
Abstract. Background/Aim: This study aimed to clarify
the potential of modified Glasgow Prognostic Score
(mGPS) as a prognostic biomarker and reveal the
significance of fish oil (FO)-enriched nutrition in colorectal
cancer (CRC). Patients and Methods: A total of 738 CRC
patients from three different patient cohorts, including 670
patients in the biomarker study and 68 patients in the
nutrition-intervention study, were analyzed. Results: High
preoperative mGPS was significantly correlated with well-
recognized disease progression factors and advanced UICC
stage classification. In addition, high mGPS was an
independent prognostic factor in both cohorts, especially in
stage III and IV patients. These statuses were maintained
in postoperative course and correlated with sarcopenia.
Furthermore, FO-enriched nutrition suppressed systemic
inflammatory reaction and improved skeletal muscle mass
and prognosis, especially in CRC patients with mGPS 1 or
2. Conclusion: Assessment of mGPS could identify patients

with high-risk CRC, who might be candidates for FO-
enriched nutrition. 

Colorectal cancer (CRC) remains a leading cause of cancer
mortality and the second leading cause of cancer-related
deaths in the Western population (1). Despite recent
advances in screening protocols, more than half of CRC
cases have already reached an advanced stage where tumor
cell spreading has occurred at the time of initial diagnosis
(2, 3). Furthermore, although treatment options have
significantly progressed, including the development of novel
chemotherapeutic drugs and technical advances in the
treatment of invasive metastatic lesions, approximately 50%
of CRC patients will die because of the development of
systemic metastasis. Therefore, there is an urgent need for
prognostic and predictive biomarkers in CRC patients and to
identify appropriate patient groups for the most effective
treatment options to improve disease outcomes.

In the last decade, accumulating evidence has revealed
that cancer-associated inflammation is a key determinant of
disease progression in various types of cancer (4, 5). Based
on this evidence, it is currently well recognized that the host-
tumor interaction in the form of the systemic inflammatory
response (SIR) is intimately associated with outcomes in
patients with cancer (6-8). The Glasgow Prognostic Score
(GPS) is a previously defined inflammation-based scale
based on serum levels of two acute phase proteins, 
C-reactive protein (CRP) and albumin (Alb). Several studies
successfully demonstrated the feasibility of using GPS as a
prognostic biomarker for both operable and inoperable
malignant disease (9). On further investigation, we defined
the appropriate cut-off value of serum CRP levels as a
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prognostic biomarker for CRC patients in the Japanese
population as 0.5 mg/dl, which is termed the modified GPS
(mGPS) (10, 11).

Previous work from our group has shown that several
cytokines and serum markers reflecting systemic inflammatory
response, including interleukin (IL)-1b, IL-1ra, IL-6, IL-10,
CRP, and Alb, are differentially expressed in serum from
patients with advanced CRC and can be used as predictive
biomarkers for postoperative nutritional status, morbidity, and
mortality in CRC patients (12-16). Furthermore, we recently
discovered the potential advantages of fish oil (FO)-enriched
nutrition therapy in the chemotherapeutic treatment course of
advanced gastrointestinal cancer (17). In the current study, we
focused on the potential of our mGPS as a prognostic biomarker
in patients with CRC, and systemically investigated the status
of pre-operative mGPS in CRC patients using clinical data from
two independent large patient cohorts to determine the clinical
significance of mGPS in CRC. In addition, we evaluated the
dysregulated pattern of serum CRP and albumin levels during
the post-operative course in CRC patients to clarify the
correlation between pre- and postoperative serum levels of these
factors and tumor progression in CRC patients. Furthermore,
we focused on the potential advantages of fish oil (FO)-enriched
nutrition therapy as an anti-SIR nutrition intervention in the
treatment course of patients with advanced CRC. We assessed
the chronological alterations of biochemical and physiological
status during chemotherapeutic treatment with or without FO-
enriched nutrition intervention in patients with advanced CRC
to clarify the clinical benefit of FO-enriched nutrition for
advanced CRC.

Patients and Methods

A total of 738 patients with CRC from three different patient
cohorts, including 670 patients in the biomarker study phase and 68
in the nutrition intervention study phase, were analyzed (Table I).
The retrospective study design included an initial biomarker study
phase with two separate cohorts, followed by a nutrition
intervention study phase with the third cohort (17). The training
cohort of the biomarker study phase was composed of 125 patients
with primary CRC who underwent surgical treatment at the
Department of Surgery, Iga Ueno General Hospital (Iga, Mie, Japan)
between January 2008 and December 2012. The validation phase of
the biomarker study phase involved 545 CRC patients who
underwent surgical treatment at the Department of Gastrointestinal
Surgery, Mie University Hospital (Iga, Mie, Japan) between January
2000 and December 2011. The nutrition intervention study cohort
contained 68 patients who received therapeutic chemotherapy for
advanced or recurrent CRC at the Department of Medical Oncology
in Iga Municipal Ueno General Citizen’s Hospital (Iga, Mie, Japan)
between April 2011 and April 2014. In the biomarker study cohort,
the Tumor Node Metastasis (TNM) staging system from the
American Joint Committee on Cancer was used for pathological
tumor staging of colorectal cancer (18). Resection of the primary
tumor was performed in all patients, and all patients were followed
up for tumor recurrence at regular intervals for up to 5 years. No

