
Abstract. Background: The need for palliative resection of
asymptomatic primary tumor in patients with unresectable
metastatic colorectal cancer (CRC) is still controversial. In
order to identify predictors of survival after palliative resection,
we investigated the correlations between clinicopathological
factors, preoperative Glasgow prognostic score (GPS) and
neutrophil-to-lymphocyte ratio (NLR), and survival. Patients
and Methods: A total of 94 patients were enrolled in the
present study. The prognostic value of the clinicopathological
factors, GPS and NLR were analyzed retrospectively. Results: A
multivariate analysis revealed that both the GPS and NLR were
independent predictors of survival along with the preoperative
Eastern Cooperative Oncology Group performance status (PS)
and extent of distant metastasis. We classified the patients using
a combination of these factors, and categorized them into three
risk groups. The median survival time was five months in the
high-risk group, compared to 21.5 months in the intermediate-
risk group and 37 months in the low-risk group. Conclusion:
Sub-classification based on the GPS, NLR, PS and extent of
distant metastasis can classify patients into three independent
groups. There may be no survival benefits associated with
palliative resection in the high–risk group. 

Approximately 20% of patients with colorectal cancer (CRC)
present with stage IV disease at the time of diagnosis (1). The
median survival time (MST) for patients with unresectable

stage IV disease is approximately six to eight months for those
who receive the best supportive care without chemotherapy
(2). The recent development of chemotherapeutic and
molecular targeting agents has markedly improved the MST
to almost 24 months (3-5). In patients with symptoms related
to the primary tumor, such as obstruction or bleeding,
resection of the primary tumor may relieve symptoms. In
contrast, the need for prophylactic resection of asymptomatic
primary tumors in patients with unresectable metastatic
disease remains unclear. Resection of the primary tumor is
considered necessary to prevent local complications during
subsequent chemotherapy (6-9). However, several recent
studies have raised questions regarding the efficacy of this
upfront surgical strategy (10-12). Currently, there is no
consensus on the indications for resection of asymptomatic
primary tumors in patients with unresectable metastatic CRC. 

Several parameters for predicting survival in patients with
stage IV CRC have been identified, including patient
characteristics, such as performance status (PS), age and
gender, and tumor characteristics, such as the extent of distant
metastasis, pathological tumor differentiation and serum
levels of carcinoembryonic antigen (CEA) (13). Recently, it
was reported that tumor progression is not determined solely
by the local characteristics of the tumor, but also by the host
systemic immune/inflammatory responses (14). Therefore,
identifying parameters that reflect both tumor characteristics
and the systemic inflammatory status will help predict patient
survival more precisely and select for optimal treatment,
especially in patients with stage IV disease.

There is increasing evidence that inflammation-based
prognostic parameters, such as the Glasgow prognostic score
(GPS) and the neutrophil-to-lymphocyte ratio (NLR), are
associated with survival in several types of malignant tumors
(15-21). Both the GPS and NLR are based on laboratory data
that are routinely recorded in the clinical setting and can
easily be estimated before surgery. 
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In the present study, in order to identify parameters to
select for patients who will have a poor prognosis after
palliative surgery, we retrospectively investigated the
correlations between various clinicopathological factors, the
preoperative GPS, NLR and prognosis in patients with stage
IV CRC who underwent palliative resection of asymptomatic
primary tumor.

Patients and Methods

We conducted a retrospective review of a database comprising of
1,701 patients with CRC who underwent surgical resection at the
Department of Surgical Oncology, Osaka City University Hospital
between January 2001 and December 2009. Among these
individuals, we identified 141 patients with stage IV CRC disease.
Out of these patients, 24 who underwent R0-1 resection and four
who underwent emergency surgery due to colonic perforation were
excluded from the study. Nineteen patients who exhibited symptoms
associated with the primary tumor (16 patients with symptoms
associated with obstruction, including constipation, ileus and
abdominal fullness; and three patients with symptoms related to
tumor bleeding, including melena and anemia) were also excluded
from the study. The other 94 patients who underwent palliative
resection were enrolled in the study. Palliative resection was defined
as resection of a primary lesion of the colon and/or rectum, with
regional lymphadenectomy, and no resection of incurable metastases
such as peritoneal dissemination or hepatic or distant metastasis.

