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Objective: This study aims to explore whether Naples prognostic score (NPS) serves as a novel and original prognostic tool for
predicting long-term survival in stage III breast cancer patients undergoing operation.

Methods: This retrospective study included 306 cases of stage III breast cancer patients hospitalized in our hospital from
January 2014 to December 2018. In this study, NPS was based on five objective markers: (1) serum albumin level; (2) total
cholesterol; (3) neutrophil to lymphocyte ratio; (4) lymphocyte to monocyte ratio. Survival curves of DFS and OS differences were
visualized by Kaplan—-Meier method and Log rank test. The variables with p < 0.05 in univariate analysis were performed in the
multivariate Cox proportional hazard model analysis, and the p-values < 0.05 was considered the underlying independent variables.
Nomogram was constructed by the multivariate Cox proportional hazard model analysis.

Results: Significant variations for DFS and OS categorized according to prognostic risk for the different NPS (DFS: y°=24.926, P <
0.0001; OS: ¥*=31.207, P < 0.0001). According to multivariable Cox analysis, NPS was an independent prognostic factor of DFS
[Group 0 had significantly better prognosis than group 1 (HR = 2.733, 95% CI: 1.446-5.166, P = 0.002) and group 2 (HR = 4.990,
95% CI: 2.555-9.746), P < 0.001)] and OS [Group 0 had significantly better prognosis than group 1 (HR = 2.437, 95% CI:
1.288-4.610, P = 0.006) and group 2 (HR = 5.707, 95% CI: 2.900-11.231), P < 0.001)], respectively. Nomogram prognostic model
exhibited excellent predictive performance on DFS [C-index: 0.692 (95% CI: 0.584-0.782)] and OS [C-index: 0.711 (95% CI:
0.606-0.797)] for stage III breast cancer.

Conclusion: NPS serves as a predictive tool for assessing the prognosis of stage Il breast cancer after surgery. Nomogram prognostic
model based on NPS show good prediction ability.
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Introduction

According to recent statistics on cancer indicate that breast cancer is one of the common malignant tumors and the
leading cause of cancer-related illnesses and death among females cancer all over the world." In addition to surgery as the
major treatment, the increase in immunotherapy or radiotherapy on the basis of cytotoxic chemotherapy and endocrine
therapy offers a new option to improve the prognosis of breast cancer patients.” Although many cancer patients are
successfully treated through early diagnosis and improved treatment strategies, about 20-25% of patients are diagnosed
with locally advanced cancer.’ There is evidence to suggest that approximately 30-40% of invasive cancer patients will
eventually develop metastatic cancer, and their 5-year survival rate may be lower than 30%."> Stage III breast cancer is
particularly common, with an incidence rate of about 30%.° Although surgical resection significantly improves the
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survival rate of stage IIl breast cancer patients, postoperative prognosis monitoring for these patients remains
a significant challenge due to the high heterogeneity of the disease. The overall prognosis of stage III breast cancer
patients is still not promising. Nowadays, the widely accepted cancer prognosis assessment is based on postoperative
pathological indicators, such as TNM stage, grade, hormone receptor status, HER2 status.”® Moreover, the genomic
assays like Oncotype DX, PAMS50 were also used to evaluate the prognosis of breast cancer patients. However, these
emerging biomarkers were obtained after operation and not convenient. Therefore, the construction of preoperatively
available prognostic marker can help clinicians in clinical decision-making and reasonable treatment decisions.

It is widely believed that the prognosis of breast cancer patients is not only influenced by cancer biology but also by
host-related conditions.”'® More and more evidence confirms that systemic inflammation plays a crucial biological role
in the proliferation, metastasis, invasion, and angiogenesis of malignant tumors.'""'* The biochemical mechanism by
which systemic inflammatory molecules affect the secretion of inflammatory cytokines by tumor cells may reflect the
degree of biological response of tumor cells. The inflammatory, nutritional, and immune conditions of cancer patients are
considered closely related to the outcome of breast cancer.'*'* Previous studies have shown that the inflammation-related
prognostic indicators, such as neutrophil to lymphocyte ratio (NLR), lymphocyte to monocyte ratio (LMR), and
fibrinogen-to-albumin ratio (FAR) were beneficial for assessing the outcome in breast cancer.'”"'” Nevertheless, these
predictive factors are still insufficient to fully reflect prognosis and overall patient condition through a single inflamma-
tion-related indicator. Additionally, several scoring systems for reflecting host nutritional or immunological condition,
such as Nutritional risk index (NRI), systemic immune-inflammatory index (SII), are associated with tumor
prognosis.'®!'? However, the nutritional, inflammatory or immunological predictors are to some extent insufficient, and
the results are still controversial. Therefore, there is an urgent need for an increasing number of comprehensive
prognostic model associated with inflammation and nutrition.

Naples Prognostic Score (NPS), a new scoring system combining inflammatory with nutritional biomarkers, is consist
of serum albumin (ALB), total cholesterol (CHOL), NLR and LMR.** Albumin is a versatile serum protein synthesized
by the liver, playing a key role in maintaining oncotic pressure, transporting hormones, and modulating inflammation,
and its levels are influenced by nutritional status, systemic inflammation, and liver function. Cholesterol is
a multifunctional lipid molecule essential for cell membrane integrity, steroid hormone synthesis, and bile acid produc-
tion, also suppress Treg function, promoting autoimmunity. Tumor-associated neutrophils (TANs) promote immune
evasion, and tumor associated macrophages (TAMs, M2 phenotype) promote metastasis. High NLR predicts poor
prognosis in some cancers, and associated with resistance to immunotherapy. Low LMR correlates with worse survival,
and may predict response to immunotherapy. This score has been widely used to study various gastrointestinal and other
malignancies, such as colorectal cancer, gastric cancer, and esophageal carcinoma.?'* The clinical significance of NPS
in stage III breast cancer patients, particularly in those receiving radical resection, remains uncertain. Therefore, the
present study aims to investigate the relationship of NPS with clinicopathologic characteristics, and evaluate the
prognostic significance of NPS on the long-term survival in stage III breast cancer patients.

Methods

Patients Section

All of 306 stage III breast cancer patients were treated by curative surgical resection in Cancer Hospital Affiliated to
Shanxi Medical University from January 2014 to December 2018 were enrolled in the current study. The data from
electronic medical records were collected, such as clinical pathological data, follow up information. This study were
received approval from Ethics Committee of Shanxi Cancer Hospital, and in accordance with the declaration of Helsinki.
At the same comment, written informed consent was obtained from the enrolled patients, and authorizing the use of their
data for scientific analysis.

