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Abstract
Purpose Intensity-modulated radiation therapy (IMRT) enables radiation oncologists to optimally spare organs at risk
while achieving homogeneous dose distribution in the target volume. Despite great advances in technology, xerostomia is
one of the most detrimental long-term side effects after multimodal therapy in patients with locally advanced head and neck
cancer (HNC). This prospective observational study examines the effect of parotid sparing on quality of life in long-term
survivors.
Patients and methods A total of 138 patients were grouped into unilateral (n= 75) and bilateral (n= 63) parotid sparing
IMRT and questioned at 3, 24, and 60-month follow-up using the European Organization for Research and Treatment of
Cancer QLQ-C30 and QLQ-H&N35 questionnaires. Treatment-related toxicity was scored according to the RTOG/EORTC
toxicity criteria. Patients’ QoL 24 and 60 months after IMRT was analyzed by ANCOVA using baseline QoL (3 months
after IMRT) as a covariate.
Results Patients with bilateral and unilateral parotid-sparing IMRT surviving 60 months experience similar acute and
late side effects and similar changes in QoL. Three months after IMRT, physical and emotional function as well as
fatigue, nausea and vomiting, pain, dyspnea, and financial problems are below (function scales) or above (symptom scales)
the threshold of clinical importance. In both groups, symptom burden (EORTC H&N35) is high independent of parotid
sparing 3 months after IMRT and decreases over time in a similar pattern. Pain and financial function remain burdensome
throughout.
Conclusion Long-term HNC survivors show a similar treatment-related toxicity profile independent of unilateral vs.
bilateral parotid-sparing IMRT. Sparing one or both parotids had no effect on global QoL nor on the magnitude of changes
in function and symptom scales over the observation period of 60 months. The financial impact of the disease and its
detrimental effect on long-term QoL pose an additional risk to unmet needs in this special patient population. These results
suggest that long-term survivors need and most likely will benefit from early medical intervention and support within
survivorship programs.
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Introduction

Radiation therapy, with or without concurrent systemic
therapy, is an integral part of modern multimodal therapy
for patients with locally advanced head and neck cancer
(LAHNC) [1]. It is well known that radio(chemo)therapy,
R(C)T, can induce severe acute and late side adverse ef-
fects in normal tissues surrounding the target volume, such
as mucositis, dysphagia, xerostomia, pain, dysgeusia, and
muscular fibrosis. Reducing acute and late radiation-in-
duced toxicity has become a goal in advancing radiation
therapy technology. Compared to 3D-conformal radiation
(3D-CRT), the introduction of intensity-modulated radi-
ation therapy (IMRT) has resulted in reduced treatment-
related toxicity and improved quality of life (QoL) in head
and neck cancer (HNC) patients [2–5]. The detrimental
effect of treatment on QoL in patients with LAHNC is
often due to xerostomia [6, 7]. During the radiation treat-
ment planning process, sparing of critical structures, such as
swallowing muscles [8], oral mucosa with its minor salivary
glands, and submandibular and parotid glands, should be
prioritized outside the target volume without compromising
curative dose distribution [9, 10]. To maintain parotid gland
function, a mean dose of ≤26Gy given with conventional
fractionation has been generally accepted [11, 12]. It has
been postulated that with conventional fractionation, acute
effects have a high α/β ratio and late damage (dependent
on stem cell recovery) has a low α/β ratio [13–15]. Further-
more, it has been shown that sparing of both parotid glands
results in less observer-rated toxicity compared to only uni-
lateral gland sparing [10, 16]. Reduced salivary function
can result in severe chronic morbidity, such as dysphagia,
aspiration, long-term feeding tube dependence, and dental
decay [10, 17]. There are data reporting that physician-
rated toxicity is consistently lower than patient reported
symptoms [18, 19]. It is unclear whether comprehensive bi-
lateral parotid sparing IMRT translates into a better patient-
reported long-term QoL compared to patients in whom only
one parotid gland could be spared.

Therefore, the purpose of the study was twofold: 1) to
assess whether bilateral parotid sparing results in less acute
and late physician-rated toxicity compared to only unilat-
eral sparing and 2) to investigate whether bilateral parotid-
sparing IMRT results in improved long-term QoL compared
to patients with only unilateral parotid-sparing treatment.

Patients andmethods

Study design

Before R(C)T, the radiation oncologist enrolled eligible pa-
tients into a prospective observational study. Eligible pa-

tients with LAHNC had to have M0 disease, squamous cell
histology, no contraindication to R(C)T, be able to complete
the QoL questionnaires, and be compliant to follow-up ap-
pointments. QoL was measured at the end of IMRT and at
3, 12, 24, and 60 months of follow-up. Questionnaires were
self-completed in the physician’s office at the time of the
follow-up visit.

