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Abstract

Background/Aims: The study aim was to evaluate if mTOR
inhibitors can be considered as a treatment option for HR+
HER2- metastatic breast cancer (MBC) after progression on
CDK4/6 inhibitors in clinical practice. Methods: We retro-
spectively collected the clinicopathological data of patients
with HR+ HER2— MBC treated with CDK4/6 inhibitors and
subsequent therapies at our institution between 2014 and
2020. The patients were divided into 3 groups according to
the type of subsequent treatment: (A) exemestane plus
everolimus, (B) endocrine monotherapy, and (C) chemother-
apy. Overall survival (OS) was estimated by using the Kaplan-
Meier method and compared by using the log-rank test. The
efficacy and adverse events (AEs) of each subsequent treat-
ment were assessed by using Fisher’s exact tests. Results:
Eighty-six patients (34 in group A, 20 in group B, 32 in group
C) were included. The most common endocrine therapy in
group Bwas fulvestrant (40%). The major chemotherapy reg-
imen in group C was eribulin (25%). The median OS times
after stopping CDK4/6 inhibitors were 34.5 months (95%
confidenceinterval, 17.2 to NA), 13.6 months (3.9 to NA), and
19.5 months (18.8 to NA) in group A, group B, and group C,
respectively. The only significant difference in OS was ob-
served between group A and group B (20.9 months; p =
0.003). There was no difference in the incidence of grade 3
AEs between groups A and C or in the frequency of treat-

ment discontinuation because of AEs among the 3 groups.
Conclusion: Our study shows that mTOR inhibitors might be
an effective treatment option for patients with HR+ HER2—
MBC previously treated with CDK4/6 inhibitors.

© 2021 S. Karger AG, Basel

Introduction

The hormone receptor-positive, human epidermal
growth factor 2 receptor-negative (HR+ HER2-) subtype
is the most common subtype of breast cancer. The main
treatment options of HR+ HER— metastatic breast cancer
(MBC) are endocrine therapy and chemotherapy. The
primary goals of treatment for MBC are to prolong sur-
vival and improve quality of life. HR+ HER2— MBC pa-
tients have a relatively long prognosis, and endocrine
therapy is commonly the first choice for these patients
unless their metastatic condition is life-threatening [1, 2].
However, continuous use of endocrine therapy eventu-
allyleads to development of endocrine resistance, making
it difficult to continue subsequent endocrine treatment.

Cyclin-dependent kinase (CDK) 4/6 inhibitors were
recently approved as a treatment option for MBC that has
become resistant to endocrine therapy. In some clinical
trials, CDK4/6 inhibitors improved the prognosis of pa-
tients with HR+ HER2— MBC in first- or second-line
therapy combined with nonsteroidal aromatase inhibi-
tors (Als) or fulvestrant [3-6]. That caused a paradigm
shift in the treatment strategy for HR+ HER2— MBC.
CDK4/6 inhibitors are now commonly used on early lines
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of treatment for HR+ HER2— MBC patients [7-9]. Opti-
mal treatment after progression on CDK4/6 inhibitors is
a current topic of discussion. There is little clinical data
showing whether it is better to select another endocrine
therapy or chemotherapy [10].

The phosphatidylinositol 3-kinase (PI3K)/Akt/mam-
malian target of rapamycin (mTOR) pathway is often ac-
tivated in HR+ breast cancer and involves key mecha-
nisms of endocrine resistance [11, 12]. The PI3K/Akt/
mTOR pathway is also considered to be one of the resis-
tance mechanisms of CDK4/6 inhibitors [13]. Compared
with exemestane alone, everolimus, an mTOR inhibitor,
combined with exemestane, improved progression-free
survival (PFS) in HR+ HER2— MBC patients who showed
progression on nonsteroidal Al treatment [14]. Exemes-
tane plus everolimus may be a treatment option for
CDK4/6 inhibitors resistance. However, the clinical data
investigating the effect of mTOR inhibitors after using
CDK4/6 inhibitors is limited [10].

