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Prevention of everolimus-related stomatitis in women with 
hormone receptor-positive, HER2-negative metastatic 
breast cancer using dexamethasone mouthwash (SWISH): 
a single-arm, phase 2 trial 
Hope S Rugo, Lasika Seneviratne, J Thaddeus Beck, John A Glaspy, Julio A Peguero, Timothy J Pluard, Navneet Dhillon, Leon Christopher Hwang, 
Chaitali Nangia, Ingrid A Mayer, Timothy F Meiller, Mark S Chambers, Robert W Sweetman, J Randy Sabo, Jennifer K Litton

Summary
Background Stomatitis is a class effect associated with the inhibition of mTOR and is associated with everolimus 
therapy for breast cancer. Topical steroids might reduce stomatitis incidence and severity, and the need for dose 
reductions and interruptions of everolimus. Anecdotal use of topical steroid oral prophylaxis has been reported 
in patients with breast cancer. We aimed to assess dexamethasone-based mouthwash for prevention of stomatitis in 
patients with breast cancer.

Methods This US-based, multicentre, single-arm, phase 2 prevention study enrolled women aged 18 years and older 
with postmenopausal status who had histologically or cytologically confirmed metastatic hormone receptor-positive, 
HER2-negative breast cancer. Beginning on day 1 of cycle 1, patients received everolimus 10 mg plus exemestane 25 mg 
daily, with 10 mL of alcohol-free dexamethasone 0·5 mg per 5 mL oral solution (swish for 2 min and spit, four times 
daily for 8 weeks). After 8 weeks, dexamethasone mouthwash could be continued for up to eight additional weeks at the 
discretion of the clinician and patient. The primary endpoint was incidence of grade 2 or worse stomatitis by 8 weeks 
assessed in the full analysis set (patients who received at least one dose of everolimus and exemestane and at least one 
confirmed dose of dexamethasone mouthwash) versus historical controls from the BOLERO-2 trial (everolimus and 
exemestane treatment in patients with hormone receptor-positive advanced breast cancer who were not given 
dexamethasone mouthwash for prevention of stomatitis). This trial is registered at ClinicalTrials.gov, number 
NCT02069093.

Findings Between May 28, 2014, and Oct 8, 2015, we enrolled 92 women; 85 were evaluable for efficacy. By 8 weeks, the 
incidence of grade 2 or worse stomatitis was two (2%) of 85 patients (95% CI 0·29–8·24), versus 159 (33%) of 
482 patients (95% CI 28·8–37·4) for the duration of the BOLERO-2 study. Overall, 83 (90%) of 92 patients had at least 
one adverse event. The most frequently reported grade 3 and 4 adverse events in the safety set were hyperglycaemia 
(seven [8%] of 92 patients), rash (four [4%]), and dyspnoea (three [3%]). Serious adverse events were reported in 
20 (22%) patients; six (7%) were deemed treatment related, with dyspnoea (three [3%]) and pneumonia (two [2%]) 
reported most frequently. 12 (13%) of 92 patients had adverse events suspected to be related to treatment that led to 
discontinuation of everolimus and exemestane (the most common were rash, hyperglycaemia, and stomatitis, which 
each affected two [2%] patients).

Interpretation Prophylactic use of dexamethasone oral solution substantially reduced the incidence and severity of 
stomatitis in patients receiving everolimus and exemestane and could be a new standard of oral care for patients 
receiving everolimus and exemestane therapy.

Funding Novartis Pharmaceuticals Corporation.

Introduction
The  phosphoinositide 3-kinase (PI3K)–serine/
threonine-protein kinases (AKT)–mTOR pathway is 
the most frequently altered signal transduction 
pathway in breast cancer, making it an attractive 
therapeutic target.1 Combination therapy with the oral 
mTOR inhibitor everolimus and the aromatase 
inhibitor exemestane is approved for the treatment of 
advanced breast cancer in patients with hormone 
receptor-positive disease who have progressed on 
nonsteroidal aromatase inhibitors.2

The most common adverse event associated with 
everolimus is stomatitis, which is characterised by 
inflammation of the mucous membranes lining the 
mouth. Stomatitis is a class effect associated with mTOR 
inhibition that can adversely affect tolerability and 
treatment adherence.3,4 The onset and pattern of mTOR 
inhibitor-associated stomatitis have been well 
characterised.4,5–7 It presents as aphthous-like oral lesions, 
characterised by discrete shallow ulcerations.8,9

Management of mTOR inhibitor-associated stomatitis 
by dose delays, reductions, or discontinuation of the 
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mTOR inhibitor might compromise duration and 
intensity of therapy and might affect decisions to initiate 
treatment with mTOR inhibitors.3 Aphthous ulcers have 
been treated successfully by steroid-containing oral paste 
or rinse; anecdotal reports suggested that topical steroids 
could improve healing of everolimus-associated aphthous 
ulcers.3,8,10 Until now, clinical evidence has been scarce to 
guide mTOR inhibitor-associated stomatitis prophylactic 
strategies.

