, Spain) and the Hospital Clinic (Barce-

lona, Spain). Fourteen of 18 were treated with 5‐FU and MMC or 5‐
FU and cisplatin, concomitantly with radiotherapy. Three patients

were treated only with surgery, and one patient was treated only

with radiotherapy. These four patients were excluded for the survival

analyses. This cohort has been described in previous works.12,13,27 A

summary of the clinical characteristics of this cohort is shown in

Table 1.

Whole‐exome sequencing experiments

Discovery ASCC cohort was analyzed by WES. The mean coverage

obtained in WES experiments was >42.6�, except for one sample

with a coverage of 3.57� that was excluded for the subsequent an-

alyses. The remaining samples displayed a mapping efficiency of

90%–98%, with the exception of a sample (75.4%). The human exome

includes >195,000 exonic regions, of which 23,021 (11.21%) were

not mapped in any sample.

TAB L E 1 Clinical characteristics of the discovery and GEMCAD validation cohorts and p values comparing the distribution of each
parameter in both cohorts.

Discovery cohort (%) Validation cohort (%) p

No. of patients 46 (100) 88 (100)

Age at diagnosis, years (median and range) 61 (41–86) 61 (32–84) .78

Gender .58

Male 23 (50) 39 (44)

Female 23 (50) 48 (55)

Unknown 0 (0) 1 (1)

HPV .021

Positive 34 (74) 15 (17)

Negative 6 (13) 11 (13)

Unknown 6 (13) 62 (70)

HIV .019

Positive 2 (4) 17 (19)

Negative 44 (96) 71 (81)

Lymph node status 1.00

N0 19 (42) 37 (42)

N positive 24 (54) 49 (56)

Unknown 3 (4) 2 (2)

TNM stage AJCC 6th edition .093

I 3 (7) 0 (0)

II 16 (35) 36 (41)

III 27 (58) 51 (58)

IV 0 (0) 1 (1)

Abbreviations: AJCC, American Joint Committee on Cancer; GEMCAD, Spanish Multidisciplinary Group of Digestive Cancer; HPV, human

papillomavirus.
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CNVs in CYP2D6 had prognostic value in ASCC
patients

Twenty‐nine genes in which having a duplication was significantly

related with DFS in ASCC were determined by a Kaplan–Meier

analysis (Table S1). Among them, the duplications located in the

CYP2D locus, involving CYP2D6, CYP2D7P, and CYP2D8P genes were

remarkable. When analyzing the length of the observed CYP2D du-

plications, the minimum genomic region always implicated CYP2D6

(Sup Table 2). For this reason, CYP2D6 CNV status was studied in

depth in our cohort. Twenty‐six (64%) patients presented two copies

of CYP2D6, 11 (26%) had a duplication in CYP2D6, and four (10%)

had a deletion.

Patients who presented a CNV (duplication or deletion) in

CYP2D6 had a worse DFS at 5 years than those patients with two

CYP2D6 copies (p = .0035; HR, 4.86; 95% CI, 1.78–18.44). The area

under the receiver operating characteristic (ROC) curve was 0.84

with a p value of .0005 (Figure 1). A multivariate analysis showed that

CYP2D6 CNV status added prognostic information to stage, human

papilloma virus infection, and gender (Table S3).

GEMCAD validation cohort

A total of 101 patients were recruited by GEMCAD. Of these 101

patients, 10 were excluded because they were not treated with

chemoradiotherapy, two because they presented a T1 tumor, and

another because tumor stage was unknown. Finally, 88 patients were

included in the study. Clinical characteristics of the GEMCAD vali-

dation cohort are summarized in Table 1. There was a significant

different distribution in HIV infection (p = .019) and in VPH infection

(p = .021), although the latter may be due to the elevated number of

missing data.

Validation of prognostic value of the CYP2D6 CNVs

We studied the CYP2D6 CNV status in 88 tumor samples using

quantitative polymerase chain reaction (qPCR) CNVs TaqMan assays

(Thermo Scientific). Twenty‐four (27.3%) patients presented two

copies of CYP2D6, 41 (46.6%) patients presented a CYP2D6 duplica-

tion, and 20 (22.7%) patients had a deletion in CYP2D6. In three

samples (3.4%), we did not obtain a qPCR result (Tables S4, S5, and S6).

