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Background: The systemic inflammation response index (SIRI) has been reported to associate with survival 
outcomes in breast cancer patients. However, the effects of baseline SIRI and SIRI change after neoadjuvant 
chemotherapy (NACT) have not been thoroughly investigated. This study aimed to evaluate the role of 
baseline SIRI and SIRI change after NACT in predicting survival outcomes, and establish a nomogram based 
on SIRI. 
Methods: A total of 260 patients diagnosed with breast cancer who received NACT between January 2014 
and December 2018 at our hospital were included. The clinical data were retrospectively collected from 
the medical records management system. The associations between clinicopathological factors and baseline 
SIRI, pathological complete response (pCR) were analyzed by Student’s t-test, Chi-squared test, or Fisher’s 
exact test. The association between clinicopathological factors and disease-free survival (DFS) was evaluated 
by univariate and multivariate Cox regression analyses.
Results: Patients with a tumor-node-metastasis (TNM) stage of I, II, and III were 1.9%, 20.0%, and 78.1% 
respectively. The median follow-up time was 40 months, and 74 (28.5%) patients had cancer recurrence 
during the follow-up. Both in the univariate and multivariate analysis, Ki-67, pCR, and baseline SIRI were 
independent factors associated with DFS. Patients with low baseline SIRI had prolonged DFS compared 
with those with high baseline SIRI [≤1.6×109 vs. >1.6×109, hazard ratio (HR) =0.545, P=0.028]. In addition, 
SIRI change after NACT was also an independent factor associated with DFS, and patients with minor SIRI 
change had longer DFS than patients with major SIRI change (>50% or <−30% vs. ≤50% and ≥−30%, HR 
=1.721, P=0.037). Nomograms were established based on Ki-67, pCR, and baseline SIRI or SIRI change 
after NACT with a concordance index of 0.665 and 0.663 respectively, and the nomogram provided a 
convenient tool for predicting the probability of DFS. 
Conclusions: The baseline SIRI and SIRI change after NACT could act as potential biomarkers for 
predicting survival outcomes in breast cancer. Besides, the nomogram with SIRI is an economic and 
convenient tool for predicting DFS. Larger prospective studies are needed to verify the results. 
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Introduction

Breast cancer is the most prevalent malignant tumor in 
women worldwide, which causes hundreds of thousands of 
deaths per year (1). Neoadjuvant chemotherapy (NACT), 
as the standard treatment for locally advanced breast 
cancer, has been increasingly adopted. NACT not only 
facilitates locoregional treatment options, but also provides 
information on individual sensitivity to chemotherapy 
regimens (2). Identifying factors to predict the subgroup 
of breast cancer patients who would likely experience 
recurrence after NACT would improve stratification of 
patients for more appropriate and personalized treatment.

Pathological complete response (pCR) is a well-known 
and useful prognostic factor after NACT, and patients 
who achieve pCR have improved survival, especially for 
triple-negative or human epidermal growth factor receptor 
2 (HER2)-positive breast cancer (3). Other common 
clinicopathological factors, such as tumor size, axillary 
lymph node status, and nuclear grade, have also been used 
to prognosticate patient survival outcomes (4-6). Besides, 
the systemic inflammatory biomarkers have been found 
to be of diagnostic value, including systemic immune-
inflammation index (SIII), neutrophil to lymphocyte ratio 
(NLR), platelet to lymphocyte ratio (PLR), and lymphocyte 
to monocyte ratio (LMR) (7-11). Recently, the systemic 
inflammation response index (SIRI), which is based on 
neutrophil (N), monocyte (M), platelet (P), and lymphocyte 

(L) counts, was reported to be a prognostic factor in several 
types of cancer (12-14). Furthermore, SIRI has also been 
reported to be a predictive factor for pCR (15), with a low 
SIRI being associated with better survival than a high SIRI 
in breast cancer patients receiving NACT (16).

Intriguingly, the systemic inflammation and immune 
response during NACT are not static, and changes in the 
biomarkers between specific time points may be important 
for prognostication (17). However, the role of the change 
in SIRI after NACT in predicting breast cancer prognosis 
has not been investigated. This study aimed to further 
validate the role of baseline SIRI and explore the value of 
its change after NACT in predicting survival outcomes, 
and to establish a nomogram to help identify the high-risk 
patients who need more intensive treatment. We present 
this article in accordance with the TRIPOD reporting 
checklist (available at https://gs.amegroups.com/article/
view/10.21037/gs-23-226/rc).

