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dAPTARAP
Objective. The purpose of this study was to identify all outcome domains used in clinical studies of xerostomia, that is, subjective

sensation of dry mouth. This study is part of the extended project “World Workshop on Oral Medicine Outcomes Initiative for the

Direction of Research” to develop a core outcome set for dry mouth.

Study Design. A systematic review was performed on MEDLINE, EMBASE, CINAHL, and Cochrane Central Register of Controlled

Trials databases. All clinical and observational studies that assessed xerostomia in human participants from 2001 to 2021 were

included. Information on outcome domains was extracted and mapped to the Core Outcome Measures in Effectiveness Trials tax-

onomy. Corresponding outcome measures were summarized.

Results. From a total of 34,922 records retrieved, 688 articles involving 122,151 persons with xerostomia were included. There

were 16 unique outcome domains and 166 outcome measures extracted. None of these domains or measures were consistently

used across all the studies. The severity of xerostomia and physical functioning were the 2 most frequently assessed domains.

Conclusion. There is considerable heterogeneity in outcome domains and measures reported in clinical studies of xerostomia. This

highlights the need for harmonization of dry mouth assessment to enhance comparability across studies and facilitate the synthesis

of robust evidence for managing patients with xerostomia. (Oral Surg Oral Med Oral Pathol Oral Radiol 2023;135:827�875)
Statement of Clinical Relevance

There is high variability in outcome domains and

measures used in the assessment of xerostomia,

highlighting the need to develop a core outcome set

to harmonize evidence better to inform clinical deci-

sion-making for dry mouth management.
Dry mouth is a common condition that can signifi-

cantly impair oral health, daily oral functioning, and

quality of life (QoL) and increase the economic burden

associated with health care services.1,2 Previous clini-

cal studies reported that the proportion of individuals

with dry mouth in the population ranged from 5.5% to

46%.3 As the population ages, the prevalence of dry

mouth is likely to increase, yet the condition appears to

remain under-recognized and undertreated.1,4

Dry mouth is usually referred to as xerostomia, sali-

vary gland hypofunction, or hyposalivation. These terms

are used interchangeably by clinicians, researchers, and
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patients, although they convey a different meaning.

Xerostomia is a self-reported subjective feeling of oral
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measured low saliva secretion, below normal secretion.

In contrast, hyposalivation is a diagnosis when saliva

secretion becomes pathologically low (i.e., low unstimu-

lated whole saliva flow rate of �0.1 mL/min and/or a

stimulated whole saliva flow rate of �0.5 to 0.7 mL/

min).5 The exact nature of the relationship between

xerostomia and salivary gland hypofunction has been

shown to be inconsistent, and people complaining of

xerostomia frequently do not show objective signs of

salivary gland hypofunction, suggesting their symptoms

may be secondary to change in the saliva

composition.6,7 Similarly, patients with salivary gland

hypofunction might not report xerostomia, as a previous

report found that salivary gland hypofunction and xero-

stomia coincided in only one-sixth of those with either

condition.8

Dry mouth has several causes that often overlap or

interact. It can be primarily induced by several classes

of medications (e.g., antidepressants, antipsychotics,

bronchodilators, decongestants, benzodiazepines, and

antihistamines, among many others), which are by far

the most common contributing factors for chronic dry

mouth.9 Independent of the class of medication being

taken, polypharmacy on its own (which is very com-

mon in elderly patients) also increases the likelihood of

developing dry mouth.10 Dry mouth often occurs after

radiation therapy to the head and neck. Other condi-

tions such as Sj€ogren’s syndrome (also known as

Sj€ogren’s disease), diabetes mellitus, eating disorders,

dehydration, mental illnesses, and normal aging can

also cause a dry mouth.11,12

Treatment options for dry mouth should be based on

each affected individual’s underlying condition or caus-

ative factors. Different therapeutic strategies for dry

mouth can be broadly categorized into 3 domains: palli-

ation, stimulation, and regeneration. Palliative treatment

includes water and a myriad of salivary substitutes, such

as oral lubricating gel, mouthwashes, and artificial

saliva.13 Various local and systemic strategies have

been used to stimulate salivary secretion, including topi-

cal salivary stimulants,14 pilocarpine,15 cevimeline,16

acupuncture,17 and electrostimulation.18 More recently,

promising treatment strategies have been introduced for

dry mouth in certain conditions that aim to regenerate

and recover salivary gland function, including gene ther-

apy,19 stem cell replacement therapy,20 B-cell deple-

tion,21 and inhibition of co-stimulation of T cells.22

Although multiple studies have evaluated these inter-

ventions, comparing their findings and drawing conclu-

sions is difficult because of the lack of definition in the

treatment outcomes and outcome measures. It is neces-

sary to determine the minimal set of outcomes to evalu-

ate the effectiveness of the different interventions to

draw future conclusions about which treatment(s) are

most effective for this condition.
A core outcome set (COS) is defined as an agreed

minimum of outcome domains to be measured and

reported in all trials of a particular treatment or condi-

tion.23 There are 3 fundamental steps in developing a

COS: identifying existing knowledge, patient involve-

ment, and the consensus process.24 To date, no COS

has been developed for evaluating interventions in clin-

ical trials on dry mouth. This study is part of the

extended project “World Workshop on Oral Medicine

Outcomes Initiative for the Direction of Research” to

develop a COS for clinical trials assessing the effec-

tiveness of interventions for dry mouth. Each step of

the COS development from the “World Workshop on

Oral Medicine Outcomes Initiative for the Direction of

Research” project will be subsequently reported. For

the first step, as dry mouth has both subjective (xero-

stomia) and objective (hyposalivation) components, for

which many outcome domains and measures exist, we

decided to perform 2 independent systematic reviews

to facilitate the identification and analysis of the exist-

ing knowledge. Accordingly, this study aimed to iden-

tify and describe all the outcome domains measured in

studies assessing xerostomia, that is, the subjective

complaints of dry mouth.

METHODS ANDMATERIALS
Registration and protocol
This systematic review was conducted according to the

guidelines of Preferred Reporting Items for Systematic

Reviews and Meta-Analysis (2020 statement).25 The

protocol was peer-reviewed and registered at The Inter-

national Prospective Register of Systematic Reviews

under number register: CRD42021279791 (available at

https://www.crd.york.ac.uk/prospero/display_record.

php?ID = CRD42021279791).

Inclusion and exclusion criteria
We defined the inclusion criteria for the literature

search and questions using the population, intervention,

control, outcome, and study design (PICOS): P,

humans with a dry mouth; I, any active preventive, pal-

liative, or curative pharmacologic or nonpharmaco-

logic treatment/intervention for dry mouth

administered topically or systemically; C, no restric-

tions to the comparison; O, all dry mouth�related out-

comes (objectively and subjectively measured); S,

clinical trials (randomized and nonrandomized) and

observational studies (descriptive, cross-sectional,

cohort, case-control).

All clinical and observational studies published in

the literature investigating the management of dry

mouth in humans were included. The present system-

atic review included studies that clearly reported at

least 1 xerostomia or xerostomia-related outcome and/

or outcome measure in the methods section. There was

https://www.crd.york.ac.uk/prospero/display_record.php?ID
https://www.crd.york.ac.uk/prospero/display_record.php?ID
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no limitation on the nature of samples (e.g., conve-

nience samples, population-based samples), type of

interventions (e.g., pharmacologic, surgical, lifestyle

modifications, psychosocial), or the aspects explored

(patient-reported, clinician-reported). Secondary analy-

sis studies or studies that used the same population as

the initial population were included; however, dupli-

cate outcomes were described only once.

Excluded from the study were conference abstracts,

proceedings, commentaries, editorials, protocols, case

reports, case series with <10 participants, animal or

laboratory studies, and non-English language records.

We also excluded studies where full text was not

available.

Information sources and search strategy
The search strategy was developed in collaboration

with an experienced bioinformation specialist (S.

vdW.) according to the syntax rules of each database.

On September 15, 2021, a systematic search of the sci-

entific literature was performed for articles published

from January 2000 through September 2021 in the fol-

lowing bibliographic databases: MEDLINE (PubMed),

EMBASE (Ovid), CINAHL (EBSCO), and Cochrane

Central Register of Controlled Trials (CENTRAL).

The reproducible search strategies for all databases are

available in Supplementary Table S1.

Selection process
Following the literature search, records from each data-

base were exported into EndNote reference manager

software (EndNote X7; Thomson Reuters, Philadel-

phia, PA, USA), and the duplicate articles were

removed. Reviewer calibration was performed in 2 ses-

sions on articles not included in this study before the

initiation of the screening process. Cohen’s ka was 0.7,

with a percentage of agreement of 85 between the vari-

ous observers. In the first phase, the study group (A.V.,

K.D., R.N.R., V.S., A.R.S.S., M.K.S., P.W., M.L.S.,

and S.N.) screened the titles and abstract for relevance

independently. In the second phase, 5 reviewers (A.R.

S.S., M.K.S., P.W., M.L.S., and S.N.) performed full-

text reviews for the retained articles. Reasons for

exclusion were not recorded for all because of the high

number of studies (n = 2700). Any disagreement at

both levels was resolved following a discussion with

the section heads (A.V. and K.D.). Searches were re-

run before the final analysis, and any additional studies

identified were retrieved for assessment.

Data items and collection process
Reviewers (A.R.S.S. and M.K.S.) and assistant

reviewers (P.W., S.N., and M.L.S.) extracted the fol-

lowing data: author; year of publication; country; type

of study; the number of participants with a dry mouth;
mean, median, SD, and/or age range; percentage of

female persons with a dry mouth; disease associated

with a dry mouth; subjective (xerostomia) or objective

(salivary gland hypofunction) outcome recorded; and

level of outcome measurement (dichotomous, categori-

cal, numerical/continuous, or unclear). All data were

extracted and described in a spreadsheet (Office Excel

2016; Microsoft Corp., Redmond, WA, USA).

Effect measures
Primary xerostomia-related outcome domains were

summarized using all the assessment methods applied

across included studies. We also summarized the vari-

ability in the utilization of all subjective outcome

measurements.

Synthesis methods
A qualitative analysis (not a quantitative synthesis) was

considered because several different study designs

were included, leading to potential heterogeneities

across treatment interventions and outcomes reported

in the xerostomia field. The findings of this review

were presented in a table format along with a narrative

summary of the outcome domains and respective

measures.

RESULTS
Study selection
The systematic search initially retrieved 34,922

records. After removing duplicates and screening titles

and abstracts, 2,700 potentially relevant articles were

identified for full-text eligibility screening. At the end

of the screening process, 688 studies were included for

xerostomia outcome domain extraction. Figure 1 visu-

alizes the study selection process based on the Pre-

ferred Reporting Items for Systematic Reviews and

Meta-Analysis flowchart.

Characteristics of the included studies
The study characteristics are outlined in Table I. Nearly

3 times more studies were published from year 2011

onward than those between 2001 and 2010. The studies

included 122,151 persons with xerostomia, with a large

variation in sample size across studies (10 to 64,947

persons). The median age of study participants ranged

from 33 to 69 years. There was heterogeneity in sex

distribution among the included studies, with the pro-

portion of female persons in mixed-sex studies ranging

from 8% to 97%. Thirty and 7 xerostomia studies

exclusively enrolled female and male persons, respec-

tively.

More than one-third of the studies originated from

Europe (259/688; 37.6%), followed by Asia (218/688;

31.7%) and North America (131/688; 19.0%). Most

included studies were cohort studies, followed by



Fig. 1. Systematic review Preferred Reporting Items for Systematic Reviews and Meta-Analysis flow diagram for literature

search on outcome domains related to dry mouth.
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cross-sectional studies and randomized controlled tri-

als. As for studied conditions related to xerostomia,

most studies evaluated radiotherapy-induced xerosto-

mia (RIX; 35.5%) and Sj€ogren’s syndrome (14.2%).

Of the included studies, 380 assessed xerostomia and

salivary gland hypofunction outcomes, whereas the

remaining studies reported xerostomia outcomes alone

(Table I).

Outcome domains assessing xerostomia
In total, there were 166 individual outcome measures,

which were reviewed and categorized into 16 unique

outcome domains mapped according to the Core Out-

come Measures in Effectiveness Trials (COMET) tax-

onomy26 (outlined in Table II).

The severity of xerostomia was the most frequently

applied xerostomia outcome domain, measured in
more than two-thirds (482/688, 70.1%) of the included

studies, followed by physical functioning (260/688,

37.8%) and the presence of xerostomia (163/688,

23.7%). The number of studies assessing different out-

come domains of xerostomia is depicted in Figure 2.

The following section outlines the details of each

outcome domain and respective outcome measures

based on the core area and modes of administration of

the outcome measures.

Xerostomia core area (COMET core area

8�gastrointestinal outcomes). The present review

extracted 7 distinct outcome domains measuring differ-

ent aspects of xerostomia, which include presence,

severity, effect, frequency, duration, fluctuation, and

location of xerostomia. The lists of patient-reported

outcome measures and investigator-graded outcome



Table I. Characteristics of the included studies

Study characteristics No. (%)

Year published

2001-2005 68 (9.9)

2006-2010 104 (15.1)

2011-2015 233 (33.9)

2016-2020 236 (34.3)

2021 47 (6.8)

2001-2010 172 (25.0)

2011-2020 469 (68.1)

2021 47 (6.8)

Origin of the article

Africa 2 (0.3)

Asia 218 (31.7)

Europe 259 (37.6)

Multiple 17 (2.5)

North America 131 (19.0)

Oceania 17 (2.5)

South America 44 (6.4)

Types of studies

Case-control studies 48 (7.0)

Case series 10 (1.4)

Cohort 258 (37.5)

Cross-sectional 160 (23.3)

Mixed-method 1 (0.1)

Qualitative 4 (0.6)

Quasi-experimental 3 (0.4)

Randomized controlled trials 146 (21.2)

Other types of clinical trials 50 (7.3)

Nonrandomized 2 (0.3)

Noncontrolled comparative 14 (2)

Crossover 22 (3.2)

Single-arm 12 (1.7)

Validation 8 (1.2)

Conditions associated with dry mouth

Older age 45 (6.5)

Polypharmacy 26 (3.8)

Radiation to the head and neck 244 (35.5)

Sj€ogren’s disease 98 (14.2)

Other conditions 127 (18.5)

Several disease groups 76 (11.0)

Unknown etiology of dry mouth 72 (10.5)

What is the article assessing

Xerostomia and salivary gland hypofunction 380 (55.2)

Xerostomia only 308 (44.8)

Table II. Unique outcome domains assessing xero-

stomia mapped to the Core Outcome

Measures in Effectiveness Trials taxonomy

Physiologic/clinical core area, 8: Gastrointestinal outcomes (xero-

stomia core area)

1. Xerostomia (presence/unspecified)

2. Severity of xerostomia

3. Affect of xerostomia

4. Frequency of xerostomia

5. Duration of xerostomia

6. Fluctuation of xerostomia

7. Location of xerostomia

Life impact core area, 25: Physical functioning

8. Physical functioning

Life impact core area, 26: Social functioning

9. Social functioning

Life impact core area, 28: Emotional functioning/well-being

10. Psychological functioning

Life impact core area, 30: Global QoL

11. Impact on oral health

12. Xerostomia-specific QoL

13. Oral health�related QoL

14. General health�related QoL

Life impact core area, 32: Delivery of care

15. Patient satisfaction

Resource use core area, 34: Economic

16. Economic

QoL, quality of life.
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measures assessing each specific outcome domain

in this core area are present in Tables III and IV,

respectively.

PRESENCE OF XEROSTOMIA. The presence of xerostomia is typi-

cally measured using single questions with binary

responses (yes or no) by patients (Table III). Of 118

studies assessing the presence of xerostomia, 46

(39.0%) did not clearly describe how the outcome was

measured in the method sections. For studies on

Sj€ogren’s syndrome, the standard question “Have you

had a daily feeling of dry mouth for more than 3

months?” was used in 40 studies for assessing the pres-

ence of subjective oral dryness based on the 2002
American-European Consensus Group classification

criteria for Sj€ogren’s syndrome27 and the 2016 Ameri-

can College of Rheumatology/European League

Against Rheumatism (Classification Criteria for pri-

mary Sj€ogren’s syndrome.28 The most commonly used

single question to assess the presence of xerostomia in

the non�Sj€ogren’s syndrome literature was “Does

your mouth usually feel dry?” (11 studies). The word-

ings of other single questions are inconsistent across

the literature, particularly with variation in the use of

xerostomia symptom descriptors (oral dryness sensa-

tion, little amount of saliva) and their duration (2

weeks, 3 months, and 6 months).

SEVERITY OF XEROSTOMIA. The severity domain encompasses

the degree of subjective patient-reported symptoms

related to xerostomia (Table III; 362 studies), including

the sensation of oral dryness or discomfort and investi-

gator-graded severity of dry mouth (Table IV; 120

studies), which incorporates the assessment of both

subjective symptoms and objective clinical signs and

assessment of dry mouth.

Patient-reported severity of xerostomia was rated

using various response options, ranging from categori-

cal verbal and numerical rating scales (NRS) to visual

analog scales (VAS). The 100-mm VAS-xerostomia

was the most predominantly adopted scale for measur-

ing the severity of xerostomia, dominating in more



Fig. 2. Number of studies assessing different outcome domains of xerostomia. QoL, quality of life.

ORAL MEDICINE OOOO

832 Wiriyakijja et al. June 2023
than one-quarter (94/362; 26%) of the studies reporting

patient-rated severity of xerostomia. In Sj€ogren’s syn-
drome studies, the 0 to 10 dryness domain of the Euro-

pean Alliance of Associations for Rheumatology

Sjogren’s Syndrome Patient Reported Index29 was

used in 33 studies. The 11-point (0 to 10) NRS-xerosto-

mia was applied in 18 studies. As for the categorical

verbal rating scale, there was variation in the response

categories, with 3 or 4 response categories being the

most commonly adopted measurement options (each

used in 6 studies; usually with no/mild/moderate/severe

word choices.

There are several established investigator-graded cri-

teria for assessing both xerostomia and hyposalivation,

as listed in Table IV. The Radiation Therapy Oncology

Group/European Organization for Research and Treat-

ment of Cancer (RTOG/EORTC) radiation morbidity

scoring scheme for salivary gland toxicity was most

frequently applied for assessing acute and RIX and

used in 71 studies (8 acute radiation morbidity; 41 late

radiation morbidity; 22 both acute and late). Aside

from the RTOG/EORTC, the Common Terminology

Criteria for Adverse Events radiation morbidity grad-

ing scale (41 studies) and the Late Effects in Normal

Tissue-Subjective, Objective, Management and Ana-

lytical systems (6 studies) were also commonly used in
studies assessing the severity of xerostomia as a side

effect of radiotherapy (Table III).

AFFECT OF XEROSTOMIA. Although the severity of xerostomia

reflects the sensory component of the symptoms, the

affect of xerostomia concerns immediate affective

responses related to xerostomia. In other words, how

unpleasant or disturbing xerostomia feels in affected

individuals. This domain was less frequently explored

in the literature than other xerostomia domains. The

main instrument capturing the affect of xerostomia was

the 1-item Bother Index.30 The 1-item Bother Index

assesses “how much of your dry mouth problem is

bothering you?” on an 11-point (0 to 10) scale and has

been applied in 3 studies. Other outcome measures of

the affect of xerostomia were assessed with various ad

hoc questionnaires across the studies (Table III).

