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Purpose: To construct a novel immune-inflammatory-nutritional (IIN) score based on peripheral blood biomarkers related to
inflammation, immunity, and nutrition, and to predict the efficacy of neoadjuvant chemotherapy (NAC) in patients with triple-
negative breast cancer (TNBC).

Patients and Methods: We retrospectively selected 431 patients with TNBC from Xijing Hospital, and then randomly divided the
patients into a training set and an internal validation set in a ratio of 7:3. An external validation set was included with 154 patients selected
from West China Hospital of Sichuan University. In the training set, patients were divided into the pathological complete response (pCR)
group and the non-pathological complete response group. Univariate logistic regression analysis and LASSO regression analysis were used
to select biomarkers that affect the efficacy of NAC in TNBC patients and to construct the IIN score. A nomogram model was constructed
based on the IIN score and clinical pathological characteristics to predict whether TNBC patients could achieve pCR after NAC before
treatment. The predictive performance and clinical application value of the nomogram model were assessed using the receiver operating
characteristic (ROC) curve, calibration curve, decision curve analysis, and confusion matrix.

Results: Through LASSO regression analysis, 6 biomarkers were ultimately identified to construct the scoring system. A nomogram
model was constructed based on the IIN score and clinical pathological characteristics, and the ROC curve showed the areas under the
curve to be 0.827, 0.786, and 0.754 in the training set, internal validation set, and external validation set, respectively. Calibration
curves, decision curves, and confusion matrices all demonstrated that the nomogram model exhibited robust predictive performance
and holds certain clinical application value.

Conclusion: The nomogram model based on the IIN score offers high predictive performance and can accurately predict the efficacy
of NAC in TNBC patients before treatment, highlighting its clinical application potential.

Keywords: triple-negative breast cancer, immune-inflammatory-nutritional score, pathological complete response, neoadjuvant
chemotherapy, nomogram
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Introduction

Breast cancer is a malignant tumor that originates from epithelial cells of the mammary gland. According to the
GLOBOCAN 2022 report, breast cancer has the highest incidence rate among women and is the leading cause of cancer-
related mortality in females.! Triple-negative breast cancer (TNBC) is the most aggressive subtype of breast cancer,
characterized by the absence of expression of estrogen receptors, progesterone receptors, and human epidermal growth
factor receptor 2 (HER2), accounting for approximately 12% to 17% of all breast cancer cases.” Due to the absence of
effective endocrine therapies and molecular-targeted treatments for TNBC, chemotherapy has become the primary
treatment method in addition to surgery. Neoadjuvant chemotherapy (NAC) refers to the administration of chemother-
apeutic drugs before surgery, which can reduce tumor volume and create opportunities for surgery, thereby improving
patient prognosis. Studies have confirmed that patients who achieve pathological complete response (pCR) after NAC
have better long-term outcomes.’ However, due to the heterogeneity of tumors, not all patients benefit from NAC. Some
patients experience tumor progression during treatment, missing the optimal timing for surgical treatment. Therefore,
predicting the efficacy of NAC through clinical indicators before treatment is of significant importance.

Recent studies have indicated that inflammation, immune function, and nutritional status are closely related to the
occurrence and progression of tumors.*® Certain biomarkers related to inflammation, immunity, and nutrition, based on
peripheral blood indicators, have significant value in predicting the efficacy of cancer treatment and prognosis.” ° For
instance, the neutrophil-to-lymphocyte ratio (NLR) is a typical peripheral blood inflammatory biomarker, and researchers
have found that it has substantial value in predicting the efficacy of NAC and the prognosis of patients with esophageal
squamous cell carcinoma.'® In TNBC, patients with a low NLR before NAC are more likely to achieve pCR and have
a better long-term prognosis.'""'? The nutritional risk index (NRI) is a peripheral blood biomarker that reflects the body’s
nutritional and immune status and can serve as a strong prognostic marker for patients with head and neck tumors."?
Additionally, the NRI can predict the prognosis of breast cancer patients, with patients having a high NRI exhibiting
longer disease-free survival (DFS) and overall survival (OS).'* However, a single peripheral blood biomarker cannot
fully reflect the patient’s inflammatory, immune function, and nutritional status. Combining these biomarkers may better
reflect the actual situation. This study analyzed the relationship between peripheral blood biomarkers related to
inflammation, immunity, and nutrition and the efficacy of NAC in patients with TNBC, with the aim of developing
a new predictive model known as the immune-inflammatory-nutritional (IIN) score. Furthermore, a nomogram was
constructed based on the IIN score and other clinical pathological features to predict treatment effects before NAC and
guide clinical decision-making.

