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Abstract Background: The objectives of this study were to investigate the incidence of high-

risk genotypes of human papillomavirus (HPV) in tumours of patients with oropharyngeal

squamous cell carcinoma (OPSCC) during an 18-year period in Eastern Denmark.

Methods: In this population-based, consecutive, semi-national registry study, all patients diag-

nosed with OPSCC from 2000 to 2017 in Eastern Denmark were evaluated at head and neck

oncological departments at public university hospitals. Analyses included tumour characteris-

tics (HPV-positive [HPVþ] versus HPV-negative [HPVe]), age-adjusted incidence rates

(AAIRs), average annual percentage change (AAPC) of OPSCC, and patient demographics.

All HPVþ cases from 2011 to 2017 were genotyped.

Results: In total, 55% of 2169 OPSCC cases were HPVþ. HPV16, HPV33, HPV35 or other

types were found in 86%, 7.4%, 3.4% and 3.2% of cases, respectively. The AAIR per

100,000 of all OPSCCs was 1.8 in 2000, which increased to 5.1 in 2017 (HPVþ: threefold in-

crease, HPVe: twofold increase). The AAPC from 2000 to 2017 increased by 7%

(HPVþ increased by 10% and HPVe by 4%). The median age at diagnosis for all OPSCC
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cases increased during the 18-year study period (HPVþ: 58e61 years, p < 0.001; HPVe: 60

e65 years, p < 0.001).

Conclusion: We report a threefold increase in OPSCC incidence during the 18-year observa-

tion period and a significant increase in median age at diagnosis. Over 93% of HPV genotypes

in HPVþ OPSCC are included in current HPV vaccines except for HPV35 (4%). HPV vacci-

nation of both sexes is advised to halt this emerging cancer epidemic.

ª 2020 Elsevier Ltd. All rights reserved.
1. Introduction

Since the turn of the 21st century, a new entity of head

and neck cancer has surfaced: human papillomavirus-
positive (HPVþ) oropharyngeal squamous cell carci-

noma (OPSCC) [1]. In Denmark, the number of patients

diagnosed with OPSCC has increased since the 1980s [2].

Other Western countries have also reported an increase

in OPSCC incidence, primarily in countries with a high

prevalence of HPVþ OPSCC, including Sweden [3], the

United Kingdom [4], the United States of America [5]

and Canada [6].
Active transcription by high-risk HPV types in turn

leads to overexpression of the tumour-suppressor pro-

tein, p16, which may act as a useful surrogate marker for

active HPV transcription in OPSCC [7]. Due to a more

favourable prognosis observed in HPVþ OPSCCs in

comparison with HPV-negative (HPVe) OPSCCs, p16

has recently been included in the eighth edition of the

Union for International Cancer Control/American Joint
Committee on Cancer (UICC8/AJCC8) TNM-

classification of OPSCCs [8]. Recent studies have indi-

cated that the best prognostic measure of survival out-

comes, and a more accurate indication of HPV-

infection, is combined HPV/p16-positivity [9,10].

Based on our OPSCC database, the present study

describes the incidence of both HPVþ and HPVe
OPSCCs in Eastern Denmark from 2000 to 2017. Of
special interest to the ongoing discussion on the imple-

mentation of HPV vaccination programmes, HPV ge-

notypes were examined in all HPVþ OPSCCs diagnosed

from 2011 to 2017, and the incidence of HPVþ OPSCC

was compared with the incidence of cervical cancer.
2. Patients and methods

In Denmark, all patients with OPSCC are diagnosed

and treated at public university hospitals in Head and

Neck Surgery and/or Oncology departments. The

OPSCC cases, which are all biopsy-confirmed, are

enrolled in the Danish Pathology Register. Additionally,
multidisciplinary teams at the Head and Neck clinics

reported them in the Danish Head and Neck Cancer

group registry (DAHANCA). We cross-referenced these

databases and included all confirmed cases from Eastern
Denmark, comprising 46% of the Danish population.

