MOLECULAR AND CLINICAL ONCOLOGY 13: 63, 2020

A persistent high neutrophil-to-lymphocyte ratio predicts poor
prognosis in patients with colorectal cancer undergoing resection
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Abstract. The prognostic role of the neutrophil-to-lymphocyte
ratio (NLR) has been reported in colorectal cancer (CRC);
however, its variation and corresponding predicative value
in patients undergoing resection remain largely unknown.
In the present study, data from 146 patients with CRC were
retrospectively collected,optimal cut-off points for preoperative
and postoperative low and high NLRs were set,and ANLR was
calculated. Subsequently, patients were classified into low-low,
low-high, high-low and high-high subgroups based on the
cut-off points, and their progression-free survival (PFS) was
determined. A Cox proportional hazard model was applied
to calculate the prognostic value of all factors. The results
demonstrated that both preoperative and postoperative NLRs
(pre-NLR and post-NLR) but not ANLR could predict PFS
with optimal cut-off points of 2.39 and 2.96, respectively. For
predicting PFS, the pre-NLR had a sensitivity and specificity
of 48.80 and 79.50%, respectively, and the post-NLR had a
sensitivity and specificity of 63.20 and 56.20%, respectively.
Significant differences were identified between low and high
pre-NLRs in terms of histological grade (P<0.01) and tumor
diameter (P<0.01); however, such differences were only found
in terms of age (P<0.01) for low and high post-NLRs. The PFS
of patients in the low-low, low-high, high-low and high-high
subgroups was 50.30+21.36, 43.67+22.78, 31.06+25.56 and
29.87+24.13 months, respectively, and patients in the high-high
subgroup had the worst PFS (P<0.01). Preoperative CEA
level, invasive depth, node involvement, distant metastasis
and preoperative NLR were independent prognostic factors.
In conclusion, a persistently high NLR for patients with CRC
undergoing resection was associated with poor prognosis.
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Introduction

Colorectal cancer (CRC) still ranks as one of the leading
causes of death for humans, and people are being diagnosed
at a younger age (1). Until recently, the search for reliable,
inexpensive, and readily available factors that could aid in
precise prognostic prediction for patients was underappreciated.

The relationship between cancer and the host inflamma-
tory response has been extensively studied (2,3), and markers
of this response have independent prognostic value in patients
with a variety of malignancies. It has long been established
that cell fractions from peripheral blood, such as neutrophils,
lymphocytes, monocytes, and platelets, as well as their ratios,
can reflect systematic inflammatory responses, and such values
have been applied for prognostic prediction in many malignan-
cies, including lung (4), breast (5), pancreatic (6), and gastric (7)
cancers and CRC (8-11). The neutrophil-to-lymphocyte ratio
(NLR), which is defined as the ratio of the neutrophil count to
the lymphocyte count, has been extensively studied and found
to be highly superior when compared to other parameters,
such as the platelet-to-lymphocyte ratio, in CRC (12,13). In
a systematic review by Malietzis er al (14), a high NLR was
found to be associated with significant survival disadvantages
with either resection or palliative chemotherapy; an additional
two similar systematic reviews supported these results (15,16).
Nonetheless, studies have indicated that treatment approaches
could affect the counts of neutrophils and lymphocytes (17);
in addition, it has been suggested that longitudinal tests of
the NLR would be more meaningful for individual patients.
However, such reports are still rare.

In this study, we aimed to explore the longitudinal
prognostic value of the NLR in patients undergoing resection.

Patients and methods

Patient enrollment. From January 2011 to September 22,2014,
146 surgically treated cases of colorectal adenocarcinoma
(according to the 7th edition of the American Joint Committee
on Cancer Staging) were retrospectively collected at Hainan
Hospital of the PLA General Hospital. Patients with the
following criteria were excluded: i) Age <18 years old;
ii) multiple or recurrent malignancies or in situ lesions; iii) a
history of previous neoadjuvant therapy; iv) comorbidities
with a long-term history of medication use such as hormones;
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v) detectable complications with an elevated white blood
cells beyond the upper limit of the reference (4-10x10%/1)
including infection, obstruction or acute bleeding before and
after the surgery; and vi) the absence of a follow-up date.
Clinicopathological parameters, including sex, age, and
the carcinoembryonic antigen (CEA) level, were collected
before the surgery. In addition, pathological reports for tumor
location, histological grade, invasive depth and tumor diameter
(cut-off 4 cm) (18) were registered. The postoperative adjuvant
therapies were checked. The study followed the Reporting
Recommendations for Tumor Marker Prognostic Studies
(REMARK) (19), was supervised by the ethics committee
of Hainan Hospital of the PLA General Hospital (approved
ID: 301HLFYLLI15), and written informed consent was not
obtained because of the retrospective nature of the study.

