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Background: To build a predictive scoring model based on simple immune and
inflammatory parameters to predict postoperative survival in patients with breast cancer.

Methods: We used a brand-new immuno-inflammatory index—pan-immune-
inflammation value (PIV)—to retrospectively evaluate the relationship between PIV and
overall survival (OS), and based on the results of Cox regression analysis, we established a
simple scoring prediction model based on several independent prognostic parameters.
The predictive accuracy of the model was evaluated and independently validated.

Results: A total of 1,312 patients were included for analysis. PIV was calculated as
follows: neutrophil count (10%L) x platelet count (10%/L) x monocyte count (10%/L)/
lymphocyte count (10%/L). According to the best cutoff value of PIV, we divided the
patients into two different subgroups, high PIV (PIV > 310.2) and low PIV (PIV < 310.2),
associated with significantly different survival outcomes (3-year OS, 80.26% vs. 86.29%,
respectively; 5-year OS, 62.5% vs. 71.55%, respectively). Six independent prognostic
factors were identified and used to build the scoring system, which performed well with a
concordance index (C-index) of 0.759 (95% Cl: 0.715-0.802); the calibration plot showed
good calibration.

Conclusions: We have established and verified a simple scoring system for predicting
prognosis, which can predict the survival of patients with operable breast cancer. This
system can help clinicians implement targeted and individualized treatment strategies.

Keywords: breast cancer, nomogram, PIV, index, prognosis

INTRODUCTION

Breast cancer is the most common malignant tumor in women (1, 2) and has the highest incidence
among all malignancies affecting women according to the WHO (3). Although the overall survival
(OS) rate of breast cancer has improved owing to advancements in diagnosis and treatment over the
past decades (4), there is still a non-negligible fraction of patients with poor outcomes, and the latest
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study shows that some high-income countries report continuous
substantial improvements exceeding 2% annual mortality
reduction of breast cancer; however, many low- and middle-
income countries have changeless or even increasing mortality
rates (5, 6). Moreover, it is known that breast cancer patients
with the same clinical stage and receiving the same treatment
may have completely different outcomes. Because of such
prognostic heterogeneity (7), carrying out individualized
precision treatment is paramount to treatment success.
Therefore, it is necessary to identify new and suitable
alternative biomarkers for better prognostic stratification and
prediction of treatment outcomes.

At present, many studies have proven that inflammatory
factors such as IL-6 and TGF-f, inflammatory reactions, and
the immune system are associated with the development and
progression of two types of cancer attributable to chronic
inflammatory disease: cholangiocarcinoma and colitis-
associated colorectal cancer (8, 9). Research has shown that
macrophages, essential components of the immune-
inflammatory response, are implicated in inflammatory
mechanisms and can therefore facilitate tumorigenesis in
colorectal cancer (10). In addition, studies have demonstrated
that hematologic parameters such as lymphocyte level are
promising biomarkers of the body’s immune and inflammation
status (11). In recent years, research on immune-inflammatory
biomarkers (IIBs), compared with traditional tumor-related
biomarkers, that can affect the prognosis of breast cancer has
shown significant progress. Several easy-to-obtain and blood-
based IIBs have been proven as potential independent prognostic
factors in breast cancer, such as neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), and systemic
immune-inflammation index (SII) (12-16).

Because of the complex interactions between the tumor and
host immune-inflammatory responses (17), the abovementioned
indicators based on simple calculations inevitably limit the
prediction power of the prognosis. The pan-immune-
inflammation value (PIV), a new comprehensive biomarker
involving the neutrophil, platelet, monocyte, and lymphocyte
counts, has been proven to be a strong predictor of survival
outcomes with better performance than other well-known IIBs in
patients with metastatic colorectal cancer (18). However, the
prognostic value of PIV is rarely reported in breast cancer.
Therefore, this study aimed to clarify the prognostic value of
PIV in breast cancer.

