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Abstract

Background: Everolimus is beneficial for patients with hormone receptor-positive and human
epidermal growth factor receptor 2-negative (HR+/HER2-) advanced breast cancer (ABC).
However, some patients developed drug resistance and the well-established predictor for
everolimus efficacy was limited.

Objectives: The study was designed to evaluate the efficacy of everolimus in different
treatment lines and identify several clinicopathological markers to estimate everolimus
efficacy in patients with HR+/HER2- ABC.

Design: This was a retrospective and multicenter study.

Methods: Between 2014 and 2022, more than 2000 patients with tumors who received
everolimus were collected from multiple cancer centers in China (National Cancer Center,
Chinese PLA General Hospital, Peking University Cancer Hospital & Institute). A training
cohort and two validation cohorts were developed.

Results: The training cohort included 338 patients. The median progression-free survival
(PFS) for everolimus was 5.6 months, with an objective response rate of 25.1% and a
clinical benefit rate of 54.4%. PFS was significantly worse from first-line (1L) to second-
line (2L) to third-line (3L), with PFS,, for 13.5 months, PFS,, for 6.1 months, and PFS,, for
4.1months (p=2.9e-6, hazard ratio (HR)=0.70, 95% confidence interval (Cl)=0.61-0.82). The
clinicopathological characteristics, including post-1L everolimus treatment, Ki67 index of
more than 40%, more than two metastatic sites at first recurrence, and receiving adjuvant
chemotherapy, were independent risk factors for PFS. A predictive model for everolimus
efficacy was established using these four factors. In the low-risk group, patients achieved a
median PFS of 12.6 months, significantly longer compared to 2.7 months for those in the high-
risk group (p=2.4e-64, HR=9.41, 95% Cl=7.05-12.56). The area under the curve was 0.96,
0.95, and 0.94 for 6-month, 1-year, and 3-year PFS, respectively. Internal validation cohort
(PFS 18.4 vs 3.1 months, p=3.6e-11, HR=3.78, 95% Cl=2.49-5.74) and external validation
cohort (PFS 13.5 vs 3.1months, p=2.9e-10, HR=11.53, 95% Cl=4.68-28.37) confirmed its
power for estimating clinical benefits of everolimus.

Conclusion: A predictive model was successfully established to predict survival outcomes
for everolimus in patients with HR+/HER2- ABC, which may provide references for the
management of everolimus in Chinese patients with HR+/HER2- ABC.
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Introduction

Everolimus, an extensively studied mammalian tar-
get of rapamycin (mTOR) inhibitor, is an effective
treatment option for patients with hormone recep-
tor-positive and human epidermal growth factor
receptor 2-negative (HR-+/HER2-) advanced
breast cancer (ABC). Patients with HR+/HER2-
ABC who developed disease progression to endo-
crine therapy can still derive survival benefits from
everolimus-combined therapy.!-> It exerts antitu-
mor effects and reverses endocrine resistance,
involving the molecular mechanism of the crosstalk
between the phosphatidylinositol 3-kinase/Akt/
mTOR signaling pathway and the estrogen recep-
tor (ER) pathway.%® Moreover, emerging evidence
suggested that everolimus could compromise the
synthesis of cyclin D1 and cyclin-dependent kinase
4 (CDK4) proteins and restore the sensitivity to
CDK4 and 6 (CDK4/6) inhibitors.® This provides
the rationale that everolimus possesses the potential
to become an optimal therapeutic option in the
post-CDK4/6 inhibitor settings.

To date, everolimus has not been covered by
medical insurance in China, which limits its wide
popularity for patients with HR+/HER2- ABC.
Given the considerable expense and potential
toxicity, everolimus ought to be administered to
patients who are responsive to the targeted drug
in clinical practice. Such a phenomenon high-
lights the importance of exploring practical and
cost-effective biomarkers that can reflect the clin-
ical efficacy of everolimus, which can help patients
who did not respond to everolimus to avoid
unnecessary costs and toxic effects.

