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Introduction

Metastatic colorectal cancer (mCRC) patients yield 
distinct prognosis (Ozdemir et al., 2014), and many efforts 
had been done to distinguish those patients. For example, 
mircoRNAs, such as miR-21 (Tokarz and Blasiak, 2012), 
various kinds of proteins including hypoxia induced 
factor (HIF) (Cao et al., 2009; Baba et al., 2010) and 
vascular endothelial growth factor (VEGF) (Noike et 
al., 2008), circulating tumor cells (CTCs) (Cohen et al., 
2008) and other factors had been studied as correlated 
with prognosis. However, some of the studies required 
advanced equipments and technologies (Cohen et al., 
2008), some of the studies were depended on special 
tested objects which were not routinely available. Thus 
their clinical uses were limited, especially in developing 
countries and primary hospitals.

In recent years, more and more evidences had shown 
that some indexes which were contained in the routine 
tests, such as blood routine test and biochemical test, 
could also successfully group patients regarding to their 
prognosis. For example, Chiang reported that neutrophil 
lymphocyte ratio (NLR) more than 3 was a predictor 
for poor prognosis (Chiang et al., 2012), and platelet 
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Abstract

 Background: We had previously showed that the neutrophil lymphocyte ratio (NLR), γ-glutamyl transpeptidase 
(GGT) and carcinoembryonic antigen (CEA) are prognostic factors for metastatic colorectal cancer (mCRC) 
patients. In this study we developed a prognostic model based on these three indices. Materials and Methods: A 
total of 243 patients who were initially diagnosed as mCRC between 2005 and 2010 in the Sun Yat-sen University 
Cancer Center were studied. The endpoint was overall survival (OS). Results: NLR>3, elevated GGT and elevated 
CEA were confirmed as independent risk factors which could predict poor prognosis. Patients could be divided 
into three groups according to the number of risk factors they had. Those with two or three were defined as the 
high risk group, individuals with one risk factor as the modest risk group and patients without risk factor as the 
low risk group. The OS values for these three groups were 16.2 months (2.80~68.8), 24.2 months (4.07~79.0), and 
37.2 months (12.6~87.8), respectively (p<0.001). Conclusions: We developed a simple but useful model based on 
NLR, GGT and CEA to provide prognostic information to clinical practice in highly selected mCRC patients. 
Further prospective and multi-center studies are warranted to test our model. 
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lymphocyte ratio (PLR) was also reported as prognostic 
factor (Kwon et al., 2012; Kemal et al., 2014). γ-glutamyl 
transpeptidase (GGT), alkaline phosphatase (ALP), 
lactate dehydrogenase (LDH) which were included in 
biochemical test, were also showed as prognostic factors 
(Saif et al., 2005; Koukourakis et al., 2006; Pompella et al., 
2006; Franzini et al., 2008; Franzini et al., 2009; Xie et al., 
2014). However, previous studies had several drawbacks. 
First, they included patients with various stages, varying 
from stage II to stage IV (Farias et al., 2011), second, 
most of those studies only evaluated one index without 
considering others (Saif et al., 2005; Koukourakis et al., 
2006). 

To overcome the two shortages, we focused on mCRC 
patients who accepted standard chemotherapy. Our work 
showed that NLR, GGT and CEA were independent 
prognostic factor (He et al., 2013; He et al., 2013). And 
the combination of NLR and CEA, GGT and CEA were 
better than each of them alone. So, we speculated that the 
combination of the three indexes would be better than 
two. We further evaluated whether or not a prognostic 
model could be build based on these three factors, which 
could be widely applicable since NLR, GGT and CEA are 
routinely available.
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Materials and Methods

Patient selection
The inclusion criteria were as follows: 1) patients who 

were diagnosed as metastatic colorectal cancer initially 
between 2005 to 2010 at Sun Yat-sen university cancer 
center; 2) patients who were with Eastern Cooperative 
Oncology Group (ECOG) status≤2; 3) patients whose 
records of blood routine test, biochemical test and CEA 
before chemotherapy were available; 4) patients whose 
follow-up information were available. Patients were 
excluded if med the following criteria: 1) patients who 
were with infection or hematology disease at the first 
time presented in our cancer center; 2) patients who 
were with hyperpyrexia and intestinal obstruction at the 
first time presented in our cancer center; 3) patients who 
were with liver disease including alcoholic hepatitis and 
HBV or HCV infection at the first time presented in our 
cancer center.

Laboratory measurement
Neutrophil and lymphocyte counts were contained in 

blood routine test while GGT was contained in biochemical 
test. Sysmex XE-5000™ Automated Hematology System 
(Shanghai, China) was used to conduct blood routine 
test and Hitachi Automatic Analyzer 7600-020 (Tokyo, 
Japan) was used for biochemical test. Roche Elecsys 
2010 Chemistry Analyzer (Basel, Switzerland) was used 
to evaluate CEA.

Calculation and grouping of NLR, GGT and CEA
NLR was calculated by dividing the neutrophil by the 

lymphocyte count, and it was categorized into two groups 
(>3 and ≤3) (Chiang et al., 2012). GGT was divided into 
two groups as >50 (increased) and ≤50 (normal) based 
on the normative reference while CEA was divided as >5 
(increased) and ≤5 (normal). 