Inclusion and Exclusion Criteria
According to the histopathology, all enrolled patients were diagnosed by stage III breast cancer after surgery. Inclusion
criteria were as follows: (1) diagnosed with stage III breast cancer by histopathology and immunohistochemistry; (2)
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confirmed by only breast cancer, and not in combination with other malignant tumors or distant organ metastasis; (3)
patients with no prior anti-tumor treatment; (4) availability of complete blood routine, biochemical examination, tumor
marker examination, and coagulation function within one week before surgery; (5) completely followed up data and
medical records information. Exclusion criteria were as follows: (1) Insufficient heart, lung, brain, liver and renal
function; (2) definite inflammatory, infectious, hematologic diseases, or other autoimmune diseases via electronic
medical record affecting nutritional and immune condition; (3) accompanied by potential diseases that were difficult
to control, and could not be treated surgically.

Definition of NPS

A common laboratory blood test was performed, and the results were obtained from department of breast cancer in Shanxi
Cancer Hospital within one week before surgery. Naples prognostic score (NPS) was a scoring system applied to predict the
prognosis of cancer patients. Peripheral neutrophil count was divided by lymphocyte count prior to surgery to calculate the
NLR (neutrophil to lymphocyte ratio). Peripheral lymphocyte count was divided by monocyte count prior to surgery to
calculate the LMR (lymphocyte to monocyte ratio). In our cohort, the best critical value for NLR and LMR by ROC with the
highest sensitivity and specificity to predict OS. In this study, NPS was based on five objective markers: (1) serum albumin
level (<4.0 g/L = 1 point, >4.0 g/L = 0 point); (2) total cholesterol (<3.9mmol/L = 1 point, >3.9mmol/L = 0 point); (3)
neutrophil to lymphocyte ratio (<1.8 = 0 point, >1.8 = 1 point); (4) lymphocyte to monocyte ratio (<3.6 = 1 point, >3.6 =0
point). Patients were categorized into three groups based on their NPS: 1) Group 1: NPS 0 group (0 point); Group 2: NPS 1
group (1 point); and Group 3: NPS 2—4 group (ranging from 2 to 4 points).

Treatment

All enrolled patients were received surgery, including breast conserving surgery and mastectomy. According to the patholo-
gical molecular typing after surgery, these patients were received chemotherapy (such as anthracycline and paclitaxel),
radiotherapy, endocrine therapy (tamoxifen, anastrozole, letrozole), and targeted therapy (trastuzumab and pertuzumab).

Followed-Up

The enrolled patients were followed up by telephone interviews, inpatient services, or outpatient services to obtain their
health status. The follow up deadline concluded in June 2023. The main outcome was specified as either disease free
survival (DFS) or overall survival (OS). DFS was defined as time from the surgical procedure to the first disease
recurrence, death or last follow-up. OS was defined as time from the surgical procedure to death or last follow-up.
Patients were followed up every 3 months for the first 2 years, then every 6 months for the following 2 years and
annually thereafter. Perform physical examination, laboratory examination, breast ultrasound, mammography, CT or MR
on patients to evaluate primary tumors and distant metastases.

Statistical Methods
The IBM SPSS Statistics 22.0 (SPSS, Inc., Chicago, IL, USA) and R 4.2.2 (R Foundation for Statistical Computing,
Vienna, Austria) were used to perform statistical analyses. The URL for R is: http://www.R-project.org/. Continuous

variables were presented by median and interquartile range, and categorical variables were expressed as percentages with
their corresponding numbers in parentheses. Fisher exact test and chi-square test were performed to assess the associa-
tions between NPS and clinicopathological characteristics. Survival curves of DFS and OS differences were visualized by
Kaplan—Meier method and Log rank test. The variables with p < 0.05 in univariate analysis were performed in the
multivariate Cox proportional hazard model analysis, and the p-values < 0.05 was considered the underlying independent
variables. Receiver operating characteristic (ROC) and were assessed the cutoff value. Nomogram was constructed by the
multivariate Cox proportional hazard model analysis. The concordance index (C-index) and the area under the AUC
value were used to measure the degree of distinctiveness of the nomogram. Calibration curve was used to provides an
intuitive evaluation of the calibration for the nomogram. Decision curve analysis was used to confirm the clinical benefit
of the nomogram. Statistical tests with p-values < 0.05 were significantly difference.
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Results

Construction and Evaluation of NPS with Survival

In the current study, NPS was constructed by serum albumin level (ALB), total cholesterol level (CHOL), NLR and
LMR. Based on NPS, there were 74 cases for NPS 0 point divided into Group 1, 162 cases for NPS 1 point divided into
Group 2, and 70 cases for NPS 2—4 points divided into Group 3, respectively. Among NPS groups, the mean duration of
DFS was 68.86 months, while the mean OS was 79.67 months in Group 1 (NPS 0 point); the mean duration of DFS was
56.86 months, while the mean OS was 70.46 months in Group 2 (NPS 1 point); the mean duration of DFS was 49.25
months, while the mean OS was 55.78 months in Group 3 (NPS 2—4 point); respectively. Significant variations for DFS
and OS categorized according to prognostic risk for the different NPS (DFS: ¥*=24.926, P < 0.0001; OS: = 31.207, P <
0.0001), and displayed in Figure 1A and B, respectively.

According to the NLR, 149 cases were in low NLR group, 157 cases were in high NLR group. In low NLR group, the
mean duration of DFS was 61.20 months, while the mean OS was 74.74 months. By contrast, in high NLR group, the
mean DFS was 55.00 months, and the mean OS was 64.19 months. Significant variations for DFS and OS categorized
according to prognostic risk for the different NLR (DFS: ¥*= 8.330, P = 0.0039; OS: ¥>=10.574, P = 0.0011), and
displayed in Figure 1C and D, respectively. According to the LMR, 72 cases were in low LMR group, 234 cases were in
high LMR group. In low LMR group, the mean duration of DFS was 47.87 months, while the mean OS was 59.12
months. In comparison, in high LMR group, the mean DFS was 61.15 months, and the mean OS was 72.47 months.
Significant variations for DFS and OS categorized according to prognostic risk for the different LMR (DFS: %*=9.626,
P = 0.0019; OS: ¥*= 10.074, P = 0.0015), and displayed in Figure 1E and F, respectively.

