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Purpose Neoadjuvant therapy modality can increase the operability rate and mitigate pathological risks in locally advanced cervical
cancer, but treatment response varies widely. It remains unclear whether genetic alterations correlate with the response to neoadju-
vant therapy and disease-free survival (DFS) in locally advanced cervical cancer.

Materials and Methods A total of 62 locally advanced cervical cancer (stage IB-l1A) patients who received neoadjuvant chemoradia-
tion plus radical hysterectomy were retrospectively analyzed. Patients’ tumor biopsy samples were comprehensively profiled using
targeted next generation sequencing. Pathologic response to neoadjuvant treatment and DFS were evaluated against the association

with genomic traits.

Results Genetic alterations of PIK3CA were most frequent (37%), comparable to that of Caucasian populations from The Cancer
Genome Atlas. The mutation frequency of genes including TERT, POLD1, NOS2, and FGFR3 was significantly higher in Chinese
patients whereas RPTOR, EGFR, and TP53 were underrepresented in comparison to Caucasians. Germline mutations were identified
in 21% (13/62) of the cohort and more than half (57%) had mutations in DNA damage repair genes, including BRCA1/2, TP53 and
PALB2. Importantly, high tumor mutation burden, TP53 polymorphism (rs1042522), and KEAP1 mutations were found to be associ-
ated with poor pathologic response to neoadjuvant chemoradiation treatment. KEAP1 mutations, PIK3CA-SOX2 co-amplification,
TERC copy number gain, and TYMS polymorphism correlated with an increased risk of disease relapse.

Conclusion We report the genomic profile of locally advanced cervical cancer patients and the distinction between Asian and Cauca-
sian cohorts. Our findings highlight genomic traits associated with unfavorable neoadjuvant chemoradiation response and a higher

risk of early disease recurrence.
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Introduction

Cervical cancer is the fourth most common cancer diag-
nosed among females and every year leads to more than
half-million new cases as well as over 300,000 deaths world-
wide [1]. Despite recent advances in prevention, diagnosis
and treatment, clinical outcome of cervical cancer patients
remains poor in the developing countries [2]. While the
incidence of cervical cancer in developed countries has more
than halved over the past decades, a surge in cervical cancer
incidence was recently reported in China [3]. On the macro
level, insufficient pap smear screening and human papil-

lomavirus (HPV) vaccination are the major culprits of this
international disparity [4]. On the molecular level, there may
also exist differences in the mutational landscape of cervical
cancer between Chinese and the Western populations, which
may reveal clues of carcinogenesis mechanism and suscepti-
bility among different ethnic groups [5].

The primary treatment strategy for patients with early-
stage cervical cancers, particularly stage IA-IB1, is radical
hysterectomy with or without radiation or chemotherapy
[6]. Multiple treatment regimens have been actively explored
and proposed for high-risk early-stage (stage IB-IIA) cervi-
cal cancer patients [7,8]. Neoadjuvant brachytherapy and
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chemotherapy followed by radical surgery showed an effi-
cacy non-inferior to standard chemoradiation treatment and
amore favorable toxicity profile in stage IB2-IIA cervical can-
cer [7]. Despite a high three-year disease-free survival (DFS)
rate of 90%, there was a portion of patients who failed to
respond to the therapy. Identification of potential biomarkers
predicting poor treatment response in these patients is much
needed.

In this study, we compared the genetic landscape of cer-
vical cancer between Chinese and the Western populations
to understand the differences in potential tumorigenesis
mechanisms and identified associations between specific
genetic alterations and poor treatment response to neoadju-
vant therapy.

Materials and Methods

1. Study design and patients

This was a single-institution retrospective study that
enrolled a total of 62 patients who were diagnosed of cervical
cancer from 2016 to 2019 and received treatment at Shandong
Cancer Hospital, Jinan, Shandong, China. The study was
approved by the Institutional Review Board / Ethics Commit-
tee of Shandong Cancer Hospital. All patients provided writ-
ten informed consent prior to sample collection.

