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Background: High circulating neutrophil-lymphocyte ratio (NLR) appears to be prognostic in metastatic colorectal cancer (mCRC).
We investigated the relationship of NLR with circulating cytokines and molecular alterations.

Methods: We performed retrospective analyses on multiple cohorts of CRC patients (metastatic untreated (n¼ 166), refractory
metastatic (n¼ 161), hepatectomy (n¼ 198), stage 2/3 (n¼ 274), and molecularly screened (n¼ 342)). High NLR (ratio of absolute
neutrophil-to-lymphocyte counts in peripheral blood) was defined as NLR45. Plasma cytokines were evaluated using multiplex-
bead assays. Kaplan–Meier estimates, non-parametric correlation analysis, and hierarchical cluster analyses were used.

Results: High NLR was associated with poor prognosis in mCRC (hazard ratio (HR) 1.73; 95% confidence interval (CI):1.03–2.89;
P¼ 0.039) independent of known prognostic factors and molecular alterations (KRAS/NRAS/BRAF/PIK3CA/CIMP). High NLR
correlated with increased expression of interleukin 6 (IL-6), IL-8, IL-2Ra, hepatocyte growth factor, macrophage-colony stimulating
factor, and vascular epidermal growth factor in exploratory (n¼ 39) and validation (n¼ 166) cohorts. Fourteen additional cytokines
correlated with high NLR in the validation cohort. All 20 cytokines fell into three major clusters: inflammatory cytokines, angiogenic
cytokines, and epidermal growth factor ligands. In mCRC, composite stratification based on NLR-cytokine score provided
enhanced prognostic information (HR 2.09; 95% CI: 1.59–2.76; Po0.001) over and above NLR.

Conclusions: High NLR is an independent poor prognostic marker in CRC and correlates with a distinct cytokine profile related to
key biological processes involved in carcinogenesis. A composite NLR-cytokine stratification has enhanced prognostic value in
mCRC.

Cancer-related inflammation, as either cause or consequence of
tumourigenesis, is increasingly recognised as a critical multi-
faceted player in tumour initiation, growth, and progression

(Mantovani et al, 2008; Colotta et al, 2009). Evidence supports the
notion of an inflammatory tumour microenvironment in
orchestrating diverse biological processes involved in carcinogenesis
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(Grivennikov et al, 2010). A number of tumour-associated
inflammatory cells and cancer-specific cytokines play a pivotal
effector role in pro-oncogenic biology (Colotta et al, 2009; Lippitz,
2013). Consequently, extensive research interest is focused on
defining and targeting the molecular mechanisms underlying the
complex interplay between cancer and inflammation (Coussens
et al, 2013).

Cancer-related inflammation appears to be a hallmark of CRC
as evidenced by the increased risk of CRC in the setting of chronic
bowel inflammation (Ekbom et al, 1990). Additionally, immune
scores derived from intratumoural immune infiltrates have strong
prognostic impact in CRC (Mlecnik et al, 2011). The driving role of
inflammation in CRC is further supported by the reduction in the
incidence of CRC and death from CRC in patients taking anti-
inflammatory drugs (Rothwell et al, 2010). Genomic instability and
DNA damage induced by chronic inflammation helps to promote
colorectal carcinogenesis (Meira et al, 2008; Yan et al, 2009).
Tumour-associated macrophages and several cytokines (e.g.,
interleukin 6 (IL-6), IL-8) are also implicated in the initiation
and progression of CRC (Rubie et al, 2007; Knupfer and Preiss,
2010; Erreni et al, 2011). Cancer-related inflammation and
associated systemic inflammatory response have therefore emerged
as critical elements governing clinical behaviour of CRC. Multiple
inflammatory markers, such as C-reactive protein, and fibrinogen
have demonstrated prognostic value in patients with CRC (Koike
et al, 2008; Son et al, 2013). Cumulative inflammation-based
prognostic scores such as the modified Glasgow prognostic score,
based on the levels of C-reactive protein and albumin have been
validated in CRC patients undergoing multimodality therapy
(Inoue et al, 2013).

The circulating neutrophil-lymphocyte ratio (NLR) is derived
from the absolute neutrophil and lymphocyte count obtained from
routine complete blood count with differential. Neutrophil-
lymphocyte ratio reflects a systemic inflammatory response and
is a readily available and a reliable prognostic marker in multiple
tumour types, including CRC (Absenger et al, 2013; Guthrie et al,
2013a; Paramanathan et al, 2014). Elevated NLR has been
associated with adverse clinicopathological factors and poor
survival outcomes in CRC (Guthrie et al, 2013a; Paramanathan
et al, 2014). Furthermore, normalisation of NLR after chemother-
apy prior to resection predicts better survival after hepatectomy
indicating a predictive role of this marker (Kishi et al, 2009).
Clinically, however, the utility of NLR is restricted because of the
variable cut-offs used and the less than robust consistent
prognostic impact seen in these heterogeneous studies (Guthrie
et al, 2013a). It has also been proposed that combining multiple
inflammatory markers could result in an incremental improvement
in the prognostic value of existent inflammation-based scoring
systems (Proctor et al, 2013).

Very little is known about the underlying biology of this subset
of patients presenting with an elevated NLR. Circulating cytokines
through complex regulatory effects play a key role in determining
tumour biology by modulating tumour microenvironment. Emer-
ging data have shown association between cytokines in the
inflammatory tumour microenvironment, elevated NLR, and poor
survival outcomes (Motomura et al, 2013). Evidence has also
revealed that complex cytokine alterations accompanying CRC
associate with markers of systemic inflammatory response
(Kantola et al, 2012; Lippitz, 2013).

