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ABSTRACT

Background: Oropharyngeal carcinomas (OPCs) constitute a significant and increasing proportion of
head and neck carcinomas and are an important global cause of morbidity and mortality. The purpose
of this study was to determine trends in incidence and survival in OPC in the Danish population from
1980 to 2014.

Methods: This study included all patients registered in the nationwide Danish Cancer Registry over the
period 1980-2014. The age-adjusted incidence rates (AAIR) per 100,000, annual percentage change
(APC) and average annual percent change (AAPC) were evaluated. Five-year relative survival (RS) was
calculated with Cox regression analyses in relation to gender, anatomical location and histology.
Results: A total of 6555 patients (69% male) were included, with a median age at diagnosis of 60
years. The AAIR of patients with OPC increased from 0.815 per 100,000 in 1980 to 4.51 per 100,000 in
2014 with an AAPC of 5.3. The 5-year RS increased significantly from 33.1% over the period 1980-1984
to 58.5% (25.4% points) over the period 2010-2014. With no significant difference stratified for gender.
Tumors located at the palatine tonsils (n=3333) and salivary gland OPC (n=90) had significantly bet-
ter survival compared with other sub-locations and histology subtypes. In the APC model the birth
cohort effect rate ratio increased until 1925 and then decreased until 1935 from which point it
increased in the last cohorts.

Conclusions: In this population-based study, we observed a significant increase in the incidence of
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OPCs and in the RS for OPC. We also identified a profound birth cohort effect on the incidence.

Introduction

The annual, global incidence of pharyngeal cancers is
approximately 230,000, accounting for more than 1.5% of all
cancers worldwide, and resulting in nearly 150,000 deaths
yearly [1].

The incidence rates for oropharyngeal cancers (OPC) have
been increasing during recent decades, predominantly in
developed countries and in younger patients (<60 years) [2],
with the highest incidence observed in northern Europe [3].
The increasing incidence is recognized as a result of the
growing subset of OPCs associated with human papillomavi-
rus (HPV) infection, whereas the incidence of HPV-negative
OPCs has been reported to be stable or declining [2-5].
Patients with HPV-associated OPC are known to have longer
overall and disease-free survival compared with HPV-negative
patients [6]. Worldwide tobacco and alcohol use remain the
most important risk factors for OPC [7].

In more than 90% of cases pharyngeal cancers consist of
squamous cell carcinomas (SCC) [7], and knowledge regard-
ing the incidence and survival of the remaining histological

subtypes is very sparse. Furthermore, birth cohort-effects on
incidence of OPC are rarely analyzed. The aims of this study
were to evaluate the survival and incidence trends based on
gender, histology and tumor localization of patients diag-
nosed with OPC in the Danish population during the period
1980-2014, and to evaluate a possible cohort-effect on the
incidence.

Material and methods

Data included in this study are derived from the Danish
Cancer Registry (DCR), which contains data on all cancers
diagnosed in Denmark from the year 1943 [8] and onwards.
Reporting to the DCR became mandatory in 1987. The DCR is
linked to the central population register (CPR) in Denmark,
which since 1968 has provided every resident in Denmark
with a unique personal identification number, to which infor-
mation regarding vital status and emigration is linked [9]. All
the patients registered with OPC in the DCR between 1980
and 2014 were included in the study. From 1978 all patients
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reported to the DCR was coded using ICD-O-1, when the
DCR became digitalized in 2004, all patients from 1978 to
this point were then converted ICD-10 via ICD-O-2 and ICD-
03 according to international guidelines [8]. The ICD10-codes
included in this study were DC01, DC02.4, DC05.1, DCO05.2,
DC09.0, DC09.1, DC09.2, DC09.8, DC09.9, DC10.2, DC10.3,
DC10.8 and DC10.9. The patients were divided into four
groups: palatine tonsils (i.e., DC09.0, DC09.1, DC09.2, DC09.8,
DC09.9), walls of oropharynx (i.e, DC10.2, DC10.3, DC10.8,
DC10.9), base of tongue (i.e., DCO1, DC02.4) and others (i.e.,
DCO05.1, DC05.2, DC10.0). The histological information on
tumors was derived from the ICD-O-3 classification via the
MORPHO3 registration from the DCR [10]. Based on the 56
different histology subtypes identified, we divided patients
into the following four groups: SCC, adenocarcinomas, saliv-
ary gland tumors and others. With the introduction of the
ICD-10 haematolymphoid tumors are no longer classified by
their anatomical location, but instead by their histology type,
therefore, it was not possible to include these tumors located
in the oropharynx based on the ICD10-codes. For this reason
these tumors were excluded.