Patients were included for analysis according to the fol-
lowing criteria: (1) cervical cancer patients with histologi-
cally confirmed International Federation of Gynecology and
Obstetrics (FIGO) stage IB1-ITIA (FIGO 2009) [9]; (2) age > 18
years old; (3) pathological subtypes were squamous cell car-
cinoma (SQCC), adenocarcinoma (ADC) or adenosquamous
carcinoma (ASC), excluding special types of tumors, such
as clear cells carcinoma; (4) Eastern Cooperative Oncology
Group performance status score of 0-2. Patients voluntarily
joined this study, signed informed consent and provided
diagnosis and treatment data after cancer diagnosis before
entering the group, good compliance, and cooperation with
follow-up visits.

Patients were excluded for analysis when (1) potential
radiation field overlap caused by previous radiotherapy; (2)
patients could not undergo routine imaging examination; (3)
any signs of severe or uncontrolled systemic diseases that
the researchers believe may significantly affect the patient’s
risk /benefit balance, including hepatitis B, hepatitis C and
human immunodeficiency virus.

2. Clinical data and samples

Patients” clinical data were carefully reviewed, including
age, pathological grade, imaging examination (computed
tomography, magnetic resonance imaging or positron emis-
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sion tomography-computed tomography, etc.) with or with-
out lymph node metastasis, tumor stage, immunohistochem-
ical results, course of disease, location and size of lesions,
performance status score, family history. Paraffin samples
of tumors were biopsied before and after radiotherapy and
chemotherapy for next generation sequencing and patho-
logical response assessment, respectively. Ten millileters of
venous blood was collected from each patient after chemo-
radiotherapy and was kept in the purple lid EDTA antico-
agulant blood collection tube (BD, Franklin Lakes, NJ). The
white blood cell or normal tissue adjacent to tumor was used
as control of tumor samples.

3. Treatment

All patients received one cycle of chemotherapy (pacli-
taxel plus cisplatin) and brachytherapy ([500-700] cGyx[1-2]
fraction) before the radical cervical cancer resection (exten-
sive hysterectomy and pelvic lymph node dissection and
salpingo-oophorectomy or abdominal para-aortic lymphad-
enectomy). The radical surgery was followed by adjuvant
chemotherapy (three cycles), brachytherapy and irradiation
(5,040 cGy /28 fraction). A detailed treatment regimen of each
patient’s neoadjuvant and adjuvant chemotherapy was pro-
vided in S1 Table. DFS was defined as the time from neoad-
juvant chemoradiotherapy until the time of tumor relapse or
the date of the last follow-up.

4. Pathological assessment

The tumor samples were taken and subject to hematoxylin
and eosin (H&E) staining protocol after chemoradiotherapy
to evaluate their pathologic response to treatment. H&E
slides of sections of tumors after treatment were evaluated
by pathologists blinded to the patient information. At least 1
section was taken every centimeter of tumor along its great-
est diameter. About 5 to 30 slides were examined for each
patient. The percentage of residual viable tumor was deter-
mined by dividing the estimated cross-sectional area of
viable tumor foci by total cross-sectional areas evaluated on
each slide [10,11]. An average (mean) value of the percent of
residual viable tumor was determined for each patient. His-
tologic parameters analyzed include inflammation, necrosis,
fibrosis, giant cell reaction, foamy macrophages, and choles-
terol cleft granuloma.

