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Abstract

Background

The incidence of oropharyngeal cancer (OPC) is increasing, particularly human papillomavi-
rus (HPV)-associated OPC. The aim of this study was to specify the total societal cost of
OPC by HPV status, cancer stage, and subsite using a bottom-up cost-of-illness approach.

Methods

We analyzed 121 consecutive patients with OPC from the Southern Health Care Region of
Sweden. We estimated the direct medical costs and indirect costs (e.g., disease-related
morbidity and premature death) from 1 month prior to OPC diagnosis until 3 years after
treatment completion.

Results

The mean total cost per patient was €103 386 for HPV-positive and €120 244 for HPV-nega-
tive OPC. Eighty-one percent of the patients analyzed were HPV-positive: Accordingly,
HPV-positive OPC represented 79% of the total cost of OPC. The mean total cost of stage |,
I, 111, IVA, IVB, and IVC, regardless of HPV status, was €59 424, €57 000, €69 246, €115
770, €234 459, and €21 930, respectively, of which indirect costs were estimated at €22 493
(37.8%), €14 754 (25.9%), €28 681 (41.4%), €67 107 (58%), €166 280 (70.9%), and €0.
Tonsillar cancer represented 64% of OPC, with a mean total cost of €117 512 per patient.

Conclusion

The societal cost of OPC is substantial. HPV-associated OPC comprises 79% of the total
cost of this disease. The data presented in this study may be used in analytical models to
aid decision makers in determining the potential value of gender-neutral HPV vaccination.
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Introduction

Head and neck cancer (HNC) is the 6™ most prevalent cancer worldwide [1]. The incidence of
oropharyngeal cancer (OPC), a subset of HNC localized to the tonsils, the base of the tongue,
and the soft palate/pharyngeal wall, is increasing, particularly human papillomavirus (HPV)-
associated OPC [2]. HPV-positive OPC has been linked to male gender, younger age, and
white race [3]. HPV-positive OPC is associated with less advanced primary cancer lesions, but
with a higher likelihood of regional metastasis at presentation [3]. Overall, HPV-positive OPC
has a better prognosis than HPV-negative OPC [4].

The increase in the incidence of OPC makes studies of its societal cost important. Detailed
information on HPV-positive OPC is particularly called for due to the increasing incidence of
this condition and the possibility of primary prevention through HPV vaccination. However,
specific costs are also needed for each clinical stage of OPC, as disease progression may lead to
altered costs, which is relevant to health care programs that aim to achieve early (i.e., early-
stage) detection and treatment. Finally, specific costs by OPC subsite, i.e., tonsils, base of the
tongue, and soft palate/pharyngeal wall, are also necessary, as changes to current treatment
protocols may be subsite-specific; for example, the introduction of transoral robotic-assisted
surgery for resectable tonsillar cancer.

A series of studies have described the costs of OPC and other HNCs [5-9]. However, these
reports do not include indirect costs associated with morbidity, sick leave, etc. Moreover, they
include data obtained using top-down approaches that look at group-level information on
HPV-status, cancer stage, etc., not bottom-up approaches that look at individual-level infor-
mation. In a previous report using a top-down approach, our research team estimated that the
societal economic burden of HPV-associated precancers and cancers (using prevalence data
from the literature) was €94 million in 2006, of which OPC represented €12 million (12.8%)
[9]. Taken together, the information on the societal cost of OPC is still incomplete.

In this population-based study of patients with OPC in Southern Sweden, we aimed, for the
first time, to specify the total societal cost, direct medical costs, and indirect costs of OPC by
HPYV status, cancer stage, and subsite using a bottom-up cost-of-illness approach.

Material and methods
Study design

The study had a prevalence-based cost-of-illness design, which is a methodology commonly
used to investigate the economic burden of diseases [10]. All identifiable, individual-level,
direct medical (i.e., work-up, treatment, hospitalization, etc.) and indirect (i.e., sick leave, pre-
mature death, etc.) costs linked to OPC as a primary diagnosis were included in the estimate.
Costs were stratified by HPV status, cancer stage (according to the TNM Classification of
Malignant Tumour, 7N ed., Wiley-Blackwell, Hoboken, NJ), and OPC subsite, and expressed
in Euro (€) based on 2017 values. The observation period covered approximately 1 month
prior to OPC diagnosis to 3 years after treatment completion. Approval of the study protocol
was obtained from the Regional Ethics Review Board, Lund, Sweden (ref. number 2017/647).