FREQUENCY OF XEROSTOMIA. The frequency of xerostomia is

typically evaluated by a well-established standard

question, “How often does your mouth feel dry?” with

the response options of never, occasionally, frequently,

and always. This question was used in 20 studies in

this review (Table III). This standard question has been

used to assess the frequency of xerostomia and, after

dichotomizing, to determine xerostomia prevalence,



Table III. Patient-reported unidimensional outcome measurements related to xerostomia core area

Outcome domains Outcome measures Level of measurement/

response options

No. of studies Reference

Presence of xerostomia

Dichotomous

Single question Yes/no

Are you normally aware of your dry mouth? 1 51

Does your mouth (usually) feel dry? 11 52-62

Does the amount of saliva in your mouth seem to be too little? 1 63

Do you feel dryness of the mouth? 1 64

Do you feel that your mouth is dry frequently? 1 65

Do you often have dry mouth? 1 66

Do you think you have a dry mouth? 1 67

During the last 2 wk, have you at any time felt your mouth to

be dry?

1 68

During the last 2 wk, have you had a dry mouth? 1 69

Have you had a dry mouth sensation every day for the last 3

mo?

1 70

Have you had a dry mouth sensation every day for the last 6

mo?

2 71,72

Have you had a persistent dry mouth for more than 3 mo? 1 73

Have you ever been diagnosed by a dentist or doctor with dry

mouth?

1 67

Have you had a daily feeling of dry mouth for more than 3

mo?

40 74-113

Have you suffered from a persistent dry mouth for the previ-

ous 3 mo?

1 114

Has your mouth been abnormally dry, even if you have been

drinking enough water?

1 115

Is your mouth dry? 1 116

Unspecified/ad hoc question Yes/no

Presence of dry mouth complaint (ad hoc) 46 117-162

Categorical

Do you think you have healthy saliva flow? Yes/no/don’t know 1 67

Does the amount of saliva in your mouth seem to be too little,

too much,

or you don’t notice it?

Too little/too much/you don’t

notice it

1 163

How would you describe the amount of saliva in your mouth? Few/normal/much 2 71,164

Patient’s classification of one’s own oral status Moist (normal)/dry/do not

notice

1 165

(continued on next page)
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able III. Continued

utcome domains Outcome measures Level of measurement/

response options

No. of studies Reference

everity of xerostomia

Categorical

Single question

Do you feel that you have enough saliva in your mouth? No/mild/moderate/severe 1 166

Does your saliva often feel thick? No/mild/moderate/severe 1 166

Have you had a dry mouth? Item from EORTC QLQ-H&N43 Not at all/a little/quite a bit/

very much

1 167

Unspecified/ad hoc question

Level of discomfort from xerostomia Extremely uncomfortable/

moderately uncomfortable/

little/no discomfort

1 115

Severity of dry mouth (ad hoc) Mild/moderate/severe 3 166,168,169

None/mild/severe 1 170

Never dry/moderate/severe 1 171

None/a bit/quite a bit/a lot 1 172

Not dry/somewhat dry/very

dry

1 173

1-5 (mild to severe xerosto-

mia)

1 174

0-4 (none/absent to severe) 2 175,176

0-4 (absent/slight/moderate/

rather severe/

Maximum discomfort)

1 177

0-3 (no feeling/slight/moder-

ate/severe)

1 178

Numerical/continuous

Validated/established scale

The Dry Mouth Inventory

1. No moisture in the mouth

2. Lips sticking to roof of mouth

3. Tongue sticking to roof of mouth

4. Throat dry

Strongly disagree/disagree/

disagree a little/

Agree a little/agree/

strongly agree

1 179

How severe has your dryness been during the last 2 wk?

The EULAR Sjogren’s Syndrome Patient Reported Index

0-10 33 42,98,160,180-209

Your having a dry mouth at its worst

The MD Anderson Symptom Inventory-Head and Neck

Module

0-10 7 209-215

NRS for xerostomia 0-10 18 89,122,149,216-230

VAS for xerostomia 0-100 mm/ 0-10 cm 94 18,19,42,62,190,196,199,201,206,

231-314

(continued on next page)
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Table III. Continued

Outcome domains Outcome measures Level of measurement/

response options

No. of studies Reference

Semiquantal scale for xerostomia 0-6 1 315

11-point colorimetric scale for xerostomia 0-10 1 316

VAS for burning sensation 0-100 mm 4 235,242,272,276

VAS for oral discomfort from dry mouth 0-100 mm 7 18,281,283,289,317-319

11-point colorimetric scale for oral discomfort 0-10 1 316

Unclear

Severity of dry mouth By interview 1 43

Affect of xerostomia

Categorical

Single question

Do you have problems with dryness of the mouth? No feeling/slight feeling/

severe feeling/

Troublesome feeling of dry

mouth

1 320

Validated/established scale

Face scale on the feeling of oral dryness 7 drawings from smiley face

(no feeling) to tearful

face (severe feeling)

1 321

Numerical/continuous

Single question

Bother 1 index

On the scale of 0-10, how much of your dry mouth problem

bothering you?

0-10 3 322-324

Validated/established scale

Unspecified/ad hoc question Unknown

Effect of xerostomia By interview 1 325

Frequency of xerostomia

Categorical

Single question

Does your mouth feel dry? No/occasionally/continuously 1 326

How often does your mouth feel dry? Never/occasionally/fre-

quently/always

20 1,18,31,171,281,302,314,327-340

Unspecified/ad hoc question

Daily frequency of oral dryness Never/hardly ever/occasion-

ally/fairly often/very often

1 177

Pattern of xerostomia Every day/intermittent/con-

tinuous/once

1 169

Unknown

Frequency of xerostomia By interview 2 174,341

(continued on next page)
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able III. Continued

utcome domains Outcome measures Level of measurement/

response options

No. of studies Reference

uration of xerostomia

Categorical

Single question

Since when have you experienced dryness in the mouth? Recently/several months/sev-

eral years/

�10 y

1 171

Unspecified/ad hoc question Unknown

Duration of xerostomia By interview 3 97,123,174

luctuation of xerostomia

Dichotomous

Unspecified/ad hoc question Yes/no

Comparison of dry mouth symptoms during the day and night 1 235

Presence of dry mouth in the daytime 1 235

Presence of dry mouth when eating 4 243,342-344

Presence of dry mouth when waking 1 345

Presence of nocturnal xerostomia: any symptoms of oral dry-

ness during night-time and/or frequent waking up feeling

thirst

2 235,346

Categorical

Single question

Do you have a dry mouth at night? 1-5 (no complaint to always

present)

1 347

Do you have a dry mouth during the day? 1-5 (no complaint to always

present)

1 347

Does your mouth usually feel dry at night? Yes often/yes sometimes/no

seldom/no never

3 4,348,349

Does your mouth usually feel dry in the daytime? Yes often/yes sometimes/no

seldom/no never

3 4,348,349

Unspecified/ad hoc question

Presence of dry mouth during the day/nighttime xerostomia Never/occasionally/quite

often/always

1 350

0-3 (no to severe oral dry-

ness)

1 346

Presence of dry mouth on waking up Never/occasionally/quite

often/always

1 350

Numerical/continuous

Single question

How comfortable does your mouth feel in the following situa-

tions: at night before bed, during the night, on waking

0-10 (no discomfort to

extreme discomfort)

1 351

ORTC QLQ, European Organization for Research and Treatment of Cancer Quality of Life Questionnaire; EULAR, European Alliance of Associations for Rheumatology; NRS, numerical rating scale; VAS,

isual analog scale.
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Table IV. Investigator-graded outcome measurements related to xerostomia core area

Outcome domains Outcome measures Level of measurement/response options No. of studies Reference

Severity of dry mouth

Categorical

Single question

Validated/established criteria

The Common Terminology Criteria for

Adverse Events radiation morbidity grad-

ing scale for dry mouth/salivary gland

(xerostomia)

Grade 1 (mild)—symptomatic (dry or thick

saliva) without significant dietary

alteration

Grade 2 (moderate)—moderate symptoms;

oral intake alteration (e.g., copious water,

other lubricants, a diet limited to purees

and/or soft moist foods)

Grade 3 (severe) —symptoms leading to

inability to adequately aliment orally;

intravenous fluids, tube feedings, or

parenteral nutrition indicated

41 352-392

The Late Effects in Normal Tissue-Subjec-

tive, Objective, Management, and Analyti-

cal systems for grading of dry mouth

1. Normal moisture

2. Scant saliva

3. Absence of moisture; sticky, viscous

saliva

4. Absence of moisture; coated mucosa

6 379,380,382,387,388,393

The Observer-Rated Xerostomia Scale

Dryness of the oral mucosa

Redness of the oral mucosa

Oral ulcer

Coating of the tongue surface

Smoothing of the tongue surface

Wrinkles and creases on the tongue

surface

Cracks on the tongue surface

Redness of the oral mucosa

Dryness of the mucosa of the

oropharynx

0-3 (no complaints or normal to severe

discomfort or worse findings)

1 394

The Oral Assessment Guide

Oral dryness (lips, tongue, mucous

membrane) Saliva

Oral dryness 1-3 (normal to severe oral

dryness)

Saliva 1-3 (watery/thick or ropy/absent)

1 342

The Oral Assessment Protocol

Oral mucous membrane

Comfort

Lips/corners of mouth

Tongue

Saliva/dry mouth

Swallow/chewing

Oral mucous membrane (pink and moist

with firm gums/reddened or edema or

radiation plaque/ulceration or bleeding)

Comfort (comfortable/discomfort/pain)

Lips/corners of mouth (smooth, pink,

moist/dry or cracked/ulcerated or

bleeding/herpes simplex)

1 395

(continued on next page)
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able IV. Continued

utcome domains Outcome measures Level of measurement/response options No. of studies Reference

Candida infection

Teeth/denture

Tongue (pink and moist/coated/blistered or

cracked)

Saliva/dry mouth (watery/thick and ropey/

absent or dry mouth)

Swallow/chewing (normal/unable to swal-

low normal diet/unable to swallow liquid

diet/unable to swallow fluids/unable to

swallow saliva)

Candida/infection (no/yes)

Teeth/denture (clean, no debris/loose teeth

or ill-fitting dentures/debris/caries)

RTOG/EORTC acute radiation morbidity

scoring scheme for salivary gland (acute

xerostomia/salivary gland toxicity)

Grade 0—no change over baseline

Grade 1—mild mouth dryness/slightly

thickened saliva/may have slightly altered

taste such as metallic taste/these changes

not reflected in alteration in baseline feed-

ing behavior, such as increased use of

liquids with meals

30 396-425

RTOG/EORTC late radiation morbidity

scoring scheme for salivary gland (late

xerostomia/salivary gland toxicity)

Grade 0—none

Grade 1—slight dryness of the mouth; good

response on stimulation

Grade 2—moderate dryness of the mouth;

poor response on stimulation

Grade 3—complete dryness of mouth; no

response on stimulation

63 45,359,383,387,388,396,397,399-

407,409,410,415,417-421,423-462

The Subjective Dry Mouth Grading by Eis-

bruch et al.

Grade I—no disability

Grade II—dryness requiring additional

fluids for swallowing

Grade III—dryness causing dietary altera-

tions or interference with sleep, speaking,

or other

Activities

5 463-467

The Wang Zhong-He scoring criteria for

xerostomia

0—none

1. Mild dryness of the mouth when sleeping

at night or waking up in the morning.

2. Mild dryness, no effect on eating or

speaking

3. Moderate dryness, drinking water neces-

sary when eating or speaking.

4. Severe dryness, burning mouth,

dysphasia, drinking water necessary.

1 468

(continued on next page)
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especially for national survey estimates.1,31 In addition,

the question itself has also been recommended to vali-

date other self-reported instruments, including the

Xerostomia Inventory (XI).32

DURATION OF XEROSTOMIA. Duration of xerostomia refers to

the time since the onset of xerostomia, which has been

recorded inconsistently in the literature. Three studies

reported the duration of xerostomia based on a patient

interview, and 1 study used a nonstandardized ques-

tion, “Since when have you experienced dryness in the

mouth?” with arbitrary response categories of recently,

several months, several years, and 10 years or more

(Table III).

FLUCTUATION OF XEROSTOMIA. Fluctuation of xerostomia

reflects a temporal pattern or variability in the presence

and absence of xerostomia, together with changes in its

intensity over different periods or daily activities. Dif-

ferences in xerostomia fluctuation can reflect physio-

logic and pathologic changes in unstimulated and

stimulated saliva production. Periods of the day that

are frequently assessed in the present review were dur-

ing the night (7 studies), during daytime (6 studies),

while eating (3 studies), and on waking (3 studies).

There appears to be no standardized unidimensional

scale assessing this aspect of xerostomia, and various

types of single questions with binary, 4-point, and 5-

point categorical responses have been used in the liter-

ature (Table III).

LOCATION OF XEROSTOMIA. There is no unidimensional out-

come measure specific to the location of xerostomia.
Life impact core area (COMET core area 25, 26, 28,

30, and 32). There are 5 major life impact core areas

covering 8 different outcome domains for assessing

xerostomia. These outcome domains include physical

functioning, social functioning, psychologic function-

ing, impact on oral health, xerostomia-specific QoL,

oral health�related QoL, and general health�related

QoL. The lists of patient-reported outcome measures in

each specific domain in this core area are summarized

in Table V.
Physical functioning (COMET core area 25�physical

functioning). The physical functioning domain

includes the abilities or difficulties in performing daily

physical functioning, including chewing, swallowing,

speaking, and coping behavior related to xerostomia (e.

g., the need to sip liquids to aid swallowing). The most

frequently assessed dimension of physical functioning

related to xerostomia was the ability/difficulty to swal-

low (16 studies), followed by the ability/difficulty to

speak (10 studies), the ability/difficulty to chew/eat (9



able V. Patient-reported unidimensional outcome measurements related to life impact core area

utcome domains Outcome measures Level of measurement/response options No. of studie Reference

hysical functioning

Dichotomous

Unspecified/ad hoc question Yes/no

Ability to chew apples/dried fruits/roast beef

without difficulty

1 470

Ability to chew French bread/rice crackers/

pickled vegetables/peanuts without

difficulty

1 60

Difficulty with chewing 2 58,60

Difficulty eating 1 52

Difficulty speaking 2 58,60

Difficulty swallowing 5 58,71,164,318,471

Difficulty swallowing dry foods 2 151,472

Need to drink liquids to aid in swallowing 4 71,164,318,471

Categorical

Unspecified/ad hoc question

Difficulty swallowing/speaking for relatively

long periods of time

No/mild/moderate/severe 1 166

Satisfaction with the ability to chew/speak

clearly

Satisfied/fairly satisfied/dissatisfied 1 470

Need to drink water for speaking/swallow-

ing/during ordinary time

Not at all/rather no/rather yes/very yes 1 473

Validated/established scale Continuous

Assessment of Intelligibility of Dysarthric

Speech

1 474

NRS for difficulty swallowing 0-10 1 220

The Robertson Dysarthria Profile 1 474

VAS for difficulty speaking 0-100 mm 8 18,232,235,242,244,276,281,289

VAS for difficulty chewing 0-100 mm 5 232,235,242,272,276

VAS for ability to swallow/difficulty

swallowing

0-100 mm 8 18,235,242,244,272,276,281,289

VAS for requirement to sip water when

speaking, when chewing and swallowing,

and even during sleep time

0-100 mm 1 270

11-point colorimetric scale for difficulty eat-

ing, swallowing, need for additional water

0-10 1 316

Unknown

Physical functioning By interview 1 43

(continued on next page)
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Table V. Continued

Outcome domains Outcome measures Level of measurement/response options No. of studie Reference

Social functioning

Dichotomous

Unspecified/ad hoc question Yes/no

Avoid speaking to people due to dry mouth 1 235

Stay at home more due to dry mouth 1 235

Visit people less frequently due to dry mouth 1 235

Unknown

Unspecified/ad hoc question

Social interaction/social functioning By interview 2 43,325

Psychologic functioning

Categorical

Unspecified/ad hoc question

Difficulty in initiating sleep due to dry

mouth at night?

Not at all/rather no/rather yes/very yes 1 473

Numerical/continuous

Unspecified/ad hoc question

During the past week, how many times on

average did you wake up in the night due

to dryness of your mouth?

Number of times 2 18,281

Validated/established scale

Hospital Anxiety and Depression Scale 3 474-476

VAS for ability to sleep 0-100 mm 1 232

Unspecified/ad hoc question

Psychologic response/psychologic

functioning

By interview 2 43,325

Impact on oral health

Dichotomous

Unspecified/ad hoc question Yes/no

Changes in sweet, salty, sour, or bitter taste? 1 316

Impact on denture retention 1 235

Taste disturbance in the mouth 3 62,151,305

Categorical

Unspecified/ad hoc question

Difficulty with taste No/mild/moderate/severe 1 166

Satisfaction with the ability to taste foods Satisfied/fairly satisfied/dissatisfied 1 470

Suffer from dental caries No/mild/moderate/severe 1 166

Validated/established scale

Global oral health rating 0-4 (poor to excellent) 1 474

Validated/established scale Numerical/continuous

NRS for impact/alteration on taste 0-10 1 220

VAS for difficulty wearing dentures 0-100 mm 2 244,276

(continued on next page)
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able V. Continued

utcome domains Outcome measures Level of measurement/response options No. of studie Reference

VAS for impact/alteration on taste 0-100 mm 4 235,242,276,303

VAS for severity of suffer from tooth decay 0-100 mm (hardly to highly) 1 244

Unspecified/ad hoc question Unknown

Impact on dental and oral health By interview 1 174

erostomia-specific QoL

Categorical

Validated/established scale

EORTC QLQ-C30 32 355,357,360,369,391,405,410,411,428,429,475,477-497

EORTC QLQ-H&N35 46 216,221,352,355,357,360,381,396,405,410,411,421,428,458,475,

478,480,481,482,484-510

EORTC QLQ-H&N43 1 391

EORTC QLQ-OES18 3 493,511,512

The Groningen Radiotherapy-Induced Xero-

stomia questionnaire

5 508,509,513-515

The Head and Neck Quality of Life

Questionnaire

2 389,516

The Head and Neck Radiotherapy

Questionnaire

2 259,517

The RTOG-modified University of Wash-

ington Head and Neck Symptom Score

1 518

The Sj€ogren’s Syndrome Symptom Survey 1 519

The University of Washington Quality of

Life Questionnaire

10 16,307,389,425,459,468,483,520-522

The Xerostomia related Quality of Life

Scale

15 202,222,385,520,521,523-532

Numerical/continuous

VAS for influence of dry mouth on general

well-being

0-100 mm 1 286

Unknown

Experience of xerostomia By interview 1 418

ral health�related QoL

Numerical/continuous

The Geriatric Oral Health Assessment Index 4 266,533-535

The OHIP-14 25 71,89,164,209,217,241,299,301,327,474,476,528,536-548

The OHIP-49 2 16,220

The Oral Health Related Quality of Life-UK 2 209,476

The Oral Impact on Daily Performance 4 124,209,349,474,549

(continued on next page)
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Table V. Continued

Outcome domains Outcome measures Level of measurement/response options No. of studie Reference

General QoL

Validated/established scale Numerical/continuous

Medical Outcomes study 8-Item Short Form

Healthy Survey

1 222

Medical Outcomes study 36-Item Short

Form Healthy Survey

10 146,239,240,478,519,533,550-553

The Symptom Checklist-90-Revised 1 553

VAS for general well-being 0-100mm 1 286

VAS for quality of life 0-100mm 2 18,281

The World Health Organization Quality of

Life Instrument, Short Form questionnaire

1 476

Patient satisfaction

dichotomous

Unspecified/ad hoc questions yes/no

Easiness to use of the product 3 235,306,309

Symptom improvement after use of the

product

4 235,306,309,472

Willingness to take medication for a long-

term basis

1 533

categorical

Single question

How did your dry mouth feel after the treat-

ment?

worse/no change/better/much better 2 168,251

Validated/established criteria

Change from baseline symptoms related to

dry mouth sensation

worse/no change/better 4 232,289,554,555

worsening/unchanged/slight improvement/ significant improvement 1 177

better/slightly better/unchanged/slightly worse/ worse 1 303

Product Performance and Attribute

Questionnaire

2 179,556

Product Performance Questionnaire 1 557

Unspecified/ad hoc questions

Comparison between the effect of treatment the effect of both experiments was similar/

the first had a better effect on my dryness/

the second had a better effect on my dryness

1 53

numerical/continuous

Validated/established criteria

VAS for easiness to use the product 0-100mm 1 558

VAS for effect of the product on symptom

relief

0-100mm 8 235,289,306,309,533,558-560

(continued on next page)
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studies), and need to drink liquids to aid swallowing (6

studies). Most studies assessed aspects of physical

functioning using single dichotomous questions (10

studies), followed by the VAS (9 studies; Table V).

