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Abstract

Elucidation of the role of human papillomavirus (HPV) in the etiology and prognosis of squamous
carcinomas of the head and neck (HNSCC) is essential to optimize prevention and treatment
strategies for this disease. We analyzed 385 HNSCC tissue blocks identified through a population-
based cancer registry in Metropolitan Detroit for HPV DNA using a broad-spectrum PCR
technique (SPF1g-LiPAys) to correlate with patient and tumor characteristics and overall survival.
Overall, HPV DNA (any type) was detected in 29.4% of all HNSCC, but it was significantly more
prevalent (50.6%) in oropharyngeal sites (N=81), where 90% of HPV were type 16, than in other
sites. HPV prevalence (any type) in oropharyngeal sites was highest in patients with a negative
smoking indicator, Caucasians, and in regional tumor stage. Likewise, only in oropharyngeal sites
did patients overall positive to HPV show significantly better survival compared with HPV-
negative patients, notably among those who had been irradiated. The best and the worst survival
from cancer in oropharyngeal sites were found, respectively, among HPV-positive patients with
negative smoking indicator and among HPV-negative patients with positive smoking indicator.
The results of the present study revealed that the presence of HPV DNA was associated with
patients’ specific characteristics and better overall survival exclusively in oropharyngeal sites. To
define the fraction of HNSCC preventable by HPV vaccination or amenable to less aggressive
treatment, however, tobacco exposure and HPV markers other than DNA presence need to be
taken into account.
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Introduction

Despite advances in the management of squamous carcinomas of the head and neck
(HNSCC) with multimodal treatment, including surgery, radiotherapy and chemotherapy,
mortality and morbidity associated with these malignancies continue to be high, impacting
also on quality of life and cost of care of these patients.?
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Recent trends in cancer incidence indicate an increase in HNSCC located in the
oropharyngeal sites in the United States® and in the Northern Europe,*- particularly in
young men. This trend has been suggested to be related to an increase in human
papillomavirus (HPV)-associated HNSCC.4-° Several studies have implicated high-risk
HPV as the cause of a fraction of HNSCC, not explicable with confounding from other risk
factors such tobacco consumption and alcohol abuse.5~7 At a molecular level HPV-
associated HNSCC have a distinct profile with an absence of 7P53and ~RB1 mutations and
expression of p16.8-2 In fact, HPV protein E6 blocks the action of 7253 tumor suppressor
gene, and E7 blocks /£B1 tumor suppressor gene without causing gene mutations.® Several
reports have suggested HPV-positive HNSCCs, notably those that arise from the
oropharyngeal sites and integrate HPV type 16, have a better prognosis than HPV-negative
HNSCC.6:10-13

With the introduction of HPV quadrivalent (Gardasil, Merck) and bivalent (Cervarix,
GalxoSmithKline) for the prevention of cervical carcinomal# and a recent US Food and
Drug Administration approval of Gardasil for prevention of anal cancer, the possible benefit
of vaccinating adolescents of both sexes, instead of girls only, for non-anogenital cancers,
such as HNSCC, has become a significant public health issue. This is especially important
since world-wide incidence of and mortality rates from HNSCC are higher than those for
cervical cancer!® and screening and early detection of HNSCC are very challenging. Of
notice, the fraction of HPV-positive HNSCC in which HPV16 and 18, i.e., the types
included in current vaccine, are detected is higher than in cervical 1617

Prophylactic HPV vaccine strategies for HNSCC are, however, hampered by current
uncertainties on burden of HNSCC attributable to HPV in different populations.19-17-19 The
aims of the present study were (i) to determine the prevalence of HPV and its genotypes in
formalin fixed paraffin embedded (FFPE) HNSCC tissue, using a sensitive, broad-spectrum
PCR-based assay; (ii) to correlate HPV DNA status with characteristics of tumors (anatomic
sites, nuclear grades, and stages) and patients (age, gender, race, marital status, comorbidites
indicative of smoking); and (iii) to evaluate differences in overall survival by HPV status
and smoking indicator.

