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Preoperative neutrophil-lymphocyte ratio and
CEA is associated with poor prognosis in patients with
synchronous colorectal cancer liver metastasis
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Purpose: Recently, the neutrophil-to-lymphocyte ratio (NLR], an inflammatory response marker, has been reported to
be associated with the prognosis in patients with various type of cancer. However, there have been no studies until now
that have explored the prognostic role of combined detection of NLR and CEA in patients with synchronous liver-limited
colorectal metastases (SCRLM].

Methods: Eighty-three patients who histologically diagnosed as sCRLM were selected. Their laboratory and clinical
data were collected retrospectively. Using receiver operating characteristic curve analysis, the cutoff value of NLR was
calculated based on which patients were assigned to a high NLR (more than 1.94) group and low NLR (less than 1.94)
group. A cutoff value of 100 ng/mL for serum CEA level was used in light of the previous literature.

Results: CEA level and Poorly differentiated histology of colon cancer was significantly correlated with high NLR (P = 0.005
and P = 0.048, respectively). The multivariate analysis identified the high NLR as independent prognostic factors for 0S and
DFS in all patients (P = 0.010 and P = 0.006, respectively). Patients with both low levels of NLR and CEA had a significantly
longer OS and DFS (P = 0.026 and P = 0.009, respectively).

Conclusion: In conclusion, elevated preoperative NLR is strongly correlated with both survival and recurrence in patients
who have been diagnosed with resectable SCRLM. The combination of NLR and CEA level could be a more powerful

prognostic marker than NLR alone.
[Ann Surg Treat Res 2019;96(4):191-200]
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INTRODUCTION

Colorectal cancer (CRC) is now the fifth most common malig-
nancy in men, the fourth most common in women, and the
fifth most common cause of death from cancer in Korea [1].
The liver is the most common site for CRC metastases, because
of the enteric venous drainage via the portal circulation. Up
to 50% of CRC patients develop liver metastases, and 25% of

patients with newly diagnosed CRC already have metastases.
Furthermore, the liver is the sole site of metastasis in 35% of
cases. Several studies have shown that 10% to 30% of patients
with synchronous liver-limited colorectal metastases (SCRLM)
have potentially resectable disease at the point of detection
and can be treated surgically [2]. Surgical resection of hepatic
metastases has been shown to significantly improve survival,
with reported 5-year survival rates of 30%-40% in some centers.
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Recent advances in surgical technique for partial hepatectomy,
indications for liver resection, imaging modalities, and peri-
operative neoadjuvant chemotherapy, have increased the
number of patients suitable for simultaneous surgical resection
[34]. However, hepatic tumor recurrence rates remain high, at
around 60%-65%. Therefore, identifying patients who are more
likely to have recurrence after surgery is important for guiding
treatment.

Recently, it has been shown that the inflammatory response
(IR) plays a key role in the survival of cancer patients. The
neutrophil-to-lymphocyte ratio (NLR), an IR marker, has been
reported to be associated with patients’ prognosis for various
types of cancer, including breast [5] stomach [6], pancreatic
[7], and hepatocellular carcinoma [8]. Several recent studies
have reported on the role of NLR as a prognostic factor for
CRC patients [9]. Moreover, NLR is also a predictor in CRLM
after surgery [10]. However, few studies have investigated the
prognostic value of NLR in resectable sSCRLM.

Serum CEA is an adhesion molecule of the immunoglobulin
cell and is known to be increased in several cancers, including
CRC [11]. CEA is also widely accepted as a clinically significant
prognostic indicator for both recurrence and therapeutic benefit
in CRC [12]. CEA mediates metastasis and IRs by binding to its
receptor, hnRNP, in the liver [13]. One study on the correlation
between CEA and colorectal metastasis found that CEA was
associated with higher liver metastasis but not with other organ
metastasis or nonmetastatic CRC [14]. However, the prognostic
value of CEA in CRC with liver metastasis remains uncertain.
A meta-analysis showed that low preoperative CEA level (less
than 50 ng/mL) was associated with a significantly better
survival time following liver metastasis resection. Another
meta-analysis using a cut-off of 200 ng/mL to stratify the 2
groups, also demonstrated improved survival time with lower
CEA level [15].