The following parameters were evaluated: age, gender,
preoperative Eastern Cooperative Oncology Group performance status
(PS), tumor location, histological type, depth of tumor invasion,
lymph node metastasis, extent of distant metastasis (M1a; one organ
affected by metastasis, and M1b; involvement with metastasis of more
than one organ), the serum CEA level (cut-off level=5.0 mg/ml),
postoperative complicaions, postoperative chemotherapy and
molecular-targeting therapy. The pathological diagnosis and
classification status were determined according to the seventh edition
of the Union of International Cancer Control TNM Classification of
Malignant Tumors (22). Routine laboratory measurements, including
the serum level of C-reactive protein (CRP), albumin, and CEA, were
obtained immediately before surgery in order to exclude any effects
attributable to inflammation. None of the patients had clinical
evidence of infection or other inflammatory conditions, and none had
received preoperative chemotherapy or irradiation. 

The GPS was estimated as previously described. Briefly, patients
with both an elevated CRP level (>1.0 mg/dl) and hypoalbuminemia
(<3.5 g/dl) were allocated a score of 2. Patients in whom only one
of these biochemical abnormalities were present were allocated a
score of 1, and those in whom neither of these abnormalities was
present were allocated a score of 0 (15-17).

The cut-off value of the NLR was determined to be three, based
on previous reports by Ishizuka et al. (18) and Chiang et al. (19).

Statistical analysis. The statistical analyses were performed using the
JMP 10 software program (SAS Institute Japan, Tokyo, Japan). The
Chi-square test was used to compare the data. Survival curves were
created according to the Kaplan–Meier method and analyzed using
the log-rank test. A Cox proportional hazards model was used for the
multivariate analysis to identify for independent prognostic factors.
Values of p<0.05 were considered to be statistically significant.

Results

The clinicopathological features of the 94 patients are
summarized in Table I. Fifty-seven patients had M1a disease,
and 37 had M1b disease. Postoperative complications were
observed in 20 patients including, superficial surgical site
infections in seven patients, ileus in six patients, anastomotic
leakage in four patients, anastomotic bleeding in two patients
and pneumonia in one patient. However, all patients
recovered with conservative treatment, without the need for
surgical intervention. There were no postoperative deaths.

With regard to the administration of postoperative
chemotherapy, eight patients refused to receive chemotherapy
and six patients were judged to be contraindicated for
chemotherapy due to a poor PS and/or severe co-morbidities.
The other 80 patients underwent chemotherapy. Recently
developed chemotherapeutic regimens, such as FOLFIRI
(folic acid/fluorouracil plus irinotecan) and FOLFOX (folic
acid/fluorouracil plus oxaliplatin), were introduced into our
Department in 2005, therefore patients who underwent
surgery before 2005 had been administered infusional 5-
fluorouracil (5FU) or an oral pro-drug based on 5FU.
Molecular-targeting therapy with bevacizumab became
available in 2007, and cetuximab bacame available in 2008
in Japan. Therefore, in this study, only 31 patients received
molecular targeting therapy. At the time of analysis, 90 (96%)
patients had died, with a median follow-up of 30 months after
surgery. The MST was 21 months.

The correlations between various clinicopathological
factors and the GPS or NLR are shown in Tables II and III.
There were no significant correlations between the GPS,
NLR or any of the various clinicopathological factors
examined. The frequency of postoperative complications, and
the incidence of chemotherapy and molecular-targeting
therapy did not differ according to the GPS status or NLR.
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Table I. Characteristics of 94 patients with stage IV colorectal cancer
who underwent palliative resection for asymptomatic primary tumor.

