www.impactjournals.com/oncotarget/ Oncotarget, 2017, Vol. 8, (No. 21), pp: 34820-34835

Research Paper

Molecular and serologic markers of HPV 16 infection are
associated with local recurrence in patients with oral cavity
squamous cell carcinoma

Chung-Guei Huang'?3*, Li-Ang Lee*>*, Chun-Ta Liao**, Tzu-Chen Yen*¢, Shu-Li
Yang'?, Yi-Chun Liu*!, Jung-Chin Li%, Yu-Nong Gong!, Chung-Jan Kang*®, Shiang-
Fu Huang*®, Ku-Hao Fang*®, Kai-Ping Chang*®, Li-Yu Lee*’, Chuen Hsueh*?, Shin-
Ru Shih'%3, Kuo-Chien Tsao!?

lDepartment of Laboratory Medicine, Head and Neck Oncology Group, Linkou Chang Gung Memorial Hospital, Taoyuan,
Taiwan, ROC

2Department of Medical Biotechnology and Laboratory Science, Chang Gung University, Taoyuan, Taiwan, ROC

3Graduate Institute of Biomedical Sciences, Chang Gung University, Taoyuan, Taiwan, ROC

4Faculty of Medicine, Chang Gung University, Taoyuan, Taiwan, ROC

5Department of Otorhinolaryngology - Head and Neck Surgery, Head and Neck Oncology Group, Linkou Chang Gung Memorial
Hospital, Taoyuan, Taiwan, ROC

*Molecular Imaging Center, Head and Neck Oncology Group, Linkou Chang Gung Memorial Hospital, Taoyuan, Taiwan, ROC
7Department of Pathology, Head and Neck Oncology Group, Linkou Chang Gung Memorial Hospital, Taoyuan, Taiwan, ROC
“These authors contributed equally to this work

Correspondence to: Kuo-Chien Tsao, email: kctsao@cgmh.org.tw
Keywords: oral cavity squamous cell carcinoma, human papillomavirus, mRNA expression, serology, local recurrence

Received: October 05, 2016 Accepted: March 20, 2017 Published: March 31, 2017

Copyright: Huang et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC-BY),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

ABSTRACT

Human papillomavirus (HPV) infections predict mortality in Taiwanese patients
with oral cavity squamous cell carcinoma (OCSCC). To address their prognostic
significance for local recurrence (LR), in this retrospective cohort study we investigated
different serologic and molecular markers of HPV 16 infection in 85 consecutive patients
with primary OCSCC who received standard treatment and had their sera stored before
treatment. Resected tumor specimens were examined with PCR-based assays for HPV
16 E6/E7 mRNA expression. Sera were tested with suspension arrays for the presence
of HPV-specific antibodies using synthetic L1 and E6 peptides as well as a synthetic E7
protein. HPV 16 E6/E7 mRNA, anti-L1, anti-E6, and anti-E7 antibodies tested positive
in 12%, 25%, 38%, and 41% of the study patients, respectively. Multivariate analysis
identified pathological T3/T4, E6/E7 mRNA, and anti-E7 antibodies as independent
risk factors for LR, whereas anti-E6 antibodies were an independent protective factor.
In patients with = 3 (high-risk group), 2 (intermediate-risk), and = 1 (low-risk)
independent risk factors (predictors), the 5-year LR rates were 75%, 42%, and
4%, respectively. Results were validated in an independent cohort. Together, our
preliminary data indicate that HPV 16 infections as well as low and high serum levels
of anti-E6 and anti-E7 antibodies, respectively, can serve as biomarkers of LR in
patients with OCSCC, whereas the clinical usefulness of anti-HPV 16 antibodies for
risk stratification of newly diagnosed cases deserves further scrutiny.

INTRODUCTION 2010, free screening for oral cavity cancer in Taiwanese
individuals older than 30 years of age has been implemented.

Oral cavity squamous cell carcinoma (OCSCC), a However, both the crude incidence and mortality rates of
common malignancy of the head and neck, represents a OCSCC are still increasing. In addition, the invasive nature
significant public health concern in Taiwan and currently of this malignancy continues to pose significant clinical
ranks third among all cancers in that country [1]. As of challenges, especially with regard to local recurrence (LR).
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Growing epidemiological evidence in Asia indicates
that human papillomavirus (HPV) infections are involved
in OCSCC tumorigenesis [2-3]. Based on PCR and in situ
hybridization detection assays, HPV association is high
for patients with OCSCC in Asia (odds ratio [OR]: 4.06;
95% confidence interval [CI]: 3.05-5.39) [2] and China
(OR: 1.98; 95% CI: 1.34-2.92) [3] compared with those
without cancer. HPV infections are common (overall rates
of HPV-positive and HPV 16-positive tumors: 58% and
48%, respectively) in the Chinese population [4] although
markedly less common (HPV and HPV 16: 19 and 8%,
respectively) in Taiwan [5]. Based on serologic methods,
28% of patients with non-oropharyngeal cancer were
HPV 16 seropositive (at least one among anti-L1, anti-E1,
anti-E2, anti-E4, anti- E6, and anti-E7 antibodies) [6].
Recent studies have shown that HPV 16, which constitutes
a high-risk HPV type, can play multiple roles in OCSCC
including tumor progression [7], lymph node metastases
[8], second primary malignancies [9], distant metastases
[10-11], and mortality [5, 10]. In addition, although p16
expression is not significantly associated with HPV, p16 may
mediate its effects by contributing to reduced proliferative
capacity, leading to smaller tumor size and lower invasive
potential in OCSCC [12]. However, to date, the majority
of available studies focusing on HPV infections in patients
with OCSCC have been on molecular profiling of tumor
specimens. Conversely, only few data are currently available
on the significance of immune response to HPV in patients
with OCSCC. Specifically, serologic markers of HPV 16
infection (e.g., anti-L1, anti-E6, and anti-E7 antibodies)
have been associated with the occurrence of oropharyngeal
cancer [13] and higher anti-E6 titers at diagnosis are
associated with increased risk of disease recurrence [14].