On the basis of these considerations, we performed retrospective
analyses to validate the prognostic significance and cut-off of
elevated NLR in different clinical settings of CRC. The intent was
to evaluate the plausible pathophysiology of this biomarker by
identifying the cytokine profile characteristic of this subset of CRC
patients. Furthermore, we evaluated the prognostic value of a
composite NLR-cytokine stratification in the prediction of overall
survival (OS) of patients with metastatic CRC (mCRC).

MATERIALS AND METHODS

Study population and data collection. We performed retro-
spective analyses of 1180 patients with CRC who were evaluated
and treated at The University of Texas MD Anderson Cancer
Center in Houston, Texas. Tumour and blood samples were
collected under institutional review board-approved protocols. All
patients were divided into six distinct cohorts. Cohort 1 (hereafter
referred to as exploratory cohort) consisted of previously untreated
mCRC patients (n¼ 39) recruited between January 2005 and
January 2007, and treated in a phase II study (Kopetz et al, 2010);
this group was used as an exploratory cohort. Cohort 2 (hereafter
referred to as validation cohort), included 166 patients with
previously untreated mCRC, recruited from April 2004 to
December 2008; this group was used as the validation cohort.
Cohorts 3 (n¼ 161) (hereafter referred to as refractory cohort) and
4 (n¼ 198) (hereafter referred to as liver-resection cohort)
comprised mCRC patients whose cancers were refractory to
standard therapies (participants of phase 1 clinical trials: April
2005 to December 2009) or who had resected liver-limited disease
(received perioperative chemotherapy: August 2002 to February
2006), respectively. Cohort 5 (n¼ 274) (hereafter referred to as
stage II/III cohort) included patients with resected stage II/III
disease recruited from July 2000 to November 2008. Cohort 6
(hereafter referred to as ATTACC cohort) included an additional
342 with treatment refractory mCRC patients enrolled on the
ATTACC (Assessment of Targeted Therapies Against Colorectal
Cancer) (Supplementary Data) protocol, and was screened for
KRAS, NRAS, BRAF, PIK3CA mutations, PTEN loss, and CpG
island methylation (CIMP) between June 2010 and June 2013; it
used to evaluate the association of NLR and molecular alterations.
Clinical demographics and baseline characteristics, including age,
sex, performance status, TNM stage, tumour location, lactate
dehydrogenase level, complete blood count with differential, and
survival time from diagnosis, were collected using the MD
Anderson Cancer Center CRC database and chart review.

Neutrophil-lymphocyte ratio. Neutrophil-lymphocyte ratios were
calculated retrospectively from the ratio of peripheral blood
absolute neutrophil and lymphocyte counts at baseline. For
cohorts 1, 2, 4, and 5, NLRs were calculated using counts at or
near diagnosis prior to initiation of therapy. For cohort 3, NLRs
were computed from counts prior to phase I study enrolment.
Using a previously determined cut-off from other studies, patients
were segregated into those with a low NLR (p5) and those with a
high NLR (45) (Kishi et al, 2009). Additionally, we performed a
separate analysis to determine whether 5 was the optimal cut-off to
use for NLR. For this, area under the curve for HRs and 95%
confidence intervals (CIs) corresponding to different NLR values
were compared in the validation cohort.

Plasma sample collection and analysis. Cytokine profiling to
determine plasma cytokine levels encompassed the exploratory
cohort (cohort 1) and validation cohort (cohort 2) patients.
Plasma cytokine levels were assessed using multiplex bead
assay (Bio-Rad Laboratories, Hercules, CA, USA and EMD,
Bioscience Research Reagents, Temecula, CA, USA) as previously
described (Kopetz et al, 2010). Epidermal growth factor assays were
incorporated to evaluate the interaction of NLR with EGFR ligand
levels. Plasma samples were drawn and collected in ethylenedia-
minetetraacetic acid tubes and centrifuged at 2800 r.p.m. for
10min at � 22 1C. Sample aliquots were placed into 0.5-ml
cryovials and stored at � 70 1C to � 80 1C until analysis. Plasma
samples (in 500-ml aliquots) were thawed in parallel and each used
for suspension bead multiplex assays. Levels of 42 (exploratory
cohort) and 51 (validation cohort) cytokines were measured by
suspension multiplex bead assays and were analyzed per the
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manufacturers’ directions. Cytokine concentrations from all
samples were analyzed in the same multiplex bead suspension
arrays in triplicate to minimise interexperimental variability. For
each individual sample, the analysis was repeated if the coefficient
of variance was o25%. Plasma samples from 15 patients without
cancer from the validation cohort were run as controls. Please note
that we have all circulating markers that were assessed are
collectively referred to as cytokines for simplicity but include
chemokines, growth factors, soluble receptors, and others.

Composite NLR-cytokine stratification. Cytokines that signifi-
cantly correlated with NLR were selected and a cytokine score (CS)
was calculated as the sum of the Z-scores of this given cytokine set
for individual patients (individual Z-score was calculated as the
difference of the average and individual cytokine level divided by
standard deviation of log2-transformed value). Using the CS,
patients were dichotomised into those with high CS and low CS
using the median value as cut-off. A composite stratification was
then created using NLR and CS. All patients were categorised by
the combination of NLR and CS into three groups: a high NLR-CS
group (high CS and NLR), an intermediate NLR-CS group (high
CS with low NLR or low CS with high NLR), and a low NLR-CS
group (low CS and low NLR).

