Journal of Inflammation Research Dove

ORIGINAL RESEARCH

Naples Prognostic Score: A Novel Predictor of
Survival in Patients with Triple-Negative Breast
Cancer

Yu Qiu'"?*, Yan Chen' 2, Haoyang Shen''2, Shuixin Yan'?, Jiadi Li"2, Weizhu Wu'

'The Affiliated Lihuili Hospital, Ningbo University, Ningbo, 315000, People’s Republic of China; 2Health Science Center, Ningbo University, Ningbo,
Zhejiang, 315000, People’s Republic of China

*These authors contributed equally to this work

Correspondence: Weizhu Wu, The Affiliated Lihuili Hospital, 1111 Jiangnan Road, Ningbo, Zhejiang, 315000, People’s Republic of China,
Tel +86 574 13957402451, Email wuweizhul 128@163.com

Purpose: This study investigated the correlation between the Naples prognostic score (NPS), clinicopathological traits, and the
postoperative prognoses of patients with triple-negative breast cancer (TNBC). Based on NPS, a predictive nomogram was developed
to estimate the long-term survival probabilities of patients with TNBC post-surgery.

Patients and Methods: We retrospectively examined the clinical records of 223 women with TNBC treated at Ningbo Medical
Center, Lihuili Hospital between January 1, 2016 and December 31, 2020. Blood tests and biochemical analyses were conducted
before surgery. The prognostic nutritional index (PNI), controlling nutritional status (CONUT), neutrophil-to-lymphocyte ratio,
platelet-to-lymphocyte ratio, and NPS were determined based on blood-related markers. A Kaplan-Meier survival analysis assessed
the association between NPS, PNI, CONUT score, overall survival (OS), and breast cancer-specific survival (BCSS). Predictive
accuracy was evaluated using the area under the receiver operating characteristic curve (AUC) and C index. The patients were
randomly divided into the training and the validation group (6:4 ratio). A nomogram prediction model was developed and evaluated
using the R Software for Statistical Computing (RMS) package.

Results: NPS outperformed other scores in predicting inflammation outcomes. Patients with an elevated NPS had a poorer prognosis
(P<0.001). Lymph node ratio (LNR), surgical method, postoperative chemotherapy, and NPS independently predicted OS, whereas
M stage, LNR, and NPS independently predicted BCSS outcome. The OS and BCSS predicted by the nomogram model aligned well
with the actual OS and BCSS. The decision curve analysis showed significant clinical utility for the nomogram model.
Conclusion: In this study, NPS was an important prognostic indicator for patients with TNBC. The nomogram prognostic model
based on NPS outperformed other prognostic scores for predicting patient prognosis. The model demonstrated a clear stratification
ability for patient prognosis, which emphasized the potential benefits of early intervention for high-risk patients.

Plain Language Summary: In this study, we aimed to understand how the Naples prognostic score (NPS) scoring system could
predict the prognosis for patients with triple-negative breast cancer (TNBC). TNBC is a type of breast cancer that can be difficult to
treat. Medical records of 223 women with TNBC were retrospectively analyzed. These women had their blood tested before surgery to
check for certain markers related to nutrition and inflammation. NPS was used along with other scores to determine their accuracy in
predicting survival. NPS was better at predicting outcomes than the other scores. The patients with higher NPS scores tended to have
poorer outcomes. We also created a visual tool called a nomogram to help doctors predict patient outcomes based on the NPS scores.
NPS can be a valuable tool for doctors treating patients with TNBC because it can help them predict how well a patient might do after
surgery. This information could be used to tailor treatment plans for these patients. The nomogram provides a user-friendly way for
doctors to use NPS in their practice. Overall, this study showed that NPS is a powerful tool for predicting outcomes for patients with
TNBC, which could lead to better treatment decisions and improved outcomes for these patients.
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Introduction

