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Abstract

Purpose As the role of systemic inflammation in cancer progression, the neutrophil-to-lymphocyte ratio (NLR) is easily
evaluated and predicts prognosis in solid cancers. However, the optimal cutpoint for NLR in colorectal cancer patients
remains unclear.

Methods This retrospective cohort study was based on the Chang Gung Research Database. Participants included colorectal
cancer patients who received operation and preoperative complete blood counts with differentiation from 2007 to 2017. The
cutpoint of NLR was calculated by SAS macro (%FINGCUT).

Results A total of 16,990 colorectal patients were included, and 4961 (29.1%) were identified as the high NLR group
(=3.59). Poor clinical characteristics were significantly predominant in the patients with high NLR. The patients with
high NLR were associated with worse 5-year disease-free survival and overall survival (p <0.0001). Multivariate Cox
regression survival analysis still showed poor 5-year disease-free survival (HR=1.319, p <0.0001) and overall survival
(HR=1.611, p<0.0001) in the high NLR group after adjustment. Patients with high NLR and hypoalbuminemia had
the worst disease-free survival and overall survival (p <0.0001). In subgroup analysis, stage II colon cancer patients
with low NLR had better survival than those with high NLR (p < 0.0001). The hazard ratios of without chemotherapy
in disease-free survival and overall survival were higher in the patients with high NLR.

Conclusions High NLR was associated with worse clinical characteristics and an independent predictor of poor survival.
After adjuvant chemotherapy for stage II colon cancer, more benefits of improving survival were demonstrated in the patients
with high NLR.
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Introduction

The connection between inflammation and carcinogenesis
has been well-discussed [1, 2]. The strong association is
the evidence of colorectal cancer developing from inflam-
matory bowel disease [3, 4]. The cytokines linking inflam-
mation and cancer stimulate the bone marrow to increase
the number of neutrophils [5, 6] and inhibit circulating
cytotoxic lymphocyte [7], which reflect elevated neutro-
phil-lymphocyte ratio (NLR) serving as a biomarker of
systemic inflammation in colorectal cancer.

Among colorectal cancer patients, high NLR was inves-
tigated as an adverse prognostic predictor of survival anal-
yses [8—10]. However, the optimal cutoff point of NLR
still remains unclear based on the published studies of
relatively limited sample sizes, using either median values
or receiver operating characteristic analysis [11]. The cor-
relation between NLR and nutrition markers [12, 13] and
the role of NLR in the decision of postoperative adjuvant
chemotherapy for stage II colorectal cancer patients [14,
15] were seldom discussed.

The incidence of colorectal cancer ranks third in the
USA and global cancer survey [16, 17]; however, it is
the most common cancer in Taiwan for years [18]. In
this study, we used the Chang Gung Research Database
(CGRD), a multi-institutional database of Taiwan [19], to
demonstrate the exact and specific role of NLR in predict-
ing the prognosis of colorectal cancer patients.

Material and methods
Study design and participants

This study was approved by the Chang Gung Medical
Foundation Institutional Review Board. Based on the
multi-institutional Chang Gung Research Database [19],
patients with colorectal cancer who underwent surgical
resection were enrolled from 2007 to 2017. Clinicopatho-
logical features including age, gender, body mass index
(BMI), preoperative blood tests, American Joint Com-
mittee on Cancer (AJCC) TNM stage, chemotherapy, and
survival were recorded. Hypoalbuminemia was defined
as if serum albumin level was less than 3.5 g/dl [20].
Disease-free survival was defined as the length of sur-
vival without any clinical evidence of residual colorectal
cancer. The protocol of chemotherapy was based on the
National Comprehensive Cancer Network (NCCN) guide-
lines and monitored by the Cancer Center of Chung Gung
Memorial Hospital. The STROBE checklist was finished
(Supplementary).