Study subjects

The Metropolitan Detroit Cancer Surveillance System (MDCSS) was used for case
identification. Eligible cases were patients who were diagnosed with squamous cell
carcinoma (SCC) (International Classification of Diseases for Oncology version 3 (ICDO3)
histology codes 8050-8084) of the mouth, pharynx, nose, and larynx (ICDO3 topography
codes C00.0-C14.8 and C30.0-C32.9) at age 20—79 between July 1, 1999 and December 31,
2007 and had surgical resection of the tumors at one of the three Wayne State University
(WSU) affiliated hospitals in Detroit, Michigan (Harper University Hospital, Detroit
Receiving Hospital and Karmanos Cancer Center). Cases who had undergone radiation
therapy or chemotherapy before surgical resection were excluded. Excluded cases were
similar in respect to demographic variables (age, sex and race) and tumor stage to those
included, but included a significantly large proportion of laryngeal cancer cases (55%).
Demographic and clinical characteristics of the patient, including vital status (as of July 27,
2010), were extracted from MDCSS. Mean follow-up time was 3.98 years (range 0.05—
10.71). Since smoking status was not directly recorded in the MDCSS, a surrogate variable
was generated based on comorbidity and other primary codes and referred to as smoking
indicator. Smoking indicator was considered to be (i) positive, if a patient had one of the
following conditions; International Classification of Diseases (ICD) version 9 codes, 305.1
(tobacco use disorder), V15.82 (history of tobacco use), 460.0-519.9 (benign respiratory
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diseases) and ICDO3 codes C320-C349 (respiratory cancers); (ii) negative, if comorbidity
information was available but did not include any of these conditions; and (iii) unknown, if
comorbidity information was not available. Respiratory comorbidity codes were already
used as surrogates of smoking status in previous studies.2® The study was approved with a
waiver for informed consent by WSU Human Investigation Committee.

Haematoxylene and Eosin (H&E) slides of eligible cases were retrieved and microscopically
reviewed to confirm HNSCC diagnosis and select representative FFPE tumor tissue blocks.
Of the 472 potentially eligible HNSCC cases, an archived FFPE tissue block was available
for 385. Five sections were cut. Of these the first and last sections (5-microns thick) were
placed on glass slides and stained with H&E to ensure the presence of tumor. The middle 3
sections (10-microns thick) were placed in clean eppendorf tubes and used for HPV assays.
Between cases the microtome blade was changed and the laboratory instruments were
cleaned by ethanol to minimize the risk of DNA cross-contamination.

DNA extraction

DNA was extracted by digesting the tissue with proteinase K buffer (45 mM Tris-HCI, 0.9
mM EDTA in 0.45% Tween 20, pH 8, 1 mg/ml proteinase K). Proteinase K solution (100
ul) was added to each microtube and incubated for 16-24 h at 56°C. Proteinase K solution
was inactivated by incubating the tubes at 95°C for 10 min. Resulting DNA preparations
were stored at —20°C.

HPV detection and genotyping

HPV DNA was detected and genotyped by using short-fragment PCR (SPF1g) primers to
amplify a broad spectrum of HPV genotypes (at least 54 HPV types), followed by DNA
enzyme immunoassay (DEIA) and line probe assay (LiPA) as described previously.21-22
Each PCR run included a negative control (distilled water) and a positive control (DNA
from a Hela culture cell line containing HPV18). Amplimers, synthesized by biotinylated
PCR primers, were detected by hybridization to a mixture of HPV-specific but conserved
probes by the DNA enzyme immunoassay (DEIA), as described previously, to determine a
broad spectrum of HPV genotypes.22 For a borderline value (75 to 100% of the cutoff
value), the SPF1o PCR was repeated and the sample is retested by DEIA.

The same SPF1g amplimers (10 pl of SPFo-DEIA-positive samples) were used to identify
the HPV genotype by reverse hybridization on a LiPA containing probes for 25 different
HPV genotypes (SPF1g HPV LiPA,5 version 1, manufactured by Labo Bio-Medical
Products, Rijswijk, The Netherlands). The LiPA detects HPV types 6, 11, 16, 18, 31, 33, 34,
35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 58, 59, 66, 68/73, 70 and 74 exactly as
described.?1-22 DEIA positive samples that failed to hybridize on LiPA were classified as
unknown (X) HPV type.