The study aim was to evaluate if mTOR inhibitors can
be considered as a treatment option for HR+ HER2—
MBC after the administration of CDK4/6 inhibitors in
clinical practice.

Materials and Methods

Patients

Eligible patients were HR+ HER2- locally advanced or MBC
women who were treated with CDK4/6 inhibitors and subsequent
therapies at Chiba Cancer Center (Chiba, Japan) between July
2014 and February 2020. Patients who continued CDK4/6 inhibi-
tors at data cutoff (July 2020) or who did not undergo anti-cancer
therapy after stopping the CDK4/6 inhibitors were excluded. The
patients were divided into 3 groups according to the type of sub-
sequent treatment after CDK4/6 inhibitors: (A) exemestane plus
everolimus, (B) endocrine monotherapy, and (C) chemotherapy.
This retrospective observational study was conducted in accor-
dance with the latest Ethical Guidelines for Medical and Health
Research Involving Human Subjects in Japan (May 29, 2017, re-
vised edition) and approved by the institutional Research Ethics
Committee in August 2020 (reference No. R02-170). Informed
consent was obtained in the form of opt-out on the website.

Outcome Assessments

Demographics and clinical characteristics, such as age, tumor
size, nodal involvement, sites of metastases, and the patient’s treat-
ment history, were collected from the institutional database. The
primary outcome of this study was overall survival (OS) after stop-
ping CDK4/6 inhibitor treatment, defined as the time between the
date of stopping CDK4/6 inhibitors to the date of any death or the
last follow-up. The treatment response, PFS, and adverse events
(AEs) of each subsequent treatment were also assessed. PFS was
defined as the time from the date that subsequent treatment was
started to the date that the first disease progression was confirmed
by imaging. Treatment response was assessed using RECIST ver-
sion 1.1 [15]. AE were recorded and graded according to the Na-
tional Cancer Institute’s Common Terminology Criteria for Ad-
verse Events (version 5.0).
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Statistical Analysis

The associations among various clinicopathological features
were evaluated by Fisher’s exact test or the Mann-Whitney U test
if appropriate. OS and PFS were estimated by using the Kaplan-
Meier method and compared by using the log-rank test. Cox pro-
portional hazard models were used to estimate the effect of clinical
features and subsequent treatments on OS. Cases with unknown
values in any of the covariates were excluded. The objective re-
sponse rate (ORR), clinical benefit rate (CBR), and AEs were com-
pared by using Fisher’s exact tests. All statistical analyses were two-
sided, and values of p < 0.05 were considered to be indicative of
statistical significance. All statistical analyses were performed by
using R version 4.0.0 (https://www.r-project.org/).

Results

Patients

A total of 189 patients with ER+ HER2— MBC were
treated with CDK4/6 inhibitors at our institution. Forty-
five patients were excluded because they had continued
CDK4/6 inhibitors at the data cutoff. Fifty-eight patients
were excluded because they did not have anti-cancer ther-
apies after stopping the CDK4/6 inhibitor. As a result, 86
patients (34 in group A, 20 in group B, 32 in group C) were
included in this study. The most common endocrine ther-
apy in group B was fulvestrant (40%) followed by letrozole
(20%). The major chemotherapy regimens in group C
were eribulin (25%), S-1 (25%), and vinorelbine (16%).
The mean follow-up after stopping the CDK4/6 inhibitors
was 12.6 months (interquartile range, 5.6-17.3).

