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Background: The randomized, double-blind UNIRAD trial evaluating the addition of 2 years of everolimus to endocrine
therapy in patients with high-risk, early luminal breast cancer failed to demonstrate a benefit. We report the subgroup
analyses.
Patients and methods: We randomly assigned 1278 patients in a 1 : 1 ratio to receive 2 years of placebo or everolimus,
added to endocrine therapy for up to 4 years after initiation. Randomization was stratified by endocrine therapy agent,
prior adjuvant versus neoadjuvant therapy, progesterone receptor expression, and lymph node involvement. Subgroup
analyses by each stratification factor were pre-specified. Post hoc analyses were carried out according to menopausal
status and age. Treatment adherence was also analyzed.
Results: We observed a limited trend toward more favorable prognostic features in tamoxifen-treated patients, with
more frequent estrogen receptor-positive/progesterone receptor-positive tumors (88.5% versus 84.1%, P ¼ 0.026)
and less frequent pN2-positive status (39.8% versus 46.0%, P ¼ 0.032). In premenopausal women, we observed a
numerical benefit of everolimus: 3-year disease-free survival was 86% in the placebo group and 90% in the
everolimus group (hazard ratio 0.76, 95% confidence interval 0.43-1.34). In premenopausal patients treated with
tamoxifen (n ¼ 153; 12.3%), we observed an even stronger trend in favor of everolimus as 3-year DFS was 84% in
the placebo group and 91% in the everolimus group (hazard ratio 0.54, 95% confidence interval 0.28-1.02). Early
discontinuation of either everolimus or placebo was less frequent in the tamoxifen group than in the aromatase
inhibitor group: 48.0% versus 56.9% (P ¼ 0.028).
Conclusions: The present post hoc analyses generate hypotheses regarding the interaction between menopausal status,
tamoxifen, and everolimus in patients with high-risk, ER-positive, human epidermal growth factor receptor type
2-negative early breast cancer. They suggest that tamoxifen alone is an underpowered endocrine treatment in high-
risk premenopausal patients.
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INTRODUCTION

Hormone receptor (HR)-positive, human epidermal growth
factor receptor type 2 (HER2)-negative breast cancer
accounts for w70% of early invasive breast cancer.1 Endo-
crine therapy (ET) is the cornerstone of medical adjuvant
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therapy and is associated with long-term benefit in both
invasive disease-free survival (DFS) and overall survival.2 In
postmenopausal patients, aromatase inhibitors (AI) for at
least 5 years are the standard of care.3 In premenopausal
patients, at least 5 years of tamoxifen has been the stan-
dard adjuvant ET for decades.4 More recently, it has been
shown that the combination of any ET with ovarian function
suppression (OFS) for 5 years significantly improves invasive
DFS over tamoxifen alone, especially in very young patients
(<35 years old) and in those with high-risk features
who usually also require adjuvant chemotherapy.5,6

Unfortunately, w20% of all patients with HR-positive,
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HER2-negative early breast cancer will relapse in the first
10 years with potentially incurable disease. The long-term
risk of recurrence is associated with well-documented
prognostic features such as tumor size, lymph node
involvement, vascular emboli, and tumor proliferation.7

Activation of the phosphatidylinositol-3-kinase/Akt/
mammalian target of rapamycin (mTOR) signaling pathway
has been described as a mechanism of acquired resistance
to ET.8 In patients with metastatic disease the combination
of everolimus and exemestane improved the median
progression-free survival from 4.1 months to 10.6 months
[hazard ratio: 0.45; 95% confidence interval (CI) 0.38-0.54;
P ¼ 0.0001] in the randomized phase III BOLERO2 trial.9 In
the randomized phase II TAMRAD trial, the combination of
tamoxifen plus everolimus improved the 6-month clinical
benefit rate from 42% in the tamoxifen arm to 61% in the
combination arm.10

Within this context and before the cyclin-dependent ki-
nase 4 and 6 (CDK4/6) inhibitor era, we initiated UNIRAD, a
double-blind, multicenter, international randomized trial
comparing the combination of adjuvant everolimus plus
standard adjuvant ET versus placebo plus ET in patients with
high-risk HR-positive/HER2-negative early breast cancer. The
primary results have been reported, suggesting no overall
benefit from the addition of 2 years of everolimus to ET.11

The pre-specified subgroup analysis of the UNIRAD trial
focused on the ET backbone as it appeared to be the only
stratification factor with a strong trend towards an associ-
ation with DFS, suggesting that patients treated with
tamoxifen may derive a benefit from the addition of ever-
olimus (hazard ratio 0.62, 95% CI 0.37-1.06, P ¼ 0.044).11 To
further elucidate this intriguing finding, in this report we
examine the interaction of ET and allocation to everolimus
with age and menopausal status.
PATIENTS AND METHODS

Patients

Detailed methods have been reported previously.11 Briefly,
patients were enrolled if they were women aged �18 years
with estrogen receptor (ER)-positive, HER2-negtive early
breast cancer at high risk of recurrence, as defined by four
or more positive lymph nodes; one or more positive lymph
node if surgery was carried out after neoadjuvant chemo-
therapy or ET administered for �3 months; or one to three
positive lymph nodes at primary surgery and an EPclin®
score �3.3.

