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ABSTRACT
The combination of some parameters, including the neutrophil to lymphocyte ratio (NLR), platelet to
lymphocyte ratio (PLR), lymphocyte to monocyte ratio (LMR) and neutrophil to monocyte ratio (NMR),
which are associated with patient prognosis, our goal is to find the best indicator to predict the efficacy
of neoadjuvant chemotherapy（NAC）in breast cancer patients. A cohort of 808 breast cancer patients
treated with NAC and subsequent surgery was analyzed retrospectively. In addition, 2424 people
without breast cancer served as the normal group, which included three-fold more individuals com-
pared with the breast cancer group. Receiver operating characteristics (ROC) curves were used to
determine the optimal cutoff values of inflammatory markers and compare their predictive capacity.
No significant differences in age, PLR, LMR and NMR were noted between the normal group and the
patient group. However, the mean value of the NLR was significantly increased in breast cancer patients
(2.28) compared with the normal population (2.04) (P < .05). The LMR was significantly associated with
age (P = .003), menopausal status (P = .004), cT category (P = .017), cN category (P = .024) and response
to NAC (P = .001). The multivariate analysis indicated that among these inflammatory markers, the LMR
(6.1 < vs ≥ 6.1) was the only independent predictive factor for the efficacy of NAC (OR = 1.771, 95%
CI = 1.273–2.464, P = .001). A low LMR is considered a favorable predicative factor of the efficacy of NAC
in breast cancer patients.
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Introduction

Breast cancer is currently the most common cancer in women
and is one of the leading causes of cancer-related deaths.
Although its incidence has increased with time, its mortality
rate has declined in recent decades due to an improvement in
early diagnosis and neoadjuvant chemotherapy (NAC).1 The
purpose of NAC is to increase the rate of breast-conserving
surgery and downsize the risk of postoperative recurrence in
patients with resectable breast cancer.2 Therefore, it would be
advantageous to have accurate methods for predicting the
outcome of NAC to help to identify the direct treatment
effects and reduce adverse events caused by inappropriate
treatment.3

Some research and clinical trials have demonstrated that
magnetic resonance imaging,4 positron emission tomography5

and gene expression profiling6 predict the outcome of NAC
in BC patients. However, these methods are costly and cannot
be routinely performed. Recently, growing evidence has indi-
cated that the host inflammatory response plays a considerable
role in carcinogenesis and disease progression.7,8 The inflamma-
tory response, which is not only standardized and reproducible
but also cheap and easy to assess, includes neutrophils, lympho-
cytes, monocyte and platelets in peripheral blood. Neutrophils
and monocytes promote tumor development via different

mechanisms.9 In addition, high platelets not only reflect sys-
temic inflammation but also increase metastasis through platelet
clumps in neoplastic cells.10 Low lymphocyte counts can lead to
an inadequate immune response, which subsequently results in
low survival in multiple cancers.11,12 A combination of some
parameters, including the neutrophil to lymphocyte ratio (NLR),
platelet to lymphocyte ratio (PLR), lymphocyte to monocyte
ratio (LMR) and neutrophil to monocyte ratio (NMR), has
been used as a cost-effective and simple metric of systemic
inflammation,13 and this combination is associated with prog-
nosis in breast cancer.14–16 However, there is controversy con-
cerning the best indicator to predict the efficacy of neoadjuvant
chemotherapy in breast cancer.

Therefore, the purpose of our study was to evaluate the
predictive value of the NLR, PLR, LMR and NMR for the
efficacy of NAC in breast cancer patients.

