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Background: As one of the main malignant tumors affecting women, the incidence of breast cancer
increases year by year. This study aims to analyze the risk factors of infection in breast cancer patients during
postoperative chemotherapy by measuring the changes in the levels of T lymphocytes and inflammatory
factors in peripheral blood.

Methods: The clinical data of 156 patients who underwent radical mastectomy and postoperative
chemotherapy [docetaxel, epirubicin, cyclophosphamide (TEC)] in our hospital from May 2014 to April
2018 were retrospectively analyzed. According to the presence or absence of infection after chemotherapy,
patients were divided into the infection group and the normal group. The risk factors of infection during
chemotherapy were analyzed by univariate and multiple logistic regression analyses. Serum before surgery,
and before and after chemotherapy, was collected to detect the levels of T lymphocytes and inflammatory
factors.

Results: A total of 36 patients developed an infection during chemotherapy, with an infection rate of
23.08%. The main infection site was the respiratory tract. The main pathogens detected were Gram-
negative bacteria and Gram-positive bacteria. The results of univariate analysis showed that there were
significant differences in age, diabetes mellitus, clinical TNM staging, white blood cell count (WBC), T
lymphocyte subsets CD4'/CD8", C-reactive protein (CRP) levels, and tumor necrosis factor-o (TNF-o)
levels between the 2 groups (P<0.05). Results of logistic regression analysis showed that age >60 years old,
diabetes mellitus, clinical TNM staging > stage III, WBC <3.5x10°/L, CD4'/CD8" <1.33, TNF-a >70 ng/L
and CRP >60 mg/L were all independent risk factors of postoperative infection (P<0.05). Both before
and after chemotherapy, levels of CD3", CD3"CD4" and CD4"/CD8" cells in the infection group were
significantly lower than those in the normal group, while levels of CRP, TNF-a and IL-6 were significantly
higher than those in the normal group (P<0.05).

Conclusions: Dynamic monitoring of changes in the levels of T lymphocytes and inflammatory factors
during chemotherapy may be of clinical value for predicting the risk of infection. Implementing targeted

intervention measures for these risk factors may therefore be beneficial for controlling infection.
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Introduction

Breast cancer is one of the main malignant tumors that
poses a significant threat to women’s health, with an
increasing incidence year by year (1). In the treatment
of breast cancer, more than 5% of patients present with
distant metastasis at the time of first clinical diagnosis, and
50% of patients will still undergo relapse and metastasis
after treatment (2,3). At present, adjuvant chemotherapy
after radical mastectomy is the main treatment approach
for breast cancer, which can not only improve the long-
term survival rate of patients, but also reduce the chance
of recurrence. However, patients with breast cancer are
in an immunosuppressive state. Radical mastectomy
is a kind of treatment with surface wound, and larger
surgical procedures will suppress the immune system.
Additionally, chemotherapy drugs can often cause varying
degrees of damage to the body’s immune cells. Therefore,
patients with breast cancer are prone to infection during
chemotherapy after radical surgery, which is not conducive
to the treatment and prognosis of the disease (4).

As the most important and complex cells of the adaptive
immune system, T lymphocytes participate in processes
such as tumor immune surveillance, tumor cell killing and
immune regulation. According to the different cluster of
differentiation (CD) phenotypes, T lymphocytes can be
divided into CD4" (helper T cells) and CD8" (cytotoxic
T cells). Under healthy conditions, the ratio of CD4"
and CD8" is in a relatively balanced state to maintain the
stability of immune function, hence the CD4"/CD8" ratio
is often used to reflect the body’s immune function (5).
During an inflammatory response, especially with bacterial
infections, factors such as interleukin-6 (IL-6), C-reactive
protein (CRP), and tumor necrosis factor-a (TNF-a)
increase. Therefore, the levels of these inflammatory factors
can reflect the infection status of the body to a certain
extent (6).

