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Introduction: Neoadjuvant chemotherapy (NAC) has become a standard treatment for locally
advanced breast cancer. The present study was designed to investigate the predictive value
of different peripheral inflammation/immune biomarker responses to NAC and prognosis in
breast cancer patients.

Materials and methods: A total of 180 breast cancer patients treated with NAC in the First
Affiliated Hospital with Nanjing Medical University between January 2008 and March 2015
were enrolled in the study. The associations between inflammation/immune indicators and
pathological complete response (pCR) were determined, and the prognostic value of inflam-
mation/immune indicators was also evaluated.

Results: In the univariate analysis, patients with a high pretreatment peripheral lymphocyte
count (>2.06x10°/L) showed a higher pCR rate than those with a low lymphocyte count (23.9%
vs 10.4%, P=0.023). The pCR rate of patients with a neutrophil: lymphocyte ratio =2.15 was
significantly higher than that of patients with a high neutrophil: lymphocyte ratio (20% vs 7.8%;
P=0.03). However, multivariate analysis revealed that only the high lymphocyte count was pre-
dictive for pCR (odds ratio: 4.375, 95% CI: 1.429-13.392, P=0.010). In the survival analysis,
patients with a higher neutrophil count (>2.65x10°/L) were confirmed to have a shorter disease-
free survival (hazard ratio: 4.322, 95% CI: 1.028-18.174, P=0.046), and the high neutrophil
count was significantly associated with lymphovascular invasion (P=0.037).

Conclusion: We demonstrated that a high level of baseline peripheral lymphocyte count can
be a predictor for high efficacy of NAC for breast cancer patients, and low baseline peripheral
neutrophil count may contribute to the favorable disease-free survival.

Keywords: breast cancer, lymphocytes, neoadjuvant chemotherapy, neutrophils, pathologic
complete response

Introduction

Breast cancer is one of the most common malignancies among women nowadays.'
For patients with locally advanced breast cancer, neoadjuvant chemotherapy (NAC)
has become a standard treatment, which can reduce the tumor burden and allow a
rapid assessment of drug susceptibility preoperatively.>* Patients with pathological
complete response (pCR) to NAC are considered to have a longer disease-free survival
(DFS) than those without pCR.> However, patients with hormone receptor-positive
and human epidermal growth factor receptor 2 (Her2) negative breast cancer have
shown a lower pCR rate than those with triple-negative and Her2-enriched cancer, but
with a better clinical outcome.®” Thus, effective indictors are still required to predict
the response to drugs for appropriate chemotherapy regimens. Moreover, prognostic
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markers related to relapse are crucial for further treatment,
especially in patients with residual disease after NAC.

Advancement in the development of cancer biology
and rapid progress of experimental technology has led to a
growing number of factors being proposed in the past decade
to predict the drug efficiency and clinical outcome of breast
cancer patients. Besides the general clinicopathologic
features,® recent advances in breast cancer-related genes
(bel-2, ras, p53, etc.) provide significant information on cura-
tive effect and prognosis.”** Due to the complexity of the
technological process and the high cost, it is difficult to use
genetic test widely in clinical practice. With the introduction
of tumor microenvironment,'4!> there has been a worldwide
upsurge of research interest in tumor-infiltrating immune
cells in recent years.'™!” The level of tumor-infiltrating
immune cells, especially the tumor-infiltrating lymphocytes
(TILs), has been confirmed to be an important indicator of
chemosensitivity and survival due to its role in cell-mediated
immunologic destruction of tumor cells.'"* However, as TILs
mainly work in situ, they can hardly represent the immune
response of the whole body against breast cancer, which is
considered as a systemic disease. Therefore, new systemic
markers should be found out to predict the response and
prognosis easily and accurately.

Recently, inflammation and immune-based indicators in
the peripheral blood, closely linked with immune/inflamma-
tory response against tumors, have been developed as pre-
dictive factors for chemosensitivity and survival for several
tumors.'? 2} It has been reported that an elevated neutrophil
count is associated with a poor prognosis in non-small-cell
lung cancer,? and a high peripheral lymphocyte count is
related to a favorable outcome in advanced sarcomas and
lymphomas.!® Furthermore, the neutrophil: lymphocyte
ratio (NLR) has been recognized as an important predictor
of prognosis in colorectal cancer, urothelial cancer, and
gastric cancer,?"? and NLR is associated with the response
to NAC in muscle-invasive bladder cancer.” To the best of
our knowledge, the roles of these biomarkers remain unclear
in breast cancer patients.?*? The objective of our present
research was to evaluate the predictive value of different
immune/inflammatory markers in drug efficiency and prog-
nosis in breast cancer patients.

