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Background: Anal canal squamous cell carcinoma (ACSCC) is an exceedingly rare
malignant neoplasm with challenges in sphincter preservation, treatment toxicities and
long-term survival. Little is known concerning the activity of PD-1 antibodies in locally
advanced ACSCC. This study reports on the efficacy and toxicities of a neoadjuvant PD-1
blockade combined with chemotherapy followed by concurrent immunoradiotherapy in
ACSCC patients, and describes biomarkers expression and mutation signatures.

Methods: In this cohort study, patients were treated as planned, including four cycles of
neoadjuvant PD-1 antibody toripalimab combined with docetaxol and cisplatin, followed
by radiotherapy and two cycles of concurrent toripalimab. Multiplex immunofluorescence
staining (mIHC) with PD-L1, CD8, CD163, Pan-Keratin and DAPI was performed with the
pretreatment tumor tissue. Whole exome sequencing was performed for the primary
tumor and peripheral blood mononuclear cells. The primary endpoint was the complete
clinical response (cCR) rate at 3 months after overall treatment. Acute and late toxicities
graded were assessed prospectively.
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Results: Five female patients with a median age of 50 years old (range, 43-65 years old),
finished treatment as planned. One patient had grade 3 immune related dermatitis. Two
patients had grade 3 myelosuppression during neoadjuvant treatment. No severe
radiation-related toxicities were noted. Four patients with PD-L1 expression >1%
achieved a cCR after neoadjuvant treatment. and the other patient with negative PD-L1
expression also achieved a cCR at 3 months after radiotherapy. All the patients were alive
and free from disease and had a normal quality of life, with 19.6-24 months follow up.
Inconsistent expression of PD-L1 and CD163 was detected in 3 and 5 patients,
respectively. TTN, POLE, MGAM2 were the top mutation frequencies, and 80
significant driver genes were identified. Pathway analysis showed enrichment of
apoptosis, Rap1, Ras, and pathways in cancer signaling pathways. Eight significantly
deleted regions were identified.

Conclusions: This small cohort of locally advanced ACSCC patients had quite
satisfactory cCR and sphincter preservation rate, after neoadjuvant PD-1 antibody
toripalimab combined with chemotherapy followed by concurrent immunoradiotherapy,
with mild acute and long-term toxicities.
Keywords: locally advanced, anal canal squamous cell carcinoma, neoadjuvant, PD-1 blockade, PD-L1
INTRODUCTION

In the worldwide, anal canal squamous cell carcinoma (ACSCC)
is a rare malignant tumor with increasing incidence (1). The
United Kingdom Coordinating Committee on Cancer Research
(UKCCCR) randomized ACT I trial and the European
Organization for Research and Treatment of Cancer (ETROC)
phase III randomized tr ia l es tabl ished concurrent
chemoradiotherapy (CRT) as the standard treatment for
locoregional ACSCC (2, 3). The complete clinical response
(cCR) rate was noted to be 52%, 71%, and 78% at 11, 18, and
26 weeks from the start of CRT, respectively (4). The rate of
severe acute hematologic toxicity (grade 3 and 4) was 42%-61%,
and the rate of severe late toxic effects was 10%-11% in RTOG
9811 trial (5). Although chemotherapy combined with
radiotherapy has reduced the absolute risk of locoregional
relapse and decreased the colostomy rate, there are still about
10-30% of patients would have disease progression and 25-40%
patients would have colostomy in 3 years from the initial
diagnosis (4, 6). Therefore, adding other agents and modifying
treatment strategy might be meaningful for better disease
control, lower need for colostomy and less treatment toxicities.

Meanwhile, PD-1 monoclonal antibody has shown a good
anti-tumor response in various solid carcinomas, including
metastatic ACSCC (7, 8). PD-1 inhibitors including
pembrolizumab and nivolumab have been approved for the
treatment of metastatic anal squamous cell carcinoma (9).
Nevertheless, the role of PD-1 monoclonal antibody in
locoregional disease of anal squamous cell carcinoma is still
under active investigation by the American National Cancer
Institute with no results have been reported (NCT03233711,
NCT04719988). We speculated that PD-1 monoclonal antibody
may have important value in disease control and organ
org 2
preservation by increasing the rate of cCR in ACSCC. In the
present study, we explored the efficacy and safety of the PD-1
monoclonal antibody toripalimab for the locoregional ACSCC in
the neoadjuvant setting and the mode of combination
with radiotherapy.
METHODS

Population
From July 2019 to December 2019, all newly diagnosed locally
advanced ACSCC patients at Sun Yat-sen University Cancer
Center were treated as plan as a pilot study. Totally, five locally
advanced ACSCC patients (T2-4, N0 or Any T, N+) received
chemoradioimmunotherapy. The details of the enrolled patients
are shown in Table 1. Their median age was 50 (range, 43-65)
years at diagnosis. All the five patients were female. Three
patients had stage II disease while two patients had stage III
disease. Maximum diameters of the primary tumors range from
20-55mm.

Study Design
Docetaxol (75mg/m2, d1), cisplatin (37.5 mg/m2, d2-3), and PD-
1 antibody toripalimab (240mg, d1) were given every three
weeks. Four cycles of neoadjuvant treatment were planned and
four patients completed all the cycles. One patient completed
only three cycles of chemotherapy and toripalimab and one cycle
of chemotherapy alone due to grade 3 dermatitis caused by the
PD-1 blockade. Next, all five patients received definitive
radiotherapy. Three patients received two cycles of concurrent
toripalimab every three weeks and the other two patients
received radiotherapy without concurrent medication due to
treatment gain concern. According to the Radiation Therapy
January 2022 | Volume 12 | Article 798451
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Oncology Group (RTOG) 0529, the target volumes were
contoured on the planning CT slices (10). The gross tumor
volume (GTV) was defined as the primary tumor and metastatic
lymph nodes according to the diagnosis image with 50 Gy/25
fractions. The clinical target volume 1 (CTV1) was defined as the
GTV with an expansion of 2.5cm to the primary tumor at
diagnosis image, and 1cm to metastatic lymph nodes at
diagnosis image, and elective nodal areas (perirectal, internal
and external iliac lymph node regions, presacral lymph node
regions). The dose of CTV1 was 45Gy/25 fractions. The bilateral
inguinal lymph node regions were defined as the clinical target
volume 2 (CTV2). The dose of CTV2 was 42.5Gy/25 fractions.
The planning target volumes (PTVs) were created based on GTV
and CTVs with a 0.6cm expansion. All patients were evaluated
using MRI imaging, colonoscopy and digital examination after
every two cycles of neoadjuvant treatment, and regularly after
definitive immunoradiotherapy according to the National
Comprehensive Cancer Network (NCCN) guidelines.

