
Abstract. Aim: It has been shown that nutritional status and
inflammation correlate with survival in patients with various
cancer types. In this study, we evaluated several kinds of
nutritional and inflammation parameters in preoperative
blood samples and constructed new risk model predicting
survival in patients with colorectal cancer. Patients and
Methods: We retrospectively examined 286 patients with stage
I-III colorectal cancer who had undergone curative resection
at Teikyo University Hospital. The association between
overall survival (OS) and nutritional status and inflammation
factors were examined using Kaplan-Meier curves and log-
rank tests. Results: Serum albumin, cholesterol and C-
reactive protein concentration, neutrophil count and platelet
count were shown to be correlated with OS. We constructed
a new risk model (nutrition inflammation status, NIS) using
these factors, and compared it with other nutrition and
inflammation models. Conclusion: NIS was useful as a new
model for predicting OS in patients undergoing curative
resection for colorectal cancer, compared with known models.

In recent years, as typified by the term ‘precision medicine’,
identification of risk factors for recurrence according to
individual conditions and formulation of a classification for
recurrence risk which exceeds the TNM classification have
been sought. Recent studies have reported that the
preoperative nutritional status and internal inflammatory
findings as patient factors are correlated with postoperative
recurrence risk, and that diets that cause colorectal

inflammation increase the risk of colorectal cancer (CRC).
This suggests a relationship between inflammation and CRC
(1-3). Clinicians need a simple prognostic tool for CRC.
Simple prognostic tools have been developed using
inflammatory markers and nutritional indices. Control of
Nutritional Status (CONUT), which consists of serum
albumin, total lymphocyte count, and serum total cholesterol
level, Glasgow prognostic score (GPS) and prognostic
nutritional index (PNI), is a widely established prognostic
predictor for patients with cancer (4-6). However, its accuracy
is still insufficient and there is no classification ability that
exceeds the TNM classification. In this study, we aimed to
develop a tool using nutritional indicators and inflammatory
markers that indicate excellent overall survival (OS).

Patients and Methods
Patient selection. We enrolled 286 consecutive patients with stage
I-III CRC, diagnosed based on the eighth edition of the United
States Joint Commission on Cancer staging system (7), who
underwent radical resection at Teikyo University Hospital in Japan
between 2013 and 2017. This study was approved by Teikyo
University Committee (registration number: 19-153) and written
informed consent was obtained from all participants. The reporting
of our research is in accordance with the STROBE guidelines (8). 

Study metrics. The following parameters were determined for each
patient. The variables evaluated included patient age, gender, body
mass index (BMI), histological grade, tumor, lymph node,
metastasis (TNM) stage, individual medical history, preoperative
test data, and follow-up. Patients were excluded if they had multiple
primary malignancies, or had familial adenomatous polyposis or
Lynch syndrome. The histopathological, clinical, and laboratory data
were obtained from the patients, and blood sampling as conducted
within 1-2 weeks prior to the surgery.

GPS score: The GPS score was determined based on serum
albumin and C-reactive protein (CRP) levels as follows: Score 2:
hypoalbuminemia (<3.5 g/dl) and the elevated C-reactive protein
(CRP) (>1.0 mg/dl); score 1: hypoalbuminemia (<3.5 g/dl) or
CRP >1.0 mg/dl; score 0: albumin concentration ≥3.5 g/dl and
CRP ≤1.0 mg/dl (9). 
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PNI: The PNI was calculated using serum albumin and the
peripheral lymphocyte count as a simple and useful score for
predicting the prognosis for patients with various cancer types (10),
where PNI=serum albumin level (g/dl)+5×total lymphocyte count
(11). Onodera et al. reported that this index provided an accurate,
quantitative estimate of operative risk (12). In general, resection and
anastomosis of the gastrointestinal tract can be safely practiced
when the index is >45. The same procedure may be dangerous when
the index is between 45 and 40. When the PNI is <40, this form of
surgery may be contraindicated (12). 

Indices of general condition. The neutrophil:lymphocyte ratio
(NLR) and C-reactive protein:albumin ratio (CAR) were determined
as indices of patients’general condition.

The NLR, CAR, GPS score and PNI score were obtained from
data derived from analysis blood samples taken within 1-2 weeks
preoperatively.

