
Abstract. Background/Aim: The prognostic outcome of the
controlling nutritional status (CONUT) score in patients with
colorectal liver metastases (CRLM) who underwent
hepatectomy has not been investigated. The aim of this study
was to investigate the prognostic value of preoperative
CONUT score and other systemic inflammation-related
biomarkers in patients who underwent hepatectomy for
CRLM. Patients and Methods: The subjects included 145
patients with CRLM who underwent hepatectomy and
retrospectively investigated the association of preoperative
CONUT score with disease-free survival (DFS), surgical
failure-free survival (SFS), and overall survival (OS) using
univariate and multivariate analyses. Results: In this study,
the cut-off of the CONUT score was 4. In the univariate
analysis, the high CONUT score was associated with worse
SFS and OS (p=0.01, 0.01). The multivariate analysis showed
significant and independent predictors of OS were lymph node
metastases (p=0.03) and a high CONUT score (p=0.04). In
patients with a high CONUT score, postoperative
complications due to infections were significantly more than
in those with a low CONUT score (27% vs. 9%, p=0.04).
Conclusion: The CONUT score can be useful for predicting
not only short-term but also long-term outcomes in patients
with CRLM after hepatectomy.

Colorectal cancer is the third most common digestive
gastrointestinal tract malignancy worldwide, with its
incidence increasing yearly (1). Approximately 20-25% of
patients with colorectal cancer present with colorectal liver
metastases (CRLM) upon diagnosis and approximately 50%
will develop metachronous CRLM after primary resection
(2). Hepatectomy is the most promising treatment for
CRLM; surgery is essential for local control and long-term
survival, and 5-year survival rate of approximately 40% can
be reached (3). However, since the prognosis is not yet
satisfactory, further prognostic factor analysis and
intervention is needed to improve prognosis.

Recently, there are numerous reports that nutrition and
inflammation biomarkers can predict cancer-specific survival
in patients with various cancers. Preoperative systemic
inflammation-related biomarkers, such as Glasgow
prognostic score (GPS), lymphocyte-to-C-reactive protein
ratio, neutrophil-to-lymphocyte ratio (NLR), and prognostic
nutritional index (PNI), are utilized as prognostic indicators
in patients with CRLM (4-6). 

Controlling nutritional status (CONUT) score, which is
calculated using serum albumin, total cholesterol
concentration, and lymphocyte count, was previously
reported as a new biomarker for evaluating nutritional status
(7). Several studies have shown that a high CONUT score is
associated with poor long-term outcomes in patients with
various tumors including hepatocellular carcinoma and
colorectal cancer (8-10). However, the usefulness of the
CONUT score for evaluating short and long-term outcomes
for patients with CRLM who underwent hepatectomy has not
been investigated.

The aim of this study was therefore to investigate the
prognostic value including short-term outcome of
preoperative CONUT score and compared its prognostic
accuracy to that of other systemic inflammation-related
biomarkers (GPS and PNI) in patients with CRLM who
underwent hepatectomy.
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Patients and Methods

Patients and patient management. The subjects were 145 patients
who underwent hepatectomy for CRLM without extrahepatic tumor
at our institution between May 2006 and October 2020. Surgical
procedure and treatment for recurrence were performed according
to our previous report (11). The retrospective study was approved
by the human ethics committee of the Jikei University School of
Medicine. Informed consent from patients was not required because
this study was retrospective.

Calculation of the CONUT score and other systemic inflammation-
related biomarkers. Serum samples were collected and assayed
preoperatively. Preoperative CONUT score was calculated from
serum albumin concentration, total peripheral lymphocyte counts,
and serum total cholesterol concentration (7). Serum albumin
concentration was categorized as: 0: ≥3.5 g/dl, 2: 3.0-3.49 g/dl, 4:
2.5-2.99 g/dl, and 6: <2.5 g/dl. Total peripheral total lymphocyte
count was categorized as: 0: ≥1,600/mm3, 1: 1,200-1,599/mm3, 2:
800-1,199/mm3, and 3: <800/mm3. Serum total cholesterol
concentration was categorized as: 0: ≥180 mg/dl, 1: 140-179 mg/dl,
2: 100-139 mg/dl, and 3: <100 mg/dl. According to our previous
report, the cut-off of CONUT score was determined to be 4 (12).
Based on the cut-off value, patients were classified into the low
CONUT group (CONUT score <4) and the high CONUT group
(CONUT score ≥4). In addition to the CONUT score, other nutrition
and inflammation-based biomarkers including GPS and PNI were
examined based on previous studies (13, 14).

