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Abstract
Background: The Oral Care BC-trial reported that professional oral care (POC) reduces the incidence and severity of
oral mucositis in patients receiving everolimus (EVE) and exemestane (EXE). However, the effect of POC on clinical
response among patients receiving EVE and EXE was not established. We compared outcomes for estrogen
receptor-positive metastatic breast cancer patients who received POC to those who had not, and evaluated clinical
prognostic factors. All patients simultaneously received EVE and EXE.
Methods: Between May 2015 and Dec 2017, 174 eligible patients were enrolled in the Oral Care-BC trial. The
primary endpoint was the comparative incidence of grade 1 or worse oral mucositis, as evaluated for both the
groups over 8 weeks by an oncologist. The secondary endpoints were progression-free survival (PFS) and overall
survival (OS). Data were collected after a follow-up period of 13.9 months.
Results: There were no significant differences in PFS between the POC and Control Groups (P = 0.801). A BMI < 25
mg/m2 and non-visceral metastasis were associated with longer PFS (P = 0.018 and P = 0.003, respectively) and the
use of bone modifying agents (BMA) was associated with shorter PFS (P = 0.028). The PFS and OS between the POC
and control groups were not significantly different in the Oral-Care BC trial.
Conclusions: POC did not influence the prognosis of estrogen receptor-positive metastatic breast cancer patients.
Patients with non-visceral metastasis, a BMI < 25 mg/m2, and who did not receive BMA while receiving EVE and
EXE may have better prognoses.
Trial registration: The study protocol was registered online at the University Hospital Medical Information Network
(UMIN), Japan (protocol ID 000016109), on January 5, 2015 and at ClinicalTrials.gov (NCT02376985).
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Background
Everolimus (EVE), an oral mammalian rapamycin
(mTOR) inhibitor, exerts antitumor effects against
various cancers including breast cancer and renal cell
carcinoma [1, 2]. Since the BOLERO-2 study, EVE and
exemestane (EXE) have been approved by the US Food
and Drug Administration for use in patients with estrogen
receptor (ER)-positive metastatic breast cancer [3, 4] and
this combination has been investigated extensively [5–8].
Oral Care-BC was a phase 3 multicenter randomized
clinical trial that assessed the effectiveness of professional
oral care (POC) in preventing oral mucositis in patients
treated with EVE and EXE for hormone-receptor-positive
HER2-negative metastatic breast cancer. We previously
reported that POC reduces the incidence and severity of
oral mucositis in patients receiving EVE and EXE and that
POC significantly reduces the incidence of grade 1 and 2
oral mucositis within 8 weeks [9].
However, the population with better clinical response
among patients receiving EVE and EXE was not established. Biomarker analyses have been conducted with the
goal of identifying subsets of patients that may benefit
from EVE treatment [10–13]. Therapeutic drugs such
EVE can cause oral mucositis, thus inducing pain and
other associated symptoms. Difficulties in oral ingestion
and poor oral hygiene increases bacteria inside the oral
cavity, which is associated with systemic risks due to increased risk of aspiration pneumonitis. Oral mucositis
interferes with treatment and prolongs hospitalization
[14, 15]. Furthermore, oral mucositis can result in the
discontinuation of treatment. Therefore, we thought that
decreasing oral mucositis by POC could result in better
survival parameters, besides alleviating mucositis. We
hypothesized that POC might have a good prognostic
effect in patients treated with EVE. This is the first randomized trial to compare POC with a control to evaluate
its effectiveness in reducing oral mucositis.
Methods
Consort

This study design adhered to CONSORT guidelines.
The Consort Flow Chart has been provided in the article
on primary endpoints [9].
Patients
Study design