Materials and Methods
Study Cohort

A retrospective analysis was conducted on breast cancer patients admitted to Xijing Hospital (institution 1) from
January 2018 to December 2023, totaling 6967 cases. The inclusion criteria were as follows: pathological puncture
specimens diagnosed as TNBC by immunohistochemistry (IHC) and fluorescence in situ hybridization (FISH); received
complete NAC; had no acute or chronic inflammation, hematologic disorders, or autoimmune diseases before NAC;
underwent blood routine and liver and kidney function tests within one week before NAC; and underwent surgical
treatment after NAC. The exclusion criteria included: inability to tolerate NAC or incomplete NAC process; concurrent
other systemic malignant tumors; and incomplete clinical data. After screening according to the inclusion and exclusion
criteria, a total of 431 patients were included in the study. Subsequently, patients were randomly divided into a training
set (n=303) and an internal validation set (n=128) in a ratio of 7:3 using R software package “caret”. From June 2021 to
June 2023, 154 patients admitted to West China Hospital of Sichuan University (institution 2) were included in the
external validation set. The specific screening process is illustrated in Figure 1. This study was approved by the ethics
committee of Xijing Hospital, with the ethical number: KY-20232266-C-1. In addition, approval has been obtained from
West China Hospital of Sichuan University (ethical number: 2020-427). Informed consent was obtained from each
patient. This study strictly adhered to the Declaration of Helsinki.
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Data of breast cancer patients from institution 1 between Jan 2018 and Dec 2023
(n1=6967) and institution 2 between Jun 2021 and Jun 2023 (n2=2115)

Excluded for the following reasons (n1=6536, ng=1961):
1. patients who did not have the TNBC molecular subtype (n1=5991, n2=1798)

2. patients without receiving NAC or NAC process was incomplete (n1 =173, ng=86)
3. patients with inflammation, blood system diseases, or autoimmune diseases before

—
NAC (n1=189, n2=42)
4. patients without undergoing blood routine examination before starting NAC (n1=152,
nz=25)
5. incomplete or missing medical records (n1=31, n2=10)
4

Patients in this retrospective study (n1=431, n2=154)

v v v

Training set (n=303) Internal validation set (n=128) External validation set (n=154)
pCR=123, non-pCR=180 pCR=47, non-pCR=81 pCR=59, non-pCR=95

Figure | Flowchart for selecting the study population.
Abbreviations: TNBC, triple-negative breast cancer; NAC, neoadjuvant chemotherapy; pCR, pathological complete response; non-pCR, non-pathological complete
response.

NAC Regimens and Efficacy Assessment

The NAC regimens, based on anthracycline and taxane classes, included the AC-T, TAC, and TC protocols. The AC-T
regimen consisted of four cycles of doxorubicin (100mg/m?) and cyclophosphamide (600mg/m?), followed by four
cycles of docetaxel (100mg/m?) or twelve cycles of paclitaxel (80mg/m?). The TAC regimen comprised six cycles of
docetaxel (75mg/m?), doxorubicin (50mg/m?), and cyclophosphamide (500mg/m?). The TC regimen involved four cycles
of docetaxel (75mg/m?) and cyclophosphamide (600mg/m?).

The NAC was followed by surgery, and the efficacy of the NAC was assessed through the surgical specimens.
According to the pathology, the efficacy was divided into pCR and non-pathological complete response (non-pCR). pCR
is defined as the absence of invasive cancer in the primary lesion of the breast (with the possibility of existence of ductal
carcinoma in situ) and negative regional lymph nodes."’

Date Collection

Clinical and pathological data of patients were collected from the medical record system, including age, body mass index
(BMI), family history of cancer, menstrual status, cT stage, cN stage, histological subtype, histological grade, HER2
expression level, Ki-67, p53 status, androgen receptor (AR) status, as well as hematological indicator data within one
week before the first NAC. The HER2 expression level was categorized based on IHC and FISH as 0, 1+, and 2+ with
FISH-negative; Ki-67 was considered low expression with positive cell count <30%, and high expression with >30%;'°
p53 was considered positive if there was any staining in tumor cells, regardless of the number of positive cells; AR was
considered negative with positive cell count <1%, and positive with >1%. The collected hematological indicators
included neutrophil count, lymphocyte count, platelet count, monocyte count, hemoglobin level, and albumin level.
A total of 11 peripheral blood biomarkers related to inflammation, immunity, and nutrition were included in this study,
and the calculation formulas are provided in Table 1.
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Table | The Calculation Formulas of || Peripheral Blood Biomarkers Related to Inflammation, Immunity, and Nutrition

Immune-Inflammatory-Nutritional Biomarkers | Abbreviations | Calculation Formulas

Neutrophil-to-lymphocyte ratio NLR Neutrophil(10%/L)/lymphocyte(10°/L)

Platelet-to-lymphocyte ratio PLR Platelet(I09/L)/Iymphocyte(I09/L)