perioperative mortalities were observed among these patients. No
patient had received chemotherapy or radiation therapy prior to
surgery. During each annual hospital visit, all patients underwent a
chest X-ray, colonoscopy, and abdominal computed tomography.
Patients who were treated with radiotherapy or chemotherapy before
surgery were excluded from this study. All CRC patients with stage
III/IV disease received 5-fluorouracil–based chemotherapy, whereas
no adjuvant chemotherapy was given to patients in stage I or II. The
diagnosis of CRC was confirmed for all enrolled patients based on
clinicopathological findings. Patients were observed at 3-month
intervals for 24 months after completion of surgery, every 6 months
for the following 3 years, and yearly thereafter. A history was taken
and a physical examination was performed at each visit, and chest
X-ray, colonoscopy, and CT were performed annually.

In the nutrition intervention study, 68 patients with CRC who
visited the outpatient clinic for cancer chemotherapy at Iga General
Hospital were enrolled. Eligibility criteria for recruitment were as
follows: clinical diagnosis of colorectal cancer with stage III or IV (by
radiological/histological/cytological confirmation); patient between the
ages of 18 and 80 years; 5% or greater loss of pre-illness body weight;
life expectancy of 3 months or longer; Karnofsky performance status
of 70 or higher (19). All patients underwent adjuvant or palliative
chemotherapy (17 patients had adjuvant chemotherapy and 51 had
palliative chemotherapy). Body composition measurements including
total body weight, skeletal muscle mass, body fat quantity, body fat
percentage, lean body mass, and extracellular/total body water were
measured every 3 months at each visit to this clinic. Patients were
randomly assigned to a treatment course with or without FO-enriched
nutrition by the healthcare staff. Patients with FO-enriched nutrition
received one or two packs of FO-enriched oral nutritional supplements
per day according to their tolerance of FO-enriched nutrition
(Prosure®, Abbott Nutrition, Tokyo, Japan) and took the product for 6
months. One pack contains 16 g of protein, 1.1 g of EPA, 0.5 g of
DHA, and a total of 355 kcal. Patients who did not receive FO-
enriched nutrition were not given any additional nutritional treatment
or placebo, as previously described (17). Patient characteristics are
summarized in Table I. Written informed consent was obtained from
all patients, and the study was approved by the institutional review
boards of all participating institutions.

Imaging analysis. Preoperative and postoperative (6 months after
surgery) CT imaging was performed with a multidetector CT
scanner (Aquilion 64, Toshiba Medical Systems, Tochigi, Japan).
The technical parameters used for CT were as follows: 135 kV tube
voltage, 0.5 mm × 64 row detector configuration, tube current
modulation, 0.5 s/rotation gantry rotation, and 4 mm reconstruction
thickness. Using plain CT images at the level of the caudal end of
the third lumbar vertebra, the cross-sectional areas of the bilateral
psoas muscles were measured by manual tracing.

Measurements. In the nutrition intervention study routine laboratory
measurements, including serum C-reactive protein (CRP) and
albumin (Alb), were carried out on the same day. At that time, no
patients showed clinical evidence of infection. Serum
carcinoembryonic antigen (CEA) and CA19-9 were also measured
routinely at the same time by enzyme immunoassay on a Tosoh AIA
21 (Diamond Diagnostics, Holliston, MA, USA). The analysis of
body composition included total body weight, height, body mass
index (BMI), lean body mass, and fat mass. Skeletal muscle mass,
body fat quantity, body fat percentage, lean body mass, and
extracellular/total body water were measured using bioelectrical
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impedance (InBody®, Cerritos, CA, USA) every 3 months as
previously described (17).

The modified Glasgow Prognostic Score (mGPS) was determined
as previously described (10, 20). Briefly, patients with elevated C-
reactive protein (> 0.5 mg/dl) were assigned a score of 1 or 2
depending on the absence or presence of hypoalbuminemia (< 3.5
g/dl) respectively. Patients with normal CRP and any albumin level
were given a score of 0.