METHODS

Patients

In all, 1,312 patients were included in this retrospective study
who underwent surgery at the Sun Yat-sen University Cancer
Center (SYSUCC; Guangzhou, China) between December 2010
and October 2012. The inclusion criteria were as follows: 1)
pathologically confirmed breast cancer and 2) receipt of
mastectomy or lumpectomy. The exclusion criteria were as
follows: 1) relapse and de novo breast cancer; 2) complicated
with another primary tumor; 3) ductal carcinoma in situ (DCIS);

4) male breast cancer; 5) receipt of any antitumor treatment
before surgery; 6) concurrent hematological, autoimmune, or
acute/chronic inflammatory disease; 7) incomplete laboratory
data resulting in the non-calculation of the PIV indicator; and 8)
follow-up loss. This study was approved by the Research Ethics
Committee of SYSUCC. All patients’ data were confidential.

Data Collection and Definitions

The list of patients who visited our hospital was obtained from the
follow-up department. Then the patient’s laboratory data were
checked through the case system and recorded in Excel in detail.
Laboratory data were collected 1 week before surgery (at first
diagnosis, before any treatment), and clinicopathological data
were collected from the patients’ medical records. The
calculation formula of each indicator was as follows: SII =
platelet count (10°/L) x neutrophil count/lymphocyte count
(10°/L); NLR = neutrophil count (109/L)/1ymphocyte count
(10°/L); PLR = platelet count (10°/L)/lymphocyte count (10°/L)
(19); and PIV = neutrophil count (10°/L) x platelet count (10°/L) x
monocyte count (10°/L)/lymphocyte count (10°/L) (20). According
to the calculation formula mentioned above, the PIV and other
indicators were calculated in Excel, and the sorted data were
analyzed for further statistical analysis using R. Patients were
staged according to the eighth edition American Joint
Committee on Cancer—Tumor, Node, and Metastases (AJCC-
TNM) staging system (21). The expression of estrogen receptor
(ER) and progesterone receptor (PR) were scored using the St.
Gallen criteria (22). Human epidermal growth factor receptor-2
(HER-2) status was assessed according to the American Society of
Clinical Oncology—College of American Pathologists guidelines
(23, 24) by using immunohistochemistry or fluorescence in situ
hybridization (FISH) test. HER-2-negative status was defined as
immunohistochemistry showing HER-2+/++, or the FISH test
results are negative, or the FISH test was not performed; HER-2-
positive status was defined as immunohistochemical staining = 3+
or FISH positive/chromogenic in situ hybridization positive.

Follow-Up

Follow-up was performed telephonically or through a regular
outpatient surveillance system to record the condition of patients
or the cause and date of death if the patient had already died. In
this study, the endpoint was OS—defined as the time between the
date of diagnosis and death due to any reason. The date of the
last follow-up was considered the study endpoint for all surviving
patients. The date of the last follow-up was considered for
patients who did not reach the study endpoint.

Statistical Analysis

Continuous variables were presented as the median and
interquartile range (IQR). Categorical variables were presented
as frequency and percentage. A chi-square test and the Mann-
Whitney U test were used to analyze the association between PIV
groups and other clinicopathological characteristics. In this
research, a two-tailed p-value <0.05 was considered to indicate
statistical significance. Maximally selected rank statistics were
used to determine the optimal cutoff of continuous variables.
Survival curves were plotted using the Kaplan-Meier method,
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and significance was determined by the log-rank test. All factors
with a p-value <0.05 detected in univariate analyses were entered
into the multivariate model to identify independent prognostic
factors. Before multivariate analyses, the proportional hazards
assumption test was performed using the Schoenfeld residuals.
The variables with p-value <0.05 in the multivariate analyses
were finally selected to build a prognostic model, which was
presented as a nomogram. Concordance index (C-index) was
used to evaluate the predictive accuracy of the nomogram. The
calibration curves were used to predict the ability of the
calibration between the predicted and actual survival. To avoid
overfitting, 1,000 bootstrap samples and 10-fold cross-validation
were also applied. All analyses were performed with R software
(http://www.R-project.org; version 4.0.2) and SPSS 25.0 (IBM
Corporation, Armonk, NY, USA).

RESULTS

The Optimal Cutoff Value of Pan-Immune-
Inflammation Value

The optimal cutoff value for PIV was 310.2 in the whole cohort by
using maximally selected rank statistics (Supplementary Figure 1).