Breast cancer is the leading cause of cancer-related illnesses and death among women globally. Recent data on cancer indicate
that breast cancer is one of the most commonly diagnosed malignant tumors worldwide.'> Triple-negative breast cancer
(TNBC) is a subtype characterized by estrogen receptor (ER) and progesterone receptor (PR) levels < 1% in immunohisto-
chemical tests. Additionally, TNBC lacks overexpression of human epidermal growth factor receptor 2 and amplification of
genes found in other breast cancer subtypes, accounting for approximately 10-20% of all breast cancer cases.”* TNBC is
notable for its early onset, significant diversity, high metastasis risk, and unfavorable prognosis. Patients often experience early
recurrence and metastasis, with a median survival period of 12—18 months.>® With the onset of distant metastases in TNBC
patients, the primary therapeutic objectives focus on enhancing patient quality of life and extending survival. Even with
notable progress in diagnosing and treating TNBC, it remains a major global issue for women.”® Consequently, we aimed to
identify precise and economic predictive biomarkers, develop more accurate predictive models, establish a personalized risk
categorization standard, and offer treatment guidance for patients with TNBC.

Recently, several studies have highlighted the impact of nutritional inflammation on the survival and prognosis of
patients with malignant tumors. This type of inflammation is closely linked to tumor growth, proliferation, invasion,
and metastasis.'®'" Efficient and readily identifiable serum indicators can aid in enhancing the treatment of
cancerous tumors.

Persistent inflammation may develop if the underlying causes persist or if regulatory processes prove ineffective. This
chronic inflammation can further support the growth and resilience of tumor cells, promote the formation and spread of
blood vessels, disrupt the adaptive immune response, and contribute to medication resistance.'>'* Inadequate nutritional
levels may indicate metabolic issues stemming from cancer, compromised immunity due to tumor growth, and an
inability to tolerate cancer treatment.'*'> Earlier research has indicated a link between subpar nutrition and unfavorable
clinical outcomes in breast cancer cases.'® Conversely, breast cancer is often associated with excessive nutritional levels.
Being overweight significantly increases the risk of breast cancer in postmenopausal women.'”"'®

The lymph node ratio (LNR), calculated as the proportion of positive lymph nodes to the total number of resected
lymph nodes, has been suggested to enhance the predictive precision of lymph node status in diverse tumors.'®-*
Concurrently, research has verified the effectiveness of LNR in predicting breast cancer outcomes. In a number of studies
with limited sample sizes, LNR has demonstrated superior predictive capabilities compared to pathological lymph node
staging stratification.”' %

Certain evaluation methods incorporate inflammatory or nutritional indicators such as the prognostic nutritional index
(PNI),** controlling nutritional status (CONUT),? lymphocyte-to-monocyte ratio (LMR), and neutrophil-to-lymphocyte
ratio (NLR) to assess outcomes in cancer patients. The Naples prognostic score (NPS), created by Italian academic
Galizia, relies on levels of NLR, (LMR), albumin, and total cholesterol.’® This comprehensive approach allows for
a simultaneous assessment of systemic inflammatory, nutritional, and immune conditions, potentially surpassing the
efficacy of individual inflammatory or nutritional indicators. NPS has proven to be an independent prognostic indicator
and has been used extensively in recent years to evaluate the prognosis of a number of malignancies, including
pancreatic,”’ colorectal,”® oesophageal,®® gastric,>® and endometrial cancers.’' Previous research has been conducted
on how inflammatory nutritional markers impact early-stage and post-neoadjuvant breast cancer.”*> However, there are
limited studies on the application of inflammatory nutritional markers in patients with TNBC. Thus, further investigation
is necessary to thoroughly assess the relationship between NPS and the survival of patients with TNBC. To date, there is
no consensus on which rating index is more advantageous.>*

Therefore, in this study in patients with TNBC, we conducted a retrospective examination of clinical and follow-up
data, assessed the predictive power of three inflammatory nutrition markers, and ascertained NPS’s clinical significance
for prognosis prediction. Statistical techniques were employed to evaluate the diagnostic and prognostic values of NPS.
Furthermore, early interventions were implemented for high-risk patients to enhance their prognosis. A nomogram was

utilized to quantify prognostic indicators, enabling a more accurate and practical prediction of patient outcomes.
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Materials and Methods
Patient Eligibility

From January 1, 2016 to December 31, 2020, clinical data were collected from 223 female patients with TNBC who
underwent surgery and postoperative adjuvant therapy at The Affiliated Lihuili Hospital, Ningbo University, Ningbo,
China. All patients were monitored until either they died or the study reached the last follow-up date (December 31, 2023),
whichever came first. The inclusion criteria were the following: (1) female sex; (2) TNBC confirmed by postoperative
pathology; (3) complete basic clinical data; and (4) detection of routine blood and biochemical indices before surgery. The
exclusion criteria were the following: (1) presence of additional malignancies; (2) diagnosis of bilateral breast cancer; (3)
presence of diseases affecting the immune, blood, or other related systems that could affect hematological indicators; (4)
receipt of radiotherapy or chemotherapy prior to surgery; and (5) insufficient follow-up information.

