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Abstract: Intensity Modulated Radiotherapy
(IMRT) has been the radiotherapy modality
of choice for the treatment of cancer patients
with head and neck cancer (HNC). Significant
side effects for head and neck treatment are
still unavoidable due to the proximity of risk
organs to the target volume. This study aims
to evaluate the damage caused by irradiation
to the salivary glands in patients with HNC
undergoing IMRT. The methodology applied
for the development consisted of an electronic
search performed in the MEDLINE database
to identify relevant studies published in the
last five years (2017-2022). The search strategy
resulted in 17 scientific documents related to
the following MeSH terms: head and neck
neoplasms, salivary gland and intensity-
modulated radiotherapy. Based on this sample,
after predetermined selection criteria, five
studies were selected and reviewed, evaluating
a total of 513 patients. Two selected studies
reported that comprehensive protection
of the salivary glands reduced xerostomia
without compromising locoregional control.
In another study, it was evaluated that the
volumetric shrinkage of the submandibular
gland persisted after radiotherapy. It was
concluded thatreduced salivary gland function
is still a common side effect, even in times of
IMRT, however restricting the average doses
to be as low as possible significantly improves
xerostomia.

Keywords: Head and neck cancer. Salivary
gland. Intensity modulated radiotherapy.

INTRODUCTION

The salivary glands belong to the group
of tissues that maintain an acute response
to radiation, in contrast to the fact that the
excretory cellsin the salivary glandshavea slow
turnover. Although the cellular composition
of the submandibular gland and the parotid
gland are different, the radiosensitivity of
both is comparable. Findings indicate that
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two separate mechanisms cause salivary gland
dysfunction after irradiation: i) first, defects
in cell functioning due to selective membrane
damage; ii) later, due to the reduction of the
population of acinar cells with adequate
ability, due to cell death of progenitor cells and
damage to the cell environment (KONINGS
et al.,, 2005).

Salivary gland dysfunction is an “umbrella”
term for the presence of xerostomia
(subjective feeling of dryness) or salivary
gland hypofunction (reduction in saliva
production), considered a predictable
side effect of radiotherapy in the head and
neck region. neck, and is associated with a
significant impairment of the patient’s quality
of life (RILEY et al., 2017). Assessment of
salivary dysfunction is relatively subjective
unless an individual baseline record of salivary
flow has been established. About 30% of the
population reports some degree of dry mouth,
which indicates that it is not an infrequent
patient complaint. Salivary gland dysfunction
causes two effects related to the oral cavity:
it reduces food preparation for digestion
and taste and it increases the susceptibility
of oral structures to disease (HUMPHREY;
WILLIAMSON, 2001).

Radiotherapy is the treatment of cancer,
which uses different equipment and
techniques to irradiate areas of the human
body, the total duration and the interval
between fractions may vary according to the
technique used, the purpose of the treatment
and the radiotherapy regimen. The daily
dose can vary from 1.8 to 2.0 Gy/day for
conventional fractionation and from 2.0 to
4.0 Gy/day in a hypofractionation regime. The
average treatment time is 4 to 5 weeks, and it
is possible to use other fractionation regimens
(INCA, 2021). Intensity Modulated Radiation
Techniques (IMRT) refers to a technique of
conforming the dose to the target volume
that aims to maximize the radioprotection
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of the surrounding tissues. For this, a set
of multidirectional fields is used, or even
in a continuous arc, whose intensities and
dimensions are planned to minimize the dose
in healthy tissues, without compromising the
delivery of the prescribed dose in the target
volume (LEAO, 2018). Currently, IMRT is
mainly indicated for the treatment of prostate,
head, neck, gynecological, gastrointestinal
and central nervous system tumors.

This article is based on a literature review
to answer the following clinical question: “Is
IMRT effective in reducing salivary gland
dysfunction in patients with head and neck
cancer?” Despite technological advances,
xerostomia is still a serious complication and
has a great impact on the patient’s quality
of life. Salivary gland changes in irradiated
patients were evaluated in three main aspects:
i) salivary flow rate, ii) glandular volume,
and iii) patient-reported outcome measures
(PROM).