Materials and methods

Patients and treatments

In this retrospective study, patients were enrolled from the
First Affiliated Hospital with Nanjing Medical University
between January 2008 and March 2015, with the inclusion

criteria as listed: 1) diagnosed with invasive breast cancer by
core biopsy, 2) diagnosed as stage II-111, and 3) treated with
chemotherapy followed by surgery. All the clinicopathologi-
cal data, such as the patients’ age, laboratory findings, and
pathologic results, were obtained from the hospital’s database
with the approval of the ethics committee of the First Affili-
ated Hospital with Nanjing Medical University.

Laboratory variables were retrieved from blood tests taken
within 1 week before NAC through the hematology analyzer
Sysmex XS-800i (Sysmex Corporation, Kobe, Japan), to
achieve information on immune/inflammatory indicators,
including neutrophil counts, lymphocyte counts, and the ratio
between them. No patients had infection, such as pneumonia.

All patients received taxane- and/or anthracycline-
based chemotherapy regimens in neoadjuvant settings:
a total of 4 courses of epirubicin+cyclophosphamide
(90 mg/m? epirubicin and 600 mg/m? cyclophosphamide),
followed by 4 courses of docetaxel (100 mg/m? docetaxel)
every 2 or 3 weeks; 6 courses of docetaxel+epirubicin+
cyclophosphamide (75 mg/m? docetaxel, 90 mg/m? epirubicin,
and 500 mg/m? cyclophosphamide) every 3 weeks; 6 courses
of docetaxel+cyclophosphamide (100 mg/m?* docetaxel and
600 mg/m? cyclophosphamide) every 3 weeks; 6 courses of
fluorouracil+epirubicin+cyclophosphamide (500 mg/m? fluo-
rouracil, 100 mg/m? epirubicin, and 500 mg/m? cyclophosph-
amide) every 3 weeks; and 6 courses of docetaxel+carboplatin+
trastuzumab (75 mg/m? docetaxel, carboplatin: area under
the curve =5, trastuzumab: 8 mg/kg followed by 6 mg/kg)
every 3 weeks. If Her2 was amplified, trastuzumab was then
recommended to be added. However, due to the high cost,
about 40% of patients with Her2-positive cancer were treated
with trastuzumab. Surgery was performed within 3 weeks
after the last course of chemotherapy, including modified
mastectomy, radical mastectomy, and breast-conserving
surgery, followed by radiotherapy and endocrine therapy
if needed. NAC, surgery, and the subsequent radiotherapy
and endocrine therapy were recommended to the patients
according to the National Comprehensive Cancer Network
(NCCN) guidelines.

Pathology

Patients were diagnosed by core biopsy before treatment.
Imaging technologies, including CT, ultrasonography (US),
MRI, and bone scintigraphy, were applied for evaluation.
Tumor stage was assessed according to the TNM Classifica-
tion of Malignant Tumors published by the American Joint
Committee on Cancer. Pathologic results, such as estrogen
receptor (ER), progesterone receptor (PR), Her2, and Ki67,

submit your manuscript

1424

Dove

OncoTargets and Therapy 2018:1 |


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Peripheral inflammation/immune biomarkers

were assessed by immunohistochemistry. ER and PR were
considered positive when at least 1% of tumor cell nuclei were
immunoreactive based on the American Society of Clinical
Oncology (ASCO)/College of American Pathologists (CAP)
guideline recommendations for immunohistochemical test-
ing of ER and PR. Her2 was defined as positive if the score
was =3 by immunohistochemistry or =2 with further analysis
by fluorescence in situ hybridization according to the ASCO/
CAP HER? testing guideline. Considering that cutoff of Ki67
varies between different pathological experiment centers,
we defined it at a high level if the Ki67 proliferation index
was >20% according to our institution. Molecular subtype
was defined based on the NCCN and St Gallen guidelines.
pCR was defined as no evidence of invasive cancer residue
in the surgical specimen and all axillary lymph nodes being
free of tumor, according to the Response Evaluation Criteria
in Solid Tumors criteria of resected primary tumors.