This study was approved by the Ethics Committee of The Affiliated Lihuili Hospital, Ningbo University, Ningbo, China
(approval number: KY2024SL138-01). Written informed consent was not required for this retrospective study. The study was
conducted in accordance with the Declaration of Helsinki. The patient’s medical information has been kept confidential.

Data Collection and Follow-Up

The general clinical data of the patients, including age at diagnosis, menopausal status, body mass index, and surgical
methods, were collected. Peripheral blood tests were performed 7 days before surgery, encompassing neutrophil count,
lymphocyte count, total cholesterol level, serum albumin level, NLR, and LMR. Postoperative pathological data included
tumor pathological type, pathological grade, TNM stage, Ki-67 index, and LNR.

After surgery, patients underwent routine follow-ups via phone calls and medical data from the inpatient system,
outpatient services, and other channels were collected. Follow-ups were performed at the time of death or at the end of
the study (December 31, 2023) with intervals ranging from 1-96 months. Among the 223 patients, 33 had died by the last
follow-up. Follow-up procedures included postoperative adjuvant therapy (chemotherapy and radiation). Overall survival
(OS) was determined using the time interval between the end of surgery and death or the last follow-up. Breast cancer-
specific survival (BCSS) was computed using the time interval between the end of surgery and the patient’s death from
breast cancer or the last follow-up.

Definitions and Grouping in NPS, PNI, and CONUT Studies

NPS equals the sum of the plasma albumin level, total cholesterol level, NLR, and LMR scores. Patients were
categorized into two groups based on the selection of the optimal threshold of 2 using the Do Kaplan-Meier function
in X-tile software: NPS<2 (indicating no/mild malnutrition risk) and NPS>2 (signifying severe malnutrition risk). As

provided by Galizia et al,*®

the definitions and grading criteria for NPS are listed in Table 1.

PNI equals the sum of serum albumin level (g/L) and lymphocyte count (*1079/L) multiplied by five. The Do
Kaplan-Meier feature of X-tile software indicated that the optimal threshold was 50.9, categorizing patients into two
groups: PNI>50.9 (indicating no risk of malnutrition) and PNI<50.9 (indicating a risk of malnutrition).

The CONUT score is the sum of the serum albumin level, total lymphocyte count, and total cholesterol level; the
scoring guidelines are detailed in Table 2. By selecting the optimal threshold based on the Do Kaplan-Meier function in
X-tile software, patients were categorized into two groups: CONUT<I (indicating no risk of malnutrition) and

CONUT>2 (indicating a risk of malnutrition).

Table | The Grading Standard of NPS

Grade (Points) | ALB (g/dL) | TC (mg/dL) | NLR | LMR

0 24 >80 <296 | >4.44

| <4 <180 >2.96 | <4.44

Abbreviations: ALB, albumin; TC, total cholesterol; NLR, neutrophil- lympho-
cyte ratio; LMR, lymphocyte-monocyte ratio.
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Table 2 The Grading Standard of COUNT

Parameters Normal Light Moderate Severe
Serum albumin (g/dL) 23.50 3.00-3.49 2.50-2.99 <2.50
score 0 2 4 6

Total lymphocyte count 21600 12001599 8001199 <800
score 0 | 2 3

Total cholesterol (mg/dL) >180 140-180 100-139 <100
score 0 | 2 3
COUNT score (total) 0-1 24 5-8 9-12
score Normal Light Moderate Severe

Statistical Analyses and Nomogram

The X-tile software was utilized to determine the optimal threshold values for NPS, PNI, and CONUT. Survival curves
were generated using the Kaplan-Meier method and analyzed using the Log rank test. The predictive capacities of NPS,
PNI, and CONUT scores were compared using the time-dependent area under the receiver operating characteristic (ROC)
curve (AUC).