In a meta-analysis of phase 3 trials, 89% of all-grade 
stomatitis was prominent within 8 weeks of starting 
everolimus.5 In the phase 3 BOLERO-2 trial of everolimus 
and exemestane therapy for patients with hormone 
receptor-positive, HER2-negative metastatic breast cancer, 
at a median follow-up of 13 months2 (IQR 9·1–16·2; Rugo 
HS, unpublished data), all-grade stomatitis occurred in 
321 (67%) of 482 patients, including grade 2 or worse in 
159 (33%) and grade 3 severity in 39 (8%; appendix p 9).11

We did this phase 2 SWISH trial (dexamethasone 
mouthwash for everolimus-related stomatitis prevention 
in hormone receptor-positive metastatic breast cancer) to 
evaluate 0·5 mg/5 mL dexamethasone mouthwash for 
the prevention of stomatitis in postmenopausal women 
receiving everolimus and exemestane for hormone 
receptor-positive metastatic breast cancer. We used data 
from the BOLERO-2 trial as a historical control cohort for 
comparisons.

Methods
Study design and participants
SWISH was a US-based, phase 2, single-arm trial that 
assessed alcohol-free dexamethasone mouthwash for 

the prevention of stomatitis in patients treated with 
everolimus and exemestane for hormone receptor-positive, 
HER2-negative metastatic breast cancer. Eligible patients 
were enrolled at 23 investigational sites from academic 
and community settings in the USA (appendix p 6) on the 
basis of the following key inclusion criteria: women aged 
18 years or older who were postmenopausal and had 
metastatic histologically or cytologically confirmed 
hormone receptor-positive, HER2-negative breast cancer, 
newly prescribed everolimus 10 mg and exemestane 
25 mg, Eastern Cooperative Oncology Group (ECOG) 
performance status of 0–2; adequate renal function (serum 
creatinine ≤1·5 × upper limit of normal), and a willingness 
to self-report oral pain using a visual analogue scale and 
dietary intake using the Normalcy of Diet Scale in a diary. 
Patients with active stomatitis, oral mucositis, or mouth 
ulcers; those receiving other anticancer therapies (except 
bisphosphonates or denosumab); those with severe or 
uncontrolled medical conditions including diabetes 
mellitus; and those requiring corticosteroids or other 
immunosuppressive drugs, were excluded (appendix p 8). 
There were no restrictions regarding previous treatments 
and thus no washout period.

The study protocol and informed consent were 
reviewed and approved by the institutional review board, 
independent ethics committee, or research ethics board 
before study initiation. All eligible patients included in 
the study provided written informed consent.

Procedures
On day 1 of cycle 1, patients initiated treatment with 
everolimus 10 mg plus exemestane 25 mg orally 

Research in context

Evidence before this study
We searched PubMed for original research articles in English 
published between Jan 8, 2006, and Oct 14, 2016, with the terms 
“breast cancer”, “mTOR inhibitor”, “stomatitis”, and “steroid 
mouthwash”.  We did not identify any phase 2 or 3 trials that 
investigated the prophylactic use of steroid mouthwash for 
stomatitis in women who are postmenopausal and treated with 
everolimus and exemestane for hormone receptor-positive, 
HER2-negative metastatic breast cancer.

Added value of this study
To our knowledge, this is the first and largest stomatitis 
prevention study completed that combines therapeutic 
management with proactive patient engagement to reduce the 
incidence and severity of stomatitis in patients who are 
postmenopausal and receiving everolimus and exemestane as 
treatment for hormone receptor-positive, HER2-negative 
metastatic breast cancer. Our results show that a commercially 
available, inexpensive, and well tolerated dexamethasone 
mouthwash resulted in a more than ten-times reduction in the 
incidence of grade 2 or higher stomatitis by 8 weeks compared 

with BOLERO-2 historical controls. Patient-reported outcomes 
monitoring diet and oral pain further substantiated the efficacy 
of the dexamethasone mouthwash. The favourable dose 
intensity for everolimus and exemestane that was recorded in 
this trial might be a consequence of the reduced incidence of 
stomatitis, as well as the fact that dexamethasone mouthwash 
treatment was well tolerated with minimal toxicity.

Implications of all the available evidence
Steroid mouthwash as prophylaxis for everolimus-related 
stomatitis should be considered as a new standard of oral care 
for patients who are postmenopausal and receiving everolimus 
and exemestane for treatment of hormone receptor-positive, 
HER2-negative metastatic or advanced breast cancer. Several 
ongoing clinical trials are assessing specific preventive and 
therapeutic rinses for oral mucositis or stomatitis and might 
further support a use of steroid-based prophylaxis for 
everolimus-related stomatitis. This preventative approach 
might eventually be considered as an important treatment 
option in many diseases for which everolimus is in active use.