Patients were assessed for tumor response using the Response
Evaluation Criteria in Solid Tumors (RECIST v1.1). cCR was
defined as the absence of a primary and nodal tumor by clinical
examination, including digital examination, colonoscopy, and
MRI of the pelvis according to the guidelines. Biopsy was needed
when suspicious residual tumor exist at appropriate time point.
cCR was regularly assessed during and after treatment.

Treatment-associated adverse events (AEs) were monitored
throughout the study and for 30 days after treatment (90 days for
serious AEs) and evaluated according to the National Cancer
Institute Common Terminology Criteria for Adverse Events,
version 5.0. Immune related AE (irAE) was defined according
to the NCCN clinical practice guidelines for oncology
management of immunotherapy-related toxicities.

Multiplex Immunofluorescence
Staining (mIHC)
An archived formalin-fixed, paraffin-embedded tumor sample or
a newly obtained biopsy specimen was assessed at MEDx
(Suzhou) Translational Medicine Co. Ltd central laboratory for
Frontiers in Immunology | www.frontiersin.org 3
PD-L1, CD8, Pan-Keratin, and CD163 expression. A mIHC
assay was performed using the VENTANA PD-L1 (SP263),
CD8 (SP57), Pan-Keratin (AE1/AE3/CK26), and Abcam
CD163 (EPR19518) antibodies. Slides were also stained with
DAPI for nuclear staining. Tumor and precancerous stroma were
analyzed in the hematoxylin and eosin (H&E) images.

H&E images were categorized into two compartments
including tumor and precancerous stroma by an experienced
histopathologist for positivity calculation, respectively. Multi-
spectral images were scanned using the quantitative pathological
imaging system PerkinElmer Vectra 3.0, and analyzed using the
inform software for staining positivity. Thresholds for antibody
positivity were calibrated for each individual slide, and
automated cell counting was utilized. Staining positivity was
analyzed for each slide and for each marker. PD-L1 positivity
was defined as membrane staining of ≥1% of scorable cells,
including both neoplastic cells and contiguous mononuclear
inflammatory cells.

Whole Exome Sequencing (WES)
DNA was extracted from five ACSCC tumors and paired
peripheral blood samples for a total of 10 samples that were
used for library preparation using the Agilent SureSelect Human
All Exon v7 exome capture kit and sequenced across three flow
cells on the Illumina HiSeq 4000 Platform (Illumina, San Diego,
CA, USA). Reads were trimmed for adapters and low-quality
bases using Trimmomatic software before alignment to the
human hg19 reference genome using Burrows-Wheeler Aligner
(BWA) mapping software (v. 0.7.15). Mapped reads were then
de-duplicated using Picard tools (v. 1.119), followed by re-
alignment, and base quality score recalibration using the
Genome Analysis Toolkit (GATK) (v. 4.1.3.0).

Somatic Variant Analysis
Variant calling was performed using Strelka (v2.9.2) in tumor-
normal mode following the best practice guidelines for exome-
seq analysis provided by the Genome Atlas Toolkit authors (11,
12). Variants were filtered using Ensembl’s Variant Effect
TABLE 1 | Clinical information and biomarker of the 5 locally advanced ACSCC patients.

Patient Number 1 2 3 4 5

Age 65 50 51 44 43
Gender female female female female female
Tumor maximum diameter (mm) 37 33 20 40 55
Clinical TNM stage T2N0M0 T4N0M0 T2N0M0 T3N0M0 T3N1M0
Involved Structures sphincter vagina none none sphincter
TMB 1 4 38 7 50
TNB 1 6 3 7 58
Tumor PD-L1+ 93.8% 1.2% 9.8% 2.4% 0.3%

CD8+ 0 0 28.5% 21.0% 9.1%
CD163+ 7.8% 6.1% 22.3% 16.9% 10.5%

Paracancerous stroma PD-L1+ 0 0.3% 0.1% 0.2% 0
CD8+ 0 0 30.4% 38.0% 12.3%
CD163+ 71.9% 30.1% 19.7% 6.7% 7.7%

Response after neoadjuvant treatment cCR cCR cCR cCR near CR
Response after radiotherapy cCR cCR cCR cCR cCR
Grade 3 irAE none dermatitis none none none
January 202
2 | Volume 12 | Articl
ACSCC, anal canal squamous cell carcinoma; TNM, tumor node metastasis; TMB, tumor mutational burden; TNB, tumor neoantigen burden; irAE, immune related adverse event; DFS,
disease free survival.
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Predictor (VEP v. 92) and converted into a Mutation Annotation
Format (MAF) using the vcf2maf tool (v. 1.6.16). Visualization
and summarization were performed using custom scripts in R (v.
3.6.3), primarily utilizing the maftools packages (v. 1.8.10) for
data summarization and GenVisR (v. 1.40.0) for generating plots
(13). We carried out significance analysis of driver genes using
the MutSigCV (1.41) algorithm. For MutSigCV (14), p-values
could not be adjusted due to the small sample size, so a raw p <
0.05 was applied. Overlapped genes that were mutated in 60% of
the ACSCC samples were considered significantly mutated genes
(SMGs). Tumor mutational burden (TMB) was calculated as the
total count of nonsynonymous mutations in the coding sequence
using maftools. Tumor neoantigen burden (TNB) was calculated
using NetMHCpan-4.0 (15).
Copy Number Variant Analysis
Total copy number calls were derived using the CNVkit, and log2
scores >0.25 were considered gains, while log2 scores <-0.25 were
considered losses. A significant CNV region was defined as
having an amplification or deletion with a False Discovery Rate
q value <0.25. Focal recurrent copy number alterations were
identified using GISTIC 2.0 at a 95% confidence level (16).
Visualization was performed using the svplucnv package (v.
0.9.1) in R (v. 3.6.3).
Mutational Signature Analysis
We used non-negative matrix factorization (NMF) to perform
de-novo mutation signature discovery in the patient samples
(17). We compared the three identified mutation signatures with
the 30 in the Catalogue of Somatic Mutations in Cancer
(COSMIC)(https://cancer.sanger.ac.uk/cosmic/signatures_v2.tt)
using the cosine similarity metric.
Frontiers in Immunology | www.frontiersin.org 4
Pathway Analysis
KOBAS (v. 3.0) was used to generate annotations for driver genes
based on multiple databases about pathways, diseases, and Gene
Ontology (18). No mutant gene pathway was removed. The R
package ggplot2 (V3.3.0) was used to visualize the pathway with
a p-value less than 0.1.

