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Breast cancer was the second most common cancer 
overall worldwide and the most common cancer in 

women in 2012.[1] The American Cancer Society report-
ed that in the United States in 2019, a new breast can-
cer was diagnosed with an estimated 268.600 American 
women and 41.760 patients died due to breast cancer.[2] 
About 75% of breast cancers are classified as hormone 
receptor-positive (expressing the estrogen receptor and/
or the progesterone receptor) and HER2-negative.[3] Estro-
gen receptor targeted treatments are an important part 

of metastatic breast cancer (mBC) treatment, but eventu-
ally, the endocrine treatment resistance improves.[4] The 
BOLERO-2 randomized controlled trial, which conducted 
with the patients resistant to non-steroidal aromatase 
inhibitor treatment, revealed that combining endocrine 
therapy with the mammalian target of rapamycin (mTOR) 
inhibitor everolimus prolongs progression-free survival 
(PFS) in postmenopausal patients with hormone recep-
tor-positive, HER2-negative mBC comparison to endo-
crine therapy alone.[5]

Objectives: No study to clarify which inflammation score could best reflect survival in a cohort of metastatic breast 
cancer (mBC) patients who received everolimus plus exemestane.
Methods: The impact of neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR), systemic immune-inflam-
mation index (SII), and prognostic nutritional index (PNI) on PFS and OS was evaluated.
Results: A total of 80 mBC patients were included. Median PFS was 8.9 months and median overall survival (OS) was 
31.8 months. We found that there was no significant difference between NLR, PLR, SII, and PNI groups for median PFS 
and OS.
Conclusion: Inflammation-based prognostic scores were not correlated with prognosis in patients with mBC who had 
been treated with everolimus plus exemestane.
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Systemic inflammation is now known to play an important 
role in the development, progression, and metastasis of 
tumours.[6] In recent years, the prognostic significance of a 
variety of systemic inflammation-based prognostic scores 
such as neutrophil/lymphocyte ratio (NLR), platelet/lym-
phocyte ratio (PLR), systemic immune-inflammation index 
(SII), and prognostic nutritional index (PNI) has been inves-
tigated in various cancers such as malignant melanoma,[7] 
operable ampullary carcinoma,[8] prostate cancer[9] and re-
nal cell carcinoma.[10] However, there has been no study to 
clarify which inflammation-based prognostic score could 
best reflect survival in a cohort of mBC patients who re-
ceived everolimus plus exemestane. Therefore, we aimed 
to assess the prognostic and predictive significance of pre-
treatment inflammation-based prognostic scores in our 
mBC patients treated with everolimus plus exemestane.

Methods

Study Participants and Data Collection
We retrospectively evaluated 80 postmenopausal patients 
whose data were fully accessible with mBC treated with 
everolimus plus exemestane between January 2013 and 
May 2020 in our university hospital. Both everolimus and 
exemestane were administered orally, the starting dose 
was 10 mg/day and 25 mg/day, respectively. Patients with 
no available pre-treatment data on NLR, PLR, SII, PNI, and 
those with infection or underlying comorbidities such as 
chronic inflammatory diseases, chronic lymphocytic leu-
kemia, recent treatment with steroids, granulocyte colony-
stimulating factor or cytokines were excluded from this 
analysis.

Clinical, demographic, and histopathological data such as 
Eastern Cooperative Oncology Group performance status 
(ECOG PS), gender, age, metastatic sites, body mass index 
(BMI), treatments received, number of lines of therapy, out-
comes of everolimus plus exemestane treatment including 
best overall tumor response, PFS, and OS were obtained 
from the patient archive files. After the treatment of evero-
limus plus exemestane started, the time until tumor pro-
gression has been defined as the PFS. OS was defined as 
the time from the everolimus plus exemestane to the date 
of death from any cause. The response to treatment was 
evaluated according to the Response Evaluation Criteria 
in Solid Tumors (RECIST 1.1). Absolute neutrophil count, 
absolute lymphocyte count, hemoglobin (g/dl), platelet 
count, LDH (IU/L), albumin (g/dl), and C-reactive protein 
(CRP, mg/L) were recorded prior to (1–7 days) initiating 
Everolimus plus exemestane treatment. The scores of NLR, 
PLR, SII, and PNI were calculated according to the following 
formulas:

