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Background: Stomatitis is one of the main reasons to discontinue everolimus in patients with hormone receptor-
positive (HRþ)/human epidermal growth factor receptor 2-negative (HER2e) metastatic breast cancer (mBC). To
decrease stomatitis and subsequently early treatment discontinuations or dose reductions, the DESIREE trial
investigated the use of a stepwise dose-escalation schedule of everolimus (EVE esc).
Patients and methods: DESIREE is a phase II, multicentre, randomised, double-blind, placebo-controlled trial in patients
with HRþ/HER2e mBC and progression/relapse after nonsteroidal aromatase inhibitor treatment. Patients were
randomised to EVE esc (2.5 mg/day, week 1; 5 mg/day, week 2; 7.5 mg/day, week 3; 10 mg/day, weeks 4-24) or
everolimus 10 mg/day (EVE 10mg) for 24 weeks plus exemestane. The primary endpoint was the incidence of
stomatitis episodes grade �2 within 12 weeks of treatment. The secondary endpoints included toxicity, relative
total dose intensity (RTDI) and quality of life (QoL).
Results: A total of 160 patients were randomised and 156 started treatment (EVE esc: 80; EVE 10mg: 76). The median
age of patients was 64 years (range 33-85), 56.3% patients in the EVE esc arm versus 42.1% in the EVE 10mg arm had
liver metastasis (P ¼ 0.081) and 62.5% versus 51.3% received over one metastatic therapy line (P ¼ 0.196). Within 12
weeks, the incidence of stomatitis episodes grade �2 was significantly lower in the EVE esc arm compared with the EVE
10mg arm (28.8% versus 46.1%; odds ratio 0.47, 95% confidence interval 0.24-0.92; P ¼ 0.026). Toxicity was in line with
the known safety profile without new safety concerns. The median RTDI was 91.1% in the EVE esc arm versus 80.0% in
the EVE 10mg arm (P ¼ 0.329). Discontinuation rate in the first 3 weeks was 6.3% versus 15.8%, respectively (P ¼
0.073). QoL was comparable between the two treatment arms.
Conclusions: A dose-escalation schema of everolimus over 3 weeks can be successfully used to reduce the incidence of
high-grade stomatitis in the first 12 weeks of treatment in patients with HRþ/HER2e mBC.
Trial registration: ClinicalTrials.gov NCT02387099; https://clinicaltrials.gov/ct2/show/NCT02387099
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INTRODUCTION

Significant progress has been made in recent years
regarding the outcome of patients with metastatic breast
cancer (mBC). However, mBC remains an incurable disease,1

and therefore the balance between potential severe side-
effects, control of the disease and symptoms plays an
important role. A consensus in the national and interna-
tional guidelines is that an endocrine-based therapy should
https://doi.org/10.1016/j.esmoop.2022.100601 1
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be primarily used in patients with metastatic hormone re-
ceptor (HR)-positive and human epidermal growth factor
receptor 2 (HER2)-negative mBC, unless the patient’s clin-
ical symptoms or preferences suggest other treatments.1-3

However, it is clinical reality that an endocrine resistance
develops in the majority of patients with advanced BC.4 In
HR-positive/HER2-negative advanced BC, the phosphatidy-
linositol 3-kinase (PI3K) pathway plays an essential role.5

The mammalian target of rapamycin (mTOR) protein ki-
nase complex is a key downstream effector of the PI3K/
protein kinase B (AKT)/mTOR pathway which is an impor-
tant mechanism of endocrine resistance.4 Indeed, the mTOR
inhibitor everolimus, in combination with the steroidal
aromatase inhibitor (AI) exemestane, is an approved and
often used therapeutic option after treatment failure with a
nonsteroidal AI (NSAI). In the BOLERO-2 study, after a me-
dian follow-up of 18 months, progression-free survival (PFS)
was increased to 11 months with everolimus plus exemes-
tane from 4.1 months with placebo plus exemestane [cen-
tral review, HR 0.38, 95% confidence interval (CI) 0.31-0.48;
log-rank P ¼ 0.0001].6

The most common grade 3 or 4 adverse event (AE) in the
BOLERO-2 trial was stomatitis (8% everolimus plus
exemestane versus 1% placebo plus exemestane).7 A similar
rate of high-grade stomatitis was reported in other studies
investigating everolimus plus exemestane in patients with
HR-positive/HER2-negative advanced BC.8-10 Real-world
safety and efficacy data on everolimus in combination
with exemestane were also consistent with the results from
BOLERO-2.11,12

Importantly, everolimus-related side-effects such as sto-
matitis often led to dose reductions or treatment discon-
tinuations. The rate of everolimus-related stomatitis in
patients with solid tumours was 67% in a meta-analysis.13

Most stomatitis events were grade 1/2, with grade 3/4
events reported in only 9% of the patients. Nevertheless,
even grade 2 stomatitis is distressing for patients and might
have a negative impact on quality of life (QoL) and treat-
ment adherence. However, in the BOLERO-2 study a time to
definitive deterioration analysis showed that median time
to definitive deterioration was longer in the everolimus plus
exemestane group compared with the placebo plus
exemestane group.14

Therefore, strategies to prevent everolimus-induced sto-
matitis have been investigated. The single-arm phase II
SWISH study examined the prevention of everolimus-
related stomatitis with dexamethasone mouthwash in pa-
tients with advanced HR-positive/HER2-negative BC.15 This
strategy reduced the incidence of grade 2 or worse sto-
matitis to 2%.