IMRT dose prescription followed the recommendations
of the International Commission on Radiation Units and
Measurement (ICRU) report 83 [16]. In summary, 50% of
the planning target volume (PTV, D50%) received the pre-
scribed dose (98% of the PTV received 95% of the pre-
scription dose, D98%). Radiation-sensitive structures were
contoured, and a margin of 2mm was applied. Depending
on tumor site and nodal disease, the dose constraints applied
to the parotid glands and oral cavity/pharyngeal structures/
larynx were ≤20Gy and ≤30–36Gy (mean dose), respec-
tively. In the primary setting, a total dose of 70Gy was
given, with five fractions per week at 2Gy per fraction
[20–22]. In the adjuvant setting, patients received a total
dose of 60–66Gy at 2Gy per fraction and, if indicated, risk-
adapted concurrent RCT was applied with cisplatin weekly
with 30mg/m2 or 100mg/m2 every 3 weeks.

This study focuses on long-term late effects of radiation
treatment depending on gland sparing and analyzes follow-
up measurements at 3, 24, and 60 months after completion
of radiation treatment. Since QoL and late effects may be
associated with acute side effects of R(C)T, measurements
3 months after the end of radiation treatment were included
as covariates in the analyses [23].

Sampling

Twenty-four months after radiation treatment, 162 patients
had completed the QoL questionnaires at the 24-month fol-
low-up; 24 patients had to be excluded because they under-
went one-sided parotidectomy during their surgery. Thus,
the sample size analyzed at the measurement timepoint
24 months after radiation treatment consisted of n= 138 pa-
tients.

At the 60-month follow-up, 72 patients had completed
the QoL questionnaires; 12 cases had to be excluded due
to lack of information on gland sparing (n= 7) or because
gland sparing was not feasible (n= 5), and 1 patient due to
not participating in the 24-month measurement. Thus, the
sample size analyzed at the measurement point 60 months
after radiation treatment consisted of n= 59 patients. Ap-
proval was obtained from the local ethics committee. All
patients provided written informed consent.
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Measurements

Sociodemographic and medical variables

Patients completed self-report questionnaires on their age,
sex, marital status, education level, occupation, and monthly
household net income. Disease and treatment-related vari-
ables (tumor diagnosis, tumor and nodal classification,
body mass index [BMI], Karnofsky Performance Status
[KPS], pretreatment hemoglobin level, previous therapy,
gland sparing, etc.) were documented by the senior radia-
tion oncologist who also recorded acute and late radiation
toxicity according to RTOG/EORTC (Radiation Therapy
and Oncology Group/ European Organization for Research
and Treatment of Cancer) toxicity criteria at each follow-
up visit [23–26]. Routine human papillomavirus (HPV)
testing was not conducted during the study period.

Quality of life

General cancer-related quality of life (QoL) was assessed
with the German version of the EORTC QoL Question-
naire-Core 30 (EORTC QLQ-C30) [27]. The questionnaire
includes 30 items which are the basis for the global qual-
ity of life scale, five function scales (emotional, physical,
cognitive, social, and role functioning), and nine symp-
tom scales of cancer-related symptoms (fatigue, nausea and
vomiting, pain, dyspnea, insomnia, appetite loss, constipa-
tion, diarrhea, financial difficulties). In addition to the core
module, the EORTC Head and Neck Module H&N35 was
applied to assess cancer-related QoL specific to head and
neck cancer patients [28]. The module consists of 35 items,
from which 13 multi- or single-item symptom scales can
be calculated (pain, swallowing, senses, speech, social eat-
ing, social contact, sexuality, problems with teeth, problems

Table 1 Medical, sociodemographic, and lifestyle characteristics of the sample of N= 138 head and neck cancer patients 24 months after R(C)T
with unilateral or bilateral parotid gland-sparing IMRT

Parotid gland-sparing IMRT

Whole sample
(N= 138)

Unilateral
(n= 75)

Bilateral
(n= 63)

T/chi-square Df p-value

Mean parotid dose (Gy) 17.22 17.65 –0.368 133 0.601

Age (years; M, SD)
(range: 32.5–82.8)

60.7 (10.2)
Median 61.0

60.3 (9.6) 61.1 (10.9) –0.473 136 0.637

BMI (kg/m2; M, SD) 25.3 (4.7) 25.2 (4.7) 25.3 (4.7) –0.144 135 0.886

KPS (M, SD) 83.5 (11.6) 83.2 (11.9) 83.8 (11.4) –0.306 136 0.760

Hemoglobin (g/dl; M, SD) 12.0 (1.8) 11.7 (1.9) 12.3 (1.7) –2.111 133 0.037*

UICC stage (%)

I/II 48.9 51.4 46.0 0.999 2 0.607

III/IV 46.7 43.2 50.8

Nodal classification (TNM7; %)

N0/1 42.8 32.0 55.6 7.762 1 0.005*

N2/3 57.2 68.0 44.4

opening mouth, dry mouth, sticky saliva, coughing, felt ill).
Further, the questionnaire includes five yes/no items (use
of painkillers, nutritional supplements, feeding tube, weight
loss, and weight gain).

