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Abstract

Background Several studies have examined controlling nutritional status (CONUT), which is one of the useful
biomarkers for predicting patients’ prognosis following cancer treatment. The aim of this study was to evaluate the
value of CONUT as a postoperative prognostic marker in patients with intrahepatic cholangiocarcinoma (ICC)
following curative hepatectomy.

Methods We retrospectively analyzed 71 patients who underwent curative hepatectomy for ICC between May 2002
and November 2016. Patients were divided into two groups according to their preoperative CONUT score (i.e.,
CONUT = 2 or CONUT < 2).

Results The number of patients assigned to the normal, mild, moderate, or severe malnutrition groups was 40, 28,
two, and one, respectively. The high CONUT group (CONUT = 2) consisted of 31 patients (43.7%) and had a poor
prognosis with regard to overall survival (OS) (p = 0.0149). A high CONUT score is also identified as one of the
independent predictors of poor prognosis in OS (hazard ratio 3.02; 95% confidence interval 1.4-6.8; p = 0.007).
However, in the current study, a high CONUT score was not associated with postoperative complications (Clavien—
Dindo classification = III or more).

Conclusions CONUT may be useful for the preoperative assessment of prognosis in patients with ICC who have

undergone curative hepatectomy.

Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second most
common primary liver cancer, after hepatocellular carci-
noma [1]. Although its incidence is increasing worldwide,
patients with ICC still have a poor prognosis when
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compared to patients with other cancers, such that the
5-year survival rate is only 3% to 31% because of frequent
lymph node involvement, intrahepatic metastasis, and/or
refractoriness to chemotherapies or radiations [2—4]. Thus,
the management of advanced ICC is shifting toward mul-
tidisciplinary approaches in an attempt to improve patients’
prognosis; however, surgical resection is considered as the
only curative treatment for ICC at present.

Predicting a patient’s prognosis preoperatively using
reliable biomarkers is very important in order to perform
the appropriate treatment and incorporate the right follow-
up strategies after surgery. Some studies have demon-
strated tumor markers like carbohydrate antigen 19-9
(CA19-9) to be one of the major prognostic factors for poor
prognosis following surgery [5]. It has also been
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demonstrated that cancer-related inflammation is associ-
ated with tumor cell survival, proliferation, and metastasis
[6, 7]. Therefore, the molecular biomarkers for cancer-re-
lated inflammation, such as preoperative neutrophil to
lymphocyte ratio (NLR), platelet to lymphocyte ratio
(PLR), or modified Glasgow prognostic score (mGPS), are
currently some of the strong prognostic factors after cura-
tive resections for ICC [8-10].

The patient’s nutritional status is also reported to be
associated not only with short-term results but also with the
patients’ long-term prognosis after cancer treatment
[11, 12]. In cases of ICC, the prognostic nutritional index
(PNI) has been reported to be a useful biomarker to eval-
uate patients’ nutritional status and predict their prognosis
[13]. Controlling nutritional status (CONUT) was also
reported, in 2005, to be a screening tool for nutritional
status and an effective biomarker for patients’ prognosis
[11, 14, 15]. CONUT consists of three parameters: serum
albumin concentration (Alb), total peripheral lymphocyte
counts (T-LC), and total cholesterol concentration (T-Cho).
Our previous studies have suggested that CONUT is useful
to estimate postoperative complications and prognosis in
cases of esophageal cancer and colorectal cancer [12, 15].

However, the significance of CONUT in ICC still
remains unclear. Therefore, in this study, we examine the
relationship between CONUT and postoperative compli-
cations or prognosis in 71 patients with ICC who under-
went curative hepatectomy in an attempt to further clarify
the relationship.