Social functioning (COMET core area 26�social

functioning). Only 3 studies assessed social function-

ing as distinct outcomes. Two studies used patient

interviews to elicit information on social functioning,

whereas 1 study applied 3 yes/no questions asking if

patients avoided speaking to people, stayed at home

more, or visited people less frequently because of dry

mouth (Table V).

Psychologic functioning (COMET core area

28�emotional functioning/well-being). The psycho-

logic functioning domain includes changes in emo-

tional functioning and sleep disturbance related to

xerostomia. The Hospital Anxiety and Depression

Scale was used for the evaluation of both anxiety and

depression of patients in 3 studies. Three studies evalu-

ated different sleep disturbance dimensions, including

sleep ability at night, difficulty initiating sleep because

of xerostomia, and the number of night waking epi-

sodes because of xerostomia (Table V).

Impact on oral health (COMET core area 30�global

QoL). Eleven studies assessed different dimensions of

impact on taste, including the level of taste disturbance

(4 studies using the VAS; 1 using a Likert-type scale; 1

using the NRS), presence of taste disturbance (4 studies

using dichotomous scales), and satisfaction with the

ability to taste foods (1 study using a Likert-type scale;

Table V). The impacts of dry mouth on denture reten-

tion and the development of dental caries were evalu-

ated in 3 and 2 studies, respectively. One study used a

global oral health rating (5 grades; poor to excellent) to

assess the overall impact of xerostomia on oral health.

Xerostomia-specific QoL (COMET core area

30�global QoL). Quality-of-life domains related to

the assessment of xerostomia can be divided into xero-

stomia-specific QoL, oral health�related QoL, and

general health�related QoL based on the specificity of

the construct. Xerostomia-specific QoL encompasses

QoL specific to the symptoms and/or conditions associ-

ated with xerostomia. The 15-item Xerostomia-Related

Quality-of-Life Scale33 was the most frequently used

xerostomia-specific QoL measurement instrument (15

studies), which evaluates 4 different QoL dimensions,

including physical functioning, psychologic function-

ing, social functioning, and pain/discomfort. The 14-

item Groningen Radiotherapy Induced Xerostomia

questionnaire is the only condition-specific QoL instru-

ment emphasizing the impact of xerostomia and sticky
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saliva during the day and night in patients with RIX34

and has been used in 5 studies assessing RIX.

Four modules of the EORTC Quality of Life Ques-

tionnaire (EORTC QLQ), which aims to measure can-

cer-specific QoL, have been identified for use in

studies assessing xerostomia outcomes. These include

the core module (EORTC QLQ-C30, used in 32 stud-

ies), the 35-item and 43-item Head and Neck Cancer

(HNC) modules (EORTC QLQ-H&N35, used in 46

studies; EORTC QLQ-H&N43, used in 1 study), and

the esophageal cancer module (EORTC QLQ-OES-

18). Apart from the core module, other EORTC QLQ

modules have certain items related to xerostomia,

including the presence and severity of dry mouth and

sticky saliva and limitation in oral function. Other

Head and Neck Cancer�specific measures with items

assessing xerostomia identified in this systematic

review include the University of Washington Quality

of Life Questionnaire (10 studies), the Head and Neck

Radiotherapy Questionnaire (2 studies), the Head and

Neck Quality of Life instrument (2 studies), and the

RTOG-modified University of Washington Head and

Neck Symptom Score (1 study; Table V).

Oral health�related QoL (COMET core area

30�global QoL). Overall, the 14-item Oral Health

Impact Profile was the most frequently adopted oral

health�related QoL measure, used in 25 included stud-

ies. This was followed by the Geriatric Oral Health

Assessment Index (4 studies), the Oral Impact on Daily

Performance (4 studies), the 49-item Oral Health

Impact Profile (2 studies), and the Oral Health-Related

Quality of Life-UK (2 studies; Table V).

General health�related QoL (COMET core area

30�global QoL). General QoL measures applied in

studies of xerostomia include the Medical Outcomes

study 36-Item Short Form Healthy Survey (10 studies),

the VAS for QoL (2 studies), and the following meas-

ures, each of which is used in 1 study: The Medical

Outcomes study 8-Item Short Form Healthy Survey,

the Symptom Checklist-90-Revised, the VAS for gen-

eral well-being, and the World Health Organization

Quality of Life Instrument, Short Form questionnaire

(Table V).

Patient satisfaction (COMET core area 32�delivery of

care). The domain of patient satisfaction in the present

study encompasses preference and satisfaction with

symptom relief, functioning, and perception related to

products used for xerostomia. The 100-mm VAS for

symptom improvement, used in 8 of the included stud-

ies, was the most frequently used scale for measuring

symptom relief from the xerostomia products. The cat-

egorical scale for assessing changes in symptoms from
baseline, the so-called Global Rating of Change, has

been adopted with the response ranging from 3 (worse/

no change/better; 4 studies) to 5 categories (with added

slightly worse/slightly better; 1 study; Table V).

Outcome measurements assessing multidomain of
xerostomia assessment
The present study identified 26 validated outcome

measures assessing multiple aspects of xerostomia in

the literature (Table VI); in addition, 68 articles used

ad hoc instruments to measure xerostomia unique to

their studies. Within validated multidomain outcome

measures, physical functioning was the most com-

monly included domain of xerostomia assessment (23/

26), followed by severity (17/26) and psychologic

functioning (10/26). The most frequently used multido-

main xerostomia instrument was the XI by Thomson et

al. (68 studies),32 followed by the Xerostomia Ques-

tionnaire by Eisbruch et al. (31 studies),35 the VAS-

Xerostomia Questionnaire by Pai et al. (21 studies),36

and the Summated XI by Thomson et al. (15 studies).37

Regarding the number of domains assessed, the Mul-

tidisciplinary Salivary Gland Society questionnaire38

and the xerostomia assessment based on the study of

Suh et al.39 measured the highest number of domains

of xerostomia assessment, with each evaluating 8

unique outcome domains. The location of the xerosto-

mia domain, which has no specific unidimensional out-

come measures in the literature, has been included for

assessment in a number of the recently developed mul-

tidomain outcome instruments, including the Regional

Oral Dryness Inventory,40 the Multidisciplinary Sali-

vary Gland Society questionnaire, and the New York

University Bluestone Mouthfeel Questionnaire.41

Resource use core area (COMET core area

34�economic). There is a lack of studies assessing the

economic aspect of having xerostomia. Only 1 study42

was identified to use the EuroQol 5-domain 3L to cal-

culate the quality-adjusted life-year, which aids in

cost-effectiveness analysis of disease or treatment

burden.

DISCUSSION
This systematic review revealed the diversity and vari-

ability in the domains and outcome measures used in

clinical research on xerostomia. This is in accordance

with the increasing recognition that insufficient atten-

tion has been paid to the choice and harmonization of

outcome assessment in clinical studies, which might

indicate methodologic flaws in the synthesis of evi-

dence-based clinical practice as a whole. The present

study is a crucial prerequisite to systematically identi-

fying existing knowledge on outcome domains and

measures for evaluating xerostomia before the future



Table VI. Patient-reported multi-domain outcome measurements for the assessment of xerostomia

Outcome measures Outcome domains Level of measurement No. of studies References

Xerostomia core area Life impact core area

Presence Severity Affect Frequency Duration Fluctuation Location Physical functioning Social functioning Psychological

functioning

Impact on

oral health

Xerostomia-

specific QoL

Oral health

related QoL

General

health

related

QoL

Patient

satisfaction

Dry Mouth Questionnaire

Part 1: Xerostomia assessment

How dry is your mouth? very

dry-not dry

For the following items: Very

severe-never

Are you suffering from oral dry-

ness during daytime?

Are you suffering from oral dry-

ness at night?

Do you have a nasty taste in

your mouth?

Is sleeping/swallowing/eating

impeded?

Part 2: Effectiveness of treat-

ment

How frequently do you apply

the substitute? . . .times per day

For how long is your mouth

moist after applying the substi-

tute? . . .min

Is the extent of oral dryness

reduced when applying the sub-

stitute? highly-not reduced

How dry is your mouth when

applying the substitute? very

severe-not dry

How do you appreciate the taste

of the substitute? very palatable-

nasty

What complaints are reduced

when using the substitute?

For the following items: Very

severe-never

Dryness during daytime/dryness

at night/burning mouth/nasty

taste/sleeping difficulties/diffi-

culties with speech/difficulties

with swallowing/difficulties

with eating

X X X X X X 0-4 5 564-567

Dry Mouth Symptom Score

The following 2 questions are

applied to each symptom:

In the past week, how often have

you had these problems?

In the past week, how bothered

were you by these problems?

dry mouth/difficulty in speak-

ing/difficulty in swallowing/dif-

ficulty in sleeping/bad breath/

difficulty in wearing dentures/

dry throat

X X X X X 1-7

(never-

always)

1 568

X X X 0-100 mm/0-10 4 137, 259, 517, 569

(continued on next page)
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Table VI. Continued

Outcome measures Outcome domains Level of measurement No. of studies References

Xerostomia core area Life impact core area

Presence Severity Affect Frequency Duration Fluctuation Location Physical functioning Social functioning Psychological

functioning

Impact on

oral health

Xerostomia-

specific QoL

Oral health

related QoL

General

health

related

QoL

Patient

satisfaction

certain foods

The skin of my face feels dry

My eyes feel dry

My lips feel dry

The inside of my nose feels dry

Xerostomia Questionnaire by Dirix

et al.

Part 1: Grading of intensity of

symptoms of xerostomia and

related symptoms

Xerostomia: no xerostomia/now

and then, partial/always, partial,

completely dry, disturbing

Pain: no/seldom, minimal/

always, strong/unbearable

Taste loss: no change/seldom,

minimal/now and then, consid-

erable/always

Dysphagia: no swallowing prob-

lems/solid food/soft food/liquid

Part 2: quality of life

Part 3: VAS for xerostomia

X X X X Different response

options in each

item/part

5 237, 238, 301, 309,

497

Xerostomia Questionnaire by Eis-

bruch et al.

Rate your difficulty in talking

due to dryness

Rate your difficulty in chewing

due to dryness

Rate your difficulty in swallow-

ing solid food due to dryness

Rate the frequency of your

sleeping problems due to dry-

ness

Rate your mouth or throat dry-

ness when eating food

Rate your mouth or throat dry-

ness while not eating

Rate the frequency of sipping

liquids to aid swallowing food

Rate the frequency of sipping

liquids for oral comfort when

not eating

X X X 0-10 31 35, 45, 174, 215, 298,

305, 373, 386,

388, 407, 446,

456, 457, 458,

507, 516, 522,

620, 635, 651�662

Ad hoc scales for the assessment of

xerostomia

Different response

options in each scale

68 10, 67, 168, 224, 242,

252, 265, 286,

303, 394, 459,

471, 477, 563,

557, 651,563, 574,

652, 653, 663-711

VAS, visual analogue scale; Qol, quality of life.
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establishment of a promising COS specific for dry

mouth.

The reporting of outcome domains and instruments

varied considerably across studies assessing xerosto-

mia. Among the 688 included studies, 16 unique out-

come domains, and 166 outcome measures were

extracted in the present systematic review. No single

outcome domains or measures were consistently used

across all included studies. Surprisingly, 137 different

outcome measures were reported by �3 studies. This

profoundly impedes evidence synthesis because of the

lack of comparability across studies. Nearly half of all

clinical studies did not adequately describe or unclearly

report the domain of outcome assessment, reflecting

that researchers often underestimate the importance of

prespecifying the outcome of interest in clinical

studies.

Regarding unique outcome domains, the severity of

xerostomia, physical functioning, and presence of xero-

stomia were the 3 most reported domains of xerosto-

mia. However, the most frequently reported domain

does not necessarily imply that the domain itself is

important to the patients, nor should it be included in

all clinical studies of xerostomia. Also, apart from the

localized symptoms, xerostomia can substantially

impact other aspects of affected individuals’ lives,

including emotional and social functioning,43 which

were found as an individual outcome in only 3 and 9

studies in the xerostomia literature, respectively, and

thus under-represented. In addition, certain outcome

domains were rarely examined in persons with xerosto-

mia, particularly the economic aspect and location of

symptoms.

Apart from wide variation across reporting out-

comes, diversity within the assessment of each out-

come domain was also observed. For instance, the

severity of xerostomia was assessed in various points

of interest, including average and worst severity rat-

ings, whereas the clinical relevance of each subdomain

in the management of this condition remains underin-

vestigated. The use and combination of outcome

domains were heterogeneous between studies, imply-

ing that designing and reporting of xerostomia out-

comes in clinical trials is more or less based on specific

intentions of researchers or subjective decisions of

“what to measure” rather than having a systematic

approach using inputs or engagement from investiga-

tors and more importantly patients, who are recipients

of the intervention.

There was also significant variation in adopting out-

come measures for assessing each outcome domain.

For example, there were 23 different outcome meas-

ures for assessing the severity of xerostomia. The most

extensively used outcome measure within the literature

of xerostomia was the VAS (94 studies), followed by
the XI (68 studies), and the RTOG/EORTC late radia-

tion toxicity scoring for salivary gland (63 studies).

Although widely used in the literature, the RTOG/

EORTC has some unclear scoring schemes, including

whether “response on stimulation” requires chairside

application of an acid or mechanical stimuli44 or

whether the investigator can subjectively grade this

without additional clinical procedures.45 This might

result in difficulties interpreting the findings and draw-

ing conclusions from such outcome measures.

Different types of multidomain questionnaires

assessing xerostomia were used in the literature, each

assessing various combinations of outcome domains of

xerostomia. However, without knowledge of which

outcome domains are considered important and rele-

vant for the patients, health care providers, and other

stakeholders to be included in clinical studies assessing

intervention of xerostomia, the actual benefits of using

these outcome measures remain to be elucidated.

The current assessments of xerostomia appear to

lack a standardized approach, particularly regarding

operational definitions of xerostomia specific to clini-

cal trials. This includes a description of symptoms (e.

g., oral dryness sensation, feeling lack of saliva, and

mouth stickiness) and temporal reference points (e.g.,

2 weeks or 3 or 6 months). The ambiguity and variation

of how xerostomia and its outcomes were described

make analysis across studies challenging.

Certainly, inconsistencies in reporting outcomes and

selecting outcome measures hinder the comparison and

synthesis of robust evidence in systematic reviews and

meta-analyses, which can be reliably performed only

when clinical studies assess the same outcomes and

measure them in the same way.46 The outcome

domains of xerostomia generated in the present review,

together with those of salivary gland hypofunction pub-

lished in a separate systematic review,47 can be taken

forward to form a complete list of candidate outcome

domains for dry mouth for further consensus processes

in the development of COS by a multiprofessional

panel including patient representatives.48 Clarification

of “what to measure” and “how to measure” dry mouth

in a set of outcomes validated by various stakeholders

will improve consistency in outcome domains and

measures applied, minimize outcome reporting bias,

improve quality and comparability between studies,

and provide recommendations for clinical practice.

To the best of our knowledge, this systematic review

is the first study to provide a detailed, comprehensive

summary of outcome domains and measures applied to

assess xerostomia in relevant clinical studies over the

last 2 decades. The extensive variation in the range of

outcomes applied in the literature of xerostomia has

been underlined in previous Cochrane reviews.49,50

With the broad scope of search strategies and 4
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databases searched, the results of this study are relevant

and can apply to various treatments or interventions for

xerostomia rather than confining itself to a single study

type, treatment modality, or etiologies of xerostomia.

The methodologic process of this study was guided by

good practice as recommended by the COMET hand-

book.46 The core area and outcome domains extracted

in the present study were mapped to the recently devel-

oped standard taxonomy for outcome classifications.26

The present study has several limitations. Despite

our broad search strategies, this systematic review

included only articles written in English to lessen

issues associated with translating terms and thus may

potentially fail to identify certain outcome domains

reported in non-English publications. Additionally, to

capture the diversity of outcomes and outcome meas-

ures available in the literature, included studies were

not assessed on their scientific rigor. Because of the

large number of publications related to xerostomia, we

did not exhaustively include all the published articles,

but our literature search was narrowed down to a period

of the last 20 years. We assume, however, that any clin-

ically relevant, important outcome measures would be

carried over to the evaluated period. Nonetheless, these

limitations are unlikely to change this study’s main

findings and conclusions.

CONCLUSION
There is considerable heterogeneity in outcome

domains and measures reported in clinical studies of

xerostomia. This systematic review is the first step

toward developing a COS for assessing dry mouth to

homogenize outcome reporting, standardize the con-

duct of individual trials, facilitate comparison across

trials, and minimize research waste. This will ulti-

mately support informed clinical decisions in the man-

agement of dry mouth.
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Çobankara V. Translation and validation of a Turkish version
of the Xerostomia Inventory XI in patients with primary

Sj€ogren’s syndrome. Turkish J Med Sci. 2021;51:2477-2484.

210. Sio TT, Lin HK, Shi Q, et al. Intensity modulated proton ther-

apy versus intensity modulated photon radiation therapy for

oropharyngeal cancer: first comparative results of patient-

reported outcomes. Int J Radiat Oncol Biol Phys. 2016;95:

1107-1114.

211. Chiang SH, Ho KY, Wang SY, Lin CC. Change in symptom

clusters in head and neck cancer patients undergoing postopera-

tive radiotherapy: a longitudinal study. Eur J Oncol Nursing.

2018;35:62-66.

212. Hu ZY, Feng XQ, Fu MR, Yu R, Zhao HL. Symptom patterns,

physical function and quality of life among head and neck can-

cer patients prior to and after surgical treatment: a prospective

study. Eur J Oncol Nursing. 2020;46:101770.

213. Aggarwal P, Hutcheson KA, Garden AS, et al. Determinants of

patient-reported xerostomia among long-term oropharyngeal

cancer survivors. Cancer. 2021;127:4470-4480.

214. Meng Z, Garcia MK, Hu C, et al. Randomized controlled trial

of acupuncture for prevention of radiation-induced xerostomia

among patients with nasopharyngeal carcinoma. Cancer.

2012;118:3337-3344.

215. Meng Z, Garcia MK, Hu C, et al. Sham-controlled, randomised,

feasibility trial of acupuncture for prevention of radiation-

induced xerostomia among patients with nasopharyngeal carci-

noma. Eur J Cancer (Oxford). 2012;48:1692-1699.

216. Lee E, Lee YH, Kim W, Kho HS. Self-reported prevalence and

severity of xerostomia and its related conditions in individuals

attending hospital for general health examinations. Int J Oral

Maxillofac Surg. 2014;43:498-505.

217. Matsuoka H, Chiba I, Sakano Y, Saito I, Abiko Y. The effect of

cognitive appraisal for stressors on the oral health-related QOL

of dry mouth patients. BioPsychoSocial Med. 2014;8:24.

218. Mercadante S, Aielli F, Adile C, et al. Prevalence of oral muco-

sitis, dry mouth, and dysphagia in advanced cancer patients.

Support Care Cancer. 2015;23:3249-3255.

219. Kerr AR, Corby PM, Kalliontzi K, McGuire JA, Charles CA.

Comparison of two mouthrinses in relation to salivary flow and

perceived dryness. Oral Sur Oral Med Oral Pathol Oral

Radiol. 2015;119:59-64.

