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Representing 10% of all newly diagnosed cases annu-
ally, colorectal cancer (CRC) ranks among the top-three 
cancer types worldwide and is a major cause of cancer-
related deaths [1]. In the last 20 years, several new active 
drugs, either in combination or as single agents, have 
broadened the spectrum of therapeutic options. Despite 
these management advances, the median overall survival 
(OS) of metastatic CRC (mCRC) patients remains less 
than 29 months and varies tremendously among differ-
ent populations [2–3]. Therefore, there is immense interest 
in elucidating prognostic and predictive biomarkers that 
will permit classification of patients to improve clinical 
outcomes. 

The proposed molecular biomarkers of mCRC include 
Kirsten ras oncogene homolog (KRAS); neuroblastoma 
RAS viral oncogene homolog (NRAS) [4]; B-Raf proto-
oncogene, serine/threonine kinase [5]; dihydropyrimidine 
dehydrogenase [6]; P53; and thymidylate synthase [7]; how-
ever, only KRAS/NRAS have been generally used in clini-

cal practice. Their limited clinical implementation may 
be partially due to the complexity of the testing methods 
and their low predictive accuracy.

The tumor microenvironment, particularly the in-
flammatory response, plays a crucial role in the develop-
ment and progression of CRC [8]. Inflammatory response 
biomarkers have been incorporated into clinical outcome 
predictors for several malignancies [9]. The inflammatory 
response also features changes in the relative levels of 
circulating leukocytes. Increased neutrophil counts have 
may promote tumor growth and metastasis due to the 
role of these cells in immunosuppression and in the pro-
motion of tumor angiogenesis [10]. In contrast, lympho-
cytes appear to be involved in the host immune response 
against cancer [11]. The neutrophil-to-lymphocyte ratio 
(NLR), a combination of circulating neutrophil and lym-
phocyte counts, has been associated with survival in sev-
eral types of cancer, including hepatocellular carcinoma 
[12], pancreatic cancer [13], and CRC [14]. However, there are 
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limited reports on the usefulness of NLR with respect to 
mCRC in Han Chinese populations.

In the present study, we investigated the association 
between circulating NLR and clinical outcome in a pro-
spective series of patients with mCRC undergoing irino-
tecan-based first-line chemotherapy.

Materials and methods 

Study patients
In this prospective longitudinal study, patients with 

histologically confirmed colorectal adenocarcinoma who 
were treated with irinotecan-based therapy were re-
cruited consecutively at Tongji Hospital, Tongji Medical 
College, Huazhong University of Science and Technology 
(Wuhan, China) and another five cancer centers in Hubei 
province between November 2010 and December 2014. 
The selection criteria included histologically confirmed 
adenocarcinoma of the colon or rectum, unresectable 
metastases, age from 18 to 75 years, measurable disease 
defined according to the Response Evaluation Criteria 
In Solid Tumors version 1.1 (RECIST1.1) [15], no previous 
irinotecan exposure; no expected course of radiotherapy 
during first-line chemotherapy, Karnofsky index of per-
formance status (KPS) ≥60 or Eastern Cooperative Oncol-
ogy Group Performance Status Scale ≤ 2, total bilirubin ≤ 
1.5 times the upper limit of normal (ULN), aspartate ami-
notransferase and alanine aminotransferase ≤ 2.5 times 
ULN (≤ 5 times ULN if liver metastases present), creati-
nine clearance > 50 mL/min, or serum creatinine ≤ 1.5 
times ULN. Written informed consent was obtained, and 
blood samples were collected from each participant. This 
study was approved by the Ethical Committee of Hua-
zhong University of Science and Technology under ref-
erence number NCT01282658 (registered at http://www.
clinicaltrials.gov).

Response and survival assessments 
Patient responses were categorized using computed 

tomography or magnetic resonance imaging every 6-8 
weeks according to RECIST1.1. Progression-free survival 
(PFS) and overall survival (OS) were chosen as the study 
end points. PFS was defined as the time from mCRC di-
agnosis to the first evidence of disease progression or to 
death, whichever occurred first. Data were censored if 
the patients were alive and progression-free at the last 
follow-up. OS was defined as the time from the mCRC 
diagnosis to death from any cause. Data were censored if 
the patients were alive at the last follow-up. All patients 
were followed up until death or for at least 36 months. 
Follow-up information was updated in February 2015. 

Baseline variables 
The baseline clinical information collected prior to 

commencing chemotherapy included patient demo-
graphics, smoking status, KPS, tumor-related details, and 
medical history. Smoking status was coded as never, for-
mer, or current smoker, as described previously [16]. NLR 
was determined based on the absolute neutrophil count 
divided by the absolute lymphocyte count. Because pe-
ripheral hemograms are easily affected by various factors 
such as acute infections, post-traumatic stress reactions, 
cytotoxic drugs, and recombinant human granulocyte 
colony-stimulating factors, we performed complete blood 
cell counts within one month before the commencement 
of irinotecan-based therapy, with the exception of cases 
that showed clinical signs of sepsis or other inflammatory 
illnesses. 