Materials and methods
Patients

Between May 2002 and November 2016, 87 consecutive
patients underwent hepatectomy for ICC in the Department
of Gastroenterological Surgery, Kumamoto University. Of
these 87 patients, we excluded 11 patients who underwent
re-hepatectomy for ICC recurrence and five patients who
underwent non-curative hepatectomy. Overall, the final
study population consisted of 71 patients. Patients’ char-
acteristics as well as information on other nutritional index,
postoperative complications, recurrence, and survival were
analyzed in these 71 patients. In all cases, we performed
hepatectomy according to the number, size, and site of the
ICC and each patient’s general condition [16]. Adjuvant
chemotherapy was administered to the patients with lymph
node metastasis or vascular invasion if their performance
status was O or 1. The Kumamoto University Hospital
Ethics Committee approved this study, and informed con-
sent was obtained from each patient according to the
institutional review board protocols.
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Strategy of patient follow-up

Treatment data were retrospectively obtained from the
records of these 71 patients. All patients involved were
monitored either until December 2016 or their death. The
mean follow-up period was 36.9 months. We staged the
cancer based on the seventh edition of the American Joint
Committee on Cancer (AJCC)/International Union Against
Cancer (UICC) staging manual [17]. Patients were fol-
lowed up with in our hospital or in affiliated hospitals, as
previously reported [18]. Postoperative complications were
defined as grade III or greater according to the Clavien—
Dindo classification (CD) [19].

The definition of CONUT

The method of assessment of nutritional status according to
CONUT is summarized in Table 1 [14]. Preoperative Alb,
T-LC, and T-Cho were classified and scored according to
their values. The total score of the three parameters was
categorized as follows: zero to one is normal, two to four is
mildly abnormal, five to eight is moderately abnormal, and
nine or more is severely abnormal [14]. Therefore, we
decided to take the cutoff value as two and defined low
CONUT as within normal range and high CONUT as two
or more in the current study. We calculated CONUT score
for each case by the blood test within a month before
hepatectomy.

Statistical analysis

Comparisons between the two groups were examined using
the Student’s ¢ test in continuous variables and the Fisher’s
exact test where appropriate in categorical variables.
Continuous variables are presented as the mean £ standard
deviation (SD). The relapse-free survival (RFS) rate and
the overall survival (OS) rate were calculated using the
Kaplan—Meier method and compared using log-rank test.
The scores of NLR, PLR, mGPS, and PNI were calculated
as previously reported [8, 9, 20, 21]. The cutoff value of
PNI was reported previously, and the cutoff values of NLR
and PLR were detected as 3.0 and 163.4, respectively,
using receiver operating characteristic (ROC) curve. The
cutoff values of blood loss and operative time were median
in 71 patients. All results with two-tailed values of
p < 0.05 were considered to be statistically significant. The
variables in which p value was less than 0.1 in univariate
analysis of RFS and significant variables in univariate
analysis of OS were included in a Cox proportional hazard
model in order to identify independent prognostic factors.
All statistical analyses were performed using JMP software
(version 12; SAS Institute, Cary, NC, USA).
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Table 1 CONUT score definition

Parameters

1. Alb score 1 2 4 6
Serum albumin (g/dL) =3.50 3.00-3.49 2.50-2.99 <2.50
II. T-LC score 0 1 2 3
Total lymphocyte (count/mm?) >1600 1200-1599 800-1199 <800
III. T-Cho score 0 1 2 3
Total cholesterol (mg/dL) >180 140-180 100-139 <100
CONUT score (I4-11411T) 0-1 2-4 5-8 9-12
Assessment Normal Mild Moderate Severe

CONUT controlling nutritional status

Results
Clinical and pathologic characteristics

The number of patients assigned to the normal, mild,
moderate, or severe malnutrition groups was 40, 28, two,
and one, respectively. According to the CONUT score, we
divided 71 patients into two groups: 40 patients were in the
low CONUT group (CONUT < 2) and 31 patients were in
the high CONUT group (CONUT = 2). Table 2 shows
comparisons of patients’ background characteristics and
tumor-related factors between the two groups. The number
of patients who were hepatitis C virus antibody-positive
(p = 0.017) or who had Child-Pugh B classification
(p = 0.005) or lower BMI (p = 0.009) was significantly
higher in the high CONUT group than in the low CONUT
group. In addition, Alb (p = 0.002) and prothrombin time
(p = 0.012) were also found to be lower in the high
CONUT group. The numbers of patients with liver cir-
rhosis were significantly higher in the high CONUT group
(p = 0.038). In light of the collected inflammatory and
nutritional scores, PLR (p =0.240) and mGPS
(p = 0.184) were determined to be not significantly dif-
ferent, but NLR (p = 0.023) and PNI (p = 0.001) were
found to be significantly worse in the high CONUT group
than in the low CONUT group. There were no significant
differences in any of the tumor-related factors between the
two groups.