Patient follow-up and statistical analysis 
The primary endpoint of this study was overall survival 

(OS), defining as the time from diagnosis to the date of 
death or the last date of follow-up, which was conducted 
at 31st March 2013. Progress-free survival (PFS) of first 
line chemotherapy, defined as the time from initiating 
first-line chemotherapy to disease progression, was also 
examined in this study.

SPSS version 13.0 was used to perform statistical 
analyses. Patient characteristics were compared by 
frequencies and descriptive statistics. The Kaplan-Meier 
method was used to calculate survival curves, and 
loge-rank tests were used to compare the differences. 
Cox proportional hazards model (multivariate analysis) 
by backward elimination of insignificant explanatory 
variables was used to test independence. A P value equals 
to 0.05 or less was considered to be significant.

Results 

Patient characteristics
We had updated our database at March 2013. 243 

patients were included, among which 155 were male and 

88 were female. Median OS was 21.5 months (range from 
2.8 months to 87.8 months). The detailed information was 
showed in our previous work (He et al., 2013). 

NLR, GGT and CEA were all independent prognostic 
factors.

In our previous works14, 15, NLR and CEA, GGT and 
CEA were independent prognostic factors, while age, 
gender, PLR, ALP and LDH were not. So, here, we first 
put the three factors into multivariate analysis together. 
The result turned out to be that all of the NLR (HR=1.32, 
p=0.04), CEA (HR=2.06, p<0.001) and GGT (HR=1.84, 
p<0.001), were independent.

NLR and GGT served as supplement to each other. 
NLR could further divide patients on the basis of CEA 

and GGT, as shown in Table 1. In our precious research 
which studied CEA and GGT, we found patients’ OS 
was significant different among groups with none, one 
and both of increased indexes. Now, once NLR was 
taken into account in each group, the patients’ OS were 
further successfully distinguished. For example, among 
patients who were with normal CEA and GGT levels 
(37 patients), the median OS of patients who were with 
NLR≤3 (29 patients) was 37.2 months (range from 12.6 
to 87.8 months); the other 8 patients were with NLR >3 
and their median OS was 16.8 months (range from 13.8 
to 70.0 months). Other detailed date was shown in Table 
2. Similarly, GGT could also divide patients on the basis 
of CEA and NLR, as shown in Table 2.
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Table 1. NLR Could Further Divide Patients on the 
Basis of CEA and GGT
CEA GGT NLR No. of patients OS (range) p

normal normal ≤3 29 37.2 (12.6~87.8) 0.03
  >3 8 16.8 (13.8~70.0) 
increased normal ≤3 82 25.3 (4.1~79.0) 0.04
  >3 37 14.1 (3.4~68.8) 
normal increased ≤3 11 26.4 (4.3~73.8) 
  >3 12 15.2 (3.2~67.3) 
increased increased ≤3 35 16.7 (5.0~34.8) 0.81
  >3 29 13.5 (2.8~31.3) 

Table 2. GGT Could Further Divide Patients on the 
Basis of CEA and NLR
CEA NLR GGT No. of patients OS (range) p

normal ≤3 normal 29 37.2 (12.6~87.8) 0.04
  increased 11 26.4 (4.3~73.8) 
normal >3 normal 8 16.8 (13.8~70.0) 0.01
  increased 12 15.2 (3.2~67.3) 
increased ≤3 normal 82 25.3 (4.1~79.0) 
  increased 35 16.7 (5.0~34.8) 
increased >3 normal 37 14.1 (3.4~68.8) 0.2
  increased 29 13.5 (2.8~31.3) 

Table 3. The Score of Each Factor
 variable Score

GGT ≤50 0
 >50 2
CEA ≤5 0
 >5 2
NLR ≤3 0
 >3 1
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Prognostic model based on the number of risk factors.
NLR>3, increased GGT and increased CEA were 

found as risk factors. We then conducted a prognostic 
model based on the three factors. Patients were divided 
into four groups according to the number of risk factors 
they had: 0, 1, 2 and 3. The median OS of the four groups 
were 37.2, 24.2, 18.1 and 13.46 months (p<0.001). The 

median PFS of the four groups were 11.7, 6.3, 4.9 and 3.7 
months (p<0.001). 

Prognostic model based on the relative risk of prognostic 
factors.

In multivariate analysis the three factors were with 
different relative risk called hazard ratio. We then evaluate 
whether hazard ratio could pose different impact on 
prognosis. The hazard ratio of GGT and CEA were almost 
2 while the hazard ratio of NLR was almost 1. We scored 
the GGT, CEA and NLR according to their hazard ratio, 
as shown in Table 3. The total score of one patient was 
calculated as the sum of the score on GGT, CEA and NLR. 
OS and PFS of patients grouped by relative risk score were 
shown in Figure 1.