a) NLR: Absolute neutrophil count/Absolute lymphocyte 
count

b) PLR: Platelet count/Absolute lymphocyte count

c) SII: Platelet count × Absolute neutrophil count/Absolute 
lymphocyte count

d) PNI: 10×albumin (g/dl)+0.005×Absolute lymphocyte 
count

We constructed the receiver operated characteristics (ROC) 
curves to determine the cut-off values for NLR, PLR, SII, and 
PNI. However, no statistically significant cut-off values were 
found. Therefore, cut-off values determined for NLR, PLR, 
SII, and PNI with previous studies were used.[9,11] Data col-
lection and analysis of all subjects was approved by the 
ethics committee of the study site.

Primary Objective and Statistical Analysis
The primary objective of this study was to evaluate the abil-
ity of inflammation-based prognostic scores (NLR, PLR, SII, 
and PNI) to predict the PFS and OS in patients with mBC 
treated with everolimus plus exemestane. OS and PFS 
was estimated using the Kaplan–Meier method and dif-
ference in survival was calculated using the log-rank test. 
Cox proportional hazard analysis was used to estimate the 
level of significance and the relative risks with 95% confi-
dence interval (CI). Categorical variables were presented 
as percentages. Continuous variables were expressed 
as mean±standard deviation (median and interquartile 
range). PFS and OS were presented as median value with 
two-sided 95% confidence interval (CI). P-value of <0.05 
was considered statistically significant. The clinical data 
was analyzed using IBM SPSS version 23.0.

Results

Patient, Disease and Treatment Characteristics
Between January 2013 and May 2020, 80 female patients 
treated with everolimus plus exemestane combination with 
HER2-negative and hormone receptor-positive mBC were 
included in the study. Baseline characteristics are shown in 
Table 1. The mean age was 58±12.1 and all of the patients 
were postmenopausal. ECOG PS was ≤1 in 93.7% of patients. 
None of the patients had cranial metastasis. 66.3% of the 
patients were not metastatic at the time of first diagnosis 
and 47.5% of the patients had a history of neoadjuvant or 
adjuvant chemotherapy. The rates of visceral metastasis and 
bone metastases were 40% and 78.8%, respectively. Everoli-
mus treatment line was ≤3rd in 66.3% of patients.

Patients were divided into NLR ≥3 (high), PLR ≥210 (high), 
SII ≥535 (high) and PNI <45 (low) groups according to their 
inflammation-based prognostic score levels. Table 1 shows 
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the patient distributions in each group. The proportion of 
patients with LDH and CRP above normal limits was 37.5% 
and 47.5%, respectively.

Response Rate and Survival
Median PFS of 80 patients was 8.9 months (95% CI 7.48 
10.32) and median OS was 31.80 months (95% CI 25.02 
38.58). Figure 1 shows the median PFS of the high vs. low 
groups for NLR, PLR, SII, and PNI with p values and as a re-
sult, no significant PFS difference was detected between 
the groups. When the best overall response was examined 
under everolimus plus exemestane treatment, the com-
plete response (CR) rate was 1.2%, the partial response (PR) 
rate was 28.8%, the stable disease (SD) rate was 41.2% and 
the progressive disease (PD) rate was 28.8%.

When the high vs. low groups for NLR, PLR, SII, and PNI were 
examined, there were no significant differences in terms of 
median OS. Median OS for the groups were 31.47 months 

(95% CI 9.96-52.97) in high NLR, 32.07 months (95% CI 
23.83 40.31) (p=0.599) in low NLR, 32.23 months (95% CI 
27.66 36.80) in high PLR, 29.30 months (95% CI 23.27 35.33) 
(p=0.695) in low PLR, 31.47 months (95% CI 21.78 41.15) in 
high SII, 32.06 months (95% CI 8.17 55.97) (p=0.341) in low 
SII and 31.80 months (95% CI 9.60 54.00) in low PNI, and 
32.23 months (95% CI 14.48 49.98) in high PNI (p=0.107).