The patient and tumor characteristics are shown in
Table 1. The patients in group B had a higher median age,
worse performance status (PS), and a higher percentage
of Stage VI MBC than those of the other groups. The per-
centage of visceral metastases or metastatic sites >3 was
higher for the patients in group C than for the patients in
the other 2 groups. Palbociclib was used as a CDK4/6 in-
hibitor in about three-quarters of all cases. In the remain-
ing cases, abemaciclib was used. Ribociclib was not used
because it had not been approved in Japan. A CDK4/6
inhibitor was used in the first- or second-line treatment
in almost half of the cases in groups A and B, whereas in
group C, a CDK4/6 inhibitor was used after the third-line
treatment in about two-thirds of the cases. The median
PFS with CDK4/6 inhibitors was 5.4 months (95% confi-
dence interval [CI], 3.7-9.5) in group A, 6.4 months (95%
CI, 3.7-10.1) in group B, and 6.1 months (95% CI, 4.1-
7.7) in group C, respectively. The response rate, PFS, and
reason for stopping the CDK4/6 inhibitors did not differ
between the 3 groups.

Survival Analyses

Figure 1 shows OS after recurrence and after stopping
the CDK4/6 inhibitors. The OS after recurrence was sim-
ilar in groups A and C (median, 161.1 months) and was
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Table 1. Clinicopathological characteristics and treatment status of patients treated with CDK4/6 inhibitors

Group A Group B Group C
(n=34) (n=20) (n=32)

Median age, years (IQR)* 63  (58-69) 70 (61-77)** 63 (53-71)
Performance status, 7 (%)* 0 25 (73) 9 (45) 19 (60)

1 8 (24) 7 (35) 12 (37)

2 1 (3) 4 (20) 0 (0)

3 0 (0) 0 (0 1 (3)
Breast cancer type, n (%) Invasive ductal carcinoma 29  (85) 19  (95) 31 (97)

Invasive lobular carcinoma 4 (12) 0 (0) (3)

Others 1 (3) 1 (5 (0)
Stage, 1 (%) I 309 2 (10) 5 (16)

II 13 (38) 4 (20) 10 (31)

III 10  (29) 2 (10) 5 (16)

v 8 (24) 12 (60)*** 12 (37)
Nodal involvement, 1 (%) NO 7 (21) 2 (10) 9 (28)

N1 11 (32) 10  (50) 10 (31)

N2 309 1 (5 7 (22)

N3 12 (35) 7 (35) 6 (19)

Not evaluated 1 (3 0 (0) 0 (0)
Histological grade, n (%) I 7 (21) 5 (25) 6 (19)

I 18 (53) 11 (55) 15 (47)

111 309 3 (15) 3 9)

Not evaluated 6 (17) 1 (5 8 (25)
Metastasis sites, n (%)* Nonvisceral metastases 16  (47) 7 (35) 6 (19)***

Visceral metastases 18  (53) 13 (65) 26 (81)***

Metastatic sites >3 5 (15) 6 (30) 15 (47)%**
History of chemotherapy, n (%)* Neoadjuvant or adjuvant therapy 17  (50) 5 (20) 12 (38)

Chemotherapy for MBC 4 (12) 6 (30) 18 (56)***
History of endocrine therapy, n (%)* Neoadjuvant or adjuvant therapy 19  (51) 8 (40) 19 (59)

Endocrine therapy for MBC 26  (76) 13 (65) 32 (100)***
Type of CDK4/6 inhibitors, n (%)* Palbociclib 24 (71) 16  (80) 25 (78)

Abemaciclib 10 (29) 4 (20) 7 (22)
Treatment line of CDK4/6 1 8 (23) 7 (35) 0 (0)***
inhibitors, n (%)* 2 8 (23) 4 (20) 6 (19)

3 11 (33) 2 (10)% 7 (22)

>4 7 (21) 7 (35) 19 (59)%*
Best overall response for CDK4/6 Partial response 5 (15) 4 (20) 3 9)
inhibitors, n (%) Stable disease 23 (68) 11 (55) 23 (72)

Progressive disease 6 (17) 2 (10) 5 (16)

Not evaluated 0 (0) 3 (15) 1 (3)
PFS of CDK4/6 inhibitors, 1 (%) >6 months 15 (44) 11 (55) 18 (56)