Statistical Analysis
Continuous data were expressed as median with the range.
Classified variables were shown as counts and percent. The
software program SPSS version 19 (SPSS Inc., Chicago, IL,
USA) was used for statistical analyses.
RESULTS

Treatment Response and Outcomes
All patients achieved cCR at 3 months after overall treatment.
Even more, a cCR was achieved in patients 1, 2, 3 and 4 after
neoadjuvant treatment and just before radiotherapy, while
patient 5 achieved a near cCR (Supplementary Figure 1).
Physical examination and colonoscopy showed especially rapid
tumor shrinkage after the first cycle of neoadjuvant treatment in
patient 1 and cCR was achieved after only two cycles of
neoadjuvant treatment (Figure 1). All patients were alive and
free from disease and had a normal quality of life, with a median
21.8 (range: 19.6-24) months follow up.

Toxicities
Grade 3 dermatitis was noted in 1 patient which was defined as
an irAE. It was relieved after corticosteroids and gamma globulin
treatment. Grade 3 acute hematological toxicity occurred in two
patients during neoadjuvant treatment phase. No severe
A B

D E

C

FIGURE 1 | Treatment response of patient 1. Colonoscopy of primary tumor before treatment (A), after 2 cycles of neoadjuvant toripalimab combined with docetaxol
and cisplatin (B), after radiotherapy and concurrent toripalimab (C). T2WI MRI image before treatment (D) and after the whole treatment (E).
January 2022 | Volume 12 | Article 798451
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radiation-related toxicities happened during radiotherapy. No
patient developed severe late toxicities.

Multiplex Immunofluorescence Staining
(mIHC)
To explore the tumor microenvironment (TME) of ACSCC,
multiplex immunofluorescence staining was performed in pre-
treatment specimens for all patients (Figure 2). PD-L1 positivity
(≥1%) in the tumor was noted in four patients, with 1.2-93.8%
expression in the tumor cells. CD8 and CD163 positivity was
noted in 0.00-38.0% and 6.7-71.9% in the paracancerous stroma
cells in all patients. PD-L1 expression (≥1%) in the tumor and
CD163 expression in paracancerous stroma appeared positively
correlated with tumor shrinkage during the neoadjuvant
treatment phase. PD-L1 expression was especially high in the
tumor of patient 1, with 93.8% positivity. CD163 positive cells
surrounded the tumor in this patient as shown in Figure 2. As
mentioned, patient 1 had an especially rapid tumor response
which may be related to extremely high PD-L1 expression in the
tumor and CD163 expression in the paracancerous stroma.

Genomic Landscape of ACSCC
To further clarify the genetic basis and seek the diagnostic markers
and therapeutic targets of ACSCC, we conductedWES analysis for
all the tumor specimens. The base coverage depth >30× for WES
was 98% (Supplementary Table 1). WES identified 6,158 SNVs,
with 175 indels in the exonic regions of five ACSCC samples
(Figure 3A and Supplementary Table 2). The missense mutation
was the main somatic single nucleotide variant (Figure 3B). The
mutational spectrum of ACSCC was dominated by C>T/G>A
transitions (Figure 3C). Using the BayesNMF algorithm we
performed mutation signature analysis to try and disclose the
ACSCC mutation processes. Three ACSCC mutation signatures
were similar to three Sanger signatures in the COSMIC database
(Figures 4A, B and Supplementary Table 3).

We identified 55 SMGs with a somatic mutation frequency ≥
60% in all cases. TTN, POLE, MGAM2 were the top ACSC
Frontiers in Immunology | www.frontiersin.org 5
mutation frequencies (Figures 3D, 4C). Using the MutSigCV
1.41, we identified 80 significant driver genes (SDGs) (p<0.5;
Supplementary Table 4). Pathway analysis showed enrichment
of apoptosis (P = 0.016), Rap1 (P = 0.035), Ras (P = 0.042), and
pathways in cancer (p=0.039) s igna l ing pathways
(Supplementary Table 5, Figure 5A).

The GISTIC algorithm was applied to identify recurrent focal
somatic copy number alterations (SCNAs). Eight significantly
deleted regions included 2q32.2, 2q37.1, 8p23.3, 9q32, 13q22.1,
14q32.33, 17q21.31 and 17q12 (q<0.25; Figure 5B), which
encode well-known tumor suppressors such as STAT1, SP100,
BRF1, BRCA1 and BECN1, as screened using the tumor
suppressor gene database (TSGene) (Supplementary Table 6)
(19, 20). Coincidentally, all these genes have been reported to
provide immunity against virus infection, especially HPV, which
is a well-known pathogenic factor in ACSCC (21). The literature
also reports that they have key immune effector functions in
cancer progression and response to anti-cancer treatment (22).
However, no significant amplified regions were identified.

Based on the WES data, we observed a large discrepancy in
TNB and TMB between five samples, ranging from one to over
50 (Supplementary Figure 2B). We further compared the TMB
between ACSCC and pan-cancer data of The Cancer Genome
Atlas (TCGA) dataset using the tcgaCompare function in the
maftools R package. Figure 5C revealed that TMB of ACSCC
ranks at the forefront among cancers, which may be the reason
for the good response of ACSCC to immunotherapy, but tumor
shrinkage in the neoadjuvant phase appeared unrelated with
TMB, nor TNB in our cohort.
DISCUSSION

Concurrent chemoradiotherapy (CCRT) remains the standard
treatment for non-metastatic ACSCC patients, but there are still
unsolved issues. Local resistance and recurrence are the main
failure pattern, which is about 40%, this then results in eventual
FIGURE 2 | mIHC images for the five patients. Biomarkers including Pan-keratin (orange), PD-L1 (red), CD8 (green) and CD163 (purple). Expression of each PD-L1,
CD8 and CD163 in the tumor and paracanerous stroma are shown in the bar charts.
January 2022 | Volume 12 | Article 798451
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loss of sphincter function in about 25-40% of ACSCC patients
(6, 23, 24). Grade 3 and above late toxicities occurred up to
33.3%, including faecal incontinence, diarrhea and ulceration, etc
(25). A large sized tumor is also correlated with a higher
incidence of acute and late toxicities, causing a significantly
negative impact on patients’ quality of life (25, 26).