This region does not differ significantly in demographics

compared with the rest of the country. Patient clinical

data were obtained from medical records and tumour

characteristics from the pathology register, cross-

referenced with the multidisciplinary descriptions. As
previously described, this study refers to HPVþ/p16þ
cases as HPVþ, while HPVe/p16þ, HPVþ/p16-and

HPVe/p16-are all referred to as HPVe [9,11].

Age, sex, performance score, smoking status, tumour

characteristics, HPV and p16 status, HPV genotypes,

treatment data, recurrence status, prior cancers, new

secondary cancers and follow-up status were coded in a

REDCap electronic database hosted at Rigshospitalet,
Denmark [12].

See Supplementary Data for further details, as well as

statistical analyses.

3. Results

3.1. Patient cohort

In Eastern Denmark from 2000 to 2017, 2224 patients

were diagnosed with OPSCC. Of these, 2169 patients
(98%) had available HPV/p16 status and were included

in the analysis. The overall male to female ratio was

2.6:1. In the periods 2000e2005, 2006e2011 and

2012e2017, the median age of patients with

HPVþ OPSCCs (58, 58 and 61 years, respectively,

p < 0.001) and HPVe OPSCCs (60, 60 and 65 years,

respectively, p < 0.001) increased (Table 1).

3.2. Incidence trends

The age-adjusted incidence rate (AAIR) per 100,000 for

all OPSCC cases increased from 1.8 in 2000 to 5.1 in

2017 (AAPC: 7%, 95% confidence interval [CI]: 5e9%).

The total AAIR per 100,000 of HPVþ OPSCCs

increased from 0.9 in 2000 to 3.2 in 2017 (AAPC: 10%,

95% CI: 8e12%) while that of HPVe OPSCCs increased
from 0.9 in 2000 to 2.0 in 2017 (AAPC: 4%, 95% CI:

2e7%). Significant trend breaks with positive increases

were seen in the year 2008 for HPVe and total OPSCC

cases and in the year 2004 for HPVþ cases (Fig. 1,

Supplementary Fig. S1).



Table 1
Characteristics of 2169 patients with HPVþ and HPVe OPSCC from 2000 to 2017 at the time of diagnosis.

Total HPVþ HPVe p-value

Median age, years (range)

2000e2005 59 (30e93) 58 (30e93) 60 (37e87) 0.014a

2006e2011 59 (34e92) 58 (34e92) 60 (34e85) 0.009a

2012e2017 62 (36e96) 61 (36e96) 65 (41e94) <0.001a

Sex, n (%) 2169 (100%) <0.001

Female 605 (27.9%) 288 (24.0%) 317 (32.7%)

Male 1564 (72.1%) 913 (76.0%) 651 (67.3%)

Smoking category, n (%) 1891b (100%) <0.001

Non-smokers 433 (22.9%) 383 (36.1%) 50 (6.0%)

<10 pack years 126 (6.7%) 98 (9.2%) 28 (3.4%)

�10 and < 20 pack years 186 (9.8%) 118 (11.1%) 68 (8.2%)

�20 pack years 1146 (60.6%) 462 (43.5%) 684 (82.4%)

Alcohol category, n (%) 662b (100%) <0.001

No abuse 412 (62.2%) 300 (65.6%) 112 (38.9%)

Previous abuse 73 (11.0%) 14 (3.1%) 59 (20.5%)

Current abuse 67 (10.1%) 35 (7.7%) 32 (11.1%)

Current heavy abuse 110 (16.6%) 25 (5.5%) 85 (29.5%)

Tumour location, n (%) 2169 (100%) <0.001

Tonsils 1088 (50.2%) 777 (64.7%) 311 (32.1%)

Base of tongue 589 (27.2%) 341 (28.4%) 248 (25.6%)

Other 492 (22.7%) 83 (6.9%) 409 (42.3%)