Because HPV 16 infections may induce
immortalization of normal oral epithelial cells and promote
in vitro progression of HPV-negative OCSCC by enriching
cancer stemness [15], we hypothesized that they could be
associated with LR after primary treatment. We therefore
designed the current retrospective study with the main
goal of determining the significance of both serologic and
molecular markers of HPV 16 infection, as well as that
of the gold standard status of mRNA for assignation of
HPV oncogenic activity in head and neck cancer [16], in
the prediction of 5-year LR rates in patients with OCSCC.
We also determined whether different HPV 16 biomarkers
could improve the prognostic stratification of patients
with OCSCC subjected to radical surgery (either with or
without adjuvant therapy).

RESULTS

General characteristics and treatment outcomes
of patients

We included 85 patients (7 women and 78 men) in the
study. Table 1 depicts the general characteristics of the study

participants. The majority of study patients were older than
47 years and risky oral habits (alcohol drinking, betel quid
chewing, and cigarette smoking) were common. In addition,
most had well-to-moderately differentiated tumors, advanced
stage disease (III/IV), a tumor depth > 10 mm, and safe close
margins (>4 mm).

After radical surgery, patients with advanced-
stage cancer (n = 58), close margins (< 4 mm; n = 11),
and/or > 2 minor risk factors (n = 2) were treated with
adjuvant radiotherapy or concomitant chemoradiotherapy
as previously described [5, 17]. A total of 21 patients
developed LR throughout the study period (median
time to LR: 20 months, interquartile range [IQR]: 5-35
months). The 5-year LR rate of the entire discovery
cohort was 36% (21/85; 95% CI: 23—49%). The 5-year
discase-free survival (DFS), disease-specific survival
(DSS), and overall survival (OS) rates of included patients
were 43% (44/85; 95% CI: 31-54%), 61% (30/85; 95%
CI: 49-72%), and 55% (34/85; 95% CI: 44—69%),
respectively. In Taiwan, the 5-year OS rates in 2002—2006
and 2007-2011 were 47% and 52%, respectively [1],
suggesting that our cohort was representative of the
OCSCC population in this country.

HPV 16 E6/E7 mRNA as an adverse prognostic
factor for LR

HPV 16 E6/E7 mRNA expression was detected in
12% (n = 10) of patients. Table 2 illustrates the associations
of HPV 16 E6/E7 mRNA expression with certain
clinicopathological factors related to LR such as betel quid
chewing [18], tumor subsite; tumor differentiation; nodal
status; tumor invasion > 10 mm; margin distance < 4 mm;
bone invasion; skin invasion; perineural invasion; lymph
invasion; vessel invasion [19-23]; and extracapsular
spread [24]. We found that none of the differences in these
variables of interest between HPV 16 E6/E7 mRNA-
positive OCSCC and HPV 16 E6/E7 mRNA-negative
OCSCC were statistically significant. With regard to
tumor location, 50% (n = 5) of the HPV-positive tumors
were localized in the cheek mucosa, 30% (n = 3) in the
tongue, 10% (n =1) in the gum, and 10% (n = 1) in other
anatomical sites (Table 2). The histological differentiation
and tumor stage were largely similar in patients with HPV
16-positive and HPV 16-negative OCSCC. However, the
S5-year LR rate of patients with HPV 16 E6/E7 mRNA-
positive OCSCC was significantly higher (78%) than that
of those with HPV 16 E6/E7 mRNA-negative OCSCC
(21%; P = 0.008; log-rank test; Figure 1A).

Patients with high anti-E6 antibodies exhibit a
low 5-year LR rate

At enrollment, the median fluorescence intensity
(MFI) values for anti-L1, anti-E6, and anti-E7
antibodies were 446 (interquartile range: 249—-771), 580
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Table 1: General characteristics of the study patients and association between clinicopathological
variables and 5-year local recurrence

Variablea Number of Local AUC of time- Local recurrence (2 =21)
recurrences dependent ROC® Univariate analysis® P value Multivariate analysis? P value

Sex 0.519

Female (7 [8]) 0 - -

Male (78 [92]) 21 NA NA NA NA
Age groups (years) 0.538

<47 (33 [39]) 8 Reference Reference

>47 (52 [61]) 13 1.4(0.6-3.2) 0.486 - NA
Alcohol drinking 0.405

Never (21 [25]) 6 Reference Reference

Ever (64 [75]) 15 0.8 (0.3-2.0) 0.588 - NA
Betel quid chewing 0.422

Never (23 [27]) 5 Reference Reference

Ever (62 [73]) 16 1.0 (0.4-2.8) 0.945 - NA
Cigarette smoking 0.41

Never (15 [18]) 3 Reference Reference

Ever (70 [82]) 18 1.2(0.4-4.1) 0.757 - NA
Differentiation 0.435

Well/moderate (74 [87]) 20 Reference Reference

Poor (11 [13]) 1 0.3 (0.0-2.0) 0.196 - NS
Pathological tumor status 0.571

T1+ T2 (41 [48]) 10 Reference Reference

T3 + T4 (44 [52]) 11 1.4 (0.6-3.6) 0.338 29(1.1-7.7) 0.035
Pathological nodal status 0.107