Vendrely et al. reported in 2021 European Society for
therapeutic Radiation and Oncology meeting that, adding
Panitumumab to chemoradiotherapy didn’t result in expected
cCR rate for locally advanced anal cancer, and furthermore a
significant toxicity was documented when Panitumumab was
used with chemoradiotherapy together (27). Thus, how to
increase downstaging and especially cCR rate is still of vital
importance for locally advanced ACSCC patients. Ideal radiation
dose is also an undetermined issue in the ACSCC for satisfactory
Frontiers in Immunology | www.frontiersin.org 6
locoregional control. There are studies trying to figure out
whether different doses would suit various sized tumor in anal
cancer (28). In the 2019 ASCO annual conference, Professor
Robert Glynne-Jones pointed out the inconsistency of the
recommended dose of radiotherapy in different countries
worldwide. In Netherlands, Germany, Italy and UK, the
radiotherapy doses of primary tumor were 59-64.8Gy (1.8Gy/
fraction), 45-63.2Gy (1.8-2.0Gy/fraction), 50.6-55Gy (2.2Gy/
fraction) and 50.4-53.2Gy (1.8Gy/fraction), respectively. In
Russia, the dose was 52-58Gy (2.2Gy/fraction). Whereas, in
Canada and USA, the dose was 54Gy/30fractions and 50.4-
54Gy/28-30fractions, respectively. Neoadjuvant treatment has
not been established in these patients due to the absence of
survival benefits in the ACCORD03 and RTOG9811 studies (29),
yet, some data suggests neoadjuvant treatment is useful for
A B

DC

FIGURE 3 | WES identified variants and top mutated genes in the five ACSCC patients. (A) Variant classifications. (B) Variants types. (C) SNV class. (D) Top 10
mutated genes. The green, blue and purple color was defined as missense_mutation,frame_shift_del and frame_shift_ins, respectively, in Figure 3D.
January 2022 | Volume 12 | Article 798451
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prolonging survival for the T4 subset of patients and
downstaging for decreasing radiotherapy toxicities (30, 31).

Numerous studies have established the safety and efficacy of
immunotherapy in neoadjuvant therapy for several locally
advanced solid tumors, such as squamous cell carcinomas of
the head and neck and esophageal squamous cell carcinomas
(32, 33). Meanwhile, the immunogenicity of HPV infection in
ACSCC provides a strong rationale for the combined treatment
(34). However, the role of immunotherapy in the definitive
setting for ACSCC is under active investigation in prospective
trials, including NCT03233711 and NCT04719988. Though the
results have not yet been reported. Our study shows a quite
satisfactory short-term effect in the neoadjuvant setting. Rapid
shrinkage of tumors can decrease the radiation dose needed and
may ultimately decrease late toxicities. A high CR rate also shows
promise in increasing the sphincter preservation rate, improving
patients’ quality of life, and may have a positive impact on overall
survival. Our team in conducting a prospective clinical trial to
confirm our findings (NCT05060471).

An ideal biomarker could accurately predict the efficacy of
treatment. For patients with good response to neoadjuvant
treatment using chemotherapy and PD-1 inhibitor, we could
consider decreasing the radiation dose or abolishing the
radiotherapy to decrease radiation-related toxicity and preserve
higher life quality. For patients with no response to neoadjuvant
treatment, the strategy can be adjusted to avoid neoadjuvant
treatment-related adverse events. The prevalence of tumor PD-
Frontiers in Immunology | www.frontiersin.org 7
L1 expression in patients with squamous cell carcinoma of the
anus has been reported to be between 46% and 56% and has been
associated with a significantly worse PFS, with trends towards a
worse OS (35, 36). While recent research indicated that PD-L1
positive were significantly associated with higher CR rate and
better DFS and OS in non-metastatic ACSCC (37). In our study,
PD-L1 expression was evident in 80% of the tumor samples
and showed obvious heterogeneity. CD163 was positive in the
paracancerous stroma of all the tumor samples, also with
obvious heterogeneity.

Along with the NCI9673 study carried out in late stage
ACSCC patients (8), PD-L1 expression might be positively
correlated with tumor response to the PD-1 blockade as in our
study. We also found that CD163 positivity seems to have a
significant impact on the effect of the PD-1 blockade in the
neoadjuvant setting. The above results suggest that the
occurrence of ACSCC might be related to immunosuppressive
tumor microenvironment and ACSCC patients with immune-
enriched infiltrates might benefit from immunotherapy.
Different from the findings in the NCI9673 study (8), CD8
positive cells in the paracancerous stroma seems not affect
treatment response, which implies preexisting CD8 positive
immune cells may not be necessary for tumor response to the
PD-1 blockade in locally advanced ACSCC.

TMB in conjunction with PD-L1 expression could be a useful
biomarker for immune checkpoint blockade selection across
some cancer types, such as non-small cell lung cancer (38).
A

B

C

FIGURE 4 | Three mutation signatures in ACSCC matched with the COSMIC database. (A) Nucleotide change in the three mutation signatures. (B) Cosine similarity
of the three mutation signatures. (C) SMGs with a somatic mutation frequency ≥ 60% and mutation types.
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In analyzing the TMB of ACSCC, we found that a higher TMB
compared with other tumors may be the basis for ACSCC
patients to benefit from immunotherapy. However, small
samples in our study could not further verify the utility of
TMB as a biomarker for individualized immunotherapy
guidance in ACSCC.

Based on the WES analysis, we have provided a
comprehensive genomic profile of ACSCC. Signature A closely
resembled COSMIC signature 1 (cosine similarity: 0.83) which is
the result of an endogenous mutational process initiated by
spontaneous deamination of 5-methylcytosine. This signature
has been found in all cancer types and in most cancer samples
and correlates with age at cancer diagnosis (39). Signature B
matched COSMIC signature 5 (cosine similarity: 0.81), the
Frontiers in Immunology | www.frontiersin.org 8
etiology of which is unknown. This signature exhibits a
transcriptional strand bias for T>C substitutions in the ApTpN
context (39). Signature C was analogous to COSMIC signature
30. It has been observed in a small subset of breast cancers (39).
Several findings have been discovered. One, different from the
previously known TP53, PIK3CA, FBXW7mutations of ACSCC,
we identified novel ACSCC mutations include TTN, POLE,
MGAM2 (34, 40–42). TTN mutation was identified as a
predictor of improved objective response rate to immune
checkpoint blockade immunotherapy in seven public clinical
cohorts, including advanced cases of cutaneous squamous cell
carcinoma, stomach adenocarcinoma, skin cutaneous
melanoma, and lung cancer (43). Cancers harboring POLE
mutations were also associated with elevated expression of
A B

