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Background: Molecular evidence suggests that human papillomavirus (HPV) has a role in the etiology of oropharyngeal
squamous cell carcinoma. However, the role of HPV in laryngeal squamous cell carcinoma (LSCC) is unclear.

Patients and methods: We conducted a case—control study using tumor tissue specimens from 300 LSCC patients and vocal
cord polyp specimens from 300 cancer-free controls. HPV genotype, HPV16 viral load and viral integration status, and p16 ex-

pression were determined.

Results: The prevalence of HPV (all types) was higher in cases than controls [21 (7.0%) versus 10 (3.3%), adjusted odds ratio
(@aOR) 2.37,95% Cl 1.08-5.21]. The prevalence of HPV16 was higher in cases than controls [20 (6.7%) versus 8 (2.7%), aOR 2.84,
95% ClI 1.21-6.68]. The risk of LSCC associated with HPV16 DNA positivity was even higher in patients aged 55 years or younger
(@OR 3.52,95% Cl 1.07-11.54), males (@OR 4.74, 95% Cl 1.33-16.90), never-smokers (@OR 5.57,95% Cl 1.41-22.10), and never-
drinkers (@OR 3.72,95% CI 1.09-12.72). HPV DNA was partly or fully integrated in all 20 HPV16-positive cases but was episomal
in all 8 HPV16-positive controls; however, the HPV16-positive cases and controls had similar viral loads (P =0.28). P16 immu-
nostaining was positive in 31 of the 300 cases (10.3%) and negative in all 300 controls.

Conclusion: These results suggest that prior infection with HPV16 may play a role in the etiology of some LSCC. This larger
case—control study will offer for the first time the possibility to address in depth the understanding of a tissue-specific role of
HPV in laryngeal carcinogenesis. Further studies with larger samples are needed to confirm these findings.
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Introduction

Approximately 600 000 people develop some form of head and
neck cancer and ~300 000 people die of this cancer each year.
Most head and neck cancers are classified as squamous cell car-
cinoma, which is currently the sixth most common cancer in the
world [1]. More than 30 years ago, Gissmann et al. first reported
a link between infection with certain types of human papilloma-
virus (HPV) and head and neck neoplasms [2]. Since then, nu-
merous studies have confirmed that infection with high-risk
HPV types, especially HPV16, has an important role in the

etiology of oropharyngeal squamous cell carcinoma. HPV-driven
oropharyngeal carcinomas overexpress pl6, primarily occur in
the tonsils and base of tongue, have distinct clinical features, and
are associated with better patient outcomes than HPV-unrelated
oropharyngeal carcinomas [3].

The link between HPV infection and laryngeal squamous cell
carcinoma (LSCC) is less clear. The major risk factors for laryngeal
cancer are tobacco smoking and alcohol drinking. Several studies
have reported the presence of high-risk HPV in a minority of la-
ryngeal cancers, but whether there is a causal association between
HPV and LSCC or whether a significant fraction of LSCCs are
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attributable to HPV remains unknown. The reported prevalence
of HPV DNA in LSCCs varies from 0% to 75% [4, 5]. This wide
range may be due to geographical differences of the study popula-
tions, tumor site misclassification, or admixture of LSCCs with
oropharyngeal carcinomas [6]. In addition, serum-based ELISA
and tumor-based PCR for HPV detection have different sensitiv-
ities and specificities. Serum-based assays detect the presence of
antibodies against HPV, an indirect and systematic measure of
prior HPV infection; tissue specimen-based techniques are direct
and more reliably implicate a role for the virus in carcinogenesis.

We sought to clarify the association of HPV with LSCC. We
systematically analyzed fresh-frozen tumor tissue specimens
from patients with LSCC and vocal cord polyp specimens from
cancer-free controls. We chose to study vocal cord polyps from
cancer-free individuals because vocal cord polyps are considered
to represent non-precancerous reactive change predominantly
within the superficial layer of the lamina propria [7].
Furthermore, to our knowledge, there are no reports of an associ-
ation of HPV infection with vocal cord polyps, and our own re-
search showed no relationship between HPV prevalence and
vocal cord polyps compared with normal laryngeal mucosa.