Regarding markers for everolimus efficacy, previ-
ous studies have conducted explorative analyses
of genetic alternations and assessed the prognos-
tic role in patients with HR+/HER2—- ABC.10-12
However, they failed to identify practical bio-
markers for the efficacy of everolimus. In this
study, we aimed to explore associations of sur-
vival benefits from everolimus and clinicopatho-
logical characteristics using real-world and
multicenter information and to develop a predic-
tive model for everolimus efficacy in patients with
HR+/HER2- ABC.

Methods

Data collection and inclusion criteria
We collected demographic and clinicopathologic
data from the electronic medical records. Patients

were from three cancer centers in China, includ-
ing the National Cancer Center, Chinese PLA
General Hospital, and Peking University Cancer
Hospital and Institute. The collected information
contained characteristics involving the Ki67
index, age, adjuvant therapy, number of meta-
static organs at first relapse, treatment lines, and
corresponding drug response to everolimus.

Eligible patients in the training cohort were identi-
fied by the following criteria. (1) Not male
patients. (2) Patients who have positive status of
ER or progesterone receptor (PgR). ER, PgR, and
HER?2 status were measured by immunohisto-
chemistry (IHC) staining in accordance with
American Society of Clinical Oncology recom-
mendations. ER- or PgR-positive was defined as
tumor cells with more than 1% ER or PgR. HER2
status was assessed by IHC score and fluorescence
in situ hybridization (FISH), involving HER2-
zero (IHC score 0), HER2-low (IHC score 1+ or
2+ with negative FISH), or HER2-enriched (IHC
score 3+ or FISH amplification). (3) Patients
who developed malignant metastases prior to
everolimus therapy. (4) Patients were treated with
everolimus for at least 6 weeks (the minimum time
interval for follow-up). (5) Records of surgery,
Ki67 index, first recurrence, medication duration,
and drug response were available.

The validation cohort was established to confirm
the efficacy of the predictive model. We randomly
selected 40 patients per first line (1L), second line
(2L), and third line (3L) from the training cohort
to construct an internal validation cohort (namely
cohort A). We collected an additional number of
51 patients to serve as the external validation
cohort (namely cohort B). The reporting of this
study conforms to the STROBE statement.!3

Drug efficacy

Drug response was assessed by imaging and physi-
cal examination wusing Response Evaluation
Criteria in Solid Tumors 1.1. It could be catego-
rized as complete response (CR), partial response
(PR), stable disease (SD), and progressive disease
(PD). The indicators of everolimus efficacy
included clinical benefit rate (CBR), objective
response rate (ORR), and progression-free survival
(PFS). PFS was described as the period from drug
initiation to PD or death. CBR was the percentage
of target populations who had a CR, PR, or SD for
greater than 6 months. ORR was the rate of patients
who had a CR or PR to everolimus.
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Statistical analysis

We applied the Chi-squared test to compare
baseline characteristics of the eligible patients
from different groups. Regarding correlation
analyses, the Pearson method was used to analyze
continuous variables, and the Kendall method
was used to analyze categorical variables.
Univariate Cox regression analysis was conducted
to screen for variables associated with PFS.
Multivariate Cox regression analysis was per-
formed to further identify prognostic variables for
model construction. Patients in the model were
divided into the low-risk group and the high-risk
group based on the percentile of 50%. The prog-
nostic differences between the two groups were
analyzed by the survfit function of the survival
package. The area under the curve (AUC) was
calculated by receiver operator characteristic
(ROCQC) analysis in the pROC package (version
1.18.5). The Kaplan—Meier survival curve was
plotted to vividly display survival differences
between different groups. SPSS (version 29.0)
and R software (version 4.3.2) were used for sta-
tistical analysis. A p value <0.05 was considered
statistically significant.