Key non-inclusion criteria were: prior cancer �5 years
before randomization, significantly impaired lung function,
known hypersensitivity to mTOR inhibitors, and any un-
controlled medical condition.

The trial was conducted in accordance with good clinical
practice, the Declaration of Helsinki, and all local regu-
lations. Written informed consent was obtained from all
patients. The trial was registered on clinicaltrials.gov
(NCT01805271). It was sponsored and conducted by UNI-
CANCER Research and Development.
2 https://doi.org/10.1016/j.esmoop.2025.105050
Study design and conduct of treatment

Patients were randomly assigned 1 : 1 to receive 2 years of
placebo or 2 years of everolimus, which was added to
ongoing ET for up to 4 years after initiation. Randomization
was stratified by ET agent [tamoxifen þ/� luteinizing
hormone-releasing hormone (LHRH) agonists versus AI],
prior adjuvant versus neoadjuvant chemotherapy or ET,
progesterone receptor (PR) expression, prior duration of ET
(�3 years versus >3 years), and lymph node involvement
(four or more positive lymph nodes and one or more pos-
itive lymph node after neoadjuvant treatment versus one to
three positive nodes and high EPclin® score). Everolimus
dose adjustments have been previously reported.11
Statistical analysis

The primary endpoint of the core analysis was DFS from
randomization. New second cancers of non-breast origin
were not included. A preplanned subgroup analysis of
stratification factors was carried out. Secondary endpoints
included overall survival, event-free survival, distant
metastasis-free survival, second malignancies, and toxicity.
The primary analysis was conducted according to the
intention-to-treat principle. For the purpose of this report,
post hoc analyses were carried out according to meno-
pausal status and age. The KaplaneMeier method was used
to estimate DFS. The hazard ratio and associated 95% CI
were calculated using a Cox proportional hazards model. A
pre-specified DFS analysis was carried out in stratified
subgroups, for which the hazard ratio and 95% CI were
calculated by using the Cox model. Data are reported ac-
cording to the CONSORT 2010 statement.12

RESULTS

Overall population results

Between June 2013 and March 2020, 1278 patients were
randomized, including 641 patients in the placebo arm, and
637 patients in the everolimus arm. The overall population
has been reported previously.11 Briefly, the median age was
54 years [interquartile range (IQR) 48-63 years] and 404 and
838 women were premenopausal (31.6%) and post-
menopausal (65.8%), respectively (unknown 2.5%). The
median duration of ET treatment at randomization was 15
months (IQR 4.9-29.9 months). Endocrine therapies
included tamoxifen (43.6%), letrozole (31.7%), anastrozole
(18.9%), and exemestane (5.4%). Only seven premeno-
pausal patients (0.5%) received an LHRH agonist, probably
due to continued menstruation after adjuvant chemo-
therapy. In the pre-specified subgroup analysis, ET back-
bone emerged as the only stratification factor with a strong
trend towards an association with DFS (P value for
interaction ¼ 0.044), suggesting a benefit only in patients
receiving tamoxifen.11 Other stratification factors such as
time to chemotherapy, PR expression, duration of ET at the
start of everolimus or nodal involvement were not signifi-
cantly associated with DFS. These results have been upda-
ted, with a median follow-up of 60.3 months (IQR 42.2-71.8
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Figure 1. Subgroup analysis of disease-free survival and distant metastasis-free survival according to endocrine therapy backbone. Blue curves indicate the
everolimus arm; red curves indicate the placebo arm. (A) DFS in tamoxifen subgroup. (B) DFS in the aromatase inhibitor subgroup. (C) DMFS in the tamoxifen
subgroup. (D) DMFS in the aromatase inhibitor subgroup.
CI, confidence interval; DFS, disease-free survival; DMFS, distant metastasis-free survival; EVE, everolimus; HR, hazard ratio; KM Est, Kaplan Meier estimate.
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Figure 1. Continued.
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months), compared with 35.7 months in the original report.
In the subgroup of patients receiving tamoxifen, DFS at 60
months was 87% (95% CI 81-91 months) in the everolimus
arm and 80% (95% CI 74% to 84%) in the placebo arm
(hazard ratio 0.53, 95% CI 0.33-0.85, P ¼ 0.0067)
(Figure 1A). Conversely, in the AI subgroup, 60-month DFS
was 81% (95% CI 76% to 85%) in the everolimus arm and
82% (95% CI 77% to 86%) in the placebo arm (hazard ratio
1.13, 95% CI 0.81-1.58, P ¼ 0.4736) (Figure 1B). Similar
results were observed for distant metastasis-free survival
(Figure 1C and D).

