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Abstract
Purpose: To investigate the relation of absolute lymphocyte count (ALC) changes during neoadjuvant
chemotherapy for human epidermal growth factor receptor-2 (HER2)-positive breast cancer patients and
their prognosis.

Methods: From January 2010 to December 2019, patients diagnosed with HER2-positive breast cancer
and treated with trastuzumab-based neoadjuvant chemotherapy (NAC) were included in this retrospective
cohort study. The ALC ratio was Blood cell count estimates before and after NAC were evaluated to
calculate the ALC ratio. The optimal cut-off for the ALC ratio was identi�ed using the receiver operating
characteristic (ROC) curve analysis and Youden’s index. The relationship between the ALC ratio and
disease-free survival (DFS) was measured using the Kaplan–Meier method. Univariate and multivariate
analyses were performed using the Cox proportional hazards model.

Results: 71 HER2 breast cancer patients were analyzed. The cut-off value of the ALC ratio was decided as
1.109. The median follow-up period was 53.1 (range: 5.1-111.5) months. The high-ALC ratio group
showed superior survival rates to the low-ALC ratio group (p=0.0242). The 5-year DFS rates were 89.1%
and 63.3% in the high- and low-ALC ratio group, respectively. The ALC ratio was nominated as an
independent prognostic factor in multivariate Cox proportional hazards analysis (p=0.0052).

Conclusion: HER2-positive breast cancer patients who showed a higher ALC ratio during trastuzumab-
based neoadjuvant chemotherapy were associated to better survival.

Introduction
Neoadjuvant chemotherapy (NAC) in breast cancer was initially introduced to improve surgical outcomes
in patients with locally advanced disease [1]. The use of NAC has increased the rate of breast conserving
surgery and enabled treatment and response monitoring and the development of individualized strategies
[2]. Treatment strategies may be tailored to cancer molecular subtypes, and NAC may improve outcomes
in subgroups of patients with early-stage breast cancer [3]. Patients with human epidermal growth factor
receptor-2 (HER2)-positive breast cancer and triple negative breast cancer (TNBC) have a higher chance
of achieving pathological complete response (pCR) than do patients with estrogen receptor-positive
breast cancer [4,5].

Several studies have shown that peripheral hematologic parameters, such as the neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and absolute lymphocyte count (ALC), are
associated with prognosis in patients with breast cancer [6-8]. However, these studies mainly focused on
pre-treatment parameters, and clinical signi�cance of the change from pre- to post-treatment, which may
re�ect the host in�ammatory and immune responses to NAC, has rarely been studied.

In HER2-positive breast cancer, adding trastuzumab to neoadjuvant chemotherapy has been shown to
improve both the pCR rate and patient prognosis [9,10]. The mechanisms underlying the anti-tumor
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activity of trastuzumab include direct anti-proliferative effects associated with the apoptosis of tumor
cells as well as the effects on the immune system via antibody-dependent cell-mediated cytotoxicity
(ADCC) that involves immune effector cells. ADCC is associated with the activation of natural killer cells
(NK) that express the Fc gamma receptor, which binds the Fc domain of trastuzumab [11]. ADCC
activates tumor-speci�c cytotoxic T lymphocytes [12]. During these cancer immunoediting phases,
activated effector cytotoxic T lymphocytes can migrate to the tumor and in�ltrate its microenvironment
[13]. Tra�cking of T cells from the circulation to the tumor microenvironment is critical for a successful
immune response against pathogens and cancer [3]. Therefore, lymphocyte induction by NAC treatment
is considered to be an important indicator, but there are no reports on it. Herein, we hypothesized that
patients whose peripheral lymphocytes were induced by NAC treatment with trastuzumab may have a
better prognosis than do their counterparts. In addition, taxanes in combination with trastuzumab may
regulate tumor microenvironment [14]; accordingly, this study also examined the impact of taxane use in
TNBC.

Patients And Methods
We retrospectively identi�ed 85 patients with stage I–III HER2-positive breast cancer and 41 patients with
stage I–III TNBC treated with NAC in the Tokushima University Hospital between January 2010 and
December 2019. A total of 14 patients with the following characteristics, 1) HER2-positive breast cancer
treated with NAC without trastuzumab, 2) incomplete blood sample data, and 3) NAC discontinued due to
adverse events were excluded. The �nal sample included 71 and 41 patients with HER2-positive and
TNBC breast cancer, respectively. The follow-up period ended in September 2020.