Statistical methods. The primary endpoint of the study was to
compare the OS between the high NLR and low NLR group of
patients with mCRC. The OS and corresponding censoring were
computed in months from diagnosis to death for each patient.
Additionally, disease-free survival was computed for liver-resection
patients and was defined as the interval between hepatectomy and
recurrent disease. Median OS, 3-year OS, and disease-free survival
were estimated non-parametrically using the Kaplan–Meier
method and compared by the log-rank test. Cox proportional
hazards and linear regression model was performed to identify
prognostic factors in univariate and multivariate analysis. The
Fisher’s exact test was used to determine the association between
NLR and molecular alterations. The Wilcoxon rank-sum test was
used to estimate the differences in cytokine expression between the
two NLR groups. Owing to variable cytokine levels, NLR and
cytokine expression levels were log2-transformed to render the
data set symmetric. Subsequently, supervised hierarchical cluster
analysis was performed to determine clusters between NLR and
cytokines with significant differential expression. Correlations
between NLR and cytokines were assessed by Pearson analysis
and set the order for cytokines in a coherence heatmap plot on the
basis of orders of clusters identified in the hierarchical cluster
analysis.

A P-value less than 0.05 was considered statistically significant
in two-sided non-parametric tests. For multiple comparisons in the
correlation analyses of cytokines and NLR, we adjusted the P-value
boundary using the Bonferroni method to control for experiment-
wise error rate.

RESULTS

Baseline characteristics. The median age at presentation was 56.9
years (range, 26–79 years). Table 1 summarises the baseline patient
characteristics, which were, overall, well-balanced between the high
and low NLR groups in both the exploratory and the validation
cohorts. Patients with high NLR were more likely to have lactate
dehydrogenase levels above the upper limit of normal (75% vs 33%;
P¼ 0.035), lower performance status (75% vs 37%; P¼ 0.040) and
leukocyte counts greater than 11 000ml� 1 (42% vs 4%; P¼ 0.007)
in the exploratory cohort. Similar differences were also seen in the
validation cohorts.

Neutrophil-lymphocyte ratio and molecular alterations. Among
the 342 patients in cohort 6, KRAS, NRAS, BRAF, PIK3CA
mutations, PTEN loss, and CIMP testing was successfully
performed on 342 (100%), 201 (59%), 281 (82%), 229 (67%), 272
(79%), and 310 (90%) patients, respectively. In the screened cases,
KRAS, NRAS, BRAF, PIK3CA mutation, PTEN loss, and CIMP-
high phenotype was seen in 52.6%, 7.5%, 7.5%, 19.2%, 11.8%, and
21.6% cases, respectively. There was no statistically significant
association between NLR and mutations in KRAS (odds ratio (OR)
0.98; 95% CI: 0.57–1.69; P¼ 1.000), NRAS (OR: 0.64; 95% CI:
0.14–2.97; P¼ 0.741), BRAF (OR: 0.70; 95% CI: 0.19–2.47;
P¼ 0.775), or PIK3CA (OR: 0.95; 95% CI: 0.41–2.23; P¼ 1.000).
Similarly, there was no association of NLR with PTEN loss (OR:
1.06; 95% CI: 0.41–2.73; P¼ 1.000) or CIMP (OR: 1.46; 95% CI:
0.76–2.79; P¼ 0.291) (Figure 1).

Neutrophil-lymphocyte ratio validation as a prognostic factor in
diverse CRC cohorts and cut-off optimisation. In the analysis to
corroborate the optimal cut off value of NLR, comparison among
the multiple NLR cut-offs confirmed that the previously reported
cut-off value of 5 was associated with the most optimal HR
(Supplementary Figure 1).

In all settings of mCRC, patients with high NLR had worse
median OS than patients with low NLR, as seen in the validation
cohort (15.3 months vs 34.2 months) and refractory cohort (3.7
months vs 9.0 months). This difference in median OS was
statistically significant in both groups, with HR of 2.74 (95% CI:
1.75–4.30; Po0.001) and 2.15 (95% CI: 1.49–3.11; Po0.001) in
validation and refractory cohorts, respectively. Similarly, median
disease-free survival and 3-year OS were lower in patients with
high NLR (9.5 months and 8%) than in those with low NLR (13.3
months and 38%) in liver-resection cohort (HR 1.83; 95% CI: 1.14–
2.93; P¼ 0.010). The 3-year OS was worse in patients with high
NLR (75%) than in those with low NLR (90%) in stage II/III cohort
(HR 2.37; 95% CI: 1.1–5.1; P¼ 0.023). These survival estimates and
Kaplan–Meier curves are shown in Figure 2 (Supplementary
Table 1). In further exploratory analyses of individual components
of NLR, that is, neutrophil count and lymphocyte count, we found
that high neutrophil counts alone provided most of the prognostic
information contained in the NLR but that absolute lymphocyte
levels were also prognostic and/or added to the prognostic ability
of the neutrophil count in most of the cohorts (Supplementary
Figure 2 and 3).

