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Introduction

Burden of breast cancer is high among women worldwide (1),  
manifested with a great heterogeneity across the range 
of clinical patterns, biologic behaviors and prognostic 
characteristics (2). Immune system plays a crucial role in the 
pathogenesis, development and progression of cancer (3).  
T-lymphocytes, B-lymphocytes and natural killer (NK) 

cells comprise the peripheral lymphocyte system (4). 
Furthermore, T-cell-related immune responses are 
significant to immunotherapy as they protect the host from 
tumorigenesis and tumor progression (5). An active cellular 
immunity may induce apoptosis of tumor cells and thereby 
maintain homeostasis. Imbalance of cellular or humoral 
immunity may trigger tumor progression and subsequently 
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lead to treatment failure (6-10).
Previous research reported that breast cancer patients 

have impaired immune system with decreased T cell 
proliferation, reduced cluster of differentiation (CD)3+ 
and CD4+ count but increased CD8+ count, and low 
CD4+/CD8+ ratio, compared with normal individuals 
(11,12). However, Caras et al. showed decreased CD8+ cells 
compared to healthy controls (13). Different tumor staging 
and varied immune status may attribute to these differences. 
However, whether the compromised immune function 
influences the prognosis of breast cancer patients remains 
elusive. Hence, we retrospectively investigated the patient 
medical records to evaluate the levels of the lymphocyte 
subsets in peripheral blood lymphocyte samples of breast 
cancer patients who visited the Xinhua Hospital affiliated 
to Shanghai Jiao Tong University, School of Medicine and 
Central Hospital of Minhang District, Shanghai, in order 
to analyze the relation between the immune status and 
prognosis of breast cancer in these patients. Furthermore, 
support vector machine (SVM)-based prognostic classifiers 
were established for clinical diagnosis of breast cancer. 

Methods

Patients

Patients who had been diagnosed with invasive breast 
cancer (without metastatic diseases) at Xinhua Hospital 
affiliated to Shanghai Jiao Tong University, School of 
Medicine, between January 2010 and December 2012 and 
Central Hospital of Minhang District, Shanghai between 
June 2015 and December 2016 were enrolled. Patients 
who had confirmation of primary breast cancer by clinical 
manifestation and pathological examination of breast; no 
previous chemotherapy or radiotherapy; who were informed 
of the study procedures and signed informed consent 
forms; no older than 70 years of age were included in the 
study. Patients with abnormal liver or kidney function; 
metastatic disease or other tumors; immune system-related 
disease or recent history of infection/inflammation were 
excluded. The study was approved by the Research Ethics 
Committee of Xinhua Hospital affiliated to Shanghai Jiao 
Tong University, School of Medicine and Central Hospital 
of Minhang District, Shanghai.

Venous blood (10 mL) was obtained and enriched from 
the patients before surgery. CD3+ (clone: UCHT1), CD4+ 
(clone: SK3), CD8+ (clone: RPA-T8), and NK cells (CD56+, 
clone: NCAM16.2), CD19+ (clone: HIB19), CD20+ (clone: 

2H7) were analyzed and counted using the flow cytometer 
(BD Bioscience, USA), as described previously (14). The 
patients were followed up by telephone till April 2017. 
The information of patients’ survival and recurrence was 
recorded in case report forms. 

Study objectives 

The primary objective of our study was to identify if 
peripheral lymphocytes could indicate prognosis of breast 
cancer patients. Secondary objective was to establish SVM 
classifiers for prognosis of breast cancer. 

Survival analyses

Based on the lymphocyte count (percentage), patients were 
divided into three groups, low, median and high, according 
to clinical practice and guidelines (14). Kaplan-Meier (K-M) 
curves were plotted to estimate the disease-free survival 
(DFS) and overall survival (OS) among different groups 
which were compared using the log-rank test. In addition, 
univariate and multivariate analysis of prognostic factors 
were performed by Cox’s regression model. The levels of 
CD3+, CD4+, CD8+, CD4+/CD8+ ratio and NK cells in 
peripheral blood between preoperative (n=73) and those 
of 7 days after surgery (n=73) are analyzed by independent 
t-test (P value, two-tailed). The levels of CD3+, CD4+, 
CD8+, CD4/CD8+ ratio and NK cells in peripheral blood 
among preoperative (n=24), 7 days after surgery (n=24) 
and 1-month follow-up (n=24) are analyzed by analysis of 
variance (ANOVA). A two-sided P value less than 0.05 was 
considered statistically significant. All statistical analyses 
were performed on the SPSS 18.0 (SPSS Inc., Chicago, IL, 
USA) software.