Methods

Patients

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Ethics Committee of Sun Yat-
sen University Cancer Center (No. B2021-268-01). 
The informed consent from patients was waived in this 
retrospective study. A total of 260 female patients diagnosed 
with breast carcinoma confirmed by preoperative biopsy 
between January 2014 and December 2018 at the Sun Yat-
sen University Cancer Center were included. The inclusion 
criteria were as follows: (I) clinically non-metastatic disease 
at diagnosis; (II) patients accepted NACT followed by 
radical or breast conserving surgery, and surgery was 
performed approximately 2–3 weeks after the last cycle 
of NACT; (III) at least 4 NACT cycles were completed; 
and (IV) complete records of blood test before the NACT 
started and the operation. The exclusion criteria included 
the presence of active or chronic infection, hematological 
disorders, or autoimmune diseases. 

According to the guideline of the Chinese Society 
of Clinical Oncology or the guideline of the National 
Comprehensive Cancer Network, the NACT regimens 
were based on anthracycline and taxanes. AC/EC→TH, 
which consisted of 4 cycles of doxorubicin (60 mg/m2  
every 21 days) or epirubicin (90–100 mg/m2 every  
21 days) and cyclophosphamide (600 mg/m2 every 21 days), 
followed by 2–4 cycles of docetaxel (100 mg/m2 every  
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21 days), and trastuzumab (8 mg/kg followed by 6 mg/kg 
every 21 days) was administered in patients with HER2 
positivity; A/EC consisted of 4 cycles of doxorubicin  
(60 mg/m2 every 21 days) or epirubicin (100 mg/m2 every 
21 days) and cyclophosphamide (600 mg/m2 every 21 days); 
TAC/TEC consisted of 4–6 cycles docetaxel (75 mg/m2 
every 21 days), doxorubicin (50 mg/m2 every 21 days) plus 
cyclophosphamide (500 mg/m2 every 21 days).

Clinicopathologic characteristics

All the information was extracted from the electronic case 
management system of Sun Yat-sen University Cancer 
Center. The tumor-node-metastasis (TNM) stage was 
evaluated before starting NACT according to the 8th 
edition of the American Joint Committee on Cancer 
guidelines (18). The pre-NACT TNM stage was confirmed 
by the imaging examination before initiation of NACT. A 
pathological examination was conducted after surgery to 
confirm the pathological response, histological type, tumor 
grade, lymph vascular invasion (LVI), and lymph node 
status. pCR was defined as the absence of residual invasive 
tumor in the breast and lymph node (ypT0/TisN0). 

Estrogen receptor (ER) and progestogen receptor (PR) 
were considered positive if immunohistochemistry (IHC) 
showed at least 1% tumor cells displaying nuclear staining. 
HER2 was considered as positive if IHC staining was 3+ or 
in situ hybridization was positive, androgen receptor (AR) 
was defined as positive when at least 1% tumor cells were 
stained. The molecular subtypes were divided into four 
groups: triple negative breast cancer (TNBC), ER, PR, and 
HER2 negative; HER2 positive type, ER and PR negative, 
HER2 positive; luminal A type, ER and/or PR positive with 
HER2 negative and Ki-67 <30%; luminal B type, ER and/
or PR positive with HER2 positive or Ki-67 ≥30%.

The results of blood examination performed before 
and after NACT were collected respectively, the later 
blood examination was usually taken 2 weeks after the 
last cycle of NACT but before the surgery. The SIRI was 
calculated through the number of neutrophils multiplied 
by the number of monocytes and divided by the number of 
lymphocytes. The SIII was calculated through the number 
of neutrophils multiplied by the number of platelets and 
divided by the number of lymphocytes. The NLR was 
calculated through dividing the number of neutrophils 
by the number of lymphocytes. The PLR was calculated 
through dividing the number of platelets by the number of 
lymphocytes. The LMR was calculated through dividing 

the number of lymphocytes by the number of monocytes. 
The SIRI change was calculated as the SIRI after NACT 
minus baseline SIRI and divided by the baseline SIRI.

Follow-up

Disease free survival (DFS) was defined as the time from 
breast surgery to the cancer recurrence or the last follow-
up of no evidence of cancer recurrence. The survival 
information was collected by searching the electronic 
follow-up recording system of our hospital.

