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INTRODUCTION

Breast cancer (BC)  is the most commonly diagnosed cancer 
in women worldwide, with 2.26 million new cases reported in 
2020.1 It also stands as the top cause of cancer-related deaths 
in women. Over the past three decades, both the incidence 
and mortality rates of BC have risen.1

Several biomarkers have been introduced for BC, including 
tumor-associated macrophages, MicroRNA, P53, circulating 
circular RNA, E-cadherin, Mib1, the Ki-67 antigen, human 
epidermal growth factor receptor 2 (HER2), and hormone-
related biomarkers such as progesterone receptor and 
estrogen receptor.2 While some emerging biomarkers 

may still require complex and costly detection methods, 
many of these, such as estrogen receptor, progesterone 
receptor, HER2, and Ki-67, are already well-integrated into 
routine clinical practice due to their established diagnostic 
and prognostic value.3,4 The tumor microenvironment is 
significantly influenced by inflammation, with even minor 
alterations in inflammatory cell profiles having the potential 
to impact tumor development and progression, including the 
proliferation, invasion, migration, and metastasis of tumor 
cells.5 Recent clinical and epidemiological studies have shown 
that the inflammatory response is closely related to BC and 
could potentially be targeted for treatment or used as a 
prognostic indicator.6
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ABSTRACT

This current study sought to determine the prognostic ability of systemic immune-inflammation index (SII) in breast cancer (BC) patients. The predictive 
role of SII in pathologic complete response (pCR), of BC patients following neoadjuvant chemotherapy (NAC) was also investigated. This study adhered 
to the Preferred Reporting Items for Systematic reviews and Meta-Analyses guidelines. A systematic search was conducted in the Medline, ProQuest, 
Google Scholar, ScienceDirect, and the Cochrane Library databases, using search terms related to BC (population), high SII (exposure), low SII (control), 
and prognostic (outcome) to identify and update the systematic review and meta-analyses. Studies evaluating the prognostic outcomes of SII in BC 
were included. The prognostic outcomes included overall survival (OS), disease-free survival (DFS), distant metastasis-free survival (DMFS) and pCR. 
Review Manager 5.4 was used to perform meta-analysis. A total of 28 studies were included. Our study showed that a high SII was associated with 
worse OS [hazard ratio (HR)=1.88, 95% confidence interval (CI): 1.51-2.33, p-value<0.00001; I2=68%], DFS (HR=2.10, 95% CI: 1.60-2.75, p-value<0.00001; 
I2=77%), and DMFS (HR=1.89, 95% CI: 1.37-2.59, p-value<0.0001, I2=49%) in BC patients. Notably, SII was unlikely to predict pCR in BC patients following 
NAC (HR=0.90, 95% CI: 0.69-1.18, p-value=0.46, I2=71%). This updated systematic review and meta-analysis demonstrated that an elevated SII may be a 
potential predictor of poor OS, DFS, and DMFS in BC patients, but not a predictor of positive pCR. However, the findings are limited by different cut-off 
values, significant heterogeneity, and the observational nature of the included data.
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Peripheral blood examination offers advantages such as 
simplicity, convenience, high reproducibility, low cost, and 
better accessibility.3 Peripheral venous blood parameters, 
including platelet (P), monocyte (M), lymphocyte (L), 
neutrophil (N), and their derivatives such as the platelet-
to-lymphocyte ratio (PLR), neutrophil-to-lymphocyte ratio 
(NLR), monocyte-to-lymphocyte ratio (MLR), lymphocyte-
to-monocyte ratio (LMR), pan-immune inflammation value 
(PIV), and systemic immune-inflammation index (SII), have 
been identified as prognostic indicators in BC patients.7 
The SII is a clinical biomarker that provides insight into the 
balance between inflammation and the immune response in 
cancer patients. It is calculated by taking the product of the 
neutrophil count and platelet count, and then dividing it by 
the lymphocyte count. While the SII is linked to the prognosis 
of BC patients, the results remain controversial.8

