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ABSTRACT

Background: Absolute lymphocyte count (ALC) and neutrophil lymphocyte rate (NLR) as immune system and
inflammatory markers have been suggested as prognostic factors in eribulin treatment. However, the respective
cut-off values have not been determined. Hence, we investigated the relationship between overall survival (OS)
and baseline ALC (bALC) and baseline NLR (bNLR) in eribulin-treated patients with human epidermal growth
factor receptor 2 (HER2) -negative breast cancer (BC) by using 2 types of cut-off values for each.

Methods: Univariate and multivariate analyses were performed to investigate the association of bALC and
bNLR with OS among 114 female patients with HER2-negative BC treated with eribulin.

Results: The OS of patients with HER2-negative BC was compared based on bALC (cut-off value: 1,200/uL
and 1,500/uL) and bNLR (cut-off values: 2 and 3). A significant difference was observed in median OS between
patients with bALC of = 1,200/uL and those with bALC of < 1,200/uL (hazard ratio [HR]: 0.596 [0.395, 0.889],
p = 0.014). For bNLR (cut-off value: 2), the median OS was significantly higher in patients with a bNLR of < 2
than in those with a bNLR of = 2 (HR: 0.629 [0.406, 0.974], p = 0.038).

Conclusions: Patients with HER2-negative BC with a bALC of = 1,200/uL showed a longer OS than patients
with a bALC of < 1,200/uL, thus suggesting that survival prediction using bALC was effective for eribulin-treat-
ed patients with recurrent HER2-negative BC. It should be noted that the optimal cut-off value for ALC may

change depending on the target patient group.

(Lab Med Int 2023; 2(3): 50-59)]
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L Introduction.........cooovviiniiiiii i,

Breast cancer (BC) is the most commonly diagnosed
cancer and the leading cause of cancer-related deaths in
women worldwide. Approximately 2.1 million females
were newly diagnosed with BC in 2018 globally, account-
ing for almost 1 in 4 female cancer cases V. Breast can-
cer-related mortality is increasing annually worldwide ?.

Eribulin mesylate (eribulin) is a non-taxane microtu-
bule dynamic inhibitor ##. In Japan, eribulin is used to
treat inoperable or recurrent BC®. In a phase 3 study

(EMBRACE trial), eribulin-treated patients present-
ed significantly longer overall survival (OS) than the
patients administered with their physician’s therapy of
choice?.

Absolute lymphocyte count (ALC) and neutrophil lym-
phocyte rate (NLR) are immune system and inflamma-
tory markers and have been reported as indicators of the
effectiveness of eribulin therapy”® . Reportedly, a high
ALC and low NLR could predict the survival of eribu-
lin-treated patients with BC?'?. However, the respective
cut-off values have not been determined. Assessment of
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the tumor microenvironment is important for BC therapy,
and eribulin has tumor immunotherapeutic effects on the
microenvironment.

It has been suggested that eribulin has a vascular remod-
eling effect on the microenvironment 'V, an inhibitory epi-
thelial-mesenchymal conversion effect on cancer cells 21,
and an immune effect on cancer cells '*'?. Patients with
relapsed BC who have been previously treated need
treatment that is highly effective in prolonging their lives.
Because eribulin is an expensive drug, selecting patients
who are likely to benefit from eribulin using simple indi-
cators such as ALC may contribute to drug burden, quali-
ty of service, and better prognosis. Therefore, in order to
increase the therapeutic benefits of eribulin, it is import-
ant to investigate the relationship between baseline ALC
(bALC) and baseline NLR (bNLR) and the OS, and to
determine an index that predicts the therapeutic effect of
recurrent BC.

In this study, we retrospectively analyzed the associ-
ation between bALC and bNLR and survival in eribu-
lin-treated patients with recurrent HER2-negative BC.
Moreover, the relationships between metastasis and OS
on the basis of bALC and bNLR were retrospectively
investigated. We examined the optimal cut-off values for
the patients included in this study.

II. Materials and methods .............coooeivieiin....

Study design

The study design was approved by the Institutional
Review Board of Tokai University School of Medicine
(approval number 22R025) . This study was conducted in
accordance with the tenets of the Declaration of Helsinki.
Obtaining informed consent was expected to be difficult
because the subjects were patients who were examined
previously. Therefore, an information disclosure docu-
ment on “research purpose, method, opportunity to re-
fuse research participation, and contact information” was
publicized.

