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Background—Cervical cancer is the second leading cause of cancer deaths among women
worldwide. We sought to describe the most common oncogenic mutations in cervical cancers, and
to explore genomic differences between the two most common histological subtypes:
adenocarcinoma and squamous cell carcinoma.

Methods—A high-throughput genotyping platform, termed Oncomap, was used to interrogate 80
cervical tumors for 1250 known mutations in 139 cancer genes. Samples were analyzed using a
mass spectrometry-based genotyping platform (Sequenom), and validated with an orthogonal
chemistry. EGFR mutations were further validated by massively parallel sequencing (Illumina).
Human papilloma virus (HPV) genotyping was also performed.

Results—Validated mutations were detected in 60.0% (48/80) of tumors examined. The highest
mutation rates were PIK3CA (31.3%), KRAS (8.8%), and EGFR (3.8%). PIK3CA mutation rates
were not significantly different in adenocarcinoma and squamous cell carcinomas (25.0% vs.
37.5%, respectively, p=0.33). In contrast, KRAS mutations were identified only in adenocarcinoma
(17.5% vs. 0%, p=0.01), and a novel EGFR mutation was detected only in squamous cell
carcinomas (0% vs. 7.5%, p=0.24). There were no associations between HPV-16 or HPV-18 and
somatic mutations or overall survival. In adjusted analyses, PIK3CA mutations were associated
with shorter survival—67.1 vs. 90.3 months (HR=9.1, 95% CI 2.8–29.5, p<0.001).

Conclusions—Cervical cancers harbor high rates of potentially targetable oncogenic mutations.
In addition, cervical squamous cell carcinoma and adenocarcinoma have distinct molecular
profiles, suggesting that clinical outcomes may be improved with the use of more tailored
treatment strategies, including PI3-kinase and MEK inhibitors.
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Introduction
Cervical cancer is the second leading cause of cancer deaths among women worldwide
resulting in 275,000 deaths annually.1 While screening programs have decreased the
incidence of squamous cell cervical cancer, the incidence of adenocarcinoma of the cervix
has risen from 5 to 24%.2, 3 Several studies have shown that adenocarcinoma confers a
worse prognosis with higher rates of nodal involvement, distant metastases, and decreased
survival across stages, compared with squamous cell carcinoma.34–8 Despite this, few
studies have examined whether squamous cell carcinoma and adenocarcinoma have distinct
molecular profiles that might explain the observed clinical differences.

Previous studies in cervical cancer have focused on identifying isolated somatic mutations
or evidence of gene amplification, and exploring their clinical relevance. To date, activating
mutations in the EGFR gene (i.e. exons 19–21) have not been identified,9, 10 but one study
found evidence of EGFR amplification in 10.2% of squamous cell carcinomas which was
associated with shorter overall survival.9, 10 Activating mutations and amplification of
PIK3CA, the gene that encodes the catalytic subunit of phosphatidylinositol 3-kinase (PI3K),
have also been reported in 23–36% of cervical cancer specimens.11–13 In observational
studies, PI3K pathway activation has been associated with higher rates of local recurrence
after radiotherapy and decreased survival.13, 14 Finally, KRAS mutations have been
identified in two independent studies, with rates varying between 6–14%,15, 16 and have
been associated with worse outcomes after radiation.17
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In this study, we performed a systematic molecular analysis of cervical cancers to determine
the rates and spectrum of somatic mutations present. Specifically, high-throughput parallel
mutation detection was performed on 80 cervical cancer tumors (40 adenocarcinoma and 40
squamous cell carcinoma) to identify the rates of “targetable” oncogene and tumor
suppressor gene mutations in cervical cancer. Given the rising incidence of
adenocarcinomas, we also examined the mutational differences between adenocarcinoma
and squamous cell carcinoma of the cervix, as well as the HPV status associated with these
tumors.

Materials and Methods
Tumor and Patient Data Collection

Pathology records from an existing pathology database were reviewed between 2005 and
2011 in the Division of Women’s and Perinatal Pathology at Brigham and Women’s
Hospital, Boston, MA to identify cases of cervical adenocarcinoma or squamous cell
carcinoma. Clinical data were extracted from electronic medical records. The Dana-Farber/
Harvard Cancer Center (DF/HCC) Institutional Review Board (IRB) granted approval to
analyze the formalin fixed paraffin embedded (FFPE) samples and collect clinical data.
Because all of the samples were de-identified, the IRB granted a waiver to analyze the
samples without patient consent.