Statistical analysis

The HPV prevalence (all types combined) and the corresponding 95% confidence intervals
(CI) were calculated according to the anatomic site of HNSCC. When not otherwise
specified, HPV prevalence refers to all types combined. Anatomic sites were analyzed firstly
according to the ICDO 3 digit topography code. The ICDO 4 digit topology codes were
subsequently used to distinguish the anatomic sites known a priorito be the ones most
strongly associated with HPV.6:11.17.19 They are in this report referred to as oropharyngeal
sites and include: C019-C020 (base and dorsal surface of tongue), C051 (soft palate),C052
(uvula), C090-C103 and C108-C109 (all tonsil sites and all oropharynx sites except
branchial cleft). Other HNSCC anatomical subsites will be referred to as other sites. Most
analyses in this report are presented separately for oropharyngeal and other sites or restricted
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to oropharyngeal sites. Odds ratios and 95% CI for the overall HPV-positivity were
calculated by unconditional logistic model according to patients’ and tumor characteristics.
Time at risk in survival analysis was defined as the time from diagnosis to the date of death
or the date of last vital status confirmation ascertained by MDCSS that provided nearly
complete follow-up (i.e., 98%),23 using various record linkage and direct physicians/patients
contacts. The Kaplan-Meier method and log rank test were used to analyze overall survival
and Cox’s proportional hazard models were applied to estimate univariable and
multivariable hazard ratios (HR) for deaths and the corresponding 95% confidence intervals
(CI) according to overall HPV-positivity as well as to its combination with smoking-
indicator. The proportional hazard assumption was checked by inclusion of a time-
dependent covariate, log (follow-up time) multiplied by HPV status. Multivariable models
included other prognostic variables that were associated with both overall survival and HPV
status, i.e., SEER-tumor stage, race and smoking indicator. Statistical analyses were
performed by SAS 9.2. All statistical tests were 2-sided.

Table 1 shows HPV prevalence by anatomic site. Among the most common HNSCC
locations base of the tongue (46.4%) and tonsil (60.5%) showed the highest HPV
prevalence. In the combination of oropharyngeal sites HPV prevalence was 50.6% (i.e.,
significantly different prevalence in other sites, (23.7%, p<0.001). Despite the substantial
variation in HPV-positivity by anatomic site, a predominance of HPV 16 was found in both
groups of anatomic sites. For both anatomic groups combined, HPV 16 was by far the most
common in both single infections (90/107, 84%) and in multiple infections (5/12, 42%).
Other high-risk types including HPV18 (twice in single and 3 times in multiple infections)
were rarely detected. The presence of low-risk types (e.g., 6, 11) was, however, found
exclusively in non-oropharyngeal sites (P=0.02) (Table 2).

Table 3 shows the odds ratio for overall HPV-positivity associated with selected patient’s
and tumor characteristics separately for oropharyngeal and other sites. HPV prevalence did
not significantly vary by age, gender or tumor differentiation in either group of anatomic
sites. However, some differences were found and were restricted to oropharyngeal sites.
HPV prevalence was significantly higher in Whites (70.5%) than other racial groups
(African Americans except one Asian patient) (OR=6.44 95% ClI: 2.44-17.03), and in
patients with a negative smoking indicator (69.2%) than those with a positive smoking
indicator (OR = 3.05, 95% ClI: 1.04-9.01). An excess of HPV prevalence of borderline
statistical significance was found among married patients compared to not-married patients
(OR=2.53 95% CI: 0.96-5.74). HPV prevalence also varied significantly by tumor stage
(P=0.022) with the highest level in regional stage (OR=5.25 95% CI 1.00-27.45 in
comparison with local stage). The association of HPV-positivity with race, marital status
and tumor stage remained or became statistically significant with adjustment for smoking
indicator among oropharyngeal site patients

Patients with HPV (any type)-positive cancers at oropharyngeal sites showed significantly
better survival than HPV-negative cancer (P<0.001) (Fig. 1). The multivariable HR for HPV
(any type)-positive versus HPV-negative patients was 0.45 (95% CI: 0.21-0.96) in
oropharyngeal sites and 1.08 (95% CI: 076-1.54) in other sites (data not shown). The
influence of HPV status on survival in oropharyngeal sites was significant among patients
who underwent radiation treatment (N=58; HR=0.25, 95% CI 0.08-0.78) but not among
those who did not received radiation treatment (N=23; HR=1.26, 95% CI 0.30-5.26). The
interaction term between radiation and the overall HPV-positivity in oropharyngeal sites was
statistically significant (P=0.009). Conversely, among patients with other HNSCC sites the
HR did not vary by radiation treatment (1.09; 95% CI 0.69-1.73 and 1.02; 95% CI 0.58-
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1.82). The association between the presence HPV and overall survival among patients with
cancer at oropharyngeal sites was further assessed by Cox’s models after stratification by
smoking-indicator, using smoking indicator(+)/HPV(-) as the reference category (Table 4)
and presented in Kaplan-Meier plots in Supporting Information Figure 1. Smoking
indicator(+)/ HPV/(-) patients showed the worst survival but the difference was significantly
better only than smoking indicator(=)/ HPV(+) patients (HR 0.27; 95% CI1 0.08-0.98).

