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1. Introduction

Breast cancer is the most frequently diagnosed life-threatening cancer in women
and the leading cause of cancer death among women [1]. In spite of recent ad-
vances in treatment of breast cancer, the prognosis remains unsatisfactory due to
the recurrence and metastasis, with 5-year and 10-year survival rate of approx-
imately 80% and 60% [2]. Different studies have reported tumor size, pathologic
tumor, node, metastasis (TNM) staging, Ki67 expression, receptor status (estro-

gen receptor, ER; progesterone receptor, PR; human epidermal growth factor
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receptor 2, HER2) and molecular subtypes (luminal-type, HER2-positive, and
triple-negative) are significantly associated with the prognosis of patients with
BC [3]. Their prognostic accuracy is also reported to be unsatisfactory, with the
example of the different TNM stage or molecular subtypes having the same
prognosis [4]. Thus, more easily available and efficient preoperative prognostic
parameters are desirable to guide individualized treatment. Therefore, it is es-
sential to stratify the patients preoperatively.

Recent breakthroughs in cancer immunology substantiated that the host im-
mune system correlates with cancer development and progression, and immu-
nomodulating therapy has emerged as an effective novel therapeutic strategy [5].
Furthermore, the host immune system should be taken into account even during
conventional chemotherapy treatment, as it has been found to influence the
clinical response to chemotherapy [6]. Carcinogenesis and tumor growth are as-
sociated with chronic systemic inflammation, which is associated with tumor
progression and subsequent poor outcomes [7]. Both lymphocytes and macro-
phages are key immune cells in the inflammatory response. They play an impor-
tant role in tumor eradication via inhibition tumor cell proliferation, migration
and inducing cytotoxic cell death [8].

Recent reports suggested that the peripheral blood-based parameters, such as
absolute lymphocyte count (ALC), and neutrophil to lymphocyte ratio (NLR),
are associated with host immunity response [9]. Moreover, there is a reliable
correlation between the above parameters and increased survival time in a wide
range of malignancies [10]. Lymphocyte infiltration into cancer tissue has been
associated with a better prognosis in various malignancies [11]. There is in-
creasing evidence that the NLR is associated with long-term outcomes, so this
ratio has gained much interest, with several studies over the last 5 years investi-
gating its role in predicting long-term outcomes in various cancer populations,
including lung, colorectal, stomach, liver, and pancreatic cancer. Based on stu-
dies that show the association between high NLR and increased mortality in
breast cancer, some studies suggest that NLR is an important factor predicting

the response to neoadjuvant chemotherapy in breast cancer patients [12].

2. Patients and Methods

Retrospective study included 388 patients with breast cancer, stage I-III were
treated between 2009 and 2015 at South Egypt Cancer Institute, Assiut Univer-
sity. The study was approved by Institutional Review Board (IRB) of South Egypt
Cancer Institute. Patient medical records were reviewed; Tumor stage, T and N
factors were stratified based on the TNM Classification of Malignant Tumors,
UICC Seventh Edition [13]. Tumors were classified into subtypes according to
the immunohistochemical expression of estrogen receptor, progesterone recep-
tor and HER2. Overall survival (OS) time was the period from the time of diag-
nosis to the time of death from any cause. Disease-free survival (DFS) was de-

fined as freedom from all local, loco-regional, and distant recurrences. All pa-
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tients were followed up by physical examination every 3 months, ultrasonography
every 6 months, and computed tomography and bone scintigraphy annually.

Patients who had inflammatory, metastatic, or pregnancy-related breast can-
cer’; Patients with systemic inflammatory diseases, such as systemic lupus ery-
thematosus, and rheumatoid arthritis; Patients with chronic diseases (liver cirr-
hosis, or end-stage renal disease) all were excluded.

Pre-treatment and post-treatment peripheral blood based parameters (total
WBC count, ALC, ANC, hemoglobin level, and platelets count), were collected.
For pre-treatment peripheral blood parameters, blood samples were collected at
the time of diagnosis before neoadjuvant chemotherapy or surgery. NLR was
calculated by dividing ANC by ALC. For post-treatment peripheral blood para-
meters, blood samples were collected 3 weeks after surgery. Receiver operating
curve (ROC) analysis was performed to select the most appropriate cutoff values
for pre-and post-treatment NLR in order to stratify patients at a high risk of

cancer recurrence or death.

