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Abstract

Purpose To investigate the course of health-related quality of life (HRQOL) from diagnosis to 2 years follow-up among patients
with oropharyngeal cancer (OPSCC), in relation to human papilloma virus (HPV) status.

Methods This study included 270 OPSCC patients. Age, sex, tumor sublocation, tumor stage, HPV status, treatment modality,
comorbidity, smoking, and alcohol use were retrieved from medical records. HPV status was positive when p16 and HPV DNA
tests were both positive. HRQOL was assessed using the EORTC QLQ-C30/QLQ-H&N35 pretreatment and at 6 weeks, 6, 12,
18, and 24 months after treatment. To compare the course of HRQOL between patients with an HPV-positive versus HPV-
negative tumor, linear and logistic mixed models were used.

Results Patients with an HPV-positive tumor (29%) were more often male, diagnosed with a tumor of the tonsil or base of the
tongue, treated with single treatment, had fewer comorbidities, were less often current smokers and had lower alcohol consump-
tion. Adjusted for confounders, the course of global quality of life, physical, role, and social functioning, fatigue, pain, insomnia,
and appetite loss was significantly different: patients with an HPV-positive tumor scored better before treatment, worsened
during treatment, and recovered better and faster at follow-up, compared to patients with an HPV-negative tumor. The course
of emotional functioning and oral pain was also significantly different between the two groups, but with other trajectories.
Conclusion The course of HRQOL is different in patients with an HPV-positive tumor versus an HPV-negative tumor, adjusted
for sociodemographic, clinical, and lifestyle confounders.

Keywords Head and neck cancer - Human papilloma virus - HPV - Health-related quality of life - Oropharyngeal cancer - Cohort
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Introduction
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cancer worldwide [1]. The main risk factors for HNC are
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tobacco use and excessive alcohol consumption [2—4]. Also
infection by the human papillomavirus (HPV) has been shown
to be a risk factor in developing HNC, especially in oropha-
ryngeal carcinoma (OPSCC) [5, 6]. In clinical practice, pa-
tients with an HPV-positive OPSCC respond better to treat-
ment and seem to report better health-related quality of life
(HRQOL), compared to patients with an HPV-negative
OPSCC. Previous studies showed that HNSCC patients with
an HPV-positive OPSCC have a better prognosis and survival
rate is higher as compared to patients with an HPV-negative
tumor [7—11]. Previous literature reviews on HRQOL in
OPSCC patients [12, 13] concluded that subanalyses
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investigating the association between HRQOL and HPV sta-
tus were not possible because the inclusion periods of most
studies predated regular HPV testing. At present, we found ten
studies that investigated HPV status in relation to HRQOL
among HNSCC patients [14-23]. Findings from these stud-
ies suggest that HRQOL of patients with an HPV-positive
tumor (compared to those diagnosed with an HPV-negative
tumor) may be better before treatment, deteriorates much
more during treatment, and recovers better from three
months follow-up and beyond, but this pattern may be con-
founded by sociodemographic, clinical, and lifestyle fac-
tors [17]. Obviously, there is still a need for more research
into the association between HPV status and HRQOL in
OPSCC patients. Therefore, the aim of the present study
was to investigate the course of HRQOL (as measured with
the EORTC QLQ-C30 and QLQ-H&N35) among OPSCC
patients in relation to HPV status, from pretreatment to 24-
month follow-up, taking into account possible
sociodemographic and clinical confounders. The results of
this study are highly relevant for clinical practice to tailor
information and supportive care in a personalized way tak-
ing HPV status into account.

Materials and methods
Study population

The study population consisted of patients diagnosed with
primary squamous cell carcinoma of the mucosal surfaces of
the oropharynx (OPSCC) and treated with curative intent be-
tween January 1999 and January 2011 at the Amsterdam
UMC, location VUmc in Amsterdam. Exclusion criteria were
distant metastases, second primary tumors, previous surgery
or radiotherapy for HNSCC, brachytherapy, serious cognitive
impairment or lack of basic knowledge of the Dutch language.
We also excluded patients who did not complete pretreatment
HRQOL questionnaires and of whom HPV status was not
assessed.

