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Abstract

Background: This study aimed to evaluate the prognostic impact of nutritional and inflammatory measures
(controlling nutritional status (CONUT) score, prognostic nutritional index (PNI), and modified Glasgow prognostic
score (mGPS)) on overall survival (OS) in patients with stage IV colorectal cancer (CRC).

Methods: Subjects were 996 patients with stage IV CRC who were referred to the National Cancer Center Hospital
between 2001 and 2015. We retrospectively investigated correlations between OS and CONUT score, PNI, and
mGPS. Multivariate analyses were performed using Cox proportional hazards regression models.

Results: After adjusting for known factors (age, gender, BMI, ECOG performance status, location of primary tumor,
CEA levels, histological type, M category, and prior surgical treatment), all three measures were found to be
independent prognostic factors for OS in patients with stage (CONUT score, p < 0.001; PNI, p < 0.001; mGPS, p <
0.001). Significant differences in OS were found between low CONUT score (0/1) (n = 614; 61%) and intermediate
CONUT score (2/3) (n = 276; 28%) (hazard ratio (HR) = 1.20, 95% confidence interval (CI): 1.02–1.42, p = 0.032), and
intermediate CONUT score and high CONUT score (≥4) (n = 106; 11%) (HR = 1.30, 95% CI: 1.01–1.67, p = 0.045).
Significant differences in OS were found between mGPS = 0 (n = 633; 64%) and mGPS = 1 (n = 234; 23%) (HR = 1.84,
95% CI: 1.54–2.19, p < 0.001), but not between mGPS = 1 and mGPS = 2 (n = 129; 13%) (HR = 1.12, 95% CI: 0.88–1.41,
p = 0.349). Patients with low PNI (< 48.0) (n = 443; 44%) showed a significantly lower OS rate than those with high
PNI (≥48.0) (n = 553; 56%) (HR = 1.39, 95% CI: 1.19–1.62, p < 0.001).

Conclusions: CONUT score, PNI, and mGPS were found to be independent prognostic factors for OS in patients
with stage IV CRC, suggesting that nutritional and inflammatory status is a useful host-related prognostic indicator
in stage IV CRC.

Keywords: Controlling nutritional status (CONUT) score, Colorectal cancer, Modified Glasgow prognostic score
(mGPS), Prognostic nutritional index (PNI)
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Background
The tumor-node-metastasis (TNM) eighth edition intro-
duces a new structure, referred to as the ‘prognostic fac-
tors grid,’ which consists of prognostic factors for
survival in various cancers [1]. Although the anatomical
extent of disease as categorized by TNM is a very
powerful prognostic indicator in cancer, ‘host-related
(patient profile)’ factors are also considered to have a
significant impact on survival. Reportedly, modified
Glasgow prognostic score (mGPS) and neutrophil-to-
lymphocyte ratio (NLR) are both host-related prognostic
factors of pancreatic cancer, and ‘nutritional status’ is a
host-related prognostic factor of esophageal cancer [1].
Thus, nutritional and inflammatory status has gained at-
tention from the perspective of prognosis in various ma-
lignancies [2–4]. On the other hand, only ‘age’ and ‘race,’
but not nutritional and inflammatory status, are included
in the host-related prognostic factors of colorectal can-
cer (CRC) according to the ‘prognostic factors grid’ [1].
mGPS and prognostic nutritional index (PNI) are rep-

resentative measures of nutritional and inflammatory
status. mGPS is calculated from C-reactive protein
(CRP) and serum albumin, a common marker of malnu-
trition and inflammation [5], and PNI is calculated from
serum albumin and total peripheral lymphocyte count
[6]. Both measures have been reported to be associated
with survival in various malignancies including CRC [5–
9]. In addition to these two measures, controlling nutri-
tional status (CONUT) score, which is calculated from
serum albumin, total peripheral lymphocyte count, and
total cholesterol, has recently gained attention as a tool
to evaluate the general condition of patients with cancer
from nutritional and immunological perspectives [10–
12]. CONUT score was originally developed as an easily
calculable score to replace Subjective Global Assessment
and Full Nutritional Assessment [13]. According to pre-
vious studies, CONUT score is a potential prognostic
factor for survival in patients with stage I/II/III CRC and
metastatic CRC receiving chemotherapy [14–17]. How-
ever, prognostic factors for stage IV CRC, which in-
cludes curative resected stage IV CRC, have not been
adequately examined yet. Proper evaluation of the gen-
eral condition of patients with stage IV CRC is import-
ant to optimize multimodal strategies [18, 19].
In order to determine the optimal treatment strategy

for stage IV CRC from the perspective of host status,
it is of interest to evaluate whether nutritional and in-
flammatory measures are prognostic factors for stage
IV CRC including curative resected stage IV CRC and
metastatic CRC. Accordingly, the present study aimed
to evaluate the prognostic impact of three nutritional
and inflammatory measures (mGPS, PNI, and CONUT
score) on overall survival (OS) in patients with stage
IV CRC.

Methods
Study population
Subjects were consecutive patients who were initially diag-
nosed with stage IV CRC, and who were referred to the
Department of Colorectal Surgery or Department of
Gastrointestinal Oncology at the National Cancer Center
Hospital between January 2001 and December 2015. Eli-
gible patients were required to have stage IV CRC with
histologically confirmed adenocarcinoma. Other histo-
logical types were excluded. Also excluded were patients
with anal cancer or appendiceal cancer, and those with
missing data. Initial treatment was determined at multidis-
ciplinary team conferences held by colorectal surgeons,
medical oncologists, hepatobiliary surgeons, respiratory
surgeons, pathologists, radiologists, and nurses. This retro-
spective study was approved by the Institutional Review
Board (IRB) of the National Cancer Center Hospital (IRB
code: 2015–320).

