Journal of Inflammation Research Dove

ORIGINAL RESEARCH

A Novel Inflammatory-Nutritional Prognostic
Scoring System for Patients with Early-Stage
Breast Cancer

Xin Hua@®"*, Fangfang Duan®'"*, Wenyu Zhai>*, Chenge Song', Chang Jiang', Li Wang',
Jiajia Huang', Huanxin Lin®, Zhongyu Yuan'

'Department of Medical Oncology, State Key Laboratory of Oncology in South China, Collaborative Innovation Center for Cancer Medicine, Sun Yat-
sen University Cancer Center, Guangzhou, Guangdong, People’s Republic of China; 2Department of Thoracic Surgery, State Key Laboratory of
Oncology in South China, Collaborative Innovation Center for Cancer Medicine, Sun Yat-sen University Cancer Center, Guangzhou, Guangdong,
People’s Republic of China; *Department of Radiotherapy, State Key Laboratory of Oncology in South China, Collaborative Innovation Center for
Cancer Medicine, Sun Yat-sen University Cancer Center, Guangzhou, Guangdong, People’s Republic of China

Correspondence: Zhongyu Yuan, Department of Medical Oncology, State Key Laboratory of Oncology in South China, Collaborative Innovation
Center for Cancer Medicine, Sun Yat-sen University Cancer Center, 65| Dongfeng Road East, Guangzhou, Guangdong, 510060, People’s Republic of
China, Email yuanzhy@sysucc.org.cn

Huanxin Lin, Department of Radiotherapy, State Key Laboratory of Oncology in South China, Collaborative Innovation Center for Cancer Medicine, Sun
Yat-sen University Cancer Center, 65| Dongfeng Road East, Guangzhou, Guangdong, 510060, People’s Republic of China, Email linhx@sysucc.org.cn

*These authors contributed equally to this work

Purpose: We attempted to explore the prognostic value of baseline inflammatory and nutritional biomarkers at diagnosis in patients
with early-stage breast cancer and develop a novel scoring system, the inflammatory-nutritional prognostic score (INPS).

Patients and Methods: We collected clinicopathological and baseline laboratory data of 1259 patients with early-stage breast cancer
between December 2010 and November 2012 from Sun Yat-sen University Cancer Center. Eligible patients were randomly divided
into training and validation cohorts (n = 883 and 376, respectively) in a 7:3 ratio. We selected the most valuable biomarkers to develop
INPS by the least absolute shrinkage and selection operator (LASSO) Cox regression model. A prognostic nomogram incorporating
INPS and other independent clinicopathological factors was developed based on the stepwise multivariate Cox regression method.
Then, we used the concordance index (C-index), calibration plot, and time-dependent receiver operating characteristic (ROC) analysis
to evaluate the prognostic performance and predictive accuracy of the predictive nomogram.

Results: Four inflammatory-nutritional biomarkers, including neutrophil-lymphocyte ratio (NLR), monocyte-lymphocyte ratio (MLR),
prognostic nutritional index (PNI), and albumin-alkaline phosphatase ratio (AAPR), were selected using the LASSO Cox analysis to construct
INPS, which remained an independent prognostic indicator per the multivariate Cox regression analysis. Patients were stratified into low- and
high-INPS groups based on the cutoff INPS determined by the maximally selected rank statistics. The prognostic model for overall survival
consisting of INPS and other independent clinicopathological indicators showed excellent discrimination with C-indexes of 0.825 (95%
confidence interval [CI]: 0.786—0.864) and 0.740 (95% CI: 0.657—0.822) in the training and validation cohorts, respectively. The time-dependent
ROC curves showed a higher predictive accuracy of our prognostic nomogram than that of traditional tumor-node-metastasis staging.
Conclusion: Baseline INPS is an independent indicator of OS in patients with early-stage breast cancer. The INPS-based prognostic
nomogram could be used as a practical tool for individualized prognostic predictions.
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Introduction

Breast cancer, the most common newly diagnosed malignancy annually, is the main cause of cancer-related deaths in
female patients worldwide."? In recent years, advances have been made to escalate and de-escalate therapies for patients
with early-stage breast cancer, such as the recommendation of adjuvant Olaparib for one year after completing local

Journal of Inflammation Research 2022:15 381-394 381
Received: 9 September 2021 © 2022 Hua et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at httpx / Iwww.dovepress.com/terms.php
A 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati li nc/3.0/). By accessing the work