A total of 223 patients were randomly allocated to the training (n = 113) and validation (n = 90) groups, maintaining a 6:4
ratio. Initially, the univariate Cox regression was performed on the training dataset to identify the optimal variable combina-
tion; variables with P < 0.05 were selected for multivariate Cox regression. The stepwise backward regression technique was
then applied. A nomogram prediction model was constructed using the final model variables (independent risk factors for OS
and BCSS) to predict the 3- and 5-year OS and BCSS of patients with TNBC. The nomogram visually linked various
predictive risk elements to the likelihood of OS and BCSS in patients with TNBC after surgery. The degree of distinctiveness
of the nomogram was measured using the area under the AUC value or the concordance index (C-index), where the C-index
was approximately equal to the ROC curve area. The calibration curve provided a visual assessment of the calibration for the
nomogram. The 45° line denotes a perfect calibration, which occurs when the patient’s real risk and the model’s anticipated
value match exactly. The decision curve analysis confirmed the clinical benefit of the nomogram. The strong clinical relevance
of the model was demonstrated by the curve above the None and All lines, both of which showed a net benefit. R (version
4.2.0; Vienna, Austria) software was used (http://www.r-project.org/). Statistical significance was defined as P < 0.05.

Results

Clinicopathological Characteristics

Each of the 223 patients underwent a follow-up period of 62 months (range 4-96 months). By the end of the follow-up
period, 39 patients had experienced both metastasis and recurrence. The recurrence rate over more than 3 years was
6.73% (15 of 223), whereas that for more than 5 years was 13.45% (30 of 223). Table 3 presents the demographic and
clinical data alongside the initial laboratory parameters.

Relationship Between Preoperative PNI, CONUT, and NPS Groups and

Clinicopathological Characteristics of Patients with TNBC

The OS and BCSS endpoints were used to construct ROC curves and the AUC was computed. Both PNI and NPS
showed superior performance (Figure 1A and B). Additionally, a Kaplan-Meier curve analysis was performed.
Figures 2A—C reveals that PNI (low vs high: P=0.0062) and NPS (low vs high: P=0.041) were related to OS, whereas
the CONUT score (low vs high: P=0.76) was not. In Figures 2D-F, Kaplan-Meier curves demonstrated that, in contrast to
CONUT (low vs high: P=0.96), NPS (low vs high: P=0.003) and PNI (low vs high: P=0.011) were associated with
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Table 3 Comparison of Baseline Clinicopathological Features Between Training Group and Validation

