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Abstract

Objective The aim of the present systematic review is to assess the prevalence and severity of and distress caused by xeros-
tomia over time in adult hematopoietic stem cell transplantation (HSCT) recipients.

Methods PubMed, Embase, and the Cochrane Library were searched for papers published between January 2000 and May
2022. Clinical studies were included if patient-reported subjective oral dryness was reported in adult autologous or allogeneic
HSCT recipients. Risk of bias was assessed according to a quality grading strategy published by the oral care study group
of the MASCC/ISOO, resulting in a score between O (highest risk of bias) and 10 (lowest risk of bias). Separate analysis
focused on autologous HSCT recipients, allogeneic HSCT recipients receiving a myeloablative conditioning (MAC), and
those receiving a reduced intensity conditioning (RIC).

Results Searches yielded 1792 unique records; 22 studies met the inclusion criteria. The quality scores ranged between 1
and 7, with a median score of 4. The prevalence, severity, and distress of xerostomia increased shortly after HSCT. Sever-
ity of xerostomia in allogeneic MAC recipients was higher compared to allogeneic RIC recipients 2—5 months post-HSCT
(mean difference: 18 points on 0-100 scale, 95% CI: 9-27); after 1-2 years, there was no significant difference anymore.
Conclusion The prevalence of xerostomia in HSCT recipients is high in comparison to the general population. The severity
of complaints is raised during the first year post-HSCT. The intensity of the conditioning plays a key role in the short-term
development of xerostomia, while factors affecting the recovery in the long term remain largely unknown.

Keywords Hematopoietic stem cell transplantation - Xerostomia - Subjective mouth dryness - Patient-reported oral
dryness - Systematic review

Introduction

Patient-reported subjective oral dryness, or xerostomia,
is a common oral side effect from cancer therapies, espe-
cially from radiation therapy in the head and neck region
[1]. Even though less extensively investigated, the preva-
lence of xerostomia might also increase after hematopoietic
stem cell transplantation (HSCT) preceded by an intensive

P4 Marjolein S. Bulthuis
Marjolein.Bulthuis @radboudumc.nl

Department of Dentistry, Radboud University Medical
Center, Nijmegen, The Netherlands

Department of Hematology, Radboud University Medical
Center, Nijmegen, The Netherlands

conditioning regimen. HSCT recipients reported higher
levels of xerostomia compared to their partners [2]. Jensen
et al. conducted a systematic review in 2010 on behalf of
the Multinational Association of Supportive Care in Can-
cer (MASCC) and the International Society of Oral Oncol-
ogy (ISOO). In this review, only three studies assessing
xerostomia after HSCT could be included. A prevalence of
40% during treatment and 79% 7 years after treatment was
reported [1].

Xerostomia is associated with several symptoms, like dis-
comfort [3] and difficulty with speech and food intake [4].
Furthermore, xerostomia influences the quality of life nega-
tively [1]; it is rated as one of the most bothersome symp-
toms [5, 6] and the main long-term oral complaint [7-9] by
HSCT-recipients. Specific instruments are available to meas-
ure the severity of xerostomia, like the Xerostomia Inventory
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[10]. Furthermore, many questionnaires that measure quality
of life or symptoms after cancer therapy include a question
about mouth dryness, like some additional modules of the
European Organization for Research and Treatment of Can-
cer (e.g. EORTC QLQ-OH15) [11].

Xerostomia is a patient-reported outcome that is inextrica-
bly linked with hyposalivation: an objectively reduced sali-
vary flow rate. Some studies concluded that unstimulated flow
rates were related to the subjective feeling of mouth dryness
in HSCT recipients [12, 13], while other authors could not
find a relation between reduced salivary secretion and subjec-
tive oral dryness [14]. Even though xerostomia is primarily
caused by a decrease in the function of the salivary glands [4],
other factors like oral mucosal moistness [15], which might be
associated with mouth breathing [16] or saliva composition
[17], contribute to the feeling of mouth dryness as well. Fur-
thermore, it was suggested that neuropathic mechanisms are
involved in the perception of mouth dryness [18]. The preva-
lence of xerostomia in HSCT recipients was up to 4.7 times
higher than the prevalence of hyposalivation of unstimulated
saliva [9, 12, 19] and 2.4 times higher than the prevalence of
hyposalivation of stimulated saliva [12].