To investigate this puzzling interaction further, we
developed three approaches. First, we looked for potentially
different characteristics in these two subsets of patients
(i.e. tamoxifen or AI ET). Second, we examined the inter-
action of menopausal status and age with DFS and treat-
ments. Finally, we analyzed the relationship between dosing
and compliance with everolimus therapy and either patient
characteristics or ET treatment.
Subpopulations

We re-analyzed the study population according to ET
backbone (Table 1). Overall, no major differences in high-
risk characteristics were observed between the two
groups. We observed, however, a limited trend towards
more favorable prognostic features in patients treated with
tamoxifen, who were more likely to have tumors expressing
ER and PR (ER-positive/PR-positive, 88.5% versus 84.1%,
exploratory P value ¼ 0.026) and less likely to have pN2-
positive lymph node involvement (49.6% versus 57.3%,
Table 1. Population characteristics according to endocrine therapy

Tamoxifen
n [ 505

Aromatase
inhibitor
n [ 773

P value

Age (years) <0.001
Median (min-max) 47 (28-73) 60 (31-89)
Menopause, n (%) <0.0001
Yes 154 (31.7) 688 (90.8)
No 332 (68.3) 70 (9.2)

Missing 19 15
Tumor characteristics, n (%)
ERþPRþ 447 (88.5) 650 (84.1) 0.026
ERþ/PR� 58 (11.5) 123 (15.9)
�4 Nþ 250 (49.7) 443 (57.5) 0.019
1-3 Nþ and EPclin® score �3.3 183 (36.4) 229 (29.9)
1-3 Nþ after neo-adjuvant
treatment

70 (13.9) 98 (12.7)

Missing 2 3
Chemotherapy, n (%) 0.834
Neoadjuvant 132 (26.1) 198 (25.6)
Adjuvant 373 (73.9) 575 (74.4)

Duration of endocrine therapy
(years)

0.132

0-1 227 (45.0%) 304 (39.4%)
2-3 204 (40.5%) 347 (44.9%)
>3 73 (14.5%) 121 (15.7%)

Missing 1 1
Treatment arm, n (%) 0.973
Placebo 253 (50.1) 388 (50.2)
Everolimus 252 (49.9) 385 (49.8)
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exploratory P value ¼ 0.022) than AI-treated patients. As
expected, age and menopausal status differed, with pa-
tients receiving an AI being significantly older and more
likely to be postmenopausal.

Disease-free survival according to endocrine treatment,
menopausal status, and age

In this post hoc unplanned subgroup analysis, we examined
the interaction between ET backbone, menopausal status,
and age. In premenopausal women, we observed a
non-statistically significant numerical benefit of everolimus:
3-year DFS was 86% (95% CI 79% to 91%) in the placebo
group and 90% (95% CI 83% to 94%) in the everolimus
group (hazard ratio 0.76, 95% CI 0.43-1.34, P ¼ 0.3432),
while no difference was observed in postmenopausal
patients: 3-year DFS was 90% (95% CI 86% to 93%) in the
placebo group and 88% (95% CI 84% to 91%) in the ever-
olimus group (hazard ratio 1.04, 95% CI 0.70-1.55, P ¼
0.8451) (Supplementary Figure S1A and B, available at
https://doi.org/10.1016/j.esmoop.2025.105050, respec-
tively). Interestingly, in premenopausal patients treated
with tamoxifen (n ¼ 332; 26.7%), we observed an even
greater trend in favor of everolimus, as 3-year DFS was 84%
(95% CI 76% to 89%) for the placebo group and 91% (95%
CI 84% to 95%) for the everolimus group (hazard ratio
0.54, 95% CI 0.28-1.02, P ¼ 0.0521, Supplementary
Figure S1C, available at https://doi.org/10.1016/j.esmoop.
2025.105050). No benefit of everolimus was observed
in postmenopausal patients treated with tamoxifen
(Supplementary Figure S1D, available at https://doi.org/10.
1016/j.esmoop.2025.105050). Conversely, we observed an
intriguing potential detrimental effect of everolimus in the
subgroup of 70 premenopausal patients treated with an AI,
as the 3-year DFS was 95% (95% CI 68% to 99%) for the
control group and 85% (95% CI 65% to 94%) for the ever-
olimus group (hazard ratio 4.78, 95% CI 0.96-23.82, P ¼
0.0355), while again no difference was observed in post-
menopausal women treated with an AI (Supplementary
Figure S1E and F, available at https://doi.org/10.1016/j.
esmoop.2025.105050, respectively). This small subset of
patients had a median age of 47.5 years (range 31-59 years;
mean 46 years) and 20 of them had also received tamoxifen
as part of their ET. Finally, age groups were not associated
with any trend, whether considering patients aged <45
years (hazard ratio 0.90, 95% CI 0.45-1.80, P ¼ 0.7662) or
�45 years (hazard ratio 0.97, 95% CI 0.67-1.40, P ¼ 0.8810)
(Supplementary Figure S2A and B, available at https://doi.
org/10.1016/j.esmoop.2025.105050, respectively).