Patients and methods

Study participants

Three hundred patients with newly diagnosed histopathologically con-
firmed, untreated LSCC were consecutively recruited at Peking Union
Medical College Hospital from January 2013 to December 2015. Patients
were excluded if they had any of the following: second primary tumor; pri-
mary tumor of the sinonasal tract, oral cavity, nasopharynx, oropharynx,
or hypopharynx or outside the upper aerodigestive tract; cervical metasta-
sis of unknown origin; or histopathologic diagnosis other than squamous
cell carcinoma. A pool of cancer-free patients with vocal cord polyps who
were admitted to the same hospital at the same time were recruited as con-
trols. All individuals in both groups provided demographic and epidemio-
logic information, including age, sex, ethnicity, smoking status, and
alcohol consumption. None of the controls had a previous personal history
of cancer. The study was approved by the Ethics Committee of Peking
Union Medical College Hospital, and all cases and controls provided writ-
ten informed consent for participation in this study.

The 300 controls were selected from the pool of potential controls by use
of matching to cases with regard to sex, age (5-year groups), ethnicity, and
consumption of tobacco and alcohol. These variables were further adjusted
in multivariable logistic regression to account for residual confounding.

DNA isolation

Tissue specimens were collected from cases and controls at surgical resection
and divided into two parts. One part was frozen at —80 °C, and the other
part was embedded in paraffin. All tumor specimens were microdissected to
ensure that most of the DNA was from the tumor cells. DNA was extracted
using a commercial kit (QIAamp DNA Mini Kit, Qiagen, Valencia, CA) ac-
cording to the manufacturer’s instructions. DNA quality and the absence of
PCR inhibitors in all clinical samples were tested by PCR for a 268-bp frag-
ment of the human B-globin gene using PCO4 and GH2O primers [8].
Extracted DNA was stored at —20 °C until PCR analysis.

HPV detection and genotyping

HPV DNA was detected using the short PCR fragment 10 (SPF10) line
probe assay (LiPA) 25 DNA enzyme immunoassay system (version 1,
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Labo Bio-Medical Products, Rijswijk, The Netherlands). All the amplifi-
cations were carried out in a laboratory physically separated from the lo-
cation used for DNA isolation.

Real-time PCR

The physical status and viral load of HPV16 was determined by HPV16
E2/E6 real-time PCR on the HPV16 DNA-positive samples using the
Rotor Gene 6000 instrument and the SYBR Premix Ex Taq kit (Perfect
Real Time) (Takara DRR063A) as described previously [9]. Serial dilu-
tion of the full-length HPV16 (ATCC 45113 DTM), which contained
equal numbers of E2 and E6 genes and from 419 to 41.9 million copies
per reaction, served as a standard control. Threshold cycle numbers ob-
tained from E2 and E6 PCR were equivalent in each run. Linear plots of
the log;o of copy number and the threshold cycle number were consist-
ently obtained for both genes, and the correlation coefficient was between
0.99 and 1.0 in each run.

P16 immunohistochemistry

P16 immunohistochemical staining was carried out on 4-um-thick
formaldehyde-fixed, paraffin-embedded (FFEP) tissue sections using the
CINtec-p16 kit (Roche mtm laboratories AG, Germany). Staining was
scored as positive if it was strong and diffuse and if nuclear and cytoplasmic
staining was present in more than 80% of malignant cells. Staining was
scored as negative if it was focal and weak. Two trained pathologists who
were blinded to HPV status and clinical information independently eval-
uated all specimens and reviewed discordant cases to reach agreement.