METHODOLOGY

For the preparation of this review article,
the PICO strategy (STONE, 2002) was used,
which allows structuring a specific question
with the appropriate focus of inclusion.
P - Population: patients undergoing head
and neck RT; I - Intervention: IMRT; C -
Comparator: not applied; O - Outcome:
salivary gland dysfunction.

An electronic search was performed (until
April 13, 2022) in the MEDLINE database
(http://www.ncbi.nlm.nig.gov/pubmed), with
no language restriction, to retrieve relevant
studies published in the last five years.

SEARCH STRATEGY

The MeSH terms used in the Pubmed
advanced search engine were: head and neck
neoplasms, salivary glands and intensity-
modulated radiotherapy, whose strategy
details are shown in Table 1.
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SELECTION AND INCLUSION OF
STUDIES

Observational studies were included in
human beings with head and neck cancer
undergoing treatment with IMRT alone or
associated with chemotherapy, and which
evaluated the salivary glands. Review studies,
case study, clinical trial, study that it was not
possible to access the full text, study in animals,
studies that did not evaluate the salivary glands
and study that did not focus only on IMRT
were excluded. The study selection process
was carried out by a reviewer and included, at
first, the analysis of the titles and abstracts of
the 17 studies retrieved by the search strategy;
then, the complete reading of the 10 studies
selected in the first analysis was performed.
After evaluating the full text, according to the
eligibility criteria, a final sample of five studies
was obtained.

The most common reason for exclusion
was the one that analyzed more than one
type of radiotherapy (n = 5). Followed by a
review study (n = 2), a study that analyzed a
radiotherapy plan (n = 2), it was not possible
to obtain the complete article (n = 1), a
clinical trial (n = 1), a study that evaluated the
treatment for clinical complications (n = 1).

RESULTS AND DISCUSSION

A total of five studies were included in this
review. According to the established inclusion
and exclusion criteria, all selected studies are
prospective. The enrollment period of the
participants occurred between September
2011 and November 2018, however, two
studies, Hawkins et al., 2018 and Sim et al,,
2018, did not report the enrollment period.
The total number of participants analyzed
was 513 patients, ranging in age from 11 to
91 years. Participants were predominantly
male (n=407), corresponding to 79.34% of
the sample. In each of the included studies,
the following data were extracted and
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MeSH term Query Result
#1 Head and neck neoplasms “head and neck neoplasms”[All Fields] 61.406
#2 Salivary glands “salivary glands”[All Fields] 31.729
Intensity-modulated « . : » .
#3 radiotherapy intensity-modulated radiotherapy”[All Fields] 12.307
#4 #1 and #2 “head and neck neoplasms”[All Fields] AND “salivary glands”[All Fields] 926
#5 #4 and #3 “head and neck neoplasms”[All Fields] AND “salivary glands”[All Fields] AND 61
“intensity-modulated radiotherapy”[All Fields]
. “head and neck neoplasms”[All Fields] AND “salivary glands”[All Fields] AND
#6 #5 and filter in the last 5 years “intensity-modulated radiotherapy”[All Fields] AND (y-5[Filter]) 7
Table 1 - Search details
Author / year of | Number of s . Radiation
publication Patients Objectives Evaluation method dose (Gy)
Hawkins et al., 252 Investigate how preservation of all XQ 50-80
2018 salivary glands affects PROMs HNQOL
XQ
. . RTOG/EORTC
Assess changes in xerostomia status, salivary flow rate
Sim et al., 2018 24 salivary characteristics, and salivary sali):ra H 70
gland volume b PH
uffer capacity
CT
To analyze the protective effect XQ
Teng et al., 2019 175 of salivary glands by helical . 70
Salivary flow rate
tomotherapy
Evaluate the function of the salivary DW-MRI
Shietal, 2019 30 glands using DW-MRI with salivary flow rate -
gustatory stimulation XQ
To evaluate the correlation between UW-QOL
acute side effects in the oral mucosa, salivary flow rate
Oba etal, 2021 32 salivary glands and general health KPS 60-70
status with QoL during IMRT Weight