Dose of treatment and adverse events

Finally, to explain these differences, we examined whether
dosing and compliance with everolimus therapy might be
associated with either patient characteristics or ET back-
bone (Table 2). In the everolimus and tamoxifen group, 84
patients (33.3%) started everolimus at 10 mg and 165
(65.5%) at 5 mg, compared with 35.3% and 61.3%,
respectively, in the AI group. Adverse events are detailed in
https://doi.org/10.1016/j.esmoop.2025.105050 5
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Table 2. Everolimus dosing and adverse events according to endocrine
therapy

Tamoxifen
n [ 252

Aromatase
inhibitor
n [ 385

P
value

Initial everolimus dosing (mg),
n (%)

0.25

0 2 (0.8) 11 (2.9)
2.5 0 (0.0) 1 (0.3)
5 163 (64.9) 237 (61.6)
10 86 (34.3) 136 (35.3)

Missing 1 0
Early permanent discontinuation,
n (%)

0.023

No 88 (34.9) 102 (26.5)
Yes 164 (65.1) 283 (73.5)

At least one dose reduction, n (%) 0.90
No 163 (64.7) 251 (65.2)
Yes 89 (35.5) 134 (34.8)

At least one AEa, n (%) 0.29
No 7 (2.8) 17 (4.4)
Yes 245 (97.2) 368 (95.6)

At least one grade 3-5 AEa, n (%) 0.67
No 176 (69.8) 275 (71.4)
Yes 76 (30.2) 110 (28.6)

When treatment was initiated at
5 mga, n (%)

0.82

No 122 (75.2) 175 (73.8)
Yes 41 (24.8) 62 (26.2)

When treatment was initiated at
10 mga, n (%)

0.42

No 51 (59.3) 88 (64.7)
Yes 35 (40.7) 48 (35.3)

At least one AE leading to
treatment withdrawala, n (%)

0.11

No 187 (74.2) 263 (68.3)
Yes 65 (25.8) 122 (31.7)

At least one treatment related
AEa, n (%)

0.001

No 17 (6.7) 58 (15.1)
Yes 235 (93.3) 327 (84.9)

Serious adverse eventsa, n (%) 0.82
No 224 (88.9) 340 (88.3)
Yes 28 (11.1) 45 (11.7)

Maximum grade of adverse
eventsa, n (%)

0.15

0 7 (2.8) 14 (4.4)
1 27 (10.7) 43 (11.2)
2 142 (56.3) 215 (55.8)
3 68 (27.0) 104 (27.0)
4 8 (3.2) 3 (0.8)
5 0 (0.0) 3 (0.8)

AE, adverse event.
aOn safety population (everolimus dose >0).
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Supplementary Tables S1 and S2, available at https://doi.
org/10.1016/j.esmoop.2025.105050 by system organ class.

Briefly, expected grade 3/4 adverse events were more
common in the everolimus arm, regardless of ET backbone,
and included mucositis, pneumonitis, and increases in total
cholesterol, triglycerides or glycemia (Supplementary
Table S3, available at https://doi.org/10.1016/j.esmoop.
2025.105050). In the tamoxifen plus everolimus arm, 245
patients (97.6%) experienced at least one adverse event,
including 78 patients (31.1%) with grade 3/4 adverse
events. We observed grade 3 mucositis, elevated liver
functional tests, and hypertriglyceridemia in 7.5%, 2.8% and
3.6% of patients, respectively. Four patients (1.6%)
6 https://doi.org/10.1016/j.esmoop.2025.105050
experienced grade 3 pneumonitis. Grade 4 events were
exceptional. Grade 3/4 adverse events were observed in 41
patients (24.8%) when the everolimus dose was started at 5
mg and in 36 patients (42.9%) when the dose was started at
10 mg. In the AI þ everolimus arm, 368 patients (98.4%)
experienced at least one AE and 109 (29.1%) experienced a
grade 3/4 AE.We observed grade 3 mucositis, elevated liver
functional tests, and hypertriglyceridemia in 7.0%, 1.6%,
and 1.3% of patients, respectively. One patient (0.3%)
experienced grade 3 pneumonitis. Grade 4 events were
exceptional. Similarly, this was observed in 61 patients
(25.8%) when everolimus was started at 5 mg and in 48
patients (35.3%) at 10 mg.

The rate of dose reduction was similar in tamoxifen and
AI patients, occurring in 34.9% of the tamoxifen everolimus
group and 33.8% of the AI everolimus group. Overall, these
results do not suggest a relevant difference in global toxicity
profile according to the ET partner.
Duration of treatment/discontinuation

Despite these data and most interestingly, early discontin-
uation of either everolimus or placebo was significantly less
frequent in the tamoxifen arm than in the AI arm: 48.0%
versus 56.9% (P ¼ 0.028). Accordingly, the median duration
of everolimus treatment was significantly longer in the
tamoxifen group than in the AI group: 12.8 months (IQR 2.7-
23.6 months) versus 7.7 months (IQR 1.9-22.6 months), P ¼
0.007. More specifically, as shown in Figure 2, the 2-year
compliance rate with everolimus was w50% in the
tamoxifen-treated patients compared with 35%-40% in the
AI-treated patients. Compliance with placebo was similar in
both endocrine regimens, with a cumulative 2-year
compliance rate of w80%. Adherence to therapy is
detailed in Table 3.

