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Purpose: Radiation therapy for head and neck cancer frequently leads to salivary gland damage and subsequent xerostomia.
The radiation response of the parotid glands of rats, mice, and patients critically depends on dose to parotid gland stem cells,
mainly located in the gland’s main ducts (stem cell rich [SCR] region). Therefore, this double-blind randomized controlled
trial aimed to test the hypothesis that parotid gland stem cell sparing radiation therapy preserves parotid gland function better

than currently used whole parotid gland sparing radiation therapy.

Methods and Materials: Patients with head and neck cancer (n = 102) treated with definitive radiation therapy were random-
ized between standard parotid-sparing and stem cell sparing (SCS) techniques. The primary endpoint was >75% reduction in
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parotid gland saliva production compared with pretreatment production (FLOW,y). Secondary endpoints were several
aspects of xerostomia 12 months after treatment.

Results: Fifty-four patients were assigned to the standard arm and 48 to the SCS arm. Only dose to the SCR regions (contra-
lateral 16 and 11 Gy [P = .004] and ipsilateral 26 and 16 Gy [P = .001] in the standard and SCS arm, respectively) and pre-
treatment patient-rated daytime xerostomia (35% and 13% [P = .01] in the standard and SCS arm, respectively) differed
significantly between the arms. In the SCS arm, 1 patient (2.8%) experienced FLOW ;)\ compared with 2 (4.9%) in the stan-
dard arm (P = 1.00). However, a trend toward better relative parotid gland salivary function in favor of SCS radiation therapy
was shown. Moreover, multivariable analysis showed that mean contralateral SCR region dose was the strongest dosimetric
predictor for moderate-to-severe patient-rated daytime xerostomia and grade >2 physician-rated xerostomia, the latter includ-
ing reported alteration in diet.

Conclusions: No significantly better parotid function was observed in SCS radiation therapy. However, additional multivari-
able analysis showed that dose to the SCR region was more predictive of the development of parotid gland function—related
xerostomia endpoints than dose to the entire parotid gland. © 2021 Elsevier Inc. This is an open access article under the CC BY

license (http://creativecommons.org/licenses/by/4.0/)

Introduction

Approximately 70% of all patients treated for head and
neck cancer (HNC) receive radiation therapy. When admin-
istering radiation to cancerous tissue, adjacent normal tis-
sues are inevitably coirradiated. This often leads to side
effects. Exposure of the salivary glands to radiation fre-
quently results in loss of gland function (hyposalivation)
within the first weeks of radiation therapy.' Hyposalivation
can cause xerostomia and other side effects, such as altera-
tions in speech and taste and difficulties with mastication
and deglutition.” Xerostomia is the most frequently reported
side effect after HNC radiation therapy and has a major
effect on quality of life of these patients.”

There is level 1 evidence that reducing parotid dose
results in better posttreatment salivary production, less
patient-rated xerostomia, and better general quality of
life."° Unfortunately, adequate dose reduction to the
parotid glands is not always possible.” Approximately 30%
to 40% of all patients treated with intensity modulated radi-
ation therapy (IMRT) develop life-long (permanent)
xerostomia.””* Multiple approaches are under investiga-
tion to lower the dose to the parotid glands and other organs
at risk (OARs) compared with IMRT. Volumetric modu-
lated arc therapy (VMAT),” adaptive radiation therapy,'’
intensity modulated proton therapy,'"*'* and spot-scanning
proton arc'? all result in lowering dose to the parotid glands
and other OARs while meeting or even improving other
treatment objectives. However, not all patients benefit from
these approaches.

Clinical studies using IMRT have shown that radiation-
induced xerostomia can partially recover over time,”* indi-
cating that in the first 2 years after radiation therapy the
damaged parotid gland is capable of partly regaining its
function.'* This is consistent with preclinical and clinical
observations that the salivary gland contains stem cells
capable of regenerating damaged tissue.'™'® Furthermore,
dose to the parotid gland subvolume containing the major
ducts was more damaging than dose to other parts of the
gland.'”'® Consistent with the finding that stem cells are

critical to the radiation response of the glands, this region is
rich in stem cells (stem cell rich [SCR] region) (Fig. la).’?
Indeed, in a clinical cohort, radiation dose delivered to this
SCR region was the strongest predictor of salivary flow 1
year after treatment.'” Interestingly, with recent high-preci-
sion radiation therapy technology, sparing such a subvo-
lume of the parotid gland may be feasible in patients for
whom sparing the whole gland is not feasible.

Therefore, the aim of this study was to test the hypothe-
sis that an approach aimed at sparing the parotid gland SCR
region preserves parotid gland function better than the cur-
rently used mean dose sparing of the parotid gland.