Statistical analysis

The best cut-off values of baseline inflammatory biomarkers 
after NACT for predicting DFS were confirmed by the 
X-tile software (Yale School of Medicine, New Haven, CT, 
USA), which determines the cutoff value with the minimum 
P value from log-rank χ2 statistics for the categorical 
variables in terms of DFS (19). The calculated best cut-
off values of baseline SIRI, baseline SIII, baseline NLR, 
baseline PLR, baseline MLR, and SIRI after NACT were 
1.6×109, 376.4×109, 4.0, 94.1, 3.0, and 0.4×109, respectively. 
Chi-squared test or Fisher’s exact test was used to evaluate 
the relationship between clinicopathologic characteristics 
and baseline SIRI level, and the relationship between 
clinicopathologic characteristics and pCR status. Only 
P<0.05 was considered statistically significant. Univariate 
Cox regression analyses were performed to evaluate the 
effect of characteristics on DFS, and multivariate Cox 
regression analysis was then performed on the significant 
variables in the univariate analyses. A nomogram was 
established based on the significant factors in the 
multivariate Cox regression analysis, and the concordance 
index (C-index) was calculated to estimate the performance 
of the model. The consistency between the predicted 
probability of DFS and the actual probability of DFS was 
reflected by calibration curve plots. Statistical calculations 
were performed by the software SPSS 26.0 (IBM Corp., 
Armonk, NY, USA) and R (version 4.3.0; The R Foundation 
for Statistical Computing, Vienna, Austria). Kaplan-Meier 
survival analyses were also performed by GraphPad Prism 9 
(GraphPad Software, San Diego, CA, USA).

Results

Patient characteristics

In total, 260 breast cancer patients were included. As shown 
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in Table 1, the median age at diagnosis was 46.5 (range,  
25–76) years, 176 (67.7%) were premenopausal, and 84 
(32.3%) were postmenopausal. The pre-NACT clinical 
TNM stage of I–III was 1.9%, 20.0%, and 78.1%, 
respectively. Patients with molecular subtypes of TNBC, 
HER2 positive, luminal A, and luminal B were 40 (15.4%), 
49 (18.8%), 71 (27.3%), and 100 (38.5%), respectively. 
After NACT, 242 (92.7%) patients underwent modified 
radical mastectomy, and others underwent breast conserving 
surgery. Among all participants, 25.0% had pCR and 75.0% 
had non-pCR.

Comparison of patients with low SIRI versus high SIRI

According to the best cut-off value of SIRI, patients were 
divided into a low SIRI group (n=217, SIRI ≤1.6×109) and 
a high SIRI group (n=43, SIRI >1.6×109). The association 
between characteristics and the baseline SIRI level is 
shown in Table 2. In this study, baseline SIRI level was 
significantly correlated with tumor grade, ER and PR 
status, and molecular subtypes. Patients with a tumor 

Table 1 The characteristics of patients in the cohort

Characteristics Number (percentage) or median [range]

Total 260 (100.0)

Age, years 46.5 [25–76]

Menopausal

Premenopausal 176 (67.7)

Postmenopausal 84 (32.3)

Pre-NACT T stage

T1 22 (8.5)

T2 123 (47.3)

T3 67 (25.7)

T4 48 (18.5)

Pre-NACT N stage

N0 28 (10.8)

N1 51 (19.6)

N2 90 (34.6)

N3 91 (35.0)

Pre-NACT TNM stage

I 5 (1.9)

II 52 (20.0)

III 203 (78.1)

ER

Negative 96 (36.9)

Positive 164 (63.1)

PR

Negative 126 (48.5)

Positive 134 (51.5)

HER2

Negative 149 (57.3)

Positive 111 (42.7)

AR

Negative 18 (6.9)

Positive 130 (50.0)

Missing 112 (43.1)

Molecular subtype

TNBC 40 (15.4)

HER2 positive 49 (18.8)

Luminal A 71 (27.3)

Luminal B 100 (38.5)

Table 1 (continued)

Table 1 (continued)

Characteristics Number (percentage) or median [range]

Ki-67

≥30% 137 (52.7)

<30% 116 (44.6)

Missing 7 (2.7)

Surgery

Mastectomy 242 (92.7)

Breast conserving 18 (7.3)

pCR

Yes 65 (25.0)

No 195 (75.0)

Chemotherapy regimen

AC/EC 34 (13.1)

TAC 47 (18.1)

AC/EC-T 179 (68.8)

pre-NACT, pre-neoadjuvant chemotherapy; TNM, tumor-node-
metastasis; ER, estrogen receptor; PR, progesterone receptor; 
HER2, human epidermal growth factor receptor 2; AR, androgen 
receptor; TNBC, triple negative breast cancer; pCR, pathological 
complete response; A, doxorubicin; C, cyclophosphamide; E, 
epirubicin; T, docetaxel.
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Table 2 The characteristics of patient with low SIRI versus high SIRI in the cohort

Characteristics Low SIRI, n (%) High SIRI, n (%) P value

Age 0.072

≤50 years 141 (80.6) 34 (19.4)