Using a dynamic allocation method that minimizes the
effects of the allocation adjustment factors discussed
below, the Comprehensive Support Project for Oncology
Research (CSPOR) Data Center randomly assigned
treatment protocols to subjects categorized into the
POC and Control (C) groups in a ratio of approximately
1:1. The allocation algorithm was used by the researcher
responsible for biostatistical analysis who considered the
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following factors: age at enrollment (< 65 years / ≥ 65
years); use of bone-modifying agents (yes / no); receiving
chemotherapy within the last 3 months (yes / no); and
institution name.
Patients were randomly assigned in a 1:1 ratio (stratified according to center, use of BMA, age, and history of
receiving chemotherapy within 3 months) [9]. Eligible
patients were enrolled at 31 investigation sites from academic and community settings in Japan on the basis of
the following key inclusion criteria: postmenopausal
women having histologically or cytologically confirmed
metastatic hormone-receptor-positive HER2-negative
breast cancer; who were newly prescribed EVE 10 mg
and EXE 25 mg; had Eastern Cooperative Oncology
Group (ECOG) performance status of 0–1; and showed
adequate renal function (serum creatinine level ≤ 1.5 ×
upper limit of normal). Patients with an edentulous jaw;
oral mucositis within 1 mouth; chemotherapy administered within 1 month prior to randomization (except
bisphosphonates or denosumab). The institutional review boards at each of the 31 study sites approved the
study protocol. All patients provided written informed
consent before the commencement of the study.
A total of 174 patients were randomly allocated to the
two groups at enrolment and the treatment protocol
(EVE 10 mg once a day and EXE 25 mg once a day) was
initiated within 3 weeks from the date of enrolment to
169 patients, which consisted of the analysis population
of the primary endpoint. “Protocol treatment completion” was defined as oral management for a period of 8
weeks in the control (C) and POC groups. The study
protocol was registered online at the University Hospital
Medical Information Network (UMIN), Japan (protocol
ID 000016109) on January 5, 2015 and at ClinicalTrials.gov (NCT02376985).
Potential prognostic factors

The following categorical variables that could affect outcomes were used as covariates of analysis: (1) POC or C
group; (2) Age < 65 or ≥ 65 years; (3) Use of BMA or
not; (4) Chemotherapy or not; (5) BMI ≥ 25 kg/m2 or <
25 kg/m2; (6) Progesterone receptor (PgR)-positive or
not; (7) visceral disease or not; (8) Metastatic or de novo;
(8) Endocrine therapy 2 or 0–1; and (9) Incidence of oral
mucositis within 8 weeks or no incidence.
Endpoints

In the original clinical trial, the primary endpoint was
the comparison of incidence of grade 1 or worse oral
mucositis between the POC and C groups evaluated by
the oncologist over 8 weeks. The secondary endpoints
were progression-free survival (PFS) and overall survival
(OS) in all patients. PFS was defined as the interval
between the first progression and the first day of EVE
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administration and OS was defined as the period of
survival after the initiation of EVE treatment.
Statistical analysis

Patient characteristics were summarized by mean and
standard deviation (SD) for continuous factors and by
count and proportion for categorical factors. The imbalance between treatment groups was tested by t-test or
chi-square test. PFS and OS were estimated using the

Kaplan-Meier method. Univariate and multivariate analyses for PFS were performed using the Cox proportional
hazards model, in which 4 patients with unknown PgR
status and 4 patients without BMI values were excluded
(161 patients were included in total). Although, the
primary endpoint of this trial was incidence of oral
mucositis, sample size was not determined for PFS;
however, at a total of 160 patients with the assumption
that 40% of patients would be censored before observing

Table 1 Patient characteristics
POC Group (n = 82)
n

%

C Group (n = 87)
95%CI

n

%

P-value
95%CI

Age (years)

0.93

< 65

42

51.2

(39.9, 62.4)

44

50.6

(39.6, 61.5)

≥ 65

40

48.8

(37.6, 60.1)

43

49.4

(38.5, 60.4)

Not used

39

47.6

(36.4, 58.9)

40

46.0

(35.2, 57.0)

Used

43

52.4

(41.1, 63.6)

47

54.0

(43.0, 64.8)

BMA

0.84

Chemotherapy

0.55

Not used

74

90.2

(81.7, 95.7)

76

87.4

(78.5, 93.5)

Used

8

9.8

(4.3, 18.3)

11

12.6

(6.5, 21.5)

54

65.9

(54.6, 76.0)

66

75.9

(65.5, 84.4)

BMI (mg/m2)
< 25

0.07

≥ 25

24

29.3

(19.7, 40.4)

21

24.1

(15.6, 34.5)

Missing

4

4.9

(1.3, 12.0)

0

0.0

(0.0, 4.2)

-

12

14.6

(7.8, 24.2)

13

14.9

(8.2, 24.2)

+

65

79.3

(68.9, 87.4)

72

82.8

(73.2, 90.0)

Unknown

2

2.4

(0.3, 8.5)

2

2.3

(0.3, 8.1)

Missing

3

3.7

(0.3, 10.3)

0

0.0

(0. 4.2)

PgR

0.35

Metastatic site

0.07

Non-visceral

34

41.5

(30.7, 52.9)

28

32.2

(22.6, 43.1)

Visceral

45

54.9

(43.5, 65.9)

59

67.8

(56.9, 77.4)

Missing

3

3.7

(0.8, 10.3)

0

0.0

(0.0, 4.2)

