
Vol.:(0123456789)1 3

Breast Cancer Research and Treatment (2023) 197:343–354 
https://doi.org/10.1007/s10549-022-06791-1

CLINICAL TRIAL

Neo‑peripheral adaptive immune score predicts neoadjuvant 
chemotherapy for locally advanced breast cancer

Huiling Wang1 · Xiaonan Sheng1 · Tingting Yan1 · Yaqian Xu1,2 · Yaohui Wang1 · Yanping Lin1 · Jie Zhang1 · Yumei Ye1 · 
Shuguang Xu1 · Liheng Zhou1 · Wenjin Yin1 · Jinsong Lu1 

Received: 10 May 2022 / Accepted: 28 October 2022 / Published online: 21 November 2022 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2022

Abstract
Purpose Whether peripheral immune cell subsets can predict pathological complete response (pCR) in breast cancer patients 
remains to be elucidated. We aimed to dissect the relationship between peripheral immune cell subsets and pCR.
Methods Two hundred and twenty-six eligible patients from two prospective clinical trials (SHPD001 and SHPD002) 
in China were randomly divided into a training cohort and a validation cohort. The breast cancer subtypes in this study 
included hormone receptor (HR)-positive/human epidermal growth factor receptor 2 (HER2)-negative (n = 95), HER2-
positive (n = 100), and triple negative (n = 31) breast cancer. We defined the “Neo-Peripheral Adaptive Immune Score” 
for neoadjuvant chemotherapy (neoPAI Score) based on the percentages of CD4 + T cells, CD8 + T cells, B cells, and the 
CD4 + /CD8 + ratio in peripheral blood. We also evaluated the ability of the neoPAI Score derived from tumor-infiltrating 
immune cells (TIICs) to predict survival by employing The Cancer Genome Atlas-Breast Cancer (TCGA-BRCA) database.
Results In the training cohort, multivariate analysis showed that HR status [odds ratio (OR) 0.325; 95% confidence interval 
(CI) 0.135–0.761; P = 0.010], HER2 status (OR 2.657; 95% CI 1.266–5.730; P = 0.011), Ki67 index (OR 3.191; 95% CI 
1.509–6.956; P = 0.003), histological grade (OR 2.297; 95% CI 1.031–5.290; P = 0.045) and neoPAI Score (OR 4.451; 95% 
CI 1.608–13.068; P = 0.005) were independent predictors of pCR. In the validation cohort, histological grade (OR 3.779; 
95% CI 3.793–1.136 ×  103; P = 0.008) and neoPAI Score (OR 90.828; 95% CI 3.827–9.843 ×  103; P = 0.019) were independ-
ent predictors of pCR. The Immune Model that integrated the neoPAI Score was more accurate in predicting pCR than the 
Clinical Model that exclusively contained clinicopathological parameters in both cohorts. In TCGA-BRCA database, the 
neoPAI Score constructed from TIICs can predict the progression-free interval (P = 0.048) of breast cancer.
Conclusion The neoPAI Score defined by the percentages of peripheral immune cell subsets could be used as a potential 
biomarker for neoadjuvant chemotherapy efficacy.

Keywords Breast cancer · Neoadjuvant chemotherapy · Peripheral immune cell subsets · Immune score

Introduction

The immune system plays an important role in the antitumor 
process. An increasing number of studies have shown that 
either human epidermal growth factor receptor 2 (HER2)-posi-
tive or triple negative breast cancer is an immunogenic disease, 
and a considerable number of lymphocytes infiltrate into the 
microenvironment where tumor cells are located [1]. Neo-
adjuvant chemotherapy is the standard treatment for locally 
advanced breast cancer (LABC) patients and can provide bet-
ter surgical conditions and breast-conserving opportunities for 
patients [2]. Tumor-infiltrating lymphocytes (TILs) can locally 
mediate antitumor immunity [3–5], thus affecting the cytotox-
icity of chemotherapy. Studies have shown that the existence 
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of TILs at diagnosis is related to an increased possibility of 
pathological complete response (pCR) and better disease-free 
survival (DFS) and overall survival (OS) after neoadjuvant 
chemotherapy [6–8]. However, the evaluation of TILs is com-
plicated and requires obtaining a tumor sample, which makes 
it almost impossible to observe dynamically throughout the 
entire disease process [9]. In contrast, peripheral blood can 
be easily repeatedly obtained. Therefore, it is important to 
develop a repeatable, simple and minimally invasive biomarker 
derived from peripheral blood.