Analysis of oncological outcomes. We analyzed the relation between
variables and disease-free, surgical failure-free, or overall survival
after hepatectomy for CRLM. The variables were location of
primary colorectal cancer, lymph node metastases, T factor
according to the TNM staging system (15), timing of CRLM,
presence of neoadjuvant chemotherapy, tumor number, tumor size,
GPS, PNI, CONUT score, hepatectomy, curability, and infectious
complication. For PNI, the cut-off values were determined using
receiver operating characteristics curve. Infectious complications
were defined based on our previous report (16).

Statistical analysis. The data are expressed as the median (inter
quartile range). In univariate analysis, continuous variables were
analyzed using the Mann-Whitney U-test, whereas categorical
variables were analyzed using the chi-square test. All survival
outcomes including disease-free, surgical failure-free, and overall
survival were performed using the Kaplan–Meier method with the
Log-rank test. To investigate risk factors of survival, univariate and
multivariate analyses for disease-free, surgical failure-free, and
overall survival were performed using the Cox proportional hazards
regression models. p-values of less than 0.05 were considered to
indicate statistical significance. 

Results

Patient characteristics. The patient characteristics are shown
in Table I. The mean age was 65 years. The timing of CRLM
was synchronous in 83 patients (57%) and metachronous in
62 patients (43%). Neoadjuvant chemotherapy was
administered to 40 patients (28%). Among the 145 patients
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Table I. Patient characteristics.

Factors                                                                              Patients (n=145)

Preoperative factors                                                                      
Age, years                                                                             65 (58-72)
Sex                                                                                                 
  Female                                                                                 36 (25%)
  Male                                                                                    109 (75%)
Body mass index, kg/m2                                                 22.4 (20.3-24.2)
Location                                                                                         
  Right side                                                                            42 (29%)
  Left side                                                                              103 (71%)
T factor                                                                                          
  T1                                                                                           5 (3%)
  T2                                                                                           6 (4%)
  T3                                                                                         97 (67%)
  T4                                                                                         37 (26%)
Lymph node metastases                                                                
  Yes                                                                                       88 (61%)
  No                                                                                        57 (39%)
Timing                                                                                           
  Synchronous                                                                        83 (57%)
  Metachronous                                                                      62 (43%)
Neoadjuvant chemotherapy                                                          
  Yes                                                                                       40 (28%)
  No                                                                                       105 (72%)
Tumor number                                                                               
  Solitary                                                                                68 (47%)
  Multiple                                                                               77 (53%)
Tumor size, mm                                                                   25 (17-40)
Serum CEA, ng/ml                                                           10.7 (4.3-37.8)
CONUT score                                                                                
  0                                                                                           43 (29%)
  1                                                                                           37 (25%)
  2                                                                                           20 (14%)
  3                                                                                           30 (21%)
  4                                                                                            13 (9%)
  5                                                                                             1 (1%)
  6                                                                                             1 (1%)
Intraoperative factors                                                                    
  Operation time, min                                                        368 (273-480)
  Intraoperative blood loss, ml                                        470 (162-1,055)
Simultaneous resection                                                                 
  Yes                                                                                      104 (72%)
  No                                                                                        41 (28%)
Surgical approach                                                                          
  Open                                                                                   118 (81%)
  Laparoscopic                                                                       27 (19%)
Hepatectomy                                                                                 
  Anatomical resection                                                          76 (52%)
  Non-anatomical resection                                                   69 (48%)
Curability                                                                                       
  R0                                                                                       125 (86%)
  R1 or 2                                                                                 20 (14%)
Postoperative factors                                                                     
Infectious complication                                                                
  Yes                                                                                       16 (11%)
  No                                                                                       129 (89%)
Length of postoperative stay, days                                       12 (9-16)
Postoperative chemotherapy                                                         
  Yes                                                                                       40 (28%)
  No                                                                                       105 (72%)