Results

Eligible patients of the training cohort

Between January 2014 and November 2022,
2518 tumor patients who were treated with
everolimus were filtered from 3 cancer hospitals
in China. Out of the total patients, 652 female
patients of breast cancer who developed metasta-
ses were collected. Considering the crucial signifi-
cance of the Ki67 index in the field of breast
cancer, we excluded 197 patients with missing
data on the Ki67 index. Of these, 21 patients
were excluded due to the negative status of PgR
and ER at either the primary or metastatic site,
leading to a number of 434 patients with HR+
ABC. Three patients with brain metastasis were
excluded according to exclusion criteria in pivotal
clinical trials associated with everolimus.! Two
patients with ovary metastasis were ruled out
since it is somewhat obscure to distinguish
between primary ovarian tumors. To minimize
the negative effects of surgery type, we rejected 21
patients without any surgery for breast cancer, 17
patients with palliative surgery, and 1 patient with
unknown time for surgery. To reduce the impact
of irregular medication on everolimus, we pre-
cluded 52 patients who discontinued medication
owing to intolerable toxicity, poor compliance,

and other patient reasons. Finally, 338 patients
were qualified and enrolled as the training cohort
for ensuing analyses. The flowchart is shown in
Supplemental Figure S1.

Baseline characteristics of patients in the

training cohort

Baseline characteristics are shown in Table 1.
For patients in the training cohort, the overall
median age is 51years, with 89.6% of patients
younger than 65years. A total of 21.3% of
patients have a Ki67 index of more than 40%,
which was determined as the optimal cut-off
value for PFS benefits from everolimus in our
previous study.!* A majority of patients experi-
enced one or two sites at the first recurrence
(91.4%). Bone was the most common site of dis-
tant metastasis, accounting for 45% of patients.
A substantial proportion of patients were admin-
istered adjuvant endocrine therapy (96.3%) and
chemotherapy (94.1%) prior to everolimus
treatment. The median disease-free survival
(DFS) was 43.6 months, with 34.0% of patients
more than 5years. Regarding treatment lines of
everolimus, 29.3%, 13.9%, and 56.8% of
patients received everolimus as 1L, 2L, and 3L
therapy, respectively.

Clinicopathological characteristics correlated

to everolimus efficacy

The median follow-up duration was 72.2 months,
with 331 patients reaching the endpoint of PFS.
A total of 14 clinicopathological parameters were
entered into the corresponding correlative analy-
ses for everolimus efficacy. Five factors, involving
age, Ki67 index, treatment line of everolimus,
liver metastasis at first relapse, and receiving
adjuvant chemotherapy, were significantly associ-
ated with PFS for everolimus, among which treat-
ment line of everolimus was the most significant
(Figure 1(a)). Patients who had a Ki67 index of
more than 40% or received everolimus as post-1L
treatment had a poorer response to everolimus
(Figure 1(b)). A long DFS (>5years) failed to
show any correlation with either PFS or drug
response on everolimus.

Clinical efficacy of everolimus in different
treatment lines

The clinical outcome of patients treated with
everolimus stratified by treatment lines is pre-
sented in Table 2.
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Table 1. Baseline characteristics of patients in the Table 1. (Continued)
training cohort.
Characteristics Total (N=338)
Characteristics Total (N=338) )
Adjuvant therapy
Age .
Endocrine therapy 329 (97.3%)
Mean = SD 51.3=10.1 Radiotherapy 182 (54.8%)
Median (min-max]) 51.0 (24.0-76.0) Chemotherapy 318 (94.1%)
Age Type of surgery (curative)
<65years 303 (89.6%) Mastectomy 299 (88.4%)
= ByeaT 35 (10.4%) Breast conserving 29 (8.6%)
) i Unknown 10 (3.0%)
Histological type
Site of first metastases
IDC 251 (74.3%)
Contralateral breast 5 (1.5%]
Mix 61(18.0%)
Lymph node 101 (29.9%)
Others 8 (2.4%)
Bone 152 (45.0%)
0,
Unknown 18 (5.3%) Liver 85 (25.1%)
ER RIS Lung 84 (24.9%)
ER-negative 912.7%]) Soft tissue 46 (13.6%)
ER-positive 329 (97.3%) Number of first metastases
PgR status 1-2 309 (91.4%)
PgR-negative 36 (10.7%) =3 29 (8.6%)
PgR-positive 302 (89.3%) Treatment line of everolimus
HER? status First line 99 (29.3%)
HER2 zero 108 [31_9%] Second line 47 [13.90/0]
HER? low 197 (58.3%) Third line 192 (56.8%)
DF th
HER?2 enriched 33 (9.8%) Sy LA
+ +
Ki67 index Mean £SD 55.4 £ 444
Median (min-max) 43.6 (0.8-356.8)
<14 89 (26.3%)
DFS
>14 249 (73.7%)
=byears 115 (34.0%)
Kié7 index <Syears 223 (66.0%)
<40 266 (78.7%)