<6 months 19 (56) 9 (45) 14 (44)
Reason for stopping CDK4/6 Disease progression 30 (88) 17 (85) 30 (94)
inhibitors, 1 (%) Adverse events 4 (12) 3 (15) 2 (6)

IQR, interquartile range; MBC, metastatic breast cancer; PES, progression-free survival. * At the point of stopping CDK4/6 inhibitors.
** Mann-Whitney U test, p < 0.05. *** Fisher’s exact test, p < 0.05.
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Fig. 1. Overall survival rate after recurrence (A) and after stopping
CDK4/6 inhibitors (B). Group A: exemestane plus everolimus
(black line), group B: endocrine monotherapy (red line), group C:
chemotherapy (green line). Survival rate was estimated by using
the Kaplan-Meier method and compared by using the log-rank
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Fig. 2. Progression-free survival of subsequent treatments. Group
A: exemestane plus everolimus (black line), group B: endocrine
monotherapy (red line), group C: chemotherapy (green line).
Symbols indicate censored data. The median PFS was 4.0 months
in group A, 3.8 months in group B, and 6.6 months in group C.
Survival rate was estimated by using the Kaplan-Meier method and
compared by using the log-rank test.
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test. Symbols indicate censored data. The median OS was 161.1
months in groups A and C and 71.7 months in group B. The me-
dian OS after stopping CDK4/6 inhibitors was 34.5 months in
group A, 13.6 months in group B, and 19.5 months in group C.

significantly shorter in group B (median, 71.7 months).
The median OS after stopping CDK4/6 inhibitors was
34.5 months (95% CI, 17.2 to NA), 13.6 months (95% CI,
3.9 to NA), and 19.5 months (95% CI, 18.8 to NA) in
group A, group B, and group C, respectively. The OS was
significantly better in group A than in group B by 20.9
months (p = 0.003), but no significant difference was ob-
served between groups A and C (p = 0.42). We performed
a subanalysis according to the previous type of CDK4/6
inhibitors used but found no significant difference in the
OS results (data not shown).

Table 2 shows the results of univariate and multivari-
ate analysis of factors associated with OS after stopping
CDK4/6 inhibitors. Compared with exemestane plus
everolimus, endocrine monotherapy (as a subsequent
treatment regimen) was an independent prognostic fac-
tor for poor OS (hazard ratio, 3.99; 95% CI, 1.53-10.44;
p < 0.01). Poor PS and PFS <6 months after CDK4/6 in-
hibitors were also independent prognostic factors for
poor OS. No significant difference in OS was found ac-
cording to the type of CDK4/6 inhibitors used.

Treatment Efficacy and AEs

The treatment efficacies of subsequent therapies are
shown in Figure 2 and Table 3. The median PFS in group
A was 4.0 months (95% CI, 3.0-5.7). PFS was longer in
group C (median, 6.6 months; 95% CI, 4.4-9.9) than in
group A, but the difference was not significant (p = 0.23).
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Table 2. Cox proportional hazards model for survival after stopping CDK4/6 inhibitors

n Univariate analyses Multivariate analyses
hazard 95% CI p value hazard  95% CI p value
ratio ratio

