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Background: There are no clinically available prognostic models for patients with hormone 
receptor-positive (HR+), human epidermal growth factor receptor 2-negative (HER2-) meta-
static breast cancer treated with everolimus. We aimed to develop a tool to predict the 
progression-free survival (PFS) and overall survival (OS) of these patients and to identify 
optimal candidates who would benefit from everolimus-based treatment in this heteroge-
neous patient population.
Methods: The clinical data of patients with HR+, HER2- metastatic breast cancer receiving 
everolimus between May 2012 and January 2018 at Sun Yat-sen University Cancer Center 
were retrospectively retrieved. Based on potential prognostic factors derived from multi-
variate Cox analysis, we established predictive nomogram models for PFS and OS and 
evaluated their predictive values by means of the concordance index (C-index). Calibration 
curves were used to estimate the consistency between the actual observations and the 
nomogram-predicted probabilities.
Results: A total of 116 patients with HR+, HER2- metastatic breast cancer were enrolled in this 
study. Three independent prognostic factors, including the line of everolimus in the metastatic 
setting, everolimus clinical benefit rate and number of liver metastatic lesions, were identified 
from the multivariate Cox analysis. Prognostic models for individual survival prediction were 
established and graphically presented as nomograms. The C-index was 0.738 (95% confidence 
interval [CI]: 0.710–0.767) for the PFS nomogram and 0.752 (95% CI: 0.717–0.788) for the OS 
nomogram, which showed favourable discrimination. The calibration curves for the probabilities 
of 6-, 9-, and 12-month PFS and 1-, 2-, and 3-year OS suggested satisfactory consistency 
between the actual observations and the predicted probabilities.
Conclusion: We constructed convenient nomogram models for patients with HR+, HER2- 
metastatic breast cancer to individually predict their potential benefits from everolimus in the 
metastatic setting. The models showed good performance in terms of accuracy, discrimina-
tion capacity and clinical application value.
Keywords: prognostic nomogram, metastatic breast cancer, everolimus, progression-free 
survival, overall survival

Introduction
Breast cancer (BC) is the most common malignant neoplasm and the leading cause 
of cancer-related death in women.1 Approximately 70% of BCs are hormone 
receptor-positive (HR+) and human epidermal growth factor receptor 2-negative 
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(HER2-).2,3 Nearly 5–10% of BC patients have de novo 
metastatic disease, and 25–30% of early-stage patients 
relapse and develop metastatic breast cancer (MBC) after 
initial treatment.4,5 Endocrine therapy (ET) is the preferred 
option and an integral part of the management of HR+, 
HER2- MBC,6,7 but 25% of BC patients present primary 
endocrine resistance, and those responding to initial ET 
typically develop acquired endocrine resistance.8–10

The treatment landscape of HR+, HER2- MBC has 
changed dramatically with the advent of new targeted 
therapeutic strategies in the past decade. Everolimus, an 
oral agent inhibiting mammalian target of rapamycin 
(mTOR), showed predominant progression-free survival 
(PFS) benefits in combination with exemestane in the 
BOLERO-2 trial. In 2012, the US Food and Drug 
Administration (FDA) approved everolimus plus exemes-
tane for postmenopausal women with advanced breast 
cancer (ABC) who progressed during prior treatment 
with nonsteroidal aromatase inhibitors (NSAIs).11,12 The 
4EVER trial and the observational BRAWO study also 
confirmed the superior efficacy of everolimus for HR+, 
HER2- ABC/MBC, especially in the first-line metastatic 
setting.13,14 A series of randomized clinical trials showed 
that compared to ET alone, the addition of a cyclin- 
dependent kinase (CDK) 4/6 inhibitor to ET or fulvestrant 
was more effective.15–21 In 2015 and 2017, these combi-
nations were recommended as the first- or second-line 
therapeutic option for HR+, HER2- MBC to achieve 
a better PFS and overall survival (OS).22–24 However, 
approximately 15% of MBC patients receiving a CDK4/6 
inhibitor plus an aromatase inhibitor (AI) and 30% of 
MBC patients treated with a CDK4/6 inhibitor plus ful-
vestrant developed progression within six months, and 
relapse occurred in all patients with MBC due to acquired 
resistance.25 Despite these findings, the PI3K/ATK/mTOR 
signal pathway, which is crucial for cell growth, differen-
tiation and survival,26 was still intact, and BC developing 
resistance to CDK4/6 inhibitors or fulvestrant could 
restore sensitivity by means of PI3K/ATK/mTOR inhibi-
tors. Thus, everolimus-based treatment is considered as 
a therapeutic option post CDK4/6 inhibitors.14,27