Age (years) Mean (range) 60.4 (39-87)
Gender Male/female 51/43
PS 0/1/2 78/12/4
Location Rectum /colon 18/76
Histological type Well or mod /other 79/15
Depth of tumor invasion T1-3/T4 23/71
Lymph node metastasis N0-1/ N2-3/unknown 45/41/8
The extent of  distant metastasis M1a/M1b 57/37
Postoperative complications Yes/no 20/80
Postoperative chemotherapy Yes/no 80/14
Molecular targeting therapy Yes/no 31/63

PS: Eastern Cooperative Oncology Group performance status, Well:
well-differentiated adenocarcinoma, mod: moderately-differentiated
adenocarcinoma.



Table IV shows the results of univariate and multivariate
analyses of various clinicopathological characteristics as
potential prognostic factors for survival, including the GPS
and NLR. A univariate analysis revealed that a PS of 1 or
more, the presence of T4 tumors, an M1b status, a GPS of 2
and an NLR of more than 3 were significantly associated
with a worse survival. Moreover, according to the
multivariate analysis using Cox’s model, both a GPS of 2

and an NLR of more than 3 are independent significant
prognostic factors in addition to a PS of 1 or more and an
M1b status.

We classified the patients using a combination of these
four prognostic factors into three risk groups: patients
without any prognostic factor (low-risk group, n=20),
patients with one or two prognostic factors (intermediate-risk
group, n=62) and patients with three or four prognostic
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Table II. The relationship between the Glasgow prognostic score and
clinicopathological factors.

GPS p-Value

0 1 2
(n=53) (n=24) (n=17)

Age (years)
≥70 21 7 4 0.60
<70 32 17 13

Gender
Male 28 13 10 0.91
Female 25 11 7

PS
0 47 19 13 0.37
1, 2 6 5 4

Location
Rectum 11 5 2 0.69
Colon 42 19 15

Histological type
Well or mod 42 21 16 0.30
Other 11 3 1

Depth of tumor invasion
T1-3 13 8 2 0.29
T4 40 16 15

Lymph node metastasis
N0-1 24 13 8 0.70
N2-3 24 11 6
Unknown 5 - 3

The extent of distant metastasis
M1a 35 14 8 0.54
M1b 18 10 9

CEA (ng/ml)
≥5 49 19 6 0.37
<5 4 5 1

Postoperative complication
No 39 21 14 0.55
Yes 14 3 3

Postoperative chemotherapy
None 5 6 3 0.74
5FU monotherapy 15 5 5
5FU + irinotecan or oxaliplatin 33 13 9

Postoperative molecular 
targeting therapy
No 34 16 13 0.80
Yes  19 8 4

CEA: Carcinoembryonic antigen, GPS: Glasgow prognostic score, PS:
Eastern Cooperative Oncology Group performance status, Well or mod
well- or moderately-differentiated adenocarcinoma, 5FU: 5-fluorouracil.

Table III. The relationship between the neutrophil-to-lymphocyte ratio
and clinicopathological factors.

NLR p-Value

>3 ≤3
(n=51) (n=43)

Age (years)
≥70 16 16 0.55
<70 35 27

Gender
Male 26 25 0.63
Female 25 18

PS
0 44 35 0.72
1, 2 7 8

Location
Rectum 7 11 0.23
Colon 44 32

Histological type
Well or mod 44 34 0.52
Other 7 9

Depth of tumor invasion
T1-3 11 12 0.48
T4 40 31

Lymph node metastasis
N0-1 24 21 0.99
N2-3 23 18
Unknown 4 4

The extent of distant metastasis
M1a 31 26 0.97
M1b 20 17

CEA (ng/ml)
≥5 45 39 0.96
<5 6 4

Postoperative complication
No 41 33 0.80
Yes 10 10

Postoperative chemotherapy
None 10 4 0.56
5FU monotherapy 13 12
5FU + irinotecan or oxaliplatin 28 27

Postoperative molecular- 
targeting therapy
No 36 27 0.42 
Yes    15 16

CEA: Carcinoembryonic antigen, GPS: Glasgow prognostic score,
NLR: neutrophil-to-lymphocyte ratio, PS: Eastern Cooperative
Oncology Group performance status, Well or mod: well- or moderately
differentiated adenocarcinoma, 5FU: 5-fluorouracil.



factors (high-risk group, n=12). Consequently, there were
significant (p<0.0001) differences in the postoperative
cancer-specific survival rates between the three groups
(Figure 1). The MST was only five months in the high-risk
group, compared to 21.5 months in the intermediate-risk
group and 37 months in the low-risk group.