Determination of the preoperative and postoperative NLR
(pre-NLR/post-NLR). Routine laboratory tests were performed
between 6:00 and 9:00 a.m. using peripheral venous blood
within 1 month before (preoperative) and at least 7 days
after (postoperative) the surgery. The NLR and ANLR were
calculated as previously reported (20).

Follow-up procedure and definition of progression-free
survival (PFS). The follow-up meetings were conducted by
telephone or a visit to the medical records department of the
hospital, with intervals of 3-6 months for the first 3 years
and 6-12 months for the next 4-5 years. PFS was defined as
the interval between the date of operation until the date of
first recurrence or death from any cause. The primary study
endpoint was the 3-year PFS, as used in a previous study (21),
and the last follow-up point occurred in September 2019.

Statistical analysis. All statistical analyses were performed
using SPSS 20.0 (SPSS Inc.). Receiver operating characteristic
(ROC) curve analysis was used to determine the optimal cut-off
value of the pre-NLR/post-NLR for PFS, and the relationships
with other clinicopathological parameters were calculated by
the %2 test, Fisher's exact test, or the Mann-Whitney U test
when appropriate. Further classification of pre/post-NLR into
low-low, low-high, high-low and high-high subgroups was
conducted. Kaplan-Meier (K-M) survival curves were applied
to compare patients with a low or high NLR before and after
the surgery, and significant differences were determined by the
log-rank test. Correlation of preoperative and postoperative
neutrophil or lymphocyte counts with the NLR or ANLR was
conducted by Pearson correlation analysis. Finally, univariate
and multivariate analyses were conducted by using the Cox
proportional hazards model (22). A double-sided P<0.05 was
considered statistically significant.

Results

Demographic characteristics and the differences in NLR
across various clinicopathological parameters. In total,
50 female and 96 male patients were included in the study,
and the mean age of the patients was 56.68 years (range:
24-85 years), with a median follow-up time of 41.77 months
(range: 1-81 months). As shown in Fig. 1, statistical significance
was found regarding the pre/post-NLR predicting the PFS but
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Figure 1. Receiver operating characteristic curve analysis of NLR in the
patients. AUC, area under the curve; NLR, neutrophil-to-lymphocyte ratio.

not the ANLR. According to the Youden index, the optimal
cut-off values for the pre/post-NLR were 2.39 and 2.96,
respectively. For predicting PFS, the pre-NLR had a sensi-
tivity and specificity of 48.80 and 79.50%, respectively, and
the post-NLR had a sensitivity and specificity of 63.20 and
56.20%, respectively. Based on these points, patients were then
categorized into pre-NLR low or high (<2.39, n=99 or =2.39,
n=47, respectively) or post-NLR low or high (<2.96, n=70
or =2.96, n=76, respectively) subgroups. For the pre-NLR,
significant differences were found across various histological
grades and tumor diameters; however, for the post-NLR,
differences were found only across different ages (Table I).

PFS prediction value of the pre/post-NLR. According to
K-M analyses, we then examined the PFS prediction value
in different pre/post-NLRs. As shown in Fig. 2, patients
with a high NLR had inferior PFS both preoperatively and
postoperatively. The PFS in the low vs. high NLR groups
was 47.22+22 .22 vs. 30.30+24.52 months preoperatively and
45.64+23.84 vs. 38.22+24.21 months postoperatively (both
P<0.01). After subgroup classification, the PFS for patients
in the low-low (n=53), low-high (n=17), high-low (n=46), and
high-high (n=30) subgroups was 50.30+21.36, 43.67+22.78,
31.06+25.56 and 29.87+24.13 months, respectively, and those
in the high-high subgroup displayed the worst PFS. Compared
to patients in the high-low and high-high subgroups, patients
in the low-low and low-high subgroups had significantly better
PFS.