Neoadjuvant chemotherapy

Patients with HER2-positive breast cancer were preoperatively treated with a trastuzumab plus taxane
regimen. Many patients were also treated with an anthracycline-based combination regimen before
receiving taxane. This combination regimen involved four cycles of EC (epirubicine 90 mg/m2,
cyclophosphamide 600 mg/m2, q3w). Taxane regimens involved 12 cycles of weekly paclitaxel (80
mg/m2) or four cycles of tri-weekly docetaxel (75 mg/m2) doses. Some patients received four cycles of
tri-weekly docetaxel (40 mg/m2) and S-1 (40 mg/m2 orally twice per day on days 1-14) regimen (N-1
Study) prior to receiving trastuzumab and taxane regimen [15]. Trastuzumab was administered either at a
dose of 4 mg/kg at loading, followed by 2 mg/kg on a weekly basis, or at a dose of 8 mg/kg at loading,
followed by 6 mg/kg every 3 weeks. In a few patients, pertuzumab was used in combination with
trastuzumab. Pertuzumab was administered at a dose of 840 mg at loading, followed by 420 mg every 3
weeks. In TNBC, the NAC regimen consisted of four cycles of EC, followed by four cycles of tri-weekly
docetaxel (75 mg/m2) or 12 cycles of weekly paclitaxel (80 mg/m2). Some patients received the N-1
Study regimen.

ALC ratio and cut-off value
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In HER2-positive breast cancer patients, a routine peripheral blood test was performed, and lymphocyte
count estimates were obtained before trastuzumab administration (pre-treatment ALC). Subsequently,
routine blood tests were performed before the fourth cycle of trastuzumab and docetaxel regimen or
before the tenth cycle of trastuzumab and paclitaxel regimen. Changes to ALC after NAC were calculated
(post-treatment ALC). The ALC ratio was de�ned as the pre-treatment ALC/post-treatment ALC values.

In TNBC patients, the ALC ratio was calculated based on estimates obtained from routine blood tests
before taxane administration (pre-treatment ALC) and those obtained before the fourth cycle of docetaxel
regimen or before the tenth cycle of paclitaxel regimen.

Evaluation of clinicopathological factors

Data on clinical and pathological characteristics of patients were extracted from their medical records,
including age, T, N, stage, estrogen receptor status, HER2 status, and histological therapeutic effect.
Parameters such as T, N, and stage were clinically evaluated using pre-treatment imaging �ndings
according to the Union for International Cancer Control TNM classi�cation [16]. Estrogen receptor and
HER2 status were determined using biopsy specimens obtained prior to NAC.

Estrogen receptor-positive �ndings were de�ned as nuclear staining in ≥10% of cancer cells. HER2
protein expression was classi�ed into the following four groups: 0, 1+, 2+, and 3+. Samples of patients
with 2+ expression of HER2 were also tested using in situ hybridization for gene ampli�cation. Protein
and in situ hybridization were both performed following the American Society of Clinical
Oncology/College of American Pathologists guidelines for HER2 testing [17]. HER2-positivity was de�ned
as HER2 protein expression of 3+ or HER2 gene ampli�cation. Histopathological therapeutic effects were
evaluated based on whether pCR was achieved, de�ned as the disappearance of invasive cancer nests in
breast tissue.

Statistical analyses

All statistical analyses were performed with JMP Ver.14 (SAS Institute Inc., Cary, NC, USA). The χ2 test
was used to determine signi�cant differences in relationships between the ALC ratio (low vs. high) and
clinicopathological factors. The ROC curve analysis was performed to determine the cut-off value of the
ALC ratio associated with disease recurrence. The Kaplan–Meier curves were generated to estimate
disease-free survival (DFS), and the log rank test was used to compare survival between the groups. P-
values of <0.05 were considered indicative of a statistically signi�cant �nding. Univariate and
multivariate analyses of DFS estimates were performed using the Cox proportional hazards model.
Multivariate Cox regression analysis included factors such as the ALC ratio (low vs. high), pathology
�ndings (non-pCR vs. pCR), age (>50 vs. ≤50 years), tumor size (T3-4 vs. T1-2), and nodal status (N1-3
vs. N0).

