Breast Cancer Research and Treatment (2019) 174:443-452
https://doi.org/10.1007/510549-018-05106-7

CLINICAL TRIAL

@ CrossMark

Neutrophil-to-lymphocyte ratio as a predictor of survival in patients
with triple-negative breast cancer

Dilan A. Patel'2. Jing Xi'3 - Jingqin Luo’ - Bilal Hassan' - Shana Thomas’ - Cynthia X. Ma' - Jian L. Campian'*

Received: 16 August 2018 / Accepted: 16 December 2018 / Published online: 2 January 2019
© Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract

Purpose Peripheral blood lymphopenia and elevated neutrophil-to-lymphocyte ratio (NLR) have been associated with poor
outcomes in various malignancies. However, existing literature has largely focused on baseline parameters. The aim of this
study is to assess the impact of radiation therapy (RT) and chemotherapy on absolute lymphocyte counts (ALC) and NLR
in relation to survival outcomes in patients with triple-negative breast cancer (TNBC).

Methods A retrospective analysis was performed on 126 patients with TNBC treated at Washington University between 2005
and 2010. Cox proportional hazard model with time-varying covariates was applied to estimate the effect of time-varying
ALC and NLR separately on overall survival (OS) and disease-free survival (DFS).

Results All patients received RT and 112 patients received either neoadjuvant chemotherapy or adjuvant chemotherapy, or
both. Patients deceased had lower ALC and higher NLR compared to patients alive throughout the treatment course, even
1 year after treatment completion (ALC, 1 vs. 1.3, P=0.03 and NLR, 3.9 vs. 2.6, P=0.03). High ALC was associated with
superior OS on both continuous and binary scales (cutoff of 1 K/ul) (HR 0.14; 95% CI 0.05-0.34; P <0.001 and HR 0.28;
95% CI 0.13-0.61; P=0.01, respectively). Additionally, high NLR was weakly associated with inferior OS on continuous
scales (HR 1.1; 95% CI 1.06-1.15; P<0.001).

Conclusions Post-treatment lymphopenia and NLR elevation can persist until 1 year after treatment completion. Both portend
shorter survival for patients with TNBC. Our data support the use of ALC and NLR to identify high risk patients who may
benefit from clinical trials rather than standard of care therapy.
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dNLR Derived neutrophil-to-lymphocyte ratio
EPR Electronic patient record

ER Estrogen receptor

HER2 Human epidermal growth factor receptor 2
HR Hazard ratio

MBC Metastatic breast cancer

NKcell Natural killer cell

NLR Neutrophil-to-lymphocyte ratio

oS Overall survival

PD-1 Programmed cell death protein 1
PD-L1 Programmed death ligand 1

PR Progesterone receptor

RT Radiation therapy

TNBC Triple-negative breast cancer
TRL Treatment related lymphopenia
WBC White blood count