NO (39 [46]) 12 Reference Reference

N1/N2 (46 [54]) 9 1.0 (0.4-2.3) 0.938 - NA
Pathological stage 0.412

TIT (27 [32]) 7 Reference Reference

TI/IV (58 [68]) 14 1.1 (0.3-3.9) 0.835 - NA
Pathological tumor depth (mm) 0.36

<10(25[29]) 7 Reference Reference

>10[60[71]) 14 1.3(0.5-3.2) 0.600 - NA
Pathological close margin (mm) 0.356

>4 (54 [63]) 13 Reference Reference

<4 (31[37]) 8 1.0 (0.4-2.5) 0.937 - NA
Bone invasion 0.474

No (65 [76]) 17 Reference Reference

Yes (20 [24]) 4 1.0 (0.3-2.9) 0.934 - NA
Skin invasion 0.5

No (72 [85]) 20 Reference Reference

Yes (13 [15]) 1 0.5(0.1-3.7) 0.488 - NS
Perineural invasion 0.472

No (48 [56]) 13 Reference Reference

Yes (37 [44]) 8 1.4(0.6-3.4) 0.499 - NS
Lymph invasion 0.471

No (80 [94]) 21 Reference Reference

Yes (5 [6]) 0 0(0-3152.1) 0.588 - NA
Vessel invasion 0.494

No (84 [99]) 21 Reference Reference

Yes (1[1]) 0 0(0-3.0 x 10% 0.656 - NA
Extracapsular spread 0.459

No (56 [66]) 16 Reference Reference

Yes (29 [34]) 5 1.0 (0.4-2.8) 0.994 - NA
Level IV/V metastases 0.476

No (81 [95]) 21 Reference Reference

Yes (4 [5]) 0 0(0-1199.5) 0.555 - NA
Treatment modality 0.451

Operation (14 [17]) 5 Reference Reference

Operation + RT (28 [33]) 7 1.0 (0.3-3.1) 0.952 - NA

Operation + CCRT (43 [51]) 9 0.9 (0.4-2.5) 0.911 - NA

AUC, area under the curve; CCRT, concomitant chemoradiotherapy; NA, not available; NS, not significant; ROC, receiver operating characteristic; RT, radiotherapy.

“Data are expressed as counts (%).

*Data are calculated based on ungrouped baseline data.

Data are expressed as hazard ratios (95% confidence intervals) calculated with Cox regression models.

9Data are expressed as hazard ratios (95% confidence intervals) calculated with Cox regression models with a non-parametric 95% bootstrap confidence interval (200 runs). Significant P values are marked in bold.

www.impactjournals.com/oncotarget 34822 Oncotarget



Table 2: Frequency of human papillomavirus 16 E6/E7 mRNA-positive and human papillomavirus
16 E6/E7 mRNA-negative tumors

Human papillomavirus 16 E6/E7 Human papillomavirus 16 E6/E7

Variable mRNA-negative mRNA-positive P value
N % N %
Betel quid chewing 1.000
Never 20 27 3 30
Ever 55 73 7 70
Anatomical site 0.585
Tongue 28 37 3 30
Cheek mucosa 29 39 5 50
Gum 11 15 1 10
Others 7 9 1 10
Differentiation 0.348
Well/moderate 62 83 10 100
Poor 13 17 0 0
Pathological nodal status 0.748
NO 35 47 4 40
NI1/N2 40 53 6 60
Pathological tumor depth (mm) 1.000
<10 22 29 3 30
> 10 53 71 7 70
Pathological close margin (mm) 1.000
>4 27 36 4 40
<4 48 64 6 60
Bone invasion 1.000
No 57 76 8 80
Yes 18 24 2 20
Skin invasion 1.000
No 63 84 9 90
Yes 12 16 1 10
Perineural invasion 0.741
No 43 57 5 50
Yes 32 43 5 50
Lymph invasion 0.474
No 71 95 9 90
Yes 4 5 1 10
Vessel invasion 1.000
No 74 99 10 100
Yes 1 1 0 0
Extracapsular spread 0.729
No 50 67 6 60
Yes 25 33 4 40
(interquartile range: 284—1104), and 1315 (interquartile did not differ significantly in patients with OCSCC and
range: 838—1925), respectively. Patients with OCSCC HPV E6/E7 mRNA-positive or HPV E6/E7 mRNA-
(n = 85) had higher levels of anti-L1 (Figure 2A; negative tumors. The cutoff values for positivity were
P <0.001; power = 0.87), anti-E6 (Figure 2C; P < 0.001; calculated from the means plus three standard deviations
power = 0.93), and anti-E7 (Figure 2E; P < 0.001; of data measured in all the healthy controls for the anti-L1
power = 0.99) antibodies than healthy controls (rn = 12). antibody and the means plus five standard deviations for
In contrast, levels of anti-L1, E6, and E7 antibodies anti-E6 and anti-E7 antibodies [25]. Specifically, the cutoff
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value of the anti-L1, anti-E6, and anti E7 antibodies were
769, 748, and 1447, respectively. The resulting prevalence
rates of L1-, E6-, and E7-seropositivities were 25%
(n=21),38% (n=32), and 41% (n = 35).

Using  time-dependent  receiver  operating
characteristic (ROC) analysis, the areas under curve
(AUC) were calculated for all tested serologic variables.
The 5-year LR rates were similar in patients with
OCSCC exhibiting high or low anti-L1 antibody levels
(Figure 2B) as well as in those exhibiting high or low
anti-E7 antibodies (Figure 2F). In contrast, the 5-year
LR rate in patients with high anti-E6 antibodies was
significantly lower than that in patients with low anti-E6
antibodies (Figure 2D). We then calculated the hazard
ratios (HRs) with Cox regression analysis. Table 3 shows
the associations between markers of HPV 16 infection and
S5-year LR. Serum levels of anti-E6 antibodies showed
an inverse association with 5-year LR, suggesting that
their effect was protective. Neither anti-L1 nor anti-E7
antibodies were significantly associated with LR.
Proportional hazard assumptions were met for all serologic
variables (all P> 0.05).

Traditional clinicopathological variables are not
significantly associated with 5-year LR

In univariate analysis, we failed to identify
clinicopathological variables that were significantly
associated with 5-year LR (Table 1). Proportional hazard
assumptions were met for all clinicopathological variables
(all P> 0.05).

HPV 16 E6/E7 mRNA is not related to
clinicopathological variables

Correlation analyses between pretreatment variables
showed no associations of HPV 16 E6/E7 mRNA with
clinicopathological variables of interest (Table 4).
However, high anti-L1 antibodies were significantly
associated with high anti-E6 antibodies. High anti-E6
antibodies were positively associated with high anti-L1
and E7 antibodies and inversely associated with age. With
the exception of high anti-E6 antibodies, the presence of
anti-E7 antibodies was not significantly associated with
any other variables of interest.