>50 years 76 (89.4) 9 (10.6)

Menopausal 1.000

Premenopausal 132 (75.0) 44 (25.0)

Postmenopausal 63 (75.0) 21 (25.0)

Pre-NACT T stage 0.506

T1–2 123 (84.8) 22 (15.2)

T3–4 94 (81.7) 21 (18.3)

Pre-NACT N stage 0.126

N0–1 71 (88.8) 9 (11.2)

N2–3 146 (81.1) 34 (18.9)

Pre-NACT TNM stage 0.167

IA–IIB 51 (89.5) 6 (10.5)

IIIA–IIIC 166 (81.8) 37 (18.2)

Tumor grade 0.028

I–II 88 (89.8) 10 (10.2)

III 55 (77.5) 16 (22.5)

LVI 0.054

No 121 (79.6) 31 (20.4)

Yes 82 (89.1) 10 (10.9)

Pathological N stage 0.081

N0–1 142 (80.7) 34 (19.3)

N2–3 75 (89.3) 9 (10.7)

ER 0.005

Negative 72 (75.0) 24 (25.0)

Positive 145 (88.4) 19 (11.6)

PR 0.006

Negative 97 (77.0) 29 (23.0)

Positive 120 (89.6) 14 (10.4)

HER2 0.579

Negative 126 (84.6) 23 (15.4)

Positive 91 (82.0) 20 (18.0)

Molecular subtype 0.023

Luminal A 61 (85.9) 10 (14.1)

Luminal B 90 (90.0) 10 (10.0)

HER2 positive 35 (71.4) 14 (28.6)

TNBC 31 (77.5) 9 (22.5)

Table 2 (continued)
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grade of III tended to have higher proportion of high SIRI 
(22.5%) than those with a tumor grade of I–II (10.2%, 
P=0.028). Patients with ER/PR negativity had a higher 
proportion of high SIRI (25.0%, 23.0%) than those with 
ER/PR positivity (11.6%, 10.4%; P=0.005, P=0.006, 
respectively).

Correlation between the clinicopathologic characteristics 
and pCR

Since pathological response after NACT was a crucial 
indicator for prognosis, we analyzed the relationship 
between some clinicopathologic factors and pCR. In our 
study, 65 (25%) patients achieved pCR after NACT. As 
shown in Table 3, patients with pre-NACT T stage of 
T1/T2 had a higher pCR rate than those with T stage of 
T3/T4 (31.0% and 17.4%, respectively; P=0.012). ER/
PR negativity, and HER2 positivity were significantly 
associated with higher pCR rate (P<0.001, P=0.001, 
and P=0.001, respectively). The pCR rate of patients 
with TNBC, HER2 positivity, luminal A, and luminal B 
molecular subtype were 37.5%, 38.8%, 5.6%, and 27.0%, 
respectively (P<0.001). Patients with Ki-67 ≥30% had a 
higher pCR rate than those with Ki-67 <30% (30.7% and 
15.5%, respectively; P=0.005). Unexpectedly, no significant 
correlat ion was found between the inflammatory 
biomarkers and pCR. When tested as continuous variables 
or categorical variables, none of the baseline SIRI/SIII/
NLR/PLR/LMR values showed a statistically significant 
association with pCR (all P>0.05).

Univariate and multivariate Cox regression analyses 

The median follow-up time was 40 months (range,  
1–94 months); 74 (28.5%) patients had local or distant 
cancer recurrence during the follow-up. In univariate 
analysis, pre-NACT T stage, pre-NACT N stage, Ki-
67, pCR, baseline SIRI, baseline NLR, and baseline LMR 
showed significant correlations with DFS (Table 4). The 
Kaplan-Meier survival analysis showed that patients with 
low SIRI had longer DFS than those with high SIRI 
(P=0.004, Figure 1A). Patients with lower NLR, higher 
LMR had better DFS than patients with higher NLR, lower 
LMR (P=0.029 and P=0.026, respectively, Figure 1B,1C).

Pre-NACT T stage, Pre-NACT N stage, Ki-67, 
and pCR and SIRI, or NLR or LMR were tested in the 
multivariate Cox regression analysis separately. Remarkably, 
among the 3 inflammatory biomarkers, only SIRI was 
significantly associated with DFS both in the univariate 
and multivariate analysis [hazard ratio (HR) =0.545, 95% 
confidence interval (CI): 0.32–0.94, P=0.028].

Since SIRI was associated with breast cancer molecular 
subtypes, we further explored whether SIRI had a 
different influence on DFS in different molecular subtypes  
(Figure 2A-2D). The stratification analyses of molecular 
subtypes showed that SIRI only had statistically significant 
influence on DFS in TNBC. 