Statistical analysis

The significance of differences between cases and controls in demo-
graphic variables, tobacco smoking, alcohol consumption, and HPV16
status was determined using the 7 test. We estimated the association of
HPV16 status with risk of LSCC by computing odds ratios (ORs) and
associated 95% Cls using univariate and multivariate logistic regression
analysis, with stratification by age, sex, smoking status, and drinking sta-
tus. In the multivariable logistic regression model, the ORs and relevant
95% Cls were adjusted for age, sex, smoking, and drinking for calculation
of adjusted ORs (aORs). All statistical tests were two-sided, P values
<0.05 were considered statistically significant. Data were analyzed using
SPSS (SPSS for Windows version 21.0; SPSS, Chicago, IL).

Results

Table 1 shows the demographic and clinical characteristics of
LSCC patients and controls. Because of matching, the cases and
controls were similar with regard to age, sex, tobacco smoking,
and alcohol drinking. We further adjusted for these parameters
in subsequent multivariate logistic regression analysis to account
for any residual effects (see below).

The human B-globin gene was positively amplified in all speci-
mens, indicating that the DNA was adequate for molecular analysis
(data not shown). The prevalence of HPV16 DNA was higher in
cases than controls [20 (6.7%) versus 8 (2.7%), P=0.02].

Table 2 shows the association of selected variables with HPV-
associated laryngeal carcinoma. Following adjustment for age,
sex, tobacco smoking, and alcohol drinking, HPV16 DNA posi-
tivity was associated with a significantly increased risk of laryn-
geal carcinoma (aOR 2.84, 95% CI 1.21-6.68). We also
determined the effects of different factors on the risk of HPV16-
associated laryngeal tumors in different subgroups. This analysis
showed that HPV16 positivity was significantly associated with
laryngeal carcinoma in individuals who were 55 years of age or
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Table 1. Demographic and clinical characteristics of LSCC patients and con-

trols recruited from The Peking Union Medical College Hospital from 2013
through 2015

Variable Cases (N = 300) Controls (N = 300)* P-value®
No. % No. %

Age (years)
<40 14 47 18 6.0 041
41-55 m 37 115 383
56-70 153 51 154 513
>70 22 7.3 13 43

Sex
Male 220 733 209 69.7 0.32
Female 80 26.7 91 303

Tobacco smoking
Ever 230 76.7 226 753 0.70
Never 70 233 74 24.7

Alcohol drinking
Ever 190 63.3 184 61.3 061
Never 110 36.7 116 387

HPV16 infection
Yes 20 6.7 8 2.7 0.02
No 280 933 292 973

“The controls were matched with cases for age, sex, and consumption
of alcohol and tobacco.
Two-sided y? test.

younger (aOR 3.52, 95% CI 1.07-11.54), males (aOR 4.74, 95%
CI 1.33-16.90), never-smokers (aOR 5.57, 95% CI 1.41-22.10),
and never-drinkers (aOR 3.72, 95% CI 1.09-12.72).

Analysis of the HPV16-positive samples by real-time PCR indi-
cated that the cases and controls had similar HPV16 viral loads
(P=0.28) (Table 3). However, whereas all of the cases had par-
tially or entirely integrated HPV16 DNA, all of the controls had
episomal HPV16 DNA.

Thirty-one of the 300 cases (10.3%) had positive p16 staining,
while none of the 300 controls had positive pl6 staining
(Table 4). Among 20 HPV16 positive tumor specimens, 19 were
found p16 overexpressed. Only one tumor specimen that tested
negative for p16 was positive for high-risk HPV DNA.

Discussion

The results of this case—control study indicated that HPV was sig-
nificantly associated with LSCC. Moreover, HPV16 positivity
had a greater effect on risk of LSCC in never-smokers than
ever-smokers and in never-drinkers than ever-drinkers. There
was no significant difference in viral load between HPV16-
positive cases and HPV16-positive controls; however, HPV16
DNA was partially or entirely integrated in all HPV-positive cases
but episomal in all HPV-positive controls. These results suggest
that prior infection with HPV16 may play a role in the etiology of
a fraction of LSCC in China.