Table 2 summarises the results of the univariate and multi-
variate analyses that were performed on patients in cohort 2.
Multiple metastatic sites (X1), elevated lactate dehydrogenase
(Xupper limit of normal), elevated total leukocyte count
(X11 000 ml� 1), poor performance status, and high NLR were
predictive of worse OS in univariate analysis. On multivariate
analysis, multiple metastatic sites and elevated lactate dehydro-
genase continued to be significantly associated with poor OS. High
NLR was found to be independently associated with a higher risk
of death, after adjustment for other variables (HR 1.73; 95% CI:
1.03–2.89; P¼ 0.039).

Differential cytokine expression in exploratory and validation
cohorts. Table 3 summarises the results of cytokine analysis in
exploratory and validation cohorts. Six cytokines were expressed at
significantly higher levels in the high NLR group than in the low
NLR group in the exploratory cohort. These exploratory cohort
cytokines included (IL-6, IL-8, IL-2Ra, hepatocyte growth factor
(HGF), macrophage-colony stimulating factor (or colony stimulat-
ing factor 1 receptor, M-CSF or CSF-1), and vascular epidermal
growth factor A (VEGF-A)). These results were validated in the
validation cohort.

An additional 13 cytokines were found to be significantly
elevated in the high NLR group in the validation cohort
(chemokine (C-X-C motif) ligand 1 (CXCL1 or GROa); IL-18;
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IL-12; macrophage migration inhibitory factor (MIF); chemokine
(C-C motif) ligand 4 or macrophage inflammatory protein-1b
(CCL4 or MIP-1b); C-type lectin domain family 11, member A or
stem cell growth factor-b (CLEC11A or SCGF-b) and EGF;
transforming growth factor-a (TGF-a); heparin-binding EGF-like
growth factor (HB-EGF); amphiregulin (AREG); epiregulin
(EREG); intercellular adhesion molecule-1 (ICAM-1); and tenas-
cin-C). The only cytokine expressed at significantly higher levels in
the low NLR group compared with the high NLR group was TNF-
related apoptosis-inducing ligand (TRAIL), also known as CD253
or tumour necrosis factor superfamily, member 10 (TNFSF10).
The proportional change in the 20 differentially expressed
cytokines is shown in Supplementary Figure 4. Nineteen of the
20 cytokines with the exception of TRAIL showed high expression
in patients with high NLR.

Supervised hierarchical clustering analysis of cytokines and
correlation with NLR. The subset of 20 cytokines helped identify
clusters that reflect the tumour biology underpinnings of elevated
NLR. Three major clusters were generated by supervised
hierarchical clustering analyses and a coherence matrix represent-
ing separate functional orders as follows: angiogenic cytokines (IL-
6, IL-8, IL-12, and VEGF-A), pro-inflammatory cytokines (GROa,
IL-2Ra, HGF, MIF, IL-18, and SCGF-b) and epidermal growth
factor ligands (AREG, EGF, HB-EGF, EREG, and TGF-a). The
expression heatmap and coherence heatmap based on the
coefficient matrix of the Spearman correlation are shown in
Supplementary Figure 5.

We then calculated the statistical correlations between the 20
cytokine panel and NLR using Spearman correlation analyses
(P-value adjusted for multiple comparisons). Eleven cytokines (HGF,

IL-6, IL-8, IL-18, IL-2Ra, GROa, ICAM-1, SCGF-b, MIP-1b,
tenascin-C, and AREG) exhibited positive correlations with high
NLR that were highly significant (Pp0.001). TRAIL showed a
negative correlation with high NLR that was highly significant
(Pp0.001; Supplementary Tables 2 and 3).

Composite NLR-cytokine stratification. To assess the prognostic
impact of cytokine profile and the incremental benefit in addition
to the NLR, we evaluated the prognostic implication of the CS and
the composite NLR-cytokine stratification (Figure 3). Dichoto-
mised CS (cut-off: median value of CS) was prognostic for OS, and
patients having high CS showed worse median OS (17.2 months)
than patients with low scores (40.0 months) (HR 2.29; 95% CI:
1.51–3.48; Po0.001). The combined NLR-CS-based stratification
segregated the cohort into three distinct prognostic groups, with
median OS of 40.2 months, 26.4 months, and 8.9 months in the
low-, intermediate-, and high-risk groups, respectively (HR 2.09;
95% CI: 1.59–2.76; Po0.001). These OS data indicate the
prognostic value of NLR-CS-based stratification.

DISCUSSION

Cancer-related inflammation is a pro-oncogenic influence resulting
from an intricate tumour–host interface that is progressively being
recognised as a hallmark of carcinogenesis (Mantovani et al, 2008;
Colotta et al, 2009). This localised and systemic inflammatory
milieu is a crucial determinant of tumour biology (Mantovani et al,
2008; Grivennikov et al, 2010). Multiple inflammatory markers are
emerging as surrogate biomarkers for this cancer-related systemic
inflammatory response, and prognostic indicators in CRC patients

Table 1. Baseline patient characteristics in exploratory and validation cohorts

Exploratory cohort (cohort 1) Validation cohort (cohort 2)

Variables
Total
N (%)

NLRp5
N (%)

NLR45
N (%)

Fisher
P-value

Total
N (%)

NLRp5
N (%)

NLR45
N (%)

Fisher
P-value

All patients (N) 39 27 12 — 166 126 40 —

Median age (years) (range) 56.8 (26–78) 56 (34–75) 58 ( 26–78) — 57 (30–79) 56.5 (30–79) 58 (30–72) —