In this study, we analyzed the clinical data of 156 breast
cancer patients to explore the risk factors for infection
during chemotherapy, along with changes in peripheral
blood T lymphocytes and inflammatory factor levels. We
therefore propose targeted intervention measures for
infection in breast cancer patients during postoperative
chemotherapy. We present the following article in
accordance with the STROBE reporting checklist (available
at http://dx.doi.org/10.21037/gs-20-818).
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Methods
Clinical data

The clinical data of 156 breast cancer patients who
underwent chemotherapy in our hospital from May 2014 to
April 2018 were retrospectively analyzed. All patients met
the diagnostic criteria for breast cancer (7) and underwent
radical mastectomy, and received adjuvant treatment
with postoperative chemotherapy. The exclusion criteria
were as follows: (I) patients with preoperative or pre-
chemotherapy infection; (II) patients with severe heart,
liver, or kidney dysfunction; (III) patients who had recently
taken immunosuppressive agents or immunomodulators;
(IV) patients with acute local inflammation or systemic
inflammation. All patients were female, aged 41 to 69 years,
with an average age of 52.6+9.1 years. There were 105 cases
of invasive ductal carcinoma, 27 cases of invasive lobular
carcinoma, and 24 cases of mixed cancer, and 19 cases were
at TNM stage I, 121 were at stage 1I, and the remaining
16 cases were at stage III. As for the complications, there
were 21 cases with diabetes, 35 cases with hypertension,
and 82 cases with cardiovascular disease. All procedures
performed in this study involving human participants were
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by the First Affiliated
Hospital of Zhengzhou University (NO.: 2020-KY-0119).

Individual consent for this retrospective analysis was waived.

Research methods

According to their status, patients were treated with modified
radical mastectomy, breast-conserving radical mastectomy, or
simple breast resection + sentinel lymph biopsy. A docetaxel
+ epirubicin + cyclophosphamide (TEC) chemotherapy
regimen was administered after surgery. Chemotherapy was
performed for 6 cycles, with 21 days for each cycle, and each
time lasted for 1 day. During chemotherapy, saliva and blood
were collected for cell testing, and the “Diagnostic Standards
for Nosocomial Infection” (8) formulated by the Ministry
of Health was used to determine whether or not the patient
had an infection.

Observation indicators

Fasting venous blood (3 mL) was collected in EDTA
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Table 1 Univariate analysis of infection in breast cancer patients during postoperative chemotherapy

Factor Infection group (n=36) Normal group (n=120) Statistics P
Aged =60 years (yes/no) 26/10 52/68 9.185 0.002
Combined diabetes (yes/no) 15/21 6/114 31.754 <0.001
Clinical TNM staging 21.505 <0.001

Stage | 3 16

Stage Il 19 102

Stage Il 14 2
WBC (10°/L) 3.17+0.12 3.75+0.17 19.074 <0.001
CD4*/CD8" 1.18+0.04 1.34+0.06 15.013 <0.001
TNF-a (ng/L) 86.41+13.94 60.28+9.23 13.111 <0.001
CRP (mg/L) 69.17+8.21 42.26+4.29 26.055 <0.001

WBC, white blood cell count; CRP, C-reactive protein.

anticoagulation tubes from all patients before surgery, as
well as before and after chemotherapy. The blood was
refrigerated at 4 °C for inspection without coagulation
or hemolysis. The lymphocyte subset detection kit (BD
Company, USA) and MultiSET software were used to detect
and analyze the levels of CD3", CD3*CD4’*, CD3"CD8",
CD4/CDS8" cells in peripheral blood. The levels of IL-6,
CRP, and TNF-a in peripheral blood were detected using
enzyme-linked immunosorbent assay (ELISA), with all the
ELISA kits provided by Beijing Lvyuan Bird Biotechnology
Company (Beijing, China).