In the phase II randomised DESIREE study, we looked for
another approach to reduce stomatitis in patients with
advanced BC treated with everolimus plus exemestane.
Postmenopausal patients with HR-positive/HER2-negative
advanced BC were randomised to either start with the
approved 10 mg/day dosage of everolimus (EVE 10mg) plus
exemestane or a dose-escalation schema of everolimus (EVE
esc) plus exemestane.
2 https://doi.org/10.1016/j.esmoop.2022.100601
METHODS

Patients

DESIREE (NCT02387099) is a phase II, multicentre, rando-
mised, double-blind and placebo-controlled trial in post-
menopausal patients with HR-positive/HER2-negative mBC
and progression or relapse after NSAI treatment. The aim of
the DESIREE study was to compare the incidence of sto-
matitis episodes grade �2 within 12 weeks after treatment
start using a conventional and a dose-escalation schema of
everolimus in combination with exemestane.

The main eligibility criteria were postmenopausal women
with locally advanced or mBC not amenable to curative
treatment by surgery or radiotherapy alone and without
indication for chemotherapy (e.g. symptomatic visceral
metastasis); histologically confirmed HR-positive status
(estrogen receptor and/or progesterone receptor) defined
as >1% stained cells16 and HER2-negative status defined as
either immunohistochemistry 0-1 or 2þ with in situ
hybridisation ratio <2.017; Eastern Cooperative Oncology
Group (ECOG) performance status (PS) of 0-2; recurrence or
disease progression during or after NSAI treatment;
adequate hematologic and organ function, glycaemia and
blood lipids. Exclusion criteria were a life expectancy of <3
months and not adequately controlled brain metastases.
The study protocol was approved by an independent ethics
committee, institutional review boards and the competent
authority. All patients provided written informed consent
for trial participation and biomaterial collection.
Study design and treatment

Patients were randomised in a 1:1 ratio to receive either a
dose escalation of everolimus 2.5 mg/day at week 1, 5 mg/
day at week 2, 7.5 mg/day at week 3 and 10 mg/day at
weeks 4-24 or everolimus 10 mg/day for 24 weeks in
combination with exemestane 25 mg daily. In both arms,
study medication was given until 24 weeks of treatment
completeness, disease progression, unacceptable toxicity of
the study drug or withdrawal of consent of the patient
(Supplementary Figure S1, available at https://doi.org/10.
1016/j.esmoop.2022.100601). According to the study pro-
tocol, poststudy treatment was at the investigator’s
discretion and should be documented until first subsequent
chemotherapy or end of study. Follow-up was not part of
the study.
Outcomes and study assessments

The primary endpoint was the rate of stomatitis episodes
grade �2 within 12 weeks of treatment. Patients in whom
the occurrence of stomatitis cannot be completely assessed
during the first 12 weeks because of premature treatment
discontinuation due to AE, patient’s decision or in-
vestigator’s decision was considered as having an episode of
stomatitis (stomatitis grade <2 and premature treatment
discontinuation). The assessment of stomatitis grade was
performed using the World Health Organisation (WHO)’s
Oral Toxicity Scale.18
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The secondary endpoints were incidence of stomatitis
episodes grade �2 within 24 weeks of treatment start,
cumulative rate of stomatitis episodes of any grade within
12 weeks and 24 weeks of treatment start, clinical benefit
rate (CBR), relative total dose intensity (RTDI), time to onset
of stomatitis episodes grade �2, safety and QoL.

Safety evaluations were based on National Cancer Insti-
tute Common Terminology Criteria for Adverse Events (NCI-
CTCAE) version 4.03.

RTDI was defined as a total dose intensity within the
entire treatment achieved by a patient relative to intended
dose intensity based on the planned schedule of the
treatment and was expressed as a percentage.

Time to onset of grade �2 stomatitis was defined as the
time from randomisation to first episode of grade �2
stomatitis.

CBR was defined as complete response, partial response
or stable disease without any sign of tumour progression
according to RECIST version 1.119 and was assessed at 24
weeks after treatment start.

QoL was assessed using version 4 of the Functional
Assessment of Cancer Therapy (FACT-B) questionnaire.20

Subscales (Physical well-being, Social/Family well-being,
Emotional well-being, Functional well-being and Additional
Concerns) and the FACT-B Trial Outcome Index (FACT-B TOI),
the FACT-G total score and the FACT-B total score were
calculated.
Statistical analysis

Sample size calculation was based on the primary endpoint.
Overall, 156 patients (78 in each arm) were required to
detect a clinically relevant difference of 20% in the rate of
stomatitis episode grade �2 between treatment arms at 12
weeks (40% and 20% estimated in the EVE 10mg and EVE
esc arms, respectively) using a two-sided continuity-cor-
rected c2 test with a significance level of a ¼ 0.20 and a
power of 90%.

The primary and secondary endpoint analyses were
performed on the modified intention-to-treat (mITT) anal-
ysis set including all randomised patients who started
therapy. The rate of stomatitis episodes grade �2 was
calculated together with the 80% (due to design a of 0.2)
and additional 95% CI21 for each treatment arm and overall,
and compared between treatment arms using a continuity-
corrected c2 test (a ¼ 0.20). Furthermore, odds ratios (ORs)
from the univariate logistic regression were displayed with
the 80% and 95% CI.

The significance level for all secondary analyses was set
to a two-sided a ¼ 0.05 with 95% CIs; adjustment for
multiple testing was not planned. Multivariate logistic
regression analysis adjusted for the parameters age (>65
versus �65), ECOG PS (1-2 versus 0), body mass index (�25
versus <25 kg/m2) and number of previous therapy lines
for mBC (>1 versus 0/1) was post hoc conducted for binary
outcomes to report adjusted ORs with 95% CI.

Time to onset of stomatitis was displayed as a cumulative
incidence curve and compared between arms using the
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Gray test.22 Discontinuation of study treatment due to AEs,
patients’ or investigators’ decision, progression or death
without stomatitis grade �2 were considered competing
events.

