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To the Editor, 

Aberrant signalling through the phosphatidylinositol 3-kinase (PI3K)-Akt-mammalian 

target of rapamycin (mTOR) pathway is a well-known mechanism of resistance to 

endocrine therapy in patients with hormone receptor (HR)-positive, HER2-negative 

metastatic breast cancer [1,2]. Everolimus is an mTOR-targeting rapamycin derivative 

that reverses endocrine resistance and prolongs progression-free survival (PFS) when 

combined with exemestane in postmenopausal women with this breast cancer subtype 

[3]. Accordingly, everolimus is recommended for the treatment of HR-positive, HER2-

negative advanced breast cancer in postmenopausal women with recurrence or disease 

progression while receiving a non-steroidal aromatase inhibitor [4]. 

Compared to treatment with exemestane alone, co-administration of everolimus 

has been shown to increase PFS, but not overall survival (OS), in interventional and 

non-interventional clinical trials [3,5-7]. While everolimus can cause significant side 

effects, the addition of everolimus to exemestane in clinical trials has nonetheless been 

reported to improve quality of life in general [8], possibly due to prolonged freedom 

from cancer progression. 

To provide further real-world evidence for the safety and efficacy of everolimus, 

a single-arm non-interventional study was performed at nine hospitals in Norway 

between May 2014 and January 2017. Postmenopausal women with HR-positive HER2-

negative advanced breast cancer were treated with everolimus plus exemestane 

according to routine medical practice. Patients provided signed informed consent before 

enrolment and remained in the study until they withdrew their consent or treatment with 

everolimus was stopped. The following information was captured using electronic case 

report forms (eCRFs): demographics, cancer characteristics, previous lines of treatment, 

Eastern Cooperative Oncology Group (ECOG) performance status, adverse events 



(AEs), disease status and details of treatment. At the end of the study, all patients were 

monitored for survival. 

The primary outcome was AEs, coded using the Medical Dictionary for 

Regulatory Activities (MedDRA) and analysed by preferred term, Common 

Terminology Criteria for Adverse Events (CTCAE) grade and seriousness. The 

secondary outcomes were PFS, OS, overall response rate (ORR), clinical benefit rate 

(CBR), time on treatment with everolimus and reasons for stopping treatment with 

everolimus. 

When designing the study it was anticipated that seven sites would each 

contribute 5 to 10 patients. Statistical analyses were performed using SAS for Windows 

version 9.3. PFS and OS were analysed by the Kaplan–Meier method and by creating 

univariate Cox proportional hazard regression models. In the Kaplan–Meier and Cox 

analyses, survival was censored at the date of last contact for patients whose survival 

status was unknown. The Clopper–Pearson method was used to calculate 95% 

confidence intervals (CIs) for PFS, OS, ORR and CBR. 

The study was conducted according to a study protocol approved by the REK 

sør-øst regional ethics committee on behalf of all centres in Norway and in compliance 

with the latest revision of the Declaration of Helsinki and the Guidelines for Good 

Pharmacoepidemiology Practices (GPP). 

Forty-nine patients were screened, of whom 48 were enrolled in the study. 

Patients were treated with everolimus for a median of 133 days (range 17 to 743 days). 

Eight patients (17%) missed one or more doses of everolimus. Fourteen patients (29%) 

were still on everolimus therapy at the end of the study. The most common reason for 

discontinuing everolimus treatment was disease progression (25 patients, 52%), 

followed by AEs (7 patients, 15%). One patient decided to discontinue everolimus for 



unknown reasons. 

Median patient age was 62.5 years (range 45 to 84 years). ECOG performance 

status at baseline was 0 or 1 in 46 patients and 2 in the other two patients (4%).  

The most frequent tumour site at baseline was bone (38 patients, 79%), followed 

by lung (15 patients, 31%) and liver (11 patients, 23%). The median time since the 

primary diagnosis was 5.5 years (range 1 to 22 years). When entering the trial, 23 

patients (48%) had one metastatic site; the other 25 patients (52%) each had two or 

more metastatic sites. The median number of previous lines of treatment in the 

metastatic setting was 1 (range 0 to 7). All 43 patients (90%) treated previously in the 

metastatic setting had received endocrine therapy; 10 of these 43 patients had 

additionally received chemotherapy. Further details of the cancers and their treatment 

are provided in Supplementary Table 1. 

Overall, there were 659 AEs, of which 395 were suspected to be related to 

everolimus. All 48 patients had at least one AE suspected to be related to everolimus. 