Both the core questionnaire and the head and neck
module were scored and calculated in accordance with
the EORTC scoring manual [29]. Function and symptom
scales are calculated to result in a possible scale range
from 0 to 100 in each scale, with higher scores indicating
better functioning or higher symptom burden, respectively.
A score difference of 10 or more points is generally consid-
ered to be clinically relevant [30]. Recently, thresholds for
clinical importance to improve interpretation of EORTC
QLQ-C30 scores in clinical practice and research have
been suggested [31]. Both EORTC QLQ-C30 and H&N35
have been shown to be valid and reliable QoL measurement
instruments in patients with head and neck cancer [32–34].

Data analyses

All data were analyzed using SPSS (for Windows) ver-
sion 20.0 (IBM Corp. Released 2011. IBM SPSS Statistics
for Windows, Version 20.0. Armonk, NY, USA). Missing
data in the EORTC-QLQ-C30 and H&N35 module ques-
tionnaires were treated as determined by the EORTC scor-
ing manual. Descriptive analyses were performed to ex-
amine sociodemographic and medical characteristics of the
sample. Patients with unilateral vs. bilateral parotid gland
sparing were compared using t-test for metric variables and
chi-square for categorical variables.

For the comparison of general cancer-related QoL and
head and neck cancer-specific QoL in patients with uni-
lateral vs. bilateral parotid gland-sparing IMRT 24 and
60 months after radiation treatment, univariate analyses of
covariance (ANCOVA) were conducted for all function and
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Table 1 (Continued)

Parotid gland-sparing IMRT

Whole sample
(N= 138)

Unilateral
(n= 75)

Bilateral
(n= 63)

T/chi-square Df p-value

Previous chemotherapy (%) 13.0 10.7 15.9 0.818 1 0.336

Previous surgery (%) 69.6 78.7 58.7 6.428 1 0.011*

Concurrent RCT (%) 51.4 55.5 48.0 0.830 2 0.721

Tumor site (%)

Oral cavity 30.4 36.0 23.8 22.367 3 <0.001*

Oropharynx 38.4 49.3 25.4

Hypopharynx/larynx 21.7 8.0 38.1

Other 9.4 6.7 12.7

Sex (%)

Male 69.6 72.0 66.7 0.46 1 0.498

Female 30.4 28.0 33.3

Marital status (%)

Single 13.0 13.3 12.7 2.731 2 0.225

Married 70.3 65.3 76.2

Widowed/divorced 16.7 21.3 11.1

Employment status (%)

Employed/self-employed 42.6 44.0 41.0 1.540 3 0.673

Unemployed 8.8 6.7 11.5

Retired 44.9 46.7 42.6

Schooling (%)

9 years 42.3 45.1 39.0 0.518 2 0.772

10 years 24.6 23.9 25.4

12–13 years 33.1 31.0 35.6

Monthly household net income (%)

Up to 1000 C 17.8 17.8 17.7 1.041 3 0.791

1001–2000 C 37.0 38.4 35.5

2001–3000 C 20.0 21.9 17.7

3001 C and more 25.2 21.9 29.0

Smoking status (%)

Active smoker 25.2 26.0 24.2 0.060 2 0.970

Former smoker 52.6 52.1 53.2

Non-smoker 22.2 21.9 22.6

Alcohol consumption (%)

Regularly 12.6 13.9 11.1 0.240 2 0.887

Sometimes 34.1 33.3 34.9

Currently no consumption 53.3 52.8 54.0

R(C)T radio(chemo)therapy, IMRT intensity-modulated radiation therapy, BMI body mass index, KPS Karnofsky Performance Scale, UICC Union
Internationale Contre le Cancer
*Statistically significant p-value

symptom scales using baseline QoL (3 months after radia-
tion treatment) as a covariate. As the effect size in relation to
the comparisons of means between groups, we calculated
partial eta-squared. Effect sizes are categorized as small
(partial eta2= 0.01), medium (partial eta2= 0.06), and large
(partial eta2= 0.14), as suggested by Cohen [35].