IL-7 Interleukin 7

IL-15 Interleukin 15

Introduction

Breast cancer is the most common malignancy and the sec-
ond leading cause of cancer-related death in women. In the
U.S. alone, approximately 250,000 patients are diagnosed
with breast cancer each year and over 40,000 die from the
disease [1]. Fortunately, the majority of patients are suc-
cessfully treated, with a 5-year survival rate of around 90%
for the overall population, as a result of advances in early
diagnoses and improved treatment options [1]. However,
15-20% of patients are diagnosed with triple-negative breast
cancer (TNBC), which is often associated with an aggres-
sive clinical course and a high risk of early relapse [2, 3].
An overall survival (OS) of less than 30% in 5 years in these
patients is observed despite initial curative local and sys-
temic treatments [2, 4] The lack of established molecular
targets, such as ER and PR hormone receptors and human
epidermal growth factor receptor 2 (HER2) in TNBC ren-
ders chemotherapy the primary systemic therapy, but resist-
ance is common [5]. Although TNBC makes up a minority
of breast cancer cases, it accounts for a disproportionately
high number of early relapse and deaths. There is an unmet
clinical need to develop effective treatments to improve the
outcome of TNBC. Identifying prognostic biomarkers as
potential therapeutic targets is of great interest [2, 5].
Standard of care adjuvant therapy for patients with TNBC
often includes chemotherapy and radiation, both of which
are known to induce lymphopenia. Pre-treatment and treat-
ment-related lymphopenia (TRL) has been shown to corre-
late with poor outcomes in numerous malignancies, includ-
ing cancers of the lung, colon, pancreas, and breast along
with sarcomas and glioblastomas [6—11]. In some cases, the
induced lymphopenia is sustained, often lasting over 1 year,
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long after treatment has been delivered [6]. Given the grow-
ing body of research into better understanding the molecular
pathophysiology of TNBC, efforts have been made to better
predict prognosis and treatment-related outcomes. Accord-
ingly, developing well-validated and easily derived biomark-
ers has proven fruitful in TNBC. For example, in the pre-
treatment setting, the derived neutrophil-to-lymphocyte ratio
(dNLR) and NLR may help predict survival in TNBC [12].
Therefore, this retrospective study was performed to evaluate
the levels of lymphocytes and neutrophils after radiation or
chemo-radiation and the prognostic role of NLR in patients
with TNBC.

Patients and methods
Study population

This study was reviewed and approved by the Institutional
Review Board of Washington University in St. Louis, School
of Medicine. Five hundred and five patients with TNBC
were retrospectively identified using outpatient and inpatient
databases at Washington University in St. Louis and Barnes-
Jewish Hospital between 2005 and 2010. The following eli-
gibility criteria were used to select the study population: (1)
absence of hormone or HER2/neu receptors by ASCO CAP
guidelines 2013, (2) biopsy proven TNBC, (3) baseline and
follow-up complete blood counts, including neutrophils and
lymphocytes, performed at Barnes-Jewish Hospital and thus
accessible through the electronic patient record (EPR), and
(4) treatment with at least radiation therapy in the adjuvant
setting, with or without neoadjuvant and/or adjuvant chemo-
therapy. Patients were excluded if baseline CBC data were
not in the EPR, if they got chemotherapy or radiation therapy
before the baseline data, or if they received treatment at a
different institution. Most initially screened patients did not
meet the inclusion criteria.

Data collection

Information related to known prognostic factors in TNBC
was obtained from the medical records of each patient. Col-
lected information included type of surgical procedure, if
performed, along with date of birth with current age, date of
diagnosis, pathological response after neoadjuvant chemo-
therapy (if applicable), radiation dose, and finally the exact
dates for the beginning and the end of treatment for neoad-
juvant chemotherapy, adjuvant chemotherapy, and adjuvant
radiation therapy. None of the patients received radiation
therapy in the neoadjuvant setting. Additionally, all patients
had exact dates for lab data, date of the last follow-up as well
as the cause of death and date of death (when applicable).
Lab data included white blood cell count (WBC), ANC, and



Breast Cancer Research and Treatment (2019) 174:443-452

445

ALC. NLR was calculated by dividing the number of neutro-
phils by the number of lymphocytes (ANC/ALC) from the
complete blood count.