According to the ALB based on serum albumin level (<4.0 g/L = 1 point, >4.0 g/L = 0 point), 18 cases were in low
ALB group, 288 cases were in high ALB group. In low ALB group, the mean duration of DFS was 42.36 months, while
the mean OS was 46.55 months. In comparison, in high ALB group, the mean DFS was 59.00 months, and the mean OS
was 70.75 months. Significant variations for DFS and OS categorized according to prognostic risk for the different level
of ALB (DFS: ¥*= 10.221, P = 0.0014; OS: ¥*=14.664, P = 0.0001), and displayed in Figure S1A and B, respectively.
According to the CHOL based on total cholesterol (<3.9mmol/L = 1 point, >3.9mmol/L = 0 point), 70 cases were in low
CHOL group, 236 cases were in high CHOL group. In low CHOL group, the mean duration of DFS was 53.00 months,
while the mean OS was 63.73 months. In comparison, in high CHOL group, the mean DFS was 59.51 months, and the
mean OS was 70.99 months. Significant variations for DFS and OS categorized according to prognostic risk for the
different level of CHOL (DFS: x2: 5.830, P =0.0158; OS: x2: 7.138, P = 0.0075), and displayed in Figure S1C and D,
respectively.

Patients’ Baseline Features and Association Between NPS and Clinicopathological

Parameters of Stage Ill Breast Cancer Patients

This study ultimately enrolled 306 stage III breast cancer patients, who underwent curative surgical resection at the
Department of Breast Surgery, Shanxi Cancer Hospital from January 2014 to December 2018 (Figure S2). Based on
TNM stage, all patients were stage III breast cancer, including stage IIIA 176 (57.5%) cases, stage I1IB 3 (1.0%) cases,
stage IIIC 127 (41.5) cases, respectively. According to molecular subtypes for breast cancer, there were five molecular
subtypes, including Luminal A 52 (17.0%) cases, Luminal B HER2+ 50 (16.3%) cases, Luminal B HER2- 76 (24.8%)
cases, HER2 enriched 63 (20.6%) cases, Triple negative subtype 65 (21.2%) cases, respectively. Of all clinicopathologic
features, low expression of ER (P = 0.043), positive expression of E-cad (P = 0.014), no chemotherapy (P = 0.027) were
associated with higher NPS (Table 1).

Comparison of Performance of NPS Based on Hematological Parameters

The common laboratory blood test was performed and the results were obtained within one week before surgery. In our
cohort, the best critical value for neutrophil to lymphocyte ratio (NLR 1.8) and lymphocyte to monocyte ratio (LMR 3.6)
by ROC with the highest sensitivity and specificity to predict OS. High NLR level (P < 0.001) and low LMR level (P <
0.001), low ALB level (P < 0.001), low CHOL level (P < 0.001), were related to higher NPS. These enrolled
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Figure | Kaplan-Meier survival analysis based on Naples Prognostic Score (NPS) / neutrophil to lymphocyte ratio (NLR) / lymphocyte to monocyte ratio (LMR) and group.
(A\) Significant differences in the disease free survival among stage Ill breast cancer patients were found with three groups by NPS (P < 0.0001). (B) Significant differences in
the overall survival among stage Ill breast cancer patients were found with three groups by NPS (P < 0.0001). (C) Significant differences in the disease free survival among
stage Il breast cancer patients were found with two groups by NLR (P=0.0039). (D) Significant differences in the overall survival among stage |ll breast cancer patients were
found with three groups by NPS (P=0.001I). (E) Significant differences in the disease free survival among stage lll breast cancer patients were found with two groups by LMR
(P=0.0019). (F) Significant differences in the overall survival among stage lll breast cancer patients were found with three groups by LMR (P=0.0015).

hematological parameters were divided into two groups by median values. Of these hematological parameters, low ALT
level (P = 0.027), IBIL (P = 0.029), CEA (P = 0.044), high D-Dimer level (P = 0.049), low red blood cell (P = 0.044),
hemoglobin (P = 0.009), neutrophil (P < 0.001), lymphocyte (P = 0.029), basophil (P = 0.015) were associated with
higher NPS (Table 2).

Univariate and Multivariate Analyses of Prognostic Factors for DFS and OS

We conducted univariate and multivariate Cox regression analysis on DFS and OS for stage III breast cancer. The
potential prognostic factors affecting DFS and OS were demonstrated, as shown in Table 3 and 4. Univariate analysis
demonstrated that family history, TLN, PLN, molecular subtype, radiotherapy, NPS, NLR, AST, D-D, white blood cell
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Table | Relationships Between Naples Prognostic Score (NPS) and Clinicopathological
Characteristics for Stage Il Breast Cancer

Level Group | | Group2 | Group 3 | p

n 74 162 70

Age <50 41 (55.4) | 73 (45.1) | 38 (54.3) | 0.229
>50 33 (44.6) | 89 (54.9) | 32 (45.7)

Weight <60 38 (51.4) | 74 (45.7) | 39 (55.7) | 0.345
>60 36 (48.6) | 88 (54.3) | 31 (44.3)

Height <1.58 46 (62.2) | 83 (51.2) | 34 (48.6) | 0.198
>|.58 28 (37.8) | 79 (488) | 36 (51.4)

BMI <22.85 40 (54.1) | 71 (43.8) | 41 (58.6) | 0.082
>22.85 34 (45.9) | 91 (56.2) | 29 (41.4)

Family history No 59 (79.7) | 144 (88.9) | 61 (87.1) | O.l6l
Yes 15(203) | I8 (I1.l) | 9(12.9)

Basic disease No 64 (86.5) | 144 (88.9) | 60 (85.7) 0.756
Yes 10 (13.5) | I8 (IL.I) 10 (14.3)

Menopause No 43 (58.1) | 80 (49.4) | 39 (55.7) | 0.400
Yes 31 (41.9) | 82 (50.6) | 31 (44.3)

Blood type A 21 (28.4) | 38 (23.5) 14 (20.0) | 0.670
B 26 (35.1) | 52 (32.1) | 24 (34.3)
(@) 21 (284) | 47 (29.0) | 24 (34.3)
AB 6 (8.1) 25 (154) | 8(11.4)

Primary tumor site Upper outer quadrant 46 (62.2) | 106 (65.4) | 44 (62.9) 0.352
Lower outer quadrant 6 (8.1) 20 (12.3) 7 (10.0)
Lower inner quadrant 7 (9.5) 4 (2.5) 3 (4.3)
Upper inner quadrant 10 (13.5) | 20 (12.3) 7 (10.0)
Central 5 (6.8) 12 (7.4) 9 (12.9)

Distance from nipple <3.0 45 (60.8) | 87 (53.7) 41 (58.6) 0.550
>3.0 29 (39.2) | 75 (46.3) | 29 (41.4)

Distance from body surface | <I1.0 45 (60.8) | 76 (46.9) 37 (52.9) | 0.137
>1.0 29 (39.2) | 86 (53.1) | 33 (47.1)

