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Background: Neoadjuvant chemoimmunotherapy (nCIT) has shown promise in

treating early-stage triple-negative breast cancer (eTNBC), but predictive

biomarkers for pathological response and prognosis remain poorly defined.

Objective: This study aimed to explore pathological complete response and

prognostic predictive factors in eTNBC patients treated with nCIT.

Materials and methods: We retrospectively analyzed 112 eTNBC patients who

underwent surgery after nCIT at Sun Yat-sen University Cancer Center between

June 2019 and June 2023. Pathological response was assessed using Miller-

Payne grade. Clinicopathological features and hematologic markers were

analyzed with univariate and multivariate logistic regression or Cox regression,

as well as Kaplan-Meier survival curves. Objective response rate (ORR),

pathological complete response (pCR), and disease-free survival (DFS) were

evaluated. Nomograms predicting pCR and DFS were constructed based on

significant risk factors and the systemic inflammatory response index (SIRI).

Results: Higher baseline lymphocyte counts (P=0.004) were independently

associated with a higher pCR rate, while elevated monocyte counts (P=0.006),

neutrophil-to-lymphocyte ratio (P=0.005), platelet-to-lymphocyte ratio (p =

0.005), SIRI (P=0.037), systemic immune-inflammation index (P=0.029), and

preoperative SIRI (P=0.010) were associated with a lower pCR rate. Higher

baseline SIRI (P= 0.009) was correlated with shorter DFS, while higher

preoperative lymphocyte counts (P=0.019) predicted longer DFS. Nomograms

incorporating SIRI showed high accuracy in predicting pCR and DFS.
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Conclusion: Hematologic inflammatory markers, particularly SIRI, are cost-

effective and reliable predictors of prognosis and treatment efficacy in eTNBC

patients undergoing nCIT, helping clinicians develop personalized

treatment strategies.

Clinical trial registration: https://www.medicalresearch.org.cn/, identifier MR-

44-24-046099.
KEYWORDS

early-stage triple-negative breast cancer, neoadjuvant chemoimmunotherapy,
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1 Introduction

Breast cancer (BC) is the second commonly diagnosed

malignancy worldwide and a leading cause of cancer-related

mortality among women (1). Neoadjuvant chemotherapy

(NACT) is an essential component of curative-intent strategies

for patients with early-stage triple-negative breast cancer

(eTNBC) (2, 3). Patients who achieve a pathological complete

response (pCR) following neoadjuvant chemotherapy (NACT)

demonstrate improved outcomes, including significantly longer

event-free survival (EFS) and overall survival (OS) compared to

those who do not (4–6). This underscores the importance of

achieving a pCR for better long-term outcomes. Although NACT

has shown significant efficacy, therapeutic outcomes vary

considerably among patients. Approximately 35% to 40% of

patients achieve pCR, leaving a substantial proportion who do not

respond adequately, resulting in worse outcomes (4, 7). This

moderate respond rate highlights an urgent need for innovative

therapeutic strategies to enhance treatment efficacy and improve

patient outcomes.

Recent advancements in neoadjuvant therapy, particularly the

combination of immunotherapy with chemotherapy, have

significantly improved pCR rates, EFS, and OS in patients with

eTNBC (8–10). This combination offers a promising new strategy in

the treatment landscape for eTNBC patients. Nevertheless, it is

important to note that not all individuals respond favorably to

neoadjuvant chemoimmunotherapy (nCIT), approximately 36% of

patients fail to achieve pCR and 20.3% of patients recurred or

metastasized after treatment (8, 11). To maximize therapeutic

efficacy and minimize toxici ty , thereby enabl ing the

implementation of more precise and personalized treatment

strategies and optimizing outcomes while reducing unnecessary

adverse effects, it is essential to accurately predict which patients are

most likely to benefit from nCIT. Although programmed death-

ligand 1 (PD-L1) expression and tumor-infiltrating lymphocytes

(TILs) are considered potential predictive biomarkers for
02
neoadjuvant immunotherapy efficacy, the absence of standardized

PD-L1 diagnostic criteria and the limited clinical implementation of

TILs assessment currently restrict their overall utility (12–15).

Hence, there is an urgent need for a cost-effective, efficient, and

easily accessible biomarker to predict the efficacy of nCIT, enabling

the identification of patients more likely to benefit from this

therapy (16).

Systemic inflammation is a critical factor in tumorigenesis and

cancer progression, impacting treatment efficacy and disease outcomes.