Antitumor immunity can be classified into innate immunity 
and adaptive immunity. The adaptive immune system consists 
of T cells and B cells. Cytotoxic CD8 + T cells have long been 
considered the main antitumor immune cells and are associ-
ated with a good prognosis [10]. Recently, the antitumor effect 
of CD4 + T cells and B cells has also been elucidated [11, 
12]. Intratumoral cytotoxic CD4 + T cells expressing cytolytic 
effector proteins were identified in human bladder cancer, and 
a gene signature of cytotoxic CD4 + T cells was predictive 
of the response to PD-1 blockade [13]. In addition, another 
study reported that tumor-infiltrating CD4 + T cells acquire 
both T helper and cytotoxic features and promote rejection of 
established tumors [14]. B cells kill tumor cells by mediating 
humoral immunity and can also enhance the function of T 
cells through antigen presentation, the provision of costimula-
tory signals and the secretion of cytokines [15, 16]. It is worth 
noting that distinguishing immune cell subtypes within tumor 
tissues is dependent on invasive biopsies or surgical resec-
tion. Therefore, it becomes difficult to evaluate patients’ TILs 
at frequent intervals. Thus, we intended to search for a more 
minimally invasive index in peripheral blood which can be 
assessed repeatedly as a surrogate parameter for TILs.

Previous studies have revealed that the adaptive immune 
response can be enhanced to eliminate tumors, and its effec-
tiveness has been confirmed in many solid tumors [17–19]. 
However, to date, an immune score that reflects the adaptive 
immune response level of antitumor therapy and predicts the 
efficacy of neoadjuvant chemotherapy in breast cancer is not 
available. We integrated the levels of CD4 + T cells, CD8 + T 
cells, B cells, and the CD4 + /CD8 + ratio in peripheral blood 
and defined a new index, namely, the “Neo-Peripheral Adap-
tive Immune Score” for neoadjuvant chemotherapy (neoPAI 
Score). We aimed to determine whether the neoPAI Score 
has a good predictive value in response to neoadjuvant treat-
ment for breast cancer patients.

Materials and methods

Patients and treatment

The patients involved in this study were from two prospec-
tive clinical trials, SHPD001 (NCT02199418) and SHPD002 

(NCT02221999) conducted in China. We analyzed blood 
immune cells from a total of 226 patients enrolled in 
SHPD001 and SHPD002. SHPD001 was a single-arm, 
open-label clinical trial, which explored whether pacli-
taxel combined with cisplatin on a weekly basis as neoad-
juvant chemotherapy regimen is effective and tolerable for 
locally advanced breast cancer. SPHD002 was a prospec-
tive, randomized, open-label clinical trial, which investi-
gated whether neoadjuvant chemotherapy combined with 
endocrine therapy may improve the pCR rate. Both clinical 
trials were approved by the Ethics Committee of Renji Hos-
pital, School of Medicine, Shanghai Jiao Tong University 
[SHPD001, approval ID (2014)14 K; SHPD002, approval 
ID (2017)088]. All patients signed informed consent forms. 
Medical research involving human subjects was conducted 
in accordance with the Helsinki Declaration. All patients 
were histologically confirmed as invasive breast cancer 
(clinical tumor size ≥ 2 cm or clinical N1-3) with no dis-
tant metastasis. The main inclusion criteria were peripheral 
immune cell subsets detected before the first dose of neoad-
juvant treatment and surgery performed after neoadjuvant 
treatment.

Detailed inclusion criteria, exclusion criteria and treat-
ment schemes of the two clinical trials have been reported 
in a previous publication [20]. All patients were adminis-
tered 80 mg/m2 paclitaxel intravenously on Days 1, 8, 15, 
22 every 28 days for four cycles and 25 mg/m2 cisplatin on 
Days 1, 8, 15 every 28 days for four cycles. Patients with 
HER2-positive cancer were allowed treatment with trastu-
zumab concomitantly at a loading dose of 4 mg/kg followed 
by a maintenance dose of 2 mg/kg on day 1, weekly, for 
16 weeks. In SHPD002, HR-positive patients were rand-
omized to receive neoadjuvant chemotherapy with or with-
out endocrine therapy. In the neoadjuvant chemotherapy 
combined with endocrine therapy group, postmenopausal 
patients were treated with aromatase inhibitors, whereas 
premenopausal patients were treated with gonadotropin-
releasing hormone agonists. After completing neoadjuvant 
chemotherapy, patients received surgery.

Data collection

We prospectively collected records of peripheral immune 
cell subsets before neoadjuvant treatment upon patient 
enrollment. In addition, we prospectively collected clin-
icopathological characteristics of patients, including age at 
diagnosis, clinical stage of tumor and pathological biopsy 
information of tumor before neoadjuvant treatment. The 
definition of pCR was the absence of invasive cancer in the 
breast and no pathological involvement of axillary lymph 
nodes at the time of surgery.