DNA extraction and quantification
Cases of cervical cancer were obtained by a trained gynecologic pathologist (BEH, MSH,
ARL, CMQ), who reviewed pathology reports and hematoxylin-and-eosin (H&E) stained
slides to confirm the diagnosis. Corresponding FFPE tissue blocks were retrieved and
reviewed by a trained gynecologic pathologist (BEH or MSH) to confirm sufficient tumor
was present. For each case, areas with the highest percentage of tumor (and when available,
normal adjacent tissue) were selected. All blocks were cored for DNA extraction. A total of
80 samples were sufficient for coring and DNA extraction.

Genomic DNA was extracted from the cored FFPE patient tissue samples with QIAamp
DNA FFPE Tissue Kit (Qiagen) according to the manufacturer’s protocol. Briefly, cores
were deparaffinized in xylene and further lysed in denaturing buffer containing proteinase
K. The tissue lysate was incubated at 90°C to reverse formalin crosslinking. Using QiaCube,
the lysate was applied to the DNA binding column and the column was washed serially, and
then eluted in 30 ul of distilled water. Genomic DNA was quantified using Quant-iT
PicoGreen dsDNA Assay Kit (Invitrogen) per manufacturer’s protocol. 250 ng of genomic
DNA was used for the analysis.

HPV Genotyping
HPV genotyping was performed using the F-HPV typing™ Multiplex Fluorescent-PCR Kit
for Human Papilloma Virus (HPV) Genotyping (Genomed AG, Switzerland), as per the
manufacturer’s instructions. This assay uses 15 primers that amplify in the E6 and E7
regions of the HPV genome and can specifically recognize HPV types 6, 11, 16, 18, 31, 33,
35, 39, 45, 51, 52, 56, 58, 59, and 68. A total of 200 ng of gDNA was used as input for the
PCR reaction. Automated electrophoresis and detection was performed on an ABI 3730XL
using GeneMapper version 4.0 software (Applied Biosystems, Foster City, CA) at the Dana-
Farber Cancer Institute’s (DFCI) Molecular Biology Core Facilities. The HPV F-PCR
products were detected on an electrophoretogram, and each HPV type was identified based
on the size and color of the corresponding amplicon. Sixty-five samples had sufficient DNA
to perform HPV genotyping.
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Mutation Detection
Oncomap version 4, which interrogates 1250 known mutations in 139 validated oncogenes
and tumor suppressors, was performed on all samples. All studies were performed in the
Center for Cancer Genome Discovery (CCGD) at the DFCI. Whole genome amplification
(WGA) was performed using the GenomePlex Complete WGA kit (Sigma) based on
chemical fragmentation followed by adapter mediated PCR amplification. For each sample,
a PCR reaction to assess DNA quality was performed.

Samples were run on the mass spectrometry-based genotyping platform (Sequenom) and
analyzed according to current standardized protocols.18 Sample identity and the possible
introduction of artifacts by WGA were evaluated using a 48 Single Nucelotide
Polymorphism (SNP)s panel comparing the pre-WGA to the post-WGA DNA. If ≥3 SNP
discrepancies were identified between SNPs found in pre- and post-WGA samples, this
sample was discarded. Mutations were validated by a different, more sensitive chemistry
using a multi-base extension [homogeneous Mass EXTEND® (hME), Sequenom], on native
(unamplified) genomic DNA

Since EGFR mutations have not been previously reported in cervical cancer,9, 10 we
sequenced two samples with EGFR mutations that were validated by Sequenom (i.e. both
iPLEX and hME mass spectrometry chemistries) and four samples harboring EGFR
mutations identified exclusively by hME chemistry. Sequencing was performed on an
Illumina Hiseq 2000. One sample with a Sequenom validated EGFR mutation had
insufficient remaining DNA for sequencing. Briefly, 200 ng of DNA was fragmented to 150
bp and ligated to specific adaptors with sample specific barcode sequences during library
preparation (Illumina TruSeq). Libraries were pooled, enriched for exonic sequences and
sequenced for 100 bp in paired-end mode. Mutation analysis for single nucleotide variants
(SNV) was performed using MuTect.19

Immunohistochemistry
Immunohistochemistry for PTEN was evaluated in FFPE 5 um sections using a validated
immunohistochemistry assay for the 51 samples where unstained slides were available. This
was performed since inactivation of the tumor suppressor PTEN can result in abnormal
PI3K pathway activation, and the hot-spot mutation analysis had limited coverage for PTEN
mutations. Antigen retrieval was performed using EDTA at pH 9.00 and a 1:50 dilution of
the DAKO PTEN antibody clone 6H2.1 (catalog # M3627). Complete absence of staining in
the tumor cells in the presence of internal positive control (stromal cells, lymphocytes) was
interpreted as PTEN protein loss. Cases in which all or a subset of the tumor showed
immunoreactivity were scored as PTEN protein positive. Negative controls (i.e., incubation
in the absence of primary antibody) were also performed.