Discussion

Our study showed, for the first time in the United States, HPV prevalence in a series of
HNSCC patients identified through a population-based cancer registry and obtained using a
sensitive and well-validated PCR-based assay. HPV prevalence (any type) in HNSCC tumor
blocks was 29% but it reached 51% in oropharyngeal sites. HPV prevalence in our present
study was consistent with the findings of previous studies of HNSCC from the United
States,5-8 but higher than in previous reports from some other countries.10.17-19 Hpv 16
was by far the commonest type (85% of all HPV-positive tumors and 90% in oropharyngeal
sites) in agreement with a bulk of previous studies in which HPV positivity in HNSCC was
found to be mainly due to the presence of HPV16.8:10.18 \WWhereas HPV presence is less
frequent in HNSCC than in invasive cervical carcinoma, the relative importance of HPV 16,
compared to other high-risk types, is greater and similar to what has been showed in anal
carcinoma.23 Furthermore, despite the involvement of low risk types, notably HPV 11, in
recurrent respiratory papillomatotosis, the presence of HPV 6 and 11 was very rare in
HNSCC as it has been reported to be in cervical carcinoma.2* The most important difference
between HNSCC and invasive cervical carcinoma is, however, the variability in HPV
prevalence across studies.10:17-19 part of the variability may be an artefact that derived from
chance, contamination, or publication bias in the earliest and smallest HNSCC case-series!’
and differences in HPV testing protocols. Additional important differences included the type
of samples used (i.e., exfoliated cells versus tissue biopsies); the sensitivity of the PCR-
based assay;1’ and the proportion of cancer of the oropharyngeal sites that were included.

Part of the difference in the fraction of HNSCC across populations may, however, be real
and due to variations in the competing role of the other risk factors most notably tobacco use
(smoking and chewing included).1® Tobacco and HPV infection can cause HNSCC through
at least partly similar mechanisms, i.e., inactivation of host onco-suppressor genes. They
therefore somewhat compete in HNSCC causation as shown by a tendency of HPV DNA to
be detected more frequently among non-smokers than among smokers in our present study
as in previous studies.11:19 It is therefore conceivable that in the United States and in
Northern Europe, where smoking has been declining for decades, and a substantial fraction
of HNSCC are by now detected among non-smokers or former smokers, a higher proportion
of HNSCC may be attributable to HPV infection.

In oropharyngeal sites we also found a significantly lower HPV prevalence among Whites
compared to African Americans, in agreement with a previous report from the US.11-12 The
difference in HPV prevalence by ethnic group was not eliminated by adjustment for
smoking indicator but underadjustment cannot be ruled out. Conversely, we did not find any
significant association of HPV-positivity with age and tumor differentiation contrary to
some previous reports.8:10.25-26 HpV/ positivity in cancer of oropharyngeal sites was
associated with regional stage disease in several previous studies. 10-12:25 We confirmed an
especially high HPV prevalence in cancer of the oropharynx and base of the tongue with
regional spread.1227 The early tendency of even small cancer of the tonsil to metastasize
rapidly to regional lymph-node has been attributed to the anatomo-histological
characteristics of the tonsil (i.e. thin epithelium and frequent disruption of the basal
membrane).28
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We also confirmed that HPV positivity, nearly all accounted for by HPV16, was associated
with better survival®10-1218.25-27 and demonstrated that the survival advantage of HPV-
positivity was limited to oropharyngeal sites. The survival advantage associated with HPV
detection in the tumor was especially clear among patients who had received radiation
therapy pointing to a possible explanation of our finding i.e., better response to radiotherapy
in HPV-positive cancers of oropharyngeal sites. Others also have reported better response to
radiotherapy and chemotherapy in HPV-positive HNSCC.10.18.26-27 Enhanced
radiosensitivity in HPV-associated cancer is biologically plausible. Stable transfection of
HPV16 E6 into a human cancer cell line has been found to increase in vitro radiation
sensitivity.29 Furthermore, other cellular and molecular characteristics associated with HPV/-
positive HNSCC, such as P16 and P53 expression, Atk activation and the absence
chromosome 11q abnormalities has been linked to increased radiosensitivity.30-32 In
addition, HPV-positive carcinomas tend to maintain functional unmutated 7253

Smoking history, however, is also an important determinant of survival in HNSCC
patients.12:25 We attempted, therefore, to tease out the influence of HPV DNA presence and
smoking indicator on survival in patients with cancer of oropharyngeal sites. The best and
the worst survival in oropharyngeal sites were found, respectively, among HPV-positive
patients with a negative smoking indicator and among HPV-negative patients with positive
smoking indicator. HPV-positive patients with positive or unknown smoking indicator as
well as those negative for both HPV and smoking showed an intermediate survival
probabilities.