Peripheral immune cell subsets were examined by the 
Department of Clinical Laboratory, Renji Hospital, School 
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of Medicine, Shanghai Jiao Tong University. The BD Mul-
titest™ IMK kit, a four-color direct immunofluorescence 
reagent kit for use with a suitably equipped flow cytometer 
(BD FACSCanto™), was used to identify and determine 
the percentages of the following mature human lymphocyte 
subsets in erythrocyte-lysed whole blood: total T lympho-
cytes (CD3 +), B lymphocytes (CD19 +), helper/inducer T 
lymphocytes (CD3 + CD4 + T cells) and cytotoxic T lym-
phocytes (CD3 + CD8 + T cells).

All tissues were histologically diagnosed as invasive 
breast cancer by the Department of Pathology, Renji Hospi-
tal. Estrogen receptor (ER) and progesterone receptor (PR) 
positivity was defined as immunohistochemistry staining 
showing ≥ 1% stained cells, and HR positivity was defined 
as ER-positive and/or PR-positive. HER2 positivity was 
defined as 3 + by immunohistochemistry or amplification 
by fluorescence in situ hybridization (FISH).

Definition of neoPAI Score

The neoPAI Score consisted of the component of adaptive 
immunity [CD4 + T cells (%), CD8 + T cells (%), B cells (%) 
and CD4 + /CD8 + ratio]. The coefficient of each variable 
was determined according to the corresponding odds ratio in 
the multiple logistic regression model for the training cohort. 
Variables with an odds ratio between 1. 1–2 were assigned 
1 point, variables with an odds ratio between 2. 1–3 were 
assigned 2 points, and variables with an odds ratio between 
3. 1–4 were assigned 3 points. The Youden index method 
was applied to define the optimal cutoff values for the per-
centages of peripheral immune cell subsets. According to the 
receiver operating characteristic (ROC) curve, the optimal 
cutoff values were 49.15%, 24.28%, 12.45%, and 2.27% for 
the percentages of peripheral CD4 + T cells, CD8 + T cells, 
B cells and the ratio of CD4 + /CD8 + cells, respectively. We 
defined neoPAI Score as follows: neoPAI Score = 3*CD4 + T 
cells (%) + 1*CD8 + T cells (%) + 1*B cells (%) + 1*CD4 + /
CD8 + ratio. Patients were then divided into the neoPAI 

Score-low group and neoPAI Score-high group according 
to Table 1.

Estimation of immune cell type fractions

We obtained a gene expression profile of breast cancer tis-
sues from The Cancer Genome Atlas-Breast Cancer (TCGA-
BRCA, https:// portal. gdc. cancer. gov/). Cell type identi-
fication by estimating relative subsets of RNA transcripts 
(CIBERSORT, https:// ciber sortx. stanf ord. edu/ index. php) is 
a new computational algorithm for enumerating immune cell 
subsets using bulk gene expression data [21]. We employed 
CIBERSORT to quantify 22 tumor-infiltrating immune cells 
(including the percentages of B cells, T cells, natural killer 
cells, macrophages, dendritic cells, eosinophils, and neu-
trophils) in breast cancer. Then, we calculated the neoPAI 
Score for each sample. The formula was 3*CD4 + T cells 
(%) [T cells CD4 naïve (%) + T cells CD4 memory resting 
(%) + T cells CD4 memory activated (%) + T cells follicu-
lar helper (%) + T cells regulatory (%)] + 1*CD8 + T cells 
(%) + 1*B cells (%) [B cells naïve (%) + B cells memory 
(%) + plasma cells (%)] + 1*CD4 + /CD8 + ratio.

Gene ontology (GO) analysis

GO analysis was performed using DAVID (https:// david. 
ncifc rf. gov/). GO analysis included 3 components: biologi-
cal process (BP), cellular component (CC), and molecular 
function (MF). A P value < 0.05 was considered a statisti-
cally significant cutoff criterion.

Gene set enrichment analysis (GSEA)

In the TCGA-BRCA database, 878 invasive breast cancer 
cases were divided into neoPAI Score-low and neoPAI 
Score-high groups according to Table 1. The transcriptome 
data of 878 patients were selected for GSEA to detect the 
gene sets that were enriched in the neoPAI Score-high group. 

Table 1  Definition of neoPAI Score

Factors Level Score
neoPAI Score points neoPAI Score group 

CD4+ T cells (%)  
High 1  
Low 0  0 

Low 
CD8+T cells (%) 

High 1  1 
Low 0  2 

B cells (%) 
High 1  3 

High 
Low 0  4 

CD4+/CD8+ ra�o 
High 1  5 
Low 0  6 

neoPAI Score neo-peripheral adaptive immune score for neoadjuvant chemotherapy

https://portal.gdc.cancer.gov/
https://cibersortx.stanford.edu/index.php
https://david.ncifcrf.gov/
https://david.ncifcrf.gov/
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GSEA was performed using the REACTOME (Home-Reac-
tome Pathway Database, 2021) database. The cutoff criteria 
were as follows: normalized enrichment scores (NES) > 1.0, 
false discovery rate (FDR) q < 0.25 and nominal P < 0.05.