It drives angiogenesis, promotes malignant transformation, and creates

an immunosuppressive microenvironment, thereby facilitating cancer

cell proliferation and metastasis (17, 18). Hematologic-related

inflammation markers, including neutrophil-to-lymphocyte ratio

(NLR), derived NLR (dNLR), platelet-to-lymphocyte ratio (PLR),

systemic inflammatory response index (SIRI), and systemic immune-

inflammation index (SII), have been investigated as economical and

practical biomarkers with significant utility in predicting pathological

responses to NACT in eTNBC (19–25), highlighting its potential as a

biomarker for forecasting treatment outcomes and prognosis.

However, the predictive value of these readily accessible hematologic

markers in patients with eTNBC receiving nCIT remain unclear.

This retrospective study aimed to evaluate the association

between hematologic inflammatory markers and the pathological

response and prognosis of eTNBC patients treated with

neoadjuvant chemoimmunotherapy.
2 Materials and methods

2.1 Study design and patient selection

This was a single-center, retrospective cohort study. Patients

with early stage, resectable eTNBC who underwent nCIT followed

by curative surgery at Sun Yat-sen University Cancer Center from

June 2019 to June 2023 were retrospectively reviewed. The inclusion

criteria were as follows (1): histopathological diagnosis of clinical
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stage IIA–IIIC eTNBC (2); received two or more cycles of nCIT (3);

underwent radical surgery (4); availability of complete clinical data.

The exclusion criteria included (1): receipt of only one cycle of nCIT

(2); diagnosed with distant metastasis (3); diagnosed with

inflammatory BC (4); progression or recurrence during

neoadjuvant treatment. A total of 112 patients from our cancer

center were enrolled in this study. Figure 1 presents a flowchart

summarizing the patient inclusion process.
2.2 Data extraction and assessment

All enrolled patients underwent standard pre-treatment

examinations in accordance with National Comprehensive Cancer

Network (NCCN) guidelines. These included pre-treatment tumor

biopsy, breast mammography, breast ultrasound, contrast-

enhanced chest computed tomography (CT), and positron

emission tomography/CT. Clinical and pathological staging

followed the eighth edition of the TNM staging system for BC.

Consistent with international practice, all patients received 2 to 9

cycles of intravenous nCIT, administered on the first day of each

three-week cycle. Clinicopathologic features collected included age,

body mass index (BMI, weight in kilograms divided by height in

meters squared), menopausal status, clinical and pathological TNM

stage, immune checkpoint inhibitors used, neoadjuvant

immunotherapy dosage, surgical approach, hematological

parameters, and Miller-Payne grade.

Peripheral blood samples were collected within one week before

the first chemoimmunotherapy and within one week before surgery.

The neutrophil-to-lymphocyte ratio (NLR), derived NLR (dNLR),

platelet-to-lymphocyte ratio (PLR), systemic inflammatory
Frontiers in Immunology 03
response index (SIRI), and systemic immune-inflammation index

(SII) were calculated as follows (18): NLR = neutrophils/

lymphocytes, dNLR = neutrophils/(leucocytes - neutrophils), PLR

= platelets/lymphocytes, SIRI = neutrophils × monocytes/

lymphocytes, SII = platelets × neutrophils/lymphocytes.
2.3 Pathologic evaluation

Pathological response was evaluated using the Miller-Payne

grade after nCIT, with responses classified as complete response

(CR), partial response (PR), stable disease (SD), or progressive

disease (PD). Lymph node involvement and lymphovascular

invasion (LVI) were assessed, along with necrosis and stromal

changes. Pathological complete response (pCR) was defined as the

absence of viable tumor cells in the residual primary tumor and

lymph nodes. All pathological assessments were performed

independently by two pathologists, each with more than 10 years

of experience; disagreements were resolved by consensus. The

pathological efficacy of nCIT on primary breast lesions was

assessed using the Miller-Payne grading system, which ranges

from 1 to 5 (26).

The expression levels of estrogen receptor (ER), progesterone

receptor (PR), human epidermal growth factor receptor 2 (HER-2),

and Ki-67 were determined by immunohistochemistry. Hormone

receptor-positive (HR+) expression was defined as 1% or more cells

stained for ER or PR. HER-2 status was evaluated according to

recent guidelines (27). A Ki-67 index greater than 30% was defined

as high expression, based on the latest guideline (28). In accordance

with ESMO diagnostic criteria (29), TNBC was characterized by

dual immunohistochemical parameters (1): ER and PR expression
FIGURE 1

Flowchart illustrating the eligibility and inclusion process of patients with early stage triple-negative breast cancer receiving neoadjuvant
chemotherapy combined with immunotherapy.
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in <10% of tumor cells, and (2) HER2 negativity defined as

immunohistochemical (IHC) scores of 0, 1+, or 2+ without gene

amplification confirmed by in situ hybridization.
2.4 Endpoints and follow-up

The primary endpoint was pCR. The secondary endpoint was

disease-free survival (DFS), defined as the time from surgery to the

first recurrence, progression, or last follow-up (April 2024). Follow-

up data were collected through electronic medical records,

institutional databases, and phone calls.
2.5 Statistical analysis

Based on the assessment of pathological responses after surgery,

patients were divided into two groups: pCR (n = 55) and non-pCR

(n = 57). Differences in demographic, clinical, and hematologic

characteristics between these two groups were analyzed. Categorical

variables were analyzed using the c² test. The Shapiro-Wilk test was

used to evaluate normal distribution. Normally distributed

continuous variables were expressed as mean ± standard

deviations, and comparisons were made using the t-test.

