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Abstract

Introduction: Researchers have increasingly focused their concentration on
the prognostic part played by inflammatory indices, such as the neutrophil to
lymphocyte ratio (NLR) and the platelet to lymphocyte ratio (PLR). In breast
cancer, the therapeutic effect of neoadjuvant chemotherapy (differs in patients,
and a higher response rate reflects a better outcome. Therefore, the purpose of
this study was to assess the association of NLR and PLR with response to
neoadjuvant chemotherapy in advanced nonmetastatic breast cancer

Methods: This cross-sectional study was performed on 120 patients with
nonmetastatic advanced breast cancer who were candidates for neoadjuvant
chemotherapy. Data were collected using a checklist and Peripheral blood
samples were evaluated for the calculation of the neutrophil to lymphocyte
ratio (NLR) and the platelet to lymphocyte ratio (PLR). After completion of
neoadjuvant chemotherapy and surgery, the response was evaluated based on
the pathology report. chi-square test and logistic regression were also used for
data analysis.

Results: Patients with a PLR below 126.98 (n = 84) were categorized as having
low PLR, and those with a PLR greater than 126.98 (n=36) were categorized
as having high PLR. The high-PLR group showed a significantly greater
response to neoadjuvant chemotherapy than the low-PLR group (P=0.01).
NLR was not correlated to the response to neoadjuvant chemotherapy
(P=0.24). An inverse relationship was observed between PLR and tumor size
after treatment (P =0.01). No significant relationship was observed between
PLR and age, node status, tumor grade, or Ki67 status. Multivariate analysis
showed no significant relationship between ER, PR, or HER2 expression levels
and NLR or PLR.

Conclusion: PLR is a good prognostic marker for breast cancer, and patients
with a higher PLR respond better to neoadjuvant chemotherapy.

Keywords: Platelet to Lymphocyte Ratio, Neoadjuvant Chemotherapy,
Neutrophil to Lymphocyte Ratio, Breast Cancer
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Introduction
Breast cancer is one of the most common

cancers in women around the world (1). In
[ran, breast cancer ranks first among the
cancers diagnosed in women, accounting
for 24.4% of all malignancies (2).
Neutrophils, lymphocytes, and platelets, as
contributors to the systemic inflammatory
response, are perceived to play a key role
in carcinogenesis and, therefore, tumor
progression (3).

Neoadjuvant chemotherapy has now been
well established as a standard treatment
option in patients with locally advanced
breast cancer (4). Therefore, pathologic
complete  response to  neoadjuvant
chemotherapy in breast cancer patients has
prognostic value in determining short-term
and medium-term outcomes, and one of
the main goals in current ongoing studies
is to assess the potential benefit of
neoadjuvant chemotherapy (5). The Food
and Drug Administration has
recommended the inclusion of pathologic
complete response as a major requirement
for faster approval of drugs used in
neoadjuvant chemotherapy for breast
cancer (4).

Based on these concepts, studies have been
published suggesting the increase in
neutrophil to lymphocyte ratio (NLR) and
platelet to lymphocyte ratio (PLR) as
predictors of breast cancer prognosis (6).
Research has shown that NLR and PLR are
associated with pathologic complete
response in breast cancer (4). According to
the mentioned points and considering that
no research has been done in this field in
[ran so far, the present study aimed to
investigate the association of NLR and
PLR before neoadjuvant chemotherapy
with pathologic complete response in
advanced nonmetastatic breast cancer
subgroups in Kerman province.

Breast Cancer Research Center | Bahador M and et al

Materials and Methods

This cross-sectional study was performed
on 120 patients with nonmetastatic
advanced breast
candidates for neoadjuvant chemotherapy.

cancer who were

Data were collected using a checklist
including items for age, tumor size, node
status, Ki67 status, histologic grade,
estrogen receptor (ER) status, progesterone
receptor (PR) status, and HER2 status.
Peripheral blood samples were evaluated
for the calculation of the neutrophil to
lymphocyte ratio (NLR) and the platelet to
lymphocyte ratio (PLR). After completion
of neoadjuvant chemotherapy and surgery,
the response was evaluated based on the
pathology report. The chi-square test and
logistic regression were used for data
analysis.

The patients were divided into two groups
based on the pathological response: the
responsive group, made up of those who
had achieved pathologic  complete
response, namely, the absence of any
invasive disease in the breast and regional
lymph nodes, and the nonresponsive
group, including patients with any disease
were in the breast and regional lymph
nodes upon pathologic assessment.