Poorer prognosis in smokers has been attributed to smoking-related co-morbidity and a high
probability of second primaries!?:33 in the head and neck and lung. This can be interpreted
in the framework of “field cancerization”, i.e., widespread presence of genetic alterations
and precancerous lesions in the head and neck epithelium of smokers.2” Conversely, HPV
carcinogenesis in the head and neck shows a special tropism for the crypt epithelium of the
tonsil and no field cancerization has been observed.28 In addition, the majority of tobacco-
associated carcinomas show 7P53 mutations.®

Our present study has strengths and weaknesses. Firstly, it represented one of the first
examples of a new efficient strategy of retrieval of archived tumor blocks through a SEER
registry and linkage of complete incidence and survival data to important tumor molecular
markers. After having shown its feasibility, our current approach can be extended to a full-
scale population-based study that includes all medical facilities in registry catchment area.
Secondly, the PCR-based assay used for HPV detection combined high sensitivity and
robustness in respect to sample quality, notably DNA fragmentation in archival biopsies.®
Contamination was avoided by using a new disposable microtome blade for every tumor
tissue block cut, and by cleaning laboratory instruments with ethanol between cases. On the
other hand, we also acknowledge the limited statistical power of the present study especially
in some sub-group analyse.

Another weakness of our study is the lack of accurate information on smoking and drinking
habits in the SEER data. Patient classification by smoking, therefore, had to rely exclusively
on comorbidity/other primary codes and could not capture many important aspects of
tobacco exposure (duration, intensity, time since smoking cessation). In addition, smoking
indicators were missing for the earliest cases (i.e., one third of the present HNSCC cases).
We acknowledge the limitation of using comorbidities in predicting individuals’ smoking
history. As our study was based on HNSCC patients, a group expected to have had heavy
tobacco exposure, smoking indicator is expected to be reasonably specific, but poor
sensitivity is of greater concern. The use of an imperfect surrogate for smoking history is
likely to have led to an underestimate of real differences between smokers and non-smokers
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in HPV status and overall survival. So has, however, the use of HPV DNA only as the only
marker of HPV-associated cancer as the presence of the virus may be in many instances
irrelevant to cancer etiology

As FFPE sections were the sole specimens available in our study and we did not perform a
range of addition molecular tests that would have helped predicting if an HPV infection in a
HNSCC was trascriptionally active, e.g., p16 immunohistochemistry, in-situ hybridization?’,
and HPV E2/E6 ratios. 34 Viral E6/E7 transcripts would have been especially informative as
the presence of viral RNAs has been shown to influence oropharyngeal cancer survival also
among HPV DNA-positive patients.3* Differences in the molecular characteristics of HPV
infection (e.g., integrated or extra-chromosomal) probably help explaining the lack of
survival advantage among HPV DNA-positive HNSCC other than in oropharyngeal sites.
The mucosa lining the tonsil of the oropharynx is notable for its intimate relationship with
lymphoid tissue.28 It contains patches of cells, thin and fragile, with disrupted basement
membrane, that facilitate contact with HPV and DNA integration. Despite these limitations,
our present study was able to contribute to a critical issue: any algorithm to define the
fraction of HNSCC preventable by HPV elimination or treatable by less aggressive therapies
needs to take the presence of tobacco exposure into account.12:25

In conclusion, quarter of HNSCC and over 50% of those in oropharyngeal sites represent the
upper threshold of the fraction of HNSCC theoretically preventable in a country like the
United States by vaccination against HPV 16 and 18. However, findings from the United
States cannot be readily applied to other populations where the relative importance of HPV
infection and smoking may be very different. Even in the United States, the true HPV-
attributable fraction would be difficult to be determined as patients with HPV-positive
tumors often have a history of smoking. Thus, the most conservative estimate of the fraction
of HNSCC potentially preventable by universal HPV vaccination against HPV 16 and 18 or
amenable to different treatment protocol may be represented by HPV-positive of cancer at
oropharynhgel sites in patients in whom other causes, notably tobacco, can be ruled out.