Table 1 - Characteristics of the included studies

CT: computed tomography; DW-MRI: diffusion-weighted magnetic resonance imaging; HNQOL:
head and neck quality of life questionnaire; IMRT: intensity-modulated radiotherapy; KPS: Karnofsky
performance scale; PROMs: patient-reported outcome measures; QL: quality of life; RTOG/EORTC:

Cancer Therapy Group / European Organization for Cancer Research and Treatment; UW-QOL:

standardized protocol and quality of life questionnaire; XQ: questionnaire related to xerostomia.




arranged in a comparative way: (1) author /
year of publication; (2) number of patients;
(3) objectives; (4) evaluation method; (5)
radiation dose, as provided in table 1.

In Hawkins et al., 2018, the relationship
between the scores reported in the
questionnaire and the average doses in
the bilateral parotid gland (GPb), in the
contralateral submandibular gland (GSMc)
and in the oral cavity (OC) glands were
evaluated. The study included the largest
number of participants, 252 patients with
head and neck cancer, bilaterally irradiated
in the neck. This study did not report where
the research was carried out, although the
origin of the institutions involved is American
and Chinese. Of the five studies included,
there was a predominance of institutions of
Asian origin, of which three studies are of
exclusively Asian origin, one study of North
American and Asian origin, and one study of
South American origin.

Teng et al., 2019, analyzed the effects of
comprehensive protection of bilateral parotid
glands (GPb), contralateral submandibular
gland (GSMc) and accessory salivary glands
in the oral cavity (OC) by IMRT with helical
tomotherapy technique. A total of 175
patients with head and neck squamous cell
carcinoma recruited from the Department
of Radiotherapy of the General Hospital of
the Chinese People’s Liberation Army were
included. Salivary glands (GPb, cGSM and
CO) were analyzed by Teng et al., 2019, and
by Hawkins et al., 2018.

In Sim et al, 2018, the changes that
occurred in the status of xerostomia, in the
salivary characteristic and in the volume of
the parotid and submandibular glands were
evaluated. We included 24 patients with
nasopharyngeal carcinoma, referred from
the National Cancer Center Singapore to the
National Dental Center Singapore. Among
the included studies, this one had the lowest
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number of participants. The study by Shi et
al. 2019, used dynamic diffusion-weighted
imaging (DW-MRI) to assess parotid,
submandibular, and sublingual salivary gland
function after IMRT. Thirty patients with
nasopharyngeal carcinoma diagnosed and
treated at the Department Radiotherapy of
the Second Affiliated Hospital of Soochow
University, China were included. Sim et al.,
2018, used CT imaging to assess salivary gland
volume, while Shi et al. 2019, used DW-MRI
to assess salivary gland function.

In Oba et al, 2021, acute side effects
(mucositis and xerostomia) involving the
oral cavity, general health conditions and the
patient’s quality of life were evaluated. Thirty-
two patients with head and neck cancer at
the Hospital das Clinicas da Faculdade de
Ribeirdao Preto — USP, Brazil were included.
Comparing with the included studies, Oba
et al., 2021, was the only study that did not
analyze patients in the post-treatment period,
while Hawkins et al., 2018, was the only study
that did not provide data prior to radiotherapy.