Methods and Materials

Study design

This investigator-initiated single-center double-blinded ran-
domized controlled trial was conducted at the University
Medical Center Groningen, the Netherlands. The institu-
tional ethics review board approved the trial protocol. The
trial was  registered (ClinicalTrials.gov  number
NCT01955239) and performed according to the principles
of the Declaration of Helsinki and Good Clinical Practice
guidelines.'” Written informed consent was obtained from
all patients before enrollment. Patients could withdraw con-
sent at any time after enrollment. The trial was financially
supported by the University Medical Center Groningen.

The sample size calculation was based on an expected
reduction in risk of parotid gland dysfunction, defined as
75% or more compared with baseline parotid gland func-
tion. Demonstrating a reduction of this risk from 30% to
5% at a significance level of .05 and a power of 80%
required 76 evaluable patients (38 per arm). This estimated
clinical gain was based on the results of our retrospective
analysis. Because the 1-year survival of these patients is
approximately 75%, randomization of 102 patients was
needed.
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Fig. 1.

Organ at risk Mean dose (in Gy)

ST-RT SCS-RT

Parotid gland IL 30.8 30.1
Parotid gland CL 29.0 28.0
== SCRregion IL 23.2 223
= SCR region CL 171 1.4
= Oral cavity 48.5 48.7

Dose distribution
66.5 Gy
60.0 Gy
50.0 Gy
40.0 Gy
= 30.0Gy
20.0 Gy

Sparing the stem cell rich region during radiation therapy. (a) Axial magnetic resonance image (T2-blade with fat

suppression) with left parotid gland, automatically generated SCR region and main salivary duct (white arrows). Axial com-
puted tomography image with dose distribution based on (b) standard parotid gland sparing radiation therapy and (c) stem
cell sparing radiation therapy. In this example patient, the contralateral SCR region dose was lowered substantially, and the
ipsilateral SCR region dose could be reduced to a limited extent. Abbreviations: IL = ipsilateral; CL = contralateral; SCR

region = stem cell rich region.

Patients with HNC of at least 18 years old and scheduled
for curative definitive radiation therapy (70 Gy in 35 frac-
tions) with or without systemic treatment were eligible.
Other inclusion criteria were squamous cell carcinoma origi-
nating from the mucosa of the head and neck area or naso-
pharyngeal carcinoma, World Health Organisation
performance score between 0 and 2, prophylactic or thera-
peutic irradiation of both sides of the neck (at least level II to
IV), and pretreatment parotid gland saliva production stimu-
lated with 5% citric acid >0.2 mL/min.”” This threshold was
adjusted to >0.1 mL/min because the pretreatment flow was
lower than expected based on historical results in our center.
Exclusion criteria were postoperative radiation therapy, pre-
vious radiation therapy of the head and neck region, unilat-
eral radiation therapy, and salivary gland tumors.

Patients were enrolled by their treating physician. Next,
for every patient a standard whole parotid gland sparing
standard radiation therapy (ST-RT) and a parotid gland
stem cell sparing radiation therapy (SCS-RT) plan were
generated and evaluated by the treating physician. After
approval of both treatment plans, patients underwent ran-
domization in a 1:1 ratio by data management using an in-
house developed minimization algorithm. The stratification
factors were sex, age, tumor location, tumor stage, nodal
stage, systemic treatment, and baseline xerostomia score.
Only the radiation technologist who prepared the treatment
plan for clinical administration was informed by the data
manager about the assigned study arm per patient. Thus,
physician and medical personnel who had contact with the
patient and research personnel involved in the analysis
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were blinded for study arm allocation, constituting a dou-
ble-blind design.

The primary endpoint was defined as more than 75%
reduction in parotid gland saliva production compared with
pretreatment production at 12 months after radiation ther-
apy. Secondary endpoints were change in relative stimu-
lated parotid gland salivary flow corrected for baseline and
calculated as a percentage at 6 and 12 months after treat-
ment. Secondary endpoints also included moderate-to-
severe patient-rated xerostomia defined by question 41 of
the European Organization for Research and Treatment for
Cancer Quality of Life Questionnaire Head and Neck
(QLQ-H&N35) (“Do you have a dry mouth?” dichotomized
by a 4-point Likert scale: not at all/a bit vs quite a bit/a
lot),”' moderate-to-severe patient-rated daytime and night-
time xerostomia defined by questions 1 and 7 of the Gronin-
gen Radiation Induced Xerostomia questionnaire (“Do you
experience a dry mouth during daytime?” and “Do you
experience a dry mouth during nighttime?” respectively,
dichotomized likewise),”” and grade >2 physician-rated
xerostomia defined by the Common Terminology Criteria
for Adverse Events version 4.0>° at 6, 12, and 24 months
after treatment.

Trial procedures

Before start of treatment, all patients underwent computed
tomography (CT), magnetic resonance imaging, and 18F-
fluorodeoxyglucose positron-emission tomography with an
immobilization mask. Target volumes and OARs were
delineated according to international guidelines’** using
coregistered CT, magnetic resonance imaging, and 18F-flu-
orodeoxyglucose positron-emission tomography.