The most recent meta-analysis conducted by Cheng et al.9 in 
2024 found that high SII was a significant predictor of overall 
survival (OS) [hazard ratio (HR): 1.97, 95% confidence interval 
(CI): 1.54-2.52, I²=76%] and disease-free survival (DFS) (HR: 
2.07, 95% CI: 1.50-2.86, I²=79%) in BC patients. However, 
heterogeneity and the observational nature of the data were 
notable limitations of this review. To address these issues, we 
aim to update the findings by incorporating additional samples 
to obtain more homogeneous data, thereby providing more 
reliable outcomes. Furthermore, this study will investigate 
the predictive role of SII in the pathologic complete response 
(pCR) of BC patients following neoadjuvant chemotherapy 
(NAC). Through this, we aim to provide new insights and 
a more comprehensive understanding of the potential 
utilization of SII as a prognostic indicator for individuals with 
BC.

METHODS

The study was designed and conducted following the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses 2020 guidelines.10 The study protocol was registered 
in the International Prospective Register of Systematic 
Reviews on March 25th, 2025, under the registration number 
CRD420251019058.

Variable of Interest

This study aimed to provide an update of the existing 
systematic review and meta-analysis on the prognostic 
outcomes of SII in BC patients. We also investigate the 
predictive role of SII in pCR of BC patients after receiving NAC. 
pCR, classified as ypT0, ypTis, and ypN0, refers to the complete 
absence of invasive cancer cells in both the breast tissue and 
axillary lymph nodes following NAC.

Search Strategy

A comprehensive literature search was performed in March 
2025 across electronic databases, including MEDLINE, 

Cochrane, Science Direct, ProQuest, and Google Scholar, 
to identify relevant studies. Two independent investigators 
conducted the search to maintain consistency and minimize 
bias, using the following search strategy to identify studies: 
“(Systemic immune inflammation index OR SII) AND (Breast 
cancer OR Breast Carcinoma OR Breast Tumor).” To maximize the 
retrieval of potentially relevant studies, backward searching 
(chain searching) was performed within the references of 
included studies.

Study Selection

Studies were selected for inclusion criteria based on following 
population, intervention or exposure, comparison, outcome, 
time, setting, study design strategy:

(1) Population: Patients diagH high SII;

(3) Comparison: low SII; The cut-off for high and low SII scores 
was not predefined, and all values used by the studies were
acceptable

(4) Outcome: Cancer prognosis [e.g., OS, DFS, distant
metastasis-free survival (DMFS); and pCR following NAC]

(5) Time: No restriction of time

(6) Setting: The study includes BC patients from different
clinical settings, including tertiary care hospitals, oncology
centers, and academic institutions.

(7) Study design: all studies examining SII and BC patient.

Articles were excluded if they met the following criteria: 
non-human studies, reviews, case reports, case series, book 
sections, editorials, or commentaries.

All retrieved studies were exported into the Zotero reference 
manager software for duplication-checking, followed by the 
screening of titles and abstracts. Two independent authors 
conducted the assessment, and studies were excluded if their 
titles or abstracts were deemed irrelevant. The selected studies 
then underwent full-text evaluation based on the predefined 
eligibility criteria. Corresponding authors of abstracts with 
insufficient data were contacted via email for further details; 
however, no responses were received. Any discrepancies were 
resolved through consensus among the review team.

Data Extraction

Two authors independently screened titles and abstracts to 
identify studies for inclusion in the systematic review. The 
selected studies underwent full-text screening based on the 
inclusion criteria, with reasons for exclusion documented. The 
reference lists of included studies were manually screened for 
additional relevant studies. Study selection was determined 
by majority agreement. Two authors independently extracted 
the following data: Primary author name, study design, 
country of origin, study period, sample size, age, molecular 
type, stage, treatment, median follow-up, cut-off value, cut-
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off determination, outcomes, and HR/odds ratio (OR) source 
(univariate or multivariate). Authors of the included studies 
were contacted for missing critical data when necessary.