See Online for appendix
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administered once daily and 10 mL of alcohol-free 
dexamethasone 0·5 mg per 5 mL oral solution (which is 
commercially available in the USA) to swish for 2 min 
(a timer was provided) and spit four times daily for 
8 weeks. Patients were instructed not to take anything 
by mouth for 1 h after dosing of dexamethasone oral 
solution for a total of 4 h per day. The duration of one 
cycle was 28 days (4 weeks). After 8 weeks, 
dexamethasone mouthwash could be continued for up 
to 8 additional weeks at the discretion of the clinician 
and patient (appendix p 2). A 28 day safety follow-up 
started when patients had discontinued mouthwash 
treatment. Patients with grade 1 stomatitis any time 
during the study were advised to swish 10 mL of a 0·9% 
saltwater solution and spit, followed by the same 
regimen of dexamethasone mouthwash 10–15 min later. 
Patients were allowed to take oral nystatin suspension 
or other topical antifungal agents after the 
dexamethasone mouthwash according to clinician 
preference based on the protocols of individual 
institutions and practices.

Dose modification or interruption of everolimus was 
allowed for management of adverse events. Everolimus 
use was paused in the case of grade 2 or 3 stomatitis 
until recovery to a maximum severity of grade 1 
stomatitis. Dexamethasone was held in the case of 
grade 3 stomatitis at the investigator’s discretion. 
Patients were discontinued from the study or from 
everolimus and exemestane for the following reasons: 
interruption of everolimus for more than 4 consecutive 
weeks; diagnosis of grade 4 stomatitis; disease 
progression requiring a treatment change; intolerance 
to mouthwash regimen; or withdrawal of consent. 
Dexamethasone mouthwash was discontinued only if a 
patient withdrew from the protocol or study.

Safety assessments were done according to Common 
Terminology Criteria for Adverse Events, version 4.0 
(CTCAE 4.0). Adverse events were monitored throughout 
the study duration, then for 28 days after the last 
treatment dose (the last dose of everolimus and 
exemestane or dexamethasone) or study discontinuation. 
Laboratory assessments of complete blood count, 
chemistry profile, and liver function testing for adverse 
event monitoring were done at screening or baseline; at 
cycle 1, day 28; and at cycle 2, day 28.

An educational video about stomatitis was provided to 
each patient with instructions about brushing their teeth 
at least twice daily with a soft-bristled toothbrush, daily 
flossing, and maintenance of good oral hygiene. Patients 
completed daily logs to document mouthwash usage 
and patient-reported outcomes including oral hygiene, 
Normalcy of Diet Scale scores, and visual analogue scale 
scores. The Normalcy of Diet Scale assesses the patient’s 
ability to eat a normal diet by ranking food categories 
from easy-to-eat to difficult-to-eat (0=non-oral feeding; 
100=normal diet with no restrictions). Ratings are based 
on the highest-ranking food that the patient could eat.12,13 

The visual analogue scale is a method to self-report oral 
pain (0=no pain; 10=severe pain).14,15

Pharmacokinetic assessment of everolimus was done 
in evaluable patients who had a predose blood sample 
for analysis (obtained at cycle 1, day 28), took everolimus 
and exemestane dose 20–28 h before the blood sample, 
had no dose interruptions within 4 days of their predose 
blood sample being taken, and did not vomit within 4 h 
of their last dose of everolimus and exemestane.

Outcomes
The primary endpoint was the incidence of grade 2 or 
worse stomatitis by 8 weeks, compared with historical 
controls from the BOLERO-2 trial.7 To better assess the 
clinical effect of mTOR inhibitor-associated stomatitis on 
patients, we evaluated the primary endpoint using a 
composite assessment. Stomatitis was graded by the 
investigator with a composite score of CTCAE 4.0, visual 
analogue scale, and Normalcy of Diet Scale. Grade 2 or 
worse stomatitis required confirmation by the 
investigator or treating physician by physical examination 
or interview (assessed according to CTCAE 4.0) and at 
least one of the following criteria: Normalcy of Diet scale 
score of 50 or lower, or a visual analogue scale score of 7 
on two consecutive days or a score of 8, 9, or 10 on any 
one day.

Secondary endpoints were assessment through 8 weeks 
of the average number of times per day the 
dexamethasone mouthwash regimen was done; dose 
intensity of everolimus and exemestane throughout the 
8 weeks; incidence of all-grade stomatitis throughout the 
8 weeks; and time to resolution of grade 2 or worse 
stomatitis to grade 1 or below.

Statistical analysis
The full analysis set included patients who received at 
least one dose of everolimus and exemestane and at 
least one confirmed dose of dexamethasone mouthwash 
and was used for the efficacy analyses (stomatitis 
composite assessment by 8 weeks). The safety 
population included patients who received at least one 
dose of everolimus and exemestane and had at least one 
post-baseline safety assessment. The sample size was 
based on the 33% incidence of grade 2 or worse 
stomatitis reported on-study in historical controls of 
BOLERO-2 (appendix p 9),11 which led us to postulate an 
absolute reduction of 13% in the current study. A test of 
incidence rate R was done with our null hypothesis (H0: 
R≥0·33) and alternative hypothesis (Ha: R<0·33) with a 
one-sided significance level of 0·05. For a one-
sided α of 0·05, 80% power, and with a χ² test, 
73 evaluable patients were required. Planned enrolment 
was 97 patients, to account for the fact that an anticipated 
25% patients would be non-evaluable.

