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ABSTRACT

INTRODUCTION: Inflammation is recognized as a triggering factor of the initiation and progression of neoplastic processes.
Neutrophilia and lymphopenia are hallmarks of inflammation. The aim of this study is to correlate pretreatment value of neutrophil
lymphocyte ratio [NLR] as prognostic factor in breast cancer.

MATERIALS AND METHODS: Data of biopsy proven cases of breast cancer were analysed retrospectively. Pearson correlation
test was used to correlate NLR with stage, luminal subtypes and IHC markers of breast cancer. The cut off values of NLR were
calculated using median and ROC curve analysis.

RESULTS: 742 patients out of 1275 patients were eligible for study. Median age was 47 years (mean + sd 47.67 & 10.63 years).
43.1% patients are of Luminal A type, 7.1 % are Luminal B type, 11.9% are HER 2 neu enriched and 37.9% are TNBC. Median
follow up time for study was 53 months.NLR median value is 2.14 (0.52 to 15). Median value of NLR 2.14 was used as cutoff into
high (>2.14) and low (< 2.14)arms. Statistically significant association was found in high NLR and HER 2 neu positive patients
and patients with high ki67%. The median DFS in high NLR (>2.1) was 82 months (95% CI 79.143, 84.847). Median DFS was not
reached in the low NLR arm.

CONCLUSION: High neutrophil count and high NLR is strongly associated with poor survival of breast cancer patients.This can
be used as predictive and prognostic factor.
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INTRODUCTION

emale breast cancer has surpassed the lung

cancer asthe mostcommonly diagnosed cancer

since 2020 and was estimated to 2.3million
new cases[1]. Data suggests a slow increase of female
breast cancer cases (by 0.5% per year)during 2014
through 2018[2]. In India 178361 (13.5%) new breast
cancer cases along with 90408 (10.6%) deaths have been
reported as per the Globocan data 2020[3]. Tumor
microenvironment is the key factor for tumorigenesis
and host's inflammatory response is directly correlated
with cancer progression and prognosis[4]. Hanahan and
Weinberg defined the hallmark of cancer as sustained

proliferative signalling, evasion of growth suppressors,
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development of resistance against cell death,and
activation of evasion and metastasis. So inflammation
plays for all these through different pathways.

Inflammation has direct correlation with development,
upstaging and metastasis of cancer as both extrinsic and
intrinsic inflammations can cause immunosuppression
in human body that leads to favourable background for
tumour development[5]. There are three major
components of systemic inflammatory response such as
Neutrophils, Lymphocytes and Platelets which plays an
important role in carcinogenesis and tumor
progression[6]. Neutrophils act as tumour promoting
leucocytes,inhibits the immune system by supressing

the cytolytic activity of lymphocytes.A high neutrophil
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count is a surrogate marker of highly proliferative tumor
and provide insight into a cancer with a high chance of
recurrence and metastasis[7]. Many studies have
evaluated the systemic inflammatory responses with
help of some biochemical tests and also some
haematological tests. Neutrophil to Lymphocyte ratio
(NLR), Platelet to Lymphocyte ratio (PLR) derived from
simple hematological test used to project simple
inflammation based prognostic markers in cancer[8].
Increased NLR, PLR has inversely proportional to the
survival in case of colorectal and gastrointestinal , head
neck and cervical cancers[9-11]. In case of breast cancer
higher NLR ratio shows lower survival and increased
PLR ratio is adverse prognostic marker[12]. This study
was conducted to detect NLR value on disease free
survival and overall survival in breast cancer patients in
tertiary care cancer hospital.