Selection of cutoff scores

For peripheral lymphocytes, the sensitivity and specificity of 
each outcome (DFS or OS) of breast cancer within 5 years 
were plotted to generate a receiver operating characteristic 
(ROC) curve. These curves were used to select cutoff scores 
for dichotomizing each predictor based on maximum cases 
under the ROC curve (i.e., score nearest to point on curve 
(0.0, 1.0) with maximum sensitivity and specificity).

Prognosis prediction using SVM-based methods

The SVM was introduced by Vapnik for data classification 
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and function approximation in 1999 (15). Apart from linear 
classification, SVM can efficiently perform non-linear 
classification with a class of algorithms for pattern analysis 
that is known as kernel trick, to implicitly map inputs into 
high-dimensional feature spaces, which could achieve robust 
classification when traditional statistical methods could not. 
It has recently been used in medical researches to deal with 
big and complex data when traditional statistical methods 
are not suitable. The machines are supervised learning 
models with associated learning algorithms that analyze data 
used for classification and regression analysis. Two SVM 
models, SVM-OS and SVM-DFS were developed to predict 
OS and DFS, respectively. We addressed the prognostic 
prediction of breast cancer at two-class classification levels 
(i.e., whether a patient can have a DFS or OS for more than 
5 years). Patients’ basic information, including age, family 
history, menopausal status, complications, tumor grade, 
TNM stage, axillary nodes and cancer subtype, peripheral 
blood lymphocytes level and follow-up results was used 
as inputs. Patients were randomly divided into training 
cohort (n=95) and validation cohort (n=95). Same method 
was used to scale both training and testing data. Radial 
basis function (RBF) kernel, a popular kernel function used 
in various kernelized learning algorithms, was employed 
here. The RBF kernel was used: k(x) = exp [−x2/(2× sigma)]. 
The best values of C and γ, two key RBF kernal-associated 
parameters that govern SVM performance were found using 
five-fold cross-validation according to standard protocol. 
Then, the best parameter C and γ (C= and γ= for SVM-OS; 
C= and γ= for SVM-DFS) to were used to train SVMs with 
the training dataset. In SVM-DFS and SVM-OS, the values 
of sigma were 0.038 and 0.040, respectively, which were 
automatic optimized. The sensitivity and specificity of each 
SVM were calculated by ROC curve. The programs were 
coded using Matlab software (MathWorks, Natick, MA, 
USA) and Matlab scripts are available on request (16,17).

Results

Patient characteristics

A total of 190 invasive breast cancer patients were enrolled 
in this study. The characteristics of the patients divided 
into training cohort (n=95) and validation cohort (n=95) 
are listed in Table 1. The characteristics included: sex, 
age, menopausal status, TNM stage, tumor grade, axillary 
nodes, cancer subtype, follow-up time, leukocyte cell count 
and CD3+ range. Generally, the distributions of the above 

Table 1 Characteristics of patients

Characteristic

Training cohort 
(n=95)

Validation cohort 
(n=95)

No. % No. %

Sex 95 95

Female 94 98.95 93 97.89

Male 1 1.05 2 2.11

Age

Median 54 53

Range 32–70 26–70

Menopausal status*

Premenopausal 35 37.23 35 37.63

Postmenopausal 59 62.77 58 62.37

TNM stage

I 31 32.63 28 29.47

II 45 47.36 49 51.58

III 14 14.74 13 13.68

IV 4 4.21 5 5.27

Unknown 1 1.06 0 0

Tumor grade

I 2 2.11 1 1.05

II 35 36.84 39 41.05

III 36 37.90 37 38.95

Unknown 22 23.15 18 18.95

Axillary nodes

0 46 48.42 49 51.58

1–3 17 17.90 16 16.84

>3 20 21.05 18 18.95

Unknown 12 12.63 12 12.63

Subtype

Luminal A 28 29.47 28 29.47

Luminal B 42 44.21 42 44.21

Her2 like 14 14.74 15 15.79

TNBC 9 9.48 8 8.43

Unknown 2 2.10 2 2.10

Follow-up time (months)

Median 49 47

Range 5–91 5–91

Table 1 (continued)
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aspects of two groups are similar. 