Lymphocyte-to-monocyte ratio LMR Lymphocyte(10°/L)/monocyte(10°/L)

Neutrophil-to-monocyte ratio NMR Neutrophil(10%/L)/monocyte(10°/L)

Systemic immune-inflammatory index sl Platelet(10°/L)xneutrophil(10%/L)/lymphocyte(10°/L)

Systemic inflammation response index SIRI Neutrophil(10%/L)xmonocyte(10°/L)/lymphocyte(10%/L)
Advanced lung cancer inflammation index ALl BMI(kg/m?)*albumin(g/L)/NLR

Hemoglobin, albumin, lymphocyte, and platelet score HALP Hemoglobin(g/L)Xalbumin(g/L)lemphocyte(I09/L)/platelet(I09/L)
Pan-immune-inflammation value PIV Monocyte(10°/L)xplatelet(10%/L)xneutrophil(10°/L)/lymphocyte(10°/L)
Nutritional risk index NRI I.519x%albumin(g/L)+41.7%actual body weight/ideal body weight®
Prognostic nutritional index PNI AIbumin(g/L)+5lemphocyte(I09/L)

Notes: *The ideal body weight is calculated by the Lorenz formula. The ideal body weight for women=height-100-[(height-150)/2.5]. When the actual body weight is greater
than the ideal body weight, the actual body weight/ideal body weight is taken as I.

lIN Score Construction

First, in the training set, univariate logistic regression analysis was performed to screen for biomarkers that affect the
efficacy of NAC. Biomarkers with a P-value less than 0.05 were used for further analysis. Subsequently, the predictive
value of these biomarkers was assessed using the least absolute shrinkage and selection operator (LASSO) regression
analysis, which could minimize the risk of overfitting and address collinearity issues. The R software package “glmnet”
was used to perform LASSO regression. A 10-fold cross-validation method was employed with deviance as the
evaluation metric, ultimately selecting the lambda value corresponding to the minimum deviance for subsequent analysis.
Finally, IIN score was calculated based on the biomarkers with non-zero coefficients. The formula for the IIN score was:
IIN score = B;xValue;+f,xValue,+.+p,xValue,, where B represents the regression coefficient of the corresponding
biomarker, and Value represents the value of the corresponding biomarker. The IIN score for each patient was calculated.
At the same time, the coefficients derived from the training set were used to calculate the patient IIN score in the internal
and external validation sets to evaluate the effectiveness of the model.

Predictive Value of IIN Score

To explore whether the IIN score was associated with adverse clinical and pathological features, we compared the 1IN
score differences among subgroups of various clinical and pathological characteristics and presented the results in box
plots. The receiver operating characteristic (ROC) curve was plotted based on the IIN score, and its predictive
performance was evaluated according to the area under the curve (AUC).

Construction and Validation of Nomogram

In order to validate the IIN score as an independent factor influencing the efficacy of NAC, the IIN score was
incorporated as a variable, in conjunction with other clinical and pathological parameters, for both univariate and
multivariate logistic regression analyses. Variables that exhibit a P-value less than 0.05 in the multivariate logistic
regression analysis were included in the construction of a nomogram. The predictive performance of the nomogram was
illustrated using ROC curves and calibration curves. Decision curve analysis was utilized to evaluate the clinical value of
the nomogram in practical applications.

Statistical Analysis

Statistical analyses were performed using R 4.0.5. Categorical variables were described using frequencies and percen-
tages, and comparisons between groups were made using the chi-square test or Fisher’s exact tests. Continuous variables
with a normal distribution were described using the mean + standard deviation (SD), and group comparisons were made
using the #-test or one-way ANOVA. Continuous variables with a non-normal distribution were described using the
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median and interquartile range (IQR), and group comparisons were made using the Mann—Whitney U-test or Kruskal—
Wallis H-test. A P-value less than 0.05 was considered to indicate statistical significance.

Results

Baseline Characteristics

The baseline characteristics of the training set, internal validation set, and external validation set are presented in Table 2.
The average age of the patients in the training set was 47.86+10.61 years, with 123 cases (40.6%) achieving pCR; the
average age of the patients in the internal validation set was 48.05+10.59 years, with 47 cases (36.7%) achieving pCR. In
the external validation set, the average age of the patients was 48.64+10.78 years, with 59 cases (38.3%) achieving pCR.
There was no difference in the pCR rates among the three cohorts (P=0.730).