Patients

Women with HER2-negative BC (n = 114; median age
59.0, range 31-84, years) diagnosed with recurrent BC
and treated with eribulin at the Department of Breast
Surgery at Tokai University Hospital in August 2011-
May 2017 were examined in this study.

On day 1 (start of eribulin therapy; i.e., baseline), the
standard dose of eribulin according to the package insert
(1.4 mg/m? body surface area) was administered intra-
venously over 2-5 min once weekly. This treatment was
administered for 2 consecutive weeks, followed by no
treatment in week 3 as one cycle, and the treatment was

repeated for several cycles (8 cycles on average). The
starting dose of eribulin was reduced per the discretion
of the physician to avoid toxicity (1.1 mg/m?).

The bALC and bNLR were measured within 3 days of
the initial administration of eribulin. We analyzed the
data of only the patients with available data on bALC and
bNLR. No other exclusion criteria were set.

ALC and NLR calculation and cut-off values

The bALC and bNLR were measured using blood sam-
ples collected within 3 days before the initial administra-
tion of eribulin. The NLR was calculated by dividing the
absolute count of neutrophils by the ALC.

In order to exclude the effects of anti-HER2 therapy,
we used 2 types of cut-off values for bALC and bNLR to
study whether these biomarkers are associated with OS
in eribulin-treated patients with recurrent HER2-nega-
tive BC.

A previous studies selected the cut-off values for bALC
and bNLR based on values used in other studies or those
obtained from receiver operating characteristic curve
analyses or the median of the patients '. Therefore, the
cut-off values selected for ALC were 1,200/uL, which
was the median value for the patients in this study, and
1,500/uL, which was the cut-off value used in previous
studies ¥'”. The NLR cut-off values were 2, which was
the median of the patients in this study, and 3, which was
the cut-off in previous studies 1917,

Statistical analyses

All analyses were performed using the data of patients
with available and evaluable bALC and bNLR data.

In this study, we divided the patients based on bALC
cut-off values of < 1,200/uL, = 1,200/uL, < 1,500/uL, and =
1,500/uL, and bNLR cut-off values of < 2, = 2, < 3, and
= 3.

OS was defined as the time from the first dose of eribu-
lin to death, or to the last date when the patient was con-
firmed to be living (censored).

To investigate the latent factors that affect OS, uni-
variate and multivariate Cox regression analyses were
performed. The univariate model was used to analyze the
hazard ratio (HR) and 95% confidence interval (CI) of
various factors. Furthermore, a multivariate Cox regres-
sion analysis was performed to evaluate the factors that
influence OS.

In order to perform an OS analyses on the basis of bALC
or bNLR, Kaplan-Meier curves were drawn to analyze
the survival rate of various groups. The median OS (95%
CI) was estimated. The Cox proportional hazard model
was used to estimate the HR and 95% CI of ALC < 1,200/
pl vs. = 1,200/uL and < 1,500/uL vs. = 1,500/uL. The
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HR and 95% CI for NLR = 2 vs. < 2 and = 3 vs. < 3 were
similarly estimated.

Kolmogorov—-Smirnov test was used to assess the nor-
mality of distribution of continuous variables. Two-tailed
p < 0.05 were considered as statistically significant. The
sample size of 114 was based on 80% power and a 0.05
significance level. Statistical analyses were conducted
using SPSS software version 26.0 (IBM Corp., Armonk,
NY, USA).

L REeSUItS. oottt

Patient characteristics

With January 31, 2021 as the last observation point, the
mean observation period * standard deviation (SD) was
630.5 &= 588.7 (11-2282) days, and the median OS was 457.5
days. The data of the 114 eribulin-treated patients with
HER2-negative BC with available bALC and bNLR data
were analyzed. The bALC values were as follows: 55 pa-
tients, < 1,200/uL; 59 patients, = 1,200/uL; 79 patients,
< 1,500/uL; and 35 patients, = 1,500/uL. The bNLR values
were as follows: 42 patients, < 2, 72 patients, = 2, 74 patients,

Table 1 Patient characteristics by baseline ALC and NLR in patients with HER2-negative breast cancer.