Sequencing therapy is a vital part of managing MBC, 
but the optimal sequence of ET in the metastatic setting for 
HR+, HER2- MBC remains unclear. Clinicians usually 
choose regimens according to the previously exposed 
agents and disease burden.4 Given the heterogeneity of 
MBC, identifying non-invasive and effective biomarkers 
to select subsets of patients who would benefit from 

everolimus is important.7,28 Although some clinical fea-
tures, including poor performance status, visceral crisis, 
number of metastatic sites, prior ET exposure, and prior 
chemotherapy, have been found to be relevant to poor 
prognosis in HR+, HER2- MBC,29–31 there are no cur-
rently available validated models for predicting the survi-
val benefit of everolimus in the metastatic setting for BC.

Nomograms are prospective tools that are widely used 
to predict the individual probability of a clinical event by 
integrating various prognostic factors presented as 
a graphical diagram.32–34 To our knowledge, no clinically 
available prognostic nomogram has been designed for 
selecting patients with MBC who are suitable for treatment 
with everolimus in the metastatic setting; therefore, we 
aimed to develop a predictive and practical tool to make 
individual survival predictions and identify optimal candi-
dates for everolimus-based treatment among patients with 
HR+, HER2- MBC.

Methods
Eligible Patients
Between May 2012 and January 2018, 116 patients with 
HR+, HER2- MBC treated with everolimus were enrolled 
in this retrospective study. We obtained approval from the 
ethics committee of Sun Yat-sen University Cancer 
Center (SYSUCC, registration number 2021-FXY-093). 
HER2- was defined as a score of 0, 1+ by immunohisto-
chemical (IHC) analysis or a score of 2+ by IHC without 
ERBB2 gene amplification on fluorescence in situ hybri-
dization (FISH) according to the American Society of 
Clinical Oncology/College of American Pathologists 
guideline updated in 2018.35 The cut-off for HR+ status 
was 10% or higher staining in nuclei. The key inclusion 
criteria included the following: (1) histological diagnosis 
of ABC/MBC; (2) age ≥ 18 years; (3) Eastern 
Cooperative Oncology Group (ECOG) performance sta-
tus < 2; (4) measurable disease according to Response 
Evaluation Criteria in Solid Tumours (RECIST) version 
1.1;36 (5) life expectancy ≥ 12 weeks; (6) no pregnancy or 
births; (7) at least completing two courses of everolimus; 
and (8) absence of other primary cancers within five years 
except for curable carcinoma of the cervix or squamous or 
basal cell carcinoma of the skin. The exclusion criteria 
were as follows: (1) severe or uncontrolled infection; (2) 
serious metabolic disorder; and (3) uncontrolled brain 
metastasis.
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Treatment
Patient data were collected from medical records at 
SYSUCC, and patients underwent a complete evaluation 
prior to the initiation of everolimus, including routine 
physical examination, haematological and laboratory 
tests, and breast and abdominal ultrasound. Magnetic reso-
nance imaging (MRI), chest radiograph/computed tomo-
graphy (CT), bone scans or positron emission tomography 
(PET)-CT were conducted if necessary. All enrolled 
patients received everolimus (10 mg orally once daily) in 
combination with ET or fulvestrant (500 mg intramuscular 
injection every 28 days) in the metastatic setting, dosage 
reduction during treatment due to stomatitis or any reasons 
were allowed.

Follow-Up and Endpoints
Patients were monitored from the initiation of everolimus, 
and routine examinations were performed in accordance 
with the baseline evaluation every two months during the 
first two years and every three months thereafter. The 
primary endpoint was PFS, defined as the time from the 
initiation of treatment to disease progression or death. The 
secondary endpoint was OS, defined as the time from the 
initiation of everolimus treatment to death due to any 
cause; clinical benefit rate (CBR), defined as the propor-
tion of patients with complete response (CR), partial 
response (PR), and stable disease (SD) for ≥ 24 weeks 
according to the RECIST version 1.1.