Data collection
The following parameters were obtained from medical re-
cords: age, treatment year, gender, body mass index (BMI),
Eastern Cooperative Oncology Group (ECOG) perform-
ance status, location of primary tumor (right-sided: the
cecum, ascending colon, hepatic flexure, and transverse
colon; left-sided: the splenic flexure, descending colon, sig-
moid, rectosigmoid junction, and rectum), histological type
(‘differentiated,’ defined as tubular adenocarcinoma and
papillary adenocarcinoma; ‘others,’ defined as poorly differ-
entiated adenocarcinoma, mucinous adenocarcinoma, and
signet-ring cell carcinoma), and pretreatment serum carci-
noembryonic antigen (CEA) levels. The M category was
assessed according to the Union for International Cancer
Control TNM classification (eighth edition), which was re-
cently revised to include the following three subcategories:
M1a (metastasis confined to one organ), M1b (metastasis
to more than one organ), and M1c (metastasis to the peri-
toneum with or without other organ involvement) [1]. As
for the curability of surgical treatment, subjects were classi-
fied into the following two groups: patients who received
curative resection of both primary tumor and metastatic
lesions, and patients who received no curative resection in-
cluding those who received palliative primary tumor.
Blood samples were obtained at the time of first visit or

before initial treatment. CONUT scores were calculated
using serum albumin, total peripheral lymphocyte count,
and total cholesterol based on a previous report [13]. Al-
bumin concentrations ≥3.5, 3.0–3.49, 2.5–2.99, and < 2.5
g/dL were scored as 0, 2, 4, and 6 points, respectively; total
lymphocyte counts ≥1600, 1200–1599, 800–1199, and <
800/mm3 were scored as 0, 1, 2, and 3 points, respectively;
and total cholesterol concentrations ≥180, 140–179, 100–
139, and < 100mg/ dL were scored as 0, 1, 2, and 3 points,
respectively. PNI was calculated as 10 × albumin
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concentration (g/dl) + 0.005 × total lymphocyte count
(/mm3) [6]. mGPS was scored as follows: score 0, CRP
≤1.0 mg/dL; score 1, CRP > 1.0mg/dL and albumin ≥3.5
g/dL; and score 2, CRP > 1.0 mg/dL and albumin < 3.5 g/
dL [5].
Cut-off values of CONUT score, PNI, and mGPS were

determined as follows. For CONUT score, which is a cat-
egorical variable (ordinal variable) in the range of 0 to 12,
cut-off values vary by study as patients are generally classi-
fied into two to four groups according to scores [14, 20].
In the present study, patients were divided into the follow-
ing three groups based on pretreatment data: low (0/1),
intermediate (2/3), and high (≥4). For PNI, a numerical
variable (continuous variable), a receiver operating charac-
teristic (ROC) curve analysis was performed with survival
at 2 years from diagnosis as the outcome, taking into con-
sideration that MST for unresectable colorectal cancer is
roughly 30months. For mGPS, a categorical variable (or-
dinal variable), analysis was performed by dividing patients
into three groups (0, 1, and 2).

Treatment and follow-up
For follow-up after curative resection, serum tumor
marker measurements were performed every one to 3
months, and computed tomography (CT) scans were per-
formed every three to 6 months, with a cut-off date of July
2019, as described previously [21, 22]. According to Japa-
nese Society for Cancer of the Colon and Rectum (JSCCR)
guidelines 2016 [23], postoperative chemotherapy after
curative resection was not usually performed. Patients
with initially unresectable stage IV CRC underwent sys-
temic chemotherapy (multiple cytotoxic agent therapy
with or without molecular targeted agents) continuously
with or without palliative resection of primary tumor.

Statistical analysis
Pearson’s chi-square test was used for categorical vari-
ables, and the Wilcoxon rank-sum test was used for con-
tinuous variables. OS was defined as the interval
between the date of stage IV CRC diagnosis and the date
of all-cause death. Survival rates were calculated by the
Kaplan-Meier method, and survival curves were com-
pared with the log-rank test. Survivors were censored as
of the date of data cut-off (July 2019). Multivariate ana-
lyses were performed using Cox proportional hazards re-
gression models to evaluate the prognostic impact of
each factor on OS. The following known factors were in-
cluded: age [1], gender, BMI, ECOG performance status,
location of primary tumor [24], CEA levels [21], histo-
logical type, M category [22], and surgical treatment, as
well as CONUT score, PNI, and mGPS, given the over-
lap in elements constituting each measure.
Data are expressed as numbers of patients, ratios (%),

or hazard ratios (HRs) and 95% confidence intervals

(CIs), as indicated. Differences with a P-value < 0.05
were considered statistically significant. All analyses
were performed using JMP14 software (SAS Institute
Japan Ltd., Tokyo, Japan).

Results
Study population
A total of 1030 patients initially diagnosed with stage IV
CRC were identified. Of these, patients with missing la-
boratory data (n = 16), patients with histologic diagnoses
other than adenocarcinoma (e.g., neuroendocrine tumor)
(n = 5), and patients with appendiceal cancer (n = 9) or
anal canal cancer (n = 4) were excluded. Therefore, the
study cohort consisted of 996 patients with stage IV
CRC (Fig. 1). Follow-up was conducted for the entire co-
hort, with a median follow-up time of 53 months (range,
1–228 months) among survivors.