There have been no studies until now that have explored the
prognostic role of combined detection of preoperative NLR and
CEA levels in patients with sCRLM. Therefore, the aim of this
study was to evaluate each prognostic utility of preoperative
NLR or CEA levels in patients undergoing simultaneous surgery
for sCRLM, and was to determines the predictive ability of
combining of preoperative NLR and CEA levels in sCRLM
patients.

METHODS

Patient selection
Eighty-three patients were selected by the following inclusion

criteria: patients who (1) were histologically diagnosed
as CRLM at the Soonchunhyang University Cheonan and
Bucheon Hospital between 2005 and 2015, (2) were initially
diagnosed as colon cancer with liver metastasis, (3) had

undergone radical resection for colon cancer and hepatic
metastases synchronously, (4) had negative surgical margin,
(5) were received adjuvant chemotherapy, (6) had available

Table 1. Baseline characteristics of patients (n = 83)

Characteristic Value

Sex
Male 62 (74.7)
Female 21 (25.3)
Age (yr) 59.5 + 10.0

CRC operation
Right hemicolectomy
Left hemicolectomy
Anterior resection
Low anterior resection

Abdominoperineal resection

Neoadjuvant chemotherapy

Yes 24 (28.9)

No 58 (69.9)
No. of liver metastasis 1.49 (1.0-3.0)
Hepatectomy

Major 39 (47.0)

Minor 44 (53.0)
CRCT stage

T3 62 (74.7)

T4 19 (22.9)
CRC histology

Well differentiated 4 (4.8)

Moderate differentiated 68 (9.5)

Poorly differentiated 11 (13.3)
CRC N stage

NO 16 (19.3)

N1 38 (45.8)

N2 27 (32.5)
CRC microvascular invasion

Yes 26 (31.3)

No 52 (62.7)
Inflammatory related complication

Colon anastomosis leakage 2(9.5)

Hepatectomy site leakage 4(19.0)

Wound complication 7 (33.3)

Other 8(38.1)
CEA (ng/mL) 11.1(3.8-107.5)
CA 19-9 (ng/mL) 21 .3 (4.8-172.0)
a-FP (ng/mL) 5(1.9-5.2)
Albumin (mg/L) 9 (2.5-5.0)
Total bilirubin (umol/L) 4 (0.3-0.8)
WABC count (x10*/uL) 8 (5.6-10.7)
Neutrophil count (x10%/L) 9 (2.8-8.0)
Lymphocyte count (x10%/L) 24 3 (12.1-36.3)
Platelet count (x107/L) 269.7 (191.5-374.5)
Length of stay 21.5(13.5-31.5)

Values are presented as number (%), mean + standard deviation,

or median (interquartile range).
CRC, colorectal cancer.
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records of blood chemistry and CEA, and (7) had available  the Soonchunhyang University Cheonan and Bucheon Hospital
follow-up information. The exclusion criteria were patients  approved the study (SCHCA 2018-05-021). Written informed
who had clinical evidence of infection, other metastasis prior ~ consent was waived by the IRB.