Assessment of Risk of Bias

Each observational study was independently evaluated by 
two reviewers using the Newcastle-Ottawa scale (NOS).11 
Interventional studies were assessed using the risk of bias 2 
(ROB-2) tool for randomized trials.12

Confidence in Cumulative Evidence

The confidence in cumulative evidence was determined using 
the Grades of Recommendation, Assessment, Development, 
and Evaluation (GRADE) approach.13 The GRADE system 
involves evaluating the quality of a body of evidence for 
each individual outcome. The quality of a body of evidence 
is determined by the ROB within a study (methodological 
quality), directness of evidence, heterogeneity, precision 
of effect estimates, and risk of publication bias. The overall 
certainty of the evidence was classified as high, moderate, 
low, or very low, quality. 

Strategy for Data Synthesis

Data were synthesized using a random-effects model for all 
outcomes. Study heterogeneity was quantified using the I² 
statistic, with values below 25% indicating low heterogeneity, 
25% to 50% representing moderate to substantial 
heterogeneity, and values above 50% indicating high 
heterogeneity. In cases of significant heterogeneity, potential 
sources were explored through sensitivity analyses. A p-value 
of less than 0.05 was considered statistically significant. 
Additionally, publication bias was assessed visually using a 
funnel plot, which plotted the effect size of each study against 
the inverse of its standard error. All statistical analyses were 
conducted using RevMan software, version 5.4.

RESULTS

Study Selection

The study selection process and findings were summarized 
in a flowchart (Figure 1). Initially, 404 relevant studies were 
identified through the search strategy. After eliminating 
duplicates, 368 studies remained. This was followed by a title 
and abstract screening, which reduced the number to 45. Full-
text screening of these 45 studies revealed 17 that did not 
meet the criteria: Five were reviews, three involved the wrong 
population, two had the wrong exposure, six featured the 
wrong outcome, and one lacked relevant data. Consequently, 
28 studies were included in the updated systematic review 
and meta-analysis, with no unpublished studies meeting the 
criteria.

Characteristics of the Included Studies

In total, 28 studies involving 17,291 patients with BC were 
included in this meta-analysis. Most studies were retrospective 
single-center cohorts, although one randomized phase II trial 
was also identified. The majority of studies were conducted 
in China, with others from Türkiye, Japan, Italy, France, and 
Brazil. Sample sizes ranged widely, from as few as 35 to 
nearly 2,000 patients, and the average patient age typically 
fell between 42 and 64 years. A broad spectrum of molecular 
subtypes was represented, including luminal A, luminal B 
(both HER2-negative and HER2-positive), HER2-enriched, 
triple-negative BC (TNBC), and hormone receptor-positive 
subtypes. Although some studies included patients with 
stage IV disease, most focused on early to locally advanced 
stages (I-III). Treatments varied across studies but commonly 
included surgery, neoadjuvant or adjuvant chemotherapy, 
radiotherapy, endocrine therapy, and targeted therapy. The SII 
was generally measured prior to surgery or systemic therapy, 
with cut-off values determined either by receiver operating 
characteristic (ROC) curve analysis or by using median values. 
Follow-up durations varied considerably, ranging from 3 to 73 
months. Further detail in Table 1, Figure 2. 

FIGURE 1: PRISMA 2020 flow diagram of included studies.

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-
Analyses.
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FIGURE 2: Meta-analysis results of SII pooled hazard ratio in predicting: (A) overall survival (B) disease free survival and (C) distant metastasis free 
survival.

SII: Systemic immune-inflammation index; CI: Confidence interval.

A

B
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Meta-analysis Results

The quantitative meta-analysis of 17 studies, identified a high 
SII as a significant predictor of OS in BC patients (HR=1.88, 95% 
CI: 1.51-2.33, p<0.00001), although substantial heterogeneity 
was observed (I²=68%). Similarly, analysis of 14 studies 
revealed that elevated SII was associated with poorer DFS 
(HR=2.10, 95% CI: 1.60-2.75, p<0.00001) with considerable 
heterogeneity (I²=77%). For DMFS, findings from 3 studies 
indicated a significant association between high SII and 
DMFS (HR=1.89, 95% CI: 1.37-2.59, p<0.0001), though with 
moderate heterogeneity (I²=49%). In contrast, pooled data 
from 8 studies showed that SII was not a significant predictor 
of pCR in BC patients undergoing NAC (OR=0.91, 95% CI: 
0.70-1.19, p=0.51), although heterogeneity remained high 
(I²=67%).