C

FIGURE 5 | Enrichment in pathway analysis (A), eight significantly deleted regions and possible lossed/deleted genes tumor suppressors (B), and TMB of ACSCC
and other malignant tumors (C). TCGA cancer. LAML, acute myeloid leukemia; PCPG, pheochromocytoma and paraganglioma; THCA, thyroid carcinoma; UVM, uveal
melanoma; TGCT, testicular germ cell tumors; KICH, kidney chromophobe; ACC, adrenocortical carcinoma; LGG, brain lower grade glioma; MESO, mesothelioma;
PRAD, prostate adenocarcinoma; BRCA, breast invasive carcinoma; SARC, sarcoma; CHOL, cholangiocarcinoma; UCS, uterine carcinosarcoma; GBM, glioblastoma
multiforme; KIRC, kidney renal clear cell carcinoma; OV, ovarian serous cystadenocarcinoma; UCEC, uterine corpus endometrial carcinoma; LIHC, liver hepatocellular
carcinoma; CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma; READ, rectum adenocarcinoma; ESCA, esophageal carcinoma; HNSC, head
and neck squamous cell carcinoma; DLBC, lymphoid neoplasm diffuse large b-cell lymphoma; STAD, stomach adenocarcinoma; COAD, colon adenocarcinoma;
BLCA, bladder urothelial carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; SKCM, skin cutaneous melanoma.
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several immune checkpoint genes and a favorable response to
immunotherapy (44, 45). FOXL2 is a known cancer driver gene
in SDGs according to the IntOGen-mutations pipeline (http://
www.intogen.org/mutations/) (Supplementary Figure 2A) (14).
Nevertheless, the clinical importance of those variants needs to
be validated by the multi-omics data analysis and larger sample
size study. Two, we identified high C>T/G>A mutations which
are similar to other squamous cell carcinomas (46). It is
conceivable that a similar mechanism may contribute to this
mutation. Three, we identified eight focal regions with recurrent
CNV deletions which encoded STAT1, SP100, BRF1, BRCA1
and BECN1, which are tumor suppressor genes and their
loss/deletion in ACSCC may contribute to tumorigenesis, due
to a defective defense to HPV and deregulation of immune
functions. Pathway analysis also revealed a series of significant
pathways related to tumorigenesis and tumor progression. These
may be the most critical pathways involved in the development
and progression of ACSCC.

Limitations of this study include its small sample size and
absence of tumor expression data for analyzing together with
mIHC and WES results. Moreover, the biomarker analysis was
only based on the literature and few sample data with no
statistical support. It is necessary to extend the follow-up time
and conduct a randomized control trial to confirm the efficacy
and safety of this treatment strategy.
CONCLUSIONS

Our findings imply that the novel treatment strategy including
neoadjuvant PD-1 antibody toripalimab combined with
chemotherapy followed by concurrent immunoradiotherapy
was favorable and safe for locoregional ACSCC, resulting in
quite satisfactory cCR and sphincter preservation rate.
Inconsistent expression of PD-L1 and CD163 protein were
detected in tumor and paracancerous stroma, respectively.
Genomic alterations in ACSCC provide insights to better
understand its pathogenesis. Further data from our prospective
clinical trial is expected to validate the treatment effects and
enable further biomarker investigation.
DATA AVAILABILITY STATEMENT

Clinical data are available upon reasonable request. The datasets
used and analyzed during this study are available from the
corresponding author upon reasonable request. All the original
Frontiers in Immunology | www.frontiersin.org 9
sequencing data are uploaded into the Sequence Read Archive
(accession number: SRP318823) and BioProject (accession
number: PRJNA725074).
ETHICS STATEMENT

All the patients were approved to use the PD-1 blockade as a
neoadjuvant therapy before the treatment commenced. This
retrospective study received full approval from the ethics
committee of Sun Yat-sen University Cancer Center, China.
Reference number is B2020-126.
AUTHOR CONTRIBUTIONS

WX and YG had full access to all the data in this study and take
responsibility for the integrity of the data and the accuracy of the
data analysis. WX and YG designed the study. WX and YY
performed the data analysis. WX, YY, PC, BC, RZ, FW, and SW
performed the data acquisition. WX and YY discussed the results
and wrote the paper. WX, YY, PC, BC, RZ, ZZ, ZL, and YG
provided patient samples and clinical data. All co-authors
reviewed the paper.
FUNDING

This work was supported by the National Natural Science
Foundation of China [No. 82073329 to YG], and Chinese
Society of Clinical Oncology Grand [No. Y-XD202001-0144
to WX].
SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2021.798451/
full#supplementary-material

Supplementary Figure 1 | Treatment responses after neoadjuvant treatment for
patients 2, 3, 4 and 5. Colonoscopy and T2WI MRI images of the primary tumor
before and after neoadjuvant treatment.

Supplementary Figure 2 | SDGs, TMB, TNB of the five ACSCC patients. (A)
SDGs identified using the IntOGen-mutations pipeline and MutSigCV and the
common mutation gene FOXL2. (B) TMB, TNB of the 5 ASCS.
REFERENCES
1. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2017. CA: Cancer J Clin

(2017) 67(1):7–30. doi: 10.3322/caac.21387
2. Northover J, Glynne-Jones R, Sebag-Montefiore D, James R, Meadows H,

Wan S, et al. Chemoradiation for the Treatment of Epidermoid Anal Cancer:
13-Year Follow-Up of the First Randomised UKCCCR Anal Cancer Trial
(ACT I). Br J Cancer (2010) 102(7):1123–8. doi: 10.1038/sj.bjc.6605605
3. UKCCCR Anal Cancer Trial Working Party. Epidermoid Anal Cancer:
Results From the UKCCCR Randomised Trial of Radiotherapy Alone
Versus Radiotherapy, 5-Fluorouracil, and Mitomycin. UKCCCR Anal
Cancer Trial Working Party. UK Co-Ordinating Committee on Cancer
Research. Lancet (London England) (1996) 348(9034):1049–54. doi:
10.1016/S0140-6736(96)03409-5

4. Russo S, Anker CJ, Abdel-Wahab M, Azad N, Bianchi N, Das P, et al.
Executive Summary of the American Radium Society Appropriate Use
January 2022 | Volume 12 | Article 798451

http://www.intogen.org/mutations/)
http://www.intogen.org/mutations/)
https://www.frontiersin.org/articles/10.3389/fimmu.2021.798451/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.798451/full#supplementary-material
https://doi.org/10.3322/caac.21387
https://doi.org/10.1038/sj.bjc.6605605
https://doi.org/10.1016/S0140-6736(96)03409-5
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Xiao et al. Immunochemoradiotherapy for Locally Advanced ACSCC
Criteria for Treatment of Anal Cancer. Int J Radiat Oncol Biol Phys (2019) 105
(3):591–605. doi: 10.1016/j.ijrobp.2019.06.2544

5. Ajani JA, Winter KA, Gunderson LL, Pedersen J, Benson AB, Thomas CR,
et al. Fluorouracil, Mitomycin, and Radiotherapy vs Fluorouracil, Cisplatin,
and Radiotherapy for Carcinoma of the Anal Canal: A Randomized
Controlled Trial. JAMA (2008) 299(16):1914–21. doi: 10.1001/
jama.299.16.1914

6. James RD, Glynne-Jones R, Meadows HM, Cunningham D, Myint AS,
Saunders MP, et al. Mitomycin or Cisplatin Chemoradiation With or
Without Maintenance Chemotherapy for Treatment of Squamous-Cell
Carcinoma of the Anus (ACT II): A Randomised, Phase 3, Open-Label, 2 ×
2 Factorial Trial. Lancet Oncol (2013) 14(6):516–24. doi: 10.1016/S1470-2045
(13)70086-X