Statistical methods
Fisher’s exact test was used to test for associations between validated mutations and
categorical variables (e.g., stage, grade, lymph node involvement, HPV genotype), and the
Wilcoxon rank sum test was used for continuous variables (e.g., age, tumor size). Time to
event distributions were estimated using the Kaplan-Meier method, and Cox proportional
hazard models were fitted to estimate progression-free and overall distributions; the log-rank
test was used to assess differences in these time-to-event distributions. A two-sided p<0.05
was considered statistically significant, without adjustment for multiple comparisons.
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Results
Patient and Disease Characteristics

Patients’ sociodemographic and clinical characteristics are shown in Table 1. The cohort
consisted of 80 patients with cervical adenocarcinoma (n=40) and squamous cell carcinoma
(n=40). Overall, patient age and race at diagnosis were consistent with population-based
data from cancers registries in Surveillance Epidemiology and End Results (SEER) areas,20

except that our cohort had a higher proportion of early stage disease compared with data
collected in SEER areas (e.g., stage I: 57.6% vs. 47.0%; stage II/III: 33.8% vs. 36%; and
stage IV: 8.8% vs. 12.0%).

In our samples, HPV DNA was detected in 95.4% of tumors; 80.6% of which were single
infections. HPV-16 was detected in 70.8% of tumors, consistent with prior population-based
studies which have detected HPV-16 in 53.2% –68.2% of cervical cancers.21, 22 HPV-18
was present in 7.7% of samples, and more frequently detected in adenocarcinomas
compared with squamous cell carcinomas (15.6% vs. 0.0%, respectively; p=0.02).

The median follow up time was 39 months, during which time 27.5% (22/80) of patients
died due to cervical cancer; one patient died from a second cancer. Significant differences
between patients diagnosed with adenocarcinoma and squamous cell carcinoma included the
fact that patients with adenocarcinoma were younger and more likely to be married (39.5 vs.
51.5 years, p=0.002 and 70.0% vs. 42.5%, p=0.02, respectively), more likely to have lower
grade and earlier stage disease at diagnosis (50.0% vs. 8.1% well-differentiated and 82.5%
vs. 25.0% Stage IBI or lower disease, respectively; p=0.001), and less likely to have nodal
involvement (17.5% vs. 50.0%, respectively; p=0.004).

Spectrum and Frequency of Mutations in Cervical Cancer
Here we report mutations which were validated by two orthogonal chemistries: Sequenom
iPLEX and hME chemistries (unless otherwise stated). Validated mutations were detected in
48 of the 80 (60.0%) tumors examined, and 7 (8.8%) harbored concurrent mutations in 2 or
more genes. As shown in Table 2, the genes with the highest mutation rates were PIK3CA
(31.3%), KRAS (8.8%), and EGFR (3.8%). The PIK3CA mutations were activating
mutations predominately located in the exon 9 helical domain hot spot (E545K and E542K),
and 3.8% of tumors contained co-mutations within the helical domain (data not shown).
Notably, no mutations were identified in the exon 20 catalytic domain (H1047R) of
PIK3CA. KRAS mutations were classic G12 and G13 missense mutations within the guanine
exchange factor (GEF) domain.

Five percent of tumors harbored mutations in STK11 (which encodes the LKB protein)23

within the kinase domain, although they were only present in hME and therefore require
further validation. STK11 mutations were present in both adenocarcinomas and squamous
cell carcinomas (5.0% vs. 5.0%, p=1.0; data not shown). PTEN loss by
immunohistochemistry was identified in 5 samples across histological subtypes (), while
only 1 sample included a nonsense mutation in the phosphatase domain of PTEN (R130*).
There were no BRAF mutations identified in any of the samples.