Group
Characteristic Overall Training Cohort | Internal Validation | P value®
Cohort
N =223 N =133 N =90
Age 0.339
<50 70 (31.4%) 45 (33.83%) 25 (27.78%)
250 153 (68.6%) 88 (66.17%) 65 (72.22%)
Menopause 0919
Yes 152 (68.2%) 91 (68.42%) 61 (67.78%)
No 71 (31.8%) 42 (31.58%) 29 (32.22%)
BMI 0.406
<24 158 (70.9%) 97 (72.93%) 61 (67.78%)
224 65 (29.1%) 36 (27.07%) 29 (32.22%)
Histologic type 0.073
IDC 195 (87.4%) 121 (90.98%) 74 (82.22%)
ILC | (0.4%) 0 (0.00%) I (1.11%)
Other 27 (12.1%) 12 (9.02%) 15 (16.67%)
Histologic grade 0.027
| 8 (3.6%) 4 (3.01%) 4 (4.44%)
I 46 (20.6%) 20 (15.04%) 26 (28.89%)
1] 169 (75.8%) 109 (81.95%) 60 (66.67%)
T 0.345
Tl 126 (56.5%) 70 (52.63%) 56 (62.22%)
T2 87 (39.0%) 56 (42.11%) 31 (34.44%)
T3 10 (4.5%) 7 (5.26%) 3 (3.33%)
N 0.130
NO 166 (74.4%) 93 (69.92%) 73 (81.11%)
NI 34 (15.2%) 22 (16.54%) 12 (13.33%)
N2 18 (8.1%) 13 (9.77%) 5 (5.56%)
N3 5 (2.2%) 5 (3.76%) 0 (0.00%)
LNR Median (IQR) 0.00 (0.00, 0.03) 0.00 (0.00, 0.07) 0.00 (0.00, 0.00) 0.031
M 0.400
MO 220 (98.7%) 130 (97.74%) 90 (100.00%)
MI 3 (1.3%) 3 (2.26%) 0 (0.00%)
Surgery 0.964
Breast-conserving surgery 102 (45.7%) 61 (45.86%) 41 (45.56%)
Mastectomy 121 (54.3%) 72 (54.14%) 49 (54.44%)
Radiation 0.169
Yes 119 (53.4%) 57 (42.86%) 47 (52.22%)
No 104 (46.6%) 76 (57.14%) 43 (47.78%)
Chemotherapy 0.034
Yes 198 (88.8%) 10 (7.52%) 15 (16.67%)
No 25 (11.2%) 123 (92.48%) 75 (83.33%)
COUNT
0 75 (33.6%) 47 (30.13%) 28 (41.79%) 0.149
| 88 (39.5%) 60 (38.46%) 28 (41.79%)
2 37 (16.6%) 29 (18.59%) 8 (11.94%)
3 19 (8.5%) 17 (10.90%) 2 (2.99%)
4 4 (1.8%) 3 (1.92%) | (1.49%)
PNI
Median (IQR) 52.9 (50.1, 56.0) | 52.90 (49.90, 55.90) | 53.00 (50.68, 55.92) 0.483
(Continued)
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Table 3 (Continued).

Characteristic Overall Training Cohort | Internal Validation | P value®
Cohort
N =223 N =133 N =90
NPS
0 63 (28.25%) 40 (25.64%) 23 (34.33%) 0.158
| 96 (43.05%) 66 (42.31%) 30 (44.78%)
2 50 (22.42%) 37 (23.72%) 13 (19.40%)
3 14 (6.28%) 13 (8.33%) I (1.49%)

Notes: “Training cohort vs Internal validation coho.
Abbreviations: BMI, body mass index IDC, invasive ductal carcinoma; ILC, infiltrating lobular carcinoma.

BCSS. Patients with a low PNI and a high NPS exhibited a poor prognosis. Taken together, these results suggest that
NPS outperform PNI and CONUT in terms of predictive performance.

Univariate and Multivariate COX Analysis of Prognostic Factors

Each patient was randomly assigned to a training set (n = 133) and a validation set (n = 90) in a 6:4 ratio. There were no
significant differences in any of the variables between the two groups (P > 0.05), indicating that the two groups were
similar and homogeneous (Table 3).

The prognostic markers for OS identified in the univariate analysis included surgical technique, postoperative chemotherapy,
LNR, TNM stage, PNI score, and NPS score (Table 4). In the multivariate analysis, LNR, surgical technique, postoperative
chemotherapy, and NPS were identified as independent predictors of OS (P < 0.05). Similarly, the prognostic markers for BCSS
included surgical technique, postoperative chemotherapy, LNR stage, NM stage, PNI score, and NPS score in the univariate
analysis. LNR, M stage, and NPS score were identified as independent predictive variables for BCSS in the multivariate analysis
(P <0.05) (Table 5). The prediction model indicated that patients in the high-NPS group had a worse OS than those in the low-
NPS group.
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Figure | ROC curves to determine the cut-off values for NPS, CONUT, PNI. (A) For OS. (B) For BCSS.
Abbreviations: BCSS, breast cancer-specific survival; CONUT, controlling nutritional status; NPS, Naples prognostic score; OS, overall survival; PNI, prognostic nutritional
index.
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Figure 2 Kaplan-Meier survival curves of NPS, CONUT, and PNI groups versus patients with TNBC. (A-C) For OS. (D-F) For BCSS.

Abbreviations: BCSS, breast cancer-specific survival; CONUT, controlling nutritional status; NPS, Naples prognostic score; PNI, prognostic nutritional index; TNBC,

triple-negative breast cancer.