to surgery, or evidence of hematological disease, such as

lymphoma and leukemia. The Institutional Review Board of

Table 2. Characteristics of the 83 patients grouped by NLR

Low NLR group High NLR group
Characteristic P-value
NLR < 1.94 (n =42) NLR > 1.94 (n = 41)
Sex
Male 31 (73.8) 31 (75.6) 0.850
Female 11(26.2) 10 (24.4)
Age (yr) 59.4 +10.2 59.6 +11.8 0.933
Neoadjuvant chemotherapy
Yes 10 (24.4) 14 (34.1) 0.332
No 31 (75.6) 27 (65.9)
CRC operation
Right hemicolectomy 6 (14.3) 10 (24.4) 0.399
Left hemicolectomy 2 (4.8) 2 (4.9)
Anterior resection 13 (31.0) 17 (41.5)
Low anterior resection 18 (42.9) 11 (26.8)
Abdominoperineal resection 3(7.1) 1(2.4)
CRCT stage
T3 31(77.5) 31 (75.6) 0.841
T4 9 (22.5) 10 (24.4)
CRC N stage
NO 6 (15.0) 10 (24.4) 0.617
N1 20 (50.0) 18 (43.9)
N2 14 (35.0) 13 (31.7)
CRC histology
Well to moderate differentiated 38 (95.0) 32 (78.0) 0.048
Poorly differentiated 2 (5.0) 9(22.0)
CRC Microvascular invasion
Yes 12 (30.8) 14 (35.9) 0.631
No 27 (69.2) 25 (64.1)
No. of liver metastasis 1.0 (1.0-3.0) 2.0 (1.0-2.5) 0.562
Hepatectomy
Major 18 (42.9) 21 (51.2) 0.445
Minor 24 (57.1) 20 (48.8)
Liver metastasis site
Unilobar 29 (69.0) 29 (70.7) 0.867
Bilobar 13 (31.0) 12 (29.3)
Inflammatory complication
Yes 9(21.4) 12 (29.3) 0.411
No 33 (78.6) 29 (70.7)
Length of stay (day) 18.0 (13.5-22.5) 25.0 (17.0-31.5) 0.013
CEA100 (ng/mL)
<100 39 (92.9) 28 (68.3) 0.005
>100 9(7.1) 13 (31.7)

Values are presented as number (%), mean = standard deviation, or median (interquartile range).
NLR, neutrophil-to-lymphocyte ratio; CRC, colorectal cancer.
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Table 3. Univariate and multivariate analysis for risk factors for overall survival

Univariate analysis
Characteristic

HR 95% Cl P-value

Sex

Male 1.410 0.610-3.259 0.422

Female Ref
Age 0.998 0.965-1.032 0.898
Liver metastasis number

<3 Ref

>3 2.851 1.343-6.052 0.006
No. of liver metastasis 1.182 1.055-1.324 0.004
Hepatectomy

Major 1.215 0.613-2.408 0.577

Minor Ref
CRCT stage

T3 Ref

T4 2.847 1.303-6.219 0.009
CRC histology

Well to moderate differentiated Ref

Poorly differentiated 0.496 0.208-1.181 0.113
CRC LN metastasis

Yes 3.394 1.036-11.119 0.044

No Ref
CRC microvascular invasion

Yes 1.996 0.972-4.099 0.049

No Ref
Neoadjuvant chemotherpy

Yes 1.735 0.862-3.494 0.123

No Ref
Inflammatory complication

Yes 3.904 1.981-7.694 <0.001

No Ref
Clavien-Dindo classification grade

| Ref

1 1.680 0.720-3.925 0.230

1 10.258 3.814-27.591 <0.001

\Y 128.885 18.833-882.010 <0.001
Length of stay 1.013 1.004-1.021 0.005
CEA (ng/mL)

<100 Ref

>100 2.098 1.022-4.305 0.043
CA 19-9 1.000 1.000-1.000 0.026
a-FP 0.977 0.867-1.102 0.710
NLR

<1.94 Ref

>1.94 2.164 1.054-4.444 0.035
Liver metastasis location

Unilobar Ref

Bilobar 1.29 0.637-2.613 0.480

HR

Ref
1.970

3.582
Ref

3.722
Ref

Ref
1.207

Ref
2.636

Multivariate analysis

95% Cl

0.863-4.496

1.079-11.891

1.867-7.419

0.512-2.845

1.266-5.489

P-value

0.107

0.037

0.000

0.048

0.010
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Table 3. Continued

Univariate analysis

Characteristic

Multivariate analysis

HR 95% Cl P-value HR 95% ClI P-value
Liver resection margin
Negative Ref
Positive 2.103 0.862-5.132 0.102

HR, hazard ratio; Cl, confidence interval; CRC, colorectal cancer; LN, lymph node; NLR, neutrophil-to-lymphocyte ratio.