Statistical analysis

All the eligible patients were randomly assigned to the train-
ing cohort and the validation cohort in an 8:2 ratio by a split-
sample approach. To compare categorical variables in dif-
ferent groups, the chi-square test was used. The relationship 
between the percentages of peripheral immune cell subsets 
and pCR was assessed by univariate and multivariate logis-
tic regression analyses. The multivariate logistic regression 
model included age (> 50 vs. ≤ 50), T stage (T3-4 vs. T1-2), 
N stage (N1-3 vs. N0), HR status (positive vs. negative), 
HER2 status (positive vs. negative), Ki67 index (> 50% 
vs. ≤ 50%), histological grade (G3 vs. G1-2) and neoPAI 
Score (high vs. low).

To evaluate whether the neoPAI Score combined with 
important clinicopathological characteristics can better pre-
dict the possibility of pCR, we first used a stepwise regres-
sion method to select the variables from traditional param-
eters (age, T stage, N stage, HR status, HER2 status, Ki67 
index and histological grade), constructing a Clinical Model 
including T stage, HR status, HER2 status, Ki67 index and 
histological grade. Then, we constructed an Immune Model 
including T stage, HR status, HER2 status, Ki67 index, his-
tological grade and neoPAI Score. A nomogram was used to 
visualize the two predictive models. The possibility of pCR 
is calculated by taking the sum of the risk points. The total 
points are the sum of each factor’s corresponding value for 
every individual patient. The calibration curve was used to 
evaluate the accuracy of the Immune Model. The predic-
tive value of the Immune Model and the Clinical Model 
were compared with ROC curve and decision curve analysis 
(DCA).

The progression-free interval (PFI) is the period from 
the date of diagnosis until the date of the first occurrence 
of a new tumor event (NTE), which includes progression 
of the disease, locoregional recurrence, distant metastasis, 
new primary tumor, or death with tumor [22]. Kaplan–Meier 
curves were used for survival analysis, and significance was 
evaluated using the log-rank test. All P values were two-
sided, and P < 0.05 was considered statistically significant. 
All statistical analyses were performed using GraphPad 
Prism 8.4.3 (GraphPad Software LLC, California, USA), 
Stata software (version 15.1) and R language version 3.6.2 
(www.r- proje ct. org).

This study followed the Reporting Recommendations for 
Tumor Markers in Prognostic Studies (REMARK) criteria 
[23].

Results

Baseline characteristics

A total of 226 patients met the inclusion criteria, including 
181 patients in the training cohort and 45 in the validation 
cohort. The breast cancer subtypes in this study included 
HR-positive/HER2-negative (n = 95), HER2-positive 
(n = 100), and triple negative (n = 31) breast cancer. Clin-
icopathological characteristics of the training cohort and 
validation cohort were shown in Supplementary Table 1. 
Forty-eight patients (32.04%) in the training cohort and 
thirteen patients (28.89%) in the validation cohort achieved 
pCR. The baseline characteristics of the neoPAI Score-
high and neoPAI Score-low groups were compared, and 
no significant differences were found between the training 
cohort and validation cohort (Table 2). Correlations between 
peripheral immune cell subsets in both cohorts were calcu-
lated. In both training and validation cohorts, CD4 + T cells, 
CD4 + /CD8 + ratio and B cells were correlated negatively 
with CD8 + T cells. Correlation coefficients and P values are 
displayed in Supplementary Fig. 1.

The relationships between peripheral immune cell 
subsets and pCR

In the training cohort, patients with higher percentages of 
peripheral CD4 + T cells (P = 0.010), B cells (P = 0.043) 
and neoPAI Score (P = 0.002) might have higher pCR 
rates. In the validation cohort, patients with higher per-
centage of peripheral CD4 + T cells (P = 0.028), CD4 + /
CD8 + ratio (P = 0.019) and neoPAI Score (P = 0.028) 
might have higher pCR rates (Fig. 1).

The univariate analysis showed that clinical T stage 
(OR 0.404; 95% CI 0.176–0.920; P = 0.030), HR status 
(OR 0.305; 95% CI 0.143–0.640; P = 0.002), HER2 status 
(OR 2.836; 95% CI 1.500–5.469; P = 0.002), Ki67 index 
(OR 2.843; 95% CI 1.502–5.460; P = 0.001), histological 
grade (OR 3.879; 95% CI 1.948–8.153; P < 0.001), the 
percentages of peripheral CD4 + T cells (OR 2.943; 95% 
CI 1.263–6.967; P = 0.012), B cells (OR 1.955; 95% CI 
1.028–3.809; P = 0.044) and the neoPAI Score (OR 4.030; 
95% CI 1.650–10.320; P = 0.003) were predictive indica-
tors of pCR in the training cohort. In the validation cohort, 
Ki67 index (OR 4.950; 95% CI 1.292–22.091; P = 0.025), 
histological grade (OR 7.333; 95% CI 1.806–38.412; 
P = 0.009), the percentages of peripheral CD4 + T cells 
(OR 6.667; 95% CI 1.117–54.202; P = 0.045), CD4 + /
CD8 + ratio (OR 5.056; 95% CI 1.268–21.904; P = 0.024) 
and the neoPAI Score (OR 6.667; 95% CI 1.117–54.202; 
P = 0.045) could predict pCR (Table 3).