For each parotid gland, the center of the SCR region was
identified using a script written in MATLAB R2013a, based
on our previous publication.'” Based on knowledge of the
localization of the main duct of the parotid gland, this cen-
ter was manually corrected in the x-y plane. To this end, it
was shifted to a position 0.5 cm in a caudal-lateral direction
from the junction of the mandible, the masseter muscle, and
parotid gland (Fig. E1A). A volume around this center was
generated with a margin of 1 cm in the anteroposterior and
lateral-medial directions and 2 cm in the craniocaudal
direction (Fig. E1B). The SCR region is defined as the over-
lap of this oval-shaped volume and the parotid gland vol-
ume (Fig. E1C,D).

For every patient, an ST-RT plan and an SCS-RT plan
were generated (Fig. 1b,c). The dose to the SCR regions in
the SCS-RT plan was reduced as much as possible while
keeping the whole mean parotid gland dose the same. No
compromises were made on the required dose to the plan-
ning target volumes. Details about the radiation therapy
regimens used are given in previous studies.”>”’ In sum-
mary, radiation therapy consisted of IMRT or VMAT using
a simultaneous integrated boost technique to a total pre-
scribed dose of 70 Gy with fractions of 2 Gy in 6 to 7

weeks. All patients received bilateral neck radiation with a
prophylactic dose of 54.25 Gy in fractions of 1.55 Gy.
Patients with locally advanced disease and <70 years of
age who were deemed fit enough received concurrent che-
motherapy, or cetuximab if chemotherapy was contraindi-
cated. If given, chemotherapy was administered
concurrently with carboplatin on the first day of radiation
therapy (300-350 mg/m” in 30 minutes) and 5-fluorouracil
on day 1 to 4 with continuous infusion (600 mg/m*/24
hours) or with cisplatin (100 mg/m? in 30 minutes). In total,
3 courses of chemotherapy were given with an interval of 3
weeks. Treatment with cetuximab consisted of a loading
dose of 400 mg/m? 1 week before radiation therapy and a
weekly dose of 250 mg/m2 during radiation therapy.

Parotid gland salivary flow measurements were per-
formed with the use of Lashley cups to specifically evaluate
parotid gland function. These measurements were per-
formed by well-trained personnel. Before placement of the
Lashley cups, the buccal mucosa was dried with gauze. The
cups were placed on the exit of Stenson’s duct. The lengths
of the tubes connecting the cups with the suction pump and
the vial were standardized to the preweighed sampling con-
tainer. Salivary flow was stimulated with 5% (w/v) citric
acid, applied with a micropipette (50 uL) to both lateral
borders of the tongue at 30-second intervals. Parotid saliva
was collected for 10 minutes. The volume of the collected
saliva was determined by weight, assuming a specific grav-
ity of 1.0 g/mL.”*** Parotid gland salivary flow measure-
ments were performed twice before treatment and averaged
and once at 6 and 12 months after treatment. To prevent a
potential influence of intravenous fluids on measured sali-
vary production, baseline measurements were performed
before the execution of contrast-enhanced CT and the
administration of cetuximab loading dose. In addition, fol-
low-up measurements were performed at least 6 months
after completion of treatment.

Statistical analysis

All clinical parameters and dose parameters were complete.
Clinical parameters were derived from the electronic
patient files and dosimetric parameters from the treatment
planning system. However, salivary flow measurements
and xerostomia endpoints were incomplete due to, for
example, tumor recurrence, death, or noncompliance.

Continuous variables were presented as mean =+ standard
deviation or median (interquartile range), and discrete vari-
ables were presented as frequency count (percentage). All
analyses were performed 2-sided with a significance level
a = 0.05. One-way analysis of variance, the Kruskal-Wallis
test, and the Fisher’s exact test were used to calculate dif-
ferences in patient and treatment characteristics between
treatment arms. Changes in salivary flow were analyzed
with one-way analysis of variance and the Fisher’s exact
test. Correlations between salivary flow and dose were ana-
lyzed with Spearman’s rank correlation coefficients.
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Comparison of prevalence of xerostomia endpoints
between study arms was performed using the Fisher’s exact
tests. Univariable and multivariable analyses of the dichoto-
mized xerostomia endpoints were performed using logistic
regression with forward selection, based on the likelihood-
ratio test. The following known confounders were consid-
ered in multivariable analysis: mean dose to the SCR
regions, non-SCR parotid glands (parotid gland minus SCR
region), submandibular glands, oral cavity, buccal mucosa,
and baseline xerostomia (dichotomized as any vs none). If
applicable, OARs were considered contralateral, ipsilateral,
and combined. The analyses were performed in RStudio
Version 1.1.463 and IBM SPSS Statistics Version 23.