Table 2 Clinical Characteristics of Patients in This Study

Characteristics Training Set (n=303) | Internal Validation Set (n=128) | External Validation Set (n=154) | P value
Age (years), mean (SD) | 47.86 (10.61) 48.05 (10.59) 48.64 (10.78) 0.808
BMI, median (IQR) 23.44 (21.48-25.64) 23.08 (21.49-25.40) 23.34 (21.48-25.59) 0.738
Menopausal status 0.160
Premenopausal 166 (54.8%) 64 (50.0%) 70 (45.5%)
Postmenopausal 137 (45.2%) 64 (50.0%) 84 (54.5%)
Family history of cancer 0.021
Yes 46 (15.2%) 20 (15.6%) 39 (25.3%)
No 257 (84.8%) 108 (84.4%) 115 (74.7%)
Histologic subtype 0.415
Ductal carcinoma 284 (93.7%) 121 (94.5%) 140 (90.9%)
Others 19 (6.3%) 7 (5.5%) 14 (9.1%)
Histologic grade 0.393
Gl 12 (4.0%) 9 (7.0%) -
G2 112 (37.0%) 47 (36.7%) -
G3 179 (59.0%) 72 (56.3%) -
cT stage 0.327
cTl 38 (12.5%) 14 (10.9%) 15 (9.8%)
cT2 176 (58.1%) 76 (59.4%) 80 (51.9%)
cT3 49 (16.2%) 18 (14.1%) 25 (16.2%)
cT4 40 (13.2%) 20 (15.6%) 34 (22.1%)
cN stage <0.001
cNO 79 (26.1%) 33 (25.8%) 25 (16.2%)
cNI 161 (53.1%) 73 (57.0%) 66 (42.9%)
cN2 34 (11.2%) 12 (9.4%) 25 (16.2%)
cN3 29 (9.6%) 10 (7.8%) 38 (24.7%)
Ki-67 0.888
Low 30 (9.9%) 12 (9.4%) 17 (11.0%)
High 273 (90.1%) 116 (90.6%) 137 (89.0%)
AR status 0.923
Negative 195 (64.4%) 83 (64.8%) -
Positive 108 (35.6%) 45 (35.2%) -
HER?2 status 0.006
0 I'15 (38.0%) 53 (41.4%) 83 (53.9%)
I+ 117 (38.6%) 39 (30.5%) 48 (31.2%)
2+/FISH- 71 (23.4%) 36 (28.1%) 23 (14.9%)
(Continued)
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Table 2 (Continued).

Characteristics Training Set (n=303) | Internal Validation Set (n=128) | External Validation Set (n=154) | P value
p53 status 0.457

Negative 69 (22.8%) 25 (19.5%) -

Positive 234 (77.2%) 103 (80.5%) -
NLR, median (IQR) 2.28 (1.69-3.15) 2.20 (1.69-2.90) 2.24 (1.77-2.93) 0.755
PLR, median (IQR) 143.93 (113.07-190.24) | 139.62 (111.18-183.08) 131.05 (97.31-170.20) 0.044
LMR, median (IQR) 4.46 (3.41-5.33) 4.65 (3.77-6.03) 4.68 (3.37-6.31) 0.058
NMR, median (IQR) 10.00 (8.07-12.41) 10.67 (7.91-13.07) 10.69 (8.47-13.52) 0.187
Sll, median (IQR) 535.38 (352.68-752.23) | 514.36 (363.77-729.71) 473.79 (353.19-716.95) 0.597
SIRI, median (IQR) 0.88 (0.59-1.24) 0.78 (0.56-1.17) 0.79 (0.54-1.33) 0.491
ALl, median (IQR) 458.10 (341.47-637.43) | 486.79 (371.71-641.46) 473.09 (338.52-651.68) 0.762
HALP, median (IQR) 41.70 (32.51-53.80) 43.42 (31.17-54.25) 45.47 (33.64-60.06) 0.162
NRI, median (IQR) 109.66 (107.02-112.49) | 109.43 (106.11-111.78) 109.60 (106.64—113.54) 0.700
PIV, median (IQR) 196.99 (120.94-312.00) | 183.25 (123.86-281.79) 173.72 (107.38-303.25) 0.384
PNI, median (IQR) 53.65 (51.25-56.05) 53.53 (51.00-56.60) 53.60 (51.25-56.13) 0.868
Treatment response 0.730

pCR 123 (40.6%) 47 (36.7%) 59 (38.3%)

non-pCR 180 (59.4%) 81 (63.3%) 95 (61.7%)

Abbreviations: SD, meantstandard deviation; IQR, interquartile range; BMI, body mass index; AR, androgen receptor; HER2, human epidermal growth factor
receptor 2; FISH, fluorescence in situ hybridization; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio;
NMR, neutrophil-to-monocyte ratio; Sll, systemic immune-inflammatory index; SIRI, systemic immune-inflammation index; ALI, advanced lung cancer inflammation
index; HALP, hemoglobin, albumin, lymphocyte, and platelet score; NRI, nutritional risk index; PIV, pan-immune-inflammation value; PNI, prognostic nutritional index;
pCR, pathological complete response; non-pCR, non-pathological complete response.