Salivary flow rates are decreased several days and months
after HSCT, but appear to improve again over time [20]. As a
result, it might be expected that xerostomia in HSCT recipi-
ents is transient in nature. This is in contrast to the preva-
lence of xerostomia after radiation therapy in head and neck
cancer that shows an unchanged pattern between 1 month
and more than 2 years after treatment [1].

Xerostomia has a multifactorial etiology and, in this spe-
cific population, might be the result of the acute toxicity of
the conditioning regimen. Total body irradiation (TBI) as
part of the conditioning regimen might have an additional
effect compared to chemotherapy alone; it was suggested
that TBI caused complaints during or immediately after its
administration [21, 22] and that it was related to lack of
recovery in the long term [23, 24]. Furthermore, the use of
(xerogenic) medication [25], perceived stress [26, 27], or the
development of chronic graft versus host disease (cGvHD)
in allogeneic HSCT recipients, might also be related to long-
term xerostomia [28].

The prevalence and severity of xerostomia after HSCT
have not been systematically reviewed since 2010. Fur-
thermore, it remains unclear whether patients that receive
higher intensity conditioning regimens are at higher risk of
developing xerostomia or whether complaints differ after
autologous and allogeneic transplants. Therefore, the aim
of the present systematic review is to assess the prevalence
and severity of and distress caused by xerostomia over time,
in adult HSCT recipients, and to determine whether type
of transplantation and conditioning regimen influence the
severity of xerostomia.

@ Springer

Materials and methods

This systematic review was registered in PROSPERO
(CRD42020168364) and followed the guidelines provided in
the Transparent Reporting of Systematic Reviews and Meta-
analysis (PRISMA) statement [29].

Search strategy

The following databases were searched from January 2000
up to June 2021: the Cochrane Central Register of Controlled
Trials (CENTRAL), MEDLINE via PubMed, and EMBASE
via OVID. The search was updated in May 2022. A detailed
and broad search strategy was designed with the help of a
medical librarian. Because a preliminary search revealed that
relevant papers were missed if xerostomia and oral or mouth
dryness were used as only outcome terms, a combination of
other terms (like: quality of life, side effects, and symptoms)
was added to the search strategy (Table S1). In composite
scales that assessed multiple systems, the relevant question
on xerostomia was used. The reference lists of included studies
were examined to identify additional studies. Duplicate refer-
ences were identified and removed with the help of EndNote
X9 software.

Cohort studies, controlled trials, and cross-sectional studies
were considered for inclusion if they reported on xerostomia,
defined as patient-reported subjective oral dryness, in a popu-
lation of adult HSCT recipients. Studies were only included if
at least 80% of the subjects reached adulthood during HSCT
and all subjects were > 18 years at the examination. The time
since HSCT should be clearly specified, comprising the fol-
lowing: studies reporting on xerostomia in the first year post-
HSCT were only included if the outcome was reported within
arange of 1 month. An exception was made when xerostomia
was reported at a specific phase of treatment (e.g., discharge
from the hospital). No specific time range was required for
studies reporting xerostomia> 1 year post-treatment. Preva-
lence, mean severity, and mean distress scores were the out-
comes of interest. Studies were excluded if patients were
selected based on complications that developed after HSCT,
like cGVHD or poor general health. Furthermore, studies were
excluded if authors only reported on objective oral dryness,
oral dryness based on clinical characteristics as diagnosed by
a doctor or dentist, or combined with taste alterations or food
intake (e.g. toxicity criteria of the Radiation Therapy Oncol-
ogy Group [30] or the Common Terminology Criteria for
Adverse Events [31]).