Results

Between September 2013 and May 2017, 249 patients were
assessed for eligibility. After exclusion of 143 patients,
mostly due to insufficient pretreatment parotid gland sali-
vary flow production, 106 patients were randomized
between the 2 study arms (Fig. E2). Four patients were
excluded before completion of treatment because of chang-
ing treatment to palliative radiation therapy (n = 1) or pri-
mary surgery (n = 1), meeting an exclusion criterion due to
metastases at restaging (n = 1), or withdrawal of informed
consent (n = 1). Fifty-four patients received ST-RT and 48
received SCS-RT. Study patients were followed up to 24
months after treatment. Twelve months after radiation ther-
apy, 6 patients had died and another 3 patients were lost to
follow-up because of disease progression in the ST-RT
arm. In the SCS-RT arm, 6 patients died. Around 21% of
the endpoints were not available at 12 months after treat-
ment (Table E1). This was due to 15% being lost to follow-
up and 6% due to noncompliance. Therefore, a total of 88
patients were analyzed (Fig. E2). No harm or unintended
effects were observed.

Patients treated with ST-RT experienced more pretreat-
ment patient-rated daytime xerostomia than patients treated
with SCS-RT (P = .01) (Table 1). In the SCS-RT arm, dose
to the SCR region was significantly reduced, as intended,
compared with the ST-RT arm (Table 1). The mean dose in
the whole parotid gland and other relevant OARs was com-
parable between the treatment arms (Table E2). As such,
because SCR region dose was the only treatment-related
risk factor that differed significantly between the arms, the
2 study arms were well balanced, allowing the hypothesized
benefit of specifically reducing dose to the SCR region to be
tested.

To test the benefit of SCS-RT on parotid gland function,
stimulated saliva production was compared. At 12 months
after radiation therapy, no difference was observed in the
prevalence of reduction in parotid gland saliva production
to 75% or more compared with baseline (Table 2). As such,
the trial was negative for its primary endpoint. Although
the relative parotid gland flow was consistently better in the
SCS-RT arm, this difference did not reach significance

(Table 2). Finally, apart from moderate-to-severe patient-
rated nighttime xerostomia 6 months after treatment
(P = .03), no significant differences were observed in the
prevalence of the other secondary xerostomia endpoints
(Figs. E3-6).

The present study showed that ipsilateral parotid gland
function was correlated with dose to both SCR regions
(Table 3). Contralateral relative parotid gland flow was
only significantly correlated with mean dose to the contra-
lateral SCR region at 6 months after radiation therapy
(Table 3). However, neither dose to the parotid glands nor
dose to their SCR regions was associated with moderate-to-
severe patient-rated xerostomia (Tables 4 and E3).

Given the role of the parotid glands during stimulation,”
daytime xerostomia seems to be a more appropriate end-
point for assessing the impact of parotid gland preservation
on patient symptoms. Indeed, univariate analysis showed
that dose to the contralateral SCR region was associated
with moderate-to-severe patient-rated daytime xerostomia
12 and 24 months after treatment (Table E4). After testing
for possible confounders in multivariable analysis, contra-
lateral SCR region dose remained a significant, independent
predictor for daytime xerostomia at 12 and 24 months; in
the latter, dose to the ipsilateral SCR region remained sig-
nificant as well (Table 4). After correction for pretreatment
daytime xerostomia, dose to the combined SCR regions
was the only dosimetric parameter remaining significantly
associated with daytime xerostomia 6 months after treat-
ment (Table 4). No significant associations were found
between dose to the SCR regions and moderate-to-severe
patient-rated nighttime xerostomia (Tables E5 and 4).
Finally, in the univariate analysis, dose to the combined
SCR regions was associated with grade >2 physician-rated
xerostomia 6 and 12 months after radiation therapy (Table
E6). For treatment plan optimization purposes, more
detailed information on the role of the individual SCR
regions is needed to determine which SCR region should
receive the highest priority during radiation therapy plan-
ning. It was observed that dose to the contralateral SCR
region was univariately associated with grade >2 physi-
cian-rated xerostomia at 6, 12, and 24 months, and dose to
the ipsilateral SCR region was univariately associated with
grade >2 physician-rated xerostomia at 12 months after
treatment (Table E6). After correction for possible con-
founders, the contralateral SCR region dose remained an
independent predictor for grade >2 xerostomia 12 and 24
months after radiation therapy (Table 4). In addition, dose
to the submandibular glands and contralateral buccal
mucosa were also independent predictors for grade >2
xerostomia at 24 months (Table 4).