Accepted: 6 January 2022
Published: 16 January 2022

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, pmwded the wnrk is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-2045-1293
http://orcid.org/0000-0002-7887-5232
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Hua et al Dove

treatment and (neo)adjuvant chemotherapy for those with high risk human epidermal growth factor receptor 2 (HER2)-
negative early breast cancer and germline BRCAI/2 mutation,® the statistically significant and clinically meaningful
improvement in dual event-free survival achieved by KEYTRUDA (pembrolizumab) as (neo)adjuvant therapy in the
KEYNOTE 522 trial (NCT03036488),* the de-escalate adjuvant mono-chemotherapy with paclitaxel plus trastuzumab in
HER2-positive breast cancer patients with tumors <3 cm and negative nodes showing excellent long-term outcomes in
the APT study,” and the exploration of trastuzumab emtansine (T-DM1) instead of trastuzumab as an adjuvant treatment
for patients with HER2-positive early breast cancer and residual invasive disease after neoadjuvant chemotherapy plus
HER2-targeted therapy.® But there are still some clinical dilemmas, for example, the mutation rate of germline BRCA1/2
just accounts for 5-10% in breast cancer, most patients are still limited to chemotherapy. For non-pathological complete
response (non-pCR) HER2-positive early breast cancer patients after neoadjuvant chemotherapy plus dual HER2-targeted
therapy with trastuzumab and pertuzumab, the direct survival comparison between adjuvant T-DM1 and trastuzumab plus
pertuzumab is poorly understood. Thus, despite above mentioned significant advances in the landscape of personalized
diagnosis and therapy, breast cancer remains a huge challenge for women around the world.” Although several
genotyping prognostic models have been developed and commonly applied in clinical practice, such as Oncotype DX,
MammaPrint Assay, and PAM50 gene signatures,® '® their clinical use is limited to specific patients and not the general
population. Besides, patients in developing countries are difficult to afford the high cost of the above-mentioned genomic
tests due to their limited medical care insurance. Therefore, it is meaningful to identify accurate and economical
prognostic biomarkers, and to develop more practical predictive models for individualized risk stratification and
personalized therapeutic guidance for patients with breast cancer.

Over the years, an increasing number of studies have explored the association between nutrition, inflammation,
antitumor immune response, and malignant diseases.'' Some preoperative peripheral blood parameters, which are easily
obtained in routine clinical practice, could indicate the baseline immune and nutritional status of cancer patients and have
been explored as prognostic biomarkers for individualized survival predictions in different types of cancers.'* !> In terms
of breast cancer, several studies have shown that inflammatory-nutritional indexes, including the platelet-lymphocyte
ratio (PLR), systemic inflammation score (SIS), neutrophil-lymphocyte ratio (NLR), monocyte-lymphocyte ratio (MLR),
Controlling Nutritional Status (CONUT), and systemic immune-inflammation index (SII), are markedly associated with

survival outcomes.'®?!

Qi et al first recognized the system inflammation response index (SIRI) as a predictor for
pancreatic cancer. The prognostic value of this index in patients with breast cancer was also explored in our previous
study.zz’23 Pretreatment serum albumin, a nutrition-related factor, and alkaline phosphatase (ALP) are markedly related to
reduced inflammation and survival of cancer patients.>**> The albumin-ALP ratio (AAPR) has been widely explored as
a predictive parameter in cases of different tumors, including breast cancer.”® The nutrition-based indexes, body mass
index (BMI) and prognostic nutritional index (PNI), can both reflect human nutritional status. The relationship between
obesity and an elevated risk of breast tumors might promote cancer-related inflammation, and PNI could be a convenient
and useful biomarker for personalized therapeutic decisions for breast cancer.””**

Nowadays, increasing attention is being focused on the establishment of prognostic models based on above-
mentioned parameters for individualized survival prediction in women with breast cancer. However, no study has
comprehensively studied all these inflammatory-nutritional biomarkers. We hypothesized that compared to a single
biomarker, a combination of all these biomarkers might be more valuable and provide more accurate information for
survival prediction. Thus, we tried to develop a novel inflammatory-nutritional prognostic scoring (INPS) system based
on all available inflammatory-nutritional biomarkers and explore its relationship with the survival outcome in patients
with early-stage breast cancer. Subsequently, we attempted to develop a prognostic model integrating the INPS with other

clinicopathological factors for individualized prediction of survival probability in patients with early-stage breast cancer.