CEA: Carcinoembryonic antigen; CONUT: controlling nutritional status.



with CRLM, 43 patients (29%) had a preoperative CONUT
score of 0, 37 patients (25%) had a score of 1, 20 patients
(14%) had a score of 2, 30 patients (21%) had a score of 3,
13 patients (9%) had a score of 4, 1 (1%) patient had a score
of 5, and 1 (1%) had a score of 6.

Association of disease-free survival with clinicopathological
variables. Table II shows the association of disease-free survival
with the clinicopathological variables after hepatectomy for
CRLM. The univariate analysis showed that the disease-free
survival was significantly worse in patients with lymph node
metastases (p<0.01), multiple tumor (p=0.01), R1 or R2
(p<0.01), and infectious complication (p=0.03). The multi-

variate analysis revealed that lymph node metastases [hazard
ratio (HR)=1.84, 95%CI=1.16-2.93, p=0.01], multiple tumor
(HR=1.60, 95%CI=1.05-2.43, p=0.03), and R1 or R2
(HR=1.85, 95%CI=1.09-3.16, p=0.02) were independent
prognostic predictors for the disease-free survival.

Association of surgical failure-free survival with
clinicopathological variables. Table III shows the association
of surgical failure-free survival with the clinicopathological
variables after hepatectomy for CRLM. The univariate analysis
showed that surgical failure-free survival was significantly
worse in patients with lymph node metastases (p<0.01),
multiple tumor (p=0.01), CONUT score ≥4 (p=0.01),
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Table II. Prognostic factors for disease-free survival after hepatectomy for colorectal liver metastases.

Variables                                                                                            DFS univariate analysis                                             DFS multivariate analysis

                                                                  N                    Hazard ratio (95%CI)                 p-Value                     Hazard ratio (95%CI)               p-Value

Location                                                                                                                                                                                                                           
  Right side                                                42                                 0.99                                  0.98                                                                                 
  Left side                                                103                           (0.64-1.55)                                                                                                                     
T factor                                                                                                                                                                                                                            
  T1 or 2 or 3                                          108                                 0.91                                  0.69                                                                                 
  T4                                                            37                            (0.56-1.46)                                                                                                                     
Lymph node metastases                                                                                                                                                                                                  
  Yes                                                           88                                 2.21                                <0.01                                      1.84                                 0.01
  No                                                            57                            (1.41-3.47)                                                                    (1.16-2.93)                               
Timing                                                                                                                                                                                                                              
  Synchronous                                           83                                 1.36                                  0.15                                                                                 
  Metachronous                                         62                            (0.89-2.05)                                                                                                                     
Tumor number                                                                                                                                                                                                                 
  Multiple                                                  68                                 1.80                                  0.01                                      1.60                                 0.03
  Solitary                                                    77                            (1.19-2.72)                                                                    (1.05-2.43)                               
Tumor size, mm                                                                                                                                                                                                              
  ≥50                                                          23                                 1.12                                  0.68                                                                                 
  <50                                                        122                           (0.65-1.91)                                                                                                                     
GPS                                                                                                                                                                                                                                  
  1 or 2                                                       32                                 1.39                                  0.16                                                                                 
  0                                                             113                           (0.87-2.24)                                                                                                                     
PNI                                                                                                                                                                                                                                   
  ≥47                                                          68                                 1.29                                  0.22                                                                                 
  <47                                                          77                            (0.86-1.94)                                                                                                                     
CONUT score                                                                                                                                                                                                                  
  ≥4                                                            15                                 1.77                                  0.07                                                                                 
  <4                                                          130                           (0.96-3.26)                                                                                                                     
Hepatectomy                                                                                                                                                                                                                    
  Anatomical resection                             76                                 1.22                                  0.32                                                                                 
  Non-anatomical resection                      69                            (0.82-1.84)                                                                                                                     
Curability                                                                                                                                                                                                                         
  R1 or 2                                                    20                                 2.38                                <0.01                                      1.85                                 0.02
  R0                                                          125                           (1.41-4.00)                                                                    (1.09-3.16)                               
Infectious complication                                                                                                                                                                                                  
  Yes                                                           16                                 1.59                                  0.03                                      1.56                                 0.14
  No                                                         129                           (1.08-3.41)                                                                    (0.87-2.78)                               