7. Ott PA, Piha-Paul SA, Munster P, Pishvaian MJ, van Brummelen EMJ, Cohen
RB, et al. Safety and Antitumor Activity of the Anti-PD-1 Antibody
Pembrolizumab in Patients With Recurrent Carcinoma of the Anal Canal.
Ann Oncol (2017) 28(5):1036–41. doi: 10.1093/annonc/mdx029

8. Morris VK, Salem ME, Nimeiri H, Iqbal S, Singh P, Ciombor K, et al.
Nivolumab for Previously Treated Unresectable Metastatic Anal Cancer
(NCI9673): A Multicentre, Single-Arm, Phase 2 Study. Lancet Oncol (2017)
18(4):446–53. doi: 10.1016/S1470-2045(17)30104-3

9. Benson AB, Venook AP, Al-Hawary MM, Cederquist L, Chen YJ, Ciombor
KK, et al. Anal Carcinoma, Version 1. NCCN Clinical Practice Guidelines in
Oncology (2020). Available at: https://www.nccn.org/guidelines.

10. Kachnic LA, Winter K, Myerson RJ, Goodyear MD, Willins J, Esthappan J,
et al. RTOG 0529: A Phase 2 Evaluation of Dose-Painted Intensity Modulated
Radiation Therapy in Combination With 5-Fluorouracil and Mitomycin-C
for the Reduction of Acute Morbidity in Carcinoma of the Anal Canal. Int J
Radiat Oncol Biol Phys (2013) 86(1):27–33. doi: 10.1016/j.ijrobp.2012.09.023

11. Cibulskis K, Lawrence MS, Carter SL, Sivachenko A, Jaffe D, Sougnez C, et al.
Sensitive Detection of Somatic Point Mutations in Impure and Heterogeneous
Cancer Samples. Nat Biotechnol (2013) 31(3):213–9. doi: 10.1038/nbt.2514

12. Van der Auwera GA, Carneiro MO, Hartl C, Poplin R, Del Angel G, Levy-
Moonshine A, et al. From FastQ Data to High Confidence Variant Calls: The
Genome Analysis Toolkit Best Practices Pipeline. Curr Protoc Bioinf (2013)
43:11 0 1– 0 33. doi: 10.1002/0471250953.bi1110s43

13. Mayakonda A, Lin DC, Assenov Y, Plass C, Koeffler HP. Maftools: Efficient
and Comprehensive Analysis of Somatic Variants in Cancer. Genome Res
(2018) 28(11):1747–56. doi: 10.1101/gr.239244.118

14. Lawrence MS, Stojanov P, Polak P, Kryukov GV, Cibulskis K, Sivachenko A,
et al. Mutational Heterogeneity in Cancer and the Search for New Cancer-
Associated Genes. Nature (2013) 499(7457):214–8. doi: 10.1038/nature12213

15. Jurtz V, Paul S, Andreatta M, Marcatili P, Peters B, Nielsen M. NetMHCpan-
4.0: Improved Peptide-MHC Class I Interaction Predictions Integrating
Eluted Ligand and Peptide Binding Affinity Data. J Immunol (2017) 199
(9):3360–8. doi: 10.4049/jimmunol.1700893

16. Mermel CH, Schumacher SE, Hill B, Meyerson ML, Beroukhim R, Getz G.
GISTIC2.0 Facilitates Sensitive and Confident Localization of the Targets of
Focal Somatic Copy-Number Alteration in Human Cancers. Genome Biol
(2011) 12(4):R41. doi: 10.1186/gb-2011-12-4-r41

17. Alexandrov LB, Nik-Zainal S, Wedge DC, Aparicio SA, Behjati S, Biankin AV,
et al. Signatures of Mutational Processes in Human Cancer. Nature (2013) 500
(7463):415–21. doi: 10.1038/nature12477

18. Xie C, Mao X, Huang J, Ding Y,Wu J, Dong S, et al. KOBAS 2.0: AWeb Server
for Annotation and Identification of Enriched Pathways and Diseases. Nucleic
Acids Res (2011) 39(suppl_2):W316–W22. doi: 10.1093/nar/gkr483

19. Zhao M, Sun J, Zhao Z. TSGene: A Web Resource for Tumor Suppressor
Genes. Nucleic Acids Res (2013) 41(Database issue):D970–6. doi: 10.1093/nar/
gks937

20. Zhao M, Kim P, Mitra R, Zhao J, Zhao Z. TSGene 2.0: An Updated Literature-
Based Knowledgebase for Tumor Suppressor Genes. Nucleic Acids Res (2016)
44(D1):D1023–31. doi: 10.1093/nar/gkv1268

21. Stepp WH, Meyers JM, McBride AA. Sp100 Provides Intrinsic Immunity
Against Human Papillomavirus Infection. mBio (2013) 4(6):e00845–13. doi:
10.1128/mBio.00845-13

22. Kondratova M, Barillot E, Zinovyev A, Calzone L. Modelling of Immune
Checkpoint Network Explains Synergistic Effects of Combined Immune
Frontiers in Immunology | www.frontiersin.org 10
Checkpoint Inhibitor Therapy and the Impact of Cytokines in Patient
Response. Cancers (Basel) (2020) 12(12):3600. doi: 10.3390/cancers12123600

23. Chakravarthy AB, Catalano PJ, Martenson JA, Mondschein JK, Wagner H,
Mansour EG, et al. Long-Term Follow-Up of a Phase II Trial of High-Dose
Radiation With Concurrent 5-Fluorouracil and Cisplatin in Patients With
Anal Cancer (ECOG E4292). Int J Radiat Oncol Biol Phys (2011) 81(4):e607–
13. doi: 10.1016/j.ijrobp.2011.02.042

24. Gunderson LL, Winter KA, Ajani JA, Pedersen JE, Moughan J, Benson AB3rd,
et al. Long-Term Update of US GI Intergroup RTOG 98-11 Phase III Trial for
Anal Carcinoma: Survival, Relapse, and Colostomy Failure With Concurrent
Chemoradiation Involving Fluorouracil/Mitomycin Versus Fluorouracil/
Cisplatin. J Clin Oncol (2012) 30(35):4344–51. doi: 10.1200/JCO.2012.43.8085

25. Pan YB, Maeda Y, Wilson A, Glynne-Jones R, Vaizey CJ. Late Gastrointestinal
Toxicity After Radiotherapy for Anal Cancer: A Systematic Literature Review.
Acta Oncol (Stockholm Sweden) (2018) 57(11):1427–37. doi: 10.1080/
0284186X.2018.1503713