Prognostic factors for 5-year LR

Predictors with a P value < 0.50 (i.e., “E6/E7
mRNA”, “anti-E6 antibodies”, “anti-E7 antibodies”,
“age”, “differentiation”, “pathological tumor status”,
“skin invasion”, and “perineural invasion”) were entered
into a regression model. “Age”, “differentiation”, “skin
invasion”, and “perineural invasion” were manually
removed when their regression coefficients did not show

a meaningful sign in the first run. Although “anti-E6

antibodies” and “anti-E7 antibodies” were significantly
associated with each other (Table 4), both were entered
into the model during a second run to assess whether
the results were consistent with our hypotheses. Finally,
we used a bootstrapping approach (200 runs) for model
shrinkage. The results indicated that a model that
included “pathological tumor status”, “E6/E7 mRNA”,
“anti-E6 antibodies”, and “anti-E7 antibodies” provided
a significantly better fit than another model comprising
“pathological tumor status”, “perineural invasion”, “E6/E7
mRNA”, “anti-E6 antibodies”, and “anti-E7 antibodies”.

The results of multivariate analyses identified four
independent prognostic factors for 5-year LR: 1) HPV E6/
E7 mRNA [HR = 6.4; 95% CI: 2.0-20.0; P = 0.001]; 2)
high anti-E6 antibodies [HR = 0.2; 95% CI: 0.1-0.5;
P =0.003]; 3) high anti-E7 antibodies [HR = 3.9; 95%
CI: 1.3-11.7]; P = 0.014; and 4) pathological T3 + T4
status [HR = 2.9; 95% CI: 1.1-7.7; P = 0.035; Table 2
and Table 3). With respect to risk stratification, anti-E6
antibodies < 678 were reclassified as a risk factor in line
with other prognosticators.

Based on these analyses, we stratified the 85 study
patients (the discovery cohort) into three distinct risk
groups based on the independent predictors identified
in multivariate analysis, as follows: high-risk patients
(> 3 predictors; n = 17), intermediate-risk patients
(2 predictors; n = 45), and low-risk patients (0—1 predictor;
n = 23; Figure 1B). As expected, the 5-year LR rates were
significantly different in the three risk groups (85% vs.
41% vs. 4%, respectively, P < 0.001). The c-index was
0.71, suggesting a satisfactory predictive performance.

We then tested the accuracy of this model using a
validation cohort of 32 additional patients with OCSCC.
Age and sex of the validation cohort were comparable
to those of the discovery cohort (age: 51 [IQR: 45-58]
vs. 50 [IQR: 42-58], P = 0.485; women: 3% vs. 8%,
P =0.443). None of the proportions of HPV E6/E7 mRNA
(12% vs. 13%; P = 1.000), high anti-E6 antibodies (41%
vs. 38%; P = 0.833), high anti-E7 antibodies (69% vs.
81%; P = 0.249), pathological T3 + T4 status (52% vs.
44%; P = 0.535), or risk groups (20% [high risk]/53%
[intermediate risk]/27% [low risk] vs. 25%/47%/28%;
P = 0.799) were statistically significant. We found that
this model performed fairly well in the validation cohort
(Figure 1C; P =0.002).

Although our stratification method did not
significantly predict disease-specific survival (DSS; 44%
vs. 61% vs. 72% in the three risk groups, respectively,
P =10.054), it was significantly associated with both 5-year
DFS (16% vs. 41% vs. 61%, respectively, P = 0.006) and
OS (38% vs. 53% vs. 72%, respectively, P = 0.023) rates.

DISCUSSION

Consistent with our hypothesis, the current study
demonstrates for the first time that HPV 16 infections,
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low serum levels of anti-E6 antibodies, and high serum
concentrations of anti-E7 antibodies are independently
associated with 5-year LR rates in patients with OCSCC.
HPV 16 E6/E7 mRNA expression not only served as
a molecular marker of HPV infection but also acted
as an independent risk factor for LR. In addition, we
demonstrated that high serum levels of anti-E6 antibodies
may exert protective effects, being associated with a
reduced likelihood of OCSCC regrowth after primary
treatment. Conversely, increased concentrations of
serum anti-E7 antibodies were a marker of risk for LR in
OCSCC. Taken together, our preliminary findings suggest
that the presence of an HPV 16 infection (as reflected both
by molecular and serologic markers) may affect clinical
outcomes in this malignancy.

LR rates of patients with head and neck cancer
generally vary between 15 and 35%, with 90% of cases
occurring within 3 years of primary treatment [26-27].
With the exception of buccal cancer arising in proximity of
the cheek skin [28], a macroscopic margin of 1 cm appears
to be adequate for surgical management of OCSCC [19].
Previous studies have shown that LR can be predicted

A Discovery cohort

1009 == HPV 16 E6/E7 mRNA-positive tumors: 78%/5-year (5/10)
901 == HPV 16 E6/E7 mRNA-negative tumors: 31%/5-year (16/75)

80 et

by numerous clinicopathological variables including
perineural spread; invasion to the lymphovascular system,
bone, or muscle; tumor differentiation; tumor invasion
> 10 mm; margin distance < 5 mm; tumor size; nodal
status; extracapsular spread; tumor subsite [19-23];
immunodepression [29]; and betel quid chewing [18].
With the exception only of tumor size, none of these
variables were associated with LR in our study. This
apparent discrepancy may be explained by the modest
effect sizes of such risk factors in the pathogenesis of
LR, which can yield negative findings in relatively small
sample sizes. In contrast, the expression of HPV 16 E6/
E7 mRNA in tumor specimens was significantly and
independently associated with 5-year LR.