Sex
Male 24 (62) 16 (60) 8 (67) 0.730 96 (58) 73 (58) 23 (58) 0.960
Female 15 (38) 11 (40) 4 (33) 70 (42) 53 (42) 17 (42)

Race/ethnicity
White 32 (82) 21 (78) 11 (92) 1.000 124 (75) 96 (76) 28 (70) 0.200
Black 2 (5) 2 (7) 0 (0) 20 (12) 12 (10) 8 (20)
Hispanic 5 (13) 4 (15) 1 (8) 16 (10) 14 (11) 2 (5)
Others — — — 6 (3) 4 (3) 2 (5)

ECOG performance status
0 20 (51) 17 (63) 3 (25) 0.040 58 (35) 48 (38) 10 (25) 0.045
1 19 (49) 10 (37) 9 (75) 74 (45) 55 (44) 19 (47)
2 — — — 24 (14) 19 (15) 5 (13)
3 — — — 10 (6) 4 (3) 6 (15)

Primary site
Colon 28 (72) 20 (74) 8 (67) 0.140 108 (65) 79 (63) 29 (72) 0.480
Recto-sigmoid 4 (10) 1 (4) 3 (25) 28 (17) 22 (17) 6 (15)
Rectum 7 (18) 6 (22) 1 (8) 30 (18) 25 (20) 5 (13)

Metastatic sites (number)
o1 9 (23) 8 (30) 1 (8) 0.230 90 (54) 72(57) 18 (45) 0.180
X1 30 (77) 19 (70) 11 (92) 76 (46) 54 (43) 22 (55)

Leukocyte count
o11000 ml�1 33 (85) 26 (96) 7 (58) 0.007 132 (80) 114 (90) 18 (45) o0.01
X11000 ml�1 6 (15) 1 (4) 5 (42) 34 (20) 12 (10) 22 (55)

Lactate dehydrogenase
oUpper limit of normal 21 (54) 18 (67) 3 (25) 0.035 92 (55) 83 (66) 9 (23) o0.01
XUpper limit of normal 18 (46) 9 (33) 9 (75) 71 (43) 40 (32) 31 (77)
Abbreviations: ECOG¼European Cooperative Oncology Group; NLR¼ neutrophil-lymphocyte ratio.
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(Koike et al, 2008; Son et al, 2013; Li et al, 2014). The circulating
NLR, defined as the ratio of the total peripheral blood neutrophil
count to the total peripheral blood lymphocyte count, is one such
marker which has been evaluated in multiple cancers, including
CRC, and has shown prognostic significance (Guthrie et al, 2013a;
Li et al, 2014).

Our analysis of patients with CRC demonstrates that high NLR
is a reliable prognostic factor across multiple settings of CRC.
Specifically these settings include, surgically resected stage II/III
CRC (15% lower 3-year OS rate), mCRC with liver metastasis after
hepatectomy (30% lower 3-year OS rate), and previously untreated
and refractory mCRC (55% and 59% lower median OS times,
respectively). We have also identified the optimal cut-off value of
NLR (45 and p5) in mCRC. We demonstrated here that NLR is
not associated with any of the common molecular alterations seen
in mCRC, including KRAS, NRAS, BRAF, PIK3CA mutations,
PTEN loss, and CIMP testing. In addition, to the best of our
knowledge, this study is the first to establish a more comprehensive
expression signature of circulating cytokines in mCRC patients
with an elevated NLR. Furthermore, we demonstrated that
combining CS with NLR greatly enhanced prognostic stratification
in mCRC. Understanding the subtleties of these combined clinical
measures is expected to better elucidate disease progression.

Systemic inflammatory markers (e.g., C-reactive protein) and
inflammation-based scores (e.g., modified Glasgow prognostic
score) are gaining acceptance as prognostic indicators in CRC
(Koike et al, 2008; Inoue et al, 2013). Neutrophil-lymphocyte ratio,
as the surrogate indicator of this systemic inflammatory response
has prognostic significance in CRC; however, its cut-off and
validity across multiple settings of CRC has been uncertain

(Guthrie et al, 2013a; Li et al, 2014). A meta-analyses of studies
from various countries confirmed the prognostic value of NLR in
CRC (Li et al, 2014). Four of 10 studies of surgically resectable
CRC and 2 of 2 studies of advanced CRC characterised NLR as
being independently associated with survival (Li et al, 2014).
However, these studies are heterogeneous and used varying cut-
offs for elevated NLR (Guthrie et al, 2013a; Li et al, 2014). The
current study is among the largest to evaluate the prognostic
impact of elevated NLR in multiple settings of CRC. These findings
establish that elevated NLR portends poor prognosis in CRC and
determined NLR45 as a statistically optimal cut-off value for NLR
associated with the highest degree of discrimination of outcomes.
Interestingly, the prognostic value of NLR also persists in heavily
pretreated patients, despite the potential impact of prior che-
motherapy on bone marrow function. In addition, as suggested by
recent studies, we found that in mCRC, majority of prognostic
information of NLR is derived from neutrophil count (Proctor
et al, 2012). Additionally, we also found that the relative prognostic
information of either absolute neutrophil or lymphocyte counts
may differ by setting and/or stage of the disease. We propose that
NLR is a reliable biomarker of cancer-related inflammation and
clinical behaviour that can be used for risk stratification in CRC for
treatment, surveillance, and prognosis. Elevated NLR appears to
identify a group of CRC patients that have an atypical biology;
however, the mechanisms underlying this phenotype remain
poorly understood.