All further safety and compliance analyses were con-
ducted in the safety analysis set which included all patients
from the mITT set, except one patient who was randomised
to the EVE esc arm but received the complete dose during
the first 3 weeks of treatment. Therefore, this patient was
analysed in the EVE 10mg arm. Of note, one patient in the
EVE 10mg arm was excluded from the safety analysis due to
uncompleted safety documentation (missing data). Addi-
tional AEs, excluding stomatitis events (primary endpoint),
were summarised by frequency and percentage of patients
within the AE category of interest, by treatment arm and
overall. Fisher’s exact test was used to compare frequencies
of AEs and compliance parameters between treatment arms
(P values are to be considered descriptive).

The CBR was assessed in the mITT set with 95% CI and
compared between treatment arms using a two-sided
Fisher’s exact test.

QoL was analysed in the safety analysis set using
repeated-measures mixed-effects models with main effect
terms ‘treatment’ and ‘time’, the interaction term ‘treat-
ment-by-time’ and baseline values as covariate.

All statistical analyses were performed using SAS version
9.4 with SAS Enterprise Guide Version 7.1 on Microsoft
Windows 10 Enterprise. Data cut-off was 5 July 2021.
RESULTS

Baseline

Between June 2015 and October 2020, 208 patients were
screened at 29 sites in Germany, 160 were randomised and
156 started treatment (EVE esc: 80 patients, EVE 10mg: 76
patients; Figure 1). The median age at study entry was 64
years (range 33-85) with a significant difference in the
predefined age groups (P ¼ 0.014). More patients received
adjuvant treatment in the EVE esc arm than in the EVE
10mg arm (60.0% versus 44.7%; P ¼ 0.046); 56.3% of pa-
tients in the EVE esc versus 42.1% in the EVE 10mg arm had
liver metastasis (P ¼ 0.081). The other baseline character-
istics were equally distributed between the two treatment
arms (Table 1). Previous therapies for metastatic disease
were endocrine therapy (100%), targeted therapy (81.4%)
and chemotherapy (75.6%).
Stomatitis

Within 12 weeks of treatment, the incidence of stomatitis
episodes grade �2 was 28.8% (95% CI 19.2% to 40.0%) in
the EVE esc arm compared with 46.1% (95% CI 34.5% to
57.9%) in the EVE 10mg arm (P ¼ 0.039) with an OR of 0.47
(95% CI 0.24-0.92; P ¼ 0.026; Figure 2A). The rate of sto-
matitis grades �2 without considering premature discon-
tinuations was 18.8% (95% CI 10.9% to 29.0%) versus 35.5%
(95% CI 24.9% to 47.3%), respectively (Supplementary
Table S1, available at https://doi.org/10.1016/j.esmoop.
https://doi.org/10.1016/j.esmoop.2022.100601 3
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Assessed for eligibility N = 208

Randomized to EVE esc n = 80 Randomized to EVE 10mg n = 80 

Started treatment n = 80 Started treatment n = 76
mITT (n = 156)

Completed 24 weeks’ treatment
Everolimus n = 22 
Exemestane n = 23

Completed 24 weeks’ treatment
Everolimus n = 26 
Exemestane n = 22

n = 48 ineligible
19 Laboratory requirements not fulfilled
6 Withdrawal of informed consent
5 Concomitant disease
4 No pretreatment with letrozole/anastrozole
2 Patient not postmenopausal
2 Biological subtype of cancer not fulfilled
2 Organisational problems
1 Investigator’s decision
1 Complete staging work-up out of range
1 Issues with tumor block
1 Locally advanced/metastatic stage of disease amenable to

curative treatment by surgery or radiotherapy alone
1  No lesions detectable
1 Ongoing toxicity from prior anticancer therapy 
1 Physical examination out of range
1 No progress while on or after letrozole/anastrozole

n = 4 did not start treatment
2 Drug delivery time too long
1 Multiple brain metastases 
1 Withdrawal of informed consent

n = 58 discontinued everolimus 
39 Disease progression
1 Death
8 AEs
10 Patient’s/investigation’s decision

n = 57 discontinued exemestane 
38 Disease progression
3 Death
4 AEs
12 Patient’s/investigator’s decision

n = 50 discontinued everolimus 
25 Disease progression
3 Death
10 AEs
12 Patient’s/investigation’s decision

n = 54 discontinued exemestane 
29 Disease progression
3 Death
2 AEs
20 Patient’s/investigator’s decision

Figure 1. CONSORT diagram.
AE, adverse event; esc, escalated; EVE, everolimus.
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2022.100601). A post hoc multivariate analysis adjusted for
age, ECOG PS, body mass index and number of previous
therapy lines for mBC confirmed that patients in the EVE
esc arm had a lower chance to experience a stomatitis
event grade �2 at 12 weeks (OR 0.40, 95% CI 0.20-0.81;
P ¼ 0.011; Supplementary Table S2, available at https://doi.
org/10.1016/j.esmoop.2022.100601). There was no signifi-
cant difference in the incidence of any grade stomatitis
episodes between the two arms (62.5% in the EVE esc arm
versus 73.7% in the EVE 10mg arm; P ¼ 0.185;
Supplementary Table S1, available at https://doi.org/10.
1016/j.esmoop.2022.100601).