Results

Clinicopathological features and inflammatory
biomarkers

Pre-NAC clinicopathological features of the patients are sum-
marized in Table 1. Among the 808 patients evaluated, the
median age was 50 (range 20–72). In total, 489 (60.52%) of
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patients were premenopausal, and 319 (39.48%) of patients
were postmenopausal. Invasive ductal carcinoma (IDC) was
diagnosed in 94.18%, invasive lobular carcinoma was diag-
nosed in 1.49% and other types of cancer were diagnosed in
4.33% of patients. ER-positive tumors were found in 59.78%
of patients, and ER-negative tumors were noted in 40.22% of
patients. PR-positive tumors were diagnosed in 44.06% of
patients, and PR-negative tumors were noted in 54.44%.
HER2 expression was negative in 52.72% of patients, positive
in 37.00% patients and unknown in 10.27% patients. In total,
753 (93.19%) patients received at least 3 cycles of treatment
with neoadjuvant chemotherapy, and 55 (6.81%) patients
received more than 4 cycles of treatment. In total, 57.3% of
patients exhibited clinically positive lymph nodes. The mean
values of the NLR, PLR, LMR, and NMR were 2.28 ± 1.03,
128.75 ± 48.53, 6.05 ± 5.93 and 12.50 ± 10.68, respectively. As
shown in Table 2, we collected 2,424 normal individuals from
the physical examination centre using a 3:1 ratio of normal
individuals to breast cancer patients. No significant differ-
ences in age, PLR, LMR and NMR were noted between the

normal group and the patient group. However, the mean
value of the NLR was significantly increased in breast cancer
patients (2.28) compared with the normal population (2.04)
(P < .05). Among the patients, 575 (71.16%) patients were
classified into the responder group (pCR+cPR), and 233
(28.84%) patients were classified into the nonresponder
group (cPD+cSD).

Optimal cutoff values of inflammatory biomarkers

Receiver operating characteristics (ROC) curves were used to
calculate the optimal cutoff values for the inflammatory biomar-
kers. Our results indicated that the cutoff values of NLR, PLR,
LMR and NMR were 3.0 (P = .420, 95% CI 0.473–0.563), 151.3
(P = .103, 95%CI 0.492–0.581), 6.1 (P= .003, 95%CI 0.521–0.611)
and 9.7 (P = .537, 95% CI 0.492–0.583), respectively (Figure 2).
Then, the patients were divided into groups based on their low or
high ratios (NLR < 3.0 and ≥ 3.0; PLR < 151.3 and ≥ 151.3; LMR
< 6.1 and ≥ 6.1; NMR < 9.7 and ≥ 9.7) as shown in Table 3.

Associations of clinicopathological features with
inflammatory biomarkers

The chi-square (χ2) test was used to assess the relationship
between inflammatory biomarkers and clinicopathological
characteristics in breast cancer patients (Table 3). The results
indicated that the NLR was significantly associated with age
(P = .001) and menopausal status (P = .001). The PLR was
significantly associated with age (P = .018), menopausal status
(P = .005) and cT category (P = .034). The LMR was signifi-
cantly associated with age (P = .003), menopausal status
(P = .004), cT category (P = .017), cN category (P = .024)
and response to NAC (P = .001). NMR was significantly
associated with molecular subtype (P = .023) and HER2 status
(P = .017).

Predictive ability for efficacy of neoadjuvant
chemotherapy of inflammatory biomarkers

According to univariate analysis, our results indicated that NLR,
PLR and NMR were not significantly associated with the
response to NAC treatment (all P > .05, Table 4). However,
univariate and multivariate analyzes indicated that LMR was the
only independent predictive factor among the four biomarkers
for the efficacy of neoadjuvant chemotherapy (OR = 1.771, 95%

Table 1. Patients’ characteristics (n = 808).

Parameter (pre-NAC) Number Percent (%)

Age 49.45 ± 9.27
Menopausal Status

Postmenopausal 319 39.48
Premenopausal 489 60.52

Subtypes of Cancer
Ductal 761 94.18
Lobular 12 1.49
Others 35 4.33

Molecular subtype
Luminal A 106 13.00
Luminal B 319 39.60
HER2 179 22.15
Triple negative 121 14.98
Unknown 83 10.27

ER status
Negative 325 40.22
Positive 483 59.78

PR status
Negative 439 54.44
Positive 369 45.56

Her2 status
Negative 426 52.72
Positive 299 37.00
Unknown 83 10.27

KI67
< 14% 245 30.32
≥ 14% 563 69.68

Chemotherapy cycles
≤ 4 753 93.19
> 4 55 6.81

cT category
T1 76 9.41
T2 565 69.92
T3 167 20.67

cN category
N0 345 42.70
N1 336 41.58
N2 127 15.72

Response
Responder 575 71.16
Non-responder 233 28.84

NLR 2.28 ± 1.03
PLR 128.75 ± 48.53
LMR 6.05 ± 5.93
NMR 12.50 ± 10.68

Abbreviations: NAC neoadjuvant chemotherapy, HER2 human epidermal growth
factor receptor 2, ER estrogen receptor, PR progesterone receptor, NLR neu-
trophil to lymphocyte ratio, PLR platelet to lymphocyte ratio, LMR lymphocyte
to monocyte ratio, NMR neutrophil to monocyte ratio

Table 2. Compared with normal group and patient group in inflammatory
biomarkers.