Nonresponder analysis at 60 months after radiation
treatment

Out of the 138 patients who completed the measurement
24 months after the end of radiation treatment, 63 were still
alive at 60 months after the end of radiation treatment (59 of
those had answered the QoL questionnaire at both measure-
ments), 18 had died between these measurements, 1 patient
was alive but had changed clinics and attended follow-up
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Table 2 Course of quality of life (means and standard deviations), measured using the EORTC QLQ-C30 core module and the head and neck
module H&N35 3, 24, and 60 months after R(C)T [63]

Unilateral parotid gland-sparing IMRT Bilateral parotid gland-sparing IMRT

3 months af-
ter radiation
(n= 138)

24 months
after radiation
(n= 138)

60 months
after radiation
(n= 59)

3 months
post radiation
(n= 138)

24 months
after radiation
(n= 138)

60 months
after radiation
(n= 59)

M SD M SD M SD M SD M SD M SD

EORTC QLQ-C30 TCI
[31]

Function scales

Global health status 54.8 21.7 63.2 24.1 66.4 19.2 56.5 20.0 66.5 24.8 66.7 19.6

Physical Function 83 73.7 19.8 79.5 20.4 83.1 16.8 69.4 22.7 79.3 23.0 80.6 20.1

Role Function 58 63.8 28.9 69.6 32.3 73.1 28.5 49.2 28.5 70.6 32.6 68.1 33.7

Emotional Function 71 62.2 27.0 68.3 27.1 70.6 21.6 61.3 26.7 70.2 25.9 69.6 19.2

Cognitive Function 75 77.3 24.1 75.6 24.7 77.3 27.9 80.9 21.5 79.9 23.2 78.3 17.7

Social Function 58 57.3 30.3 67.6 33.7 71.8 28.1 59.7 30.6 73.8 28.8 72.5 29.1

Symptom scales

Fatigue 39 47.3 26.4 35.1 27.2 31.8 26.4 47.5 26.0 32.8 28.4 30.4 21.0

Nausea/vomiting 8 12.2 19.0 4.9 13.6 3.2 8.7 19.9 28.1 4.0 11.5 4.3 9.0

Pain 25 28.4 30.0 29.8 32.5 20.8 32.0 33.6 30.3 25.1 30.7 24.6 26.0

Dyspnea 17 23.6 29.4 24.4 27.6 21.3 27.8 30.6 33.8 22.2 30.5 30.4 33.2

Insomnia 50 34.7 35.5 35.1 32.8 30.6 36.8 37.1 33.7 29.1 32.5 26.1 30.1

Appetite loss 50 36.0 35.7 17.1 28.8 17.6 28.2 41.9 35.7 19.6 29.7 10.1 18.6

Constipation 50 16.0 27.0 8.0 18.0 16.7 31.4 27.4 33.9 18.0 30.4 14.5 26.3

Diarrhea 17 13.8 24.6 7.1 20.0 6.5 13.4 14.0 23.8 9.0 23.3 8.7 20.6

Financial problems 17 35.1 37.1 30.7 37.5 25.0 31.2 29.0 34.4 25.4 34.2 24.2 31.2

EORTC
QLQ-H&N35

Pain 32.9 21.6 21.6 21.9 18.7 18.7 28.0 24.5 15.6 24.2 9.1 14.4

Swallowing 36.6 29.4 25.2 22.3 28.5 25.6 36.3 27.4 24.5 26.5 22.5 24.8

Senses 39.9 27.7 27.7 26.8 24.1 24.7 46.8 30.6 32.5 31.4 28.3 25.3

Speech 31.8 27.9 25.7 24.2 23.8 22.6 32.6 27.4 21.7 22.6 24.2 27.8

Social Eating 42.7 31.5 31.8 32.5 27.1 27.8 40.9 32.2 27.0 32.4 17.0 22.8

Social Contact 19.7 23.8 15.4 24.2 12.0 20.8 19.2 21.2 12.5 18.8 13.0 18.0

Sexuality 48.3 39.9 42.4 39.6 44.3 39.6 46.6 35.3 35.3 32.8 44.9 37.8

Teeth 25.0 32.0 37.9 39.0 46.3 35.0 25.6 34.9 37.6 39.8 33.3 33.3

Opening mouth 48.6 37.9 40.5 37.5 40.7 37.5 31.7 32.2 25.3 32.9 31.9 32.5

Dry mouth 68.0 32.8 58.6 33.5 59.3 34.8 67.2 31.6 45.2 35.2 46.4 31.4

Sticky saliva 60.3 37.1 53.2 33.1 49.1 37.8 56.5 35.5 43.0 32.7 42.0 32.1

Coughed 31.5 30.7 35.2 28.8 40.7 32.0 38.8 28.0 29.0 24.5 37.7 27.2

Felt ill 36.0 31.1 27.9 31.4 19.4 30.2 36.1 31.8 25.8 29.8 21.7 27.7

bold numbers indicate below the TCI for functions scales and above the TCI for symptom scales (EORTC QLQ-C30)
EORTC European Organization for Research and Treatment of Cancer, QLQ-C30 Quality of Life Questionnaire Core module, H&N35 Quality
of Life Questionnaire Head and Neck Cancer-specific module, QoL quality of life, SD standard deviation, R(C)T Radio(chemo)therapy,
IMRT intensity-modulated radiation therapy, TCI threshold for clinical importance