Patients and Methods

Patient Eligibility

Female patients with early-stage breast cancer between December 2010 and November 2012 at Sun Yat-sen University
Cancer Center (SYSUCC) were retrospectively screened. Key inclusion criteria were as follows: (1) patients aged >18
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years; (2) patients with a pathological diagnosis of primary invasive breast cancer; (3) patients without relapse or distant
metastasis (lung, liver, bone, brain) of breast cancer; (4) patients who received radical surgery; and (5) patients with
available complete baseline laboratory data. The exclusion criteria were as follows: (1) pregnancy or breastfeeding; (2)
presence of ductal carcinoma in situ; (3) a history of malignancy; (4) presence of severe or uncontrolled complications;
(5) presence of synchronous malignancies; (6) using any medicine within 3 months before the diagnosis that could induce
immune, nutritional, or inflammatory responses; and (7) presence of any chronic inflammatory disease, including
autoimmune diseases. For all patients included, pathological restaging was performed according to the seventh edition
of the American Joint Committee on Cancer (AJCC, 2010) criteria. Enrolled patients were randomly divided into the
training and the validation cohorts in a 7:3 ratio. This study was approved by the ethics committee of SYSUCC
(registration number: B2020-215-01), and the requirement of obtaining written informed consent from the patients
was waived owing to the retrospective nature of current study. Patients’ medical data were handled confidentially, and the
study was performed following the Declaration of Helsinki.

Data Collection and Classification of Variables

Patients’ clinicopathological information was manually retrieved from the electronic medical record system of
SYSUCC, including age at diagnosis, menstrual status, histological type, T stage, N stage, estrogen receptor (ER)
status, progesterone receptor (PR) status, human epidermal growth factor receptor 2 (HER2) status, and KI-67 index,
which is assessed using routine immunohistochemical staining with the MIB1 monoclonal antibody (ZSGB-BIO,
Beijing, China) according to the recommendation from the International Ki67 in Breast Cancer working group®’ by
at least two professional pathologists. The BMI and peripheral blood samples of patients were obtained and tested
within 1 week before the diagnosis. A cutoff point of 23 kg/m?® for BMI was defined as the median BMI for all
patients in this study. The cut-off for ER and PR positive is defined as >1% positive cells by immune-histochemistry
staining.*® HER2-positive status was recognized as a score of 3+ or 2+ on immunohistochemistry (IHC) with
amplification of ERBB2 gene expression on fluorescence in situ hybridization (FISH) according to the American
Society of Clinical Oncology/College of American Pathologists Clinical (ASCO/CAP) Practice Guidelines.*' The
inflammatory-nutritional indexes were calculated using the following formulae: NLR = N/L, PLR = P/L, MLR = M/
L, SIT = P x N/L, SIRI = N x M/L, PNI = albumin (g/L) + 5 x L (10°/L), and AAPR = albumin (g/L)/ALP (u/L)
(where P: platelet count, M: monocyte count, N: neutrophil count, L: lymphocyte [109/L]). Continuous laboratory
parameters were classified as categorical variables according to their cutoff values determined by the maximally
selected rank statistics, which were as follows: NLR (1.99), PLR (476.9), MLR (0.298), SII (739.56), SIRI (1.23),
PNI (48.15), and AAPR (0.576). Regarding categorical inflammatory-nutritional indexes, CONUT was calculated
based on the albumin concentration, total cholesterol concentration, and total peripheral lymphocyte count. These
three variable scores were stratified into four levels (Supplementary Table 1), and the best cutoff value of 2 for

CONUT was decided per our previous study.'®** Similarly, SIS was calculated integrating serum albumin concen-
trations and LMR according to our previous study,”’ patients with both hypoalbuminemia (<40 gL—1) and low LMR
(<4.44) were scored as 2; patients with either hypoalbuminemia (<40 gL—1) or low LMR (<4.44) were scored as 1;
patients with hyperalbuminemia (>40 gL—1) and LMR > 4.44 were scored as 0. A cutoff value of 1 of SIS was also
determined following this study.

Patients Follow-Up and Endpoints

Follow-up information was obtained from the outpatient electronic records of SYSUCC and telephonic interviews.
Patients were assessed every 3 months until 2 years, every 6 months during 2 to 5 years, and then once annually. The
evaluation included routine hematological and laboratory examinations, menstrual status, breast and abdominal ultra-
sonography or computed tomography. X-ray and bone scans were performed annually. The primary endpoint of this study
was overall survival (OS), which was defined as the time from the date of diagnosis to the date of death due to any cause
or the final follow-up time.
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Statistical Analysis