Follow-up. Surgical resection was defined as curative when there
was no evidence of tumor recurrence and the distant metastases
were histologically and macroscopically complete. Patients were
followed up every 3 months for the first 3 years, and every 6
months for the next 2 years. At each follow-up, all patients
underwent physical examination and measurements of serum
carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9
(CA19-9). They also underwent colonoscopy 1-2 years after
surgery (for rectal cancer, every year after surgery). Thoraco-
abdominal computed tomography scans were usually taken every
6 months. Recurrence was defined as the appearance of a
radiological, clinical, or pathological diagnosis of cancer cells that
were local or distant from their original location.

Determination of cut-off values for the nutrition inflammation status
(NIS)-based risk model. The continuous parameters were assessed
based on the receiver operating characteristic (ROC) curve, and the
cut-off value for each parameter was set using the Youden-index. The
comparison was made by dividing patients into two groups, a high-
value group and a low-value group. For each parameter, a ROC curve
was created by plotting the sensitivity and specificity of each result
under investigation. The score closest to the point with both
maximum sensitivity and specificity was selected as the cut-off value. 

The interpretation of an index of probability of concordance (C-
index) between predicted probability and actual outcome was used
so as to evaluate the predictive ability and discrimination of the
model. The value of the C-index should fall between 0.5 and 1.0,
with 0.5 indicating random chance and 1.0 indicating a perfect
discriminative ability (R version 4.0.3 software). 

We also evaluated our data using the Akaike information criterion
(AIC), which is a popular method for comparing the adequacy of
multiple, possibly non-nested models (13). It is a statistic that
evaluates the predictability of a statistical model using the difference
between the observed value and the theoretical value. The smaller
the AIC value, the better is the fit of the model (14).

Statistical analysis. OS was calculated from the date the patient
underwent surgery to that of death, using the Kaplan-Meier method.
A Cox regression analysis was performed to identify factors
significantly associated with OS. p-Values of 0.05 or less were
considered significant. All statistical analyses were performed using
JMP 15 software (SAS, Cary, NC, USA).

Results

Patient characteristics. The study included a total of 286
patients. The median age was 67.5 (range=28-93) years; 166
(58.0%) patients were male. Most patients had T3 or T4
tumor (n=189, 66.1%). There were 106 (37.0%) cases with
lymph node metastasis and GPS was 0 for most patients
(196, 68.5%) (Table I).

Determination of cut-off values. ROC curve analysis was
used to determine cut-off values for WBC, neutrophils,
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Table I. Clinicopathological features of patients with stage I-III
colorectal cancer who underwent curative tumor resection. 

Clinicopathological Subgroup                 N=286 (%)            Cut-off 
feature                                                         value

Gender, n (%) Male                     166 (58.0)                  -
Female                    120 (42.0)                   

Age, years Median (range)           67.5 (28-93)                -
BMI, kg/m2 Low                       68 (76.2)                25.2

High                     218 (23.8)                   
T Stage, n (%) T 1, 2                      97 (33.9)                   -

T 3, 4                     189 (66.1)                   
N Stage, n (%) N+                       106 (37.0)                  -

−                        180 (62.9)                   
CEA, ng/ml Low                      137 (47.9)                3.5

High                     149 (52.1)                   
CA19-9, U/ml Low                      252 (88.1)               50.2

High                       34 (11.9)                    
Albumin, g/dl Low                      125 (43.7)                3.9

High                     161 (56.2)                   
Lymphocytes, n/mm3 Low                      190 (66.4)              1,606

High                      96 (33.6)                    
Cholesterol, mg/dl Low                        14 (4.9)                  119

High                     272 (95.1)                   
WBC, n/μl Low                      146 (51.0)              6,000

High                     140 (49.0)                   
Neutrophils, n/mm3 Low                      184 (64.3)              4,307

High                     102 (35.6)                   
Platelets, n/mm3 Low                      243 (85.0)               19.5

High                      43 (15.0)                    
CRP, mg/dl Low                      168 (58.7)               0.12

High                      118 (41.3)                   
NLR, n (%) Low                       86 (30.0)                2.24

High                     200 (70.0)                   
CAR, n (%) Low                      132 (46.6)              0.025

High                     154 (53.8)                   
PNI, n (%) Low                      154 (53.8)              46.23

High                     132 (46.1)                   
GPS, n (%) 0                         196 (68.5)                  -

1                          59 (20.6)
2                          31 (10.8)                    

BMI: Body mass index; CA19-9: carbohydrate antigen 19-9; CAR: C-
reactive protein (CRP):albumin ratio; CEA: carcinoembryonic antigen;
GPS: Glasgow prognostic score; NLR: neutrophil-lymphocyte ratio;
PNI: prognostic nutritional index; WBC: white blood cells.



platelets, albumin, lymphocytes, cholesterol, NLR, and CAR
for predicting 3-year-OS (Table I).