ALC < ALC = ALC < ALC =
Characteristics, n (%) 1,200/ulL 1,200/ u L  1,500/uL  1,500/uL IEIHLE Z; IEIHLE ?2? IEIHLE ; 4:)3 IEIHLE Z):);
(n=55 @=59 @=79 (=235
Age
< 65 years 37 (67.3) 41 (69.5) 55 (69.6) 23 (65.7) 27 (64.3) 51 (70.8) 53 (71.6) 25 (62.5)
> 65 years 18 (32.7) 18 (30.5) 24 (30.4) 12 (34.3) 15(35.7) 21 (29.2) 21 (28.4) 15 (37.5)
ER status
Positive 34 (61.8) 37 (62.7) 49 (62.0) 22 (62.9) 30 (71.4) 41 (56.9) 48 (64.9) 23 (57.5)
Negative 21 (38.2) 22 (37.3) 30(38.0) 13(37.1) 12 (28.6) 31 (43.1) 26 (35.1) 17 (42.5)
PgR status
Positive 29 (52.7) 26 (44.1) 42 (53.2) 13 (37.1) 25 (59.5) 30 (41.7) 38 (51.4) 17 (42.5)
Negative 26 (47.3) 33 (55.9) 37 (46.8) 22 (62.9) 17 (40.5) 42 (58.3) 36 (48.6) 23 (57.5)
Triple-negative
No 34 (61.8) 40 (67.8) 51 (64.6) 23 (65.7) 31 (73.8) 43 (59.7) 50 (67.6) 24 (60.0)
Yes 21 (382) 19 (32.2) 28(354) 12 (34.3) 11 (26.2) 29 (40.3) 24 (32.4) 16 (40.0)
Metastases
No 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Yes 55 (100.0) 59 (100.0) 79 (100.0) 35 (100.0) 42 (100.0) 72 (100.0) 74 (100.0) 40 (100.0)

Metastatic site
Regional lymph node 27 (49.1) 31 (52.5) 38 (48.1)
Distal lymph node 21 (38.2) 24 (40.7) 31 (39.2)

20 (57.1) 19 (45.2) 39 (54.2) 36 (48.6) 22 (55.0)
14 (40.0) 14 (33.3) 31 (43.1) 29 (39.2) 16 (40.0)

Lung 33 (60.0) 19 (32.2) 43 (54.4) 9 (25.7) 13 (31.0) 39 (54.2) 33 (44.6) 19 (47.5)
Liver 24 (43.6) 27 (45.8) 34 (43.0) 17 (48.6) 22 (52.4) 29 (40.3) 36 (48.6) 15 (37.5)
Bone 29 (52.7) 35(59.3) 44 (65.7) 20 (57.1) 26 (61.9) 38 (52.8) 48 (64.9) 16 (40.0)
Brain 6 (10.9) 3 (5.1 8 (10.1) 1(2.9) 2 (4.8) 7 (9.7 6 (8.1 3(7.5)
Visceral 43 (78.2) 43 (72.9) 62 (78.5) 24 (68.6) 30 (71.4) 56 (77.8) 57 (77.0) 29 (72.5)
Number of prior chemotherapy regimens
1 59.1) 9 (15.3) 7 (8.9) 7 (20.0) 5 (11.9) 9 (12.5) 6 (8.1) 8 (20.0)
2 18 (32.7) 21 (35.6) 27 (34.2) 12(34.3) 13(31.0)0 26 (36.1) 28 (37.8) 11 (27.5)
3 18 (32.7) 15 (25.4) 25 (31.6) 8 (22.9) 12 (28.6) 21 (29.2) 22 (29.7) 11 (27.5)
4 7 (12.7) 6 (10.2) 8 (10.1) 5 (14.3) 6 (14.3) 7 (9.7) 9 (12.2) 4 (10.0)
>5 7 (12.7) 8 (13.6) 12 (15.2) 3 (8.6) 6 (14.3) 9 (12.5) 9 (12.2) 6 (15.0)
Baseline NLR
<2 6 (10.9) 36 (61.0) — - - - - -
=2 49 (89.1) 23 (39.0) — - — - - -
Baseline NLR
<3 — — 41 (51.9) 33 (94.3) — - - -
>3 — — 38(481) 2 (5.7 — - - -
Baseline ALC
< 1,200/uL — — — — 6 (14.3) 49 (68.1)
= 1,200/ul — — — — 36 (85.7) 23 (31.9)
Baseline ALC
< 1,500/uL — — — — — 41 (55.4) 38 (95.0)
= 1,500/uL — — — — — 33 (44.6) 2 (5.0)
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< 3, and 40 patients, = 3 (Table 1).