220. Nikles J, Mitchell GK, Hardy J, et al. Testing pilocarpine drops

for dry mouth in advanced cancer using n-of-1 trials: a feasibil-

ity study. Palliative Med. 2015;29:967-974.

221. Nicolatou-Galitis O, Psyrri A. Trismus and reduced quality of

life in patients with oral squamous cell carcinoma who received

postoperative radiotherapy alone or combined with chemother-

apy. J Clin Oncol. 2017;35(suppl):222.

222. Markey JD, Morrel WG, Wang SJ, Ryan WR. The effect of

submandibular gland preservation during level 1B neck dissec-

tion on postoperative xerostomia. Auris Nasus Larynx.

2018;45:123-127.

223. VonStein M, Buchko BL, Millen C, Lampo D, Bell T, Woods

AB. Effect of a scheduled nurse intervention on thirst and dry

mouth in intensive care patients. Am J Crit Care. 2019;28:41-

46.

224. Kim JE, Lee SS, Lee C, et al. Therapeutic effect of intraductal

saline irrigation in chronic obstructive sialadenitis. BMC Oral

Health. 2020;20:86.

225. Mousavian M, Sroussi H, Villa A, Cutler C, Treister N. Use of

prescription sialagogues for management of xerostomia in chronic

graft-versus-host-disease. Transplant Cell Therap. 2021;27:480.

226. Kim JH, Ahn HJ, Choi JH, Jung DW, Kwon JS. Effect of 0.1%

pilocarpine mouthwash on xerostomia: Double-blind, rando-

mised controlled trial. J Oral Rehab. 2014;41:226-235.

http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0193
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0193
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0194
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0194
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0194
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0194
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0194
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0194
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0194
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0195
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0195
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0195
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0195
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0195
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0196
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0196
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0196
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0196
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0196
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0196
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0197
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0197
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0197
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0197
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0197
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0198
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0198
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0198
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0198
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0198
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0198
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0199
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0199
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0199
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0199
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0199
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0200
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0200
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0200
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0200
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0200
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0201
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0201
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0201
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0201
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0201
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0201
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0201
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0202
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0202
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0202
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0202
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0202
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0202
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0202
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0202
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0203
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0203
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0203
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0203
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0203
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0204
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0204
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0204
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0204
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0204
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0204
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0205
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0205
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0205
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0205
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0205
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0205
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0205
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0206
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0206
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0206
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0206
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0206
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0206
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0206
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0207
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0207
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0207
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0207
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0207
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0207
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0208
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0208
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0208
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0208
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0208
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0208
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0209
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0209
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0209
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0209
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0209
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0209
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0209
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0209
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0209
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0209
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0210
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0210
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0210
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0210
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0210
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0211
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0211
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0211
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0211
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0212
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0212
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0212
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0212
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0213
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0213
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0213
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0214
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0214
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0214
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0214
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0215
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0215
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0215
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0215
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0216
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0216
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0216
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0216
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0217
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0217
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0217
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0218
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0218
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0218
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0219
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0219
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0219
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0219
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0220
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0220
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0220
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0221
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0221
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0221
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0221
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0222
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0222
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0222
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0222
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0223
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0223
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0223
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0223
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0224
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0224
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0224
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0225
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0225
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0225
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0226
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0226
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0226


OOOO ORIGINAL ARTICLE

Volume 135, Number 6 Wiriyakijja et al. 861
227. Kim Y, Kim HI, Kho HS. Characteristics of men and premeno-

pausal women with burning mouth symptoms: a case-control

study. Headache. 2014;54:888-898.

228. Dalodom S, Lam-Ubol A, Jeanmaneechotechai S, et al. Influ-

ence of oral moisturizing jelly as a saliva substitute for the

relief of xerostomia in elderly patients with hypertension and

diabetes mellitus. Geriatr Nursing. 2016;37:101-109.

229. Yang G, Lin S, Wu Y, et al. Auricular acupressure helps allevi-

ate xerostomia in maintenance hemodialysis patients: a pilot

study. J Alternative Complementary Med. 2017;23:278-284.

230. Bukhari AF, Farag A, Papas A, Ganguly R, Campos H, Ramesh

A. Salivary glands ultrasonography as a diagnostic aid in

Sj€ogren syndrome: a prospective pilot investigation. Oral Surg

Oral Med Oral Pathol Oral Radiol. 2021;132:172-181.

231. Haddad P, Karimi M. A randomized, double-blind, placebo-

controlled trial of concomitant pilocarpine with head and neck

irradiation for prevention of radiation-induced xerostomia.

Radiotherap Oncol. 2002;64:29-32.

232. Fife RS, Chase WF, Dore RK, et al. Cevimeline for the treat-

ment of xerostomia in patients with Sj€ogren syndrome: a ran-

domized trial. Arch Intern Med. 2002;162:1293-1300.

233. Wijers OB, Levendag PC, Braaksma MM, Boonzaaijer M,

Visch LL, Schmitz PI. Patients with head and neck cancer

cured by radiation therapy: a survey of the dry mouth syndrome

in long-term survivors. Head Neck. 2002;24:737-747.

234. Sussman D, Garely A. Treatment of overactive bladder with

once-daily extended-release tolterodine or oxybutynin: the anti-

muscarinic clinical effectiveness trial (ACET). Curr Med Res

Opin. 2002;18:177-184.

235. Shahdad SA, Taylor C, Barclay SC, Steen IN, Preshaw PM. A

double-blind, crossover study of Biot�ene Oralbalance and Bio-

Xtra systems as salivary substitutes in patients with post-radio-

therapy xerostomia. Eur J Cancer Care. 2005;14:319-326.

236. Aragona P, Di Pietro R, Spinella R, Mobrici M. Conjunctival

epithelium improvement after systemic pilocarpine in patients

with Sjogren’s syndrome. Br J Ophthalmol. 2006;90:166-170.

237. Dirix P, Nuyts S, Vander Poorten V, Delaere P. Van den

Bogaert W. Efficacy of the BioXtra dry mouth care system in

the treatment of radiotherapy-induced xerostomia. Support

Care Cancer. 2007;15:1429-1436.

238. Dirix P, Nuyts S, Vander Poorten V, Delaere P. Van den

Bogaert W. The influence of xerostomia after radiotherapy on

quality of life: results of a questionnaire in head and neck can-

cer. Support Care Cancer. 2008;16:171-179.

239. Ibn Yacoub Y, Rostom S, Laatiris A, Hajjaj-Hassouni N. Pri-

mary Sj€ogren’s syndrome in Moroccan patients: characteristics,

fatigue and quality of life. Rheumatol Int. 2012;32:2637-2643.

240. Gu MF, Su Y, Chen XL, et al. Quality of life and radiotherapy

complications of Chinese nasopharyngeal carcinoma patients at

different 3DCRT. Asian Pac J Cancer Prevent. 2012;13:75-79.

241. Skrinjar I, Vucicevic Boras V, Bakale I, et al. Comparison

between three different saliva substitutes in patients with hypo-

salivation. Clin Oral Invest. 2015;19:753-757.

242. Salom M, Hachulla E, Bertolus C, Deschaumes C, Simoneau G,

Mouly S. Efficacy and safety of a new oral saliva equivalent in

the management of xerostomia: a national, multicenter, ran-

domized study. Oral Surg Oral Med Oral Pathol Oral Radiol.

2015;119:301-309.

243. Ameri A, Heydarirad G, Rezaeizadeh H, Choopani R, Ghobadi

A, Gachkar L. Evaluation of efficacy of an herbal compound

on dry mouth in patients with head and neck cancers: a random-

ized clinical trial. J Evidence-Based Complementary Alterna-

tive Med. 2016;21:30-33.

244. Heiser C, Hofauer B, Scherer E, Schukraft J, Knopf A. Lipo-

somal treatment of xerostomia, odor, and taste abnormalities in
patients with head and neck cancer. Head Neck. 2016;38(suppl

1):E1232-E1237.

245. Chen MH, Chen CK, Chou HP, Chen MH, Tsai CY, Chang

DM. Rituximab therapy in primary Sj€ogren’s syndrome with

interstitial lung disease: a retrospective cohort study. Clin Exp

Rheumatol. 2016;34:1077-1084.

246. Garg A, Bhatnagar A, Tayal S, Singh UP. Merits of oil pulling

therapy in the management of xerostomia and stomatopyrosis

in burning mouth syndrome. J Clin Diagn Res. 2017;11:27-29.

247. Rogus-Pulia NM, Gangnon R, Kind A, Connor NP, Asthana S.

A pilot study of perceived mouth dryness, perceived swallow-

ing effort, and saliva substitute effects in healthy adults across

the age range. Dysphagia. 2018;33:200-205.

248. Wang C, Wang P, Ouyang H, et al. Efficacy of traditional Chi-

nese medicine in treatment and prophylaxis of radiation-induced

oral mucositis in patients receiving radiotherapy: a randomized

controlled trial. Integrat Cancer Therap. 2018;17:444-450.

249. Park HK, Kim HG, Yang DY, et al. Effect of combined solifenacin

and aclatonium in preventing dry mouth in patients with overactive

bladder. Lower Urinary Tract Sympt. 2019;11:56-60.

250. Murakami M, Nishi Y, Harada K, et al. Impact of oral intake of

glucosylceramide extracted from pineapple on xerostomia: a

double-blind randomized cross-over trial. Nutrients. 2019;11:

2020.

251. Morton L, Siu ATY, Fowler S, Zhou C, Nixon C, Campbell D.

A randomised controlled pilot trial of two interventions to man-

age dry mouth in pre-operative elective surgical patients. Pilot

Feasibility Stud. 2020;6:89.

252. Lee KA, Park JC, Park YK. Nutrient intakes and medication

use in elderly individuals with and without dry mouths. Nutr

Res Pract. 2020;14:143-151.

253. Badooei F, Imani E, Hosseini-Teshnizi S, Banar M, Memar-

zade M. Comparison of the effect of ginger and aloe vera

mouthwashes on xerostomia in patients with type 2 diabetes: a

clinical trial, triple-blind. Med Oral Patol Oral Crugia Bucal.

2021;26:e408-e413.

254. Mateos JJ, Setoain X, Ferre J, et al. Salivary scintigraphy for

assessing the protective effect of pilocarpine in head and neck

irradiated tumours. Nuclear Med Commun. 2001;22:651-656.

255. Fox PC, Cummins MJ, Cummins JM. A third study on the use

of orally administered anhydrous crystalline maltose for relief

of dry mouth in primary Sj€ogren’s syndrome. J Alternative

Complementary Med. 2002;8:651-659.

256. Frydrych AM, Davies GR, Slack-Smith LM, Heywood J. An

investigation into the use of pilocarpine as a sialagogue in

patients with radiation induced xerostomia. Austral Dent J.

2002;47:249-253.

257. Gornitsky M, Shenouda G, Sultanem K, et al. Double-blind

randomized, placebo-controlled study of pilocarpine to salvage

salivary gland function during radiotherapy of patients with

head and neck cancer. Oral Surg Oral Med Oral Pathol Oral

Radiol Endodont. 2004;98:45-52.

258. Nederfors T, Nauntofte B, Twetman S. Effects of furosemide

and bendroflumethiazide on saliva flow rate and composition.

Arch Oral Biol. 2004;49:507-513.

259. Ringash J, Warde P, Lockwood G, O’Sullivan B, Waldron J,

Cummings B. Postradiotherapy quality of life for head-and-

neck cancer patients is independent of xerostomia. Int J Radiat

Oncol Biol Phys. 2005;61:1403-1407.

260. Pillemer SR, Brennan MT, Sankar V, et al. Pilot clinical trial of

dehydroepiandrosterone (DHEA) versus placebo for Sj€ogren’s

syndrome. Arthrit Rheum. 2004;51:601-604.

261. Nin T, Umemoto M, Negoro A, Miuchi S, Sakagami M. Nizati-

dine enhances salivary secretion in patients with dry mouth.

Auris Nasus Larynx. 2008;35:224-229.

http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0227
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0227
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0227
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0228
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0228
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0228
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0228
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0229
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0229
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0229
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0230
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0230
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0230
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0230
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0230
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0231
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0231
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0231
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0231
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0232
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0232
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0232
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0232
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0233
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0233
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0233
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0233
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0234
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0234
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0234
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0234
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0235
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0235
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0235
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0235
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0235
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0236
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0236
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0236
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0236
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0237
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0237
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0237
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0237
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0238
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0238
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0238
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0238
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0239
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0239
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0239
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0239
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0239
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0240
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0240
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0240
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0241
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0241
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0241
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0242
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0242
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0242
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0242
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0242
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0243
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0243
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0243
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0243
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0243
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0244
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0244
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0244
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0244
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0245
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0245
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0245
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0245
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0245
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0245
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0246
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0246
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0246
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0247
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0247
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0247
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0247
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0248
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0248
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0248
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0248
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0249
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0249
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0249
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0250
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0250
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0250
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0250
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0251
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0251
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0251
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0251
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0252
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0252
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0252
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0253
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0253
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0253
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0253
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0253
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0254
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0254
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0254
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0255
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0255
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0255
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0255
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0255
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0255
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0256
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0256
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0256
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0256
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0257
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0257
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0257
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0257
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0257
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0258
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0258
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0258
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0259
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0259
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0259
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0259
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0259
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0260
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0260
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0260
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0260
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0260
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0261
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0261
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0261


ORAL MEDICINE OOOO

862 Wiriyakijja et al. June 2023
262. Theander E, Andersson SI, Manthorpe R, Jacobsson LT. Pro-

posed core set of outcome measures in patients with primary

Sj€ogren’s syndrome: 5 year follow up. J Rheumatol. 2005;32:

1495-1502.

263. Veerasarn V, Phromratanapongse P, Suntornpong N, et al.

Effect of amifostine to prevent radiotherapy-induced acute and

late toxicity in head and neck cancer patients who had normal

or mild impaired salivary gland function. J Med Assoc Thai-

land. 2006;89:2056-2067.

264. Flink H, Tegelberg A, Th€orn M, Lagerl€of F. Effect of oral iron

supplementation on unstimulated salivary flow rate: a random-

ized, double-blind, placebo-controlled trial. J Oral Pathol Med.

2006;35:540-547.

265. Wu CH, Hsieh SC, Lee KL, Li KJ, Lu MC, Yu CL. Pilocarpine

hydrochloride for the treatment of xerostomia in patients with

Sj€ogren’s syndrome in Taiwan: a double-blind, placebo-con-

trolled trial. J Formosan Med Assoc. 2006;105:796-803.

266. McMillan AS, Tsang CS, Wong MC, Kam AY. Efficacy of a

novel lubricating system in the management of radiotherapy-

related xerostomia. Oral Oncol. 2006;42:842-848.

267. Seitsalo H, Niemel€a RK, Marinescu-Gava M, Vuotila T,

Tj€aderhane L, Salo T. Effectiveness of low-dose doxycycline

(LDD) on clinical symptoms of Sj€ogren’s syndrome: a random-

ized, double-blind, placebo controlled cross-over study. J Neg-

ative Results Biomed. 2007;6:11.

268. Taweechaisupapong S, Pesee M, Aromdee C, Laopaiboon M,

Khunkitti W. Efficacy of pilocarpine lozenge for post-radiation

xerostomia in patients with head and neck cancer. Austral Dent

J. 2006;51:333-337.

269. Roh JL, Kim HS, Kim AY. The effect of acute xerostomia on

vocal function. Arch Otolaryngol Head Neck Surg. 2006;132:

542-546.

270. Sung JM, Kuo SC, Guo HR, Chuang SF, Lee SY, Huang JJ.

The role of oral dryness in interdialytic weight gain by diabetic

and non-diabetic haemodialysis patients. Nephrol Dialysis

Transplant. 2006;21:2521-2528.

271. Alp€oz E, G€uneri P, Onder G, Cankaya H, Kabasakal Y, K€ose T.

The efficacy of xialine in patients with Sj€ogren’s syndrome: a

single-blind, cross-over study. Clin Oral Invest. 2008;12:165-

172.

272. Cankaya H, Alp€oz E, Karabulut G, G€uneri P, Boyacioglu H,

Kabasakal Y. Effects of hydroxychloroquine on salivary flow

rates and oral complaints of Sj€ogren patients: a prospective

sample study. Oral Surg Oral Med Oral Pathol Oral Radiol

Endodont. 2010;110:62-67.

273. Eliasson L, Birkhed D, Carl�en A. Feeling of dry mouth in rela-

tion to whole and minor gland saliva secretion rate. Arch Oral

Biol. 2009;54:263-267.

274. Meijer JM, Meiners PM, Vissink A, et al. Effectiveness of rit-

uximab treatment in primary Sj€ogren’s syndrome: a random-

ized, double-blind, placebo-controlled trial. Arthrit Rheum.

2010;62:960-968.

275. Schiff E, Mogilner JG, Sella E, et al. Hypnosis for postradiation

xerostomia in head and neck cancer patients: a pilot study. J

Pain Symptom Manage. 2009;37:1086-1092.

276. Aliko A, Alushi A, Tafaj A, Isufi R. Evaluation of the clinical

efficacy of Biot�ene oral balance in patients with secondary

Sj€ogren’s syndrome: a pilot study. Rheumatol Int. 2012;32:

2877-2881.

277. Ogawa T, Takada K, Sato Y, Chiba H. The influence of causes

of hyposalivation on clinical outcome of nizatidine in patients

with dry mouth. Asian J Oral Maxillofac Surg. 2010;22:68-73.

278. Khosravani N, Birkhed D, Ekstr€om J. The cholinesterase inhib-

itor physostigmine for the local treatment of dry mouth: a ran-

domized study. Eur J Oral Sci. 2009;117:209-217.
279. Mori Y, Yano F, Shimohata N, Suzuki S, Chung UI, Takato T.

Trehalose inhibits oral dryness by protecting the cell mem-

brane. Int J Oral Maxillofac Surg. 2010;39:916-921.

280. Forner L, Hyldegaard O, von Brockdorff AS, et al. Does hyper-

baric oxygen treatment have the potential to increase salivary

flow rate and reduce xerostomia in previously irradiated head

and neck cancer patients? A pilot study. Oral Oncol.

2011;47:546-551.

281. Alajbeg I, Falc~ao DP, Tran SD, et al. Intraoral electrostimulator

for xerostomia relief: a long-term, multicenter, open-label,

uncontrolled, clinical trial. Oral Surg Oral Med Oral Pathol

Oral Radiol. 2012;113:773-781.

282. Nonzee V, Manopatanakul S, Khovidhunkit SO. Xerostomia,

hyposalivation and oral microbiota in patients using antihyper-

tensive medications. J Med Assoc Thailand. 2012;95:96-104.

283. Burgess J, Lee P. XyliMelts time-release adhering discs for

night-time oral dryness. Int J Dent Hygiene. 2012;10:118-121.

284. Carubbi F, Cipriani P, Marrelli A, et al. Efficacy and safety of

rituximab treatment in early primary Sj€ogren’s syndrome: a

prospective, multi-center, follow-up study. Arthrit Res Therap.

2013;15:R172.

285. Maeshima E, Furukawa K, Maeshima S, Koshiba H, Sakamoto

W. Hyposalivation in autoimmune diseases. Rheumatol Int.

2013;33:3079-3082.

286. Nittayananta W, Chanowanna N, Pruphetkaew N, Nauntofte B.

Relationship between xerostomia and salivary flow rates in HIV-

infected individuals. J Invest Clin Dentist. 2013;4:164-171.

287. Fan WF, Zhang Q, Luo LH, Niu JY, Gu Y. Study on the clinical

significance and related factors of thirst and xerostomia in

maintenance hemodialysis patients. Kidney Blood Pressure

Res. 2013;37:464-474.

288. Cho HJ, Yoo JJ, Yun CY, et al. The EULAR Sjogren’s syn-

drome patient reported index as an independent determinant of

health-related quality of life in primary Sjogren’s syndrome

patients: in comparison with non-Sjogren’s sicca patients.

