
A high and increasing HPV prevalence in tonsillar cancers in
Eastern Denmark, 2000–2010: The largest registry-based study
to date

Emilie Garnaes1, Katalin Kiss2, Luise Andersen3, Marianne H. Therkildsen2, Maria B. Franzmann4,

Bettina Filtenborg-Barnkob5, Estrid Hoegdall6, Lene Krenk1, Michael Josiassen1, Christel B. Lajer1, Lena Specht7,

Kirsten Frederiksen8, Lennart Friis-Hansen9, Finn C. Nielsen9, Susanne K. Kjaer10, Bodil Norrild11

and Christian von Buchwald1

1 Department of Otorhinolaryngology, Head and Neck Surgery and Audiology, Rigshospitalet, University of Copenhagen, Copenhagen, Denmark
2 Department of Pathology, Rigshospitalet, University of Copenhagen, Copenhagen, Denmark
3 Department of Pathology, Roskilde Hospital, Roskilde, Denmark
4 Department of Pathology, Hvidovre Hospital, Hvidovre, Denmark
5 Department of Pathology, Naestved/Slagelse Hospital, Region of Zealand, Denmark
6 Department of Pathology, Herlev Hospital, Herlev, Denmark
7 Department of Oncology, Rigshospitalet, University of Copenhagen, Copenhagen, Denmark
8 Department of Statistics, Bioinformatics and Registry, Danish Cancer Society Research Center, Copenhagen, Denmark
9 Center for Genomic Medicine, Rigshospitalet, University of Copenhagen, Copenhagen, Denmark
10 Department of Virus, Lifestyle and Genes, Danish Cancer Society Research Center and Department of Gynecology, Rigshospitalet, University of

Copenhagen, Copenhagen, Denmark
11 Institute of Cellular and Molecular Medicine, Panum Institute, University of Copenhagen, Copenhagen, Denmark

The aim was to explore whether the incidence of tonsillar squamous cell carcinomas (TSCCs) increased in Eastern Denmark,

2000–2010, and whether human papillomavirus (HPV) could explain the increase, and to assess the association of HPV preva-

lence with gender, age, and origin (i.e., the certainty of tonsillar tumor origin). We applied HPV DNA PCR and p16 immunohis-

tochemistry to all TSCCs registered in the Danish Head and Neck Cancer Group (DAHANCA) and in the Danish Pathology Data

Bank (n 5 632). Pathologists reviewed and subdivided the tumors into two groups: specified and nonspecified TSCCs. Approxi-

mately 10% of HPV-positive tumors was genotyped by amplicon next-generation sequencing. The overall crude incidence of

TSCCs increased significantly (2.7% per year) and was explained by an increasing incidence of HPV-positive TSCCs (4.9% per

year). The overall HPV prevalence was 58%, with HPV16 being the predominant HPV type. In multivariate analysis, the HPV

prevalence was associated with age (<55 vs. >60 years) (OR, 1.72; 95% CI 1.13–2.63) and origin (nonspecified vs. specified
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tration; FFPE: formalin-fixed paraffin-embedded; HPV: human papillomavirus; IHC: immunohistochemistry; NCBI: National Center for
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TSCCs) (OR, 0.15; 95% CI 0.11–0.22). The association of HPV prevalence with origin increased over time in specified TSCCs

(OR per year, 1.10; 95% CI 1.01–1.19), whereas no change over time was observed among nonspecified TSCCs (OR per year,

0.99; 95% CI 0.90–1.08). In conclusion, the observed increase in the number of HPV-positive TSCCs can explain the increasing

number of TSCCs in Eastern Denmark, 2000–2010. HPV prevalence was associated with younger age (<55 years) and a high

certainty of tonsillar tumor origin.

The incidence of oropharyngeal cancer has been reportedly
increasing in the Western World, including Denmark,1,2 and
it is presumably due to infections with high-risk human pap-
illomavirus (HPV).3,4 HPV is a well-known carcinogen, iden-
tified in studies on cervical and anogenital cancers,5,6 and
recently HPV was also recognized as a risk factor for the
development of oropharyngeal squamous cell carcinoma
(OPSCC).7 HPV causes a distinct class of OPSSCs with dif-
ferent epidemiology, clinical presentation, tumor biology, and
pathological characteristics compared with those of
HPV-negative OPSCCs, attributed to tobacco and alcohol
consumption.8–12 Additionally, HPV-positive OPSCCs have a
substantially better prognosis regardless of treatment
regimen.13,14

The proportions of OPSCCs associated with HPV vary
significantly in the literature.15 In Europe, the reported HPV
prevalence ranges from 3.2% in Northern Spain (1990–2009)
to 79% in Sweden (2000–2007).4,16–21 Recent reports from
North America identified 72% HPV-positive OPSCCs in the
United States (2000–2004),3 62% in Canada (2006–2011),22

and 25% in Greenland (2002–2010).23 Furthermore, in Aus-
tralia, 47% of OPSCCs were HPV-positive in the time period
2001–2005.24 These large variations in HPV prevalence have
been attributed to geographic variation in HPV exposure,
geographical differences in HPV infection susceptibility, var-
iations in study periods, and limited sample sizes, with num-
bers of cases ranging from 26 to 314.21,23