3. Result

This study was conducted retrospectively on (388) patients with breast cancer
from January 2009 to December 2015. Patients’ characteristics at diagnosis are
shown in Table 1. As regarding pre-treatment hematological data, the mean ab-
solute neutrophil count (ANC) was 4.18 + 0.1 x 109 cells/L, mean absolute lym-
phocyte count (ALC) was 2.25 £ 0.04 x 109 cells/L, and mean NLR was 2.09 +
0.7. Post-treatment hematological data, the mean ANC was 3.67 + 0.1 x 109
cells/L, mean ALC was 1.91 £ 0.04 x 109 cells/L, mean NLR was 2.21 + 0.1. As
shown in Table 2.

No significant change NLR ration related to age.

Table 1. Clinic pathological feature of 388 breast cancer patient.

Age in years (mean + SD) 47.23 £10.1

Menopausal Status:

e Pre-menopausal 192 (49.5%)

e Post-menopausal 196 (50.5%)
Pathology

e IDC 350 (90.2%)

e ILC 18 (4.6%)

o Mixed 14 (3.6%)

o DCIS 2 (0.5%)

e Others 3 (1.1%)
Histological Grade:

e Gradel 5 (1.4%)

e Grade II 344 (88.6%)

e Grade III 39 (10%)
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T-Stage:
e T1 32 (8.2%)
o T2 216 (55.6%)
e T3 73 (18.8%)
* T4 44 (11.3%)
o Tx 23 (6.1%)

Nodal-Stage

e NO 116 (29.9%)
e N1 127 (32.7%)
o N2 62 (15.9%)
e N3 65 (16.7%)
o Nx 18 (4.8%)

Hormone Receptor Status:

¢ ER PR Positive 201 (51.8%)
¢ ER Positive PR Negative 49 (12.6%)
e ER Negative PR Positive 11 (2.9%)
¢ ER PR Negative 127 (32.7%)
¢ Triple Negative 28 (7.2%)

HER2-neu expression:

e 0/+1 110 (28.4%)
o 42 20 (4.9%)
e +3 38 (9.8%)
e Unknown 221 (56.9%)

Table 2. Hematological data analysis (pre-treatment and post-treatment).

Parameter Pre-treatment Post-treatment
ANC 4.18+0.1 3.67 0.1
ALC 2.25 +0.04 1.91 £ 0.04
NLR 2.09 +0.7 2.21+0.1

P-value*
<0.001
<0.001

=0.274

3.1. Diagnostic Performance of Pre-Treatment and
Post-Treatment NLR in Survival Prediction

It was noticed that at cutoff point < 2.57, pretreatment NLR had 81% sensitivity

and 33% specificity for prediction of survival in all studied patients with area

under the curve was 0.54 and P value was 0.01 (Table 3). It was noticed that at

cutoff point < 2.27, post-treatment NLR had 71% sensitivity and 48% specificity

for prediction of survival in all studied patients with area under the curve was

0.59 and P value was <0.001 (Table 3).
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Table 3. Cut-off points for NLR.

Indices Pre-treatment Post-treatment P value*

NLR <2.57 <227 < 0.001

P value was significant if <0.05. *Mc-Nemar test was used to compare the percentages between groups Pre-
vs. Post-treatment % was calculated from the total number. NLR, neutrophil to lymphocyte ratio.

3.2. Characteristics of the Patients Based on Cutoff Point of
Pre-Treatment NLR

Of the total patients (388), 316 patients had pre-treatment NLR less than 2.57
and 72 patients had pre-treatment NLR more than 2.57. As shown in Table 4,
based on cutoff point of pre-treatment NLR; it was noticed that there were no
statistical significant differences between those patients with pre-treatment NLR
< 2.57 and those with pre-treatment NLR > 2.57 as regarding demographic data,
baseline laboratory data, tumor characteristics, adjuvant radiotherapy and che-

motherapy.