Rheumatology (Oxford). 2013;52:2208-2217.

289. De Rossi SS, Thoppay J, Dickinson DP, et al. A phase II clini-

cal trial of a natural formulation containing tea catechins for

xerostomia. Oral Surg Oral Med Oral Pathol Oral Radiol.

2014;118:447-454.

290. Obinata K, Nakamura M, Carrozzo M, et al. Changes in parotid

gland morphology and function in patients treated with inten-

sity-modulated radiotherapy for nasopharyngeal and oropha-

ryngeal tumors. Oral Radiol. 2014;30:135-141.

291. Gomes AO, Torres SR, Maiolino A, et al. Early and late oral

features of chronic graft-versus-host disease. Rev Brasil Hema-

tol Hemoterapia. 2014;36:43-49.

292. Dejaco C, De Zordo T, Heber D, et al. Real-time sonoelastogra-

phy of salivary glands for diagnosis and functional assessment

of primary Sj€ogren’s syndrome. Ultrasound Med Biol.

2014;40:2759-2767.

293. Devauchelle-Pensec V, Mariette X, Jousse-Joulin S, et al.

Treatment of primary Sj€ogren syndrome with rituximab: a ran-

domized trial. Ann Intern Med. 2014;160:233-242.

294. Ohara Y, Yoshida N, Kono Y, et al. Effectiveness of an oral

health educational program on community-dwelling older peo-

ple with xerostomia. Geriatr Gerontol Int. 2015;15:481-489.

295. Tanigawa T, Yamashita J, Sato T, et al. Efficacy and safety of

pilocarpine mouthwash in elderly patients with xerostomia.

Spec Care Dentist. 2015;35:164-169.

296. St Clair EW, Baer AN, Wei C, et al. Clinical efficacy and safety

of baminercept, a lymphotoxin b receptor fusion protein, in pri-

mary Sj€ogren’s syndrome: results from a phase ii randomized,

double-blind, placebo-controlled trial. Arthrit Rheumatol.

2018;70:1470-1480.

http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0262
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0262
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0262
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0262
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0262
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0262
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0263
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0263
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0263
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0263
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0263
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0264
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0264
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0264
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0264
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0264
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0264
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0265
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0265
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0265
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0265
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0265
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0265
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0266
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0266
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0266
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0267
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0267
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0267
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0267
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0267
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0267
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0267
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0267
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0267
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0268
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0268
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0268
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0268
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0269
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0269
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0269
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0270
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0270
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0270
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0270
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0271
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0271
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0271
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0271
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0271
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0271
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0271
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0271
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0271
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0272
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0272
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0272
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0272
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0272
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0272
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0272
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0272
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0273
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0273
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0273
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0273
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0274
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0274
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0274
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0274
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0274
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0274
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0275
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0275
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0275
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0276
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0276
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0276
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0276
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0276
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0276
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0276
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0277
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0277
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0277
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0278
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0278
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0278
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0278
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0279
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0279
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0279
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0280
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0280
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0280
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0280
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0280
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0281
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0281
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0281
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0281
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0281
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0282
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0282
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0282
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0283
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0283
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0284
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0284
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0284
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0284
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0284
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0284
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0285
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0285
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0285
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0286
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0286
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0286
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0287
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0287
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0287
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0287
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0288
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0288
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0288
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0288
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0288
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0288
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0288
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0288
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0289
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0289
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0289
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0289
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0290
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0290
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0290
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0290
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0291
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0291
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0291
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0292
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0292
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0292
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0292
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0292
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0292
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0293
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0293
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0293
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0293
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0294
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0294
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0294
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0295
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0295
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0295
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0296
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0296
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0296
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0296
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0296
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0296
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0296
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0296


OOOO ORIGINAL ARTICLE

Volume 135, Number 6 Wiriyakijja et al. 863
297. Han G, Ko SJ, Kim J, Oh JY, Park JW, Kim J. A randomized,

double-blind, placebo-controlled trial of a traditional herbal

formula, Yukmijihwang-tang in elderly subjects with xerosto-

mia. J Ethnopharmacol. 2016;182:160-169.

298. Gambino A, Broccoletti R, Cafaro A, Cabras M, Carcieri P,

Arduino PG. Impact of a sodium carbonate spray combined

with professional oral hygiene procedures in patients with

Sj€ogren’s syndrome: an explorative study. Gerodontology.

2017;34:208-214.

299. Navarro Morante A, Wolff A, Bautista Mendoza GR, L�opez-

Jornet P. Natural products for the management of xerostomia: a

randomized, double-blinded, placebo-controlled clinical trial. J

Oral Pathol Med. 2017;46:154-160.

300. Al-Janaby H, El-Sakka H, Masood M, et al. Xerostomia and

salivary gland hypofunction in patients with oral lichen planus

before and after treatment with topical corticosteroids. Open

Dentist J. 2017;11:155-163.

301. Barbe AG, Schmidt-Park Y, Hamacher S, Derman SHM,

Noack MJ. Efficacy of GUM Hydral versus Biot�ene Oralba-

lance mouthwashes plus gels on symptoms of medication-

induced xerostomia: a randomized, double-blind, crossover

study. Clin Oral Invest. 2018;22:169-180.

302. Niklander S, Fuentes F, Sanchez D, et al. Impact of 1% malic

acid spray on the oral health-related quality of life of patients

with xerostomia. J Oral Sci. 2018;60:278-284.

303. Watanabe M, Yamada C, Komagata Y, Kikuchi H, Hosono H,

Itagaki F. New low-dose liquid pilocarpine formulation for

treating dry mouth in Sj€ogren’s syndrome: clinical efficacy,

symptom relief, and improvement in quality of life. J Pharma-

ceut Health Care Sci. 2018;4:4.

304. Cifuentes M, Del Barrio-D�ıaz P, Vera-Kellet C. Pilocarpine and
artificial saliva for the treatment of xerostomia and xerophthal-

mia in Sj€ogren syndrome: a double-blind randomized con-

trolled trial. Br J Dermatol. 2018;179:1056-1061.

305. Gronhoj C, Jensen DH, Vester-Glowinski P, et al. Safety and

efficacy of mesenchymal stem cells for radiation-induced xero-

stomia: a randomized, placebo-controlled phase 1/2 trial (MES-

RIX). Int J Radiat Oncol Biol Phys. 2018;101:581-592.

306. Barbe AG, Ludwar L, Hamacher S, Noack MJ. Efficacy of a

newly developed mouth gel for xerostomia relief: a randomized

double-blind trial. Oral Dis. 2019;25:1519-1529.

307. Louzeiro GC, Cherubini K, de Figueiredo MAZ, Salum FG.

Effect of photobiomodulation on salivary flow and composi-

tion, xerostomia and quality of life of patients during head and

neck radiotherapy in short term follow-up: a randomized con-

trolled clinical trial. J Photochem Photobiol B Biol.

2020;209:111933.

308. Zandonella Callegher S, Zabotti A, Giovannini I, Treppo E,

Quartuccio L, De Vita S. Normal-appearing salivary gland

ultrasonography identifies a milder phenotype of primary

Sj€ogren’s syndrome. Front Med. 2020;7:602354.

309. Ludwar L, Mannel H, Hamacher S, Noack MJ, Barbe AG. Oil

pulling to relieve medication-induced xerostomia: a random-

ized, single-blind, crossover trial. Oral Dis. 2022;28:373-383.

310. Ozen N, Aydin Sayilan A, Mut D, et al. The effect of chewing

gum on dry mouth, interdialytic weight gain, and intradialytic

symptoms: a prospective, randomized controlled trial. Hemodi-

alysis Int. 2021;25:94-103.

311. Lung CB, Watson GE, Verma S, Feng C, Saunders RH. Dura-

tion of effect of Biot�ene spray in patients with symptomatic dry

mouth: a pilot study. Oral Surg Oral Med Oral Pathol Oral

Radiol. 2021;131:415-421.

312. Bielfeldt S, Wilhelm D, Neumeister C, Schwantes U, Wilhelm

KP. Effect of a newly developed pastille on the salivary flow

rate in subjects with dry mouth symptoms: a randomized,
controlled, monocentric clinical study. BMC Oral Health.

2021;21:117.

313. Dakovic D, Mladenovic R, Ristic L, Jevtovic R, Videnovic N,

Bukumiric Z. Effectiveness of an intraoral thermoformed splint

with magnet device in patients with xerostomia and hyposaliva-

tion: a pilot study. J Oral Pathol Med. 2021;50:244-250.

314. Mar�ın C, D�ıaz-de-Vald�es L, Conejeros C, Mart�ınez R, Nik-

lander S. Interventions for the treatment of xerostomia: a ran-

domized controlled clinical trial. J Clin Exp Dentist. 2021;13:

e104-e111.

315. Sinjari B, Feragalli B, Cornelli U, et al. Artificial saliva in dia-

betic xerostomia (ASDIX): double blind trial of Aldiamed ver-

sus placebo. J Clin Med. 2020;9:2196.

316. L�opez-Verd�ın S, Andrade-Villanueva J, Zamora-Perez AL,

Bologna-Molina R, Cervantes-Cabrera JJ, Molina-Frechero N.

Differences in salivary flow level, xerostomia, and flavor alter-

ation in Mexican HIV patients who did or did not receive anti-

retroviral therapy. AIDS Res Treat. 2013;2013:613278.

317. Gibson J, Halliday JA, Ewert K, Robertson S. A controlled

release pilocarpine buccal insert in the treatment of Sj€ogren’s
syndrome. Br Dent J. 2007;202:E17.

318. Gil-Montoya JA, Guardia-L�opez I, MA Gonz�alez-Moles. Eval-

uation of the clinical efficacy of a mouthwash and oral gel con-

taining the antimicrobial proteins lactoperoxidase, lysozyme

and lactoferrin in elderly patients with dry mouth: a pilot study.

Gerodontology. 2008;25:3-9.

319. Meidell L, Holritz Rasmussen B. Acupuncture as an optional

treatment for hospice patients with xerostomia: an intervention

study. Int J Palliative Nursing. 2009;15:12-20.

320. Kongstad J, Ekstrand K, Qvist V, et al. Findings from the oral

health study of the Danish Health Examination Survey 2007-

2008. Acta Odontol Scand. 2013;71:1560-1569.

321. Murakami M, Nishi Y, Kamashita Y, Nagaoka E. Relationship

between medical treatment and oral dryness diagnosed by oral

moisture-checking device in patients with maxillofacial pros-

theses. J Prosthodont Res. 2009;53:67-71.

322. Assy Z, Bots CP, Arisoy HZ, G€ulveren SS, Bikker FJ, Brand

HS. Differences in perceived intra-oral dryness in various dry-

mouth patients as determined using the Regional Oral Dryness

Inventory. Clin Oral Invest. 2021;25:4031-4043.

323. Chaudhury NM, Proctor GB, Karlsson NG, Carpenter GH,

Flowers SA. Reduced mucin-7 (Muc7) sialylation and altered

saliva rheology in Sj€ogren’s syndrome associated oral dryness.

Molec Cell Proteomics. 2016;15:1048-1059.

324. Jager DHJ, Bots CP, Forouzanfar T, Brand HS. Clinical oral

dryness score: evaluation of a new screening method for oral

dryness. Odontology. 2018;106:439-444.

325. Rojas-Alcayaga G, Herrera Ronda A, Espinoza Santander I,

et al. Illness experiences in women with oral dryness as a result

of Sj€ogren’s syndrome: the patient point of view. Musculoskel-

etal Care. 2016;14:233-242.

326. Nihtil€a A, Tuuliainen E, Komulainen K, et al. The combined

effect of individually tailored xerostomia and nutritional inter-

ventions on dry mouth among nutritionally compromised old

home care clients. Gerodontology. 2019;36:244-250.

327. Thomson WM, Lawrence HP, Broadbent JM, Poulton R. The

impact of xerostomia on oral-health-related quality of life among

younger adults. Health Quality Life Outcomes. 2006;4:86.

328. Murray Thomson W, Poulton R, Mark Broadbent J, Al-Kubaisy

S. Xerostomia and medications among 32-year-olds. Acta

Odontol Scand. 2006;64:249-254.

329. Murray Thomson W, Chalmers JM, John Spencer A, Slade GD,

Carter KD. A longitudinal study of medication exposure and

xerostomia among older people. Gerodontology. 2006;23:205-

213.

http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0297
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0297
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0297
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0297
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0298
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0298
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0298
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0298
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0298
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0298
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0298
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0299
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0299
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0299
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0299
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0299
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0300
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0300
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0300
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0300
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0301
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0301
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0301
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0301
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0301
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0301
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0302
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0302
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0302
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0302
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0303
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0303
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0303
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0303
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0303
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0303
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0303
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0304
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0304
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0304
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0304
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0304
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0304
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0305
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0305
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0305
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0305
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0306
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0306
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0306
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0307
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0307
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0307
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0307
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0307
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0307
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0309
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0309
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0309
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0310
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0310
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0310
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0310
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0311
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0311
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0311
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0311
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0311
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0312
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0312
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0312
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0312
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0312
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0313
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0313
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0313
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0313
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0314
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0314
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0314
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0314
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0314
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0314
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0314
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0314
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0315
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0315
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0315
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0316
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0316
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0316
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0316
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0316
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0316
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0316
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0317
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0317
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0317
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0317
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0317
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0318
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0318
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0318
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0318
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0318
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0318
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0318
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0319
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0319
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0319
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0320
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0320
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0320
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0321
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0321
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0321
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0321
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0322
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0322
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0322
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0322
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0322
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0323
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0323
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0323
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0323
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0323
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0323
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0324
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0324
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0324
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0325
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0325
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0325
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0325
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0325
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0325
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0326
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0326
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0326
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0326
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0326
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0327
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0327
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0327
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0328
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0328
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0328
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0329
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0329
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0329
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0329


ORAL MEDICINE OOOO

864 Wiriyakijja et al. June 2023
330. Thomson WM. Measuring change in dry-mouth symptoms over

time using the Xerostomia Inventory. Gerodontology. 2007;24:

30-35.

331. Bossola M, Di Stasio E, Giungi S, et al. Xerostomia is associ-

ated with old age and poor appetite in patients on chronic

hemodialysis. J Renal Nutr. 2013;23:432-437.

332. Chevalier M, Sakarovitch C, Precheur I, Lamure J, Pouyssegur-

Rougier V. Antiseptic mouthwashes could worsen xerostomia

in patients taking polypharmacy. Acta Odontol Scand.

2015;73:267-273.

333. Mizutani S, Ekuni D, Tomofuji T, et al. Relationship between

xerostomia and gingival condition in young adults. J Periodon-

tal Res. 2015;50:74-79.

334. Wimardhani YS, Rahmayanti F, Maharani DA, Mayanti W,

Thomson WM. The validity and reliability of the Indonesian

version of the Summated Xerostomia Inventory. Gerodontol-

ogy. 2021;38:82-86.

335. Thomson WM, Ferguson CA, Janssens BE, Kerse NM, Ting

GS, Smith MB. Xerostomia and polypharmacy among depen-

dent older New Zealanders: a national survey. Age Ageing.

2021;50:248-251.

336. Falc~ao DP, Leal SC, Vieira CN, et al. Sialometry of upper

labial minor glands: a clinical approach by the use of weighing

method Schirmer’s test strips paper. Sci World J.

2014;2014:268634.

337. Apperley O, Medlicott N, Rich A, Hanning S, Huckabee ML. A

clinical trial of a novel emulsion for potential use as a saliva

substitute in patients with radiation-induced xerostomia. J Oral

Rehab. 2017;44:889-895.

338. Tiisanoja A, Syrj€al€a AM, Komulainen K, et al. Anticholinergic

burden and dry mouth among Finnish, community-dwelling

older adults. Gerodontology. 2018;35:3-10.

339. Wolff A, Koray M, Campisi G, et al. Electrostimulation of the

lingual nerve by an intraoral device may lead to salivary gland

regeneration: a case series study. Med Oral Patol Oral Cirugia

Bucal. 2018;23:e552-e559.

340. Flink H, Tegelberg A
�
, Arnetz JE, Birkhed D. Self-reported oral

and general health related to xerostomia, hyposalivation, and

quality of life among caries active younger adults. Acta Odon-

tol Scand. 2020;78:229-235.

341. Bogucki ZA. Denture adhesives’ effect on retention of prosthe-

ses in patients with xerostomia. Adv Clin Exp Med. 2018;27:

1247-1252.

342. Criswell MA, Sinha CK. Hyperthermic, supersaturated humid-

ification in the treatment of xerostomia. Laryngoscope.

2001;111:992-996.

343. Dyasnoor S, Kamath S, Khader NFA. Effectiveness of electro-

stimulation on whole salivary flow among patients with type 2

diabetes mellitus. Permanente J. 2017;21:15-164.

344. Ikebe K, Matsuda K, Morii K, et al. Impact of dry mouth and

hyposalivation on oral health-related quality of life of elderly

Japanese. Oral Surg Oral Med Oral Pathol Oral Radiol Endo-

dont. 2007;103:216-222.

345. Ikebe K, Nokubi T, Sajima H, et al. Perception of dry mouth in

a sample of community-dwelling older adults in Japan. Spec

Care Dentist. 2001;21:52-59.

346. Sorensen CE, Hansen NL, Mortensen EL, Lauritzen M, Osler

M, Pedersen AML. Hyposalivation and poor dental health sta-

tus are potential correlates of age-related cognitive decline in

late midlife in Danish men. Front Aging Neurosci. 2018;10:10.

347. Dijkema T, Raaijmakers CP, Braam PM, Roesink JM, Mon-

ninkhof EM, Terhaard CH. Xerostomia: a day and night differ-

ence. Radiotherap Oncol. 2012;104:219-223.

348. Johansson AK, Johansson A, Unell L, Ekb€ack G, Ordell S,

Carlsson GE. A 15-yr longitudinal study of xerostomia in a
Swedish population of 50-yr-old subjects. Eur J Oral Sci.

2009;117:13-19.

349. Johansson AK, Johansson A, Unell L, Ekb€ack G, Ordell S,

Carlsson GE. Self-reported dry mouth in Swedish population

samples aged 50, 65 and 75 years. Gerodontology. 2012;29:

e107-e115.

350. Pico-Orozco J, Carrasco-Llatas M, Silvestre FJ, Silvestre-Ran-

gil J. Xerostomia in patients with sleep apnea-hypopnea syn-

drome: a prospective case-control study. J Clin Exp Dentist.

2020;12:e708-e712.

351. Hay KD, Morton RP. Optimal nocturnal humidification for

xerostomia. Head Neck. 2006;28:792-796.

352. Cerezo L, Mart�ın M, L�opez M, Mar�ın A, G�omez A. Ipsilateral

irradiation for well lateralized carcinomas of the oral cavity

and oropharynx: results on tumor control and xerostomia.

Radiat Oncol (London). 2009;4:33.

353. Wada A, Uchida N, Yokokawa M, Yoshizako T, Kitagaki H.

Radiation-induced xerostomia: objective evaluation of salivary

gland injury using MR sialography. Am J Neuroradiol.

2009;30:53-58.

354. Schoenfeld JD, Sher DJ, Norris CM Jr., et al. Salivary gland

tumors treated with adjuvant intensity-modulated radiotherapy

with or without concurrent chemotherapy. Int J Radiat Oncol

Biol Phys. 2012;82:308-314.

355. Al-Mamgani A, Mehilal R, van Rooij PH, Tans L, Sewnaik A,

Levendag PC. Toxicity, quality of life, and functional outcomes

of 176 hypopharyngeal cancer patients treated by (chemo)radi-

ation: the impact of treatment modality and radiation technique.

Laryngoscope. 2012;122:1789-1795.

356. Aguilar-Ponce JL, Granados-Garc�ıa M, Cruz L�opez JC, et al.

Alternating chemotherapy: gemcitabine and cisplatin with con-

current radiotherapy for treatment of advanced head and neck

cancer. Oral Oncol. 2013;49:249-254.