Ethical statement
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The study was conducted in accordance with the Declaration of Helsinki. The institutional review board
of the Tokushima University Hospital approved this study (CR 3672) and waived the informed consent
requirement due to the retrospective nature of this study.

Results
Table 1 presents the clinical characteristics of HER2-positive breast cancer patients and estimates of the
association between these factors and the ALC ratio. The area under the curve for the ALC ratio
associated with disease recurrence in HER2-positive breast cancer was 0.631 (Fig.1). The cut-off value
was determined as 1.109, based on the receiver operating characteristic (ROC) curve analysis and
Youden’s index. Patients were categorized into either a high- (ALC ratio of >1.109) and low-ALC (ALC ratio
of <1.109) ratio groups. The median age of patients at the start of treatment was 58 (range 35-82) years.
A total of 59 and 12 patients had T1-2 and T3-4 tumor size, respectively. Moreover, 47 patients had lymph
node metastasis. A total of 10, 39, and 22 patients had stage I, II, and III disease, respectively. A total of
35 cases were HR positive. HER2 expression was determined as 2+ and 3+ in 10 and 61 cases,
respectively. A total of 52 patients were preoperatively treated with EC followed by taxane and an anti-
HER2 drug (trastuzumab and/or pertuzumab). Thirteen patients received only taxane and anti-HER2 drug
before surgery. Six patients received S-1 and docetaxel, followed by taxane and trastuzumab. The high-
ALC ratio group was signi�cantly older than the low-ALC ratio group (p=0.0394). There was no signi�cant
relationship between the ALC ratio and T, N, stage, HR, HER2, or regimen.

Table 2 presents clinical characteristics of TNBC patients and estimates of the association between the
ALC ratio and clinicopathological factors. The median age of patients at the start of treatment was 60
(range 32-79) years. A total of 34 and 7 cases were classed as T1-2 and T3-4 tumor size, respectively.
Twenty-nine patients had lymph node metastasis. A total of 1, 31, and 9 cases were classi�ed as clinical
stage I, II, and III. Twenty-seven patients were preoperatively treated with EC followed by taxanes. S-1 and
docetaxel were administered to 14 patients.

ALC ratio and pCR rate

Table 3 presents the relationship between ALC ratio and pCR rate. In HER2-positive breast cancer, pCR
was observed in 36 patients. The pCR rate was 59.5% (25/42) and 37.9% (11/29) in the high- and low-
ALC ratio groups, respectively. There was no signi�cant relationship between the ALC ratio and the pCR
rate (p = 0.0725). But the high-ALC ratio group tended to have a higher pCR rate than the low-ALC ratio
group among HER2-positive breast cancer patients.

In TNBC, pCR was observed in 16 patients. The pCR rate was 39.3% (11/28) and 38.5% (5/13) in the high-
and low-ALC ratio groups, respectively. There was no signi�cant relationship between the ALC ratio and
pCR rate (p = 0.9598).

ALC ratio on patient prognosis
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The median follow-up time for HER2-positive breast cancer patients was 49.2 (range: 8.4-109.2) months.
During this period, 11 (15.5%) patients developed recurrence, and three (4.2%) patients died due to
disease recurrence. In HER2-positive breast cancer, the high-ALC ratio group showed better survival than
the low-ALC group (p= 0.0242) (Fig. 2). The 5-year DFS rates were 89.1% and 63.3% in the high- and low-
ALC ratio groups, respectively.

In the TNBC group, 10 (24.4%) patients developed recurrence, and four (9.8%) patients died due to
recurrence during the follow-up period. There was no signi�cant difference in DFS between the low- and
high-ALC ratio groups (p=0.7723) (Fig. 3). The 5-year DFS rate was 70.9% and 76.2% in the high- and low-
ALC ratio groups, respectively. Multivariate Cox proportional hazards analysis revealed that age and the
ALC ratio were signi�cant prognostic factors for DFS in HER2-positive breast cancer patients (hazard
ratio=8.31; 95% con�dence interval=1.88–36.70; p=0.0052) (Table 4).

Discussion
This study aimed to examine the factors associated with DFS in patients undergoing NAC for HER2-
positive breast cancer or TNBC. In the present study, patients with HER2-positive breast cancer and a
higher ALC ratio after NAC showed superior DFS to their counterparts with lower ALC ratio.