Statistical methods. Statistical analysis was performed using
Medcalc version 16.8.4 (Broekstraat 52, 9030; Mariakerke,
Belgium). Results are expressed as means+standard deviation (SD).
Differences between groups were estimated by the Chi-Square test,
one-way ANOVA analysis, and Friedman test as appropriate. F-tests
were conducted to assess the equality of variance for comparable
groups. For time-to-event analyses, survival estimates were
calculated using Kaplan–Meier analysis, and groups were compared
with the log-rank test. Overall survival (OS) was measured from the
date the patient underwent surgery until the date of death from any
cause (i.e., cancer-unrelated deaths were not censored), or the last
known follow-up for patients that were still alive. Disease-free
survival (DFS) was measured from the date the patient underwent
curative surgery to the date of disease recurrence, death from any
cause (i.e., cancer unrelated deaths were not censored), or until last
contact with the patient. Cox’s proportional hazards models were
used to estimate hazard ratios (HR) for death. Assumption of
proportionality was confirmed for the Cox proportional hazards
analyses by generating Kaplan–Meier survival curves (e.g., with vs.
without FO-enriched nutrition groups) and ensuring that the two
curves did not intersect each other. Forced-entry regression was
used to include these variables in all multivariable equations to
analyze whether each of the predictors affecting the outcome after
adjusting for known confounders. Clinical variables that were
considered for univariate and multivariate analyses, in addition to
target mGPS status, were previously identified confounding factors

that affected the prognosis of patients with colorectal cancer: sex,
age at diagnosis, tumor location (colon or rectum), pathological
differentiation (well-moderate or poor), T-stage (T1/2 or T3/4),
venous invasion (present or absent), lymphatic vessel invasion
(present or absent), lymph node metastasis (present or absent), liver
metastasis (presence or absence), and distant metastasis (presence
or absence). Tests for interaction were performed by the likelihood
ratio test of cross-product terms. All p-values were 2-sided, and
values less than 0.05 were considered statistically significant.

Results
Preoperative mGPS score was significantly increased
concurrent with disease progression in CRC patients from
Iga Ueno cohort. First, we analyzed the correlation between
clinicopathological factors and preoperative mGPS status in
CRC patients from the training cohort (Table II). In addition
to older age and tumor location, increased preoperative
mGPS score was significantly associated with all well-
established disease progression clinicopathological factors,
including advanced T stage (p=0.008), presence of venous
invasion (p=0.02), lymphatic vessel invasion (p=0.01),
lymph node metastasis (p=0.03), distant metastasis
(p=0.005), and advanced TNM stage classification
(p=0.0009) in CRC patients from the training cohort.

High score of preoperative mGPS was associated with poor
outcome in CRC patients from Iga Ueno cohort. Next, for time-
to-event analysis to evaluate the potential of preoperative mGPS
score as a prognostic biomarker we generated Kaplan–Meier
survival curves subdivided by mGPS score. Interestingly,
patients with increased mGPS score had a significantly poorer
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Table I. Characteristics of all patients from each CRC cohorts.

                                                                            Biomarker phase                                                               Nutrition intervention phase

                                                        Iga Ueno Cohort         Mie University Cohort          With nutrition intervention       Without nutrition intervention
                                                               (n=125)                             (n=545)                                       (n=15)                                           (n=53)

Gender
  Male                                                          71                                     321                                              11                                                  35
  Female                                                      54                                     224                                               4                                                   18
Age (y)
  (Mean±SD)                                        72.7±11.9                          66.9±11.3                                   72.1±7.9                                       68.9±11.1
Tumor Location
  Colon                                                        86                                     321                                               9                                                   30
  Rectum                                                     39                                     224                                               6                                                   23
Histologycal type
  Differentiated                                          115                                    467                                                                                                      
  Undifferentiated                                       10                                      78                                                                                                       
TNM classification
  Stage I                                                       16                                     123                                               0                                                    0
  Stage II                                                     34                                     162                                               0                                                    0
  Stage III                                                    46                                     135                                               4                                                   13
  Stage IV                                                   28                                     125                                              11                                                  40



prognosis than those with low mGPS score in terms of overall
survival (OS; log-rank test, p<0.0001, Figure 1a). Multivariate
Cox’s regression analysis to determine the potential of
preoperative mGPS score as a predictive biomarker of prognosis
in CRC patients showed that elevated mGPS score and presence
of distant metastasis were independent prognostic factors for
OS (HR=1.68, 95%CI=1.21-2.32, p=0.002, HR=2.51,
95%CI=1.12-5.6, p=0.025, respectively) in CRC patients from
the Iga Ueno cohort (Table III).

Clinical significance of preoperative mGPS status in CRC
patients from Mie University cohort. To confirm the clinical
significance of preoperative mGPS status in CRC patients,
we validated our findings in an additional independent large
CRC cohort. Consistent with the clinical findings for the

training cohort from Iga Ueno general hospital, high mGPS
score was correlated with tumor location of colon (p=0.047),
advanced T stage (p<0.0001), presence of venous invasion
(p=0.002), lymphatic vessel invasion (p<0.0001), lymph
node metastasis (p=0.004), distant metastasis (p<0.0001),
and advanced UICC stage classification (p<0.0001) in CRC
patients from the Mie University cohort. Furthermore,
regarding survival outcomes in the Mie University cohort,
mGPS score was significantly associated with prognosis with
regard to OS and DFS in a mGPS score-dependent manner
(log rank test p<0.0001, p<0.003, respectively; Figure 1b).
Furthermore, multivariate Cox’s regression analysis revealed
that high mGPS score was an independent predictor for poor
prognosis of OS in the Mie University cohort (HR=1.95,
95%CI=1.55-2.45, p<0.0001, Table IV).
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Table II. Clinicopathological variables and preoperative mGPS status in CRC patients from two independent cohorts.