Survival analyses

The K-M curves are depicted in Figures 1,2. Compared 
to the median and high CD3+ lymphocytes count groups, 
patients of lower lymphocyte count group had lower DFS 
(mean 66.8 months vs. medium and high group 79.1 and 
89.1 months) and OS (mean 66.5 months vs. medium and 

high 78.0 and 82.5 months) (log rank P<0.05). However, of 
the DFS and OS did not vary significantly between patients 
with low, median and high CD4+, CD8+, CD4/CD8+ ratio, 
and NK count (Figures S1-S8). 

In a series of univariate analyses that included covariates 
such as CD3+ count, CD4+ count, CD8+ count, CD4+/
CD8+ radio, NK count, tumor grade, TNM stage, axillary 
nodes, history and menopausal status, only CD3+ count 
and stage showed with a significant higher risk of DFS 
and OS prognosis, as shown in Table 2. The RR of poor 
DFS prognosis was nearly 10-fold higher in the low CD3+ 
count group compared to the group with high CD3+ 
count (P<0.045). These results were reproducible in the 
multivariate analysis as shown in Table 3. 

Among patients with low level of CD3+, K-M survival 
analyses by log-rank test were performed between patients 
with different tumor grade, TNM stage, axillary nodes or 
cancer subtype. Only axillary nodes and TNM stage showed 
a significant association with DFS. In addition, only TNM 
stage showed a significant association with OS, as is shown 
in Figures 3-5 (log rank, P<0.05). 

The levels of CD3+, CD4+, CD8+, CD4+/CD8+ ratio 
and NK cells in peripheral blood between preoperative and 
those of 7 days after surgery are shown in Table 4. The levels 

Table 1 (continued)

Characteristic

Training cohort 
(n=95)

Validation cohort 
(n=95)

No. % No. %

Leukocyte cell count (1×109)

Median 6.0 6.1

Range 1.8–13.9 2.2–16.6

CD3+ range (%)

Median 71.0 72.7

Range 47.7-88.2 44.9-85.7

*, male patients are excluded in this analyze. TNBC, triple negative  
breast cancer.

Figure 2 The K-M curve of CD3+ lymphocytes in peripheral 
blood of breast cancer patients’ OS. Data was analyzed using K-M 
plotters (n=190). K-M, Kaplan-Meier; OS, overall survival.
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Table 2 Prognostic value of clinic-pathologic factors on DFS and OS of 190 patients with invasive breast cancer

Characteristics
DFS OS

RR (95% CI) P value RR (95% CI) P value

CD3+ 0.045 0.012

Low 9.993 (1.166–85.638) 0.036 10.922 (1.312–90.092) 0.027

Median 3.137 (0.377–26.101) 0.290 2.419 (0.282–20.756) 0.420

High 1 (Ref.) 1 (Ref.)

CD4+ 0.331 0.810

Low 6.633 (0.414–106.175) 0.181 2.056 (0.214–19.799) 0.533

Median 4.268 (0.546–33.373) 0.167 1.073 (0.284–4.048) 0.917

High 1 (Ref.) 1 (Ref.)

CD8+ 0.934 0.965

Low 1,0250.929 (0–9.792e99) 0.935 8,050.456 (0–3.73e105) 0.940

Median 8,301.450 (0–7.926e99) 0.936 9,409.537 (0–4.36e105) 0.939

High 1 (Ref.) 1 (Ref.)

CD4+/CD8+ radio 0.753 0.984

Low 0 0.983 0 0.983

Median 1.555 (0.492–4.909) 0.452 1.108 (0.357–3.436) 0.860

High 1 (Ref.) 1 (Ref.)

NK 0.288 0.291

Low 0.232 (0.27–2.030) 0.187 0.257 (0.30–2.221) 0.217

Median 0.477 (0.145–1.565) 0.222 0.455 (0.139–1.495) 0.195

High 1 (Ref.) 1 (Ref.)