Continuous variables with non-normal distributions were

expressed as medians and interquartile range (IQR) and analyzed

using the Mann-Whitney U test. The optimal cut-off value of

hematologic markers for predicting non-pCR was determined

using ROC curve analysis and Youden index (Supplementary

Table S1). Univariate and multivariate logistic regression or Cox

regression analyses were performed to identify the effects of

clinicopathological features on pCR and DFS. Variables adjusted

in the multivariable logistic regression or Cox regression models

were determined based on previous studies and the factors known

to affect breast cancer prognosis. These included age at diagnosis

group, BMI group, T grade, N grade, pretreatment subtypes,

chemotherapy regimens, and doses of neoadjuvant therapy. The

Kaplan-Meier estimator was used to calculate and compare DFS.

Nomograms predicting the probability of pCR and DFS were

developed based on optimal predictive models incorporating

independent risk factors. The performance of the models were

assessed for internal validation by the Harrell’s concordance index

(C-index) and calibration curves using bootstrapping (random

sampling with replacement) 1000 times. To interpret the

contribution of individual clinical variables to model predictions

of pCR and DFS, SHapley Additive exPlanations (SHAP) analysis

was performed. SHAP values were computed using the fastshap

package in R (version 4.3.3), which provides efficient estimation of

feature contributions for black-box models. Visualization of the

SHAP values was conducted using the shapviz package, generating

both summary plots and bar plots to display the distribution and

average importance of each feature. All statistical analyses were

performed using SPSS software (version 27.0). A p-value of less

than 0.05 was considered significant for all analyses.
Frontiers in Immunology 04
3 Results

3.1 General clinical characteristic,
pathological response and morphological
changes

A total of 112 patients were enrolled and divided into pCR

(n=55) and non-pCR (n=57) groups. All patients underwent R0

resections. At initial pre-treatment clinic staging, the majority of

patients were classified as T2 (n=74, 66.1%) and N1 (n=58, 51.8%),

with clinical stages IIB (n=45, 40.2%) and III (IIIA, 17.8%; IIIC,

18.8%) comprising the largest portions of the cohort. There were no

statistical differences between the cohorts regarding age, BMI,

menopausal status, family history, Ki-67 index, pretreatment

subtypes, or use of immune checkpoint inhibitors (Table 1).

Postoperative pathological response assessment showed that 55

patients (49.1%) achieved pCR, while 46 patients (41.1%) had a partial

response (PR), 10 patients (8.9%) had stable disease (SD) and 1 patient

(0.9%) had progressive disease (PD), resulting in an objective response

rate (ORR) of 90.2% (P < 0.001) (Table 1, Figure 2A). After nCIT, the

majority of patients were classified as ypT0 (n = 57, 50.9%) and ypN0

(n=79, 70.5%). Fifty-six patients (50.0%) were evaluated as Miller-

Payne grade 5 (Figure 2B). Forty patients in the non-pCR group

exhibited downstaging following nCIT (Figure 2C).

Representative images of radiographic and pathological

responses, both before and after nCIT, are shown in Figures 3

and 4. Morphological changes indicative of tumor regression in

eTNBC after nCIT included necrosis, interstitial fibrosis,

multinucleated giant cel ls , cholesterol crystal l ization,

hemosiderosis, calcifications, histiocytes, lymphocytes, and other

chronic inflammatory infiltrates (Figure 4).

Moreover, among the 13 patients who experienced disease

progression during follow-up, 8 (61.5%) patients had achieved

PR, 4 (30.8%) had SD, and 1 (7.7%) had PD. Ten patients

developed distant metastases, including four with liver metastases,

three with lung metastases, two with bone metastases, and one with

contralateral upper arm skin metastasis (Supplementary Table S2).
3.2 Neoadjuvant chemoimmunotherapy
regimens and hematologic parameters

Chemotherapy regimens included epirubic in plus

cyclophosphamide (EC), adriamycin plus cyclophosphamide

(AC), paclitaxel (T) plus carboplatin (Cb), and TCb followed by

EC or AC. Tislelizumab (38.4%), pembrolizumab (21.4%) and

toripalimab (20.5%) were the most commonly used immune

checkpoint inhibitors. Thirty-nine patients (34.8%) received two

to four cycles of nCIT, 30 patients (26.8%) received five to six cycles,

and 43 patients (38.4%) received seven to nine cycles (Table 1).