The potential predictors as seen in Table 2 were assessed us-
ing a Cox proportional hazard model. The univariate analy-
sis showed that both PFS and OS were longer in patients 
with ECOG PS≤1 and CR+PR with everolimus best overall 
response. In addition, according to the univariate analysis 
results, OS was shorter in patients with denovo metastatic 
disease and CRP high, while OS was longer in patients with 
a history of neoadjuvant/adjuvant chemotherapy. Accord-
ing to the multivariate analysis results (Table 3), only best 
overall response (HR 0.24 95% CI 0.11 0.49, p=0.001) for PFS; 
in addition, best overall response (HR 0.28 95% CI 0.10 0.74, 

Table 1. Baseline clinic and demographic characteristics of 80 patients with metastatic breast cancer

		  n (%)		  n (%)

Age, (Mean±SD)	 58±12.1	 Neoadjuvant or adjuvant chemotherapy	 38 (47.5)
ECOG PS
	 0-1	 75 (93.7)	 Treatment of metastatic disease
	 2	 5 (6.3)	 Chemotherapy	 68 (85)
Smoking		  Tamoxifen	 15 (18.8)
	 Yes	 17 (21.3)	 Fulvestrant	 20 (25)
	 No	 63 (78.8)
Body mass index		  Anemia (hgb <11 g/dl)
	 ≥30 kg/m2	 26 (32.5)	 Yes	 16 (20)
	 <30 kg/m2	 54 (67.5)	 No	 64 (80)
De novo metastatic disease		  Lactate Dehydrogenase (LDH)
	 Yes	 27 (33.8)	 High (>250 IU/L)	 30 (37.5)
	 No	 53 (66.3)	 Normal	 50 (62.5)
Visceral metastasis		  C-reactive protein (CRP)
	 Yes	 32 (40)	 High (>5 mg/L)	 38 (47.5)
	 No	 48 (60)	 Normal	 42 (52.5)
Bone metastasis		  Neutrophil to lymphocyte ratio
	 Yes	 63 (78.8)	 ≥3	 29 (36.3)
	 No	 17 (21.3)	 <3	 51 (63.7)
Treatment line of everolimus		  Platelets to lymphocyte ratio
	 ≤3rd	 53 (66.3)	 ≥210	 21 (26.3)
	 >3rd	 27 (33.8)	 <210	 59 (73.8)
Best response		  Sysemic immune-inflammation index
	 CR	 1 (1.2)	 ≥535	 45 (56.3)
	 PR	 23 (28.8)	 <535	 35 (43.8)
	 SD	 33 (41.2)	 Prognostic nutritional index
	 PD	 23 (28.8)	 ≥45	 68 (85)
			   <45	 12 (18)

ECOG PS: Eastern Cooperative Oncology Group Performance Status; CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease.
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p=0.01) and high CRP (HR 3.34 95% CI 1.39 8.02, p=0.007) 
for OS were still identified as independent prognostic fac-
tors. In patients responding to everolimus plus exemestane 
treatment, CR+PR patients are expected to have longer PFS 
and OS than SD patients. Cox regression analysis results 
also confirmed that high NLR, PLR and SII and low PNI were 
not independent prognostic factors for both PFS and OS.

Discussion
To our knowledge, this is the first study in the literature to 
assess the prognostic role of inflammation-based prognos-

tic scores (NLR, PLR, SII, and PNI) in mBC cohort receiving 
everolimus plus exemestane therapy. Our study results 
showed that pre-treatment inflammation-based prognos-
tic scores were not independent prognostic factors for PFS 
or OS when evaluated in combination with other clinico-
pathological features. Univariate and multivariate analy-
ses revealed that all factors except the best response were 
ineffective on PFS. As a result, the biomarkers predicting 
how much benefit the patient will receive from treatment 
before starting everolimus plus exemestane treatment in 
mBC remain obscure and NLR, PLR, SII, PNI are not reliable. 