Statistical analysis

Patient baseline characteristics were summarized using
descriptive statistics. Associations between two categori-
cal characteristics were examined by Pearson’s Chi-square
test. Wilcoxon rank sum test was used to compare quan-
titative variables including ALC and NLR at each time
point between patients alive and deceased. Raw unadjusted
P-value and false discover rate (FDR) adjusted P-value
(for multiple testing correction) were reported. For other
quantitative variables, two-sample 7-test was performed to
derive the P-value. OS was defined as the time interval from
date of diagnosis to date of death or latest follow-up visit,
whichever came first. DFS was defined as the time interval
from the date of diagnosis to either date of relapse, date of
death, or date of latest follow-up visit, whichever came ear-
lier. For baseline NLR and ALC, the Kaplan—Meier product
limit estimator method was used to estimate OS and DFS
probability, after which point K-M curves were generated.
Log-rank test was used to compare OS and DFS differences
between patient groups. The Cox proportional hazard model
was used to estimate Hazard ratio (HR) with 95% confidence
interval (CI). For time-varying NLR and ALC, all meas-
urements across times points from baseline to last follow
up were used. The time-varying Cox model was applied to
estimate the effect of the time-varying variable on survival
endpoints with HR (95% CI) and Wald test P-value reported.
The classical time-varying Cox proportional hazard model
was applied to investigate the effect of time-varying ALC
and NLR on patient survival. Briefly, the longitudinal ALC
and NLR measurements and the dates of the measurements
of a patient over time were broken into multiple consecu-
tive intervals of time. Each time interval was indicated by
start and end times, accompanied with the measurement
of ALC and NLR at the start of the time interval, and an
event indicator recording whether or not an event of inter-
est occurred during that time interval. If an event occurred
during the time interval, then the end time was the date of
the event. The multivariate time-varying Cox model was
further fitted by incorporating other covariates including
age, race, menopausal status, clinical stage, and neoadju-
vant chemo to estimate the adjusted HR of the time-varying
variable. NLR and ALC were analyzed for both continuous
scale and binary scale with NLR dichotomized by 3 and
ALC by 1. The likelihood ratio test was applied to derive the
overall significance for variables with 3 or more categories
in the Cox model. The concordance index was calculated
with standard error (SE) to indicate the overall discrimi-
native ability of a multivariate Cox model. We conducted

a sensitivity examination by performing the time-varying
survival analyses of ALC and NLR after excluding the three
time points with relatively few sample size, namely post neo-
adjuvant chemotherapy, prior to adjuvant chemotherapy, and
post adjuvant chemotherapy.

Results
Baseline characteristics of patients

126 patients met the required eligibility criteria, including
95 alive and 31 deceased. All deaths were attributable to
breast cancer. Among all patients, 17 had recurrent disease
after initial treatment, and 12 died from disease progres-
sion. Median follow-up was 6.6 years. Baseline demographic
information on these patients is provided in Table 1. The
median age of the patients was 55.4 (50.5-63.6) years.
All patients were female. 59.5% were Caucasian (N =75)
and 40.5% were African American (N=>51). The majority
of patients had early stage disease, including 34.1% with
stage I (N=43) and 50.0% with stage II (N=63) disease,
while 15.9% had advanced stage III (N=20). All patients
received radiation therapy. 88.9% received chemotherapy
(N=112), either in the neoadjuvant or adjuvant setting, or
both. Among them, 31.7% received neoadjuvant chemother-
apy only (N=40); 52.4% received adjuvant chemotherapy
only (N=66); 4.8% received chemotherapy in both settings
(N=6). 14 patients did not get any form of chemotherapy.
Median age, race, menopausal status, median baseline
ALC, and NLR were fairly balanced between the alive and
deceased groups.

ALC and NLR over time

A series of ALC and ANC at different treatment time points
were collected. NLR was generated as the ANC/ALC ratio
at each time point. We reported P-value as FDR P-value,
which was calculated from Wilcoxon rank sum test com-
paring between deceased and alive patients at each of the 8
time points for NLR and ALC, respectively. Median base-
line NLR was 2.4 for both alive and deceased group (FDR
P =0.86). Median baseline ALC was 1.9 K/ul for patients
alive and 2.0 for patients deceased (FDR P=0.77). Time
series plots were generated to show the trend of ALC and
NLR at 8 different treatment points, including baseline, post
neoadjuvant chemotherapy, prior to adjuvant chemotherapy,
post adjuvant chemotherapy, prior to RT, at the end of RT,
2 months after RT, and 1 year after RT. NLR was signifi-
cantly higher in patients deceased compared to those alive
at 1 year follow-up after RT (FDR P=0.03) (Fig. 1) (Tables
S1, S2). Patients who received neoadjuvant chemotherapy
tended to have higher NLR at the following time points:
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Table 1 Baseline characteristics of all patients