DFS, disease-free survival; ER, estrogen receptor; HER2,
72 (21.3%) human epidermal growth factor receptor 2; IDC, invasive
’ ductal carcinoma; PgR, progesterone receptor; SD,
standard deviation.

>40

(Continued)
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Figure 1. (a) Correlation between clinicopathological features and PFS for everolimus in efficacy-evaluable patients with HR+/
HER2- ABC. Size of the circle, the number within the rectangles or the intensity of color represents the correlation coefficient. The
red color represents positive correlation and the blue represents negative correlation. (b) Correlation between clinicopathological
features and drug response for everolimus in patients with HR+/HER2- ABC. Response was analyzed as categorical variables. From
patients developing PR to SD to PD, the assignment obtained gradually increases.

*p < 0.05. **p < 0.01. ***p < 0.001.

ABC, advanced breast cancer; HER2-, human epidermal growth factor receptor 2-negative; PD, progressive disease; PFS, progression-free survival;

PR, partial response; SD, stable disease.

No patients developed CR from everolimus in the
study. The overall ORR was 25.1%, and the over-
all CBR was 54.4%. For 1L treatment, 26.3% of

patients presented a favorable response to everoli-
mus and 74.7% of patients managed to obtain
clinical benefit from everolimus. The ORR,,
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Table 2. Outcome of patients in the training cohort stratified by treatment lines of everolimus.
Characteristics First line (N=99) Second line (N=47) Third line (N=192) p Value
Age
Mean = SD 47.2+8.1 52.7+11.5 52.8+10.8
Median (min-max) 46.0 (32.0-74.0) 52.0 (24.0-73.0) 53.0 (30.0-76.0)
PFS, months
Events 95 45 191
Median (95% Cl) 13.5(9.6-18.2) 6.1 (4.4-7.9) 4.1 (3.5-4.7) 2.9e-6
PFS, months 5.9e-07
<b 31 (31.3%) 22 (46.8%) 123 (64.1%)
>6 68 (68.7%) 25 (53.2%) 69 (35.9%)
PFS, months 5.1e-10
<12 49 (49.5%) 32 (68.1%) 164 (85.4%)
>12 50 (50.5%) 15 (31.9%) 28 (14.6%)
Best response 2.7e-03
PD 17 (17.2%) 11 (23.4%) 71 (37.0%)
PR 26 (26.3%) 17 (36.2%) 42 (21.9%)
SD 56 (56.6%) 19 (40.4%) 79 (41.1%)
ORR 26 (26.3%) 17 (36.2%) 42 (21.9%)
CBR 74 (74.7%) 30 (63.8%) 80 (41.7%)

CBR, clinical benefit rate; Cl, confidence interval; ORR, objective response rate; PD, progressive disease; PFS,
progression-free survival; PR, partial response; SD, standard deviation; SD, stable disease.

ORR;; reached 36.2%, 21.9% respectively. The
CBR,;, CBR;; was 63.8%, 41.7%, respectively.

In the overall population, the median PFS was
5.6 months (range 4.9—6.3 months). The median
PES for 1L-, 2L-, and 3L-everolimus treatment
was estimated to be 13.5, 6.1, and 4.1 months
(Figure 2(a)). PFS for patients receiving everoli-
mus was observed to worsen from 1L therapy to
2L therapy to 3L therapy (p<0.0001, HR=0.70,
95% CI=0.61-0.82). Further subgroup analyses
showed that 1L-everolimus therapy contributed
to a profound improvement in PFS of 13.5 months,
more than threefold that of 4.3 months for non-
1L therapy (»p<<0.0001, HR=0.42, 95%
CI=0.33-0.54) (Figure 2(b)).