http://www.r-project.org
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Table 2  Correlations between neoPAI Score and baseline clinicopathological characteristics

Data were presented as n (%). HR hormone receptor, HER2 human epidermal growth factor receptor 2, neoPAI Score neo-peripheral adaptive 
immune score for neoadjuvant chemotherapy

Variables Total 
patients
(N = 226)

Training cohort (N = 181) Validation cohort (N = 45)

neoPAI Score-low
(N = 158)

neoPAI Score-high
(N = 23)

P value neoPAI Score-low
(N = 39)

neoPAI Score-high
(N = 6)

P value

Age, years
  ≤ 50 102 (45.1) 66 (41.8) 8 (34.8) 0.524 24 (61.5) 4 (66.7) 0.809

  > 50 124 (54.9) 92 (58.2) 15 (65.2) 15 (38.5) 2 (33.3)
Clinical T stage
 T1-2 38 (16.8) 24 (15.2) 4 (17.4) 0.785 8 (20.5) 2 (33.3) 0.482
 T3-4 188 (83.2) 134 (84.8) 19 (82.6) 31 (79.5) 4 (66.7)

Clinical lymph node metastasis
 No 29 (12.8) 22 (13.9) 1 (4.3) 0.198 5 (12.8) 1 (16.7) 0.796
 Yes 197 (87.2) 136 (86.1) 22 (95.7) 34 (87.2) 5 (83.3)

HR status
 Negative 42 (18.6) 30 (19.0) 7 (30.4) 0.203 5 (12.8) 0 (0.0) 0.352
 Positive 184 (81.4) 128 (81.0) 16 (69.6) 34 (87.2) 6 (100.0)

HER2 status
 Negative 126 (55.8) 91 (57.6) 9(39.1) 0.096 23 (59.0) 3 (50.0) 0.679
 Positive 100 (44.2) 67 (42.4) 14 (60.9) 16 (41.0) 3 (50.0)

Ki67 index
  ≤ 50% 135 (59.7) 92 (58.2) 17 (73.9) 0.151 23 (59.0) 3 (50.0) 0.679
  > 50% 91 (40.3) 66 (41.8) 6 (26.1) 16 (41.0) 3 (50.0)
Histological grade
 G1-2 103 (45.6) 71 (44.9) 7 (30.4) 0.189 23(59.0) 2(33.3) 0.239
 G3 123 (54.4) 87 (55.1) 16 (69.6) 16(41.0) 4(66.7)
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Fig. 1  The relationships between peripheral immune cell subsets, 
neoPAI Score and pCR. a–e The pCR rates by CD4 + T cells (%), 
CD8 + T cells (%), CD4 + /CD8 + ratio, B cells (%) and neoPAI 
Score in the training cohort. f–j The pCR rates by CD4 + T cells (%), 
CD8 + T cells (%), CD4 + /CD8 + ratio, B cells (%) and neoPAI Score 

in the validation cohort. P values were calculated by the chi-square 
test. *: p < 0.05, **: p < 0.01. pCR pathological complete response, 
neoPAI Score neo-peripheral adaptive immune score for neoadjuvant 
chemotherapy
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In the multivariate analysis, HR status (OR 0.325; 95% 
CI 0.135–0.761; P = 0.010), HER2 status (OR 2.657; 95% 
CI 1.266–5.730; P = 0.011), Ki67 index (OR 3.191; 95% 
CI 1.509–6.956; P = 0.003), histological grade (OR 2.297; 
95% CI 1.031–5.290; P = 0.045) and the neoPAI Score (OR 
4.451; 95% CI 1.608–13.068; P = 0.005) were independ-
ent predictors of pCR in the training cohort. However, in 
the validation cohort, histological grade (OR 3.779; 95% 
CI 3.793–1.136 ×  103; P = 0.008) and the neoPAI Score 
(OR 90.828; 95% CI 3.827–9.843 ×  103; P = 0.019) were 
independent predictors of pCR (Table 4). The inclusion of 
menstrual status instead of age in the multivariate analysis 
did not change the result (Supplementary Table 2). We also 
performed the multivariate analysis of CD4 + T cells (%), 
CD8 + T cells (%), B cells (%), and CD4 + /CD8 + ratio , 
respectively with age, clinical T stage, clinical lymph node 

metastasis, HR status, HER2 status, Ki67 index, and histo-
logical grade, which showed that CD4 + T cells (%) was an 
independent predictor of pCR in both training cohort and 
validation cohort (Table 5).