5. DNA extraction and library preparation

Sample processing and genomic profiling were performed
in a Clinical Laboratory Improvement Amendments (CLIA)-
and the College of American Pathologists (CAP)-accredited
laboratory (Nanjing Geneseeq Technology Inc., Nanjing,
China) as previously described [12,13]. In brief, genomic
DNA from tumor specimen and control samples were extrac-
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ted and quantified by Qubit 3.0. Library preparations were
performed with KAPA Hyper Prep Kit (KAPA Biosystems,
Wilmington, MA). Target enrichment was performed using
customized xGen lockdown probes (Integrated DNA Tech-
nologies, Coralville, IA) targeting 474 cancer- and radiother-
apy response-relevant genes (Radio-tron gene panel, Nan-
jing Geneseeq Technology Inc.) (S2 Table). The hybridization
capture reaction was performed with Dynabeads M-279 (Life
Technologies, San Diego, CA) and xGen Lockdown hybridi-
zation and wash kit (Integrated DNA Technologies) accord-
ing to manufacturer’s protocols. Captured libraries were
on-beads polymerase chain reaction (PCR) amplified with
[llumina p5 and p7 primers in KAPA HiFi HotStart ReadyMix
(KAPA Biosystems), followed by purification using Agen-
court AMPure XP beads. Libraries were quantified by quan-
titative real-time PCR using KAPA Library Quantification kit
(KAPA Biosystems). Library fragment size was determined
by Bioanalyzer 2100 (Agilent Technologies, Santa Clara, CA).

6. Targeted next generation sequencing and data process-
ing

Sequencing was performed on the Illumina HiSeq4000 plat-
form (Illumina, San Diego, CA) followed by data analysis as
previously described [12,13]. In brief, sequencing data were
analyzed by Trimmomatic [14] to remove low-quality (quali-
ty < 15) or N bases, and then mapped to the human reference
genome hg19 using the Burrows-Wheeler Aligner (https://
github.com/1h3/bwa/tree / master/bwakit). PCR duplicates
were removed by Picard (available at: https: //broadinstitute.
github.io/picard/). The Genome Analysis Toolkit (GATK)
(https: // software broadinstitute.org/ gatk /) was used to per-
form local realignments around indels and base quality
reassurance. Single nucleotide polymorphisms (SNPs) and
indels were analyzed by VarScan2 [15] and Haplotype-
Caller/ UnifiedGenotyper in GATK, with the mutant allele
frequency cutoff as 0.5% for tissue samples, 0.1% for cell-
free DNA samples, and a minimum of three unique mutant
reads. Common SNPs were excluded if they were present in
> 1% population frequency in the 1000 Genomes Project or
the Exome Aggregation Consortium (ExAC) 65000 exomes
database. The resulting mutation list was further filtered by
an in-house list of recurrent artifacts based on a normal pool
of whole blood samples. Gene fusions were identified by
FACTERA [16].

Tumor mutation burden (TMB) was calculated based on
the number of non-silent somatic mutations per megabase
coding region sequenced. Microsatellite (MS) status of
tumor sample was determined on the overall stability of
MS loci covered by the sequencing panel (Radiotron, Nan-
jing Geneseeq Technology Inc.) using a proprietary in-house
developed microsatellite instability (MSI) analysis pipeline.

Table 1. Clinical characteristics of cervical cancer patients

Chinese Caucasian®
(n=62) (n=82)
Age (yr)
> 44 35 (56) 46 (56)
Median (range) 47 (26-66) 45 (20-80)
Clinical stage
IB 34 (55) 72 (88)
A 28 (45) 10 (12)
Histological type
Squamous cell carcinoma 51 (82) 61 (74)
Others 11 (18) 21 (26)
Residual viable tumor (%)
0-10 (major response) 13 (21) n/a
10-50 (partial response) 22 (35) n/a

> 50 27 (44) n/a

Values are presented as number (%) unless otherwise indicated.
n/a, not applicable. “The Caucasian cohort data were derived
from The Cancer Genome Atlas database.

Briefly, a total of 108 mononucleotide repeats were evaluated
and a subset of 52 loci with a minimum of 15-bp repeats were
eventually identified as the MSI determination sites in the
targeted sequencing region, including those conventional
MSI detection sites such as BAT-25, BAT-26, NR-21, NR-24,
and MONO-27. A site is considered qualified for analysis
only if > 100x coverage depth. A sample was reported as
microsatellite instable (“MSI”) if > 40% of the qualified MS
loci display instability, or as “MSS (microsatellite stable)” if <
40% of the qualified MS loci display instability, as previously
described [17].