The postoperative treatments were compared between the
three risk groups (Table V). No significant correlations were
found between the frequency of postoperative complications
and the administration of chemotherapy and molecular
targeting therapy in these groups. The incidence of the
administration of 5-FU with irinotecan or oxaliplatin tended
to be lower in the high-risk group than in the other groups;
however, statistical significance was not reached.

Discussion

Palliative resection of asymptomatic primary tumors has
traditionally been considered necessary to prevent the need
for subsequent chemotherapy, resulting in prolonged survival
(6-9). However, because the survival of such patients has
been remarkably prolonged by the development of new
chemotherapeutic and molecular-targeting agents, the
prognostic benefits of palliative surgery are controversial
(10-12). Using a multivariate analysis, the present study
revealed that the PS, extent of distant metastasis, GPS and
NLR are independent predictors of postoperative survival in
patients who undergo palliative resection of asymptomatic
primary tumors with unresectable metastasis. 

The PS is an established strong prognostic factor in
patients with advanced CRC, with the MST of patients with
a PS of 2 being less than half that of patients with a PS of 0
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Table IV. The results of the univariate and multivariate analyses of the
prognostic factors in patients with stage IV colorectal cancer who
underwent palliative resection of the asymptomatic primary tumor.

Variables MST Univariate Multivariate 
(months) analysis analysis

p-value OR 95%CI p-value

Age (years)
≥70 vs. <70 22 vs. 185 0.72

Gender
Male vs. female 23 vs. 19 0.80

PS
1, 2 vs. 0 10 vs. 23 0.03 2.70 1.14-4.06 0.02

Location
Rectum vs. colon 23 vs. 19 0.39

Histological type
Well or mod vs. other 22.5 vs. 17 0.19

Depth of tumor invasion
T4 vs. T1-3 19 vs. 23 0.04 1.61 0.93-2.97 0.09

Lymph node metastasis
N2-3 vs. N0-1 19 vs. 27 0.42

The extent of 
distant metastasis
M1b vs. M1a 14 vs. 23 0.04 1.66 1.00-2.72 0.04

CEA (ng/ml)
≥5 vs. <5 15.5 vs. 21.5 0.94

GPS
2 vs. 0, 1 10 vs. 20 0.0005 1.95 1.05-2.72 0.03

NLR
>3 vs. ≤3 18 vs. 27 0.004 1.97 1.74-3.39 0.01

CI: Confidence interval, CEA: carcinoembryonic antigen, GPS:
Glasgow prognostic score, MST: median survival time, NLR:
neutrophil-to-lymphocyte ratio, PS: Eastern Cooperative Oncology
Group performance status, Well or mod: well- or moderately
differentiated adenocarcinoma.

Figure 1. The postoperative cancer-specific survival of the patients
subdivided into low–, median–, and high–risk groups according to the
Glasgow prognostic score, neutrophil-to-lymphocyte ratio, performance
status and extent of distant metastasis. The median survival of the high-risk
group was significantly (p=0.0001) worse than those of the other groups.

Table V. The postoperative outcomes subdivided according to risk group.

Low-risk Intermediate-risk High-risk p-value
(n=20) (n=62) (n=12)

Median survival time 
(months) 37 21.5 5 <0.0001

Postoperative 
complications

No 14 50 10 0.77
Yes 6 12 2

Postoperative 
chemotherapy

None 4 6 4 0.26
5FU monotherapy 4 16 5
5FU + irinotecan 
or oxaliplatin 12 40 3

Postoperative molecular 
tagetting therapy

No 13 41 10 0.70
Yes 7 21 2

5FU: 5-Fluorouracil.