Variable                                                                  Iga Ueno Cohort                                                                Mie University Cohort   

                                                                              Preoperative mGPS                                                                Preoperative mGPS     

                                                       n               0                    1                    2            p-Value        n                 0                   1                   2              p-Value
                                                                   (n=68)           (n=26)           (n=31)                                          (n=373)         (n=97)          (n=75)                

Gender 
  Male                                           71             38                  14                  19              0.66         321             218                62                 41               0.84#
  Female                                        54             30                  12                  12                              224             155                35                 34                    
Age (y) 
  Mean±SD                                  125      70.5±11.7     73.2±12.6     77.0±10.9      0.014*       545        66.9±11.5     65.6±10.1     68.3±11.7        0.31##
Location
  Colon                                          86             39                  21                  26            0.004*       321             208                64                 49              0.047*
  Rectum                                       39             29                   5                    5                               224             165                33                 26                    
Histological type
  Differentiated                            115            64                  23                  28              0.44         467             326                81                 60               0.07#
  Undifferentiated                         10              4                    3                    3                                78               47                 16                 15                    
Pathological T category
  T1/T2                                         20             17                   1                    2             0.008*       163             144                10                  9            <0.0001*#
  T3/T4                                        105            51                  25                  29                              382             229                87                 66                    
Venous invasion
  +                                                 57             22                  19                  16             0.02*        302             188                65                 49             0.002*#
  –                                                  68             46                   7                   15                              243             185                32                 26                    
Lymphatic invasion
  +                                                 98             46                  25                  27             0.01*        428             274                85                 69           <0.0001*#
  –                                                  27             22                   1                    4                               117              99                 12                  6                     
Lymph node metastasis
  +                                                 68             31                  16                  21             0.03*        227             138                51                 38             0.004*#
  –                                                  57             37                  10                  10                              318             235                46                 37                    
Distant metastasis
  +                                                 16              4                    4                    8             0.005*       125              59                 38                 28           <0.0001*#
  –                                                 109            64                  22                  23                              420             314                59                 47                    
UICC stage classification
  Stage I                                        16             13                   1                    2            0.0009*      123             109                 8                   6            <0.0001*#
  Stage II                                       34             22                   7                    5                               162             105                30                 27                    
  Stage III                                     46             26                  11                   9                               135             100                21                 14                    
  Stage IV                                     28              6                    7                   15                              125              59                 38                 28                    
                                                        
#Chi-Square test, ##One-way ANOVA, *p<0.05.



Preoperative mGPS score could identify high-risk stage III/IV
CRC patients. To determine the prognostic impact of
preoperative mGPS score as a predictive biomarker of prognosis
in stage III and IV CRC patients who require postoperative
chemotherapy, we evaluated survival outcomes in stage III and
IV patients subdivided according to preoperative mGPS score
(shown in Figure 1c, d). Elevated mGPS score was associated
with poor OS in patients belonging to the Iga Ueno cohort and
the Mie University cohort (p<0.0001 and p<0.0001,
respectively, log-rank test). Furthermore, multivariate analysis
revealed that high mGPS score was an independent predictor
for poor prognosis of OS in both Iga Ueno and Mie University
cohorts (HR=1.55, 95%CI=1.09-2.21, p=0.015; HR=2,
95%CI=1.51-2.65, p<0.0001, respectively, Tables V and VI).
Interestingly, mGPS score was not significantly correlated with
poor survival in CRC patients with stage II disease in both
cohorts (p=0.25, 0.19, respectively, log rank test, Figure 1e, f).
Collectively, our data revealed that preoperative mGPS score
could identify high-risk patients, especially among those with
stage III and IV CRC.

Preoperative CRP and albumin status was positively
correlated with postoperative levels of each factor and tumor
progression in CRC patients. To clarify the dysregulation of
CRP and Alb levels during the long-term postoperative course
in patients with elevated CRP levels or hypoalbuminemia, we
evaluated serum CRP and Alb levels 3 and 6 months after
surgery in CRC patients from the Iga Ueno cohort.
Interestingly, serum CRP concentration 3 or 6 months after
surgery was significantly elevated in CRC patients with
preoperative high CRP levels (p=0.0016, p=0.0005,
respectively, Table VII). Similarly, serum Alb concentration 3
or 6 months after surgery was significantly decreased in CRC
patients with preoperative hypoalbuminemia (p=0.0004,
p=0.0019, respectively, Table VII). Furthermore, postoperative
serum levels of CRP and Alb were significantly correlated
with serum CEA levels 3 and 6 months after surgery (Alb:
p<0.0001, r=–0.54, p<0.0001, r=–0.58, respectively; CRP:
p<0.0001, r=0.73, p=0.0002, r=0.5, respectively).