At 24 weeks of treatment the incidence of stomatitis
episodes grade �2 was numerically lower but without
statistical significance between the EVE esc and EVE 10mg
4 https://doi.org/10.1016/j.esmoop.2022.100601
arms (37.5% versus 50.0%; OR 0.60, 95% CI 0.32-1.14; P ¼
0.117; Figure 2B). The incidence of mucositis grade �2
without considering premature discontinuations was 23.8%
in the EVE esc arm versus 35.5% in the EVE 10mg arm
(Supplementary Table S1, available at https://doi.org/10.
1016/j.esmoop.2022.100601). A post hoc multivariate
analysis showed that patients in the EVE esc arm had a
significantly lower risk to experience stomatitis episodes
grade �2 (OR 0.49, 95% CI 0.25-0.98; P ¼ 0.043;
Supplementary Table S2, available at https://doi.org/10.
1016/j.esmoop.2022.100601). There was no significant dif-
ference in the incidence of any grade stomatitis between
the two arms (67.5% in the EVE esc arm versus 77.6% in the
EVE 10mg arm; P ¼ 0.216; Supplementary Table S1, avail-
able at https://doi.org/10.1016/j.esmoop.2022.100601).
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Table 1. Baseline characteristics

Parameter Category EVE esc n [ 80 EVE 10mg n [ 76 Overall n [ 156 P value

Age, years Median (range) 64.5 (33.0-85.0) 63.0 (41.0-81.0) 64.0 (33.0-85.0) 0.538
<40 2 (2.5) 0 (0.0) 2 (1.3) 0.014
40-<50 11 (13.8) 2 (2.6) 13 (8.3)
50-<65 27 (33.8) 39 (51.3) 66 (42.3)
�65 40 (50.0) 35 (46.1) 75 (48.1)

BMI, kg/m2 <25 35 (43.8) 39 (51.3) 74 (47.4) 0.423
�25 45 (56.3) 37 (48.7) 82 (52.6)

Menopausal status Pre/perimenopausala 1 (1.3) 0 (0.0) 1 (0.6) >0.99
Postmenopausal 79 (98.8) 76 (100) 155 (99.4)

ECOG PS 0 57 (71.3) 63 (82.9) 120 (76.9) 0.202
1 20 (25.0) 12 (15.8) 32 (20.5)
2 3 (3.8) 1 (1.3) 4 (2.6)

Stomatitis No 77 (96.3) 73 (96.1) 150 (96.2) 0.949
Grade 1 3 (3.8) 3 (3.9) 6 (3.8)

Histological tumour type Ductal or ductal lobular invasive 54 (67.5) 52 (68.4) 106 (67.9) 0.677
Lobular invasive 19 (23.8) 20 (26.3) 39 (25.0)
Other 7 (8.8) 4 (5.3) 11 (7.1)

Number of metastatic sites 1 22 (27.5) 28 (36.8) 50 (32.1) 0.512
2 30 (37.5) 28 (36.8) 58 (37.2)
3 19 (23.8) 15 (19.7) 34 (21.8)
�4 9 (11.3) 5 (6.6) 14 (9.0)

Selected metastatic sitesb Bone 55 (68.8) 57 (75.0) 112 (71.8) 0.477
Liver 45 (56.3) 32 (42.1) 77 (49.4) 0.081
Lung 21 (26.3) 17 (22.4) 38 (24.4) 0.582
Pleura 12 (15.0) 7 (9.2) 19 (12.2) 0.331

Number of previous metastatic regimens 0 6 (7.5) 7 (9.2) 13 (8.3) 0.849
1-2 59 (73.8) 53 (69.7) 112 (71.8)
>2 15 (18.8) 16 (21.1) 31 (19.9)

Disease setting at first diagnosis Neoadjuvant 8 (10.0) 18 (23.7) 26 (16.7) 0.046
Adjuvant 48 (60.0) 34 (44.7) 82 (52.6)
Advanced 24 (30.0) 24 (31.6) 48 (30.8)

Previous therapy in advanced setting Chemotherapyc 61 (76.3) 57 (75.0) 118 (75.6) >0.99
Endocrine therapyd 80 (100) 76 (100) 156 (100) n.a.
Targeted therapye 66 (82.5) 61 (80.3) 127 (81.4) 0.837

Data are n (%).
BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; esc, escalated; EVE, everolimus; n.a., not applicable; PS, performance status.
aProtocol deviation.
bSome patients had more than one metastatic site.
cChemotherapy included a combination of taxane and anthracycline or a combination of nontaxane and anthracycline or anthracycline alone, or taxane alone.
dEndocrine therapy included anastrozole or letrozole or exemestane or fulvestrant or tamoxifen.
eTargeted therapy included palbociclib or ribociclib or bisphosphonates or denosumab.
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Competing risk analysis showed that the cumulative
incidence of stomatitis grade �2 at 24 weeks was 23.8%
(95% CI 15.0% to 33.6%) in the EVE esc versus 35.5% (95%
CI 24.9% to 46.3%) in the EVE 10mg arm (P ¼ 0.075;
Figure 2C).
Other safety analyses

All patients evaluable for safety analysis experienced at
least one AE, 91.6% experienced haematological and 100%
nonhaematological AEs (Table 2). Toxicity (excluding sto-
matitis) was not significantly different between treatment
arms. The most frequently reported any grade haemato-
logical AEs in the EVE esc arm versus the EVE 10mg arm
were anaemia (74.7% versus 81.6%; P ¼ 0.336) and
leukopenia (67.1% versus 67.1%). The most frequently re-
ported any grade nonhaematologic AEs in the EVE esc arm
versus the EVE 10mg arm were high-density lipoprotein
cholesterol increase (96.2% versus 93.4%; P ¼ 0.489),
serum cholesterol increase (77.2% versus 85.5%; P ¼
0.219), aspartate aminotransferase increase (79.7% versus
72.4%; P ¼ 0.347), alanine aminotransferase increase
(67.1% versus 53.9%; P ¼ 0.103), hypertriglyceridaemia
Volume 7 - Issue 6 - 2022
(73.4% versus 72.4%; P >0.99), hyperglycaemia (57.0%
versus 60.5%; P ¼ 0.745), fatigue (53.2% versus 52.6%;
P >0.99) and low-density lipoprotein cholesterol increase
(51.9% versus 72.4%; P ¼ 0.013). Among grade 3-4 hae-
matological AEs, anaemia (3.8% versus 6.6%; P ¼ 0.489),
leukopenia (3.8% versus 2.6%; P >0.99) and neutropenia
(3.8% versus 5.3%; P ¼ 0.716) were the most frequent. The
most frequently reported grade 3-4 nonhaematological AEs
were aspartate aminotransferase evaluation (8.9% versus
2.6%; P ¼ 0.168), alanine aminotransferase evaluation
(5.1% versus 1.3%; P ¼ 0.367) and hyperglycaemia (5.1%
versus 9.2%; P ¼ 0.362). No significant difference in
pneumonitis (adverse event of special interest) was
observed between the arms (any grade: 7.6% versus 7.9%;
grade 3-4: 1.3% only in the EVE esc arm; Table 2).