@ Springer

Cutpoint of neutrophil-lymphocyte ratio

Neutrophil-lymphocyte ratio (NLR) was calculated from
preoperative routine complete blood counts (CBC) with dif-
ferentiation. The patients without available NLR data were
excluded. An SAS macro (%FINGCUT) [21, 22] was used
to investigate the clinically significant cutpoint of NLR in
the survival analyses. After calculation, the cutpoint of NLR
was defined as 3.59.

Statistical analyses

An unpaired #-test was computed for the continuous varia-
bles. A chi-square test was performed for univariate analysis.
Kaplan—Meier curves were used to visualize the differences
between groups for 5-year disease-free survival and overall
survival of the patients, and the significance was calculated
using a log-rank test. Multiple linear regression was applied
for collinearity diagnostics, and variance inflation factors
were calculated between the variables and NLR. Multivari-
ate Cox regression survival analysis was used to compute
hazard ratios and interaction between clinical factors. Pear-
son correlation was calculated for the relationship of two
continuous variables. Statistical significance was set at a p
value of <0.05. All analyses were performed using Prism 6
and SPSS version 24.

Results

Clinicopathological characteristics of the study
population

Among the total of 16,990 colorectal patients included in the
study, 4961 (29.1%) were identified as the high NLR group
according to the cutoff point (3.59). The differences in clini-
cal characteristics between low and high NLR are shown
in Table 1. Patients with high NLR were more likely to be
older, male, and had less body mass index, hemoglobin,
albumin, and prealbumin. High CEA (carcinoembryonic
antigen) and PLR (platelet-lymphocyte ratio), advanced
stage, and more chemotherapy were also significantly noted
in the high NLR group (p <0.001).

NLR and survival outcome

In the univariate analysis, 5-year disease-free survival
rates were 44.7% in the high NLR group and 68.1% in the
low NLR group (hazard ratio, 2.085; 95% CI, 1.969-2.207,
p <0.0001) (Fig. 1A). Overall survival rates at 5 years
were 50.1% in patients with high NLR and 73.6% in
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Table 1 Clinicopathological

characteristic of colorectal

cancer patients stratified by the

NLR group

>

100+

80+

401
201

Disease free survival fraction

Characteristic

Low NLR (<3.59) High NLR (>3.59) p value
(N=12,029) (N=4961)
Age, mean (SD), years 63 (12.6) 65 (14.3) <0.0001
Gender, No. (%) <0.0001
Male 6686 (55.6) 2914 (58.7)
Female 5343 (44.4) 2047 (41.3)
BMI, mean (SD) 24.51 (3.9) 23.23 (3.92) <0.0001
Hemoglobin, mean (SD) 12.56 (1.97) 11.62 (2.15) <0.0001
Albumin, mean (SD) 4.08 (0.5) 3.58 (0.71) <0.0001
Prealbumin, mean (SD) 16.13 (6.26) 13.40 (6.39) <0.0001
CEA, mean (SD) 22.87 (425.72) 76.15 (716.85) <0.0001
PLR, mean (SD) 1.38 (0.61) 2.98 (2.6) <0.0001
TNM stage, No. (%) <0.0001
0 980 (8.1) 223 (4.5)
I 2656 (22.1) 505 (10.2)
I 3114 (25.9) 1538 (31)
I 3758 (31.2) 1502 (30.3)
1A% 1521 (12.6) 1193 (24)
Chemotherapy, No. (%) 5490 (47.8) 2460 (54) <0.0001

BMI body mass index, CEA carcinoembryonic antigen, PLR platelet-lymphocyte ratio, TNM stage Ameri-
can Joint Committee on Cancer (AJCC) TNM system
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Fig. 1 Kaplan—Meier plots of 5-year survival in colorectal cancer. Significant difference was noted between the patients’ groups stratified by the
neutrophil-lymphocyte ratio (NLR) in disease-free survival (A) and overall survival (B)

those with low NLR (HR, 2.423; 95% CI, 2.272-2.584;
p <0.0001) (Fig. 1B). In subgroup analyses divided by
stage, high NLR was also associated with poor 5-year

disease-free and overall survival from stage 0 to IV (Sup-
plementary Figs. 1 and 2). Multivariate Cox regression
survival analysis showed poor 5-year disease-free survival