[IN Score

Univariate logistic regression analysis was performed on 11 peripheral blood biomarkers related to inflammation,
immunity, and nutrition. The results indicated that 8 biomarkers were associated with the efficacy of NAC (Table 3).
Further LASSO regression analysis revealed that 6 biomarkers with non-zero coefficients were closely related to achieving
pCR after NAC (Figure 2A and B). These 6 biomarkers were NLR, lymphocyte-to-monocyte ratio (LMR), systemic
immune-inflammation index (SIRI), hemoglobin, albumin, lymphocyte, and platelet score (HALP), NRI, and pan-immune-

Table 3 Univariate Logistic Analysis of || Biomarkers Between pCR Patients and Non-pCR Patients
in the Training Set

Biomarkers Treatment Response OR 95% CI P value
PCR (n=123) non-pCR (n=180)

NLR, median (IQR) | 2.24 (1.50-3.22) 2.53 (2.29-3.14) 0.750 | 0.604-0.931 | 0.009
PLR, median (IQR) 140.73 (109.49-171.73) | 146.35 (118.02—185.86) | 0.995 | 0.991-1.028 | 0.129
LMR, median (IQR) | 5.02 (3.98-5.89) 4.40 (3.36-5.29) 1.293 | 1.117-1.497 | 0.011
NMR, median (IQR) | 9.82 (7.83-12.89) 10.24 (8.24-12.36) 0.979 | 0.933-1.027 | 0.276
Sll, median (IQR) 504.89 (346.88-722.39) | 566.40 (368.63-812.48) | 0.999 | 0.998-1.000 | 0.030
SIRI, median (IQR) 0.82 (0.52-1.12) 0.90 (0.73-1.28) 0.642 | 0.420-0.981 | 0.021
ALI, median (IQR) 462.38 (341.47-680.40) | 453.60 (341.28-614.09) | 1.001 | 0.997-1.002 | 0.086
HALP, median (IQR) | 43.02 (37.37-53.23) 41.54 (28.30-50.97) 1.016 | 1.002-1.030 | 0.018
NRI, median (IQR) 109.60 (106.60—111.95) | 104.83 (102.17-107.49) | 1.346 | 1.246—1.455 | <0.001
PNI, median (IQR) 53.60 (52.30-55.85) 52.75 (49.96-55.09) I.101 | 1.033-1.174 | 0.013
PIV, median (IQR) 179.94 (110.25-293.71) | 207.02 (132.08-334.44) | 0.916 | 0.887-0.934 | 0.017

Abbreviations: IQR, interquartile range; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lympho-
cyte-to-monocyte ratio; NMR, neutrophil-to-monocyte ratio; Sll, systemic immune-inflammatory index; SIRI, systemic immune-
inflammation index; ALI, advanced lung cancer inflammation index; HALP, hemoglobin, albumin, lymphocyte, and platelet score;
NRI, nutritional risk index; PIV, pan-immune-inflammation value; PNI, prognostic nutritional index; pCR, pathological complete

response; non-pCR, non-pathological complete response; OR, odds ratio; Cl, confidence interval.
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Figure 2 Construction of the IIN score. (A) Partial likelihood deviance for LASSO coefficient profiles. (B) LASSO coefficient profiles of 8 biomarkers related to
inflammation, immunity, and nutrition. (C) The 6 biomarkers involved in the construction of the score. (D) Heatmap of the correlations of the 6 biomarkers.
Abbreviations: [IN, immune-inflammatory-nutritional; LASSO, Least absolute shrinkage and selection operator; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-
monocyte ratio; SIRI, systemic immune-inflammation index; HALP, hemoglobin, albumin, lymphocyte, and platelet score; NRI, nutritional risk index; PIV, pan-immune-
inflammation value.

inflammation value (PIV). The IIN score was calculated as follows: IIN score = NLRx0.00124-LMRx0.11805-SIRI*O0.
11408+HALPx*0.11070-NRI*0.03192+PIVx0.01507 (Figure 2C). Spearman correlation analysis was conducted on the
biomarkers included in the IIN score, and a heatmap was plotted, showing that there was no high correlation among these 6
biomarkers, with correlation coefficients all within the range of —0.7 and 0.7 (Figure 2D). Clinical correlation analysis
results indicated significant differences in the IIN score between cT stage (Figure 3). Patients with earlier c¢T stage had
relatively higher IIN score, while those with later stage had relatively lower IIN score. This suggests that the IIN score was
correlated with adverse tumor characteristics. The ROC curve based on the score had AUC values of 0.766, 0.734, and
0.723 in the training set, internal validation set, and external validation set, respectively, indicating that the IIN score had
a relatively high predictive ability (Figure 4B—D). Additionally, we constructed prediction models using single biomarkers
(Figure S1). The results demonstrated that the 1IN score significantly enhanced predictive performance. This provided
compelling evidence supporting the practical application of the IIN score.