Discussion

This double-blind randomized controlled trial hypothesized
that SCS-RT would preserve parotid gland function better
than ST-RT. Although a trend toward better parotid gland
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Table 1  Baseline characteristics of patients

ST-RT SCS-RT P value
n=>54 n=48
Clinical parameters
Sex (n [%]) .39%
Female 18 (33) 12 (25)
Male 36 (67) 36 (7)
Age at diagnosis (mean = SD), y 61 £ 10 63 £ 11 36!
WHO PS (n [%]) .35%
WHO PS 0 39 (72) 39 (81)
WHO PS 1-2 15 (28) 9(19)
Tumor location (n [%]) 21%
Oropharynx 34 (63) 36 (75)
Other 20 (37) 12 (25)
Tumor stage (n [%]) .69%
TO-T2 26 (48) 21 (44)
T3-T4 28 (52) 27 (56)
Nodal stage (n [%]) S57#
NO 6(11) 8 (17)
NI1-N3 48 (89) 40 (83)
Clinical tumor stage (n [%]) 28%
Stage I-11 6(11) 2(4)
Stage III-1V 48 (89) 46 (96)
Treatment modality (n [%]) .54%
Radiation therapy alone 17 (31) 18 (38)
Radiation therapy with systemic treatment 37 (69) 30 (62)
Xerostomia before radiation therapy
Patient-rated xerostomia (n [%]) .07*
None 28 (52) 33 (69)
Some 26 (48) 14 (29)
Unknown 0 (0) 1(2)
Patient-rated daytime xerostomia (n [%]) 01"
None 31 (58) 37 (77)
Some 19 (35) 6 (13)
Unknown 4(7) 5 (10)
Patient-rated nighttime xerostomia (n [%]) .10*
None 22 (41) 27 (56)
Some 28 (52) 17 (36)
Unknown 4 (7) 4 (8)
Physician-rated xerostomia (n [%]) 1.00*
Grade 0 44 (81) 40 (83)
Grade >1 10 (19)) 8 (17)
Mean dose (in Gy) to parotid gland structures
Parotid gland contralateral (mean + SD) 23 £8.3 23 +£7.0 70!
Parotid gland ipsilateral (mean + SD) 32+ 11 31+£10 681
Parotid glands (mean + SD) 28 + 8.6 27+17.5 63!
SCR region contralateral (median [IQR]) 16 (13) 11(5.4) .004%
SCR region ipsilateral (median [IQR]) 26 (17) 16 (10) .001"
SCR regions (median [IQR]) 22 (13) 14 (7.7) 00178

Abbreviations: ANOVA = analysis of variance; CTCAE = Common Terminology Criteria for Adverse Events; EORTC = European Organization for
Research and Treatment for Cancer; GRIX = Groningen Radiation Induced Xerostomia; IQR = interquartile range; SCR = stem cell rich; SCS-RT = stem
cell sparing radiation therapy; SD = standard deviation; ST-RT = standard parotid gland sparing radiation therapy; QLQ-H&N35 = Quality of Life Ques-
tionnaire Head and Neck; WHO PS = World Health Organization performance score.

Patient-rated xerostomia according to EORTC QLQ-H&N35 question 41%'; patient-rated daytime and nighttime xerostomia according to GRIX ques-
tions 1 and 7°%; physician-rated xerostomia according to the CTCAE v4.0.%

* Fisher's exact test

T One-way ANOVA

¥ Kruskal-Wallis test

§ Significant, o < 0.05.
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Table 2 Changes in stimulated parotid gland salivary flow
ST-RT SCS-RT P value
n n
At 6 mo after RT, contralateral parotid gland
Difference in relative flow rate (mean [SEM]) (%) 48 —12 (10) 38 19 (15) .08*
Reduction to <25% of baseline function (n [%]) 48 5 (10) 38 3(7.7) 731
At 6 mo after RT, ipsilateral parotid gland
Difference in relative flow rate (mean [SEM]) (%) 48 —35(8.4) 39 —17 (13) 23%
Reduction to <25% of baseline function (n [%]) 48 12 (25) 39 9 (24) 1.00!
At 6 mo after RT, parotid glands together
Difference in relative flow rate (mean [SEM]) (%) 48 —26 (7.7) 38 —1.9(12) .08*
Reduction to <25% of baseline function (n [%]) 48 7 (15) 38 3(7.9) 50!
At 12 mo after RT, contralateral parotid gland
Difference in relative flow rate (mean [SEM]) (%) 43 8.2 (13) 38 16 (14) 70*
Reduction to <25% of baseline function (n [%]) 43 1(2.3) 38 1(2.6) 1.00!
At 12 mo after RT, ipsilateral parotid gland
Difference in relative flow rate (mean [SEM]) (%) 42 —21 (10) 36 —16 (8.5) 74%
Reduction to <25% of baseline function (n [%]) 42 8 (19) 36 3(8.3) 211
At 12 mo after RT, parotid glands together
Difference in relative flow rate (mean [SEM]) (%) 41 —13 (10) 36 —2.9 (10) .50%
Reduction to <25% of baseline function (n [%]) 41 2(4.9) 36 1(2.8) 1.00"

Abbreviations: ANOVA = analysis of variance; RT = radiation therapy; SCS-RT = stem cell sparing radiation therapy; SEM = standard error of the

mean; ST-RT = standard parotid gland sparing radiation therapy.

Relative parotid gland salivary flow (mL/min) was corrected for baseline and calculated as a percentage.