Table 2 Multivariate Cox regression survival analysis of high NLR for 5-year disease-free survival and overall survival after adjustment

5-year survival Hazard ratio 95% CI
Disease-free survival 1.319 1.176-1.48 <0.0001
Overall survival 1.611 1.413-1.838 <0.0001

Adjusted factors: age, gender, BMI, hemoglobin, hypoalbuminemia, CEA, PLR, TNM stage, and chemotherapy
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(HR=1.319, p<0.0001) and overall survival (HR=1.611,
p<0.0001) in the high NLR group after adjusting for age,
gender, BMI, hemoglobin, hypoalbuminemia, CEA, PLR,
TNM stage, and chemotherapy (Table 2).

NLR and hypoalbuminemia

As observed from the survival Kaplan—Meier curve (Fig. 2),
patients with NLR of less than 3.59 and no hypoalbumine-
mia survived the longest, whereas patients with NLR of
3.59 or greater than 3.59 and hypoalbuminemia had the
worst disease-free survival and overall survival (log-rank
p<0.0001). A negative correlation was significantly noted
between NLR and albuminemia in colorectal cancer survival
analysis (r=—0.32, p<0.0001).

NLR and chemotherapy

In subgroup analysis, the patients with stage II colon can-
cer (n=3116) were selected and divided into four groups
using NLR and chemotherapy. The Kaplan—Meier curve
(Fig. 3) demonstrated that patients with low NLR (< 3.5)
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had still better 5-year disease-free survival and overall
survival than those with high NLR (> 3.5) (p <0.0001).
The hazard ratios of without chemotherapy were signifi-
cantly higher in the high NLR group than those in the low
NLR group regardless of disease-free survival or overall
survival (Table 3).

Discussion

To our knowledge, this is the largest retrospective cohort
study to evaluate the association between preoperative NLR
and the survival prognosis of colorectal cancer patients
receiving surgical intervention. High NLR was demonstrated
as an independent, adverse prognostic predictor for disease-
free and overall survival. It was also associated with nutri-
tion marker and high-risk evaluation about further adjuvant
chemotherapy for stage II colorectal cancer patients.

Our finding and most prior studies consistently showed
high NLR was associated with poor survival in colorectal
cancer patients, although some study did not conclude the
same result [23, 24]. Some published literature enrolled
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Fig.2 Kaplan—Meier plots of 5-year survival in colorectal cancer. Significant difference was noted between the patients’ groups stratified by
NLR and hypoalbuminemia in disease-free survival (A) and overall survival (B)
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Fig.3 Kaplan—Meier plots of 5-year survival in colorectal cancer. Significant difference was noted between the patients’ groups stratified by the
neutrophil-lymphocyte ratio (NLR) and chemotherapy in disease-free survival (A) and overall survival (B)
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Table 3 Multivariate Cox

. ! . 5-year survival NLR Hazard ratio* 95% CI p value
regression survival analysis
Zf Chem?therapy ‘forl 5-Y;ar ,  Discase-free survival Crude High 1.875 1.498-2.346 <0.0001
e lrﬁf;v;:g LR, Low 1.401 1.121-1.751 0.003
patients Adjusted** High 1.497 0.924-2.425 0.101
Low 1.157 0.766-1.747 0.49
Overall survival Crude High 1.875 1.498-2.346 <0.0001
Low 1.664 1.275-2.17 <0.0001
Adjusted** High 1.872 1.039-3.37 0.037
Low 1.052 0.631-1.751 0.847

“Without chemotherapy, reference: with chemotherapy

**Adjusted factors: age, gender, BMI, hemoglobin, hypoalbuminemia, CEA, and PLR

only the patients with specific stages [9, 25-29]. The stud-
ies including all stages of patients did not show the indi-
vidual predictor role of NLR in each stage [13, 30-36] or
only identified NLR as an associated survival risk factor
in some stages [37].