The duration of surveys and the interval of
assessments in patients varied greatly between
studies. In Hawkins et al, 2018, patients
completed a questionnaire on xerostomia
at follow-up appointments at 01, 03, 06,
12, 18, 24, 48 and 60 months. In Sim et al.,
2018, all participants underwent diagnostic
CT to assess response, performed at 3
months and two years after radiotherapy. In
addition, clinician-reported and participant-
reported assessments determined
before treatment, mid-treatment, 2 weeks
after treatment, 3 months after treatment,
and 24 months after treatment. In the study
by Teng et al., 2019, through the xerostomia
questionnaire, xerostomia was assessed
before the beginning and at 01, 03, 06, 12
and 18 months after the end of treatment.
In Shi et al. 2019, the three pairs of salivary
glands underwent DWI, before and late after
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radiotherapy, at rest and after stimulation with
lemon juice. In Oba et al., 2021, measurements
were collected weekly using protocols and
standardized questionnaires, immediately
before the start of radiotherapy until the last
week.

EVALUATION OF SALIVARY FLOW
RATE

The salivary flow rate is considered
an indicator of xerostomia for patients
undergoing radiotherapy for head and
neck cancer. According to Humphrey &
Williamson, 2001, the acceptable range of
normal flow for unstimulated saliva is above
0.1 mL/min, whereas for stimulated saliva,
the minimum acceptable volume increases
to 0.2 mL/min. On average, the unstimulated
flow rate is 0.3 mL/min, while the maximum
stimulated flow rate is 7 mL/min (EDGAR,
1990).

All participants were instructed not to eat
or drink for one hour before saliva collection.
For the collection of stimulated saliva,
stimulation with acid or chewing gum is
necessary. Of the three studies that evaluated
stimulated saliva, each study used a different
way. In Sim et al., 2018, patients chewed wax,
in the study by Teng et al., 2019, patients used
2% citric acid solution, and in the study by
Shi et al., 2019, participants used apple juice.
lemon. The time at which saliva collection was
performed was not mentioned in any of the
studies. The collection time varied between 05
and 15 minutes.

ASSESSMENT OF SALIVARY GLAND
VOLUME

The total volumes of the glands were
calculated as the sum of the respective volumes
of the right and left glands, in the study by
Sim et al.,, 2018, therefore, all participants
underwent diagnostic computed tomography,
the resulting digital images were imported
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into the same treatment planning system, and
the salivary glands were re-contoured and the
volume measured. Mean doses of bypassed
volumes were recorded from the dose volume
histograms in the approved treatment plan.
The mean GP and GSM radiation dose was
derived from the mean of the respective
mean doses of the right and left glands. The
apparent diffusion coefficients of the parotid,
submandibular and sublingual glands were
calculated in the study by Shi et al. 2019,
using diffusion-weighted magnetic resonance
imaging, which allows the representation
of molecular diffusion caused by Brownian
motion in Dbiological tissues, since the
diffusion of the water molecule leads to
signal attenuation and can be quantified as an
apparent diffusion coefficient.

PATIENT REPORTED OUTCOME
MEASURES (PROMS)

As xerostomia is primarily a symptom,
patient self-report can be significant in
assessing its severity, Meirovitz et al., 2006,
concluded that self-reported measures by the
patient must be used whenever the assessment
of xerostomia is an important study objective.
The use of a self-reported questionnaire, either
to assess the severity of xerostomia and/or to
assess the patients’ quality of life, was used in
all studies.

In Hawkins et al, 2018 and Sim et al,
2018, patients answered the xerostomia
questionnaire, validated in the study by
Eisbruch et al, 2001. In Shi et al. 2019,
participants  answered the
questionnaire established by the University
of Michigan in the United States, described
by Meirovitz et al., 2006. Patients rated each
symptom on an ordinal 11-point Likert scale
from 0 to 10, in which the highest scores
indicate greater dryness or discomfort due to
dryness, consisting of eight questions equally
divided into: four items asking about dryness
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when eating or talking, and four items about
dryness when not eating or chewing.

In Hawkins et al., 2018, patients also
answered a questionnaire on head and neck
quality of life (HNQOL) composed of several
domains: eating, communication, emotion,
pain, satisfaction and general discomfort,
which was previously described by Terrell et al.
al., 1997. This was the only study that used two
different types of self-reported questionnaires,
one to assess the degree of xerostomia and
the other to assess the quality of life score
that reflects the impact of radiation-induced
side effects. In Sim et al., 2018, the clinician-
rated xerostomia score was determined using
the Radiation Therapy Oncology Group/
European Organization for the Research
and Treatment of Cancer (RTOG/EORTC)
radiation morbidity scoring criteria.