DISCUSSION

The addition of everolimus to ET is beneficial in patients
with advanced HR-positive HER2-negative breast cancer
receiving either with tamoxifen,10 fulvestrant13 or exemes-
tane.14 On this basis, and with the aim of improving the
outcomes for patients with high-risk early HR-positive
HER2-negative breast cancer, we designed the UNIRAD
trial to evaluate the addition of 2 years of everolimus to
conventional adjuvant ET. Unfortunately, the trial did not
meet its primary endpoint, likely due to insufficient drug
exposure and/or limited activity in this specific clinical
setting.11 Pre-specified subgroup analyses, however, sug-
gested a better outcome with the addition of everolimus to
tamoxifen. This subsequent post hoc analysis showed a
trend in favor of everolimus in the subgroup of premeno-
pausal patients treated with tamoxifen. In general, the most
striking difference between patients treated with tamoxifen
or an AI was the rate of discontinuation of everolimus
(48.0% versus 56.9%, respectively) and the duration of
exposure to everolimus.

Improving long-term outcomes with adjuvant therapies in
patients with high-risk HR-positive, HER2-negative early
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Figure 2. Incidence of everolimus and placebo discontinuation according to endocrine therapy backbone. Blue curves indicate the everolimus arm; red curves
indicate the placebo arm. (A) Patients treated with tamoxifen. (B) Patients treated with an aromatase inhibitor.
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Table 3. Adherence to therapy in the UNIRAD trial, according to endocrine therapy

Tamoxifen Aromatase inhibitor

No EVE
n ¼ 253,
n (%)

EVE
n ¼ 252,
n (%)

All
N ¼ 505,
n (%)

No EVE
n ¼ 388,
n (%)

EVE
n ¼ 385,
n (%)

All
N ¼ 773,
n (%)

<30% 63 (24.9) 134 (53.4) 197 (39.1) 110 (28.4) 243 (63.1) 353 (45.7)
[30-50%] 41 (16.2) 53 (21.1) 94 (18.7) 71 (18.3) 61 (15.8) 132 (17.1)
[50-80%] 31 (12.3) 29 (11.6) 60 (11.9) 52 (13.4) 48 (12.5) 100 (12.9)
[80-90%] 15 (5.9) 8 (3.2) 23 (4.6) 27 (7.0) 11 (2.9) 38 (4.9)
[90-95%] 21 (8.3) 10 (4.0) 31 (6.2) 31 (8.0) 6 (1.6) 37 (4.8)
�95% 82 (32.4) 17 (6.8) 99 (19.6) 97 (25.0) 16 (4.2) 113 (14.6)

Each row shows adherence as a percentage combining actual therapy duration and dose adjustment. For example, patients in the ‘<30%’ row have taken <30% of the theoretical
cumulative dose. EVE, everolimus.
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breast cancer, whether premenopausal or not, remains an
important unmet medical need. Recently, controversial re-
sults have challenged the role of adjuvant CDK4/6 in-
hibitors, as a means to limit long-term endocrine resistance
by targeting the cell cycle machinery.15 Based on the results
of the Monarch-E trial,16 abemaciclib was approved by the
Food and Drug Administration and the European Medicines
Agency for use in patients with very high-risk early HR-
positive, HER2-negative breast cancer.17 Two adjuvant tri-
als failed to demonstrate a benefit of palbociclib,18 while
results from the NATALEE study evaluating ribociclib in
patients with intermediate and high-risk early breast cancer
showed a statistically significant improvement of invasive
DFS.19 Adverse events associated with adjuvant targeted
therapies are recognized as an important clinical issue. One
of the most striking differences between the AI and the
tamoxifen groups in the UNIRAD trial was the significantly
higher rate of everolimus discontinuation in patients
treated with an AI. Dose reductions or discontinuation have
been observed in up to 20% of the patients in the meta-
static setting, most commonly due to fatigue, rash, diarrhea
or stomatitis.10,13,14 Of note, the trial was conducted before
the generalization of adequate supportive care such as
suggested by the SWISH trial.20 It is also recognized that
compliance with ET is a major issue in the adjuvant setting,
with adverse consequences for those patients who do not
continue treatment.21 Notably, these issues of dose reduc-
tion/discontinuation and of compliance have also been
encountered in recent adjuvant trials evaluating the po-
tential benefit of CDK4/6 inhibitors.18,22 For instance, dose
reductions were observed in 55% of patients receiving
palbociclib in the PALLAS trial,18 in 41.2% of patients
receiving abemaciclib in the Monarch-E trial,15 and in 21.9%
of patients receiving ribociclib in the NATALEE trial.23 The
dose discontinuation rates, however, were strikingly
different (42.0% in PALLAS, 16.6% in Monarch-E, and 33.8%
in NATALEE). This may help explain the lack of benefit with
palbociclib and the impressive results obtained with abe-
maciclib or ribociclib, beyond the important differences in
the populations of these two studies (Supplementary
Table S4, available at https://doi.org/10.1016/j.esmoop.
2025.105050). Taken together with our present results,
these data may partially explain why no benefit was
observed with everolimus, at least in patients treated with
8 https://doi.org/10.1016/j.esmoop.2025.105050
an AI with even a trend towards a detrimental effect of
everolimus in premenopausal patients. Indeed, adherence
to planned therapy was worse in the AI subgroup.
Conversely, our data suggest that adjuvant everolimus may
be beneficial in premenopausal patients treated with
tamoxifen. In the SWOG1207 trial, the addition of 1 year of
everolimus to ET was randomized with no benefit.24 Strik-
ingly and in line with our results, the unplanned subgroup
analyses of this trial also identified a potential specific
benefit of adjuvant everolimus in premenopausal patients
(hazard ratio 0.64, 95% CI 0.44-0.94), and in patients
receiving tamoxifen (hazard ratio 0.78, 95% CI 0.53-1.15).
Better compliance to treatment may be a first explanation
(Figure 2), although no real difference in adverse events
was observed between tamoxifen and AI-treated patients.