Mean (SD)

Breast Cancer Group Control Group

Characteristics (n = 808) (n = 2424) P value

Age, y 49.45 (9.27) 49.43 (9.29) 0.939
NLR 2.28 (1.03) 2.04 (0.83) 0.000
PLR 128.76 (48.53) 128.96 (44.2) 0.914
LMR 6.05 (5.93) 6.28 (3.06) 0.306
NMR 12.50 (10.68) 11.88 (5.55) 0.119

Abbreviations: SD standard deviation, NLR neutrophil to lymphocyte ratio, PLR
platelet to lymphocyte ratio, LMR lymphocyte to monocyte ratio, NMR neu-
trophil to monocyte ratio
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CI = 1.273–2.464, P = .001) (Table 4). Moreover, Table 4
demonstrates that age (OR = 1.379, 95% CI = 1.005–1.891,
P = .046), Ki67 (OR = 1.683, 95% CI = 1.207–2.345, P = .002),
chemotherapy cycles (OR = 1.821, 95% CI = 1.013–3,273,
P = .045), and cN category (P < .000) were independently
correlated with the response to NAC.

Discussion

NAC is being increasingly used to treat locally advanced
breast cancer patients and operable breast cancer patients to
reduce the size of the tumor and increase the likelihood of
eligibility for breast-conserving surgery.17 However, readily
available and reliable biomarkers for predicting the response
to this treatment are currently not available. Features of the
inflammatory biomarkers, such as the NLR, PLR, LMR and
NMR, have been frequently related to patient prognosis and
clinical outcome.14–16,18 However, controversy exists regard-
ing the best indicator to predict the efficacy of neoadjuvant
chemotherapy in breast cancer. Therefore, we performed
a large-scale cohort study to evaluate the predictive value of

NLR, PLR, LMR and NMR for the efficacy of NAC in breast
cancer patients.

First, 2,424 normal individuals were collected from the
physical examination centre using a 3:1 ratio of normal indi-
viduals to breast cancer patients. Then, we compared the
inflammatory biomarkers between these groups to determine
whether any differences in these inflammatory biomarkers
were observed between the two groups. The results indicated
no differences in age, PLR, LMR and NMR between the
normal group and the patient group. However, NLR is sig-
nificantly increased in the patient group compared with the
normal group (P < .05). The potential explanation is that
neutrophils are a major component of white blood cells and
induce a variety of pro-cancer factors, including vascular
endothelial growth factor (VEGF), neutrophil elastase and
matrix metalloprotein 9 (MMP9), which promote angiogen-
esis and tumor development.19,20 Lymphocytes are an impor-
tant part of the host immune system and are essential for the
elimination of cancer cells, and lymphocyte infiltration of
tumors is considered to be an anticancer immune response
associated with improved survival.21 Therefore, the NLR may

Table 3. Associations of clinicopathological features with NLR, PLR LMR and NMR in breast cancer.

NLR PLR LMR NMR

variable < 3 ≥ 3 P < 151.3 ≥ 151.3 P < 6.1 ≥ 6.1 P < 9.7 ≥ 9.7 P

Age(y) 0.001 0.018 0.003 0.407
≥ 50 335 (49.9) 47 (34.6) 306 (49.6) 76 (39.8) 239 (43.7) 143 (54.8) 158 (49.1) 224 (46.1)
< 50 337 (50.1) 89 (65.4) 311 (50.4) 115 (60.2) 308 (56.3) 118 (45.2) 164 (50.9) 262 (53.9)