Statistical Analysis
Statistical analysis was performed using R software (“rms” 
package, version 4.0.1; Vanderbilt University, Nashville, 
TN) and SPSS version 22.0 software (IBM, Corp., 
Armonk, NY). Categorical variables are shown as frequen-
cies with percentages. Univariate and multivariate ana-
lyses were conducted using Cox proportional hazards 
regression models to select potential prognostic factors 
for PFS and OS. Variables that achieved a P value of < 
0.05 in the univariate analysis were entered into the multi-
variate Cox analysis. Nomograms of 6-, 9-, and 12-month 
PFS and 1-, 2-, and 3-year OS were developed based on 
the results of the multivariable analysis. In addition, we 
used the concordance index (C-index), which ranges from 
0.5 (random chance) to 1.0 (perfect prediction), and cali-
bration curves to estimate the accuracy of these models. 
A two-sided P value of less than 0.05 was considered 

statistically significant in all statistical tests unless other-
wise specified.

Results
Clinical Characteristics and Survival
Between May 2012 and January 2018, 116 patients with 
HR+, HER2- MBC receiving everolimus at SYSUCC 
were included in this study. As shown in Table 1, the 
mean age was 44.13 years (range 26 to 65). A total of 
10.3% of patients had de novo metastatic disease, and 
the other 89.7% developed MBC after initial neo/adju-
vant treatment. The mean prior lines of chemotherapy in 
the metastatic setting were 2.23 (range 0–8), in terms of 
prior lines of chemotherapy, 49.1% and 33.6% of 
patients had < 3 prior lines and ≥ 3 prior lines in the 
metastatic setting, respectively. The mean prior lines of 
ET in the metastatic setting were 1.43 (range 0–5), and 
87.9% of patients previously received < 3 lines of ET in 
this setting. Tamoxifen was mostly used in prior 
advanced disease (68.1%), and AI, NSAI and fulvestrant 
accounted for 31.9%, 59.5%, and 10.3% of prior ET 
cases, respectively. A total of 11.2% of patients received 
everolimus as a first-line treatment in the metastatic 
setting, 70.7% and 18.1% of patients received everoli-
mus as the 2–5 lines or ≥ 6-line treatment, respectively. 
A quarter of patients had primary resistance to ET, and 
29.3% of patients had a heavy liver metastatic burden 
(≥ 6). The CBR reached 69.8%, and 56% of patients had 
stomatitis. During the whole follow-up process, one 
patient received melbine due to her diabetes, other 23 
patients among these undergoing everolimus dosage 
reduction due to stomatitis received topical steroids 
washing.

Independent Prognostic Factors
The results of univariate and multivariate Cox analyses 
are listed in Table 2. Whether primary resistance devel-
oped did not have an effect on PFS (P = 0.162) or OS 
(P = 0.137). Compared everolimus as the first-line treat-
ment in the metastatic setting, everolimus as a ≥ 6-line 
treatment showed a higher risk for survival (PFS: hazard 
ratio [HR] = 3.269, 95% confidence interval [CI]: 1.236– 
8.647, P = 0.017; OS: HR = 4.728, 95% CI: 1.290– 
17.332, P = 0.019). Patients who achieved a clinical 
benefit experienced more favourable PFS (HR = 0.161, 
95% CI: 0.094–0.277, P < 0.001) and OS (HR = 0.268, 
95% CI: 0.130–0.551, P < 0.001) than those who did 
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not. The number of liver metastases was associated with 
prognosis, and patients with a heavy liver metastatic 
burden (≥ 6) tended to have worse survival (PFS: HR 
= 2.079, 95% CI: 1.267–3.412, P = 0.004; OS: HR = 
3.183, 95% CI: 1.676–6.044, P < 0.001).

Nomogram Construction and Evaluation
Independent prognostic factors derived from the multivari-
ate Cox analysis were integrated into nomogram models 
for PFS (Figure 1) and OS (Figure 2), including the line of 
everolimus in the metastatic setting, everolimus CBR and 
number of liver metastatic lesions. Every subtype of these 
factors had a corresponding score on the point scale. By 
adding the total score and locating it on the total point 
scale, the PFS and OS probabilities of each patient could 
be obtained at the time points of 6-, 9-, and 12-month and 
1-, 2-, and 3-year, respectively.