2.0 MATERIALAND METHOD

2.1 The clinical data of breast cancer patients treated at
Institute of Post Graduate Medical Education and
Research (IPGMER), Kolkata, from February 2015 to
August 2020 were collected. Staging was done based on
the American Joint Committee on Cancer (AJCC) TNM
staging system (7th edition, 2010). The diagnosis had
been validated by histopathological examination. The
inclusion criteria for the patients were as follows: (i) age
more than 18 years; (ii) complete clinical, laboratory,
imaging, and follow-up data, (iii) no chronic infectious
diseases, (iv) no haematological disorders or treatment
that can result in an elevated NLR, for example,
administration of hematopoietic drugs such as
granulocyte-colony stimulating factor (G-CSF) within
one month , (v) no autoimmune disease or usage of
steroids. The performance status of patients were
categorised using Eastern cooperative oncology group
(ECOG). Routine blood tests were done within seven
days prior to the start of treatment. NLR were calculated
as the absolute neutrophil counts divided by the
absolute lymphocyte counts[13]. Patients were followed
up every 3 months after treatment completion. Local

recurrence of the disease was referred to as locoregional
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recurrence (LRR). The locoregional recurrence free
survival (LRRFS) was defined as the interval between
completion of treatment (adjuvant radiation or definitive
radiation) and locoregional recurrence. The overall
survival (OS) was calculated from the diagnosis to the
date of death or the last visit.

2.2 Statistical Analysis:

IBM SPSS (Statistical Package for the Social Sciences)
version 20, Armonk and R statistical software were used
for statistical analysis. The major study endpoints were
to determine a cutoff value for NLR and to determine the
impact of high vs low NLR on disease free survival
(DFS) and overall survival (OS). The minor endpoints of
the study were to determine the Pearson correlation of
NLR with different immunohistochemistry (IHC)
parameters like ER, PR, Her 2 neu and Ki67%, TNM
parameters, and in multivariate Cox proportional
hazards (coxph regression mode) analysis impact of
NLR with other covariates on DFS and OS.

The cutoff values can be determined by several methods
in statistics which includes the Mean+2SD method,
Logistic Regression Analysis, Receivers Operating
Characteristics (ROC) curve analysis and Discriminant
Analysis (DA)[14,15]. In another study by Ayala de la
Pefa et.al, median NLR value was used as cutoff while
calculating the impact of high vs low NLR as prognostic
marker among metastatic breast cancer patients[16]. For
our study, first median value of NLR was calculated. In
the second step cutoff value (median) was used to
calculate coxph hazards ratio using overall survival
parameters.

Lastly Receiver operating characteristic (ROC) curve
analysis was used for internal validation to determine the

optimal cut off value NLR.

3.0RESULTS:

3.1ADemographic parameters

Total of 1275 patients were diagnosed with breast cancer
and were recruited for this non interventional
retrospective study. Out of which due to paucity of data,

only 742 patients were eligible for study.
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Table 1. Patient and tumour characteristics:

Age in years

Gender N Median Mean Std. Deviation Minimum Maximum
Female 734 47.00 47.68 10.622 21 83
Male 8 45.50 46.63 11.563 24 66
Total 742 47.00 47.67 10.625 21 83
P VALUE:0.779
Table 2 : Presentation of Disease
Count Column N %
Gender Female 734 98.9%
Male 8 1.1%
Site Left breast 398 53.6%
Right breast 340 45.8%
Bilateral synchronous breast 4 0.5%
Symptoms of presentation Breast lump 729 98.2%
Pain 94 1.2%
Nipple discharge 38 0.5%
Family history of malignancy Yes 70 5.1%
No 43 94.9%
Menopause Yes 60 48.5%
No 37 50.4%
Not eligible 48 1.1%
Table 3. IHC and luminal parameters
IHC parameters Count Column N %
ER Negative 396 53.4%
Positive 346 46.6%
PR Negative 454 61.2%
Positive 288 38.8%
Her 2 neu Negative 508 68.5%
Positive 234 31.5%
Ki67 <14% 501 67.5%
>14% 241 32.5%
LUMINAL LA 320 43.1%
LB 53 7.1%
Her 2 neu enriched 88 11.9%
TNBC 281 37.9%
Table 4. Treatment parameters
Different treatment modalities Count Column N %
Surgery type Only biopsy 46 6.2%
MRM 501 67.5%
Simple Mastectomy with Axillary Dissection 135 18.2%
Simple Mastectomy without Axillary Dissection 48 6.5%
Toilet Mastectomy 12 1.6%
Chemotherapy Neoadjuvant 387 52.2%
Adjuvant 309 41.6%
Palliative 46 6.2%
Radiation No radiation 385 59.1%
Locoregional radiation 140 21.5%
Palliative radiation 53 8.1%
Both 73 11.2%
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Table 5. Total leucocyte count, differential count and NLR