HPV prevalence also depends on the specific site, that is,
the origin of the tumors (T-site). Squamous cell carcinomas
(SCCs) of the palatine tonsils [tonsillar SCC (TSCCs)] and
the base of the tongue have a relatively high HPV prevalence
compared with those in other oropharyngeal T-sites.9 How-
ever, the oropharynx is a complex area, which implies a
potential anatomical misclassification of tumors in clinical
registries, which often comprise the basis for OPSCC
studies.25

Another important issue is the definition of HPV positiv-
ity in OPSCCs.26 The sensitivity of different HPV detection
techniques may vary substantially, leading to diverse HPV
prevalence.27 Furthermore, some studies define HPV status
by p16 immunohistochemical staining (IHC), even though
p16 can be upregulated due to cellular perturbations other
than HPV infection.28

Thus, HPV epidemiology in OPSCC calls for clarification.
Based on this, we initiated the present Danish HPV study on
TSCCs, the predominant OPSCC in Denmark. We included
the largest, nonselected, consecutive cohort to date, consisting
of all diagnosed tonsillar cancer patients in Eastern Denmark
during an 11-year study period (2000–2010).

The aim of the study was to explore whether the inci-
dence of TSCCs increased during the study period in Eastern
Denmark and whether HPV was responsible for the increase.
In addition, we examined HPV genotypes in HPV-positive
tumors and assessed the association of HPV prevalence with
gender, age, and tumor origin, that is, the certainty of tonsil-
lar tumor origin. Furthermore, we explored the correlation of
HPV DNA PCR and p16 immunohistochemistry (IHC).

Materials and Methods
Patients and tumor samples

Danish OPSCC patients are referred to and treated at
regional Head and Neck Centers at University Hospitals. Due
to the Danish public health care system, private treatment
options do not exist for patients with head and neck cancer.
Furthermore, it is very rare that Danish patients move to
other Head and Neck Centers; it happens only in unusual
cases of accumulation of patients at one center where they
are offered earlier treatment at another center.

All Danish residents are registered in the computerized
Civil Registration System with a unique personal identifica-
tion number (PIN).29 The PIN is used in all national regis-
tries, facilitating accurate linkage. Using the PIN as a key

What’s new?

Are throat cancers on the rise in Denmark, as in other Western populations? These authors analyzed samples from the Danish

Head and Neck Cancer Group, making this the largest non-selected cohort of tonsillar cancer cases studied to date. They

found that during the years 2000–2010, the rate of tonsillar cancer increased, and that HPV could be to blame. The incidence

of HPV-positive cancers rose over the study period, with most of the HPV-positive cancers harboring HPV-16. When they clas-

sified the tumors by whether they originated in the tonsillar tissue, they found that tumor origin was the strongest predictor

of HPV status; specified tonsillar tumors contained HPV more often than those appearing to have originated elsewhere.
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identifier, we linked two nationwide Danish registries [the
Danish Head and Neck Cancer Group (DAHANCA) data-
base and the Danish Pathology Data Bank] to identify and
validate our cohort of tonsillar cancers in Eastern Denmark.
The DAHANCA collects information on all head and neck
cancer patients from the time of diagnosis and during follow-
up (www.dahanca.dk). The Danish Pathology Databank con-
tains data on all pathoanatomical examinations done in Den-
mark, reported by the pathology departments through an
online, real-time system.30 First, we identified all patients
diagnosed with tonsillar cancer in the Capital Region of Den-
mark and the Region of Zealand (covering ca. 40% of the
Danish population, 2.2 million inhabitants) as registered in
the DAHANCA database during 2000–2010. Second, we
linked our cohort to the Danish Pathology Data Bank. We
obtained information on the patients’ tumor tissue and col-
lected specimens. See Supporting Information for a map of
the Danish Regions including their populations. TSCCs rep-
resent ca. 60% of Danish OPSCCs.1

The study was conducted according to the Helsinki Decla-
ration and approved by the Regional Scientific Ethical Com-
mittee (H-C-2008-080) and the Danish Data Protection
Agency.