Univariate and multivariate analyses for the factors corre-
lated with PFS. As shown in Table II, according to the
univariate tests, the preoperative CEA level, invasive depth,
node involvement, positive node number, distant metastasis,
TNM stages, adjuvant therapies and NLR (both preoperative
and postoperative) correlated with PFS. When P<0.05 was
used as a cut-off in multivariate analysis, the preoperative CEA
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Table I. Differences in pre-/post-operative NLR for different clinicopathological parameters.

Pre-operative NLR

Post-operative NLR

Variable Low,n High, n P-value Low,n High,n P-value

Age, years 0.06 <0.01
<60 43 26 40 29
>60 56 21 30 47

Sex 0.27 0.63
Female 36 14 23 27
Male 63 33 47 49

Tumor location 0.80 0.71
Right 26 13 18 21
Left 73 34 52 55

Histological grade <0.01 0.07
Well 2 2 1 3
Moderate 83 32 59 56
Poor 14 8 10 17

CEA level 0.24 0.76
Normal 64 27 43 48
Elevated 35 20 27 28

Invasive depth 0.10 0.13
T, 23 7 17 13
Ts,s 76 40 53 13

Tumor diameter, cm <0.01 0.63
<4 41 9 23 27
>4 58 39 47 49

Node involvement 0.17 0.30
N, 59 24 41 41
N,., 40 23 28 35

Positive nodes number® 1.87+3.50 3.00+6.12 0.25 1.90+3.54 2.54+5.28 0.50

Distant metastasis 0.11 0.06
M, 92 41 66 67
M, 7 6 4 9

TNM stages 0.48 0.75
I+11 57 25 40 42
II+1V 42 22 30 34

Adjuvant therapies <0.01 0.11
Received 54 35 46 43
None 45 12 24 33

“Data are presented as mean = SD. NLR, neutrophil-to-lymphocyte ratio.

level, invasive depth, node involvement, distant metastasis and
pre-NLR were found to be significantly correlated with PFS.

Discussion

In this study, we found that a high NLR, either preoperative or
postoperative, was associated with poor prognosis for patients
with colorectal cancer (CRC) and that the ANLR was less
likely to be involved. Overall, patients with a low pre-NLR had
different prognoses after surgery, and a significantly prolonged

PFS was found in those in the low-low subgroup compared to
that in patients in the low-high subgroup; in contrast, patients
with a persistently high NLR had poor PFS even if the prog-
nosis changed after the surgery.

It has long been established that a high pretreatment NLR
is associated with poor prognosis in CRC, but debates are
still unresolved concerning the optimal cut-off points, and
there is heterogeneity in the pathological stages used across
study samples. In a curative scenario, Malietzis et al (23).
studied 506 nonmetastatic patients at a cut-off point of 3
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Figure 2. Effect of NLR on PFS. (A) Preoperative NLR. (B) Postoperative NLR. (C) Subgroups of NLR. “Log-rank=7.68, P<0.01; "Log-rank=0.02, P=0.90;
‘Log-rank=31.46, P<0.01. NLR, neutrophil-to-lymphocyte ratio; PFS, progression-free survival.

and found that a high NLR was correlated with some nega-
tive factors, including older age, higher T and N stages and
microvascular invasion, but a high NLR was only an inde-
pendent prognostic factor for disease-free survival (DFS)
and not overall survival (OS). Choi et al (12) performed a
study with 549 cases with a cut-off point of 2.6 and found a
similar association of a high NLR with older age; they also
found that a high NLR was linked to reduced recurrence-free
survival. In our study, we identified a high pre-NLR cut-off
value of 2.39, which was close to that identified in previous
results (24,25). Moreover, this point was maintained even
when stage IV disease was excluded (but with different AUC
values, data not shown).

The underlying explanation for the association of the
pretreatment NLR with the prognosis of CRC remains largely
unclear, but part of the reason is that the roles of neutrophils

and lymphocytes in cancer are highly complex (26,27).
Previous studies have indicated that a high NLR is associ-
ated with increased levels of interleukin-6 (IL-6), IL-8,
IL-2Ra, hepatocyte growth factor (HGF), macrophage-colony
stimulating factor (GM-CSF), and vascular epidermal growth
factor (VEGF) (28-30). Some of these cytokines, such as
IL-6 and IL-8, play an important role in cancer progres-
sion and treatment resistance (28-30). Additionally, a recent
study indicated that cancer dissemination can occur at a
very early stage in CRC (31); in such a scenario, these early
metastatic seeds could also contribute to the high NLR by
triggering systemic inflammation. Based on these results, it
is plausible that patients with a high NLR-related cytokine
profile have cancer cells with specific characteristics, such as
enhanced progression or proliferation, which could result in a
poor prognosis.