Total leucocyte NEUTROPHIL LYMPHOCYT NLR
count (/cmm) ABSOLUTE E_ABSOLUTE
Mean 7732.92 4945.18 2257.17 2.4229
Median 7500.00 4623.00 2157.00 2.1400
Std. Deviation 2502.091 2089.908] 834.559 1.25843
Minimum 3100 1394 702 .52
Maximum 25600 23040 6875 15.00

The mean absolute count of Neutrophil is 4945.18 (Thousand per cmm), Lymphocyte is 2257.17( thousand per cmm)
and the NLR median value is 2.14(0.52 to 15). (Table 5)

Table 6. NLR correlation with IHC parameters and luminal classification

IHC parameters / NLR Pearson correlation

luminal classification Mean S.D (p value)

ER Negative 2.46 1.35 -0.30 (0.422)
Positive 2.38 1.14

PR Negative 2.44 1.32 -0.015 (0.693)
Positive 2.40 1.16

Her 2 neu Negative 2.35 1.26 +0.090 (0.014)**
Positive 2.59 1.23

Ki67 <14% 2.18 1.04 +0.279 (0.000)**
>14% 2.93 1.51

LUMINAL LA 2.27 1.07 +0.039 (0.284)
LB 3.01 1.27
Her 2 neu enriched 2.77 1.44
TNBC 2.37 1.34

**statistically significant correlation.

High NLR statistically significant with Her 2 neu positive patients (p value 0.014) and
patients with > 14% Ki67%(p value 0.00). (Table 6) Higher pretreatment N stage was

showing positive correlation with higher NLR. Patients with LABC and MBC also

had statistically significant positive correlation with high NLR.(Table 7)

Table 7. NLR correlation with TNM staging

TNM parameters —

Pearson correlation

NLR
pretreatment parameters (p value)
Count Median Mean S.D
T 1 43 1.88 2.03 1.01
2 345 2.06 2.24 0.99 +0.201%*
3 205 2.34 2.50 1.00 (0.000)
4 149 2.42 2.86 1.90
N 0 197 2.1300 2.3630 1.26
1 291 2.1300 2.3660 1.15 +0.055
2 178 2.3300 2.5344 1.18 (0.131)
3 76 2.1150 2.5345 1.70
cM No 696 2.13 242 1.27 +0.014
Yes 46 2.34 2.49 1.01 (0.712)
STAGE* EBC 275 1.97 2.20 1.00 o117
LABC 421 223 2.56 1.41 (0.001)
MBC 46 2.34 2.49 1.01

*Early Breast Cancer (EBC), Locally Advanced Breast Cancer (LABC), Metastatic Breast Cancer (MBC)
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3.2 Tumour parameters and NLR cutoff value