To the best of our knowledge, the present study is the largest
case—control study to examine the relationship between HPV and

Table 2. Association of selected variables with HPV-associated laryngeal carcinoma

Variable HPV16 status Cases (N = 300) Controls (N = 300) Adjusted OR (95% CI)?
No. % No. %
All subjects - 280 933 292 97.3 1.00
+ 20 6.7 8 27 2.84(1.21-6.68)
Age (y)
<55 = 114 90.5 129 97.0 1.00
+ 12 9.5 4 3.0 3.52 (1.07-11.54)
>55 = 166 954 163 97.6 1.00
AF 8 4.6 4 24 2.15 (0.62-7.40)
Sex
Male — 205 93.2 203 98.5 1.00
+ 15 6.8 3 1.5 4.74 (1.33-16.90)
Female = 75 93.8 89 94.7 1.00
+ 5 6.2 5 53 1.46 (0.40-5.46)
Smoking
Never = 57 814 69 95.8 1.00
AF 13 18.6 3 42 5.57 (1.41-22.10)
Ever = 223 97.0 223 97.8 1.00
+ 7 3 5 2.2 1.17 (0.81-1.70)
Drinking
Never = 98 89.1 110 96.5 1.00
4F 12 109 4 35 3.72(1.09-12.72)
Ever = 182 95.8 182 97.8 1.00
+ 8 42 4 2.2 2.06 (0.61-7.00)

“HPV-positive versus HPV-negative in each stratum; ORs were adjusted for age, sex, smoking, and drinking in logistic regression models.
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Table 3. HPV genotype (determined by INNO-LiPA), HPV16 viral load, and HPV physical status determined by real-time PCR in patients with laryngeal

squamous cell carcinoma and controls

Sample ID Genotype Viral load Physical status
E6 copies per 10* cells E2 copies per 10* cells E2/E6 Status

Laryngeal cancer (LC)
LC-10 16 1140 490 043 Mixed
LC-11 16 588 488 083 Mixed
LC-15 16 961 820 0.85 Mixed
LC-48 16 6230 0 no E2 Integrated
LC-74 16 1230 756 0.62 Mixed
LC-78 16 874 340 0.39 Mixed
LC-92 16 980 546 0.56 Mixed
LC-96 16 600 476 0.79 Mixed
LC-133 16 886 760 0.86 Mixed
LC-151 16 1080 498 046 Mixed
LC-163 16 936 820 0.88 Mixed
LC-167 16 530 476 0.90 Mixed
LC-175 16 694 512 0.74 Mixed
LC-183 16 640 234 037 Mixed
LC-186 16 924 735 0.80 Mixed
LC-191 16 1420 362 0.25 Mixed
LC-192 16 780 590 0.76 Mixed
LC-211 16 873 620 0.71 Mixed
LC-246 16 970 492 0.51 Mixed

Controls (C)
C-27 16 712 613 ~1 Episomal
33 16 582 570 ~| Episomal
C-64 16 700 680 = Episomal
C-86 16 890 912 = Episomal
C-125 16 745 730 ~1 Episomal
C-211 16 560 566 =l Episomal
C-224 16 795 790 ~1 Episomal
C-267 16 640 652 ~1 Episomal

Table 4. P16 staining and HPV16 status in patients with laryngeal squa-

mous cell carcinoma and controls
Cases (N = 300)

Controls (N = 300)

HPV16(+) HPV16(—) HPV16(+) HPV16(—)
p16(+) 19 12 0 0
p16(—) 1 268 8 292

risk of LSCC in a Chinese population. Our findings are consistent
with the findings of a study of Central European and Latin
American individuals that included 2214 cases and 3319 controls;
that study showed an OR of 2.91 (95% CI 1.43-5.95) for HPV16
E6 antibody [10]. Our findings are also consistent with results of
a German hospital-based study that indicated a causal role of
HPV16 in a small fraction (<5%) of LSCCs [11]. A recent meta-
analysis reported that the overall prevalence of HPV in LSCC was
28% (95% CI 23.5%-32.9%) in patients with LSCC [12].
However, other studies have reported no association between
HPV16 infection and LSCC, although some of these studies suf-
fered from poor tumor site classification [13].