Patient Characteristics and Relationship
Between Pan-Immune-Inflammation Value
and Clinicopathological Factors

A total of 1,312 breast cancer patients were enrolled in this
study. The relationship between clinicopathological
characteristics and PIV of the whole cohort is presented in
Table 1. Briefly, the median age of the patients was 48 years
(IQR, 41-57). From the perspective of the clinical stage, 317
(24.2%), 679 (51.7%), and 316 (24.1%) patients were diagnosed
with stage I, II, and III cancer, respectively. Overall, 1,109
(84.5%) patients had invasive ductal carcinoma, and 203
(15.5%) had other pathological types. The median body mass
index (BMI) of the patients was 23 (IQR, 20.8-25.2). The
median follow-up time was 78.4 months (IQR, 53.1-88). The
median PIV of the patients was 135.2 (IQR, 87.6-213.7).
Further, 387 (29.5%) patients were HER-2 positive, and 925
(70.5%) were negative. The median values of the pretreatment
platelet count, neutrophil count, monocyte count, and
lymphocyte count were 225 x 10°/L, 3.65 x 10°/L, 0.32 x 10°/
L, and 1.9 x 10°/L, respectively.

The analysis of the relationship between PIV and various
clinicopathological factors showed that PIV was significantly
associated with ER status (p = 0.02).

The whole cohort was randomly divided into a training set
and a validation set (ratio: 7:3) (Table 2). With respect to the PIV
group, 819 (89.0%) and 341 (87.0%) patients were assigned to the
low-PIV group in the training set and validation set, respectively.

Survival Analysis of Pan-Immune-
Inflammation Value Groups

According to the optimal cutoff value of PIV, the whole cohort
was divided into two groups: the low-PIV group (PIV < 310.2)

and the high-PIV group (PIV > 310.2). Figure 1 shows the
significant survival differences between the two groups. The 3-
year OS rates in the low-PIV group and the high-PIV group were
86.29% and 80.26%, respectively; the 5-year OS rates in the low-
PIV group and the high-PIV group were 71.55% and 62.50%,
respectively (hazard ratio (HR): 1.737, 95% CI: 1.096-2.755, log-
rank test, p = 0.016).

Moreover, we performed univariate and multivariate Cox
regression analyses for OS. Indicators that related to breast
cancer clinically and common IIBs such as NLR, PLR, and SII
were selected in the univariate analysis. The results have shown
that T stage, N stage, histopathological type, ER status, PR status,
HER-2 status, Ki-67, NLR, and PIV were potential factors
associated with OS (Table 3). The global p-value was 0.231 of
the PH-test, which means that the constructed multi-regression
analysis model is successful. The abovementioned indicators
were further analyzed in the multivariable Cox regression
analysis. In the final model, we observed that T stage, N stage,
histopathological type, PR status, Ki-67, and PIV were significant
independent prognostic factors of breast cancer (Table 3), which
is graphically presented as Supplementary Figure 2.

In the training set and validation set, we conducted survival
analyses and univariate and multivariate Cox regression analyses
(Tables S1, S2). The Kaplan—Meier survival curves of the training
cohort and validation cohort are presented in Supplementary
Figure 3 (training cohort, HR: 1.831, 95% CI: 1.077-3.111, log-
rank test, p = 0.021; validation cohort, HR: 1.687, 95% CI: 1.156-
3.068, log-rank test, p = 0.024). The results of survival analysis were
consistent with those of the whole set (all log-rank p < 0.05). The
results of univariate analysis and multivariate Cox regression
analyses were in line with the whole set as well.

Prognostic Analysis and Building

the Model

Based on the abovementioned independent factors, a
prognostic model for the prediction of the 1-, 3-, and 5-year
OS was built and graphically presented as a nomogram
(Figure 2). The prognostic model showed a good
discriminating ability for OS prediction, with a C-index of
0.759 (95% CI: 0.715-0.802). The calibration curves of 1-, 3-,
and 5-year OS illustrated good calibration between the
predicted and actual survival probabilities in the whole
cohort (Figure 3).