In this study the incidence rates were calculated as age-
adjusted incidence rates (AAIR), this method circumvents the
fact that most rates, including incidence of cancer, is age
dependent by adjusting the incidence to the distribution of
the age groups in the given population, so a high incidence
is not merely a result of a population with a large amount of
elderly people or vice versa. This allows the numbers to be
compared with any given population directly. The survival
was calculated as the relative survival (RS), which is the sur-
vival of the patients with OPC relative to the survival of the
rest of the population. This method ensures that any
observed change in survival among patients with OPC is not
merely a change in the survival of the general population,
but is also the reason why the graphs of the survival are not
necessarily always declining because as the group becomes
smaller, the few patients who are left could have better sur-
vival relative to the general population. Finally we calculated
an age-period-cohort (APC) model, where the effect of age,
period (i.e, the year of diagnosis), and the cohort (i.e., the
year of birth) on incidence of OPC was evaluated.

Data regarding the age at diagnosis were derived from
the DCR, and vital status and emigration were obtained from
the CPR.

We did not include information on tumor, node and
metastasis (TNM) classification because this information was
not part of the DCR before 2004, and the data was not of
high quality even after 2004.

Statistical analysis

Statistical analyses were performed in R statistics version
3.3.3 (Stanford University, Stanford, CA, USA) [11]. Incidence
rates per 100.000 were calculated using the direct method
with the EpiTools package [12] using the WHO world stand-
ard population age-group distribution and the Danish popu-
lation as reference [13]. The average annual percent change
(AAPC) was calculated using Joinpoint trend analysis software

v. 4.2.0.2, with growth assumed to be logarithmic with the
formula In(y) =xb. The Joinpoint regression analysis estimates
possible joinpoints (trend breaks), which are significant
changes in trends, as previously described [14].

The RS rate was calculated as the ratio of the observed
survival rate to the expected survival rate in Denmark
matched by age, sex and calendar year with the R package
relsurv [15]. The RS is defined as the all-cause observed sur-
vival in the cancer population in the study divided by the
expected survival of a comparable group in the general
population. The RS is, therefore, a measure of the excess
mortality associated with a diagnosis of OPC. The expected
survival was estimated using the Ederer Il method [16].
Patients who were alive at the last date of follow-up were
censored at this date. The date for the last follow-up was 1st
of December 2016.

The APC model was calculated with the R package Epi
[17]. The reference year was for cohort effect 1900 and for
period effect 1982.5. The age and periods were arranged in
five year intervals. To avoid statistical instability, the analysis
was restricted to persons aged between 30 and 84 years.

Results

From the DCR, 6555 patients with OPC were included.
The patients were predominantly male [4748 men (69%)]
(Table 1). The median age at diagnosis was 60 years. The
most common anatomical location was the palatine tonsils,
accounting for 49%, and the most common histology was
squamous cell carcinoma, accounting for 91% (Table 1).

Incidence

For all patients diagnosed with OPC, the AAIR per 100.000
increased from 0.815 in 1980 to 4.51 in 2014 (p < .05, Figure
1(A)), corresponding to a total number of 56 and 399
patients per year (Figure 1(B)). We observed one significant
trend break in 1986, when the annual percent change (APC)
decreased from 8.50 to 4.65%. The AAPC was 5.3% (Table 2).