Results

This study contained a total of 120
participants. The numbers of patients in the
responsive and nonresponsive groups were
34 and 86, respectively. The mean (SD)
age of responsive patients was 44.8 (10.5),
and that of nonresponsive patients was
48.3 (13.3). Compared with ER", PR", and
HER2™ tumors, ER™, PR™, and HER2" ones
were significantly more likely to be
responsive to neoadjuvant chemotherapy
(P=0.04, P=0.01, and P=0.002,
respectively). No significant relationship
was found between age and neoadjuvant
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chemotherapy response. Ki67 expression
level was higher in the responsive group,
but this difference was not statistically
significant.

In terms of tumor grade, all patients in the
responsive group had grade 2 or 3 tumors,
but this relationship was not statistically
significant. Based on the cut-off value for
PLR, attained from logistic regression
analysis, the high-ratio group (53%)
showed a significantly greater response to

neoadjuvant chemotherapy compared with
the low-ratio group (47%) (P=0.01).
However, no significant difference was
observed in the response of high-NLR and
low-NLR groups. Multivariate analysis did
not show any significant relationship
between PR, ER, and HER2 levels with
NLR and PLR (Table 1). There was no
significant difference in the mean NLR or
PLR among molecular subtypes (Table 2).

Table 1: Multivariate analysis of neutrophil to lymphocyte ratio and platelet to lymphocyte ratio by ER,
PR, and HER2 status

Neutrophil to Lympjocyte Ratio

Platelete to Lymphocyte Ratio

Variables OR (95% CI) P Value OR (95% CI) P Value
First model
ER
Positive 0.65 (0.15-2.7) 0.56 2.9 (0.56-15.7) 0.2
Negative 1 - 1
PR
Positive 1.46 (0.36-5.8) 0.6 0.86 (0.16-4.5) 0.8
Negative 1 - 1
HER2
Positive 1 0.9 1 0.71
Negative 1.02 (0.43-2.38) 1.17 (0.49-2.8)
Second model
ER
Positive 0.65 (0.15-2.7) 0.56 2.9 (0.56-15.7) 0.2
Negative 1 - 1
PR
Positive 1.46 (0.36-5.8) 0.6 0.86 (0.16-4.5) 0.8
Negative 1 - 1
HER2
Positive 0.97 (0.42-2.28) 0.96 0.85 (0.35-2.01) 0.71
Negative 1 - 1
Third model
ER
Positive 1 0.6 1 0.19
Negative 1.5 (0.37-6.3) 0.33 (0.06-1.7)
PR
Positive 1.46 (0.36-5.8) 0.59 0.86 (0.16-4.5) 0.86
Negative 1 1
HER2
Positive 0.97 (0.42-2.28) 0.96 0.85 (0.36-2.01) 0.71
Negative 1 1
Fourth model
ER
Positive 1 0.55 1 0.19
Negative 1.5 (0.37-6.3) 0.33 (0.06-1.7)
PR
Positive 1 0.59 1 0.86
Negative 0.68 (0.17-2.7) 1.15 (0.21-6.1)
HER2
Positive 1 0.96 1 0.71
Negative 1.02 (0.44-2.38) 1.17 (0.49-2.8)
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Table 2: Comparison of neutrophil to lymphocyte ratio and platelet to lymphocyte ratio among molecular

subgroups
Neutrophil to lymphocyte ratio
Molecular subtype N Mean (SD) Median IQR P Value
Luminal A 2 1.17 (0.67) 1.17
Luminal B 35 2.07 (1.10) 1.74 0.86 0.164
HER2-enriched 13 2.29(1.47) 1.85 1.05
™ 10 1.56 (0.55) 1.47 0.73
Platelet to lymphocyte ratio
Molecular subtype N Mean (SD) Median IQR P Value
Luminal A 2 87.97 (45.42) 87.97
Luminal B 35 119.28 (64.92) 100.00 49.29 0368
HER2-enriched 13 127.12 (36.05) 118.46 54.41 '
™ 10 161.53 (165.10) 161.53 60.88
Discussion difference between these results and the

Neoadjuvant chemotherapy provides an
excellent model for the evaluation of
prognostic factors (7). Information on the
differential histological response of breast
tumors to neoadjuvant chemotherapy is
limited. We found that a high PLR was
associated with a greater chance of
responding to neoadjuvant chemotherapy.
Also, a significant inverse relationship was
observed between tumor size after
treatment and PLR.