* One-way ANOVA test
T Fisher’s exact test

salivary flow in patients treated with SCS-RT was shown,
no difference in prevalence of >75% reduction in stimu-
lated parotid gland saliva production between SCS-RT and
ST-RT was shown. As such, the study was negative for the
primary endpoint.

Several factors may have contributed to the lack of sig-
nificant differences in salivary flow between the study
arms. First, pretreatment parotid gland salivary flow was
lower than observed in our historical cohort used for the ini-
tial power analysis. Second, the mean dose to the parotid
glands and consequently the SCR regions was relatively

low. In both the study used for the sample size calculation®®
and the study used for the definition of the primary end-
point,' the parotid glands received around 40 Gy, whereas
in the current study the mean dose in the parotid glands was
27 Gy. The rapid changes in radiation techniques (eg, the
transition to different techniques, such as IMRT/VMAT?®?
or intensity modulated proton therapy'''?) or the possibili-
ties of adaptive radiation therapy'’ and dose escalation’’
resulting in lower doses to OARs are possible explanations
and known issues in the field of radiation therapy research
and probably affecting the results.”” This might have

Table 3  Decreased relative parotid gland salivary flow is correlated with increased mean dose to the parotid glands and SCR regions
Mean dose to the parotid glands Mean dose to the SCR regions
CL IL Combined CL IL Combined

Contralateral parotid gland
Difference (%) relative flow, MO6 ~ —0.30 —0.09 —0.17 —0.27 —0.11 —0.17

(P =.005%) (P=41) (P=.12) (P =.02%) (P=.33) (P=.12)
Difference (%) relative flow, M12  —0.14 0.00 —0.03 —0.08 —0.04 —0.07

(P=.20) (P=.98) (P =.80) (P =.50) (P=.74) (P=.55)
Ipsilateral parotid gland
Difference (%) relative flow, MO6 ~ —0.37 —-0.47 —0.49 —0.40 —0.44 —0.49

(P <.001%) (P <.001%) (P <.001%) (P <.001%) (P <.001%) (P <.001%)
Difference (%) relative flow, M12  —0.20 —0.40 —0.36 —0.23 —0.39 —-0.41

(P=.09) (P <.001%) (P =.001%) (P=.05%) (P <.001%) (P <.001%)

Abbreviations: CL = contralateral; IL = ipsilateral; M06 = 6 months after treatment; M12 = 12 months after treatment; SCR = stem cell rich.

* Significant according to Spearman’s rank correlation rho, & < 0.03.
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Table 4 Multivariable analysis of the xerostomia endpoints

MO6

MI12

M24

Moderate-to-severe patient-rated xerostomia
Pretreatment patient-rated xerostomia (any)
Mean dose to submandibular gland IL

Mean dose to buccal mucosa CL

Moderate-to-severe patient-rated daytime xerostomia
Pretreatment daytime xerostomia (any)

Mean dose to SCR regions

Mean dose to SCR region CL

Mean dose to SCR region IL

Moderate-to-severe patient-rated nighttime xerostomia
Pretreatment nighttime xerostomia (any)
Mean dose to submandibular glands

Grade >2 physician-rated xerostomia
Pretreatment physician-rated xerostomia (any)
Mean dose to non-SCR parotid gland CL
Mean dose to SCR region CL

Mean dose to submandibular glands

Mean dose to buccal mucosa CL

n = 84, 50 events

3.00 (1.14-7.89)*

n =78, 36 events
5.13 (1.66-15.9)"

1.06 (1.01-1.12)*

n =78, 45 events
3.95 (1.53-10.2)"

n = 88, 28 events
5.32 (1.56-18.2)!
1.09 (1.03-1.16)'

n=281, 39 events
4.28 (1.62-11.3)'

n =75, 25 events

1.11 (1.02-1.21)*

n =76, 33 events
3.38 (1.30-8.74)*

n =284, 17 events

1.11 (1.02-1.20)*

n =71, 30 events

0.94 (0.88-1.01)
1.09 (1.02-1.15)"

n =67, 18 events

1.34 (1.12-1.59)"
0.93 (0.86-1.00)*

n =67, 27 events
5.87 (1.88-18.3)'
1.13 (1.00-1.29)

n =066, 11 events
1.20 (1.04-1.39)*
0.84 (0.72-1.00)*
1.15 (1.04-1.28)'

Abbreviations: CL = contralateral; CTCAE = Common Terminology Criteria for Adverse Events; EORTC = European Organization for Research and
Treatment for Cancer; GRIX = Groningen Radiation Induced Xerostomia; IL = ipsilateral; M06, M12, and M24 = 6, 12, and 24 months after treatment;
QLQ-H&N35 = Quality of Life Questionnaire Head and Neck; SCR = stem cell rich.

Odds ratios with 95% confidence interval. Patient-rated xerostomia according to EORTC QLQ-H&N35 question 412'; patient-rated daytime and night-

time xerostomia according to GRIX questions 1 and 7; physician-rated xerostomia according to the CTCAE v4.0.%

Significant after logistic regression (forward selection, likelihood-ratio test).