US-BIRADS 4 18 (24.3) | 41 (25.3) 14 (20.0) | 0.172
5 52 (70.3) | 99 (61.1) | 43 (61.4)
6 4 (54) 22 (13.6) 13 (18.6)

Operative time <90 min 38 (51.4) | 81 (50.0) 31 (44.3) 0.653
>90 min 36 (48.6) | 81 (50.0) | 39 (55.7)

Type of surgery Mastectomy 73 (98.6) | 160 (98.8) | 70 (100.0) | 0.636
Breast-conserving surgery | | (1.4) 2 (1.2) 0 (0.0)

Tumor size <2 cm 31 (41.9) | 55(34.0) | 27 (38.6) | 0.056
>2 and<5 cm 41 (55.4) | 99 (61.1) | 34 (48.6)
25 cm 2(2.7) 8 (4.9) 9 (12.9)

Histologic grade | 2(2.7) 2(1.2) I (1.4) 0.475

[ 56 (75.7) | 108 (66.7) | 45 (64.3)
i 16 (21.6) | 47 (29.0) | 21 (30.0)

Unknown 0 (0.0) 5@3.1) 3(43)
Pathological T Stage Tl 31 (41.9) | 54 (333) | 28 (40.0) | 0.109
T 40 (54.1) | 99 (61.1) | 32 (45.7)
T3 3 (4.1) 7 (43) 8 (I1.4)
T4 0 (0.0) 2(1.2) 2 (2.9)
Pathological N Stage NI I (1.4) I (0.6) I (1.4) 0.450
N2 49 (66.2) | 89 (54.9) | 38 (54.3)
N3 24 (324) | 72 (444) | 31 (44.3)
(Continued)
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Table | (Continued).

Level Group | | Group2 | Group 3 | p

n 74 162 70

Pathological TNM Stage A 50 (67.6) | 89 (54.9) | 37 (52.9) | 0.128
1B 0 (0.0) | (0.6) 2 (2.9)
Inc 24 (32.4) | 72 (444) | 31 (44.3)

TLN <I5 33 (44.6) | 68 (42.0) | 30 (42.9) | 0.931
>15 41 (55.4) | 94 (58.0) | 40 (57.1)

PLN <0 33 (44.6) | 57 (352) | 27 (38.6) | 0.385
>0 41 (55.4) | 105 (64.8) | 43 (61.4)

Molecular subtype Luminal A 16 (21.6) | 26 (16.0) 10 (14.3) | 0.065
Luminal B HER2+ 17 (23.0) | 30 (18.5) | 3 (4.3)
Luminal B HER2- 16 (21.6) | 40 (24.7) | 20 (28.6)
HER?2 enriched 11 (14.9) | 35 (21.6) 17 (24.3)
Triple negative 14 (18.9) | 31 (19.1) | 20 (28.6)

ER 0-25% 29 (39.2) | 82(50.6) | 39 (55.7) | 0.043
26-50% 5 (6.8) 10 (6.2) 4 (5.7)
51-75% 18 (24.3) | 16 (9.9) 5(@.1)
76-100% 22 (29.7) | 54 (33.3) | 22 (31.4)

PR 0-25% 43 (58.1) | 106 (65.4) | 49 (70.0) | 0.747
26-50% 7 (9.5) 10 (6.2) 6 (8.6)
51-75% 11 (149) | 19(11.7) | 6 (8.6)
76-100% 13 (17.6) | 27 (16.7) | 9 (12.9)

HER2 Negative 46 (62.2) | 97 (59.9) | 50 (71.4) | 0.242
Positive 28 (37.8) | 65 (40.1) | 20 (28.6)

Ki67 0-25% 40 (54.1) | 84 (51.9) | 36 (51.4) | 0.672
26-50% 24 (324) | 59 (36.4) | 20 (28.6)
51-75% 9 (12.2) 15 (9.3) Il (15.7)
76-100% I (1.4) 4 (2.5) 3 (43)

CK5/6 Negative 60 (81.1) | 126 (77.8) | 50 (71.4) | 0.371
Positive 14 (18.9) | 36(22.2) | 20 (28.6)

E-cad Negative 3 (4.1) 4 (2.5) 8(11.4) 0.014
Positive 71 (95.9) | 158 (97.5) | 62 (88.6)

P53 Negative 31 (41.9) | 81 (50.0) | 40 (57.1) | 0.186
Positive 43 (58.1) | 81 (50.0) | 30 (42.9)

Blood vessel invasion Negative 65 (87.8) | 145 (89.5) | 62 (88.6) | 0.927
Positive 9 (12.2) 17 (10.5) | 8(I11.4)

Chemotherapy No 1 (1.4) 8 (4.9) 8 (11.4) 0.027
Yes 73 (98.6) | 154 (95.1) | 62 (88.6)

Radiotherapy No 31 (41.9) | 72 (44.4) | 32 (45.7) | 0.892
Yes 43 (58.1) | 90 (55.6) | 38 (54.3)

Endocrine therapy No 55 (74.3) | 123 (75.9) | 55 (78.6) | 0.833
Yes 19 (25.7) | 39 (24.1) 15 (21.4)

Targeted therapy No 65 (87.8) | 147 (90.7) | 66 (94.3) | 0.406
Yes 9 (12.2) 15 (9.3) 4 (5.7)

Abbreviations: BMI, Body Mass Index; TLN, total lymph nodes; PLN, positive lymph nodes; ER, estrogen receptor; PR,
progesterone receptor; HER2, human epidermal growth factor receptor 2; E-cad, E-cadherin.

were significantly related to DFS. The multivariate analysis identified family history, molecular subtype, radiotherapy,
NPS, and D-D were as potential prognostic factors for DFS in Table 3. At the same time, univariate analysis showed that
family history, TLN, PLN, molecular subtype, radiotherapy, NPS, ALB, NLR, AST, D-D were dramatically correlated
with OS. Additionally, the multivariate analysis revealed that family history, molecular subtype, radiotherapy, NPS, ALB,
NLR, AST, D-D were prognostic factors for OS in Table 4.
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Table 2 Comparisons of Common Hematological Parameters Among

the Three Groups According to Naples Prognostic Score (NPS)

Level | Group | Group2 | Group 3 | p

n 74 162 70

ALB <4.0 74 (100.0) | 158 (97.5) | 56 (80.0) | <0.00l
>4.0 0 (0.0 4 (2.5) 14 (20.0)

CHOL <39 74 (100.0) | 142 (87.7) | 20 (28.6) | <0.001
>3.9 0 (0.0 20 (12.3) | 50 (71.4)

NLR Low 74 (100.0) | 63 (38.9) 12 (17.1) | <0.001
High 0 (0.0) 99 (61.1) | 58 (82.9)