Table 2. Univariate cox regression analysis for progression-free survival and overall survival

			                         Progression-free survival		                                     Overall survival

Variable	 n	 Hazard ratio (95% CI)	 p	 Hazard ratio (95% CI)	 p

Age 	 80	 0.99 (0.97 1.02)	 0.820	 1.01 (0.98 1.03)	 0.950
ECOG PS >1	 5	 4.03 (1.57 10.39)	 0,004	 4.83 (1.86 12.53)	 0.001
Smoking	 17	 1.08 (0.57 2.05)	 0.081	 1.18 (0.54 2.58)	 0.647
De novo metastatic disease (1)	 27	 1.60 (0.90 2.84)	 0.101	 2.59 (1.35 4.96)	 0.004
Neoadjuvant or adjuvant chemotherapy (1)	 38	 0.64 (0.39 1.06)	 0.084	 0.48 (0.26 0.89)	 0.021
Chemotherapy for metastatic disease (1)	 68	 1.22 (0.63 2.36)	 0.557	 2.30 (0.92 5.71)	 0.073
Everolimus line: ≤3rd	 53	 1.25 (0.70 2,21)	 0.450	 1.08 (0.50 2.33)	 0.839
Tamoxifen for metastatic disease	 15	 0.80 (0.39 1.64)	 0.545	 1.69 (0.77 3.73)	 0.192
Fulvestrant for metastatic disease	 20	 0.65 (0.35 1.23)	 0.186	 0.54 (0.21 1.40)	 0.205
Bone metastasis (1)	 17	 1.36 (0.73 2.53)	 0.331	 1.30 (0.62 2.75)	 0.491
Visceral metastasis (1)	 32	 1.57 (0.95 2.58)	 0.076	 1.34 (0.72 2.47)	 0.357
BMI ≥30 kg/m2	 26	 0.69 (0.40 1.18)	 0.174	 0.87 (0.44 1.76)	 0.705
Anemia (1)	 16	 1.06 (0.58 1.94)	 0.846	 0.99 (0.48 2.09)	 0.994
NLR ≥3	 29	 1.06 (0.64 1.76)	 0.811	 1.18 (0.63 2.20)	 0.599
PLR ≥210	 21	 1.41 (0.81 2.45)	 0.226	 0.867 (0.42 1.77)	 0.695
SII ≥535	 45	 1.36 (0.82 2.26)	 0.240	 1.36 (0.72 2.55)	 0.343
PNI ≥45	 68	 0.96 (0.47 1.95)	 0.908	 0.52 (0.22 1.17)	 0.114
High LDH	 30	 1.37 (0.83 2.28)	 0.220	 1.18 (0.63 2.18)	 0.619
High CRP	 38	 1.12 (0.68 1.83)	 0.663	 2.05 (1.09 3.85)	 0.026
Best response (CR+PR vs. SD)	 24	 0.26 (0.13 0.53)	 0.001	 0.39 (0.17 0.89)	 0.025

(1) Means it exist.

ECOG PS: Eastern Cooperative Oncology Group Performance Status; CR: Complete response; PR: Partial response; SD: Stable disease; BMI: Body mass index; 
CI: Confidence interval.

Table 3. Multivariate analysis for progression-free survival and overall survival

		                                  Progression-free survival		                                             Overall survival

Variable	 Hazard ratio (95% CI)	 p	 Hazard ratio (95% CI)	 p

Best response (CR+PR vs. SD)	 0.24 (0.11 0.49)	 0.001	 0.28 (0.10 0.74)	 0.010
ECOG PS >1	 4.81 (0.60 38.77)	 0.141	 8.34 (0.86 80.56)	 0.067
High CRP	 -		  3.34 (1.39 8.02)	 0.007
De novo metastatic disease	 -		  0.71 (0.22 2.29)	 0.565
Neoadjuvant or adjuvant chemotherapy	 -		  0.50 (0.19 1.32)	 0.163