Age <70 years 29
=70 years 57 0.60 0.27-1.31 0.20
Performance status 0 33
1-3 53 4.69 1.85-11.87 <0.01 4.43 1.70-11.54 <0.01
Stage 1-3 54
32 1.314 0.61-2.85 0.48
Visceral metastases No 29
Yes 57 1.07 0.46-2.49 0.87
Metastatic sites =3 No 60
Yes 26 0.66 0.26-1.65 0.37
Number of regimens 1-2 33
for MBC >3 53 1.31 0.56-3.04 0.53
Type of CDK4/6 Palbociclib 65
inhibitors Abemaciclib 21 0.55 0.23-1.28 0.17
PES of CDK4/6 >6 months 44
inhibitors <6 months 42 2.59 1.08-6.22 0.03 2.69 1.12-6.51 0.03
Subsequent Exemestane and 34
treatment everolimus
Endocrine monotherapy 20 3.88 1.52-9.90 <0.01 3.99 1.53-10.44 <0.01
Chemotherapy 32 1.37 0.49-3.82 0.55 1.51 0.53-4.28 0.44
MBC, metastatic breast cancer; PFS, progression-free survival; CI, confidence interval.
Table 3. Efficacy of subsequent therapies
Group A Group B Group C
(n=34) (n=20) (n=32)
PFS, median (95% CI) 4.0 (3.0-5.7) 3.8(2.1-6.9) 6.6 (4.4-9.9)
Best overall response, 1 (%) CR 0(0) 0(0) 1(3)
PR 3(9) 0(0) 6(19)
SD 21 (62) 12 (60) 19 (59)
(Long SD) 4(12) 4(20) 7(22)
PD 7 (20) 7 (35) 6 (19)
NE 3(9) 1(5) 0(0)
ORR, % 8.8 0.0 21.9
CBR, % 20.6 20.0 43.8*

PFES, progression-free survival; CI, confidence interval; CR, complete response; PR, partial response; SD, sta-
ble disease; PD, progressive disease; NE, not evaluated. Long SD means maintaining SD for 26 months. ORR,
objective response rate = CR + PR. CBR, clinical benefit rate = CR + PR + long SD. * Fisher’s exact test, p < 0.05,
compared with group A or group B, respectively.

in the cases in which a CDK4/6 inhibitor was used as the
first or second line of treatment, the ORRs were 12.5, 0,
and 0% and the CBRs were 25, 9, and 16.6% in groups A,
B, and C, respectively (data not shown).

No cases of complete response or partial response were
observed in group B. The ORR tended to be better in
group C than in group A (21.9 vs. 8.8%, p = 0.18) and had
a significantly better CBR (43.8 vs. 20.6%, p < 0.05). With-
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Table 4. Adverse events of subsequent

therapies Group A Group B Group C
(n=34) (n=120) (n=232)
Hematological AE 2 (6) 0 (0) 3(9)
Nonhematological AE 19 (56) 2 (10) 9 (28)
Grade 3 AE 2 (6) 0 (0) 3(9)
Discontinuation due to AE 2 (6) 2 (10) 2 (6)

Values are n (%). AE, adverse events.

Table 4 shows the AEs of subsequent therapies. The
frequencies of stomatitis and hyperglycemia as nonhema-
tological AEs were higher in group A (23.5 and 14.7%,
respectively) than in the other 2 groups. In group C, there
was 1 case of grade 3 renal dysfunction and 1 case of grade
3 pneumonia. No difference in the incidences of grade 3
AEs was observed between groups A and C. The frequen-
cy of treatment discontinuation because of AEs did not
differ between the 3 groups.

Discussion

This retrospective observational study investigated
the survival benefit and safety of mTOR inhibitors, com-
pared with chemotherapy or endocrine monotherapy,
for subsequent treatment in HR+/HER2—- MBC patients
on CDK4/6 inhibitors who showed progression.

There were 3 important findings in this study. First,
the patients treated with exemestane plus everolimus
showed good OS. Second, both mTOR inhibitors and
chemotherapy showed good treatment activity with ac-
ceptable tolerability. Third, we identified PS, treatment
duration of CDK4/6 inhibitors, and endocrine mono-
therapy as prognostic factors for OS of patients on
CDK4/6 inhibitors who showed progression.