The duration of eribulin therapy (mean = SD) in days for
patients with a bALC of < 1,200/uL, = 1,200/uL, < 1,500/
uL, and = 1,500/uL was 172.4 = 166.0, 173.6 == 165.6 (p =
0.106),170.6 == 181.8, and 171.7 == 144.9 days (p = 0.453),
respectively. The duration of eribulin therapy in days for pa-
tients with a bNLR of < 2, = 2, < 3, and = 3 was 178.4 =
168.8,172.4 &= 165.6 (p = 0.158), 184.0 == 185.2, and 146.7
=+ 139.0 (p = 0.219), respectively.

Factors affecting OS in patients with HER2-negative
BC on eribulin

Table 2 shows the results of the univariate and mul-
tivariate Cox regression analyses of the factors affecting
OS. The univariate Cox regression analysis identified
progesterone receptor (PgR) status, bone metastasis,
bALC (cut-off value: 1,200/uL), and bNLR (cut-off val-
ue: 2) (p = 0.005, p = 0.006, p = 0.014, and p = 0.038)
as independent factors that affect OS. Furthermore, the
multivariate regression analysis identified PgR status

(p = 0.001), bone metastasis (p < 0.001), and bALC
(cut-off value: 1,200/uL) (p = 0.042) as independent
factors that affect OS.
Comparison of OS by bALC and bNLR

Figure 1 displays the Kaplan—-Meier survival curves
based on the bALC cut-off value of 1,200/uL. and bNLR
cut-off value of 2 in patients with HER2-negative BC.
The median OS (95% CI) was significantly higher in
patients with ALC = 1,200/uL than in patients with ALC
< 1,200/uL (676.0 [470.1, 881.9] vs. 361.0 [205.2, 516.8]
days) (HR: 0.596 [0.395, 0.899], p = 0.014) (Fig. 1a). A
significant difference was found in the median OS (95%
CI) between patients with bNLR = 2 (371.0 [221.5, 520.5]
days) and those with NLR < 2 (676.0 [463.8, 888.2] days)
(HR: 0.629 [0.406, 0.974], p = 0.038) (Fig. 1b).

Figure 2 displays the Kaplan-Meier survival curves based
on the bALC cut-off value of 1,500/ul. and bNLR cut-off
value of 3 in patients with HER2-negative BC. The median
0S (95% CI) was not significantly different between pa-

Table 2 Univariate and multivariate Cox regression:
factors affecting overall survival in patients with HER2-negative breast cancer

Univariate Cox regression

Multivariate Cox regression

Factor Category

n HR 95% CI p HR 95% CI p
Age < 65 years Ref 78
> 65 years 36 0999 (0.643,1.551) 0.995
ER status Negative Ref 43
Positive 71 0.756 (0.497,1.150) 0.191
PgR status Negative Ref 59
Positive 55 0.553 (0.365,0.839) 0.005 0.479 (0.311,0.736) 0.001
Triple-negative No Ref 74
Yes 40 1.458 (0.953,2.230) 0.082
Regional lymph node metastasis No Ref 56
Yes 58 0.841 (0.557,1.269) 0.409
Distal lymph node metastasis No Ref 69
Yes 45 1.208 (0.797,1.830) 0.373
Lung metastasis No Ref 62
Yes 52 1.053 (0.698, 1.587) 0.807
Liver metastasis No Ref 63
Yes 51 1.442 (0.953,2.180) 0.083
Bone metastasis No Ref 50
Yes 64 1.818 (1.184,2.793) 0.006 2.308 (1.471,3.619) <0.001
Brain metastasis No Ref 105
Yes 9 1.334 (0.644,2.762) 0.438
Visceral metastasis No Ref 28
Yes 86 1.288 (0.790,2.101) 0.310
Number of prior chemotherapy <3 86 0.806 (0.500,1.299) 0.376
regimens >3 Ref 28
Baseline ALC < 1,200/ul.  Ref 55
= 1,200/uL 59 0.596 (0.395,0.899) 0.014 0.567 (0.328,0.980) 0.042
Baseline ALC < 1,500/ul.  Ref 79
= 1,500/uL 35 0.776 (0.490, 1.229) 0.280
Baseline NLR <2 42 0.629 (0.406,0.974) 0.038  0.836 (0.468,1.494) 0.546
=2 Ref 72
Baseline NLR <3 74 0.750 (0.491,1.147) 0.185
=3 Ref 40
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(a) shows the Kaplan—Meier survival curve displaying the relationship between bALC (cut-off value: 1,200/uL) and OS in
patients with HER2-negative BC. Patients with ALC = 1,200/uL showed a significantly longer OS than patients with

ALC < 1,200/uL.