Secondary endpoints were summarised descriptively by 
frequency and day of mouthwash regimen and dose 
intensity of everolimus and exemestane. The incidences 
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of all-grade and specific grade of stomatitis were 
summarised by counts, percentages, and 95% CIs at 
8 weeks and for the entire treatment duration. Time to 
resolution of grade 2 or worse stomatitis was based on the 
number of days from diagnosis of grade 2 or worse 
stomatitis to resolution to grade 1 or lower. Patient-reported 
visual analogue scale scores and Normalcy of Diet Scale 
scores were summarised at baseline and by change from 
baseline in the full analysis set. Oral hygiene measures 
were also obtained from the full safety population. All 
patients who were excluded for analysis of the primary 
endpoint because of unconfirmed dexamethasone use 
were included in the sensitivity analysis as having grade 2 
or worse stomatitis. SAS version 9.3 was used for statistical 
analyses of the primary and secondary endpoints.

This trial is registered with ClinicalTrials.gov, number 
NCT02069093.

Role of the funding source
The study was designed by the steering committee, in 
collaboration with the funder, who provided 
dexamethasone mouthwash, participated in regulatory 
and ethics approval, monitored safety and data 
management, and did statistical analyses. All authors 
had full access to study data, were involved in the 
interpretation and analyses of the data, the development 
and approval of the report, and had final responsibility 
for the decision to submit for publication.

Results
Between May 28, 2014, and Oct 8, 2015, 112 patients were 
screened and 92 eligible patients from 23 centres were 
enrolled in the SWISH trial (figure 1; appendix pp 6, 7). 
Of the 92 women enrolled, 86 were evaluable for efficacy; 

all 92 were evaluable for safety (figure 1). Six women 
were unevaluable for efficacy because administration of 
one or more doses of dexamethasone mouthwash was 
not confirmed. In the 86 evaluable patients, the median 
age was 61 years (IQR 56–67), 53 (62%) were white, 
80 (93%) had an ECOG performance status of 0 or 1 and  
33 (38%) received everolimus and exemestane treatment 

Figure 1: Trial profile
*Patients receiving at least one dose of everolimus and exemestane who had at 
least one post-baseline assessment were included in the safety analysis. 
†Patients receiving at least one dose of everolimus and exemestane and at least 
one dose of dexamethasone treatment were included in the efficacy analysis; 
one patient was not evaluable for the stomatitis objectives. 

20 patients did not meet eligibility criteria or
      provide consent

112 patients screened

92 patients enrolled

92 patients included in safety analysis*

86 patients included in the full analysis set†

6 patients with unconfirmed dexamethasone 
    use excluded from efficacy analysis

All patients (n=86)

Age (years) 61 (56–67)

Ethnic origin

White 53 (62%)

Black 14 (16%)

Asian 9 (10%)

Other 10 (12%)

ECOG performance status

0 57 (66%)

1 23 (27%)

2 6 (7%)

Time since most recent recurrence (months) 1 (0·6–3·0)

Number of metastatic sites

1 15 (17%)

2 13 (15%)

3–4 25 (29%)

≥5 33 (38%)

Select metastatic sites*

Lung or pleura 44 (51%)

Liver 31 (36%)

Number of previous metastatic regimens

0 53 (62%)

1 19 (22%)

2 7 (8%)

3 3 (4%)

4 2 (2%)

≥5 2 (2%)

Previous hormone therapy

Fulvestrant 14 (16%)

Tamoxifen 22 (26%)

Anastrozole 42 (49%)

Exemestane 4 (5%)

Letrozole 33 (38%)

Previous kinase inhibitor therapy

Palbociclib 5 (6%)

Pazopanib 1 (1%)

Selected previous antineoplastics†

Cyclophosphamide 50 (58%)

Taxanes 49 (57%)

Anthracyclines 41 (48%)

Capecitabine 13 (15%)

Platinum agents 7 (8%)

Data are median (IQR) or n (%).ECOG=Eastern Cooperative Oncology Group.10,11 

*Some patients had more than one metastatic site. †Some patients received 
more than one previous agent.

Table 1: Baseline characteristics

Downloaded for Anonymous User (n/a) at University of Sherbrooke from ClinicalKey.com by Elsevier on November 23, 
2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



Articles

658	 www.thelancet.com/oncology   Vol 18   May 2017

as a second-line or subsequent-line therapy in the 
advanced or metastatic setting (table 1) versus 385 (79%) 
of 485 for BOLERO-2.7

In the full analysis set of 86 patients treated with 
everolimus and exemestane and dexamethasone 
mouthwash, one patient with grade 1 stomatitis was not 
evaluable because of missing Normalcy of Diet Scale 
assessment. The primary endpoint of grade 2 or worse 
stomatitis by 8 weeks occurred in two (2% [95% CI 
0·29–8·24]) of 85 patients (figure 2) in SWISH compared 
with 159 (33% [95% CI 28·8–37·4]) of 482 for the duration 
of BOLERO-2 study (p<0·0001).11 Additionally, the 
proportion of stomatitis occurrence by 8 weeks for 
BOLERO-2 was calculated (figure 2; appendix p 9). Grade 
2 stomatitis resolved to grade 1 or lower after 11 days and 
15 days in the two affected SWISH patients, respectively. 
Two patients with clinical grade 2 stomatitis were 
classified as grade 1 due to the minimal impact of 
stomatitis on the visual analogue scale or Normalcy of 
Diet Scale.