Patient characteristics
Relationships between clinicopathological characteristics
and CONUT score, PNI, and mGPS are summarized in
Table 1. Among the 996 CRC patients included in this
study, 573 (58%) were male and 423 (42%) were female,
with a median age of 61.0 years (range, 20–91 years). The
median PNI was 48.5 (range, 24.5–68.0). According to
ROC curve analysis of death within 2 years after diagnosis,
48.0 was set as the cut-off value of PNI (sensitivity: 57.3%,
specificity: 64.7%). The median CONUT score was 1
(range, 0–11) and the median mGPS was 0 (range, 0–2).
Almost two thirds of patients were categorized into the
low-CONUT group (0/1), whereas 28 and 11% were cate-
gorized into the intermediate-CONUT group (2/3) and
high-CONUT group (≥4), respectively. Statistical analyses
revealed significant associations between high CONUT
scores and low BMI (< 20 kg/m2) (p < 0.001), worse ECOG
performance status (PS2, PS3, PS4) (p < 0.001), right-sided
primary tumor (p = 0.004), high CEA levels (≥30 ng/ml)
(p < 0.001), and low rate of curative resection (p < 0.001).
Significant associations were also observed between low
PNI and older age (≥65 years) (p < 0.001), female (p =
0.041), low BMI (p < 0.001), worse ECOG performance sta-
tus (p = 0.001), right-sided primary tumor (p < 0.001), high
CEA levels (p < 0.001), and low rate of curative resection
(p < 0.001), and between mGPS = 2 and low BMI (p <
0.001), worse ECOG performance status (p < 0.001), right-
sided primary tumor (p = 0.035), high CEA levels (p <
0.001), low rate of M1a (p < 0.001), and low rate of curative
resection (p < 0.001).

Survival
OS curves according to CONUT score, PNI, and mGPS
are provided in Figs. 2a-c. Median survival time was 30.3
months in the low-CONUT group, 23.3 months in the
intermediate-CONUT group, and 16.6 months in the
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high-CONUT group, with 3-year OS rates of 44.5,
35.6, and 24.3%, respectively, and 5-year OS rates of
27.3, 19.8, and 16.3%, respectively (p < 0.001). Higher
CONUT scores were significantly associated with
worse prognoses (Fig. 2a).
Median survival time was 33.8 months in the high-PNI

group and 19.8 months in the low-PNI group, with 3-
year OS rates of 48.1 and 29.5%, respectively, and 5-year
OS rates of 29.0 and 17.8%, respectively (p < 0.001). The
low-PNI group showed a significantly shorter OS than
the high-PNI group (p < 0.001) (Fig. 2b).
Median survival time was 37.3 months in the mGPS =

0 group, 16.1 months in the mGPS = 1 group, and 14.7
months in the mGPS = 2 group, with 3-year OS rates of
51.7, 19.3, and 17.3%, respectively, and 5-year OS rates
of 31.0, 12.7, and 10.2%, respectively (p < 0.001). OS was
significantly shorter in mGPS = 2 and mGPS = 1 groups
compared to the mGPS = 0 group (p < 0.001) (Fig. 2c).

Clinical factors affecting prognosis
In univariate analysis, CONUT score (p < 0.001), PNI (p <
0.001), and mGPS (p < 0.001), as well as gender (p =
0.028), BMI (p = 0.008), ECOG performance status (p <
0.001), location of primary tumor (p < 0.001), CEA levels
(p < 0.001), histological type (p < 0.001), M category (p <
0.001), and surgical treatment (p < 0.001), were associated
with prognosis.
Subgroup analyses were performed by dividing the pa-

tients into those who underwent curative resection (n =
302) and those who underwent palliative resection of pri-
mary tumor / no resection (n = 694). Kaplan-Meier survival
curves comparing OS between the two subgroups accord-
ing to the three nutritional and inflammatory measures are
shown in Figs. 3a-f. OS curves for both subgroups showed
similar trends to the overall results (Curative resection:

CONUT score, p = 0.024; PNI, p = 0.073; mGPS, p = 0.064;
Palliative resection of primary tumor / no resection:
CONUT score, p = 0.012; PNI, p < 0.001; mGPS, p < 0.001).
Multivariate analyses were performed, adjusting for clin-

ical factors that were significant in univariate analyses
(gender, BMI, ECOG performance status, location of pri-
mary tumor, CEA levels, histological type, M category,
and surgical treatment); ‘age’ was also included given the
prior knowledge according to TNM eighth edition [1]. All
three measures were found to be independent prognostic
factors for OS in patients with stage IV CRC (CONUT
score, p < 0.001; PNI, p < 0.001; mGPS, p < 0.001). Signifi-
cant differences in OS were found between the low-
CONUT group and intermediate-CONUT group (HR =
1.20, 95% CI: 1.02–1.42, p = 0.032), low-CONUT group
and high-CONUT group (HR = 1.57, 95% CI: 1.23–1.98,
p < 0.001), and intermediate-CONUT group and high-
CONUT group (HR = 1.30, 95% CI: 1.01–1.67, p = 0.045).
In contrast, for mGPS, significant differences in OS were
found between mGPS = 0 and mGPS = 1 groups (HR =
1.84, 95% CI: 1.54–2.19, p < 0.001) and mGPS = 0 and
mGPS = 2 groups (HR = 2.06, 95% CI: 1.65–2.55, p <
0.001), but not between mGPS = 1 and mGPS = 2 groups
(HR = 1.12, 95% CI: 0.88–1.41, p = 0.349). For PNI, the
low-PNI group had a significantly lower OS rate than the
high-PNI group (HR = 1.39, 95% CI: 1.19–1.62, p < 0.001)
(Table 2).