HPV 16 infections are involved in the early stages
of oral carcinogenesis. In this regard, HPV 16 can only
partially transform normal human oral keratinocytes
into immortal cell lines in vitro [15] but is unable to
cause tumor formation in vivo [30]. Notably, HPV 16
infections can be serologically identified over 10 years
prior to tumor diagnosis [31]. Infections by high-risk
HPV types have been associated with the development
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Figure 1: Local recurrence (LR) of 85 patients with oral cavity squamous cell carcinoma (OCSCC). (A) Kaplan-Meier
curves depicting the 5-year LR rates of patients with OCSCC (the discovery cohort) stratified according to human papilloma virus (HPV)
16 E6/E7 mRNA status. (B) Kaplan-Meier estimates of 5-year LR rates in different risk groups (the discovery cohort). (C) Kaplan-Meier
estimates of 5-year LR rates in different risk groups (the validation cohort). *P < 0.05 (log-rank test).
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Figure 2: Serologic antibody profiles against human papilloma virus (HPV) 16 antigens and risk stratification in terms
of 5-year LR rates. (A, C, E) Plots representing the levels of anti-L1, E6, and E7 antibodies in 12 healthy controls, 75 HPV 16 E6/E7
mRNA-negative patients with oral cavity squamous cell carcinoma (OCSCC), and 10 HPV 16 E6/E7 mRNA-positive patients with OCSCC.
The boundaries of the boxes indicate the interquartile ranges, whereas the lines in the boxes represent the medians. Whiskers indicate the
maximal and minimal values. *P < 0.05 (Kruskal-Wallis test). (B, D, F) Kaplan-Meier curves depicting the 5-year LR rates of 85 patients
with OCSCC stratified according to the optimal cutoffs of anti-L1, E6, and E7 antibodies. *P < 0.05 (log-rank test).
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Table 3: Association between molecular and serologic markers of human papillomavirus 16

infections and 5-year local recurrences

Local recurrence (n = 21)

Variable* Number of Local AUC of time- Univariate Multivariate
recurrences dependent ROC" ) P value . P value

analysis® analysis?

E6/E7 mRNA 0.500

Negative (75 [88]) 16 Reference Reference

Positive (10 [12]) 5 3.6 (1.3-10.0) | 0.014 | 6.4(2.0-20.0) 0.001

Anti-L1 antibodies 0.486

<876 (68 [80]) 17 Reference Reference

> 876 (17 [20]) 4 1.3 (0.4-3.8) 0.678 - NA

Anti-E6 antibodies 0.369

<678 (50 [59]) 17 Reference Reference

> 678 (35 [41]) 4 0.3(0.1-0.98) | 0.047 0.2 (0.1-0.5) 0.003

Anti-E7 antibodies 0.512

<948 (26 [31]) 5 Reference Reference

> 948 (59 [69]) 16 1.6 (0.6-4.3) 0.389 |3.9(1.3-11.7) 0.014

AUC, area under the curve; NA, not available; NS, not significant; ROC, receiver operating characteristic.

“Data are expressed as counts (%).
®Data are calculated based on ungrouped baseline data.

‘Data are expressed as hazard ratios (95% confidence intervals) calculated with Cox regression models.
dData are expressed as hazard ratios (95% confidence intervals) calculated with Cox regression models with a non-parametric
95% bootstrap confidence interval (200 runs). Significant P values are marked in bold.

Table 4: Association of markers of human papillomavirus 16 infection with the variables of interest

Variablea E7 mRNA (positive

Human papillomavirus 16 E6/

)

High anti-L1 antibodies

High anti-E6 antibodies
(> 678)

High anti-E7

(> 876) antibodies (> 948)

Human papillomavirus 16 E6/E7 mRNA (positive) (=) <0.001 (1.000) 0.065 (0.552) —0.075 (0.498)
High anti-L1 antibodies (> 876) <0.001 (1.000) -0 0.478 (<0.001) 0.204 (0.061)
High anti-E6 antibodies (> 678) 0.065 (0.552) 0.478 (<0.001) -0 0.400 (< 0.001)
High anti-E7 antibodies (> 948) —0.075 (0.498) 0.204 (0.061) 0.400 (< 0.001) ()

Age (> 47 years) —0.098 (0.373) 0.035 (0.747) —0.263 (0.015) —0.079 (0.470)
Differentiation (poor) -0.155 (0.156) 0.278 (0.010) 0.109 (0.319) 0.069 (0.529)
Pathological tumor status (T3 + T4) —0.013 (0.907) 0.129 (0.238) 0.042 (0.701) —0.130 (0.236)
Skin invasion (yes) —0.054 (0.625) 0.196 (0.072) 0.043 (0.696) -0.073 (0.509)
Perineural invasion (yes) 0.048 (0.665) —0.024 (0.829) —0.060 (0.588) 0.016 (0.882)

“Data are Spearman’s rho correlation coefficients (P value). Significant P values are marked in bold.

of invasive carcinomas in a subset of patients (17%) with
oral epithelial dysplasia of the tongue [31]. In addition,
both intralesional HPV infections [32, 33] and HPV 16
oral infections/seropositivity have been associated with
oropharyngeal cancer [13, 25, 32-34] and OCSCC [7, 35]
in case-control studies.

HPYV status has been shown to predict survival in
patients with oropharyngeal cancer [33, 36], with HPV-
positive tumors having lower LR rates [27]. Compared
with HPV-negative subjects, patients with HPV-positive
oropharyngeal cancer have a significantly lower disease-
specific mortality and are less likely to experience
progression or recurrence [36]. HPV-positive patients

with head and neck malignancies or oropharyngeal cancer
and N2c disease demonstrate better clinical outcomes
when treated with radiotherapy alone compared to more
intensive chemoradiotherapy approaches. Consequently,
an approach solely based on radiation therapy has been
proposed for HPV-positive head and neck cancer [37, 38].
However, our current findings suggest that patients with
HPV 16-associated OCSCC had worse 5-year LR rates
following standard treatment compared to those without
HPV 16 infections. Consistent with our data, recent studies
show that patients with HPV-positive OCSCC had worse
survival (n: 300-1002) than those with HPV-negative
OCSCC in India [39], Iran [40], Croatia [41], and Taiwan
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[5, 9-11, 42]. Consequently, our data should caution
against the reliance on radiotherapy alone as a general
treatment strategy for patients with HPV-positive OCSCC.
Moreover, the 5-year OS is only 16% when recurrences
are discovered [43], with a rate of curative treatment as
low as 5% in patients with advanced recurrences [27].