In addition to the predefined AEs, the most reported any
grade other (not predefined) AEs in the EVE esc arm versus
the EVE 10mg arm were other nervous system disorders
(26.6% versus 26.3%; P >0.99), rash (22.8% versus 11.8%;
P ¼ 0.091), other infections and infestations (21.5% versus
11.8%; P ¼ 0.134) and other gastrointestinal disorders
(20.3% versus 18.4%; P ¼ 0.840; Supplementary Table S3,
available at https://doi.org/10.1016/j.esmoop.2022.100
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Figure 2. Stomatitis episodes grade ‡2 within (A) 12 and (B) 24 weeks of treatment as well as (C) time to onset of stomatitis grade ‡2 within 24 weeks.
(A) Incidence of stomatitis episodes grade �2 within 12 weeks considering stomatitis grade <2 and premature treatment discontinuation due to adverse events,
patient’s decision or investigator’s decision. *Primary endpoint design: type I error 20%. (B) Incidence of stomatitis episodes grade �2 within 24 weeks considering
stomatitis grade <2 and premature treatment discontinuation due to adverse events, patient’s decision or investigator’s decision. (C) Time to onset of stomatitis
grade �2 within 24 weeks was assessed post hoc. Competing events were defined as discontinuation of study treatment due to adverse event, patient’s decision or
investigator’s decision, progression or death without stomatitis grade �2.
CI, confidence interval; esc, escalated; EVE, everolimus; OR, odds ratio.
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601, Supplementary Figure S2, available at https://doi.org/
10.1016/j.esmoop.2022.100601).

Overall, 45 patients had at least one SAE (23 in EVE esc
and 22 in EVE 10mg; Table 2). During the 24 weeks of study
treatment four patients died (one in the EVE esc and three
in the EVE 10mg arm) due to disease progression.

Compliance

Median duration of everolimus exposure during 24 weeks of
treatment was 12.7 weeks (range 0.1-24.0) in the EVE esc
arm and 16.0 weeks (range 0.7-24.0) in the EVE 10mg arm
(P ¼ 0.592). Median RTDI was 91.1% (range 0.2-100) in the
EVE esc arm versus 80.0% (range 1.2-100) in the EVE 10mg
arm (P ¼ 0.329; Supplementary Table S4, available at
https://doi.org/10.1016/j.esmoop.2022.100601).

During the first 3 weeks of treatment (escalation phase),
only 6.3% of patients in the EVE esc arm compared with
15.8% in the EVE 10mg arm (P ¼ 0.073) discontinued ever-
olimus mainly due to AEs in both arms (1.3% versus 6.6%).
6 https://doi.org/10.1016/j.esmoop.2022.100601
The rate of patients who discontinued everolimus prior to
week 12 was 46.3% in the EVE esc arm versus 32.9% in the
EVE 10mg arm (P ¼ 0.103). The most common reason for
everolimus discontinuation was disease progression in both
arms (31.3% versus 9.2%, respectively) and toxicity in the EVE
10mg arm (6.3% versus 9.2%, respectively). Subsequently at
24 weeks, everolimus was discontinued in 72.5% of patients
in the EVE esc arm and 65.8% in the EVE 10mg arm (P ¼
0.390) mainly due to disease progression (48.8% versus
32.9%, respectively; Table 3).

Overall, 31.5% of patients in the EVE esc arm versus
36.4% in the EVE 10mg arm (P ¼ 0.593) required dose
reduction of everolimus to 5 mg, mainly due to treatment-
related nonhaematological AEs (20.3% versus 18.2%,
respectively; P ¼ 0.840). Everolimus interruptions were
required in 59.5% of patients in the EVE esc arm and 55.8%
in the EVE 10mg arm (P ¼ 0.746) mostly due to treatment-
related nonhaematological AEs (Table 3). The median
duration of cumulative dose interruptions was 12 days
Volume 7 - Issue 6 - 2022
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Table 2. Predefined adverse events excluding stomatitis events (primary endpoint) with an incidence of ‡10% regardless of causality in both arms based on
the safety population (n [ 155) at 24 weeks

AEs Any grade High-grade (grade 3-4)

EVE esc
n ¼ 79, n (%)

EVE 10mg
n ¼ 76, n (%)

P value EVE esc
n ¼ 79, n (%)

EVE 10mg
n ¼ 76, n (%)

P value

Summary of all AEs
Any AE 79 (100) 76 (100) n.a. 37 (46.8) 33 (43.4) 0.747
Any haematological AE 70 (88.6) 72 (94.7) 0.247 8 (10.1) 8 (10.5) >0.99
Any nonhaematological AE 79 (100) 76 (100) n.a. 35 (44.3) 29 (38.2) 0.514
Other AEs 75 (94.9) 68 (89.5) 0.240 25 (31.7) 17 (22.4) 0.210
At least one SAE 23 (29.1) 22 (28.9) >0.99 n.a. n.a. d
AESI (pneumonitis) 6 (7.6) 6 (7.9) >0.99 1 (1.3) 0 (0.0) >0.99