Differences in Mutations between Adenocarcinoma and Squamous Cell Carcinoma
The distribution of mutations detected in adenocarcinoma and squamous cell carcinoma is
shown in Table 2. Both PIK3CA mutations and PTEN loss were found at slightly lower rates
in adenocarcinoma compared with squamous cell carcinoma, although these findings were
not significantly different (25.0% vs. 37.5%, p=0.33 and 3.6% vs. 13.0%, p=0.32,
respectively). In contrast, KRAS mutations were detected in adenocarcinoma only (17.5% vs.
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0%, p=0.01), and EGFR mutations were restricted to patients with squamous cell carcinoma
(0.0% vs. 7.5%, p=0.24) although the latter result did not meet statistical significance, likely
due to the small number of cases with positive findings.

EGFR Mutations Identified in Squamous Cell Carcinomas
All validated EGFR mutations resulted in a missense mutation, creating an EGFR isoform
which lacked both transmembrane and kinase domains.24 This mutation was validated using
3 different techniques (mass spectrometry iPLEX, mass spectrometry hME chemistry, and
Illumina sequencing) in 3 samples, all of which were squamous cell carcinomas; EGFR
S703F was also detected by hME chemistry or Illumina sequencing in 2 additional
squamous cell carcinomas (data not shown). This mutation was also detected in DNA from
adjacent normal tissue identified by a gynecologic pathologist in the one sample where DNA
from normal tissue was available, and is therefore a germline SNP in this specimen.

Clinical Associations
Associations between validated mutations, clinical outcomes, and HPV genotype were
explored. As shown in Figure 1, PIK3CA mutations were associated with shorter survival;
patients with mutations had a median overall survival of 67.1 months compared with 90.3
months in patients who did not harbor PIK3CA mutations. In multivariable Cox regression
models, adjusted for stage (I/II vs. III/IV) and any lymph node involvement, the estimated
OS hazard ratio associated with any PIK3CA mutation was 9.1 (95% CI 2.8–28.5,
p<0.0001), compared with those without PIK3CA mutations. In contrast, we did not detect
an association between KRAS mutations and overall survival (HR=0.31, p=0.26). Although
larger studies have previously documented that HPV-18 is an independent risk factor for
cancer relapse and death in cervical cancer,25, 26 we did not detect an association between
HPV-16 or HPV-18 and overall survival. Similarly, we did not detect any associations
between these HPV subtypes and the frequency of PIK3CA or KRAS mutations.

Discussion
Our findings suggest that cervical cancers harbor high rates of potentially targetable
oncogenic mutations. In this study, both cervical squamous cell carcinoma and
adenocarcinoma had high rates of PIK3CA mutations which were associated with decreased
survival. Similarly, PTEN loss was observed in both histologic subtypes, although the latter
was found in fewer cases overall. In contrast, KRAS mutations were detected exclusively in
adenocarcinoma and were not associated with differences in survival. The EGFR variants
were limited to patients with squamous cell carcinoma, supporting the hypothesis of
histotype-specific molecular mechanisms involved in the pathogenesis of cervical cancer.

We found PIK3CA mutations in 31.1% of the samples, present in both squamous cell
carcinomas and adenocarcinomas. The PIK3CA mutations were located in the exon 9 helical
domain (E545K and E542K), two well-described hotspot mutations that result in
constitutive activation of cellular signaling.27 Five percent of these samples had co-
mutations within the helical domain; we did not observe any mutations in exon 20 (H1047R)
which has been associated with an increased response rate to PI3K/AKT/mTOR inhibitors.28

Similarly, we did not observe co-occurrence of mutations in PIK3CA and KRAS or BRAF, as
previously described in other tumor types.11, 29 However, PI3K signaling has been identified
as important in HPV transformation models,30 and should be further explored cervical
cancer development. Our finding that PIK3CA mutations were associated with a survival
disadvantage validates results from another recent study which observed decreased survival
among patients with PIK3CA mutations in early stage cancers.13 Given the described roles
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of PI3K in cellular proliferation and survival, PI3KCA mutations may impart a more
aggressive and treatment-resistant phenotype as suggested by other reports.13, 31

The high prevalence of PI3KCA mutations suggests that PI3K targeted agents should be
explored in cervical cancer, particularly in light of recent findings from a phase I trial
population which demonstrated that 40% (2/5) of cervical cancer patients with PIK3CA
mutations had a clinical response to PI3K/AKT/mTOR inhibitors.32 The presence of
PIK3CA mutations and loss of the tumor suppressor PTEN in both adenocarcinoma and
squamous cell carcinoma suggests that PI3K targeted agents might be integrated into the
treatment of cervical cancer independent of histological subtypes. Future studies should
explore the use of PI3K inhibitors in early stage disease—e.g., as an adjuvant to radiation or
combination chemoradiotherapy31, 33—particularly since we did not observe co-mutations
between PIK3CA and KRAS.