A prediction model including the neoPAI Score 
for pCR

A nomogram was used to visualize the Clinical Model in the 
training cohort (Fig. 2a) and validation cohort (Fig. 3a). The 
nomogram of the Immune Model for both cohorts is shown 
in Fig. 2b and Fig. 3b. The accuracy of the Immune Model 
was evaluated using a calibration curve. The calibration 
curve was close to the dashed line of the ideal case, which 
indicates that the predicted pCR rate of the Immune Model 
was highly consistent with the actual pCR situation for both 

Table 3  Univariate analysis for predicting pCR

OR odds ratio, CI confidence interval, NA not available, HR hormone receptor, HER2 human epidermal growth factor receptor 2, neoPAI Score 
neo-peripheral adaptive immune score for neoadjuvant chemotherapy. Bold values denote statistical significance at the P<0.05 level

Variable Comparison for OR Training cohort Validation cohort

OR 95% CI P value OR 95% CI P value

Age, years  > 50 vs. ≤ 50 1.334 0.705–2.566 0.380 1.636 0.432–6.169 0.462
Clinical T stage T3-4 vs. T1-2 0.404 0.176–0.920 0.030 1.833 0.379–13.492 0.486
Clinical lymph node metastasis Yes vs. no 1.390 0.542–4.040 0.514 2.127 ×  107 2.499 ×  10−60-NA 0.992
HR status Positive vs. negative 0.305 0.143–0.640 0.002 0.222 0.026–1.520 0.126
HER2 status Positive vs. negative 2.836 1.500–5.469 0.002 3.055 0.824–12.347 0.101
Ki67 index  > 50% vs. ≤ 50% 2.843 1.502–5.460 0.001 4.950 1.292–22.091 0.025
Histological grade G3 vs. G1-2 3.879 1.948–8.153  < 0.001 7.333 1.806–38.412 0.009
CD4 + T cells (%) High vs. low 2.943 1.263–6.967 0.012 6.667 1.117–54.202 0.045
CD8 + T cells (%) High vs. low 1.270 0.673–2.388 0.459 0.504 0.117–1.896 0.326
B cells (%) High vs. low 1.955 1.028–3.809 0.044 1.412 0.384–5.562 0.607
CD4 + /CD8 + ratio High vs. low 1.579 0.787–3.135 0.193 5.056 1.268–21.904 0.024
neoPAI Score High vs. low 4.030 1.650–10.320 0.003 6.667 1.117–54.202 0.045

Table 4  Multivariate analysis of neoPAI Score for predicting pCR

OR odds ratio, CI confidence interval, NA not available, HR hormone receptor, HER2 human epidermal growth factor receptor 2, neoPAI Score 
neo-peripheral adaptive immune score for neoadjuvant chemotherapy. Bold values denote statistical significance at the P<0.05 level

Variable Comparison for OR Training cohort Validation cohort

OR 95% CI P value OR 95% CI P value

Age, years  > 50 vs. ≤ 50 1.172 0.544- 2.555 0.687 9.896 0.683–306.775 0.115
Clinical T stage T3-4 vs. T1-2 0.393 0.152–1.003 0.051 27.313 1.250–4.435 ×  103 0.090
Clinical lymph node 

metastasis
Yes vs. no 0.852 0.275–2.876 0.787 1.156 ×  1010 8.153 ×  10−99-NA 0.994

HR status Positive vs. negative 0.325 0.135–0.761 0.010 0.455 3.470 ×  10−3-61.227 0.742
HER2 status Positive vs. negative 2.657 1.266–5.730 0.011 2.309 0.218–33.443 0.489
Ki67 index  > 50% vs. ≤ 50% 3.191 1.509–6.956 0.003 8.961 0.898–181.705 0.087
Histological grade G3 vs. G1-2 2.297 1.031–5.290 0.045 3.779 3.793–1.136 ×  103 0.008
neoPAI score High vs. low 4.451 1.608–13.068 0.005 90.828 3.827–9.843 ×  103 0.019
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cohorts (Figs. 2c, 3c). The calibration curve of the Clinical 
Model is shown in Supplementary Fig. 2. We compared the 
predictive value of these two models using the ROC curve. 
The area under curve (AUC) of the Immune Model (train-
ing cohort, 0.798; validation cohort, 0.891) was higher than 
that of the Clinical Model (training cohort, 0.777; validation 
cohort, 0.832; Figs. 2d, 3d). DCA revealed that adding the 
neoPAI Score to the Clinical Model increased the clinical 
benefit and helped clinical decision-making in either the 
training cohort (Fig. 2e) or the validation cohort (Fig. 3e). 