Relationship between nutritional findings and OS. BMI,
lymphocyte count, serum albumin and cholesterol were used
as nutritional indicators. The Kaplan-Meier curves of the OS
according to each of these parameters are shown in Figure
1. BMI and lymphocyte count were not significant factors.
On the other hand, the group with a low albumin level had
a significantly worse OS than the high-albumin group
(p<0.0002). Similarly, significantly worse OS was found for
the low-cholesterol group than in the high-cholesterol group
(p<0.0001) (Figure 1).

Relationship between Inflammatory findings and OS. White
blood cell count (WBC), neutrophil count, platelet count, and
CRP were used as inflammatory findings. The Kaplan-Meier
curves of the OS according to each of these parameters are
shown in Figure 2. The WBC were not a significant factor
in the relationship for overall survival (p=0.234). On the
other hand, for the groups with high neutrophil count,
platelet count, and CRP level, the OS was significantly
worse than that of the low-value groups. (p=0.017, p=0.006
and p=0.0003, respectively) (Figure 2).

Relationship between NLR, CAR, PNI, tumor markers and
OS. As known models, NLR and CAR were used as
inflammation indicators, and PNI and GPS were used as
nutritional indicators. NLR was not a significant factor in OS

(p=0.051). CAR, PNI, and GPS were indicators significantly
associated with OS (p=0.0001, p<0.0001 and p=0.006)
(Figure 3). CEA and CA19-9 were used as tumor markers.
CA19-9 was not a significant factor in OS (p=0.427); on the
other hand, the OS was significantly worse in the high-CEA
group than in the low-CEA group (p=0.002).

Stratification using patient factors. Univariate analysis was
performed using the Cox proportional hazard model for the
factors of BMI, albumin, lymphocyte count, cholesterol,
WBC, neutrophil count, platelet count, serum albumin and
cholesterol, and CRP in the OS (Table II). We decided to
create a new risk model, namely the nutrition inflammation
status (NIS), using the five factors that were significantly
associated with OS, namely albumin, cholesterol, neutrophil
count, platelet count, and CRP. The risk model was
calculated by adding up the above-mentioned number of risk
factors, in which the NIS is the sum of the number of risk
factors. Kaplan-Meier survival curve and set the cut-off
value using the Youden index (Figure 4A). As a result, an
NIS of 3 or more assigned the patient to the high-value
group and an NIS of 2 or less to the low-value group.

Kaplan-Meier OS curve according to NIS. Survival analyses
were performed according to NIS using the cut-off value to
divide patients into two groups. A statistically significant
difference in 3-year OS between the two groups was
revealed by Kaplan-Meier curves (p<0.0001), indicating the
potential prognostic value of NIS. The 3-year OS rates were

Hayama et al: A New Risk Model Predicting Overall Survival

452

Figure 1. Kaplan-Meier curves of 3-year overall survival based on the indices body mass index (BMI) (A), serum albumin (Alb) (B), lymphocyte
count (Lym) (C), and serum cholesterol (Chol) (D).



97.1% for the low-NIS group and 77.3% for the high-NIS
group, showed significantly poorer prognosis for the high-
NIS group (Figure 4B).

Evaluation of NIS using C-index and AIC compared with T
factor and N factor, CAR, PNI, GPS and CEA. Univariate
and multivariate analyses were performed using the Cox

in vivo 36: 450-457 (2022)

453

Figure 2. Kaplan-Meier curves of 3-year overall survival based on the inflammatory markers. (A) white blood cells (WBC), (B) neutrophil count
(Neu), (C) platelet count (Plt), and (D) C-reactive protein (CRP).