Screening and selection

Two review authors (MB and LvG) independently screened
titles and abstracts for eligibility. Full-text copies of
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potentially relevant publications were obtained, even in case
of disagreement or doubt. The full-text copies were screened
for the words “xerostomia” and “dry.” If papers reported on a
potentially eligible outcome, full-texts were read to establish
whether they met the inclusion criteria.

Data extraction and quality assessment

Data on study design, country, participants (age, diagno-
sis), treatment (type of HSCT, intensity of the conditioning
regimen, and TBI), time since HSCT, measurement instru-
ment (questionnaire and recall period), and outcome data
(prevalence, severity, or distress scores) were extracted from
the papers. If one of these variables was missing, the corre-
sponding author was contacted in an attempt to obtain addi-
tional data. When outcomes were only graphically shown,
data was extracted with a ruler from enlarged graphs, but
only when authors were not reached or underlying data was
no longer available. If applicable, authors were asked to
divide populations of sufficient participants (score 1 or 2
for estimate precision, Table S2) into relevant subgroups.

Quality of the reported outcomes was assessed by two
review authors (MB and RT) according to a quality grad-
ing strategy published by the oral care study group of the
MASCC/ISOO [32]. The grading strategy, including adapta-
tions made to fit the current research question, can be found
in Table S2. Study characteristics that might have resulted
in different forms of bias were numerically scored, which
resulted is a score between O (highest risk of bias) and 10
(lowest risk of bias). The quality scores were categorized
as follows:

— <3 points: high risk of bias
— 4-6 points: moderate risk of bias
— 27 points: low risk of bias

Only outcomes with a low or moderate risk of bias were
included in the meta-analysis.

Statistical analysis

Results over time are graphically shown for three outcomes
separately: prevalence, mean severity, and mean distress.
Prevalence was defined as the percentage of patients that
experienced xerostomia of all extents, based on questions
using a yes/no format or ordinal questionnaires calculat-
ing the proportion of patients that report at least “a little,”
“mild,” or “slight” xerostomia. Severity, in some papers also
called intensity, referred to the extent to which xerostomia
was experienced by patients, measured on ordinal or con-
tinuous scales. Distress referred to the degree to which the
patient was bothered by the symptom, also measured on an
ordinal or continuous scale. In order to be able to combine

results from different studies, severity and distress scores
were recalculated to a scale from 0 to 100 using the follow-
ing formula:

Rescaled severity /distress scores

reported mean score—lowest response option % 100
range between highest and lowest response option

In the “Results” section, only rescaled results are
reported. The following time periods were chosen to report
on xerostomia:

— Baseline: before the conditioning regimen and stem cell
infusion

— Week 1: first week after HSCT, some papers refer to
“neutropenia” or “nadir”

— Week 2-4: continuation of hospitalization phase, includ-
ing discharge in some studies

— 1-2 months post-HSCT: usually the first measurement
after discharge

— 2-5 months post-HSCT

— 5-8 months post-HSCT

— 1-2 years post-HSCT: long-term

— >2 years post-HSCT: long-term

Data synthesis

Meta-analyses of rescaled severity scores were performed
to facilitate the interpretation of data summarized in graphs.
Forest plots were developed with Review Manager software
(version 5.3) and summarized as mean differences (MD)
and their 95% confidence intervals (95% CI). A fixed-effects
model was only used if statistical heterogeneity was judged
to be limited; otherwise, a random-effects model was cho-
sen. Meta-analyses were conducted to answer two different
research questions:

— To determine changes from baseline, within-study
changes were calculated over different time intervals.
These within-study changes were aggregated with the
help of Review Manager, to summarize the overall
change from baseline. Given the demanded experiment
vs. control structure, an imaginary control group was
entered to Review Manager, with a mean of 0, SD of
0.00001, and N of 1,000,000. If SDs from change scores
were not reported, the SD was imputed as suggested
in the Cochrane Handbook for systematic Reviews of
Interventions, chapter 6 [ 33]. In summary, the SD of the
change score was imputed based on the known SD from
baseline and the follow-up measurement and a correla-
tion coefficient calculated from another study reporting
the SD of change scores (if more studies were available,
the study with the highest quality was chosen to calcu-
late the correlation coefficient). MDs were calculated
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between baseline and week 1, 2-5 months, and 1-2 years
post-HSCT respectively. These time intervals were cho-
sen taking into account the number and the quality of the
available studies and the spread over time.

— To determine differences between subgroups, MDs within
studies were calculated per time period. These MDs
between subgroups within studies were aggregated. MDs
were only calculated if at least 3 studies, comparing two
subgroups of interest, could be included per time period.

Risk indicators and subgroups

To determine the influence of type of transplantation and
conditioning regimen, the following risk indicators were
defined:

— Type of transplantation: autologous or allogeneic trans-
plantations

— Intensity of the conditioning regimen: myeloablative
(MAC) or non-myeloablative or reduced intensity (RIC)

— For allogeneic transplantations: the development of
cGvHD

— Type of the conditioning regimen: chemotherapy or
chemotherapy in combination with TBI

For the following subgroups, enough data was available
to report data separately: autologous recipients, allogeneic
recipients receiving MAC, and those receiving RIC. A nar-
rative approach was used to summarize data on the influence
of TBI and cGvHD, because only limited data was available
on these risk indicators.

Results

Electronic searches and citation searching retrieved 3923
references. After removing duplicates, conference abstracts,
study protocols, and non-English papers, 1792 unique pub-
lications remained. Screening of titles and abstracts resulted
in discarding of 1429 records. Full-text copies of the
remaining 363 publications were obtained, and of these, 295
publications were excluded because no outcome of interest
was reported. Full-text reading of the remaining 68 publi-
cations resulted in the exclusion of another 42 publications
that did not meet the inclusion criteria (Table S3). Study
characteristics of the 22 included studies (26 references)
are listed in Table 1. The flow diagram of this process is
presented in Fig. 1 [29].

Authors of 18 studies were contacted in an attempt to
obtain additional information. We were unable to reach
four authors [23, 43, 52, 55]; four authors replied that

@ Springer

data was no longer available [37, 47, 48, 50]. Four authors
provided additional information [19, 36, 38, 41], three
authors provided additional data [40, 45, 49], and three
authors provided individual patient data [39, 44, 54].

Two randomized clinical trials [48, 50], 13 longitudi-
nal cohort studies, and seven cross-sectional studies were
included. The majority of the studies was conducted in
Europe, while six studies were conducted in the USA, one
in Asia, and one in Brazil. The age of the included patients
varied considerably between and within the included
studies. Several studies reported a mean or median age
of below 40 at HSCT [6, 41, 53], while others included
patients with a median or mean age of above 60 [43, 49].
Patients were diagnosed with a variety of, mostly hema-
tological, diseases, while some studies included patients
with solid tumors as well.

Quality of reported outcomes

Quality scores of outcomes as reported in the included
papers are listed in Table S4. Quality scores ranged
between 1 [19] and 7 [23], with a median score of 4. If
applicable, subgroups were scored separately because
smaller numbers of patients could lead to a lower esti-
mated precision. One study reported outcomes with a low
risk of bias [23], the majority was classified to have a
moderate risk of bias, and seven were classified to have a
high risk of bias [6, 19, 38, 41, 48, 52, 55].