Study population

Using the Swedish National Quality Registry for Head and Neck Cancer, we identified 121
consecutive patients from the Southern Health Care Region of Sweden who were diagnosed
with OPC: tonsillar cancer (International Statistical Classification of Diseases and Related
Health Problems, Revision 10, 2"¢ edition (ICD-10) code C09) base of the tongue cancer
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(ICD-10 code CO01), and soft palate/pharyngeal wall cancer (ICD-10 code C10) during 2011-
2014 and treated at Skane University Hospital [11].

HPYV status

A key focus of our analysis was the distribution of the costs of OPC by HPV status. Therefore,
information on HPV DNA and/or p16 status was retrieved from laboratory reports. In this
context, the presence of HPV DNA indicates an association between HPV and OPC, while p16
positivity is a surrogate marker for HPV positivity [12]. For the purposes of our analyses, we
regarded p16 as a fully justifiable marker of HPV infection. If data were lacking, tissue samples
were analyzed for HPV DNA or p16 de novo. Data on HPV status were eventually available for
all 121 patients.

Treatment

The patients in this study received external radiotherapy to 68 Gy to the primary tumor and to
any neck node metastases. Elective radiotherapy to 54 Gy was also given to the ipsilateral neck
region, and contralateral treatment was considered for patients with primary lesions extending
close to or over the midline. Concomitant chemotherapy was offered to patients with
advanced-stage disease; surgery was reserved for residual or recurrent disease. In 90% of the
cases, the treatment intention was curative.

Costs

Direct medical costs. We used a bottom-up approach to determine the OPC-specific
direct medical costs associated with inpatient and outpatient work-up, treatment, and follow-
up. The costs were derived from the hospitals’ financial departments and verified against medi-
cal records in order to identify OPC-specific costs only. The cost of palliative care or advanced
care in a patient’s home (“Avancerad sjukvard i hemmet”) were calculated using an average
cost of €748 per day for palliative care and €215 per day for advanced care in a patient’s home
(data obtained from Skane County Council) multiplied by the duration of treatment.

Indirect costs. Indirect costs were defined as the loss of productivity that occurred due to
a patient’s inability to work (i.e., sick leave or premature death). To estimate production loss,
the length of work absence was multiplied by labor costs. We estimated annual labor costs, i.e.,
annual income from full employment including taxes and social fees, at 31.42% based on offi-
cial statistics [13]. Assuming 220 workdays per year, and considering an 8-hour work day, this
amounts to 1760 working hours per year. Using the human capital method and price levels
from 2016, the cost of a full work day was estimated at €235 for individuals aged 20-64 years
[14]. Costs of production loss corresponding to premature death were estimated based on the
number of working years lost prior to a retirement age of 65 years. The number of working
years lost was calculated by identifying the diagnosis-specific cause of death, age at time of
death, and the number of working years lost. Costs due to future production loss were calcu-
lated using a 3% annual discount in accordance with health economic recommendations [15].

Results

The study population comprised 121 patients with OPC, of which 34 (28%) were females and
87 (72%) males (Table 1). The overall mean age was 62 years (range 33-83 years), with corre-
sponding values of 61 years and 63 years among females and males, respectively. The mean age
of HPV-positive and HPV-negative patients was 61 years and 67 years, respectively. Twenty-
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Table 1. Patient characteristics by human papillomavirus (HPV) status.

Numbers (%)