Operative factors and short-term surgical results

In Table 3, comparisons of operative factors and short-term
surgical results are summarized. In terms of significant
comparisons, only operative time was significantly differ-
ent, which was longer in the high CONUT group
(p = 0.007). Postoperative complications, which are one of
the poor prognosis factors in patients with ICC [22, 23],
were not significantly different between the two groups

(p = 0.785). The mortality rate was also not significantly
different between the two groups (p = 0.187).

Impacts of CONUT on RFS and OS

The 1-, 3-, and 5-year RFS rates were 57.9, 24.6, and 8.2%
in the high CONUT group and 71.6, 36.6, and 32.5% in the
low CONUT group, respectively. However, there were no
statistically significant differences in the RFS rates
between the two groups (log-rank p = 0.0734). On the
other hand, the 1-, 3-, and 5-year OS rates were 78.3, 55.8,
and 39.0% in the high CONUT group and 94.4, 80.2, and
62.5% in the low CONUT group, respectively. In this
respect, the patients in the high CONUT group demon-
strated significantly poorer prognosis than those in the low
CONUT group (log-rank p = 0.0149) (Fig. 1).

CONUT is an independent prognostic factor in ICC

In the current study, CONUT was not statistically associ-
ated with RFS (HR 1.58, 95% CI 0.85-2.9, p = 0.146)
(Supplementary Table 1). However, CONUT was found to
be an independent predictor of poor OS (HR 3.02, 95% CI
1.4-6.8, p = 0.007), with several factors such as lymph
node metastasis (HR 3.44, 95% CI 1.2-8.5, p = 0.022) and
postoperative complications (HR 3.11, 95% CI 1.3-7.0,
p = 0.012) (Table 4). The other preoperative inflammatory
and nutritional scores such as NLR, PLR, mGPS, and PNI
were not independent predictors of either RFS or OS in the
current study (Supplementary Fig. 1).

Discussion
To our knowledge, this current study is the first report of
the associations between CONUT and surgical results of

patients with ICC following curative hepatectomy. We
considered data from 71 patients with ICC, and our
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Table 2 Comparisons of patients’ background and tumor-related factors

Variables Low CONUT (n = 40) High CONUT (n = 31) p value
Patients’ background characteristics
Age(yrs) 64.8 £ 1.7 69.1 £ 19 0.092
Sex (male/female) 25/15 20/11 1.000
HBs-Ag (positive/negative) 4/36 3/28 1.000
HCV-AD (positive/negative) 3/33 9/17 0.017
Child—Pugh (A/B) 40/0 25/6 0.005
BMI (kg/m2) 23.8 £ 0.53 21.6 + 0.62 0.009
Liver cirrhosis (n, %) 12.5) 6 (19.4) 0.038
Total bilirubin (mg/dL) 0.77 £ 0.05 0.742 £ 0.06 0.732
Albumin (g/dL) 421 £ 0.074 3.83 £ 0.089 0.002
PT (%) 103 £ 3.3 91 £ 3.7 0.012
AST (U/L) 329 £4.1 37.8 £ 4.7 0.424
ALT (U/L) 378+ 79 379 £ 9.1 0.988
CEA (U/mL) 549 + 40 4.0 + 45 0.398
CA19-9 (U/mL) 1593 + 1010 40.8 £+ 1147 0.313
NLR 1.83 £ 0.18 247 + 0.21 0.023
PLR 124 + 16.8 154 £ 19.1 0.240
mGPS (0/1/2) 39/1/0 29/0/2 0.184
PNI 51.2 £ 097 459 £ 1.12 0.001
Neoadjuvant therapy (n, %) 1.5 1(3.2) 1.000
Tumor-related factors
Gross type (n, %) 0.500
Mass forming 35 (87.5) 24 (77.4)
Periductal infiltrating 2 (5) 4 (12.9)
Mass forming + periductal infiltrating 3(7.5) 309.7)
Tumor size (mm) 39.7 £3.8 43.1 £4.2 0.536
Tumor number (single/multiple) 31/9 27/4 0.365
Vascular invasion (yes/no) 19/21 13/18 0.810
pN stage (0/X/1) 17/20/3 6/21/4 0.113
pStage (I/II/II/IV) 8/21/2/9 12/12/0/7 0.184