Menopausal Status 0.001 0.005 0.004 0.192
Postmenopausal 283 (42.1) 36 (26.5) 260 (42.1) 59 (30.9) 197 (36.0) 122 (46.7) 136 (42.2) 183 (37.7)
Premenopausal 389 (57.9) 100 (73.5) 357 (57.9) 132 (69.1) 350 (64.0) 139 (53.3) 186 (57.8) 303 (62.3)

Subtypes of Cancer 0.622 0.816 0.110 0.054
Ductal 635 (94.5) 126 (92.6) 581 (94.2) 180 (94.2) 516 (94.3) 245 (93.9) 296 (91.9) 465 (95.7)
Lobular 10 (1.5) 2 (1.5) 10 (1.6) 2 (1.0) 5 (0.9) 7 (2.7) 8 (2.5) 4 (0.8)
Others 27 (4.0) 8 (5.9) 26 (4.2) 9 (4.7) 26 (4.8) 9 (3.4) 18 (5.6) 17 (3.5)

Molecular subtype 0.574 0.152 0.098 0.023
Luminal 355 (52.8) 70 (51.5) 331 (53.6) 94 (49.2) 286 (52.3) 139 (53.3) 171 (53.1) 254 (52.3)
HER2 154 (22.9) 25 (18.4) 132 (21.4) 47 (24.6) 131 (23.9) 48 (18.4) 86 (26.7) 93 (19.1)
Triple negative 96 (14.3) 25 (18.4) 85 (13.8) 36 (18.8) 82 (15.0) 39 (14.9) 41 (12.7) 80 (16.5)
Unknown 67 (10.0) 16 (11.8) 69 (11.2) 14 (7.3) 48 (8.8) 35 (13.4) 24 (7.5) 59 (12.1)

ER status 0.527 0.059 0.284 0.422
Negative 267 (39.7) 58 (42.6) 237 (38.4) 88 (46.1) 227 (41.5) 98 (37.5) 135 (41.9) 190 (39.1)
Positive 405 (60.3) 78 (57.4) 380 (61.6) 103 (53.9) 320 (58.5) 163 (62.5) 187 (58.1) 296 (60.9)

PR status 0.881 0.407 0.475 0.595
Negative 364 (54.2) 75 (55.1) 328 (53.2) 111 (58.1) 304 (55.6) 135 (51.7) 179 (55.6) 260 (53.5)
Positive 308 (45.8) 61 (44.9) 289 (46.8) 80 (41.9) 243 (44.4) 126 (48.3) 143 (44.4) 226 (46.5)

Her2 status 0.641 0.240 0.077 0.017
Negative 352 (52.4) 74 (54.4) 326 (52.8) 100 (11.2) 287 (52.5) 139 (53.3) 163 (50.6) 263 (54.1)
Positive 253 (37.6) 46 (33.8) 222 (36.0) 77 (87.2) 212 (38.8) 87 (33.3) 135 (41.9) 164 (33.7)
Unknown 67 (10.0) 16 (11.8) 69 (11.2) 14 (1.6) 48 (8.8) 35 (13.4) 24 (7.5) 59 (12.1)

KI67 0.876 0.845 0.147 0.132
< 14% 203 (30.2) 42 (30.9) 186 (30.1) 59 (30.9) 157 (28.7) 88 (33.7) 88 (27.3) 157 (32.3)
≥ 14% 469 (69.8) 94 (69.1) 431 (69.9) 132 (69.1) 390 (71.3) 173 (66.3) 234 (72.7) 329 (67.7)

Chemotherapy cycles 0.077 0.511 0.598 0.161
≤ 4 631 (93.9) 122 (89.7) 577 (93.5) 176 (92.1) 508 (92.9) 245 (93.9) 305 (94.7) 448 (92.2)
> 4 41 (6.1) 14 (10.3) 40 (6.5) 15 (7.9) 39 (7.1) 16 (6.1) 17 (5.3) 38 (7.8)

cT category 0.174 0.034 0.017 0.893
T1 63 (9.4) 13 (9.6) 61 (9.9) 15 (7.9) 44 (8.0) 32 (12.3) 30 (9.3) 46 (9.5)
T2 478 (71.1) 87 (64.0) 441 (71.5) 124 (64.9) 377 (68.9) 188 (72.0) 228 (70.8) 337 (69.3)
T3 131 (19.5) 36 (26.5) 115 (18.6) 52 (27.2) 126 (23.0) 41 (15.7) 64 (19.9) 103 (21.2)