In particular, two potential mechanisms underlying
the higher 5-year LR rates in patients with OCSCC who
tested positive for HPV 16 E6/E7 mRNA expression merit
comment. First, it is possible that HPV-positive OCSCC
may be accompanied by field cancerization, although
published evidence is conflicting. For example, HPV
infection is not considered in some studies to be related
to field cancerization or increased recurrence and the
associated immune response as measured by lymphocyte
infiltration may be considered protective in various related
cancers such as oropharyngeal and tonsilar cancers [44—47],
Conversely, other studies support the effects of field
cancerization in HPV-positive tissue via factors such as
smoking or betel nut chewing [9,18], potentially through
additive genetic burden or additional changes in non-
tumor-related tissues [48, 49].

A second possibility is that HPV 16 infections may
promote OCSCC progression. The lack of significant
associations between E6/E7 mRNA expression and other
clinicopathological variables in our study cohort appears
to suggest that HPV E6/E7 oncoprotein activation may
play a direct role in LR. For example, the expression

Eligible patients (n = 278)

of E6 and E7 oncogenes may inactivate p53 and
retinoblastoma (Rb), respectively. This would in turn
result in a perturbation of cell cycle regulation in infected
cells, ultimately promoting the onset of HPV-mediated
carcinogenesis [50]. In addition, enhanced OCSCC
stemness and poor OS may be associated with alteration in
levels of specific miRNAs and their targets in conjunction
with HPV 16/18 infection [15, 51]. Furthermore, HPV
infection in e.g. head and neck cancers is associated
with changes in the methylation profiles (or, increased
methylation) of genes such as cyclin Al that may in
turn be related to LR and disease outcome [52—54]. We
therefore hypothesize that HPV infections may promote
LR by influencing multiple distinct molecular pathways.
However, this possibility needs experimental validation in
future studies, as HPV-infected human tissues express viral
proteins at barely detectable levels and thus determining
the ectopic expression of any given HPV gene remains
challenging [55]. In addition, compared with HPV-
driven head and neck cancer, epigenetic analysis of HPV-
associated OCSCC has demonstrated fewer differences
in DNA methylation profiles between HPV-positive and
HPV-negative cases [56].

Despite the long-standing availability of HPV
serology tests, most of the detection assays continue
to remain for research use only. Previous studies
demonstrated that the presence of HPV-specific antibodies
against all antigens (L1, E6, E7, and virus-like particle)

Tissue HPV L1, E6, and E7 DNA tests
(n=108)

Excluded (n = 170)

Positive surgical margin (n = 12)
Incomplete treatment (n = 2)

Loss of follow-up within 5 years (n = 5)
Inadequate/unqualified specimens (n = 151)

Excluded (n = 23)
Other HPV infection (n = 19)
Multiple HPV infections (n = 4)

Tissue HPV 16 E6/E7 mRNA tests

(n = 85)

Serum anti-HPV 16 L1/E6/E7 antibodies tests

Figure 3: Flow of the patients through the study. HPV, human papillomavirus.
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Table 5: Baseline characteristics of included and excluded patients

Variable Included (n =85) Excluded (7 =193) P value
Sex (male/female) 78/7 187/6 0.07
Age (years) 50 (25-76) 50 (25-83) 0.24
Alcohol drinking (ever/never ) 64/21 144/49 1.00
Betel quid chewing (ever/never) 62/23 157/36 0.15
Cigarette smoking (ever/never) 70/15 168/25 0.35
Differentiation (poor/well + moderate) 13/72 16/177 0.09
Pathological tumor status (T3 + T4/ T1 + T2) 44/41 101/92 1.00
Pathological nodal status (N1 + N2/ NO) 46/39 94/99 0.44
Pathological stage (111 + IV/I + II) 58/27 134/59 0.89
Pathological tumor depth (> 10 mm/< 10 mm) 60/25 99/94 0.004
Pathological close margin (> 4 mm/< 4 mm) 54/31 163/30 <0.001
Bone invasion (yes/no) 20/65 50/143 0.77
Skin invasion (yes/no) 13/72 19/174 0.22
Perineural invasion (yes/no) 37/48 80/113 0.79
Lymph invasion (yes/no) 5/80 13/180 1.00
Vessel invasion (yes/no) 1/84 3/190 1.00
Extracapsular spread (yes/no) 29/56 61/132 0.68
Level IV/V metastases (yes/no) 4/81 7/186 0.74

Data are expressed as counts or medians (ranges), as appropriate. Significant P values are marked in bold.

is strongly associated with HPV 16 DNA detectability
in tumor tissues [34, 57-59] or oral lavage fluid [60].
Notably, anti-E6 and/or anti-E7 antibodies may be more
specific than anti-virus-like particles as biomarkers of
HPV-related head and neck cancer [57]. In oropharyngeal
cancer, capsid antibodies (e.g., anti-L1 antibodies) are
not expressed following tumor development and are lost
when HPV DNA is integrated into host DNA (as their
serum levels are relatively low) [61]. However, over 20%
of Taiwanese patients with OCSCC exhibit high anti-L1
antibodies, which suggests that the difference in immune
response may be either related to tumor compartment
or ethnic diversity. Anderson et al. [34] highlighted the
necessity of measuring multiple serologic markers of
HPV16 infections; in this regard, some HPV16-positive
tumors may be negative for E6 and E7 antibodies while
testing positive for other antibodies. Furthermore, cellular
immune responses specific to synthetic peptides from
HPV 16 E6 and E7 oncoproteins are inversely related to
recurrence-free survival in patients with HPV-positive
cervical intraepithelial neoplasia [62], as well as to DSS
and OS in head and neck cancer [60]. Here, we show that
anti-E6 antibodies are inversely associated with LR, DSS,
and OS in patients with OCSCC, thus possibly serving as a
protective biomarker. In particular, the E6 protein binds to
E6AP and then p53 to promote degradation of the latter to
form mucosal patches containing genetically altered cells
[63, 64], and/or binds to p300 to block p300-mediated p53
acetylation and activation [65]. Accordingly, high levels

of anti-E6 antibodies may inhibit these mechanisms and
reactivate p53 [65, 66], thereby reasonably reflecting a
reduced likelihood of LR. These findings indicate that
certain specific peptides may be useful as indicators of
protective immunity.