Prevalence of xerostomia

Prevalence of xerostomia over time after HSCT is shown
in Fig. 2. Prevalence was based on questions using a yes/
no format or ordinal questionnaires. The majority of the
studies included both autologous and allogeneic HSCT
recipients. Notwithstanding the heterogeneity between the
studies, a clear trend over time is visible. Shortly after
treatment, the prevalence of xerostomia increases, affect-
ing the majority of patients during hospitalization. The
prevalence starts to decline again after discharge, reach-
ing levels largely comparable to baseline 1-2 years post-
HSCT. Two studies could not be included in this figure,
because results were reported as “> 1 year post-HSCT,”
which overlaps two of the chosen time periods: reported
prevalences were 47% [53] and 49% [37]. The prevalence
of xerostomia in HSCT recipients was high compared to
the mean prevalence in the general population, as derived
from a meta-analysis, including results of 26 epidemio-
logical studies of adult, mostly older, populations [56].
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Identification of studies via databases and registers

Fig.1 PRISMA flow diagram [29]

Severity of xerostomia

The severity of xerostomia over time after HSCT is shown
in Fig. 3. The scores were derived from different question-
naires and recalculated to a scale from 0 to 100. The phras-
ing of the questions and the response options can be found
in Table S5a.

Complaints increased shortly after the conditioning regi-
men: the increase in rescaled severity of xerostomia in the
first week post-HSCT was on average 28 points (95% CI:
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20-37), based on outcomes with a moderate risk of bias as
reported in five studies (Figure S1a). Two to 5 months post-
HSCT, severity of xerostomia was still raised with 13 points
compared to baseline (95% CI: 7-18) based on outcomes
with a moderate to low risk of bias as reported in four stud-
ies (Figure S1b). One to 2 years post-HSCT, the severity of
xerostomia decreased further, reaching a level close to base-
line MD: 6, 95%CI: 2—-10, moderate to low risk of bias, two
studies, Figure S1c). No evidence was available to support a
further decrease on the very long term.
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Fig.2 Prevalence of xerostomia over time. Prevalence of xerostomia
as reported in 14 studies represented by different colors, including
both autologous and allogeneic HSCT recipients. The size of the cir-
cles refers to the quality of the reported outcome (the larger the circle,
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Fig.3 Severity of xerostomia over time. Rescaled severity of xerosto-
mia (0-100) as reported in 13 studies represented by different colors,
including both autologous and allogeneic HSCT recipients. The size

Distress caused by xerostomia

Only seven studies reported distress caused by xerostomia
after HSCT. Results are shown in Fig. 4. The scores were
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of the circles refers to the quality of the reported outcome (the larger
the circle, the lower the risk of bias). Proportion of allogeneic HSCT
recipients per time period is listed below the graph

derived from different questionnaires and recalculated to a
scale from 0 to 100. The phrasing of the questions and the

response options can be found in Table S5b. The distress

caused by xerostomia increased shortly after treatment and
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Fig.4 Distress caused by xerostomia over time. Rescaled distress
(0-100) caused by xerostomia as reported in 6 studies represented
by different colors, including both autologous and allogeneic HSCT
recipients. The size of the circles refers to the quality of the reported

decreases in the long term. Results of Warchala et al. (2019)
[52] could not be included in this figure because it was
unclear if discharge took place within 2—4 weeks post-HSCT
[52]: the rescaled mean distress score was 23 at discharge.

Risk indicators for the development of xerostomia

Risk indicators were defined to determine the influence of
type of transplantation and conditioning regimen on the
development of xerostomia. Severity data of autologous
recipients, allogeneic recipients receiving MAC, and those
receiving RIC could be reported separately. Such a distinc-
tion could not be made for prevalence and distress data. Lim-
ited data on the other risk indicators, type of conditioning
regimen and development of cGvHD, was described. Even
though risk indicators are discussed separately below, these
factors are not independent.

Type of HSCT and intensity of the conditioning
regimen

Three studies reported results for autologous and allogeneic
recipients separately [23, 53, 54], and two studies divided
allogeneic MAC and allogeneic RIC recipients [5, 55]. This
distinction could be made for two other studies because
individual patient data was provided [39, 44]. The severity

@ Springer

outcome (the larger the circle, the lower the risk of bias). Proportion
of allogeneic HSCT recipients per time period is listed below the
graph

of xerostomia in autologous HSCT recipients is shown in
Fig. 5a and in allogeneic recipients in Fig. 5b.