For males the AAIR per 100.000 increased from 1.02 in
1980 to 6.75 in 2014, with an AAPC of 5.6% (Figure 1(C),
Table 2). For females the AAIR per 100.000 increased
from 0.628 in 1980 to 2.33 in 2014, with an AAPC of 4.6%
(Figure 1(D), Table 2).

Considering the anatomical location, the AAIR per 100,000
of cancer located in the palatine tonsils (Figure 1(E)), the
walls of oropharynx, and base of the tongue, all increased
continuously throughout the study period, whereas cancer
located in the uvula, soft palate and vallecula epiglottica
showed an overall increase, but with a significant trend break
with a decrease after 2001 (Table 2).

Squamous cell carcinoma (Figure 1(F)) and adenocarcin-
oma showed a significant increase in the AAIR per 100,000.
The remaining histological subtypes showed no significant
change in incidence.

The reporting to the DCR became mandatory in 1987. We,
therefore, analyzed the incidence rates for the period



Table 1. Univariate and multivariate Cox regression analyses of patients with OPC
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in Denmark between 1980-2014.

Univariate Multivariate
Variable AAPC (95% Cl) p n (%) Deaths HR (95%Cl) p HR (95%Cl) p
Total 5.3 (4.6;6.0) <.05
Male 5 6 (4.6;6.6) <.05 4748 (69) 3104 Ref Ref
Female 6 (4.0,5.1) <.05 1807 (26) 1176 1.01 (0.95-1.08) .69 1.05 (0.98-1.12) .20
SCC 9 (4.8;7.0) <.05 6224 (91) 4060 Ref Ref
AD 11 2 (4.5;18.3) <.05 55 (1) 36 0.78 (0.56-1.08) A3 0.73 (0.53-1.02) .07
SCG -0.9 (-4.2,6.4) 7 90 (1) 48 0.56 (0.42-0.74) <.05 0.52 (0.39-0.69) <.05
OH -0.1 (-2.0;,1.7) 9 186 (3) 136 0.93 (0.78-1.1) A1 0.91 (0.77-1.09) 31
PT 4 8 (4.3,5.3) <.05 3333 (49) 2085 Ref Ref
W.0 7 (5.1,8.3) <.05 1782 (26) 1179 1.27 (1.19-1.37) <.05 1.39 (1.29-1.49) <.05
B.T 5 6 (4.7,6.5) <.05 932 (14) 616 1.19 (1.09-1.3) <.05 1.26 (1.15-1.38) <.05
U/S.P/V.E 1(-1.1;3.4) <.05 508 (7) 400 1.1 (0.98-1.22) .10 1.15 (1.03-1.28) <.05
1980-1984 329 (5) 322 Ref Ref
1985-1989 484 (7) 465 1 (0.86-1.15) 95 0.99 (0.86-1.14) .87
1990-1994 604 (9) 571 1.1 (0.96-1.26) .18 1.08 (0.94-1.24) 29
1995-1999 769 (11) 654 0.99 (0.87-1.14) 93 0.96 (0.84-1.1) .55
2000-2004 1051 (15) 775 0.96 (0.84-1.09) 52 0.93 (0.81-1.06) .28
2005-2009 1364 (20) 773 0.78 (0.68-0.89) <.05 0.76 (0.66-0.87) <.05
2010-2014 1949 (28) 715 0.72 (0.63-0.82) <.05 0.71 (0.62-0.82) <.05

AAPC: Average annual percentage change in age-standardized incidence rate; HR:
carcinoma; SCG: salivary gland carcinoma; O.H: other histology; P.T: palatine tonsi
vallecula epiglottica.

1987-2014 as well as for 1980-2014. These analyses showed
no significant difference (Table S1).