Another important hypothesis is that these patients with
high-risk early breast cancer received suboptimal ET, and
that everolimus compensated to some extent for this
undertreatment. The vast majority of patients receiving
tamoxifen in the UNIRAD study were premenopausal
(65.7%), and it is noteworthy that OFS was proposed in only
seven of them. At the time the study was designed and
conducted, the final results of the SOFT trial, which defin-
itively established OFS as the standard of care for pre-
menopausal patients with high-risk early breast cancer,
were not available.25 Tamoxifen alone was considered the
standard of care for premenopausal women. Since amen-
orrhea is not a side-effect of everolimus,26 these results
suggest that in this particular setting, everolimus per se may
exert a significant clinical activity when added to tamoxifen.
Other possible explanations may relate to specific biological
interactions between tamoxifen and everolimus. We have
found that taking tamoxifen in the evening may be more
beneficial than taking it in the morning.27 It may also be
hypothesized that everolimus limits activation of the
eukaryotic translation initiation factor 4E (eIF4F) complex,
which has been involved in resistance to tamoxifen.28,29

Indeed, several translational reports suggest that patients
with high levels of p-4EBP1 (which triggers eIF4F activation)
benefit more from everolimus therapy.30-32

This report has important limitations. UNIRAD is an un-
derpowered study. The results are of borderline signifi-
cance, and the present post hoc exploratory analyses are
intended only to generate hypotheses that may help to
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understand the potential role of everolimus in patients with
high-risk HR-positive HER2-negative early breast cancer. We
did observe a slight imbalance in the risk factors in favor of
the tamoxifen group, which could also have biased the re-
sults. Adherence to adjuvant ET is of paramount importance
and may have been compromised by the combination to
everolimus, especially in patients treated with an AI. We
also have not been able to investigate potential underlying
biological differences between premenopausal and post-
menopausal patients. Only women participated in the
UNIRAD study.

CONCLUSIONS

Although current evidence does not support a substantial
role for everolimus in the early breast cancer setting, the
present data raise interesting hypotheses for the specific
subset of premenopausal patients treated with adjuvant
tamoxifen alone. The apparent adverse effect with AI re-
mains a conundrum. In line with current recommendations
for adjuvant ET, our results also suggest that tamoxifen
alone, without additional OFS, may be suboptimal for high-
risk premenopausal patients.

FUNDING

This work was supported by a grant from the French Min-
istry of Health [grant number PHRC 2012] and received
funding from La Ligue contre le Cancer, Cancer Research UK,
Myriad Genetics, and Novartis (no grant number). The
funding sources had no role in the whole process of the
study or its publication.

DISCLOSURE

The authors have declared no conflicts of interest.

REFERENCES

1. Cardoso F, Spence D, Mertz S, et al. Global analysis of advanced/
metastatic breast cancer: decade report (2005e2015). Breast.
2018;39:131-138.

2. Early Breast Cancer Trialists’ Collaborative Group (EBCTCG). Effects of
chemotherapy and hormonal therapy for early breast cancer on
recurrence and 15-year survival: an overview of the randomised trials.
Lancet. 2005;365:1687-1717.

3. Early Breast Cancer Trialists’ Collaborative Group (EBCTCG). Aromatase
inhibitors versus tamoxifen in early breast cancer: patient-level meta-
analysis of the randomised trials. Lancet. 2015;386:1341-1352.

4. Burstein HJ, Lacchetti C, Anderson H, et al. Adjuvant endocrine therapy
for women with hormone receptor-positive breast cancer: ASCO
Clinical Practice Guideline Focused Update. J Clin Oncol. 2014;32:2255-
2269.