Clinical parameters and laboratory measurement
of neutrophils, lymphocytes, and CEA

Laboratory results including neutrophil count, lymphocyte
count, and CEA were measured within 1 week prior to surgery
as part of the routine workup. Eligible patients' clinical data
including age, sex, cancer site, tumor stage, pathological class,
differentiation, number of liver metastasis, and treatment type
were collected from medical records.

Calculation of NLR and CEA
NLR was defined as the neutrophil to lymphocyte ratio. Using

receiver operating characteristic curve analysis, the cutoff value
for NLR was calculated based on which patients were assigned
to a high NLR group (more than 1.94) or low NLR group (less
than 1.94). A cutoff value of 100 for serum CEA level was used
in the light of previous CEA study [15].

Patient follow-up and statistical methods
Synchronously detected liver metastases were defined as

metastases detected prior to resection of the colon cancer and
as having resection of CRLM within 12 weeks of surgery for
the primary tumor. All patients were considered for adjuvant
chemotherapy after surgery at our multidisciplinary team
meeting, with 5-fluorouracil plus leucovorin (n = 6), FOLFOX
(n = 32), FOLFOX plus bevacizumab (n = 2), FOLFIRI (n = 30),
FOLFIRI plus bevacizumab (n = 8), or FOLFIRI plus cetuximab
(n = 5) regimen. And 24 patients were received neoadjuvant
chemotherapy with FOLFOX (n = 5), FOLFOX plus bevacizumab
(n = 2), FOLFIRI (n = 2), FOLFIRI plus cetuximab (n = 6), and
concurrent chemoradiotherapy (n = 9). Overall survival (OS)
was defined as the time from the first treatment (surgery or
neoadjuvant chemotherapy) to the date of death. Disease-free
survival (DFS) was defined as the time from the hepatic surgery
to the date of the first local, regional, or metastatic recurrence.
Follow-up and survival times were recorded in months. The
statistical analysis was performed with IBM SPSS Statistics ver.
21.0 (IBM Co., Armonk, NY, USA). The comparison of categorical
variables was performed by chi-square and Fisher exact tests.
Continuous data were analyzed by Student t-test and Mann-
Whitney U-test. Kaplan-Meier survival curves were used to
analyze patients’ overall and DFS. A Cox regression analysis

was then done as a multivariable analysis of clinicopathological
factors that affect both OS and DFS. All confidence intervals are
95%.

RESULTS

Patients and tumor characteristics
Table 1 shows the clinicopathologic features and laboratory

data of all patients (n =83). Of these patients, 62 (74.7%) were
males and 21 (25.3%) females. The mean age of patients was
59,5 years. All patients underwent liver resection, A total of 39
patients (47%) had a "major” (three or more Couinaud segments)
resection performed.

Correlations of NLR and clinicopathological factors
All clinicopathologic characteristics were comparable

between patients grouped by NLR, as shown in Table 2. Poorly
differentiated histology of colon cancer was significantly
correlated with high NLR (P = 0.048), and a significant dif-
ference in CEA level (cutoff 100 ng/mL) and length of stay was
noted between groups (P = 0.005 and P = 0.013, respectively).
No statistically significant differences were noted between
groups based on the type of colon operation, number of liver
metastases, or type of hepatectomy.

Correlation of clinicopathological factors with OS
and DFS

Univariate analysis revealed that the number of liver meta-
stases (>3), T4 stage, lymph node metastasis, inflammatory
complication, Clavien-Dindo classification grade, CEA > 100
ng/mL, and high NLR were poor prognostic factors for OS in
all patients (P = 0.006, P = 0.009, P = 0.044, P < 0.001, P <
0.001, P = 0.043, and P = 0.035, respectively). And lymph-
node metastasis, inflammatory complication, CEA level,
and high NLR as independent prognostic factors for OS in
multivariate analysis (P = 0.037, P < 0.001, P = 0.048, P = 0.010,
respectively). The number of liver metastases (>3), methods
of hepatectomy (major or minor), lymph node metastasis,
inflammatory complication, CA 19-9, and high NLR were
poor prognostic factors for DFS in all patients in univariate
analysis (P = 0.016, P = 0.017, P = 0.040, P = 0.009, P < 0.013,
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Characteristic

