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The inflammation-nutrition score supports the prognostic prediction
of the TNM stage for colorectal cancer patients after curative resection
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Abstract

Purpose Inflammation and the nutritional and immunologic status are known to be associated with the prognosis of malignant
tumors. We aimed to examine inflammation—nutrition scores and predict the prognosis of colorectal cancer (CRC) patients
by integrating nutritional and immunologic factors and tumor stage.

Methods This study investigated 511 patients with CRC from 2007 to 2013: 380 in a training set (TS) and 131 in a valida-
tion set (VS). The Osaka Prognostic Score (OPS) used comprised 1 point each for C-reactive protein > 1.0 mg/dL, albumin
(<3.5 g/dL), and lymphocyte count < 1600. Patients were classified according to the total points. The modified Glasgow
Prognostic Score and the Prognostic Nutritional Index were also examined. A nomogram for predicting the disease-free
survival (DFS) and overall survival (OS) was constructed based on the OPS and TNM stage.

Results In the TS, a high OPS and high TNM stage were significant predictors of the DFS and OS. The C-indexes of the OPS
for the DFS and OS were higher than those of other reported scoring systems. The C-index of the nomogram for the DFS
was 0.762 in the TS and 0.675 in the VS. The C-index of the nomogram for the OS was 0.805 in the TS and 0.743 in the VS.
Conclusion Integrating the TNM stage and OPS accurately predicted the prognosis of patients with CRC.
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Introduction

The inflammation, nutritional, and immune statuses are
known to be associated with the prognosis of several malig-
nant tumors [1-3]. Several prognostic scores have been
reported, including the modified Glasgow Prognostic Score
(mGPS) [4], the Prognostic Nutritional Index (PNI) [5-7],
and the Systemic Inflammation Score (SIS) [3, 8]. C-reactive
protein (CRP) and albumin are used in the mGPS, albumin
and total lymphocyte count (TLC) in the PNI, and the lym-
phocyte-to-monocyte ratio and albumin in the SIS. Although
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the three factors of CRP, albumin, and TLC are known to
be important indicators of the inflammation, nutritional, and
immunologic status, no published scoring system incorpo-
rates all three of these variables.

Therefore, in the present study, we aimed to examine
reported representative inflammation—nutrition scores, such
as mGPS and PNI, and develop a simple prognostic score
that incorporates these three key factors.

Although inflammation and nutritional status are very
important factors in patients with malignant tumors, treat-
ment for cancer is selected based on the tumor stage [9—-11].
The combination of the TNM stage and mGPS was reported
to stratify the outcomes of patients undergoing curative
resection of colorectal cancer (CRC) [12]. However, there
is no model to predict the outcomes based on a combination
of the TNM stage and inflammation and nutritional status
in each patient. Both the tumor status according to the TNM
stage and patient status according to the inflammation and
nutrition scores are thought to be important. Therefore, both
should be taken into account when constructing a model for
predicting the outcomes of patients with cancer.

The aim of this study was to examine the TNM stage and
inflammation—nutrition scores as a prognostic prediction
model. We assessed the correlation of the Osaka Prognos-
tic Score (OPS), a new prognostic score that incorporates
CRP and albumin and TLC, with clinicopathological factors
and examined its association with the disease-free survival
(DFS) and overall survival (OS) rates of patients with all
stages of CRC. We also developed new prediction models
for the DFS and OS by TNM stage and OPS and verified
them in another data set. Combining the tumor status and
patient status may be useful for future clinical research on
the prognosis of patients with CRC.