Several previous studies have evaluated the impact of pre-treatment in�ammatory markers such as NLR
and PLR on DFS and overall survival, showing that high pre-treatment NLR was associated with poor
outcomes [7]. Some studies have validated the prognostic value of blood in�ammatory cell counts in
HER2-positive breast cancer [18]. Guo et al. performed a meta‐analysis of 39 studies to evaluate the
prognostic role of NLR and PLR, showing an association between NLR and overall survival in HER2-
positive breast cancer patients, which was of lower magnitude than that observed in patients with TNBC
[19].

In addition, several studies have examined the role of lymphocytes in prognostication. Manuel et al.
suggested that lymphopenia increases the risk of disease progression and worsens long-term survival
[20]. However, previous studies were based on the results of a single blood test, despite the fact that
baseline blood cell counts vary between individuals. In patients undergoing chemotherapy, blood cell
count may change due to treatment or the use of supportive therapies such as the granulocyte-colony
stimulating factor.

The present study focused on the increase in the ALC ratio during NAC to measure the immune cell
response. The high-ALC ratio group was signi�cantly older than the low-ALC ratio group. Thymus function
and output may decrease with age [21], suggesting that baseline ALC values in older patients may have
been lower than those in younger patients. In multivariate analysis, older patients were at a higher risk of
recurrence than younger patients. Therefore, elevated ALC ratio of HER2-positive breast cancer patients
can be evaluated as an independent prognostic factor. Meanwhile, there was no difference between the
ALC groups in TNBC patients.
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Trastuzumab is a humanized mAb antibody against the extracellular domain of the tyrosine kinase
receptor HER2. Although trastuzumab is currently used for the treatment of HER2-positive breast cancer,
its mechanism of action remains unclear. Anti-tumor effects of trastuzumab might be partly mediated by
the immune system, in particular, ADCC.

ADCC results from the activation of natural killer (NK) cells that express the Fc gamma receptor, which
can be bound by the Fc domain of trastuzumab [11]. The binding of the mAb via the fragment antigen-
binding portion to the target tumor cell confers ADCC speci�city [22]. In vivo studies have shown that
mice lacking the Fc gamma receptor I and III experienced reduced anti-tumor effects of certain mAbs [23],
suggesting that the cytotoxic T and NK cells attracted to the tumor are tumor-in�ltrating lymphocytes
(TILs). TIL expression represents complicated immune response to tumor cells [24]. In HER-2-positive
advanced breast cancer, higher TIL levels are associated with a greater pathological complete response in
patients receiving trastuzumab-based NAC [25]. These �ndings suggest that an increase in the ALC may
represent the level of ADCC activity. Although the mechanism of prolonged DFS in patients with increased
ALC remains to be elucidated, these factors may contribute to it by activating the host immune response.
Previously, pCR has been implicated in breast cancer prognostication. In the present study, the ALC ratio
was more strongly associated with prognosis than was pCR. This �nding suggests that the ALC ratio may
be a useful preoperative prognostic factor.

There are several limitations to this study. First, this was a retrospective study with a relatively small
sample size in a single center. In this study, there were only seven deaths, and overall survival estimates
were not examined. Second, we extracted TNBC cases that underwent NAC at the same piriod as the
HER2 group, since the patient background of the TNBC group is different from HER2 group, it cannot be
said that the effect of ALC ratio is necessarily limited to the HER2 group only in this study. Third, this
study did not investigate the relationship between increased ALC values and TILs; it remains unclear
whether TIL activity was induced in patients with elevated ALC ratios.

In conclusion, our �ndings suggest that the ALC ratio increases after trastuzumab-based NAC; it may be a
predictor of prolonged DFS in HER2-positive patients. The ALC ratio is an index that can be easily
evaluated before surgery and may be useful in clinical practice.