Thus, compared with the Clinical Model including only clin-
icopathological factors, the Immune Model integrating the 
neoPAI Score could predict pCR with increased accuracy.

The neoPAI score constructed by tumor‑infiltrating 
immune cells predicted survival in TCGA database

TCGA-BRCA gene expression profiles of breast cancer tis-
sues were analyzed by CIBERSORT to quantify 22 tumor-
infiltrating immune cells. We calculated the neoPAI Score 

Table 5  Multivariate analysis of peripheral immune parameters for predicting pCR

OR odds ratio, CI confidence interval. Bold values denote statistical significance at the P<0.05 level

Variable Comparison for OR Training cohort Validation cohort

OR 95% CI P value OR 95% CI P value

CD4 + T cells (%) High vs. low 3.518 1.327–9.646 0.012 90.828 3.827–9.843 ×  103 0.019
CD8 + T cells (%) High vs. low 1.409 0.685–2.913 0.351 0.603 0.081–3.882 0.597
B cells (%) High vs. low 1.996 0.956–4.292 0.070 0.499 0.050–4.156 0.519
CD4 + /CD8 + ratio High vs. low 1.496 0.673–3.301 0.318 10.258 1.129–326.484 0.077
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for each sample and used Kaplan–Meier curves to evaluate 
the prognostic value of the neoPAI Score. A higher neoPAI 
Score was correlated with a better PFI (P = 0.048, Fig. 4a). 
A total of 878 TCGA samples were classified into neoPAI 
Score-low and neoPAI Score-high groups. We analyzed 
differentially expressed genes (DEGs) between the neoPAI 
Score-low and neoPAI Score-high groups. MYH6, ECEL1, 
SERPINA6, MYH7, ACY3, CHGB and SYNPO2L were 
most significantly overexpressed in the neoPAI Score-high 
group (Fig. 4b). Genes enriched in the neoPAI Score-high 
group were analyzed by GO, and significantly enriched 
pathways of DEGs, including muscle filament sliding, 
neuropeptide signaling pathway and muscle contraction, 
were identified (Fig. 4c). Moreover, GSEA revealed that 
the neoPAI Score-high group was highly enriched in acti-
vation of NMDA receptors and postsynaptic events, adap-
tive immune system, costimulation by the CD28 family, 
immunoregulatory interactions between lymphoid and 
non-lymphoid cells, and integrin cell surface interaction 
(Fig. 4f).

Discussion

To the best of our knowledge, we proposed an easily detect-
able and traceable immune score derived from peripheral 
blood in the neoadjuvant setting. We defined the neoPAI 
Score, which may reflect the state of the body's systemic 
adaptive immune response at the time of assessment. Our 
study showed that the neoPAI Score was a good predictor 
of the efficacy of neoadjuvant chemotherapy for LABC. We 
also verified that the neoPAI Score was a prognostic bio-
marker for PFI in the TCGA database.

To date, few clinical studies have reported that immune 
cell subsets derived from peripheral blood could predict the 
efficacy of neoadjuvant chemotherapy for locally advanced 
breast cancer. One previous study reported that the “immune 
score” calculated based on the density of total T lympho-
cytes and CD8 + T lymphocytes within the tumor and at the 
infiltrating margin of the tumor could reflect the adaptive 
immune response against the tumor and can effectively pre-
dict the risk of recurrence for patients with colon cancer 
[24, 25]. In breast cancer, the increase in total infiltrating 
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lymphocytes or CD8 + T lymphocytes after neoadjuvant 
chemotherapy was proposed to be associated with better 
prognosis [26]. All of these studies focused on tumor-infil-
trating immune cells; however, we defined a new indicator 
derived from peripheral blood, neoPAI Score, incorporat-
ing the percentages of peripheral CD4 + T cells, CD8 + T 
cells, and B cells and the CD4 +/CD8 + ratio. Our findings 
suggested that the neoPAI Score was a good predictor of 
the efficacy of neoadjuvant chemotherapy. Additionally, 
the neoPAI Score defined in our study can be monitored 
dynamically, and evaluation of the neoPAI Score is mini-
mally invasive. Therefore, the neoPAI Score is of high value 
in clinical application.