at presentation (23, 24). In patients with a poor PS, the
administration of aggressive combined chemotherapy, such
as FOLFOX or FOLFIRI, is often avoided due to fear of
severe adverse events. Sargent et al. analyzed several
clinical trials and reported that the administration of
aggressive chemotherapy increased the risk of toxicity and
60-day mortality (25). The seventh edition of the TNM
staging (22) divides stage IV CRC into two sub-classes
based on the extent of distant metastasis: stage IVa with
M1a disease and stage IVb with M1b disease. Although this
sub-classification facilitates making clear distinctions
between the two groups, some discrepancies exist. For
example, it is recognized that patients with M1a disease
may exhibit different survival outcomes according to
whether they have single or multiple metastases. Therefore,
the prognosis is significantly different even in the same sub-
class of stage IV disease, and other parameters should be
identified to predict the survival of patients.

The GPS is simply calculated based on the serum levels
of CRP and albumin and is thought to reflect the host
systemic immune/inflammatory responses (14, 15). The
mechanism of up–regulation of CRP is controlled by
cytokines, and high levels of CRP may reflect increased
levels of interleukins in patients with advanced cancer (26).
However, in most cases, levels of interleukins are not
routinely evaluated at the time of admission. Instead, the
CRP can be used as an indirect parameter of the up-
regulation of cytokines. 

Albumin is a main component of plasma proteins that
preserves the colloidal osmotic pressure and reflects the
nutritional status. The presence of an inflammatory response
has been proposed to be pathogenic in the development of
cancer-associated malnutrition (27). Several studies have
reported that patients with advanced gastrointestinal
malignancies are often malnourished, and that the
preoperative nutritional status is associated with tumor
progression and a poor clinical outcome (28-30). There are
several reports regarding the usefulness of the GPS as a
predictor of survival in patients with various solid
malignancies (14-16). Furthermore, a recent study revealed
that the GPS was correlated with tolerance to chemotherapy
(17). It is reasonable to speculate that the presence of an
inflammatory response and associated nutritional decline
affects tolerance and compliance with treatment. 

Neutrophils play a key role in tumor proliferation,
producing a number of ligands that induce tumor cell
proliferation and invasion, and promoting tumor
vascularization by releasing pro-angiogenic chemokines and
other factors (18). Therefore, an increase in neutrophils can
promote tumor growth and metastasis. On the other hand,
lymphocytes also play a key role in tumor suppression (18).
The function of lymphocytes is to induce cytotoxic cell death
and the production of cytokines in cancer cells. Therefore, a

decrease in the number of lymphocytes impairs the host’s
antitumor immune response and confers a poor prognosis.
Chua et al. (20) and Shibutani et al. (21) reported that a high
NLR leads to a reduced response rate to chemotherapy and
poor survival. 

Both the GPS and NLR are simple and easy to measure
using standardized widely-available assays. Recently, it has
been reported that many molecular parameters (such as
proteins involved in cell-cycle regulation, apoptosis and
angiogenesis) are associated with survival (31-33). However,
measuring these molecular parameters requires sophisticated
and expensive laboratory investigations and thus are less
easily determined than the GPS or NLR. 

In the present study, we presented sub-classification
based on the PS, extent of distant metastasis, GPS and
NLR. This classification can be used to stratify patients into
three groups of different survival periods. In the present
study, the MST of the high-risk group was five months,
which was very short and similar to that reported for
patients with stage IV CRC who received best supportive
care without surgery or chemotherapy. Therefore, there may
be no survival benefits associated with palliative resection
in the high-risk group. On the other hand, relatively better
survival is expected in the low-risk group. This risk
classification is simple and easy to use and may be helpful
for determining the optimal treatment for patients with
stage IV CRC. 

Conclusion

In this retrospective study, the GPS, NLR, PS and extent of
distant metastasis were found to be independent predictors
of survival in patients with stage IV CRC who underwent
palliative resection of asymptomatic primary tumor. The sub-
classification of patients based on these four factors appears
not only to be capable of classifying patients into three
independent risk groups before surgery, but also has the
potential to be used as a novel method of predicting
postoperative survival in such patients. This was a single-arm
retrospective study; therefore, a prospective study is needed
to confirm the present findings with respect to defining
patients who will have a poor survival outcome after
palliative resection for stage IV CRC.
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