LMR Low 74 (100.0) | 124 (76.5) | 36 (51.4) | <0.001
High 0 (0.0 38 (23.5) | 34 (48.6)

ALT <20 46 (62.2) | 80 (49.4) | 28 (40.0) | 0.027
>20 28 (37.8) | 82 (50.6) | 42 (60.0)

AST <22 41 (55.4) | 80 (494) | 31 (44.3) | 0.408
>22 33 (44.6) | 82(50.6) | 39 (55.7)

GGT <13 42 (56.8) | 79 (48.8) | 35(50.0) | 0.514
>13 32 (432) | 83(51.2) | 35(50.0)

ALP <75 36 (48.6) | 76 (46.9) | 36 (51.4) | 0.818
>75 38 (51.4) | 86 (53.1) | 34 (48.6)

GLU <55 36 (48.6) | 86 (53.1) | 37 (52.9) | 0.807
>55 38 (514) | 76 (46.9) | 33 (47.1)

CREA <62 37 (50.0) | 79 (48.8) | 34 (48.6) | 0.981
>62 37 (50.0) | 83(51.2) | 36(51.4)

TBIL <125 | 30 (40.5) | 77 (47.5) | 36 (51.4) | 0.406
>12.5 | 44 (59.5) | 85(52.5) | 34 (48.6)

DBIL <4.0 33 (44.6) | 75(46.3) | 33 (47.1) | 0951
>4.0 41 (55.4) | 87 (53.7) | 37 (52.9)

IBIL <85 27 (36.5) | 78 (48.1) | 41 (58.6) | 0.029
>8.5 47 (63.5) | 84 (51.9) | 29 (41.4)

TP <75 32(432) | 74 (45.7) | 37 (52.9) | 0475
>75 42 (56.8) | 88 (54.3) | 33 (47.1)

G <30 29 (39.2) | 75 (46.3) | 37 (52.9) | 0.258
>30 45 (60.8) | 87 (53.7) | 33 (47.1)

AIG <1.6 40 (54.1) | 72 (444) | 34 (486) | 0.385
>1.6 34 (45.9) | 90 (55.6) | 36 (51.4)

CAIS-3 <9.9 31 (41.9) | 82(50.6) | 25(35.7) | 0.091
>9.9 43 (58.1) | 80 (49.4) | 45 (64.3)

CEA <l.6 43 (58.1) | 71 (43.8) | 27 (38.6) | 0.044
>1.6 31 (41.9) | 91 (56.2) | 43 (61.4)

D-Dimer <0.35 | 43 (58.1) | 68 (42.0) | 37 (52.9) | 0.049
>0.35 | 31 (41.9) | 94 (58.0) | 33 (47.1)

FIB <28 40 (54.1) | 80 (494) | 35(50.0) | 0.795
>2.8 34 (45.9) | 82(50.6) | 35 (50.0)

INR <0.95 | 30 (40.5) | 85(52.5) | 42 (60.0) | 0.060
>0.95 | 44 (59.5) | 77 (47.5) | 28 (40.0)

PT <I1.5 | 30 (40.5) | 85(52.5) | 4! (58.6) | 0.083
>11.5 | 44 (59.5) | 77 (47.5) | 29 (41.4)

APTT <27.8 | 40 (54.1) | 91 (56.2) | 28 (40.0) | 0.071
>27.5 | 34 (45.9) | 71 (43.8) | 42 (60.0)

TT <175 | 38 (51.4) | 84(51.9) | 32(45.7) | 0.678
>17.5 | 36 (48.6) | 78 (48.1) | 38 (54.3)

(Continued)
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Table 3 The Prognostic Factors for Disease Free Survival According to Univariate and Multivariate Analyses

Table 2 (Continued).

Level | Group | Group2 | Group 3 | p

n 74 162 70

White blood cell | <5.5 31 (41.9) | 79 (48.8) | 42 (60.0) | 0.089
>55 43 (58.1) | 83 (51.2) | 28 (40.0)

Red blood cell <45 27 (36.5) | 87 (53.7) | 36 (51.4) | 0.044
>45 47 (63.5) | 75 (46.3) | 34 (48.6)

Hemoglobin <125 | 24 324) | 79 (48.8) | 40 (57.1) | 0.009
>125 | 50 (67.6) | 83(51.2) | 30 (42.9)

Neutrophil <45 19 (25.7) | 87 (53.7) | 43 (61.4) | <0.001
>4.5 55 (74.3) | 75 (46.3) | 27 (38.6)

Lymphocyte <19 42 (56.8) | 73 (45.1) | 44 (62.9) | 0.029
>1.9 32 (432) | 89 (54.9) | 26 (37.1)

Monocyte <0.3 45 (60.8) | 85 (52.5) | 30 (42.9) | 0.098
>0.3 29 (39.2) | 77 (47.5) | 40 (57.1)

Eosinophil <0.05 | 40 (54.1) | 83(51.2) | 35(50.0) | 0.879
>0.05 | 34 (45.9) | 79 (48.8) | 35 (50.0)

Basophil <0.02 | 49 (66.2) | 95(58.6) | 30 (42.9) | 0.015
>0.02 | 25(33.8) | 67 (41.4) | 40 (57.1)

Platelet <235 | 35(473) | 89 (54.9) | 37 (52.9) | 0.55I
>235 | 39 (52.7) | 73 (45.1) | 33 (47.1)

Abbreviations: ALB, albumin; CHOL, cholesterol; NLR, neutrophil to lymphocyte ratio;
LMR, lymphocyte to monocyte ratio; ALT, alanine aminotransferase; AST, aspartate amino-
transferase; GGT, y-glutamyl transpeptidase; ALP, alkaline phosphatase; GLU, glucose;
CREA, creatinine; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin; TP,
total protein; G, globular proteins; A/G, albumin/globular proteins; CAI53, cancer antigen
153; CEA, carcinoembryonic antigen; FIB, fibrinogen; INR, international normalized ratio;
PT, prothrombin time; APTT, activated partial thromboplastin time; TT, thrombin time.

Characteristics Univariate Multivariate
P HR 95% CI P HR 95% CI
Low High Low High
Age <50 0.897 Ref.
>50 0.959 0.509 1.807
BMI <22.85 0.708 Ref.
>22.85 0912 0.563 1.477
Family history No 0.021 Ref. 0.000 Ref.
Yes 1.796 1.093 2951 2.747 1.617 4.665
Basic disease No 0.650 Ref.
Yes 0.850 0.421 1.716
Menopause No 0.404 Ref.
Yes 0.763 0.404 1.441
Tumor size <2 cm 0.328 Ref.
>2 and<5 cm 0.240 1.334 0.825 2.156
>5 cm 0.185 1.725 0.770 3.865
TLN <15 0.015 Ref. 0.366 Ref.
>|5 0.553 0.342 0.892 0.736 0.379 1.430
PLN <0 0.006 Ref. 0.120 Ref.
>0 2.097 1.239 3.550 1.730 0.867 3.452
(Continued)
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Table 3 (Continued).