Carcinoma type, n (%) 2162b (100%) <0.001

Non-keratinizing 1033 (47.8%) 841 (70.2%) 192 (19.9%)

Keratinizing/hybrid/other 1129 (52.2%) 357 (29.8%) 772 (80.1%)

UICC8 T-classification, n (%) 2148b (100%) <0.001

T1 468 (21.8%) 312 (26.2%) 156 (16.3%)

T2 914 (42.6%) 581 (48.8%) 333 (34.8%)

T3 489 (22.8%) 203 (17.1%) 286 (29.9%)

T4 277 (12.9%) 94 (7.9%) 183 (19.1%)

UICC8 N-classification, n (%) 2156b (100%) <0.001

N0 486 (22.5%) 184 (15.4%) 302 (31.5%)

N1 1076 (49.9%) 837 (69.9%) 239 (24.9%)

N2 496 (23.0%) 114 (9.5%) 382 (39.8%)

N3 98 (4.5%) 62 (5.2%) 36 (3.8%)

UICC8 M-classification, n (%) 2141b (100%) 0.084

M0 2107 (98.4%) 1180 (98.8%) 927 (97.9%)

M1 34 (1.6%) 14 (1.2%) 20 (2.1%)

HPV Z human papillomavirus, OPSCC Z oropharyngeal squamous cell carcinoma, UICC8 Z Union for International Cancer Control eighth

edition. Statistically significant p-values are indicated with bold text.
aThe median age was compared between HPVþ and HPVe groups using nonparametric tests (p-values noted in table). Additionally, the median

age was compared throughout the 18-year study period within the HPVþ and HPVe groups, respectively (p < 0.001).
b The total number of cases differ per variable due to unavailable data. Regarding alcohol status, this variable was recorded only for cases from

2015 to 2017, which explains the low number of cases.
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Regarding tumour origin, significant increases in

AAIR per 100,000 were observed among HPVþ tonsil

cancers (0.6 in 2000 to 2.1 in 2017; AAPC: 10%, 95% CI:

7e13%), HPVþ base of tongue (BOT) cancers (0.2 in
2000 to 1.0 in 2017; AAPC: 14%, 95% CI: 9e19%),

HPVe tonsil cancers (0.1 in 2000 to 0.6 in 2017; AAPC:

8%, 95% CI: 3e13%), and HPVe BOT cancers (0.3 in

2000 to 0.4 in 2017; AAPC: 4%, 95% CI: 1e7%). In

contrast, the AAIR for HPVþ and HPVe OPSCC in

unspecified locations decreased relative to OPSCC in the

tonsils and BOT. Significant trend breaks were observed

in the period 2005e2008, most notably for both HPVþ
and HPVe tonsils and BOT cancers, but the increases

were more pronounced in HPVþ sub-locations (Fig. 2,

Supplementary Fig. S2).
The crude incidence rate per 100,000ofHPVþOPSCCs

for both sexes peaked in an earlier age group (55e59 years)

compared with HPVe OPSCC (65e69 years). At both

peaks, the crude incidence of OPSCC in men was more
than doubled compared with that in women for both

HPVþ (men: 240 per 100,000; women: 77 per 100,000) and

HPVe (men: 179 per 100,000; women: 84 per 100,000)

OPSCC (Supplementary Fig. S3).

3.3. HPV prevalence and genotypes

Overall, 55% (nZ 1201) of OPSCCs in Eastern Denmark

from 2000 to 2017 were HPVþ. Complete HPV and p16

status are presented in Supplementary Table (S4). Of the

sub-cohort from 2011 to 2017 (59% HPVþ, n Z 788),
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nearly all patients with HPVþ OPSCC were genotyped