Relative survival

Patients were followed-up for a median period of 2.6 years
(range 0-35.2 years)

The RS at 5 years increased significantly from 33.1%
(95%Cl: 27.9; 39.2) in 1980-1984 to 58.5% (95%Cl: 55.4; 61.8)
in 2010-2014. We examined factors associated with better RS
(Table 1) and found that the palatine tonsils had a signifi-
cantly better survival than other locations. Concerning the
different histological types, carcinomas of the salivary glands
had significantly better prognosis than SCC [Figure 2(C,D),
Table 1]. There were no significant differences between the
survival of men and women [Figure 2(A), Table 1].

APC model

For all OPCs the highest incidence was observed between
the ages of 55 and 60 years. The age at which the highest
incidence was observed was not different between the sexes
(Figure 3).

Regarding the cohort effect, the rate ratio increased from
the first cohort, reaching the highest in 1925 and then
decreasing before 1940 and then increasing again in the
remaining cohorts. When stratifying based on gender, this
pattern was similar (Figure 3).

In the period effect, there was a significant increase of
the rate ratio up until before the year of 2000, followed by a
significant decrease for all OPCs. These changes were only
significant for men (Figure 3).

Discussion

In this large population-based study including 6555 patients,
we report that both the incidence and the survival of
patients with OPC in Denmark increased during the past 34

hazard ratio; Cl: Confidence interval. SCC: squamous cell carcinoma; AD: adeno-
Is; W.O: walls of oropharynx; B.T: base of tongue; U/S.P/V.E: uvula/soft palate/

years. The increasing incidence observed is similar to reports
from several Western countries [18] and has been attributed
to changes in sexual behaviors in more recent birth cohorts,
including a higher number of sexual partners, resulting in an
increased risk of infection with HPV [5,19].

The increasing incidence of OPC, especially for men, raises
the question of if offering boys prophylactic HPV vaccines
should be introduced as a prevention strategy. Studies show
that at moderate to high vaccination rates for girls, the gain
of vaccinating boys is limited, due to herd immunity [20].
Therefore, the most economically effective way to decrease
HPV-infection is by convincing girls of the benefits of the
vaccine. However, the annual report of vaccination status in
Denmark from 2016 shows that only 15% of the girls born in
2003 have followed the full HPV vaccination program [21].
Therefore, it appears necessary to include boys to effectively
ensure a decrease in HPV positive OPCs.

We found that the RS is increasing. It is well-known that
patients with HPV-positive OPC have better survival and a
lower risk of recurrence than HPV-negative OPC [6]. Given
that the proportion of OPCs that are HPV-positive has been
increasing [4] this finding is probably one explanation for the
increase in survival. Other explanations include improve-
ments in radiation therapy techniques [22], the recent devel-
opment of less invasive surgical procedures such as transoral
robotic surgery [23], and a fast-track program introduced in
2007 to optimize the diagnosis and treatment for patients
suspected of head and neck cancer. Finally, national guide-
lines for the evaluation and treatment for head and neck car-
cinomas including OPC were introduced in 2011.

The salivary gland OPC group was small (n=90) and,
therefore, results of this group should be interpreted care-
fully, however, the better survival of this group was statistical
significant and is worth noting.

We identified an interesting cohort effect. One explanation
we find plausible is that the large decrease in OPC in citizens
born in 1925 and the following 10 years might be due to
effects of the Second World War, occurring when these
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Figure 1. Incidence rates and number of cases per year for A and B: all OPCs, C: men, D: women, E: palatine tonsils and F: squamous cell carcinoma.

cohorts reached a sexually active age. The war might have
resulted in a less promiscuous lifestyle among these cohorts,
simply because the curfews and obligatory blackouts resulted
in less opportunity to meet new sex partners and in a more
restricted lifestyle in general. A Korean study showed a

similar cohort effect and attributed this to a change in smok-
ing behavior [24]. This cause could also be the case in
Denmark as the supply of tobacco was limited during the
war. The increase from the 1940 cohort could be due to
the 1960s’ youth rebellions and the introduction of the