The most frequent AEs were pain (49 events in 34 patients, 71%), stomatitis (49 events 

in 33 patients, 69%), infection (43 events in 25 patients, 52%), rash (37 events in 25 

patients, 52%), fatigue (32 events in 23 patients, 48%), cough (31 events in 24 patients, 

50%) and pruritus (26 events in 18 patients, 38%) (Table 1). Nausea occurred in 17 

patients (35%), decreased appetite in 15 patients (31%), weight loss in 13 patients 

(27%), anaemia in 10 patients (21%), hyperglycaemia in 8 patients (17%) and 

pneumonitis in 7 patients (15%). 

Most AEs were of grade 1 (mild) or 2 (moderate). The most frequent grade 3 AE 

was stomatitis (6 patients), followed by infection (5 patients), weight loss (3 patients) 

and pruritus (3 patients). There were three grade 4 (life-threatening) AEs in 3 patients: 

myocardial infarction (followed by death 6 days later), diverticular perforation and pain. 



None of the grade 4 AEs were suspected to be related to everolimus. 

There were 56 serious adverse events (SAEs) in 22 patients. Twenty-three SAEs 

in 11 patients (23%) were suspected to be related to everolimus. The most frequent 

SAEs were infection (10 events in 9 patients), dyspnoea (3 events in 3 patients), pain (3 

events in 3 patients), diarrhoea (3 events in 2 patients), nausea (2 events in 2 patients), 

vomiting (2 events in 2 patients) and sepsis (2 events in 1 patient). 

ORR was 7.5%, while CBR was 56% (Table 2). Supplementary Figure 1 shows 

Kaplan–Meier curves for PFS and OS. PFS was 89% at 3 months and 33% at 12 

months. All 48 patients were alive at 3 months and 96% were alive at 6 months. Median 

PFS was 7.1 months (95% CI 4.7 to 14.0) and median OS was 25.8 months (95% CI 

17.2 to no upper bound). 

In Cox proportional hazard analyses, none of the included covariates (age, 

ECOG performance status, time since primary diagnosis, tumour size, histology, nodal 

status, degree of malignancy, estrogen status, time since disease recurrence, metastatic 

site, previous lines of treatment) were significant predictors of PFS or OS. 

Discussion 

Overall, the presented safety data align with previous studies of everolimus, 

notably the BOLERO-2 phase III randomized controlled trial. However, the rate of 

stomatitis was higher in the present study (69%) than in BOLERO-2 (59%) [9], the 

BOLERO-6 phase II randomized trial (49%) [10], the real-world BRAWO study (41%) 

[11] and the single-arm phase II BOLERO-4 trial (20%) [12]. One possible explanation 

for this difference is the strong focus on stomatitis in the present study, with patient and 

investigator vigilance meaning that cases of stomatitis were less likely to be missed. 

The lower stomatitis rate in BRAWO may be due to preventive measures, including 

advice aimed at improving oral hygiene [11]. In BOLERO-4, the rate of stomatitis may 



have been lower partly because everolimus plus exemestane was only given as second-

line therapy after first-line therapy with everolimus plus letrozole [12], with stomatitis 

typically occurring early during everolimus treatment [13].  

The present study and BOLERO-2 showed similar overall rates for other AEs of 

interest: nausea (35% vs. 31%), decreased appetite (31% vs. 31%), weight loss (27% vs. 

28%), anaemia (21% vs. 21%), hyperglycaemia (17% vs. 14%) and pneumonitis (15% 

vs. 16%) [9]. Rates of these AEs were considerably lower in the BRAWO study [14]. 

Median PFS in our study (7.1 months) was similar to that in BOLERO-2 (6.9 

months) [5] and in the final interim analysis in BRAWO (6.9 months) [6], but higher 

than that in BOLERO-4 (3.7 months) [12] and lower compared to BOLERO-6 (8.4 

months) [10]. OS at 6 months in the present study (96%) was marginally higher than OS 

at 7 months in BOLERO-2 (89%) [9]. Compared to BOLERO-2, ORR was lower in the 

present study (7.5% vs. 12.6%), but CBR was higher (56% vs. 51%) [9]. ORR and CBR 

were both higher than in BOLERO-4 (6.0% and 28%, respectively) [12]. 

The present study was limited by the lack of a control group and thus the lack of 

blinding and randomization. However, patients were enrolled in a real-world setting, 

assuring that the study sample is representative of the target population. A further 

limitation is the low number of patients, although this was not expected to impact 

observed rates of the more frequent AEs that were the study’s primary focus. 

In summary, this study largely reproduces key safety and efficacy findings of the 

pivotal phase III BOLERO-2 trial in a real-world setting and adds to the body of real-

world data for everolimus.  
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Tables 

Table 1. Primary outcome: adverse events occurring in more than 10% of patients 

(n=48). 