82 (95%) of 86 patients in SWISH used dexamethasone 
mouthwash three to four times per day (median 
number of uses per day 3·95 [IQR 3·75–4·00]). The 
median dose intensity of everolimus was 10 mg 
(IQR 10–10) at 8 weeks and that of exemestane was 
25 mg at 8 weeks (IQR 25–25; appendix p 4); in the 
BOLERO-2 study, the median dose intensities were 
8·6 mg (IQR 5·3–10·0) for everolimus and 25·0 mg 
(IQR 25·0–25·0) for exemestane.7

In the pharmacokinetic subset of 42 patients (those 
who met the criteria for pharmacokinetic analysis, 
excluding the eight who could not be analysed), mean 
everolimus Cmin concentration was 13·91 ng/mL 
(SD 7·86) and the median everolimus concentration was 
11·10 ng/mL (IQR 8·1–17·3), consistent with a 10 mg 

daily dose and suggesting no interaction with the 
dexamethasone mouthwash.

In SWISH, dexamethasone mouthwash reduced the 
proportion of all-grade stomatitis by 61% and grade 2 or 
worse stomatitis by 91% compared with BOLERO-2 by 
8 weeks. In the efficacy set, the 8 week incidence of all-
grade stomatitis, regardless of causality, was 18 (21% 
[95% CI 13·06–31·39]) of 85 patients in SWISH versus 
295 (61% [56·7–65·6]) of 482 patients in BOLERO-2 at 
8 weeks (figure 2) and 321 (67% [62·2–70·8]) of 
482 patients in the BOLERO-2 study within 13 months.7

64 (74%) of 86 patients continued treatment on all 
three drugs after the 8 week study period (appendix p 5). 
41 (48%) of 86 patients had cumulative exposure to all 
three drugs by 12 weeks or more. Median exposure to 
everolimus and exemestane was 15·7 weeks 
(IQR 9·2–16·4) in this study, compared with 23·9 weeks 
(1·0–123·3) in BOLERO-2.7

92 patients were evaluated for safety through the 
28 day follow-up after last treatment or study 
discontinuation. 25 (27%) of 92 patients in the safety 
population developed any grade of stomatitis at this time 
and 18 (20%) of 92 reported stomatitis by 8 weeks 
(16 grade 1 and two grade 2). Thus, similar to BOLERO-2, 
most stomatitis events (18 [72%] of 25 events) occurred 
within the first 8 weeks. In BOLERO-2, 295 (92%) of 321 
stomatitis events occurred within the first 8 weeks. 
Of the remaining seven cases of stomatitis in SWISH, 
one patient had grade 1 stomatitis with missing 
Normalcy of Diet Scale score that had been previously 
excluded from the primary analysis and six patients had 
their first episode of grade 1 or 2 stomatitis after week 8 
(between 64 days and 98 days), of which four were 
deemed related to everolimus and exemestane treatment 
(table 2). All six patients continued the mouthwash 
beyond 8 weeks (time on treatment ranged between 
63 days and 115 days). One grade 3 event of stomatitis 
(day 95) with a suspected association with the study drug 
led to everolimus and exemestane discontinuation in a 
patient who previously had four grade 1 events during 
the initial 8 week analysis.

Overall, adverse events occurred in 83 (90%) of 
92 patients in the safety population in SWISH; the 
most frequently reported adverse events, regardless 
of causality, were stomatitis, fatigue, nausea, and 
hyperglycaemia (table 3). The incidence of all-grade 
hyperglycaemia was 14 (15%) in SWISH, which was 
similar to that in the BOLERO-2 study (72 [15%] of 482, of 
which almost all cases occurred in the first 12 weeks).5 
The most frequently reported any-grade adverse events 
during the entire SWISH study duration (median 
15·7 weeks follow-up [IQR 12·1–19·3]) suspected to be 
related to treatment included stomatitis (20 [22%] of 
92 patients), hyperglycaemia (12 [13%]), and fatigue and 
dysgeusia (nine [9%] each); the most common grade 3 
adverse events suspected to be related to treatment  
included hyperglycaemia (five [5%]), rash (three [3%]), 

Figure 2: Proportion of patients with stomatitis at week 8 in (A) SWISH and (B) BOLERO-2
*Stomatitis assessed in SWISH in the efficacy analysis set with Common Terminology Criteria for Adverse Events 
(CTCAE) version 4.0 and Normalcy of Diet Scale or visual analogue scale score. †BOLERO-2 stomatitis grading 
based on CTCAE version 3.0.