To evaluate the predictive value of the constructed 
nomograms, a bootstrap validation method was performed. 
The C-index after bootstrap correction of the nomogram 
was 0.738 (95% CI: 0.710–0.767) for PFS and 0.752 (95% 
CI: 0.717–0.788) for OS, which suggested that the nomo-
grams had good accuracy in predicting the survival of 
patients with HR+, HER2- MBC who received everolimus 
in the metastatic setting. The Y-axis of the calibration 
curves represents the actual observation of the survival 
rate, and the X-axis represents the survival rate predicted 
by the established nomograms. The calibration plot for the 
probability of 6-, 9-, and 12-month PFS (Figure 3) and 1-, 
2-, and 3-year OS (Figure 4) indicated satisfactory consis-
tency between the actual observations and the predicted 
probabilities.

Table 1 Clinicopathologic Characteristics of Patients in This 
Study

Characteristic Number of Patients (%)

Age (years)
<45 66(56.9)

≥45 50(43.1)

Mean (range, years old) 44.13 (26–65)

HR status
ER+, PR+ 101 (87.1)
ER+, PR- 12 (10.3)

ER-, PR+ 3 (2.6)

De novo
Yes 12(10.3)

No 104(89.7)

Prior lines of CT in metastatic 
disease
≥3 39(33.6)

1–2 57(49.1)

0 20(17.2)

Median(range) 2.23(0–8)

Prior lines of ET in metastatic 
disease
≥3 14(12.1)
<3 102(87.9)

Median (range) 1.43(0–5)

Prior ET for advanced disease
Tamoxifen 79(68.1)
Steroidal aromatase inhibitor 37(31.9)

Nonsteroidal aromatase inhibitor 69(59.5)

Fulvestrant 12(10.3)

Primary resistance to 
endocrine therapy
Yes 29(25.0)

No 77(66.4)

Unknown 10(8.6)

EVE initial line
1 13(11.2)
2–5 82(70.7)

≥6 21(18.1)

EVE CBR a

Yes 81(69.8)

No 35(30.2)

Liver M num
0 66(56.9)

1–5 16(13.8)

≥6 34(29.3)

(Continued)

Table 1 (Continued). 

Characteristic Number of Patients (%)

Stomatitis
Yes 65(56.0)

No 51(44.0)

Dosage reduction
Yes 26(22.4)
No 74(63.8)

Unknown 16(13.8)

Notes: aIncluding complete response, partial response, and stable disease (SD) ≥ 
24 weeks according to the RECIST version 1.1. 
Abbreviations: HR, hormone receptor; ER, estrogen receptor; PR, progesterone 
receptor; EVE, everolimus; CBR, clinical benefit response; M, metastatic; CT, 
chemotherapy; ET, endocrine therapy; Num, number.
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Table 2 Univariate and Multivariate Cox Analyses of Survival

Characteristic PFS OS

Univariate Analysis Multivariate Cox Regression 
Analysis

Univariate Analysis Multivariate Cox Regression 
Analysis

Hazard Ratio (95% 
CI)

P Hazard Ratio (95% 
CI)

P Hazard Ratio (95% 
CI)

P Hazard Ratio (95% 
CI)

P

Age (years)

<45 0.891(0.582–1.364) 0.596 NA NA NA 0.876 NA NA

≥45 Reference NA Reference NA

De novo

Yes 0.852(0.410–1.769) 0.667 NA NA 0.521(0.162–1.676) 0.274 NA NA

No Reference NA Reference NA

Prior CT lines

≥3 1.503(0.791–2.855) 0.213 NA NA 2.501(1.026–6.096) 0.044* 0.548(0.159–1.888) 0.341

1–2 1.033(0.549–1.942) 0.921 NA NA 1.191(0.477–2.972) 0.709 0.441(0.140–1.394) 0.163

0 Reference NA Reference Reference

Prior ET lines

≥3 1.743(0.917–3.313) 0.09 0.981(0.470–2.047) 0.959 1.473(0.623–3.482) 0.377 NA NA

<3 Reference Reference Reference NA

Primary resistant to ET

Yes 2.151(0.735–6.299) 0.162 NA NA 4.526(0.620–33.064) 0.137 NA NA

No 1.505(0.542–4.185) 0.433 NA NA 3.852(0.488–30.421) 0.201 NA NA

Unknown Reference NA Reference NA

EVE initial line

≥6 4.437(1.720–11.142) 0.002* 3.269(1.236–8.647) 0.017* 6.417(1.823–22.588) 0.004* 4.728(1.290–17.332) 0.019*