Preferred term Any grade 

n (%)  

Grade 3 

n (%) 

Grade 4 

n (%) 

Pain 34 (71) 1 (2) 1 (2) 

Stomatitis 33 (69) 6 (13) - 

Rash 25 (52) 2 (4) - 

Infection 25 (52) 5 (10) - 

Cough 24 (50) 1 (2) - 

Fatigue 23 (48) 1 (2) - 

Pruritus 18 (38) 3 (6) - 

Nausea 17 (35) 1 (2) - 

Decreased appetite 15 (31) 1 (2) - 

Oedema peripheral 14 (29) - - 

Dyspnoea 14 (29) - - 

Diarrhoea 13 (27) 1 (2) - 

Acne 13 (27) - - 

Weight decreased 13 (27) 3 (6) - 

Headache 12 (25) 1 (2) - 

Asthaenia 11 (23) 1 (2) - 

Epistaxis 11 (23) - - 

Pyrexia 10 (21) - - 

Vomiting 10 (21) 1 (2) - 

Anaemia 10 (21) - - 



Preferred term Any grade 

n (%)  

Grade 3 

n (%) 

Grade 4 

n (%) 

Alanine aminotransferase increased 9 (19) - - 

Hyperglycaemia 8 (17) 1 (2) - 

Thrombocytopaenia 8 (17) - - 

Insomnia 8 (17) 1 (2) - 

Constipation 7 (15) - - 

Hypertension 7 (15) 2 (4) - 

Arthralgia 7 (15) - - 

Pneumonitis 7 (15) 1 (2) - 

Nail disorder 5 (10) - - 

n = Number of patients 

  



Table 2. Secondary outcomes: overall response rate, clinical benefit rate, progression-

free survival and overall survival (n=48). 

ORR a No. of observations 40 

Response, n (%) a 3 (7.5) 

95% CI (%) 2 to 20 

CBR b No. of observations 34 

Clinical benefit, n (%) b 19 (56) 

95% CI (%) 38 to 73 

PFS c 3 months No. of observations 45 

Progression free, n (%) 40 (89) 

95% CI (%) 76 to 96 

6 months No. of observations 36 

Progression free, n (%) 17 (47) 

95% CI (%) 30 to 65 

9 months No. of observations 33 

Progression free, n (%) 12 (36) 

95% CI (%) 20 to 55 

12 months No. of observations 33 

Progression free, n (%) 11 (33) 

95% CI (%) 18 to 52 



OS d 3 months No. of observations 48 

Alive, n (%) 48 (100) 

95% CI (%) 93 to 100 

6 months No. of observations 45 

Alive, n (%) 43 (96) 

95% CI (%) 85 to 99 

CBR = Clinical benefit rate, CI = Confidence interval, ORR = Overall response rate, 

OS = Overall survival, PFS = Progression-free survival  

a ORR is the proportion of patients whose best overall response according to Response 

Evaluation Criteria In Solid Tumors (RECIST) version 1.1 was a complete response or a 

partial response 

b CBR is the proportion of patients whose best overall response according to RECIST version 

1.1 was a complete response, a partial response or stable disease lasting for at least 24 

weeks 

c PFS is the time from the date of treatment start to the date of the first documented progression 

or death due to any cause 

d OS is the time from the date of treatment start to the date of death due to any cause 

 

  



Supplementary Material 

Supplementary Table 1. Patient and disease characteristics at baseline (n=48). 

Age (years) Mean (SD) 62.2 (9.4) 

Median 62.5 

Min, Max 45, 84 

ECOG performance status, n (%) 0 28 (58) 

1 18 (38) 

2 2 (4) 

Tumour site at baseline, n (%) Bone 38 (79) 

Brain 2 (4) 

Breast 5 (10) 

Liver 11 (23) 

Lung 15 (31) 

Lymph nodes 9 (19) 

Skin 5 (10) 

Time between primary diagnosis 

and baseline (years) 

Mean (SD) 7.7 (5.9) 

Median 5.5 

Min, Max 1, 22 

Time between disease recurrence 

and baseline (years) 

Mean (SD) 3.0 (3.4) 

Median 2.3 

Min, Max 0, 18 

No. of metastatic sites, n (%) a 1 23 (48) 

2 16 (33) 

3 6 (13) 

4 3 (6) 



No. of previous lines of treatment 

in the metastatic setting 

Mean (SD) 1.8 (1.4) 

Median 1 

Min, Max 0, 7 

Previous treatment in the 

metastatic setting, n (%) 

None 5 (10) 

Chemotherapy 10 (21) 

Endocrine treatment 43 (90) 

n = Number of patients, SD = Standard deviation 

a Breast was a site of disease progression in 11 patients (23%) 

  

  



Supplementary Figure 1 

Supplementary Figure 1. Kaplan–Meier curves for progression-free survival and overall 

survival (n=48). A. Progression-free survival. B. Overall survival. 