Statistical methods

All data was analyzed using SPSS 17.0 software (IBM,
USA). Count data was expressed as rate and analyzed using
a chi-square ()) test. Measurement data conforming to the
normal distribution was expressed as the mean = standard
deviation, and analyzed using a t-test for comparisons
between 2 groups. The multivariate analysis was performed
by stepwise multiple logistic regression analysis. Results
with P<0.05 were considered to be statistically significant.

Results
Infection status of the patients

Among the 156 patients, 36 patients developed an infection
during chemotherapy, with an infection rate of 23.08%. The
main infection sites were the oral cavity and the respiratory
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tract, accounting for 47.22% (17/36) and 33.33% (12/36)
of cases, respectively. A total of 42 strains of pathogenic
bacteria were detected, and Gram-negative bacteria and
Gram-positive bacteria were the main pathogens detected,
accounting for 47.62% (20/42) and 33.33% (14/42) of cases,
respectively.

Univariate analysis of infection in breast cancer patients
during postoperative chemotherapy

The results of the univariate analysis showed that there
were significant differences between the 2 groups in factors
such as age, combined with diabetes, clinical TNM stage,
white blood cell count (WBC), T lymphocyte subsets
CD4'/CD8", TNF-a, and CRP (P<0.05, Tuble I).

Multiple logistic regression analysis of infection during
postoperative chemotherapy in breast cancer patients

The postoperative infection outcome was used as the
dependent variable (setting 0 for normal, and 1 for
infection), and risk factors including age (<60 years old
assigned as 0, >60 years old as 1), combined with diabetes
(not combined as 0, combined as 1), TNM staging (stage
I or II assigned as 0, stage III as 1), WBC (=3.5x10"/L
assigned as 0, <3.5x10”/L as 1), CD4"/CD8" (>1.33 assigned
as 0, <1.33 as 1), TNF-a (<70 ng/L assigned as 0, >70 ng/L
as 1), and CRP (<60 mg/L assigned as 0, >60 mg/L as
1) were used as independent variables. Multiple logistic
stepwise regression analysis was then performed, and the
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Table 2 Multiple logistic regression analysis of infection in breast cancer patients during postoperative chemotherapy

Factor Regression coefficient SEM Waldy® P OR 95% Cl
Aged =60 years 0.935 0.311 9.039 0.003 2.547 1.385-4.686
Combined diabetes 0.834 0.296 7.939 0.005 2.303 1.289-4.113
Clinical TNM staging = stage Ill 0.684 0.235 8.472 0.004 1.982 1.250-3.141
WBC <3.5x10%/L 0.432 0.216 4.000 0.046 1.540 1.009-2.352
CD4"/CD8" <1.33 0.765 0.308 6.169 0.013 2.149 1.175-3.930
TNF-0 =70 ng/L 0.594 0.263 5.101 0.024 1.811 1.082-3.033
CRP =60 mg/L 1.238 0.439 7.953 0.005 3.449 1.459-8.153
SEM, Standard error of the mean; WBC, white blood cell count.
Table 3 Comparison of serum T lymphocyte levels before and after chemotherapy between the 2 groups
Indicators Period Infection group (n=36) Normal group (n=120) t value P value
CD3" (%) Before chemotherapy 63.19+3.41 67.62+3.73 6.370 <0.001
After chemotherapy 61.08+2.86 65.35+3.17 7.243 <0.001
CD3'CD4" (%) Before chemotherapy 31.26+4.48 35.49+5.61 4.142 <0.001
After chemotherapy 24.19+2.67 29.62+3.49 8.603 <0.001
CD3"CD8" (%) Before chemotherapy 24.91+3.59 25.62+3.32 1.404 0.271
After chemotherapy 24.31+3.74 24.36+4.13 0.065 0.065
CD4*/CD8" Before chemotherapy 1.08+0.25 1.36+0.27 4.993 <0.001
After chemotherapy 0.76+0.14 1.18+0.21 11.260 <0.001

results showed that age >60 years old, combined with
diabetes, clinical TNM staging > stage III, use of triple
antibiotics, WBC <3.5x10”/L, CD4"/CD8" <1.33, TNF-a
>70 ng/L, and CRP >60 mg/L were independent risk
factors for postoperative infection in breast cancer patients
(P<0.05, Tuble 2).