3.3. Outcome of Studied Patients Based on Cutoff Point of
Pre-Treatment NLR

Frequency of relapse was higher in patients with pre-treatment NLR > 2.57
(36.1% vs. 26.3%) while those with pre-treatment NLR< 2.57 had higher fre-
quency of survival (82% vs. 68%). Patients with pre-treatment NLR< 2.57 had
longer DFS than patients with pre-treatment NLR = 2.57 (83 months vs. 73
months) but with no statistically significant p-value (0.122). As regarding overall
survival, patients with pre-treatment NLR < 2.57 had longer OS than patients
with pre-treatment NLR > 2.57 (93 months vs. 81 months) with log-rank p-value
0.016 between the two groups (Figure 1 & Figure 2).

3.4. Outcome of Studied Patients Based on Cuttoff Point of
Post-Treatment NLR

Patients with post-treatment NLR < 2.27 had longer DFS than patients with
post-treatment NLR > 2.27 (83 months vs. 75 months) but with no statistically sig-
nificant p-value (0.091). As regarding overall survival, Patients with post-treatment
NLR < 2.27 had longer OS than patients with post-treatment NLR > 2.27 (94
months vs. 80 months) with log-rank p-value 0.011 between the two groups (Figure
3 & Figure 4).

Survival analysis of all studied breast cancer patients summarized in Table 5.

4. Discussion

Breast cancer is the most frequent malignancy in women, being one of the main
causes of death from cancer. Although its incidence has increased, mortality has
decreased in the last few decades, which can be attributed to an improvement in
early diagnosis and treatment [14]. For patients in our study, the median OS was
60 months with range (62 - 65 months), the median DFS was 54 months with
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Table 4. Demographic data of patients based on cutoff point of pre-treatment NLR.

Pre-treatment NLR
Variables P value
<2.57 (n= 316) 22.57 (n=72)

Age (years) 47.34 £10.03 46.85 £ 10.45 0.49
Menopausal status:
e Pre-menopausal 154 (48.8%) 37 (51.8%) 0.36
e Post-menopausal 162 (51.2%) 35 (48.2%)
Pathological type:
e IDC 285 (90.1%) 65 (90.6%)
e ILC 15 (4.6%) 3 (4.7%) 0.72
e Mixed 4 (1.3%) 0
e DCIS 1(0.3%) 1(1.2%)
e Others 11(3.6%) 3 (3.5%)
Histological grade:
e Gradel 4(1.3%) 1(1.2%) 0.06
o Gradell 268 (88.4%) 76 (89.4%)
e Grade IlI 31 (10.2%) 8 (9.5%)
Tumor stage:
e T1 27 (8.3%) 6 (8.2%)
o T2 181 (57.4%) 35 (49.4%) 033
e T3 59 (18.8%) 14 (18.8%)
o T4 30 (9.6%) 12 (17.6%)
o Tx 19 (5.9%) 5 (5.9%)
Nodal stage:
e NO 95 (30%) 21 (29.4%)
e N1 106 (33.7%) 21 (29.4%) 0.49
o N2 53 (16.8%) 9 (12.9%)
o N3 48 (15.2%) 16 (22.4%)
e Nx 14 (4.3%) 5 (5.9%)
Hormone receptor status:
o ER/PR positive 163 (51.4%) 38 (52.9%)
¢ ER positive and PR negative 42 (13.2%) 7 (10.6%) 0.09
o ER negative and PR positive 9 (2.9%) 2 (2.4%)
e ER/PR negative 102 (32.2%) 25 (34.1%)
HER-2 neu expression (by IHC):
o 0/+1 87 (27.4%) 22 (30.6%)
* +2 18 (5.3%) 4 (4.7%) 0.17
e +3 35 (11.6%) 2 (3.5%)
e Unknown 176 (55.8%) 44 (61.2%)
Triple negative: 22 (7%) 8 (10.6%) 0.21

Data was expressed in form of mean (SD), frequency (percentage). P value was significant if <0.05. NLR,
neutrophil to lymphocyte ratio; ER, estrogen receptor; PR, progesterone receptor, HER2: Human epidermal
growth factor receptor 2; IHC: Immunohistochemistry.

Table 5. Survival analysis of breast cancer patients.