A SWISH (week 8)*
Total patients=85

B BOLERO-2 (week 8)†
Total patients=482

Grade 1
16 (19%)

Grade 2
2 (2%)

Grade 3
0 (0%) Grade 4

0 (0%)

No stomatitis
67 (79%) Grade 1

163 (34%)

Grade 2
97 (20%)

Grade 3
35 (7%) 

Grade 4
0 (0%)

No stomatitis
187 (39%)
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pneumonitis and pneumonia (two [2%] each); and the 
most common treatment-related grade 4 adverse event 
was dyspnoea (two [2%]).

Serious adverse events were reported in 20 (22%) of 
92 patients. In six (7%) patients, events were deemed 
treatment related. The most common treatment-related 
serious adverse events were dyspnoea in three patients 
and pneumonia in two patients. Three patients died 
during the study: two from progressive metastatic 
breast cancer and one from hepatorenal syndrome with 
sepsis secondary to progressive disease. None of these 
deaths were judged to be related to everolimus and 
exemestane.

Four (22%) of 18 patients in SWISH who developed 
grade 1 or 2 stomatitis by 8 weeks used nystatin prophylaxis. 
Adverse events leading to discontinuation of everolimus 
and exemestane were reported by 18 (20%) of 92 patients in 
the SWISH trial versus 127 (26%) of 482 patients in the 
BOLERO-2 study.4 During the entire study duration, 
12 (13%) of 92 patients in the SWISH trial discontinued 
everolimus and exemestane due to suspected treatment-
related adverse events, the most common of which were 
stomatitis, hyperglycaemia, and rash (table 4). Adverse 
events leading to dose interruption or reductions were 
reported by 28 (30%) of 92 SWISH patients versus 
301 (62%) of 482 patients in BOLERO-2.4 18 (20%) of 
92 patients required a dose interruption or reduction due to 
a suspected treatment-related adverse event, the most 
common of which were stomatitis, hyperglycaemia, and 
rash (table 4).

Two patients developed oral candidiasis during 
antifungal prophylaxis (one treatment related and one 
not) that resolved with nystatin or oral fluconazole 
treatment. Six (30%) of 20 patients who received oral 
antifungal prophylaxis of nystatin developed stomatitis 
during the study. There was no apparent association 
between antifungal prophylaxis and prevention of 
stomatitis or oral candidiasis.

The prespecified analysis of the effect of dexamethasone 
treatment on patient-reported outcomes was also assessed. 
Among the 72 patients evaluable at 8 weeks, 68 (94%) 
reported an ability to maintain a normal diet (score 100) or 
a diet with no or few restrictions (score 90–100) by 8 weeks. 
One patient each had a diet score of 80 (all meat) or 50 
(soft foods chewable foods) and two patients had a score of 
40 (soft foods requiring no chewing). The mean oral pain 
score was less than 1 at all visits (range 0·1–0·6). In terms 
of oral hygiene, by the end of week 8, 75 (90%) of 
83 patients brushed their teeth once or twice daily, 
78 (94%) of 83 patients used a soft-bristled toothbrush, 
and 60 (73%) of 82 patients flossed daily, one person did 
not report their flossing routine. The baseline data for 
hygiene indicate that all 92 patients brushed at least once 
a day at baseline; of 91 patients, 62 flossed and 29 did not 
floss at baseline. In the 75 patients with complete ECOG 
scores available, 66 (88%) maintained or improved their 
ECOG status (appendix p 3). 

Discussion
The results of the SWISH trial show that a commercially 
available, inexpensive, and well tolerated dexamethasone 
mouthwash is effective in the prevention of or reduction 
in the incidence and severity of all-grade stomatitis, 
especially grade 2 or worse stomatitis at 8 weeks 
compared with historical controls from the BOLERO-2 
trial. Patient-reported outcomes (ability to maintain a 
normal diet and oral pain scores) further substantiated 
the efficacy of dexamethasone mouthwash. Reduction 
of stomatitis and tolerability of the dexamethasone 
mouthwash might have contributed to the favourable 

Date of 
onset

Date of 
dexamethasone 
discontinuation

Grade Relationship to 
everolimus and 
exemestane

Patient 1 Day 64 Day 63 1 Suspected

Patient 2 Day 69 Day 99 2 Unsuspected

Patient 3 Day 76 Day 115 1 Suspected

Patient 4 Day 79 Day 78 2 Suspected

Patient 5 Day 87 Day 106 1 Suspected

Patient 6 Day 98 Day 85 2 Unsuspected

Table 2: Stomatitis with first onset after week 8 (day 56) by patient 
number

Grades 1–2 Grade 3 Grade 4

Stomatitis 24 (26%) 1 (1%) 0

Fatigue 16 (17%) 0 0

Nausea 14 (15%) 0 0

Hyperglycaemia 7 (8%) 7 (8%) 0

Dyspnoea 10 (11%) 1 (1%) 2 (2%)

Dysgeusia 12 (13%) 0 0

Diarrhoea 9 (10%) 1 (1%) 0

Headache 9 (10%) 1 (1%) 0

Cough 10 (11%) 0 0

Pyrexia 7 (8%) 1 (1%) 1 (1%)