In autologous HSCT recipients, the severity of xerostomia
increased shortly after treatment; the decline started after
discharge and resulted 1 year post-HSCT in levels similar to
baseline. The severity of xerostomia in autologous recipients
and allogeneic MAC recipients was comparable during the
first week [54] and the first month post-HSCT [23, 54]. One
year post-HSCT, allogeneic MAC recipients perceived more
severe xerostomia than autologous HSCT recipients [23].
Furthermore, the prevalence of xerostomia> 1 year post-
HSCT was 54% in allogeneic MAC recipients, while it was
39% in autologous recipients [53]. Following RIC, only a
limited or even no increase in xerostomia was shown in the
post-discharge period.

Looking at the allogeneic subgroups, it is shown that
the heterogeneity between the studies at baseline was sub-
stantial. All meta-analysis performed to compare MAC and
RIC included three studies reporting outcomes with a mod-
erate risk of bias. There was no difference in the severity
scores at baseline, comparing patients planned to receive
MAC or RIC (MD: 0, 95% CI: — 13-12, Figure S2a). If
the two groups were compared 2-5 months post-HSCT,
MAC caused more severe xerostomia than RIC: the sever-
ity in MAC recipients was 18 points higher (95% CI: 9-27)
compared to RIC recipients (Figure S2b). One to 2 years
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Rescaled severity of xerostomia (0-100) in autologous HSCT recipi-
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of the circles refers to the quality of the reported outcome (the larger
the circle, the lower the risk of bias). b Severity of xerostomia in allo-
geneic HSCT recipients. Rescaled severity of xerostomia (0—100) in
allogeneic HSCT recipients as reported in 6 studies, represented by
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different colors. Patients receiving a myeloablative conditioning regi-
men (MAC) are represented by solid lines and circles; patients receiv-
ing a reduced intensity conditioning regimen (RIC) are represented
by dashed lines and empty circles. The size of the circles refers to the
quality of the underlying subgroup (the larger the circle, the lower the
risk of bias)
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post-HSCT, the difference was not significant anymore (MD:
9, 95%CI: — 8-26, Figure S2c).

Development of cGvHD

In cross-sectional studies with a long-term follow-up
(> 1 year), the incidence of cGvHD in allogeneic HSCT
recipients was 45% [37, 44], 48% [41], 54% [38], 59%
[19], and 72% [6]. In longitudinal studies, the incidence of
cGvHD was 39% [5] in the first year after treatment, and
27% 1 year post-HSCT [39]. None of the included studies
determined the relation between cGvHD and xerostomia.
Based on the rescaled individual patient data from Kirsch
et al. (2014), patients with cGVHD had a higher prevalence
of xerostomia (47%, mean severity: 25) in comparison to
those without cGVHD (31%, mean severity: 14) [44].

Type of conditioning regimen: chemotherapy
with or without TBI

Looking at patients included in the subgroups (Fig. 5a, b),
1% of the autologous, 25% of the allogeneic RIC recipi-
ents, and 56% of the allogeneic MAC recipients received
TBI (proportion of TBI recipients was unclear in one study
[55]). Iestra et al. (2002) reported that TBI recipients expe-
rienced median 4 (range: 0—4) episodes of xerostomia in
the first year post-HSCT, while patients treated without TBI
experienced median O (range: 0-2) episodes [42]. Individual
patient data from Eriksson et al. (2022) showed that TBI
recipients perceived non-significantly more xerostomia dur-
ing the first year after treatment, in comparison to those that
did not receive TBI [39]. From Kirsch et al. (2014) individ-
ual patient data, it could be calculated that the prevalence of
xerostomia between patients that received TBI (38%, mean
severity 19) and those that did not receive TBI (37%, mean
severity 17) did not differ > 1 year post-HSCT [44].