(98%, n Z 770), and 86% (n Z 662) were found to

harbour HPV16. The remaining 14% were positive for

either HPV33 (7.4%; n Z 57), HPV35 (3.4%; n Z 26) or
other types (3.2%, n Z 25) (Fig. 3). The rise in incidence

of HPVþ OPSCC is reflected by an absolute increase in

HPV16 during this 7-year period, with a peak in the 55-

to 59-year age group, while the proportion of HPV16 is

relatively constant throughout this period

(Supplementary Fig. S5). In the sub-cohort from 2011 to

2014, co-infections were noted in six cases, where HPV16

was found in most co-infections, while HPV33, HPV35
and other types were <10%. In the sub-cohort from 2015

to 2017, 10 cases had co-infections, where three of these

cases were co-infected with HPV16, one with

HPV16þ 45, one with HPV16þ 35, one with

HPV33þ 35, one with HPV35, two with HPV18 and one

with the benign HPV6.
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3.4. Comparisons to cervical cancer in Denmark

Projections in the AAIR of HPVþ OPSCCs indicate

that it will reach the levels of cervical cancer by 2029.

Cervical cancer has reduced considerably from 30 per

100,000 in the 1960s and has remained constant at 10.4
per 100,000 from 2011 to 2015. Further projections from

2015 to 2030 are calculated using the AAPC from the

Danish National Statistics database [13]. Further, in the

year 2021, the absolute number of HPVþ OPSCC cases

(n Z 193) is projected to surpass that of cervical cancer

(n Z 189) in Eastern Denmark (Fig. 1).

3.5. HPV-associated clinical factors

Compared with patients with HPVe OPSCC, patients

with HPVþ OPSCC were typically younger (see above)

and male (HPVþ: 76%, n Z 913; HPVe: 67%, n Z 651)
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Fig. 3. Distribution of high-risk HPV types of HPV infections found in 770 patients diagnosed with HPVþ OPSCC from Eastern

Denmark in 2011e2017. Co-infections not shown (16 cases). HPV Z human papillomavirus, OPSCC Z oropharyngeal squamous cell

carcinoma.
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and more often non-smokers (HPVþ: 36%, n Z 383;

HPVe: 6%, n Z 50). HPVþ OPSCC cases were less

likely to be smokers with �20 pack years (HPVþ: 44%,

nZ 462; HPVe: 82%, nZ 684) and less likely to exhibit

excessive alcohol use (HPVþ: 35%, n Z 74; HPVe:

61%, n Z 176). Additionally, HPVþ OPSCCs were
more often located in the tonsils and BOT than in the

soft palate, uvula or pharyngeal walls (HPVþ: 93%,

n Z 1118; HPVe: 58%, n Z 559) and were more likely

to be non-keratinising (HPVþ: 70%, n Z 841; HPVe:

20%, n Z 192). Patients with HPVþ OPSCC were more

often staged T1eT2 (HPVþ: 75%, n Z 893; HPVe:

51%, n Z 489), and few patients were determined to be

N0 (HPVþ: 15%, n Z 184; HPVe: 32%, n Z 302)
(Table 1).
4. Discussion

This study is the largest consecutive, population-based

cohort of OPSCCs, including 2169 patients from

Eastern Denmark. Similar to other Western countries

such as the United States of America, the United
Kingdom and other Scandinavian countries, HPV is

highly prevalent in OPSCC [3e5]. This might in part be

due to a more relaxed view on sexual behaviour and

promiscuity, especially since the 1970s and 1980s [5]. All
patients were tested for HPV DNA using PCR and for

p16 expression using IHC. The UICC-8th uses p16 as

the globally accepted standard for approximating

HPVþ cases, since it is less expensive and easier to

perform in the pathology lab. Previous studies have

shown that p16 alone is prognostically inferior to
simultaneous p16 and HPV testing, as the patients with

p16þ/HPVe or p16-/HPVþ status have worse progno-

ses compared with p16þ/HPVþ cases, and are quite

similar in survival to HPV negative cases [9,14].

In Denmark, all patients suspected of cancer are

diagnosed and treated according to the national guide-

lines in specialised public, tax-funded university hospi-

tals regardless of socio-economic status. Cases in this
report were drawn from two nationwide databases, the

DAHANCA and the Danish Pathology Register; but

these solely interpret HPV-status based on p16 IHC.