All (N=126) Alive (N=95) Deceased (N=31) P-value
Demographic data
Age: median (IQR) years 55.4 (50.5-63.6) 56.0 (50.5-63.6) 54.5 (43.4-60.2) 0.29
Race 0.85
Caucasian: no. (%) 75 (59.5) 57 (60) 18 (58.1)
African American: no. (%) 51 (40.5) 38 (40) 13 (41.9)
Menopausal status 0.77
Pre-menopausal: no. (%) 38 (30.2) 28 (29.5) 10 (32.3)
Post-menopausal: no. (%) 88 (69.8) 67 (70.5) 21 (67.7)
Baseline laboratory data
ALC (K/ul): median (IQR) 1.9 (1.5-2.3) 1.9 (1.5-2.2) 2 (1.5-2.4) 0.72
NLR: median (IQR) 2.4 (1.6-3.5) 2.4(1.6-3.4) 2.4 (1.7-3.8) 0.70
Tumor staging data 0.001
Clinical stage I 43 (34.1) 38 (40) 5(16.1)
Clinical stage 1T 63 (50) 48 (50.5) 15 (48.4)
Clinical stage I1I 20 (15.9) 9(9.5) 11 (35.5)
Treatment data
Radiation dose (Gy): median (IQR) 6000 (5000-6000) 6000 (5020-6000) 6000 (5000-6040) 0.36
Chemotherapy: no. (%) 112 (88.9) 85 (89.5) 27 (87.1) 0.71
Neoadjuvant chemo: no. (%) 46 (36.5) 31 (32.6) 15 (48.4)
Adjuvant chemo: no. (%) 72 (57.1) 58 (61.1) 14 (45.2)
IQR interquartile range, no number, chemo chemotherapy
*
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Fig. 1 Comparison of median with interquartile range (IQR) of neu-
trophil-to-lymphocyte ratio (NLR) in patients alive and deceased at
different treatment time points, including baseline, post neoadjuvant
chemotherapy, prior to adjuvant chemotherapy, post adjuvant chemo-

prior to adjuvant chemotherapy, post adjuvant chemotherapy,
end of RT, and 1 year after RT (Fig. 2). NLR for patients
who received adjuvant chemotherapy reached its highest
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therapy, prior to radiation therapy (RT), end of RT, 2 months after
RT, and 1 year after RT. Asterisk statistically significant difference
between patients alive and deceased

level right after adjuvant chemotherapy and tended to remain
high at the end of RT and 2 months after RT (Fig. 2). There
were significant differences in ALC between patients alive
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Fig.2 Median with interquartile range (IQR) of neutrophil-to-lym-
phocyte ratio (NLR) in patients received neoadjuvant chemotherapy
or those who did not receive neoadjuvant chemotherapy at different
time points, including baseline, post neoadjuvant chemotherapy, prior
to and post adjuvant chemotherapy, prior to radiation therapy (RT),
end of RT, 2 months after RT, and 1 year after RT. a Median with
interquartile range (IQR) of neutrophil-to-lymphocyte ratio (NLR) in
all patients at different treatment time points, including baseline, post
neoadjuvant chemotherapy, prior to and post adjuvant chemotherapy,
prior to radiation therapy (RT), end of RT, 2 months after RT, and
1 year after RT. b Median with interquartile range (IQR) of neutro-

and deceased at the end of RT (FDR P=0.04), 2 months
after RT (FDR P=0.03), 1 year after RT (FDR P=0.03)
(Fig. 3) (Tables S3, S4). Patients who received neoadju-
vant chemotherapy, compared to those who did not, tended
to have lower ALC until 1 year after completion of RT
(Fig. 4). Greater variability in NLR and ALC was observed
in deceased patients while the surviving patients exhibited
a relatively stable NLR profile longitudinally. Among the
patients deceased, a steady increase in NLR over baseline
measurement was observed in subsequent time points. The
ALC variability in the deceased patient group was signifi-
cantly higher at the end of the RT. Summary statistics of
ALC and NLR at different treatment points are shown in
Tables S1-S4 in the Supplementary Appendix.