Sociodemographic (age, sex), clinical (comorbidity (none,
mild, moderate, severe), tumor sublocation: tonsil, base of
tongue, soft palate/uvula, other oropharyngeal locations),
TNM tumor stage (stage I — IV according to the American
Joint Committee on Cancer 7th edition) [24], HPV status (pos-
itive, negative), treatment modality (categorized as single (sur-
gery or radiotherapy) or combination (surgery and (chemo)
radiotherapy, or chemoradiation)), and lifestyle (smoking
(pack years), and alcohol use (units per year)) variables were
retrieved from medical records. Comorbidity was assessed
using the Adult Comorbidity Scale-27 (ACE-27), a validated
instrument with four grades of comorbidity (none, mild, mod-
erate, or severe) [25]. Tumor biopsies of all patients were
tested for HPV according to the validated test algorithm for
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HPV-detection, consisting of p16™*** immunostaining
followed by high risk HPV DNA-detection on formalin-fixed
paraffin-embedded (FFPE) tumor specimen [26]. HPV status
was scored as HPV-positive when p16 and HPV DNA tests
were both positive. Treatment modality was categorized into
single treatment (surgery or radiotherapy alone) versus combi-
nation treatment (surgery, radiotherapy, chemotherapy).

HRQOL data was collected as part of standard clinical care.
Since 1999 (department of Radiotherapy) and 2016 (depart-
ment of Otolaryngology-Head and Neck Surgery), HNC pa-
tients are asked to complete patient-reported outcomes mea-
sures (PROMs) on HRQOL using a paper-and-pencil version
of the PROMs and a touch screen computer-assisted data col-
lection system called OncoQuest respectively. Patients are
asked to complete these PROMs in the clinic before start of
treatment and at every follow-up visit at one of the two de-
partments. Information on durable usage of these PROMs in
our clinic can be found elsewhere [27]. All patients were
asked for informed consent to use their data for scientific
research. Patients were only included in this study when they
provided such informed consent. According to the Dutch
Medical Research Involving Human Subjects Act, ethical ap-
proval was not necessary, because patients were not subjected
to procedures or required to follow rules of behavior.

HRQOL outcome measures

HRQOL was assessed using the EORTC QLQ-C30 and
EORTC QLQ-H&N35. The 30-item EORTC QLQ-C30 is a
generic HRQOL questionnaire that consists of nine domains
and six single items. These nine domains include global qual-
ity of life, physical functioning, role functioning, emotional
functioning, cognitive functioning, social functioning, fatigue,
nausea and vomiting, and pain. Single items encompass: dys-
pnea, insomnia, appetite loss, constipation, diarrhea, and fi-
nancial difficulties. The scores of the QLQ-C30 are linearly
transformed to a scale of 0—100, with a higher score suggest-
ing a higher (i.e., more positive) level of functioning or global
HRQOL, or a higher (i.e., more negative) level of symptoms
or problems [28, 29]. The EORTC QLQ-H&N35 is an HNC-
specific HRQOL questionnaire that consists of seven scales
and eleven single items. The scales include oral pain,
swallowing, senses, speech, social eating, social contact, and
sexuality. The single items consists of items about problems
with teeth, problem with opening the mouth, dry mouth,
sticky saliva, coughing, feeling ill, use of painkillers, nutri-
tional supplements, feeding tube, losing weight, or gaining
weight. The scores of the QLQ-H&N35 are linearly trans-
formed to a scale of 0—100, with a higher score suggesting a
higher (i.e., more negative) level of symptoms or problems
[29]. Patients were asked to complete the questionnaires at
baseline (pretreatment) and at 6 weeks and 6, 12, 18, and
24 months after treatment.
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Statistical analyses