Relapse (Local & Distant)

o Yes 109 (28%)
e No 277 (71.4%)
e Secondary malignancy 2 (0.6%)
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Death Status’
e Alive 299 (77%)
e Dead 89 (23%)
Median overall survival in months (95%-CI) 60 (62 - 65)
Median disease-free survival in months (95%-CI) 54 (47- 60)

0.8

0.4

Cum Survival

0.0

NLR Pre-
—I1<2.57
—I1 22.57
—+— <2.57-censored
+ 22.57-censored
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20 40 80 120
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Figure 1. Disease free survival based on pretreatment NLR in the study.
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Figure 2. Overall survival in patients based on pretreatment NLR.
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Figure 3. Disease free survival in all enrolled patients based on post-treatment NLR.
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Figure 4. Overall survival in patients based on post-treatment NLR.

range (47 - 60 months). The median DFS time was 54 months. Neutrophil to
lymphocyte ratio (NLR) has been analyzed in connection with several types of
cancer including lung cancer [15], gastric cancer [16], colorectal cancer [17],
pancreatic cancer [18], hepatocellular carcinoma [8], ovarian cancer [19], and
some hematological malignancies [20]. And low NLR ratios have been associated
with high DFS, OS and a better prognosis in many different cancer patients [21].
In this study, we analyzed a cohort of 388 patients with non-metastatic breast
cancer to demonstrate that the NLR could predict prognosis in these patients.

For patients in our study, the cutoff value of pretreatment NLR was 2.57. Most
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studies that evaluated NLR in breast cancer detected NLR with the range of (1.9 -
4.0) [22].

In the present study, we evaluated the relationship between pretreatment
NLR, DFS, and OS for with non-metastatic breast cancer patients. We found
that high pretreatment NLR is associated with increase rate of relapse (36.1% for
patients with high pretreatment NLR vs. 26.3% in patients with low pretreat-
ment NLR) and lower DES (83 months for patients with low pretreatment NLR
vs. 73 months for patients with high pretreatment NLR) but without statistical
significance. As regarding OS there was statistical significance between the two
groups (93 months for patients with low pretreatment NLR vs. 81 months for
patients with high pretreatment NLR) (log-rank p-value = 0.016). These findings
are in agreement with the results of [23] (Ren et al 2018) and [24] (Das 2017).
However, in contrast to our results, Ren 2018 evaluated TNBC patients and Das
2017 results showed significant relation between NLR and DFS.

As regarding correlation between NLR, tumor stage and hormonal receptor
status, our study showed that high pretreatment NLR had no correlation with
the tumor staging (p = 0.33), nodal staging (p = 0.49), or hormonal receptor
status (p = 0.09) and HER2-neu status (p = 0.17). These results were in agree-
ment with the results of [25] and [26] but in contrast to the results of (Das et al.)
who showed significant correlation between pre-treatment NLR and tumor size
(p = 0.017) [24] and [27] (Azab et al) who showed significant correlation be-
tween pre-treatment NLR and nodal status (p = 0.005), ER positive tumor (p =
0.02), PR positive tumor (p = 0.04) and tumor staging (p < 0.001).

Here, in present study, we evaluated the cutoff for post-treatment NLR in the
studied patients. There was statistical significance between both groups and OS
(94 months for patients with low pretreatment NLR vs. 80 months in patients
with high pretreatment NLR), but again there was no significant correlation be-
tween post-treatment NLR and any of the following: DFS, tumor staging, nodal
staging, and hormonal and HER2-neu status. To the best of our knowledge, no
studies have evaluated the role of post-treatment NLR in predicting response and
prognosis in non-metastatic breast cancer patients, but a study by [28] (Chowdhary
et al) which examined the significance of post-treatment NLR but in brain me-
tastasis treated with stereotactic radiosurgery and found that post-treatment

NLR is inversely associated with OS in patients with brain metastasis.

5. Conclusion

NLR is a simple marker of sub-clinical inflammation that can be easily assessed
using white blood cell counting. Interestingly, a high pre/postoperative NLR may be
considered an important factor for predicting poor prognosis in non-metastatic

breast cancer patients. We need multicenter study to avoid heterogenicity.
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