The pCR group exhibited lower baseline monocyte count, NLR,

PLR, SIRI, and SII compared to the non-pCR group. No significant

differences were detected between the two groups regarding other

inflammatory markers (Supplementary Table S3).
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3.3 Association between Hematologic
parameters and non-pCR

In univariate logistic regression, baseline platelet (P=0.019),

baseline neutrophil (P=0.009), baseline lymphocyte (P=0.004),

baseline monocyte (P=0.009), baseline NLR (P=0.001), baseline

dNLR (P=0.009), baseline PLR (P < 0.001), baseline SIRI

(P=0.003), baseline SII (P=0.001), preoperative PLR (P=0.036),

preoperative SIRI (P=0.024) were significantly associated with a

incidence of pathological response. Multivariate logistics analysis

further showed that higher baseline lymphocyte counts [odds ratio
Frontiers in Immunology 05
(OR), 0.08; 95% CI, 0.02~0.45; P=0.004] and higher monocyte

counts [OR, 5.46; 95% CI, 1.62~18.43; P=0.006], higher baseline

neutrophil-to-lymphocyte ratio (NLR) [OR, 4.65; 95% CI,

1.57~13.77; P=0.005], higher baseline platelet-to-lymphocyte ratio

(PLR) [OR, 5.95; 95% CI, 1.70~20.89; P=0.005], and higher baseline

systemic inflammation response index (SIRI) [OR, 4.77; 95% CI,

1.10~20.78; P=0.037], baseline systemic immune-inflammation

index (SII) [OR, 3.40; 95% CI, 1.14~10.20; P=0.029] and

preoperative SIRI [OR, 7.45; 95% CI, 1.6~34.65; P=0.010] were

independent risk factors associated with pathological response

(Table 2, Supplementary Table S4).
TABLE 1 Demographic and clinicopathological characteristics of all patients.

Characteristics Total (n=112,%) pCR (n=55,%) Non-pCR (n=57,%) P

Age, years (Mean±SD) 47.47±10.37 47.59±10.01 47.35±10.79 0.903

BMI, kg/m2 (Mean±SD) 23.33±3.06 22.95±3.17 23.70±2.93 0.207

Menopausal status (pre-menopausal/
post-menopausal)

76 (67.9)/36 (32.1) 40 (72.7)/15 (27.3) 36 (63.2)/21 (36.8) 0.278

Family history (No/Yes) 90 (80.4)/22 (19.6) 45 (81.8)/10 (18.2) 45 (78.9)/12 (21.1) 0.702

T grade (1/2/3/4) 12 (10.7)/74 (66.1)/25 (22.3)/
1 (0.9)

8 (14.5)/40 (72.7)/7 (12.7)/0 (0.0) 4 (7.0)/34 (59.6)/18 (31.6)/1 (1.8) 0.054

N grade (0/1/2/3) 20 (17.9)/58 (51.8)/13 (11.6)/
21 (18.8)

10 (18.2)/37 (67.3)/2 (3.6)/
6 (10.9)

10 (17.5)/21 (36.8)/11 (19.3)/
15 (26.3)

0.002

Clinical stage (IIA/IIB/IIIA/IIIC) 26 (23.2)/45 (40.2)/20 (17.8)/
21 (18.8)

11 (27.3)/30 (54.5)/4 (7.3)/
6 (10.9)

11 (19.3)/15 (26.3)/16 (28.1)/
15 (26.3)

0.001

Ki-67 index (≤30%/>30%) 13 (11.6)/98 (87.5) 4 (7.3)/51 (92.7) 9 (16.1)/47 (83.9) 0.149

Immune checkpoint inhibitors (camre/pem/sinti/
tisle/tori)

8 (7.1)/24 (21.4)/14 (12.5)/43
(38.4)/23 (20.5)

0 (0.0)/13 (23.6)/7 (12.7)/23
(41.8)/12 (21.8)

8 (14.0)/11 (19.3)/7 (12.3)/20
(35.1)/11 (19.3)

0.078

Chemotherapy regimens (EC or AC/TCb/TCb-
EC or AC/Others)

20 (17.9)/40 (35.7)/38 (33.9)/
14 (12.5)

4 (7.3)/22 (40.0)/25 (45.5)/4 (7.3) 16 (28.1)/18 (31.6)/13 (22.8)/
10 (17.5)

0.003

Doses of nCIT (2~4/5~6/7~9) 39 (34.8)/30 (26.8)/43 (38.4) 12 (21.8)/19 (34.5)/24 (43.6) 28 (47.4)/11 (19.3)/19 (33.3) 0.015