Statistical analyses
All statistical analyses were performed using SPSS for 

Windows, version 16.0 (SPSS, Inc., USA). NLR were ana-
lyzed as categorical variables by setting the cut-off point 
as the median value among all study patients. Clinical 
outcomes, including OS and PFS, were calculated using 
the Kaplan-Meier method and evaluated using log-rank 
tests. The prognostic value of NLR on outcomes was ana-
lyzed using multivariate Cox regression models with ad-
justment for potential confounding covariates. Statistical 
significance was defined as P < 0.05 using a two-tailed 
test.

Results

Study population
A total of 139 NLR items were available for analysis. At 

the time of the most recent follow-up, 54.7% of the pa-
tients were deceased. Among those who were still alive, 
the mean duration of follow-up was 17 months (range, 
5–50 months). 

The baseline patient characteristics and tumor bio-
logical factors were shown in Table 1. The median age 
at the time of diagnosis was 49 years (range 18–72 years); 
56.1% were males; 21.6% had a KPS of less than 80%; and 
38.9% had smoked tobacco. One hundred patient cases 
were characterized as having a glandular histology, and 
39 consisted of other subtypes, including 17 mucinous, 
four signet ring cell, and 12 mixed histological types, as 
well as six unspecified cases. Primary tumors proximal or 
distal to the splenic flexure were classified as right-sided 
(n = 37) or left-sided (n = 102), respectively, as described 
by Loupakis et al [17]. The median NLR was 2.24 (range 
0.63–6.65).

Among 139 patients, 125 received the irinotecan with 
fluorouracil and folinic acid regimen, eight received the 
modified combination regimen of capecitabine and irino-
tecan, and six received only irinotecan. Response evalua-
tions were available for 136 patients; three achieved com-
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plete responses (2.2%), 41 had partial responses (29.5%), 
62 were stabilized (44.6.0%), and 30 had disease progres-
sion (21.6%). In three patient cases, the response could 
not be evaluated because of early cessation of chemother-
apy (fewer than three cycles) due to insufferable toxicity 
or the interference of another anti-cancer therapy with 
the therapeutic effect. 

Patient- and tumor-related characteristics  
and outcomes

Potential associations between patient- and tumor-re-
lated characteristics and survival were tested using uni-
variate analyses. As shown in Table 2, patients with a KPS 
of less than 80% had a higher risk of death (P = 0.025), 
indicating that KPS was associated with OS. Left-sided 
tumors tended to be predictors for longer OS compared 

with right-sided tumors, but the correlation was not sig-
nificant (P = 0.052). No significant associations with PFS 
or OS were observed with other patient- or tumor-related 
characteristics.

NLR and outcomes
We assessed the potential associations of NLR with PFS 

and OS using univariate Kaplan-Meier and multivariate 
Cox models (Table 3). The distributions of PFS and OS as 
a function of NLR (as a quantitative variable) were shown 
in Fig. 1a and Fig. 1b, respectively. An inverse correlation 
between survival and NLR was observed. For PFS, the re-
gression coefficient was -1.636 ± 0.516, and the correla-
tion coefficient was -0.238 (P = 0.005). The OS regression 
coefficient was -2.933 ± 0.792, while the correlation coef-
ficient was -0.284 (P = 0.001). Age, gender, KPS, smoking 
status, and primary tumor site did not differ significantly 
between the two groups classified by NLR median value. 
In contrast, glandular cancer histology was associated 
with higher NLR values (P = 0.016). 

In the 139 patients, there were 108 (77.7%) and 76 
(54.7%) OS and PFS events, respectively. NLRs lower 
than the median value were associated with better PFS in 
univariate (median PFS: 9.9 vs 7.7 months, P = 0.043) and 
multivariate (HR, 1.559; 95% CI, 1.035-2.348; P = 0.033) 
analyses. NLRs were also a predictor of OS: patients with 
lower NLRs showed a median OS of 21.8 months com-
pared with 15.1 months for patients with higher NLRs (P 
= 0.013). In multivariate analysis, lower NLRs remained 
significantly associated with increased OS (HR, 1.764; 
95% CI, 1.089-2.856; P = 0.021). Fig. 1c and 1d showed the 
PFS and OS curves associated with NLR, respectively.