Sex
Male
Female
Age
Liver metastasis number
<3
>3
No. of liver metastasis
Hepatectomy
Major
Minor
CRCT stage
T3
T4
CRC histology
Well to moderate differentiated
Poorly differentiated
CRC LN metastasis
Yes
No
CRC microvascular invasion
Yes
No
Neoadjuvant chemotherpy
Yes
No
Inflammatory Complication
Yes
No
Clavien-Dindo classification grade
|
1l
11
\%
Length of stay
CEA (ng/mL)
<100
>100
CA 19-9
a-FP
NLR
<1.94
>1.94
Liver metastasis location
Unilobar
Bilobar

HR

1.418
Ref
0.995

Ref
2.324
1.190

2.000
Ref

Ref
1.777

Ref
0.613

Ref
2.135

1.601
Ref

1.363
Ref

2.212
Ref

Ref
1.126
2.657
12.800
1.009

Ref
1.804
1.000
1.009

Ref
1.841

Ref
1.198

Univariate analysis

95% Cl

0.741-2.714

0.968-1.022

1.170-4.617

1.063-1.332

1.134-3.526

0.921-3.428

0.218-1.726

1.036-4.400

0.907-2.827

0.755-2.460

1.215-4.026

0.616-2.060
1.152-6.128
2.541-64.474
1.000-1.018

0.978-3.325
1.000-1.000
0.998-1.020

1.056-3.211

0.666-2.158

Table 4. Univariate and multivariate analysis for risk factors for recurrence

P-value

0.291

0.692

0.016

0.003

0.017

0.086

0.394

0.040

0.105

0.304

0.009

0.699
0.022
0.002
0.054

0.059
0.013
0.126

0.031

0.546

HR

Ref
1.368

1.795
Ref

Ref
2.415

1.890
Ref

Ref
1.446

Ref
2.229

Multivariate analysis

95% Cl

0.581-3.224

0.995-3.238

1.149-5.078

1.008-3.545

0.730-2.865

1.256-3.958

P-value

0.473

0.052

0.020

0.047

0.290

0.006
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Table 4. Continued

Univariate analysis Multivariate analysis
Characteristic
HR 95% Cl P-value HR 95% Cl P-value
Liver resection margin
Negative Ref Ref
Positive 2.105 0.934-4.741 0.073 1.684 0.726-3.906 0.225

HR, hazard ratio; Cl, confidence interval; CRC, colorectal cancer; LN, lymph node; NLR, neutrophil-to-lymphocyte ratio.

A 1.0 1 B 1.0 ¢ ¢ 1.0 §
0.81 P =0.030 0.81 P=0.026 0.8 1 P =0.037
© © ©
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0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Months after surgery Months after surgery Months after surgery
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Fig. 1. Kaplan-Meier survival curves for overall survival (OS) and disease-free survival (DFS) in patients with synchronous liver-
limited colorectal metastase according to their neutrophil-to-lymphocyte ratio (NLR) and CEA levels. (A) OS according to NLR,
(B) DFS according to NLR, (C) OS according to CEA levels, (D) DFS according to CEA levels, (E) OS according to combination
of NLR and CEA levels (group 1: both high, group 2: either high, group 3 both low), (F) DFS according to combination of NLR
and CEA levels (group 1: both high, group 2: either high, group 3 both low).

and P = 0.031, respectively). And in multivariate analysis,  Analysis of survival according to the NLR and CEA
lymph-node metastasis, inflammatory complication, and high for sCRLM

NLR as independent prognostic factors for DFS in all patients Survival rates were compared using the Kaplan-Meier
(P = 0.020, P = 0.047, and P = 0.006, respectively). The other = method. The survival of patients with high NLR and CEA was
clinicopathological parameters (age, sex, colon cancer histologic  significantly poorer than that of low NLR and CEA (log-rank
differentiation, microvascular invasion, location of liver  test, P = 0.030 and P = 0.037, respectively). The recurrence
metastasis, and type of hepatectomy) showed no correlation  rate with high NLR was also significantly higher than with low
with the OS of patients with sSCRLM (Tables 3, 4). NLR (P = 0.026) and also CEA level is expected to influence

DFS (P = 0.052). We further divided patients into 3 groups

according to their NLR and CEA levels. Patients with both levels
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low were assigned to group 1, both high were group 3, and
the rest were group 2. Patients in group 1 had a significantly
longer OS and DFS than group 3 did (P = 0.026 and P = 0.009,
respectively) (Fig. 1).