Surgery type (Mastectomy/Breast
conserving surgery)

23 (20.5)/89 (79.5) 13 (23.6)/42 (76.4) 10 (17.5)/47 (82.5) 0.425

Lymph node dissection (SLNB/ALND) 10 (8.9)/102 (91.1) 3 (5.5)/52 (94.5) 7 (12.3)/50 (87.7) 0.205

Lymphovascular invasion (No/Yes) 92 (82.1)/20 (17.9) 55 (100.0)/0 (0.0) 37 (64.9)/20 (36.2) <0.001

Radiologic response assessment
(CR/PR/SD/PD)

55 (49.1)/46 (41.1)/10 (8.9)/
1 (0.9)

55 (100.0)/0 (0.0)/0 (0.0)/0 (0.0) 0 (0)/46(80.7)/10 (17.5)/1 (1.8) <0.001

Objective response rate (CR+PR) 101(90.2) 55 (100.0) 46(80.7) <0.001

Disease control rate (CR+PR+SD) 111(99.1) 55 (100.0) 56(98.2) 1.000

Miller payne grade (1~4/5) 56 (50.0)/56 (50.0) 0 (0.0)/55 (0.0) 56 (98.2)/1 (1.8) <0.001

ypT (0/1/2/3) 57 (50.9)/32 (28.6)/17 (15.2)/
3 (2.7)

55 (100.0)/0 (0.0)/0 (0.0)/0 (0.0) 2 (3.7)/32 (59.3)/17 (31.5)/3 (5.6) <0.001

ypN (0/1/2/3) 79 (70.5)/17 (15.2)/11 (9.8)/
3 (2.7)

55 (100.0)/0 (0.0)/0 (0.0)/0 (0.0) 24 (43.6)/17 (30.9)/11 (20.0)/
3 (5.5)

<0.001

Progression (No/Yes) 99 (88.4)/13 (11.6) 55 (100.0)/0 (0.0) 44 (77.2)/13 (22.8) <0.001

DFS, months (Median, IQR) 13.00 (7.25-23.00) 14.00 (8.00-23.00) 11.00 (7.00-25.00) 0.643
frontie
pCR, pathological complete response; camre, camrelizumab; pem, pembrolizumab; sinti, sintilimab; tisle, tislelizumab; tori, toripalimab; nCIT,neoadjuvant immunochemotherapy;SLNB, sentinel
lymph node biopsy; ALND, axillary lymph node dissection; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; DFS, disease-free survival; IQR,
interquartile range.
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3.4 Association of hematologic parameters
and DFS

The median follow-up period was 13 months (IQR:7.25~23.00).

Two patients experienced chest wall relapse, and eleven patients

developed distant metastasis (Supplementary Table S2). Univariate

Cox regression analysis showed that a higher baseline SIRI (P=0.019)

and a higher preoperative lymphocyte (P=0.041) were associated with

a shorter DFS. Multivariate Cox regression analysis further showed

that baseline SIRI [hazard ratio (HR), 15.13; 95% CI, 1.96~116.92;

P=0.009] and preoperative lymphocyte [HR, 0.06; 95% CI, 0.01~0.63;

P=0.019] were independent risk factor for DFS (Table 3,

Supplementary Table S5). Patients with lower baseline SIRI and

higher preoperative lymphocyte counts had a better prognosis after

nCIT. Kaplan-Meier curves are presented in Figure 5.
3.5 Nomogram for predicting pathological
response and DFS

A nomogram was established to predict the probability of pCR

and DFS for patients with eTNBC undergoing nCIT, based on
Frontiers in Immunology 06
significant risk factors and the independent predictive factor SIRI

(Figures 6A, B). For predicting pCR probability and DFS, the

nomograms achieved concordance index (C-index) were 0.826

(95% CI, 0.746~0.906) and 0.900 (95% CI, 0.820~0.980),

respectively. Both models demonstrated good accuracy in

predicting pCR and DFS, indicating reliable predictive

performance. Calibration plots with bootstrap sampling (n=1000)

were performed for each model, showing acceptable levels of

agreement in the predicted outcomes (Figures 6C–E).