Preoperative high-CRP or low-albumin status correlated
with pre- and postoperative sarcopenia in CRC patients.
Based on findings of biochemical dysregulation in CRC
patients, we next evaluated pre- and postoperative skeletal
muscle mass 6 months after surgery using CT imaging
analysis to clarify the correlation between preoperative CRP
and albumin status and perioperative quantity of skeletal
muscle mass in CRC patients from the Iga Ueno cohort
(Table VIII). Preoperative skeletal muscle mass was
significantly decreased in patients with high preoperative
CRP status (p=0.024). In addition, postoperative skeletal
muscle mass was significantly decreased in patients with
preoperative hypoalbuminemia (p=0.033), and tended to be

decreased in the preoperative high-CRP group (p=0.058).
Collectively, these findings revealed that a preoperative
status of elevated CRP level and hypoalbuminemia was
significantly correlated with a dysregulated pattern of each
factor and tumor development during the postoperative
course. Moreover, these factors were significantly correlated
with perioperative cachexia in CRC patients.

FO–enriched nutrition inhibited the increase in serum CRP
levels and led to improvement of skeletal muscle mass and
lean body mass in colorectal cancer patients. N-3 (omega-3)
polyunsaturated fatty acids (FAs) from fish oil (FO) have
plausible immune-modulating effects with a low pro-
inflammatory and immunosuppressive effect, in part due to
the formation of 3-series prostanoids and 5-series leukotrienes
(21, 22). In particular, eicosapentaenoic acid (EPA) is a
naturally occurring N-3 fatty acid present in FO that has been
shown to have anti-inflammatory properties and anti-cachexia
activity via suppression of interleukin (IL)-6 production,
downregulation of the acute phase response, and a reduction
in serum concentration of CRP in various type of cancer (20,
23). Furthermore, recent evidence demonstrated that cancer
cachexia, which is induced by the SIR via disease
progression, decreases the tolerance for chemotherapeutic
treatment and worsens the prognosis in CRC patients (24-26).
However, the impact of FO-enriched nutrition as a combined
modality therapy on clinical outcomes remains controversial.
Based on the above evidence, we systemically investigated
the chronological alteration of biochemical and physiological
status during chemotherapeutic treatment with or without FO-
enriched nutrition in CRC patients to clarify the clinical
significance and prognostic benefits of FO-enriched
nutritional therapy in the treatment course of advanced CRC.

Body mass index (BMI) and extracellular water ratio
(extracellular water (ECW)/total body water (TBW)) showed
no significant differences between patients with or without
FO-enriched nutrition during the course of the study (data
not shown). Serum CRP levels gradually increased in a time-
dependent manner in patients without FO-enriched nutrition
(p=0.39), but gradually decreased in patients with FO-
enriched nutrition (p=0.24). Furthermore, significant
increases in skeletal muscle mass and lean body mass were
observed in patients with FO-enriched nutrition (p<0.0001,
p<0.0001, respectively, Figure 2), but both factors showed
no significant improvement in patients without FO-enriched
nutrition (p=0.14, p=0.06, respectively). 

FO-enriched nutrition significantly improved prognosis in
colorectal cancer patients with mGPS 1 or 2. Finally, we
evaluated the prognostic impact of FO-enriched nutrition in
CRC patients. Unfortunately, survival curve analysis in total
cohorts showed no significant difference between patient
groups with or without FO-enriched nutrition (p=0.99, Figure
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Figure 1. Prognostic impact of mGPS status for overall survival of CRC patients from the Iga Ueno cohort and Mie University Cohort. Kaplan–Meier
survival curves for overall survival (OS) in CRC patients according to mGPS score in the Iga Ueno cohort (a) and Mie University cohort (b). The OS rate
in CRC patients with high preoperative mGPS score was significantly lower than that of patients with low mGPS score (p<0.0001, p<0.0001, respectively,
log-rank test). All statistical tests were two-sided. Kaplan–Meier survival curves for overall survival (OS) in CRC patients with UICC stage III and IV
disease according to mGPS score in Iga Ueno cohort (c) and Mie University cohort (d). The OS rate in CRC patients with high preoperative mGPS score
was significantly lower than that of patients with low mGPS score (p<0.0001, p<0.0001, respectively, log-rank test). (e, f) Survival curve analysis according
to preoperative mGPS in CRC patients with UICC stage II disease. Kaplan–Meier survival curves for overall survival (OS) in CRC patients with UICC
stage III and IV disease according to mGPS score in Iga Ueno cohort (e) and Mie University cohort (f). All statistical tests were two-sided.
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Figure 2. Chronological alterations in biochemical and physiological status during systemic chemotherapy in CRC patients. Upper line: CRC patients
with FO-enriched nutrition, Lower line: CRC patients without FO-enriched nutrition. Box plots show biochemical (serum CRP and CEA levels) and
physiological status (skeletal muscle mass and lean body mass) of CRC patients with FO-enriched nutrition during systemic chemotherapy. Although
serum CEA levels significantly increased over 6 months (p=0.036), serum CRP levels gradually decreased in the FO-enriched nutritional intervention
group. Furthermore, there was a significant improvement in skeletal muscle mass and lean body mass in the FO-enriched nutritional intervention
group (p<0.0001, p<0.0001, respectively. Statistical analysis was performed using Friedman tests. All statistical tests were two-sided. *p<0.05.