Continuous variables were presented as median values with interquartile ranges (IQR), and categorical variables were
listed as frequencies with percentages. Comparisons of variables between these two cohorts were performed using the
Chi-square test or Fisher’s exact test. We classified the candidate continuous inflammatory-nutritional indexes according
to the cutoff point determined by the maximally selected rank statistics using the “maxstat” package of R software,>> with
variables above and below the cutoff values scored as 1 and 0, respectively. Considering the possibility of multi-
collinearity, we performed the least absolute shrinkage and selection operator (LASSO) Cox regression analysis using the
“glmnet” package of R software to identify the most valuable prognostic biomarkers among all candidate inflammatory-
nutritional biomarkers. An L1 penalty was set in the LASSO Cox model to shrink some regression coefficients to exactly
zero, and 10-fold cross-validation with minimum criteria was performed to find the optimal log(A). Inflammatory-
nutritional biomarkers with non-zero coefficients in the LASSO analysis were incorporated to construct the novel INPS,
which was calculated as follows: INPS = sum (the score of every inflammatory-nutritional biomarker x corresponding
regression coefficients from LASSO). On basis of the cutoff value of INPS from the maximally selected rank statistics,
eligible patients in this study were stratified into the low- and high-INPS groups. Survival curves were estimated using
the Kaplan—-Meier method and compared using the Log rank test. The Cox proportional hazards model was used to
calculate the corresponding hazard ratios (HRs) and 95% confidence intervals (CIs). Then, we integrated the INPS with
other clinicopathological variables in the univariate and multivariate Cox proportional hazards model, which were tested
according to the Schoenfeld residuals,** to identify independent predictors for OS. Variables with a P-value <0.05 in the
univariate Cox model were entered into the stepwise multivariate Cox regression model, based on which a prognostic
model for individualized OS predictions was established and graphically represented as a nomogram using the “rms”
package of R software. Each subclass of these variables was correspondingly scored according to the point scale, and
every patient could have a total score by adding up the score of each variable, furtherly, the OS probabilities at 1-, 3- and
S-year could be predicted by locating total score to the survival rate scale. Subsequently, the concordance index
(C-index), calibration curves, and the area under the time-dependent receiver operating characteristic (ROC) curve
(AUC) were used to assess the discriminative ability and predictive performance of this prognostic model. A two-tailed
P-value <0.05 was considered to indicate statistical significance. All statistical analyses were performed using R software
version 4.0.1 (Vanderbilt University, Nashville, TN).

Results

Patient Clinicopathological Characteristics

A total of 1259 patients with early-stage breast cancer diagnosed at SYSUCC between December 2010 and
November 2012 were enrolled in the current study. They were randomly divided into the training (n = 883) and the
validation cohorts (n = 376) in a 7:3 ratio. As summarized in Table 1, the baseline clinicopathological characteristics,
including the data for ten inflammatory-nutritional indexes, between the training and validation cohorts were well
balanced. The median age at diagnosis of all patients was 48.0 years (IQR: 41.0-57.0 years old), and 751 (59.7%)
patients were aged less than 50 years. A total of 1060 (84.2%) patients were pathologically diagnosed with invasive
ductal carcinoma, and 586 (46.5%) patients had a KI-67 index value >30. Up to the last follow-up date of September 27,
2019, the median follow-up time was 78.1 months (IQR: 56.5-87.6 months), and the median OS of all enrolled patients
was 78.6 months (IQR: 53.8-88.9 months).

Construction of the INPS

A flow chart outlining INPS construction and risk stratification is provided in Figure 1. The correlation matrix for these
10 nutritional-inflammatory biomarkers (correlation coefficient R, form —1 [blue] to 1 [red]) is presented in Figure 2A.
Using the LASSO Cox regression model, we selected four inflammatory-nutritional biomarkers, namely, NLR, MLR,
PNI and AAPR, of the 10 candidate parameters without zero coefficients at the optimal value —4.625423 of log(X)
(Figure 2B and C), and used them to construct the novel INPS for patients with early-stage breast cancer, which was
calculated as follows: INPS = 0.0472271338007324 x NLR + 0.369730723418473 x MLR + 0.414624997751401 x PNI
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Table | Comparison of Baseline Clinicopathological Characteristics Between the Training and Validation Cohorts
Variables All Training Validation P value
N = 1259 N = 883 N =376

Age(years), median (IQR) 48.0 (41.0-57.0) 48.0 (41.0-57.0) 47.5 (41.0-56.0) 0.395

Age at diagnosis 0.365
<50 751 (59.7%) 519 (58.8%) 232 (61.7%)
>50 508 (40.3%) 364 (41.2%) 144 (38.3%)

T stage * 0.614
TI 444 (35.3%) 320 (36.2%) 124 (33.0%)
T2 692 (55.0%) 478 (54.1%) 214 (56.9%)
T3 65 (5.16%) 43 (4.87%) 22 (5.85%)
T4 58 (4.61%) 42 (4.76%) 16 (4.26%)

N stage * 0.981
NO 648 (51.5%) 456 (51.6%) 192 (51.1%)
NI 338 (26.8%) 238 (27.0%) 100 (26.6%)
N2 160 (12.7%) 110 (12.5%) 50 (13.3%)
N3 113 (8.98%) 79 (8.95%) 34 (9.04%)