MOLECULAR AND CLINICAL ONCOLOGY 13: 63, 2020 5
Table II. Univariable and multivariable analysis of different parameters for progression-free survival in the patients.
Univariable Multivariable

Variable P-value HR 95% CI P-value HR 95% CI
Age, years

<60 Ref.

=60 0.55 1.18 0.70-1.99
Sex

Female Ref.

Male 0.94 0.98 0.56-1.70
Tumor location

Right Ref.

Left 0.30 1.40 0.74-2.65
Histological grade

Well Ref.

Moderate + poor 043 0.79 0.44-142
CEA level

Normal Ref. Ref.

Elevated <0.01 349 2.05-5.95 <0.01 2.77 1.58-4.85
Invasive depth

T, Ref.

Tsus <0.01 5.81 1.81-18.58
Tumor diameter, cm

<4 Ref.

=4 0.19 1.48 0.83-2.63
Node involvement

N, Ref. Ref.

Nio <0.01 301 1.75-5.16 <0.01 240 1.38-4.18
Positive nodes number <0.01 1.13 1.08-1.17
Distant metastasis

M, Ref. Ref.

M, <0.01 747 3.86-14.45 <0.01 3.56 1.78-7.11
TNM stages

I+10 Ref.

oI +1v <0.01 3.13 1.81-541
Adjuvant therapies

Received Ref.

None 0.02 048 0.27-0.87
Preoperative NLR

<2.39 Ref. Ref.

=2.39 <0.01 2.81 1.66-4.74 <0.01 2.78 1.61-4.79
Postoperative NLR

<2.96 Ref.
=296 0.04 1.75 1.02-3.00

CI, confidence interval; HR, hazard ratio; NLR, neutrophil-to-lymphocyte ratio.

Notably, it has been suggested that longitudinal tests of the
NLR are more meaningful for individual patients with CRC;
however, related reports are rare. Guo et al (20) explored the
prognostic role of the pre-NLR and ANLR in 135 patients
with CRC and found that both the pre-NLR and ANLR were

independent factors for OS but not DFS, but the role of the
post-NLR was not elucidated. Guthrie ef al (32) conducted a
study with 206 patients and found that a high pre-NLR and
high post-NLR were associated with poor CSS, but only the
pre-NLR was an independent prognostic factor. Our results
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are in line with the study (32). Nonetheless, the post-NLR
was previously reported to be an important prognostic factor
in many cancers, including gastric cancer (33), hepatocellular
carcinoma (34), renal cell carcinoma (35) and CRC (36), but
it was noted that it could be affected by many factors. For
example, a relatively high post-NLR was associated with
surgery-related stress. Stress induced by psychological
stressors such as surgery can lead to a high concentration
of corticosteroids (37), which can increase neutrophils and
impair the functions of lymphocytes (37,38). In contrast,
a relatively low post-NLR could be found in patients who
underwent adjuvant or first-line chemotherapy (39,40).
In our study, patients with a low pre-NLR who shifted
to a high post-NLR could present an obviously inferior
prognosis when compared to those who maintained a low
post-NLR, based on the aforementioned evidence (31,37,38),
it is plausible that surgery for these patients could induce a
high post-NLR, which could facilitate the outbreak of early
micrometastases and the germination of new lesions.

This study has many limitations: First, patients were divided
into four sub-groups according to the optimal cut-off points
as it was reported in previous studies (41,42), although some
other studies reported different taxonomy (43,44), however, the
meaning of such classification was greatly attenuated due to
the limited sample size in these sub-groups and could result
in biased conclusions; second, data relating to other important
prognostic factors such as microsatellite instability were not
available; and third, more prolonged tests of the post-NLR as
well as follow-up would have been required to validate the role
of the NLR for the patients.

Overall, our study indicated that a high pre-NLR and high
post-NLR predict poor prognosis for patients with colorectal
cancer; patients who maintained a low NLR had much better
survival.
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