Tumor grade 0.952 0.397

I 0 0.986 0 0.989

II 0.832 (0.262–2.642) 0.755 0.414 (0.116–1.475) 0.174

III 1 (Ref.) 1 (Ref.)

TNM stage 0.035 0.049

I 0.065 (0.011–0.754) 0.016 0.178 (0.015–0.978) 0.017

II 0.231 (0.011–1.646) 0.123 0.457 (0.089–1.427) 0.146

III 1 (Ref.) 1 (Ref.)

Axillary nodes 0.163 0.127

0 0.358 (0.109–1.177) 0.091 0.233 (0.052–1.045) 0.057

1–3 0.229 (0.027–1.962) 0.179 0.879 (0.197–3.932) 0.866

>3 1 (Ref.) 1 (Ref.)

History

No 0.604 (0.788–4.702) 0.630 21.825 (0–1967845.104) 0.596

Yes 1 (Ref.) 1 (Ref.)

Menopausal status

Premenopausal 0.471 (0.102–2.169) 0.334 0.029 (0–6.436) 0.200

Postmenopausal 1 (Ref.) 1 (Ref.)

DFS, disease-free survival; OS, overall survival; RR, risk ratio; CI, confidence interval; NK, natural killer.
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Table 3 Independent predictors of DFS and OS in multivariate analysis of 190 patients with breast cancer

Characteristics
DFS OS

RR (95% CI) P value RR (95% CI) P value

CD3 0.053 0.025

Low 8.632 (0.972–76.629) 0.053 9.501 (1.110–81.356) 0.040

Median 2.574 (0.302–21.492) 0.390 2.314 (0.267–20.034) 0.446

High 1 (Ref.) 1 (Ref.)

TNM stage 0.042 0.037

I 0.799 (0.009–0.826) 0.005 0.316 (0.068–1.235) 0.051

II 0.427 (0.089–1.211) 0.062 0.422 (0.134–1.366) 0.113

III 1 (Ref.) 1 (Ref.)

DFS, disease-free survival; OS, overall survival; RR, risk ratio; CI, confidence interval.

Figure 3 The patients whose CD3+ level in peripheral blood is 
low were selected, and the DFS of patients in different groups were 
compared (n=23). Data was analyzed using K-M plotters. K-M, 
Kaplan-Meier; DFS, disease-free survive. 

Figure 4 The patients whose CD3+ level in peripheral blood is 
low were selected, and the DFS of patients in different groups were 
compared (n=25). Data was analyzed using K-M plotters. The K-M 
curve of TNM stage of breast cancer patients’ DFS is shown. K-M, 
Kaplan-Meier; DFS, disease-free survive.
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of CD3+, CD4+, CD8+, CD4/CD8+ ratio and NK cells in 
peripheral blood among preoperative, 7 days after surgery 
and 1-month follow-up are shown in Table 5. These results 
demonstrated that there is no significant difference between 
different time points.

SVM-based prognostic classifiers for prediction of breast 
cancer survival

The SVM-DFS model had an area under curve (AUC) in 
ROC of 0.8578 which could efficiently predict a 5-year DFS 
(sensitivity, 97%; specificity, 75%). In addition, SVM-OS 
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had an AUC of 0.8333 which was also strongly associated 
with 5-year prognosis of OS (sensitivity, 67%; specificity, 
100%), as is shown in Figures 6,7. 

Discussion

The findings of this study reveal that breast cancer patients 
with low level of CD3+ lymphocytes in peripheral blood 
have poorer DFS and OS, compared to median and 
high level of CD3+ groups. While the levels of CD4+, 
CD8+, CD4+/CD8+ ratio and NK are of no statistical 
significance. In addition, the SVM-based prognostic 
classifiers established in this study could predict 5-year-
DFS or 5-year-OS for breast cancer patients when medical 
information of age, menopausal status, family history, 
complications, TNM stage, tumor grade, axillary nodes, 
cancer subtype and peripheral lymphocytes are input. 
According to the ROC curve, the sensitivity and specificity 
of the SVM-DFS and SVM-OS are relatively high.

Lymphocytopenia is an unfavorable prognostic factor 
for survival of breast cancer patients. The attenuation of 
immune-surveillance, mediated by NK cells and/or cells 

with lymphokine-activated killer activity, was believed to 
play an important role in tumor dissemination mechanisms 
and could exacerbate the ability of circulating tumor cells 
(CTCs) to promote metastasis (18,19).