DISCUSSION

Our study revealed that in combination high NLR and CEA
levels might be an independent prognostic biomarker that
correlates with survival and prognosis in patients with sSCRLM.
This is the first study evaluating the effectiveness of this metric
in patients with resectable sSCRLM. Since Walsh et al. [9] first
reported that NLR was a prognostic indicator in patients with
CRC, many studies have confirmed the correlation of NLR and
prognosis [16-18]. However, only a few studies have reported
that combining NLR and CEA levels correlated with prognosis
in CRCM [19]. Moreover, most of the previous studies included
patients at all stages of CRC or included inoperable stage IV
CRC group [20]. Chiang et al. [18] demonstrated that NLR and
CEA levels predict the survival of stage I-III CRC patients who
received curative surgery. Zhan et al. [21] reported on combined
detection of NLR and CEA as an independent prognostic factor
in stage Il and III CRC patients. Halazun et al. [16] documented
that elevation of NLR predicts survival of patients who were
included in both synchronous and metachronous groups for
CRLM after hepatic resection. However, they only evaluated
NLR by itself. Moreover, in metachronous liver metastasis,
tumor biology could be changed due to primary tumor resection
and adjuvant chemotherapy.

In the present study, colon cancer lymph-node metastasis,
postoperative inflammatory complications, and high NLR were
shown, when used independently, to be poor prognostic factors
for both overall and recurrence-free survival in multivariate
analysis. Previous commonly used clinicopathological factors,
such as patient age, colon cancer location, T stage, microvascular
invasion, and number of liver metastases showed no significant
correlation with high NLR [2]. More aggressive histology and
length of stay in hospital were significantly correlated with
high NLR. Some studies also showed that histopathologic
factors such as differentiation, angio-invasion, and tumor
infiltrating inflammation of primary CRC and metastatic
lesion were independent risk factor for recurrence after hepatic
resection in CRLM [22]. These results suggest that elevated NLR
and inflammatory complications have an important role in the
aggressiveness of tumors.

Recently, inflammation as a protective response that para-
doxically plays a critical role in tumor development has
attracted great interest. One inflammatory marker, NLR,
has been reported as a powerful index of the systemic IR.
Because neutrophilia and lymphopenia occur during systemic
inflammation, NLR is an important marker which represents

a balance between pro-tumor inflammatory pathways and
the immune systems antitumor functions. Increased NLR
means that elevations in inflammatory cells, affect tumor
growth in the microenvironment. Furthermore, they suppress
cell-mediated immunity, thereby facilitating the immune
escape of tumor cells [23]. High NLR is correlated with tumor
invasiveness, angiogenesis and metastasis [24]. Elevated NLR
was correlated with OS in several types of cancer including CRC
[5-10].