In Teng et al, 2019, xerostomia was
investigated based on the self-reported
questionnaire, validated by Amosson et al.,
2003, consisting of 10 questions, each question
divided into four degrees (“no, “mild’,
“moderate” and “severe”) according to the
level of oral dryness. In Oba et al., 2021, the
quality of life of patients was assessed using
the questionnaire proposed by the University
of Washington Quality of Life (UW-QOL),
version 4, described in Pugh et al, 2017,
the domains evaluated are divided into the
physical-functional dimensions (appearance,
mastication, swallowing, speech, taste and
saliva) and socio-emotional (pain, activity,
recreation, mood, muster and anxiety).

The proximity of the major salivary
glands to the lymph nodes in the neck limits
the ability to reduce the average dose in
radiotherapy, mainly to the submandibular
gland (SCRINGER et al, 2018). The
relationship between comprehensive
protection of the salivary glands and the risk
of locoregional recurrence, when evaluated in
the study by Hawkins et al.,, 2018, concluded
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that the dose restriction for cGSM of < 39
Gy does not increase the risk of failure in
the contralateral neck. A result corroborated
in the study by Teng et al, 2019, when
assessing the locoregional recurrence rate,
found that comprehensive protection of the
salivary glands significantly reduced the risk
of developing severe xerostomia, without
compromising locoregional control.

The evaluation of damage induced by
salivary gland radiotherapy mainly consists
of measuring salivary flow. Sim et al., 2018,
observed that, two years after treatment, both
resting and stimulated salivary flow rates and
resting saliva pH remained significantly low,
and xerostomia scores remained significantly
higher compared to pretreatment levels.
Considering these results, the authors suggest
that study participants were still at risk of oral
diseases related to hyposalivation. However,
contrary results are reported in the study by
Teng et al., 2019, stimulated and unstimulated
saliva flow rates were restored to 69.5% to
77.4% of baseline at 12 months and 81.5 % to
91.7% in 18 months, respectively. Based on
the results of the study, the authors concluded
that patient-reported xerostomia significantly
decreased when the mean dose threshold was
maintained below 29.12 Gy, 29.29 Gy, 31.4 Gy
for GPb, GSMc, CO, respectively.

The evaluation of the salivary glands
in the study by Shi et al. 2019, using DW-
MRI, showed that the apparent diffusion
coefficients of the salivary glands increased
after radiotherapy, both at rest and in the
stimulated state, and correlated with the
salivary flow rate and questionnaire scores for
xerostomia. The authors consider the result of
the stimulation with lemon juice an important
finding, since an initial constant increase to
the peak was observed during the first DWI
exam (30 seconds) and a subsequent decrease
in the apparent diffusion coefficients in all
the glands before and after radiotherapy,
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suggesting a persistent ability of acinar cells
to produce saliva after stimulation with lemon
juice.

Oba et al, 2021, for the wvariable
unstimulated total salivary flow rate, found
a positive correlation with five domains
evaluated in the UW_QOL and with general
quality of life. The authors considered that
glandular or nerve damage due to surgery
(67% of patients underwent surgery) may
have been responsible for the lower value for
salivary flow found in the study. Although it
was not the objective of the study, the authors
tested the correlation between salivary
flow rate and type of treatment and found
a significant positive correlation between
salivary flow rate and surgery.