Several studies have evaluated the correlation between 
peripheral immune cell subsets and the prognosis of meta-
static cancer patients [27–30]. A study included 40 patients 
with metastatic colon cancer who planned to receive first-
line chemotherapy, and the immune cell subsets in the 
peripheral blood of these patients were tested. This study 

found that high monocytic myeloid-derived suppressor cells 
(M-MDSCs), low CD4 + T lymphocytes and low CD8 + T 
lymph cells were unfavorable factors for progression-free 
survival (PFS) [29]. In contrast, another study retrospec-
tively analyzed the peripheral lymphocyte subset data of 
482 patients with metastatic breast cancer, and multivari-
ate survival analysis indicated that CD4 + T lymphocytes 
[hazard ratio (HR) 0.538, 95% CI 0.313–0.926, P = 0.025] 
and CD3 + T lymphocytes (HR 0.437, 95% CI 0.248–0.772, 
P = 0.004) were indicative of worse prognosis for HER2-
positive metastatic breast cancer patients [30]. However, 
few studies have reported the predictive value of peripheral 
immune cell subsets or immune scores in the context of neo-
adjuvant chemotherapy [31, 32]. We analyzed the predictive 
value of each single peripheral immune cell subset in the 
neoadjuvant setting, and our data indicated that the neoPAI 
Score and several peripheral immune cells, which reflect sys-
temic immune status, have a good predictive value for pCR. 
To build a good predictive model of pCR, we constructed 
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an Immune Model including clinicopathological parameters 
and the neoPAI Score. Importantly, both ROC curve and 
DCA indicated that the Immune Model was numerically 
better than the Clinical Model in predicting pCR. Thus, the 
neoPAI Score is a promising biomarker that can well predict 
the efficacy of neoadjuvant chemotherapy.

Studies have demonstrated a quantitative relationship 
between TILs and peripheral immune cells [33, 34]. On the 
one hand, from the perspective of antitumor immune pro-
cesses, tumor antigens are recognized by antigen-presenting 
cells and presented to T cells. Antigen-specific T cells are 
activated against the tumor antigen. The activated T cells 
migrate to the tumor through the blood vessels and then 
penetrate into the tumor, playing an effective role. On the 
other hand, T-cell clones are classified according to comple-
mentarity-determining region 3 (CDR3). The parallel infil-
tration of highly amplified T-cell clonotypes into tumors and 
normal adjacent tissue has a strong relationship with periph-
eral clonal expansion, suggesting that T-cell clonotypes in 
tumors are derived from peripheral blood [35]. In addition, 
Gros et  al. successfully isolated tumor antigen-specific 
CD8 + T lymphocytes from the peripheral blood of mela-
noma patients. Similar to tumor-infiltrating T lymphocytes, 
these T lymphocytes can be expanded in vitro and then 
infused back into the patient to mediate antitumor treatment 
[36]. These studies support our results that the neoPAI Score 
generated from peripheral blood immune cells performed 
well to predict neoadjuvant chemotherapy efficacy.

Given the lack of a peripheral blood database, we quanti-
fied 22 tumor-infiltrating immune cells (including B cells, 
T cells, natural killer cells, macrophages, dendritic cells, 
eosinophils, and neutrophils) from the TCGA-BRCA data-
base by CIBERSORT to explore the prognostic value of 
neoPAI score in breast cancer. We adopted tumor-infiltrat-
ing immune cells to substitute for peripheral immune cells 
and calculated the neoPAI Score for each sample based on 
tumor-infiltrating immune cells. We found that the neoPAI 
Score derived from tumor-infiltrating immune cells was sig-
nificantly predictive of a better PFI in patients with breast 
cancer. GSEA suggested that NMDA receptors and post-
synaptic events, adaptive immune system, costimulation by 
the CD28 family, immunoregulatory interactions between 
lymphoid and non-lymphoid cells, and integrin cell surface 
interaction may contribute to better survival in the neoPAI 
Score-high group.

There are several limitations in our study. First, the 
sample size of this study was small. However, this is a 
retrospective analysis of the prospective studies, and the 
results were indirectly validated by external online data-
sets. Our study may suggest underlying rules and provide 
a rationale for prospective studies with large samples. 
Moreover, our patients used cisplatin-paclitaxel regi-
mens for neoadjuvant chemotherapy. Whether the same 

conclusion can be obtained in patients using other neo-
adjuvant chemotherapy regimens needs to be investigated 
in the future. In addition, CD4 + T lymphocytes can be 
further divided into several subgroups, such as Th1, Th2, 
Th17, CD4 + follicular helper T cells (Tfhs) and regulatory 
T cells (CD4 + Tregs). Tfhs are associated with good prog-
nosis [37], whereas CD4 + Tregs are associated with poor 
prognosis [38]. Therefore, a more detailed classification 
of peripheral immune cell subsets may further improve the 
accuracy of prediction.

In conclusion, our research showed that peripheral 
immune cell subsets, especially when assessed using the 
neoPAI Score, are predictors of response to neoadjuvant 
chemotherapy for breast cancer patients. This study provides 
a rationale for further prospective clinical trials to explore 
the role of peripheral immune cell subsets in breast cancer 
patients, which will allow us to predict the efficacy of neo-
adjuvant chemotherapy for each patient based on individual 
characteristics.
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