Our study showed that inflammatory postoperative compli-
cations, such as anastomosis leakage and wound complication,
are independent prognostic factors of survival and recurrence
in multivariate analysis. Many studies have also reported
a correlation between cancer-associated inflammation and
survival and prognosis in various cancers, for which there are
several possible explanations. Tumor-associated inflammation
induces crosstalk between nonmalignant and malignant
cells through mediators such as cytokines, chemokines,
and prostaglandins. The tumor microenvironment under
inflammatory conditions leads to tumor progression and
metastasis, and this microenvironment provides a source
of extracellular matrix-modifying enzymes that facilitate
angiogenesis, invasion, and metastasis [25]. Major host cell
types involved in inflammation are macrophages, myeloid cells,
lymphocytes, and mesenchymal cells. Neutrophils may also
contribute to progression and dissemination of cancer with a
number of studies suggesting an important role. Neutrophil
extracellular trap (NET) are networks of extracellular DNA
derived from neutrophils. They trap circulating tumoral cells
and subsequently increase the mature metastatic-disease
burden. Studies have shown that NET products in vitro are
increased in CRC patients [26]. Human neutrophil peptides-1,
-2, and -3 (HNP 1, 2, and -3) were upregulated in CRC patients
when compared to normal colon tissue. HNP levels can be
applied as important markers in patients with lymph node or
liver metastasis [27]. Neutrophils induce granulocyte-colony
stimulating factor release from tumor cells through the release
of interleukin (IL)-1 and tumor necrosis factor (TNF)-alpha.
Neutrophilia increases inflammatory markers, such as vascular
endothelial growth factor, CXCL8, proteases (metalloproteinase
tissue inhibitors), and antiapoptotic markers (nuclear factor-
kappa B [NF-xB]), which are associated with tumor growth and
progression [25]. Chronic inflammation plays an important role
in the proliferation and metastasis of tumor cells. In addition,
many studies suggest that cancer-associated inflammation
affects cancer development and progression. Transcription
factors, including NF-xB and STAT3, and inflammatory
cytokines, such as IL-1B, IL-6, IL-23, and TNF-q,, are associated
with cancerrelated inflammation. Further supporting the
link, some studies have shown that COX-2 inhibitors and
nonsteroidal anti-inflammatory drugs reduce not only CRC
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incidence but also metastasis and overall mortality [28].

In our study, high CEA showed a strong trend with lower OS
and DFS in univariate analysis. CEA is also a widely accepted
prognostic indicator of therapeutic response and monitoring
of recurrence in CRC, and the CEA level is recommended as a
gold standard for follow-up by the American Society of Clinical
Oncology and European Society for Medical Oncology [29,30].
However, in CRC with liver metastasis, especially resectable
SCRLM, the value of CEA has been less well understood. Some
reports showed low CEA levels (less than 200 ng/mL) were
correlated with better survival. They reported a 5-year survival
of 48.9%, compared to 0% for high CEA levels. A previous meta-
analysis demonstrated that preoperative CEA level less than 50
ng/mL was associated with better survival after liver resection
(15]. Although the optimal cutoff value remains uncertain,
(many studies have used cutoff values ranging from 20 to 200
ng/mL) 100 ng/mL was used in this study. We have also shown
that, compared to patients with lower NLR, patients with
high NLR were significantly correlated with high CEA levels
measured at the preoperational stage (CEA <100 or >100 ng/
mL). As shown in Fig. 1, the CEA level was correlated with OS
and DFS, and the combination of NLR and CEA was a better
prognosticator for resectable sSCRLM patients than NLR or CEA
alone. There are several advantages to the use of serum NLR
and CEA levels, because they are easily measured in blood test
and routinely checked in all CRC patients. The combination
of NLR and CEA not only reflects the tumor characteristics,
but also represents the inflammatory and immune status
of tumors. Zhan et al. [21] also demonstrated that COCN
(combination of CEA and NLR) is a more powerful independent
predictor than NLR or CEA alone in patients with stage II or III
CRC.

Our study has several limitations. First, although patients

were selected only if they had resectable sSCRLM, because of
working within a single institution and using a retrospective
design, selection bias such as heterogenicity of chemotherapy
regimens and duration could not be excluded completely.
Second, the total number of patients was small, and the lack
of standardization of clinical assays are an important problem.
Third, some important pathological reports, such as perineural
invasion, were not included in the study because they were
not documented. Further well-designed prospective studies
are needed. However, all patients involved were synchronously
diagnosed and operated on for lesions of colon and liver;
therefore, the biases were minimized.

In summary, elevated preoperative NLR is strongly correlated
with both survival and recurrence in patients who have
been diagnosed with resectable synchronous CRC with liver
metastases. Combined NLR and CEA levels could be a more
powerful prognostic marker than NLR alone. Preoperatively,
measurement of NLR and CEA level may a provide simple
method for identifying patients with a poorer prognosis
in resectable sCRLM. Further it will allow optimization for
selecting patients who will need further treatment, such as
inflammatory and immune modulation, which could improve
their long-term outcomes.
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