26. Hosni A, Han K, Le LW, Ringash J, Brierley J, Wong R, et al. The Ongoing
Challenge of Large Anal Cancers: Prospective Long Term Outcomes of
Intensity-Modulated Radiation Therapy With Concurrent Chemotherapy.
Oncotarget (2018) 9(29):20439–50. doi: 10.18632/oncotarget.24926

27. Vendrely V, Lemanski C, Gnep K, Barbier E, Hajbi FE, Lledo G, et al. Anti-
Epidermal Growth Factor Receptor Therapy in Combination With
Chemoradiotherapy for the Treatment of Locally Advanced Anal Canal
Carcinoma: Results of a Phase I Dose-Escalation Study With Panitumumab
(FFCD 0904). Radiother Oncol (2019) 140:84–9. doi: 10.1016/
j.radonc.2019.05.018

28. Jones RG. (2019). Treatment for Localized Anal Squamous Cell Carcinoma,
In: 2019 ASCO Annual Meeting, . Available at: https://meetingsascoorg/
abstracts-presentations/169396/slides.

29. Ben-Josef E, Moughan J, Ajani JA, Flam M, Gunderson L, Pollock J, et al.
Impact of Overall Treatment Time on Survival and Local Control in Patients
With Anal Cancer: A Pooled Data Analysis of Radiation Therapy Oncology
Group Trials 87-04 and 98-11. J Clin Oncol Off J Am Soc Clin Oncol (2010) 28
(34):5061–6. doi: 10.1200/JCO.2010.29.1351

30. Nilsson PJ, Svensson C, Goldman S, Ljungqvist O, Glimelius B. Epidermoid
Anal Cancer: A Review of a Population-Based Series of 308 Consecutive
Patients Treated According to Prospective Protocols. Int J Radiat Oncol Biol
Phys (2005) 61(1):92–102. doi: 10.1016/j.ijrobp.2004.03.034

31. Moureau-Zabotto L, Viret F, Giovaninni M, Lelong B, Bories E, Delpero JR,
et al. Is Neoadjuvant Chemotherapy Prior to Radio-Chemotherapy Beneficial
in T4 Anal Carcinoma? J Surg Oncol (2011) 104(1):66–71. doi: 10.1002/
jso.21866

32. Ferrarotto R, Amit M, Nagarajan P, Rubin ML, Yuan Y, Bell D, et al. Pilot
Phase II Trial of Neoadjuvant Immunotherapy in Locoregionally Advanced,
Resectable Cutaneous Squamous Cell Carcinoma of the Head and Neck. Clin
Cancer Res (2021) 27(16):4557–65. doi: 10.1158/1078-0432.CCR-21-0585

33. Ferris RL, Spanos WC, Leidner R, Goncalves A, Martens UM, Kyi C, et al.
Neoadjuvant Nivolumab for Patients With Resectable HPV-Positive and
HPV-Negative Squamous Cell Carcinomas of the Head and Neck in the
CheckMate 358 Trial. J Immunother Cancer (2021) 9(6):e002568. doi:
10.1136/jitc-2021-002568

34. Martin D, Rodel F, Balermpas P, Rodel C, Fokas E. The Immune
Microenvironment and HPV in Anal Cancer: Rationale to Complement
Chemoradiation With Immunotherapy. Biochim Biophys Acta Rev Cancer
(2017) 1868(1):221–30. doi: 10.1016/j.bbcan.2017.05.001

35. Govindarajan R, Gujja S, Siegel ER, Batra A, Saeed A, Lai K, et al. Programmed
Cell Death-Ligand 1 (PD-L1) Expression in Anal Cancer. Am J Clin Oncol
(2018) 41(7):638–42. doi: 10.1097/COC.0000000000000343

36. Zhao YJ, Sun WP, Peng JH, Deng YX, Fang YJ, Huang J, et al. Programmed
Death-Ligand 1 Expression Correlates With Diminished CD8+ T Cell
Infiltration and Predicts Poor Prognosis in Anal Squamous Cell Carcinoma
Patients. Cancer Manag Res (2018) 10:1–11. doi: 10.2147/CMAR.S153965

37. Iseas S, Golubicki M, Robbio J, Ruiz G, Guerra F, Mariani J, et al. A Clinical
and Molecular Portrait of Non-Metastatic Anal Squamous Cell Carcinoma.
Transl Oncol (2021) 14(6):101084. doi: 10.1016/j.tranon.2021.101084

38. Chan TA, Yarchoan M, Jaffee E, Swanton C, Quezada SA, Stenzinger A, et al.
Development of Tumor Mutation Burden as an Immunotherapy Biomarker:
January 2022 | Volume 12 | Article 798451

https://doi.org/10.1016/j.ijrobp.2019.06.2544
https://doi.org/10.1001/jama.299.16.1914
https://doi.org/10.1001/jama.299.16.1914
https://doi.org/10.1016/S1470-2045(13)70086-X
https://doi.org/10.1016/S1470-2045(13)70086-X
https://doi.org/10.1093/annonc/mdx029
https://doi.org/10.1016/S1470-2045(17)30104-3
https://www.nccn.org/guidelines
https://doi.org/10.1016/j.ijrobp.2012.09.023
https://doi.org/10.1038/nbt.2514
https://doi.org/10.1002/0471250953.bi1110s43
https://doi.org/10.1101/gr.239244.118
https://doi.org/10.1038/nature12213
https://doi.org/10.4049/jimmunol.1700893
https://doi.org/10.1186/gb-2011-12-4-r41
https://doi.org/10.1038/nature12477
https://doi.org/10.1093/nar/gkr483
https://doi.org/10.1093/nar/gks937
https://doi.org/10.1093/nar/gks937
https://doi.org/10.1093/nar/gkv1268
https://doi.org/10.1128/mBio.00845-13
https://doi.org/10.3390/cancers12123600
https://doi.org/10.1016/j.ijrobp.2011.02.042
https://doi.org/10.1200/JCO.2012.43.8085
https://doi.org/10.1080/0284186X.2018.1503713
https://doi.org/10.1080/0284186X.2018.1503713
https://doi.org/10.18632/oncotarget.24926
https://doi.org/10.1016/j.radonc.2019.05.018
https://doi.org/10.1016/j.radonc.2019.05.018
https://meetingsascoorg/abstracts-presentations/169396/slides
https://meetingsascoorg/abstracts-presentations/169396/slides
https://doi.org/10.1200/JCO.2010.29.1351
https://doi.org/10.1016/j.ijrobp.2004.03.034
https://doi.org/10.1002/jso.21866
https://doi.org/10.1002/jso.21866
https://doi.org/10.1158/1078-0432.CCR-21-0585
https://doi.org/10.1136/jitc-2021-002568
https://doi.org/10.1016/j.bbcan.2017.05.001
https://doi.org/10.1097/COC.0000000000000343
https://doi.org/10.2147/CMAR.S153965
https://doi.org/10.1016/j.tranon.2021.101084
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Xiao et al. Immunochemoradiotherapy for Locally Advanced ACSCC
Utility for the Oncology Clinic. Ann Oncol (2019) 30(1):44–56. doi: 10.1093/
annonc/mdy495