KRAS mutations were identified exclusively in cervical adenocarcinomas, where they were
present in 17.5% of samples. Most mutations were missense mutations of codon G12, well-
described activating mutations, which have been associated with a worse prognosis in
metastatic colorectal34, 35 and non-small lung cancer36 and resistance to EGFR-targeted
therapies in colorectal cancer.37 Although we did not detect an association between KRAS
mutations and survival in this study, this may be due to the relative rarity of mutations in our
sample. Future studies should examine whether KRAS mutations have prognostic or
therapeutic implications in larger samples of cervical adenocarcinomas, especially in light of
a previous study which documented worse outcomes in KRAS mutant cervical cancers
treated with radiation.17 The development of targeted therapeutics for KRAS mutations is an
active area of research with promising preclinical data,38, 39 and some early suggestions of
success with MEK inhibitors.40

EGFR mutations were identified in 7.5% of cervical squamous cell carcinomas in this study.
Consistent with previous studies, mutations were not identified within the activating loop of
the kinase domain.9, 10 Instead we detected a missense mutation in exon 15 of the EGFR
gene, which produces an alternate spliced transcript (isoform D) that lacks both the
transmembrane and intracellular kinase domains. Its presence in both tumor and adjacent
normal tissue suggests that EGFR S703F may be a germline mutation. To date, this isoform
is not well studied, but membranous expression of EGFR isoforms has been associated with
decreased survival in prior studies of ovarian cancer and lymph-node negative cervical
cancer.24, 41 Future studies are needed to validate this finding, and to explore the biologic
and clinical importance of this mutation.

While our study is the first to comprehensively examine the molecular mutations present in
cervical cancer, and to compare the two most common histological subtypes, we recognize a
few limitations in our study. Our cohort was relatively small and predominantly early stage
disease; thus the findings may be underpowered to detect associations between HPV subtype
and survival described in larger studies.25, 26 We chose to use mass spectrometric
genotyping given limited tumor tissue and DNA since it was the most robust, clinically
relevant, and cost-effective panel of assays that could interrogate important somatic
mutations in cancer. While 82% of the known events in PIK3CA (as calculated by the
frequency of variants; mostly in amino acids 542, 545, and 1047) reported in COSMIC can
be interrogated by Oncomap, we recognize that there are a finite number of specific point
mutations that can be assayed (designated a priori within a subset of cancer genes) which
may result in false negative mutation rates in some samples. Other limitations include
difficulties in designing genotyping assays that identify small insertions or deletions larger
than ~50 bp in size and an inability to detect most tumor suppressor gene mutations (which
may occur not just “hotspot” regions, but anywhere within the gene) or additional genomic
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alterations such as gene amplifications or deletions. This may explain our low rates of LKB1
mutation detection relative to prior reports,23 and the differences in rates of PTEN loss
observed by immunostaining and mutational analysis in this study. In addition, molecular
alterations associated with HPV infection such as mutation and/or loss of p53, pRB, and
Notch tumor suppressor genes as well as their associated gene expression changes could not
explored in this study.42 Future studies should validate these findings in larger populations
of patients with long term follow-up using whole exome sequencing.

In conclusion, our data reveal distinct genomic alterations in squamous cell carcinoma and
adenocarcinoma of the cervix, which should encourage further studies to better understand
these mutations and exploit them for clinical use. Our findings suggest that the use of more
tailored treatment strategies, such as PI3K and MEK inhibitors, should be explored in
cervical cancer. While current management strategies do not take histological classification
of tumors into account, our study suggests that efforts to identify and target distinct
molecular sub-populations within cervical cancer may provide an important opportunity to
improve outcomes in women with both early and late-stage disease.
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Figure 1.
Overall Survival by PIK3CA Mutation Status
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Table 1

Patient Demographics and Disease Characteristics

Characteristic
Total

(N=80)

Squamous cell
carcinoma

(SCC)
(N=40)

Adenocarcinoma
(AC)

(N=40)

Age, median (Q1, Q3) 46.0 (37.0, 54.3) 51.5 (42.5, 59.3) 39.5 (35.0, 48.0)