Descriptive statistics were generated for the range of patient
characteristics and outcome variables. Chi-square tests were
used to examine differences between patients with an HPV-
positive versus HPV-negative tumor, with respect to sex, co-
morbidity, tumor sublocation, tumor stage, treatment modali-
ty, smoking, and alcohol use. Age was compared with the
independent samples ¢ test. To compare the longitudinal
course of HRQOL between patients with an HPV-positive
versus HPV-negative tumor, linear, and logistic mixed models
were used with fixed effects for group (HPV-positive or HPV-
negative) and measurement (pretreatment and at 6 weeks and
6, 12, 18, and 24 months after treatment) and their two-way
interaction, and a random effect for subject (patients with an
OPSCC tumor). To investigate potential confounding
(sociodemographic (age, sex), clinical (comorbidity, tumor
sublocation, tumor stage, treatment modality), lifestyle
(smoking and alcohol use)) variables, these variables were
included one by one in the analyses. Variables associated with
HPV status and HRQOL that changed the regression coeffi-
cient of HPV status with more than 10% were included in the
final model (starting with the strongest confounder) [30].
Statistical analyses were performed in SPSS 22.0 for
Windows. A p value of 0.05 or less was considered statisti-
cally significant and indicates a significant different trajectory
of quality of life over time for HPV-positive versus HPV-
negative patients.

Results
Study sample

In total, 270 patients met the in- and exclusion criteria, of
whom 29% had an HPV-positive tumor (78/270) (Fig. 1).
Patient characteristics are shown in Table 1. There were sig-
nificant differences, pretreatment, between patients with
HPV-positive versus HPV-negative tumors with respect to
sex, comorbidity, treatment modality, smoking, and alcohol
consumption. Patients with an HPV-positive tumor were sig-
nificantly more often male, had fewer comorbidities, were
more often diagnosed with a tumor of the tonsil or base of
the tongue, were more often treated with single treatment,
were less often current smokers and had lower alcohol
consumption.

The course of HRQOL in relation to HPV status

The course of the HRQOL scores (mean and standard devia-
tion) from pre-treatment to 24 months follow-up on the vari-
ous subscales of the EORTC QLQ-C30 and QLQ-H&N35 is
presented in Table 2.

Multivariate mixed model analyses revealed that, after
correcting for confounders (sex, comorbidity, tumor stage,
treatment modality), the course of HRQOL was significantly
different between patients with an HPV-positive tumor versus
patients with an HPV-negative tumor, regarding global qual-
ity of life physical functioning, role functioning, emotional
functioning, social functioning, fatigue, pain, insomnia, appe-
tite loss (EORTC QLQ-C30, Table 3), and oral pain (EORTC
QLQ-H&N35) (Table 4).

Three trajectories were observed (unadjusted). With re-
spect to global quality of life, physical functioning, role func-
tioning, social functioning, fatigue, pain, insomnia, and appe-
tite loss, patients with an HPV-positive tumor scored equal or
better before treatment, worsened more during treatment, and
recovered better and faster at follow-up compared to patients
with an HPV-negative tumor (Fig. 2). A second trajectory was
seen for emotional functioning: mean scores were equal at
baseline, and at 6 weeks after treatment and 3 months fol-
low-up, but scores improved more in patients treated for an
HPV-positive tumor at 6, 12, and 24 months follow-up com-
pared to those treated for an HPV-negative tumor. A third
trajectory was observed for oral pain (EORTC QLQ-
H&N3S5). In patients with an HPV-positive tumor (compared
to patients with an HPV-negative tumor) mean oral pain score
was lower before treatment and 6 weeks after treatment, was
similar at 3 months follow-up, lower again at 6 and 12 months
follow-up, and similar at 24 months follow-up.