These discrepant results may be explained by several factors,
including different demographics of the study populations, variable
quality of tested specimens, and different sensitivities and specific-
ities of the testing methods. In this study, we used a highly sensitive
and broad-spectrum SPF10 PCR followed by a general hybridiza-
tion and INNO-LiPA genotyping assay to detect active and inactive
HPV infection. Use of RNA in situ hybridization or RT-PCR to de-
tect transcriptionally active HPV (i.e. active translation of HPV
oncoproteins supporting an HPV-driven tumor) could lead to even
lower false-positive rates. The HPV detection method we used in
our study is likely more accurate than other methods that have been
used to detect HPV. Previous studies showed that serum prevalence
of antibodies to HPV proteins was neither a good biomarker of
oral/laryngeal infection nor a sufficient marker for genital infection
in women, and infection status and serum antibodies failed to pre-
dict each other sufficiently [14]. Retrospective studies tend to use
FFEP tissues for detection of HPV DNA, but samples prepared this
way have several defects, including DNA-DNA and DNA—protein
cross-linking and the presence of PCR inhibitors [15]. Moreover, a
biopsy-based method is more accurate for the detection of HPV
than brush sampling [16].

We found a greater risk of HPV16-associated LSCC in never-
smokers than ever-smokers and in never-drinkers than ever-
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drinkers. In particular, HPV16-positive never-smokers had ap-
proximately five times the risk of LSCC of HPV16-negative
never-smokers, but the risk was similar in HPV16-positive ever-
smokers and HPV16-negative ever-smokers. The risk was also
similar for HPV16-positive ever-drinkers and HPV16-negative
ever-drinkers. This finding is consistent with a previous study
that reported a stronger association of HPV16 with LSCC among
never-smokers and never-drinkers [17]. The findings of our
study and the previous study imply that HPV16 and tobacco and
alcohol consumption may not be cofactors in the development of
LSCC and that the fraction of LSCC attributable to HPV would
be higher if limited to LSCC occurring in nonsmokers.

Integration of high-risk HPV DNA into the human genome
appears to be a critical event during malignant transformation
and neoplastic progression, but whether HPV integration is a ne-
cessary step in the development of LSCC is still unclear. Studies
of cervical cancer indicated that integration of HPV DNA into
the host leads to a selective growth advantage [18]. However, data
on the physical status of HPV DNA in head and neck squamous
cell carcinoma are limited and confusing. Our real-time PCR re-
sults showed that all 20 HPV16-positive tumors showed evidence
of integration (either partly or fully integrated) whereas all
HPV16-positive controls showed no evidence of integration
based on the E2/E6 ratio. Thus, integration seems to provide a se-
lective advantage in terms of progression of premalignant laryn-
geal precursors to LSCC. Another study also showed that HPV
was present in mixed (predominantly integrated) form in head
and neck cancers [19]. Several in vitro studies attributed the
growth advantage to an enhanced expression of E6 and E7 due to
disruption of E2 (a negative regulator of the E6/E7 gene) [20].
Similarly, Andersson et al. reported that integration of HPV cor-
related with high and stable expression of full-length E6 protein
[21]. Of note, the viral load in the present study was relatively low
compared with the viral loads previously reported for oropharyn-
geal and anogenital carcinomas.

Overexpression of pl6 has been accepted as surrogate bio-
marker for an HPV-driven oropharyngeal cancer and is present
in the vast majority of cervical cancers [22, 23]. However, overex-
pression of p16 is not considered a reliable surrogate of HPV sta-
tus in carcinomas of the head and neck region outside the
oropharynx. In the present study, only 19 of the 31 p16-positive
LSCCs were also HPV16 positive, though 19 of the 20 HPV-
positive LSCCs overexpressed p16. One HPV16 positive laryngeal
cancer was tested negative for p16 expression, it is likely that the
one HPV16 positive laryngeal tumor that failed to express pl6
was not driven by HPV, but HPV was just an incidental bystander
in that tumor. In contrast, among all 300 controls, the 8 HPV16
positive polyp samples all failed to express p16. This is likely since
these are probably not caused by HPV.