In this study, the median OS after stopping CDK4/6
inhibitor treatment was 34.5 months for the patients
treated with exemestane plus everolimus, 14.3 months
for endocrine monotherapy, and 19.5 months for che-
motherapy, and the median PFS of those 3 subsequent
treatments was 4.0, 3.8, and 6.6 months, respectively.
The subset analyses of the PALOMA-3 study [16], which
investigated the efficacy of palbociclib in combination
with fulvestrant in a second-line setting, showed that the
median duration of subsequent treatment after progres-
sion with palbociclib was 4.3 months (95% CI, 2.5-7.6)
for patients treated with everolimus, 4.0 months (95%
CIL, 3.2-5.7) for endocrine monotherapy, and 5.6 months
(95% CI, 4.3-6.1) for chemotherapy. Although about
60% of patients in our study used CDK4/6 inhibitors in
treatment lines over 3, PES after treatment was similar
to that in the PALOMA-3 study. There was no prospec-

Subsequent Treatment with CDK4/6
Inhibitors Affects Overall Survival

tive data about OS of patients treated with mTOR in-
hibitors as a subsequent treatment after progression on
CDK4/6 inhibitors. In the BOLERO 2 study, the median
OS of patients who were receiving exemestane plus
everolimus was 31.0 months (95% CI, 28.0-34.6) as
compared with 26.6 months (95% CI, 22.6-33.1) in the
patients who were receiving exemestane, indicating no
improvement in OS with mTOR inhibitors [17]. In our
study, the median OS of the patients treated with ex-
emestane plus everolimus was similar to that of the pa-
tients in the BOLERO 2 study. On the other hand, the
OS of the patients treated with endocrine monotherapy
was relatively short. The high rate of poor PS in the pa-
tients treated with endocrine monotherapy might have
influenced the results. Palumbo et al. [18] reported pro-
spective data about the effectiveness of fulvestrant in un-
selected real-life cases. In their report; the median OS of
patients treated with fulvestrant monotherapy was 22.0
monthsin the second-line treatment and 13.7 months in
the subsequent lines of treatment.

On the other hand, no difference was observed in OS
between exemestane plus everolimus and chemothera-
py. In the BOLERO-6 study [19] which investigated the
clinical benefit of exemestane plus everolimus versus
everolimus or capecitabine monotherapy for patients
with HR+ HER2— MBC who showed progression on
nonsteroidal Als, the hazard ratio for OS was 1.33 (90%
CI, 0.99-1.79) for exemestane plus everolimus versus
capecitabine. However, there was an imbalance in the
baseline characteristics between the 2 groups, and the
results of the multivariate Cox regression model gave a
hazard ratio of 1.19 (90% CI, 0.88-1.62), showing no
clear superiority of capecitabine. Only a small number
of patients in the BOLERO-6 study were pretreated with
CDK4/6 inhibitors. A clinical trial comparing mTOR
inhibitors and chemotherapy as subsequent treatment
for post-CDK4/6 inhibitors progression is needed.

The main purpose of treatment for MBC is to im-
prove quality of life and prognosis. The main causes of
poor quality of life in patients are symptoms associated
with disease progression and AEs associated with treat-
ment. Chemotherapy showed the best activity in our
study. However, in about one-third of the cases in which

Breast Care 2022;17:16-23 21
DOI: 10.1159/000515729



a CDK4/6 inhibitor was used in early lines, there were
no differences in the ORR and CBR of each subsequent
treatment. Since the CDK4/6 inhibitors are mainly used
in the first or second lines in clinical practice, we need
to examine whether the activity is better for chemother-
apy than for mTOR inhibitors with sufficient cases. Our
study suggested that chemotherapy may provide a better
response than that of mTOR inhibitors in the late lines.
However, the combination of data from patients treated
with different drugs makes it difficult to interpret the
clinical utility of chemotherapy.