cN category 0.443 0.601 0.024 0.509
N0 293 (43.6) 52 (38.2) 263 (42.6) 82 (42.9) 230 (42.0) 115 (44.1) 144 (44.7) 201 (41.4)
N1 277 (41.2) 59 (43.4) 261 (42.3) 75 (39.3) 218 (39.9) 118 (45.2) 126 (39.1) 210 (43.2)
N2 102 (15.2) 25 (18.4) 93 (15.1) 34 (17.8) 99 (18.1) 28 (10.7) 52 (16.1) 75 (15.4)

Response to NAC 0.800 0.704 0.001 0.541
Non-responder (cSD and cPD) 195 (29.0) 38 (27.9) 180 (29.2) 53 (27.7) 138 (25.2) 95 (36.5) 89 (27.6) 144 (29.6)
Responder (pCR and cPR) 477 (71.0) 98 (72.1) 437 (70.8) 138 (72.3) 410 (74.8) 165 (63.5) 233 (72.4) 342 (70.4)

Abbreviations: HER2 human epidermal growth factor receptor 2, ER estrogen receptor, PR progesterone receptor, NLR neutrophil to lymphocyte ratio, PLR platelet to
lymphocyte ratio, LMR lymphocyte to monocyte ratio, NMR neutrophil to monocyte ratio, NAC neoadjuvant chemotherapy, cSD clinical stable diseases, cPD clinical
progress diseases, pCR pathological complete remission, cPR clinical partial remission
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represent a balance between anticancer immune function and
a pro-cancer inflammatory reaction.22

In our study, a relationship between the NLR and the
response to NAC was not observed. Our data were consistent
with previous findings suggesting no relationship between pCR
and the NLR value prior to treatment.23,24 However, a growing
body of evidence suggests that the NLR is superior to other
inflammatory biomarkers as a prognostic biomarker in several
different cancers, including breast cancer.9,22,25 In addition, J. Xu
et al.16 indicated that the patients with low pretreatment NLR
exhibited better treatment response to NAC. Potential reasons
for this discrepancy are that the systemic blood count is unlikely
to be reflected by local lymphocytic infiltration at the primary

tumor site. Inflammation plays a key role in cardiovascular
disease,26 which is an independent marker of mortality in
patients with bacteremia.27 Therefore, inflammatory cells may
be affected by systemic factors. The same reason may partially
explain the lack of a significant difference among the PLR, NMR
and the response to NAC in our study.

The LMR is associated with multiple cancers, and high ratios
have been connected with a better prognosis in breast cancer
patients treated with NAC.25,28 However, fewer studies have
reported the association of the LMR and tumor response with
chemotherapy in breast cancer patients. Hernández CM25

reported that a high LMR (≥ 5.46) was associated with a lower
percentage of relapse (P = .048). However, a low LMR (< 5.46)

Table 4. Univariate and multivariate effective of NAC in patients with breast cancer.

Variable response

Univariate
HR (95% CI) P

Multivariate
HR (95% CI) P

Age (y) 0.014 0.046
≥ 50 1 1
< 50 1.467 (1.081–1.992) 1.379 (1.005–1.891)
Menopausal Status 0.017
Postmenopausal 1
Premenopausal 1.454 (1.068–1.979)
Subtypes of Cancer
Others 1 0.329
Ductal 1.501 (0.743–3.033) 0.258
Lobular 0.827 (0.217–3.149) 0.781
Molecular subtype
Unknown 1 0.051
LuminalA 0.540 (0.292–1.001) 0.050
LuminalB 1.072 (0.624–1.843) 0.800
HER2 1.017 (0.568–1.820) 0.955
Triple negative 1.022 (.0547–1.910) 0.945
ER status 0.556
Positive 1
Negative 1.098 (0.804–1.500)
PR status 0.304
Positive 1