Subgroup analyses based on BC molecular type, treatment, 
SII cut off value, cut off determination, BC stage, study design, 
and HR/OR source have been conducted as presented in 
Table 2, Figure 3. In the context of OS, high SII was most 
strongly linked to poor prognosis among patients with 
TNBC, with a pooled HR of 2.69 (95% CI: 2.14-3.37) and no 
observed heterogeneity (I²=0%), indicating a consistent and 
reliable association across studies. This finding highlights 
the particularly strong influence of systemic inflammation 
in this aggressive and immunologically distinct subtype. In 
comparison, patients with HER2-positive BC also showed a 
significant, though more moderate, increased risk associated 
with high SII (HR=1.79; 95% CI: 1.19-2.71). Meanwhile, 
data specific to luminal subtypes were insufficient to draw 
meaningful conclusions. The mixed-subtype group showed 
a significant association as well (HR=1.69, 95% CI: 1.26-2.27), 
but with substantial heterogeneity (I²=70%), suggesting the 
influence of diverse tumor biology and treatment approaches 
within this category.

A similar pattern was observed for DFS, where TNBC 
again demonstrated a significant association with high SII 
(HR=1.98; 95% CI: 1.04-3.77), reinforcing the potential of 
SII as a prognostic marker, particularly in more biologically 
aggressive forms of BC. Interestingly, when examining pCR, 
high SII was associated with a significantly lower likelihood 
of achieving it in TNBC (OR: 0.35; 95% CI: 0.14-0.88; p=0.02). 
This inverse relationship may reflect the role of systemic 
inflammation in dampening treatment response, potentially 
through mechanisms such as immune suppression or a less 
favorable tumor microenvironment, which could compromise 
the effectiveness of NAC in this challenging subtype.

Quality Assessment and Confidence in Cumulative Evidence

There was a low to moderate ROB among the 28 studies that 
were assessed using NOS and ROB2 (Table 1). A moderate 
quality of evidence was determined by using the GRADE 
approach to create an evidence profile, as shown in Table 3.

Publication Bias and Sensitivity Analyses

The sensitivity analysis was conducted and demonstrated 
that the pooled results were not affected after the removal of 
any single study. Funnel plot analysis as presented in Figure 4 
indicated potential publication bias for OS and pCR, with some 
asymmetry suggesting selective reporting or heterogeneity. 
A mild asymmetry was observed for DFS, while no clear bias 
was evident for DMFS, though the small number of studies 
limits interpretation.

DISCUSSION 

The prognostic framework of BC has progressively evolving 
inflammation-based indicators, with the SII emerging as 
a promising biomarker for predicting patient outcomes. 
Standard clinical and pathological criteria have historically 
been used to evaluate the prognosis of BC; however, several 
studies have shown promise in the addition of SII response 
markers.20,41 The SII is a quantitative marker calculated using 
peripheral blood cell counts. The widely accepted equation is 
SII=(neutrophil count × platelet count)/lymphocyte count.42 
SII illustrates the dual function of inflammation in cancer, as 
increased neutrophil and platelet levels may signify pro-tumor 
inflammatory mechanisms, whereas a reduced lymphocyte 
count may indicate an impaired anti-tumor immune 
response.34 The SII has multiple clinical benefits, especially in 
cancer patients. This index serves as a multifaceted tool that 
evaluates inflammatory status and can predict treatment 
responses and patient outcomes across various malignancies.

Various clinical studies highlighted the practical advantages 
offered by SII. Compared to other inflammation-based 
parameters (NLR, PLR, LMR, MLR, PIV), the SII showed 
independent prognostic value across diverse BC subtypes 
and treatment protocols. For instance, Zhu et al.3 and Yang 
et al.43 have shown that a lower SII correlates with improved 
DFS and OS, suggesting that SII may have superior predictive 
accuracy in stratifying high- versus low-risk patients. The 
SII is convenient to perform because it requires only a 
standard complete blood count and is cost-effective relative 
to other modalities. Recent studies highlight the role of 
the SII in predicting outcomes of immunotherapies and 
where elevated inflammatory markers often correlate with 
poorer prognoses in various cancer types, including BC. 
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TABLE 2: Subgroup analysis.