care elsewhere, and 56 were lost to follow-up. In order to
assess differences between responders and non-responders
at the late measurement (60 months after end of radiation
treatment), those who attended the measurement 24 months
after radiation treatment but did not attend the measurement
60 months after radiation treatment (n= 79) were compared
with regard to sociodemographic and medical variables with
those who attended both measurements (n= 59). Those who

did not participate in the measurement 60 months after the
end of radiation treatment (n= 79) had a higher tumor stage
at diagnosis (UICC III/IV: 55% vs. 36% in those that did at-
tend both measurements, p= 0.021), had undergone surgery
significantly less often (62% vs. 80%, p= 0.026), and were
retired significantly more often (49% vs. 40%, p= 0.045). In
all other medical or sociodemographic variables, the sam-
ples did not differ (Supplemental data Table 1).
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Table 3 Quality of life 24 months (n= 138) and 60 months (n= 59) after R(C)T by parotid gland sparing in head and neck cancer survivors.
ANCOVA of functioning scales and symptom scales of the EORTC-QLQ-C30 and H&N35 with QOL 3 months after R(C)T as covariate

ANCOVA 24 months after IMRTa ANCOVA 60 months after IMRTb

F Df p-value Partial eta2 F Df p-value Partial eta2

EORTC QLQ-C30

Function scales

Global health status 0.780 1 0.379 0.006 0.029 1 0.866 0.001

Physical Function 0.724 1 0.396 0.005 0.311 1 0.579 0.006

Role Function 2.611 1 0.109 0.019 0.059 1 0.809 0.001

Emotional Function 0.453 1 0.502 0.003 0.045 1 0.833 0.001

Cognitive Function 0.447 1 0.505 0.003 0.200 1 0.657 0.004

Social Function 1.063 1 0.304 0.008 0.074 1 0.787 0.001

Symptom scales

Fatigue 0.283 1 0.595 0.002 0.078 1 0.781 0.001

Nausea/vomiting 1.184 1 0.279 0.009 0.066 1 0.798 0.001

Pain 1.946 1 0.165 0.014 0.138 1 0.712 0.002

Dyspnea 1.666 1 0.199 0.012 0.467 1 0.497 0.008

Insomnia 2.273 1 0.134 0.017 1.432 1 0.237 0.025

Appetite loss 0.081 1 0.776 0.001 1.091 1 0.301 0.019

Constipation 1.937 1 0.166 0.014 0.163 1 0.688 0.003

Diarrhea 0.301 1 0.584 0.002 0.417 1 0.521 0.007

Financial problems 0.021 1 0.886 0.000 0.377 1 0.542 0.007

EORTC QLQ-H&N35

Pain 1.413 1 0.237 0.011 2.431 1 0.125 0.042

Swallowing 0.069 1 0.794 0.001 0.747 1 0.391 0.013

Senses 0.203 1 0.653 0.002 0.239 1 0.627 0.004

Speech 1.308 1 0.255 0.010 0.066 1 0.798 0.001

Social Eating 0.759 1 0.385 0.006 2.135 1 0.150 0.037

Social Contact 0.537 1 0.465 0.004 0.028 1 0.867 0.001

Sexuality 1.324 1 0.252 0.011 0.005 1 0.941 0.000

Teeth 0.106 1 0.746 0.001 0.728 1 0.397 0.013

Opening mouth 1.443 1 0.232 0.011 0.147 1 0.703 0.003

Dry mouth 5.768 1 0.018* 0.042 1.961 1 0.167 0.034

Sticky saliva 2.237 1 0.137 0.017 0.343 1 0.560 0.006

Coughed 2.850 1 0.094 0.022 0.263 1 0.610 0.005

Felt ill 0.032 1 0.857 0.000 0.231 1 0.632 0.004

EORTC European Organization for Research and Treatment of Cancer, QLQ-C30 Quality of Life Questionnaire Core module, H&N35 Quality
of Life Questionnaire Head and Neck Cancer-specific module, QoL quality of life, SD standard deviation, R(C)T radio(chemo)therapy
IMRT intensity-modulated radiation therapy, ANCOVA univariate analyses of covariance
*Statistically significant p-value
aANCOVA of mean differences 24 months post end of radiation treatment between patients with unilateral (n= 75) vs. bilateral (n= 63) parotid
gland sparing, QOL at 6–8 weeks after R(C)T as covariate (for mean values see Table 2)
bANCOVA of mean differences 60 months post end of radiation treatment between patients with unilateral (n= 36) vs. bilateral (n= 23) parotid
gland sparing, QOL at 6–8 weeks after R(C)T as covariate (for mean values see Table 2)