ECOG PS: Eastern Cooperative Oncology Group Performance Status; CR: Complete response; PR: Partial response; SD: Stable disease; CI: Confidence interval.
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Immunity and inflammation blood indicators, including NLR, 
PLR, and SII have been studied in many cancers including 
breast cancer.[7,9,10,12] Low ratio of these indexes shows a sys-
temic background of decreased inflammation and immune 
system activation, which contributes to improved treatment 
response. Strong links between immunosuppression and 
chronic inflammation and malignancy development and 
progression of existing malignancy have been demonstrat-
ed in previous studies.[13] Low absolute lymphocyte counts 
have been described as being associated with a generalized 
immunosuppression state in several types of cancer, which 
appears to be associated with impaired survival in these 
patients.[14] NLR, PLR, SII, and PNI are also associated with 
immune function, in addition to its role as an inflammation 
marker. While neutrophils suppress lymphocyte functions 

with the cytokines they secreted, platelets also induce ep-
ithelial-mesenchymal transition in circulating tumour cells 
and promote their extravasation to metastatic sites.[15,16] 
Modulation of the inflammatory microenvironment of tu-
mours can thus influence the progression of cancer.

mBC is not a high producer of neoantigens.[17] Consistent 
with such a role of the immune system, response rates to 
immune checkpoint inhibitor treatment in BC are lower 
than malignancies such as melanoma, metastatic renal cell 
carcinoma (mRCC) and lung cancer.[18] In the literature, it 
has been more clearly revealed that high NLR is associated 
with poor prognosis in early-stage BC, while there are con-
tradictory results in mBC.[12,19-21] A recent study by Rubio et 
al. investigated the effect of pre-treatment NLR on PFS and 

Figure 1. Kaplan–Meier curves of progression-free survival (PFS) for (a) neutrophil/lymphocyte ratio (NLR), (b) platelet/lymphocyte ratio (PLR), 
(c) systemic immune-inflammation index (SII), and (d) prognostic nutritional index (PNI).
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OS in 263 mBC patients and concluded that NLR is not an 
independent factor for PFS or OS in mBC when consider-
ation is given to other factors, especially ECOG PS, sites of 
metastases and stage (early vs. advanced) at diagnosis.[20] 
Inclusion of all hormone receptor/HER2 positive and nega-
tive mBC patients in this study led to the formation of a het-
erogeneous patient population and this should be taken 
into account when interpreting the results. In addition, as 
clearly emphasized in this study, univariate and multivari-
ate analysis should be performed by including other pos-
sible variables while evaluating the effect of inflammatory-
based prognostic scores on prognosis in any tumor type.

To investigate the prognostic and predictive significance 
of inflammation-based prognostic scores in combination 
with other clinical variables in a homogeneous popula-
tion, we analyzed patients diagnosed with HER2-negative, 
hormone receptor-positive mBC and in whom everolimus 
plus exemestane treatment was to be initiated. We found 
that there was no significant effect of any variable, includ-
ing inflammatory-based prognostic scores, CRP, LDH, ane-
mia, and sites of metastases for PFS, except best overall re-
sponse (Fig. 1, Table 3).

Although univariate analysis results showed that ECOG, 
stage at diagnosis, neoadjuvant/adjuvant chemotherapy 
history, high CRP, best overall response were significant vari-
ables for OS; multivariate analysis results confirmed that only 
high CRP and best overall responses were significant vari-
ables. According to the results, pre-treatment inflammation-
based prognostic scores may not be a reliable biomarker for 
mBC treated with everolimus plus exemestane. A previous 
study conducted with 97 metastatic RCC patients treated 
with everolimus showed that pre-treatment NLR is an inde-
pendent prognostic factor.[10] According to the results of this 
study, both PFS and OS were statistically significantly shorter 
in NLR high patients. As a result, the effects of inflammation-
based prognostic scores on survival in tumors with signifi-
cant inflammation such as RCC have been better under-
stood, while the effect on clinical outcome in mBC patients 
has not yet been fully elucidated.

This study presents important limiting points. The first is 
the study's retrospective nature that restricts patient inter-
action with healthy control group. The second limitation is 
the comparatively limited number of patients. The third is 
the possible effects of previous chemotherapy treatments 
on bone marrow function. Prospective cohort studies are 
needed to validate the data outlined in the study.

Conclusion
In conclusion, we found that pre-treatment inflammation-
based prognostic scores, including NLR, PLR, SII, and PNI 

were not correlated with prognosis in patients with mBC 
who had been treated with everolimus plus exemestane. 
To confirm these findings, larger prospective studies are re-
quired in the future.
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