Abbreviations
ALC: absolute lymphocyte count, HER2: human epidermal growth factor receptor-2, NAC: neoadjuvant
chemotherapy, TNBC: triple negative breast cancer, NLR: neutrophil-to-lymphocyte ratio, PLR: platelet-to-
lymphocyte ratio, ADCC: antibody-dependent cell-mediated cytotoxicity, DFS: disease-free survival, TIL:
tumor-in�ltrating lymphocyte
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breast cancer
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  All patients Low

ALC ratio

High

ALC ratio

p-value

  N=71 N=29 N=42  

Median follow-up (months) 53.1(5.1-111.5) 53.1(11.6-111.5) 53.2(5.1-91.7) 0.8872

         

Median age 58(35-82) 49(35-75) 59(35-82) 0.0394

T        

1-2 59 24 35 0.9494

3-4 12 5 7  

N        

Positive 47 19 28 0.9199

Negative 24 10 14  

Stage        

I 10 6 4 0.1402

II 39 12 27  

III 22 11 11  

HR        

Positive 35 16 19 0.4102

negative 36 13 23  

HER2        

2+ 10 4 6 0.9532

3+ 61 25 36  

Regimen        

EC followed by

Taxane+Tmab(+Pmab)

52 19* 33*** 0.2465

Taxane+Tmab(+Pmab) 13 8** 5  

S-1+DTX followed by

Taxane+Tmab

6 2 4  
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ALC Absolute lymphocyte counts, HR Hormone receptor, Tmab Trastuzumab, Pmab Pertuzumab, DTX
Docetaxel

* Including 2 cases of Pmab administration

** Including 3 cases of Pmab administration

*** Including 8 cases of Pmab administration

 

Table 2

Patients characteristics and relationships between ALC ratio and clinicopathological factors in triple
negative breast cancer
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  All patients Low

ALC ratio

High

ALC ratio

P-value

  N=41 N=13 N=28  

Median follow-up (months) 51.8(7.6-122.5) 76.3(7.6-122.0) 48.1(8.1-122.5) 0.0153

         

Median age 60(32-79) 59(37-79) 59(32-71) 0.6623

T        

1-2 34 11 23 0.8436

3-4 7 2 5  

N        

Positive 29 10 19 0.5474

Negative 12 3 9  

Stage        

I 1 0 1 0.5062

II 31 11 20  

III 9 2 7  

Regimen        

EC followed by

Taxane

27 5 22 0.0126

S-1+DTX 14 8 6  

ALC Absolute lymphocyte counts, DTX docetaxel

 

Table 3

Relationship between ALC ratio and pCR rate
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    Low

ALC ratio

High

ALC ratio

P-value

HER2        

  pCR 11 25 0.0725

  non-pCR 18 17  

         

Triple negative        

  pCR 5 11 0.9598

  non-pCR 8 17  

ALC Absolute lymphocyte counts, HER2 Human epidermal growth factor receptor-2, pCR pathological
complete response

 

Table 4

Univariate and multivariate analysis of the correlation between disease free survival and
clinicopathological factors in HER2 positive breast cancer

  Univariate Multivariate

  RR(95%CI) P-value RR(95%CI) P-value

ALC ratio low vs high 4.09(1.08-15.42) 0.0377 8.31(1.88-36.70) 0.0052

non-pCR vs pCR 3.11(0.82-11.75) 0.094 2.23(0.54-9.18) 0.2650

Age 50< vs <50 2.40(0.52-11.20) 0.2249 8.18(1.53-43.86) 0.0141

T3-4 vs T1-2 1.77(0.47-6.70) 0.4250    

N positive vs negative 4.00(0.51-31.28) 0.1122 5.52(0.68-44.78) 0.1095

HR positive vs negative 1.89(0.55-6.45) 0.3022    

RR Risk Ratio, CI con�dence interval, ALC Absolute lymphocyte count, pCR pathological Complete
Response, HR Hormone receptor

Figures
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Figure 1

The cut-off value of ALC ratio in HER2+ breast cancer Area under the curve value for the absolute
lymphocyte count (ALC) ratio with disease recurrence in HER2-positive breast cancer patients was 0.631.
The cut-off value was determined as 1.109 with receiver operating characteristic curves and Youden’s
index
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Figure 2

The 5-year disease-free survival rate in HER2+ breast cancer In HER2 positive breast cancer patients, the
5-year disease-free rate was 89.1% and 63.3% in the high- and low-ALC ratio groups, respectively
(p=0.0242)
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Figure 3

The 5-year disease-free survival rate in triple negative breast cancer In triple negative breast cancer, the 5-
year disease-free rate was 70.9% and 76.2% in high- in low-ALC ratio groups, respectively (p=0.7723)