The relationship between SIRI after NACT and DFS

In consideration of the predictive value of baseline SIRI 
in survival outcomes of breast cancer patients, we further 

Table 2 (continued)

Characteristics Low SIRI, n (%) High SIRI, n (%) P value

AR 0.10

Negative 13 (72.2) 5 (27.8)

Positive 116 (89.2) 14 (10.8)

Ki-67 0.10

≥30% 110 (80.3) 27 (19.7)

<30% 102 (87.9) 14 (12.1)

pCR 0.772

No 162 (83.1) 33 (16.9)

Yes 55 (84.6) 10 (15.4) 

SIRI, systemic inflammation response index; pre-NACT, pre-neoadjuvant chemotherapy; TNM, tumor-node-metastasis; LVI, lymph 
vascular invasion; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; TNBC, triple 
negative breast cancer; AR, androgen receptor; pCR, pathological complete response. 
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Table 3 Comparison of clinical characteristics between pCR and non-pCR patients

Characteristics Non-pCR, n (%) pCR, n (%) P value

Age 0.939

≤50 years 131 (74.9) 44 (25.1)

>50 years 64 (75.3) 21 (24.7)

Menopausal 1.000

Premenopausal 132 (75.0) 44 (25.0)

Postmenopausal 63 (75.0) 21 (25.0)

Pre-NACT T stage 0.012

T1–2 100 (69.0) 45 (31.0)

T3–4 95 (82.6) 20 (17.4)

Pre-NACT N stage 0.352

N0–1 57 (71.3 ) 23 (28.8)

N2–3 138 (76.7) 42 (23.3)

Pre-NACT TNM stage 0.545

I–II 41 (71.9) 16 (28.1)

III 154 (75.9) 49 (24.1)

ER <0.001

Negative 58 (60.4) 38 (39.6)

Positive 137 (83.5) 27 (16.5)

PR 0.001

Negative 83 (65.9) 43 (34.1)

Positive 112 (83.6) 22 (16.4)

HER2 0.001

Negative 123 (82.6) 26 (17.4)

Positive 72 (64.9) 39 (35.1)

Molecular subtype <0.001

TNBC 25 (62.5) 15 (37.5)

HER2 positive 30 (61.2) 19 (38.8)

Luminal A 67 (94.4) 4 (5.6)

Luminal B 73 (73.0) 27 (27.0)

AR 0.526

Negative 16 (88.9) 2 (11.1)

Positive 121 (93.1) 9 (6.9)

Ki-67 0.005

≥30% 95 (69.3) 42 (30.7)

<30% 98 (84.5) 18 (15.5)

Table 3 (continued)
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explored the role of SIRI after NACT and its change 
in predicting DFS. The Kaplan-Meier survival analysis 
showed that SIRI after NACT (≤0.4 vs. >0.4) was not 
significantly associated with DFS (HR =1.517, 95% CI: 
0.758–3.0, P=0.169, Figure 3A). The minor SIRI change 
after NACT was defined as SIRI change ≤50% and ≥−30%, 
and the major SIRI change was defined as SIRI change 
>50% or <−30%. Intriguingly, the Kaplan-Meier survival 
analysis showed that patients with minor SIRI after NACT 
had longer DFS than those with major SIRI change after 
NACT (HR =1.758, 95% CI: 1.106–2.793, P=0.026,  
Figure 3B). Accordingly, the significant factors in the 
univariate analysis (Table 4) were included in the multivariate 
Cox regression analysis with SIRI change (Table 5). It 
showed that Ki-67, pCR, and SIRI change after NACT were 
independently associated with DFS.

Nomogram to predict the probability of DFS

According to multivariate Cox regression analyses, 
statistically significant factors including Ki-67, pCR, and 
baseline SIRI or SIRI change were incorporated to build 
a nomogram for predicting the probability of 1-, 3-, and 
5-year DFS in breast cancer patients (Figures 4,5). The 
C-index of the nomogram A based on Ki-67, pCR, and 

baseline SIRI was 0.665 (95% CI: 0.657–0.673), and the 
calibration plots showed relatively good consistency, 
especially for 3- and 5-year DFS (Figure 6A-6C). In 
addition, the C-index of the nomogram B based on Ki-67, 
pCR, and SIRI change after NACT was 0.663 (95% CI: 
0.655–0.671), and the calibration plots showed relatively 
good consistency for 1- and 3-year DFS (Figure 6D-6F). To 
examine the critical role of SIRI, we further analyzed the 
prediction model without SIRI or SIRI change as predictive 
factors, and the C-index of the nomogram based on Ki-67 
and pCR was 0.637 (95% CI: 0.63–0.644), which was lower 
than the nomograms based on Ki-67, pCR, and SIRI or 
SIRI change.