CI: Confidence interval; CONUT: controlling nutritional status; DFS: disease-free survival; GPS: Glasgow Prognostic Score; PNI: prognostic
nutrition index.



anatomical resection (p=0.03), and R1 or 2 (p=0.01). The
multivariate analysis revealed that lymph node metastases
(HR=2.53, 95%CI=1.43-4.46, p<0.01) was an independent
prognostic predictor for the surgical failure-free survival.

Association of overall survival with clinicopathological
variables. Table IV shows the association of overall survival
with the clinicopathological variables after hepatectomy for
CRLM. The univariate analysis showed that the overall
survival was significantly worse in patients with lymph node
metastases (p<0.01), multiple tumor (p=0.04), CONUT
score ≥4 (p=0.01), anatomical resection (p=0.04), and
infectious complication (p=0.03). The multivariate analysis

revealed that lymph node metastases (HR=2.12,
95%CI=1.09-4.14, p=0.03) and CONUT score ≥4 (HR=1.52,
95%CI=1.03-2.23, p=0.04) were independent prognostic
predictors for the overall survival.

Impact of CONUT score on disease-free, surgical failure-free
and overall survival. The surgical failure-free survival was
significantly worse in patients with CONUT score ≥4 than
in those with CONUT score <4 (p=0.01; 3-year survival,
25.4% vs. 57.3%). Similarly, the overall survival was
significantly worse in patients with CONUT score ≥4 than
in those with CONUT score <4 (p=0.01; 3-year survival,
52.1% vs. 83.6%) (Figure 1).
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Table III. Prognostic factors for surgical failure-free survival after hepatectomy for colorectal liver metastases.

Variables                                                                                            SFS univariate analysis                                              SFS multivariate analysis

                                                                  N                    Hazard ratio (95%CI)                 p-Value                     Hazard ratio (95%CI)               p-Value

Location                                                                                                                                                                                                                           
  Right side                                                42                                 0.85                                  0.84                                                                                 
  Left side                                                103                           (0.56-1.59)                                                                                                                     
T factor                                                                                                                                                                                                                            
  T1 or 2 or 3                                          108                                 0.81                                  0.49                                                                                 
  T4                                                            37                            (0.46-1.44)                                                                                                                     
Lymph node metastases                                                                                                                                                                                                  
  Yes                                                           88                                 2.98                                <0.01                                      2.53                                <0.01
  No                                                            57                            (1.70-5.21)                                                                    (1.43-4.46)                               
Timing                                                                                                                                                                                                                              
  Synchronous                                           83                                 1.22                                  0.40                                                                                 
  Metachronous                                         62                            (0.76-1.96)                                                                                                                     
Tumor number                                                                                                                                                                                                                 
  Multiple                                                  77                                 1.83                                  0.01                                      1.48                                 0.12
  Solitary                                                    68                            (1.14-2.95)                                                                    (0.91-2.43)                               
Tumor size, mm                                                                                                                                                                                                              
  ≥50                                                          23                                 1.56                                  0.13                                                                                 
  <50                                                        122                           (0.88-2.75)                                                                                                                     
GPS                                                                                                                                                                                                                                  
 1 or 2                                                       32                                 1.66                                  0.06                                                                                 
 0                                                             113                           (0.98-2.81)                                                                                                                     