Review of histology

Specialized head and neck pathologists, according to our
author list, validated the diagnoses of all histological speci-
mens, assessed the expression of p16 by IHC in the tumor
slides, and categorized all tumors as specified TSCCs
(STSCCs) or nonspecified TSCCs (NSTSCCs).

p16 immunohistochemistry. Immunohistochemistry for p16
was carried out on formalin-fixed paraffin-embedded (FFPE)
tissue sections on the Ventana BenchMark ULTRA platform
(Roche, Basel, Switzerland) with the OptiView Detection Kit
(Roche) and the p16 monoclonal antibody E6H4 (Roche),
according to standard protocols. Based on p16 positivity,
tumors were categorized into five groups31: 0, 0% positive
tumor cells; 1, 1–25% positive tumor cells; 2, 26–50% positive
tumor cells; 3, 51–75% positive tumor cells; and 4, 76–100%
positive tumor cells. Tumors in group 4 (76–100% p16-
positive tumor cells) exhibiting strong diffuse nuclear and
cytoplasmic staining were defined as p16-positive.32

Division of tumors into “specified TSCCs” and “nonspecified

TSCCs.” Tumors were divided into STSCCs and NSTSCCs
based on a combination of clinical information obtained in
the Danish Pathology Data Bank, reported by the clinician
who performed the biopsy, and review of tissue-specific
structures in the tumor sections. Tumors were reclassified as
STSCCs if they exhibited tonsillar tissue (tonsillar crypts and
tonsillar lymphoid tissue with germinal centers) in the biopsy
section or the tumor, according to clinical information origi-
nated in the tonsils. Tumors were reclassified as NSTSCCs if
they did not exhibit tonsillar tissue, and the tumor, according
to the clinical information, originated in oropharyngeal T-

sites other than the tonsil. NSTSCCs were often tumors
involving multiple oropharyngeal T-sites. In case of doubt,
further clinical information was obtained from the patient’s
file or from analysis of additional tumor sections. None of
the tumors was assessed as arising from the base of the
tongue. Thirty-six tumor biopsies (6% of total) contained
only tumor tissue, and clinical information on T-site was
insufficient. These were reclassified as NSTSCCs. The group
of pathologists held regular meetings to secure a uniform
classification of STSCCs versus NSTSCCs.

HPV DNA analysis

The HPV DNA analysis was blinded with regard to the
review of histology. Each FFPE tumor specimen was handled
at the Department of Pathology according to standard PCR
protocol. For every five tumor specimens, one negative con-
trol (consisting of skeletal muscle) was cut and processed the
same way as the tumor samples, to exclude cross-
contamination in the DNA isolation and the HPV PCR
analysis.

DNA isolation and HPV PCR and HPV genotyping were
performed at the Center for Genomic Medicine, Rigshospita-
let: DNA was isolated from four 10-mm sections with the
QIAamp DNA FFPE Tissue Kit (Qiagen, Hilden, Germany)
according to the instruction manual. We performed HPV
DNA PCR using the general primers GP51/GP61.33 The
DNA quality of specimens with a negative GP51/GP61

PCR was validated with PCR for the housekeeping gene
GAPDH, based on an amplicon of approximately 200 base
pairs (bp).

HPV genotyping

We performed amplicon next-generation sequencing (NGS)
on 34 blindly selected GP51/GP61 positive samples
(approximately 10% of the positive samples). Fifty-nanogram
quantities of DNA of each sample were pooled. The pooled
amplicons were purified with 1,2x sample volume Agentcourt
AMPure XP beads (Beckman Coulter, Brea, CA), which
excluded DNA fragments of fewer than 100 bp, followed by
amplicon size analysis on a Bioanalyzer (Agilent Technolo-
gies, Santa Clara, CA). Next we performed emulsion PCR
according to the emPCR Amplification Method Manual-Lib-
A, GS Junior Titanium Series (Roche), and the amplicons
were sequenced on the GS Junior platform (Roche) according
to the manufacturer’s Sequencing Methods Manual, GS Jun-
ior Titanium Series.

We analyzed the variants in a GS Amplicon Variance
Analyzer (Roche), and the identified sequences were blasted
in a NCBI Nucleotide Blast program (http://blast.ncbi.nlm.
nih.gov) to determine HPV types.

Statistical analysis

Statistical analysis was done in IBM SPSS 19 (IBM SPSS,
Chicago, IL) and SAS (SAS 9.3, SAS Institute, Cary, NC).
The Pearson Chi-square test was used to compare included
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patients with excluded patients according to age, gender, and
year of diagnosis, as well as proportions of HPV1/p16- and
HPV-/p161 in STSCCs versus NSTSCCs. Cohen’s kappa was
calculated to assess the correlation of HPV DNA PCR and
p16 IHC, including 95% confidence intervals (95% CI). Pois-
son regression analysis was used to estimate the average
annual percentage change (APC) in the incidence of all
TSCCs as well as in groups according to HPV status. The

HPV prevalence according to gender, age, and origin was
investigated in a multivariate logistic regression analysis, with
associations presented as odds ratios (OR) with 95% CI. Var-
iables were mutually adjusted and furthermore adjusted for
year of diagnosis (continuous).

Results
Patient population

We identified a total of 816 tonsillar cancer patients in the
DAHANCA database during 2000–2010 covering Eastern
Denmark (Fig. 1), and 778 (95%) of these were also regis-
tered in the Danish Pathology Data Bank. We were able to
retrieve histological specimens for 712 patients from the
pathology archives, and during review of the tumor slides,
our pathologists identified 675 of these as SCCs. The final
study population was comprised of 632 patients, with speci-
mens adequate for HPV PCR analysis. Importantly, patients
included in our study were similar in age, gender, and year
of diagnosis compared with those excluded (Table 1). During
the study period, HPV was present in 366 (58%) out of 632
TSCCs. The HPV prevalence in STSCCs (77%) was signifi-
cantly higher than that in NSTSCCs (32%) (p< 0.0001).