Subgroup Analysis of Common Clinical
Variables

Subgroup analysis shows that there was no interaction between
PIV and clinicopathological characteristics in the whole cohort
(all p > 0.05, Figure 4).

DISCUSSION

The concept of tumor immunoediting includes the following three
phases: elimination, equilibrium, and escape (25). The mechanism
of immune escape is very complicated, which involves tumor-
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TABLE 1 | The relationship between PIV and clinicopathological characteristics in the whole cohort.

Characteristic Total (N = 1,312)

Age (years), median (IQR) 48 (41-57)
Tumor stage

T 467 (35.6)
T2 719 (54.8)
T3 65 (5.0)
T4 61 (4.6)
Node stage

NO 687 (52.4)
N1 345 (26.3)
N2 163 (12.4)
N3 117 (8.9)
Clinical stage

| 317 (24.2)
1 679 (51.7)
Il 316 (24.1)
BMI kg/m?, median (IQR) 23 (20.8-25.2)
Histological type

Invasive ductal carcinoma 1,109 (84.5)
Others 203 (15.5)
ER status

Positive 942 (71.8)
Negative 370 (28.2)
PR status

Positive 842 (64.2)
Negative 470 (35.8)
HER-2 status

Positive 387 (29.5)
Negative 925 (70.5)
Ki-67

>14% 575 (43.8)
<14% 737 (56.2)
Adjuvant chemotherapy

Yes 1,066 (81.3)
No 246 (18.7)
Radiotherapy

Yes 350 (26.7)
No 962 (73.3)
Endocrine therapy

Yes 680 (51.8)
No 632 (48.2)
Target therapy

Yes 95 (7.2)
No 1,217 (92.8)

PLT (10%L), median (IQR) 225 (190.0-265.0)

NE (10%/L), median (IQR) 3.7 (2.9-4.6)
MONO (10°%/L), median (IQR) 0.3 (0.2-0.4)
LY (10%/L), median (IQR) 1.9 (1.6-2.3)

High-PIV group (N = 152) Low-PIV group (N = 1,160) P
46 (40-55) 48 (41-57) 0.127
0.292
52 (34.2) 415 (35.8)
79 (52.0) 640 (55.2)
10 (6.6) 55 (4.7)
11 (7.2) 50 (4.3)
0.178
69 (45.4) 618 (53.3)
42 (27.6) 303 (26.1)
26 (17.1) 137 (11.8)
15 (9.9) 102 (8.8)
30 (19.7) 287 (24.7)
73 (48.0) 606 (52.3)
49 (32.3) 267 (23.0)
23.4 (21.0-25.7) 22.9 (20.8-25.1) 0.158
0.902
129 (84.9) 980 (84.5)
23 (15.1) 180 (15.5)
0.020*
97 (63.8) 845 (72.8)
55 (36.2) 315 (27.2)
0.413
93 (61.2) 749 (64.6)
59 (38.8) 411 (35.4)
0.975
45 (29.6) 342 (29.5)
107 (70.4) 818 (70.5)
0.349
72 (47.4) 503 (43.4)
80 (52.6) 657 (56.6)
0.285
111 (73.0) 955 (82.3)
41 (27.0) 205 (17.7)
0.761
43 (28.3) 307 (26.5)
109 (71.7) 853 (73.5)
0.818
79 (52.0) 601 (51.8)
73 (48.0) 559 (48.2)
0.485
15(9.9) 80 (6.9)
137 (90.1) 1,080 (93.1)

272 (236.9-310.5) 220.5 (186.0-255.2) -
5.3 (4.4-7.0) 3.5 (2.8-4.3) -
0.5 (0.4-0.6) 0.3 (0.2-0.4) -
1.63 (1.4-2.2) 1.91 (1.6-2.9) -

PIV low group (PIV < 310.2) and PIV high group (PIV > 310.2).

PIV, pan-immune-inflammation value; IQR, interquartile range; BMI, body mass index; ER, estrogen receptor; PR, progesterone receptor; HER-2, human epidermal growth factor receptor-
2; PLT, platelet count; NE, neutrophil count; MONO, monocyte count; LY, lymphocyte count.