Additionally, receiver operating characteristic (ROC) curve

analysis revealed that the area under the curve (AUC) for

predicting pCR was 0.826 (95% CI, 0.746~0.907), for 1-year DFS

was 0.937 (95% CI, 0.872~1.000), and for 2-year DFS was 0.870

(95% CI, 0.737~1.000) (Figures 6F, G). To interpret the

contributions of clinical features in predicting pCR and DFS,

SHapley Additive exPlanations analysis was performed. In the

model predicting pCR, N stage emerged as the variable exhibiting

the highest contribution, followed sequentially by baseline SIRI, and

chemotherapy regimens (Figures 7A, B). Lower N stage and lower

baseline SIRI values were associated with a higher likelihood of

achieving pCR. In the model predicting DFS, similar patterns were

observed, N stage was the most significant contributor to the model,
FIGURE 2

Pathological responses to neoadjuvant chemoimmunotherapy (nCIT) in patients with early-stage triple-negative breast cancer (A) Waterfall plot
illustrating the response categories (CR/PR/SD/PD) according to RECIST 1.1 criteria. (B) Miller-Payne grades of breast cancer patients undergoing
nCIT. (C) Changes in clinical stage before and after nCIT of all patients. CR, complete response; PR, partial response; SD, stable disease; PD,
progressive disease; RECIST, response evaluation criteria in solid tumors.
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FIGURE 4

Hematoxylin and Eosin (H&E) Images of representative patients before and after neoadjuvant chemoimmunotherapy showing pathological responses
according to Miller-Payne grade (A–D) Representative H&E images illustrating pathological complete response (pCR), partial response (PR), stable
disease (SD), and progressive disease (PD) in early-stage triple-negative breast cancer patients before and after treatment.
FIGURE 3

CT Images of representative patients before and after neoadjuvant chemoimmunotherapy (nCIT), demonstrating radiological responses according to
RECIST 1.1 Criteria (A–D) Representative CT images showing pathological complete response (pCR), partial response (PR), stable disease (SD), and
progressive disease (PD) in early-stage triple-negative breast cancer patients before and after treatment.
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followed sequentially by doses of neoadjuvant immunotherapy, and

baseline SIRI (Figures 7C, D). Higher values of these features

correlated with shorter disease-free survival, highlighting their

negative impact on long-term outcomes. These findings

underscore the critical role of tumor burden and systemic

inflammation in both treatment response and prognosis.
4 Discussion

For eTNBC, identifying effective biomarkers that can predict

the efficacy of nCIT and forecast patient prognosis will help
Frontiers in Immunology 08
optimize precise and personalized treatment strategies,

ultimately improving long-term outcomes (16). Primary

biomarkers used to predict the efficacy of nCIT include PD-L1

expression, TILs, and tumor mutational burden (TMB).

However, these biomarkers have several limitations, including

high costs, invasive procedures, and significant variability in

quantitative and diagnostic criteria for clinical utility.

Additionally, TILs analysis is not routinely performed in

clinical practice, as existing guidelines limit its utility (12–15).

Therefore, there is a pressing need to develop simple, reliable,

and cost-effective biomarkers to identify eTNBC patients likely

to respond to nCIT therapy.
TABLE 2 Univariate and multivariate analyses for non-pCR.

Characteristics
Univariate analysis Multivariate analysis

OR (95%CI) P OR (95%CI) P

T grade

T2 vs. T1 1.70 (0.47, 6.14) 0.418

T3 vs. T1 5.14 (1.17, 22.69) 0.031

Clinical stage

IIB vs. IIA 0.68 (0.25, 1.84) 0.450

IIIA vs. IIA 5.46 (1.42, 20.91) 0.013

IIIC vs. IIA 3.41 (1.00, 11.61) 0.050

Chemotherapy regimens

TCb vs. EC/AC 0.21 (0.06, 0.72) 0.014

TCb-EC/AC vs. EC/AC 0.13 (0.04, 0.47) 0.002

Others vs. EC/AC 0.63 (0.13, 3.08) 0.564

Doses of nCIT

5~6 vs. 2~4 0.26 (0.09, 0.70) 0.008

7~9 vs. 2~4 0.35 (0.14, 0.87) 0.024

Baseline platelet (>213 vs. ≤213) 3.24 (1.22, 8.63) 0.019

Baseline neutrophil (>6.015 vs. ≤6.015) 5.69 (1.53, 21.17) 0.009

Baseline lymphocyte (>1.165 vs. ≤1.165) 0.15 (0.04, 0.54) 0.004 0.08 (0.02, 0.45) 0.004

Baseline monocyte (>0.31 vs. ≤0.31) 3.19 (1.33, 7.67) 0.009 5.46 (1.62, 18.43) 0.006

Baseline NLR (>2.71 vs. ≤2.71) 3.68 (1.66, 8.15) 0.001 4.65 (1.57, 13.77) 0.005

Baseline dNLR (>-5.26 vs. ≤-5.26) 0.18 (0.05, 0.65) 0.009

Baseline PLR (>140.24 vs. ≤140.24) 5.25 (2.08, 13.21) <0.001 5.95 (1.70, 20.89) 0.005

Baseline SIRI (>2.03 vs. ≤2.03) 5.07 (1.73, 14.87) 0.003 4.77 (1.10, 20.78) 0.037