Discussion

In this study, we found significant differences in the course of
HRQOL from diagnosis to 2 years follow-up between
OPSCC patients with an HPV-positive tumor compared to
those with an HPV-negative tumor, when adjusted for con-
founders as sex, comorbidity, tumor sublocation, tumor stage,
and treatment modality. These differences concerned the
course of global quality of life, physical, emotional, social,
and role functioning, and the symptoms fatigue, pain, insom-
nia, and appetite loss (EORTC QLQ-C30 subscales) and oral
pain (EORTC QLQ-H&N35 subscale). No differences be-
tween both groups were found for the course of cognitive
functioning, nausea/vomiting, dyspnea, constipation, diar-
rhea, financial difficulties (EORTC QLQ-C30 subscales),
and, except for oral pain, all other HNC-specific symptoms
(EORTC QLQ-H&N35 subscales).

Of the ten studies that investigated HPV status in relation to
HRQOL among HNSCC patients [14-23], six investigated
the association between HPV status and HRQOL before treat-
ment [14, 17, 19, 21-23]. Two studies reported that patients
diagnosed with an HPV-positive OPSCC had better HRQOL
compared to patients diagnosed with an HPV-negative tumor
[19, 21]. These two studies did not adjust for possible
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Oropharyngeal cancer patients treated with
curative intent between January 1999 and

January 2011
N=270

Pre-treatment
HPV- orcpharyngeal cancer
N=192

6- weeks post-treatment
HPV- orcpharyngeal cancer
N=154 (80%)

6 months post-treatment
HPV- orcpharyngeal cancer
N=144 (75%)

12 months post-treatment
HPV- orcpharyngeal cancer
N=124 (65%)

18 months post-treatment
HPV- oropharyngeal cancer
N=104 (54%)

24 months post-treatment
HPV- oropharyngeal cancer
N=90 (47%)

Analysed using mixed model

analyses
N=192 (100%)

Fig. 1 Flow diagram
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Pre-treatment
HPV+ oropharyngeal cancer
N=78

6-weeks post-treatment
HPV+ oropharyngeal cancer
N=59 (76%)

6 months post-treatment
HPV+ oropharyngeal cancer
N=63 (81%)

12 months post-treatment
HPV+ oropharyngeal cancer
N=55 (71%)

18 months post-treatment
HPV+ oropharyngeal cancer
N=47 (60%)

24 months post-treatment
HPV+ oropharyngeal cancer
N=41 (53%)

Analysed using mixed model

analyses
N=78 (100%)
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Table 1 Overview of patient characteristics (n = 270) in relation to HPV-status of the tumor
HPV-status p value
Negative N=192 % (71.1) Positive N=78 % (28.9)
Age, years Mean age (SD) 59.9 (8.7) 59.9 (8.2) 0.95
Sex Male 120 62.5% 59 75.6% 0.038
Female 72 37.5% 19 24.4%
Comorbidity None 65 33.9% 42 53.8% 0.026
Mild 59 30.7% 17 21.8%
Moderate 54 28.1% 15 19.2%
Severe 14 7.3% 4 5.1%
Smoking No smoking 17 8.9% 33 42.9% <0.001
1-24 pack years 24 12.6% 18 23.4%
>24 pack years 150 78.5% 26 33.8%
Alcohol use No alcohol use 19 10.0% 24 31.2% <0.001
1-149 units per year 41 21.6% 29 37.7%
>149 units per year 130 68.4% 24 31.2%
Tumor location Base of tongue 44 22.9% 23 29.5% <0.001
Soft palate 37 19.3% 4 5.1%
Tonsil 74 38.5% 48 61.5%
Oropharynx nos 37 19.3% 3 3.8%
TNM classification Stage 1 27 14.1% 10 12.8% 0.24
Stage 11 47 24.5% 14 17.9%
Stage 111 45 23.4% 14 17.9%
Stage IV A-B 73 38% 40 51.3%
Treatment Single treatment™* 103 53.6% 25 32.1% 0.001
Combination treatment 89 46.4% 53 67.9%

HPV human papilloma virus; SD standard deviation; nos not otherwise specified

*This comprised RT: n=99, surg n=4

sociodemographic, clinical, or lifestyle confounders. Three
other studies showed no differences between the two groups
in HRQOL before treatment, when adjusting for possible con-
founders in multivariate analyses [14, 17, 22]. One study fo-
cusing on fatigue reported that patients with an HPV-positive
OPSCC had less fatigue at baseline, when adjusting for
confounders.