PNI                                                                                                                                                                                                                                   
  ≥47                                                          68                                 1.36                                  0.20                                                                                 
  <47                                                          77                            (0.85-2.15)                                                                                                                     
CONUT score                                                                                                                                                                                                                  
  ≥4                                                            15                                 2.30                                  0.01                                      0.77                                 0.12
  <4                                                          130                           (1.20-4.41)                                                                    (0.56-1.07)                               
Hepatectomy                                                                                                                                                                                                                    
  Anatomical resection                             76                                 1.69                                  0.03                                      0.83                                 0.14
  Non-anatomical resection                      69                            (1.05-2.71)                                                                    (0.65-1.06)                               
Curability                                                                                                                                                                                                                         
  R1 or 2                                                    20                                 2.16                                  0.01                                      1.56                                 0.14
  R0                                                          125                           (1.22-3.82)                                                                    (0.87-2.79)                               
Infectious complication                                                                                                                                                                                                  
  Yes                                                           16                                 1.52                                  0.24                                                                                 
  No                                                         129                           (0.75-3.07)                                                                                                                     

CI: Confidence interval; CONUT: controlling nutritional status; GPS: Glasgow Prognostic Score; PNI: prognostic nutrition index; SFS: surgical
failure-free survival.



Association of clinical factors with CONUT score. Table V
shows the association of clinical factors with CONUT score.
Patients with CONUT ≥4 were significantly older, had larger
tumor, higher carcinoembryonic antigen, worse GPS, lower
PNI, more common intraoperative transfusion, and more
common infectious complications than patients with CONUT
<4 (p<0.01, 0.01, <0.01, <0.01, <0.01, 0.03, and 0.04,
respectively). However, postoperative adjuvant chemotherapy
was comparable between the two groups.

Discussion

This study demonstrated that surgical failure-free and overall
survival after hepatectomy for CRLM were significantly worse

in patients with high CONUT score than in those with low
CONUT score. Moreover, multivariate analysis demonstrated
that the CONUT score was an independent prognostic predictor
for overall survival. And a high CONUT score was
significantly associated with a more common postoperative
infectious complication. These findings show that the CONUT
score is associated with both the short and long- term outcomes
of patients who underwent hepatectomy for CRLM.

CONUT, a newly proposed immune-nutritional prognostic
factor and comprehensive scoring system to assess patient’
nutritional and immune status, is measured using serum
albumin concentration, total peripheral lymphocyte count, and
serum total cholesterol concentration. It has been reported as
a factor associated with the length of hospitalization (7).
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Table IV. Prognostic factors for overall survival after hepatectomy for colorectal liver metastases.

Variables                                                                                             OS univariate analysis                                               OS multivariate analysis

                                                                  N                    Hazard ratio (95%CI)                 p-Value                     Hazard ratio (95%CI)               p-Value

Location                                                                                                                                                                                                                           
  Right side                                                42                                 0.92                                  0.79                                                                                 
  Left side                                                103                           (0.50-1.70)                                                                                                                     
T factor                                                                                                                                                                                                                            
  T1 or 2 or 3                                          108                                 1.56                                  0.28                                                                                 
  T4                                                            37                            (0.69-3.50)                                                                                                                     
Lymph node metastases                                                                                                                                                                                                  
  Yes                                                           88                                 2.57                                <0.01                                      2.12                                 0.03
  No                                                            57                            (1.34-4.93)                                                                    (1.09-4.14)                               
Timing                                                                                                                                                                                                                              
  Synchronous                                           83                                 1.53                                  0.16                                                                                 
  Metachronous                                         62                            (0.85-2.74)                                                                                                                     
Tumor number                                                                                                                                                                                                                 
 Multiple                                                  77                                 1.80                                  0.04                                      1.37                                 0.29
 Solitary                                                    68                            (1.02-3.18)                                                                    (0.76-2.48)                               