Variable Groups Number of studies HR/OR (95% CI) p-value I2 (p-value)

Overall survival

BC molecular type

HER2+ 2 1.79 (1.19, 2.71) 0.005 37% (0.21)

Luminal 0 Not applicable

TNBC 3 2.69 (2.14, 3.37) <0.00001 0% (0.49)

Mixed 12 1.69 (1.26, 2.27) 0.0005 70% (0.0001)

Treatment

Surgery 2 3.22 (1.53, 6.78) 0.002 26% (0.24)

Non-surgery 5 1.39 (0.97, 2.00) 0.07 35% (0.19)

Mixed 10 1.95 (1.54, 2.46) <0.00001 62% (0.005)

Cut-off value
<550 6 2.36 (1.63, 3.44) <0.00001 47% (0.09)

>550 11 1.70 (1.32, 2.20) <0.0001 71% (0.0002)

Cut-off determination

Median value 4 1.52 (0.78, 2.92) 0.22 79% (0.002)

ROC analysis 11 1.95 (1.50, 2.53) <0.00001 71% (0.0001)

NR 2 1.87 (1.04, 3.36) 0.04 0% (0.71)

Study design
Cohort study 17 1.88 (1.51, 2.33) <0.00001 68% (<0.0001)

RCT 0 Not applicable

Stage

I-III 12 2.12 (1.68, 2.68) <0.00001 68% (0.0003)

IV 4 1.27 (0.98, 1.64) 0.07 0% (0.44)

I-IV 1 1.40 (0.27, 7.26) 0.69 Not applicable

HR source
Multivariate 13 2.12 (1.88, 2.40) <0.00001 66% (0.0005)

Univariate 4 1.35 (1.07, 1.72) 0.01 28% (0.24)

Disease free survival

BC molecular type

HER2+ 2 2.15 (0.93, 4.95) 0.07 81% (0.02)

Luminal 2 3.05 (1.13, 8.22) 0.03 62% (0.10)

TNBC 2 1.98 (1.04, 3.77) 0.04 73% (0.06)

Mixed 8 1.99 (1.31, 3.04) 0.001 83% (<0.00001)

Treatment

Surgery 2 1.96 (0.36, 10.73) 0.44 95% (<0.0001)

Non-surgery 1 3.78 (1.10, 12.99) 0.03 Not applicable

Mixed 11 1.94 (1.56, 2.40) <0.00001 55% (0.01)

Cut-off value

<550 6 2.81 (1.57, 5.03) 0.0005 76% (0.0008)

>550 7 1.71 (1.36, 2.15) <0.00001 53% (0.05)

NR 1 2.10 (1.36, 3.24) 0.0008 Not applicable

Cut-off determination

Median value 5 2.18 (1.60, 2.96) <0.00001 44% (0.13)

ROC analysis 8 2.25 (1.50, 3.37) <0.0001 83% (<0.00001)

NR 1 0.80 (0.39, 1.64) 0.54 Not applicable

Study design
Cohort 14 2.10 (1.60, 2.75) <0.00001 77% (<0.00001)

RCT 0 Not applicable

Stage 

I-III 12 2.10 (1.85, 2.39) <0.00001 78% (<0.00001)

IV 0 Not applicable

I-IV 2 1.62 (1.12, 2.35) 0.01 80% (0.02)

HR source
Multivariate 12 2.02 (1.78, 2.28) <0.00001 79% (<0.00001)

Univariate 2 2.78 (1.54, 5.02) 0.0007 53% (0.15)
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TABLE 2: Continued

Variable Groups Number of studies HR/OR (95% CI) p-value I2 (p-value)