5. Pagani O, Regan MM, Walley BA, et al. Adjuvant exemestane with
ovarian suppression in premenopausal breast cancer. N Engl J Med.
2014;371:107-118.

6. Francis PA, Regan MM, Fleming GF, et al. Adjuvant ovarian suppression
in premenopausal breast cancer. N Engl J Med. 2015;372:436-446.

7. Pan H, Gray R, Braybrooke J, et al. 20-Year risks of breast-cancer
recurrence after stopping endocrine therapy at 5 years. N Engl J
Med. 2017;377:1836-1846.

8. Johnston SRD. Clinical efforts to combine endocrine agents with tar-
geted therapies against epidermal growth factor receptor/human
epidermal growth factor receptor 2 and mammalian target of rapa-
mycin in breast cancer. Clin Cancer Res. 2006;12:1061s-1068s.
Volume 10 - Issue 5 - 2025
9. Baselga J, Campone M, Piccart M, et al. Everolimus in postmenopausal
hormone-receptor-positive advanced breast cancer. N Engl J Med.
2012;366:520-529.

10. Bachelot T, Bourgier C, Cropet C, et al. Randomized phase II trial of
everolimus in combination with tamoxifen in patients with hormone
receptor-positive, human epidermal growth factor receptor 2-negative
metastatic breast cancer with prior exposure to aromatase inhibitors: a
GINECO study. J Clin Oncol. 2012;30:2718-2724.

11. Bachelot T, Cottu P, Chabaud S, et al. Everolimus added to adjuvant
endocrine therapy in patients with high-risk hormone receptor-
positive, human epidermal growth factor receptor 2-negative pri-
mary breast cancer. J Clin Oncol. 2022;40:3699-3708.

12. Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated
guidelines for reporting parallel group randomized trials. Open Med.
2010;4:e60-e68.

13. Kornblum N, Zhao F, Manola J, et al. Randomized phase II trial of
fulvestrant plus everolimus or placebo in postmenopausal women with
hormone receptor-positive, human epidermal growth factor receptor
2-negative metastatic breast cancer resistant to aromatase inhibitor
therapy: results of PrE0102. J Clin Oncol. 2018;36:1556-1563.

14. Beaver JA, Park BH. The BOLERO-2 trial: the addition of everolimus to
exemestane in the treatment of postmenopausal hormone receptor-
positive advanced breast cancer. Future Oncol. 2012;8:651-657.

15. Johnston SRD, Harbeck N, Hegg R, et al. Abemaciclib combined with
endocrine therapy for the adjuvant treatment of HRþ, HER2�, node-
positive, high-risk, early breast cancer (monarchE). J Clin Oncol.
2020;38:3987-3998.

16. Johnston SRD, Toi M, O’Shaughnessy J, et al. Abemaciclib plus endo-
crine therapy for hormone receptor-positive, HER2-negative, node-
positive, high-risk early breast cancer (monarchE): results from a
preplanned interim analysis of a randomised, open-label, phase 3 trial.
Lancet Oncol. 2023;24:77-90.

17. Royce M, Osgood C, Mulkey F, et al. FDA approval summary: abema-
ciclib with endocrine therapy for high-risk early breast cancer. J Clin
Oncol. 2022;40:1155-1162.

18. Gnant M, Dueck AC, Frantal S, et al. Adjuvant palbociclib for early
breast cancer: the PALLAS trial results (ABCSG-42/AFT-05/BIG-14-03).
J Clin Oncol. 2022;40:282-293.

19. Hortobagyi GN, Lacko A, Sohn J, et al. A phase III trial of adjuvant
ribociclib plus endocrine therapy versus endocrine therapy alone in
patients with HR-positive/HER2-negative early breast cancer: final
invasive disease-free survival results from the NATALEE trial. Ann
Oncol. 2025;36(2):149-157.

20. Rugo HS, Seneviratne L, Beck JT, et al. 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. Lancet Oncol. 2017;18:654-662.

21. Pistilli B, Paci A, Ferreira AR, et al. Serum detection of nonadherence to
adjuvant tamoxifen and breast cancer recurrence risk. J Clin Oncol.
2020;38:2762-2772.

22. Loibl S, Marmé F, Martin M, et al. Palbociclib for residual high-risk
invasive HR-positive and HER2-negative early breast cancerdthe
Penelope-B trial. J Clin Oncol. 2021;39:1518-1530.

23. Slamon DJ, Neven P, Chia S, et al. Overall survival with ribociclib plus
fulvestrant in advanced breast cancer. N Engl J Med. 2020;382:514-
524.

24. Chavez-MacGregor M, Miao J, Pusztai L, et al. Phase III randomized,
placebo-controlled trial of endocrine therapy � 1 year of everolimus in
patients with high-risk, hormone receptor-positive, early-stage breast
cancer. J Clin Oncol. 2024;42:3012-3021.