Construction of a predictive model for

everolimus efficacy

We applied the univariate and multivariate Cox
methods to investigate associations of 18 categor-
ical variables and PFS for everolimus in the train-
ing cohort. The variables included age (65 years),
Ki67 index (40%), DFS (5years), HER2 status
(HER2-zero, HER2-low, and HER2-enriched),
HR status (ER+/PgR—, ER+/PgR+, and ER—/
PgR+), treatment lines of everolimus (1L, 2L,
and 3L), metastatic involvement at first relapse
(lymph node, liver, lung, bone, breast, soft tissue,
bone only, or visceral metastases only), number
of metastatic sites at first recurrence (=3), and
adjuvant therapy (endocrine therapy, radiother-
apy, and chemotherapy).

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

Y Tan, Z Peng et al.

1.0 pval EVE line

o ol 3L
oo HIL
==
~N—=\O
.

p=2.9¢-6 fwhated

=]
©
1

HR=0.70,95CI%(0.61,0.82)

=]
[
1

Survival probability

=]
w
1

0.0 P g
4.07  6.07 135

Numbeyat risk

3L [192 12 i i i
1L {99 37 16 4 i
T T T T T
0 18 36 54 72
PFS-months
(a)
1.0 treatment lines
M Non-1L
WL
0.8
z p=6.4e-12
5 HR=0.42,95C1%(0.33,0.54)
=)
805 o he
]
Z
Z
=3
wn
0.3
0.0 H H
43 13.5
Nilmb@r atrisk
Non-lL39 2 T P i
1L |99 37 16 4 i
T T T T T
0 18 36 54 72
PFS-months
(b)

Figure 2. (a) In the training cohort, the Kaplan-Meier curve showed that PFS of efficacy-evaluable patients
with HR+/HER2- ABC in different treatment lines differed, with PFS,, for 13.5months, PFS, for 6.1 months,
and PFS;, for 4.1 months (p=2.9e-6). (b] Kaplan-Meier curve showing PFS for patients with HR+/HER2- ABC
receiving everolimus in 1L and non-1L. Patients in the training cohort who were treated with everolimus as 1L
therapy had a significantly better PFS (p=6.4e-12). p Value, HR, and 95% confidential internal are presented.
ABC, advanced breast cancer; HER2-, human epidermal growth factor receptor 2-negative; HR, hazard ratio; 1L, first line;
2L, second line; 3L, third line; PFS, progression-free survival.
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Figure 3. Construction of a model to predict survival outcome for everolimus therapy in patients with HR+/
HER2- ABC. (a) In the training cohort, the Kaplan-Meier curve showed that PFS of patients with HR+/HER2-

ABC in the high-risk group was 12.6 months, significant
(p=2.4e-64). p Value, HR, and 95% Cl are presented. (b)
1-, and 3-year PFS were 0.95, and 0.94, respectively.

ABC, advanced breast cancer; AUC, areas under the curve; Cl,

ly longer than those who were in the low-risk group
The AUCs for 6-month PFS was 0.96. (c) The AUCs for

confidential internal; HER2-, human epidermal growth factor

receptor 2-negative; HR, hazard ratio; PFS, progression-free survival.

Univariate Cox analysis revealed that post-1L
treatment of everolimus, Ki67 index>40,
receiving adjuvant chemotherapy, liver metasta-
sis at first relapse, and number of metastatic sites
at first recurrence =3 were significantly related
to a shorter PFS (p <0.05, Supplemental Figure
S2). We further performed multivariate Cox