Characteristics Univariate Multivariate
P HR 95% CI P HR 95% CI
Low High Low High
Molecular subtype Luminal A 0.002 Ref. 0.008 Ref.
Luminal B HER2+ 0.067 2.087 0.950 4.585 0.089 1.981 0.901 4.358
Luminal B HER2- 0.612 1.218 0.568 2614 0.699 1.163 0.542 2.494
HER2 enriched 0.002 3.116 1.531 6.342 0.006 2.765 1.347 5.675
Triple negative 0.028 2.282 1.093 4.765 0.046 2.127 1.015 4.457
CK5/6 Negative 0.323 Ref.
Positive 0.770 0.459 1.292
E-cad Negative 0.578 Ref.
Positive 0.775 0.315 1.905
P53 Negative 0.560 Ref.
Positive 0.878 0.568 1.359
Chemotherapy No 0.334 Ref.
Yes 0.684 0.317 1.477
Radiotherapy No 0.020 Ref. 0.017 Ref.
Yes 0.638 0.437 0.931 0.626 0.425 0.921
Endocrine therapy No 0.260 Ref.
Yes 0.673 0.338 1.340
Targeted therapy No 0.134 Ref.
Yes 0.520 0.221 1.224
NPS Group | 0.000 Ref. 0.000 Ref.
Group 2 0.005 2431 1.303 4.536 0.002 2.733 |.446 5.166
Group 3 0.000 4.454 2.335 8.494 0.000 4.990 2.555 9.746
ALB <4.0 0.066 Ref.
>4.0 2.401 0.943 6.117
CHOL <39 0.565 Ref.
>3.9 1.315 0518 3.338
NLR Low 0.049 Ref. 0.223 Ref.
High 2.283 1.005 5.185 1.669 0.732 3.809
LMR Low 0.268 Ref.
High 1.659 0.678 4.060
ALT <20 0.971 Ref.
>20 0.990 0.578 1.695
AST <22 0.041 Ref. 0.070 Ref.
>22 1.733 1.023 2.936 1.599 0.963 2.654
TBIL <125 0.189 Ref.
>12.5 1.374 0.855 2.207
TP <75 0.484 Ref.
>75 1.214 0.706 2.088
G <30 0.579 Ref.
>30 0.825 0418 1.629
AIG <1.6 0.241 Ref.
>1.6 1.452 0.779 2.709
CAI53 <9.9 0.286 Ref.
>9.9 0.784 0.500 1.227
CEA <1.6 0.623 Ref.
>1.6 I.116 0.720 1.732
(Continued)
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Characteristics Univariate Multivariate
P HR 95% CI P HR 95% CI
Low High Low High

D-D <0.35 0.044 Ref. 0.036 Ref.

>0.35 1.573 1.013 2.442 1.562 1.028 2.373
FIB <238 0.889 Ref.

>2.8 0.969 0.624 1.506
White blood cell <55 0.028 Ref.

>55 2.180 1.088 4370
Hemoglobin <125 0.614 Ref.

>125 0.883 0.545 1.431
Neutrophil <45 0.344 Ref.

>45 0.720 0.364 1.423
Lymphocyte <l.9 0.070 Ref.

>1.9 0.701 0.478 1.029
Monocyte <0.3 0.553 Ref.

>0.3 0.834 0.458 1.519

Abbreviations: BMI, Body Mass Index; TLN, total lymph nodes; PLN, positive lymph nodes; ALB, albumin; CHOL, cholesterol; NLR, neutrophil to
lymphocyte ratio; LMR, lymphocyte to monocyte ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, y-glutamyl transpeptidase;
ALP, alkaline phosphatase; GLU, glucose; CREA, creatinine; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin; TP, total protein; G, globular
proteins; A/G, albumin/globular proteins; CA153, cancer antigen 153; CEA, carcinoembryonic antigen; FIB, fibrinogen; INR, international normalized
ratio; PT, prothrombin time; APTT, activated partial thromboplastin time; TT, thrombin time.

Table 4 The Prognostic Factors for Overall Survival According to Univariate and Multivariate Analyses

Characteristics Univariate Multivariate
P HR 95% CI P HR 95% CI
Low High Low High

Age <50 0.928 Ref.

>50 0.970 0.505 1.864
BMI <22.85 0.987 Ref.

>22.85 1.004 0.622 1.621
Family history No 0.005 Ref. 0.004 Ref.

Yes 2.073 1.247 3.447 2.147 1.271 3.628
Basic disease No 0.635 Ref.

Yes 0.841 0.412 1.718
Menopause No 0.416 Ref.

Yes 0.764 0.400 1.461
Tumor size <2 cm 0.203 Ref.

>2 and<5 cm 0.223 1.351 0.833 2.190

>5 cm 0.091 2.010 0.895 4512
TLN <I5 0.027 Ref. 0.413 Ref.

>|5 0.580 0.359 0.939 0.752 0.379 1.490
PLN <0 0.002 Ref. 0.076 Ref.

>0 2316 1.366 3.927 1.450 0.962 2.184

(Continued)
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Table 4 (Continued).