Table 8. Tumour characteristics according to NLR cutoff value

NLRcutoff
Tumour parameters High (>2.14) Low (<2.14) P value
Mean S.D S.D S.D
Grade Grade 1 14 42.4% 19 57.6% 0.606
Grade 2 270 49.5% 275 50.5%
Grade 3 85 51.8% 79 48.2%
ER Negative 199 50.3% 197 49.7% 0.761
Positive 170 49.1% 176 50.9%
PR Negative 227 50.0% 227 50.0% 0.854
Positive 142 49.3% 146 50.7%
Her 2neu | Negative 231 45.5% 277 54.5% 0.001*
Positive 138 59.0% 96 41.0%
Ki67 <14% 203 40.5% 298 59.5% 0.000*
>14% 166 68.9% 75 31.1%
LUMINAL | LA 143 44.7% 177 55.3% 0.000%*
LB 40 75.5% 13 24.5%
Her 2 neu enriched 60 68.2% 28 31.8%
TNBC 126 44.8% 155 55.2%
**statistically significant correlation.
Table 9. TNM staging parameters according to NLR cutoff value
NLRcutoff
TNM staging parameters High (>2.14) Low (<2.14) P value
Count Row N % Count Row N %
cT 1 15 34.9% 28 65.1%
2 156 45.2% 189 54.8% 0.007*
3 114 55.6% 91 44.4%
4 84 56.4% 65 43.6%
N 0 94 25.5% 103 27.6%
1 142 38.5% 149 39.9% 0.634
2 96 26.0% 82 22.0%
3 37 10.0% 39 10.5%
cM No 341 49.0% 355 51.0%
Yes 28 60.9% 18 39.1% 0.119
STAGE EBC 117 42.5% 158 57.5%
LABC 224 53.2% 197 46.8% 0.007*
MBC 28 60.9% 18 39.1%
*Statistically significant p value, Chi Square test.

3.3 Survival analysis and NLR cutoff
The median follow up time for study was 53 months,
using Reverse Kaplan Meier Survival analysis with
overall survival parameters.
3.31 DFS vs NLRcutoff

The median DFS in high NLR (> 2.1) was 82
months (95% CI 79.143, 84.847). Median DFS was not
reached in the low NLR arm. 73 out of 341 patients
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(21.4%) in high NLR arm had disease progression.
Among the patients below the cut off value, with lower
NLR, the events accounted for 26 out of 355 patients.
Only local recurrence was documented in 28 patients,
only distant metastases in 56 individuals and both in 15
patients. Most common sites for distant metastases were
only liver (n=22) and only bone(n=14). Multiple organs

involvements were documented in 22 patients.
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1 month 20 month 40 month 60 month 80 month 90 month
High 0/341%** 13/324 23/233 23/97 11/18 NA
>2.14) (1.000) (0.962) (0.885) (0.764) (0.581)
Low 0/355 6/343 9/254 8/120 3/20 0/2
(<2.14) (1.000) (0.983) (0.955) (0.917) (0.877) (0.877)
**No of events / No at risk (survival Probability)
*49 patients who presented with metastasis at presentation never achieved complete response.

Figure 1. DFS in months according to NLR cut off value, with log rank test chi square 29.405, df 1, p value <0.001.

3.32 Overall survival (OS) vs NLR cutoff

The median overall survival for the study was reached.
The median OS in the high NLR arm was 76.0 months
(95% C.169.77, 82.23) with the number of events being
95/369 (25.7%). In the low NLR arm, median OS was
not reached with the number of events being 43/373

with p value <0.001.(figure 2) Among all patients whose
death due to cancer was documented with verification of
death certificates, multiple organ involvements were in
62/138 patients, with lung, liver and brain being
commonly affected. Local recurrence or progression

were chestwall only (n=21), lymph nodes (n= 37) and

(11.5%). The log rank comparison shows that bothin 34 patients..
individuals in high NLR arm had higher death events
1 month 20 month 40 month 60 month 80 month
High 0/369%* 10/356 31/258 36/105 15/18
(>2.14) (1.000) (0.973) (0.876) (0.705) (0.487)
Low 0/373 4/363 22/262 14/122 3/20
(<2.14) (1.000) (0.989) (0.924) (0.858) (0.796)
**No of events / No at risk (survival Probability)

Figure 2. OS in months according to NLR cut off value, with log rank test chi square 24.066, df 1, p value <0.001.
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Table 10:Overall survival according to stage in NLR arms