This discordance could occur between HPV status and p16 ex-
pression since some events (e.g. mutation, deletion, other epigen-
etic changes, etc.) may impact the p16. Therefore, some HPV
positive cases may fail to express p16 because the tumor or polyp
are not being driven by HPV and therefore are not overexpressing
E7. Some pl6 positive tumors may be positive because Rb is
mutated and inactivated or E2F is amplified.

Our study has both strengths and limitations. The major
strengths are the case—control design, the focus on a single type of
cancer (LSCC), and the large number of patients. Another

strength is that the study specimens were fresh-frozen tissues in-
stead of exfoliated cells or serum samples. Moreover, all of the
cases and controls had paraffin-embedded tissue samples. The
limitations of our study include the possibility of selection bias as
this was a hospital-based case—control study and the controls
might not be representative of the same population from which
the LSCC patients arose. In addition, our stratified analysis
included a limited number of individuals. Moreover, because
most of the participants in our study were of Han ethnicity, it is
uncertain whether these results are generalizable to other ethnic
groups. Finally, it is the inability of the assay to measure a single
copy of integrated DNA in the presence of multiple copies of
non-integrated DNA (either episomal or concatenated) because
in that case the E2/E6 ratio would be close to 1. This would make
it appear that there was no integration despite the tumor being
HPV-driven with just one copy of integrated DNA. However, in
our study, there were no tumors that did not have either inte-
grated or mixed integrated/episomal DNA. In future studies, we
will use more robust methods to measure HPV integration for
more reliable determination.

In conclusion, the prevalence of HPV16 was higher in LSCC
patients than in controls (6.7% versus 2.7%, aOR 2.84, 95% CI
1.21-6.68). HPV16 was the most common HPV subtype detected
in LSCC. HPV infection was independently associated with
LSCC, particularly in never-smokers and never-drinkers. Further
studies with larger samples size and other populations are neces-
sary to verify our findings.

Acknowledgement

The study sponsors had no role in the design of the study; the
collection, analysis, and interpretation of the data; the writing of
the manuscript; and the decision to submit the manuscript for
publication.

Funding

This work was supported by the National Natural Science
Foundation of China (grant number 81273173).

Disclosure

The authors have declared no conflicts of interest.

References

1. Jemal A, Bray F, Center MM et al. Global cancer statistics. CA Cancer ]
Clin 2011; 61: 69-90.

2. Gissmann L, Diehl V, Schultz-Coulon HJ, zurHausen H. Molecular clon-
ing and characterization of human papilloma virus DNA derived from a
laryngeal papilloma. J Virol 1982; 44: 393—-400.

3. Fakhry C, Westra WH, Li S et al. Improved survival of patients with
human papillomavirus-positive head and neck squamous cell carcinoma
in a prospective clinical trial. ] Natl Cancer Inst 2008; 100: 261-269.

4. Duray A, Descamps G, Arafa M et al. High incidence of high-risk HPV in
benign and malignant lesions of the larynx. Int ] Oncol 2011; 39: 51-59.

Volume 28 | Issue 5 | 2017

doi:10.1093/annonc/mdx027 | 1109



10.

11.

12.

13.

14.

. Gallo A, Degener AM, Pagliuca G et al. Detection of human papillomavi-

rus and adenovirus in benign and malignant lesions of the larynx.
Otolaryngol Head Neck Surg 2009; 141: 276-281.

. Sethi S, Ali-Fehmi R, Franceschi S et al. Characteristics and survival of

head and neck cancer by HPV status: a cancer registry-based study. Int J
Cancer 2012; 131: 1179-1186.