Methods
Patients and datasets

For this retrospective study, 670 patients with CRC from
2007 to 2013 were identified from patient records, 159 of
whom were excluded because of stage IV disease and/or
inadequate data concerning histology and follow-up. All
patients had histologically confirmed diagnoses of CRC and
had undergone resection of primary CRC. The remaining
511 patients were divided into the following two groups:
(1) a training set (TS) of 380 patients who had undergone
resection of their primary tumors at the Osaka International
Cancer Institute (OICI) from 2007 to 2013; and (ii) a vali-
dation set (VS) of 131 patients who had undergone resec-
tion at Osaka University from 2011 to 2012. This study was
approved by the Institutional Review Boards of OICI and
Osaka University.
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The OPS

The OPS incorporates CRP, albumin, and TLC. The cut-
off values were set as > 1.0 mg/dL for CRP, <3.5 g/dl for
albumin [4], and < 1600 for TLC. The cut-off value for
TLC was chosen from the ROC curve for the OS in the TS
(Supplementary Fig. 1). Each factor was used only once
and allocated a single point. The points were summed and
the patients were then divided into four groups according
to the score (zero, one, two, and three).

The comparison of inflammation-nutrition scores

The mGPS and PNI were examined. According to a previ-
ous report [4], the mGPS score was determined using CRP
and albumin as follows: patients with both an elevated
CRP (> 1.0 mg/dL) and low albumin (< 3.5 g/dl) level
were given an mGPS of 2, those with only an elevated
CRP (> 1.0 mg/dL) level were given an mGPS of 1, and
those without an elevated CRP (< 1.0 mg/dL) level were
given an mGPS of 0. The PNI was calculated as 10 X albu-
min (g/dl)+0.005 x TLC (/mm?). According to previous
reports [5, 6], patients were divided into two groups: high
PNI (> 45.5) and low PNI (< 45.5).

The clinicopathological evaluation and follow-up

Data on the age, sex, and pathological findings (e.g., his-
tological grade, tumor invasion, lymph node metastases,
lymphatic invasion, and venous invasion) were retrieved
from patients’ medical records. The extent of tumor
spread was assessed using computed tomography (CT),
magnetic resonance imaging (MRI), and/or positron emis-
sion tomography (PET). Surgical specimens were fixed
in formalin, processed through a graded series of etha-
nol washes, and embedded in paraffin. The sections were
stained with hematoxylin and eosin (H&E) and Elastica
van Gieson stain, and the histological grade and degrees of
lymphatic and venous invasion were determined. Relevant
clinicopathological factors were assessed according to the
TNM classification of malignant tumors (Seventh edition,
UICC). After surgery, follow-up included assessments of
serum concentrations of the tumor markers CEA and car-
bohydrate antigen 19-9; further imaging with abdominal
ultrasonography, CT, chest X-ray, and/or positron emission
tomography every 3 to 6 months, and colonoscopy annu-
ally in accordance with Japanese guidelines [11]. The DFS
was defined as the length of time after primary colorectal
cancer surgery had ended that the patients survived with-
out any signs or symptoms of that cancer.



Surgery Today (2020) 50:163-170

165

Statistical analyses and the creation
of the prediction model

A univariate analysis using a proportional hazards model
was performed to identify the independent factors for the
DFS and OS after primary curative resection. Two-sided
P <0.05 was considered to denote statistical significance.
Kaplan—Meier survival curves were plotted and compared
with the generalized log-rank test. All statistical analyses
were performed using the JMP 13.0 statistical software pro-
gram (SAS Institute, Cary, NC, USA). Nomograms were
structured as prediction models for the OS by the TNM stage
and OPS. Prediction models were structured using the R
software program, ver. 3.1.3 (CRAN; the R Foundation for
Statistical Computing, Vienna, Austria). All C-indices were
calculated using R 3.1.3 (CRAN).