“P<.05
fP<.01
t p<.001

reduced the loss of salivary flow rate in the current study
(Table 2) compared with the 80% reduction as described by
Burlage et al.! Third, the challenges of a randomized con-
trolled trial for testing approaches to reduce radiation-
induced side effects’” might partially explain the absence of
significant differences between the 2 study arms. Intra-arm
variability is known to reduce the power for detecting dif-
ferences between study arms of randomized controlled tri-
als.”” In addition to variation in response to the
intervention, studies aiming to spare normal tissues in radia-
tion therapy suffer from an inherent variation in the dose to
OARs. In the present study, this led to strongly overlapping
distributions of dose in the SCR regions between the 2 study
arms (eg, dose to the contralateral SCR region ranged from
5.9-31 Gy and 4.5-39.4 Gy, respectively, in the ST-RT and
the SCS-RT arms). This is different from, for example,
drug-testing studies in which patients either do or do not
receive the investigational product or dose-escalation stud-
ies in which patients receive either the current treatment
dose or the escalated treatment dose. The inherent intra-arm
variation in radiation therapy studies aiming at proving the
efficacy of strategies of sparing normal tissues reduces the
power of these studies. Therefore, multivariable analysis is
a useful alternative to investigate the impact of dose to an
OAR on outcome.

In preclinical models, the radiation response of parotid
glands critically depended on dose to the stem cells,

primarily located in the main salivary gland ducts.'” The
present study showed that dose to this SCR region can be
significantly lowered while keeping the dose to the whole
parotid gland the same.

Moderate-to-severe patient-rated xerostomia (assessed
by the question “Do you have a dry mouth?””') was not
associated with dose to the SCR regions. However, the sen-
sation of oral dryness is caused by a lack or change in sali-
vary mucins, part of the mucinous saliva produced by
salivary glands other than the parotid glands.”* The parotid
glands produce serous saliva and are mainly responsible for
stimulated salivary flow.”” Therefore, this question might
be too general to allow evaluation of the impact of better
preservation of the parotid gland by reducing dose to the
SCR region. The role of the parotid glands is primarily dur-
ing eating and drinking.”” Because grade >2 physician-
rated xerostomia included the impact of xerostomia on
alterations in the oral intake,” this endpoint might be more
parotid gland function specific than general patient-rated
xerostomia.

In addition, the need to consider the different aspects of
xerostomia separately was shown in relation to salivary
flow. Dijkema et al’> demonstrated that parotid saliva pro-
duction was associated with daytime xerostomia 1 year
after radiation therapy, whereas submandibular saliva pro-
duction was associated with nighttime xerostomia. There-
fore, we investigated moderate-to-severe patient-rated
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daytime xerostomia according to the Groningen Radiation
Induced Xerostomia questionnaire.22 Indeed, in line with
previous work,'” multivariable analysis showed dose to the
contralateral SCR region to be a stronger dosimetric predic-
tor than dose to the entire parotid gland for both of these
endpoints at 12 and 24 months after treatment (Table 4).
Furthermore, the impact of the contralateral SCR region on
development of xerostomia became larger over time
(Table 4). This is in line with the observation in mice and
rats that regeneration of acinar cells by progenitor cells and
stem cells was only visible after longer latency times.'>°

In addition, for daytime xerostomia an association was
found for dose to the combined SCR regions at 6 months
after treatment (Table 4). At 24 months, an odds ratio
smaller than 1 was found for the ipsilateral SCR region
(Table 4). This may have resulted from the decision to
power the current study for 12 months after treatment.
Therefore, fewer patients and events were available at 24
months after treatment (Tables E3-6 and 4), resulting in
common statistical issues for multivariable analysis (eg,
model instability). As such, in general, the results from the
analysis of data obtained at 24 months after treatment
should be interpreted with caution. The same statistical
issues applied to patient-rated xerostomia and grade >2
physician-rated xerostomia at 24 months, resulting in odds
ratios smaller than 1 for, respectively, the predictors dose to
the ipsilateral submandibular glands and dose to the com-
bined submandibular glands (Table 4).

Finally, we found a dose-effect relation between dose
to the SCR regions and ipsilateral parotid function loss at
6 and 12 months after radiation therapy. In addition, such
a relationship was found for contralateral relative parotid
gland flow and dose to the contralateral SCR region at 6
months after radiation therapy (Table 3). Moreover, dose
to the contralateral SCR region was most predictive for
experiencing daytime xerostomia (Table 4). These results
may suggest that xerostomia is only experienced if dam-
age to the contralateral gland, by dose to the contralateral
SCR region, prevents it from compensating for loss of
function of the ipsilateral parotid gland. In addition, in
the entire study population a significant correlation
between reduced relative ipsilateral parotid gland flow
and increased relative contralateral parotid gland flow
was present at 12 months after treatment (R2 value 0.48)
(Fig. E7). A potential role for such compensation by a
contralateral salivary gland was suggested earlier for the
submandibular glands in rats after surgery’’ and for the
parotid and submandibular glands in patients after radia-
tion therapy.*®