. Courey MS, Shohet JA, Scott MA, Ossoff RH. Immunohistochemical

characterization of benign laryngeal lesions. Ann Otol Rhinol Laryngol
1996; 105: 525-531.

. Anaya-Saavedra G, Ramirez-Amador V, Irigoyen-Camacho ME et al.

High association of human papillomavirus infection with oral cancer: a
case-control study. Arch Med Res 2008; 39: 189-197.

. Khan NA, Castillo A, Koriyama C et al. Human papillomavirus detected

in female breast carcinomas in Japan. Br ] Cancer 2008; 99: 408—414.
Ribeiro KB, Levi JE, Pawlita M et al. Low human papillomavirus preva-
lence in head and neck cancer: results from two large case-control studies
in high-incidence regions. Int ] Epidemiol 2011; 40: 489-502.

Halec G, Holzinger D, Schmitt M et al. Biological evidence for a causal
role of HPV16 in a small fraction of laryngeal squamous cell carcinoma.
Br ] Cancer 2013; 109: 172-183.

Li X, Gao L, Li H et al. Human papillomavirus infection and laryngeal cancer
risk: a systematic review and meta-analysis. ] Infect Dis 2013; 207: 479—488.
Rodrigo JP, Hermsen MA, Fresno MF et al. Prevalence of human papillo-
mavirus in laryngeal and hypopharyngeal squamous cell carcinomas in
northern Spain. Cancer Epidemiol 2015; 39: 37—41.

Brouwer AF, Eisenberg MC, Carey TE, Meza R. Trends in HPV cervical
and seroprevalence and associations between oral and genital infection and
serum antibodies in NHANES 2003-2012. BMC Infect Dis 2015; 15: 575.

20.

21.

22.

23.

Annals of Oncology

. Ren ZP, Sallstrom J, Sundstrom C et al. Recovering DNA and optimizing

PCR conditions from microdissected formalin-fixed and paraffin-
embedded materials. Pathobiology 2000; 68: 215-217.

. Termine N, Giovannelli L, Rodolico V et al. Biopsy vs. brushing: com-

parison of two sampling methods for the detection of HPV-DNA in
squamous cell carcinoma of the oral cavity. Oral Oncol 2012; 48:
870-875.

. Applebaum KM, Furniss CS, Zeka A et al. Lack of association of alcohol

and tobacco with HPV16-associated head and neck cancer. ] Natl Cancer
Inst 20075 99: 1801-1810.

. Duensing S, Munger K. Mechanisms of genomic instability in human

cancer: insights from studies with human papillomavirus oncoproteins.
Int J Cancer 2004; 109: 157-162.

. Koskinen WJ, Chen RW, Leivo I et al. Prevalence and physical status of

human papillomavirus in squamous cell carcinomas of the head and
neck. Int J Cancer 2003; 107: 401-406.

Kalantari M, Karlsen F, Kristensen G et al. Disruption of the E1 and E2
reading frames of HPV 16 in cervical carcinoma is associated with poor
prognosis. Int ] Gynecol Pathol 1998; 17: 146-153.

Andersson S, Hansson B, Norman I et al. Expression of E6/E7 mRNA
from 'high risk’ human papillomavirus in relation to CIN grade, viral
load and p16INK4a. Int ] Oncol 2006; 29: 705-711.

Hafkamp HC, Mooren JJ, Claessen SM et al. P21 Cipl/WAF1 expression
is strongly associated with HPV-positive tonsillar carcinoma and a favor-
able prognosis. Mod Pathol 2009; 22: 686—698.

Klaes R, Friedrich T, Spitkovsky D et al. Overexpression of p16(INK4A)
as a specific marker for dysplastic and neoplastic epithelial cells of the
cervix uteri. Int ] Cancer 2001; 92: 276-284.

1110 | Chen et al.

Volume 28 | Issue 5 | 2017



	mdx027-TF1
	mdx027-TF2
	mdx027-T2