Insomnia 8 (9%) 1 (1%) 0

Rash 4 (4%) 4 (4%) 0

Urinary tract infection 8 (9%) 0 0

Oral pain 6 (7%) 0 0

Vomiting 6 (7%) 0 0

Oropharyngeal pain 6 (7%) 0 0

Anaemia 4 (4%) 1 (1%) 0

Peripheral oedema 5 (5%) 0 0

Hypercholesterolaemia 4 (4%) 1 (1%) 0

Hypokalaemia 5 (5%) 0 0

Back pain 4 (4%) 1 (1%) 0

Data are n (%). No deaths occurred during the study. A patient with multiple 
occurrences of an adverse event was counted only once in the adverse event 
category. A patient with multiple severity ratings for an adverse event while on 
treatment was only counted under the maximum rating. Only events occurring 
from the date of first administration of everolimus and exemestane until the 
date of the last dose and within 28 days afterwards are included.

Table 3: Adverse events with a total incidence of ≥5% regardless of 
causality (n=92)
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dose intensities for everolimus recorded in this trial; 
everolimus dose intensity was slightly higher than in 
BOLERO-2. Good oral hygiene, compliance with 
administration of mouthwash, and patient education 
about early onset and management of stomatitis might 
have further improved tolerability and adherence.

The treatment goal for patients with advanced breast 
cancer is to delay disease progression while minimising 
treatment-related adverse events. mTOR inhibitor-
associated stomatitis is a mTOR class effect that can 
diminish oral food intake, drug adherence, and quality of 
life.5 Given the clinical benefit and potential long-term 
use of everolimus and exemestane, this study provides 
compelling evidence of a practical management strategy 
to effectively prevent or reduce a class-specific toxicity 
associated with everolimus.

The SWISH study population represents a real-world 
practice population of patients who were eligible for 
everolimus and exemestane therapy. As such, small 
differences in patient characteristics exist between the 
SWISH and BOLERO-2 populations based on study 
design. The manner in which the SWISH case report 
forms were completed made it challenging to ascertain the 
setting and specific regimens of previous chemotherapy, 
making it difficult to determine the proportion of patients 
with previous chemotherapy in specific settings (although 
the major chemotherapies used in this study population 
are listed in table 1). Overall, patients in this trial seem to 
be less heavily pretreated than those in BOLERO-2, which 
could suggest that they were less prone to developing 
stomatitis. However, the risk of stomatitis does not seem to 
correlate with the number of previous lines of therapy. 
Data from BOLERO-4,16 in which everolimus and letrozole 
were administered in the first-line metastatic setting, 
showed all-grade stomatitis in 137 (68%) of 202 patients 
and grade 3 stomatits in 13 (6%) of 202 patients, which are 
similar to the rates reported in BOLERO-2.

Although our study design did not include more than 
four cycles of the study-supplied steroid mouthwash 
and did not report on the proportion of patients 
with stomatitis after stopping the mouthwash, most 
stomatitis events from the safety set occurred within the 
first 8 weeks of treatment, which is consistent with 
larger datasets.3 In a meta-analysis of phase 3 trials 
across indications, 89% of first episodes of stomatitis 
occurred by 8 weeks.3 In BOLERO-2, 83% of grade 2 or 
worse stomatitis events occurred by 8 weeks, further 
supporting the rationale that the 8 week cutoff is 
sufficient to capture most events. Clearly, dexamethasone 
prophylaxis had a profound effect in SWISH: it reduced 
the proportion of all-grade stomatitis by 65% and 
grade 2 or worse stomatitis by 91% compared with 
BOLERO-2 by 8 weeks. This pattern reinforces the 
importance of prophylaxis initiation concurrent with 
everolimus and exemestane treatment and the rationale 
for an early and short-term intervention. As such, a 
reasonable approach based on these data would be to 
use the steroid-based mouthwash for the first two to 
four cycles of everolimus and exemestane treatment 
and then on an as-needed basis for signs or symptoms 
of stomatitis. Concurrent treatment with a steroid-based 
mouthwash and mTOR inhibitor during the period of 
highest risk for stomatitis is an effective strategy to 
maximise the benefit-to-risk ratio for patients. This 
approach has the potential to allow broader use of 
everolimus and exemestane with less toxicity in other 
indications for which the incidence of stomatitis ranges 
from 59% in advanced renal cell carcinoma3 to 70% in 
advanced neuroendocrine tumours.2

A strength of our study was that the eligibility criteria 
reflected the regulatory approved indication for everolimus 
and exemestane treatment. The most frequently reported 
adverse events were consistent with those reported in 
previous trials of everolimus and exemestane in breast 
cancer;5,7 no new safety concerns were noted. Adverse 
events associated with the dexamethasone mouthwash 
were minimal (two patients had oral candidiasis), 
suggesting that the mouthwash presents minimal risk to 
patients. More than 74% of patients continued the 
mouthwash for more than 8 weeks, suggesting a benefit 
in the prevention or treatment of a later event of stomatitis 
with minimal risk. However, whether or not continuous 
preventive usage of dexamethasone mouthwash over a 
longer period could further increase the incidence of 
candidiasis remains unknown.