Comparison of serum T lymphocytes before and after
chemotberapy in the 2 groups

The levels of CD3*, CD3*CD4", and CD4"/CDS8" cells in
the infection group before and after chemotherapy were
significantly lower compared to the normal group (P<0.05),
while the level of CD3*CD8" cells was not statistically
different from the normal group (P>0.05, Table 3).

Comparison of serum inflammatory factor levels before
and after chemotherapy in the 2 groups

Results showed that the levels of CRP, TNF-a, and
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IL-6 in patients in the infection group before and after
chemotherapy were significantly higher than the normal
group (P<0.05, Table 4).

Discussion

Lymphatic vessel obstruction, tumor cell invasion, and
damage to the body’s anatomical barriers during radical
mastectomy are all causes of reduced immunity in breast
cancer patients. In order to improve the survival rate of
patients and reduce the recurrence rate after surgery,
adjuvant chemotherapy is usually administered to stabilize
the disease. However, most chemotherapeutic drugs
will inhibit granulocyte production to varying degrees,
further reducing immunity. Hence, breast cancer patients
undergoing chemotherapy are at a high-risk of nosocomial
infections (9,10). In this study, there were 36 cases among
the total of 156 breast cancer patients who developed
infections during chemotherapy, and the respiratory tract
was the main infection site. The use of chemotherapy
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Table 4 Comparison of serum inflammatory factor levels before and after chemotherapy between the 2 groups

Indicator Period Infection group (n=36) Normal group (n=120) t value P value

CRP (mg/L) Before chemotherapy 69.17+8.21 42.26+4.29 26.055 <0.001
After chemotherapy 119.42+23.57 21.61+5.42 42172 <0.001

TNF-a (ng/L) Before chemotherapy 86.41+13.94 60.28+9.23 13.111 <0.001
After chemotherapy 134.15+18.67 34.13+7.49 47.542 <0.001

IL-6 (ng/L) Before chemotherapy 24.91+3.42 18.62+2.46 12.222 <0.001
After chemotherapy 43.28+5.32 13.07+2.13 50.429 <0.001

CRP, C-reactive protein.

drugs and immunosuppressive agents decrease the levels of
globulin IgA in the airway mucosa. Thus, respiratory ciliary
clearance mechanisms and local immune screens are reduced,
and pathogens are more likely to invade the respiratory
tract and cause infection in the airway mucosa (11).
Furthermore, the hospital is a special place with a much
higher probability of pathogenic bacteria than that of other
places, and from the detection of pathogenic bacteria in
infected patients, the results indicated that most of the
pathogens are multi-conditional pathogens. It can be seen
that infection is mostly endogenous, and that in addition to
the decrease in immunity, the application of a large number
of antibiotics and hormones will also cause an imbalance of
bacteria in the body and increase the risk of infection (12).