NLR and PLR are prognostic indicators
related to systemic inflammatory response,
and the host immune environment has a
great effect on these blood markers (8).
The present study showed that PLR, unlike
NLR, may be a reliable predictor of better
response to neoadjuvant chemotherapy. In
2020, Vibisono et al investigated the
relationship between PLR and response to
neoadjuvant chemotherapy in locally
advanced breast cancer patients. They
stated that patients with a low PLR (<150)
showed a better response to neoadjuvant
chemotherapy  (9).  Therefore, the

findings of the present study can be due to
the potential effect of genetics and racial
differences in the study population and the
populations of other countries, as well as
the difference in the cut-off values for the
ratio of platelets to lymphocytes and also
the lack of performing tests in a reference
laboratory, which can affect blood cell
counts due to the difference in the types of
kits and the accuracy of different devices.
Also, the present study showed that
patients with ER-negative, PR-negative,
and HER2-positive tumors responded
better to neoadjuvant chemotherapy.
Consistent with the findings of this
research, in 2019, Kim et al showed that
patients with ER™, PR™, and HER2" tumors
had a better response to neoadjuvant
chemotherapy (6).

Conclusion

PLR is a good prognostic marker for breast
cancer, and patients with a higher PLR
respond better to neoadjuvant
chemotherapy.
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NAC
Characteristics Non-response Response P-value
(n =86) (n=34)
Age (mean, yr) 48.3 (13.3) 44.8 (10.5)
<50 54 (62.8%) 22 (64.7%) 0.84
>50 32 (37.2%) 12 (35.3%)
Tumor size 0.99
TO 18 (20.9%) 34 (100)
T1 32 (37.2%) 0
T2 28 (32.6%) 0
T3 4 (4.7%) 0
T4 4 (4.7%) 0
Nodule status
NO 28 (32.6%) 34 (100) 0.99
N1 30 (34.9%) 0
N2 14 (16.3%) 0
N3 14 (16.3%) 0
ER 0.04*
Positive 58 (67.4%) 16 (47.1%)
Negative 28 (32.6%) 18 (52.9%)
PR 0.01*
Positive 52 (60.5%) 12 (35.3%)
Negative 34 (39.5%) 22 (64.7%)
HER-2 0.002*
Positive 24 (27.9%) 20 (58.8%)
Negative 62 (72.1%) 14 (41.2%)
Ki67%* 0.18
Low 4 (4.7%) 0
Intermediate 4 (4.7%) 0
High 78 (90.7) 34 (100)
History of heart disease 0.54
Yes 8(9.3%) 2 (5.9%)
No 78 (90.7%) 32 (94.1%)
Grade
I 2 (2.3%) 0 0.86
11 50 (58.1%) 20 (58.8%) ’
111 34 (35.9%) 14 (41.2%)
NLR cut off satisfaction
Low- ratio group 60 (69.8%) 22 (64.7%) 0.59
High-ratio group 26 (30.2%) 12 (35.3%)
PLR cut off satisfaction
Low- ratio group 68 (79.1%) 16 (47.1%) 0.01%*

High-ratio group

18 (52.9%)

18 (52.9%)

NAC = neoadjuvant chemotherapy; ER = estrogen receptor; PR = progesterone receptor
**Ki67: low for < 10%, intermediate for 10-20, high for >20% tumor cells.
*The p-values with statistically significance
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Characteristics High-ratio group  Low-ratio group p-value
(n=36) (n=84)
Age group
<50 26 (72.2%) 50 (59.5%) 0.18
>50 10 (27.8%) 34 (40.5%)
Tumor size
TO 22 (61.1%) 30 (35.7%) 0.01*
None TO (T1, T2, T3, T4) 14 (38.9%) 54 (64.3%)
Nodule status
NO 24 (66.7%) 38 (45.2%)
N1 6 (16.7%) 24 (28.6%) 0.15
N2 2 (5.6%) 12 (14.3%)
N3 4 (11.1%) 10 (11.9%)
Grade
I 0 2 (2.4%) 0.14
II 26 (72.2%) 44 (52.4%) ’
1T 10 (27.8%) 38 (45.2%)
Ki67%*
Low 0 4 (4.8%) 034
Intermediate 2 (5.6%) 2 (2.4%) ’
High 34 (94.4%) 78 (92.9%)
NAC = neoadjuvant chemotherapy; PLR =Platelet-lymphocyte Ratio
*The p-values with statistically significance
Ki67: low for < 10%, intermediate for 10-20%, high for > 20% tumor cells**
NLR cut off caus 1 olylos (S239I94 9 (SoialS Slooguas ¥ Jouz
Characteristics ngh(—:l’a=t1§8g)roup Lowz:‘lallgzg)roup p-value
Age group
<50 28 (73.7%) 48 (58.5%) 011
>50 10 (26.3%) 34 (41.5%) )
Tumor size
TO 14 (36.8%) 38 (46.3%)
T1 10 (26.3%) 22 (26.8%) 033
T2 12 (31.6%) 16 (19.5%) '
T3 0 4 (4.9%)
T4 2 (5.3%) 2 (2.4%)
Nodule status
NO 24 (63.2%) 38 (46.3%)
N1 4 (10.5%) 26 (31.7%) 0.07
N2 6 (15.8%) 8 (9.8%)
N3 4 (10.5%) 10 (12.2%)
Grade
I 0 2 (2.4%) 025
I 26 (68.4%) 44 (53.7%) ’
I11 12 (31.6%) 36 (43.9%)
Ki67**
Low 0 4 (4.9%) 0.34
Intermediate 2 (5.3%) 2 (2.4%)
High 36 (94.7%) 76 (92.7%)

NAC = neoadjuvant chemotherapy; NLR= Neutrophil-lymphocyte Ratio.