Negative 1.173 (0.865–1.592)
Her2 status
Unknown 1 0.151
Negative 0.826 (0.490–1.393) 0.474
Positive 1.145 (0.662–1.979) 0.628
KI67 0.000 0.002
< 14% 1 1
≥ 14% 1.800 (1.305–2.481) 1.683 (1.207–2.345)
Chemotherapy cycles 0.116 0.045
> 4 1 1
≤ 4 1,576 (0.894–2.778) 1.821 (1.013–3.273)
cT category
cT1 0.905 (0.496–1.653) 0.746
cT2 0.887 (0.602–1.305) 0.542
cT3 1 0.830
cN category 0.000
cN0 2.416 (1.560–3.741) 0.000 2.545 (1.621–3.995)
cN1 1.436 (0.941–2.191) 0.093 1.596 (1.015–2.426)
cN2 1 0.000 1
NLR 0.800
≥ 3 1
< 3 1.054 (0.700–1.589)
PLR 0.704
≥ 151.2 1
< 151.2 1.072 (0.747–1.539)
LMR 0.001 0.001
≥ 6.1 1 1
< 6.1 1.741 (1.268–2.392) 1.771 (1.273–2.464)
NMR 0.541
≥ 9.7 1
< 9.7 0.907 (0.664–1.240)

Abbreviations: CI confidence interval, HR hazard ratio, HER2 human epidermal growth factor receptor 2, ER estrogen receptor, PR progesterone
receptor, NLR neutrophil to lymphocyte ratio, PLR platelet to lymphocyte ratio, LMR lymphocyte to monocyte ratio, NMR neutrophil to
monocyte ratio, NAC neoadjuvant chemotherapy
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was associated with a better response to neoadjuvant che-
motherapy although without statistical significance (P = .067).
We found that a low LMR (<6.1) was an independent predictive
factor for the efficacy of NAC (OR = 1.771, 95%
CI = 1.273–2.464, P = .001). Unfortunately, our patient follow-
up has not been completed as of this writing. Accordingly, we
are not able to calculate the relationship among these inflam-
matory biomarkers, disease-free survival (DFS), and overall
survival (OS). Therefore, there is limited evidence to clarify
the mechanism to explain why a lower LMR represents
a worse prognosis in other studies but represents improved
chemosensitivity in our study. The immune response of host
lymphocytes and monocytes may serve as a possible explana-
tion. T lymphocytes may cause cancer cell death by presenting
tumor-associated antigens on immune cells.29,30 Low lympho-
cyte counts can lead to an inadequate immune response, which
results in low survival in multiple cancers.11,12 Additionally,
monocytes and macrophages release cytokines and free radicals
that are associated with angiogenesis, tumor cell invasion, and
metastasis and are related to a worse prognosis.31 Hence, a low
LMR may represent better chemosensitivity. The advantage of
this index is its ability to combine information from lympho-
cytes and monocytes and reveal the inflammatory response
status in an all-inclusive manner.

In addition, we demonstrated that the LMR value of 6.1
was the optimal cutoff value to predict the response to NAC
in breast cancer patients. To the best of our knowledge, there
are few studies investigating an appropriate LMR cutoff value
to predicate chemosensitivity for breast cancer. Among dif-
ferent breast cancer subtypes, inflammatory cells related to
tumors are highly heterogeneous.32,33 LMR cutoff values have
been reported by several previous studies; however, different
studies used different cutoff values and different methods to
calculate these values. Therefore, it is necessary to define
a cutoff value for the LMR applied exclusively to predict
chemosensitivity.

In conclusion, the findings of this study support the pos-
sibility of using the LMR as a predictive factor, and the NLR is
potentially increased in breast cancer patients compared with
normal individuals. However, this was a retrospective study

using a small number of patients from only one centre, and
our data were inconsistent with previous findings in breast
cancer. Further prospective and multicenter studies are
needed to clarify the relationship between the inflammatory
biomarkers and the curative effects of neoadjuvant che-
motherapy as well as its role in breast cancer prognosis.