2–5 1.805(0.778–4.186) 0.169 2.074(0.891–4.825) 0.09 2.080(0.638–6.778) 0.224 2.352(0.719–7.693) 0.157

1 Reference Reference Reference Reference

EVE CBR a

Yes 0.155(0.093–0.258) <0.001* 0.161(0.094–0.277) <0.001* 0.226(0.117–0.433) <0.001* 0.268(0.130–0.551) <0.001*

No Reference Reference Reference Reference

Liver M num

≥6 2.152(1.328–3.487) 0.002* 2.079(1.267–3.412) 0.004* 3.300(1.756–6.203) <0.001* 3.183(1.676–6.044) <0.001*

1–5 1.840(0.999–3.351) 0.051 1.440(0.743–2.793) 0.28 3.037(1.437–6.416) 0.004* 2.273(1.029–5.024) 0.042*

0 Reference Reference Reference Reference

Stomatitis

Yes 1.178(0.724–1.915) 0.509 NA NA 1.675(0.839–3.346) 0.144 NA NA

No Reference NA Reference NA

Dosage reduction

Yes 0.892(0.463–1.717) 0.732 NA NA 1.643(0.581–4.645) 0.349 NA NA

No 0.715(0.343–1.491) 0.371 NA NA 1.279(0.414–3.947) 0.669 NA NA

Unknown Reference NA Reference NA

Notes: *P < 0.05; aincluding complete response, partial response, and stable disease (SD) ≥ 24 weeks according to the RECIST version 1.1. 
Abbreviations: PFS, progression-free survival; OS, overall survival; CT, chemotherapy; ET, endocrine therapy; EVE, everolimus; CBR, clinical benefit response; M, 
metastatic; Num, number; NA, not available.
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Discussion
Due to the clinical and molecular heterogeneity of HR+, 
HER2- MBC, the survival outcomes and mechanisms of 
ET resistance vary largely among patients.28 Endocrine- 
based treatment remains a core part of treatment in the 
metastatic setting, but its optimal sequence is unclear.4,7,37 

With the advent of new targeted therapeutic options, the 
value of everolimus in the metastatic setting needs to be 

re-evaluated, and better selection of patients who may 
benefit from it also needs to be explored.28 In this study, 
we retrospectively collected the medical data of 116 
patients with HR+, HER2- MBC and analysed their clin-
ical characteristics using multivariate Cox proportional 
hazards analysis. Three independent variables were asso-
ciated with the survival of HR+, HER2- MBC patients 
treated with everolimus, including the line of everolimus 

Figure 1 Prognostic nomogram for patients with HR+, HER2- MBC: a line was drawn straight down to predict the 6-month, 9-month, or 12-month PFS. 
Abbreviations: PFS, progression-free survival; EVE, everolimus; CBR, clinical benefit response; M, metastatic; Num, number.

Figure 2 Prognostic nomogram for patients with HR+, HER2- MBC: a line was drawn straight down to predict the 1-year, 2-year, or 3-year OS. 
Abbreviations: OS, overall survival; EVE, everolimus; CBR, clinical benefit response; M, metastatic; Num, number.
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in the metastatic setting, everolimus CBR and number of 
liver metastatic lesions. Furthermore, we integrated these 
prognostic factors to establish predictive nomogram mod-
els for PFS and OS, which were shown to have good 
accuracy and predictive capacity.