All ten studies investigated the association between HPV
status and HRQOL during or after treatment or at follow-up.
One study reported worse HRQOL in the two last weeks of
treatment in patients with an HPV-positive tumor compared to
those treated for an HPV-negative tumor [21]. Several studies
reported better HRQOL outcome at 2—3 months [19],
6 months [19], 12 months [17, 19, 21], and beyond 1-year
follow-up [16, 17, 19, 21] in patients treated for an HPV-
positive tumor compared to those treated for an HPV-
negative tumor. In contrast, several other studies reported no
significant differences in HRQOL between the two groups
posttreatment [20], at 2-3 months [17], 6 months [17],
12 months [15], or beyond 1-year follow-up [18]. In all these
analyses, possible sociodemographic, clinical, or lifestyle

confounders were not adjusted for. Three studies did adjust
for possible confounders [14, 22, 23]. A study among 112
OPSCC patients treated with free-flap reconstructive surgery
reported that speech intelligibility and swallowing safety do
not seem to differ between both groups at baseline or 6 or
12 months follow-up, when adjusted for age, sex, and tumor
stage [22]. The same holds for HRQOL, except for social
functioning which was better at follow-up in patients treated
with an HPV-positive tumor [22]. Sharma et al. [14] reported
similar findings on the course of the overall score of the HNC-
specific University of Washington Quality of Life question-
naire from baseline to 1-year follow-up: patients with an
HPV-positive tumor scored better before treatment, worsened
much more during treatment, and recovered better and faster
at follow-up compared to patients with an HPV-negative tu-
mor. However, when they adjusted for possible confounding
factors (age, sex, race, tumor subsite and stage, treatment mo-
dality, comorbidity, smoking, alcohol use), this difference was
no longer significant. This may be explained by the fact that
they used an overall score of the HNC-specific HRQOL ques-
tionnaire, which matches the findings in the present study that
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Table 3  Overview of the course of the EORTC QLQ-H&N35 scales
Before 6 weeks after 6 months after 12 months after 18 months after 24 months
treatment treatment treatment treatment treatment after treatment
n m SD n m SD =n m SD n m SD n m SD n m SD
QLQ-H&N35
Oral pain HPV-negative 186 37.0 27.7 150 34.7 29.7 141 32.0 26.7 122 329 264 98 342 28.1 86 28.0 24.8
HPV-positive 75 223 23.8 57 249 21.0 60 314 265 53 233 232 46 22.1 23.4 40 252 235
Swallowing HPV-negative 162 27.8 24.6 136 349 29.8 129 31.1 269 104 30.3 259 90 33.1 27.2 82 30.0 28.5
HPV-positive 72 21.8 25.7 55 295 273 56 35.1 299 46 272 287 41 256 259 37 22.7 21.1
Senses HPV-negative 184 18.7 24.4 146 22.7 27.5 142 243 278 116 263 28.0 101 21.6 27.6 89 24.0 26.0
HPV-positive 77 16.5 24.7 57 222 255 59 223 260 51 172 21.7 45 193 23.8 41 16.7 22.0