Race, N (%)1

  White 63 (84.0) 31 (83.8) 32 (84.2)

  Black 8 (10.7) 4 (10.8) 4 (10.5)

  Other 4 (5.3) 2 (5.4) 2 (5.3)

Married, N (%) 45 (56.3) 17 (42.5) 28 (70.0)

FIGO Stage, N (%)1

  IA2 11 (13.8) 2 (5.0) 9 (22.5)

  IB1 32 (40.0) 8 (20.0) 24 (60.0)

  IB2 3 (3.8) 3 (7.5) 0 (0.0)

  IIA 8 (10.0) 7 (17.5) 1 (2.5)

  IIB 14 (17.5) 11 (27.5) 3 (7.5)

  IIIB 5 (6.3) 4 (10.0) 1 (2.5)

  IV 7 (8.8) 5 (12.5) 2 (5.0)

Grade, N (%)1

  Well differentiated 22 (29.3) 3 (8.1) 19 (50.0)

  Moderately differentiated 34 (45.3) 23 (62.2) 11 (28.9)

  Poorly differentiated 19 (25.3) 11 (29.7) 8 (21.1)

Lymph Node Involvement, N (%) 27 (33.8) 20 (50.0) 7 (17.5)

  Pelvis 27 (33.8) 20 (50.0) 7 (17.5)

  Para-aortic 10 (12.5) 9 (11.3) 1 (2.5)

  Distant 2 (2.5) 2 (5.0) 0 (0.0)

Human Papilloma Virus, N (%)

  None 3 (4.6) 1 (3.0) 2 (6.3)

  Single infection

    16 41 (63.1) 20 (60.6) 21 (65.6)

    18 3 (4.6) 0 (0.0) 3 (9.4)

    45 2 (3.1) 1 (3.0) 1 (3.1)

    Other2 4 (6.2) 4 (12.1) 0 (0.0)

  Multiple infections

    16 &18 2 (3.1) 0 (0.0) 2 (6.3)

    16 & 33 3 (4.6) 2 (6.1) 1 (3.1)

    18 & 33 1 (1.5) 1 (3.0) 0 (0.0)

    Other mixed types3 6 (9.2) 4 (12.1) 2 (6.3)

Recurrent Disease, N (%) 22 (27.5) 15 (37.5) 7 (17.5)

Deceased, N (%)4 23 (28.8) 19 (47.5) 4 (10.0)
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1
Missing data: race n=5 (3 SCC, 2 AC); grade n=5 (3 SCC, 2 AC); HPV genotyping n=15 (7 SCC, 8 AC) due to insufficient DNA. Due to

rounding, the sum total of columns may exceed 100.0%

2
Other single infections include: HPV 33, 39, 58, 68, each present in 1 SCC case.

3
Other mixed types include: HPV 16&52, 16&58, 16&68, 33&39, each present in 1 SCC case; and 16&45 and 16&59, each present in 1 AC case.

4
One patient died of another cancer.
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Table 2

Validated Mutations and PTEN Loss Detected by Histological Subtype

Gene Total (N=80)

Squamous cell
carcinoma

(SCC)
(N=40)

Adenocarcinoma
(AC)

(N=40) P-value

Any PIK3CA mutation1 25 (31.3) 15 (37.5) 10 (25.0) 0.33

  E542K 10 (12.5) 6 (15.0) 4 (10.0)

  E545K 16 (20.0) 10 (25.0) 6 (15.0)

  E453K 1 (1.3) 0 (0.0) 1 (2.5)

  3R88Q 1 (1.3) 0 (0.0) 1 (2.5)

Any KRAS mutation 7 (8.8) 0 (0.0) 7 (17.5) 0.01

  G12A 1 (1.3) 0 (0.0) 1 (2.5)

  G12D 3 (3.8) 0 (0.0) 3 (7.5)

  G12V 2 (2.5) 0 (0.0) 2 (5.0)

  G13D 1 (1.3) 0 (0.0) 1 (2.5)

EGFR mutation2 3 (3.8) 3 (7.5) 0 (0.0) 0.24

Any PTEN loss3 4 (7.8) 3 (13.0) 1 (3.6) 0.32

1
3/80 (3.8%) of samples had combined PIK3CA mutations (e.g., E542K and E545K).

2
Two additional squamous cell carcinomas had EGFR S703F detected with hME chemistry or Illumina sequencing.

3
51 samples were available for immunohistochemistry to detect PTEN loss (28 AC and 23 SCC).
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