Trends in overall TSCC incidence in Eastern Denmark,

2000–2010

The total number of TSCC patients increased significantly,
from 37 patients in 2000 to 62 patients in 2010, with a peak
of 84 patients in 2009 (APC, 2.7%; 95% CI, 0.20%–5.3%)
(Fig. 2). This increase was accounted for by an increasing
number of HPV-positive patients (APC, 4.9%; 95% CI, 1.5%–
8.3%), from 23 patients in 2000 to 39 patients in 2010, peak-
ing in 2009 with 55 patients. In contrast, the number of

Figure 1. Overview of exclusions and final study population. Abbre-

viations: DAHANCA, Danish Head and Neck Cancer Group; SCC,

squamous cell carcinoma; n, number of patients.

Table 1. Comparison of tonsillar cancers in Eastern Denmark (2000–
2010) included and excluded in the study

Total number of tonsillar cancers in Eastern Denmark
(2000–2010) identified from DAHANCA (n 5 816)

Excluded
(n 5 184)

Included
(n 5 632)

no. (%) no. (%) p-value

Year 0.47

2000–2003 65 (35) 208 (33)

2004–2007 61 (33) 241 (38)

2008–2010 58 (32) 183 (29)

Gender 0.29

Women 44 (24) 176 (28)

Men 140 (76) 456 (72)

Age 0.41

<55 years 50 (27) 195 (31)

55–60 years 46 (25) 169 (27)

>60 years 88 (48) 268 (42)

Abbreviations: DAHANCA, Danish Head and Neck Cancer Group; no.,
number of patients; %, percentage of total
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HPV-negative patients did not increase during the study
period (APC, 20.23%; 95% CI, 24.3–3.6).

Factors playing a role in HPV prevalence in overall TSCC

We performed a multivariate analysis with the aim of assess-
ing the role of a priori selected factors in the prevalence of
HPV in the TSCCs included in our study (Table 2). High
HPV prevalence was significantly associated with patients
<55 years compared with those >60 years (OR, 1.72; 95% CI
1.13–2.63). We did not find an association between HPV
prevalence and gender (OR men vs. women, 0.88; 95% CI
0.59–1.31). The strongest predictor of HPV prevalence was
origin, demonstrating a significantly lower HPV prevalence

in NSTSCCs compared with STSCCs (OR, 0.15; 95% CI
0.11–0.22; p< 0.0001). Subsequently, we assessed the associa-
tion of HPV prevalence with calendar time in STSCCs and
NSTSCCs, respectively, in a stratified analysis (Table 3). The
HPV prevalence in STSCCs was significantly associated with
calendar time, showing an increased OR per year over time
(OR per year, 1.10; 95% CI 1.01–1.19; p5 0.023). In contrast,
the HPV prevalence in NSTSCCs did not exhibit any associa-
tion with calendar time (OR per year, 0.99; 95% CI 0.90–
1.08; p5 0.8).

HPV genotyping, overall TSCC

By NGS, we identified 13 different GP51/GP61 amplicon
sequences in overall TSCCs (see Supporting Information for
sequences). They were all blasted with alignment scores
between 80 and 100. Twelve sequences, corresponding to
99.7% of the amplified sequences, were identified as HPV16.
One sequence, corresponding to 0.3% of the amplified
sequences, was identified as HPV33.

Correlation between HPV and p16

p16 positivity was demonstrated in 365 (58%) out of 632
TSCCs. The agreement between HPV DNA PCR and p16
IHC status was 86% in total TSCCs, 87% in STSCCs, and
84% in NSTSCCs, corresponding to good intersample agree-
ment (Table 4). The largest discrepancy was recognized in
the oldest samples (data not shown). Among STSCCs, the
majority (72%) were positive by both tests; in contrast,
among NSTSCCs, the majority (62%) were negative by both
tests. When we compared the discordant groups (HPV1/
p162 and HPV2/p161), we observed that the proportion of
HPV1/p162 was lower in STSCCs (5%) compared with that
in NSTSCCs (10.5%) (p< 0.01), while there was no difference
in the proportions of HPV2/p161 between STSCCs and
NSTSCCs.

Discussion
The present study represents a nonselected, consecutive cohort
of more than 600 DAHANCA TSCC patients obtained in a

Figure 2. Number of TSCCs, total and according to HPV status. The

black circles represent the number of total TSCCs per year, and the

black line is an estimated regression line showing a significant

increasing number of TSCC patients (2.7% per year). The red

squares represent the number of HPV-positive patients per year,

and the red line is an estimated regression line showing a signifi-

cant increasing number of HPV-positive TSCC patients (4.9% per

year). The green triangles represent the number of HPV-negative

patients per year, and the green line is an estimated regression

line showing no increase in the number of HPV-negative patients

(20.23% per year). Abbreviations: APC, annual percentage change;

CI, confidence interval; TSCCs, tonsillar squamous cell carcinomas.