Tumor size, mm                                                                                                                                                                                                              
  ≥50                                                          41                                 1.57                                  0.18                                                                                 
  <50                                                        104                           (0.81-3.07)                                                                                                                     
GPS                                                                                                                                                                                                                                  
  1 or 2                                                       32                                 1.75                                  0.09                                                                                 
  0                                                             113                           (0.93-3.29)                                                                                                                     
PNI                                                                                                                                                                                                                                   
  ≥47                                                          68                                 1.44                                  0.20                                                                                 
  <47                                                          77                            (0.82-2.51)                                                                                                                     
CONUT score                                                                                                                                                                                                                  
  ≥4                                                            15                                 2.83                                  0.01                                      1.52                                 0.04
  <4                                                          130                           (1.32-6.06)                                                                    (1.03-2.23)                               
Hepatectomy                                                                                                                                                                                                                    
  Anatomical resection                             76                                 1.82                                  0.04                                      0.80                                 0.15
  Non-anatomical resection                      69                            (1.03-3.22)                                                                    (0.59-1.08)                               
Curability                                                                                                                                                                                                                         
  R1 or 2                                                    20                                 1.65                                  0.19                                                                                 
  R0                                                          125                           (0.78-3.52)                                                                                                                     
Infectious complication                                                                                                                                                                                                  
  Yes                                                           16                                 2.27                                  0.03                                      1.60                                 0.25
  No                                                         129                           (1.06-4.85)                                                                    (0.72-3.56)                               

CI: Confidence interval; CONUT: controlling nutritional status; GPS: Glasgow Prognostic Score; OS: overall survival; PNI: prognostic nutrition index.



The serum albumin concentration reflects hepatic function,
nutrition, and systemic inflammation. Proinflammatory
cytokines, such as interleukin-1 and 6, and tumor necrosis
factor-alpha contribute to modulation of the synthesis of
albumin in the liver resulting in decreased serum albumin
concentration (17). Also, these cytokines play an important
role in cancer proliferation, invasion, and metastasis because
the cytokine-mediated inflammatory response can accelerate
cancer cell growth and diminish tumor immunity (18).

Total peripheral lymphocyte count is an alternative and a
surrogate biomarker of nutritional and immune status, which
has been used for the calculation of immunological and
nutrition-based biomarkers, such as PNI, NLR, lymphocyte-
to-C-reactive protein ratio and platelet-to-lymphocyte ratio
(6, 19). It provides further insights into the immune response
as lymphocytes are closely associated with host cancer-
mediated immunity to inhibit tumor proliferation and
migration resulting in cancer cell apoptosis (20).

Serum total cholesterol concentration, a unique factor in the
CONUT score, is a marker of caloric storage (21). Total
cholesterol level has been shown to be closely associated with
tumor growth and prognosis of patients with various types of
tumors (22-24). Although its role in cancer proliferation,
migration, or metastasis has not been clarified, some studies
have demonstrated several molecular mechanisms explaining
the association of cancer progression with cholesterol. Some
studies have suggested a negative association between
increased risk of cancer and serum total cholesterol
concentration. This might be due to tumor tissues containing
higher levels of cholesterol than the normal tissues, resulting
in reduction in plasma cholesterol levels and calorie intake
(25, 26). Moreover, gene mutations related to the pathways of
cholesterol metabolism have been identified in cancer cells,
which may contribute to promoting increased cholesterol
levels in cancer cells to enhance cancer cell growth (27).

The combination of these three factors into the CONUT can
enhance its ability to assess immune-nutritional status more
accurately, which may explain why the CONUT score is a
more useful prognostic predictor than other immune-
nutritional biomarkers such as GPS and PNI. In addition,
serum cholesterol levels can contribute to not only nutritional
condition, but also liver function considering its lipid
metabolic function. Therefore, the CONUT score might be an
appropriate biomarker of the preoperative immunological and
nutritional status for patients who underwent hepatectomy for
CRLM.

The current study showed that patients with a high
CONUT score were older, had more advanced tumor, worse
other immune-nutritional biomarkers, and more common
postoperative infectious complication than patients with a
low CONUT score.

These findings may indicate that the CONUT score
reflects cancer progression, immune-nutritional status, short-
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Figure 1. Kaplan–Meier curve for disease-free survival, surgical failure-
free survival, and overall survival after hepatectomy for colorectal liver
metastases according to the CONUT score.



term outcomes, and long-term prognosis and will further
help determine surgical indications for patients with CRLM.

In this study, there was no significant difference in disease-
free survival between the patients based on the CONUT score.
The new concept of time to surgical failure, and surgical
failure-free survival was proposed as a novel surrogate
endpoint in patients who underwent hepatectomy for CRLM
because repeat hepatectomy provides a survival benefit (28).
Our results also demonstrated that the CONUT score was a
prognostic predictor for surgical failure-free survival.