Building and Validating a Nomogram Prognostic Model
A nomogram was developed to predict OS and BCSS for patients with TNBC. This nomogram incorporated factors with

a statistical significance of P < 0.05, as determined by the multivariate analysis of the training set. To estimate the

Table 4 Univariate and Multivariate Cox Regression Analysis of Overall Survival (OS) in 223 TNBC

Patients
Variables Univariable Analysis Multivariable Analysis
HR (95% CI) P value HR (95% CI) P value
Age
<50 Ref.
250 0.94 (0.36-2.47) 0.898
Menopause
Yes Ref.
No 1.01 (0.38-2.67) 0.980
BMI
<24 Ref.
224 0.94 (0.34-2.61) 0.900
Histologic type
IDC Ref.
Other 0.51 (0.07-3.81) 0.511
(Continued)
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Table 4 (Continued).

Variables Univariable Analysis Multivariable Analysis
HR (95% CI) P value HR (95% CI) P value
Histologic grade
| Ref.
Il 0.00 (0.00 - Inf) 0.998
11l 0.00 (0.00 - Inf) 0.998
Ki-67 0.99 (0.98-1.01) 0.517
T
TI Ref.
T2 1.69 (0.63-4.53) 0.299
T3 4.96 (1.27-19.45) 0.022%
N
NO Ref.
NI 1.80 (0.55-5.87) 0.332
N2 2.88 (0.78-10.66) 0.113
N3 849 (2.28-31.69) 0.001%*
LNR Median (IQR) 26.65 (7.08-100.27) <0.001* 15.11 (3.53-64.70) <0.001*
M
MO Ref.
Ml 34.99 (8.23-148.80) <0.001*
Surgery
Breast-conserving surgery Ref. Ref.
Mastectomy 4.46 (1.29-15.37) 0.018* 3.45 (0.96-12.43) 0.058
Radiation
Yes Ref.
No 2.10 (0.82-5.39) 0.122
Chemotherapy
Yes Ref. Ref.
No 7.35 (2.79-19.39) <0.001* 5.59 (1.87-16.73) 0.002*
PNI
High-Risk Ref.
Low-Risk 2.81 (1.13-7.00) 0.026*
(Continued)
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Table 4 (Continued).
Variables Univariable Analysis Multivariable Analysis
HR (95% CI) P value HR (95% CI) P value
NPS
Low-Risk Ref. Ref.
High-Risk 4.17 (1.38-12.59) 0.011* 3.40 (0.93-12.45) 0.065
Notes: *P-value < 0.05 was regarded as statistically significant.
Table 5 Univariate and Multivariate Cox Regression Analysis of Overall Survival (BCSS) in 223
TNBC Patients
Variables Univariable Analysis Multivariable Analysis
HR (95% CI) P value HR (95% CI) P value
Age
<50 Ref.
250 1.22 (0.44-3.36) 0.702
Menopause
Yes Ref.
No 1.00 (0.35-2.88) 0.996
BMI
<24 Ref.
224 0.62 (0.18-2.16) 0.449
Histologic type
IDC Ref.
Other 0.63 (0.08—4.74) 0.649
Histologic grade
| Ref.
I 0.00 (0.00 - Inf) 0.998
n 0.00 (0.00 - Inf) 0.998
Ki-67 1.00 (0.98-1.02) 0.728
T
TI Ref.
T2 1.78 (0.62-5.12) 0.288
T3 4.06 (0.81-20.31) 0.088
N
NO Ref.
NI 2.06 (0.62-6.90) 0.240
(Continued)
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Table 5 (Continued).

Variables Univariable Analysis Multivariable Analysis
HR (95% CI) P value HR (95% CI) P value
N2 3.21 (0.85-12.11) 0.085
N3 3.41 (0.42-27.40) 0.249
LNR Median (IQR) 21.99 (5.12-94.42) <0.001%* 6.50 (0.89-47.47) 0.065
M
MO Ref.
MI 45.99 (10.11-209.32) <0.001* 8.64 (0.99-75.68) 0.051
Surgery
Breast-conserving surgery Ref. Ref.
Mastectomy 3.74 (1.06-13.18) 0.040* 2.89 (0.77-10.77) 0.115
Radiation
Yes Ref.
No 1.64 (0.61-4.43) 0.328
Chemotherapy
Yes Ref.
No 3.69 (1.05-12.97) 0.042%
PNI
High-Risk Ref.
Low-Risk 3.44 (1.25-9.45) 0.017*
NPS
Low-Risk Ref. Ref.
High-Risk 5.23 (1.68-16.26) 0.004* 6.20 (1.77-21.77) 0.004*