CRC is recognised as a heterogeneous disease resulting from
progressive accumulation of genetic and epigenetic alteration
(Cancer Genome Atlas N, 2012). These molecular alterations
appear to play a key role in tumour biology and behaviour.
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Figure 1. Bar-graphs showing association of neutrophil-lymphocyte ratio (NLR) with molecular alterations (mutations in KRAS, NRAS, BRAF,
PIK3CA; PTEN loss, and CpG island methylator phenotype (CIMP) in metastatic colorectal cancer. High NLR is defined as a NLR 45.
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Consequently, classification based on molecular subtypes of CRC
has gained popularity for prognostication and treatment. We
investigated and found no association of NLR with common
molecular alterations seen in CRC suggesting that the high NLR
phenotype and its aggressive biology is independent of some
molecular subtypes of CRC including KRAS, NRAS, BRAF,
PIK3CA mutations, PTEN loss, and CIMP.

Cytokines regulate multiple biological processes involved in
carcinogenesis, including inflammation (Mantovani et al, 2008).
Upregulated pro-oncogenic cytokines such as IL-6 exhibit prog-
nostic utility in CRC among other cancers (Kantola et al, 2012;
Lippitz, 2013). We revealed that 20 cytokines are differentially
expressed in the high NLR subset of mCRC. We showed that IL-6
was significantly upregulated in patients with high NLR. When
observed in the circulation, IL-6 is linked to tumour necrosis,
systemic and local inflammatory responses in patients undergoing
resection for colorectal cancer (Guthrie et al, 2013b). Both, the
preoperative serum IL-6 levels and granulocyte/lymphocyte ratio
appear to be clinically relevant biomarkers of long-term cancer
progression (Shimazaki et al, 2013). This body of work suggests
that IL-6 may function dynamically as tumours evolve. It is also
consistent with the behaviour of our larger panel of CS.

It is conceivable that the various cytokine clusters act
dynamically along with IL-6 as functional drivers of systemic
inflammatory response and tumour evolution and may be linked to
markers of inflammation, specifically NLR, in CRC patients. This is
the first study of its kind to explore the relationship between
elevated NLR and cytokines in patients with mCRC. We identified
19 cytokines using supervised clustering analysis with high
expression levels in mCRC patients with high NLR. On the basis

of clustering, the cytokines identified are functionally involved in
angiogenesis, inflammation, and tumour growth promotion.
Functional overlap occurs between these clusters as shown in
Figure 2. For example, IL-6, a pro-inflammatory cytokine is also
involved in angiogenesis. Most of these cytokines (IL-6, IL-8, HGF,
GROa, IL-2Ra, M-CSF, and VEGF-A) were individually observed
in prior studies to associate with disease progression, poor survival,
and poor treatment outcomes in patients with mCRC, indicating
the pivotal role of these cytokines in tumour biology (Lissoni et al,
1990; Wen et al, 2006; Mroczko et al, 2007; Rubie et al, 2007;
Knupfer and Preiss, 2010; Kopetz et al, 2010; Jurgensmeier et al,
2013). Notably, five EGFR ligands (EGF, AREG, EREG, TGF-a,
and HB-EGF) were consistently upregulated in our patients with
elevated NLR. In prior studies, elevated EGFR ligands have shown
to have prognostic and predictive effects on survival in CRC, many
of which concur with our findings, including AREG, HB-EGF,
TGF-alpha, and EREG (Ohchi et al, 2012; Pentheroudakis et al,
2013; Yoshida et al, 2013). In the present study, AREG levels were
61-fold higher along with 163-fold higher TGF-a level in high NLR
patients. Another molecule that increased in our high NLR subsets
was tenascin-C, an extracellular matrix glycoprotein with 14 EGF-
like structural repeats. Tenascin-C has been shown to associate
with poor prognosis in CRC (Emoto et al, 2001). Collectively,
elevated circulating EGFR ligand findings in conjunction with high
NLR suggest that the EGFR signalling pathway is associated with
the pro-inflammatory CRC phenotype.

Supervised clustering analysis not only revealed circulating pro-
inflammatory cytokines and EGFR ligands but also pro-angiogenic
factors in high NLR patients. For instance, GROa, encoded by the
CXCL1 gene and also known as neutrophil-activating protein 3
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Figure 2. Kaplan–Meier survival curves illustrating overall survival (OS) and disease-free survival (DFS) in different settings of colorectal cancer
(CRC), compared between patients with a high neutrophil-lymphocyte ratio (NLR), defined as NLR 45, and those with a low NLR (NLR p5). (A)
OS in cohort 2 (previously untreated metastatic CRC). (B) OS in cohort 3 (refractory metastatic CRC). (C) Disease-free survival in cohort 4 (liver
metastatic disease after hepatectomy). (D) OS in cohort 5 (stage II/III CRC after surgery).
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(NAP-3), produced by colorectal tumour cells or leukocytes in the
tumour microenvironment acts as an autocrine growth factor and
promotes tumour progression and angiogenesis (Wang et al, 2006;
Galamb et al, 2012). Similarly, pro-angiogenic factors (IL-6, IL-8,
IL-12, and VEGF-A) are also important for neutrophil recruitment,
T-cell differentiation, and tumour growth (Erreni et al, 2011). All
these cytokines were found to be elevated in the high NLR subtype
of mCRC.