Metastatic type

0.07

De novo

58

70.7

(59.6, 80.3)

72

82.8

(73.2, 90.0)

Metastatic

21

25.6

(16.6, 36.4)

15

17.2

(10.0, 26.8)

Missing

3

3.7

(0.8, 10.3)

0

0.0

(0.0, 4.2)

Endocrine therapy for MBC

0.40

0

13

15.9

(8.7, 25.6)

8

9.2

(4.1, 17.3)

1

17

20.7

(12.6, 31.1)

25

28.7

(19.5, 39.4)

2

23

28.0

(18.7, 39.1)

27

31.0

(21.5, 41.9)

3

29

35.4

(25.1, 46.7)

27

31.0

(21.5, 41.9)

Incidence of oral mucositis
within 8 weeks

0.02

No

20

24.4

(15.6, 35.1)

9

10.3

(4.8, 18.7)

Yes

62

75.6

(64.9, 84.4)

78

89.7

(81.3, 95.2)
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progression, this trial had > 78% and > 64% power for
detecting the hazard ratio of 2.0 and 1.5, respectively. All
statistical analyses were performed using SAS version
9.4 (SAS Institute Inc., Cary, NC, USA) and significance
was set at P < 0.05. All analyses were based on the data
collected at a follow-up period of 13.9 months (median).

Results
Patient characteristics are shown in Table 1. Baseline
characteristics between POC and C groups were balanced. Univariate analysis for PFS showed that BMI ≥ 25
mg/m2 was associated with a significantly shorter PFS
(HR: 1.85; 95% CI, 1.16–2.96, P = 0.010) and the presence of visceral disease (HR: 1.98; 95% CI 1.27–3.08, P =
0.002) was associated with a significantly shorter PFS.
Multivariate analysis showed BMI ≥ 25 mg/m2 (HR: 1.84;
95% CI: 1.11–3.04, P = 0.018), the presence of visceral
disease (HR: 2.13; 95% CI: 1.31–3.49, P = 0.003; Table 2),
and BMA use were associated with a shorter PFS (HR:
1.71; 95% CI: 1.06–2.77, P = 0.028; Table 2).
The median PFS was 5.57 months (95% CI, 4.62–6.72).
The OS did not reach 50% over a median observational
period of 13.9 months. The median PFS in the POC and
C groups was 5.51 months (95% CI, 4.23–8.07) and 5.57
months (95% CI, 4.03–6.52), respectively.
There were no significant differences in PFS between
the POC and C Groups (P = 0.801, HR 0.95, 95% CI,
0.63–1.42) (Fig. 1), or in OS between the groups (P =
0.971, HR: 0.99, 95% CI, 0.51–1.92) (Fig. 2). Additionally, there were no significant differences between the
PFS of patients with oral mucositis within 2 weeks or
not (P = 0.170, HR: 1.33, 95% CI, 0.89–1.98) (Fig. 3).
Discussion
Novel therapies based on cyclin-dependent kinase (CDK)4/
6 and phosphatidylinositol 3-kinase (PI3K) / protein kinase
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B (AKT) / mammalian target of rapamycin (mTOR) inhibitors have significantly improved prognosis for patients,
increasing progression-free survival rate, and, in some
cases, overall survival.
Our results showed a PFS of 5.6 months in patients
receiving the combination treatment of EVE and EXE,
which is shorter than the PFS reported in the BOLERO2 trial (7.8 months), primarily since the Oral Care-BC
trial had many patients with visceral disease.
A meta-analysis of stomatitis in patients receiving EVE
showed that stomatitis within 8 weeks was associated
with longer PFS in several trials [16]. However, we
demonstrated that mucositis within 2 and 8 weeks was
not associated with longer PFS. The reason for the
differences in results remains unknown, however, it
could be due to differences in primary cancer sites or
the interaction with combination therapies. The metaanalysis included patients with advanced carcinoid
tumors, pancreatic neuroendocrine tumors, renal cell
carcinomas, and tuberous sclerosis complex, but our
trial included only breast cancer patients. Similarly, the
meta-analysis included EXE, vinorelbine, trastuzumab,
and long-acting repeatable octreotide as combination
drugs for EVE, but our trial included only EXE. Furthermore, patients in our trial were obliged to receive severe
prophylactic oral care, but those in the meta-analysis did
not always receive oral care.
We observed that non-visceral metastasis was associated with a longer PFS than visceral metastasis. However, Jose et al. reported that the effects of EVE and EXE
did not differ between visceral and non-visceral metastasis in the BOLERO-2 trial [3]. This could be attributed
to the differences in clinical trial design.
It has been reported that women with a high BMI
receiving aromatase inhibitors in an adjuvant setting
experience more recurrences than women with a low