3a). However, in subgroup analysis the groups with mGPS 1
or 2 showed significantly better prognosis when they received
FO-enriched nutrition (p=0.035, Figure 3b). Collectively, our
data suggest that FO-enriched nutrition might improve
prognosis in CRC patients with SIR (mGPS of 1 or 2).

Discussion

A growing number of studies have demonstrated the
potential application of mGPS as a prognostic biomarker in
various types of cancer. However, almost all these data were
from single-institute studies, and the feasibility of
preoperative mGPS as a prognostic indicator and its clinical
significance in advanced CRC using clinical data from
multiple independent large cohorts has never been reported.

Furthermore, the clinical benefit of FO-enriched nutrition as
an anti-SIR nutritional intervention remains controversial in
CRC patients. From these standpoints, this investigation
provided several important discoveries. First, a high
preoperative mGPS score was significantly correlated with
well-recognized disease progression factors, including
advanced T-stage, presence of venous invasion, lymphatic
vessel invasion, lymph node metastasis, distant metastasis,
and advanced UICC stage classification in both cohorts of
CRC patients. In addition, high mGPS status was one of the
independent prognostic factors in both cohorts, and these
data clearly re-confirmed preoperative mGPS as a feasible
prognostic marker in CRC patients. Second, a high score of
preoperative mGPS was an independent prognostic factor for
survival, especially in CRC patients with stage III and IV



patients, and this finding was successfully validated in an
independent large CRC cohort. Third, serum CRP
concentration 3 or 6 months after surgery was significantly
elevated in CRC patients with preoperative high CRP levels
compared with patients with low CRP levels, and serum Alb
concentration showed a similar trend. Furthermore, these
factors were significantly correlated with tumor progression
and sarcopenia during the postoperative course in CRC
patients. Fourth, although serum CEA levels significantly
increased in a time-dependent manner during systemic
chemotherapy, serum CRP levels gradually decreased in
CRC patients with FO-enriched nutrition intervention.
Furthermore, both skeletal muscle mass and lean body mass
increased significantly even under systemic chemotherapy in
the FO-enriched nutrition group, but showed no significant
changes in CRC patients without FO-enriched nutrition.
Finally, FO-enriched nutrition significantly improved
prognosis for overall survival in CRC patients with SIR
(mGPS 1 or 2).

C-reactive protein (CRP) is an acute-phase protein, and is
produced in hepatocytes via activation of IL-6 and tumor
necrosis factor-α (27). Previously, Macmillan and coworkers
revealed that elevated levels of preoperative CRP are
significantly correlated with an increased risk for early
recurrence and poor outcome in CRC patients (28-31). In
contrast, several studies demonstrated an intimate correlation

between preoperative hypoalbuminemia and poor outcome in
CRC patients (32-34). Heys and colleagues evaluated
preoperative serum albumin levels using clinical data from 431
CRC patients, and showed that preoperative hypoalbuminemia
was an independent prognostic indicator in patients with
localized CRC (33). Based on these findings, Forrest and
colleagues first developed a combined assessment of serum
CRP and albumin levels, termed the GPS, as a prognostic
indicator in patients with non-small cell lung cancer (35).
Further studies successfully demonstrated the potential
feasibility of GPS as a prognostic biomarker in various types of
cancer, including CRC (9). In this study, we used our developed
modified GPS, defined according to our previous studies (10,
11), rather than the original GPS and the cut-off value for
abnormal serum CRP level was set at 0.5 mg/dl. One of the
major findings in this study was the prognostic impact of our
mGPS in CRC patients; our assessment using two independent
large cohorts clearly revealed that a high preoperative mGPS
score was significantly correlated with all of the well-
recognized disease progression factors and poor prognosis in
both cohorts. Especially, high preoperative mGPS was an
independent prognostic factor in CRC patients with stage III
and IV disease, but not stage II, and this finding was
successfully validated in an independent large CRC cohort.
These findings suggested that preoperative mGPS could identify
high-risk patients, especially among those with advanced CRC.
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Figure 3. Prognostic impact of nutritional intervention with FO treatment in CRC patients. (a) Kaplan–Meier survival curves of overall survival in
advanced CRC patients according to treatment with nutrition intervention in the total cohort (n=68). The overall survival rate in CRC patients with
FO-enriched nutritional intervention (n=15) was not statistically significantly different from that of patients without FO-enriched nutritional
intervention (n=53) (p=0.99; log-rank test). (b) Overall survival analyses of CRC patients with mGPS scores 1 and 2 according to treatment with
EPA-enriched nutrition. CRC patients with mGPS 1 or 2 who received FO-enriched nutrition showed better prognosis than patients without FO-
enriched nutrition (p=0.035; log-rank test). All statistical tests were two-sided.
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Table III. Multivariate analysis for predictors of overall survival in Iga Ueno cohort.