*The p-values with statistically significance.

**Ki67: low for < 10%, intermediate for 10-20%, high for > 20% tumor cells.
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i NLR PLR
variables OR (95% CI) p-value OR (95% CI) p-value
Frist model
ER
Positive 0.65 (0.15-2.7) 0.56 2.9 (0.56-15.7) 0.2
Negative 1 - 1
PR
Positive 1.46 (0.36-5.8) 0.6 0.86 (0.16-4.5) 0.8
Negative 1 - 1
HER-2
Positive 1 0.9 1 0.71
Negative 1.02 (0.43-2.38) 1.17 (0.49-2.8)
Second models
ER
Positive 0.65 (0.15-2.7) 0.56 2.9 (0.56-15.7) 0.2
Negative 1 - 1
PR
Positive 1.46 (0.36-5.8) 0.6 0.86 (0.16-4.5) 0.8
Negative 1 - 1
HER-2
Positive 0.97 (0.42-2.28) 0.96 0.85(0.35-2.01) 0.71
Negative 1 - 1
Third models
ER
Positive 1 0.6 1 0.19
Negative 1.5 (0.37-6.3) 0.33 (0.06-1.7)
PR
Positive 1.46 (0.36-5.8) 0.59 0.86 (0.16-4.5) 0.86
Negative 1 1
HER-2
Positive 0.97 (0.42-2.28) 0.96 0.85(0.36-2.01) 0.71
Negative 1 1
Forth models
ER
Positive 1 0.55 1 0.19
Negative 1.5 (0.37-6.3) 0.33 (0.06-1.7)
PR
Positive 1 0.59 1 0.86
Negative 0.68 (0.17-2.7) 1.15 (0.21-6.1)
HER-2
Positive 1 0.96 1 0.71
Negative 1.02(0.44-2.38) 1.17 (0.49-2.8)
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(Molecular subtypes)
Ratio of neutrophils to lymphocytes
Molecular subtypes N Mean=+Sd Median IQR P-Value
Luminal A 2 1.17+0.67 1.17
Luminal B 35 2.07£1.10 1.74 0.86
Her2Enriched 13 2.29+1.47 1.85 1.05 0164
™ 10 1.56+0.55 1.47 0.73
Platelet to lymphocyte ratio
Molecular subtypes N Mean+Sd Median IQR P-Value
Luminal A 2 87.97+45.42 87.97
Luminal B 35 119.28+64.92 100.00 49.29
Her2Enriched 13 127.12436.05 118.46 54.41 0368
N 10 161.53+165.10 161.53 60.88

NAC G.wl.: GWMSGW&HL{" ¥ Jyus
NAC response

Characteristics Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value

Age group
<50 1.1(0.47-2.49) 0.84 - -
>50 1 - - -
Tumor grade
[& 11 1 - - -
1T 1.1(0.48-2.4) 0.89 - -
ER
Positive 1 - 1 -
Negative 2.3 (1.04-5.2) 0.04* 0.55 (0.12-2.46) 0.43
PR
Positive 1 - 1 -
Negative 2.8 (1.2-6.4) 0.01* 2.7 (0.62-12.2) 0.18
HER-2
Positive 1 - 1 -
Negative 0.27(0.12-0.62)  0.002*  0.31 (0.12-0.78) 0.01*
Ki67**
Low - - - -
Intermediate - - - -
High - - - -
NLR cut off satisfaction
Low- ratio group 0.79(0.34-1.84) 0.59 - -
High-ratio group 1 - - -
PLR cut off satisfaction
Low- ratio group 0.23(0.10-0.55) 0.001 0.24 (0.09-0.61) 0.003*
High-ratio group 1 - 1 -

NAC = neoadjuvant chemotherapy; OR = odds ratio; ER = estrogen receptor; PR = progesterone receptor; HR =
hormonal receptor; NLR = neutrophil-lymphocyte ratio; PLR = platelet-lymphocyte ratio.
**Ki67: low for < 10%, intermediate for 10-20, high for > 20% tumor cells.
*The p-values with statistically significance
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