Discussion

The systemic inflammatory response and immune 
response have potential effects on cancer progression (20).  
Cancer-related inflammation has been considered a 
cancer hall marker (21). Previous studies suggested that 
systemic inflammatory markers, such as SIRI, SIII, NLR, 
PLR, and MLR, have prognostic or predictive roles in 
cancer (12,22,23). Particularly, SIRI was proposed to be a 
prognostic factor in many types of cancer, such as pancreatic 
cancer, cervical cancer, and gastric cancer (13,14,24,25). 

Table 3 (continued)

Characteristics Non-pCR, n (%) pCR, n (%) P value

Baseline SIII 0.846

≤376.4 32 (76.2) 10 (23.8)

>376.4 163 (74.8) 55 (25.2)

Baseline NLR 0.725

≤4.0 174 (74.7) 59 (25.3)

>4.0 21 (77.8) 6 (22.2)

Baseline PLR 0.191

≤94.1 21 (65.6) 11 (34.4)

>94.1 174 (76.3) 54 (23.7)

Baseline LMR 0.922

<3.0 31 (75.6) 10 (24.4)

≥3.0 164 (74.9) 55 (25.1)

pCR, pathological complete response; pre-NACT, pre-neoadjuvant chemotherapy; TNM, tumor-node-metastasis; ER, estrogen receptor; 
PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; TNBC, triple negative breast cancer; AR, androgen receptor; 
SIII, systemic immune inflammation index; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; LMR, lymphocyte to 
monocyte ratio.
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For breast cancer, SIRI was recently reported to associate 
with the pathological response and the survival outcome 
in neoadjuvant setting. In our study, baseline SIRI was 
further shown to be a predictive factor for DFS in breast 
cancer patients who received NACT. In addition, the role 
of SIRI change after NACT was explored, and it showed 
that patients with minor SIRI change had longer DFS than 
patients with major SIRI change. 

A nomogram was then established based on the 
independent factors, namely Ki-67, pCR status, and baseline 
SIRI or SIRI change, which were low-cost, practical, 
and convenient for clinical use. Although the C-index of 
nomograms A and B were 0.665 and 0.663 respectively, 
concluding as not highly reliable, the calibration plots 
of nomogram A showed good consistency between the 

predicted and actual 3- and 5-year DFS, and nomogram B 
showed good consistency between the predicted and actual 
1- and 3-year DFS. The nomogram could be a reference 
for clinicians in evaluating the patients’ probability of DFS 
after NACT.

The achievement of pCR has been clearly demonstrated 
to associate with better survival, and pathological response 
helps to evaluate the patients’ sensitivity to chemotherapy 
drugs. Therefore, it is meaningful to investigate the 
relationship between the clinical factors and pCR. We first 
analyzed the common factors and found that the earlier 
pre-NACT T stage and Ki-67 ≥30 associated with higher 
pCR rate. It was understandable that a smaller tumor would 
have better regression after NACT, and tumors with higher  
Ki-67 possessing active proliferative capacity were 

Table 4 Univariate and multivariate analysis on DFS in breast cancer patients allocated NACT

Characteristics
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Age (>50 vs. ≤50 years) 1.084 0.66–1.77 0.749

Menopausal status (premenopausal vs. 
postmenopausal)