Discussion
In the present study, we focused on stage IV CRC includ-
ing curative resected stage IV CRC and unresectable
metastatic CRC, and demonstrated that CONUT score,
PNI, and mGPS are independent prognostic factors for
OS in patients with stage IV CRC regardless of curative
potential. Our results are compatible with previous reports

Fig. 1 Patient flow diagram. The final study cohort consisted of 996 patients with stage IV colorectal cancer
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that PNI, mGPS, and CONUT score were prognostic fac-
tors in CRC patients undergoing curative resection [5, 7,
8, 14, 17], and that CONUT score was a prognostic factor
in metastatic CRC patients undergoing chemotherapy
[16]. To our knowledge, this is the largest study to date
that comprehensively assessed the prognostic significance
of nutritional and inflammatory measures in patients with
stage IV CRC. Given that nutritional and/or inflammatory
status has been recognized as a host-related prognostic
factor in pancreatic cancer and esophageal cancer [1], nu-
tritional and inflammatory measures may also be useful
for stage IV CRC in daily clinical practice.
We demonstrated that three nutritional and inflamma-

tory measures tended to stratify OS in subgroup analysis
according to the treatment strategy. Furthermore, multi-
variate analyses adjusted for known factors including sur-
gical treatment revealed that the three nutritional and
inflammatory measures were all independent prognostic
factors for OS in patients with stage IV CRC. These results
suggest that nutritional and inflammatory measures may
be a useful prognostic indicator regardless of treatment
strategies. It is acceptable because nutritional status affects
tolerability not only surgery but also chemotherapy [2, 25–
29]. Patients with advanced cancer are prone to malnutri-
tion, which in turn can lead to postoperative complications

and worse postoperative survival [25, 28, 29]. Malnutrition
is also associated with severe chemotherapy-related tox-
icity and reduced survival [2, 27]. Although treatment
strategies for stage IV CRC vary depending on guidelines
[23, 30, 31], nutritional and inflammatory measures can be
applied to the entire population of stage IV CRC patients.
The three nutritional and inflammatory measures eval-

uated in this study are calculated based on serum albu-
min, which serves as a valuable predictor of nutritional
status and disease severity in chronically and critically ill
patients. Cancer-related proinflammatory cytokines,
such as interleukin-6 (IL-6) and interleukin-1 (IL-1), as
well as tumor necrosis factor-α (TNF-α) inhibit albumin
production, leading to cancer cachexia [32]. Serum albu-
min is also an independent prognostic indicator in sev-
eral cancers [33]. Other components of CONUT score,
PNI, and mGPS (i.e., CRP, lymphocytes, cholesterol) are
also markers of cancer-induced inflammation or immun-
ity to cancer. CRP, a protein synthesized in hepatocytes,
belongs to a family of acute phase proteins and is
regulated by cytokines such as IL-6 and TNF-α [34].
CRP has been reported to be associated with both the
malignant potential of neoplasms and physical cachexia,
and several studies have shown that cancer patients with
elevated serum CRP levels had a worse prognosis than

Fig. 2 Kaplan-Meier survival curves of overall survival (OS) in patients with stage IV colorectal cancer. Each percentage (%) represent 3- and 5-year
OS rates, respectively. Each month (mo) represent median survival time. a. Relationship between CONUT score and OS of patients with stage IV
colorectal cancer (P < 0.001). Patients were divided into three groups according to CONUT score: low (0/1), intermediate (2/3), and high (4 or
higher) groups. b. Relationship between PNI and OS of patients with stage IV colorectal cancer (P < 0.001). According to receiver operating
characteristic (ROC) curve analysis, we set 48.0 as the cut-off value (sensitivity: 57.3%, specificity: 64.7%). c. Relationship between mGPS and OS of
patients with stage IV colorectal cancer (P < 0.001)
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those without [35]. Lymphocytes play an important role
in immune response to cancer [36]. Cholesterol is a fun-
damental component of cellular membranes involved in
the cellular signaling pathway, which plays an essential
role in cell growth and differentiation [37]. Low serum
cholesterol levels indicate a lack of caloric intake and
impairment in the immune system. Although the rela-
tionship between serum cholesterol and cancer remains
controversial, several studies have shown that low serum

cholesterol is associated with an increased risk of cancer
and worse prognosis in cancer [38, 39]. The present
study revealed that CONUT score, PNI, and mGPS,
which consist of these factors, are strongly correlated
with prognosis in stage IV CRC patients.
Many nutritional and inflammatory measures have been

reported to be associated with CRC prognosis. mGPS, or
GPS, is a representative and evidence-based marker in
CRC. GPS is considered a useful predictor of postoperative

Fig. 3 Kaplan-Meier survival curves of overall survival (OS) in patients with stage IV colorectal cancer. Each percentage (%) represent 3-year OS
rates. Each month (mo) represent median survival time. a-c. Relationships between three nutritional and inflammatory measures (a: CONUT score,
p = 0.024, b: PNI, p = 0.073, c: mGPS, p = 0.064) and OS of patients with stage IV colorectal cancer who received curative resection (n = 302). d-f.
Relationships between three nutritional and inflammatory measures (d: CONUT score, p = 0.012, e: PNI, p < 0.001, f: mGPS, p < 0.001) and OS of
patients with stage IV colorectal cancer who received palliative resection of primary tumor or no resection (n = 694)

Table 2 Univariate and Multivariate Analyses for OS

Variable Category Reference Univariate Multivariatea

HR (95% CI) p value HR (95% CI) p value

CONUT score Intermediate (2/3) Low (0/1) 1.27 (1.08–1.49) 0.004 1.20 (1.02–1.42) 0.032