Results
Independent factors influencing the prognosis

The characteristics of all 511 study patients (TS and VS) are
listed in Table 1. In the TS, no patients underwent preopera-
tive treatment. In the VS, 11 patients underwent neoadjuvant
chemotherapy. In the TS group, univariate and multivari-
ate analyses of clinicopathological factors were performed.
Univariate analyses revealed that a low histological grade
(P=0.017), lymphatic invasion (P <0.001), vascular inva-
sion (P <0.001), tumor invasion (P <0.001), lymph node
metastasis (P <0.001), a high CRP level (P<0.001), and a
low albumin level (P <0.001) were significantly associated
with the DFS (Table 2a). Multivariate analyses showed that
lymph node metastasis (P <0.001) and a low albumin level
(P=0.002) were independent prognostic factors for the DFS.
Similarly, univariate analyses revealed that vascular invasion

(P=0.038), lymph node metastasis (P=0.001), a high CRP
level (P <0.001), a low albumin level (P <0.001), and low
TLC (P=0.002) were significantly associated with the OS
(Table 2b). Multivariate analyses showed that lymph node
metastasis (P =0.003), a high CRP level (P=0.035), a low
albumin level (P <0.001), and low TLC (P=0.018) were
independent prognostic factors for the OS. These results
showed that patient’s inflammation, nutritional, and immune
statuses were as important for the DFS and OS as the tumor
status.

The comparison of the inflammation-nutrition
scores

The C-indices of the inflammation—nutrition scores for the
DFS and OS were compared (Table 3). The OPS used three
factors (TLC, CRP, and albumin), the PNI used two factors
(TLC and albumin), and the mGPS used two factors (CRP
and albumin). The C-indices of the OPS for the DFS and OS
were higher than those of the PNI and mGPS. Furthermore,
the OPS nomogram was constructed using all three factors
(TLC, CRP, and albumin) to evaluate the weights of continu-
ous variables and their risks (Supplementary Fig. 2). The
C-indices of the OPS nomogram for the DFS and OS were
slightly higher than the OPS. However, the OPS was simple
compared with the OPS nomogram.

A nomogram constructed using the TNM stage
and OPS

Given that the TNM stage is defined by tumor invasion,
lymph node metastasis and distant metastasis, and the OPS
incorporates CRP, albumin, and TLC, it was unsurprising
that the TNM stage and OPS were found to be independent
prognostic factors for the DFS (Table 4a). Furthermore,
the TNM stage and OPS were also independent prognostic

Table 1 Patients’ characteristics Factors

Training set (n=380) Validation set (n=131)

Gender (male/female)
Age?, years

Tumor location (colon/rectum)

Histological grade (Tubl/Tub2/Others®)

Tumor invasion (T1/T2/T3/T4)

Lymph node metastasis (NO/N1/N2/N3)

Lymphatic invasion (absent/present)

Vascular invasion (absent/present)
Stage (I/II/11I)

221/159 48/83

66 (29-88) 64 (26-87)
198/182 76/55
132/228/20 60/59/12
54/55/176/95 40/28/59/4
217/111/49/3 92/26/8/ 5
138/241° 60/71
1707210 31/107

82/ 135/163 59/33/39

4Continuous variable

®Others: poorly differentiated, mucinous adenocarcinoma, or squamous cell carcinoma. Tubl: well-differ-
entiated adenocarcinoma; Tub2: moderately differentiated adenocarcinoma

“Unknown in one case
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Table 2 Results of univariate and multivariate analyses of the disease-free and overall survival in the training set