The differences between dividing patients according 
to number of risk factors and according to relative risk 
had two aspects. First, when patients were with only one 
risk factor, they might be scored one (NLR>3) or two 
(increased GGT or CEA). Second, when patients were 
with two risk factors, they might be scored three (NLR>3 
and increased GGT, or NLR>3 and increased CEA ) or 
four (increased GGT and CEA). So we next evaluated 
whether there was any difference between patients who 
scored one and two, and any difference between patients 
who scored three and four. Median OS of patients scored 
one were 22.8 months (range from 13.8 to 70.0 months) 
and patients scored two were 23.2 months (range from 4.1 
to 76.0 months), p=0.77. Median OS of patients scored 
three were 18.1 months (range from 3.2 to 69.8 months) 
and patients scored four were 16.7 months (range from 
5.0 to 34.8 months), p=0.26. Based on our limited date, 
relative risk was not superior to number of risk factors.

Optimizing of the prognostic model
So, we decided to divide patients according to number 

of risk factors. We next evaluated whether the grouping 
could be optimized or not. We found that the survival 
curves of patients with two and three risk factors were 
closed to each other. As shown in Table 2 and 3, when 
patients were with increased GGT and CEA, NLR could 
not further divide patients and when patients were with 
increased CEA and NLR>3, GGT also cannot divide 
patients. Thus, we defined that patients who were with 
two or three risk factors were high risk group, patients 
who were with one risk factor were modest risk group 
and patients with no risk factor were low risk group. The 
OS of high risk, modest risk and low risk patients were 
16.2 months (2.8~68.7), 24.2 months (4.1~79.0), 37.2 
months (12.6~87.8), respectively. The results were shown 
in Figure 2.

Discussion

In the current study, we found that NLR, GGT 
and CEA were independent prognostic factors when 
considered together, and NLR can identify patients with 
poor prognosis based on the combination of GGT and 
CEA, the same ability of GGT was also found. These 
findings suggest that the combination of the three indexes 
may be better than the combination of two of them. We 

Figure 2. OS of Patients in High Risk Group, Modest 
Risk Group and Low Risk Group

Figure 1. OS (A) and PFS (B) of Patients Grouped by 
Relative Risk Score

A

B
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further tried to establish a prognostic model by combining 
the three indexes together. Firstly, the patients were 
divided into four groups in terms of the index number 
involved. However, the survival curves of patients with 
two and three indexes overlapped. Secondly, we studied 
the hazard ratio of each index, which may reflex the extent 
when they impact patients’ prognosis. However, we failed 
to find any advantage of hazard ratio. Finally, based on 
the above analyses, the optimal model was established as 
none index, one index and two or three indexes involved, 
and the survival curves separated very well. 

The model based on the three indexers had advantage 
in theory. The three factors represented different pathways: 
GGT was thought as correlated with cellular defense and 
contributing to drug resistance (Franzini et al., 2006), CEA 
was correlated with the invasion and metastasis of tumor 
cells (Goldstein and Mitchell, 2005; Yang et al., 2011) 
while NLR was thought as represent an unfavorable tumor 
microenvironment (An et al., 2010). The model based 
on three factors may represent a more comprehensive 
understanding to tumors thus was superior to two factors.

The clinic-pathological characteristics should be taken 
into account when develop a prognostic model since they 
are basic and easily obtained while with predict values 
(Shiono et al., 2006). In our study, most of the clinic-
pathological characteristics were taken into account. 
Firstly, all significant clinicopathological characteristics 
in the univariate analysis in our previous studies were put 
into the multivariate analysis (He et al., 2013; He et al., 
2013). Apart from NRL, GGT and CEA, the traditional 
clinic-pathological characteristics were not independent. 
The consistency might be caused by the criterions of 
selecting patients in our study, since all patients were 
initially diagnosed as mCRC, and accepted standard 
chemotherapy. Another reason might be that most of the 
common clinic-pathological characteristics were balanced 
in each of NLR, GGT and CEA group.

We believe this model is helpful for oncologists 
since all of NLR, GGT and CEA are routinely available, 
especially in developing countries and rural hospitals, 
where advanced equipments and technical support 
are limited. However, several drawbacks of this study 
should taken into account if be of clinical implication. 
The pathological features, such as vascular invasion and 
perineuronal invasion, are also easy to access and with 
prognostic values (Shiono et al., 2006). However, those 
factors were not included in this paper because the patients 
evolved in our study were patients initially diagnosed as 
metastatic disease. Most of them only accepted biopsy 
which may result in the loss of those pathological 
information. This study was retrospective study and was 
based on one single cancer center. The specificity of GGT 
and NLR were limited since GGT could also increase in 
other disease and neutrophil might be affected by various 
inflammatory reactions. We had exclude patients who 
were with liver disease and intestinal obstruction at the 
first time presented in our cancer center in order to limit 
the bias (He et al., 2013; He et al., 2013). Franzini had 
reported that there were at least four kinds of GGT, and 
b-GGT was produced other than liver (Franzini et al., 
2008; Franzini et al., 2009), thus the subtypes of GGT 

may improve the specificity and severe as promising 
candidates in the further.

In conclusion, we developed a simple but useful model 
to provide valuable prognostic information to clinical 
practice in highly selected mCRC subgroup of patient 
population. Further prospective and multi-center study is 
expected to test our model.
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