Notes: *P-value < 0.05 was regarded as statistically significant.

potential OS and BCSS in patients with TNBC at 3- and 5-years post-surgery, we calculated a nomogram score by adding
the detailed scores of each variable. Figure 3A and B depict the nomogram, illustrating that individuals with TNBC have
a worse prognosis and that a shorter survival time is associated with a higher NPS score. These findings demonstrate that
survival time is inversely correlated with the bisection of the nomogram prediction model.

The prediction model was validated using bootstrapping. For OS prediction, the C-index was 0.701 (95%
confidence interval [CI]: 0.556-0.845) in the training group and 0.771 (95% CI: 0.642—-0.901) in the validation
group. BCSS prediction yielded a C-index of 0.717 (95% CI: 0.570-0.864) in the training group and 0.692 (95%
CI: 0.462-0.921) in the validation group. The prediction nomogram exhibited improved individualized prediction
accuracy in both the validation (Figure 4B and D) and the training set (Figure 4A and C) in the time-dependent ROC
curve evaluation.

A calibration curve was created, and the multivariate Cox regression model was developed using 1000 re-samplings
of the original data to predict the 3- and 5-year OS and BCSS of patients with TNBC following surgery, which was
verified using R software. The 3- and 5-year OS and BCSS predicted by the nomogram model and the actual OS and
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Figure 3 Nomogram for predicting 3- and 5-year OS (A) and BCSS (B) of patients with TNBC using independent prognostic factors.
Abbreviations: BCSS, breast cancer-specific survival; OS, overall survival; TNBC, triple-negative breast cancer.
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Figure 4 Time-dependent receiver operating characteristic (ROC) curves for assessing the discrimination of the condition survival nomogram in the training cohort (A and C)
and the internal validation cohort (B and D).

BCSS in the training and validation sets showed an acceptable degree of agreement, with the calibration curve essentially
floating around 45° (Figures 5SA-D).

Decision curve analysis was used to determine the extent of benefit. The results are shown in Figures 6A-D at 3 and 5
years, demonstrating its clinical applicability and net benefit over a broad range of thresholds.
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Figure 5 Calibration curves for predicting OS and BCSS at 3 and 5 years in the training cohort (A and B) and in the internal validation cohort (C and D).
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Discussion

The prognostic significance of preoperative nutritional status and inflammatory immunology in tumor prognosis has
garnered increasing attention in recent years.*®*’ Every stage of tumorigenesis, from initiation to tumor development and
metastasis, is impacted by inflammation. Recent research has demonstrated that close collaboration between cancer cells,
immunological and inflammatory cells, and stromal components is necessary for metastasis.’® *° Furthermore, inade-
quate nutritional status is one of the main factors influencing the prognosis of breast cancer.*'** Several preoperative
prognostic metrics derived from serum biomarkers have been shown to be related to breast cancer prognosis.***** Better
clinical management of malignant tumors can be achieved through the fast and straightforward identification of blood
indicators.

Researchers have developed the NPS score to provide an assessment of nutritional inflammation that integrates the
impacts of nutrition, inflammation, immunology, and cancer. It includes factors such as NLR, lymphocytes, and albumin
level among other biomarkers and has a strong prognostic predictive capacity.”® NPS independently predicts outcomes in
patients with TNBC, providing a reliable means to assess survival odds and exhibiting good predictive accuracy, as
demonstrated in a study involving 223 patients with TNBC. In the present study, the NPS score is a more comprehensive
inflammatory and nutritional score that can more accurately assess survival in patients with TNBC. A higher NPS is
associated with a worse patient prognosis. From a clinical standpoint, treatment strategies should be customized
according to the patient’s NPS towards personalized treatments to extend survival in patients with TNBC.