Median overall survival and disease-free survival
by Kaplan-Meier Analysis

Binary NLR and ALC variables were created using cutoff
points of 3.0 and 1.0, respectively. The use of NLR 3.0 and
ALC 1.0 as the cutoff points to compare survival was based
on previous studies [10, 12-23] The median OS for patients
with baseline NLR >3 was 10.2 years, compared with not
reached for patients with baseline NLR <3 (HR 1.67; 95%

phil-to-lymphocyte ratio (NLR) in patients who received neoadjuvant
chemotherapy at different treatment time points, including baseline,
post neoadjuvant chemotherapy, prior to and post adjuvant chemo-
therapy, prior to radiation therapy (RT), end of RT, 2 months after
RT, and 1 year after RT. ¢ Median with interquartile range (IQR)
of neutrophil-to-lymphocyte ratio (NLR) in patients who did not
receive neoadjuvant chemotherapy at different treatment time points,
including baseline, post neoadjuvant chemotherapy, prior to and post
adjuvant chemotherapy, prior to radiation therapy (RT), end of RT,
2 months after RT, and 1 year after RT

CI 0.81-3.45; P=0.23) (Fig. S1). The median DFS was
not reached for patients with baseline NLR >3 and base-
line NLR <3 (HR 1.1; 95% CI 0.39-3.14; P=0.77) (Fig.
S2). The median OS for patients with baseline ALC > 1 was
not reached, compared with 11.3 for patients with baseline
ALC<1 (HR 0.55; 95% C10.19-1.57; P=0.86) (Fig. S3).
The median DFS was not reached for patients with baseline
ALC>1 and those with baseline ALC < 1; however, patients
with ALC > 1 appeared to have longer but not statistically
significant DFS than those with ALC <1 (HR 0.38; 95%
0.11-1.35; P=0.82) (Fig. S4). Earlier clinical stage was
significantly associated with better OS (P <0.001) (Fig. S5).

NLR, ALC, and their associations with survival
by time-varying Cox regression model

Data at eight treatment time points were included in the
analysis, including baseline, post neoadjuvant chemotherapy,
before adjuvant chemotherapy, post adjuvant chemotherapy,
before RT, end of RT, 2 months after RT, and 1 year after
RT. A recent meta-analysis demonstrated high NLR is asso-
ciated with worse OS and DFS in breast cancer patients and
suggested that NLR is a good prognostic marker for breast
cancer survival [10].
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Fig.3 Comparison of median with interquartile range (IQR) for
absolute lymphocyte count (ALC) in patients alive and deceased at
different treatment time points, including baseline, post neoadjuvant
chemotherapy, prior to adjuvant chemotherapy, post adjuvant chemo-
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Fig. 4 Median with interquartile range (IQR) of absolute lymphocyte
count (ALC) in patients who received neoadjuvant chemotherapy at
different treatment time points, including baseline, post neoadju-
vant chemotherapy, prior to and post adjuvant chemotherapy, prior
to radiation therapy (RT), end of RT, 2 months after RT, and 1 year
after RT. a Median with interquartile range (IQR) of absolute lym-
phocyte count (ALC) in all patients at different treatment time points,
including baseline, post neoadjuvant chemotherapy, prior to and post
adjuvant chemotherapy, prior to radiation therapy (RT), end of RT,
2 months after RT, and 1 year after RT. b Median with interquartile
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range (IQR) of absolute lymphocyte count (ALC) in patients who
received neoadjuvant chemotherapy at different treatment time points,
including baseline, post neoadjuvant chemotherapy, prior to and post
adjuvant chemotherapy, prior to radiation therapy (RT), end of RT,
2 months after RT, and 1 year after RT. ¢ Median with interquartile
range (IQR) of absolute lymphocyte count (ALC) in patients who
did not receive neoadjuvant chemotherapy at different treatment time
points, including baseline, post neoadjuvant chemotherapy, prior to
and post adjuvant chemotherapy, prior to radiation therapy (RT), end
of RT, 2 months after RT, and 1 year after RT
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We performed multivariate Cox proportional-hazards
models with time-varying NLR or ALC analysis adjusted
for age, race, menopausal status, clinical stage, and chem-
otherapy status. The time-varying NLR multivariate Cox
model demonstrated that high NLR was associated with infe-
rior OS on continuous scales (HR 1.1; 95% CI 1.06-1.15;
P <0.001) (Table 2). The multivariate Cox model with time-
varying ALC analysis showed that high ALC was associ-
ated with superior OS on continuous scales (HR 0.14; 95%
CI0.05-0.34; P<0.001) (Table 3). Both models suggested
that advanced stage (stage III compared to stage I) was
consistently associated with worse OS (HR 9.51; 95% CI
2.54-35.62; P<0.001 and HR 13.11; 95% CI 2.1-81.76;
P<0.01 and HR 7.51;95% CI 1.93-26.51; P<0.01, respec-
tively), as well as worse DFS (HR 13.11; 95% CI 2.1-81.76;
P <0.01 and HR 13.11; 95% CI 2.1-81.76; P<0.01). In
addition, adjuvant chemotherapy was associated with better
DFS in both models on continuous scales (HR 11.6; 95%
CI 1.99-67.64; P<0.01 and HR 10.38; 95% CI 1.74-62.13;