Discussion

From this systematic review, it becomes clear that the preva-
lence of xerostomia in HSCT recipients is high in compari-
son to the general population [56]. This difference already
exists at baseline, increases after HSCT, and remains after
recovery in the long term. Based on reported outcomes with
a moderate risk of bias, the severity of xerostomia increases
shortly after HSCT with 28 points on a 0-100 scale (95%
CI: 20-37) and declines after discharge from the hospital.
We conclude that the severity of xerostomia is still raised
2-5 months post-HSCT and reaches scores largely com-
parable to baseline levels after 1 year. Distress caused by
xerostomia follows the same trend over time.

@ Springer

The development of xerostomia is related to the decline in
salivary flow rate after HSCT [20]. Comparing xerostomia
with reduction in salivary flow rate, a comparable trend over
time is seen. Stimulated flow rate decreases shortly after
HSCT [24, 40], is still lowered 6 months post-HSCT [57,
58], and returns to baseline levels after 1 year [57, 58]. The
reduction in salivary flow rate is predominately attributed
to the conditioning regimen toxicity and the high number of
medications that the patients use preceding and following
the transplantation [9].

The reported prevalence of xerostomia is much higher
than the prevalence of hyposalivation [9, 12, 19]; thus,
xerostomia could only partially be explained by a reduc-
tion in flow rate. Change in composition [20] and viscosity
[59] of saliva, or neuropathic mechanisms [18], might be
related to xerostomia as well. Furthermore, we hypothesize
that xerostomia might be associated with changes in mucosa
due to mucositis or cGVHD. Another risk indicator for the
development of xerostomia might be the psychological dis-
tress that the patients experience in relation to the disease
and the treatment [26, 60].

The intensity of the conditioning regimen is the most
objectifiable risk indicator for the development of xerosto-
mia. Severity of xerostomia shows a marked increase in the
two subgroups receiving a high intensity conditioning regi-
men, but not in the subgroup receiving RIC. Higher inten-
sity conditioning is also related to a higher incidence of oral
mucositis [61], a higher patient-reported symptom severity
[62], and a tendency towards increasing prevalence of hypo-
salivation [57]. We conclude with a moderate risk of bias that
severity of xerostomia is higher in allogeneic MAC recipients
compared to RIC recipients 2—5 months post-HSCT (rescaled
MD: 18; 95% CI: 9-27). This difference did not exist at base-
line, and is not significant anymore after 1-2 years.

After conducting this systematic review, it remains
unclear whether TBI has an additional effect on the develop-
ment of xerostomia compared to chemotherapy alone. Even
though patients who received TBI as part of the condition-
ing regimen had a higher risk of mouth dryness [63], other
publications found no [8] or no significant additional effect
of TBI [2]. The dose of TBI administered as part of the con-
ditioning regimen might not reach the threshold above which
salivary gland function will be diminished [64].

In the autologous subgroup, the severity of xerostomia
starts to decline after discharge, reaching baseline levels after
3 or 12 months. The peak in complaints in allogeneic HSCT
recipients seems to be delayed or prolonged, and baseline
levels might not be reached after 1 year. The relatively high
post-discharge severity of xerostomia in allogeneic HSCT
recipients might be related to the development of cGvHD.
c¢GVvHD is associated with histopathological changes in sali-
vary glands, a reduction in flow rate, and a change in the
composition of saliva [65]. None of the included studies
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determined the relation between cGvHD and xerostomia,
but a higher prevalence of xerostomia could be calculated in
patients that developed cGvHD in comparison to those with-
out cGVHD [44]. This finding is in agreement with the results
of several studies that did not meet the inclusion criteria of
this review [28, 66—68]. Even though a higher prevalence of
xerostomia is reported > 1 year post-treatment in allogeneic
compared to autologous HSCT recipients [53], older studies
could not confirm this difference in the long term [69, 70].