Distant metastasis free survival

BC type

HER2+ 1 1.51 (1.02,2.24) 0.04 Not applicable

TNBC 1 2.60 (1.74, 3.88) <0.0001 Not applicable

Luminal 0 Not applicable

Mixed 1 1.72 (1.16, 2.55) 0.007 Not applicable

Treatment

Surgery 0 Not applicable

Non-surgery 0 Not applicable

Mixed 3 1.89 (1.37, 2.59) <0.0001 49% (0.14)

Cut-off value
<550 0 Not applicable

>550 3 1.89 (1.37, 2.59) <0.0001 49% (0.14)

Cut-off determination
Median value 1 1.51 (1.02, 2.24) 0.04 Not applicable

ROC analysis 2 2.11 (1.41, 3.16) 0.0003 52% (0.15)

Study design
Cohort study 3 1.89 (1.37, 2.59) <0.0001 49% (0.14)

RCT 0 Not applicable

Stage

I-III 3 1.89 (1.37, 2.59) <0.0001 49% (0.14)

IV 0 Not applicable

I-IV 0 Not applicable

HR source Multivariate 3 1.89 (1.37, 2.59) <0.0001 49% (0.14)

Univariate 0 Not applicable

Pathologic complete response

BC type

HER2 1 1.58 (0.81, 3.08) 0.18 Not applicable

TNBC 1 0.35 (0.14, 0.88) 0.02 Not applicable

Mixed 7 0.92 (0.70, 1.21) 0.56 70% (0.005)

Treatment

Surgery 0 Not applicable

Non-surgery 3 1.18 (0.92, 1.52) 0.19 15% (0.31)

Mixed 5 0.64 (0.34, 1.17) 0.15 78% (0.001)

Cut-off value
<550 4 0.91 (0.55, 1.51) 0.71 57% (0.07)

>550 4 0.79 (0.43, 1.44) 0.45 82% (0.0009)

Cut-off determination
Median value 2 0.66 (0.24, 1.80) 0.41 80% (0.02)

ROC analysis 6 0.90 (0.56, 1.44) 0.67 72% (0.003)

Study design
Cohort study 7 0.90 (0.68, 1.19) 0.47 75% (0.0006)

RCT 1 0.75 (0.12, 4.69) 0.76 Not applicable

Stage

I-III 6 1.03 (0.73, 1.44) 0.88 46% (0.10)

IV 0 Not applicable

0-IV 2 0.52 (0.13, 2.09) 0.35 92% (0.0003)

OR source
Multivariate 5 0.97 (0.72, 1.31) 0.85 48% (0.10)

Univariate 3 0.61 (0.17, 2.15) 0.44 87% (0.0004)

OR: Odds ratio; HR: Hazard ratio; HER2: Human epidermal growth factor receptor 2; ROC: Receiver operating characteristic; TNBC: Triple-negative breast cancer; 
BC: Breast cancer; CI: Confidence interval; RCT: Randomized controlled trial.
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Zhou et al.44 suggest that cytokine-induced killer cell-based 
immunotherapy can reduce tumor recurrence and prolong 
survival in postoperative BC patients, indicating a positive 
association between immune response activation and clinical 
outcomes. Current advancements in the understanding of 
BC immunogenicity pave the way for innovative approaches. 
For instance, PD-L1 expression has emerged as a predictive 
biomarker for response to immune checkpoint inhibitors like 
avelumab and pembrolizumab, particularly in triple-negative 
BC (TNBC).45 A compelling aspect of current clinical trials is 
the synergistic approach of combining chemotherapy with 
immunotherapy. For example, studies of the NAC regimen 
combined with immune checkpoint blockade show promise 
in inducing pCR, linking inflammation-induced immune 
activation with improved outcomes in high-risk early-stage 
BC.45,46