25. Francis PA, Pagani O, Fleming GF, et al. Tailoring adjuvant endocrine
therapy for premenopausal breast cancer. N Engl J Med. 2018;379:122-
137.

26. Sparagana S, Franz DN, Krueger DA, et al. Pooled analysis of menstrual
irregularities from three major clinical studies evaluating everolimus
for the treatment of tuberous sclerosis complex. PLoS One. 2017;12:
e0186235.

27. Giacchetti S, Laas E, Bachelot T, et al. Association between endocrine
adjuvant therapy intake timing and disease-free survival in patients
https://doi.org/10.1016/j.esmoop.2025.105050 9

http://refhub.elsevier.com/S2059-7029(25)00919-6/sref1
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref1
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref1
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref1
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref2
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref2
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref2
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref2
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref3
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref3
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref3
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref4
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref4
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref4
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref4
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref5
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref5
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref5
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref6
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref6
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref7
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref7
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref7
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref8
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref8
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref8
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref8
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref9
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref9
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref9
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref10
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref10
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref10
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref10
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref10
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref11
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref11
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref11
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref11
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref12
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref12
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref12
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref13
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref13
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref13
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref13
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref13
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref14
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref14
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref14
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref15
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref15
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref15
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref15
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref15
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref15
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref16
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref16
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref16
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref16
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref16
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref17
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref17
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref17
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref18
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref18
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref18
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref19
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref19
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref19
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref19
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref19
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref20
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref20
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref20
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref20
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref21
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref21
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref21
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref22
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref22
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref22
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref22
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref23
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref23
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref23
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref24
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref24
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref24
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref24
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref24
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref25
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref25
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref25
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref26
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref26
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref26
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref26
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref27
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref27
https://doi.org/10.1016/j.esmoop.2025.105050
https://doi.org/10.1016/j.esmoop.2025.105050


ESMO Open M. Saint-Ghislain et al.
with high-risk early breast cancer: results of a sub-study of the UCBG-
UNIRAD trial. EBioMedicine. 2024;104:105141.

28. Fagan DH, Fettig LM, Avdulov S, et al. Acquired tamoxifen resistance in
MCF-7 breast cancer cells requires hyperactivation of eIF4F-mediated
translation. Horm Cancer. 2017;8:219-229.

29. Karthik GM, Ma R, Lövrot J, et al. mTOR inhibitors counteract
tamoxifen-induced activation of breast cancer stem cells. Cancer Lett.
2015;367:76-87.

30. Cottu P, Bièche I, Assayag F, et al. Acquired resistance to endocrine
treatments is associated with tumor-specific molecular changes in
10 https://doi.org/10.1016/j.esmoop.2025.105050
patient-derived luminal breast cancer xenografts. Clin Cancer Res.
2014;20:4314-4325.

31. Treilleux I, Arnedos M, Cropet C, et al. Translational studies within the
TAMRAD randomized GINECO trial: evidence for mTORC1 activation
marker as a predictive factor for everolimus efficacy in advanced breast
cancer. Ann Oncol. 2015;26:120-125.

32. Salaün H, Djerroudi L, Haik L, et al. The prognosis of patients
treated with everolimus for advanced ER-positive, HER2-negative
breast cancer is driven by molecular features. J Pathol Clin Res.
2024;10:e12372.
Volume 10 - Issue 5 - 2025

http://refhub.elsevier.com/S2059-7029(25)00919-6/sref27
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref27
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref28
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref28
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref28
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref29
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref29
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref29
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref30
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref30
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref30
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref30
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref31
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref31
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref31
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref31
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref32
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref32
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref32
http://refhub.elsevier.com/S2059-7029(25)00919-6/sref32
https://doi.org/10.1016/j.esmoop.2025.105050
https://doi.org/10.1016/j.esmoop.2025.105050
https://doi.org/10.1016/j.esmoop.2025.105050
https://doi.org/10.1016/j.esmoop.2025.105050
https://doi.org/10.1016/j.esmoop.2025.105050
https://doi.org/10.1016/j.esmoop.2025.105050
https://doi.org/10.1016/j.esmoop.2025.105050
https://doi.org/10.1016/j.esmoop.2025.105050
https://doi.org/10.1016/j.esmoop.2025.105050

	Differential benefit of adjuvant everolimus according to endocrine therapy backbone in the randomized UNIRAD trial
	Introduction
	Patients and methods
	Patients
	Study design and conduct of treatment
	Statistical analysis

	Results
	Overall population results
	Subpopulations
	Disease-free survival according to endocrine treatment, menopausal status, and age
	Dose of treatment and adverse events
	Duration of treatment/discontinuation

	Discussion
	Conclusions
	Funding
	Disclosure
	References