7. Statistical analysis

Categorical variables were compared between mutation
carriers and non-carriers using the Fisher exact test. The
subgroup analysis of TMB was performed using Student’s
t test. The Kaplan-Meier method was used for DFS analysis,
and statistical significance was assessed using the log-rank
test. A p-value of less than 0.05 was considered statistically
significant. All statistical analyses were performed using
Rver. 3.4.4 (R Software, R Foundation for Statistical Comput-
ing, Vienna, Austria). Gene pathways were analyzed using
ReactomePA R package [18].

Results
1. Patient overview

A total of 62 locally advanced cervical cancer patients
(stage IB-IIA) who received neoadjuvant chemoradiation
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Fig. 2. Genetic alterations enriched in Chinese, Caucasian patients or cervical adenocarcinoma (ADC). (A) Gene alterations significantly
enriched in Chinese (blue) and Caucasian (red) patients were shown on the left and right respectively. (B) Gene mutations associated with
cervical adenocarcinoma were shown in red. SCC, squamous cell carcinoma.
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Fig. 3. Association of tumor mutation burden (TMB) with microsatellite instability in cervical cancer. Comparison of TMB levels in patients
separated by microsatellite instability status (A) and histological types (B). ADC, adenocarcinoma; MSI, microsatellite instability; MSS,

microsatellite stable; SCC, squamous cell carcinoma.

plus radical hysterectomy in Shandong Cancer Hospital
from 2016 to 2019 were retrospectively reviewed in this
study (Table 1). The median age of the cohort was 47 years
(range, 26 to 66 years). Approximately 55% of patients were
diagnosed of stage IB disease. SQCC accounted for ~82% of
the cohort, with the remaining subjects being ADC (~15%)
and ASC (~3%). Most patients (44/62, 71%) were classified
as high-risk HPV types including 16, 18, 31, 33, 45, 52, and 58
[19], with the HPV type 16 being most common (30/62, 48%),
while the remaining 18 patients remained unknown for the
HPV type (S1 Table).

2. Genomic characteristics of locally advanced cervical can-
cer

We first characterized the mutational landscape of those
62 locally advanced cervical cancers through comprehen-
sive genomic profiling by using targeted next generation
sequencing (see “Materials and Methods”). The median
depth of coverage was 974x (range, 322x to 2,159x), and the

median coverage depth after removing PCR duplicates was
525x (range, 190x to 1,504x) (S3 Table). As shown in Fig. 1,
PIK3CA represented the most frequently mutated gene of
which mutations were detected in 37% of the cohort, com-
parable to what was reported in a Caucasian population of
82 cervical cancer patients from The Cancer Genome Atlas
(TCGA) [20] (54 Table), followed by TERT (18%) and PKHD1
(18%). We acknowledge that there was a difference in the
clinical stage between the TCGA dataset and the current
cohort (Table 1), but no significant difference of mutation fre-
quencies between IB and IIA patients was observed in either
cohort. More than half of mutations identified in PIK3CA
were hotspot mutations located in exons 9 and 20, includ-
ing E542, E545, and H1047, which were involved in inhibi-
tory interaction with regulatory subunit (E542 and E545) and
membrane association (H1047) [21]. PIK3CA amplification
was also detected in approximately 10% (6/62) of the cohort,
and of note, three patients had multiple PIK3CA aberrations
(Fig. 1). TERT, POLD1, NOS2, and FGFR3 genes were fre-
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Table 2. Germline mutant patient characteristics

Patient ID Age (yr) Stage Histology
CC_006 35 A ADC
CC_007 44 ITA scc
CC_015 41 1B SCC
CC_019 36 1B scc
CC_028 60 1B SCC
CC_028 60 1B SCC
CC_034 66 1B SCC
CC_036 59 ITA scc
CC_039 50 1B SCC
CC_039 50 1B SCC
CC_056 43 A SCC
CC_072 38 1B ADC
CC_079 41 A SCC
CC_081 44 1B ADC
CC_111 42 1B SCC