Follow-up

Patients were followed up every 3 months during the first
2 postoperative years and every 6 months until 5 years after
surgery, and then every 12 months. Patients were monitored
by imaging studies, such as blood tests, US, CT, and bone
scintigraphy. Once local regional recurrence or distant metas-
tasis was suspected, further examination was recommended.
The follow-up time was calculated from the date of diagnosis
to the date of relapse or last follow-up.

Statistical analysis

Receiver operating characteristic (ROC) curve analysis was
used to determine the cutoff of neutrophil and lymphocyte
counts, and the cutoff of NLR was determined by its median
value. The association between clinicopathological factors
and pretreatment immune/inflammatory indicators, and the
predictive value of different variables for pCR in the univariate
analysis were assessed by using the chi-square test. The Fisher’s
exact test was used if the expected frequency was <5. Mul-
tivariate binary logistic regression was performed to identify
the factors that were independently correlated with pCR rate.
For survival analysis, we applied the Kaplan-Meier method as
univariate analysis and Cox proportional hazard model as multi-
variate analysis. The result was considered significant when the
P-value was <0.05. Statistical analyses were performed using the
SPSS software (version 21.0; SPSS Inc, Chicago, IL, USA).

Ethical approval
All procedures performed in studies involving human par-
ticipants received approval of the ethics committee of the

First Affiliated Hospital with Nanjing Medical University
and were in accordance with the 1964 Helsinki Declaration
and its later amendments or comparable ethical standards.
Written informed consent was obtained from all individual
participants included in the study.

Results

Patient enrollment
A total of 248 breast cancer patients were screened in our study.
Patients without operation after NAC and with bilateral breast
cancer or second primary cancer were excluded. Ofthe remaining
breast cancer patients who had completed the primary treatment,
patients with systemic inflammatory or chronic diseases preop-
eratively, such as diabetes, heart failure, liver cirrhosis, and sys-
temic lupus erythematosus, or patients with missing information
about pathologic or laboratory results were excluded. Therefore,
180 subjects met the inclusion criteria for pCR analysis. And
then, patients with incomplete adjuvant radiotherapy or endo-
crine therapy after surgery were filtered out, and patients who
were lost during follow-up were excluded. Finally, 131 female
breast cancer patients were included in the survival analysis.
The flowchart of patients’ screening is shown in Figure 1.
The baseline characteristics of the including patients are
shown in Table 1. The median age at diagnosis of the subjects
was 46 years old (range, 23—71 years). Of these 180 patients,
86.1% were diagnosed with invasive ductal carcinoma;
58.7% were diagnosed with hormone receptor-positive can-
cer at initial diagnosis by core needle biopsy; 21.1% were
Her2 positive; and 63.6% were diagnosed with high Ki67
expression (positive Ki67 staining >20%) cancer. Surgery
was performed on all patients after NAC, and about 90% of
them received modified radical mastectomy. Axillary lymph
node involvement and lymph vessel invasion were found in
39.5% and 22.2% of these cases, respectively.

Associations of immune/inflammatory
indicators with clinicopathological

param eters

The mean absolute pretreatment neutrophil count was
3.95x10°/L (range, 0.73-12.89x10°/L). The optimal cutoff
value of neutrophil count was 2.65x10°%/L, determined as the
maximum (sensitivity + specificity) point according to ROC
curves. Among the 180 patients, 34 patients had a neutrophil
count of =2.65x10°/L, and 146 patients had a neutrophil
count of >2.65x10%L. The high neutrophil count was sig-
nificantly associated with lymph vessel invasion (P=0.037),
while no significant associations were detected between the
neutrophil count and other clinicopathological parameters.
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248 female primary breast cancer patients who were diagnosed
and received NAC at our institution

11 treated without operation
2 combined with second

A

primary cancer
6 bilateral breast cancer

y

A total of 229 unilateral breast cancer patients who completed
the primary treatment

30 lack of laboratory data
19 systemic inflammatory or
chronic disease

11 diabetes

4 coronary heart disease

3 liver cirrhosis

1 systemic lupus erythematosus

A

y

180 patients included in the analysis of
predicators for response to NAC

27 lost to followup
22 without full course of

necessary adjuvant radiotherapy
or endocrine therapy

A

A

131 patients eligible for survival analysis

Figure | Flowchart of screening patients eligible in the study.
Abbreviation: NAC, neoadjuvant chemotherapy.