Menstrual status 0.316
Premenopausal 745 (59.2%) 514 (58.2%) 231 (61.4%)
Postmenopausal 514 (40.8%) 369 (41.8%) 145 (38.6%)

Histological type 1.000
Others 199 (15.8%) 140 (15.9%) 59 (15.7%)
IDC 1060 (84.2%) 743 (84.1%) 317 (84.3%)

ER status 0.867
Negative 354 (28.1%) 250 (28.3%) 104 (27.7%)
Positive 905 (71.9%) 633 (71.7%) 272 (72.3%)

PR status 0.405
Negative 452 (35.9%) 324 (36.7%) 128 (34.0%)
Positive 807 (64.1%) 559 (63.3%) 248 (66.0%)

HER?2 status 0.410
Negative 886 (70.4%) 628 (71.1%) 258 (68.6%)
Positive 373 (29.6%) 255 (28.9%) 118 (31.4%)

Ki-67 index ° 0.578
<30 673 (53.5%) 467 (52.9%) 206 (54.8%)
230 586 (46.5%) 416 (47.1%) 170 (45.2%)

(Continued)
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Table | (Continued).

Variables All Training Validation P value
N = 1259 N = 883 N =376

SIS 0.606

0 844 (67.0%) 592 (67.0%) 252 (67.0%)

[ 368 (29.2%) 261 (29.6%) 107 (28.5%)

2 47 (3.73%) 30 (3.40%) 17 (4.52%)
CONUT 0.081

| 548 (43.5%) 402 (45.5%) 146 (38.8%)

2 436 (34.6%) 303 (34.3%) 133 (35.4%)

3 199 (15.8%) 125 (14.2%) 74 (19.7%)

4 65 (5.16%) 46 (5.21%) 19 (5.05%)

5 I'l (0.87%) 7 (0.79%) 4 (1.06%)
NLR, median (IQR) 1.89 (1.46-2.46) 1.88 (1.45-2.45) 1.92 (1.48-2.47) 0.376
PLR, median (IQR) 680 (504-933) 668 (498-934) 700 (522-933) 0.755
MLR, median (IQR) 0.17 (0.13-0.23) 0.17 (0.13-0.23) 0.17 (0.12-0.23) 0.756
SIl, median (IQR) 421 (307-588) 416 (300-586) 434 (325-601) 0.270
SIRI, median (IQR) 0.60 (0.41-0.90) 0.61 (0.41-0.90) 0.60 (0.40-0.87) 0.612
PNI, median (IQR) 53.5 (50.6-56.3) 53.6 (50.7-56.3) 53.3 (50.4-56.2) 0.986
AAPR, median (IQR) 0.71 (0.57-0.86) 0.71 (0.58-0.87) 0.71 (0.56-0.84) 0.605
BMI, median (IQR) 23.0 (20.8-25.2) 23.1 (20.9-25.3) 22.8 (20.8-25.1) 0.367

Notes: *Diagnosed based on the AJCC 2010 criteria (seventh edition). ®The Ki-67 index at diagnosis indicates DNA synthetic activity as measured using
immunocytochemistry.

Abbreviations: IDC, invasive ductal carcinoma; IQR, interquartile ranges; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor
receptor 2; BMI, body mass index; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; MLR, monocyte-lymphocyte ratio; Sll, systemic immune inflamma-
tion index; PNI, prognostic nutritional index; SIRI, system inflammation response index; COUNT, controlling nutritional status; SIS, system inflammation score; AAPR,
album-alkaline phosphatase ratio.

+0.402339400726211 x AAPR. Then, we stratified patients in the training cohort into the low-INPS (scored <1, n = 698)
and high-INPS (scored >1, n = 185) groups on basis of the cutoff value of INPS determined by the maximally selected
rank statistics. Kaplan—Meier curves showed that patients in the high-INPS group had significantly worse survival than
those in the low-INPS group (Figure 3A, P < 0.001). Similarly, patients in the validation cohort were also stratified into
the low-INPS (scored <1, n = 293) and high-INPS (scored >1, n = 83) groups, and a significant difference in OS was also
found between them (Figure 3B, P = 0.006), respectively.

Univariate and Multivariate Cox Analyses of OS for Breast Cancer Patients
Results of the univariate Cox regression model in the training cohort are listed in Supplementary Table 2. Variables that

achieved the predetermined significance threshold (P < 0.05) in the univariate Cox model, including T stage, N stage,
menstrual status, histological type, ER status, PR status, HER2 status, Ki-67 index, and INPS, were entered into the
stepwise multivariate Cox regression model, which revealed that the INPS remained an independent indicator of OS for
patients with early-stage breast cancer (HR = 0.51; 95% CI: 0.35-0.75, P < 0.001) (Figure 4).