Figure 3. Kaplan-Meier curves of 3-year overall survival based on the known nutritional and inflammatory markers C-reactive protein:albumin
ratio (CAR) (A), prognostic nutritional index (PNI) (B), neutrophil:lymphocyte ratio (NLR) (C), and Glasgow prognostic score (GPS) (D).



proportional hazard model to determine the association of T
factor and N factor, CAR, PNI, GPS, CEA, and NIS with
OS. As a result of multivariate analysis, only three
significant factors were extracted as being associated with
OS: TNM, PNI and NIS (HR=2.9, 95% confidence interval
(CI)=1.3-6.5; HR=4.8, 95% CI=1.50-15.5; and HR=4.4, 95%
CI=1.5-12.9, respectively). As shown in Table III, C-indices
for TNM, PNI and NIS for predicting OS were 0.636, 0.726
and 0.747, respectively. The AIC values for OS were 277.85
for TNM, 265.32 for PNI, 257.34 for NIS. According to this
comparison, NIS had the best goodness-of-fit, followed by
TNM and PNI. NIS was the best model to reflect the
prognosis after surgery for CRC (Table III).

Discussion

Currently, there are various indicators that clinically indicate
the nutritional status of patients and the findings of
inflammation in the body. These include the serum protein
level, serum albumin level, serum prealbumin level, serum
transferrin level, and lymphocyte count as markers indicating
nutritional status, and the GPS and PNI that combine these
markers. It has been reported that BMI (14), NLR (15), CAR
(16), PNI (17), and GPS (18) are factors related to the
prognosis of patients undergoing curative resection for CRC.
We conducted a study with the aim of constructing a new
model for selection of a group at high risk of recurrence, by
combining tumor factors and preoperative nutritional status
as patient factors, with findings of an inflammatory state.

The items used in this new risk model were five factors that
were significantly associated with OS: albumin, cholesterol,
neutrophil count, platelet count and CRP. Each of the five
factors has been reported to be associated with OS. Albumin
is produced by hepatocytes, and reflects the nutritional status
and amount of skeletal muscle, and is decreased by

inflammatory mediators (15, 16). Hypoalbuminemia often
may reflect the presence of progressive disease and poor
performance status caused by tumor cachexia. The role of
pretreatment serum albumin as a prognostic factor was
demonstrated by several studies (17-19). Cholesterol is widely
distributed not only in the blood but also throughout the body
such as the brain, internal organs, muscles, and bile (20). The
serum total cholesterol level is known to be an indicator of a
patient’s reserve calories (21). Other studies have reported that
a low serum cholesterol level confers a poor prognosis for
patients with various cancer types (22-24). The relationship
between low total blood cholesterol and cancer mortality has
been reported in many previous studies. It is thought that this
is mainly because the total cholesterol level decreases with the
development of cancer, especially with the progression of
colorectal cancer and advanced cancer (25). Therefore,
hypocholesterolemia is not considered to be the cause of
cancer, but it is thought to be caused by cancer (24). 

In this study, a factor for poor prognosis was a high
number of neutrophils. The mechanism underlying the
association between a high number of neutrophils and worse
outcomes has not yet been completely clarified. However, it
might be attributed to the association of neutrophils with
inflammation. Neutrophils can inhibit the immune system,
thereby eliminating the cytolytic activity of immune cells
(26, 27). Both tumor and host cells, including neutrophils,
can simultaneously produce chemokines and cytokines, thus
contributing to tumor progression (28).

Rao et al. reported that an elevated platelet count is a
negative predictor of survival in both patients with primary
CRC and those with resectable colorectal liver metastases
(29). Studies have shown that an increased platelet count
promotes the growth, infiltration, and metastasis of cancer
(30-32). Platelets can secrete a variety of growth factors
and angiogenesis-regulatory proteins (interleukin-6,
vascular endothelial growth factor, platelet-derived growth
factor, platelet factor 4) to promote tumor formation and
metastasis (33).

Allin et al. reported that patients with invasive breast cancer
and diagnostic CRP levels >3 mg/l had a 1.7-fold increased
risk of death from breast cancer compared to patients with
levels <1 mg/l (30). Biological mechanisms associated with
an elevated CRP level and poor cancer prognosis may explain
inflammation in the tumor microenvironment. Inflammation
of the tumor microenvironment induces DNA damage,
promotes angiogenesis, and promotes tumor spread and distant
metastasis. The result is a tumorigenesis-promoting
environment (34-36).