Speech HPV-negative 182 183 20.7 145 223 245 139 19.0 222 117 19.5 20.1 97 205 229 86 17.8 22.7
HPV-positive 76 12.3 20.0 58 16.7 24.0 61 199 234 54 148 183 47 163 222 41 114 178
Social eating HPV-negative 168 23.9 242 139 30.8 29.6 126 30.8 26.5 101 323 27.0 87 30.3 259 77 31.0 29.7
HPV-positive 72 21.5 284 54 289 27.7 53 283 284 46 232 28.7 43 248 26.1 38 18.0 23.6
Social contact HPV-negative 172 74 12.0 140 11.6 179 134 124 196 108 11.5 184 95 102 150 82 9.7 165
HPV-positive 72 5.5 15.0 56 94 187 60 10.3 195 52 46 112 47 55 158 39 38 6.1
Sexuality HPV-negative 148 31.9 35.7 117 343 37.7 104 27.6 354 94 312 32.1 78 30.8 35.6 63 34.1 358
HPV-positive 65 23.6 33.8 49 323 348 56 31.0 357 48 285 354 40 254 329 39 21.0 285
Problems with teeth HPV-negative 178 22.8 32.3 138 27.5 36.0 133 26.3 348 107 21.5 28.7 93 22.6 31.5 87 20.3 29.8
HPV-positive 76 14.0 27.9 55 145 27.0 60 15.6 29.1 51 15.0 26.1 46 145 25.0 40 13.3 27.0
Problems opening mouth HPV-negative 188 34.6 34.9 152 36.4 36.7 142 359 357 122 41.3 348 102 35.0 37.0 90 359 35.8
HPV-positive 78 27.8 329 58 299 357 61 37.2 350 53 29.6 33.8 47 29.1 352 41 26.8 31.0
Dry mouth HPV-negative 190 45.4 36.4 152 51.5 36.8 142 53.8 372 120 53.3 35.7 102 503 36.0 89 51.7 408
HPV-positive 78 43.2 36.5 58 62.1 333 61 60.7 51.1 54 50.0 37.1 47 489 36.7 41 41.5 287
Sticky saliva HPV-negative 188 41.8 33.4 150 489 37.2 137 49.6 646 118 50.8 353 98 469 358 85 43.5 35.6
HPV-positive 78 35.5 35.0 55 49.1 35.1 61 41.0 352 51 405 37.3 46 39.1 353 40 36.7 32.7
Coughed HPV-negative 189 25.4 27.5 152 292 27.7 142 26.5 265 122 30.6 29.6 101 264 30.3 90 23.7 27.0
HPV-positive 77 19.5 26.7 58 28.7 253 61 29.0 262 54 228 29.5 47 227 232 41 23.6 30.0
Feeling ill HPV-negative 189 17.8 25.6 152 20.0 28.5 142 164 26.6 121 19.8 29.7 102 19.0 29.9 90 16.3 27.5
HPV-positive 77 12.6 24.8 58 132 19.7 61 18.0 262 54 13.6 255 47 99 19.6 41 14.6 269
Painkillers HPV-negative 187 50.8 50.1 153 50.3 50.2 144 53.5 50.1 123 56.1 49.8 103 46.6 50.1 87 51.7 503
HPV-positive 75 33.3 47.5 58 362 485 61 443 50.1 54 389 492 47 362 48.6 41 46.3 505
Nutritional supplements HPV-negative 185 44.3 49.8 148 48.0 50.1 143 53.2 50.1 119 51.3 50.2 102 50.0 50.2 87 42.5 49.7
HPV-positive 74 36.5 48.5 58 39.7 493 62 40.3 495 54 29.6 46.1 46 324 474 41 26.8 449
Feeding tube HPV-negative 185 19.4 39.7 150 24.0 429 144 18.1 38.6 123 19.5 39.8 103 18.5 39.0 87 16.1 37.0
HPV-positive 75 14.7 35.6 58 224 42.1 62 242 432 53 283 455 47 149 36.0 41 9.8 30.0
Lost weight HPV-negative 184 31.0 46.4 151 37.8 48.6 142 38.7 53.1 123 293 45.7 100 37.0 48.5 87 33.3 474
HPV-positive 73 219 41.7 58 224 42.1 61 32.8 473 53 20.8 40.9 47 17.0 38.0 41 14.6 358
Gained weight HPV-negative 182 29.7 45.8 149 322 469 140 27.9 450 122 312 46.5 101 31.7 46.8 86 29.1 457
HPV-positive 72 31.9 47.0 58 31.0 46.7 60 26.7 446 53 302 463 47 29.8 462 41 22.0 419