One the other hand, our study showed no difference
in AEs between exemestane plus everolimus and che-
motherapy. The predominant AEs in the exemestane
plus everolimus group were nonhematological toxicity,
with frequencies of 23.5% in stomatitis and 14.7% in hy-
perglycemia. In the BOLERO-2 study, which investigat-
ed the efficacy of exemestane plus everolimus in a sec-
ond-line setting, 40% of the patients in the exemestane
plus everolimus group had stomatitis and 13% had hy-
perglycemia of all grades. In contrast, the frequency of
nonhematological AEs we observed in the chemothera-
py group was 28%, which was lower than that reported
in clinical trials (54% in the EMBRACE study with er-
ibulin, and 49% in the SELECT-BC study in S-1) [20,
21]. In our study, 56% of the patients in the chemother-
apy group had a history of chemotherapy for MBC.
Since it was real-world data, symptoms related to past
AEs may not have been fully counted. The frequency of
grade 3 AEs and discontinuation because of AEs were
similar in the exemestane plus everolimus group and in
the chemotherapy group. Subsequent treatment after
CDK4/6 inhibitors with 1 of the 3 possible types of drugs
we investigated did not appear likely to increase the fre-
quency of AEs.

Multivariate analysis revealed that the prognostic
factors for worse OS after progression in patients on
CDK4/6 inhibitors were poor PS, PFS <6 months after
CDK4/6 inhibitors treatment, and endocrine mono-
therapy for subsequent treatment. To the best of our
knowledge, no previous report has examined the corre-
lation between CDK4/6 response rate and subsequent-
treatment effect. The number of pretreatment regimens
and types of CDK4/6 inhibitors did not affect OS after
progression on CDK4/6 inhibitors. Our results suggest
that patients who progressed with CDK4/6 inhibitors
within <6 months will have a poor prognosis and that
mTOR inhibitors as a subsequent treatment would not
be affected by short PFS for CDK4/6 inhibitors.

Several studies on the mechanism of resistance and
biomarkers for CDK4/6 inhibitors have been reported.
Possible mechanisms of resistance include upstream
signaling, such as via the PI3K/AKT/mTOR pathway
[22]. CDK4/6 inhibitors-resistant breast cancer acti-
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vates the PI3K/AKT/mTOR pathway and is sensitive to
inhibition of mMTORC1/2 [13, 23]. The SOLAR-1 study
evaluated the efficacy of an a-specific PI3K inhibitor,
alpelisib, plus fulvestrant in patients with PIK3CA-mu-
tated HR+ HER2— MBC [24]. About 5% of cases had
been previously treated with CDK4/6 inhibitors in SO-
LAR-1, and the study reported that a consistent benefit
of treatment with alpelisib plus fulvestrant was observed
in subgroup analyses. The ESMO guideline recom-
mended alpelisib plus endocrine therapy for patients
with PIK3CA-mutated tumors or everolimus plus endo-
crine therapy for those with PIK3CA wild type or un-
known tumors as the best subsequent treatment [2].
Furthermore, clinical trials examining the effect of PI3K
inhibitors and AKT inhibitors on post-CDK4/6 inhibi-
tors are now ongoing [25].

Our study had some limitations. This was an explor-
atory study, and it was not designed to confirm an abso-
lute effect. Our study was also retrospective and con-
ducted at a single institution with a relatively small sam-
ple size, and a variety of patients were compared without
randomization. The patients’ characteristics were differ-
ent between the groups and might have influenced the
prognosis and performance of the treatments used.
Therefore, careful interpretation regarding generaliza-
tion of the findings is necessary. Basic research may be
necessary to conclusively prove an association between
CDK4/6 inhibitors resistance and the effect of mTOR
inhibitors. Finally, because this study was conducted
under daily clinical conditions, discontinuation decided
by the patient or attending physician was possible re-
gardless of whether the effects of treatment were sus-
tained. However, OS is a robust endpoint, and we con-
sider our OS results to be close to their true value be-
cause they were achieved in patients treated under
routine clinical conditions. CDK4/6 inhibitors are now
commonly used in early lines of treatment for HR+
HER2- MBC patients. However, the selection of subse-
quent treatment after progression with CDK4/6 inhibi-
tors has become a clinical issue. Our study showed that
mTOR inhibitors might be an effective treatment option
for patients with HR+ HER2— MBC previously treated
with CDK4/6 inhibitors in the real-world setting. A pro-
spective study is needed to validate our findings.
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