Nomogram

In the training set, the score, along with other clinical and pathological parameters, was subjected to univariate and
multivariate logistic regression analyses. The univariate results indicated that cT stage, cN stage, Ki-67, and the IIN score
were associated with achieving pCR after NAC (Table 4). The multivariate analysis revealed that cT stage, Ki-67, and the
IIN score were independent factors affecting the efficacy of NAC (Table 5). A nomogram model was constructed based
on these three independent factors (Figure 4A). The ROC curve demonstrated that the AUC values of the nomogram
model were 0.827, 0.786, and 0.754 for the training set, internal validation set, and external validation set, respectively
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Figure 3 Differential analysis of the distribution of the IIN score in different clinicopathologic features.
Abbreviations: |IN, immune-inflammatory-nutritional; BMI, body mass index; HER2, human epidermal growth factor receptor 2; AR, androgen receptor.

(Figure 4B-D). Calibration curve also showed that the predicted outcomes by the nomogram model were highly
consistent with the actual outcomes (Figure 5SA—C). Overall, the nomogram model constructed based on the 1IN score
and clinical pathological characteristics exhibited certain discrimination and calibration capabilities. Furthermore, by
quantifying the net benefits at different threshold probabilities, we conducted decision curve analysis to evaluate the
clinical utility of the nomogram model. The decision curve indicated that the nomogram model provided high net benefits
for patients (Figure 5SD-F). We also plotted a confusion matrix to further visualize the predictive performance of the
nomogram model (Figure 5G-I). Table 6 detailed the predictive performance of the IIN score and the nomogram model
across the three cohorts.

Discussion

NAC has become the standard treatment for downstaging and downsizing in breast cancer. Patients who achieve pCR
after NAC have longer DFS and OS.'” Moreover, patients with pCR can also benefit from breast-conserving surgery, and
may even forgo surgery without the need for mastectomy.'®'® However, the gold standard for pCR assessment depends
on the pathological results of the surgical specimen after NAC. Accurately predicting the efficacy of NAC before surgery
can not only identify the population likely to benefit from NAC but also enable patients to benefit from different surgical
strategies. This provides significant value for clinical diagnosis and treatment.

Immune and inflammatory responses play a crucial role in the occurrence and progression of cancer.”’' The cytokine
microenvironment created by cytotoxic T cells and helper T cells can inhibit the growth of tumor cells.”* The tumor-
associated microenvironment attracts the recruitment of tumor-associated neutrophils by secreting chemokines, cyto-
kines, and hydrogen peroxide, then reshapes the extracellular matrix or releases matrix metalloproteinases 8/9, thereby
affecting tumor progression. Tumor-associated neutrophils can also interact with CD8+ T cells to induce immune

. . . . . 2324 .. .
suppression or activation, promoting tumor progression. 324 In addition, tumor-associated macrophages also promote
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Figure 4 Construction and validation of the nomogram. (A) Development of the nomogram in the training set, incorporating cT stage, Ki-67 and IIN score. Receiver
operating characteristic curves of the IIN score and the nomogram model in the training set (B), internal validation set (C), and external validation set (D).
Abbreviations: |IN, immune-inflammatory-nutritional; AUC, area under the curve.

the occurrence and development of cancer through immune suppression, extracellular matrix reconstruction, and

angiogenesis.”> Monocytes can regulate tumor metastasis by stimulating the aggregation of natural killer cells and

enhancing immune surveillance.?®

Table 4 Univariate Logistic Analysis of Patients with pCR Versus Those Without in the Training Set

Characteristics Treatment Response OR (95% CI) P value
PCR (n=123) non-pCR (n=180)

Age (years), mean (SD) | 47.02 (10.32) 48.44 (10.80) 0.987 (0.966—1.009) | 0.255
BMI, median (IQR) 23.44 (20.70-25.71) | 23.50 (21.83-25.61) | 0.959 (0.888-1.035) | 0.277
Menopausal status

Premenopausal 68 (55.3%) 98 (54.4%) Reference

Postmenopausal 55 (44.7%) 82 (45.6%) 0.967 (0.610-1.533) | 0.885
Family history of cancer

Yes 14 (11.4%) 32 (17.8%) Reference

No 109 (88.6%) 148 (82.2%) 1.683 (0.857-3.306) | 0.130
Histologic subtype

Ductal carcinoma 115 (93.5%) 169 (93.9%) 0.936 (0.365-2.398) | 0.890

Others 8 (6.5%) Il (6.1%) Reference

(Continued)
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Table 4 (Continued).