m mean; SD standard deviation

Scores are based on a scale of 0—100, with a higher score suggesting a higher level of symptoms or problems

there were no significant differences between the two groups
on the course of nearly all HNC symptoms (except oral pain).
The course of oral pain in the present study was also signifi-
cantly different between the groups but with a different trajec-
tory: patients with HPV-positive OPSCC reported less oral

pain before treatment and 6 weeks after treatment, similar
scores at 3 months follow-up, less again at 6 and 12 months
follow-up, and similar at 24 months follow-up, as compared to
patients with HPV-negative OPSCC. This pattern is hard to
understand. It may be a statistical anomaly although the
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Table 4 Results of mixed model
analyses for all patients regarding

HPV x time p value unadjusted p value adjusted

the course of head and neck

cancer-specific Quality of Life Pain sex + alcohol use 0.017 0.018

(EORTC QLQ-H&N35) over Swallowing tumor stage 0.20 0.19

time Senses - 0.86
Speech tumor stage 0.42 0.42
Social eating tumor stage 0.70 0.61
Social contact tumor stage 0.37 0.31
Sexuality tumor stage + comorbidity 0.43 0.38
Problems with teeth tumor stage 0.89 0.92
Problems opening mouth treatment + tumor stage 0.61 0.60
Dry mouth sex + tumor stage 0.19 0.15
Sticky saliva tumor stage 0.93 0.88
Coughed tumor stage 0.34 0.33
Felt ill tumor stage 0.30 0.27
Painkillers sex + alcohol use + tumor stage 0.83 0.94
Nutritional supplements tumor stage 0.76 0.65
Feeding tube tumor stage 0.30 0.30
Lost weight - 0.46
Gained weight - 0.97

differences were also clinically relevant (difference of > 10
points). It may also be caused by the nature of the EORTC
QLQ-H&N35 oral pain subscale which consists of 4 items
related to pain in the mouth, pain in the jaw, soreness in the
mouth, and a painful throat. More research on the association
between HPV status and pain is needed. The third study that
adjusted for confounders reported that in patients with an
HPV-positive tumor fatigue increased more from baseline to
1-month follow-up but recovered better at 3 months follow-up
compared to patients with an HPV-negative tumor [23].

In the “Introduction” section, based on these previous stud-
ies [14-23], we suggested that the course of HRQOL of pa-
tients with an HPV-positive tumor (compared to those diag-
nosed with an HPV-negative tumor) may be better before treat-
ment, deteriorates much more during treatment, but recovers
better from 3-month follow-up and beyond. In the current
study, we showed that these different trajectories are present
regarding physical, social, and role functioning, and the symp-
toms fatigue, pain, insomnia, and appetite loss, also when ad-
justed for sociodemographic, clinical, and lifestyle
confounders.

Differences in the course of HRQOL between patients with
an HPV-positive versus HPV-negative OPSCC, especially the
deterioration shortly after treatment in HPV-positive patients,
may be explained by acute toxicity. Ringash et al. [17] exam-
ined the rate of acute toxicity at 2 months after treatment by
HPV status. Patients with HPV-positive tumors had a higher
frequency of grade 2 to 4 toxicity for nausea, vomiting, and
salivary changes. Although in the present study, the course of
nausea and vomiting, sticky saliva, and xerostomia from