The decrease in mouth dryness over time may be affected
by loss to follow-up of the patients with the most complaints.
Loss to follow-up in the populations is extensive and una-
voidable, given that the mortality rate in the first year after
treatment is 10% [23], 24% [39], and 25% [42]. Relapse (23%
[39] and 32% [23] during the first year post-HSCT), worsen-
ing of physical condition, and psychological distress are other
reasons for loss to follow-up. The prevalence of xerostomia
is lower in study completers in comparison to those that will
be lost to follow up in the first year after HSCT [42]. This
difference was clear at any measurement timepoint.

The results of the current review should be interpreted
with caution, because the variation between the studies is
extensive, and HSCT recipients comprise heterogenous
populations. The included studies are conducted in different
geographic regions and included adult populations of dif-
ferent ages, which might have influenced perceived mouth
dryness [56]. Furthermore, several questionnaires using dif-
ferent phrasing, different response options, and different time
frames will have provided heterogeneity in the results. For
example, studies using a 5- [49, 54] or 10-point scale [43]
tend to report lower mean xerostomia scores at baseline than
those using a 4-point scale [23, 34, 39, 40, 47, 55]. Besides,
chosen thresholds to calculate the prevalence of xerostomia
influence the results: Jones et al. [43] reported the prevalence
of moderate/severe xerostomia, explaining the low prevalence
in this study. Because of the large heterogeneity between the
studies, conclusions about the development of xerostomia
over time are only based on within study differences.

Despite the relatively strict inclusion criteria used in the
current review, the number of included studies is high in com-
parison to the previous systematic review conducted in 2010
[1]. This high number of included studies can be attributed to
the extensive and detailed search strategy. Since xerostomia
is reported in most papers as secondary outcome, or as part
of a questionnaire assessing symptoms or quality of life, the
terms “xerostomia” or “mouth dryness” were not reported
in titles and rarely in abstracts. None of the included studies
used a questionnaire specifically developed to measure the
severity of xerostomia [71]. A disadvantage of this approach
is that the outcome xerostomia itself is not validated, although
it is frequently extracted from validated questionnaires. Even
though mean severity or distress scores are not the optimal
way of reporting xerostomia, since the underlying data will

not be normally distributed, we judged that mean scores are
the best outcome to visualize changes over time.

Risk of bias was assessed with the quality grading strategy
published by Brennen et al. in 2010 [32], aiming to rate the
risk of bias of oral complications from cancer therapies. This
strategy was chosen because it matched our research question
very well. Another advantage of this approach is that the risk
of bias of the xerostomia outcomes was rated instead of the
overall study quality, which is more appropriate because the
majority of the studies was not designed to report specifically
on oral complications. Use of questionnaires that were not vali-
dated to measure xerostomia and inclusion of relatively small
single-center populations resulted in reduced quality scores
for the xerostomia outcome (median 4, range 1-7). The meta-
analysis, conducted to support conclusions drawn from the
graphs, includes only studies that reported xerostomia with a
moderate to low risk of bias to increase their robustness [72].

Patient-reported subjective mouth dryness or xerostomia
is a serious complaint after HSCT affecting the majority of
the patients. Patient-reported outcome measures are asso-
ciated with quality of life measures [73] and reflect daily
health status better than clinician reported outcomes [74].
Xerostomia is even rated as one of the most bothersome
symptoms by patients [5, 6]. Complaints in autologous
HSCT recipients seems to be transient in nature, while sever-
ity of xerostomia in allogeneic MAC recipients might remain
elevated. The intensity of the conditioning plays a key role
in the short-term development of xerostomia, while factors
affecting the long-term recovery remain largely unknown.
Further longitudinal studies are warranted, focusing on the
effect of TBI, medications, and development of cGVHD as
potential risk indicators for xerostomia.
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