In this study, the results of the univariate analysis and the
multivariate logistic regression analysis found that factors
such as age >60 years old, diabetes, clinical TNM staging
> stage III, WBC <3.5x10”/L, CD4/CD8" <1.33, TNF-a
>70 ng/L and CRP >60 mg/L were all independent risk
factors for postoperative infection. With increasing age,
the body’s functioning gradually declines, especially the
immune system. Studies have shown that the level of CD8"
cells decreased in the peripheral blood of breast cancer
patients aged >55 years, while the level of B cells increased,
suggesting that it is necessary to pay more attention to the
immune function of elderly patients during the processes
of clinical diagnosis and treatment. During treatment, the
use of immunosuppressive drugs should be reduced and
immunotherapy should be strengthened (13). Incision
infection is more likely to occur in patients with diabetes,
as the immunity of patients with diabetes is often impaired.
Furthermore, the environment of high blood sugar in
diabetic patients provides suitable growth conditions for
pathogenic bacteria, and incision in diabetic patients is not
easy to heal after surgery (14). As for the influence of TNM
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stage, the higher the clinical TNM stage, the higher the
degree of tumor invasion and metastasis to the lymph nodes,
which may cause lymphatic blockage, impair immunity, and
increase the risk of infection. Previous studies have shown
that the infection rates of patients with WBC <1x10°/L,
1x10°~4x10°/L, and 4x10°~10x10°/L are 22.11%, 18.52%,
and 8.24%, respectively (15), indicating that the lower the
WBCs, the higher the probability of infection. In this study,
we found that the level of WBCs in the peripheral blood
of patients with an infection during chemotherapy was
significantly lower than that of patients without an infection,
further confirming that a decrease of WBCs is a risk factor
for infection in breast cancer patients during treatment with
chemotherapy. Immunity is often determined by different
subgroups of T lymphocytes. The ratio of CD4/CD8"
cells is an important indicator reflecting the balance of T
lymphocyte subgroups, and remains constant between 1.5
and 2.0 in the healthy body. However, the ratio of CD4"/
CD8" cells in breast cancer patients is seriously imbalanced,
causing impaired immune function, thereby increasing the
likelihood of invasion by pathogenic bacteria (16). TNF-a
is a type of pro-inflammatory cytokine secreted by Thl
cells, and high levels of TNF-a are conducive to tumor
growth. When pathogenic bacteria invade, TNF-a levels
increase, therefore high levels of TNF-a may be a biological
indicator of the occurrence of infection (17). CRP is a
protein that is indicative of an inflammatory response, and
can increase rapidly when the body is injured or undergoes
certain inflammatory changes (18). Studies have shown
that increased levels of CPR can be detected before the
occurrence of clinical symptoms of infection in patients, so
a high level of CRP in patients can indicate that the patient
has an infection (19). In view of the risk factors mentioned
above for infection in breast cancer patients during
postoperative chemotherapy, corresponding intervention
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strategies can be adopted to reduce infection rates as follows:
(D) for elderly or immunocompromised patients, nutritional
support and immune-enhancing drugs are required during
chemotherapy. At the same time, for basic diseases such as
diabetes, blood sugar levels should be controlled as much as
possible, and the length of hospitalization should be reduced
as much as possible to decrease the chance of contact with
pathogenic bacteria; (I) aseptic operation procedures in the
treatment and nursing process should be strengthened, and
antibiotics need to be used in a reasonable and appropriate
amount strictly according to the chemotherapy regimen
and the results of drug sensitivity tests; (III) close attention
should be paid to the blood biochemical indicators of the
patients. As chemotherapy causes the suppression of bone
marrow, patients with WBC <1x10°/L should be treated
with a lower dose of pharmaceutical drugs. In this study,
by measuring T lymphocytes and inflammatory factors in
patients before and after chemotherapy, results showed
that the levels of CD3*, CD3"CD4" cells, and the ratio of
CD4'/CDS8" cells in the peripheral blood of patients in
the infection group were significantly lower than those in
the normal group both before and after chemotherapy,
suggesting that low immunity before chemotherapy will
increase the risk of infection, and the occurrence of infection
will further suppress the body’s immune response. At the
same time, this study also found that serum CRP, TNF-a,
and IL-6 levels in patients in the infection group before
and after chemotherapy were significantly higher than
those in the normal group, indicating that high levels of
inflammatory factors may have a certain predictive value for
infection during chemotherapy.

In summary, breast cancer patients have low immunity
during adjuvant chemotherapy after surgery, making them
a high-risk group for infection. Dynamic monitoring of
changes in T lymphocytes and levels of inflammatory
factors may have clinical value for predicting infection
during chemotherapy after surgery. This may also help
to reduce and control infections by developing and
implementing targeted intervention measures for the risk
factors of infection.
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