"0 < 0.05.

associated antigens, tumor gene mutation, several types of
immune cells, an inflammatory microenvironment, and a tumor
microenvironment (TME) (26). The TME includes not only the
tumor cells but also immune and inflammatory cells (27, 28).
One study showed that tumor cells interact with platelets both
inside the TME and in the bloodstream or ascitic fluid (29).
Another study reported that neutrophils promote tumor cell
growth and progression by secreting cytokines and chemokines
so as to offer a proper microenvironment for tumor cells (30).
Tumor-associated macrophages (TAMs) are derived from
circulating monocytes and play a crucial role in the formation

of TME by promoting tumor progression and metastasis (31).
The characteristics of the TME are hypoxia, chronic
inflammation, and immunosuppression, which make a more
complex network mechanism to regulate the relationship
between systemic inflammation, local immune response,
cancer progression, and patient survival (32-34).

In the current study, we used real-world data to assess the
prognostic value of the PIV in operable breast cancer. The results
showed that PIV, a new immune-inflammation score, was an
independent predictor for breast cancer. Another study on PIV
in metastatic colorectal cancer arrived at a similar conclusion as
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TABLE 2 | The baseline characteristics between the training and validation
datasets.

Characteristics Training set (N = 920) Validation set (N = 392)

Age (years), median (IQR) 48 (42-57) 47 (44-55)
Tumor stage

T 330 (35.9%) 137 (35.0%)
T2 508 (55.2%) 211 (53.8%)
T3 39 (4.2%) 26 (6.6%)
T4 43 (4.7%) 18 (4.6%)
Node stage

NO 470 (51.0%) 217 (565.4%)
N1 254 (27.6%) 91 (23.2%)
N2 123 (13.4%) 40 (10.2%)
N3 73 (8.0%) 44 (11.2%)
Clinical stage

| 222 (24.2%) 95 (24.2%)
I 476 (51.7%) 203 (51.8%)
Il 222 (24.1%) 94 (24.0%)
Histological type

Invasive ductal carcinoma 781 (84.9%) 328 (83.7%)
Others 139 (15.1%) 64 (16.3%)
ER status

Positive 661 (71.8%) 281 (71.7%)
Negative 259 (28.2%) 111 (28.3%)
PR status

Positive 591 (64.2%) 251 (64.0%)
Negative 329 (35.8%) 141 (36.0%)
HER-2 status

Positive 202 (22.0%) 82 (20.9%)
Negative 718 (78.0%) 310 (79.1%)
Ki-67

>14% 4083 (43.8%) 172 (43.9%)
<14% 517 (56.2%) 220 (56.1%)
PIV

>310.2 101 (11.0%) 51 (13.0%)
<31.02 819 (89.0%) 341 (87.0%)

IQR, interquartile range; ER, estrogen receptor; PR, progesterone receptor; HER-2,
human epidermal growth factor receptor-2.

ours (18). Patients with low PIV have a better prognosis than
those with high. What is more, we compared the effectiveness of
PIV and the traditional TNM staging system in predicting
prognosis by using time-dependent receiver operating
characteristic (ROC) analysis; it revealed that PIV had higher
accuracy in predicting OS than the traditional TNM staging
system (Supplementary Figure 4), further highlighting the
clinical application value of PIV.

In routine clinical work, for breast cancer, clinicians often
determine the treatment according to molecular subtype, gene
expression features, and clinical stage. In our study, subgroup
analysis showed that there was no interaction between PIV
and clinicopathological characteristics, which proves that the
PIV has predictive consistency for each subgroup statistically.
Of course, its real clinical application value needs to be
confirmed by larger-scale data and prospective studies in
the future.

The results of correlation analysis showed a relationship
between PIV and ER status; the exact reason why PIV and ER
status are significantly associated remains unclear. One of the
possible reasons is selection bias. Although this association is

statistically significant, it remains to be seen in future studies
whether there is a true clinical relevance.