Gene AA change Variant type
MPL W398X Nonsense variant
MMP1 A330LfsX45 Frame shift variant
PMS1 K894RfsX17 Frame shift variant
AXIN2 R714W Missense variant
BRCA1 c.4358-2A>G Splice variant
BRIP1 S618* Nonsense variant
EPCAM L78R Missense variant
PALB2 S537L Missense variant
MUTYH Y453C Missense variant
TP53 A86V Missense variant
BRCA2 52414* Nonsense variant
FANCE S157Kfs*21 Frame shift variant
BRCAI1 S451Lfs*20 Frame shift variant
MLH1 5295G Missense variant
FANCM 1.923Cfs*3 Frame shift variant

ADC, adenocarcinoma; SCC, squamous cell carcinoma.
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Fig. 4. Association of KEAPI mutation and SOX2-PIK3CA co-amplification with high cervical cancer recurrence risk. Poor disease-free
survival was observed in patients harbouring KEAPI mutation (A) or SOX2-PIK3CA co-amplification (B). CI, confidence interval; HR,
hazard ratio; mDFS, median disease-free survival; NR, not reported.

quently altered in Chinese cervical cancer, whereas RPTOR,
EGFR, and TP53 gene variants were significantly enriched
in Caucasian cervical cancer (Fig. 2A). ARID1A, PTEN, and
CTNNBI1 gene mutations were frequently observed in cervi-
cal ADC (Fig. 2B).

Furthermore, the TMB (median TMB: 46 muts/megabase
[Mb]) of microsatellite unstable (MSI) cervical cancer pati-
ents (n=3) was significantly higher than MSS patients
(median TMB: 9.2 muts/Mb) (Fig. 3A), although the MSI
subgroup size was restricted. No significant differences
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of TMB were observed between histology subgroups as to
SQCC or ADC (Fig. 3B).

In addition, germline mutations were detected in 21%
(13/62) of the cohort (Table 2). The median age of the pati-
ents who carried germline mutations was 43 years, who
were younger than those without germline mutations by an
average of 6 years. Most of the patients (77%, 10/13) carried
nonsynonymous mutations of genes including TP53, BRCA2,
BRIP1, BRCA1, FANCM, MUTYH, FANCE, and PALB2,
which play parts in DNA damage repair pathways (Table
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2). Particularly, BRCA2, BRIP1, BRCA1, and PALB2 that were
involved in homology-directed repair process were detected
in four patients (31%) (Table 2).

3. Genomic traits related to poor neoadjuvant chemoradia-
tion response and higher disease relapse risk

The pathologic response to neoadjuvant chemoradiation
was evaluated by quantifying the percent of residual via-
ble tumor following the neoadjuvant chemoradiation (see
“Materials and Methods”). Twenty-two patients (35%)
showed partial pathologic response to neoadjuvant therapy
(< 50% residual viable tumor), and thirteen patients (21%)
demonstrated major pathologic response (< 10% viable
tumor cells) [10,11], including two patients who showed
complete pathologic response (Table 1, S1 Table). Univariate
analysis showed that Kelch-like ECH-associated protein 1
(KEAPI) mutations (p=0.031), TMB-high (TMB-H) (p=0.011)
and TP53 polymorphism (rs1042522 P72R, p=0.007) were sig-
nificantly associated with poor pathologic response to neo-
adjuvant chemoradiation in those patients (S5 Table). The
PIK3CA mutations had a trend to associate with poor patho-
logic response (S5 Table). Multivariate analysis showed that
TP53 polymorphism was an independent factor that corre-
lated with poor pathologic response (p=0.014) but not neces-
sarily with poor DFS (hazard ratio [HR], 1.8; 95% confidence
interval [CI], 0.2 to 20.8; p=0.616).

As of manuscript writing, the median follow-up time
of the cohort was 31 months. Most of the patients (95%)
remained relapse-free up till the data cutoff date. Five patients
were lost to follow up after surgery. Firstly, major pathologic
response (MPR) patients demonstrated better DFS than non-
MPR patients although not significantly (S6 Fig.). Secondly,
we were able to identify four genomic alterations that were
significantly associated with poor DFS, including KEAPI
mutations (n=4; HR, 30.9; 95% CI, 2.8 to 342; p < 0.001) (Fig.
4A), SOX2-PIK3CA co-amplification (n=5; HR, 23.2; 95% CI,
2.1 to 256; p < 0.001) (Fig. 4B), thymidylate synthase triple
repeats (3R /3R) polymorphism (n=8; HR, 12.8; 95% CI, 1.2 to
142; p=0.007) (S7A Fig.), and TERC copy number gain (n=3;
HR, 45.6; 95% CI, 4.1 to 507; p < 0.001) (S7B Fig.).