357. Al-Mamgani A, Van Rooij P, Sewnaik A, et al. Brachytherapy

or stereotactic body radiotherapy boost for early-stage oropha-

ryngeal cancer: comparable outcomes of two different

approaches. Oral Oncol. 2013;49:1018-1024.

358. Wang R, Wu F, Lu H, et al. Definitive intensity-modulated

radiation therapy for nasopharyngeal carcinoma: long-term out-

come of a multicenter prospective study. J Cancer Res Clin

Oncol. 2013;139:139-145.

359. Bi XW, Li YX, Fang H, et al. High-dose and extended-

field intensity modulated radiation therapy for early-stage NK/T-

cell lymphoma of Waldeyer’s ring: dosimetric analysis and clinical

outcome. Int J Radiat Oncol Biol Phys. 2013;87:1086-1093.

360. Al-Mamgani A, Levendag PC, van Rooij P, Meeuwis CA, Sew-

naik A, Teguh DN. Intensity-modulated radiotherapy followed

by a brachytherapy boost for oropharyngeal cancer. Head

Neck. 2013;35:1689-1697.

361. Kawashima M, Ariji T, Kameoka S, et al. Locoregional control

after intensity-modulated radiotherapy for nasopharyngeal car-

cinoma with an anatomy-based target definition. Jap J Clin

Oncol. 2013;43:1218-1225.

362. Chen JZ, Le QT, Han F, et al. Results of a phase 2 study exam-

ining the effects of omitting elective neck irradiation to nodal

levels IV and Vb in patients with N(0-1) nasopharyngeal carci-

noma. Int J Radiat Oncol Biol Phys. 2013;85:929-934.

363. Xiao C, Hanlon A, Zhang Q, et al. Symptom clusters in patients

with head and neck cancer receiving concurrent chemoradio-

therapy. Oral Oncol. 2013;49:360-366.

364. Al-Mamgani A, van Rooij P, Verduijn GM, Mehilal R, Kerre-

bijn JD, Levendag PC. The impact of treatment modality and

radiation technique on outcomes and toxicity of patients with

locally advanced oropharyngeal cancer. Laryngoscope.

2013;123:386-393.

http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0330
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0330
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0330
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0331
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0331
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0331
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0332
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0332
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0332
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0332
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0333
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0333
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0333
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0334
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0334
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0334
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0334
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0335
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0335
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0335
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0335
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0336
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0336
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0336
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0336
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0336
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0336
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0337
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0337
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0337
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0337
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0338
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0338
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0338
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0338
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0338
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0339
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0339
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0339
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0339
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0340
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0340
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0340
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0340
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0340
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0341
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0341
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0341
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0341
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0342
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0342
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0342
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0343
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0343
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0343
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0344
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0344
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0344
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0344
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0345
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0345
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0345
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0346
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0346
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0346
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0346
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0347
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0347
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0347
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0348
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0348
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0348
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0348
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0348
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0349
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0349
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0349
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0349
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0349
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0350
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0350
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0350
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0350
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0351
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0351
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0352
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0352
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0352
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0352
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0352
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0352
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0352
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0352
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0353
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0353
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0353
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0353
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0354
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0354
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0354
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0354
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0355
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0355
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0355
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0355
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0355
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0356
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0356
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0356
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0356
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0356
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0356
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0357
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0357
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0357
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0357
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0358
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0358
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0358
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0358
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0359
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0359
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0359
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0359
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0359
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0360
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0360
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0360
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0360
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0361
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0361
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0361
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0361
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0362
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0362
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0362
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0362
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0363
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0363
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0363
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0364
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0364
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0364
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0364
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0364


OOOO ORIGINAL ARTICLE

Volume 135, Number 6 Wiriyakijja et al. 865
365. Al-Mamgani A, Van Rooij P, Tans L, Teguh DN, Levendag

PC. Toxicity and outcome of intensity-modulated radiotherapy

versus 3-dimensional conformal radiotherapy for oropharyn-

geal cancer: a matched-pair analysis. Technol Cancer Res

Treatment. 2013;12:123-130.

366. Al-Mamgani A, van Rooij P, Fransen D, Levendag P. Unilat-

eral neck irradiation for well-lateralized oropharyngeal cancer.

Radiotherap Oncol. 2013;106:69-73.

367. Nishi T, Nishimura Y, Shibata T, Tamura M, Nishigaito N,

Okumura M. Volume and dosimetric changes and initial clini-

cal experience of a two-step adaptive intensity modulated radi-

ation therapy (IMRT) scheme for head and neck cancer.

Radiotherap Oncol. 2013;106:85-89.

368. Wu F, Wang R, Lu H, et al. Concurrent chemoradiotherapy in

locoregionally advanced nasopharyngeal carcinoma: treatment

outcomes of a prospective, multicentric clinical study. Radio-

therap Oncol. 2014;112:106-111.

369. Tsai WL, Huang TL, Liao KC, et al. Impact of late toxicities on

quality of life for survivors of nasopharyngeal carcinoma. BMC

Cancer. 2014;14:856.

370. Gensheimer MF, Liao JJ, Garden AS, Laramore GE, Parvatha-

neni U. Submandibular gland-sparing radiation therapy for

locally advanced oropharyngeal squamous cell carcinoma: pat-

terns of failure and xerostomia outcomes. Radiat Oncol (Lon-

don). 2014;9:255.

371. Songthong A, Chakkabat C, Kannarunimit D, Lertbutsayanukul

C. Efficacy of intensity-modulated radiotherapy with concur-

rent carboplatin in nasopharyngeal carcinoma. Radiol Oncol.

2015;49:155-162.

372. Sanguineti G, Ricchetti F, Wu B, McNutt T, Fiorino C. Parotid

gland shrinkage during IMRT predicts the time to xerostomia

resolution. Radiat Oncol (London). 2015;10:19.

373. Tam M, Riaz N, Kannarunimit D, et al. Sparing bilateral neck

level IB in oropharyngeal carcinoma and xerostomia outcomes.

Am J Clin Oncol. 2015;38:343-347.

374. Lin YW, Chen CC, Lin LC, Lee SP. The impact of reduced-vol-

ume, intensity-modulated radiation therapy on disease control in

nasopharyngeal carcinoma. PloS One. 2015;10:e0125283.

375. Zhang L, Shan GP, Li P, Cheng PJ. The role of concurrent che-

motherapy to intensity-modulated radiotherapy (IMRT) after

neoadjuvant docetaxel and cisplatin treatment in locoregionally

advanced nasopharyngeal carcinoma. Med Oncol (Northwood).

2015;32:41.

376. Ou X, Zhou X, Shi Q, et al. Treatment outcomes and late toxic-

ities of 869 patients with nasopharyngeal carcinoma treated

with definitive intensity modulated radiation therapy: new

insight into the value of total dose of cisplatin and radiation

boost. Oncotarget. 2015;6:38381-38397.

377. Refaat T, Choi M, Thomas TO, et al. Whole-field sequential

intensity-modulated radiotherapy for local-regional advanced

head-and-neck squamous cell carcinoma. Am J Clin Oncol.

2015;38:588-594.

378. Falchook AD, Green R, Knowles ME, et al. Comparison of

patient- and practitioner-reported toxic effects associated with

chemoradiotherapy for head and neck cancer. JAMA Otolar-

yngol Head Neck Surg. 2016;142:517-523.

379. Miah AB, Gulliford SL, Morden J, et al. Recovery of salivary

function: contralateral parotid-sparing intensity-modulated

radiotherapy versus bilateral superficial lobe parotid-sparing

intensity-modulated radiotherapy. Clin Oncol. 2016;28:e69-

e76.

380. Richards TM, Bhide SA, Miah AB, et al. Total mucosal irradia-

tion with intensity-modulated radiotherapy in patients with

head and neck carcinoma of unknown primary: a pooled analy-

sis of two prospective studies. Clin Oncol. 2016;28:e77-e84.
381. Heydarirad G, Rezaeizadeh H, Choopani R, Mosavat SH,

Ameri A. Efficacy of a traditional Persian medicine preparation

for radiation-induced xerostomia: a randomized, open-label,

active-controlled trial. J Integrative Med. 2017;15:201-208.

382. Kawamoto T, Nihei K, Nakajima Y, Kito S, Sasai K, Karasawa

K. Comparison of xerostomia incidence after three-dimensional

conformal radiation therapy and contralateral superficial lobe

parotid-sparing intensity-modulated radiotherapy for oropha-

ryngeal and hypopharyngeal cancer. Auris Nasus Larynx.

2018;45:1073-1079.

383. Hong RL, Hsiao CF, Ting LL, et al. Final results of a random-

ized phase III trial of induction chemotherapy followed by con-

current chemoradiotherapy versus concurrent

chemoradiotherapy alone in patients with stage IVA and IVB

nasopharyngeal carcinoma-Taiwan Cooperative Oncology

Group (TCOG) 1303 Study. Ann Oncol. 2018;29:1972-1979.

384. Chang CF, Ei-Sayed IH, George JR, et al. Modified technique

of submandibular gland transfer followed by intensity modu-

lated radiotherapy to reduce xerostomia in head and neck can-

cer patients. Head Neck. 2020;42:2340-2347.

385. Iovoli AJ, Ostrowski A, Rivers CI, et al. Two- versus four-

times weekly acupuncture-like transcutaneous electrical nerve

stimulation for treatment of radiation-induced xerostomia: a

pilot study. J Alternative Complementary Med. 2020;26:323-

328.

386. Little M, Schipper M, Feng FY, et al. Reducing xerostomia

after chemo-IMRT for head-and-neck cancer: beyond sparing

the parotid glands. Int J Radiat Oncol Biol Phys. 2012;83:

1007-1014.

387. Miah AB, Gulliford SL, Clark CH, et al. Dose-response analy-

sis of parotid gland function: what is the best measure of xero-

stomia? Radiotherap Oncol. 2013;106:341-345.

388. Miah AB, Gulliford SL, Bhide SA, et al. The effect of concomi-

tant chemotherapy on parotid gland function following head

and neck IMRT. Radiotherap Oncol. 2013;106:346-351.

389. Hunter KU, Schipper M, Feng FY, et al. Toxicities affecting

quality of life after chemo-IMRT of oropharyngeal cancer: pro-

spective study of patient-reported, observer-rated, and objective

outcomes. Int J Radiat Oncol Biol Phys. 2013;85:935-940.

390. Qiu WZ, Peng XS, Xia HQ, Huang PY, Guo X, Cao KJ. A ret-

rospective study comparing the outcomes and toxicities of

intensity-modulated radiotherapy versus two-dimensional con-

ventional radiotherapy for the treatment of children and adoles-

cent nasopharyngeal carcinoma. J Cancer Res Clin Oncol.

2017;143:1563-1572.

391. Asif M, Moore A, Yarom N, Popovtzer A. The effect of radio-

therapy on taste sensation in head and neck cancer patients: a

prospective study. Radiat Oncol (London). 2020;15:144.

392. Salmon J. Evaluation of an acupuncture service in oncology. J

Radiotherap Pract. 2013;12:39-55.

393. Arbabi-Kalati F, Arbabi-Kalati F, Moridi T. Evaluation of the

effect of low level laser on prevention of chemotherapy-

induced mucositis. Acta Med Iran. 2013;51:157-162.

394. Chung MK, Kim do H, Ahn YC, Choi JY, Kim EH, Son YI.

Randomized trial of vitamin C/E complex for prevention of

radiation-induced xerostomia in patients with head and neck

cancer. Otolaryngol Head Neck Surg. 2016;155:423-430.

395. Tiwana MS, Mahajan MK, Uppal B, et al. Whole saliva phys-

ico-biochemical changes and quality of life in head and neck

cancer patients following conventional radiation therapy: a pro-

spective longitudinal study. Ind J Cancer. 2011;48:289-295.

396. Rodrigues NA, Killion L, Hickey G, et al. A prospective study

of salivary gland function in lymphoma patients receiving head

and neck irradiation. Int J Radiat Oncol Biol Phys. 2009;75:

1079-1083.

http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0365
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0365
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0365
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0365
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0365
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0366
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0366
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0366
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0367
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0367
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0367
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0367
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0367
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0368
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0368
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0368
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0368
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0369
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0369
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0369
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0370
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0370
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0370
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0370
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0370
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0371
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0371
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0371
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0371
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0372
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0372
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0372
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0373
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0373
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0373
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0374
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0374
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0374
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0375
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0375
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0375
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0375
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0375
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0376
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0376
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0376
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0376
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0376
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0377
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0377
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0377
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0377
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0378
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0378
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0378
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0378
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0379
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0379
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0379
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0379
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0379
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0380
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0380
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0380
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0380
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0381
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0381
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0381
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0381
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0382
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0382
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0382
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0382
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0382
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0382
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0383
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0383
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0383
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0383
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0383
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0383
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0384
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0384
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0384
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0384
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0385
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0385
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0385
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0385
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0385
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0386
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0386
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0386
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0386
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0387
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0387
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0387
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0388
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0388
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0388
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0389
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0389
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0389
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0389
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0390
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0390
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0390
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0390
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0390
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0390
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0391
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0391
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0391
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0392
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0392
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0393
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0393
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0393
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0394
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0394
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0394
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0394
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0395
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0395
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0395
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0395
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0396
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0396
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0396
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0396


ORAL MEDICINE OOOO

866 Wiriyakijja et al. June 2023
397. Zhang Y, Lin ZA, Pan JJ, et al. Concurrent control study of dif-

ferent radiotherapy for primary nasopharyngeal carcinoma:

intensity-modulated radiotherapy versus conventional radio-

therapy. Chin J Cancer. 2009;28:1143-1148.

398. Gupta T, Agarwal J, Jain S, et al. Three-dimensional conformal

radiotherapy (3D-CRT) versus intensity modulated radiation

therapy (IMRT) in squamous cell carcinoma of the head and

neck: a randomized controlled trial. Radiotherap Oncol.

2012;104:343-348.

399. Tao CJ, Liu X, Tang LL, et al. Long-term outcome and late tox-

icities of simultaneous integrated boost-intensity modulated

radiotherapy in pediatric and adolescent nasopharyngeal carci-

noma. Chin J Cancer. 2013;32:525-532.

400. Mourad WF, Hu KS, Ishihara D, et al. Tolerance and toxicity of

primary radiation therapy in the management of seropositive

HIV patients with squamous cell carcinoma of the head and

neck. Laryngoscope. 2013;123:1178-1183.

401. Mourad WF, Hu KS, Shasha D, et al. Long-term outcome of

seropositive HIV patients with head and neck squamous cell

carcinoma treated with radiation therapy and chemotherapy.

Anticancer Res. 2013;33:5511-5516.

402. Mourad WF, Hu KS, Shasha D, et al. Initial experience with

oropharynx-targeted radiation therapy for metastatic squamous

cell carcinoma of unknown primary of the head and neck. Anti-

cancer Res. 2014;34:243-248.

403. Mourad WF, Hu KS, Shourbaji RA, Lin W, Harrison LB. Radi-

ation therapy for benign lymphoepithelial cysts of parotid

glands in HIV patients. Laryngoscope. 2013;123:1184-1189.

404. Koo TR, Wu HG. Long-term results of ipsilateral radiotherapy

for tonsil cancer. Radiat Oncol J. 2013;31:66-71.

405. Citak E, Tulek Z. Longitudinal quality of life in Turkish

patients with head and neck cancer undergoing radiotherapy.

Supportive Care Cancer. 2013;21:2171-2183.

406. Zhong YH, Dai J, Wang XY, et al. Phase II trial of neoadjuvant

docetaxel and cisplatin followed by intensity-modulated radio-

therapy with concurrent cisplatin in locally advanced nasopha-

ryngeal carcinoma. Cancer Chemother Pharmacol. 2013;71:

1577-1583.

407. Mazzeo E, Antognoni P, Parmiggiani M, et al. IMRT-SIB with

concurrent and neo-adjuvant platinum-based chemotherapy for

locally advanced head and neck squamous cell cancer: analysis

of clinical outcomes in a retrospective series of a single institu-

tion. Tumori. 2014;100:652-659.

408. Kong F, Ying H, Huang S, Du C, Zhou J, Hu C. Preliminary

results of nasopharyngeal carcinoma treated with intensity-

modulated radiotherapy: a retrospective study of 364 patients.

Eur Arch Otorhinolaryngol. 2014;271:3283-3290.

409. Roy S, Mallik C, Ghorai S, Hazra A, Majumdar A. Hypofrac-

tionated versus conventional radiotherapy with or without che-

motherapy in head and neck cancer: a comparative study. Clin

Cancer Invest J. 2015;4:140-146.

410. Tribius S, Raguse M, Voigt C, et al. Residual deficits in quality

of life one year after intensity-modulated radiotherapy for

patients with locally advanced head and neck cancer: results of

a prospective study. Strahlentherap Onkol. 2015;191:501-510.

411. Hsu PY, Yang SH, Tsang NM, et al. Efficacy of traditional

Chinese medicine in xerostomia and quality of life during

radiotherapy for head and neck cancer: a prospective pilot

study. Evidence-Based Complementary Alternative Med.

2016;2016:8359251.

412. Kiprian D, Jarzabski A, Kawecki A. Evaluation of efficacy of

Caphosol in prevention and alleviation of acute side effects in

patients treated with radiotherapy for head and neck cancers.

Contemp Oncol. 2016;20:389-393.
413. Ghosh-Laskar S, Yathiraj PH, Dutta D, et al. Prospective ran-

domized controlled trial to compare 3-dimensional conformal

radiotherapy to intensity-modulated radiotherapy in head and

neck squamous cell carcinoma: long-term results. Head Neck.

2016;38(suppl 1):E1481-E1487.

414. Roskies M, Kay-Rivest E, Mascarella MA, Sultanem K, Mly-

narek A, Hier M. Survival outcomes in patients with oropha-

ryngeal cancer treated with carboplatin/paclitaxel and

concurrent radiotherapy. J Otolaryngol Head Neck Surg.

2016;45:50.

415. Zhou N, Chen W, Pan X, et al. Early evaluation of radiation-

induced parotid damage with diffusion kurtosis imaging: a pre-

liminary study. Acta Radiol. 2018;59:212-220.

416. Wu H, Chen X, Yang X, et al. Early prediction of acute xero-

stomia during radiation therapy for head and neck cancer based

on texture analysis of daily CT. Int J Radiat Oncol Biol Phys.

2018;102:1308-1318.

417. Zhang S, Huang X, Zhou L, Lin S. Efficacy of concurrent che-

moradiotherapy combined with nimotuzumab for low-risk T4

stage nasopharyngeal carcinoma: a pilot study. Medicine.

2018;97:e12503.

418. Jiang N, Zhao Y, Jansson H, Chen X, Ma
�
rtensson J. Experien-

ces of xerostomia after radiotherapy in patients with head and

neck cancer: a qualitative study. J Clin Nursing. 2018;27:e100-

e108.

419. Saini SK, Srivastava S, Dixit AK. Gefitinib with concurrent

chemoradiation in locally advanced head neck cancer. Gaceta

Mex Oncol. 2016;17:1-6.

420. Kang M, Wang F, Liao X, Zhou P, Wang R. Intensity-modu-

lated radiotherapy combined with endostar has similar efficacy

but weaker acute adverse reactions than IMRT combined with

chemotherapy in the treatment of locally advanced nasopharyn-

geal carcinoma.Medicine. 2018;97:e11118.

421. Lee MG, Freeman AR, Roos DE, Milner AD, Borg MF. Ran-

domized double-blind trial of amifostine versus placebo for

radiation-induced xerostomia in patients with head and neck

cancer. J Med Imaging Radiat Oncol. 2019;63:142-150.