Variables                                                                                                    Univariate                                                               Multivariate                 

                                                                                           HR                     95%CI                p-Value                HR                   95%CI               p-Value

Gender (Male)                                                                  1.42                  0.78-2.55                 0.25                  1.08                 0.56-2.11                0.81
Age ≥74 (median)#                                                           1.08                  0.61-1.91                 0.78                  1.11                 0.55-2.23                0.78
Tumor location (Rectum)                                                 1.35                   0.76-2.4                  0.31                   1.4                  0.67-2.94                0.37
Histological type (Undifferentiated type)                       1.55                  0.61-3.94                 0.35                  2.95                 1.05-8.29              0.041*
T classification (pT3/4)                                                    2.43                  0.87-6.79                 0.09                  0.82                 0.22-2.93                0.75
Venous invasion (present)                                                3.06                  1.64-5.71              0.0004*               2.22                 1.05-4.65              0.036*
Lymphatic invasion (present)                                          3.94                  1.22-12.7                0.02*                 1.29                  0.3-5.53                 0.74
Node involvement (present)                                            1.53                  1.03-2.28               0.036*                1.22                 0.63-2.37                0.56
Distant metastasis (present)                                             5.41                  2.89-10.1            <0.0001*              2.04                  0.91-4.6                 0.08
High mGPS status (2 vs. others)                                     5.17                  2.87-9.34            <0.0001*              5.45                 2.58-11.5            <0.0001*

#The median age at surgery is 74 years in this cohort. HR: Hazard ratio. *p<0.05.

Table IV. Multivariate analysis for predictors of overall survival in Mie University cohort.

Variables                                                                                                    Univariate                                                               Multivariate                 

                                                                                           HR                     95%CI                p-Value                HR                   95%CI               p-Value

Gender (Male)                                                                  0.91                   0.64-1.3                  0.62                  0.78                 0.54-1.12                0.17
Age ≥67 (median)#                                                           1.19                  0.84-1.69                 0.32                  1.29                 0.91-1.84                0.15
Tumor location (Rectum)                                                 1.06                   0.74-1.5                  0.76                  0.99                 0.69-1.42                0.94
Histological type (Undifferentiated type)                       0.73                  0.47-1.12                 0.15                  0.71                 0.45-1.11                0.13
T classification (pT3/4)                                                    5.36                  2.95-9.72            <0.0001*              2.49                 1.26-4.93              0.009*
Venous invasion (present)                                                2.92                  1.93-4.43            <0.0001*              1.39                  0.84-2.3                 0.19
Lymphatic invasion (present)                                          3.12                   1.68-5.8               0.0003*               0.61                 0.28-1.35                0.22
Node involvement (present)                                             3.4                    2.36-4.9             <0.0001*              2.07                  1.38-3.1              0.0004*
Distant metastasis (present)                                             8.12                  5.68-11.6             <0.0001*               6.2                  4.19-9.16            <0.0001*
High mGPS status (2 vs. others)                                     2.89                  1.92-4.36            <0.0001*              3.15                 2.06-4.84            <0.0001*

#The median age at surgery is 67 years in this cohort. HR: Hazard ratio. *p<0.05.

Furthermore, considering that most patients with advanced
disease have already received postoperative chemotherapy, these
high-risk CRC patients with high preoperative mGPS might
need additional supportive treatment besides conventional
systemic chemotherapy to further improve their prognosis.

In this regard, another major finding of the present study is
the potential advantage of FO-enriched nutrition as an anti-SIR
therapy during the postoperative course of CRC. Cancer
cachexia, accompanied by wasting skeletal muscle and
malnutrition, is a frequent problem in patients with various
types of cancer especially during chemotherapeutic treatment
and disease progression. Furthermore, several studies revealed
that one of the major pathogenic factors in cancer cachexia is
SIR via tumor-host interaction, and that this was intimately
correlated with deterioration of functional status, quality of life,
and poor prognosis in CRC (36, 37). Interestingly, our study
demonstrated that a preoperative status of elevated CRP level

and hypoalbuminemia was significantly correlated with
dysregulation of each factor during the postoperative course,
and that these factors are highly involved in tumor
development. Based on these findings, a management protocol
for SIR via tumor-host interaction during the postoperative
course is urgently needed to improve the prognosis of CRC
patients with a high preoperative mGPS score. Although
nutritional intervention has been generally recognized as a
recommended treatment option in patients with cancer cachexia
(38, 39), an effective nutritional intervention for cancer
cachexia has never been clarified. Eicosapentaenoic acid
(EPA), a fish oil supplement, is one of the potential candidates
for treatment of SIR-induced cancer cachexia in patients with
malignant disease (23, 40, 41). A previous study successfully
demonstrated a significant increase in body weight in patients
with gastrointestinal cancer or lung cancer who received daily
supplementation of 2 g EPA (23). A recent study from another
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Table V. Multivariate analysis for predictors of overall survival in CRC patients with Stage III/IV disease from the Iga Ueno cohort.