Our findings show that BC patients with a high SII experience 
significant worse prognostic outcome. Elevated SII was 
associated with a lower OS, an increased risk of disease 
recurrence, and a greater probability of distant metastasis. 
Based on our current meta-analysis results, SII can indicate 

an immunosuppressive tumor microenvironment and more 
aggressive tumor behavior, subsequently leading to poor 
long-term outcomes.47 Increased platelet and neutrophil 
counts combined with decreased lymphocyte counts 
indicate an imbalance in the host immune response, which 
is reflected in elevated SII.42 Neutrophils play a significant role 
in protumorigenic processes by releasing pro-inflammatory 
cytokines (interleukin-1 beta, tumor necrosis factor-alpha, 
and transforming growth factor-beta) and growth factors 
including vascular endothelial growth factor and fibroblast 
growth factors, which enhance tumor cell proliferation and 
invasion.8,48 Simultaneously, platelets are recognized to 
protect circulating tumor cells from immune recognition and 
assist in their adhesion to the endothelium, thus promoting 
metastasis. In contrast, lower lymphocyte counts are 
indicative of weakened cell-mediated immune surveillance, 
meaning that the natural tumor-suppressing effects of 
lymphocytes are compromised. Collectively, this milieu 
favors tumor aggressiveness and facilitates both locoregional 
recurrence (affecting DFS) and the spread of cancer to distant 
organs (impacting DMFS).22

FIGURE 3: Meta-analysis results of SII pooled odds ratio (OR) in predicting pathologic complete response (pCR).

SII: Systemic immune-inflammation index; CI: Confidence interval.

TABLE 3: Grade evidence profile.

Outcome
Number 
of 
studies

Quality assessment Summary findings

NOS Inconsistency Indirectness Imprecision Publication 
bias

Overall 
quality of 
evidence

HR 
total

95% CI 
(lower, 
upper)

OS 17 Not serious Seriousa Not serious Not serious Not seriousc Moderate 1.88 1.51, 2.33

DFS 14 Not serious Seriousa Not serious Not serious Not seriousc Moderate 2.10 1.60, 2.75

DMFS 3 Not serious Not serious Not serious Seriousb Not seriousc Moderate 1.89 1.37, 2.59

pCR 8 Not serious Seriousa Not serious Not serious Not seriousc Moderate 0.90 0.69, 1.18
a: The data show contradictory findings since some research favor other groups.
b:  Only a few studies (no more than five studies per outcome) provide effect estimates.
c: Publication bias was evaluated qualitatively. HR: Hazard ratio; CI: Confidence interval; NOS: Newcastle-Ottawa scale; DFS: Disease-free survival; DMFS: Distant 
metastasis-free survival; OS: Overall survival; pCR: Pathologic complete response.
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Previous meta-analyses conducted by various authors have 
similarly resulted in findings that are consistent with our 
meta-analysis, demonstrating that an increased SII correlates 
with poorer OS, DFS, and DMFS.8,9,49,50 In contrast to previous 
studies, in our study we evaluated pCR, which has never been 
done. This PCR is very important in determining whether a 
patient is truly free from cancer. pCR, characterized by the 
absence of both invasive and in situ residuals in breast tissue 
and lymph nodes, serves as a reliable discriminator between 
patients with favorable and unfavorable outcomes.

Notably, although SII was unlikely to predict pCR in BC 
patients undergoing NAC, SII may predict survival but 
not short-term treatment response. These results indicate 
inconsistency, especially in several supporting studies in 
this meta-analysis, which show that dietary SII can be used 
as a predictive factor for SII.20,24,29,33,39 However, not all of the 
studies we used in this review showed significant results, 
especially regarding the use of SII as a predictor of pCR.32,36 

Arici et al.51 compared several blood-derived inflammatory 
markers in BC patients undergoing NAC and demonstrated 
that the PIV value provided a superior predictive ability for 
pCR over SII. Their results indicate that SII is inadequate as 
an independent predictor of pCR in this setting. The study 
suggested that SII’s limited performance might be related 
to its inability to encapsulate the complexity of the immune 
microenvironment and tumor biology, which are pivotal in 
mediating response to chemotherapy. Yildirim et al.36 found 
that SII was still inconsistent in showing an effect on pCR 
as a predictive value, similar to other indices like PLR, PNI, 
HALP, and HRR. However, this study showed that only NLR 
can be used as a predictive value for pCR after undergoing 
NAC. Supporting this notion, Ciurescu et al.52 evaluated the 
prognostic value of SII, in a retrospective cohort of BC patients 
and found that, despite its utility in risk stratification and 
long-term outcome prediction, the current evidence does 
not substantiate its use as a predictive tool for NAC response, 
including pCR. The authors cautioned that although SII can 

FIGURE 4: Funnel plot. A. OS; B. DFS; C. DMFS; D. pCR.