The characteristics of lymph nodes in breast cancer are broadly acknowledged as key indicators for predicting patient
outcomes. Traditionally, the number of positive lymph nodes has been the most important predictive factor in breast
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Figure 6 Decision curve analysis (DCA) curves for assessing clinical usefulness of the condition survival nomogram for 3- and 5-year OS (A and B) and 3- and 5-year BCSS
(C and D) in the training and internal validation cohorts.
Abbreviations: BCSS, breast cancer-specific survival; OS, overall survival.

cancer, serving as the foundation for pN categorization in the AJCC staging framework. Nonetheless, the quantity of
lymph nodes analyzed can be influenced by various factors, including surgical expertise and the management of surgical
samples by pathologists. Inadequate removal and assessment of lymph nodes can result in an underestimation of the
tumor’s stage, potentially causing unsuitable treatment and inaccurate predictive decisions. In response, LNR was
implemented to evaluate the prognosis of breast cancer. Based on the results of this study, we propose that LNR could
surpass pN stage in terms of predicting accuracy in limited-sample studies from a single institution. Nonetheless,
additional studies are warranted to verify this hypothesis.

This study is the first to develop nomograms based on NPS scores, LNR, and other independent prognostic factors to predict
overall survival and breast cancer-specific survival in patients with TNBC. In both the training and the validation set, the
nomogram showed exceptionally high prognostic accuracy and predictive power. Decision curve analysis further confirmed that
the column chart had a good clinical net benefit. In addition, our prognostic model is more applicable and useful in clinical
practice due to its reduced number of factors and the fact that the parameters are common laboratory indicators.

Inflammatory and immune cells release various cytokines and chemical signals, such as pro-inflammatory cytokines
and interleukins, due to the interplay between the inflammatory condition of the tumor and its surrounding environment.
These factors not only initiate a widespread inflammatory immune reaction but also promote the development of blood
vessels, metastasis, and tumors locally.*>*” Conversely, adequate nutrients can improve immune system performance,
maintain immune equilibrium, reduce the inflammatory response of the tumor, and inhibit tumor growth and spread.*®
Additionally, successful treatment should address the postoperative state of the patient as well as the preoperative state.
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Early nutritional supplementation has been shown to enhance physical function, boost anti-tumor drug tolerance, and
improve postoperative prognostic survival in cancer patients with pre-cachexia.**>® Therefore, using NPS to evaluate the
nutritional and immunological status of patients with TNBC can support tailored care and serve as a foundation for the
management of cancer patients in the perioperative phase. Future research is needed to shed light on the molecular
pathways and interactions between inflammation and nutritional status and how these are affected by genetic factors to
develop innovative approaches to cancer treatment and prevention. We developed a nomogram prediction model for OS
and BCSS in patients with TNBC based on prognostic factors including NPS. All biomarkers are objective laboratory
indicators, can be tested with widely available tests, and are assessed at no additional cost.

Our study had several limitations. First, we only examined the relationship between NPS and the long-term outcomes of
patients due to the validity of clinical records and compliance with patient instructions. We did not investigate the
relationship between NPS and postoperative complications or disease-free survival duration. Second, some patients were
unable to tolerate postoperative chemotherapy due to inadequate immune and nutritional health, resulting in treatment
discontinuation or cessation. Third, limited sample size and inconsistent chemotherapy protocols made it difficult to conduct
more detailed stratified evaluations of postoperative chemotherapy. Fourth, this study analyzed data from a single center,
making it difficult to eliminate confounding biases, even with the strict screening of patients according to the predetermined
inclusion criteria. Further validation of the results of this study in larger prospective studies is warranted.

Conclusion

NPS is an easy-to-use scoring system capable of predicting prognosis and treatment efficacy in patients with TNBC. High
NPS may indicate a shorter OS and BCSS. Furthermore, based on NPS, we developed and validated a novel nomogram
prediction model as a visual and intuitive tool for clinical prognostic assessment and decision-making assistance.

Abbreviations

AUC, area under the curve; BCSS, breast cancer-specific survival, CONUT, controlling nutritional status; ER, estrogen
receptor; LNR, lymph node ratio; NLR, neutrophil-to-lymphocyte ratio; NPS, Naples prognostic score; OS, overall
survival; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nutritional index; PR, progesterone receptor; ROC, receiver
operating characteristic, TNBC, triple-negative breast cancer.
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