analyses to analyze associations between these
five factors and PFS. It found that post-1L treat-
ment, Ki67 index>40, number of metastatic
sites at first recurrence =3, and receiving adju-
vant chemotherapy were independent risk fac-
tors for PFS. Liver metastasis at first relapse was
not significantly associated with PFS in the
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Figure 4. Validation of the model for everolimus efficacy in patients with HR+/HER2- ABC. (a) In the internal validation cohort, the
Kaplan-Meier curve showed that PFS of patients with HR+/HER2- ABC in the high-risk group was 18.4 months, significantly better
as compared to 3.1 months for those who were in the low-risk group (p=3.6e-11). (b) In the internal validation cohort, the AUCs for
6-month PFS was 0.84. (c] In the internal validation cohort, the AUCs for 1-, and 3-year PFS were 0.73, and 0.86, respectively. (d) In
the external validation cohort, the Kaplan-Meier curve showed that PFS of patients with HR+/HER2- ABC in the high-risk group was
12.1 months, significantly better as compared to 2.3 months for those who were in the low-risk group (p=2.9e-10). (e) In the external
validation cohort, the AUCs for 6-month PFS was 0.94.

ABC, advanced breast cancer; AUC, areas under the curve; HER2-, human epidermal growth factor receptor 2-negative; HR, hazard ratio; PFS,
progression-free survival.
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Table 3. Main characteristics and outcomes of patients in the validation cohorts.

Characteristics

Validation cohort A (N=120)

Validation cohort B (N=51)

Age

Mean = SD 49.6+10.2

Median (min-max] 48.0 (24.0-73.0)
Kié7 index

<40 91 (75.8%)

>40 29 (24.2%)
Treatment line of everolimus

First line 40 (33.3%)

Second line 40 (33.3%)

Third line 40 (33.3%)
Adjuvant chemotherapy

No 12 (10.0%)

Yes 108 (90.0%)
Number of first metastases

1-2 108 (90.0%)

=3 12 (10.0%)
PFS, months

Events 115

Median (95% Cl) 10.4 (5.7-15.1)
Best response

PD 21 (17.5%)

PR 30 (25.0%)

SD 69 (57.5%)

53.8+ 125
55.0 (32.0-82.0)

36 (70.6%)

15 (29.4%)

2 (3.9%)
3 (5.9%)
46 (90.2%)

4 (7.8%)
47 (92.2%)

38 (74.5%)
13 (25.5%)

51
4.8 (2.5-7.1)

17 (33.3%)

10 (19.6%)
24 (77.4%)

Cl, confidence interval; PD, progressive disease; PFS, progression-free survival; PR, partial response; SD, standard

deviation; SD, stable disease.

multivariate Cox analyses (p=0.65, Supple-
mental Figure S3).

Subsequently, we incorporated these four prog-
nostic factors identified via multivariate Cox anal-
yses to build a model for everolimus efficacy.
Patients in the training cohort were segmented
into the low-risk group and the high-risk group
based on the median of the risk scores. The
median PFS for patients in the low-risk group was

12.6 months, significantly longer than 2.7 months
for patients in the high-risk group (p=2.4e—64,
HR=9.41, 95% CI=7.05-12.56) (Figure 3(a)).
ROC analysis was used to test the specificity and
sensitivity of the model. The AUC for 6-months,
1-year, and 3-year PFS was 0.96, 0.95, and 0.94,
indicating its superior efficacy for predicting
short-term and long-term survival for everolimus
in patients with HR+/HER2— ABC (Figure 3(b)
and (c)).
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Validation of the predictive model for

everolimus efficacy

From the aforesaid analyses, we can observe that
the treatment line of everolimus displays predom-
inant effects on PFS benefits for everolimus in
patients enrolled in the training cohort. To bal-
ance the impact of the treatment line on the clini-
cal benefits of everolimus, we randomly selected
40 patients from each treatment line (1L, 2L, and
3L) in the training cohort to establish the internal
validation cohort (namely cohort A). An equal
number of 60 patients were assigned to the low-
risk group and the high-risk group. Patients of
cohort A in the low-risk group achieved a median
PFS of 18.4months, significantly better com-
pared to 3.1 months for patients in the high-risk
group (p=3.6e—11, HR=3.78, 95% CI=2.49—
5.74). (Figure 4(a)). The AUC for 6-month,
1-year, and 3-year PFS was 0.84, 0.73, and 0.86,
respectively (Figure 4(b) and (c)), suggesting a
mediocre efficacy of the model for PFS benefits of
everolimus.