Table 2. A priori selected factors and their association with HPV prevalence, including age, gender, and origin

Factors associated with
HPV prevalence Levels no. HPV prevalence OR1 95% CI p-value

Age <55 years 195 69% 1.72 (1.13;2.63) 0.016

55–60 years 142 52% 0.92 (0.58;1.44)

>60 years 295 53% 1 (ref.) –

Gender Women 176 53% 0.88 (0.59;1.31) 0.53

Men 456 60% 1 (ref.) –

Origin NSTSCCs 267 32% 0.15 (0.11;0.22) <0.0001

STSCCs 365 77% 1 (ref.) –

Data are presented as number of patients (no.), HPV prevalence, OR including 95% CI, and p-value.
Abbreviations: NSTSCCs, nonspecified TSCCs; STSCCs, specified TSCCs; no., number of patients; OR, odds ratio; CI, confidence interval.
1Mutually adjusted and furthermore adjusted for year of diagnosis (continuous).
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well-described, extensive area during an 11-year study period,
with all histological tumor slides being reviewed by expert
pathologists. Due to the large size of our study, we were able
to demonstrate an increasing TSCC incidence in our cohort
and link it directly to an increasing number of HPV-positive
TSCC patients. To our knowledge, this has not been done pre-
viously. The overall HPV prevalence was 58%, with HPV16 as
the predominant HPV type. HPV prevalence in overall TSCCs
was associated with younger patients (<55 years) and origin
(nonspecified TSCCs vs. specified TSCCs), with origin as the
strongest predictor, demonstrating a much higher HPV preva-
lence (77%) in specified TSCCs compared with nonspecified
TSCCs (32%). Furthermore, the association of HPV prevalence
with origin over time showed an increased odds ratio per year
in specified TSCCs and no association with calendar time in
nonspecified TSCCs.

The results of our comprehensive study are likely to be
representative of Danish tonsillar cancer patients in general.
In addition, analysis of our data confirms (58% HPV-positive
overall TSCCs, 77% HPV-positive specified TSCCs) that a
high proportion of TSCCs in Scandinavia are HPV-positive,
in accordance with reports from earlier studies on smaller
patient series (79% HPV-positive in 120 TSCCs in Sweden,

2000–2007; 64% HPV-positive in 137 TSCCs from Norway,
1985–1996).4,34

Our results are also in agreement with recent reports from
Northern and Western Europe and North America,3,18–22

supporting HPV as highly prevalent and increasing over time
in OPSCCs. However, these studies were smaller, and many
of them were comprised of selected patient series, for exam-
ple, patients enrolled in trial protocols, patients admitted to
certain hospitals, or patients belonging to a restricted geo-
graphical area.

It is an advantage of our study that the review of tumor ori-
gin led to a categorization of tumors into either a specified
group (STSCCs) or an unspecified group (NSTSCCs). We
thereby obtained a pathoanatomically well-defined group of
TSCCs. To our knowledge, this has not been done before.
Many studies have not focused on T-site in relation to HPV
prevalence and included all OPSCCs, even though OPSCCs
comprise a heterogeneous tumor group. Our results support a
strong association of HPV with tonsillar tumor origin and indi-
cate lesser involvement of HPV in tumors of unspecific T-
sites.35 The explanation for these findings could be that produc-
tive HPV infection has been localized to the specialized tonsillar
crypt epithelium.36,37 Therefore, we emphasize an accurate T-
site classification relative to HPV OPSCC studies. Furthermore,
our results imply that audit of clinical registries is necessary.

Another strength of the present study is that we used vali-
dated HPV DNA PCR primers (GP51/GP61)8,33,38 and a
well-defined cut-off for p16 expression by IHC25,31 to obtain
standardized HPV results. The two tests demonstrated good
intersample agreement, with the highest occurrence of both
tests being positive among the STSCCs. In contrast, the pro-
portion of the discordant outcome, HPV1/p162, was signifi-
cantly higher in the NSTSCCs compared with the STSCCs.39

Further studies are needed to clarify the biological and prog-
nostic significance of the four tumor groups (HPV1/p161,
HPV1/p162, HPV2/p161, HPV2/p162) obtained by
combining HPV and p16.28

However, there were some limitations to our study. We
were able to obtain data for only 632 patients out of 816;

Table 3. The association of HPV prevalence with origin and calendar time

Association of HPV prevalence with
origin and calendar time Levels no. HPV prevalence OR (95% CI) p-value

Nonspecified TSCCs 2000–2003 92 36% 1.16 (0.59–2.29)

2004–2007 111 28% 0.79 (0.40–1.54)

2008–2010 64 34% 1 (ref.) -

per year 0.99 (0.90–1.08) 0.8

Specified TSCCs 2000–2003 116 68% 0.46 (0.25–0.85)

2004–2007 130 80% 0.94 (0.50–1.78)

2008–2010 119 82% 1 (ref.) -

per year 1.1 (1.01–1.19) 0.023

Calendar time is presented both as periods (2000–2003, 2004–2007, 2008–2010) and per year.
Abbreviations: no., number of patients; OR, odds ratio; CI, confidence interval.