Total HPV-positive HPV-negative
Study population 121 98 (81.0%) 23 (19.0%)
Gender
Male 87 (71.9%) 74 (85.1%) 13 (14.9%)
Female 34 (28.1%) 24 (70.6%) 10 (29.4%)
OPC subsite
Tonsillar 77 (63.6%) 68 (88.3%) 9 (11.7%)
Base of the tongue 32 (26.4%) 26 (81.3%) 6 (18.7%)
Soft palate/pharyngeal wall 12 (10.0%) 4 (33.3%) 8 (66.7%)
T-stage
1 6 (21.5%) 24 (92.3%) 2(7.7%)
2 54 (44.6%) 46 (85.2%) 8(14.8%)
3 0 (16.5%) 17 (85%) 3 (15%)
4a 14 (11.6%) 8 (57.1%) 6 (42.9%)
4b 7 (5.8%) 3 (42.9%) 4 (57.1%)
N-stage
0 29 (24%) 24 (82.8%) 5 (17.2%)
1 18 (14.9%) 13 (72.2%) 5(27.8%)
2a 10 (8.3%) 10 (100%) 0 (0%)
2b 48 (39.7%) 42 (87.5%) 6 (12.5%)
2c 11 (9.1%) 4 (36.4%) 7 (63.6%)
3 5(4.1%) 5(100%) 0 (0%)
M-stage
0 117 (96.7%) 95 (81.2%) 22 (18.8%)
1 4 (3.3%) 3(75%) 1 (25%)
Clinical stage
1 3(2.5%) 2 (66.7%) 1(33.3%)
i 14 (11.6%) 13 (92.9%) 1(7.1%)
I 20 (16.5%) 15 (75%) 5 (25%)
IVA 70 (57.9%) 59 (84.3) 11 (15.7%)
IVB 10 (8.3%) 6 (60%) 4 (40%)
IvC 4 (3.3%) 3(75%) 1(25%)
Smoking habits
Smokers (or recently stopped) 45 (37.1%) 29 (64.4%) 16 (35.6%)
Ex-smokers 34 (28.1%) 27 (79.4%) 7 (20.6%)
Never smoked 42 (34.7%) 42 (100%) 0 (0%)
Initial treatment intention
Curative 109 (90%) 93 (85.3%) 16 (14.7%)
Palliative 12 (10%) 5(41.7%) 7 (58.3%)
Survival
Deceased during 3-year follow-up 35 (28.9%) 17 (48.6%) 18 (51.4%)
Died of OPC 26 (21.5%) 11 (42.3%) 15 (57.7%)

https://doi.org/10.1371/journal.pone.0220534.t001

nine percent of the study population died within the 3-year follow-up period: 21.5% from
OPC and 7.4% from other causes.

The mean total cost of HPV-positive OPC from 1 month prior to diagnosis to 3 years after
treatment completion was €103 386 per patient (Table 2). For HPV-negative OPC, the corre-
sponding cost was €120 244.
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Table 2. Detailed mean direct medical costs, indirect costs, and total mean cost (in € based on 2017 values) of oro-
pharyngeal cancer by human papillomavirus (HPV) status.

HPV-positive HPV-negative

Direct medical costs

Inpatient 16 477 31756
Outpatient 26734 19 683
Palliative care 1335 6124
Total direct medical costs 44 546 57 563
Indirect costs

Morbidity 42926 10 026
Mortality (premature death)* 15914 52 655
Total indirect costs 58 840 62 680
TOTAL COST 103 386 120 244

*Costs were discounted at 3% annually.

https://doi.org/10.1371/journal.pone.0220534.t002

The mean total cost per patient of OPC, regardless of HPV status, was €106 590, with €47
020 attributable to direct medical costs, i.e., inpatient and outpatient care, and €59 570 to indi-
rect costs, i.e., due to disease-related sick leave and premature death (Table 3). When looking
at the mean direct medical costs, indirect costs, and total cost per patient by clinical stage, the
cost of palliative care for stage IVC was revealed to be nil, due to the fact that costs of informal
care and assistance from elderly care facilities were not available (Table 3). For the same
patient group, the cost was nil for morbidity and for mortality, because all individuals were
older than retirement age, and therefore not eligible for sick leave pay.

When costs were analyzed by OPC subsite, tonsillar cancer represented the largest group,
i.e., 77 (64%) of the cases, and produced a mean total cost of €117 512 (Table 4). For soft pal-
ate/pharyngeal wall cancer, the direct medical costs were higher than those for other subsites,
possibly due to the relatively poor prognosis of this disease, which leads to additional work-up
and treatment, and corresponding increased direct medical costs.

The mean hospital stay was 14 days (range 0-115 days), with HPV-positive OPC having a
mean stay of 10 days (range 0-72) compared to 29 days for HPV-negative OPC (range 0-115)
(Table 5).

Table 3. Detailed mean direct medical costs, indirect costs, and total mean cost (in € based on 2017 values) of oropharyngeal cancer by clinical stage.

1 11 111 IVA IVB IvC All

(n=3) (n=14) (n=20) (n=70) (n=10) (n=4) (n=121)
Direct medical costs
Inpatient 14 191 15 406 11 468 19 798 43737 8 556 19 381
Outpatient 22740 23055 29 097 26 170 21435 13374 25394
Palliative care n/a 3785 n/a 2 695 3007 n/a 2245
Total direct medical costs 36 931 42 246 40 565 48 663 68179 21930 47 020
Indirect costs
Morbidity 22493 14 754 23 586 41 445 79 042 n/a 36 672
Mortality (premature death)* n/a n/a 5095 25 662 87238 n/a 22898
Total indirect costs 22493 14754 28 681 67 107 166 280 n/a 59570
TOTAL COST 59 424 57 000 69 246 115770 234 459 21930 106 590

*Costs were discounted at 3% annually; n/a denotes “not available”.

https://doi.org/10.1371/journal.pone.0220534.t003
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Table 4. Detailed mean direct medical costs, indirect costs, and total mean cost (in € based on 2017 values) of oropharyngeal cancer by subsite.