Characteristics Univariate Multivariate
P HR 95% CI P HR 95% CI
Low High Low High
Molecular subtype Luminal A 0.014 Ref. 0.026 Ref.
Luminal B HER2+ 0.156 1.772 0.804 3.908 0.158 1.765 0.802 3.882
Luminal B HER2- 0.803 1.102 0.513 2.367 0.792 1.108 0516 2.381
HER2 enriched 0.009 2.596 1.266 5.324 0.014 2.470 1.202 5.076
Triple negative 0.141 1.746 0.831 3.669 0.194 1.643 0.777 3473
CK5/6 Negative 0.216 Ref.
Positive 0.719 0.427 1.212
E-cad Negative 0.212 Ref.
Positive 0.568 0.233 1.381
P53 Negative 0.904 Ref.
Positive 0.973 0.627 1.512
Chemotherapy No 0.095 Ref.
Yes 0.511 0.232 1.124
Radiotherapy No 0.010 Ref. 0.004 Ref.
Yes 0.606 0.415 0.885 0.562 0.381 0.829
Endocrine therapy No 0.158 Ref.
Yes 0.609 0.306 1.212
Targeted therapy No 0.250 Ref.
Yes 0.649 0.311 1.355
NPS Group | 0.000 Ref. 0.000 Ref.
Group 2 0.006 2419 1.296 4514 0.006 2437 1.288 4610
Group 3 0.000 5.065 2.652 9.675 0.000 5.707 2.900 11.231
ALB <4.0 0.013 Ref. 0.004 Ref.
>4.0 3.472 1.302 9.257 3.475 1.491 8.098
CHOL <39 0.341 Ref.
>3.9 1.574 0.619 4.001
NLR Low 0.008 Ref. 0.004 Ref.
High 3.003 1.334 6.758 3.329 1.467 7.556
LMR Low 0.084 Ref.
High 2.197 0.900 5.365
ALT <20 0.856 Ref.
>20 1.051 0.614 1.798
AST <22 0.024 Ref. 0.019 Ref.
>22 1.834 1.083 3.107 1.593 1.079 2.352
TBIL <125 0.158 Ref.
>12.5 1.414 0.874 2.286
TP <75 0.322 Ref.
>75 1.328 0.757 2.330
G <30 0.677 Ref.
>30 0.868 0.446 1.689
AIG <1.6 0.081 Ref.
>1.6 1.735 0.934 3.221
CAI53 <99 0.078 Ref.
>9.9 0.666 0.424 1.046
CEA <1.6 0.408 Ref.
>1.6 1.205 0.774 1.875
(Continued)
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Table 4 (Continued).

Characteristics Univariate Multivariate
P HR 95% CI P HR 95% CI
Low High Low High

D-D <0.35 0.025 Ref. 0.040 Ref.

>0.35 1.668 1.065 2,612 1.508 1.020 2.231
FIB <28 0.864 Ref.

>2.8 0.962 0.614 1.505
White blood cell <55 0.056 Ref.

>5.5 1.963 0.983 3.922
Hemoglobin <125 0.279 Ref.

>125 0.762 0.466 1.246
Neutrophil <45 0.382 Ref.

>45 0.743 0.382 1.446
Lymphocyte <l.9 0.127 Ref.

>1.9 0.645 0.368 1.132
Monocyte <0.3 0517 Ref.

>0.3 0.821 0.453 1.490

Abbreviations: BMI, Body Mass Index; TLN, total lymph nodes; PLN, positive lymph nodes; ALB, albumin; CHOL, cholesterol; NLR, neutrophil to
lymphocyte ratio; LMR, lymphocyte to monocyte ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, y-glutamyl transpeptidase;
ALP, alkaline phosphatase; GLU, glucose; CREA, creatinine; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin; TP, total protein; G, globular
proteins; A/G, albumin/globular proteins; CA153, cancer antigen |153; CEA, carcinoembryonic antigen; FIB, fibrinogen; INR, international normalized ratio;
PT, prothrombin time; APTT, activated partial thromboplastin time; TT, thrombin time.

NPS group was an independent prognostic factor of DFS [Group 0 had significantly better prognosis than group 1
(HR =2.733, 95% CI: 1.446-5.166, P = 0.002) and group 2 (HR = 4.990, 95% CI: 2.555-9.746), P < 0.001)], as shown
in Table 3. NPS group was also an independent prognostic factor of OS [Group 0 had significantly better prognosis than
group 1 (HR =2.437, 95% CI: 1.288-4.610, P = 0.006) and group 2 (HR = 5.707, 95% CI: 2.900-11.231), P < 0.001)],
as shown in Table 4.

Building and Validating a Nomogram Prognostic Model

We conducted Nomogram prognostic model on DFS and OS for stage III breast cancer. The C-index for this Nomogram
prognostic model predicting DFS and OS were 0.692 (95% CI: 0.584-0.782) and 0.711 (95% CI: 0.606-0.797). The
parameters with P < 0.05, including family history, molecular subtype, radiotherapy, NPS, and D-D, were selected based
on multivariate analyses to construct a Nomogram prognostic model of DFS in Figure 2A. Furthermore, the parameters
with P <0.05, including family.history, molecular subtype, radiotherapy, NPS, ALB, NLR, AST, and D-D by multivariate
analyses were chose to comprise nomogram for Nomogram prognostic model of OS in Figure 2B. The Nomogram
prognostic model shown that the breast cancer in Group 2 and Group 3 had a worse DFS and OS than those in Group 1.
A calibration curve was conducted, and the multivariate Cox regression model was developed using 1000 re-samplings of
the original data to predict the 3- and 5-year DFS and OS of stage III breast cancer patients, which was identified using
R software. The 1-, 3- and 5-year DFS and OS predicted by Nomogram prognostic model and the actual DFS and OS in
the predictions and actual observations demonstrated an acceptable degree of agreement, with the calibration curve
essentially floating around 45° (Figure 3A-F). Decision curve analysis was applied to assess the extent of benefit.
Furthermore, Nomogram prognostic model constructed showed a superior positive net benefit compared to the NPS in
predicting 3- and 5-year DFS, and predicting 3- and 5-year OS (Figure 4A-D). Besides, Nomogram prognostic model
indicated a better positive net benefit than NLR in predicting 3- and 5-year DFS or OS (Figure S3A-D), and LMR in
predicting 3- and 5-year DFS or OS (Figure S4A-D). These results were demonstrated that its clinical applicability and

net benefit over a broad range of thresholds.
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Figure 2 Nomogram prognostic model for predicting |-, 3- and 5-year (A) disease free survival (DFS) and (B) overall survival (OS) of stage lll breast cancer patients using
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Figure 3 Calibration curves for predicting disease free survival (DFS) and overall survival (OS) at |-, 3- and 5- year rates of stage Il breast cancer patients using the
nomogram closely matched the actual observed values. (A) Calibration curves for predicting DFS at |-year rate. (B) Calibration curves for predicting OS at |-year rate. (C)
Calibration curves for predicting DFS at 3-year rate. (D) Calibration curves for predicting OS at 3-year rate. (E) Calibration curves for predicting DFS at 5-year rate. (F)
Calibration curves for predicting OS at 5-year rate.