(b) shows the Kaplan-Meier survival curve displaying the relationship between bNLR (cut-off value: 2) and OS in patients
with HER2-negative BC. Patients with NLR < 2 showed a significantly longer OS than patients with NLR > 2.
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Figure 2
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0 250 500 750 1000 1250 1500 1750 2000 2250 2500
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Number of patients at risk

NLR <3 74 56 32 21 15 13 10 8 5 3 0
NLR>3 40 25 15 10 6 5 3 2 1 0 0

(a) shows the Kaplan-Meier survival curve displaying the relationship between bALC (cut-off value: 1,500/uL) and OS in
patients with HER2-negative BC. No significant difference was observed between patients with ALC = 1,500/uL and

ALC < 1,500/uL.

(b) shows the Kaplan-Meier survival curve displaying the relationship between bNLR (cut-off value: 3) and OS in
patients with HER2-negative BC. No significant difference was observed between patients with NLR < 3 and patients

with NLR = 3.

tients with ALC = 1,500/uL and those with ALC < 1,500/
uL (523.0 [344.1, 701.9] vs. 459.0 [328.9, 589.1] days) (HR:
0.776 [0.490, 1.229], p = 0.280) (Fig. 2a). A significant
difference was not found in the median OS (95% CI) be-
tween patients with bNLR = 3 (365.0 [45.2, 684.8]) and

those with NLR < 3 (499.0 [323.0, 675.0] days) (HR: 0.750

[0.491, 1.147], p = 0.185) (Fig. 2b).

Relationship between metastasis and bALC and bNLR
Table 3 shows the results of the univariate and mul-

tivariate Cox regression analyses of the relationship
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between OS and bALC and bNLR in patients with less
than three metastasized organs. There were no signifi-
cant differences in the bALC and bNLR between patients
with bALC and bNLR values above and those with values
below the cut-off values of 1,200/uL and 1,500/uL, and 2
and 3, respectively.

Similarly, Table 4 shows the results of the univariate
and multivariate Cox regression analyses of the relation-
ship between OS and bALC and bNLR in patients with
three or more metastasized organs. The univariate Cox
regression analysis identified PgR status, triple-negative
status, and bALC (cut-off value: 1,200/uL) as factors that
affect OS (p = 0.002, p = 0.031, and p = 0.011, respec-
tively). Furthermore, the multivariate Cox regression
analysis identified PgR status (p = 0.004) and bALC

(cut-off value: 1,200/uL) (p = 0.003) as independent
factors that affect the OS.
Relationship between OS by bALC and bNLR and
the number of chemotherapy regimens

Table 5 shows the effects of the number of chemother-
apy regimens on the bALC and bNLR. When the number
of chemotherapy regimens was < 3 or > 3, only bALC
(cut-off value: 1,200/uL) showed a significant difference
in the median OS (95% CI) (p = 0.037 and p = 0.009).
However, the bNLR did not show a significant difference
in the median OS (95% CD) (p = 0.053 and p = 0.072).

TV, DiSCUSSION. - oot

Neutrophils are the primary inflammatory cells involved
in tumor cell growth and angiogenesis, modulated by

Table 3 Univariate and multivariate Cox regression:
factors affecting overall survival in patients with HER2-negative and < 3 metastatic organ breast cancer

Univariate Cox regression

Multivariate Cox regression

Factor Category

n HR 95% CI p HR 95% CI p

Age <65years Ref 19

> 65 years 15 0.779 (0.344,1.761) 0.548
ER status Negative Ref 15

Positive 19 1.018 (0.453,2.288) 0.965
PgR status Negative Ref 21

Positive 13 0.537 (0.208,1.387) 0.199
Triple-negative No Ref 20

Yes 14 1.202 (0.533,2.708) 0.657
Baseline ALC < 1,200/uL  Ref 16

= 1,200/uL 18 0.733 (0.326,1.649) 0.453 0.764 (0.269, 2.173) 0.614
Baseline ALC < 1,500/uL  Ref 23

= 1,500/uL 11 0.771 (0.305,1.948) 0.582 0.930 (0.281,3.075) 0.905
Baseline NLR <2 14 0.631 (0.269,1.480) 0.290