Results

Patients

Out of 138 patients participating in the measurement
24 months after radiation treatment, 75 (54%) had received
unilateral parotid gland-sparing IMRT and 63 (46%) had
received bilateral parotid gland-sparing treatment. The ma-
jority of the sample was male (70%) and the median age

at inclusion in the study was 61 years. Those who had re-
ceived unilateral parotid gland-sparing radiation treatment
differed from those who had received bilateral parotid
gland-sparing radiation treatment with regard to tumor site:
patients with unilateral parotid gland sparing had more of-
ten been diagnosed with tumors of the oral cavity (36%) or
the oropharynx (49.3%), while those with bilateral parotid
gland sparing were more often diagnosed with tumors of the
hypopharynx or larynx (38.1%; p< 0.001). Further, patients
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with unilateral parotid gland sparing had more often been
diagnosed with a higher nodal classification (68% vs. 44%
with N2/3, p= 0.005), had more often undergone surgery
(79% vs. 59%, p= 0.011), and had a lower pre-treatment
hemoglobin level (11.7 vs. 12.3, p= 0.037). Samples did
not differ with regard to tumor classification, alcohol or
nicotine consumption, or with regard to age, sex, marital
status, or any other sociodemographic variable (Table 1).

Quality of life and physician-rated side effects

In the patient group with unilateral parotid sparing, IMRT
descriptive analyses on the course of quality of life scores
(EORTC QLQ-C30) from 3 months to 24 and to 60 months
after R(C)T revealed that QoL at the end of the acute tox-
icity phase (3 months) with regard to the physical and
emotional function scales as well the symptoms fatigue,
nausea and vomiting, pain, dyspnea, and financial prob-
lems reached the thresholds of clinical importance (TCI),
as recently suggested by Giesinger and colleagues [31]. At
24 months, physical and emotional function remained be-
low the threshold of clinical importance (TCI; low function
scales= bad/worse), and pain, dyspnea, and financial prob-
lems above the TCI (high symptom scales= bad/worse). At
the 60-month measuring timepoint, all function scales im-
proved and scored above the TCI (good/better); only the
symptom scales dyspnea and financial problems were above
the TCI (Supplemental data, panel 1).

In the group with bilateral parotid-sparing IMRT 3months
after treatment, the function scales physical, role, and emo-
tional function reached the TCI and physical and emotional
function remained below the TCI throughout the obser-
vation period. The symptom scales fatigue, nausea and
vomiting, pain, dyspnea, and financial problems scored
above the TCI 3 months after completion of treatment.
For both groups, only dyspnea and financial problems con-
tinued to be above the TCI until 60 months after R(C)T
(Table 2, Supplemental data, panel 1).

With regard to head and neck cancer-specific quality of
life (EORTC QLQ-H&N35), mean scores in both groups
decreased from 3 months to 24 months after radiation in
nearly all symptom subscales by a clinically relevant de-
gree (by more than 10 points: pain, swallowing, senses,
social eating), except the teeth symptom scale, where mean
scores increased by 12.9 points (unilateral) and by 12 points
(bilateral). For the subscale dry mouth, the symptom score
decreased in the group with unilateral gland sparing by
9.4 points compared to the group with bilateral gland-spar-
ing treatment by 22 points (Table 2, Supplemental data,
panel 2).

From 24 months to 60 months after the end of radiation,
mean scores in most scales did not change at a clinically sig-
nificant level (5–10 points for a “little” change) as defined

by Osoba and colleagues [36], except for sexuality (plus
9.6 points), opening mouth (plus 6.6 points), and cough
(plus 8.7 points) in the bilateral gland-sparing group, and
teeth (plus 8.4 points) and cough (plus 5.5 points) in the
unilateral gland-sparing group (Table 2, Supplemental data,
panel 2).

Except for the subscale “dry mouth,” where patients with
unilateral gland sparing reported higher symptom burden
than those with bilateral gland sparing (mean values 58.6
vs. 45.2, pANCOVA= 0.018) 24 months after R(C)T, none of
the mean differences between the two groups reached sta-
tistical significance at 24 or 60 months after R(C)T (Ta-
ble 3). This finding did not correspond to the physician-
rated side effects 24 months after the end of radiation treat-
ment, where physicians did not find any difference with
regard to xerostomia between the two groups and consid-
ered 59% of the patients in both groups to not have any
xerostomia. In none of the physician-rated acute and late
side effects was any difference found between bilateral vs.
unilateral parotid gland sparing during the observation pe-
riod, except for the mucositis rating 3 months after R(C)T,
where physicians rated symptoms lower for patients with
bilateral gland sparing (Table 4).

Discussion

The purpose of the study was 1) to describe physician-
rated long-term radiation-induced toxicity in patients with
LAHNC depending on bilateral vs. unilateral parotid gland-
sparing RT and 2) to investigate whether bilateral parotid-
sparing IMRT translates into a better patient-reported QoL
outcome compared to patients who had unilateral parotid
sparing.