422. Zhang Y, Ou D, Gu Y, et al. Diffusion-weighted MR imaging

of salivary glands with gustatory stimulation: comparison

before and after radiotherapy. Acta Radiol. 2013;54:928-933.

423. Ou D, Zhang Y, He X, et al. Magnetic resonance sialography

for investigating major salivary gland duct system after inten-

sity-modulated radiotherapy of nasopharyngeal carcinoma. Int

J Clin Oncol. 2013;18:801-807.

424. Kreps S, Berges O, Belin L, Zefkili S, Petras S, Giraud P. Sali-

vary gland-sparing helical tomotherapy for head and neck can-

cer: preserved salivary function on quantitative salivary gland

scintigraphy after tomotherapy. Eur Ann Otorhinolaryngol

Head Neck Dis. 2016;133:257-262.

425. Scrimger RA, Seikaly H, Vos LJ, et al. Combination of sub-

mandibular salivary gland transfer and intensity-modulated

radiotherapy to reduce dryness of mouth (xerostomia) in

patients with head and neck cancer. Head Neck. 2018;40:2353-

2361.

426. Antonadou D, Pepelassi M, Synodinou M, Puglisi M, Throuva-

las N. Prophylactic use of amifostine to prevent radiochemo-

therapy-induced mucositis and xerostomia in head-and-neck

cancer. Int J Radiat Oncol Biol Phys. 2002;52:739-747.

427. Nishimura Y, Nakamatsu K, Shibata T, et al. Importance of the

initial volume of parotid glands in xerostomia for patients with

head and neck cancers treated with IMRT. Jap J Clin Oncol.

2005;35:375-379.

428. Al-Nawas B, Al-Nawas K, Kunkel M, Grotz KA. Quantifying

radioxerostomia: salivary flow rate, examiner’s score, and

http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0397
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0397
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0397
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0397
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0398
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0398
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0398
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0398
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0398
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0399
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0399
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0399
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0399
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0400
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0400
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0400
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0400
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0401
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0401
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0401
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0401
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0402
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0402
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0402
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0402
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0403
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0403
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0403
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0404
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0404
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0405
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0405
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0405
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0406
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0406
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0406
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0406
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0406
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0407
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0407
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0407
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0407
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0407
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0408
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0408
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0408
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0408
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0409
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0409
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0409
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0409
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0410
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0410
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0410
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0410
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0411
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0411
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0411
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0411
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0411
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0412
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0412
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0412
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0412
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0413
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0413
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0413
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0413
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0413
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0414
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0414
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0414
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0414
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0414
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0415
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0415
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0415
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0416
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0416
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0416
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0416
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0417
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0417
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0417
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0417
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0418
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0418
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0418
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0418
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0418
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0419
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0419
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0419
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0420
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0420
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0420
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0420
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0420
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0421
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0421
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0421
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0421
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0422
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0422
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0422
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0423
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0423
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0423
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0423
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0424
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0424
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0424
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0424
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0424
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0425
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0425
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0425
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0425
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0425
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0426
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0426
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0426
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0426
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0427
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0427
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0427
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0427
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0428
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0428
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0428


OOOO ORIGINAL ARTICLE

Volume 135, Number 6 Wiriyakijja et al. 867
quality of life questionnaire. Strahlenther Onkol.

2006;182:336-341.

429. Jellema AP, Slotman BJ, Doornaert P, Leemans CR, Langen-

dijk JA. Impact of radiation-induced xerostomia on quality of

life after primary radiotherapy among patients with head and

neck cancer. Int J Radiat Oncol Biol Phys. 2007;69:751-760.

430. B€untzel J, Glatzel M, M€ucke R, Micke O, Bruns F. Influence of

amifostine on late radiation-toxicity in head and neck cancer: A

follow-up study. Anticancer Res. 2007;27:1953-1956.

431. Rades D, Stoehr M, Meyners T, et al. Evaluation of prognostic

factors and two radiation techniques in patients treated with

surgery followed by radio(chemo)therapy or definitive radio

(chemo)therapy for locally advanced head-and-neck cancer.

Strahlentherap Onkol. 2008;184:198-205.

432. Chen WC, Hwang TZ, Wang WH, et al. Comparison between

conventional and intensity-modulated post-operative radiother-

apy for stage III and IV oral cavity cancer in terms of treatment

results and toxicity. Oral Oncol. 2009;45:505-510.

433. Tribius S, Kronemann S, Kilic Y, et al. Radiochemotherapy

including cisplatin alone versus cisplatin + 5-fluorouracil for

locally advanced unresectable stage IV squamous cell carci-

noma of the head and neck. Strahlentherap Onkol.

2009;185:675-681.

434. Leclerc M, Maingon P, Hamoir M, et al. A dose escalation

study with intensity modulated radiation therapy (IMRT) in

T2N0, T2N1, T3N0 squamous cell carcinomas (SCC) of the

oropharynx, larynx and hypopharynx using a simultaneous inte-

grated boost (SIB) approach. Radiotherap Oncol. 2013;106:

333-340.

435. Dimri K, Pandey AK, Trehan R, Rai B, Kumar A. Conventional

radiotherapy with concurrent weekly Cisplatin in locally

advanced head and neck cancers of squamous cell origin: a sin-

gle institution experience. Asian Pac J Cancer Prevent.

2013;14:6883-6888.

436. Vila Capel A, Vilar Palop J, Pedro Oliv�e A, et al. IMRT: Pre-

liminary results in a series of advanced head-and-neck cancer

patients. Clin Transl Oncol. 2013;15:233-242.

437. Saleh-Ebrahimi L, Zwicker F, Muenter MW, et al. Intensity

modulated radiotherapy (IMRT) combined with concurrent but

not adjuvant chemotherapy in primary nasopharyngeal cancer:

a retrospective single center analysis. Radiat Oncol (London).

2013;8:20.

438. Lambrecht M, Nevens D, Nuyts S. Intensity-modulated radio-

therapy vs. parotid-sparing 3D conformal radiotherapy. Effect

on outcome and toxicity in locally advanced head and neck

cancer. Strahlentherap Onkol. 2013;189:223-229.

439. Br€omme JO, Schm€ucking M, Arnold A, et al. Taxane-contain-

ing induction chemotherapy followed by definitive chemora-

diotherapy. Outcome in patients with locally advanced head

and neck cancer. Strahlentherap Onkol. 2013;189:618-624.

440. Leung SW, Lee TF. Treatment of nasopharyngeal carcinoma by

tomotherapy: five-year experience. Radiat Oncol (London).

2013;8:107.

441. Chen AM, Yu Y, Daly ME, Farwell DG, Benedict SH, Purdy

JA. Long-term experience with reduced planning target volume

margins and intensity-modulated radiotherapy with daily

image-guidance for head and neck cancer. Head Neck.

2014;36:1766-1772.

442. Gupta PK, Lal P, Bajpai R, et al. Long term results of compari-

son of concurrent low-dose daily cisplatin versus the standard

weekly cisplatin with six fractions per week radiotherapy in

locally advanced head neck cancer. S Asian J Cancer.

2016;5:80-84.

443. Fortin I, Fortin B, Lambert L, et al. Xerostomia in patients

treated for oropharyngeal carcinoma: comparing linear
accelerator-based intensity-modulated radiation therapy with

helical tomotherapy. Head Neck. 2014;36:1343-1348.

444. Takehana K, Kodaira T, Tachibana H, et al. Retrospective anal-

ysis of the clinical efficacy of definitive chemoradiotherapy

for patients with hypopharyngeal cancer. Jap J Clin Oncol.

2016;46:344-349.

445. Nevens D, Nuyts S. Can sparing of the superficial contralateral

parotid lobe reduce xerostomia following radiotherapy for head

and neck cancer? Br J Radiol. 2017;90:20170596.

446. Memtsa PT, Tolia M, Tzitzikas I, et al. Validity and reliability

of the Greek version of the xerostomia questionnaire in head

and neck cancer patients. Supportive Care Cancer. 2017;25:

847-853.

447. Bandlamudi BP, Sharan K, Yathiraj PH, et al. A study on the

impact of patient-related parameters in the ability to spare

parotid glands by intensity-modulated radiotherapy for head

and neck squamous cell carcinomas. J Cancer Res Therap.

2018;14:1220-1224.

448. Zhang Y, Ou D, Gu Y, He X, Peng W. Evaluation of salivary

gland function using diffusion-weighted magnetic resonance

imaging for follow-up of radiation-induced xerostomia. Korean

J Radiol. 2018;19:758-766.

449. Rosen BS, Hawkins PG, Polan DF, et al. Early changes in serial

CBCT-measured parotid gland biomarkers predict chronic

xerostomia after head and neck radiation therapy. Int J Radiat

Oncol Biol Phys. 2018;102:1319-1329.

450. Bhalavat R, Pareek V, Chandra M, et al. High-dose-rate inter-

stitial brachytherapy in recurrent head and neck cancer: an

effective salvage option. J Contemp Brachytherap. 2018;10:

425-430.

451. Liu L, Fei Z, Chen M, et al. Induction chemotherapy plus con-

current chemoradiotherapy versus induction chemotherapy plus

volumetric modulated arc therapy alone in the treatment of

stage II-IVB nasopharyngeal carcinoma patients: a retrospec-

tive controlled study. Radiat Oncol (London). 2018;13:148.

452. Pan XB, Liu Y, Li L, et al. Prognostic nomogram of xerostomia

for patients with nasopharyngeal carcinoma after intensity-

modulated radiotherapy. Aging. 2020;12:1857-1866.

453. Gupta T, Sinha S, Ghosh-Laskar S, et al. Intensity-modulated

radiation therapy versus three-dimensional conformal radio-

therapy in head and neck squamous cell carcinoma: long-term

and mature outcomes of a prospective randomized trial. Radiat

Oncol (London). 2020;15:218.

454. Onjukka E, Mercke C, Bj€orgvinsson E, et al. Modeling of xero-

stomia after radiotherapy for head and neck cancer: a registry

study. Front Oncol. 2020;10:1647.

455. Pan XB, Liu Y, Huang ST, et al. Dosimetry of submandibular

glands on xerostomia for nasopharyngeal carcinoma. Front

Oncol. 2020;10:601403.

456. Brizel DM, Wasserman T. The influence of intravenous amifos-

tine on xerostomia and survival during radiotherapy for head

and neck cancer: two year follow-up of a prospective random-

ized trial. J Clin Oncol. 2004;22:5536-.. 5536.

457. Wasserman TH, Brizel DM, Henke M, et al. Influence of intra-

venous amifostine on xerostomia, tumor control, and survival

after radiotherapy for head-and- neck cancer: 2-year follow-up

of a prospective, randomized, phase III trial. Int J Radiat Oncol

Biol Phys. 2005;63:985-990.

458. Roh JL, Kim AY, Cho MJ. Xerostomia following radiotherapy

of the head and neck affects vocal function. J Clin Oncol.

2005;23:3016-3023.

459. Scrimger R, Kanji A, Parliament M, et al. Correlation between

saliva production and quality of life measurements in head and

neck cancer patients treated with intensity-modulated radio-

therapy. Am J Clin Oncol. 2007;30:271-277.

http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0428
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0428
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0429
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0429
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0429
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0429
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0430
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0430
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0430
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0430
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0430
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0431
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0431
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0431
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0431
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0431
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0432
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0432
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0432
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0432
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0433
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0433
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0433
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0433
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0433
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0434
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0434
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0434
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0434
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0434
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0434
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0435
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0435
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0435
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0435
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0435
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0436
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0436
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0436
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0436
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0437
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0437
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0437
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0437
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0437
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0438
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0438
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0438
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0438
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0439
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0439
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0439
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0439
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0439
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0439
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0440
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0440
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0440
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0441
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0441
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0441
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0441
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0441
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0442
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0442
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0442
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0442
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0442
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0443
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0443
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0443
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0443
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0444
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0444
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0444
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0444
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0445
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0445
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0445
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0446
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0446
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0446
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0446
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0447
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0447
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0447
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0447
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0447
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0448
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0448
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0448
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0448
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0449
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0449
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0449
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0449
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0450
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0450
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0450
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0450
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0451
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0451
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0451
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0451
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0451
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0452
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0452
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0452
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0453
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0453
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0453
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0453
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0453
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0454
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0454
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0454
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0454
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0455
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0455
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0455
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0456
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0456
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0456
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0456
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0457
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0457
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0457
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0457
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0457
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0458
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0458
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0458
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0459
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0459
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0459
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0459


ORAL MEDICINE OOOO

868 Wiriyakijja et al. June 2023
460. Kam MK, Leung SF, Zee B, et al. Prospective randomized

study of intensity-modulated radiotherapy on salivary gland

function in early-stage nasopharyngeal carcinoma patients. J

Clin Oncol. 2007;25:4873-4879.

461. Demir€oz C, €Ozkan L, Cebelli G, Karada�g O, €Ozşahin EM. The
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xerostomia on oral complaints in a group of elderly Turkish

removable denture wearers. Arch Gerontol Geriatr.

2009;49:263-267.

471. Carda C, Mosquera-Lloreda N, Salom L, Gomez de Ferraris

ME, Peydr�o A. Structural and functional salivary disorders in

type 2 diabetic patients. Med Oral Patol Oral Cirugia Bucal.

2006;11:E309-E314.

472. Aframian DJ, Baaton S, Mazor S, et al. Improvement of dry

mouth following intraductal irrigation of salivary glands. Oral

Dis. 2019;25:1735-1743.

473. Cho JH, Chung WK, Kang W, Choi SM, Cho CK, Son CG.

Manual acupuncture improved quality of life in cancer patients

with radiation-induced xerostomia. J. Alternative Complemen-

tary Med. 2008;14:523-526.

474. Baker SR, Pankhurst CL, Robinson PG. Utility of two oral

health-related quality-of-life measures in patients with xerosto-

mia. Community Dentist Oral Epidemiol. 2006;34:351-362.

475. Almsta
�
hl A, Alstad T, Fagerberg-Mohlin B, Carl�en A, Finizia

C. Explorative study on quality of life in relation to salivary

secretion rate in patients with head and neck cancer treated

with radiotherapy. Head Neck. 2016;38:782-791.
476. Al-Ezzi M, Khan K, Tappuni AR. Is the taste acuity affected by

oral dryness in primary Sj€ogren’s syndrome patients? Oral Dis.

2020;26:688-695.

477. Duncan GG, Epstein JB, Tu D, et al. Quality of life, mucositis,

and xerostomia from radiotherapy for head and neck cancers: a

report from the NCIC CTG HN2 randomized trial of an antimi-

crobial lozenge to prevent mucositis. Head Neck. 2005;27:421-

428.

478. Pow EH, Kwong DL, McMillan AS, et al. Xerostomia and

quality of life after intensity-modulated radiotherapy vs. con-

ventional radiotherapy for early-stage nasopharyngeal carci-

noma: initial report on a randomized controlled clinical trial.

Int J Radiat Oncol Biol Phys. 2006;66:981-991.

479. Jellema AP, Slotman BJ, Doornaert P, Leemans CR, Langen-

dijk JA. Unilateral versus bilateral irradiation in squamous cell

head and neck cancer in relation to patient-rated xerostomia

and sticky saliva. Radiotherap Oncol. 2007;85:83-89.

480. Simcock R, Fallowfield L, Jenkins V. Group acupuncture to

relieve radiation induced xerostomia: a feasibility study. Acu-

puncture Med. 2009;27:109-113.

481. Al-Mamgani A, van Rooij P, Tans L, Verduijn GM, Sewnaik

A, Baatenburg de Jong RJ. A prospective evaluation of patient-

reported quality-of-life after (chemo)radiation for oropharyn-

geal cancer: which patients are at risk of significant quality-of-

life deterioration? Radiotherap Oncol. 2013;106:359-363.

482. Simcock R, Fallowfield L, Monson K, et al. ARIX: a rando-

mised trial of acupuncture v oral care sessions in patients with

chronic xerostomia following treatment of head and neck can-

cer. Ann Oncol. 2013;24:776-783.

483. Rishi A, Ghoshal S, Verma R, et al. Comparison of concomi-

tant boost radiotherapy against concurrent chemoradiation in

locally advanced oropharyngeal cancers: a phase III rando-

mised trial. Radiotherap Oncol. 2013;107:317-324.

484. Mortensen HR, Jensen K, Aksglaede K, Behrens M, Grau C.

Late dysphagia after IMRT for head and neck cancer and corre-

lation with dose-volume parameters. Radiotherap Oncol.

2013;107:288-294.

485. Rathod S, Gupta T, Ghosh-Laskar S, Murthy V, Budrukkar A,

Agarwal J. Quality-of-life (QOL) outcomes in patients with

head and neck squamous cell carcinoma (HNSCC) treated with

intensity-modulated radiation therapy (IMRT) compared to

three-dimensional conformal radiotherapy (3D-CRT): evidence

from a prospective randomized study. Oral Oncol. 2013;49:

634-642.

486. Chen WC, Lai CH, Lee TF, et al. Scintigraphic assessment of

salivary function after intensity-modulated radiotherapy for

head and neck cancer: correlations with parotid dose and qual-

ity of life. Oral Oncol. 2013;49:42-48.

487. Lee TF, Liou MH, Huang YJ, et al. LASSO NTCP predictors

for the incidence of xerostomia in patients with head and neck

squamous cell carcinoma and nasopharyngeal carcinoma. Sci

Rep. 2014;4:6217.

488. Metreau A, Louvel G, Godey B, Le Clech G, Jegoux F. Long-

term functional and quality of life evaluation after treatment for

advanced pharyngolaryngeal carcinoma. Head Neck. 2014;36:

1604-1610.

489. Oates J, Davies S, Roydhouse JK, Fethney J, White K. The

effect of cancer stage and treatment modality on quality of life

in oropharyngeal cancer. Laryngoscope. 2014;124:151-158.

490. Egestad H, Nieder C. Differences in quality of life in obese and

normal weight head and neck cancer patients undergoing radia-

tion therapy. Supportive Care Cancer. 2015;23:1081-1090.

491. Loorents V, Rosell J, Salgado Willner H, Borjeson S. Health-

related quality of life up to 1 year after radiotherapy in patients

with head and neck cancer (HNC). Springerplus. 2016;5:669.

http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0460
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0460
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0460
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0460
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0461
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0461
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0461
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0461
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0461
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0461
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0461
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0461
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0461
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0462
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0462
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0462
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0462
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0462
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0463
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0463
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0463
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0463
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0463
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0464
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0464
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0464
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0464
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0465
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0465
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0465
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0465
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0465
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0466
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0466
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0466
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0466
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0466
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0467
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0467
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0467
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0467
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0467
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0467
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0468
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0468
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0468
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0469
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0469
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0469
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0469
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0470
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0470
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0470
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0470
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0470
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0471
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0471
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0471
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0471
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0471
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0472
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0472
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0472
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0473
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0473
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0473
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0473
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0474
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0474
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0474
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0475
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0475
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0475
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0475
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0475
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0475
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0476
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0476
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0476
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0476
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0476
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0477
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0477
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0477
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0477
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0477
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0478
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0478
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0478
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0478
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0478
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0479
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0479
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0479
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0479
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0480
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0480
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0480
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0481
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0481
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0481
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0481
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0481
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0482
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0482
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0482
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0482
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0483
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0483
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0483
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0483
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0484
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0484
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0484
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0484
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0485
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0485
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0485
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0485
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0485
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0485
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0485
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0486
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0486
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0486
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0486
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0487
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0487
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0487
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0487
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0488
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0488
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0488
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0488
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0489
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0489
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0489
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0490
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0490
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0490
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0491
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0491
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0491


OOOO ORIGINAL ARTICLE

Volume 135, Number 6 Wiriyakijja et al. 869
492. Côt�e M, Trudel M, Wang C, Fortin A. Improving quality of life

with nabilone during radiotherapy treatments for head and neck

cancers: a randomized double-blind placebo-controlled trial.

Ann Otol Rhinol Laryngol. 2016;125:317-324.