Characteristics Treatment Response OR (95% CI) P value
pCR (n=123) non-pCR (n=180)

Histologic grade

Gl 5 (4.1%) 7 (3.9%) Reference

G2 49 (39.8%) 63 (35.0%) 1.089 (0.326-3.640) | 0.890

G3 69 (56.1%) 110 (61.1%) 0.878 (0.268-2.876) | 0.830
cT stage

cTl 21 (17.1%) 17 (9.5%) Reference

cT2 78 (63.4%) 98 (54.4%) 0.644 (0.318-1.304) | 0.222

cT3 Il (8.9%) 38 (21.1%) 0.234 (0.093-0.592) | 0.002

cT4 13 (10.6%) 27 (15.0%) 0.390 (0.155-0.978) | 0.045
cN stage

cNO 41 (33.4%) 38 (21.1%) Reference

cNI 61 (49.6%) 100 (55.6%) 0.565 (0.328-0.974) | 0.040

cN2 11 (8.9%) 23 (12.8%) 0.443 (0.191-1.030) | 0.059

cN3 10 (8.1%) 19 (10.5%) 0.488 (0.202-1.181) | O.111
Ki-67

Low 6 (4.9%) 24 (13.3%) Reference

High 117 (95.1%) 156 (86.7%) 3.000 (1.188-7.574) | 0.020
AR status

Negative 84 (68.3%) 111 (61.7%) 1.339 (0.825-2.173) | 0.238

Positive 39 (31.7%) 69 (38.3%) Reference
HER?2 status

0 47 (38.2%) 68 (37.8%) Reference

I+ 48 (39.0%) 69 (38.3%) 1.006 (0.596-1.699) | 0.981

2+/FISH- 28 (22.8%) 43 (23.9%) 0.942 (0.515-1.723) | 0.847
p53 status

Negative 21 (17.1%) 48 (26.7%) Reference

Positive 102 (82.9%) 132 (73.3%) 1.766 (0.995-3.136) | 0.052
IIN score, median (IQR) | 4.66 (3.10-5.78) 3.81 (2.61-5.13) I.181 (1.061-1.314) | 0.002

Abbreviations: SD, meantstandard deviation; IQR, interquartile range; BMI, body mass index; AR, androgen receptor;
HER2, human epidermal growth factor receptor 2; FISH, fluorescence in situ hybridization; IIN, immune-inflammatory-
nutritional; pCR, pathological complete response; non-pCR, non-pathological complete response; OR, odds ratio; Cl,

confidence interval.

Table 5 Multivariate Logistic Analysis of Patients
with pCR Versus Those Without in the Training Set

Characteristics | OR (95% CI) P value
cT stage
cTl Reference
cT2 0.498 (0.233-1.065) | 0.072
cT3 0.192 (0.072-0.515) | 0.001
cT4 0.346 (0.130-0.921) | 0.034
cN stage
cNO Reference
cNI 0.562 (0.314—1.115) | 0.064
cN2 0.508 (0.208-1.240) | 0.137
cN3 0.437 (0.171-1.117) | 0.084
(Continued)
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Table 5 (Continued).

Characteristics | OR (95% CI) P value
Ki-67

Low Reference

High 3.347 (1.252-8.947) | 0.016
1IN score 1.189 (1.061-1.332) | 0.003

Abbreviations: IIN, immune-inflammatory-nutritional; OR,
odds ratio; Cl, confidence interval.

It is widely acknowledged that liquid biopsy is the optimal choice for predicting the therapeutic response of malignant
tumors or monitoring long-term recurrence and metastasis. The key step in liquid biopsy is the isolation of tumor-associated
substances from blood or other body fluids, which helps to overcome population bias and reduce analysis time.?” Peripheral
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Figure 5 Calibration curves for the nomogram in the training set (A), internal validation set (B), and external validation set (C). Decision curve analysis for the nomogram
in the training set (D), internal validation set (E), and external validation set (F). Confusion matrix for the nomogram in the training set (G), internal validation set (H), and

external validation set (I).

Abbreviations: pCR, pathological complete response; non-pCR, non-pathological complete response.
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Table 6 Predictive Performance of the Two Models in the Training Set, Internal
Validation Set and External Validation Set

Dataset Model AUC | Acc | Sen Spe PPV | NPV

Training set IIN score 0.766 | 0.723 | 0.707 | 0.733 | 0.644 | 0.786
Nomogram | 0.827 | 0.782 | 0.650 | 0.872 | 0.777 | 0.785
Internal validation set | IIN score 0.734 | 0.789 | 0.532 | 0.938 | 0.833 | 0.776
Nomogram | 0.786 | 0.680 | 0.872 | 0.568 | 0.539 | 0.885
External validation set | IIN score 0.713 | 0.734 | 0.525 | 0.863 | 0.705 | 0.745
Nomogram | 0.744 | 0.753 | 0.542 | 0.884 | 0.744 | 0.757