The novelty and impact of the paper

Te prevalence of HPV DNA was significantly higher in oropharyngeal sites than the
other head and neck sites and associated with patients’ specific characteristics and better
overall survival in conjunction with radiation treatment. The results of the present study
provide valuable information to define the fraction of HNSCC preventable by HPV
vaccination or amenable to less aggressive treatment.
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HNSCC head and neck squamous cell carcinoma
FFPE formalin-fixed, paraffin embedded
DEIA DNA enzyme immunoassay
LiPA line probe assay
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Overall HPV prevalence (%) and 95% confidence intervals (Cl) by anatomic site of the head and neck cancer

HPV prevalence

Anatomic sites (ICD-O 3 digits) 1CDO code w,t\)lj%cct)g % (95% ClI)
All head and neck sites C000-C148,C300-C329 385 294 (24.8-33.9)
Detailed subsites
Lip C000-C009 4 250 (0.0-67.4)
Base of tongue C019 28 46.4 (28.0-64.9)
Other and tongue NOS C020-C029 54 278 (15.8-39.7)
Gum C030-C039 10 20.0 (0.0-44.8)
Floor of mouth C040-C049 44 205 (8.5-32.4)
Palate C050-C059 5 200 (0.0-55.1)
Cheek mucosa C060-C061 8 75.0 (45.0-100)
Retromolar area C062 13 46.2 (19.1-73.3)
Overlapping and mouth NOS C068-C069 4 250 (0.0-67.4)
Salivary glands C079-C089 10 00 -
Tonsil C090-C099 38 605 (45.0-76.1)
Oropharynx C100-C109 4 250 (0.0-67.4)
Pyriform sinus C129 22 9.1 (0.0-21.1)
Hypopharynx C130-C139 10 20.0 (0.0-44.8)
Overlapping and pharynx NOS C148 7 286 (0.0-62.0)
Nasal cavity/mid ear C300-C309 3 0.0 -
Accessory sinuses C310-319 10 30.0 (1.6-58.4)
Larynx C320-C329 111 234 (15.5-31.3)
Global anatomic sites
Oropharyngeal * 8l 506 (33.4-50.4)
Other 304 237 (18.9-28.5)
P=<0.001

NOS; not otherwise specified;

*
Oropharyngeal sites were defined a priori by |CD-O 4 digit topology codes, including C019-C020 (base and dorsal surface of tongue), C051
(soft palate)-C052 (uvula), C090-C103 and C108—-C109 (all tonsil sites and all oropharynx sites except branchial cleft) and thus can not be marked

in ICD-O 3 column
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HPV detection rate (%) and HPV type distribution in cancer of the oropharyngeal and other head and neck

sites

HPV results  Oropharyngeal Other
Negative 40(49.38%)  232(76.32%)
Positive 41(50.62%)  72(23.68%)
Types*

6 0(0%) 2(2.78%)
633 0(0%) 1(1.39%)
11 0(0%) 2(2.78%)
16 36(87.8%) 54(75%)
16 18 1(2.44%) 2(2.78%)
1631 0(0%) 1(1.39%)
16 52 0(0%) 2(2.78%)
18 0(0%) 2(2.78%)
31 0(0%) 1(1.39%)
33 2(4.88%) 0(0%)
35 1(2.44%) 0(0%)
45 0(0%) 1(1.39%)
51 0(0%) 1(1.39%)
56 1(2.44%) 1(1.39%)
X 0(0%) 2(2.78%)

*
% was based on HPV-positive subjects only and a single type listed alone does not include multiple infections

X: DEIA positive but unclassifiable by LiPA
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Univariable and multivariable hazard ratios (HR) and 95% confidence intervals (CI) for overall mortality
among the patients with cancer in oropharyngeal sites by combinations of HPV (all types combined) and

smoking (SM) indicator status

Combinations

No.

Alive/
Deceased

UnivariableHR
(95% CI)

Multivariable’
HR (95% CI)

HPV (-) SM(+)
HPV/(+) SM(+)
HPV (=) SM(-)
HPV(+) SM(-)
HPV(-) SM(?)
HPV(+) SM(?)

19
14
8
18
13
9

6/13
a/5
4/4

14/4

2/11
5/4

1.00 -
0.37 (0.13-1.06)
0.47 (0.15-1.45)
0.20 (0.06-0.61)
1.30 (0.57-2.89)
0.40 (0.13-1.23)

1.00 -
0.37 (0.12-1.09)
0.41 (0.13-1.30)
0.27 (0.08-0.98)
1.08 (0.43-2.72)
0.52 (0.14-1.91)

*
Adjusted for race and tumor stage (where in situ cases were combined into local stage).

? indicates unknown
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