Decreases in programmed cell death also influence tumour
growth. TRAIL was the only cytokine that was significantly
downregulated in patients with elevated NLR. TRAIL is the death
ligand of the TNF family and mediates caspase-8-dependent
apoptosis in malignant cells (Van Geelen et al, 2004). This
deficiency in the apoptotic signalling pathway in patients with
elevated NLR may explain the tumours’ aggressive biology.

We developed a composite stratification that included NLR and
a CS derived from 12 high NLR-associated cytokines to refine the
prognostic value of combining these circulating markers. The CS
derived from these cytokines was also found to be prognostic and
patients with high CS had shorter survival than patients with low
CS. In order to determine whether NLR recapitulated the
prognostic information in the cytokine profile, we evaluated the
incremental benefit of a CS over NLR-based stratification. When
examined, the combined composite NLR-CS stratification showed
that patients with elevated NLR and elevated CS had the poorest
prognosis. This composite stratification enhanced the prognostic
value of elevated NLR, indicating that although prognostic, NLR
does not fully reflect the entire prognostic information available
from the cytokine profile.

The ability to improve risk stratification of CRC patients allows
us to investigate novel therapeutic targets for this subset of CRC
patients. Similar analyses have revealed plasma-derived predictive

markers in pancreatic cancer (Nixon et al, 2013). Future studies are
needed to validate the predictive nature of this stratification
allowing for incorporation of these inflammatory markers to guide
cancer therapy. For example, AREG and EREG have been shown to
predict cetuximab efficacy in CRC and consequently, elevated NLR
patients with elevated AREG levels may be more likely to benefit
from anti-EGFR therapy (Pentheroudakis et al, 2013). This is a
hypothesis that requires testing in randomised studies of anti-
EGFR therapy. Similarly, low TRAIL levels following bevacizumab
therapy portend poor survival, and low TRAIL levels in elevated
NLR may be a marker for bevacizumab resistance in mCRC
patients (Bisgin et al, 2012). Other opportunities exist for
neutralising cancer-promoting inflammation as a promising new
strategy for anti-cancer therapies (Coussens et al, 2013). For
instance, the downregulation of GROa can inhibit tumour growth
in CRC liver metastasis (Bandapalli et al, 2012). Humanised
antibodies to IL-8 (ABX-IL8), which have been shown to inhibit
melanoma tumour growth, angiogenesis, and metastasis, may have
a potential clinical benefit in CRC with elevated NLR (Zigler et al,
2008). Likewise, TRAIL-directed therapies may show more clinical
benefit in patients with elevated NLR (Stolfi et al, 2012).

The authors are aware that because the current study is a
retrospective analysis, it may suffer from some unavoidable biases.
Many co-morbidities and conditions such as infections and drugs
can influence NLR restricting its utility as a predictive or
prognostic biomarker. The retrospective nature of this study limits
our ability to adjust for effects of these variables. To this effect,
efforts are needed to incorporate NLR prospectively as a prognostic
biomarker in clinical studies. Although not all differentially
expressed cytokines were validated in both exploratory and
validation cohorts, we believe that the small numbers in the
exploratory cohort could be responsible for the lack of consistent

Table 2. Univariate and multivariate analyses of clinical prognostic factors for overall survival in 166 patients with mCRC

Univariate analysis Multivariate analysis

Variables N
Median OS
(months) 95% CI HR 95% CI P HR 95% CI P

Age (years)
p65 114 28.7 18.5–38.9 1.19 0.76–1.86 0.450
4 65 52 24.5 20.4–28.5

Sex
Male 96 28.7 20.0–32.6 0.89 0.59–1.34 0.570
Female 70 26.4 21.8–31.1

Primary site
Colon 108 26.1 22.3–29.9 1.00 0.77–1.31 0.960
Recto-sigmoid 28 35.4 24.4–46.5
Rectum 30 28.7 10.6–46.9

Leukocyte count
o11000ml�1 133 33.2 22.8–43.7 2.46 1.53–3.93 o0.01 0.80 0.42–1.53 0.497
X11000ml�1 33 13.1 3.9–22.2

ECOG PS
0 58 42.5 37.8–47.1 2.27 1.39–3.69 0.001 1.39 0.88–2.19 0.158
X1 108 22.3 18.4–26.2

Metastatic sites (number)
o1 90 NA NA 3.48 2.23–5.40 o0.01 2.94 1.87–4.63 o0.01
X1 76 16.9 21.8–32.6

LDH
o ULN 92 40.2 29.9–50.6 2.65 1.73–4.05 o0.01 1.86 1.14–3.03 0.012
X ULN 71 15.7 8.5–22.8

NLR
p5 126 34.2 25.1–43.3 2.74 1.75–4.30 o0.01 1.73 1.03–2.89 0.039
4 5 40 15.3 6.9–23.7
Abbreviations: CI¼ confidence interval; ECOG¼European Cooperative Oncology Group; HR¼ hazard ratio; LDH¼ lactate dehydrogenase; mCRC¼metastatic colorectal cancer;
NLR¼neutrophil-lymphocyte ratio; OS¼overall survival; PS¼performance status; ULN¼ upper limit of normal.
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effect for some of the cytokines. Six cytokines were expressed at
significantly higher levels in the high NLR group than in the low
NLR group in the exploratory cohort. These exploratory cohort
cytokines included (IL-6, IL-8, IL-2Ra, HGF, macrophage-colony
stimulating factor (or colony stimulating factor 1 receptor, M-CSF
or CSF-1R) and vascular epidermal growth factor A (VEGF-A)).
These results were validated in the validation cohort. The
additional 13 cytokines were found to be significantly elevated in
the high NLR group in the validation cohort only. Although our
data show a strong correlation between high NLR and elevated