39. Alexandrov LB, Jones PH, Wedge DC, Sale JE, Campbell PJ, Nik-Zainal S,
et al. Clock-Like Mutational Processes in Human Somatic Cells. Nat Genet
(2015) 47(12):1402–7. doi: 10.1038/ng.3441

40. Morris V, Rao X, Pickering C, Foo WC, Rashid A, Eterovic K, et al.
Comprehensive Genomic Profiling of Metastatic Squamous Cell Carcinoma
of the Anal Canal.Mol Cancer Res (2017) 15(11):1542–50. doi: 10.1158/1541-
7786.MCR-17-0060

41. Shin S, Park HC, Kim MS, Han MR, Lee SH, Jung SH, et al. Whole-Exome
Sequencing Identified Mutational Profiles of Squamous Cell Carcinomas of
Anus. Hum Pathol (2018) 80:1–10. doi: 10.1016/j.humpath.2018.03.008

42. Cacheux W, Rouleau E, Briaux A, Tsantoulis P, Mariani P, Richard-Molard
M, et al. Mutational Analysis of Anal Cancers Demonstrates Frequent
PIK3CA Mutations Associated With Poor Outcome After Salvage
Abdominoperineal Resection. Br J Cancer (2016) 114(12):1387–94. doi:
10.1038/bjc.2016.144

43. Jia Q, Wang J, He N, He J, Zhu B. Titin Mutation Associated With
Responsiveness to Checkpoint Blockades in Solid Tumors. JCI Insight
(2019) 4(10):e127901. doi: 10.1172/jci.insight.127901

44. Mehnert JM, Panda A, Zhong H, Hirshfield K, Damare S, Lane K, et al.
Immune Activation and Response to Pembrolizumab in POLE-Mutant
Endometrial Cancer. J Clin Invest (2016) 126(6):2334–40. doi: 10.1172/
JCI84940

45. Mo S, Ma X, Li Y, Zhang L, Hou T, Han-Zhang H, et al. Somatic POLE
Exonuclease Domain Mutations Elicit Enhanced Intratumoral Immune
Frontiers in Immunology | www.frontiersin.org 11
Responses in Stage II Colorectal Cancer. J Immunother Cancer (2020) 8(2):
e000881. doi: 10.1136/jitc-2020-000881

46. Wang F, Liu DB, Zhao Q, Chen G, Liu XM, Wang YN, et al. The Genomic
Landscape of Small Cell Carcinoma of the Esophagus. Cell Res (2018) 28
(7):771–4. doi: 10.1038/s41422-018-0039-1

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

The handling editor declared a shared affiliation, though no other collaboration,
with one of the authors SW.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Xiao, Yuan, Wang, Liao, Cai, Chen, Zhang, Wang, Zeng and Gao.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
January 2022 | Volume 12 | Article 798451

https://doi.org/10.1093/annonc/mdy495
https://doi.org/10.1093/annonc/mdy495
https://doi.org/10.1038/ng.3441
https://doi.org/10.1158/1541-7786.MCR-17-0060
https://doi.org/10.1158/1541-7786.MCR-17-0060
https://doi.org/10.1016/j.humpath.2018.03.008
https://doi.org/10.1038/bjc.2016.144
https://doi.org/10.1172/jci.insight.127901
https://doi.org/10.1172/JCI84940
https://doi.org/10.1172/JCI84940
https://doi.org/10.1136/jitc-2020-000881
https://doi.org/10.1038/s41422-018-0039-1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Xiao et al. Immunochemoradiotherapy for Locally Advanced ACSCC
GLOSSARY

LAML acute myeloid leukemia
ACC adrenocortical carcinoma
AEs adverse events
ACSCC anal canal squamous cell carcinoma
BLCA bladder urothelial carcinoma
LGG brain lower grade glioma
BRCA breast invasive carcinoma
BWA Burrows-Wheeler Aligner
COSMIC catalogue of somatic mutations in cancer
CESC cervical squamous cell carcinoma and endocervical adenocarcinoma
CHOL cholangiocarcinoma
COAD colon adenocarcinoma
cCR complete clinical response
CCRT concurrent chemoradiotherapy
CNV copy number variant
ESCA esophageal carcinoma
GATK genome analysis toolkit
GBM glioblastoma multiforme
HNSC head and neck squamous cell carcinoma
H&E hematoxylin and eosin
KICH kidney Chromophobe
KIRC kidney renal clear cell carcinoma
LIHC liver hepatocellular carcinoma
LUAD lung adenocarcinoma
LUSC lung squamous cell carcinoma
DLBC lymphoid neoplasm diffuse large b-cell lymphoma
MESO mesothelioma
mIHC multiplex immunofluorescence staining
MAF mutation annotation format
NMF negative matrix factorization
OV ovarian serous cystadenocarcinoma
PCPG pheochromocytoma and Paraganglioma
PRAD prostate adenocarcinoma
READ rectum adenocarcinoma
SARC sarcoma
SMGs significantly mutated genes
SKCM skin cutaneous melanoma
SCNAs somatic copy number alterations
STAD stomach adenocarcinoma
TGCT testicular germ cell tumors
TCGA the Cancer Genome Atlas
THCA thyroid carcinoma
TME tumor microenvironment
TMB tumor mutational burden
TNB tumor neoantigen burden
UCS uterine carcinosarcoma
UCEC uterine corpus endometrial carcinoma
UVM uveal melanoma
VEP variant effect predictor
WES whole exome sequencing
Frontiers in I
mmunology | www.frontiersin.org January 2022 | Volume 12 | Article 79845112

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Neoadjuvant PD-1 Blockade Combined With Chemotherapy Followed by Concurrent Immunoradiotherapy in Locally Advanced Anal Canal Squamous Cell Carcinoma Patients: Antitumor Efficacy, Safety and Biomarker Analysis
	Introduction
	Methods
	Population
	Study Design
	Multiplex Immunofluorescence Staining (mIHC)
	Whole Exome Sequencing (WES)
	Somatic Variant Analysis
	Copy Number Variant Analysis
	Mutational Signature Analysis
	Pathway Analysis
	Statistical Analysis

	Results
	Treatment Response and Outcomes
	Toxicities
	Multiplex Immunofluorescence Staining (mIHC)
	Genomic Landscape of ACSCC

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References
	Glossary



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