3 8 6 https:
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Figure | Process diagram for INPS construction and risk stratification (the asterisk *means the multiplication).

Abbreviations: INPS, inflammatory-nutritional prognostic scoring; BMI, body mass index; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; MLR,
monocyte-lymphocyte ratio; Sll, systemic immune inflammation index; PNI, prognostic nutritional index; SIRI, system inflammation response index; CONUT, controlling
nutritional status; SIS, system inflammation score; AAPR, album-alkaline phosphatase ratio.

Development of a Novel Prognostic Model Based on INPS

Using the five independent indicators derived from the stepwise multivariate Cox analysis, namely, the N stage,
menstrual status, histological type, Ki-67 index, and INPS, a novel prognostic nomogram for survival prediction at 1-,
3-, and 5-year was established (Figure 5A). By summing up the score of each prognostic factor subclass, a total score
could be obtained for each patient at the total points line; then, the 1-, 3- and 5-year OS probabilities could be predicted
by locating the total score to the survival rate scale. As we could see, patients with higher total scores demonstrated
a worse individual survival probability.

Assessment of Predictive Performance of the Prognostic Model

We used the bootstrap validation method to evaluate the predictive performance of the developed prognostic model,
which showed an excellent discriminative ability with a good C-index of 0.825 (95% CI: 0.786—0.864) in the training
cohort and 0.740 (95% CI: 0.657-0.822) in the validation cohort. The Y-axis of the calibration curves shows the observed
survival, and the X-axis shows the nomogram predicted survival. The calibration plot for the 1-, 3-, and 5-year OS
represented good agreement between the nomogram predicted OS and actual OS in both the training (Figure 5B) and
validation cohorts (Figure 5C). In evaluations with the time-dependent ROC curves, the prognostic accuracy of this
predictive nomogram for individualized OS was much better than that of the traditional tumor-node-metastasis (TNM)
stage both in the training (Figure 5D) and the validation cohorts (Figure 5E).

Discussion

In this study, we explored a novel biomarker INPS based on the baseline NLR, MLR, PNI, and AAPR at diagnosis.
According to the cut-off value of INPS determined by the maximally selected rank statistics, patients were stratified into
the high-INPS group and the low-INPS group. The multivariate Cox regression analysis revealed that the high-INPS was
significantly related to poorer OS of early-stage breast cancer patients. Subsequently, we combined INPS with other four
significant clinicopathologic variables (N stage, menstrual status, histological type, Ki-67 index) identified from the
multivariate Cox model to establish a prognostic nomogram, which showed excellent predictive performance and
prognostic accuracy both in the training and validation cohorts.

An increasing number of studies have demonstrated that inflammation, a hallmark feature of tumors, is related to the
initiation, progression, development and maintenance of malignancies.’”° Cancer-related inflammation revolves com-
plicated links between the tumor and inflammatory responses, and it can result in a significantly poor prognosis and
failure of therapeutic response in patients with cancer.''” As mediators of inflammatory response, inflammatory cells
play a very important part in tumor microenvironment (TME),>® and circulating inflammatory-nutritional biomarkers,
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Figure 2 Construction of the INPS by using LASSO Cox regression model. (A) A correlation matrix with correlation coefficients from —1 (negative correlation; blue) to |
(positive correlation; red). (B) LASSO coefficient profiles of the 10 inflammatory- nutritional biomarkers. The horizontal axis (bottom) represented the log(A) value of the
independent variable, the horizontal axis (top) represented the number of variables with non-zero coefficient, the vertical axis represented the coefficient of the
independent variable, and each curve represented the variation trajectory of the coefficient of each independent variable. (C) Ten-fold cross-validation for tuning parameter
selection in the LASSO model. The dotted vertical lines were drawn at the best value of log(A) by using the minimum criteria and |-SE criteria. Solid vertical lines
represented partial likelihood deviance + SE. The intersection point of the left dotted line and the abscissa axis (bottom) showed the optimal value of log(A), the
corresponding value in the abscissa axis (top) showed the number of variables with non-zero coefficient identified at the optimal log(A).