Tonsillar Base of tongue C01 (n = 32) SP/PhwW All

C09 (n=77) C10 (n=12) (n=121)
Direct medical costs
Inpatient 16 169 17 569 44 827 19 381
Outpatient 26 885 25252 16 198 25394
Palliative care 2261 558 6 644 2245
Total direct medical costs 45316 43379 67 669 47 020
Indirect costs
Morbidity 43274 30226 11 501 36 672
Mortality (premature death)* 28922 1568 41119 22898
Total indirect costs 72 196 31794 52 620 59 570
TOTAL COST 117 512 75173 120 289 106 590

*Costs were discounted at 3% annually; SP/PhW denotes soft palate/pharyngeal wall.

https://doi.org/10.1371/journal.pone.0220534.t004

Mean cost for HPV-negative OPC was 16.3% higher than for HPV-positive OPC. More-
over, the mean total cost for male patients was less (€93 954) than that for female patients
(€135 984). Among the male patients, HPV-positive OPC accounted for 87% of the total cost.
Twenty-one percent of HPV-negative OPC was detected in the advanced stages IVB and IVC,
compared to 9% of HPV-positive OPC (Table 1). The total cost of OPC among the 121 patients
followed for 3 years in this study was approximately €13 000 000. HPV-associated OPC repre-
sented 79% of the total cost, and 71% of these cases occurred in males.

Discussion

This study is the first to use an accurate, bottom-up analysis to describe direct medical costs
and indirect costs of OPC stratified by HPV status, cancer stage, and subsite. Our main find-
ings show a mean total cost per patient of €103 386 for HPV-positive and €120 244 for HPV-
negative OPC, and that HPV-positive cases represent 79% of the total cost of OPC. Our obser-
vations are important for future decisions regarding the implementation of health care strate-
gies for OPC; for instance, whether or not to include males in HPV vaccination programs.

In a recent study, we estimated the annual cost from 2006 of all HPV-associated precancers
and cancers in Sweden at €94 million, of which 13% represented costs of OPC [9]. That study
used a prevalence-based cost-of-illness design with a top-down approach, using information
from the literature on the prevalence of HPV-attributable diseases and data from national reg-
istries on costs. The national registries contained data on all patient episodes and their costs,
but lacked individual-level information, such as HPV status, cancer stage, etc. For males, OPC
represented the majority of the economic burden of HPV-associated cancers, accounting for
56% of the annual societal cost, followed by anal (27%) and penile (17%) cancer. For males, the

Table 5. Mean hospital stay (days) by subsite and human papillomavirus (HPV) status.

Total HPV-positive HPV-negative
Subsite
Tonsillar 10 11 9
Base of the tongue 11 8 24
Soft palate/pharyngeal wall 49 25 55
TOTAL 14 10 29

https://doi.org/10.1371/journal.pone.0220534.t1005
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total annual societal cost of OPC was estimated at €8.5 million, and the corresponding figure
for females was €3.4 million. The greatest cost driver for OPC was morbidity and premature
death, which represented 78% of the total annual cost.

In contrast to our previous report [9], the present study included patient-specific informa-
tion from medical records, including HPV status, cancer stage, and OPC subsite, as well as
information on disease-specific sick leave and survival. The mean total cost of OPC for the
period covering 1 month before diagnosis to 3 years after treatment completion was €106 590
(at the 2017 year’s price level) regardless of gender and HPV status; direct medical costs repre-
sented €47 020 (44%) and indirect costs €59 570 (56%) of this total. The mean total cost of
HPV-positive OPC was €103 386; the cost of HPV-negative OPC was 16.3% greater (€120
244). The mean total cost for male patients was less (€93 954) than for female patients (€138
925). The difference in costs between men and women in this study reflects the fact that the
three women who died during follow-up were relatively young and, therefore, produced high
mortality costs. While the influence of HPV on the costs of OPC and the distribution of costs
between genders was similar to that reported in our previous study, the present study design
allowed us to describe the costs of OPC in a much more specific manner, and also to describe
direct medical and indirect costs accurately. Such accurate estimates of the societal cost of
OPC, particularly in the context of HPV, are imperative when decisions are being made about
the implementation of health care measures.