Baseline SII (>773.33 vs. ≤773.33) 3.74 (1.68, 8.33) 0.001 3.40 (1.14, 10.20) 0.029

Preoperative lymphocyte (>1.175 vs. ≤1.175) 0.52 (0.25, 1.11) 0.092

Preoperative PLR (>242.118 vs. ≤242.118) 2.71 (1.07, 6.91) 0.036

Preoperative SIRI (>0.403 vs. ≤0.403) 3.55 (1.18, 10.67) 0.024 7.45 (1.6, 34.65) 0.010
OR, odds ratio; NLR, neutrophilto-lymphocyte ratio; dNLR, derived neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SIRI, systemic inflammatory response index; SII, systemic
immune-inflammation index.
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The predictive value of hematologic inflammatory markers have

been demonstrated in nCIT pathological responses and treatment

outcomes for non-small cell lung cancer (NSCLC) and esophageal

cancer (30–34). Higher baseline NLR is associated with a lower

likelihood of achieving pCR, while elevated preoperative NLR

correlates with shorter disease-free survival (DFS) in NSCLC

patients (30). This findings suggests that hematologic inflammatory

markers play an important role in predicting the efficacy of nCIT in

malignancies. However, the specific role of hematologic

inflammatory markers in predicting efficacy in eTNBC with nCIT

remains unproven. In this retrospective study, to the best of our

knowledge, we present the comprehensive evaluation of the

predictive role of inflammatory markers, including NLR, dNLR,

PLR, SIRI, and SII, in predicting pCR and DFS in eTNBC patients

treated with nCIT. Furthermore, we assessed clinicopathological data

and morphological changes following treatment. Non-pCR group

patients exhibited higher baseline levels of NLR, PLR, SIRI, and SII

than pCR group. Elevated baseline lymphocyte counts were

independently associated with higher pCR rates, whereas increased

baseline monocytes, NLR, PLR, SIRI, SII, and preoperative SIRI were

linked to lower pCR rates. Higher baseline SIRI was also associated

with shorter DFS, while elevated preoperative lymphocytes correlated

with better DFS. The total pCR rate in this study was 49.1%, lower
Frontiers in Immunology 09
than that reported in the KEYNOTE-522 trial, possibly due to

differences regional population, clinical stage (36.6% vs. 24.7 in

KEYNOTE-522) (8), individual heterogeneity and variations in the

efficacy of difference ICIs. These results underscore the potential of

hematologic inflammatory markers as valuable predictors

of pathological response and prognosis in eTNBC patients

undergoing nCIT.

Based on these findings, we developed two nomogram models

incorporating the inflammatory marker SIRI to predict the

probability of achieving pCR and DFS in eTNBC patients

undergoing nCIT. These nomograms offer practical tools to

potentially identify patients likely to benefit from treatment without

requiring invasive biopsies or costly molecular tests. Our study

provides evidence supporting the use of SIRI as a predictive marker

for therapeutic response in eTNBC, addressing some limitations

associated with static, tissue-based, and invasive assessments. Since

SIRI utilizes routine blood parameters, it remains accessible even in

resource-limited settings where tissue biomarker tests may not be

feasible. These results suggest that clinical decisions regarding nCIT

in eTNBC should comprehensively consider clinicopathological

features, imaging characteristics, and baseline hematological

indicators, particularly SIRI, given its potential influence on pCR

and DFS outcomes. These findings suggest that the SIRI-based
TABLE 3 Univariate and multivariate analyses for DFS.

Characteristics
Univariate analysis Multivariate analysis

HR(95% CI) P value HR(95% CI) P value

T grade

T3~4 vs. T1~2 3.90 (1.30, 11.68) 0.015

N grade

N2~3 vs. N0~1 5.12 (1.57, 16.67) 0.007

Clinical stage

IIIA~IIIC vs. IIA~IIB 9.89 (2.19,44.66) 0.003

Chemotherapy regimens

TCb vs. EC/AC 0.62 (0.17, 2.30) 0.471

TCb-EC/AC vs. EC/AC 0.14 (0.02, 1.29) 0.083

Others vs. EC/AC 0.91 (0.20, 4.06) 0.897

Lymphovascular invasion (Yes vs. No) 7.29 (2.36, 22.50) 0.001

Baseline neutrophil (>6.015 vs. ≤6.015) 2.98 (0.96, 9.26) 0.059

Baseline dNLR (>-5.26 vs. ≤-5.26) 0.34 (0.11, 1.04) 0.059

Baseline SIRI (>2.03 vs. ≤2.03) 3.75 (1.24, 11.37) 0.019 15.13(1.96, 116.92) 0.009