Abbreviations: INPS, inflalmmatory-nutritional prognostic scoring; BMI, body mass index; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; MLR,
monocyte-lymphocyte ratio; Sll, systemic immune inflammation index; PNI, prognostic nutritional index; SIRI, system inflammation response index; CONUT, controlling
nutritional status; SIS, systemic inflammation score; AAPR, albumin-alkaline phosphatase ratio; SE, standard error.
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Figure 3 Survival curves obtained with Kaplan-Meier analysis between different INPS groups. The HRs reported were unadjusted. (A) Survival curves in the training cohort.
(B) Survival curves in the validation cohort.
Abbreviations: INPS, inflammatory-nutritional prognostic scoring; HR, hazard ratios; Cl, confidence interval.

including PLR, NLR, MLR, CONUT, SIS, SIRI, SII, and AAPR, are significantly associated with survival and have been
considered as independent predictors for breast cancer patients.'®'®2!232° Qver the past few years, optimal predictors or
prognostic models based on one or a few inflammatory-nutritional biomarkers for women with breast cancer have been
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Variable Hazard ratio 95% confidence interval (Cl) P value
N stage NO — Reference
N1 il 2.73 (1.52, 4.89) <0.001*
N2 E —- 7.34 (4.19, 12.84) <0.001*
N3 : - | 11.96 (6.89, 20.75) <0.001*
Menstrual status pre i Reference
post E-.-' 1.66 (1.16, 2.39) 0.006*
Histological type others [ ] Reference
IDC E'—.—' 2.20 (1.07, 4.52) 0.032*
PR status negative - Reference
positive --.-:II 0.73 (0.51, 1.05) 0.088
Ki-67 index <30 * Reference
230 T 1 1.84 (1.26, 2.69) 0.002*
INPS score high i Reference
low e 3 : 0.51 (0.35, 0.75) <0.001*
051 5 & 1020

Figure 4 Results of the final stepwise multivariate Cox regression analysis in the training cohort in a forest plot. The HRs reported were unadjusted, *P < 0.05.
Abbreviations: PR, progesterone receptor; IDC, invasive ductal carcinoma; INPS, inflammatory-nutritional prognostic scoring.

explored extensively, but they have limited clinical value because the weight values of individual inflammatory
biomarkers to the risk score are not equal. For example, a high NLR is usually considered as an indicator of a poor
prognosis,'*** but NLR failed to show independent value in the multivariate Cox analysis in other studies when
identifying patients with a pathological complete response or achievement of disease-free status.>**> A similar dilemma
has also been found in other biomarkers, such as MLR. These discrepancies could be attributed to patient heterogeneity,
differences in the definitions of cutoff points, and so on.

In recent years, construction of predictive models based on multiple markers rather than a single inflammatory marker
has raised great interest. Integration of multiple biomarkers could provide prognostic models with substantially higher
predictive accuracy than that achieved with models based on one or a few inflammatory biomarkers.'*'*” But most of
current studies simply combined candidate inflammatory parameters with strong collinearity and correlation into
a multivariate Cox regression model to identify independent predictors, which can lead to conflict between parameters
and certain statistical problems.'? In this study, we performed the LASSO Cox regression analysis to include the maximal
number of available inflammatory-nutritional biomarkers and effectively single out four valuable inflammatory indexes,
namely, NLR, MLR, PNI, and AAPR; this approach could avoid the influence of multicollinearity to some extent.

Neutrophils play a very important role in promoting metastasis of tumor cells, and elevated neutrophil levels could
create a favorable TME and inhibit activation of lymphocytes. Increasing evidence have demonstrated that cancer-related
lymphocyte activation can promote immune surveillance and antitumor immune response, so the activation of lympho-
cyte is associated with a good prognosis in cancer patients.*' > Monocytes, as inflammatory biomarkers, have been
proven to be important regulators of the development, progression, and metastasis of tumors.** An increased NLR value
indicates a relatively elevated neutrophil level or a reduction in the lymphocyte count, which could affect the homeostasis
of the TME and result in tumor progression.' MLR, the ratio of monocytes and lymphocytes, is also significantly related
to poor prognosis of breast cancer patients.*> Serum albumin, a routine item tested in clinical practice, has been explored
as an independent parameter of clinical outcomes in some malignancies, including breast cancer, and a reduction in the
albumin level indicates malnutrition, which might lead to a poor prognosis in cancer patients.***® The PNI was summed
using serum albumin levels and the peripheral lymphocyte counts, which have been proven to reflect the nutritional status
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Figure 5 Development and validation of the prognostic model. (A) A nomogram of the current prognostic model for individualized survival predictions. (B) Calibration plot
of the nomogram model at |-, 3-, and 5-year in the training cohort. (C) Calibration plot of the nomogram model at |-, 3-, and 5-year in the validation cohort. (D) Time-
independent ROC curves compared the predictive accuracy (C-index with its 95% CIl) of the current model (the red line) and the traditional TNM stage (the black line) in
the training cohort. (E) Time-independent ROC curves compared the predictive accuracy (C-index with its 95% CI) of the current model (the red line) and the traditional
TNM stage (the black line) in the validation cohort.
Abbreviations: OS, overall survival; ROC, receiver operating characteristic; INPS, inflammatory-nutritional prognostic scoring; Cl, confidence interval.
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of patients and are associated with their survival in many studies.”®*’ Elevation of the ALP level, another serum
biological factor reflecting the nutritional status of humans, might represent a heavy tumor burden.”® The AAPR is
calculated by dividing the serum albumin level by the serum ALP level, and its prognostic value in several cancers has