Notably, anti-E7 antibodies can serve as either a
protective factor [61] or a risk factor [67] for disease
recurrence in patients with oropharyngeal cancer. The
E7 protein inactivates the Rb pathway and causes cellar
immortalization [68]. In addition, high anti-E7 antibodies
may bind the E7 protein and reduce the likelihood of field
expansion in mucosal patches [63]. Higher concentrations
of anti-E7 antibodies at diagnosis have been associated with
a significantly higher risk of recurrence in HPV-associated
oropharyngeal cancer [67], a finding confirmed in our
OCSCC study. Larger, longitudinal studies of HPV 16
serologic markers as prognostic variables in cancer patients
are thus warranted to confirm and expand our results.

Our data support the clinical relevance of
monitoring HPV infections in patients with OCSCC. In
this regard, HPV vaccines can reduce the risk of malignant
transformation in subjects at high risk for head and neck
tumors [69]. Notably, mTOR inhibitors concurrent with
standard-of-care chemoradiotherapy have been shown
to increase cell killing and prolong survival in an animal
model of HPV-positive head and neck cancer [70]. The
question as to whether this approach could be clinically
useful in patients with HPV-positive OCSCC therefore
deserves further scrutiny.
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Some caveats of our study merit comment. First, we
did not investigate p16 expression, which is considered
as the current standard for diagnosing HPV infections.
However, our unpublished data suggest that p16 protein
overexpression can rarely be identified (< 10%) in
Taiwanese patients with HPV-positive OCSCC. Second,
the inclusion of only patients treated with radical surgery
may introduce selection bias influencing our results.
Specifically, in our previous study a relatively improved
tumor control and survival was observed in cases of
buccal cancer with associated risk factors following
radical surgery or broad surgical resection with neck
dissection and post-operative radiotherapy or concomitant
chemoradiotherapy [71]. However, fewer than 5% of
patients with OCSCC underwent radiation therapy or
neoadjuvant therapy as their primary treatment in many
comprehensive cancer centers worldwide since 1990
[5, 72], thus limiting the availability of this alternative
pool. Third, the retrospective nature of our study and the
use of a convenience sample may limit the generalizability
of our results. In the current study, the enrollment of a
higher number of participants was not feasible and
some important clinical factors such as sexual behavior,
oral health, and nutrition status were not available. We
nonetheless believe that our data are worth reporting
because they can be considered hypothesis-generating and
may stimulate further research in the field. Well-designed,
prospective studies with more homogeneous sample sets
and increased sample size are needed to confirm and
expand our findings.

MATERIALS AND METHODS

Patients and samples

This retrospective cohort study was approved by
the Institutional Review Board (IRB) of the Chang Gung
Medical Foundation, Taoyuan, Taiwan (No. 99-3650B).
All procedures were in compliance with the Helsinki
Declaration of 1975. Written informed consent was
obtained from all participants.

Between January 1, 2000 and December 31,
2009, blood samples (for serologic markers) and
tumor specimens (for molecular markers) were
collected from 278 Taiwanese patients with OCSCC
who were consecutively treated at the Department of
Otorhinolaryngology-Head and Neck Surgery (Chang
Gung Memorial Hospital). The inclusion criteria were
as follows: 1) newly diagnosed, histology-proven first
primary OCSCC; 2) treatment with radical surgery with
at least 1-cm gross safety margins (accompanied by neck
dissection when required); 3) absence of suspected distant
metastases on imaging; and 4) willingness to provide
written informed consent. The following variables were
collected from clinical charts: demographic data (sex,
age at disease onset), risk factors for OCSCC (alcohol

drinking, betel quid chewing, cigarette smoking),
pathological tumor data (tumor subsite, differentiation,
pathological T-status, pathological N-status, pathological
stage, closest margin, tumor depth, extracapsular spread,
level IV/V metastases), and patient status at the date of the
last follow-up. Cancer staging was performed according
to the 2002 American Joint Committee on Cancer sixth
edition staging criteria [73]. Patients were excluded when
the following criteria were met: 1) positive surgical
margins (n = 12); 2) incomplete treatment (n = 2); 3)
loss to follow-up within 5 years (n = 5); 4) insufficient
or unusable paired pretreatment blood samples and tumor
specimens (n = 151); 5) presence of HPV infections
different from HPV 16 (n = 19); and 6) presence of
multiple HPV infections (n 4). Two PCR assays
were used to screen HPV infections: 1) a commercially
available HPV L1 gene PCR assay — EasyChip HPV Blot
genotyping assay (King Car Ltd.) capable of detecting 39
distinct HPV types [5, 7, 9-11, 74]; and 2) an in-house
real-time PCR assay for detecting HPV 16/18 E6 and E7
oncogenes [11].

Figure 3 depicts the flow of the participants through
the study. Table 5 depicts the general characteristics of the
study participants and shows the main differences between
included and excluded cases. None of the differences
reached statistical significance, the only exceptions
being pathological tumor depth > 10 mm (71% vs. 51%,
respectively) and pathological close margins <4 mm (37%
vs. 16%, respectively). For validation of our predictive
model, we also collected a limited set of clinical and
laboratory data on an additional 32 patients with OCSCC
treated with the same protocol from January 1, 2010 to
December 31, 2011 in another study [42].

Formalin-fixed paraffin-embedded tumor specimens
containing at least 10% tumor cells were prepared for
DNA and mRNA extraction as previously described [5]. In
brief, DNA was extracted using a Lab Turbo 48 automatic
nucleic acid extraction system and a Lab Turbo Virus Mini
Kit LVN500 (Taigen). Total RNA was isolated with the
RNeasy FFPE Kit (Qiagen) [75]. Sample handling and
PCR anti-contamination strategies have been reported
previously [11].

Preoperative sera were collected from all patients
with OCSCC at the time of admission (i.e., before
treatment) [11, 76-78]. Serum was separated by
centrifugation of blood samples (5 mL) at 1,940 x g
(3000 rpm) for 10 min, aliquoted, and stored at —20°C in
our Tissue Bank until immediately before analysis.