STAGE NLR_cutoff Total N N of Events Censored
N Percent
1 0,
Early Breast Cancer (EBC) High (>2.14) 117 10 107 91.5%
Low (<2.14) 158 4 154 97.5%
Overall 275 14 261 94.9%
Locally Advanced High (>2.14) 224 57 167 74.6%
Breast Cancer (LABC Low (<2.14) 197 21 176 89.3%
Overall 421 78 343 81.5%
Metastatic Breast High (>2.14) 28 28 0 0.0%
Cancer (MBC) Low (<2.14) 18 18 0 0.0%
Overall 46 46 0 0.0%
Metastatic Breast Cancer (MBC)
107
087
%
2 0467
Z
=]
W -
E L
3 047
027 NLA_cutoff -
—High (214) Y
Low [<2.14) 1
0.07
1 T | T |
0 20 40 60 80

Overall Survival in months
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Second-order Controls First-order Controls Median OS months
High (>2.14 84.00
STAGE Early Breast Cancer (EBC) NLR cutoff igh ( )
Low (<2.14) 84.00
Locally Advanced Breast NLR cutoff High (>2.14) 78.60
Cancer (LABC) - Low (<2.14) 84.00
. High (>2.14) 34.00
Metastatic Breast Cancer (MBC) NLR_cutoff
Low (<2.14) 30.00

Figure 3. Kaplan Meier survival curve with stratification by Stage between low and high NLR arms, Log rank test 0.001.

3.4 Determination of NLR cutoff value using Coxph regression model and ROC

The median value of NLR 2.14 was used as cutoff in our study. Coxph regression model showed that individuals with
low pretreatment NLR (< 2.14) had reduced hazards rate by 59% and improved OS, [HR 1 in high NLR (>2.14) vs 0.41
inlow NLR, p value <0.001].

Table 11.Cox ph regression models with effect of different covariates and NLR cutoff on Disease Free Survival (DFS)

Immunohistochemistry markers

Coef exp(coef) se(coef) 95%C.1 P value
NLR cutoff -1.22 0.29 0.24 0.18,0.47 <0.001
ER -0.16 0.85 0.29 0.47, 1.52 *0.589
PR 0.09 1.10 0.29 0.63,1.94 0.734
her 2 neu -0.04 0.96 0.21 0.63,1.47 0.857
Ki67 -0.15 0.85 0.24 0.54,1.35 0.499
TNM parameters
NLR_cutoff -1.02 0.36 0.23 0.23,0.56 <0.001%*
T 0.52 1.69 0.16 1.24,2.30 <0.001*
N 0.19 1.22 0.12 0.95, 1.55 0.114
M NA NA NA NA NA
STAGE 0.5593 1.75 3.89 0.82,3.75 0.15
*statistically significant p value.
**total number of patients eligible for DFS calculation, n= 696, number of events =99, 46
observations deleted — presented with metastases at presentation and never achieved complete response.

Table 12. Cox ph regression models with effect of different co variates and NLR cutoff on Overall Survival

Immunohistochemistry markers

Coef exp(coef) se(coef) 95%C.1 P value
NLR cutoff -0.888200 0.411396 0.193435 0.28, 0.60 <0.001 *
ER -0.148371 0.862112 0.248254 0.53,1.40 0.550
PR 0.035667 1.0363310 0.245819 0.64, 1.68 0.885
her 2 neu -0.008961 0.991079 0.184692 0.69, 1.42 0.961
Ki67 -0.031752 0.968747 0.198323 0.66, 1.43 0.873
TNM parameters
NLR_cutoff -0.5990 0.5493 0.1863 0.38,0.97 0.00130%*
T 0.4468 1.5633 0.1247 1.22,1.99 0.00034 *
N 0.1218 1.1295 0.1038 0.92,1.38 0.24062
M 1.9142 6.7813 0.4418 2.85,16.11 <0.001
STAGE 0.7603 2.1388 0.3522 1.07,4.27 *0.03088 *

*statistically significant p value.
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3.5 Receiver Operating Characteristic curve (ROC)

ROC was calculated using NLR against overall survival
outcome, death as an event. The Area Under Curve
(AUC) was 0.639(95% C.I 0.587,0.691) with the
Youden index calculated as sensitivity + specificity -1.