The CYP2D6 CNV status showed prognostic value in the valida-

tion cohort. Patients with a CYP2D6 duplication/deletion showed

worse DFS at 5 years than those patients with two CYP2D6 copies

(p = 0.021; HR, 3.65; 95% CI, 1.15–5.78). The area under the ROC

curve was 0.90 with a p value of <.0001 (Figure 2).

Analysis of germline and somatic CYP2D6 CVNs

CYP2D6 CNVs were measured by qPCR in seven paired samples from

blood and FFPE tumor from the same patient. In all the cases, with

TAB L E 2 CYP2D6 copy number in paired ASCC blood and
FFPE tumor samples from the same patient.

CYP2D6 copy

number in
blood samples

CYP2D6 copy

number in
tumor samples

Patient 1 4 19

Patient 2 3 3

Patient 3 2 3

Patient 4 3 6

Patient 5 2 5

Patient 6 3 5

Patient 7 2 3

Abbreviations: ASCC, anal squamous cell carcinoma; FFPE,

formalin‐fixed paraffin‐embedded.

F I GUR E 1 (A) DFS at 5 years according to CYP2D6 CNV status in the discovery cohort. (B) ROC curve for CYP2D6 prediction. CNV
indicates copy number variant; DFS, disease‐free survival; ROC, receiver operating characteristic.
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the exception of one patient, tumor samples had higher number of

copies than blood samples, suggesting that these CYP2D6 CNVs

generally occurs in the tumor (Table 2).

Proteomics characterization of the validation cohort

Eighty patients from the GEMCAD validation cohort have also been

analyzed by DIA mass‐spectrometry proteomics. A total of 3078

proteins were quantified and identified in these samples, and after

applying a quality criterion of 75% of valid values, 2078 proteins

were used for the analyses.

Relationship between CYP2D6 CNVs and ASCC
proteomics subtypes

In the GEMCAD validation cohort, each tumor was assigned to one of

the two previously defined proteomics subtypes, as shown previ-

ously13 (Figure S1). A network using all 2078 identified proteins was

built using PGMs. The resulting network was formed by eight func-

tional nodes with an overrepresented biological function

(Figure S2A). Patients were classified into two groups with the same

molecular characteristics as the original proteomics molecular sub-

types, mainly characterized by a differential mitochondrial meta-

bolism node activity (Figure S2B).

We studied the prognostic value of CYP2D6 alterations in each

proteomics subtype. Tumors analyzed by proteomics from 72 pa-

tients fulfilled clinical inclusion criteria for the CYP2D6 study. We

found that 31 (66%) V1 tumors and 20 (77%) V2 tumors presented a

CNV in CYP2D6, whereas 15 (34%) V1 and six (23%) V2 tumors

presented two CYP2D6 copies. The presence of CYP2D6 CNVs was

related with a poor prognosis in both subtypes (Figure 3).

We found significant differences in the mitochondria functional

node activity between V1 tumors with a CNV in CYP2D6, and

therefore with a high‐risk of relapse, and V1 tumors without CNVs in

CYP2D6 (Figure 4A, sup Figure 3). No differences in proteomics data

according to the CYP2D6 CNV status were found in V2 tumors.

This mitochondria node contained several genes related to

mitochondrial metabolism but also genes located in the mitochondria

F I GUR E 2 (A) DFS of GEMCAD validation cohort according CYP2D6 status. (B) ROC curve for CYP2D6 prediction. DFS indicates disease‐
free survival; GEMCAD, Spanish Multidisciplinary Group of Digestive Cancer; ROC, receiver operating characteristic.