Materials and methods

Patients and treatments

842 invasive breast cancer patients who received chemother-
apy have been collected at the department of Endocrine Breast
Surgery in The First Affiliated Hospital of Chongqing Medical
University between January 2013 and July 2017. However, 29
patients who have distant metastasis (stage IV and TNM
system) and 1 patient who did not undergo surgery and 3
patients who had bilateral breast cancer and 1 male breast
cancer had been excluded. Finally, 808 patients were eligible
for analysis (Figure 1). All clinical data, including age, meno-
pausal status, subtypes of cancer, cT category, cN category,
cycles of NAC, estrogen receptor (ER) status, progesterone
receptor (PR) status, human epidermal growth factor receptor
2 (HER2) receptor status, Ki67 status and molecular subtype
were obtained from the medical records. All of them received
at least 3 but up to 8 cycles of treatment with the TEC regi-
men: cyclophosphamide (500 mg/m2), epirubicin (75 mg/
m2), and docetaxel (75 mg/m2) every 21 days. In our study,
Herceptin was not used in patients with Her-2 positive status
before operation. 2,424 normal individuals were collected
from the physical examination centre using a 3:1 ratio of
normal individuals to breast cancer patients.

Blood sample analysis

Peripheral blood was collected when a breast cancer diagnosis
was made and before NAC. The number of lymphocytes,
platelets, monocytes and neutrophils was determined using
a hemocytometer. NLR was calculated by dividing the abso-
lute neutrophil count by the absolute lymphocyte count. PLR

Figure 1. 842 breast cancer patients were collected and the exclusion criteria. Patients with distant metastasis (stage IV of the TNM system) (29) and those who did
not undergo sugery (1) or who had bilateral breast cancer (3) or male breast cancer (1) were excluded.
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was calculated by dividing the absolute platelet count by the
absolute lymphocyte count. LMR was calculated by dividing
the absolute lymphocyte count by the absolute monocyte
count. NMR was calculated by dividing the absolute neutro-
phil count by the absolute monocyte count.

Immunohistochemical staining and scoring

All breast cancer specimens were confirmed by core needle
biopsy and tested using immunohistochemistry to determine
the tumor type. According to the 2011 St. Gallen consensus,34

the cutoffs for ER positivity and PR positivity were both > 0%
positive tumor cells with nuclear staining, and the HER2 status
was considered to be positive if more greater 10% of the tumor
cells exhibited a 3+ score by IHC or a > 2.2-fold increase in
fluorescence in situ hybridization (FISH). Regarding Ki67,
between 400 and 500 cells were counted to calculate the percen-
tage of positive tumor cell nuclei, including hot spots, and 14%
was defined as the optimal cutoff value. The patients were
classified according to the following subtypes: luminal, expressed
estrogen receptors (ER) and/or progesterone receptors (PR);
HER-2, HER-2 receptor overexpression; and triple negative,
negative for ER, PR and HER-2. For luminal tumors, Ki67 levels
were analyzed and classified as luminal A or B if the level was
greater than or less than 14%, respectively.

Evaluation of treatment efficacy

NAC efficacy was evaluated according to the Response
Evaluation Criteria in Solid Tumors (RECIST) guidelines ver-
sion 1.135 based on the clinical responses using computed tomo-
graphy (CT), ultrasonography (US) and magnetic resonance
imaging (MRI). Briefly, cPR (clinical partial remission) indicated
that the longest diameter of the tumor lesion decreased by 30%

or more, cPD (clinical progress diseases) indicated that the
longest tumor diameter increased by 20% or more, cSD (clinical
stable diseases) indicated that the longest tumor diameter was
decreased by less than 30% but increased by less than 20%, pCR
(pathological complete remission) indicated that no residual
tumor lesion was present in any breast tissues or lymph node.
Patients were also classified into the responder group (pCR and
cPR) and the nonresponder (cSD and cPD) group.

Statistical methods

Data analyses were conducted using SPSS (version 25.0) software
(SPSS Inc., Chicago, IL, USA). Continuous variables are repre-
sented as means with standard deviations. Receiver operating
characteristic (ROC) curves were used to calculate optimal cutoff
values for the inflammatory biomarkers (Figure 2). Frequency
distributions of categorical variables between discrimination of
inflammatory biomarkers were compared using chi-square tests.
The relationship between histologic response to chemotherapy
and variables were performed using univariate analyses.
Significant factors for histologic response were included in the
multivariate analyses using the logistic regression model with
a forward LR method. Statistical significance was defined as
P-values <0.05.
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