To further demonstrate the predictive merits of
the model, we additionally collected 51 patients
who had complete information about four param-
eters in the model to serve as the external valida-
tion cohort (namely cohort B). A total of 25
patients were distributed in the low-risk group,
and 26 patients were in the high-risk group.
Patients in the low-risk group had a better PFS of
12.1 versus 2.3 months for patients in the high-
risk group (»p=2.9¢—10, HR=11.53, 95%
CI=4.68-28.37) (Figure 4(d)). The AUC for
6-month PFS was 0.94 (Figure 4(e)), showing
high specificity and sensitivity of the model for
short-term survival. Patients in cohort B who had
PFS for more than 1 year were too less to conduct
a ROC analysis. The main clinicopathologic char-
acteristics of patients in the validation cohorts are
presented in Table 3, Supplemental Tables S1
and S2.

Discussion

To the best of our knowledge, it represents the
first attempt to establish a model for predicting
survival benefits from everolimus in patients with
HR+/HER2- ABC wusing clinicopathological
characteristics collected from three cancer centers
in a real-world setting.

Multiple studies have demonstrated the tolera-
tion and effectiveness of everolimus in patients
with HR+ ABC.1518 Among them, the

BOLERO-2 study contributed to facilitating the
use of everolimus in patients with HR+ ABC in
clinical practice, which is widely accepted for
comparison regarding studies related to everoli-
mus for salvage therapy.! The overall CBR in the
study was similar to the BOLERO-2 study (54.4%
vs 51.3%), the ORR was higher than the
BOLERO-2 study (25.1% vs 12.6%), the median
PFS was shorter than the BOLERO-2 study (5.6
vs 7.8 months). PFS,; for everolimus in the study
was 13.5months, which was highly consistent
with 14 months in the STEPAUT study? and was
comparable to 10.1 months in the BRAWO study
and 9.3 months in the EVEREXES study.!”18 To
see, results from the study were generally consist-
ent with previous studies.

Data for everolimus efficacy in various treatment
lines were insufficient. In our study, we found
that all patients who received everolimus as 1L,
2L, or 3L treatment derived clinical benefits and
exhibited a good response to everolimus. Even for
patients who were treated with everolimus as 3L
or post-3L treatment, 41.7% of patients achieved
CBR and 35.9% of patients had PFS of more
than 6 months. Furthermore, we observed a pro-
gressive reduction in median PFS from 1L to 2L
to 3L, with 13.5months for 1L treatment,
6.1 months for 2L treatment, and 4.1 months for
3L or post-3L treatment. A single-arm study sup-
ported the results. It reported that survival bene-
fits for everolimus in different treatment lines in
patients with HR+ ABC differed. Specifically,
PFS for patients with HR+ ABC that received
everolimus as 1L, 2L, and 3L treatment was 14,
10.9, and 9.5 months, respectively.? In contrast,
another study showed that PFS for HR+ patients
who were treated with everolimus was maintained
when comparing 1L-everolimus treatment to 2L
or post-2L. treatment.!” Studies about PFS for
everolimus in different treatment lines are
expected.

Metastatic status of malignant tumors is a critical
element for clinical staging, surveillance, and
evaluation of therapeutic efficiency.!® For patients
with HR+/HER2—- who have developed metasta-
ses, quality of life occupies an equally important
position as extending survival. In the BOLERO-2
study, everolimus-based therapy led to prolonged
PFS and tolerable toxicity for postmenopausal
patients with HR+/HER2—, ABC, regardless of
visceral or bone metastases.! Other studies
showed that PFS was numerically better in
patients with visceral metastases than in patients
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without visceral metastases but without signifi-
cance.!%17 Previous studies have unraveled asso-
ciations between PFS benefits for everolimus and
metastatic involvements at baseline. From a dif-
ferent perspective, we paid attention to the meta-
static site at the first recurrence and found that
patients who experienced liver metastases at the
first relapse had worse survival outcomes for
everolimus in univariate Cox analysis, suggesting
that liver metastases at the first relapse may play
an impact in the efficacy of everolimus. It was
consistent with a study specifically focusing on
the Chinese population of patients with HR+/
HER2- ABC, showing that liver metastasis was
an independent risk factor for worse survival for
everolimus-based treatment.2° However, the sub-
sequent multivariate analysis failed to show such
statistical association after adjusting for other var-
iables. From the perspective of statistics, it is typi-
cal and acceptable to see such a phenomenon.
The variables included in multivariate analyses,
which generally serve as potential confounding
factors, can affect the original result of univariate
Cox analyses. Considering the potent statistical
significance between PFS and the variables for
building the predictive model for everolimus, it is
possible that the role of live metastasis in PFS was
overshaded by other variables.