Table 2. Joinpoint regression analysis demonstrating trends in AAIR.
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Trend 1 Trend 2
Group Period APC(95% Cl) Period APC(95% CI) AAPC (95% Cl)
Total 1980-1986 8.5 (4.6;12.6) 1986-2014 4.7 (4.3;5.0° 5.3 (4.6;6.0)
Male 1980-1986 10.7 (4.3;16.3)° 1986-2014 40 (4.0,5.1)° 5.6 (4.6;6.6)°
Female 1980-2014 4.6 (4.0;5.1) 46 (4.0;5.1)?°
Palatine tonsils 1980-2014 4.8 (4.3;5.3)2 4.8 (4.3;5.3)°
Walls of oropharynx 1980-2005 3.7 (2.6;4.8)° 2005-2014 15.3 (9.6;21.3)° 6.7 (5.1;8.3)°
Base of tongue 1980-2014 5.6 (4.7;6.5)° 5.6 (4.7;6.5)°
Uvula/ Soft palate/ Vallecula epiglottica 1980-2001 6.4 (4.0;8.8)° 2001-2014 —6.8 (—11.1;—2.3)° 1.1 (-1.1;3.4)
APC: annual percent change; AAPC: average annual percent change; 95% Cl: 95% confidence interval.
“Significant at p < .05.
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Figure 2. RS based on A: year of diagnosis, B: gender, C: anatomical location, D histology. SP: soft palate; VE: vallecula epiglottica; SCC: squamous cell carcinoma;

SGC: salivary gland carcinoma.
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Figure 3. Age-period-cohort model for all OPCs, for men and for women. LCl: lower confidence interval; UCl: upper confidence interval; RR: rate ratio.

contraceptive pill, leading to a more promiscuous lifestyle
among these cohorts. We emphasize that these theories are
purely speculative.

The TNM classification is an important factor associated
with the survival of the patients, and a limitation of our study
is that this classification was not included. However, given

that the study covers 34 years, there would likely have been
a great risk of stage migration; either due to new editions of
the guidelines for the TNM classification, or because of
patients expectedly would be diagnosed in earlier stages in
the latter years as a result of improved and more effective
healthcare service. Another limitation of this study is the lack



of tumor HPV- or p16-status was not included because we
did not have access to this information.

There remains a lack of consensus on the borders of the
pharynx among previously published studies, and disease
codes that refer to more than one division of the pharynx
are often included in studies that examine a specific division.
This lack of consensus makes the applicability of former stud-
ies disputable and the comparison of results problematic.
Therefore, a large focus of this study was to include only
those ICD-10 codes that are strictly referring to oropharyn-
geal cancer.

We believe that our study adds significant new knowledge
to a previous similar study performed by Fakhry et al. [25].
The statistical analysis of the latter study was limited and
only focused on an increase in the number of survivors. This
approach was an interesting perspective. However, in con-
trast to our study, location, histology and gender in the stat-
istical analysis were not explored. Furthermore, the ICD-10
codes included in the study by Fakhry et al. were not specif-
ically related to the oropharynx. DC14.0, DC14.2 and DC14.8
referring to cancer of pharynx UNS, cancer of Waldeyer
ring and cancer of overlapping sites of lip, oral cavity and
pharynx, respectively, were all included. These sites
consist partially of OPC but not exclusively, resulting in a sig-
nificant portion of the data being derived from patients with
non-OPC.

In the present study, using data from the DCR, we identi-
fied more than 6000 patients with OPC over the period from
1980 to 2014. We report that both the incidence and survival
increased for patients with OPC over the complete period of
the study, and we have no reason to believe that there will
be fewer patients with OPC in the years to come.
Furthermore, we report a profound cohort effect explaining
trend changes.
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