F I GUR E 3 DFS at 5 years in GEMCAD validation cohort separated by ASCC proteomics molecular subtypes. ASCC indicates anal
squamous cell carcinoma; DFS, disease‐free survival; GEMCAD, Spanish Multidisciplinary Group of Digestive Cancer.
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and involved in cell cycle, as SRC, CDK1, or HSPA9. SRC had a dif-

ferential expression according to the CYP2D6 CNV status in V1,

being higher in tumors with CYP2D6 deletions and duplications

(p = .0011) (Figure 4B).

DISCUSSION

ASCC is a rare tumor whose treatment has not changed since the

1970s, consisting of classical chemotherapy combined with radio-

therapy. Despite this treatment, approximately 40%–70% of patients

with ASCC tumors in advanced stages are predicted to suffer a

relapse.4,5 For these reasons, it is essential to molecularly charac-

terize this disease to establish biomarkers and possible targeted

therapies.

Studies about prognostic biomarkers in ASCC are scarce. T stage,

N status, and gender have been associated with prognosis in ASCC.28

HPV16 infection and several clinical factors as neutrophilia or anemia

have also been reported as related to OS and/or DFS.14,29,30

Regarding gene‐based biomarkers, p53‐positive tumors have a

shorter DFS.31,32 Moreover, p21, nuclear factor–κB, Ki67, and cyclin

A levels have been associated with prognosis in ASCC.33–35 Cacheux

et al.11 defined that mutations in PIK3CA were associated with worst

OS in recurrent patients after an abdominoperineal resection. A

recent study established that high levels of Fusobacterium nucleatum

were associated with better OS and DFS in patients who suffered a

progression and underwent abdominoperineal resection.36 In a pre-

vious work, we identified that presenting a high or moderate impact

of genetic variants in BRCA2, ZNF750, FAM208B, ZNF599, and

ZC3H13 genes was related to DFS in localized ASCC.12 This is the

first study in localized ASCC that associated CNVs with DFS.

The CYP2D locus contains three genes: CYP2D6 and two pseu-

dogenes, CYP2D7P and CYP2D8P. The three genes are formed by

nine exons and share a high sequence similarity. Deletions and du-

plications of CYP2D6 related to pharmacogenomics have been widely

described. The described duplications included functional and

nonfunctional alleles of CYP2D6.37 CYP2D6 is a gene of the cyto-

chrome P450 family involved in phase 1 drug metabolism, including

tamoxifen. CYP2D6 variants can be classified into categories based

on its metabolizer activity: decreased, normal, increased, or altered.38

It has been described that the frequency in the general population of

CYP2D6 duplications is approximately 5%.39 However, in our ASCC

discovery cohort, CYP2D6 duplications were present in 33% of the

samples and in the GEMCAD validation cohort in 46.6% of patient's

tumors. CYP2D6 alterations have been previously associated with

vulvar and anal cancer incidence, being hypothesized that incidence

increases with an increasing number of CYP2D6 inactivating alleles,40

but they have been not associated with evolution of the disease until

now. Nevertheless, CYP2D6 alterations have been associated with

several clinical factors in other neoplasia. CYP2D6*4 nonfunctional

allele has been associated with a protective effect in breast cancer.41

CYP2D6 inactivating alleles were also related to a poor response to

chemotherapy in head and neck squamous carcinoma,42 but not with

OS.43 Moreover, a meta‐analysis suggested that CYP2D6 poly-

morphisms are related to the pathogenesis of various cancers.44

Therefore, this is the first study associating CYP2D6 CNVs with

prognosis in cancer, specifically in ASCC.

Paired samples from blood and tumor from ASCC patients were

used to confirm that CYP2D6 CNVs are somatic alterations. Despite

the fact that some of the patients presented germinal CNVs in

CYP2D6, in all the cases the tumor sample presented a higher number

of CYP2D6 copies than the blood sample. This fact supports the

relevance of CYP2D6 somatic CNVs in ASCC. Additionally, the fre-

quency of germline CYP2D6 duplications determined in blood was

higher than the frequency previously described in the general pop-

ulation,39 suggesting a role of CYP2D6 duplications in ASCC inci-

dence as it has been previously suggested by other studies.40

A proteomics characterization of the GEMCAD validation cohort

was also done with the aim of proposing new therapeutic targets in

patients with high‐risk of relapse determined by the CYP2D6 CNV

F I GUR E 4 (A) Functional node activity of mitochondria node in V1 molecular group defined in the ASCC validation cohort according to
CYP2D6 status. (B) Protein expression of SRC in V1 molecular group according CYP2D6 status. ASCC indicates anal squamous cell carcinoma;

Del, deletion; dup, duplication.