Discussion

In this study, we characterized genetic alteration of 62
cervical cancer cases in China and compared their molecu-
lar profile with that of Caucasian cervical cancer patients in
TCGA database. PIK3CA was the most frequently mutated
gene in cervical cancer regardless of racial groups, suggest-
ing a universal dependence of cervical cancer on phospho-
inositide 3-kinase (PI3K)/AKT signal pathway. Both data-

sets highlighted three mutation hotspots in PIK3CA gene,
including E542, E545, and H1047 which accounted for half of
mutation sites. Interestingly, several genes’ mutation fre-
quency differed significantly in Chinese and Caucasian cervi-
cal cancer. The three genes predominantly mutated in Cauca-
sian population were RPTOR, EGFR, and TP53, all associated
with PI3K/AKT pathway. The genes mainly mutated in Chi-
nese patients were TERT, POLD1, NOS2, and FGFR3. TERT
and POLD1 were associated with telomere maintenance in
cells. It has been reported that HPV type 16 E6 could activate
TERT gene transcription [22], suggesting a close relationship
between HPV infection and TERT expression. Gene amplifi-
cation, rearrangement and protein expression of TERT were
associated with poor clinical outcome in human cancers
including thyroid cancer, glioma, and neuroblastoma [23].
Further clinical investigation is needed to evaluate the effect
of TERT promoter mutation on survival of cervical cancer
patients.

Our finding of the enrichment of germline mutations in
DNA repair pathway agrees with prior evidence [24]. How-
ever, the mutation patterns of cervical cancer differed among
studies, likely due to the difference in cohort size and racial /
genetic background. In our study, over 60% of the germline
mutations were truncation, frameshift, or splicing variants
deleterious to protein function, suggesting tumor suppres-
sor role of these genes and importance of inactivation of
DNA repair pathway in tumorigenesis. Noteworthy, four
patients (31%) carried mutations of genes involved in the
homology-directed DNA repair process, yielding a homolo-
gous recombination deficiency phenotype, which strongly
resembled the results showed in other gynecological cancers
including breast, ovarian, and endometrial cancer [25]. So
far, several poly(ADP-ribose) polymerase inhibitors (PARPi)
have been approved by the US Food and Drug Administra-
tion in BRCA1/2-mutant ovarian and breast cancer. Given
that, the clinical utility of PARPI in cervical cancer is worth
exploration, either alone or in combination with chemother-
apy or targeted therapy. The early onset of cancer was found
in germline-mutant patients in this study, supporting the
critical role of DNA repair gene mutations in carcinogenesis
as previously described [26,27].

To date, two randomized phase I trials, NCT00193739 [28]
and EORTC Protocol 55994 [29], were designed to compare
the neoadjuvant chemotherapy followed by surgery with
the standard regimen (concurrent chemoradiation) for FIGO
IB-IIA cervical cancer patients, although the latter study has
not yet reported its final results. According to both studies,
neoadjuvant chemotherapy followed by surgery was not
superior to the standard regimen in terms of 5-year DFS or
overall survival (OS), while NCT00193739 showed that the
neoadjuvant approach had a more favorable safety profile.
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Nonetheless, the neoadjuvant chemotherapy followed by sur-
gery for FIGO IB-IIA cervical cancer was permitted in Nation-
al Comprehensive Cancer Network (NCCN) guidelines (ver.
1.2021). Furthermore, the neoadjuvant brachytherapy and
chemotherapy to radical hysterectomy was included in the
clinical practice guideline in China and has shown promising
efficacy [7]. It reduced the size of stage IB2-IIA cervical can-
cer and enabled radical surgery, achieving an overall surviv-
al comparable to standard chemoradiation as well as a more
favorable side-effect profile. However, there were still 10% of
patients whose tumor progressed after the treatment which
may partly be attributed to the poor response to neoadjuvant
chemoradiotherapy. Taken together, in view of these limit-
ed datasets, further research is warranted to investigate the
potential clinical benefit of neoadjuvant chemotherapy in
early-stage cervical cancer.