1.088 0.66–1.77 0.736

Pre-NACT T stage (T1–2 vs. T3–4) 0.614 0.39–0.97 0.036 0.801 0.50–1.29 0.363†

Pre-NACT N stage (N0–1 vs. N2–3) 0.532 0.30–0.94 0.029 0.627 0.34–1.15 0.128†

Pre-NACT TNM stage (I–II vs. III) 0.751 0.55–1.04 0.080

ER (negative vs. positive) 1.237 0.77–1.98 0.375

PR (negative vs. positive) 1.130 0.71–1.78 0.599

HER2 (positive vs. negative) 1.138 0.71–1.80 0.584

AR (negative vs. positive) 1.948 0.86–4.38 0.107

Ki-67 (≥30% vs. <30%) 1.647 1.02–2.65 0.041 0.606 0.37–0.99 0.049†

pCR (no vs. yes) 2.243 1.18–4.26 0.014 2.390 1.19–4.79 0.014†

Baseline SIRI (≤1.6 vs. >1.6) 0.473 0.28–0.80 0.005 0.545 0.32–0.94 0.028†

Baseline SIII (≤376.4 vs. >376.4) 1.622 0.94–2.79 0.081

Baseline NLR (≤4.0 vs. >4.0) 0.508 0.27–0.94 0.032 0.585 0.30–1.14 0.114‡

Baseline PLR (≤94.1 vs. >94.1) 0.636 0.28–1.47 0.288

Baseline LMR (<3.0 vs. ≥3.0) 1.820 1.07–3.10 0.027 1.641 0.94–2.85 0.079§

†, the factors (pre-NACT T stage, pre-NACT N stage, Ki-67, pCR, and baseline SIRI) were evaluated in multivariate Cox regression analysis; ‡, 
the factors (pre-NACT T stage, pre-NACT N stage, Ki-67, pCR, and baseline NLR) were evaluated in multivariate Cox regression analysis; §, 
the factors (pre-NACT T stage, pre-NACT N stage, Ki-67, pCR, and baseline LMR) were evaluated in multivariate Cox regression analysis. 
DFS, disease-free survival; NACT, neoadjuvant chemotherapy; HR, hazard ratio; CI, confidence interval; pre-NACT, pre-neoadjuvant 
chemotherapy; TNM, tumor-node-metastasis; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor 
receptor 2; AR, androgen receptor; pCR, pathological complete response; SIRI, systemic inflammatory response index; SIII, systemic 
immune inflammation index; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; LMR, lymphocyte to monocyte ratio.
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Figure 1 The Kaplan-Meier survival analysis of SIRI (A), NLR (B), LMR (C) in all patients. SIRI, systemic inflammation response index; 
HR, hazard ratio; NLR, neutrophil to lymphocyte ratio; LMR, lymphocyte to monocyte ratio. 

Figure 2 The Kaplan-Meier survival analysis of SIRI in luminal A subtype (A), and luminal B subtype (B), HER2 positive subtype (C), 
TNBC subtype (D). SIRI, systemic inflammation response index; HR, hazard ratio; HER2, human epidermal growth factor receptor 2; 
TNBC, triple negative breast cancer.
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Figure 3 The Kaplan-Meier survival analysis of SIRI after NACT (A), and SIRI change after NACT (B). SIRI, systemic inflammation 
response index; HR, hazard ratio; NACT, neoadjuvant chemotherapy.

Table 5 The multivariate Cox regression analysis of SIRI change for DFS

Characteristics
Multivariate analysis

HR 95% CI P value

Pre-NACT T stage (T1–2 vs. T3–4) 0.774 0.47–1.24 0.294

Pre-NACT N stage (N0–1 vs. N2–3) 0.609 0.33–1.11 0.106

Ki-67 (<30% vs. ≥30%) 0.546 0.33–0.89 0.016

pCR (no vs. yes) 2.360 1.18–4.70 0.015

SIRI change after NACT (major vs. minor) 1.721 1.03–2.86 0.037

SIRI, systemic inflammatory response index; DFS, disease free survival; HR, hazard ratio; CI, confidence interval; pre-NACT, pre-
neoadjuvant chemotherapy; pCR, pathological complete response. 

Figure 4 Nomogram A based on baseline SIRI to predict the probability of DFS. pCR, pathological complete response; SIRI, systemic 
inflammation response index; DFS, disease-free survival.
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Figure 5 Nomogram B based on SIRI change after NACT to predict the probability of DFS. The minor SIRI change was ≤50% and 
≥−30%, the major SIRI change was >50% or <−30%. pCR, pathological complete response; SIRI, systemic inflammation response index; 
DFS, disease-free survival; NACT, neoadjuvant chemotherapy.

vulnerable to chemotherapy drugs. Tumors with ER/PR 
negativity, and HER2 positivity had a higher pCR rate. This 
may be explained by the intrinsic property of TNBC which 
is highly proliferative, and the use of trastuzumab improved 
the pathological response of HER2-positive patients. 
Regarding the inflammatory biomarkers, although previous 
work had reported the connections between them and 
pCR, we did not find any statistically significant correlation 
between pCR and baseline SIRI, SIII, NLR, PLR, or LMR 
in the current study.