The mean absolute pretreatment lymphocyte count
was 1.75x10°/L (range, 0.80-3.90x10°L). The cutoff
(2.06x10°/L) to define the high lymphocyte count group
(>2.06x10°/L), and the low lymphocyte count group was
determined by ROC curve analysis. There were 134 patients
with a lymphocyte count of =2.06x10°/L, and 46 patients
whose lymphocyte count was <<2.06x10°L. No significant
associations were observed between the lymphocyte count
and clinicopathological parameters.

The mean NLR was 2.44, and the median value (2.15)
was used as the cutoff. No significant association was found
between NLR and clinicopathological parameters.

Relationships between immune/
inflammatory indicators and pathologic
response to chemotherapy

The correlations between clinicopathological factors and
pathologic response are shown in Table 2. Of the 180 patients,
25 (13.9%) achieved pCR. In the univariate analysis, ER
status (P=0.003), molecular subtype (P=0.018), and Ki67
proliferation index (P=0.043) were significantly associated
with the response to NAC. Moreover, high pretreatment

lymphocyte count was detected to be a significant predictor
(P=0.023) of pCR in the present study. There were
14 complete responders among the 134 patients with a
baseline lymphocyte count of =2.06x10°L and 11 respond-
ers among the 46 patients with a baseline lymphocyte
count of >2.06x10°/L. Moreover, the pCR rate of the patients
with an NLR of =2.15 was significantly higher than that of the
patients with a high NLR of >2.15 (20% vs 7.8%; P=0.03).
Then, lymphocyte count, NLR, ER status, molecular sub-
type, and Ki67 proliferation index were incorporated into the
multivariate binary logistic regression analysis. It was confirmed
that lymphocyte count remained an independent predictor of
response to chemotherapy with an odds ratio (OR) 0f4.375 (95%
CI: 1.429-13.392, P=0.010), along with ER status (OR: 0.203,
95% CI: 0.067-0.614, P=0.003) and Ki67 proliferation index
(OR: 6.290, 95% CI: 1.495-26.461, P=0.012). However, the
NLR was not a predictor of pCR in the multivariate analysis.

Predictive value of immune/inflammatory

indicators in view of survival
With a mean follow-up of 22.7 months (range, 3—85 months),
37 (28.2%) patients showed local-regional recurrence or

submit your manuscript

1426

Dove

OncoTargets and Therapy 2018:1 |


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Peripheral inflammation/immune biomarkers

Table | Baseline characteristics of 180 patients with breast cancer

Characteristics N (%)
Age (years)

=40 46 (25.6)

>40 134 (74.4)
Clinical T stage

Tl 15 (8.3)

T2 96 (53.3)

T3-T4 55 (30.6)

NA 14 (7.8)
Clinical N stage

NO 43 (23.9)

NI-N3 137 (76.1)
Histology

Ductal 155 (86.1)

Lobular 3 (1.67)

Others 22 (12.2)
Estrogen receptor status

Positive 84 (46.7)

Negative 59 (32.8)

NA 37 (20.5)
Her?2 status

Negative 112 (62.2)

Positive 30 (16.7)

NA 38 (21.1)
Molecular subtype

Luminal A 24 (13.3)

Luminal B 60 (33.3)

Her2 18 (10.0)

Triple negative 40 (22.2)

NA 38 (21.2)
Ki6é7 proliferation index

=20 51(283)

>20 89 (49.4)

NA 40 (22.3)
NAC regimen

Anthra based 42 (23.3)

Tax based 12 (6.7)

Anthra + Tax based 126 (70.0)
Surgery

Modified mastectomy 164 (91.1)

Radical mastectomy 13(7.2)

Breast-conserving surgery 3(1.7)
Pathological N stage after surgery

NO 107 (59.4)

NI 5(28)

N2 7(3.9)

N3 58 (32.2)

NA 3(1.7)
Lymph vessel invasion

Yes 40 (22.2)

No 140 (77.8)

Abbreviations: Anthra, anthracyclines; NA, not available; NAC, neoadjuvant che-
motherapy; Tax, taxanes.

distant metastasis. Pretreatment neutrophil count, vascular
invasion, and age were all associated with DFS in the univariate
analysis (Table 3). Significantly longer (log-rank P=0.029)
DFS was observed in the low neutrophil count group

(pretreatment neutrophil count =<2.65x10°/L) compared
with the high neutrophil count group (Figure 2), while no
significant association was found between DFS and other
immune/inflammatory indicators.