Factors Univariate analysis Multivariate analysis
HR 95% C1 P value HR 95% C1 P value
a. Univariate and multivariate analyses of the disease-free survival
Age (years) (< 66/>66) 0.836 0.496-1.401 0.497
Sex (male/female) 0.950 0.566-1.612 0.846
Location (rectum/colon) 1.587 0.946-2.706 0.081
Histological grade (Others*/Tub1-Tub2) 3.022 1.250-6.226 0.017 2.011 0.796—4.405 0.130
Lymphatic invasion (present/absent) 2.963 1.566-6.210 <0.001 1.645 0.826-3.592 0.163
Vascular invasion (present/absent) 2.777 1.561-5.258 <0.001 1.695 0.931-3.275 0.086
Tumor invasion (T3-4/T1-2) 4.764 2.100-13.687 <0.001 2.737 1.182-7.958 0.017
Lymph node metastasis (N1-2/N0) 5.907 3.236-11.678 <0.001 4.057 2.124-8.349 <0.001
CRP, mg/dL (<1.0/>1.0) 2.598 1.239-4.918 0.014 1.433 0.625-3.012 0.379
Albumin, g/d (<3.5/>3.5) 3.543 1.867-6.317 <0.001 3.139 1.532-6.093 0.002
Total lymphocyte counts (< 1600/ > 1600) 1.573 0.939-2.359 0.085
b. Univariate and multivariate analyses of the overall survival
Age (years) (< 66/>66) 1.702 0.859-3.393 0.112
Sex (male/female) 0.845 0.442-1.631 0.610
Location (rectum/colon) 0.756 0.387-1.446 0.400
Histological grade (Others?/Tub1-Tub2) 0.877 0.526-1.368 0.581
Lymphatic invasion (present/absent) 1.436 0.714-3.129 0.319
Vascular invasion (present/absent) 2.053 1.040-4.337 0.038 1.546 0.745-3.414 0.247
Tumor invasion (T3-4/T1-2) 1.937 0.900-4.805 0.094
Lymph node metastasis (N1-2/N0) 3.009 1.543-6.206 0.001 2919 1.429-6.295 0.003
CRP, mg/dL (< 1.0/>1.0) 4.951 2.258-10.066 <0.001 2472 1.067-5.379 0.035
Albumin, g/d(<3.5/>3.5) 12.133 6.062-24.076 <0.001 8.920 4.152-18.928 <0.001
Total lymphocyte counts (< 1600/>1600) 2.954 1.497-6.239 0.002 2.280 1.148-4.839 0.018

40thers: poorly differentiated, mucinous adenocarcinoma, or squamous cell carcinoma. Tub1: well-differentiated adenocarcinoma, Tub2: moder-

ately differentiated adenocarcinoma, and CRP: C-reactive protein

Underlined values indicate P <0.05

Table 3 C-indexes of prognostic score system for the disease-free and overall survival

Prognostic score system

PNI (TLC, Alb) mGPS

OPS (TLC, The combination of TLC, TNM stage The combination of

(Alb, CRP, Alb) CRP and Alb (nomogram) OPS and TNM stage
CRP)
C-index Disease-free survival TS 0.572 0.555 0.623 0.641 0.718 0.762
VS 0.598 0.512 0.593 0.568 127 0.675
Overall survival TS 0.697 0.619 0.781 0.782 0.623 0.805
VS 0.708 0.578 0717 0.742 0.610 0.743

TNM stage tumor node metastasis stage, mGPS modified Glasgow Prognostic Score, PNI Prognostic Nutritional Index, CRP C-reactive protein,
TLC total lymphocyte counts, OPS Osaka Prognostic Score, 7S training set, VS validation set

Underlined values show C-indexes more than 0.600 (high probability)

factors for the OS (Table 4b). A total of 180 patients had
an OPS of 0, 152 an OPS of 1, 36 an OPS of 2, and 9 an
OPS of 3. Regarding the stage, 82 patients had Stage I
disease, 135 Stage II, and 163 Stage III. Kaplan—Meier

curves of the DFS and OS according to the tumor stage

@ Springer

and OPS score are shown in Fig. 1. The C-index of the
TNM stage and the combination of the OPS and TNM
stage are summarized in Table 3. Nomograms for the DFS
and OS constructed using the TNM stage and OPS are
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Table 4 Results of univariate and multivariate analyses of the disease-free survival and overall survival in the training set based on the OPS and