HNC patients share many of the challenges of survivor-
ship with other cancer survivors, including the risk of re-
currence, second primary tumors, and late treatment-related
toxicity and functional deficits [37–40].

The patient cohort of this study represents in its charac-
teristics the general HNC patient population with its median
age of 61 years with a male predominance of 70% [41].

Xerostomia is an important acute and late side effect
affecting daily life after R(C)T in HNC patients [7]. Studies
have shown that QoL is adversely affected by xerostomia
[5, 42–44]. Conversely, others did not observe a correlation
between QoL and xerostomia [45].

Approximately 20 years ago, when IMRT became widely
available, many groups showed that parotid glands can be
spared without compromising dose distribution and local
control rates. Contrary to these results, it has been reported
that sparing both parotid glands results in less observer-
rated toxicity [10, 46, 47]. In a previous subgroup analysis
of the present study, it was shown that with a median follow-
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up of approximately 1 year, bilateral parotid sparing did re-
sult in less xerostomia and dysphagia as well as a decreased
dependency on gastrostomy feeding tubes [10]. With longer
follow-up, this observation seems to be no longer repro-
ducible. In the present patient population with a follow-
up of 60 months after the end of radiation, there was no
difference in physician-rated or patient-reported dysphagia
or xerostomia in the acute or late toxicity phase. The only
relevant difference observed at the end of the acute toxic-
ity phase was seen in the rate of physician-rated mucositis,
with more patients in the group of unilateral parotid gland
sparing having grade 1 and 2 mucositis at the first follow-up
3 months after completion of R(C)T, which did not have an
impact on QoL. Nearly half of the patients with unilateral
gland sparing had grade 1 and 2 oral mucositis, which is in
agreement with reports where nearly all patients have oral
mucositis early after IMRT, independent of the RT tech-
nique or concomitant chemotherapy, with a strong drop in
QoL [48]. In agreement with previous reports, in this study,
by 3 months after IMRT, most patients in both groups expe-
rienced progressive resolution of their physician-rated acute
side effects except for xerostomia. By sparing both parotid
glands, the dose to the oral mucosa was most likely lower,
resulting in less grade 1 and 2 mucositis in this group [49,
50].

For this patient population differences in function scales
and symptoms scores did not reach significance for ei-
ther group at the 24- and 60-month timepoints after R(C)T
except the symptom subscale dry mouth, where patients
with unilateral gland sparing reported significantly higher
symptom burden than those with bilateral gland sparing
24 months after therapy, while symptom burden did not
significantly differ between groups 60 months after ther-
apy (Table 3). This does not correspond to the physician-
rated xerostomia at the 24-month timepoint, where physi-
cians report equal symptom levels in both groups. This
disparity confirms that in general, there is a low correla-
tion between patient-reported and physician-rated xerosto-
mia [9, 51]. Sommat et al. evaluated clinical and dosimetric
predictors for physician-rated and patient-reported xerosto-
mia in 172 patients with nasopharyngeal cancer [18]. As
in the present study, xerostomia was rated based on the
RTOG morbidity score and patient-rated dry mouth and
sticky saliva based on the EORTC QLQ-HN35 question-
naire at the study endpoint of 24 months after completion of
IMRT. The correlation between observer-rated and patient-
reported outcome was weak. Although the group did not
differentiate between uni- or bilateral parotid gland spar-
ing, they could not find a dose–effect relationship between
xerostomia and dose to the parotid gland. As in this study,
parotid gland sparing had no effect on physician-rated xe-
rostomia at any timepoint, while patient-reported dry mouth

was worse 24 months after IMRT with unilateral parotid
gland sparing.

The study did not show significant differences in QoL
between the uni- and bilateral gland-sparing groups either
at 24 or at 60 months after parotid-sparing IMRT, except for
dry mouth. This phenomenon might be explained by Meyer
et al. [52], who studied 540 HNC patients in a randomized
trial also using the EORTC QLQ-C30 and the EORTC-
H&N35 instruments. This group concluded that baseline or
early post-treatment health-related QoL is a predictor for
survival in patients with LAHNC. It could be that long-
term survivors, as in this population with a 60-month time-
point, are those with better health status/less treatment-re-
lated detrimental effects on QoL. It is challenging to defend
this assumption because long-term data beyond 5 years on
QoL in HNC patients are still scarce. There are numerous
“long-term” reports presenting QoL and toxicity measur-
ing timepoints of 1 year [53]. In 2012, Funk et al. reported
long-term health-related QoL in 337 survivors of HNC [54].
Long-term was defined as a minimum of 5 years. Other
QoL measurement instruments were used, but as in our
study, pain and social functioning were reported to be con-
tinuously burdensome to long-term survivors 5 years and
longer after completion of radiation therapy. Substantial
pain was reported by 17% of patients and social disrup-
tion had the highest mean score in 80% of patients. Also,
the results here confirm reports by several investigators,
who concluded a lack of correlation between xerostomia or
salivary gland function and overall QoL measures. A possi-
ble explanation could be that with advanced technology in
HNC IMRT and increased acceptance of contouring guide-
lines to spare not only the parotids but also submandibular
salivary glands as well as minor salivary glands (i.e., oral
mucosa), sparing parotids itself has lost its impact on QoL
[8, 45, 55].