Several studies also have shown that patients with high levels
of NLR, PLR, and SII have a poor prognosis in operable breast
cancer (14, 35-37). The conclusion is as follows: NLR, PLR, and
SII were independent prognostic factors in these studies. These
findings were different from ours. As to NLR in our study,
patients with low NLR showed a better prognosis than those with
high NLR (Supplementary Figure 5), which is consistent with
other studies (14) (38, 39). However, further multivariate Cox
regression analysis showed that NLR is not an independent
prognostic factor for breast cancer patients, while PIV is. The
reason for this difference remains unclear. Perhaps, the small
sample size of patients in this study did not allow us draw a
conclusion between NLR and independent prognostic factors. As
to PLR and SII, the univariate analysis, showed that neither PLR
nor SII was a potential factor associated with OS for breast cancer
in our study. The relationship between NLR, PLR, SII, and breast
cancer prognosis is complex: many reports concluded that NLR
(14, 40, 41), PLR (37, 42, 43), and SII (16, 44, 45) were
independent prognostic factors for breast cancer, but there are
also many studies that do not support the conclusion mentioned
above (46-49). This may be related to the selection of the
population and the included variables. In our current research,
1,312 patients were included in this retrospective study who
underwent surgery at the Sun Yat-sen University Cancer Center
between December 2010 and October 2012, and we included a
new variable, PIV, a novel indicator of combined immuno-
inflammation nutrition; time-dependent ROC curves show that
PIV has better prognostic value than NLR, PLR, and SII
(Supplementary Figure 6).

As PIV is a relatively novel biomarker, few studies on PIV
have been reported thus far. A previous study (50) showed that a
low PIV value predicts better chemotherapy response and
survival in breast cancer patients treated with neoadjuvant
chemotherapy. Another previous study (20) showed that PIV
is a new and potent predictor of OS in HER-2-positive advanced
BC patients treated with first-line trastuzumab-pertuzumab-
containing biochemotherapy.

Our study has some limitations. First, there were inevitable
flaws due to the nature of the retrospective observational design
(51). Second, there were a relatively limited number of patients
enrolled in this study. Third, patients included in this research
were from a single cancer center. Therefore, potential selection
bias could have led to data not being representative of the true
distribution of PIV values in the whole cohort.

What is more, there was a very important point that the
methods of obtaining the optimal cutoff value of PIV varied
among studies. One study (52) used the median value of this
parameter in the clinical cohort, while others (53-55) used the
ROC curve to obtain the optimal value. In this study, we classified
the candidate continuous index according to the cutoff point
determined by the maximally selected rank statistics using the
“maxstat” package of R software (56), a widely recognized and
applied method in many studies (57-59). Thus, the cutoft value of
PIV varies among studies, which limited the clinical use of this
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FIGURE 1 | Kaplan-Meier survival curves with breast cancer after surgery between the high-PIV group and low-PIV group in the whole cohort. PIV, pan-immune-
inflammation value.

TABLE 3 | Univariate and multivariate analyses of overall survival.

Characteristic Univariate analysisHazard ratio (95% CI) p Multivariate analysisHazard ratio (95% ClI) p
Age (years) 1.153 (0.811-1.640) 0.427 - -

T stage” 2.415 (1.547-3.771) <0.001* 1.633 (1.027-2.596) 0.038*
N stage” 5.572 (3.823-8.121) <0.001* 4.719 (3.195-6.971) <0.001*
Histopathological Type 2.674 (1.306-5.473) 0.007* 2.668 (1.302-5.468) 0.007*
ER status 0.572 (0.399-0.822) 0.002* 0.902 (0.521-1.563) 0.713
PR status 0.568 (0.399-0.808) 0.002* 0.695 (0.483-0.998) 0.049*
HER-2 status 1.691 (1.181-2.421) 0.004* 1.231 (0.845-1.7993) 0.279
Ki-67 2.197 (1.526-3.162) <0.001* 1.713 (1.175-2.497) 0.005*
NLR group 1.440 (1.0122.051) 0.043* 1.598 (O 574-2.365) 0.064
PLR group 1.488 (0.981-2.232) 0.062

Sl group 1.356 (0.903-2.037) 0.142 - -
PIV group 1.737 (1.096-2.755) 0.016* 1.720 (1.083-2.730) 0.021*

A Cox proportional hazards model was used to conduct multivariate analyses. All variables were transformed into categorical variables. HRs of variables were calculated as follows:
Age (>48 vs. <48 years); T stage (T1 vs. T234); N stage (NO12 vs. N3); histological Type (invasive ductal carcinoma vs. others); ER (negative vs. positive); PR (negative vs. positive);
HER-2 (negative vs. positive); Ki-67 (<14% vs. >14%); NLR group (<1.99 vs. >1.99); PLR group (<160.25 vs. >160.25); Sl group (<642.23 vs. >642.23); PIV group (<310.20 vs.
>310.20).