P=0.01, respectively) (Tables 2, 3). Multivariate Cox model
with time-varying NLR and ALC analysis on binary scale
suggested similar results (Tables S5, S6).

Discussion

In this retrospective study, we analyzed the effect of radi-
ation and chemotherapy on ALC and NLR in relation to
survival outcomes of patients with early stage TNBC. We
demonstrated that the median ALCs were in the normal
range, without any significant differences, prior to initiation
of therapy in patients deceased or alive. Upon completion
of radiation, lymphocyte counts declined in both groups as
expected. Lymphopenia persisted for months and up to a
1 year after RT in patients deceased, whereas lymphocyte
counts gradually recovered during follow-up, with median
ALC improving back to the level prior to RT by 1 year after
RT in patients alive. In addition, ALC was significantly

Table 2 Multivariate Cox
proportional hazards regression
model with time-varying NLR
analysis on continuous scale

Variable OS concordance/ DES concordance/
SE=0.7680/0.0592 SE=0.7973/0.0815
HR (95% CI) P-value HR (95% CI) P-value
NLR (continuous) 1.1 (1.06-1.15) <0.001 1.06 (0.99-1.13) 0.07
Race (caucasian vs. AA) 1.47 (0.62-3.46) 0.38 1.38 (0.41-4.58) 0.60
Age (continuous) 0.97 (0.93-1.01) 0.18 0.96 (0.9-1.03) 0.25
Stage 0.0032 0.02
Stage (IT vs. I) 2.91(0.97-8.74) 0.06 2.96 (0.81-10.81) 0.10
Stage (III vs. I) 9.51 (2.54-35.62) <0.001 13.11 (2.1-81.76) <0.01
Menopausal status (post vs. pre) 2.55 (0.68-9.51) 0.16 1.17 (0.19-7.26) 0.87
Neoadjuvant chemo (yes vs. no) 0.72 (0.22-2.36) 0.59 2.83 (0.69-11.58) 0.15
Adjuvant chemo (yes vs. no) 0.87 (0.27-2.86) 0.82 11.6 (1.99-67.64) <0.01

NLR neutrophil-to-lymphocyte count ratio, OS overall survival, DFS disease-free survival, SE standard
error, HR hazard ratio, Chemo chemotherapy