Variables, including age, lymph vessel invasion, and neu-
trophil count, with a P-value <0.05 in the univariate analysis,
were further involved in the multivariate analysis. The Cox
proportional multivariate hazard model was applied. The
higher neutrophil count along with younger age at diagnosis
was independently correlated with poor prognosis, with a haz-
ard ratio 0£4.322 (95% CI: 1.028-18.174, P=0.046) and 2.165
(95% CI: 1.127-4.149, P=0.02), respectively (Table 3).

Because of the small sample size and the relatively
short follow-up, no significant associations were observed
between clinicopathological factors and overall survival
(data not shown).

Discussion

The present study focused on the predictive value of different
immune/inflammatory indicators in chemosensitivity and
survival in breast cancer patients treated with NAC. It has
been shown that a high pretreatment lymphocyte count and
arelatively low NLR rate were significantly associated with
PCR in the univariate analysis, while only the pretreatment
lymphocyte count acted as an independent predictor of pCR
in the multivariate model. In addition, an elevated neutrophil
count, which was associated with lymph vessel invasion
after NAC, was confirmed to be correlated with poor DFS
independently.

Consistent with previous studies,* subgroups with higher
proliferation, Her2-positive (non-luminal), and triple-negative
tumors were confirmed more likely to achieve pCR in this
study. Of hormone receptor-positive cancer, the pCR rate
was relatively low in the present analysis. Considering that
only a small proportion of patients with Her2-positive status
were treated with trastuzumab in the neoadjuvant setting, the
pCR rate of Her2-positive patients in our study was not so
high as in studies with trastuzumab-based NAC.*!

Interestingly, a significant association was demonstrated
between a high absolute baseline peripheral lymphocyte count
and pCR in our study, independent of the general pathological
characteristics of tumors. Until now, only few research have
raised concerns about the impact of pretreatment peripheral
immune/inflammatory indicators on pCR.?*% Pretreat-
ment lymphocytopenia has been recognized as a negative
marker on the efficacy of preoperative chemotherapy in
muscle-invasive and advanced bladder cancer.’> While
in breast cancer patients, as far as we know, the present
study was the first to propose the predictive impact of the

OncoTargets and Therapy 2018:1 |
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Table 2 Predictive factors for pathological complete response in univariate and multivariate analyses

Variables Total, N Non-pCR PCR group P-value® Multivariate OR P-value®
group (N) (N, %) (95% CI)>
Age (years) 0.028 0.055
=40 46 44 2 (4.30)
>40 134 I 23 (17.2)
Clinical T stage 0.803
Tl 15 12 3 (20)
T2 96 83 13 (13.50)
T3-T4 55 47 8 (14.5)
NA 14 13 |
Clinical N stage 0.603
NO 43 36 7 (28.0)
NI-N3 137 19 18 (72.0)
Estrogen receptor 0.003 0.005
Positive 84 78 6 (7.10) 0.203 (0.067-0.614)
Negative 59 44 15 (25.40)
NA 37 31 6
Her?2 status 0.38
Negative 112 97 15 (13.40)
Positive 30 24 6 (20.00)
NA 38 32 6
Molecular subtype 0.018 0.606
Luminal A 24 23 | (4.20)
Luminal B 60 55 5(8.30)
Her2 18 13 5 (27.80)
Triple-negative 40 30 10 (25.00)
NA 38 32 6
Ki67 proliferation index 0.043 0.012
=20 51 48 3(5.90) 6.290 (1.495-26.461)
>20 89 72 17 (19.10)
NA 40 33 7
NAC regimens 0.619
Anthra based 42 38 4 (9.50)
Tax based 12 10 2 (l6.7)
Anthra + Tax based 126 107 19 (15.1)
Lymphocyte counts 0.023 0.010
=2.06x10°/L 134 120 14 (10.4) 4.375 (1.429-13.392)
>2.06x10°/L 46 35 I (23.9)
Neutrophil counts 0.686
=2.65x10°/L 34 30 4 (11.80)
>2.65x10°/L 146 125 21 (14.4)
NLR 0.03 0.254
=2.15 90 72 18 (20)
>2.15 90 83 7(7.8)