8 - CYP2D6 AS BIOMARKER IN ANAL CARCINOMA

 



status. In a previous study, our group defined the first molecular

classification in ASCC, consisting of two different proteomics

subtypes.13

Additionally, V1 presented differences in mitochondria func-

tional node activity according to the CYP2D6 CNV status. CYP2D6

belongs to the CYP450 family, involved in the electron transfer

chain.45 This node also contained genes located in the mitochondria

and related to the cell cycle. SRC presented a higher expression in V1

tumors with a CNV in CYP2D6. SRC is a tyrosine kinase of the PIK3

pathway involved in cellular proliferation. Src inhibitors have been

tested in clinical trials for many solid tumors, including head and neck

squamous cell carcinoma and colorectal cancer, with negative re-

sults.46 A role of Src in the development of resistance to anti‐EGFR

therapies has been identified,47,48 and preclinical models in colo-

rectal cancer suggest that Src blockade can restore the sensitivity to

EGFR inhibitors.49 The higher activity of mitochondria metabolism

also suggested the use of OXPHOS inhibitors, previously suggested

as a promising therapy in cancer, as a possible therapy for patients

with a CNV in CYP2D6. A relevant role of mitochondria in HPV‐
dependent cancers has been previously established.50

The study has some limitations. The main strength of the study is

that CYP2D6 prognostic value has been validated in an independent,

multi‐centric retrospective cohort, which supports the extrapolation

of results, although a prospective validation of the prognostic value

of CYP2D6 CNVs would be interesting. Moreover, a wider study of

paired blood and primary tumor samples would be helpful to exactly

determine the role of germline and somatic CYP2D6 CNVs and fully

clarify the role of CYP2D6 deletions. In addition, the limited number

of samples did not allow determining in depth the relation with tumor

stage. A larger cohort would be necessary for this purpose.

The multivariate analysis confirmed that CYP2D6 had prognostic

value independently of tumor size and nodal status. On the other

hand, when analyzed independently, the low number of stage II pa-

tient make it difficult to extract conclusions, especially in the dis-

covery cohort (where there are only two patients with stage II and

CYP2D6 CNV). A trend can be observed in the validation cohort as

long as DFS at 5 years is 84% versus 60% in the non CNV versus the

CNV group.

Regarding other genes involved in predicting ASCC outcome, we

identified other genes with prognostic value regarding the presence

of a CNV (Table S1). Most of these genes were included in one of two

genomic regions at CHR22 (the CYP2D6 region) and at CHR2.

Regarding the CRH22 region, the minimum genomic region always

implicated CYP2D6. Thus, the other CYP genes had prognostic and/or

predictive value as well, but we focused on CYP2D6 to be tested by

qPCR in the validation cohort. Genes in CHR2 showed lower prog-

nostic value. Combination of different genes' prognostic value as a

signature is a common practice, being possible when the prognostic

value is based on a quantitative variable (gene/protein expression)

and the fact that importance of each gene in the combined prognostic

value can be weighted by a factor. In our case, we used a quantitative

variable (CNV yes/no), thus weight the prognostic value of each gene

is not possible with standard methodologies. As long as tumor size

showed no prognostic value by itself, it is unlikely it showed value in

the multivariate analysis, as we showed in Table S3.

In conclusion, we established that the number of copies of

CYP2D6 is related to DFS in ASCC patients. Therefore, CYP2D6 CNV

status allows the identification of high‐risk ASCC patients who could

be redirected to a clinical trial. In addition, this study may be useful to

explore new treatment strategies for these high‐risk patients to in-

crease current therapy efficacy, such combinations including Src or

OXPHOS inhibitors.
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