There was no uniform cutpoint for NLR to divide the
colorectal cancer patients into high and low NLR groups in
survival analyses. In the published literature, the methods
used to determine the cutpoint included receiver operat-
ing characteristic (ROC) [25, 27, 33, 37-45], referring to
previous reports [26, 28, 46—48], mean of NLR, [49], and
X-tile program [50, 51]. The optimal cutpoint for survival
analyses must statistically provide the threshold value of
the continuous covariates in events (death or recurrence)
and time. In this study, we applied %FINDCUT SAS
macro [21, 52] developed from the Contal and O’Quigley’s
approach [53] using log-rank statistics to demonstrate a
cutpoint when a significant difference between groups in
survival measured as time-to-event is identified. Exact
dichotomization of a continuous variable into groups,
which is based on a large sample size and optimal cut-
point, improves predictive valve for interpretation and
treatment decision-making in medical practice. Further
studies are necessary to standard cohort cutpoint of NLR
in survival analyses.

Serum albumin level serves as a marker not only of nutri-
tional status but also of systemic inflammation. Patients with
higher NLR had lower serum albumin level [54], consistent
with the findings of this study. Hypoalbuminemia was an
independent risk factor of myopenia [55], associated with
sarcopenia which predicted the worst survival in nonmeta-
static colorectal cancer with co-occurrence of high NLR [54]
and cytokine (interleukin-23) [56]. In this study, compared
patients classified according to NLR and hypoalbuminemia,
disease-free and overall survival were also poor in the group
with both elevated NLR and hypoalbuminemia.

The mechanisms associated with the prognostic effect
of NLR in colorectal cancer had been studied. A high

NLR correlates with many kinds of cytokines, including
interleukin 6 (IL-6), IL-8, and growth factors, which are
related to key biological processes involved in carcino-
genesis [46]. NLR was associated with pro-inflammatory
cytokines and used as a simple measure of the systemic
inflammatory response which activated intracellular
pathways like NF-kB and affected tumor growth and
progression [57]. On the other hand, increasing tumor-
infiltrating lymphocytes seemed to be associated with
represented cytotoxic lymphocyte aggregation and had
better outcomes [58]. The future study combining the
inflammation process with tumor-infiltrating lympho-
cytes would offer more comprehensive valuable infor-
mation and insights in the role of NLR and colorectal
cancer prognosis.

For stage II colon cancer, high-risk factors associated
with recurrence and survival have been identified and used
as the guideline for decision-making of adjuvant chemother-
apy [14]. Not all high-risk features have the similar survival
benefit from adjuvant chemotherapy [59]. We demonstrated
that adjuvant chemotherapy increased more survival benefits
in the patients with high NLR compared to those with low
NLR. Further studies are needed to confirm NLR as high
risk when recommending adjuvant chemotherapy in stage
II colon cancer patients.

Several limitations should be considered in this database
research. First, the retrospective study was based on routine
clinical practice and laboratory test results. Some kinds of
markers of systemic inflammation, like C-reactive protein,
were not available in all patients and therefore used in this
study. Second, some variables including infection and post-
chemotherapy neutropenia have not been recorded in our
study. Third, the database only included the patients treated
in Taiwan. Our conclusions may not be applied generally to
other populations with different treatment guidelines and
racial backgrounds. Additionally, the type and the cycles of
the chemotherapy regimen administered were not included
in this analysis.
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Conclusion

Our findings confirmed that high NLR was associated with
poor outcomes in survival analyses of colorectal cancer
patients. Postoperative adjuvant chemotherapy for stage II
colon cancer brings more benefits of improving survival to
the patients with high NLR. NLR would be a simple and war-
ranted method to stratify the patients for tailored treatments.
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