The anatomical specification of the primary was decided

based on the multidisciplinary conferences with head

and neck surgeons and oncologists.

A significant and rapidly increasing incidence of

OPSCCs was observed, most prominently in the past
decade (Supplementary Fig. S2). This surge is attributed

to a significant rise in the overall incidence rate of

OPSCC per 100,000 from 1.8 in 2000 to 5.1 in 2017.

HPVþ OPSCC is the main contributor to the overall

growth, as this subtype exhibited a threefold increase
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during the 18-year period (compared with a twofold

increase in HPVe OPSCCs). Recent studies from Swe-

den that examined a similar study period (2000e2016)

also found an increased incidence of HPVþ OPSCCs,

especially in the BOT, with a similar trend break around

the year 2008 [3]. However, only specific cases of tonsils

and BOT cancer were available, and thus only a limited

number of cases were included (n Z 795) [3]. A possible
explanation, especially regarding BOT cancer, may be

that the incidence is artificially increased due to an

increased rate of robotic BOT resections in patients with

neck metastases with unknown primaries [15], due to an

awareness of the association between neck metastases

and the tonsil or BOT locations.

The overall HPV prevalence in the present study was

55%, and HPVþ OPSCCs were nearly always located in
the tonsils or BOT (93%). Previous findings have shown

that, compared with non-lymphoepithelial locations

such as the soft palate and the pharyngeal walls, the

tonsils or BOT are more closely associated with

HPVþ OPSCCs [16]. The few cases of unspecified

oropharyngeal cancers that were HPVþ can be the

result of a direct spread of extremely large tumours and

may be hard to differentiate clinically.
This recent surge in the numbers of HPVþ OPSCC

could be linked to changes in sexual behaviour of young

adults in the 1970s and 1980s, including an increased

number of sexual partners and an increase in oral sex

[17]. One study suggests that long-term persistent HPV

infection leads to the development of HPV-associated

OPSCCs [18]. The current study reveals trend breaks

around the year 2008, which is approximately 30e40
years after this change in sexual behaviour began. In

agreement with this theory, patients with

HPVþ OPSCCs in this study were most often diagnosed

in their late 50s to early 60s.

Multiple types of HPV, and most predominantly

HPV16, have been shown to cause OPSCC. In the

present study, 86% of HPVþ OPSCCs were HPV16þ.

The current HPV vaccine (Gardasil-9), offered in
Denmark to 12-year-old girls (and boys since July 1st,

2019) for the prevention of HPV-associated cancers,

covers HPV16 and HPV33, which account for 86% and

7.5% of HPVþ OPSCCs in our study, respectively.

Other high-risk HPV types (HPV18, 31, 45, 58) are also

covered by the vaccine, which brings its total coverage

up to 95% of HPVþ OPSCCs. HPV35 is less common

in cervical cancer and is therefore not covered by any of
the current HPV vaccines. Regarding OPSCC, HPV35

is the third most common HPV type (4% of

HPVþ OPSCCs). Regarding co-infections, HPV16 was

present in most of these cases, while HPV35 was pre-

sent in 3 of 16 cases (19%). Whether HPV genotypes

other than HPV16 have different survival outcomes has

yet to be investigated. In the future, adding HPV35 to

vaccines may be of importance. Men are predominantly
diagnosed with HPVþ OPSCC (76%), and compared
with cervical cancers, OPSCCs do not exhibit precursor

lesions with apparent symptoms that can be included in

a screening programme, thus HPV vaccination is

potentially the best prophylactic measure for the

eradication of HPVþ OPSCCs. Nevertheless, more

research on the effectiveness of the HPV vaccine for

prevention of OPSCC is needed. We expect the pro-

jected incidence curves of HPVþ OPSCC to flatten or
decrease once the vaccinated children enter their

50se60s, although further studies of the incidence of

HPVþ OPSCC is needed in the future, to confirm this

theory.