Discussion

In this prospective series of patients with mCRC, NLR 
could stratify the patient groups based on the observed 
2.2-month increase in PFS and a 6.7-month longer OS 

Table 1  Demographic and clinical characteristics of the patients
Characteristic n %
Age (years)

≤ 49  75 54.0
> 49 64 46.0

Gender 
Male 78 56.1
Female 61 43.9

KPS 
≥ 80% 109 78.4
< 80% 30 21.6

Smoking status 
Never 85 61.2
Former 19 13.7
Current 35 25.2

Histology
Glandular   100 71.9
Others 39 28.1

Primary tumor
Right-sided 37 26.6
Left-sided 102 73.4

Table 2  Univariate analyses of patient- and tumor-related characteristics predictive of survival 

Variables PFS OS
HR 95% CI P HR 95% CI P

Age (years)
≤ 49 vs > 49 0.901 0.614–1.322 0.593 0.979 0.623–1.538 0.925

Gender
 Male vs female 1.155 0.791–1.689 0.456 1.329 0.845–2.090 0.219

KPS 
≥ 80% vs < 80% 1.385 0.886–2.165 0.153 1.784 1.075–2.961 0.025

Smoking status 0.865 0.583–1.283 0.471 0.760 0.468–1.234 0.267
Histology 
Glandular vs others 0.911 0.600–1.384 0.662 0.800 0.480–1.334 0.393

Primary tumor 
Right- vs left-sided 1.155 0.751–1.775 0.512 0.623 0.387–1.004 0.052

Abbreviations: HR, hazard ratio; CI, confidence interval
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in the patient group with NLRs below the median value. 
This degree of difference in PFS and OS stratified by sim-
ple blood test findings is clinically significant. 

These results are consistent with previous observations 
on the association of NLR with a variety of cancers [18]. 
More than three decades ago, lymphocytes were reported 
to play a role in defense mechanisms against solid tumors 
in murine models [19]. One decade later, an increase in the 
number of mature polymorphonuclear cells was found to 
be associated with poor prognosis in patients with sev-
eral non-hematological malignancies [20]. Numerous func-
tional studies have demonstrated that neutrophils affect 
the tumor microenvironment to promote tumor progres-
sion and metastasis via their proangiogenic activity [21] and 
ability to modulate the biology of tumor cells [22]. Con-
versely, lymphocytes, immunological cells derived from 
the lymphoid lineage, are more likely to defend the host 
against abnormal cells through the immune response [11]. 

Numerous predictive and prognostic biomarkers for 
CRC have emerged, but none have been adopted as a pre-

dictor for targeting irinotecan-based therapy. Common 
variants of uridine diphosphate glucuronosyltransferase 
1A have been associated with toxicity outcomes in pa-
tients treated with irinotecan; however, their prognostic 
value in predicting clinical outcomes remains controver-
sial [23–24]. Compared with aspiration and biopsy, which 
are not routinely performed for the diagnosis of recurrent 
disease, evaluation of biomarkers in the peripheral blood 
will be much easier and more convenient in clinical prac-
tice. 

Emerging evidence suggests that clinical outcomes are 
strongly affected by host response, particularly through 
systemic inflammation. A growing body of evidence in 
recent years has supported use of immune-based cancer 
therapy, including nonspecific immune stimulation, an-
titumor monoclonal antibodies, cancer vaccines, and the 
adoptive transfer of ex vivo-activated T and natural killer 
cells [25]. After further validation, the marker identified as 
a predictor for the risk of disease progression and death 
in the current study may be useful in selecting candidates 

Fig.  1  Prognostic  value  of  the  NLR  in  meta-
static colorectal cancer. Survival as a function of 
NLR (as a quantitative variable) in the patients (n 
= 139). A linear regression line was shown for (a) 
PFS and NLR (correlation coefficient r = -0.238, 
P = 0.005) and for (b) OS and NLR (correlation 
coefficient  r =  -0.284, P = 0.001). Kaplan-Meier 
curves of the estimated survival classified by the 
median NLR value for PFS (c) and OS (d). The 
P values denote comparisons of  two groups by 
the log-rank test

Table 3  Associations between NLR and survival in the univariate and multivariate models 

Variables n Univariate analysis Multivariate analysisa
No. of events Median survival (95% CI) P HR (95% CI) P

PFS
NLR ≤ Median 70 55 9.9 (7.3–12.5) 0.043 1.000 0.033
NLR > Median 69 53 7.7 (5.6–9.8) 1.559 (1.035–2.348)

OS
NLR ≤ Median 70 35 21.8 (17.6–26.0) 0.013 1.000 0.021
NLR > Median 69 41 15.1 (9.1–21.0) 1.764 (1.089–2.856)
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for additional immunotherapeutic interventions. 
Although our hypothesis was confirmed by the pres-

ent results, the current study has several limitations. Only 
139 patient cases were available for the NLR analyses. 
Because of the limited number of samples, we were un-
able to perform further subgroup analysis of associations. 
Thus, the results of the current study require further vali-
dation in future, large-scale prospective studies. 

In conclusion, we confirmed the prognostic value of 
NLR in a Chinese prospective multicenter longitudinal 
study of irinotecan-based chemotherapy. With valida-
tion, NLR could be used as a predictor for survival out-
come in Chinese patients with mCRC.
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