High (≥4) Low (0/1) 1.84 (1.45–2.31) < 0.001 1.57 (1.23–1.98) < 0.001

High (≥4) Intermediate (2/3) 1.45 (1.13–1.86) 0.005 1.30 (1.01–1.67) 0.045

PNI Low (< 48.0) High (≥48.0) 1.62 (1.40–1.87) < 0.001 1.39 (1.19–1.62) < 0.001

mGPS 1 0 2.26 (1.90–2.67) < 0.001 1.84 (1.54–2.19) < 0.001

2 0 2.83 (2.28–3.47) < 0.001 2.06 (1.65–2.55) < 0.001

2 1 1.25 (0.99–1.58) 0.063 1.12 (0.88–1.41) 0.349
a Adjusted for the following variables: age, gender, BMI, ECOG performance status,
location of primary tumor, CEA levels, histological type, M category, and surgical treatment
Data are presented as hazard ratios and 95% confidence intervals
HR Hazard ratio, CI Confidence interval, CONUT Controlling nutritional status
PNI Prognostic nutritional index, mGPS Modified Glasgow prognostic score
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mortality in patients with CRC [7], as well as for OS after
surgery in stage IV CRC [40]. PNI is a useful predictor for
OS of patients with stage IV CRC who underwent palliative
resection [28]. In a meta-analysis of CRC patients who
underwent primary tumor resection (curative-intent resec-
tion), PNI was found to be a prognostic indicator of postop-
erative OS [41]. CONUT score is a relatively new measure
reported to be useful for predicting postoperative OS in
early-stage CRC [14, 15, 17] and OS of patients with meta-
static CRC receiving chemotherapy [16]. In addition to
these measures, NLR, platelet-to-lymphocyte ratio (PLR),
and lymphocyte-to-monocyte ratio (LMR) have also been
reported to be associated with CRC prognosis [42–44].
However, it remains controversial as to which one of

those measures is the most useful. Several studies have
compared CONUT score with other measures. For in-
stance, Toyokawa et al. [11] reported that CONUT score
was an independent predictor of OS and relapse-free sur-
vival among thoracic esophageal squamous cell carcinoma
patients, and was superior to PLR, NLR, and GPS. Liu
et al. [12] reported that CONUT score was an independ-
ent prognostic factor in patients with stage II-III gastric
cancer receiving curative resection and adjuvant chemo-
therapy. In the low PNI group, CONUT score effectively
stratified cancer-specific survival, suggesting it is poten-
tially a better survival predictor than PNI. The present
study focused on three measures calculated from serum
albumin to assess patient prognosis in terms of nutritional
status as well as inflammation. CONUT score, PNI, and
mGPS were adjusted for known factors (i.e., age, gender,
BMI, ECOG performance status, location of primary
tumor, CEA levels, histological type, M category, and sur-
gical treatment), and all three measures were independent
prognostic factors in patients with stage IV CRC. Among
them, however, CONUT score was significantly associated
with OS. In contrast, there was no significant difference in
OS between consecutive mGPS scores, suggesting that the
distribution of CONUT scores was more balanced than
that of mGPS scores. Unlike CONUT score and mGPS,
there were only two groups by PNI; thus, CONUT scores
may be more useful in stratifying patients with stage IV
CRC compared to PNI and mGPS.
Currently, there exists no established view on what in-

terventions should be used for patients who are identi-
fied as having a poor prognosis according to these
nutritional and inflammatory measures. It also remains
unclear whether nutritional and inflammatory status
changes during the clinical progression of the disease.
While the impact of nutritional interventions on nutri-
tional and inflammatory measures is unknown, nutri-
tional interventions have been shown to improve clinical
outcomes of surgery and chemotherapy [45–48]. Nutri-
tional interventions should thus be considered for mal-
nourished patients.

It is worth noting that the three nutritional and inflamma-
tory measures evaluated in this study do not meet the GLIM
criteria, global consensus on the definition of malnutrition.
According to the GLIM criteria, malnutrition is defined as
meeting one of three phenotypic criteria (non-volitional
weight loss, low BMI, reduced muscle mass) and one of two
etiological criteria (reduced food intake or assimilation,
disease burden/inflammation) [49]. CONUT score, PNI, and
mGPS are supportive tools for assessing the nutritional sta-
tus of the host in terms of inflammation. Since these mea-
sures cannot be used to fully assess the nutritional status of
patients, appropriate nutritional assessments should be
performed, and nutritional interventions offered, to those
who are identified as having a poor prognosis/malnutrition
according to these measures. Further prospective studies are
warranted to assess how nutritional interventions can im-
prove nutritional and inflammatory measures.
This study has some limitations. First, given the retro-

spective design and collection of data from one institution,
there may have been selection bias. Second, although
nutritional management and use of supplements or thera-
peutic diets are important confounding factors in asses-
sing the usefulness of nutritional and inflammatory
measures in predicting cancer prognosis, we did not have
these information. Third, although consecutive patients
were enrolled, there have been significant changes during
the long study period (2001 to 2015) in treatment strat-
egies, such as chemotherapy. Thus, our study may not be
fully reflective of current medical practice. The correlation
between nutritional and inflammatory status and progno-
sis in stage IV CRC warrants further consideration and
validation in prospective studies.

Conclusions
CONUT score, PNI, and mGPS were all independent
prognostic factors for OS in patients with stage IV CRC,
suggesting that nutritional and inflammatory status is a
useful host-related prognostic indicator in stage IV CRC.
Regardless of the TNM stage, the use of nutritional and
inflammatory measures should be considered in daily
clinical practice to assess host status.