Predefined AEs
Anaemia 59 (74.7) 62 (81.6) 0.336 3 (3.8) 5 (6.6) 0.489
Leukopenia 53 (67.1) 51 (67.1) >0.99 3 (3.8) 2 (2.6) >0.99
Thrombocytopenia 29 (36.7) 36 (47.4) 0.196 1 (1.3) 1 (1.3) >0.99
Neutropenia 33 (41.8) 29 (38.2) 0.743 3 (3.8) 4 (5.3) 0.716
Blood AP increased 41 (51.9) 36 (47.4) 0.631 2 (2.5) 1 (1.3) >0.99
ASAT increased 63 (79.7) 55 (72.4) 0.347 7 (8.9) 2 (2.6) 0.168
ALAT increased 53 (67.1) 41 (53.9) 0.103 4 (5.1) 1 (1.3) 0.367
Blood creatinine increased 24 (30.4) 31 (40.8) 0.184 0 (0.0) 0 (0.0) n.a.
Fatigue 42 (53.2) 40 (52.6) >0.99 2 (2.5) 1 (1.3) >0.99
Diarrhoea 28 (35.4) 19 (25.0) 0.167 2 (2.5) 2 (2.6) >0.99
Decreased appetite 22 (27.8) 16 (21.1) 0.355 1 (1.3) 2 (2.6) 0.615
Nausea 23 (29.1) 26 (34.2) 0.604 1 (1.3) 0 (0.0) >0.99
Cough 24 (30.4) 21 (27.6) 0.727 0 (0.0) 0 (0.0) n.a.
Headache 24 (30.4) 17 (22.4) 0.279 0 (0.0) 1 (1.3) 0.490
Weight decreased 16 (20.3) 22 (28.9) 0.263 0 (0.0) 0 (0.0) n.a.
Dyspnoea 16 (20.3) 23 (30.3) 0.195 1 (1.3) 2 (2.6) 0.615
Arthralgia 18 (22.8) 22 (28.9) 0.463 0 (0.0) 0 (0.0) n.a.
Epistaxis 9 (11.4) 6 (7.9) 0.589 0 (0.0) 0 (0.0) n.a.
Vertigo 11 (13.9) 8 (10.5) 0.627 0 (0.0) 0 (0.0) n.a.
Hypertriglyceridemia 58 (73.4) 55 (72.4) >0.99 1 (1.3) 1 (1.3) >0.99
Hypoglycaemia 16 (20.3) 9 (11.8) 0.192 0 (0.0) 0 (0.0) n.a.
Hyperglycaemia 45 (57.0) 46 (60.5) 0.745 4 (5.1) 7 (9.2) 0.362
Serum cholesterol increased 61 (77.2) 65 (85.5) 0.219 1 (1.3) 2 (2.6) 0.615
LDL cholesterol increaseda 41 (51.9) 55 (72.4) 0.013 n.a. n.a. n.a.
HDL cholesterol increaseda 76 (96.2) 71 (93.4) 0.489 n.a. n.a. n.a.

AEs are not mutually exclusive. One patient in the EVE 10mg arm was excluded due to uncompleted safety documentation (missing data) and one patient who was randomised to
the EVE esc arm received a full dose of 10 mg everolimus during the escalation phase, and therefore was analysed in the EVE 10mg arm (EVE esc: n ¼ 79 and EVE 10mg n ¼ 76).
AE, adverse event; AESI, adverse event of special interest; ALAT, alanine aminotransferase; AP, alkaline phosphatase; ASAT, aspartate aminotransferase; EVE, everolimus; esc,
escalated; HDL, high-density lipoprotein; LDL, low-density lipoprotein; n.a., not applicable; SAE, serious adverse event.
aNo grading available.
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(range 1-44) in the EVE esc arm compared with 15 days
(range 1-48) in the EVE 10mg arm (P ¼ 0.009). Exemestane
treatment was interrupted in 19.0% and 15.6% of patients
in the EVE esc and EVE 10mg arms, respectively (P ¼ 0.674).

Efficacy

The rate of patients with partial response was 10.0% in the
EVE esc arm versus 6.6% in the EVE 10mg arm, whereas the
rate of patients with progressive disease was 58.8% in the
EVE esc arm compared with 44.7% in the EVE 10mg arm.
The CBR was 23.8% in the EVE esc arm versus 31.6% in the
EVE 10mg arm (P ¼ 0.288; absolute difference e7.8%) at 24
weeks of treatment (Supplementary Table S5, available at
https://doi.org/10.1016/j.esmoop.2022.100601). The post
hoc multivariate analysis adjusted for the presence of liver
metastases at baseline and number of previous therapy
lines for mBC confirmed this observation (OR 0.75; 95% CI
0.36-1.55; P ¼ 0.436; Supplementary Figure S3, available at
https://doi.org/10.1016/j.esmoop.2022.100601).
Volume 7 - Issue 6 - 2022
Quality of life

Prospectively captured QoL, assessed using the FACT-B
questionnaire, was not significantly different in the EVE
esc arm compared with the EVE 10mg arm. The mean FACT-
B total score was generally high in both treatment arms but
without statistically significant and clinically meaningful
differences between arms (105.5 versus 103.5, respectively;
P ¼ 0.706) (Supplementary Figure S4, available at https://
doi.org/10.1016/j.esmoop.2022.100601).
Poststudy treatment