Furthermore, studies have shown that high neutrophil-
to-lymphocyte rat io (NLR) may be indicat ive of 
inflammation and it may associate with poor prognosis 
in breast cancer patients (20,21). Neutrophils have been 
shown to inhibit the immune system and promote tumor 
growth by suppressing the activity of lymphocytes and 
T-cell response (22,23). By contrast, increased lymphocytic 
tumor infiltration could improve survival, especially in ER-
negative/HER2-negative breast cancer (24). As NLR is an 
inexpensive and readily available prognostic marker, it may 
bring refinement to risk estimates. 

Previous studies showed that compared to normal 
people, cancer patients had decreased CD3+, CD4+ count, 
but elevated CD8+ count (11,12,25-27). In addition, stage 
IV breast cancer and the Her-2/VEGF-positive breast 
cancer patients have worsened immune function (12) and 
poor survival prognosis. Furthermore, level of CD4+ 
CD25+ Foxp3 and CD8+ CD28-in peripheral blood of 

Table 4 Independent t test of peripheral lymphocyte levels between 
before surgery and that of 7 days after surgery (n=73)

Lymphocytes t value P value (two-tailed)

CD3+ 0.232 0.817

CD4+ −0.157 0.875

CD8+ 0.501 0.617

CD4+/CD8+ −0.379 0.705

NK 0.104 0.918

NK, natural killer.

Table 5 One-way ANOVA of peripheral lymphocyte levels between 
before surgery, 7 days after surgery and 1 month follow up (n=24)

Lymphocytes F P value SNK test P value

CD3+ 0.269 0.765 0.752

CD4+ 1.647 0.200 0.237

CD8+ 1.740 0.183 0.175

CD4+/CD8+ ratio 0.718 0.492 0.510

NK 0.824 0.443 0.417

ANOVA, analysis of variance; SNK test, Student-Newman-Keuls 
test; NK, natural killer.

Figure 5 The patients whose CD3+ level in peripheral blood is 
low were selected, and the OS of patients in different groups were 
compared (n=28). Data was analyzed using K-M plotters. K-M, 
Kaplan-Meier; OS, overall survival.
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patients could be a prognostic indicator of OS (11,27). 
But few researchers have focused on the comparisons 

between the prognoses of patients with different peripheral 
lymphocyte levels. According to our results, we find that 
patients with low level of CD3+ lymphocytes in peripheral 
blood tend to have poor DFS and OS. However, the 
results of CD4+, CD8+, CD4+/CD8+ ratio and NK fail 
to show statistical significance. The reason could be that, 
firstly, these indexes may not indicate prognosis indeed. 
Secondly, the study sample may not big enough to support 
this idea. Thirdly, the follow-up time is not long enough. 
We hope that more conclusions could be reached during 
our future further research by a 10- or 15-year follow-up 
and more patients included in. In addition, the lymphocyte 
level may vary during time. However, to minimize the 
interference of this on the findings of study we excluded 
patients with inflammation which could influence the level 
of lymphocytes and lead to selection bias. According to the 
related papers, the venous blood was drawn once before 
surgery from each patient to test lymphocytes (11,12,26,27). 
The lymphocytes levels before surgery are the best to 
clarify in the study. The levels of lymphocytes may vary 
and be influenced by inflammation after surgery. Moreover, 

the comparisons between the peripheral lymphocytes of 
patients before surgery, 7 days after surgery, and 1-month 
follow-up were made by One-way ANOVA. The results 
indicate that there is no statistical significance (P>0.05). 
Furthermore, the SVM models we built could be beneficial 
to predict breast cancer patients’ prognosis.