493. Yuce Sari S, Yazici G, Yuce D, Karabulut E, Cengiz M, Ozyi-

git G. The effect of glutamine and arginine-enriched nutritional

support on quality of life in head and neck cancer patients

treated with IMRT. Clin Nutr. 2016;16:30-35.

494. Guenzel T, Walliczek-Dworschak U, Teymoortash A, et al.

Health-related quality of life in oropharyngeal cancer survivors:

a population-based study. Otolaryngol Polska. 2018;72:30-35.

495. Dahele M, Tol JP, Vergeer MR, et al. Is the introduction of more

advanced radiotherapy techniques for locally-advanced head and

neck cancer associated with improved quality of life and reduced

symptom burden? Radiotherap Oncol. 2020;151:298-303.

496. Abel E, Silander E, Nyman J, Bj€ork-Eriksson T, Hammerlid E.

Long-term aspects of quality of life in head and neck cancer

patients treated with intensity modulated radiation therapy: a 5-

year longitudinal follow-up and comparison with a normal pop-

ulation cohort. Adv Radiat Oncol. 2020;5:101-110.

497. Charalambous M, Papakyriacou C, Tsitsi T, Katodritis N,

Vomvas D, Charalambous A. The evaluation of the reliability

and validity properties of the Greek version of the xerostomia

questionnaire (XQ). Eur J Oncol Nursing. 2021;52:101971.

498. Lazarus CL, Husaini H, Hu K, et al. Functional outcomes and

quality of life after chemoradiotherapy: baseline and 3 and 6

months post-treatment. Dysphagia. 2014;29:365-375.

499. Chen J, Liu P, Wang Q, Wu L, Zhang X. Influence of intensity-

modulated radiation therapy on the life quality of patients with

nasopharyngeal carcinoma. Cell Biochem Biophys. 2015;73:

731-736.

500. Landstrom FJ, Reizenstein J, Adamsson GB, Beckerath M,

Moller C. Long-term follow-up in patients treated with curative

electrochemotherapy for cancer in the oral cavity and orophar-

ynx. Acta Otolaryngol. 2015;135:1070-1078.

501. Lee TF, Liou MH, Ting HM, et al. Patient- and therapy-related

factors associated with the incidence of xerostomia in nasopha-

ryngeal carcinoma patients receiving parotid-sparing helical

tomotherapy. Sci Rep. 2015;5:13165.

502. Kjaer T, Dalton SO, Andersen E, et al. A controlled study of

use of patient-reported outcomes to improve assessment of late

effects after treatment for head-and-neck cancer. Radiotherap

Oncol. 2016;119:221-228.

503. Marangoni-Lopes L, Rodrigues LP, Mendonca RH. Nobre-Dos

Santos M. Radiotherapy changes salivary properties and

impacts quality of life of children with Hodgkin disease. Arch

Oral Biol. 2016;72:99-105.

504. Morand GB, Madana J, Da Silva SD, et al. Survival and quality

of life in oropharyngeal cancer patients treated with primary

chemoradiation after salivary gland transfer. J Laryngol Otol.

2016;130:755-762.

505. Kaae JK, Stenfeldt L, Eriksen JG. Xerostomia after radiother-

apy for oral and oropharyngeal cancer: increasing salivary flow

with tasteless sugar-free chewing gum. Front Oncol.

2016;6:111.

506. van Dijk LV, Noordzij W, Brouwer CL, et al. (18)F-FDG PET

image biomarkers improve prediction of late radiation-induced

xerostomia. Radiotherap Oncol. 2018;126:89-95.

507. Bachok N, Biswal BM, Razak NHA, et al. Preliminary compar-

ative study of oral7(r) versus salt-soda mouthwash on oral

health related problems and quality of life among head and

neck cancer patients undergoing radiotherapy. Malays J Med

Sci. 2018;25:79-87.

508. Kaae JK, Stenfeldt L, Hyrup B, Brink C, Eriksen JG. A ran-

domized phase III trial for alleviating radiation-induced
xerostomia with chewing gum. Radiotherap Oncol.

2020;142:72-78.

509. Vermaire JA, Raaijmakers CPJ, Verdonck-de Leeuw IM, et al.

Mastication, swallowing, and salivary flow in patients with

head and neck cancer: objective tests versus patient-reported

outcomes. Supportive Care Cancer. 2021;29:7793-7803.

510. Rieger JM, Jha N, Lam Tang JA, Harris J, Seikaly H. Func-

tional outcomes related to the prevention of radiation-induced

xerostomia: oral pilocarpine versus submandibular salivary

gland transfer. Head Neck. 2012;34:168-174.

511. Rees J, Hurt CN, Gollins S, et al. Patient-reported outcomes

during and after definitive chemoradiotherapy for oesophageal

cancer. Br J Cancer. 2015;113:603-610.

512. Talagala IA, Arambepola C. Changes in quality of life follow-

ing initial treatment of oesophageal carcinoma: a cohort study

from Sri Lanka. BMC Cancer. 2018;18:1184.

513. Beetz I, Schilstra C, Visink A, et al. Role of minor salivary

glands in developing patient-rated xerostomia and sticky saliva

during day and night. Radiotherap Oncol. 2013;109:311-316.

514. Paterson C, Caldwell B, Porteous S, McLean A, Messow CM,

Thomson M. Radiotherapy-induced xerostomia, pre-clinical

promise of LMS-611. Supportive Care Cancer. 2016;24:629-

636.

515. Paterson C, Thomson MC, Caldwell B, et al. Radiotherapy-

induced xerostomia: a randomised, double-blind, controlled

trial of Visco-ease oral spray compared with placebo in patients

with cancer of the head and neck. Br J Oral Maxillofac Surg.

2019;57:1119-1125.

516. Hawkins PG, Lee JY, Mao Y, et al. Sparing all salivary glands

with IMRT for head and neck cancer: longitudinal study of

patient-reported xerostomia and head-and-neck quality of life.

Radiotherap Oncol. 2018;126:68-74.

517. Wong RK, Jones GW, Sagar SM, Babjak AF, Whelan T. A

phase I-II study in the use of acupuncture-like transcutaneous

nerve stimulation in the treatment of radiation-induced xerosto-

mia in head-and-neck cancer patients treated with radical radio-

therapy. Int J Radiat Oncol Biol Phys. 2003;57:472-480.

518. Wyatt G, Pugh SL, Wong RK, et al. Xerostomia health-related

quality of life: NRG oncology RTOG 0537. Qual Life Res.

2016;25:2323-2333.

519. St Clair EW, Levesque MC, Prak ET, et al. Rituximab therapy

for primary Sjogren’s syndrome: an open-label clinical trial

and mechanistic analysis. Arthrit Rheum. 2013;65:1097-1106.

520. Rogers SN, Johnson IA, Lowe D. Xerostomia after treatment

for oral and oropharyngeal cancer using the University of

Washington saliva domain and a Xerostomia-Related Quality-

of-Life Scale. Int J Radiat Oncol Biol Phys. 2010;77:16-23.

521. Dingle IF, Mishoe AE, Nguyen SA, Overton LJ, Gillespie MB.

Salivary morbidity and quality of life following radioactive

iodine for well-differentiated thyroid cancer. Otolaryngol Head

Neck Surg. 2013;148:746-752.

522. Vainshtein JM, Moon DH, Feng FY, Chepeha DB, Eisbruch A,

Stenmark MH. Long-term quality of life after swallowing and

salivary-sparing chemo-intensity modulated radiation therapy

in survivors of human papillomavirus-related oropharyngeal

cancer. Int J Radiat Oncol Biol Phys. 2015;91:925-933.

523. Kerr AR, Katz RW, Ship JA. A comparison of the effects of 2

commercially available nonprescription mouthrinses on sali-

vary flow rates and xerostomia. Quintessence Int. 2007;38:

e440-e447.

524. Ship JA, McCutcheon JA, Spivakovsky S, Kerr AR. Safety

and effectiveness of topical dry mouth products containing

olive oil, betaine, and xylitol in reducing xerostomia for

polypharmacy-induced dry mouth. J Oral Rehab.

2007;34:724-732.

http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0492
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0492
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0492
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0492
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0492
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0492
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0493
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0493
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0493
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0493
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0494
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0494
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0494
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0495
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0495
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0495
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0495
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0496
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0496
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0496
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0496
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0496
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0496
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0497
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0497
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0497
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0497
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0498
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0498
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0498
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0499
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0499
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0499
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0499
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0500
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0500
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0500
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0500
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0501
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0501
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0501
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0501
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0502
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0502
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0502
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0502
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0503
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0503
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0503
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0503
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0504
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0504
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0504
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0504
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0505
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0505
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0505
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0505
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0506
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0506
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0506
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0507
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0507
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0507
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0507
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0507
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0508
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0508
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0508
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0508
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0509
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0509
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0509
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0509
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0510
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0510
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0510
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0510
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0511
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0511
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0511
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0512
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0512
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0512
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0513
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0513
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0513
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0514
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0514
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0514
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0514
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0515
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0515
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0515
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0515
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0515
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0516
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0516
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0516
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0516
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0517
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0517
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0517
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0517
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0517
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0518
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0518
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0518
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0519
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0519
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0519
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0519
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0520
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0520
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0520
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0520
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0521
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0521
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0521
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0521
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0522
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0522
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0522
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0522
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0522
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0523
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0523
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0523
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0523
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0524
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0524
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0524
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0524
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0524


ORAL MEDICINE OOOO

870 Wiriyakijja et al. June 2023
525. Shetty SR, Bhowmick S, Castelino R, Babu S. Drug induced

xerostomia in elderly individuals: an institutional study. Con-

temp Clin Dentist. 2012;3:173-175.

526. Wong RK, James JL, Sagar S, et al. Phase 2 results from Radia-

tion Therapy Oncology Group Study 0537: a phase 2/3 study

comparing acupuncture-like transcutaneous electrical nerve

stimulation versus pilocarpine in treating early radiation-

induced xerostomia. Cancer. 2012;118:4244-4252.

527. Wong RK, Deshmukh S, Wyatt G, et al. Acupuncture-like

transcutaneous electrical nerve stimulation versus pilocarpine

in treating radiation-induced xerostomia: results of RTOG

0537 phase 3 study. Int J Radiat Oncol Biol Phys. 2015;92:

220-227.

528. Mart�ın M, Mar�ın A, L�opez M, et al. Products based on olive oil,

betaine, and xylitol in the post-radiotherapy xerostomia. Rep

Practical Oncol Radiotherap. 2017;22:71-76.

529. Sherlock S, Way M, Tabah A. Hyperbaric oxygen treatment for

the management of radiation-induced xerostomia. J Med Imag-

ing Radiat Oncol. 2018;62:841-846.

530. Quimby AE, Hogan D, Khalil D, Hearn M, Nault C, Johnson-

Obaseki S. Coconut oil as a novel approach to managing radia-

tion-induced xerostomia: a primary feasibility study. Int J Oto-

laryngol. 2020;2020:8537643.

531. Lan X, Chan JYK, Pu JJ, et al. Saliva electrolyte analysis and

xerostomia-related quality of life in nasopharyngeal carcinoma

patients following intensity-modulated radiation therapy.

Radiotherap Oncol. 2020;150:97-103.

532. Bagley AF, Ye R, Garden AS, et al. Xerostomia-related quality

of life for patients with oropharyngeal carcinoma treated with

proton therapy. Radiotherap Oncol. 2020;142:133-139.

533. Leung KC, McMillan AS, Wong MC, Leung WK, Mok MY,

Lau CS. The efficacy of cevimeline hydrochloride in the treat-

ment of xerostomia in Sj€ogren’s syndrome in southern Chinese

patients: a randomised double-blind, placebo-controlled cross-

over study. Clin Rheumatol. 2008;27:429-436.

534. Str€omberg E, Holm�en A, Hagman-Gustafsson ML, Gabre P,

Wa
�
rdh I. Oral health-related quality-of-life in homebound

elderly dependent on moderate and substantial supportive care

for daily living. Acta Odontol Scand. 2013;71:771-777.

535. Hahnel S, Schwarz S, Zeman F, Sch€afer L, Behr M. Prevalence

of xerostomia and hyposalivation and their association with

quality of life in elderly patients in dependence on dental status

and prosthetic rehabilitation: a pilot study. J Dent.

2014;42:664-670.

536. Gerdin EW, Einarson S, Jonsson M, Aronsson K, Johansson

I. Impact of dry mouth conditions on oral health-related

quality of life in older people. Gerodontology.

2005;22:219-226.

537. Lopez-Jornet P, Camacho-Alonso F, Rodriguez-Aguado C.

Evaluation of the clinical efficacy of a betaine-containing

mouthwash and an intraoral device for the treatment of dry

mouth. J Oral Pathol Med. 2012;41:201-206.

538. Saleh J, Figueiredo MA, Cherubini K, Braga-Filho A, Salum

FG. Effect of low-level laser therapy on radiotherapy-induced

hyposalivation and xerostomia: a pilot study. Photomed Laser

Surg. 2014;32:546-552.

539. Moiseenko V, Wu J, Hovan A, et al. Treatment planning con-

straints to avoid xerostomia in head-and-neck radiotherapy: an

independent test of QUANTEC criteria using a prospectively

collected dataset. Int J Radiat Oncol Biol Phys. 2012;82:1108-

1114.

540. Enoki K, Matsuda KI, Ikebe K, et al. Influence of xerostomia

on oral health-related quality of life in the elderly: a 5-year lon-

gitudinal study. Oral Surg Oral Med Oral Pathol Oral Radiol.

2014;117:716-721.
541. Lopez-Jornet P, Lucero Berdugo M, Fernandez-Pujante A,

et al. Sleep quality in patients with xerostomia: a prospective

and randomized case-control study. Acta Odontol Scand.

2016;74:224-228.

542. Terlevic Dabic D, Jurisic S, Vucicevic Boras V, Gabric D,

Bago I, Vrdoljak DV. The effectiveness of low-level laser ther-

apy in patients with drug-induced hyposalivation: a pilot study.

Photomed Laser Surg. 2016;34:389-393.

543. Chamani G, Shakibi MR, Zarei MR, et al. Assessment of rela-

tionship between xerostomia and oral health-related quality of

life in patients with rheumatoid arthritis. Oral Dis. 2017;23:

1162-1167.

544. Ahmad MS, Bhayat A, Zafar MS, Al-Samadani KH. The

impact of hyposalivation on quality of life (QoL) and oral

health in the aging population of Al Madinah Al Munawarrah.

Int J Environ Res Public Health. 2017;14:445.

545. Lopez-Pintor RM, Ramirez L, Serrano J, et al. Effects of Xeros-

tom products on xerostomia in primary Sjogren’s syndrome: a

randomized clinical trial. Oral Dis. 2019;25:772-780.

546. Lopez-Pintor RM, Lopez-Pintor L, Gonzalez-Serrano J, Casa-

nas E, de Arriba L, Hernandez G. Impact and efficacy of topical

dry mouth products in haemodialysis patients with xerostomia:

a pilot study. Oral Health Prevent Dentist. 2020;18:1039-1045.

547. da Mata A, Amaral J, Thomson WM, et al. Patient-related out-

comes in Sjogren syndrome treated with stimulants of salivary

secretion: randomized clinical trial. Oral Dis. 2020;26:313-

324.

548. Pereira RMS, Bastos MDR, Ferreira MP, et al. Topical pilocar-

pine for xerostomia in patients with head and neck cancer

treated with radiotherapy. Oral Dis, 2020 Apr 5. doi:10.1111/

odi.13343. Online ahead of print.

549. Robinson PG, Pankhurst CL, Garrett EJ. Randomized-con-

trolled trial: effect of a reservoir biteguard on quality of life in

xerostomia. J Oral Pathol Med. 2005;34:193-197.

550. Mariette X, Seror R, Quartuccio L, et al. Efficacy and safety of

belimumab in primary Sj€ogren’s syndrome: results of the

BELISS open-label phase II study. Ann Rheum Dis. 2015;74:

526-531.

551. Belenguer R, Ramos-Casals M, Brito-Zer�on P, et al. Influence

of clinical and immunological parameters on the health-related

quality of life of patients with primary Sj€ogren’s syndrome.

Clin Exp Rheum. 2005;23:351-356.

552. Pijpe J, van Imhoff GW, Spijkervet FK, et al. Rituximab treat-

ment in patients with primary Sj€ogren’s syndrome: an open-

label phase II study. Arthrit Rheum. 2005;52:2740-2750.

553. Champey J, Corruble E, Gottenberg JE, et al. Quality of life and

psychological status in patients with primary Sj€ogren’s syn-

drome and sicca symptoms without autoimmune features.

Arthrit Rheum. 2006;55:451-457.

554. Petrone D, Condemi JJ, Fife R, Gluck O, Cohen S, Dalgin P. A

double-blind, randomized, placebo-controlled study of cevime-

line in Sj€ogren’s syndrome patients with xerostomia and kera-

toconjunctivitis sicca. Arthrit Rheum. 2002;46:748-754.

555. Rantanen I, Tenovuo J, Pienih€akkinen K, S€oderling E. Effects

of a betaine-containing toothpaste on subjective symptoms of

dry mouth: a randomized clinical trial. J Contemp Dent Pract.

2003;4:11-23.

556. Jose A, Atassi M, Shneyer L, Cronin M. A randomized clinical

trial to measure mouth moisturization and dry mouth relief in

dry mouth subjects using dry mouth products. J Clin Dentist.

2017;28:32-38.

557. Milleman JL, Milleman KR, Santos SL, Proskin HM, Batter-

shell KK, DiMarino JC. Subjective assessment of Enamelon

preventive treatment gel in a self-reported dry-mouth popula-

tion. Compend Continuing Edu Dentist. 2016;37:e5-e8.

http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0525
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0525
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0525
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0526
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0526
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0526
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0526
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0526
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0527
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0527
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0527
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0527
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0527
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0528
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0528
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0528
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0528
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0528
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0528
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0529
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0529
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0529
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0530
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0530
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0530
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0530
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0531
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0531
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0531
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0531
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0532
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0532
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0532
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0533
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0533
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0533
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0533
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0533
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0533
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0533
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0534
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0534
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0534
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0534
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0534
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0534
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0534
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0535
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0535
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0535
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0535
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0535
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0535
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0536
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0536
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0536
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0536
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0537
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0537
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0537
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0537
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0538
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0538
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0538
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0538
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0539
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0539
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0539
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0539
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0539
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0540
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0540
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0540
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0540
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0541
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0541
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0541
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0541
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0542
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0542
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0542
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0542
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0543
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0543
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0543
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0543
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0544
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0544
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0544
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0544
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0545
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0545
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0545
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0545
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0546
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0546
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0546
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0546
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0547
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0547
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0547
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0547
https://doi.org/10.1111/odi.13343
https://doi.org/10.1111/odi.13343
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0549
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0549
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0549
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0550
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0550
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0550
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0550
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0550
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0550
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0551
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0551
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0551
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0551
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0551
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0551
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0551
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0552
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0552
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0552
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0552
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0552
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0553
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0553
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0553
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0553
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0553
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0553
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0554
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0554
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0554
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0554
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0554
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0554
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0555
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0555
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0555
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0555
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0555
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0555
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0556
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0556
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0556
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0556
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0557
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0557
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0557
http://refhub.elsevier.com/S2212-4403(23)00068-8/sbref0557


OOOO ORIGINAL ARTICLE

Volume 135, Number 6 Wiriyakijja et al. 871
558. Bots CP, Brand HS, Veerman EC, et al. The management of

xerostomia in patients on haemodialysis: comparison of artifi-

cial saliva and chewing gum. Palliative Med. 2005;19:202-207.

559. Silvestre FJ, Minguez MP, Su~ne-Negre JM. Clinical evaluation

of a new artificial saliva in spray form for patients with dry

mouth.Med Oral Pato Oral Cirugia Bucal. 2009;14:E8-11.
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