Data on poststudy treatment was available for 71 patients
(EVE esc n ¼ 30; EVE 10mg n ¼ 41). Overall, 57.7% received
everolimus and exemestane beyond the study, 18.3% other
endocrine therapy, 5.6% CDK4/6 inhibitor in combination
with endocrine therapy and 18.3% chemotherapy
(Supplementary Table S6, available at https://doi.org/10.
1016/j.esmoop.2022.100601).
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Table 3. Summary of treatment discontinuation, dose reduction and interruption during study treatment

Status/reason EVE esc
n [ 79 n (%)

EVE 10mg
n [ 77 n (%)

Overall
n [ 156 n (%)

P value

Discontinued everolimus
Within the first 3 weeks (escalation phase) 5 (6.3) 12 (15.8) 17 (10.9) 0.073
Disease progression 1 (1.3) 1 (1.3) 2 (1.3)
Death 0 (0.0) 2 (2.6) 2 (1.3)
AE 1 (1.3) 5 (6.6) 6 (3.8)
Patient’s or investigator’s decision 3 (3.8) 4 (5.2) 7 (4.5)

Within the first 12 weeks 37 (46.3) 25 (32.9) 62 (39.7) 0.103
Disease progression 25 (31.3) 7 (9.2) 32 (20.5)
Death 0 (0.0) 3 (3.9) 3 (1.9)
AE 5 (6.3) 7 (9.2) 12 (7.7)
Patient’s or investigator’s decision 7 (8.8) 8 (10.5) 15 (9.6)

Within 24 weeks 58 (72.5) 50 (65.8) 108 (69.2) 0.390
Disease progression 39 (48.8) 25 (32.9) 64 (41.0)
Death 1 (1.3) 3 (3.9) 4 (2.6)
AE 8 (10.0) 10 (13.2) 18 (11.5)
Patient’s or investigator’s decision 10 (12.6) 12 (15.8) 22 (14.1)

Discontinued exemestane 23 (28.8) 22 (28.9) 45 (28.8) >0.99
Disease progression 38 (47.5) 29 (38.2) 67 (42.9)
Death 3 (3.8) 3 (3.9) 6 (3.8)
AE 4 (5.0) 2 (2.6) 6 (3.8)
Patient’s or investigator’s decision 12 (15.0) 20 (26.3) 32 (20.5)

Dose reduction everolimus
Patients with everolimus reduced to 5 mg 23 (31.5) 24 (36.4) 47 (33.8) 0.593
Haematological AE related to study medication 4 (5.1) 2 (2.6) 6 (3.8) 0.681
Nonhaematological AE related to study medication 16 (20.3) 14 (18.2) 30 (19.2) 0.840
AE not related to study medication 0 (0.0) 3 (3.9) 3 (1.9) 0.118
Other reason 1 (1.3) 1 (1.3) 2 (1.3) >0.99
Unknown reason 3 (3.8) 4 (5.2) 7 (4.5) 0.718

Interruption everolimus
Patients with at least one treatment interruption 47 (59.5) 43 (55.8) 90 (57.7) 0.746
Haematological AE related to study medication 6 (7.6) 6 (7.8) 12 (7.7) >0.99
Nonhaematological AE related to study medication 26 (32.9) 29 (37.7) 55 (35.3) 0.616
AE not related to study medication 10 (12.7) 14 (18.2) 24 (15.4) 0.381
Patient’s noncompliance 7 (8.9) 6 (7.8) 13 (8.3) >0.99
Organisational reason 5 (6.3) 1 (1.3) 6 (3.8) 0.210
Other reason 9 (11.4) 6 (7.8) 15 (9.6) 0.589

Note that one patient who was randomised to the EVE esc arm received 10mg everolimus during the escalation phase of 3 weeks, and was therefore analysed in the EVE 10mg arm.
AE, adverse event; EVE, everolimus; esc, escalated.

ESMO Open M. Schmidt et al.
DISCUSSION

The DESIREE study demonstrated that the dose-escalation
schema of everolimus in combination with exemestane
significantly reduced the incidence of stomatitis grade �2
within the first 12 weeks of treatment compared with
conventionally administered everolimus (10 mg) plus
exemestane (28.8% versus 46.1%; P ¼ 0.039).

Oral toxicity such as stomatitis is a class effect of mTOR
inhibitors, although the exact mechanism remains unclear.23

However, it might be related to the inhibition of basal layer
cells of the oral epithelium. In addition, mTOR inhibitors are
immunosuppressive and increase the risk of infection when
the oral mucosa is damaged. In clinical practice, however, it
is of great importance not only to treat stomatitis, but also
to avoid it whenever possible. An analysis on occurrence
and time course of stomatitis in the BOLERO-2 study
showed that more than one-third of all stomatitis grade �2
was reported in the first weeks.24 To address this issue, we
designed the DESIREE trial, investigating if a dose-escalation
schedule of everolimus in combination with exemestane
could significantly reduce the incidence of stomatitis grade
8 https://doi.org/10.1016/j.esmoop.2022.100601
�2 in the first 12 weeks compared with conventionally
administered everolimus (10 mg) plus exemestane.