HR, hazard ratio; ER, estrogen receptor; PR, progesterone receptor; HER-2, human epidermal growth factor receptor-2; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte
ratio; SlI, systemic immune-inflammation index; PIV, pan-immune-inflammation value.

*#According to the eighth edition of the Union for International Cancer Control/American Joint Committee on Cancer (UICC/AJCC) staging system.

0 < 0.05.

biomarker. The cutoff value determined in this study needs more
research for further verification.

In addition, it must be mentioned that though we have
established the model by randomly dichotomizing into the
training and testing groups (at 7:3) in our study, we

established the model by using the training cohort and
validated the model by using the testing cohort. Also, we
have made multifaceted efforts to validate our results. We
tried to use different cohorts from public databases to
validate the findings outlined in this study. Public databases
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FIGURE 2 | Nomogram to predict 1-, 3-, and 5-year overall survival generated using the whole cohort. IDC, invasive ductal carcinoma.
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FIGURE 3 | Calibration curves to predict 1-, 3-, and 5-year overall survival in the whole cohort.

such as the Surveillance, Epidemiology, and End Results (SEER)
database and The Cancer Genome Atlas (TCGA) database were
tried for validation, but none of them provided laboratory data
(platelet counts, etc.). To the best of our knowledge, there are
no available published public databases containing routine
preoperative laboratory data. Also, we have been seeking data
help from colleagues at Sun Yat-sen Memorial Hospital and
Guangdong Provincial People’s Hospital in China, as well as
from the organization Korean Breast Cancer Society in Korea.
There are still some difficulties; regrettably, we have not

obtained enough external validation data to confirm our
findings so far. But we are actively seeking cooperation from
other centers to verify the results. This is a limitation that
should be considered.

The main strength of this study is that we believe we have
supplemented the current knowledge of supporting evidence that
PIV is independently related to survival outcomes in patients
with breast cancer. We hope that future studies can further
validate and confirm the application of the PIV indicator to other
cancers as well.
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Variables Levels Event/Number HR(95%CI)

P value P for Interaction

Age 0.992
<50 66/791 1.58(0.87,2.88) T 0.137
>50 58/521 1.74(0.80,3.81) +—@——— 0.165
Clinical stage 0.376
1 12/317 0.97(0.12,7.70) 0.978
1l 33/679 1.13(0.39,3.27) —m——— 0.828
i} 79/316 1.62(0.94,2.81) —-— 0.083
Menopause status 0.507
Premenopausal 60/789 1.82(0.98,3.40) —-—— 0.060
Postmenopausal 64/514 1.25(0.61,2.58) —im—— 0.547
Histological type 0.693
Others 8/203  2.72(0.26,28.06) 0.401
Invasive ductal carcinoma 116/1109 1.47(0.91,2.37) —-— 0.116
Molecular subtype 0.272
Luminal A 26/401 0.83(0.79,4.97) = 0.091
Luminal B/HER2- 33/403 1.51(0.61,3.76) —#— 0.376
Luminal B/HER2+ 18/161 0.45(0.06,3.73) —m— 0.462
HER2 Enriched 26/171 1.10(0.37,3.30) —@— 0.865
Triple Negative 21/176 1.48(0.494.51) —f#——— 0.491
KI67 0.538
<14% 46/737 1.85(0.88,3.92) {—w——— 0.106
>14% 78/575 1.22(0.67,2.23) 0.514

T
0

FIGURE 4 | Subgroup analysis of breast cancer-related clinical variables were illustrated in a forest plot.

CONCLUSION

The PIV appears to be an independent predictor of OS in
patients with operable breast cancer. The proposed nomogram
could be a useful tool for individualized assessment of prognosis.
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