d,*®% similar to our previous study on patients with nonmetastatic breast cancer.*® On basis of

been commonly recognize
these inflammatory-nutritional indexes, we constructed a prognostic score, which remained an independent predictor for
OS in women with breast cancer after controlling other clinicopathological variables.

At present, some prognostic models are available for evaluation of breast cancer patients in clinical practice,
including MammaPrint Assay, PAM50 signature and Oncotype DX.*'° In comparison with these models, our prognostic
model might be more cost-effective, accurate, and easier to be applied in primary hospitals. The prognostic value of
Oncotype DX is limited to patients with hormone receptor (HR)-positive, HER2-negative breast cancer patients and the
detection fee of Oncotype DX is high to nearly 20,000 CNY.?*! Although the 70-gene MammaPrint Assay shows good
stratification of chemotherapy decisions in breast cancer patients at high clinical risk,® its C-index reached only 0.614 in
a real-word study.”> The PAM50 signature has been established on basis of the mRNA levels of 50 genes to discriminate
intrinsic breast cancer subtypes, but it achieved a C-index value of only 0.63-0.67.°>>* Nowadays, there are an
increasing number of studies on developing risk stratification or prognostic signature based on gene expression data
from public databases for breast cancer, such as The Cancer Genome Atlas (TCGA), Gene Expression Omnibus (GEO)
and so on, but most models are limited to preclinical explorations.”> Compared with our INPS with an average cost about
350-500 CNY, it is difficult to apply above genetic risk scores in primary hospital because the RNA sequencing requires
highly professional genetic sequencing company and usually need about 20,000 CNY per examination. Considering the
high economic burden and limited accuracy of above genetic models and modern assays, the TNM staging system
remains to be the most frequently used tool to provide therapeutic guidance and perform follow-up assessments
especially in some developing regions, in which patients have limited medical insurance. However, breast cancer patients
with even the same TNM stage receiving the same treatment showed significantly different survival outcomes due to the
highly heterogeneous nature of breast tumors.>® In this study, we developed a prognostic model incorporating INPS with
other independent clinicopathological factors, and the C-index of this nomogram was 0.825 in the training and 0.740 in
the validation cohorts, which were relatively high than that of abovementioned modern assays. Moreover, in comparison
with the commonly used TNM stage, our prognostic model showed a better predictive performance according to the
time-dependent ROC curves both in the training and validation cohorts. All these findings suggested that our predictive
nomogram based on INPS might be a much better supplement to the traditional TNM staging, which might have
a potential for individualized prognosis predictions and personalized guidance of clinical care. For example, patients with
high scores on the total point scale of the graphic nomogram tended to have a high mortality, more intensive treatment,
more frequent follow-up, and a more precise routine imaging monitoring, such as magnetic resonance imaging (MRI),
computed tomography (CT) instead of breast/ abdominal ultrasound, might be very meaningful for patients to monitor
their tumor condition and improve their outcomes as much as possible.

This study had some limitations to be noted. First, the potential selection bias due to the heterogeneity of breast
cancer populations and the nature of retrospective studies is inevitable. Second, patients selected in this study were
required to have completed laboratory tests of all 10 inflammatory-nutritional biomarkers, so the study population might
not be representative of all females with breast cancer treated at our center. We just explored the prognostic value of
baseline inflammatory-nutritional biomarkers, the dynamic change of biomarkers during subsequent anti-tumor treatment
and their potential effect on survival outcomes of patients were poorly understood. Moreover, we only evaluated OS and
our investigation was limited to a single center in China, so the predictive performance and extension of our prognostic
nomogram are warrant further validation in multicenter or large-scale prospective cohorts. Third, we failed to explore the
underlying mechanisms of INPS on breast cancer, so fundamental cytological investigations are required in future.

Conclusion

In conclusion, we constructed a convenient and economic prognostic scoring system (eg, INPS) on basis of four easily
obtainable preoperative inflammatory-nutritional indexes, and the scores obtained with this system were shown to be an
independent factor of OS in early-stage breast cancer. The prognostic nomogram based on the INPS showed excellent
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predictive accuracy and discriminative ability, and it may be served as a practical tool for personalized survival
predictions.
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