Table 2 Univariate and multivariate Cox proportional hazards regression models for progression free survival
Univariate

Multivariate

HR (95% CI)

P-value

HR (95% CI)

P-value

D Group, B Group

0.97 (0.64, 1.46)

0.879

1.11 (0.72, 1.72)

0.628

Age (≥ 65, < 65 years)

0.97 (0.64, 1.46)

0.874

1.04 (0.66, 1.66)

0.862

Use of BMA, No use

1.26 (0.84, 1.89)

0.255

1.71 (1.06, 2.77)

0.028

Chemotherapy, No use

1.03 (0.55, 1.93)

0.930

1.19 (0.60, 2.37)

0.618

BMI ≥ 25, < 25

1.85 (1.16, 2.96)

0.010

1.84 (1.11, 3.04)

0.018

PgR+, −

1.02 (0.60, 1.72)

0.952

0.70 (0.38, 1.29)

0.257

Visceral, No visceral

1.98 (1.27, 3.08)

0.002

2.13 (1.31, 3.49)

0.003

Metastatic, De novo

1.05 (0.65, 1.69)

0.855

0.87 (0.49, 1.54)

0.625

Endocrine therapy 2, 0–1

1.34 (0.80, 2.22)

0.265

1.13 (0.60, 2.13)

0.701

Endocrine therapy 3, 0–1

1.22 (0.76, 1.96)

0.409

0.95 (0.56, 1.62)

0.856

Incidence of oral mucositis
within 8 weeks, None

1.19 (0.69, 2.04)

0.536

1.41 (0.78, 2.57)

0.260
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Fig. 1 Progression-free survival. POC, professional oral care; C, control

BMI [17–23]. We also showed that low BMI patients
were associated with longer PFS than those with a high
BMI, although there were differences in EVE exposure
and trial design (adjuvant vs. metastatic setting). Obesity
is most strongly associated with postmenopausal hormone
receptor-positive breast cancer risk. Hormone replacement therapy (HRT) has been commonly used in Japan. A
previous meta-analysis found that HRT recipients were at
an increased risk of breast cancer, and since obesity is a
side effect of HRT, it might influence our results.
Further, we discovered that non-bone-targeted therapy
was a better prognostic factor of EVE and EXE. A recent
meta-analysis reported that bone metastases (BMs)
occur in 58% of patients with metastatic breast cancer
[24]. BMs often cause severe bone pain and lead to bone

Fig. 2 Overall survival. POC, professional oral care; C, control
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Fig. 3 Progression-free survival (incidence of oral mucositis within
two weeks)

fracture, known as skeletal-related events (SREs), including
radiation or surgery to bone, fragile bone fracture, spinal
cord compression, and hypercalcemia of bone metastasis
[24]. SREs cause severe pain, impair mobility, reduce the
quality of life (QoL), and increase mortality [25–28].
Patients receiving BMA had a poorer prognosis, including
significant BM, prior to participating in our clinical trial.
The Safari study (UMIN000015168), a retrospective,
multicenter cohort study, conducted in 1072 patients in
Japan taking fulvestrant (500 mg) for ER-positive metastatic breast cancer showed that early line fulvestrant
(500 mg) (F500) administration was associated with significantly longer time to treatment failure (TTF) than
late line use [29, 30], however, EVE and EXE did not
show this trend in our trial. In other words, EVE and
EXE may be a promising drug combination regardless of
treatment line.
Although the results of this clinical study are important, there were several limitations. First, the primary
endpoint of this trial was the comparison of incidence of
grade 1 or worse oral mucositis over 8 weeks between
the POC and C groups, and not PFS and OS. Secondly,
a larger sample size could have provided more reliable
results. However, the trial was well-powered for detecting a sufficiently strong association with PFS, e.g. a hazard ratio of > 2.0, although in a post-hoc calculation,
showed that BMI, use of BMA, and visceral involvement
were important prognostic factors for progression and
that the outcomes of the present trial are reliable. Lastly,
a centralized data review of images and pathological
examinations were not performed, as we felt that these
were beyond the scope of this investigation. In future
studies, a more extensive review of the literature could
provide additional data to support our results.
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Conclusions
Professional oral care does not influence the prognosis
of estrogen receptor-positive metastatic breast cancer
patients. Non-visceral metastasis, BMI < 25 mg/m2, and
those not receiving BMA might be good prognostic
factors for patients receiving EVE and EXE.
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