Ki67 index, as the most commonly used indicator
for labeling the proliferative activity of tumor
cells, plays a crucial role in the classification of
HR+/HER2- breast cancer, therapeutic deci-
sion-making of neoadjuvant therapy, adjuvant
therapy, salvage therapy, and prognostic assess-
ment.?!-23 It has been mentioned in numerous
guidelines and consensus in the field of breast
cancer due to its clinical significance.?*?> For
clinical efficacy of everolimus, a small-scaled
study showed that the Ki67 cut-off value of 35%
could serve as a threshold for stratifying patients
with HR+/HER2— ABC that could derive sur-
vival benefits from everolimus plus exemestane.26
Similar to the previous study, we found that
patients who had a Ki67 index of more than 40%
developed shorter PFS and poor drug response
for everolimus treatment in the advanced setting.
Studies about the Ki67 index and everolimus effi-
cacy remain scarce. More explorations ought to
be conducted to demonstrate the associations.

In the study, we reported the treatment response
and survival outcomes of everolimus in patients
with HR+/HER2- ABC stratified by treatment
lines of 1L, 2L, and 3L. More importantly, we

identified four -clinicopathological parameters
associated with PFS for everolimus in a relatively
large subset of patients with HR+/HER2—- ABC,
including post-1L treatment, Ki67 index of more
than 40%, more than two metastatic sites at first
relapse, and receiving adjuvant chemotherapy.
We successfully used the parameters to develop a
predictive model for the survival outcome of
everolimus and confirmed its specificity and sen-
sitivity in both the internal validation cohort and
the external validation cohort.

The strengths of the study are worth mentioning.
First, we successfully developed a predictive
model for everolimus efficacy, based on a large-
scaled sample size. Although some small-scale
studies have explored correlations between differ-
ent indicators and everolimus efficacy,2%26 we had
a greater number of patients and evaluated more
clinicopathologic factors. Second, the study was
performed in a multicenter setting. Some single-
institution studies have assessed everolimus effi-
cacy for patients in different treatment lines, but
our data are from more than one cancer center.
This strengthens the generalizability and reliabil-
ity of our findings. Third, survival outcomes
including PFS, ORR, and CBR for everolimus as
1L, 2L, and 3L treatment were reported, which is
more comprehensive than some existing studies.

There are also some limitations in the study. First,
owing to its retrospective nature, caution should
be exercised when interpreting the findings.
Second, certain clinicopathological parameters,
such as tumor-node-metastasis (TNM) staging,
were not enrolled in the correlative analyses con-
sidering the large number of patients with missing
information. Third, the study represented a large
proportion of patients with HR+/HER2— ABC,
but it did not exclude the small percentage of
HR+/HER2-enriched patients. This might bur-
den the results, though we conducted correlative
analyses of HER2 status and survival outcomes
and found no statistical associations. Fourth, the
sample size for external validation was limited.
Further evaluation of the predictive role of the
model is favorably received in the future.

Conclusion

In the study, we successfully developed a model
comprising post-1L everolimus treatment, Ki67
index of more than 40%, metastases of more than
two sites at first recurrence, and receiving adju-
vant chemotherapy, to predict inferior survival
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outcomes for everolimus in patients with HR+/
HER2- ABC. It is conducive to the stratification
of patients who can respond to everolimus, favor-
ing the management of everolimus in the Chinese
population of patients with HR+/HER2— ABC.
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