Variables                                                                                                    Univariate                                                               Multivariate                 

                                                                                           HR                     95%CI                p-Value                HR                   95%CI               p-Value

Gender (Male)                                                                  1.22                  0.61-2.43                 0.58                   0.9                   0.4-2.07                 0.81
Age ≥73 (median)#                                                           0.88                   0.46-1.7                   0.7                   0.66                  0.3-1.46                  0.3
Tumor location (Rectum)                                                 1.08                  0.57-2.05                 0.82                  1.36                 0.61-3.07                0.45
Histological type (Undifferentiated type)                        2.2                   0.85-5.71                  0.1                   4.66                 1.52-14.3              0.007*
T classification (pT3/4)                                                    3.22                  0.44-23.6                 0.25                   1.8                  0.22-14.8                0.59
Venous invasion (present)                                                2.19                   1.0-4.79                0.049*                2.46                  1.01-6.0               0.048*
Lymphatic invasion (present)                                             -                             -                        0.96                     -                           -                       0.95
Node involvement (present)                                            0.72                   0.35-1.5                  0.39                  0.59                 0.21-1.63                0.31
Distant metastasis (present)                                              4.0                   2.04-7.85              0.0001*                2.1                   0.9-4.89                 0.09
High mGPS status (2 vs. others)                                     4.68                   2.4-9.13             <0.0001*              5.69                  2.4-13.5              0.0001*

#The median age at surgery is 73 years in this cohort. HR: Hazard ratio. *p<0.05.

Table VI. Multivariate analysis for predictors of overall survival in CRC patients with Stage III/IV disease from the Mie University cohort.

Variables                                                                                                    Univariate                                                               Multivariate                 

                                                                                           HR                     95%CI                p-Value                HR                   95%CI               p-Value

Gender (Male)                                                                  0.95                  0.64-1.42                 0.81                  0.74                 0.49-1.13                0.16
Age ≥66 (median)#                                                           0.89                   0.6-1.33                  0.58                  0.97                 0.65-1.47                0.89
Tumor location (Rectum)                                                 1.11                  0.74-1.66                 0.61                  0.83                 0.55-1.27                 0.4
Histological type (Undifferentiated type)                       0.51                  0.32-0.81               0.005*                0.48                  0.3-0.79               0.003*
T classification (pT3/4)                                                    5.34                  1.69-16.9               0.004*                3.83                 1.17-12.6              0.027*
Venous invasion (present)                                                1.95                  1.17-3.26               0.011*                1.19                 0.68-2.11                0.54
Lymphatic invasion (present)                                          1.63                  0.52-5.16                  0.4                   0.72                 0.21-2.54                0.61
Node involvement (present)                                            0.93                   0.54-1.6                  0.79                  2.54                 1.38-4.69              0.003*
Distant metastasis (present)                                              5.3                   3.36-8.34            <0.0001*              7.37                 4.43-12.2            <0.0001*
High mGPS status (2 vs. others)                                     3.82                  2.37-6.16            <0.0001*              3.31                  2.0-5.49             <0.0001*

#The median age at surgery is 66 years in this cohort. HR: Hazard ratio. *p<0.05.

group also showed that EPA-enriched nutrition prevented the
chemotherapy-related decline in skeletal muscle mass in non-
small cell lung cancer (NSCLC) patients compared with
patients who did not receive EPA-enriched nutrition during
chemotherapy (41). Findings of our preliminary study showed
that FO-enriched nutrition suppressed SIR during tumor
progression and increased skeletal muscle mass and lean body
mass during systemic chemotherapy. In addition, FO-enriched
nutrition provides survival benefits, especially in patients with
advanced CRC with SIR (mGPS scores 1 and 2). Although a
limitation of this study was the retrospective analysis of a small
cohort, our findings combined with previous evidence clearly
suggest that FO-enriched nutrition might control SIR induced
by host-tumor interaction and maintain nutritional status during
tumor progression in CRC patients.

In conclusion, this study provided novel evidence for the
clinical relevance and potential feasibility of mGPS as a
prognostic biomarker in CRC. Assessment of our developed

mGPS could identify patients with advanced CRC who have
a poor prognosis and might be used to select appropriate
candidates for FO-enriched nutrition intervention.
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