Table 3 Multivariate Cox

. . Variable OS Concordance/ DFS Concordance/
proportional hazards regression SE=0.8059/0.0592 SE=0.7791/0.0815
model with time-varying ALC
analysis on continuous scale HR (95% CI) P-value HR (95% CI) P-value
ALC (continuous) 0.14 (0.05-0.34) <0.001 0.94 (0.42-2.08) 0.88
Race (caucasian vs. AA) 1.33 (0.59-2.97) 0.49 1.47 (0.45-4.84) 0.53
Age (continuous) 0.95 (0.91-1) 0.04 0.97 (0.9-1.04) 0.33
Stage 0.0105 0.0328
Stage (IT vs. I) 2.56 (0.84-7.84) 0.10 2.95 (0.81-10.71) 0.10
Stage (III vs. I) 7.51 (1.93-26.51) <0.01 13.11 (2.1-81.76) <0.01
Menopausal status (post vs. pre) 4.7 (1.24-17.79) 0.22 1.03 (0.16-6.59) 0.98
Neoadjuvant chemo (yes vs. no) 1 (0.36-2.8) 0.99 2.78 (0.67-11.55) 0.16
Adjuvant chemo (yes vs. no) 0.8 (0.28-2.34) 0.69 10.38 (1.74-62.13) 0.01

ALC absolute lymphocyte count, OS overall survival, DFS disease-free survival, SE standard error, HR

hazard ratio, chemo chemotherapy
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lower in patients deceased compared to those alive at the
end of RT, 2-month, and 1-year follow-up after RT. Median
NLR was consistently higher in patients deceased than those
alive after neoadjuvant chemotherapy, and the difference was
statistically significant at 1 year after completion of treat-
ment. NLR <3 and ALC >1 are both associated with non-
significant better OS.

We collected ALC and NLR at 8 time points through-
out the treatment and follow-up course. Given the fact that
some patients only received neoadjuvant chemotherapy or
adjuvant chemotherapy, data at the associated three time
points, namely post neoadjuvant chemotherapy, prior to
adjuvant chemotherapy, post adjuvant chemotherapy, were
not available for all the patients. To examine the sensitivity
of the results to these three time points with relatively few
patients, we further performed a Multivariate Cox Propor-
tional Hazards Regression model with time-varying analy-
sis after excluding those the three time points. The results
were overall similar to the analysis using all the time points,
indicating that NLR and ALC are still prognostic of overall
survival (Tables S7-S10).

While the exact mechanism underlying TRL is not
entirely understood, it is possible that lymphopenia
adversely influences immune surveillance and destruction
of micrometastatic malignant cells, leading to recurrence.
Previous studies have shown that patients with intense tumor
infiltrating lymphocyte infiltration (TILs) tend to have longer
survival times than those who do not [6, 24]. Several stud-
ies also suggest that effective engagement of the immune
system, demonstrated by elevated expression of B-cell and
T-cell-related metagenes, can facilitate the risk reduction of
distant metastasis, thereby improving survival [25-27]. The
complex interplay between the innate and adaptive immune
response represented by neutrophils and various types of
T-cells, tumor cells, and the tumor stroma/microenviron-
ment, may provide a possible mechanism behind these find-
ings [12] Our study suggests that peripheral blood ALC and
NLR post-therapy may serve as a surrogate of anti-cancer
immune capability of the host. This is also supported by a
previous study by Verma et al., which used flow-cytometry
to assess circulating lymphocyte levels in breast cancer
patients before and after chemotherapy, and found that lev-
els of B, T, and natural killer (NK) cells were significantly
reduced 2 weeks after chemotherapy and that B and CD4+T
cells remained significantly depleted even 9 months post
chemotherapy [28].

In addition to ALC, we observed that NLR, a potential
marker of systemic inflammation, pre-treatment and at the
completion of RT as well as at follow up time points, was
prognostic of survival outcomes. There were significant dif-
ferences in NLR between patients living and deceased at
the completion of RT and at 2 month and 1 year time points
after RT, correlating with the significantly lower ALCs in
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the deceased group compared to the alive group at these
time points. Of particular importance is our observation that
lower NLR (< 3) was significantly associated with longer OS
throughout the treatment course and subsequent follow-up.