The readers should infer the conclusions in light of 
some limitations of the study. First, the lymphocyte subsets 
were measured in the peripheral blood of patients and 
lymphocytes in blood account only a part of that in the total 
lymphatic circulation (28) and hence, there may be a bias in 
the cell count which could have influenced the results of the 
study. Second, the small sample size may not be adequately 
powered to generalize the findings to a wider population. 
Third, the data pertaining to the training and test groups 
are limited and only we report the establishment of SVM 
classifiers. Fourth, telephonic follow up was chosen for 
this study, which would have hindered accurate collection 
of patient wellness, had the patient visited the clinic for 
follow up would have given one more reliable information. 
Fifth, we studied a relatively shorter median follow-
up time of 4 years. Finally, the SVM-based prognostic 
classifiers could predict survival of cancer patients, however, 

Figure 6 The ROC curve of SVM-DFS. SVM-DFS indicates 
the prognostic classifiers for prediction of DFS in breast cancer 
patients. ROC, receiver operating characteristic; SVM-DFS, 
support vector machine-disease free survival; DFS, disease-free 
survive.

Figure 7 The ROC curve of SVM-OS. SVM-OS indicates the 
prognostic classifiers for prediction of OS in breast cancer patients. 
ROC, receiver operating characteristic; SVM-OS, support vector 
machine-overall survival; OS, overall survival.
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with limited sensitivities and specificities. However, we need 
to note that no SVM model is developed so far to achieve 
100% precision.

To the best of our knowledge, it is the first article to 
report association between different levels of peripheral 
blood lymphocytes and prognosis of cancer patients and it 
is the first SVM-based prognostic classifiers established to 
predict survival of breast cancer patients. We should know 
that, the lymphocytes level could not be the only ingredient 
that has an effect on survival, so we included all the medical 
information available in our SVM-based model. Given a 
shorter follow up time in this study, we warrant future long-
term studies to further validate the findings.

It is demonstrated that reduced immune function may 
lead to carcinoma. So effective measures should be taken to 
control immune responses against cancer in order to achieve 
durable responses and if possible, complete eradication 
of cancer in patients safely. However, the incompletely 
understood human immunology imposes a major challenge 
to researches. By understanding the biologic behaviors of 
individual patients, immune-specific anti-cancer treatment 
can be strategically tailored. During the decade, antitumor 
cytotoxic T cell responses are activated by blocking 
cytotoxic T lymphocyte antigen-4 and programed cell death 
protein-1 (6). Therefore, targeting the immune system 
function may be a best approach in treating breast cancer 
patients (29,30). 
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Supplementary

Figure S1 The K-M curve of CD4+ lymphocytes in peripheral 
blood of breast cancer patients’ DFS. Data was analyzed using 
Kaplan-Meier Plotters (n=190, P>0.05). K-M, Kaplan-Meier; DFS, 
disease-free survival.

Figure S2 The K-M curve of CD8+ lymphocytes in peripheral 
blood of breast cancer patients’ DFS. Data was analyzed using K-M 
plotters (n=190, P>0.05). K-M, Kaplan-Meier; DFS, disease-free 
survival.

Figure S3 The K-M curve of CD4+/CD8+ ratio lymphocytes in 
peripheral blood of breast cancer patients’ DFS. Data was analyzed 
using K-M plotters (n=190, P>0.05). K-M, Kaplan-Meier; DFS, 
disease-free survival.

Figure S4 The K-M curve of NK lymphocytes in peripheral blood 
of breast cancer patients’ DFS. Data was analyzed using K-M 
plotters (n=190, P>0.05). NK, natural killer; K-M, Kaplan-Meier; 
DFS, disease-free survival.
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Figure S5 The K-M curve of CD4+ lymphocytes in peripheral 
blood of breast cancer patients’ OS. Data was analyzed using K-M 
plotters (n=190, P>0.05). K-M, Kaplan-Meier; OS, overall survival.

Figure S6 The K-M curve of CD8+ lymphocytes in peripheral 
blood of breast cancer patients’ OS. Data was analyzed using K-M 
plotters (n=190, P>0.05). K-M, Kaplan-Meier; OS, overall survival.

Figure S7 The K-M curve of CD4+/CD8+ ratio lymphocytes in 
peripheral blood of breast cancer patients’ OS. Data was analyzed 
using K-M plotters (n=190, P>0.05). K-M, Kaplan-Meier; OS, 
overall survival.

Figure S8 The K-M curve of NK lymphocytes in peripheral 
blood of breast cancer patients’ OS. Data was analyzed using K-M 
plotters (n=190, P>0.05). K-M, Kaplan-Meier; NK, natural killer; 
OS, overall survival.
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