TNM stage
Factors Univariate analysis Multivariate analysis
HR 95% CI P value HR 95% CI P value
a. Univariate and multivariate analyses of the disease-free survival
Age (years) (< 66/>66) 0.836 0.496-1.401 0.497
Sex (male/female) 0.950 0.566-1.612 0.846
Location (rectum/colon) 1.587 0.946-2.706 0.081
Histological grade (others?/Tub1-Tub2) 3.022 1.250-6.226 0.017 2.100 0.839-4.388 0.107
Lymphatic invasion (present/absent) 2.963 1.566-6.210 <0.001 1.540 0.776-3.353 0.226
Vascular invasion (present/absent) 2.777 1.561-5.258 <0.001 1.903 1.047-3.685 0.034
Stage
A 6.993 1.359-127.776 0.016 4.743 0.910-87.068 0.068
amn/mn 27.562 6.029-488.081 <0.001 16.969 3.558-304.380 <0.001
II/11) 3.941 2.120-8.013 <0.001 3.577 1.828-7.601 <0.001
OPS
(1/0) 1.501 0.830-2.743 0.179 1.194 0.657-2.192 0.560
(2/0) 3.376 1.513-7.059 0.004 3.208 1.411-6.854 0.007
(3/0) 7.602 2.207-20.153 0.003 8.681 2.476-23.579 0.002
4b. Univariate and multivariate analyses of the overall survival
Age (years) (< 66/>66) 1.702 0.859-3.393 0.112
Sex (male/female) 0.845 0.442-1.631 0.610
Location (rectum/colon) 0.756 0.387-1.446 0.400
Histological grade (others®/Tubl-Tub2) 0.877 0.526-1.368 0.581
Lymphatic invasion (present/absent) 1.436 0.714-3.129 0.319
Vascular invasion (present/absent) 2.053 1.040-4.337 0.038 1.682 0.812-3.716 0.165
Stage
v 0.952 0.303-3.221 0.933 0.432 0.131-1.531 0.184
am/m 2923 1.214-8.672 0.015 1.789 0.689-5.587 0.245
A/11) 3.071 1.400- 0.004 4.138 1.815-10.703 <0.001
OPS
(1/0) 2,997 1.216-8.416 0.016 2.668 1.080-7.506 0.032
(2/0) 16.054 6.023-47.216 <0.001 19.280 1.060-58.217 <0.001
(3/0) 39.149 11.166-131.592 <0.001 54.285 15.117-187.822 <0.001

#0thers: poorly differentiated, mucinous adenocarcinoma, or squamous cell carcinoma. Tub1: well-differentiated adenocarcinoma, Tub2: moder-

ately differentiated adenocarcinoma, and OPS: Osaka Prognostic Score

Underlined values indicate P <0.05

shown in Fig. 2. The C-index of the nomogram to predict
the DFS was 0.762 in the TS group. It was validated in
the VS group, with the C-index being 0.675. The C-index
of the nomogram to predict the OS was 0.805 in the TS
group. It was validated in the VS group, with the C-index
being 0.743. The TNM stage was a strong predictor for
the DFS, and the OPS was a strong predictor for the OS.
We found that the OPS is an independent risk factor in all
patients with CRC, and the combination of the TNM stage
and OPS can predict the prognosis of CRC patients more
accurately than only the TNM stage or OPS, especially
the OS.

Discussion

In the present study, we detected a correlation between the
OPS, which is a new, simple inflammation and nutrition
scoring system, and the DFS and OS of patients with CRC.
The C-indices of the OPS for the DFS and OS were higher
than those of the PNI and mGPS in our data set, indicating
that the OPS could serve as a useful prognostic indicator
in patients with CRC. We used CRP, albumin, and TLC to
reflect patient’s inflammation, nutritional, and immune sta-
tuses, respectively. According to our subgroup analyses, in
patients with Stage III disease, a high OPS was associated
with a poor prognosis (Supplementary Table 1) and was not