Table 4. Distribution of patients according to HPV DNA PCR and p16
immunohistochemistry in STSCCs versus NSTSCCs

Specified TSCCs Kappa 0.61
(95% CI 0.50–0.70)

HPV-neg.
(no./%)

HPV-pos.
(no./%)

p16 neg. (no./%) 55 (15%) 18 (5%)*

p16 pos. (no./%) 30 (8%) 262 (72%)

Nonspecified TSCCs Kappa 0.62
(95% CI 0.51–0.73)

HPV-neg.
(no./%)

HPV-pos.
(no./%)

p16 neg. (no./%) 166 (62%) 28 (10.5%)*

p16 pos. (no./%) 15 (5.5%) 58 (22%)

The 2 3 2 tables show the number of patients with the corresponding
HPV and p16 profile and the percentage of total, as well as the kappa
value for STSCCs and NSTSCCs, respectively, including 95% CI.
Abbreviations: neg., negative; pos., positive; no., number; %, percent-
age of total; CI, confidence interval.
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nevertheless, the missing patients were randomly distributed
with regard to gender, age, and year of diagnosis, which are
important factors for HPV positivity. Thirty-six NSTSCCs
contained only tumor tissue, and clinical information on T-
site was lacking. We cannot exclude that some of these could
still be misclassified. Still, pathological examination has the
highest certainty factor of diagnostic measures according to
the TNM system,40 but other diagnostic options could be a
morphologic subclassification of the included TSCCs,41 or
microRNA profiling, which has been proven to be highly
tissue-specific.8,38

The present study demonstrates a significant increase in
the number of HPV-positive TSCCs in Eastern Denmark
during a recent, 11-year period. In contrast, the incidence of
cervical cancers (covering all of Denmark) has decreased
from 391 cases in 2000 to 357 cases in 2010 as a result of the
screening program,42,43 and with the introduction of female
HPV vaccination in 2009, provided for free to girls and
women up to 27 years, a further reduction is expected.44 In
line with previous reports, we identified that younger patients
(<55 years) are at particular risk for HPV-positive TSCCs,
and that HPV16 is the predominant HPV type.4,8 Secondary
prophylaxis is currently not possible, since precursor lesions
are not recognized in HPV-positive OPSCCs.45 This implies

that primary prophylaxis by the FDA-approved HPV vacci-
nation, could be relevant for Danish boys, even though the
HPV vaccination is not approved for the prevention of HPV-
positive OPSCC. Still, HPV vaccination has been proven to
be highly efficacious in preventing extracervical infections in
both women and men, for example, development of anal
intraepithelial neoplasia,46 external genital lesions,47 and
reducing the prevalence of oral HPV infection,48 which is
highly associated with HPV-positive OPSCCs.9 Interestingly,
Austria and Australia are introducing male HPV vaccination
as part of their national immunization programs.49,50

In conclusion, we identified HPV16 as a major risk factor
contributing to an increasing number of TSCCs in Eastern
Denmark during 2000–2010. High HPV prevalence was asso-
ciated with younger age (<55 years) and high certainty of
tonsillar tumor origin. HPV DNA PCR and p16 IHC
appeared to have good intersample agreement; however, the
prognostic importance of HPV and p16, respectively, remains
to be elucidated.

Acknowledgement
We thank Ewa Futoma, Stine Oestergaard, and Mette Moldaschl, Center for
Genomic Medicine, Rigshospitalet, University of Copenhagen, for technical
assistance.

References

1. Blomberg M, Nielsen A, Munk C, Kjaer SK.
Trends in head and neck cancer incidence in
Denmark, 1978–2007: focus on human papillo-
mavirus associated sites. Int J Cancer 2011;129:
733–41.

2. Lassen P. The role of Human papillomavirus in
head and neck cancer and the impact on radio-
therapy outcome. Radiother Oncol 2010;95:371–80.

3. Chaturvedi AK, Engels EA, Pfeiffer RM, et al.
Human Papillomavirus and Rising Oropharyngeal
Cancer Incidence in the United States. J Clin
Oncol 2011;29:4214–301.

4. Nasman A, Attner P, Hammarstedt L, et al. Inci-
dence of human papillomavirus (HPV) positive
tonsillar carcinoma in Stockholm, Sweden: an
epidemic of viral-induced carcinoma? Int J Can-
cer 2009;125:362–6.

5. zur Hausen H. Molecular pathogenesis of cancer
of the cervix and its causation by specific human
papillomavirus types. Curr Top Microbiol Immu-
nol 1994;186:131–56.

6. Palefsky JM, Rubin M. The epidemiology of anal
human papillomavirus and related neoplasia.
Obstet Gynecol Clin North Am 2009;36:187–200.