This is the first report showing the prognostic significance
of CONUT score in patients who underwent hepatectomy for
CRLM. Daitoku et al. demonstrated that CONUT score was
a reliable prognostic marker in patients who received first-
line chemotherapy for metastatic colorectal cancer (29),
which is consistent with our result.

This study has several limitations. It is a retrospective
analysis from a single institution and the size of the subjects
was relatively small. Also, its cohort was homogeneous,
therefore the significance of the CONUT score needs to be
validated using other cohorts. In the present study, the cut-
off of the CONUT score was 4. Varying cutoff points have

been used and we set cut-off in line with our previous report.
Further studies are required to establish the optimal cut-off
of the CONUT score.

In conclusion, this study demonstrated that preoperative
CONUT score was more closely related to survival after
surgery than GPS and PNI in patients who underwent
hepatectomy for CRLM. CONUT is useful for not only
estimating nutritional condition but also risk stratification
predicting both short and long-term outcomes in CRLM
patients undergoing hepatic resection. We believe
interventions such as immune-nutritional treatment before
surgery can improve outcomes in CRLM patients.
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Table V. Univariate analysis of clinical variables in relation to CONUT score. 

Variables                                                                                                                       CONUT score                                                                   p-Value

                                                                                                     <4 (n=130)                                              ≥4 (n=15)                                                

Preoperative factors                                                                                                                                                                                                      
   Age, years                                                                                  65 (58-72)                                              72 (68-83)                                           <0.01
   Sex, female                                                                                 35 (27%)                                                  1 (7%)                                                0.09
   Body mass index, kg/m2                                                      22.4 (16.8-39.3)                                     20.5 (18.4-23.7)                                         0.09
   Location, right side                                                                    36 (28%)                                                 6 (40%)                                               0.32
   T factor, T4                                                                                 54 (69%)                                                49 (69%)                                              0.98
   Lymph node metastases, yes                                                     77 (59%)                                                11 (73%)                                              0.29
   Timing, synchronous                                                                  74 (57%)                                                 9 (60%)                                               0.82
   Neoadjuvant chemotherapy, yes                                                36 (28%)                                                 4 (27%)                                               0.93
   Multiple tumor                                                                           68 (52%)                                                 9 (60%)                                               0.57
   Tumor size, mm                                                                        24 (17-39)                                              39 (28-57)                                             0.01
   Serum CEA, ng/ml                                                                 9.3 (4.1-36.4)                                       29.7 (15.3-66.4)                                      <0.01
   GPS, 1 or 2                                                                                18 (14%)                                                14 (93%)                                            <0.01
   PNI                                                                                             47 (43-50)                                              39 (37-41)                                           <0.01
Intraoperative factors                                                                                                                                                                                                   
   Operation time, min                                                               361 (270-473)                                        420 (298-488)                                          0.41
   Intraoperative blood loss, ml                                               440 (150-1,053)                                     770 (250-1,320)                                         0.22
   Intraoperative transfusion, yes                                                  25 (19%)                                                 8 (53%)                                               0.03
   Simultaneous resection, yes                                                      35 (27%)                                                 6 (40%)                                               0.29
   Open hepatectomy, yes                                                             103 (79%)                                              15 (100%)                                             0.05
   Anatomical hepatectomy, yes                                                    67 (52%)                                                 9 (60%)                                               0.53
   Curability, R1 or 2                                                                     16 (12%)                                                 4 (27%)                                               0.13
Postoperative factors                                                                                                                                                                                                    
   Infectious complication, yes                                                       12 (9%)                                                  4 (27%)                                               0.04
   Length of postoperative stay, days                                            12 (9-16)                                               14 (10-24)                                             0.29
   Postoperative chemotherapy                                                      83 (64%)                                                 7 (47%)                                               0.19

CEA: Carcinoembryonic antigen; CONUT: controlling nutritional status; GPS: Glasgow Prognostic Score; PNI: prognostic nutrition index.
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