To the best of our knowledge, SWISH is the first 
and largest stomatitis prevention study combining 
therapeutic management with patient engagement to 
reduce the incidence and severity of mTOR inhibitor-
associated stomatitis in women with hormone receptor-
positive metastatic breast cancer. Our results are 
consistent with anecdotal reports of steroid-based oral 
rinses for prevention or amelioration of everolimus-
related stomatitis.3,8,10,17 These findings are further 

Grade 1 Grade 2 Grade 3 Grade 4 All grades

Adverse events leading to drug discontinuation

Stomatitis 0 1 (1%) 1 (1%) 0 2 (2%)

Hyperglycaemia 0 1 (1%) 1 (1%) 0 2 (2%)

Rash 0 0 2 (2%) 0 2 (2%)

Adverse events leading to dose adjustments or interruption

Stomatitis 0 3 (3%) 0 0 3 (3%)

Hyperglycaemia 0 1 (1%) 2 (2%) 0 3 (3%)

Rash 1 (1%) 1 (1%) 1 (1%) 0 3 (3%)

Data are n (%). A patient with multiple occurrences of an adverse event was 
counted only once in the adverse event category. A patient with multiple severity 
ratings for an adverse event while on treatment was only counted under the 
maximum rating. Only events occurring from the date of first administration of 
everolimus and exemestane until the date of the last dose and within 28 days 
afterwards are included.

Table 4: Most common adverse events leading to everolimus and 
exemestane discontinuation, dose adjustment, or dose interruption, 
with suspected relation to everolimus (safety population, n=92)
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supported by interim results from a study of 47 patients 
treated with everolimus, an aromatase inhibitor, and 
prophylactic hydrocortisone-based or prednisolone oral 
solution for 12 weeks.18 Specifically, SWISH patients (in 
the safety set) with 13 weeks’ median exposure to 
everolimus and exemestane reported an incidence of all-
grade stomatitis (25 [27%] of 92 patients) that was similar 
to that reported by Jones and colleagues18 (12 [25%] of 48) 
in their 12 week study. Grade 2 or worse stomatitis was 
reduced by more than three times in both SWISH (9% 
in the safety set) and in Jones and colleagues’ study (9%) 
compared with the 8 week incidence in BOLERO-2 
(27%). Several ongoing clinical studies are assessing the 
effect of preventive and therapeutic rinses on oral 
mucositis or stomatitis in patients receiving everolimus 
and exemestane (NCT02229136, NCT02376985, and 
NCT01265810). These data will shed further light on the 
role of steroid-based mouthwash in the prevention of 
stomatitis.4

We recognise that our study has some limitations. 
This single-arm study does not have a control 
population; an indirect comparison with historical 
controls was used. Patients from BOLERO-2 served as a 
benchmark for the 8 week incidence of stomatitis, an 
endpoint that was valid because most events were 
observed within this timeperiod.3 SWISH patients 
seemed to be less heavily pretreated than those in 
BOLERO-2, which might affect the risk of stomatitis. 
For the efficacy analyses in SWISH, grade of stomatitis 
was assessed as a composite score based on investigator 
confirmation of stomatitis, visual analogue scale, and 
Normalcy of Diet Scale, whereas it was assessed with 
CTCAE 3.0 criteria in BOLERO-2. A phase 2, 
non-randomised trial design for SWISH was chosen 
because of both ethical and technical issues. For 
example, it would be unethical to randomly assign 
patients to best supportive care because this approach 
has been shown to have a minimal prophylactic effect.19 

Non-randomised, single-arm studies might have limited 
generalisability to populations not included in the study 
or might not be valid to compare with other studies.20 
Confounding variables and unknown factors can bias 
results,21 including the use of video instructions on 
stomatitis and good oral hygiene in this trial, which 
would have improved adherence and outcomes 
compared with a real-world situation. However, the 
minimal change from baseline for oral hygiene scores 
suggests at most a modest impact. Potential bias was 
minimised by analysis of multiple datasets of stomatitis 
in patients treated with everolimus and exemestane.

The SWISH trial showed that prophylactic use of a 
commercially available, inexpensive oral dexamethasone 
mouthwash resulted in a more than ten-times reduction 
in the incidence of grade 2 or worse stomatitis at 
8 weeks compared with BOLERO-2. Steroid prophylaxis 
should be considered a new standard of oral care for 
postmenopausal patients who are receiving everolimus 

and exemestane for treatment of hormone receptor-
positive, HER2-negative advanced breast cancer and 
metastatic breast cancer, especially in the first 8 weeks 
of treatment and as needed thereafter. In the future, 
steroid prophylaxis might be considered as a treatment 
option in other diseases for which everolimus is 
indicated (advanced renal cell carcinoma, sub
ependymal giant cell astrocytoma associated with 
tuberous sclerosis complex, and advanced neuro
endocrine tumours).
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