Dong et al. reported that patients with SIRI lower 
than 0.72×109 had a higher pCR rate (15), and Chen  
et al. reported that patients with low SIRI (<0.85×109) 
had longer DFS and overall survival (OS) than those with 
high SIRI (≥0.85×109) (16). In our study, patients who 
received NACT with lower baseline SIRI (≤1.6×109) had 
longer DFS. Despite the different cut-off value of SIRI, 
these trends were consistent with our results. In addition, 
patients with minor SIRI change (≤50% and ≥−30%) had 
longer DFS than those with major SIRI change (>50% or 
<−30%). We initially supposed that lower and decreased 
SIRI level during NACT would be a favorable factor for 
patients’ survival. However, subtle increase of SIRI did not 
impact the survival. On the contrary, radical decreased or 
increased SIRI was associated with poor survival. Similarly, 
in Lee’s study, patients with modest NLR change after 
NACT (−30%< NLR change <100%) showed prolonged 

DFS (26). In Choi’s study, it was indicated that the change 
between baseline NLR and NLR after 2 cycles of NACT 
was a prognostic factor, and patients with changes in NLR 
over 0.1258 had a tendency to poorer prognosis (17). 
Radical changes of SIRI might be unfavorable for anti-
tumor activity; further studies are needed to confirm the 
hypothesis.

Indeed, the underlying mechanisms behind the role of 
SIRI levels during treatment process and survival outcomes 
in cancer patients are poorly understood. SIRI is calculated 
as N*M/L and that N represents peripheral neutrophil, M 
represents peripheral monocyte, and L represents peripheral 
lymphocyte. Peripheral neutrophil was an important 
contributor for defending against infection and regulating 
innate and adaptive immunity (27). The neutrophils in the 
tumor micro-environment have been reported to exert both 
pro-tumor and anti-tumor effects (28). In most cases, a 
high level of neutrophils in the tumor micro-environment 
or neutrophils in the peripheral blood were associated with 
poor prognosis in cancer (27). Peripheral monocytes have 
been reported to be associated with the tumor-associated 
macrophages, which contributed to the progression of 
tumor (29). Peripheral lymphocytes have been shown to 
activate the adaptive immune response against tumors (30). 
In addition, a high level of tumor-infiltrating lymphocytes 
has been reported to associate with favorable survival in 
breast cancer (31). In general, SIRI reflects the balance 
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Figure 6 Calibration plots of Nomogram A for predicting 1-year DFS probability (A), 3-year DFS probability (B), 5-year DFS probability 
(C). Calibration plots of Nomogram B for predicting 1-year DFS probability (D), 3-year DFS probability (E), 5-year DFS probability (F). 
DFS, disease-free survival. 
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between host inflammatory response and immune response. 
This could in part explain that the low level of baseline SIRI 
was associated with prolonged DFS. However, elevated 
neutrophils or monocytes, or decreased lymphocytes 
during treatment cannot be considered as a universal 
unfavorable sign for cancer progression, because the general 
inflammatory state can be caused by some pathological or 
constitutional conditions (32). Since chemotherapy drugs 
and symptomatic therapy during NACT could stimulate 
complex and diverse responses of the organism. Conversely, 
the relationship between peripheral blood cells and tumor-
associated infiltrating cells is not clear. Currently, the results 
still need to be verified in additional studies. 

Previous articles have reported the different roles of 
inflammatory biomarkers in predicting pCR and survival 
outcome in the different breast cancer molecular subtypes (33).  
A meta-analysis found that NLR was only significantly 
associated with pCR in patients with TNBC, but not in 
luminal subtype (34). However, statistically significant 
correlations between NLR level and DFS have been 
observed in TNBC and luminal subtypes (35,36). In our 
study, we explored the role of baseline SIRI in predicting 
DFS in 4 molecular subtypes. Similarly, patients in our 
study with lower SIRI tended to have prolonged DFS, but 
statistical significance was only observed in the TNBC 
group. This would be explained by the limitation of 
statistical analyses due to the small number of patients in 
each subtype in our study. This could possibly be related 
to the intrinsic features of TNBC. The exact functions 
of baseline SIRI in different molecular subtypes deserve 
further validation.

There are several limitations in our study. Firstly, this 
was a retrospective study, so the population and data 
collection may have been biased. Additional prospective 
studies are warranted to verify the results. Secondly, due to 
the limited follow-up period, the correlation between the 
parameters and OS could not be analyzed. Thirdly, the uses 
of granulocyte colony-stimulating factor (GCSF) during 
NACT were not recorded completely. Thus, we could not 
evaluate the effects of GCSF on the blood cells’ value. 

Conclusions

In this study, we found increased associations between 
low level of baseline SIRI and prolonged DFS; the minor 
SIRI change after NACT was associated with prolonged 
DFS. This indicated that baseline SIRI and SIRI change 

after NACT were potential prognostic biomarkers in 
breast cancer patients who received NACT. In addition, 
the nomogram could provide references for clinicians in 
evaluating the patients’ probability of DFS after NACT. 
Further work is warranted to validate its authenticity and 
reliability in clinical practice. 
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