Findings from the multivariate analysis,
in Teng et al., 2019, showed that the mean
dose of OC, mean dose of cGSM, age and
tumor stage were important predictors of
patient-reported xerostomia. Mouth dryness
was restored more slowly with increasing
age, while in young patients, xerostomia was
restored to almost normal level within 1 year.
A significant interaction between dose and
time was observed in the study by Hawkins et
al., 2018, with the effect of dose on xerostomia
increasing over time. The lowest mean dose
for each salivary structure was associated with
lower (better) xerostomia questionnaire sum
scores at each time point at follow-up. The
xerostomia questionnaire sum scores in each
dose group improved continuously during
the initial 18 months after completion of
treatment and then stabilized. Furthermore,
the results indicate a correlation between
GP dose and xerostomia, and show that the
lowest rates of patient-reported xerostomia
were achieved when the mean dose for GPb
was < 26 Gy. The mean dose of CO was
moderately correlated with the mean doses of
GPb (p < 0.001) and GSMc (p < 0.001), and
the latter two were moderately correlated with

each other (p < 0.001). Furthermore, mean
CO dose correlated moderately with overall
tumor stage, as did mean doses of CO, cGSM,
and GPb with stage N.

The effects on total WG and GSM
volumes, in the study by Sim et al., 2018, were
significant and remained so for two years after
completion of radiotherapy. At 2 years after
radiotherapy treatment, the GP presented
partial volumetric recovery, however the GSM
continued to present volumetric retraction, in
2 years, and was reduced to half of its original
volume. The authors report that this fact can
be explained by the high dose of radiation
received by the GSM, since the values reported
in the literature for the recovery of the GSM
function, over time, were much lower than the
65 Gy received.

CONCLUSION

The function of the salivary glands
of irradiated patients deteriorated with
radiotherapy, but over time, when the
radiation dose applied was not high, studies
indicate partial recovery of the salivary
glands, suggesting that the reduction of
average doses for these structures reduces
the risk of xerostomia and improves quality
of life. IMRT is the recommended treatment
for all primary cancers of the nasopharynx,
oropharynx, hypopharynx, larynx, and
oral cavity. Furthermore, IMRT resulted in
excellent locoregional control when mean
doses to glandular structures were constrained
to be as low as possible in treatment planning.
Currently, longitudinal studies and clinical
trials in humans on the recovery of radiation-
damaged salivary glands at the cellular and
molecular level are promising approaches.

THANKS

To the Higher Level Improvement
Coordination - Brazil (CAPES), Research
Support Foundation of the State of Minas

-



Gerais (FAPEMIG), National Council for REFERENCES

Scientific and TeChnOlOgical Development Konings AW Coppes PR Vissink UMA. On the mechanism
(CNPq), National Nuclear Energy of salivar gland radiosensitivity. Int ] Radiat Oncol Biol Phys
Commission (CNEN) and Federal Institute of ~ 200 411871154

North of Minas Gerais (IFNMG) . Riley P, Glenny AM, Hua E, Worthington HV. Pharmacological
interventions for preventing dry mouth and salivar gland
dysfunction following radiotherapy. Cochrane Database of
Systematic Reviews 2017, Issue 7. Art. No.: CDO12744. DOI:
10.1002/14651858.CD0O12744. Accessed 15 June 2022.

Humphrey SP, Williamson RT. A review of saliva: normal
composition, flow, and function. J Prosthet Dent. (2001)
85:162-9.

INSTITUTO NACIONAL DE CANCER. Manual de bases técnicas da oncologia - SAI/SUS. Brasilia: MS. SAS/DRAC/CGSI,
2021. Disponivel em: https://www.inca.gov.br/publicacoes/manuais/manual-de-bases-tecnicas-da-oncologia-sia-sus. Acesso
em: 23 de maio de 2022.

LEAO JUNIOR, Reginaldo Gongalves. Avaliagio das perturbagées fisicas de feixes de raios X em pequenos campos estéticos:
Uma abordagem teérica pelo método de Monte Carlo. 2018. 157 f. Tese (Doutorado) — Programa de P6s-Graduagdo em Ciéncias
e Técnicas Nucleares, Universidade Federal de Minas Gerais, Belo Horizonte, 2018.