Discussion
Some traditional cancer predictors, including TNM stage, tumor size, histological type, NLR and LMR, reflect one-
dimensional biological characteristics and have certain limitations. The nodal status, lymphovascular infiltration, and

lymphotropic pattern (such as micropapillary element) are aslo uesd to evaluate the survival of breast cancer patients.”**
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Figure 4 Decision curve analysis (DCA) curves for evaluating clinical usefulness of the condition survival Nomogram prognostic model and NPS for 3- and 5- year disease
free survival (DFS) and overall survival (OS) rates. (A) DCA curves for evaluating clinical usefulness of the condition survival Nomogram prognostic model and NPS for 3-
year DFS rate. (B) DCA curves for evaluating clinical usefulness of the condition survival Nomogram prognostic model and NPS for 3- year OS rate. (C) DCA curves for
evaluating clinical usefulness of the condition survival Nomogram prognostic model and NPS for 5- year DFS rate. (D) DCA curves for evaluating clinical usefulness of the
condition survival Nomogram prognostic model and NPS for 5- year OS rate.

Recently, studies have been established extensively on the application of NPS to predict the outcome of different malignant
tumors due to the integration of multiple indicators of inflammation, nutrition, and immune condition. There is still
controversy over the NPS threshold for different types of malignancies and treatment contexts. Systemic inflammatory and
nutritional indicators are convenient for predicting the prognosis of breast cancer patients after operation. Although some
researches demonstrated the preoperative condition, the current study evaluated that NPS can be applied to a predictive
systemic inflammatory and nutritional biomarker in stage III breast cancer undergoing surgery compared to single inflamma-
tion related indicator, such as NLR or LMR. Despite its potential utility, limited researches have investigated the predictive
value of NPS substantially in the context of stage III breast cancer. Eventually, 306 stage III breast cancer patients were
enrolled and stratified into three groups according to the NPS. Our study demonstrated that NPS acted as a potential indicator
of DFS and OS in stage I1I breast cancer, and the patients exhibiting a low NPS prolonged the survival time.

As is well known, peripheral blood inflammation indicators can reflect the status of immune inflammation.”®’

Inflammation leads to the aggregation of neutrophils and monocytes, promoting the development of cancer by producing
and releasing large amounts of inflammatory mediators, transforming factors, cytokines, and chemokines.*®*
Neutrophils are related to the severity of the disease, and low level of absolute neutrophil count is associated with
improved prognosis after cancer treatment.*® Monocytes can differentiate into tumor associated macrophages (TAMs) in

cancer tissue, which promote angiogenesis and tumor progression and can be used to predict tumor prognosis.’' On the
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contrary, the local immune response caused by inflammation leads to an increase in lymphocytes, which can play
a significant role in anti-cancer activity to some extent.**> Therefore, changes in immune and inflammatory indicators,
such as NLR and LMR, can undoubtedly provide a powerful reference for evaluating the prognosis of malignant tumors;
and several studies have also explored the relationship between biomarkers and breast cancer prognosis.*>** In our study,
patients with low level of NLR or high level of LMR had survived longer than those with high level of NLR or low level
of LMR, respectively. Moreover, the multivariate Cox analysis also showed that NLR was the prognostic factor for
overall time. And this is generally consistent with previous research, such as Ethier JL’s study,’ Tokumaru Y’s study.*
Therefore, we hypothesize that elevated NLR may be used to predict the cancer prognosis, as it reflects the balance
between inflammation and immune responses in tumor microenvironment.

As is known to all, nutritional status plays a crucial role in cancer progression, affecting the body’s oxidative stress levels
and altering tissue metabolism.’” Nutritional predictors, such as ALB and CHOL, are closely related to the advancement of
malignant tumors.*®>° The level of ALB is remarkable marker in clinical front-line of gastrointestinal surgery, which does not
only effectively present the nutritional status of liver function and systemic inflammation, but also acts as a crucial indicator in
cancer prognosis.*® Cholesterol inhibits transmembrane signaling and participates as an important immune component.*' One
study has shown that low level of CHOL in patients with colorectal cancer (CRC) was an important prognostic factor for
survival time after operation, and related to the poor prognosis of CRC.** In our study, our study demonstrated that ALB acted
as a potential indicator of OS in stage III breast cancer, and the patients exhibiting a high level of ALB prolonged the survival
time. Although the level of CHOL was related to the prognosis of stage I1I breast cancer, CHOL was not the independent factor
for the survival time. Additionally, studies have showed that the integrated assessment of cancer, inflammation, and nutrition
highlights the importance of comprehensive assessment in guiding tumor treatment.

Based on the above biological mechanisms, it is completely feasible to anticipate expected cancer patient survival rates
with NPS. NPS, as a new and original scoring system, has been widely used to construct the Nomogram prognostic model for
some malignant tumors.**~** This study demonstrated that patients with a high NPS exhibited a poorer prognosis and shorter
survival time (DFS, HR = 4.990, 95% CI: 2.555-9.746, P < 0.001; OS: HR = 5.707, 95% CI: 2.900-11.231, P < 0.001) for
stage III breast cancer. Studies also demonstrated that application of neutrophils, monocyte and lymphocytes was applied to
immunotherapy. And NLR or LMR were couple of the comprised of NPS. Then, breast cancer patients with high level of NLR
had worse prognosis and short survival time (OS: HR: 3.329, 95% CI: 1.467-7.556, P = 0.004). Moreover, the multivariate
analysis identified family history, molecular subtype, radiotherapy, NPS, and D-D as potential prognostic factors. The
application of NPS can provide reference for stage III breast cancer patients to choose optimal treatment and make optimal
decisions. Furthermore, Nomograms were constructed by these multivariate prognostic factors. Additionally, Nomograms
constructed by NPS performed superior predictive capabilities than NLR, LMR or only by NPS. The advantages of NPS
include ease of use, cost-effectiveness, ability to capture host-related factors. According to these potential mechanisms, NPS
might offer advantages over existing markers, such as NLR, LMR.

Certainly, there are still some limitations in the current study. Firstly, our research was a single-center retrospective
study with relatively limited sample size, which provided it susceptible to some inherent bias, such as variables that could
not be identified, without follow-up information. Secondly, as a result of limited study data, the heterogeneity of cancer-
related features may not have been fully evaluated. Thirdly, the clinical significance of NPS may not reflect differences in
individual studies by prospective multicenter trials.

Conclusions

In conclusion, NPS is an easy-to-use scoring system combined the inflammatory, immune, and nutritional indicators for
predicting prognosis and treatment efficacy in stage III breast cancer patients. Our findings demonstrate a significant
association between NPS and clinical outcomes. NPS, as a novel and original prognostic score, maybe as a valuable
prognostic predictor for stage III breast cancer patients. We developed and validated a nomogram-based prognostic
model using NPS, which provides an intuitive visualization tool for predicting 3- and 5-year survival rates. While this
model shows promise, its generalizability may be limited to different patient populations and treatment settings.
Comparative analyses with existing prognostic models (such as TNM stage) are warranted to determine whether the
NPS-based nomogram offers improvements in accuracy, cost-effectiveness, or clinical utility.
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