In the BOLERO-2 study, the incidence of all grade sto-
matitis and related oral AEs (including mouth ulceration,
aphthous stomatitis, glossodynia, gingival pain, lip ulcera-
tion, and glossitis) was 67%.7 Although these events were
largely reversible and 98% of patients with grade 2 sto-
matitis had complete resolution after a median of 16 days,
24% of patients required everolimus dose interruptions
and/or adjustments, and 3% of patients discontinued
treatment with the combination regimen because of sto-
matitis or related events. None of the patients included in
the BOLERO-2 trial had previously received a CDK4/6 in-
hibitor. Recently, the use of CDK4/6 inhibitors in combina-
tion with NSAI has become standard first-line therapy in
metastatic HR-positive/HER2-negative breast cancer. A
retrospective study investigating the clinical benefit of
everolimus plus exemestane in patients who have pro-
gressed on combination therapy of an NSAI and a CDK4/6
inhibitor versus NSAI alone showed that a previous treat-
ment with CDK4/6 inhibitor had no impact on survival
Volume 7 - Issue 6 - 2022
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outcomes for everolimus plus exemestane.25 Overall, of the
43 included patients, 9 (20.9%) required everolimus dose
reduction (11.8% in the CDK4/6 inhibitor arm versus 26.9%
in the control arm; P ¼ 0.281) and 19 (44.2%) patients
developed stomatitis, of whom 15 (78.9%) had no docu-
mentation of receiving prophylactic dexamethasone
mouthwash, which was not necessarily standard therapy at
that time. Hence, a dose-escalation schedule of everolimus
might be considered for reducing the incidence of stoma-
titis in this setting.

Within 24 weeks of treatment, the incidence of stomatitis
episodes grade �2 was numerically lower in the EVE esc
arm, but there was no significant difference anymore. These
findings support the need for a close monitoring especially
in the early treatment phase to better prevent or manage
oral side-effects.

During the first 12 weeks of treatment, the rate of 18.8%
of stomatitis grade �2 without considering premature dis-
continuations in the EVE esc arm was comparable to the
rates of 18% and 12% seen in patients receiving two
different steroid-containing mouth rinses from a rando-
mised phase II trial, which is a different strategy to reduce/
prevent everolimus-induced stomatitis. This study showed
that the prophylactic therapy with two different steroid-
containing mouth rinses substantially reduced incidences
of stomatitis any grade and grade �2 during the first 12
weeks of treatment in patients with mBC receiving ever-
olimus plus an AI.26 In the SWISH trial, a prophylactic
dexamethasone-based mouthwash reduced the incidence
of grade �2 stomatitis to 2% by 8 weeks at the cost of a
minimal risk of oral candidiasis (2 patients) in patients with
advanced HR-positive/HER2-negative breast cancer treated
with exemestane plus everolimus.15 Based on this single-
arm phase II trial, the 5th ESO-ESMO International
Consensus Guidelines for Advanced Breast Cancer (ABC 5)
guidelines recommend the use of prophylactic steroid
mouthwash as a standard measure for the prevention of
stomatitis induced by mTOR inhibitors.1

Toxicity reported in the DESIREE study was in line with
the known safety profile of everolimus and exemestane,
without new safety concerns. The use of a dose-escalation
regimen did not lead to significant differences in dose re-
ductions, interruptions and discontinuations, resulting in a
similar median RTDI between two arms. In the UNIRAD
study, dose reductions of everolimus were less common in
patients starting with 5 mg compared with full dose (28.4%
versus 46.8%).27

In the BOLERO-2 study, time to definitive deterioration of
the global QoL was significantly longer in patients treated
with exemestane plus everolimus than with exemestane plus
placebo, despite a higher incidence of grade 3 or 4 toxicities
reported in the exemestane plus everolimus group.14 In the
DESIREE study, the mean FACT-B total score was generally
high in both treatment arms without statistically significant
and clinically meaningful differences between arms.

It is important to note that there was a numerical, but
not statistically significant difference of e7.8% in the CBR
Volume 7 - Issue 6 - 2022
favouring the standard everolimus administration schedule.
More patients had progressive diseases in the EVE esc arm
at 24 weeks. This might be partially explained by differences
in the patient characteristics: more patients in the EVE esc
arm had an ECOG PS >1, more metastatic sites and more
liver metastases. Although this numerical difference in
favour of EVE 10mg was not statistically significant, we
cannot exclude a lower efficacy of the EVE esc arm. How-
ever, in the noninterventional, real-word BRAWO study
evaluating safety and efficacy of the approved combination
of everolimus plus exemestane in HR-positive/HER2-
negative advanced BC, most patients started with the
standard dose everolimus of (10 mg), while about one-third
of the patients started with everolimus 5 mg. The starting
dose, however, did not impact progression-free survival.9,28

These results suggest that patients in routine clinical prac-
tice are sometimes treated with a dose-escalation schema
of everolimus to allow the patient’s organism to adapt to
the therapy.

A major strength of the study is that we used a rando-
mised, double-blind, placebo-controlled design that
minimises imbalances between the two study arms.
Furthermore, to the best of our knowledge, DESIREE is the
only randomised phase II trial in postmenopausal HR-posi-
tive/HER2-negative patients with advanced breast cancer
investigating whether a dose escalating schedule of ever-
olimus can reduce the incidence of severe stomatitis in the
first 12 weeks. A limitation of the DESIREE trial is that the
information collected on use of dexamethasone-based
mouthwashes as a prophylaxis of stomatitis as well as
previous treatment with CDK4/6 inhibitors was inconsistent,
which might have influenced the results. Another limitation
was the fixed study treatment of 24 weeks resulting in an
extended recruitment of patients.

However, the DESIREE met its primary endpoint and
demonstrated that a dose-escalation schema of everolimus
over 3 weeks can be successfully implemented to reduce
the incidence of high-grade stomatitis in the first 12 weeks
of treatment. This could be an alternative strategy for
reduction of everolimus-related stomatitis as the use of a
steroid-based mouthwash has a small but real risk of
developing oral candidiasis.

In conclusions, these results have the potential to
improve the toxicity profile of patients treated with ever-
olimus. As stomatitis is a common side-effect of targeted
therapies for breast cancer, it may be worthwhile to
investigate if the use of escalating dose regimens might
improve the tolerability of other new targeted agents.
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