A series of studies have focused on the costs of HNC, including OPC. Keeping et al. [6] esti-
mated the costs of laryngeal and oral cavity cancer, as well as OPC, in secondary care facilities
in the UK. Male patients represented a majority of the costs, which is in agreement with the
observations in the present study. However, their data are otherwise not comparable to ours,
as they did not include indirect costs or detailed patient-specific costs, e.g., by HPV status, can-
cer stage etc. Lairson et al. [8] used an insurance-based setting in Texas and reported direct
medical costs of OPC of $139 749 (approximately €119 000) for the first 2 years after diagnosis.
Compared to our observations, that cost is high, despite the fact that indirect costs were not
assessed, which suggests differences between the two health care systems. Chesson et al. [5]
estimated the cost of prevention and treatment of HPV-associated OPC to be $43 200 (approx-
imately €36 900) per patient in their specific setting (USA), but indirect costs were not
included. Jit et al. [16] focused on modelling the cost-effectiveness of two HPV vaccines and
produced a lifetime cost estimate for HNC treatment of £15 000 (approximately €16 800), but
no indirect costs were included. Kim ef al. [7] used a top-down perspective to estimate direct
medical costs and focused on patients who received surgical treatment as part of their care.
This was not the case with our patients among whom surgery was reserved for residual or
recurrent disease; our patients received only radiotherapy or chemoradiotherapy. Given the
variability in the design, scope, and accuracy of previous work and the present study, compari-
sons should be made with caution. However, the data presented here is, to the best of our
knowledge, the first to describe direct and indirect costs of OPC by HPV status, cancer stage,
and subsite from a bottom-up perspective.

In this study, a degree of stage-dependency was observed, i.e., greater costs were incurred for
patients with more advanced-stage OPC, with the exception of the most advanced stage, where
only costs for palliative care occurred (a.k.a. “best supportive care”). This information allows for
future cost analyses in relation to disease progression. Specifically, whether or not extended
work-up times, which can allow the cancer to progress, alter the stage of the condition at diag-
nosis and thereby its associated societal cost. This is particularly valid when evaluating so-called
“standardized care programs” introduced for the rapid work-up and rapid treatment of HNC,
including OPC [17]. The present design, which allowed for a description of costs of OPC by
subsite, may also be useful for specific health care assessments, for example in the context of
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introducing transoral robotic-assisted surgery for resectable tonsillar cancer instead of radio-
therapy or chemoradiotherapy. This may affect direct medical costs to some degree, but it may
potentially have more effect on indirect costs, as transoral robotic-assisted surgery may produce
less long-time morbidity compared to radiotherapy and chemoradiotherapy. Taken together,
data on costs by cancer stage and OPC subsite, as provided by this study, are warranted and
may be useful for future cost-effectiveness assessments relevant to OPC.

The strengths of the present study are the accuracy of the individual patient data used to
determine HPV status, cancer stage, and OPC subsite, and the fact that information on direct
medical costs as well as indirect costs are covered in the databases and were calculated in this
report. Furthermore, the curation of clinical data was carried out by two experienced head and
neck surgeons (JS and LG). Moreover, all patients were treated at one hospital, i.e., Skane Uni-
versity Hospital, and represent consecutive cases from the Southern Health Care Region of
Sweden. Due to a lack of data, costs arising from informal care carried out by friends and/or
family members, transportation, and on health-related quality of life, were not included in our
cost estimates. For example, indirect costs of cancer stage IVC were not retrievable using the
methods in this study, because these individuals were taken care of by family members. Fur-
thermore, we did not specifically identify the different items generating the direct medical
costs, although long-period hospitalization associated with age and a need for surgical treat-
ment of residual or recurrent disease, respectively, may be factors contributing to high direct
medical costs.

In conclusion, a cost-of-illness analysis estimates disease-specific costs and ideally provides
information on the maximum public savings obtainable if a disease were to be eradicated. The
present study identifies the cost of HPV-positive OPC, i.e., cases that may be prevented by
HPV vaccination, and we demonstrate that HPV-positive OPC represents 81% of all OPC
cases and 79% of their societal cost. Australia, Canada, the USA, and more recently, Norway
and the United Kingdom, have all implemented gender-neutral HPV vaccination, which may
aid in breaking the rapid increase in the incidence of HPV-positive OPC. The results of this
study can be used in future analytical models to aid decision makers in recognizing the poten-
tial value of a gender-neutral HPV program in Sweden, which may prevent a further rapid
increase of OPC in the country.
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