@ Springer
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Fig.1 Survival curves for the disease-free survival (DFS) and over-
all survival (OS) by the TNM stage and Osaka Prognostic Score
(OPS). a DFS curves by TNM stage (left) and OPS score (right).
The 5-year DFS rate was 99% (n=82) in patients with Stage I dis-
ease, 91% (n=135) in those with Stage II, and 71% (n=163) in those
with Stage III. The 5-year DFS rate was 88% (n=183) in those with
an OPS of 0, 85% (n=152) in those with an OPS of 1, 70% (n=236)

correlated with adjuvant chemotherapy (Supplementary
Table 2). While the OPS is very simple, the weights of con-
tinuous variables and their risks may not be reflected. There-
fore, we compared the OPS with the nomogram constructed
using CRP, albumin, and TLC. The C-indices were almost
the same, suggesting that this simple scoring system fully
reflected the importance of these three factors.
Inflammatory cytokines associated with malignant tumors
have been reported to promote cancer proliferation and
metastasis [13, 14]. The preoperative immune—nutritional
status as indicated by the CRP, albumin, and TLC values
may reflect the tumor status. The immune—nutritional sta-
tus was also a predictor of the DFS. Immunotherapy has
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in those with an OPS of 2, and 50% (n=9) in those with an OPS of
3. (b) OS curves by TNM stage (left) and OPS score (right). The
S-year OS rate was 94% (n=382) in patients with Stage I disease,
94% (n=135) in those with Stage II, and 84% (n=163) in those with
Stage III. The 5-year DFS rate was 98% (n=183) in those with an
OPS of 0, 90% (n=152) in those with an OPS of 1, 63% (n=36) in
those with an OPS of 2, and 44% (n=9) in those with an OPS of 3

recently become widely performed, and the immune status
of the host is thought to be related to the success rate of this
treatment [15]. Further research will be required to explore
the relationship between a patient’s immune—nutritional sta-
tus and tumor immune—inflammation status.

Of note, the TNM stage, which is the most important
prognostic factor for various cancers, was incorporated
into our prediction model using a nomogram. Combining
the TNM stage representing the tumor status and the OPS
representing the patient’s overall condition enabled the
more accurate prediction of the prognosis of patients with
CRC than has been achieved using either indicator alone.
Our findings indicate that both elements are important for
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Fig.2 Nomogram for predicting the disease-free survival (DFS) and
overall survival (OS) after resection of colorectal cancer. (a, b) These
nomograms were developed using the TNM stage and OPS to predict
the DFS (a) and OS (b). The sum of these variable points was plot-

predicting the prognosis of patients with CRC and that
both should be considered when selecting treatment.

In the present study, we used a logistic regression model
to develop a nomogram for predicting the prognosis [16].
Nomograms have been used to score and predict individual
patients’ prognosis and risk [17, 18], and they should be
more useful in identifying risks in each patient than the
common classification such as TNM stage and NCCN clas-
sification. We clearly showed that the tumor status, such
as that determined using the TNM stage, was a strong pre-
dictor for the DFS, and the patient’s immune—nutritional
status, such as that determined using the OPS, was a strong
predictor for the OS. The TNM stage is useful for predict-
ing the DFS because it reflects the malignancy of cancer
well, and the immune—nutritional status is considered to be
useful for predicting the OS because it reflects the general
condition of the patient.

However, this study has some limitations. First, it
was a retrospective study. Second, the prediction models
were validated using data from patients attending a sin-
gle institute. More patients and multi-institutional studies
are necessary to evaluate these models fully. However, for
the time being, the prediction models we have developed
will help identify high-risk patients with CRC. Careful
follow-up, adjuvant chemotherapy, and/or interventions
for improving the immune—nutritional status of high-risk
patients with CRC may improve their prognosis.
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b Overall survival
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ted on the total point axis, and the estimated OS rate was obtained by
drawing a vertical line from the plotted total point axis down to the
predicted probability axis

Conclusions

We herein report a novel and reliable prognostic scoring sys-
tem, the OPS, and a nomogram. Combining the TNM stage
and OPS was useful for predicting an individual’s prognosis
with high accuracy.
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