Notes: *Calculated by chi-square test as univariate analyses. *Calculated by multivariate binary logistic regression analysis.
Abbreviations: Anthra, anthracyclines; NA, not available; NAC, neoadjuvant chemotherapy; NLR, neutrophil-to-lymphocyte ratio; OR, odds ratio; pCR, pathological

complete response; Tax, taxanes.

peripheral lymphocyte count on pCR. Previous studies have
reported that the level of TILs is a strong predictor of the
efficacy of NAC,' particularly in breast cancer patients with
triple-negative or Her2-positive (non-luminal) subtypes.**-*
However, the inability to represent the whole-body immune
response limits the application of TILs in predicting the
systematic therapeutic effects. Studies on the corresponding
peripheral immune/inflammatory indicators seem to be

fascinating. Lymphocytes, which have been demonstrated as
a heterogeneous population with the cytotoxic T cells, with
CDS8 expressed on the cell surface being the predominant
T lymphocyte present in most cases, form a major effec-
tor component of the adaptive immune system. The CD8+
T cells can limit tumor growth by recognizing tumor-specific
antigens expressed by the cancer cells and stimulating the
apoptosis of cancer cells by classical cytotoxic immune
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Table 3 Survival analysis for disease-specific survival in |31 patients

Characteristics Univariate Multivariate HR P-value®
P-value® (95% Cl)®

Age (=40 years vs >40 years) 0.029 2.165 (1.127-4.149) 0.02

Clinical T stage 0.109

Clinical N stage (NO vs NI-N3) 0.533

Estrogen receptor (positive vs negative) 0.193

Her?2 status (positive vs negative) 0.152

Molecular subtype 0.182

Ki6é7 proliferation index (=20 vs >20) 0.091

Nuclear grade 0.249

Lymph node status 0.096

Lymph vessel invasion (yes vs no) 0.039 1.948 (0.989-3.838) 0.054

Adjuvant radiotherapy (no vs yes) 0.232

Adjuvant chemotherapy (Anthra based vs Tax based vs Anthra + Tax based) 0.718

Lymphocyte counts (=2.06x10°/L vs >2.06x10°/L) 0.880

Neutrophil counts (>2.65x10°/L vs =2.65x10°/L) 0.029 4.322 (1.028-18.174) 0.046

NLR (=2.15 vs >2.15) 0.535

Note: *Derived using the Kaplan—Meier method as univariate analysis, ®derived using the Cox regression adjusted for age at diagnosis and neutrophil counts.
Abbreviations: Anthra, anthracyclines; HR, hazard ratio; NLR, neutrophil-to-lymphocyte ratio; Tax, taxanes.

effector mechanisms both in the tumor and in the peripheral
blood.* By contrast, tumors can also promote immunosup-
pressive regulatory T cells accumulating in the tumor or in
the peripheral blood, in which the nuclear transcription factor
known as FOXP3 is the most specific cell marker identi-
fied. However, the role of FOXP3 in tumor has remained
controversial. In addition, recent researches proposed that
the immune cells in the peripheral blood can also contribute
to establishing and maintaining a status of tumor dormancy,
in which tumor cells would be present, but without apparent
progression.*® Although the cytotoxic immune cells around
the tumor cells, before systematic treatment, were found
mostly inactive in locally advanced cancer, it is assumed
that chemotherapy can activate the adaptive immune system
and sensitize tumor cells to T-cell-mediated cytotoxicity by
improving the efficacy of perforin/granzyme-mediated or
Fas ligand-mediated killing.'®7 A high pretreatment periph-
eral lymphocyte count is therefore a substitute for a high
anticancer potential of the systemic immunity, which might
predict a better response to chemotherapy.

NLR is one of the peripheral immune/inflammatory
indicators mostly reported in breast cancer. Several studies
have suggested that a lower baseline NLR is correlated with
a higher likelihood of pCR.?¢?” However, no relationship has
been observed in other studies.?®** The present study found
that the pretreatment NLR was a predictive factor of pCR in
the univariate analysis, but not in the multivariate analysis.
Considering the irrelevance of the peripheral neutrophil count
to pCR, the predictive value of a low NLR may be mainly
driven by the high lymphocyte count actually.