Abbreviations
95% CI: 95% Confidence interval; CEA: Carcinoembryonic antigen,;
CONUT: Controlling nutritional status; CRC: Colorectal cancer; ECOG: Eastern
cooperative oncology group; HR: Hazard ratio; IL-1: Interleukin-1; IL-
6: Interleukin-6; LMR: Lymphocyte-to-monocyte ratio; NLR: Neutrophil-to-
lymphocyte ratio; mGPS: Modified glasgow prognostic score; OS: Overall
survival; PLR: Platelet-to-lymphocyte ratio; PNI: Prognostic nutritional index;
TNF-α: Tumor necrosis factor-α; TNM: Tumor-node-metastasis

Acknowledgements
The authors thank all colleagues and nurses involved in patient care.

Authors’ contributions
YT contributed to the conception and design, data collection, analysis and
interpretation, manuscript drafting. DS conceived, designed the study, and
were responsible for writing the paper and for its supervision. NB

Takamizawa et al. BMC Cancer         (2020) 20:1092 Page 9 of 11



contributed to the design, data collection, interpretation, and manuscript
drafting. YN, YA, TY, TT, AT and YK contributed to the data collection,
literature review, result discussion, and edited the manuscript. All authors
read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
This retrospective study was approved by the Institutional Review Board (IRB)
of the National Cancer Center Hospital (IRB code: 2015–320). It was
determined to be a retrospective analysis of de-identified data, and was de-
termined to be exempt from requiring written informed consent. IRB of the
National Cancer Center Hospital approved to access the clinical/personal pa-
tient data used in our research.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Colorectal Surgery, National Cancer Center Hospital, 5-1-1
Tsukiji, Chuo-ku, Tokyo 1040045, Japan. 2Division of Frontier Surgery, The
Institute of Medical Science, The University of Tokyo, 4-6-1 Shirokanedai,
Minato-ku, Tokyo 1088639, Japan. 3Gastrointestinal Medical Oncology
Division, National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo
1040045, Japan.

Received: 25 June 2020 Accepted: 22 October 2020

References
1. UICC. TNM classification of malignant tumours eighth edition. New York:

Wiley; 2017.
2. Andreyev HJ, Norman AR, Oates J, Cunningham D. Why do patients with

weight loss have a worse outcome when undergoing chemotherapy for
gastrointestinal malignancies? Eur J Cancer. 1998;34:503–9.

3. Shachar SS, Williams GR, Muss HB, Nishijima TF. Prognostic value of
sarcopenia in adults with solid tumours: a meta-analysis and systematic
review. Eur J Cancer. 2016;57(2):58–67.

4. Pressoir M, Desné S, Berchery D, Rossignol G, Poiree B, Meslier M, Traversier
S, Vittot M, Simon M, Gekiere JP, et al. Prevalence, risk factors and clinical
implications of malnutrition in French comprehensive Cancer Centres. Br J
Cancer. 2010;102(1):966–71.

5. Park JH, Watt DG, Roxburgh CS, Horgan PG, McMillan DC. Colorectal Cancer,
systemic inflammation, and outcome: staging the tumor and staging the
host. Ann Surg. 2016;263(4):326–36.

6. Pinato DJ, North BV, Sharma R. A novel, externally validated inflammation-
based prognostic algorithm in hepatocellular carcinoma: the prognostic
nutritional index (PNI). Br J Cancer. 2012;106(8):1439–45.

7. Ishizuka M, Nagata H, Takagi K, Horie T, Kubota K. Inflammation-based
prognostic score is a novel predictor of postoperative outcome in patients
with colorectal cancer. Ann Surg. 2007;246(3):1047–51.

8. Shibutani M, Maeda K, Nagahara H, Ohtani H, Iseki Y, Ikeya T, Sugano K,
Hirakawa K. The prognostic significance of the postoperative prognostic
nutritional index in patients with colorectal cancer. BMC Cancer. 2015;15(5):521.

9. Okadome K, Baba Y, Yagi T, Kiyozumi Y, Ishimoto T, Iwatsuki M, Miyamoto Y,
Yoshida N, Watanabe M, Baba H. Prognostic nutritional index, tumor-
infiltrating lymphocytes, and prognosis in patients with esophageal Cancer.
Ann Surg. 2020;271(4):693–700.

10. Ryo S, Kanda M, Ito S, Mochizuki Y, Teramoto H, Ishigure K, Murai T, Asada T,
Ishiyama A, Matsushita H, et al. The controlling nutritional status score
serves as a predictor of short- and long-term outcomes for patients with
stage 2 or 3 gastric Cancer: analysis of a multi-institutional data set. Ann
Surg Oncol. 2019;26(2):456–64.

11. Toyokawa T, Kubo N, Tamura T, Sakurai K, Amano R, Tanaka H, Muguruma K,
Yashiro M, Hirakawa K, Ohira M. The pretreatment controlling nutritional
status (CONUT) score is an independent prognostic factor in patients with
resectable thoracic esophageal squamous cell carcinoma: results from a
retrospective study. BMC Cancer. 2016;16(6):722.

12. Liu X, Zhang D, Lin E, Chen Y, Li W, Chen Y, Sun X, Zhou Z. Preoperative
controlling nutritional status (CONUT) score as a predictor of long-term
outcome after curative resection followed by adjuvant chemotherapy in
stage II-III gastric Cancer. BMC Cancer. 2018;18(7):699.

13. Ignacio de Ulibarri J, Gonzalez-Madrono A, de Villar NG, Gonzalez P, Gonzalez B,
Mancha A, Rodriguez F, Fernandez G. CONUT: a tool for controlling nutritional
status. First validation in a hospital population. Nutr Hosp. 2005;20:38–45.