Compared with patients with HPVe OPSCCs, a

significantly larger proportion of patients with

HPVþ OPSCC were men. An explanation for this may

be that women are more frequently infected with cer-
vical HPV, which may lead to a stronger immune

response [19]. Patients with HPVþ OPSCC also

smoked less and consumed less alcohol, which are both

well-known risk factors for HPVe OPSCCs [20]. After

stratifying the cohort into three equal study periods

(2000e2005, 2006e2011 and 2012e2017), an increase

in the median age was observed for patients with

HPVþ and patients with HPVe OPSCCs (p < 0.001);
these results are similar to those from another study

that found that HPVþ and HPVe OPSCCs were

diagnosed at older ages in recent years, which suggests

that HPVþ OPSCCs are not solely diagnosed in

younger patients [21]. This implies that the patients

diagnosed are from the same generation of people who

had a change in sexual behaviours in the 1970s and

1980s and are currently being affected with OPSCC,
rather than the disease only affecting a specific age-

group.

Although the increase in the incidence rate of HPVe
OPSCC was less compared with that of HPVþ OPSCC,

the increase in HPVe OPSCC represents a significant

clinical challenge. In contrast to other countries, to-

bacco smoking in Denmark initially decreased since the

1990s, but after a period of stagnation, smoking has
started to increase in recent years [22]. Further, HPVe
OPSCC tumours are more often treatment-resistant,

and the outcomes are characterised by a significantly

higher rate of loco-regional failures [23]. Moreover,

patients with HPVe OPSCC often display significant

degrees of co-morbidity [6], which further negatively

influences the outcome. In regard to patients with

HPVþ OPSCC with a more favourable prognosis [9],
de-escalation of treatment has been suggested [24].

Nevertheless, correct HPV diagnosis should precede

treatment de-escalation; previous findings suggest that

p16-positivity, as a surrogate marker for

HPVþ OPSCCs, alone is insufficient [7]. One study

found approximately 12% of p16-positive cases to be

HPVe, and those tumours were also found to be similar

in terms of demographics and prognosis to HPVe/p16e
OPSCCs [20]. Another recent study has shown a higher
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risk of distant metastasis in patients with HPVe/p16þ
status [14]. Whether or not treatment de-escalation is

considered, it should not be based solely on p16 status,

and combined HPV DNA and p16 testing is advised

before a decision is made.

This study is strengthened by its large sample size,

which is population based, and by its consecutive 18-

year span. Each case was evaluated at a centralised
cancer centre by multidisciplinary teams consisting of

specialised head and neck surgeons and oncologists; the

tumour specimens were reviewed by expert pathologists

specialising in head and neck cancer. All the data are

further strengthened by combined p16 and HPV DNA

testing, as well as by HPV genotyping of the latest

specimens from 2011 to 2017.

A limitation of this study was that the complete
cohort was combined through three study periods:

2000e2010 [25,26], 2011e2014 [11] and 2015e2017. The

last period included more search terms comprising the

soft palate for the Danish Pathology Register, which

may have led to an increased number of these patients in

2015e2017 (18 cases per year from 2000 to 2014 versus

45 cases per year from 2015 to 2017). The unspecified

OPSCCs were more often HPVe (83%, n Z 409), which
reduced the overall HPV prevalence in OPSCCs.
5. Conclusions

In a region of Denmark that represents a nation highly

prevalent for HPV, the incidence of HPVþ OPSCC

increased threefold and the incidence of HPVe OPSCCs

increased twofold from 2000 to 2017. While
HPVþ OPSCC is typically diagnosed at an earlier age

than HPVe OPSCC, both types have been diagnosed at

an older age in recent years. Additionally, the overall

change in incidence of HPVþ OPSCCs suggests that the

incidence will surpass that of cervical cancers within the

coming decade. Notably, 95% of the HPV types found

in HPVþ OPSCC are covered by the 9-valent HPV

vaccine.
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