The Youden index was maximum for 2.17. This value is

subsequently used for coxph regression model. Patients

with low NLR (< 2.17) had reduced HR by 59%
(coefficient -0.8685, 95%C.10.29, 0.59) from high NLR
cutoff (>2.17), p value <0.001. The concordance index
(C index) was 0.575. The table 12 highlights the

sensitivity analysis of different cut off values of NLR..

Table 13. Different cutoff values used to calculate Hazard Ratio for overall survival parameters.

Different values| Sensitivity Specificity Cutoff HR 95% C.1 P value
Median (2.14) 68.8% 54.1% High >2.14 ! 0.289, <0.001
Low<2.14 0.4159 0.597
ROC (Youden High >2.17 1 0.294,
. 67.49 56.19 <0.001
index, 2.17) & % Low<2.17 0.4196 0.599
High >2.17 1 0.303,
Mean (2.42) 58.0% 62.7% g 043 0611 <0.001
Low <2.17 : :
4.0 DISCUSSION: with higher NLR (p value 0.000) which was supported

This retrospective study was conducted to understand
the impact of NLR in breast cancer patients in terms of
survival .Both Neutrophil and lymphocytes play an
important triggering role in inflammation and immunity
in the human body. Inflammation has direct correlation
with cancer occurrence, development, progression,
transformation and metastasis. NLR is described by
relative increase in the neutrophil count and relative
decrease in the lymphocyte count which leads to
tumour

breakdown of balance in the

microenvironment[17].

Median age of our study population was 47 years
(47.67+£10.63) which matched with other
study[18]. The Median age of menarche was 13 years

Indian

and menopause ranges from 41 to 53 years. Similar
findings were also found in another Indian study by
Tripathi p et al. Who also showed similar age
distribution[19].

Our study showed significant correlation between high
NLR (>2.14) with large tumour size (p value 0.007) and
positive estrogen receptor and HER 2 neu receptor
status. A similar finding was observed by Elyasinia F
et.al however they showed no correlation between
receptor status with high NLR[20]. We also found a high

proliferative index (Ki 67%) is significantly correlated
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by Arora R et. al. [21].Among all subtypes luminal A
was predominant which was around 43.1%(n=320) and
triple negative breast cancer[TNBC] was
37.9%(n=281). Maximum patients (67.5%) underwent
modified radical mastectomy after neoadjuvant

chemotherapy followed by radiation where indicated.

Azab B et al. performed a study with 316 patients and
concluded that high NLR >3.3 was an independent
predictor of short and long-term mortality in breast
cancer patients[22]. Our study showed -correlation
between pretreatment NLR and overall survival. We
found the cutoff value for higher NLR is >2.14, which is
similar to other studies where median cutoff value of
NLR was 2.0 to 5.0 [23].However NLR cut off values
varied. A meta-analysis from fifteen studies including
8563 patients showed high NLR cutoffs ranged from 1.9
to 5. All studies showed a worse OS with high NLR in

patients irrespective of early and metastatic disease.

The median followup time for our study was 53 months.
Coxph regression model showed that individuals with
low pretreatment NLR (< 2.14) had reduced hazard rate
by 59% and improved OS, [HR 1 in high NLR (> 2.14)
vs 0.41 in low NLR, p value <0.001]. The median OS in
the high NLR arm was 76.0 months (95% C.I 69.77,
82.23) with the number of events being 95/369 (25.7%).

Biomedicine - Vol.44 No.2: 2024
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