The feasibility of salivary gland sparing depends on the
primary site as well as on tumor and nodal classification
[16]. Comparable to this study population Beetz et al.
showed that with increasing nodal classification, sparing
of the ipsilateral parotid gland is often not possible with-
out compromising the initially prescribed dose [56]. This
applies for primary tumors located in the oral cavity or in
the oropharynx, because of the proximity to lymph node
levels Ib/II [57]. From the first follow-up (3-months after
treatment) to 24-months some function scales (physical and
emotional function) have changed below and some symp-
tom scales (fatigue, nausea and vomiting, pain, dyspnea
and financial problems) above the threshold for clinical
importance (TCI) [31]. At the 24- and 60-month follow-
ups, function and symptom scales do not reach clinical
relevance. Giesinger et al., who first defined the threshold
of clinical importance (TCI), looked at almost 500 pa-
tients, including 7.9% with HNC, throughout Europe and
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concluded that with the TCI the EORTC QLQ-C30 is one
of the most robust measuring tools to assess functional
health, symptoms, and global QoL. As in this study, similar
changes in QoL over time have been reported and are in
line with previous reports, suggesting that rehabilitation
after multimodal treatment for LAHNC can take a year
or more [7, 56, 58]. One of the more critical findings of
the study is that LAHNC seems to be associated with
financial issues for the majority of patients. Patients in
both groups scored the symptom subscale emotional and
financial problems above the TCI [31] throughout the study
period. There was no difference between the groups at the
follow-up timepoints. According to work by Massa et al.,
who reviewed and compared the financial burden in a total
of more than 17,000 patients, including patients with HNC
and patients with other cancers, the financial burden for
HNC patients is substantial. Traditionally the majority of
HNC patients have a poorer health status as well as a low
socioeconomic status (SES) prior to their diagnosis, and
therefore start underprivileged. Costs caused by unemploy-
ment, medical expenses/co-payments for prescriptions, and
over-the-counter drugs are an additional burden to these
patients [59].

In an earlier analysis of the study, the data showed
that patients with low SES and LAHNC score financial
problems above the TCI during the observation period of
24 month after IMRT, while in patients with high SES,
the score drops below the TCI by 12 months [60]. In a re-
cent study in a population of German cancer patients, the
out-of-pocket payments in cancer patients were significant
and the researchers concluded that these payments are an
additional burden to cancer patients, especially in certain
subgroups like low-income groups [61]. Also, according to
Koch et al., the rate of employment in German long-term
surviving HNC patients drops from three quarters before
diagnosis to one third at an average of 66.8 months after
treatment, which might also be an indicator for decreasing
scores for financial function [62].

Critical comments

Some limitations of the present study should be considered.
The remaining study sample size at the 60-month timepoint
was relatively small, which is inherent to the nature of the
disease. Nonetheless, one of the strengths of this study is the
long follow-up interval of 60 months, with completed QoL
questionnaires at all three timepoints. Observational stud-
ies, while less rigorously controlled than randomized trials,
have the advantage of more accurately reflecting daily clin-
ical practice. Before any treatment commenced, all patients
were reviewed in a multidisciplinary tumor board. Diag-

nostic and therapeutic interventions were standardized and
performed in a single institution.

Conclusion

This analysis has demonstrated that patients with LAHNC
treated with IMRT and surviving for 5 years experience
treatment-related physician-reported toxicity to a similar
extent, independent of sparing of one or both parotid glands.
Unilateral or bilateral parotid-sparing RT does not seem to
impact the magnitude of change in of QoL; however, af-
ter 60 months, xerostomia-related issues (dry mouth and
sticky saliva) persist in both groups. Most symptom scores
are nearly stable between 24 and 60 months after parotid-
sparing IMRT, while emotional function is decreased. The
financial impact of the disease and the associated burden
of medical expenses, out-of-pocket-payments, and co-pay-
ments pose an additional risk to unmet needs in this special
patient population and their long-term QoL. For interpre-
tation of the results, defined TCIs for the EORTC QLQ-
H&N35 would be helpful to determine clinical relevance.
The results of the study suggest that long-term survivors
will most likely will benefit from early medical interven-
tion as well as from emotional and financial support within
survivorship programs.
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