E M. Khan and J. P. Gibbons, The Physics of Radiation Therapy. Fifth Edition., Philadelphia, EUA, Wolters Kluwer Health
(2014).

STONE, P. Popping the (PICO) question in research and evidence-based practice. Nurs Res, v. 15, n. 3, p. 197-198, 2002.

Hawkins PG, Lee JY, Mao Y, Li P, Green M, Worden FP, Swiecicki PL, Mierzwa ML, Spector ME, Schipper MJ, Eisbruch A.
Sparing all salivary glands with IMRT for head and neck cancer: Longitudinal study of patient-reported xerostomia and head-
and-neck quality of life. Radiother Oncol. 2018 Jan;126(1):68-74.

Sim C, Soong YL, Pang E, Lim C, Walker GD, Manton DJ, Reynolds EC, Wee J. Xerostomia, salivary characteristics and gland
volumes following intensity-modulated radiotherapy for nasopharyngeal carcinoma: a two-year follow up. Aust Dent J. 2018
Jun;63(2):217-223.

Teng F, Fan W, Luo Y, Ju Z, Gong H, Ge R, Tong F, Zhang X, Ma L. Reducing Xerostomia by Comprehensive Protection of
Salivary Glands in Intensity-Modulated Radiation Therapy with Helical Tomotherapy Technique for Head-and-Neck Cancer
Patients: A Prospective Observational Study. Biomed Res Int. 2019 Jul 14;2019:2401743.

Shi D, Qian JJ, Fan GH, Shen JK, Tian Y, Xu L. Salivary gland function in nasopharyngeal carcinoma before and late after
intensity-modulated radiotherapy evaluated by dynamic diffusion-weighted MR imaging with gustatory stimulation. BMC Oral
Health. 2019 Dec 21;19(1):288.

Oba MK, Innocentini LMAR, Viani G, Ricz HMA, de Carvalho Reis T, Ferrari TC, de Macedo LD. Evaluation of the correlation
between side effects to oral mucosa, salivary glands, and general health status with quality of life during intensity-modulated
radiotherapy for head and neck cancer. Support Care Cancer. 2021 Jan;29(1):127-134.

Edgar WM. Saliva and dental health. Clinical implications of saliva: report of a consensus meeting. Br Dent ] 1990;169:96-8.

Meirovitz A, Murdoch-Kinch CA, Schipper M, et al. Grading xerostomia by physicians or by patients after intensity-modulated
radiotherapy of headand- neck cancer. Int ] Radiat Oncol Biol. 2006;Phys 66:445-53.

Eisbruch A, Kim HM, Terrell JE, Marsh LH, Dawson LA, Ship JA. Xerostomia and its predictors following parotid-sparing
irradiation of head-and-neck cancer. Int ] Rad Oncol Biol Phys 2001;50:695-704.



https://www.inca.gov.br/publicacoes/manuais/manual-de-bases-tecnicas-da-oncologia-sia-sus

Terrell JE et al. Head and neck cancer-specific quality of life: instrument validation. Arch Otolaryngol Head Neck Surg
1997;123:1125-32.

C. M. Amosson, B. S. Teh, T. J. Van et al., “Dosimetric predictors of xerostomia for head-and-neck cancer patients treated
with the smart (simultaneous modulated accelerated radiation therapy) boost technique,” International Journal of Radiation
Oncology, Biology, Physics, p. 56, 2003.

Pugh SL, Wyatt G, Wong RK, Sagar SM, Yueh B, Singh AK et al (2017) Exploratory factor analysis of NRG Oncology’s University
of Washington Quality of Life Questionnaire—RTOG modification. ] Pain Symp Manage 53:139-145.

Scrimger RA, Seikaly H, Vos L], Harris J, O’Connell D, Ghosh S, Debenham B, Jha N. Combination of submandibular salivary
gland transfer and intensity-modulated radiotherapy to reduce dryness of mouth (xerostomia) in patients with head and neck
cancer. Head Neck. 2018 Nov;40(11):2353-2361.