=2 Ref 20
Baseline NLR <3 18 0.611 (0.272,1.370) 0.232

=3 Ref 16

Table 4 Univariate and multivariate Cox regression:
factors affecting overall survival in patients with HER2-negative and = 3 metastatic organ breast cancer

Univariate Cox regression

Multivariate Cox regression

Factor Category n HR _ 95%CI D HR  95% CI D
Age < 65 years Ref 59

> 65 years 21 1.345 (0.789,2.294) 0.276
ER status Negative Ref 28

Positive 52 0.610 (0.371,1.003) 0.051
PgR status Negative Ref 38

Positive 42 0.469 (0.287,0.765) 0.002 0.350 (0.173,0.711) 0.004
Triple-negative No Ref 54

Yes 26 1.752 (1.053,2.916) 0.031 0.756 (0.367,1.556) 0.448
Baseline ALC < 1,200/uL  Ref 39

= 1,200/uL 41  0.534 (0.329,0.867) 0.011  0.465 (0.282,0.769) 0.003
Baseline ALC < 1,500/uL  Ref 56

= 1,500/uL 24 0.794 (0.467,1.350) 0.394
Baseline NLR <2 28 0.651 (0.390,1.089) 0.102

=2 Ref 52
Baseline NLR <3 56 0.703 (0.418,1.181) 0.183

=3 Ref 24
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Table 5 Relationship between overall survival by baseline ALC, NLR,
and the number of chemotherapy regimens

Factor

Category

Univariate Cox regression
n HR 95% CI p

Number of chemotherapy regimens < 3

Baseline ALC < 1,200/uL  Ref 41
= 1,200/uL 45 0.575 (0.341,0.967) 0.037
Baseline NLR <2 30 0571 (0.323,1.008) 0.053
=2 Ref 56
Number of chemotherapy regimens > 3
Baseline ALC < 1,200/uL  Ref 14
= 1,200/uL 14 0.300 (0.122,0.738) 0.009
Baseline NLR <2 12 0.429 (0.170,1.077) 0.072
=2 Ref 16

the production of cytokines, chemokines and immuno-
suppression '”. In addition, lymphocytes also play a role
in immunity, and a reduction in their population lowers
immune activity against the tumor '®. For this reason,
the NLR, which is a composite indicator of neutrophil and
lymphocyte counts, has been suggested to be an effective
tumor assessment parameter, as it relates to patient sur-
vival 1017)

The mechanism of lymphocyte suppression and reduc-
tion involves transforming growth factor beta (TGF-B)
signaling. TGF-B is an effector of angiogenesis and is
produced by tumor cells and prostaglandin E2 (PGE2),
which induces suppressor T cells to suppress cancer
antigen-specific T cells . Furthermore, the chemokine
secretion by tumor cells increases the populations of
inflammatory cells such as neutrophils, which are consid-
ered to promote tumor cell proliferation via the induction
of cytokine secretion from inflammatory cells 2. Thus,
neutrophil count increase and lymphocyte count decrease
promote the growth of tumor cells and inhibit the cancer
Immune response.

In recent studies, it has been shown that inflamma-
tory indicators such as ALC, NLR, platelet-to-lympho-
cyte ratio (PLR), prognostic nutritional index (PNI),
and tumor-infiltrating lymphocytes (TIL) are useful
for predicting prognosis in BC. ALC in patients with
BC with new metastases tends to decrease, and it has
been reported that monitoring the changes in ALC may
be useful in assessing the response and prognosis to
eribulin treatment 2V%?. It is also expected that there is
a positive correlation between ALC and increased TIL
populations ?¥. NLR is a predictor of complete pathologic
response (pCR) in patients with BC after neoadjuvant
therapy 2, and elevated NLR and PLR are suggested to
be associated with low OS and high risk of recurrence
in patients with BC %, In addition, a comparison of PNI
and NLR suggested that PNI is an excellent prognostic

marker in eribulin-treated patients with metastatic BC%9.
Thus, in recent years, an increasing number of studies
have focused on the importance of inflammatory mark-
ers as an indicator of systemic tumor immune response.
However, previous studies on NLR as a predictor of
prognosis in eribulin-treated patients have shown varied
results. While many studies have reported an association
between bNLR and progression-free survival (PFS) and
clinical symptoms 92729 other studies have contrarily
reported that NLR is not a predictor of 0S?1”. One study
has reported ALC to be an independent predictor of pro-
longed OS in eribulin-treated patients with metastatic
BC 17) X