cytokines, whether this high NLR-associated cytokine profile is a
reflection, a determinant, or a contributor of tumour biology in this
subset of CRC patients is yet to be determined. These findings
represent the systemic response to cancer and may not fully reflect
the local tumour microenvironment, which was not assessed in this
study. Furthermore, although we have been able to establish
association of NLR with these cytokines, causality cannot be
established from this analysis. Mechanistic studies are necessary to
define the role of these cytokines in this subset. Although we have
found several expression clusters of cytokines in high NLR

Table 3. Differential expression of cytokines comparing high NLR and low NLR groups in exploratory (cohort 1) and validation
(cohort 2) cohorts

Exploratory cohort (cohort 1) (N¼39) Validation cohort (cohort 2) (N¼166)

Median Median

Cytokinesa Low NLR High NLR P-value Low NLR High NLR P-value
IL-6 8.730 12.33 0.016 11.10 21.07 o0.001

IL-8 3.060 10.95 0.021 19.44 50.00 o0.001

IL-2Ra 179.7 235.5 0.006 183.8 268.2 o0.001

HGF 417.4 651.1 0.012 229.3 354.9 o0.001

M-CSF 22.68 39.85 0.003 6.380 8.100 0.035

VEGF-A 32.73 118.5 0.015 13.51 29.01 0.004

IL-12 390.5 440.1 0.498 8.820 18.72 0.010

MIP-1b 36.54 34.31 0.855 59.76 77.43 o0.001

GROa 104.7 132.3 0.222 2.030 49.85 o0.001

IL-18 62.57 72.54 0.970 82.04 110.8 o0.001

MIF 398.3 662.1 0.054 169.2 235.3 0.018

SCGF-b 25 911 27 526 0.130 10184 16 270 o0.001

TRAIL 206.0 231.6 0.637 55.21 26.64 o0.001

Amphiregulin NE 3.120 189.4 o0.001

EGF NE 11.47 28.24 0.016

Epiregulin NE 4.770 24.40 0.038

HB-EGF NE 87.05 203.3 0.001

Tenascin NE 1118 1602 0.001

TGF-a NE 0.030 4.090 0.025

ICAM-1 NE 124061 189 463 0.001

Abbreviations: EGF¼ epidermal growth factor; GROa¼ chemokine (C-X-C motif) ligand 1 (CXCL1); HB-EGF¼heparin-binding EGF-like growth factor; HGF¼ hepatocyte growth factor; ICAM-
1¼ intercellular adhesion molecule-1; IL¼ interleukin; M-CSF¼macrophage-colony stimulating factor; MIF¼macrophage migration inhibitory factor; MIP-1b¼macrophage inflammatory
protein-1b; NE¼not evaluated; NLR¼ neutrophil-lymphocyte ratio; SCGF-b¼ stem cell growth factor-b; TGF-a¼ transforming growth factor-a; TRAIL¼TNF-related apoptosis-inducing ligand;
VEGF-A¼ vascular epidermal growth factor A.
aCytokines are measured in pgml� 1.
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Figure 3. Kaplan–Meier survival curves illustrating OS in patients with metastatic colorectal cancer (CRC) using (A) CS and (B) Composite NLR-CS
stratification.
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patients, we recognise that many more cytokines may play
integrated roles in the biology of this subset of mCRCs. As
C-reactive protein is not assessed routinely in patients with mCRC,
we had limited ability to assess the association of this cytokine
profile with the Glasgow prognostic score, and future research is
needed.(Proctor et al, 2013)

Evidence implicating local and systemic inflammatory response
in progression of tumours and survival of cancer patients suggests
that inflammation is a key player in cancer biology and targeting
these inflammatory responses can potentially improve patient
outcomes (Guthrie et al, 2013a; Diakos et al, 2014). Recent data
have identified NLR as a robust prognostic indicator in early phase
clinical trials suggesting its potential for selecting patients for
experimental therapeutics (Pinato et al, 2014). Neutrophil-
lymphocyte ratio has also been shown to predict prognosis for
cancer patients undergoing curative resection and may potentially
identify subsets of patients who may benefit from adjuvant
chemotherapy.(Paramanathan et al, 2014) Prospective validation
of composite stratifications such as the NLR-CS will be instru-
mental in further improving this risk stratification in colorectal
cancer.

CONCLUSIONS

In conclusion, NLR is an inexpensive, readily available, and reliable
biomarker for the prediction of survival in patients with CRC. CRC
patients with elevated NLR (45) have tumours characterised by
aggressive biology and a distinctive expression profile of cytokines
involved in angiogenesis, inflammation, and regulation of the EGF
axis. An integrated NLR-CS is a novel inflammation-based
prognostic stratification with enhanced predictive value for
survival in patients with mCRC. Neutrophil-lymphocyte ratio
and composite NLR-CS can potentially be used as clinical
stratification tools to identify a unique biological subset of CRCs.
Future trials should be designed toward targeting this unique
inflammatory state in CRC.
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