7. Bouvard V, Baan R, Straif K, et al. A review of
human carcinogens–Part B: biological agents.
Lancet Oncol 2009;10:321–2.

8. Lajer CB, Garnaes E, Friis-Hansen L, et al. The
role of miRNAs in human papilloma virus
(HPV)-associated cancers: bridging between
HPV-related head and neck cancer and cervical
cancer. Br J Cancer 2012;106:1526–34.

9. D’Souza G, Kreimer AR, Viscidi R, et al. Case-con-
trol study of human papillomavirus and oropharyn-
geal cancer. N Engl J Med 2007;356:1944–56.

10. Mehanna H, Paleri V, West CM, Nutting C.
Head and neck cancer-part 1: epidemiology, pre-

sentation, and preservation. Clin Otolaryngol
2011;36:65–8.

11. Chernock RD, El-Mofty SK, Thorstad WL, et al.
HPV-related nonkeratinizing squamous cell carci-
noma of the oropharynx: utility of microscopic
features in predicting patient outcome. Head
Neck Pathol 2009;3:186–94.

12. Lajer CB, von Buchwald C. The role of human
papillomavirus in head and neck cancer. APMIS
2010;118:510–9.

13. Hong AM, Dobbins TA, Lee CS, et al. Human
papillomavirus predicts outcome in oropharyn-
geal cancer in patients treated primarily with sur-
gery or radiation therapy. Br J Cancer 2010;103:
1510–7.

14. Fischer CA, Zlobec I, Green E, et al. Is the
improved prognosis of p16 positive oropharyn-
geal squamous cell carcinoma dependent of the
treatment modality? Int J Cancer 2010;126:1256–
62.

15. de Martel C., Ferlay J, Franceschi S, et al. Global
burden of cancers attributable to infections in
2008: a review and synthetic analysis. Lancet
Oncol 2012;13:607–15.

16. Rodrigo JP, Heideman DA, Garcia-Pedrero JM,
et al. Time trends in the prevalence of HPV in
oropharyngeal squamous cell carcinomas in
northern Spain (1990–2009). Int J Cancer 2014;
134:487–92.

17. Rietbergen MM, Leemans CR, Bloemena E, et al.
Increasing prevalence rates of HPV attributable
oropharyngeal squamous cell carcinomas in the
Netherlands as assessed by a validated test algo-
rithm. Int J Cancer 2013;132:1565–71.

18. Schache AG, Liloglou T, Risk JM, et al. Evalua-
tion of human papilloma virus diagnostic testing
in oropharyngeal squamous cell carcinoma: sensi-

tivity, specificity, and prognostic discrimination.
Clin Cancer Res 2011;17:6262–71.

19. Rotnaglova E, Tachezy R, Salakova M, et al. HPV
involvement in tonsillar cancer: prognostic signif-
icance and clinically relevant markers. Int J Can-
cer 2011;129:101–10.

20. Melkane AE, Auperin A, Saulnier P, et al.
Human papillomavirus prevalence and prognostic
implication in oropharyngeal squamous cell carci-
nomas. Head Neck 2014;36:257–65.

21. St Guily JL, Jacquard AC, Pretet JL, et al. Human
papillomavirus genotype distribution in orophar-
ynx and oral cavity cancer in France—the EDiTH
VI study. J Clin Virol 2011;51:100–4.

22. Nichols AC, Palma DA, Dhaliwal SS, et al. The
epidemic of human papillomavirus and oropha-
ryngeal cancer in a Canadian population. Curr
Oncol 2013;20:212–9.

23. Avnstorp MB, Jensen RG, Garnaes E, et al.
Human papillomavirus and oropharyngeal cancer
in Greenland in 1994–2010. Int J Circumpolar
Health 2013;72:22386.

24. Hong AM, Grulich AE, Jones D, et al. Squamous
cell carcinoma of the oropharynx in Australian
males induced by human papillomavirus vaccine
targets. Vaccine 2010;28:3269–72.

25. Shin HR, Curado MP, Ferlay J, et al. Comparabil-
ity and quality of data. In: Curado MP, Edwards
B, Shin HR, Storm H, Ferlay J, Heanue M, Boyle
P. Cancer Incidence in Five Continents Vol. IX.
Lyon: International Agency for Research on Can-
cer, 2007:57–94.

26. Gronhoj LC, Gyldenlove M, Jensen DH, et al.
Correlation between human papillomavirus
and p16 overexpression in oropharyngeal
tumours: a systematic review. Br J Cancer 2014;
110:1587–94.

E
pi
de
m
io
lo
gy

Garnaes et al 7

Int. J. Cancer: 00, 00–00 (2014) VC 2014 UICC



27. Smeets SJ, Hesselink AT, Speel EJ, et al. A novel
algorithm for reliable detection of human papillo-
mavirus in paraffin embedded head and neck
cancer specimen. Int J Cancer 2007;121:2465–72.