OS: Overall survival; DFS: Disease-free survival; DMFS: Distant metastasis-free survival; pCR: Pathologic complete response.

A

B
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guide prognosis, its role in influencing immediate treatment 
decisions remains indeterminate based on available data. 
In this study, the results are very visible moderate to high 
in the heterogeneity of this study, especially OS (I2=72.0%, 
p<0.00001), DFS (I2=77.0%, p<0.00001), DMFS (I2=49.0%, 
p<0.0001) and PCR (I2=71.0%, p<0.001). The cut-off value of 
ROC analysis ranged from 252 to 836, while the median value 
ranged from 250 to 829. To explore the underlying sources, we 
performed detailed subgroup analyses. For OS, heterogeneity 
was notably reduced in certain subgroups, particularly in 
TNBC, where the I² dropped to 0%. Similar improvements 
were seen in patients undergoing surgery or with stage IV 
disease, suggesting that tumor subtype, treatment type, 
and disease stage all play a role in explaining differences 
across studies. We also observed that statistical methods 
mattered, as studies using univariate analyses showed lower 
heterogeneity than those using multivariate models.

For DFS, although heterogeneity remained high overall, it 
was somewhat reduced when studies were grouped based 
on how the SII cut-off was determined. Those using median 
values showed more consistency than those using ROC 
curves, highlighting the impact of methodological choices. 
In contrast, DMFS showed moderate and relatively stable 
heterogeneity, suggesting that other factors, like patient 
population or follow-up duration, may be responsible.

As for pCR, variability across studies was also high but 
improved in more specific subgroups, such as patients who 
either did not undergo surgery or had early-stage disease. 
Statistical modeling and the method used to define the SII 
cut-off contributed to the observed differences. Overall, 
these findings suggest that tumor characteristics, treatment 
approach, study design, and SII measurement are important 
factors driving heterogeneity in BC research involving SII. 

Although the overall forest plot demonstrated a significant 
association between the SII and various prognostic outcomes 
in BC, the observed asymmetry in the funnel plot suggests 
the presence of potential publication bias. This bias may 
have influenced the pooled effect estimates, as studies with 
statistically significant results are more likely to be published, 
potentially leading to an overestimation of the true effect 
size. Therefore, the findings should be interpreted with 
caution. Future research should aim to include unpublished 
or ongoing studies and apply statistical methods to adjust 
for potential bias in order to strengthen the validity of the 
conclusions.

This review presents the latest compilation of evidence 
regarding SII and BC prognosis, including previously absent 
research from prior reviews. The meta-analysis offers 
pooled effect estimates, allowing a clearer understanding 

of the association between SII and survival outcomes (e.g., 
OS, DFS). In this study, we also added an analysis index for 
pCR in patients after NAC, which was not included in the 
previous meta-analysis. However, limitations arise from the 
heterogeneity among the included studies, such as different 
treatment approaches, different types of BC and potential 
publication bias. The different cut-off value from each study 
is the major limitation. Another limitation of this study is the 
inclusion of data from studies dating back to 1998, during 
which BC treatment protocols have significantly evolved, 
potentially affecting the comparability of outcomes.

Further research should focus on reducing existing limitations 
and clarifying the prognostic significance of the SII in BC. 
Large-scale, multicenter studies with standardised SII cut-off 
values are necessary to validate and reinforce the findings. 
Additional investigation into the function of SII across 
several molecular subtypes of BC (e.g., hormone receptor-
positive, HER2-enriched, triple-negative) may provide more 
customised prognostic insights.

CONCLUSION

This updated systematic review and meta-analysis provides 
compelling evidence that elevated SII is associated with 
worse long-term outcomes, including OS, DFS, and DMFS, in 
BC patients. However, SII was not significantly predictive of 
pCR following NAC, suggesting its utility is aligned with long-
term prognosis rather than immediate treatment response 
evaluation.
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