Abbreviations: IIN, immune-inflammatory-nutritional; AUC, area under the curve; Acc, accuracy; Sen,
sensitivity; Spe, specificity; PPV, positive predictive value; NPV, negative predictive value.

blood testing is widely applied in clinical settings due to its low cost, convenience, stability, and high reproducibility. Studies
have confirmed that certain inflammatory, immune, and nutritional biomarkers in peripheral blood are closely related to the
efficacy and prognosis of cancer treatment. The systemic immune-inflammatory index is associated with the prognosis of
colorectal and liver cancer patients and can serve as a potential prognostic predictor.”**’ Platelet-to-lymphocyte ratio (PLR) is
related to the efficacy of NAC in gastric cancer patients, with better treatment outcomes observed in patients with a low PLR
before treatment.’*° However, the predictive power of a single biomarker is limited, making the integration of multiple
markers essential. We collected 11 peripheral blood biomarkers related to inflammation, immunity, and nutrition, and
ultimately selected 6 to construct the IIN score. To the best of our knowledge, this was the first study to integrate multiple
biomarkers into the 1IN score to predict the efficacy of NAC in TNBC patients.

The IIN score is composed of 6 biomarkers, namely NLR, LMR, SIRI, HALP, NRI and PIV. Elevated NLR indicates
a reduction in lymphocytes, an increase in neutrophils, or both, reflecting a relatively weak immune system that is unable
to suppress the progression of cancer. Numerous studies have demonstrated that NLR is correlated with the efficacy and
prognosis of NAC in TNBC patients, which is consistent with our findings."'*' LMR, representing the ratio of peripheral
white blood cell count to monocyte count, is one of the best markers, since high LMR levels synergize with
chemotherapy drugs to increase drug sensitivity and improve the efficacy of NAC.*?> Our study suggested that TNBC
patients with high LMR levels before NAC were more likely to achieve pCR. Currently, no studies have reported the
impact of LMR levels on the efficacy of NAC in TNBC patients. However, studies have confirmed that LMR levels are
an independent factor affecting the efficacy and prognosis of NAC in breast cancer patients.*> SIRI, a composite
inflammatory biomarker based on neutrophil count, monocyte count, and lymphocyte count, has been shown in previous
studies to predict the efficacy and prognosis of NAC in breast cancer patients.***> We found that in TNBC, patients with
low SIRI levels before NAC had better treatment outcomes. HALP is a composite indicator that comprehensively
assesses the nutritional status and inflammatory stress response of the body. Previous studies have reported that TNBC
patients with low HALP levels before NAC have a lower pCR rate and worse prognosis.>® Our study also confirmed this.
Nutritional status is closely related to immune function and the development of tumors. NRI, which includes changes in
patient weight, can effectively reflect the nutritional status of patients. NRI is an independent factor affecting the
prognosis of breast cancer patients, and there are fewer reports on its relationship with the efficacy of NAC.*” Our
study suggested that NRI could predict the efficacy of NAC in TNBC patients, with patients with high NRI levels more
likely to achieve pCR. PIV, which includes all pro-inflammatory cells in the peripheral blood cell count in its calculation
formula, can more accurately simulate and reflect inflammatory stress. In breast cancer patients undergoing NAC,
patients with low PIV before treatment have better treatment outcomes and prognosis than those with high PIV.*® We
also confirmed the predictive value of PIV in TNBC. In our study, univariate and multivariate logistic regression analyses
indicated that the IIN score was an independent factor affecting the efficacy of NAC in TNBC patients. A nomogram
model based on the IIN score and other clinically and pathologically independent predictive features showed high
predictive ability with the ROC curve. Calibration curves, decision curves, and confusion matrices all indicated that the

nomogram model has robust predictive performance and certain clinical application value.
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However, our study has several limitations. Firstly, this study was retrospective, which introduces a certain degree of
bias. Secondly, while the IIN score could predict the efficacy of NAC in TNBC patients, its predictive value for patient
prognosis remained unclear. Therefore, we plan to conduct a multicenter prospective study with long-term follow-up of
patients to further explore the impact of peripheral blood biomarkers related to inflammation, immunity, and nutrition on
the efficacy and prognosis of NAC in TNBC patients.

Conclusion

In summary, we have integrated 6 peripheral blood biomarkers related to inflammation, immunity, and nutrition to
construct the IIN score. This score is an independent factor affecting the efficacy of NAC in patients with TNBC.
A nomogram model based on IIN score can accurately predict whether TNBC patients will achieve pCR after NAC,
which has guiding significance for the formulation of clinical decisions by physicians. However, additional prospective
studies are warranted.
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