14. Tokunaga R, Sakamoto Y, Nakagawa S, Ohuchi M, Izumi D, Kosumi K, Taki K,
Higashi T, Miyamoto Y, Yoshida N, et al. CONUT: a novel independent
predictive score for colorectal cancer patients undergoing potentially
curative resection. Int J Color Dis. 2017;32(9):99–106.

15. Iseki Y, Shibutani M, Maeda K, Nagahara H, Ohtani H, Sugano K, Ikeya T,
Muguruma K, Tanaka H, Toyokawa T, et al. Impact of the preoperative
controlling nutritional status (CONUT) score on the survival after curative
surgery for colorectal Cancer. PLoS One. 2015;10(8):e0132488.

16. Daitoku N, Miyamoto Y, Tokunaga R, Sakamoto Y, Hiyoshi Y, Iwatsuki M, Baba
Y, Iwagami S, Yoshida N, Baba H. Controlling nutritional status (CONUT) score is
a prognostic marker in metastatic colorectal Cancer patients receiving first-line
chemotherapy. Anticancer Res. 2018;38(10):4883–8.

17. Ahiko Y, Shida D, Horie T, Tanabe T, Takamizawa Y, Sakamoto R, Moritani K,
Tsukamoto S, Kanemitsu Y. Controlling nutritional status (CONUT) score as a
preoperative risk assessment index for older patients with colorectal cancer.
BMC Cancer. 2019;19(1):946.

18. Sargent DJ, Köhne CH, Sanoff HK, Bot BM, Seymour MT, de Gramont A,
Porschen R, Saltz LB, Rougier P, Tournigand C, et al. Pooled safety and
efficacy analysis examining the effect of performance status on outcomes in
nine first-line treatment trials using individual data from patients with
metastatic colorectal cancer. J Clin Oncol. 2009;27(12):1948–55.

19. Ahn HJ, Kim SW, Lee SW, Lee SW, Lim CH, Kim JS, Cho YK, Park JM, Lee IS,
Choi MG. Long-term outcomes of palliation for unresectable colorectal
cancer obstruction in patients with good performance status: endoscopic
stent versus surgery. Surg Endosc. 2016;30(11):4765–75.

20. Zhang Y, Zhang X. Controlling nutritional status score, a promising
prognostic marker in patients with gastrointestinal cancers after surgery: a
systematic review and meta-analysis. Int J Surg. 2018;55:39–45.

21. Shida D, Hamaguchi T, Ochiai H, Tsukamoto S, Takashima A, Boku N,
Kanemitsu Y. Prognostic impact of palliative primary tumor resection for
Unresectable stage 4 colorectal Cancer: using a propensity score analysis.
Ann Surg Oncol. 2016;23(11):3602–8.

22. Shida D, Yoshida T, Tanabe T, Tsukamoto S, Ochiai H, Kanemitsu Y. Prognostic
impact of R0 resection and targeted therapy for colorectal Cancer with
synchronous peritoneal metastasis. Ann Surg Oncol. 2018;25(6):1646–53.

23. Watanabe T, Muro K, Ajioka Y, Hashiguchi Y, Ito Y, Saito Y, Hamaguchi T,
Ishida H, Ishiguro M, Ishihara S, et al. Japanese Society for Cancer of the
Colon and Rectum (JSCCR) guidelines 2016 for the treatment of colorectal
cancer. Int J Clin Oncol. 2018;23(1):1–34.

24. Shida D, Tanabe T, Boku N, Takashima A, Yoshida T, Tsukamoto S. Kanemitsu
YJAoSO: prognostic value of primary tumor sidedness for Unresectable stage IV
colorectal Cancer: a retrospective study. Ann Surg Oncol. 2019;26(5):1358–65.

25. Rosen SA, Buell JF, Yoshida A, Kazsuba S, Hurst R, Michelassi F, Millis JM,
Posner MC. Initial presentation with stage IV colorectal Cancer: how
aggressive should we be? Arch Surg. 2000;135(5):530–4.

26. Gupta D, Lis CG, Granick J, Grutsch JF, Vashi PG, Lammersfeld CA.
Malnutrition was associated with poor quality of life in colorectal cancer: a
retrospective analysis. J Clin Epidemiol. 2006;59(7):704–9.

27. Barret M, Malka D, Aparicio T, Dalban C, Locher C, Sabate JM, Louafi S,
Mansourbakht T, Bonnetain F, Attar A, et al. Nutritional status affects treatment
tolerability and survival in metastatic colorectal cancer patients: results of an
AGEO prospective multicenter study. Oncology. 2011;81(5–6):395–402.

28. Maeda K, Shibutani M, Otani H, Nagahara H, Sugano K, Ikeya T, Kubo N, Amano
R, Kimura K, Muguruma K, et al. Low nutritional prognostic index correlates
with poor survival in patients with stage IV colorectal cancer following
palliative resection of the primary tumor. World J Surg. 2014;38(5):1217–22.

29. Weimann A, Braga M, Carli F, Higashiguchi T, Hubner M, Klek S, Laviano A,
Ljungqvist O, Lobo DN, Martindale R, et al. ESPEN guideline: clinical
nutrition in surgery. Clin Nutr. 2017;36(3):623–50.

Takamizawa et al. BMC Cancer         (2020) 20:1092 Page 10 of 11



30. Van Cutsem E, Cervantes A, Adam R, Sobrero A, Van Krieken JH, Aderka D,
Aranda Aguilar E, Bardelli A, Benson A, Bodoky G, et al. ESMO consensus
guidelines for the management of patients with metastatic colorectal
cancer. Ann Oncol. 2016;27(8):1386–422.