In several studies, pCR has been considered as a predictor
for favorable outcome.’ However, breast cancer patients in
hormone receptor-positive and Her2-negative subgroups,
with a lower pCR rate than triple-negative and Her2-positive
ones, show a better clinical outcome instead.’” Containing
all molecular subtypes may attenuate the prognostic value
of pCR.* With a relatively small sample size and mixed
subtypes included in our analysis, the achievement of pCR
showed no significant benefit for DFS.

The baseline peripheral neutrophil count was demon-
strated as an independent prognostic factor in our study.
It showed that a high neutrophil count had an apparent
correlation with a poor prognosis, which was in accordance
with studies on other cancers.***® Previous studies have
shown that neutrophils occupy a significant portion of the
inflammatory response, which is usually considered as a
pro-tumor response. The underlying mechanisms are as
follows: First, neutrophils-derived reactive oxygen species
have been implicated with genotoxic effects to promote
tumor establishment. Additionally, the chemokines and/or
cytokines produced by neutrophils, such as interleukin 6-like
cytokine oncostatin M, may activate series inflammatory
factors, including nuclear factor-x B, pro-angiogenic factors
(vascular endothelial growth factor), etc., which are detected
with a negative impact on tumor immune surveillance and
lead to tumor progression. And the overexpression of human
neutrophil-derived defensins has been identified in several
tumor types as having association with tumor cell prolif-
eration and invasiveness.’* Moreover, the tumor-associated
neutrophils have been recognized to play an important role in
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Figure 2 The disease-free survival curves for different inflammatory/immune indicators.

Notes: Among |31 patients, disease-free survival (P=0.046) was longer in patients with a lower neutrophil count (=2.65x107/L) than those with a significantly high neutrophil
count (A). However, no significant difference was observed between disease-free survival and lymphocyte count (B), or NLR (C).

Abbreviation: NLR, neutrophil-to-lymphocyte ratio.

tumor metastasis. Neutrophil-derived proteinases, including
poly-morphonuclear leukocyte elastase, and matrix metal-
loproteinases, can remodel the extracellular matrix, which
eventually results in the dissociation of tumor cells from the
primary tumor to the peripheral blood and distant organs.*
The consensus finding in our study was that the high neu-
trophil count was significantly associated with lymph vessel
invasion, which was determined by the presence of neoplastic

cell emboli within spaces. We know that the more the inva-
sion of malignant cells on microvessels, the more the likeli-
hood of tumor cells spreading to the peripheral blood and then
to distant sites;*' therefore, the neutrophil count associated
with lymphovascular invasion may influence the cancer
outcome, mainly due to its correlation with tumor invasion
and metastasis, independent of the impact of the treatment.
In addition, previous studies have reported that high NLR
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may have a negative impact on clinical outcome,* especially
in patients with the luminal A subtype.** The baseline NLR
showed no significant association with DFS in the present
study. The conflicting findings may be caused by the bias in
patient collection.

To the best of our knowledge, this work is the first study
that proved the association between a high peripheral lympho-
cyte count and pCR, and demonstrated the prognostic value
of the baseline peripheral neutrophil count in breast cancer
patients treated with NAC. Besides, it attributed the relevance
of a low NLR to pCR to the high lymphocyte count, which
suggested the baseline peripheral lymphocyte count as a more
accurate predictive indicator of pCR than NLR. The limita-
tions of our study are listed as follows: First, as a retrospective
analysis, records on some parameters were incomplete. Also,
several patients were lost to follow up and filtered out from
our study. Rigorous prospective studies are therefore needed
to extend our findings. Second, the correlation between
tumor-infiltrating immune cells and the peripheral immune/
inflammatory biomarkers was not assessed in the present
study. The unavailability of the information on circulating
tumor cell level before and after NAC also limited our evalu-
ation of the systemic efficiency of chemotherapy. Third, the
sample size of our analysis was small and the samples were
enrolled from a single oncology center, which limited the
general applicability of our findings. Finally, the follow-up
time was not long enough to make a significant analysis on
overall survival. More studies with longer follow-up and high
retention rates are needed to support our findings.

Conclusion

Our study suggested that a high level of baseline peripheral
lymphocyte count was an independent predictor of pCR for
breast cancer patients, and a high level of baseline peripheral
neutrophil count had a significant contribution to poor DFS.
Both indicators can be obtained from the blood tests easily and
reflect the whole-body immunity. In addition, the assessment
of the 2 immune/inflammatory indicators at initial diagnosis
may provide new ideas on treatment guidance. Future cohort
studies are still needed to confirm our results.
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