Furthermore, the identification of biomarkers predicting
response to neoadjuvant therapy as well as tumor recurrence
would enable early detection of recurrence and maximize
therapeutic window for patients. KEAP1 mutations have
been reported to occur commonly in diverse cancer types
including lung cancer (both ADC and SQCC), colon ADC,
and endometrial carcinoma [30]. Prior studies have shown
that KEAPT mutations promote cell proliferation in tumors
and may also give rise to resistance to chemotherapy [31,32],
consistent with what we found in this study that KEAPI
mutations were associated with poor pathologic response to
neoadjuvant chemoradiation and an increased risk of early
disease relapse in cervical cancer. Furthermore, our data
showed that SOX2 and PIK3CA were co-amplified in five
patients (four SQCCs and one ADC). SOX2 and PIK3CA are
localized in proximity on the chromosome 3q26. This result
is consistent with what was recently reported by Voutsada-
kis [33]. The amplification of 326 has also been reported in
other cancer types, including head and neck [34], lung [35],
and oropharyngeal squamous cell carcinomas [36], further
corroborating our findings. Prior studies demonstrated that
PIK3CA amplification was associated with shorter survival
in lung [37], esophageal [38] and nasopharyngeal SQCC [39],
and SOX2 amplification was reported to be associated with
clinical progression in squamous lung cancer [35]. Consist-
ently, in this study, we report that in cervical cancer, particu-
larly SQCC, SOX2-PIK3CA co-amplification was significant-
ly associated with poor pathologic response to neoadjuvant
chemoradiation and worse disease-free survival.

In addition, according to Li et al. [40], a genome-wide SNPs
study of 596 patients with stage IA2-IIIB cervical cancer, four
SNPs exhibited strong association with response to neoadju-
vant chemotherapy in overall survival (OS) or DFS. In this
study, we performed genomic profiling by using targeted
next generation sequencing, and through univariate analy-
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sis, we found that TP53 polymorphism (P72R, rs1042522),
KEAP1 mutations and TMB-H were associated with poor
pathologic response to neoadjuvant therapy as measured by
the proportion of residual viable tumor, and TP53 remained
significantly correlated by a multivariant correction. Though
TP53 rs1042522 and wild-type subgroups did not differ sig-
nificantly in OS or DFS in either cohorts, our data suggest
that the association between TP53 polymorphism (P72R)
and resistance of chemoradiotherapy also existed in cervi-
cal cancer in addition to what has previously been report-
ed for head and neck cancer [41]. In addition, in June 2020,
U.S. Food and Drug Administration expanded the approval
of pembrolizumab (anti-programmed death-1) to include
any cancer with TMB-H. Our previous work has shown
that TMB-H (= 10 muts/Mb) was associated with favorable
response to immune checkpoint blockade in lung cancer [42].
Thus, it seems rational that TMB-H cervical cancer patients
can be considered for immunotherapy particularly in view of
their poor pathologic response to chemoradiotherapy.

In conclusion, we report the comprehensive genomic pro-
files of locally advanced cervical cancer patients and the
distinction between Asian and Caucasian populations. Our
findings also highlight genomic traits associated with unfa-
vorable neoadjuvant chemoradiation response and increased
risk of early disease recurrence. This study has a few limita-
tions. Firstly, a retrospective cohort study design was used,
and the cohort size remained limited. Secondly, the study
presented a relatively shorter follow-up period in compari-
son to previous studies. Thirdly, an external dataset with
the clinical characteristic of the residual viable tumor would
be ideal for the validation of response biomarkers. Future
efforts should focus on validating these results in prospec-
tively designed studies of larger patient sample size.
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