31. Benson AB, Venook AP, Al-Hawary MM, Cederquist L, Chen YJ, Ciombor KK,
Cohen S, Cooper HS, Deming D, Engstrom PF, et al. NCCN guidelines insights:
Colon Cancer, version 2.2018. J Natl Compr Cancer Netw. 2018;16(4):359–69.

32. Cabrerizo S, Cuadras D, Gomez-Busto F, Artaza-Artabe I, Marín-Ciancas F,
Malafarina V. Serum albumin and health in older people: review and meta
analysis. Maturitas. 2015;81(1):17–27.

33. Gupta D, Lis CG. Pretreatment serum albumin as a predictor of cancer survival:
a systematic review of the epidemiological literature. Nutr J. 2010;9:69.

34. Nikiteas NI, Tzanakis N, Gazouli M, Rallis G, Daniilidis K, Theodoropoulos G, Kostakis
A, Peros G. Serum IL-6, TNFalpha and CRP levels in Greek colorectal cancer
patients: prognostic implications. World J Gastroenterol. 2005;11(11):1639–43.

35. Nozoe T, Matsumata T, Kitamura M, Sugimachi K. Significance of
preoperative elevation of serum C-reactive protein as an indicator for
prognosis in colorectal cancer. Am J Surg. 1998;176(4):335–8.

36. Canna K, McArdle PA, McMillan DC, McNicol AM, Smith GW, McKee RF,
McArdle CS. The relationship between tumour T-lymphocyte infiltration, the
systemic inflammatory response and survival in patients undergoing
curative resection for colorectal cancer. Br J Cancer. 2005;92:651–4.

37. Lyu J, Yang EJ, Head SA, Ai N, Zhang B, Wu C, Li RJ, Liu Y, Yang C, Dang Y, et al.
Pharmacological blockade of cholesterol trafficking by cepharanthine in endothelial
cells suppresses angiogenesis and tumor growth. Cancer Lett. 2017;409:91–103.

38. Schatzkin A, Hoover RN, Taylor PR, Ziegler RG, Carter CL, Larson DB, Licitra LM.
Serum cholesterol and cancer in the NHANES I epidemiologic followup study.
National Health and nutrition examination survey. Lancet. 1987;2(8554):298–301.

39. Zhou P, Li B, Liu B, Chen T, Xiao J. Prognostic role of serum total cholesterol
and high-density lipoprotein cholesterol in cancer survivors: a systematic
review and meta-analysis. Clin Chim Acta. 2018;477:94–104.

40. Ishizuka M, Nagata H, Takagi K, Iwasaki Y, Kubota K. Inflammation-based
prognostic system predicts survival after surgery for stage IV colorectal
cancer. Am J Surg. 2013;205(1):22–8.

41. Sun G, Li Y, Peng Y, Lu D, Zhang F, Cui X, Zhang Q, Li Z. Impact of the
preoperative prognostic nutritional index on postoperative and survival
outcomes in colorectal cancer patients who underwent primary tumor resection:
a systematic review and meta-analysis. Int J Color Dis. 2019;34(4):681–9.

42. Jankova L, Deant OF, Chan C, Chapuis P, Clarke SJ. Preoperative neutrophil/
lymphocyte ratio predicts overall survival but does not predict recurrence
or cancer-specific survival after curative resection of node-positive colorectal
cancer. BMC Cancer. 2013;13(1):442.

43. Stotz M, Pichler M, Absenger G, Szkandera J, Arminger F, Schaberl-Moser R,
Samonigg H, Stojakovic T, Gerger A. The preoperative lymphocyte to
monocyte ratio predicts clinical outcome in patients with stage III colon
cancer. Br J Cancer. 2014;110(2):435–40.

44. Rossi S, Basso M, Strippoli A, Schinzari G, D'Argento E, Larocca M, Cassano A,
Barone C. Are markers of systemic inflammation good prognostic indicators
in colorectal Cancer? Clin Colorectal Cancer. 2017;16(4):264–74.

45. Mullen JL, Buzby GP, Matthews DC, Smale BF, Rosato EF. Reduction of
operative morbidity and mortality by combined preoperative and
postoperative nutritional support. Ann Surg. 1980;192(5):604–13.

46. Fan ST, Lo CM, Lai EC, Chu KM, Liu CL, Wong J. Perioperative nutritional
support in patients undergoing hepatectomy for hepatocellular carcinoma.
N Engl J Med. 1994;331(23):1547–52.

47. Dobrila-Dintinjana R, Trivanovic D, Zelic M, Radic M, Dintinjana M,
Petranovic D, Toni V, Vukelic J, Matijasic N. Nutritional support in patients
with colorectal cancer during chemotherapy: does it work?
Hepatogastroenterology. 2013;60(123):475–80.

48. Mariette C, De Botton ML, Piessen G. Surgery in esophageal and gastric
cancer patients: what is the role for nutrition support in your daily practice?
Ann Surg Oncol. 2012;19(7):2128–34.

49. Cederholm T, Jensen GL, Correia MITD, Gonzalez MC, Fukushima R,
Higashiguchi T, Baptista G, Barazzoni R, Blaauw R, Coats A, et al. GLIM
criteria for the diagnosis of malnutrition - a consensus report from the
global clinical nutrition community. Clin Nutr. 2019;38(1):1–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Takamizawa et al. BMC Cancer         (2020) 20:1092 Page 11 of 11


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Data collection
	Treatment and follow-up
	Statistical analysis

	Results
	Study population
	Patient characteristics
	Survival
	Clinical factors affecting prognosis

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