The observational BRAWO study achieved a median 
PFS of 8.0 months for postmenopausal patients with HR+, 
HER2- ABC/MBC receiving everolimus as first- 
and second-line therapy in the metastatic setting, which 
was consistent with the primary endpoint of the BOLERO- 
2 trial.12,14 However, for subsets of patients receiving 
everolimus plus exemestane as the first-line treatment, 
a 2.1-month increase in the median PFS was achieved 
compared with that in all intention-to-treat patients, 
which suggested that an everolimus-based regimen as an 
early therapeutic option for HR+, HER2- MBC should be 
recommended.14 Consistently, the multivariate Cox analy-
sis in this retrospective study showed that the initial line of 
everolimus in the metastatic setting was an independent 
prognostic factor for survival. Compared to those receiv-
ing everolimus as first-line therapy, patients receiving 
everolimus as later-line therapy had a worse PFS (P = 
0.017) and OS (P = 0.019). Therefore, we included this 
variable in our predictive nomogram models.

It was demonstrated in the BOLERO-2 trial that 
patients with HR+, HER2- MBC progressing during 
prior NSAI treatment achieved a longer PFS from ever-
olimus plus ET than from ET alone (7.8 months vs 3.2 
months, P < 0.0001). Subgroup analysis further suggested 
that the combination was an effective option in all patients, 
including those with visceral burdens, those receiving 
prior chemotherapy in the metastatic setting, those with 
prior use of hormonal treatment other than NSAIs, and 
those with sensitivity to previous hormonal therapy.12 

However, the expanded, phase IIIb, single-arm 4EVER 
study, which was conducted in postmenopausal women 
with HR+, HER2- ABC/MBC, found that everolimus 
plus exemestane resulted in a median PFS of only 5.6 
months. One possible explanation for the discrepancy 
between the findings of this study and the BOLERO-2 
study might be the differences in baseline patient charac-
teristics. The 4EVER study recruited more heavily pre- 
treated patients, and over 30% underwent > 3 lines of prior 
regimens for metastatic disease. Subgroup analysis con-
firmed that prior chemotherapy in the metastatic setting 
had a negative effect on obtaining benefits from everoli-
mus in the metastatic setting, which suggested that ever-
olimus-based therapy should be conducted prior to 

Figure 3 The calibration curve of the nomogram for predicting PFS at 6-month (A), 9-month (B), and 12-month (C). The actual PFS is plotted on the y-axis, the nomogram- 
predicted probability of PFS is plotted on the x-axis. 
Abbreviation: PFS, progression-free survival.

Figure 4 The calibration curve of the nomogram for predicting OS at 1-year (A), 2-year (B), and 3-year (C). The actual OS is plotted on the y-axis, the nomogram- 
predicted probability of OS is plotted on the x-axis. 
Abbreviation: OS, overall survival.
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chemotherapy.13 Javier Puente et al found that prior che-
motherapy in metastatic disease likely selected resistant 
tumour cells, which could induce de novo mutations and 
result in a more aggressive metastatic disease behavior, so 
it was associated with a worse survival (P < 0.001),31 

similar to the findings of a study in Spain including 297 
patients with MBC.38 However, in this study, we did not 
find a prognostic value of lines of prior chemotherapy in 
the metastatic setting for patient survival from subsequent 
everolimus treatment. One possible reason might be that 
the majority of patients (82.8%) in this study had been 
similarly treated with chemotherapy in the metastatic set-
ting before everolimus, with a median number of previous 
chemotherapy lines of 2.23, which is a very common 
phenomenon in real-world clinical practice,37 so baseline 
differences among patients were not apparent.

Previous studies confirmed that visceral metastases 
were associated with a worse prognosis, MBC patients 
with visceral metastases showed a worse median survival 
in first-line NSAI treatment,39,40 and their therapeutic 
options after progression during/after previous NSAI ther-
apy were restricted.41 Clinical treatment guidelines recom-
mend chemotherapy instead of ET for HR+, HER2- MBC 
with extensive visceral metastases to control their rapid 
symptoms.42 However, some patients with visceral metas-
tases do not show visceral crisis and have a low disease 
burden, they might have the potential to postpone che-
motherapy, avoid treatment-related myelosuppression and 
benefit from ET with more manageable adverse events 
(AEs).42,43 A subset analysis of the BOLERO-2 study 
found that the addition of everolimus to exemestane 
yielded a significant 4-month increase in the median PFS 
for patients with HR+, HER2- MBC despite visceral 
metastases, which suggested that adding everolimus to 
ET could enhance their endocrine sensitivity and everoli-
mus-based treatment was an effective option for patients 
with visceral metastases from HR+, HER2- MBC beyond 
progression during/after prior NSAI treatment.41 Javier 
Puente et al found that liver metastasis was a predictive 
marker of worse outcome even if the liver was the only 
site of metastatic disease (P < 0.001) and that the median 
survival of patients with visceral metastases (mainly in the 
liver) was 1.15 years, which was worse than that of 
patients with other locations of metastatic disease.31 The 
findings of our study were fully consistent with the find-
ings of these studies. We found that liver metastatic lesions 
were an independent prognostic factor for survival and that 
the number of liver metastases was associated with the 