Our data add to existing knowledge regarding a corre-
lation between NLR and prognosis in patients with breast
cancer [12, 23, 29-32]. However, the studies in breast cancer
focused primarily on the pre-treatment setting. For exam-
ple, Azab et al., demonstrated that patients in the highest
pretreatment NLR quartile (NLR > 3.3) had higher 1-year
and 5-year mortality rates compared with those in the low-
est quartile (NLR < 1.8), suggesting that NLR could be an
independent and significant predictor of short-term and
long-term mortality in breast cancer patients [23]. Similarly,
a study focusing on luminal A breast cancer found that pre-
treatment NLR > 2.5 was independently associated with poor
prognosis [33]. A study by Mazouz et al. on patients with
metastatic breast cancer (MBC) reported similar findings
[34]. Our analysis represents the first study that analyzed
post-therapy elevated NLR in association with survival
outcomes in the TNBC subset of breast cancer patients.
Similarly, although the association between pretreatment
lymphopenia with poor outcomes in breast cancer patients
has been consistently described [12, 31, 35-37], few focused
on the post-treatment setting and TNBC subset. Our study
provides additional evidence that TRL and post-treatment
NLR are associated with TNBC survival.

Our data of TRL in TNBC and its association with sur-
vival outcomes are in line with observations from other
cancer types. Grossman et al. reported that severe TRL at 2
months after RT was independently associated with shorter
survival from tumor progression [7]. Campian et al. inves-
tigated TRL in patients with stage III non-small-cell lung
cancer (NSCLC) and revealed an association between severe
reductions in total lymphocyte count (TLC) and reduced sur-
vival [6]. Similar findings were recently reported in locally
advanced cervical cancer [38]. Our findings are consistent
with previous studies showing that lower NLR (< 3) is asso-
ciated with significantly longer OS, thereby exhibiting that
the beneficial effect of immune system engagement on sur-
vival persists beyond the treatment course.

In the era of immunotherapies, a functional immune
system, especially with adequate lymphocyte-involvement,
is critical for the success of immunotherapeutic agents.
Efforts have been made to stimulate an immune system
response towards specifically targeted cancer cells, namely
through checkpoint inhibitors targeting cytotoxic T-lym-
phocyte-associated protein 4 (CTLA-4), programmed cell
death protein 1 (PD-1), and programmed death ligand 1
(PD-L1) and PD-L2. It has been postulated that adequate
lymphocytes are required in order for checkpoint inhibitor
therapy to be effective, necessitating the importance of
further research and development of therapies to address



Breast Cancer Research and Treatment (2019) 174:443-452

451

TRL [5]. There are several ongoing clinical trials to test
these agents with or without checkpoint inhibitors in solid
tumors, including TNBC [39, 40].

Thus, researchers have been focusing on approaches to
mitigate or correct TRL [41]. A recent study reported that
recombinant human interleukin 7 (IL-7) can raise lympho-
cyte counts and improve lymphocyte function in patients
with sepsis [27]. Another cytokine, interleukin 15 (IL-15),
was shown to improve CD8 and NK cells levels and func-
tion in patients with leukemia [42]. It remains to be seen
whether these approaches can improve patient outcomes.

Our study is inherently limited, however, in being ret-
rospective and including a relatively small number of
patients from a single institution. Moreover, with few num-
bers of patients in each subgroup, outliers are more likely
to influence outcomes, for which larger, prospectively
derived studies are needed to substantiate our work by
assessing the relationship between baseline ALC and NLR
values and clinical outcomes, which our study was not
able to fully assess. Regardless, our work adds to growing
knowledge in the field regarding the importance of the
immune reactivity in TNBC.

Conclusions

This is the first study, to our knowledge, investigating the
effect of treatment related ALC and NLR on survival in
patients with TNBC. Our study showed high NLR and
low ALC was associated with inferior OS (HR 1.1; 95%
CI 1.06-1.15; P<0.001 and HR 0.14; 95% CI 0.05-0.34;
P <0.001, respectively), suggesting that treatment
approaches to improve host immune parameters may be
important.
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