Detection of HPV 16 E6/E7 mRNA

E6/E7 mRNA from HPV types 16, 18, 31, 33, and
45 was assayed using the NucliSENS EasyQ® HPV kit
(bioMérieux) under strict quality-check procedures [79].
The housekeeping UIA gene was used as an internal
control. The assay was based on nucleic acid sequence-
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based-amplification real-time detection technology. The
target area for primer design was the E6/E7 region. All
of the primers and probes were designed to detect full-
length transcripts. After amplification, the NucliSENS
EasyQ system (bioMérieux) was used for routine analysis
of experimental data.

Measurement of anti-HPV 16 L1, E6, and E7
antibodies

The presence of IgG antibodies against antigens
belonging to HPV-specific proteins was tested using
an in-house suspension array technology. Synthetic
peptides of HPV 16 L1 (N'-C-KHTPPAPKEDPLKK-C';
position: 456—471)/E6 (N'-C-RTAMFQDPQERPRK-C’;
position: 5—18) and a recombination protein of full-length
HPV 16 E7-histag fusion protein (N'-MHGDTPTLHEY
MLDLQPETTDLYCYEQLNDSSEEEDEIDGPAGQA
EPDRAHYNIVTFCCKCDSTLRLCVQSTHVDIRTL
EDLLMGTLGIVCPICSQKP-C’; position: 1-98) were
manufactured by CPC Scientific Inc. Peptide and protein
antigenicity was confirmed by dot blotting and western
blot. Toward this aim, anti-HPV 16 (05-134, National
Institute for Biological Standards and Control) [80] and
anti-HPV 18 (10-140, National Institute for Biological
Standards and Control) sera were compared with sera
obtained from healthy controls (without a known history
of HPV infection and no previous vaccinations). The HPV
16 L1 peptide and E7 protein cross-reacted with the anti-
HPV 16 and anti-HPV 18 sera, whereas the HPV 16 E6
peptide specifically reacted with the anti-HPV 16 serum.
None of the sera obtained from 12 healthy controls reacted
with HPV 16 L1, E6, or E7 antigens. In contrast, the
reaction rates with these antigens for the 11 sera obtained
from patients with HPV 16 L1 DNA-positive OCSCC
were 81%, 54%, and 90%, respectively. In addition,
two sera (100%) obtained from two patients with HPV
18 L1 DNA-positive OCSCC reacted with the HPV 16
E6 antigen but not with the HPV 16 L1 and E7 antigens.
Carboxylated beads (1 x 10%; Bio-Rad) were conjugated
with 6 pg bovine serum albumin (BSA)-conjugated
peptides (synthetic HPV 16 LI/E6 peptides; CPC
Scientific Inc.) or recombinant protein (full-length HPV
16 E7-His-tag fusion protein) as capture antigens of an
amine coupling kit (Bio-Rad). Aliquots of coupled beads
were combined in the assay buffer (1% BSA/PBS, pH 7.4)
at a final concentration of 100 beads/uL analyte. A 50 pL
aliquot of the multiplex beads solution (approximately
5,000 beads/analyte per well) was then added to each well
of a 96-well filter plate (Millipore Corp.). Beads were
incubated in solution (50 pL) with the following order: 1)
sample diluent (1:50 dilution); 2) detection antibody
(1:5000 dilution; biotin-labeled anti-human IgG antibody,
Jackson ImmunoResearch Laboratories Inc.); and 3)
streptavidin-PE (1:500 dilution, Jackson ImmunoResearch
Laboratories Inc.). Wells were washed twice with 100 uL.

wash buffer (0.5% tween 20 /PBS, pH 7.4) after each
incubation step. After final incubation and washing, beads
were resuspended in 100 pL assay buffer before being
assayed. A Bio-Plex 200 analyzer (Bio-Rad) was used to
identify the internal color of individual beads and quantify
their reporter fluorescence. The results of suspension
arrays for each serum sample were expressed as the MFI
of 100 beads per set. We further compared the serologic
status of patients with HPV 16-positive OCSCC (based
on the results of L1 DNA assays) with that of 12 healthy
controls including 3 women and 9 men with a median age
of 47 years (IQR, 40-54 years). Their sex and age were
comparable to the discovery group (P = 0.106 and 0.490,
respectively). Differences between the three anti-HPV
antibodies were found to be significant (Figure 2).

Statistical analysis

The main study endpoint was LR (defined as the
time elapsed between primary surgery and histologically
confirmed local tumor recurrence). Follow-up visits were
continued until April 1, 2015. All of the patients received
follow-up examinations for at least 60 months after
surgery or until death. Subjects without a documented
event were censored at the date of last follow-up. The
patient baseline characteristics were compared using the
Mann-Whitney U test, the chi-square test, or the Fisher’s
exact test, as appropriate. Cumulative LR rates were
determined using the Kaplan-Meier method (log-rank
test). The cutoffs characterized by the lowest P value on
log-rank tests between the 10th and 90th percentiles were
considered as optimal for levels of anti-HPV 16 L1, E6,
and E7 antibodies (as well as for other variables). Cox
time-dependent analysis was used to assess whether the
proportional hazard assumption for each variable was
met. We used Cox proportional hazard regression analysis
with a bootstrap approach (200 runs) to identify variables
associated with LR [81]. Results were expressed as HRs
with their 95% Cls. Time-dependent ROC curves were
used to assess the classification utility of continuous
and ordinary variables [82]. The diagnostic accuracy
for cumulative incidence was expressed by the AUC
over the total observation period. We used a “forced
simultaneous entry” approach and a “sign-correct” method
for multivariate Cox proportional hazard regression
models [83]. Variables that showed a P value < 0.50 in
univariate analysis were entered as potential covariates in
the multivariate model; however, they were removed when
their regression coefficients did not show a meaningful
sign. Variables that were not strongly related to other
predictors (confounders) were removed to improve model
precision [84]. Bootstrap validation was applied for model
shrinkage [81, 83]. Patients were then categorized into
distinct risk groups based on the number of independent
risk factors. The discrimination ability of the model was
assessed using the Harrell’s c-statistic. All calculations
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were performed using the SPSS 23.0 statistical package
for Windows (SPSS Inc.), R 3.2.2 software (R Foundation
for Statistical Computing), and G*Power 3.1.9.2
software [85]. Two-tailed P values < 0.05 were considered
statistically significant.
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