28. Rietbergen MM, Snijders PJ, Beekzada D, et al.
Molecular characterization of p16-immunopositive
but HPV DNA-negative oropharyngeal carcino-
mas. Int J Cancer 2014;134:2366–72.

29. Pedersen C B. The Danish Civil Registration Sys-
tem. Scand J Public Health 2011;22–5.

30. Bjerregaard B, Larsen O B. The Danish Patholgy
Register. Scand J Public Health 2011;72–4.

31. Lewis JS, Jr., Thorstad WL, Chernock RD, et al. p16
positive oropharyngeal squamous cell carcinoma:an
entity with a favorable prognosis regardless of tumor
HPV status. Am J Surg Pathol 2010;34:1088–96.

32. Lewis JS, Jr. p16 Immunohistochemistry as a
standalone test for risk stratification in oropha-
ryngeal squamous cell carcinoma. Head Neck
Pathol 2012;6 Suppl 1:S75–S82.

33. Snijders PJ, van den Brule AJ, Schrijnemakers
HF, et al. The use of general primers in the poly-
merase chain reaction permits the detection of a
broad spectrum of human papillomavirus geno-
types. J Gen Virol 1990;71(Pt 1):173–81.

34. Hannisdal K, Schjolberg A, De Angelis PM, et al.
Human papillomavirus (HPV)-positive tonsillar
carcinomas are frequent and have a favourable
prognosis in males in Norway. Acta Otolaryngol
2010;130:293–9.

35. Marklund L, Nasman A, Ramqvist T, et al. Preva-
lence of human papillomavirus and survival in

oropharyngeal cancer other than tonsil or base of
tongue cancer. Cancer Med 2012;1:82–8.

36. Begum S, Cao D, Gillison M, Zahurak M, Westra
WH. Tissue distribution of human papillomavirus
16 DNA integration in patients with tonsillar car-
cinoma. Clin Cancer Res 2005;11:5694–9.

37. Kim SH, Koo BS, Kang S, et al. HPV integration
begins in the tonsillar crypt and leads to the
alteration of p16, EGFR and c-myc during tumor
formation. Int J Cancer 2007;120:1418–25.

38. Lajer CB, Nielsen FC, Friis-Hansen L, et al.
Different miRNA signatures of oral and pha-
ryngeal squamous cell carcinomas: a prospec-
tive translational study. Br J Cancer 2011;104:
830–40.

39. Weinberger PM, Yu Z, Haffty BG, et al. Molecu-
lar classification identifies a subset of human pap-
illomavirus–associated oropharyngeal cancers
with favorable prognosis. J Clin Oncol 2006;24:
736–47.

40. Sobin L, Gospodarowicz M, Wittekind C. TNM
Classification of Malignant Tumours, 7th ed.
New York: Wiley-Blackwell, 2009;18 p.

41. Lewis JS, Jr., Khan RA, Masand RP, et al. Recog-
nition of nonkeratinizing morphology in oropha-
ryngeal squamous cell carcinoma—a prospective
cohort and interobserver variability study. Histo-
pathology 2012;60:427–36.

42. Danish Health and Medicines Authority. The
Danish Cancer Registry 2010. Copenhagen:
Danish Health and Medicines Authority. 2011:
32p.

43. Danish Health and Medicines Authority. The
Danish Cancer Registry 2000. Copenhagen:
Danish Health and Medicines Authority. 2004:
17p.

44. Kjaer SK. Human papillomavirus (HPV) infec-
tion, cervical cancer and vaccination against
HPV: a Nordic perspective. Acta Obstet Gynecol
Scand 2007;86:1286–9.

45. Fakhry C, Rosenthal BT, Clark DP, Gillison ML.
Associations between Oral HPV16 infection and
cytopathology: evaluation of an oropharyngeal
"Pap-Test Equivalent" in high-risk populations.
Cancer Prev Res (Phila) 2011;4:1378–84.

46. Palefsky JM, Giuliano AR, Goldstone S, et al.
HPV vaccine against anal HPV infection and
anal intraepithelial neoplasia. N Engl J Med 2011;
365:1576–85.

47. Giuliano AR, Palefsky JM, Goldstone S, et al.
Efficacy of quadrivalent HPV vaccine against
HPV Infection and disease in males. N Engl J
Med 2011;364:401–11.

48. Herrero R, Quint W, Hildesheim A, et al.
Reduced prevalence of oral human papillomavirus
(HPV) 4 years after bivalent HPV vaccination in
a randomized clinical trial in Costa Rica. PLoS
One 8:e68329.

49. Korostil IA, Ali H, Guy RJ, et al. Near elimina-
tion of genital warts in Australia predicted with
extension of human papillomavirus vaccination
to males. Sex Transm Dis 2013;40:833–5.

50. Stanley M. HPV vaccination in boys and men.
Hum Vaccin Immunother 2014;10.

E
pi
de
m
io
lo
gy

8 A high and increasing HPV prevalence in tonsillar cancers in Eastern Denmark

Int. J. Cancer: 00, 00–00 (2014) VC 2014 UICC