Elucidating the role of specific structures in the
development of side effects

Multiple OARs were found to be relevant for the develop-
ment of xerostomia. The parotid glands, the submandibular
glands, the oral cavity, and specific regions of the parotid

glands were investigated.®'>**° The next step is prioriti-
zation of relevant OARs for treatment optimization, cur-
rently often determined using a prospective or retrospective
cohort study. However, a major issue in elucidating the role
of a potential structure is collinearity between doses to dif-
ferent OARs.*’ Therefore, it is often difficult, and some-
times even impossible, to elucidate the role of a specific
structure in the development of side effects.

The current randomized clinical study solved this prob-
lem by reducing collinearity between the SCR region and
the entire parotid gland in the administered treatment plan.
As a result, the correlation coefficients in our study cohort
were 0.63 and 0.75, respectively, for the contralateral and
ipsilateral SCR region and parotid gland, compared with R?
values of 0.80 and 0.88, and 0.81 and 0.86 in, respectively,
97 patients 1 year before and 96 patients 1 year after the
current study treated with ST-RT in our center (Fig. ES8).
This made it possible to use multivariable analysis to eluci-
date the contributions of the doses to the SCR regions and
the entire parotid glands to the development of xerostomia.

Sparing the contralateral stem cell dense region to
prevent xerostomia

The selection of the contralateral SCR region as most pre-
dictive for xerostomia (Table 4) implies the importance of
further lowering dose to the SCR region already receiving a
low dose (Table 1). This was supported by laboratory and
modeling research.'®*****%* van Luijk et al'® demon-
strated a bath and shower effect in the parotid glands:
Administration of a low-dose bath to the cranial part con-
taining the SCR region of the glands and a high-dose
shower to the caudal part of the glands resulted in signifi-
cantly more function loss than irradiating the caudal part
alone. Nagle et al*® confirmed this effect by showing that
human stem cells were disproportionally affected by low
doses. In addition, Han et al** suggested that injury (ie, the
development of side effects) is induced by parotid subvo-
lumes receiving higher dose, whereas the ability to recover
can be sustained by further reducing dose to parotid subvo-
lumes receiving lower dose. Jiang et al** and Robertson
et al*” confirmed the important role of low dose to the
parotid glands for development of xerostomia. This
decrease of the low-dose bath is particularly possible for
the contralateral SCR region, because dose is already low
and, though sometimes limited, can be lowered more easily
considering the distance to the target volumes.

However, aside from dose to the contralateral SCR
region, dose to other OARs, pretreatment xerostomia, and
additional clinical risk factors (eg, age, tumor location and
classification, and administration of systemic therapy) are
also relevant for the development of xerostomia.™'>**°
Therefore, the development of normal tissue complication
probability models for the different xerostomia endpoints,
considering the role of the SCR region in addition to other
risk factors, will contribute to prioritizing the sparing of
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different OARs and might be an aid for the selection of
treatment techniques, such as adaptive radiation therapy or
proton therapy.'*"’

Sparing subvolumes of the parotid glands

Finally, in other studies, associations between dose to
parotid gland subvolumes and parotid function were also
investigated (ie, salivary flow and/or xerostomia).****>°
Using an unbiased approach, studies found several subvo-
lumes related to optimal preservation of parotid function,
such as the lateral and cranial portion,”™ superior’”** and
middle-anterior’” portion of the contralateral parotid gland,
superoposterior portion of the ipsilateral parotid glan-
d,*?and caudal-anterior portion.”” In addition, Miah et al*
showed that bilateral superficial lobe parotid-sparing IMRT
reduced the risk of developing xerostomia compared with
contralateral parotid-sparing IMRT. All of these subvo-
lumes contained the SCR region as defined in the present
study based on an explanatory mechanism from the radiobi-
ology studies.'”'” Moreover, Beuttner et al*® were able to
confirm the bath-and-shower effect of parotid glands in
patients, as earlier shown by van Luijk et al'® in rats. They
were able to show that a relative high dose to the medial-
caudal part of the parotid gland is preferred over a homoge-
nous low-dose bath in the entire parotid gland," confirming
the importance of sparing the cranial part containing the
major ducts, as shown in our current and previous work."”

Conclusions

To our knowledge, no other study has evaluated the sparing
of a subvolume of the parotid glands by performing a dou-
ble-blind randomized controlled trial. The primary study
outcome was negative. In addition, no significant differen-
ces were observed between the study arms for the second-
ary endpoints. However, we were able to confirm in
multivariable analysis that mean dose to this SCR region
was the strongest dosimetric predictor for side effect end-
points specific for parotid function—such as, patient-rated
daytime xerostomia and physician-rated grade >2 xerosto-
mia, the latter including alterations in oral intake.
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