survival prediction of benefits from everolimus. Patients 
with a heavy liver metastatic burden (≥ 6) showed the 
worst prognosis in terms of PFS (HR = 2.079, 95% CI: 
1.267–3.412, P = 0.004) and OS (HR = 3.183, 95% CI: 
1.676–6.044, P < 0.001). Thus, the number of liver meta-
static lesions was included in our nomogram models.

The main objective of the treatment for HR+, HER2- 
MBC patients is palliative care to maintain disease control 
and preserve quality of life.4,6 Therefore, it is meaningful 
for patients to achieve a clinical benefit, including CR, PR, 
and SD ≥ 24 weeks. We hypothesized that the CBR in 
everolimus-based therapy would have an effect on 
patients’ benefits from treatment, and this hypothesis was 
finally confirmed in the multivariate Cox analysis. 
Compared with those who failed to achieve a clinical 
benefit, patients who achieved a clinical benefit showed 
a better prognosis in terms of PFS (HR = 0.161, 95% CI: 
0.094–0.277, P < 0.001) and OS (HR = 0.268, 95% CI: 
0.130–0.551, P < 0.001). Therefore, we included the ever-
olimus CBR in our predictive nomogram models.

Moreover, our nomogram models provided significant 
predictive value in identifying candidates with a greater 
possibility of benefiting from sequencing everolimus- 
based treatment. The bootstrap-corrected C-indexes of 
the models reached 0.738 for PFS and 0.752 for OS. 
Through our nomogram models, clinicians and patients 
could predict the prognosis of individuals and guide their 
individual therapeutic and care options. For example, 
patients with high scores on the total point scale tended 
to have a poor prognosis, additional care and more fre-
quent monitoring were essential for them to control distant 
lesions and identify tumour progression early. As the 
number of liver metastases was confirmed to be associated 
with a worse prognosis for survival, a more precise ima-
ging diagnosis and monitoring, such as PET-CT, is neces-
sary to accurately evaluate the tumour burden while 
personalizing therapy for patients with HR+, HER2- 
MBC.28 In addition, the line of everolimus in the meta-
static setting was found to be significant in predicting the 
survival of patients, and it would be sensible to apply an 
everolimus-based regimen as the front-line treatment 
option.

Nevertheless, there were some limitations of our study. 
First, selection bias was unavoidable in retrospective stu-
dies, and patient characteristic data were limited according 
to the retrospective medical records, making it difficult to 
collect all information on patient characteristics. Therefore, 
we failed to consider several clinicopathological factors that 
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might affect prognosis, including histological grade, TNM 
classification, family history of breast cancer and so on. 
Second, although the nomograms established in our study 
achieved satisfactory C-indexes and good consistency 
according to the calibration curves, we did not validate 
them in other external cohorts because it was difficult to 
acquire data from other medical centers. Third, this study 
just enrolled limited samples in one hospital in China, 
results may not be generalizable to patients from other 
racial/ethnic backgrounds. Therefore, the practical applic-
ability of our nomograms should be interpreted with 
caution.

In conclusion, we established nomogram models for 
patients with HR+, HER2- MBC by integrating three 
independent predictive factors, including the line of ever-
olimus in the metastatic setting, everolimus CBR and 
number of liver metastatic lesions, which showed satisfac-
tory accuracy and discrimination capacity for predicting 
the probabilities of 6-, 9-, and 12-month PFS and 1-, 2-, 
and 3-year OS. To extend the practical use of these nomo-
grams, a validation cohort from other medical centres is 
needed.
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