Currently, TNM staging is most frequently used to predict
survival outcomes and treatment choices. However, because
TNM staging is done postoperatively, survival cannot be
predicted preoperatively. Moreover, no further treatment
strategy can be determined. In addition, the TNM stage can
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Table II. Univariate analysis of nutritional and inflammatory findings
using Cox proportional hazard model for 3-year overall survival. 

Factor Comparison           HR              95% CI            p-Value

BMI Low vs. high          2.0              0.70-5.9             0.161
Albumin Low vs. high          4.2               1.8-9.9              0.0004
Lymphocyte Low vs. high          2.23             0.8-5.9              0.105
count

Cholesterol Low vs. high          5.8              2.2-15.6             0.003
WBC High vs. low           1.59             0.7-3.4              0.234
Neutrophil High vs. low           2.45             1.1-5.2              0.02
count

Platelet count High vs. low           2.9               1.3-6.5              0.015
CRP High vs. low           4.33            1.8-10.3             0.0003

BMI: Body mass index; CRP: C-reactive protein; WBC: white blood
cells. Statistically significant p-values are shown in bold.



only reflect the biological behavior of the tumor. The
prognosis of cancer is associated with nutritional status and
the inflammatory response of the host (1, 37). The NIS is
based on peripheral neutrophil and platelet counts, and the
levels of CRP, albumin and cholesterol, and reflects the state
of the tumor microenvironment and the preoperative host
inflammatory response and nutritional status. Our findings
show that the preoperative NIS has a stronger prognostic
discriminative capability compared to the NLR, CAR, GPS,
and PNI. Therefore, the use of a combination of parameters
that reflects both the nutritional status and the systemic
inflammatory status may be important for accurately
predicting survival outcomes in patients with CRC.

This study has its limitations. Firstly, it was retrospective
in design and included patients from a single institution.
Secondly, this study had a small sample size. Thirdly, there
is no consensus regarding the nutrition and inflammatory
marker cut-off values. We selected cut-off values by
performing a ROC analysis. Our current findings require
further review and validation in more patients. Fourthly, the
results of this study do not apply to patients with stage IV
disease, as it only included those with stage I-III CRC who
underwent curative surgery.

Conclusion

NIS using nutritional indicators and inflammatory findings
was found to be useful as a new model for predicting OS in
patients undergoing curative resection for CRC, compared
with known models. 

Conflicts of Interest
The Authors declare that they have no conflicts of interest.

Authors’ Contributions
TH, TO, MT, YF, RS, KN, KM, SF, TF and YH were involved in
study design and data interpretation. TH, TO, MT, YF, RS, KN,
KM, SF, TF and YH were involved in the data analysis. All Authors
critically revised the report, commented on drafts of the article, and
approved the final report.

Acknowledgements
The Authors are grateful for 20th Fujii Tomoko Academic
Encouragement Award and ACRO Research Grants of Teikyo
University in the early stages of this work.

in vivo 36: 450-457 (2022)

455

Figure 4. Kaplan-Meier curves of 3-year overall survival based on the nutritional and inflammation status (NIS) (A) and using a cut-off dividing
patients into groups with low (≤2) and high (≥3) NIS (B).

Table III. Results of univariate and multivariate analyses for 3-year overall survival using Cox proportional hazard model, C-index and Akaike's
information criterion (AIC).

Factor Comparison               HR                95% CI               p-Value              HR 95% CI p-Value C-Index AIC

TNM Low vs. high             13.8                1.9-102               0.01                      
CAR Low vs. high               5.5                2.1-14.4               0.001                    
PNI High vs. low               7.5                2.6-21.6               0.0002               4.8 1.5-15.5 0.009 0.726 265.32
GPS Low vs. high               4.2                1.6-10.9               0.011                    
NIS Low vs. high               8.3                3.8-18.1             <0.0001               4.4 1.5-12.9 0.008 0.747 257.34

CAR: C-Reactive protein:albumin ratio; GPS: Glasgow prognostic score; NIS: nutritional and Inflammation status; PNI: prognostic nutritional
index; TNM: tumor node metastasis. Statistically significant p-values are shown in bold.
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