Baseline SII (>773.33 vs. ≤773.33) 3.58 (0.98, 13.13) 0.054

Preoperative neutrophil (>2.805 vs. ≤2.805) 2.97 (0.82, 10.78) 0.099

Preoperative lymphocyte (>1.175 vs. ≤1.175) 0.21 (0.05, 0.94) 0.041 0.06 (0.01, 0.63) 0.019

Preoperative dNLR (>-2.217 vs. ≤-2.217) 0.33 (0.09, 1.18) 0.088
HR, hazard ratio; dNLR, derived neutrophil-to-lymphocyte ratio; SIRI, systemic inflammatory response index; SII, systemic immune-inflammation index.
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nomogram may offer a useful and clinically relevant tool for user-

friendly risk stratification in this patient population. Nevertheless,

external validation in multicenter cohorts is needed before clinical

adoption, as our training data were retrospectively collected from a

single institution.

Cancer-assoc ia ted inflammat ion is a hal lmark of

malignancies, playing a crucial role in chemotherapy sensitivity,

disease progression, and prognosis (20, 35–37). Systemic

inflammatory responses are primarily driven by immune cells,

cytokines, and soluble mediators (38, 39). Among emerging
Frontiers in Immunology 10
biomarkers, the SIRI has been identified as a reliable indicator

of immune-inflammatory homeostasis and has gained increasing

attention for its relevance in immunotherapy (40). Chronic

inflammation fosters an immunosuppressive microenvironment

by inducing immune exhaustion, thereby weakening antitumor

responses (41, 42). Tumor-associated neutrophils contribute to

immunotherapy resistance by promoting immunosuppression,

disrupting antigen presentation, and inhibiting T and NK cell

activation. Additionally, they facilitate immune evasion through

ROS-induced DNA damage, leading to tumor antigen loss or
FIGURE 5

Kaplan-Meier Curves for Disease-Free Survival (DFS) in breast cancer patients after neoadjuvant chemoimmunotherapy (nCIT) (A) DFS rates in all
patients (N=112) with early-stage triple-negative breast cancer after nCIT. (B) DFS rates in patients achieving pCR compared to those with non-pCR
after nCIT. (C) Prognostic value of baseline systemic inflammatory response index (SIRI) for DFS. (D) Prognostic value of preoperative lymphocyte
levels for DFS.
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FIGURE 6

Development and performance of the nomograms for predicting pathological complete response (pCR) and Disease-Free Survival (DFS) in early-
stage triple-negative breast cancer (eTNBC) patients following neoadjuvant chemoimmunotherapy (nCIT) (A) Nomogram for predicting the
probability of pCR based on clinicopathological factors and systemic inflammatory response index (SIRI). (B) Nomogram for predicting the
probability of DFS based on clinicopathological factors and SIRI. (C–E) Calibration plots for predicting pCR (C), 1 year DFS (D), 2 year DFS (E) in
eTNBC patients after nCIT. (F, G) Receiver operating characteristic (ROC) curves of the nomogram for predicting pCR and DFS in eTNBC patients
after nCIT.
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mutation, and by modulating epigenetic pathways via exosomes

(43–45). Monocytes also play a pivotal role in resistance, with a

specific immunosuppressive subpopulation significantly expanded

in treatment-resistant patients. This subset enhances immune

evasion by inducing SOCS3 expression in CD4+ T cells (46).

These findings underscore the critical role of inflammation in

shaping the tumor immune landscape and influencing

therapeutic outcomes.

Despite the valuable insights gained from this study, several

limitations remain. First, as a retrospective study conducted at a

single center, selection bias is inevitable. Additionally, the relatively

small sample size and limited follow-up period may have constrained

the ability to capture comprehensive long-term prognostic outcomes.

Future investigations should focus on expanding the cohort and

incorporating longer follow-up durations. Moreover, prospective and
Frontiers in Immunology 12
multicenter studies are essential to validate these findings and

enhance their generalizability.
5 Conclusion

Hematologic inflammatory markers are cost-effective and

convenient biomarkers for predicting the prognosis and treatment

efficacy of eTNBC patients undergoing nCIT. The developed

nomograms, incorporating the inflammatory marker SIRI,

demonstrated high accuracy in estimating the probability of pCR

and DFS in eTNBC patients treated with nCIT. These findings may

assist clinicians in formulating personalized therapeutic strategies

for eTNBC patients receiving nCIT.
FIGURE 7

SHapley Additive exPlanations (SHAP) analysis showing feature importance for pathological complete response (pCR) and disease-free survival (DFS)
prediction. (A) SHAP summary plot for pCR. (B) Mean SHAP values for each feature in pCR prediction. (C) SHAP summary plot for DFS. (D) Mean
SHAP values for each feature in DFS prediction.
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