@ Springer

baseline to 2 years follow-up was not significantly different,
patients with HPV-positive tumors had worse scores regard-
ing xerostomia at 6 weeks and 3 months follow-up. Ringash
et al. [17] also found that asymptomatic neutrophil and Hb
toxicities at 2 months follow-up were more frequent in pa-
tients with an HPV-negative tumor compared to those treated
for an HPV-positive tumor. Also Fang et al. [23] reported that
fatigue increased more from baseline to 1 month after radio-
therapy but was significantly less at 3 months in patients with
an HPV-positive tumor compared to those with an HPV-
negative tumor, and this pattern was significantly associated
with inflammation as measured with plasma sTNFR2. This
may explain the findings in the present study that patients
treated for an HPV-positive tumor in general recover better
and faster from symptoms such as fatigue, pain, and insomnia,
and that physical, role, social, and emotional functioning is
better in the longer term, compared to patients treated for an
HPV-negative tumor. However, more research is needed to
unravel these complex associations.

Strength of this study was the study design with general
cancer as well as HNC-specific HRQOL assessments from
baseline up to 2 years after treatment among a large sample
of patients with OPSCC only. Also, HPV status was tested
based on p16 as well as HPV-DNA, in contrast to previous
studies that used p16 as surrogate marker of HPV status only.
In addition, several sociodemographic and clinical con-
founders were taken into account. We also investigated the
role of possible lifestyle confounders (smoking and alcohol
use before start of treatment), but this did not change the
outcome and was not relevant to the significance of the results.
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Fig. 2 Change over time for HPV-positive versus HPV-negative patients. Estimated marginal means—corrected

Further research is, however, warranted on the potential con-
founding role of continued smoking and alcohol use during
follow-up, as well as other potential sociodemographic con-
founders such as education and living situation. These factors
were not included in our study, which should be seen as a
limitation. Another limitation of this study is that we excluded
patients of whom HPV status was not known and those pa-
tients without pretreatment HRQOL data, which may have
induced selection bias. Furthermore, our data represent a small
proportion (estimated on 10-15%) of the total number of
OPSCC patients in the Netherlands. Due to the study design

and privacy regulations, it was not possible to compare re-
sponders and nonresponders of this study. Another limitation
is that the QOL data was acquired as part of routine clinical
care and therefore depended on timing of the follow-up visits
and was therefore not exactly at 6 weeks, 3, 6, 12, and
24 months follow-up. As a comparable time, window was
used for both HPV+ and HPV— OPSCC patients, we, howev-
er, expect that this does not have influenced our findings.
Another limitation is the existence of missing surveys due to
death and, in minority, to loss to follow-up. Finally, a potential
limitation of this study is that HRQQOL measured at the end

@ Springer



4482

Support Care Cancer (2021) 29:4473-4483

of treatment was not taken into account while acute toxicities
such as fatigue and appetite loss may be highest at this time
point.

The findings in this study may contribute to the current
discussion about treatment deescalation. Efforts to improve
treatment outcome in this patient group should also focus on
preventing HRQOL deterioration during and shortly after
treatment when possible [31-34]. Furthermore, the results of
this study are helpful in further advancing supportive care by
providing information on the impact of OPSCC and its treat-
ment on HRQOL and referring patients to supportive care,
tailored to the needs of OPSCC patients with HPV-positive
and those with HPV-negative tumors.

Conclusion

Among OPSCC patients, the trajectory of the course of
HRQOL is significantly different in patients with an HPV-
positive versus an HPV-negative tumor, when adjusted for
sociodemographic and clinical confounders. Regarding global
quality of life, physical functioning, role functioning, social
functioning, fatigue, pain, insomnia, and appetite loss, patients
with HPV-positive OPSCC score better before treatment, de-
teriorate more during and shortly after treatment, and recover
better and faster at follow-up, compared to patients with HPV-
negative OPSCC. Furthermore the course of emotional func-
tioning and oral pain is significantly different between the two
groups, but with other trajectories.
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