In this study, we analyzed eribulin-treated patients with
recurrent HER2-negative BC to exclude the effects of
anti-HER2 therapy from the analysis. The ALC and NLR
cut-off values were selected based on receiver operat-
ing characteristic curve analyses or cut-off values used
in other studies; namely, previously used cut-off values
for ALC ranges between 1,000 and 1,500/uL and those
for NLR ranges between 2 and 59172739 To the best of
our knowledge, only a limited number of studies have
used the median cut-off value that was used in this study.
Two cut-off values of bALC and bNLR were used in this
study: the median ALC/NLR of the patients in the study
(ALC: 1,200/uL, NLR: 2) and the values used in previ-
ous studies (ALC: 1,500/uL, NLR: 3). Patients grouped
based on the bALC cut-off of 1,200/uL and bNLR of 2
to compare OS resulted in a significant difference in the
median OS (95% CI). The multivariate Cox regression
analysis results suggested bALC cut-off of 1,200/uL to be
independently associated with OS, whereas patients with
a bALC of = 1,200/uL showed a significantly longer OS
than those with bALC of a < 1,200/uL. As lymphocytes
are associated with immunity, this finding implicated
that patients with a high bALC have stronger anti-tumor
immunity. In contrast, no significant differences were
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observed in the OS between patients with bALC = 1,500/
uL and those with bALC < 1,500/uL and between pa-
tients with NLR > 3 and those with NLR < 3. As such,
this study suggested that the median ALC cut-off value
of 1,200/uL of the patients in this study was more effec-
tive than the cut-offs of ALC 1,500/uL and NLR 3 used
in previous studies for predicting the survival of patients
with HER2-negative BC. However, the median bALC and
bNLR differ in each study. Moreover, the hALC might
be affected by individual patient characteristics *”, so it
is difficult to set the cut-off value for bALC. Similarly,
setting the cut-off value for bNLR is also difficult. Thus,
selecting the optimal cut-off value requires further inves-
tigation.

In the investigation of the relationship with metastasis,
we divided patients with < 3 and = 3 metastasized organs
into separate groups, as patients were observed with
metastases in multiple organs. The OS in the patients
with < 3 metastasized organs was not associated with the
bALC and bNLR. However, in patients with > 3 metastasized
organs, an association was observed between the OS and
bALC (cut-off value: 1,200/uL). A higher number of or-
gans with metastasis is considered to suggest tumor cell
proliferation, thus indicating that bALC (cut-off value:
1,200/uL) is associated with survival. The association
between OS and bALC was only observed in patients
with = 3 metastasized organs, but the reason is unclear.
However, it was suggested that bALC may indicate the
effectiveness of eribulin therapy in patients with = 3 me-
tastasized organs.

We observed an association between the bALC and OS,
but not between the bNLR and OS. However, the NLR
has been reported to be a general prognostic factor in
patients with BC'”; therefore, it is possible that not only
the lymphocyte count, but also NLR, which is a combined
indicator of neutrophil and lymphocyte counts, is effec-
tive for predicting survival. This should be elucidated in
further studies.

This study was based on a small number of patients,
and the effects of treatments other than eribulin were
not taken into account; therefore, it is possible that they
influence the results of the analyses. Furthermore, it
is also possible that the optimal cut-off value selection
differs between individual patients. Thus, future studies
should be performed using a higher number of patients
for further investigation on bALC and bNLR cut-off val-
ues and the relationship between bALC/bNLR and OS,
rate of change in ALC after initiating eribulin therapy, and
its relationship with OS.

In summary, this study showed that patients with re-

current HER2-negative BC with bALC = 1,200/uL had
a longer OS than patients with bALC < 1,200/uL, re-
gardless of the number of chemotherapy regimens.
Furthermore, bALC = 1,200/uL was associated with a longer
OS in patients with 3 or more metastasized organs, sug-
gesting that bALC = 1,200/uL is an effective indicator for
predicting the survival of patients with recurrent HER2-
negative BC. ALC is a simple indicator of immune re-
sponse that can be obtained by blood tests, and it has
the potential for indicating the efficacy of treatment and
predicting survival. However, it should be noted that the
optimal cut-off value for ALC may change depending on
the target patient group.
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