BMI body mass index, CONUT controlling nutritional status, HBs-Ag hepatitis B surface antigen, HCV-Ab hepatitis C virus antibody, PT
prothrombin time, AST aspartate transaminase, ALT alanine transaminase, CEA carcinoembryonic antigen, CA/9-9 carbohydrate antigen 19-9,
NLR neutrophil lymphocyte ratio, PLR platelet lymphocyte ratio, mGPS modified Glasgow prognostic score, PNI prognostic nutritional index,

HR hazard ratio, CI confidence interval

findings suggest that CONUT may be a prognostic factor
and that it may also be superior to other inflammation-
based markers in terms of predictive ability for prognosis.

Several reports show that cancer progression is not only
affected by the malignant features of the tumor cells
themselves but also is stimulated by local inflammatory
and host systemic reactions [24]. Alb and T-LC reflect the
host’s nutritional status, systemic inflammation [25-27].
Several inflammation markers that include Alb or T-LC,
such as PLR, mGPS, and PNI, are associated with a
patient’s prognosis [9, 10, 13]. As for cancer immunology,
NLR has been reported to be related to poor anti-tumor
immunity with low accumulation of tumor-infiltrating
CD3" T cells, CD4™ T cell, CD8" T cell and could be a
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poor biomarker for prognosis in ICC [8, 28]. In addition,
high NLR has to be also reported itself reflects high
accumulation of tumor-associated macrophages, which
means poor anti-tumor immunity, in patients with HCC
[27]. Our study showed NLR was higher in the high
CONUT groups (Table 2), and CONUT score and NLR
recognized a significant positive correlation (r = 0.494,
p = 0.0017) (Supplementary Fig. 2). Therefore, high
CONUT score would also mean poor anti-tumor immu-
nity. In the current study, we performed a multivariate
analysis incorporating several factors in the study of
inflammatory markers in patients with ICC and deter-
mined only CONUT to be a significantly independent
prognostic factor.
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Table 3 Comparisons of operative factors and short-term surgical results
Variables Low CONUT (n = 40) High CONUT (n = 31) p value
Operative factors
Resection type (minor/major) 11/29 13/18 0.218
Operative procedures 0.876
Right hemi-hepatectomy 9 7
Left hemi-hepatectomy 18 11
Left trisectionectomy 1 0
Central bisectionectomy 1 0
Anterior sectionectomy 2 2
Posterior sectionectomy 1 2
Medial sectionectomy 1 0
Left lateral sectionectomy 1 1
Subsegmentectomy 3 4
Partial hepatectomy 3 4
Blood loss (mL) 636 + 89 672 + 99 0.785
Blood transfusion (yes/no) 6/34 6/25 0.757
Operating time (min) 479 £+ 16 410 £+ 19 0.007
Biliary resection (yes/no) 5/35 4/27 1.000
Lymph node dissection (yes/no) 19/21 8/23 0.085
Short-term surgical results
Mortality (n, %) 0 (0) 2 (6.5) 0.187
Complications = Clavien—Dindo grade III (n, %) 9 (22.5) 8 (25.8) 0.785
a Relapse-free survival b Overall survival
1.0 9 7Y
1.0 rm
,l‘i} Llfﬁl .;\
08 \‘L i — Low CONUT 0.8 - A
> ) ':1 W — High CONUT > L~] 62.5%
'_7;3 0.6 4 Jl'vl;t % 0.6
| = R e 39.0%
E 04 s 325% & o041 a7
| The — Low CONUT
24 p= 0.2 =0.0149
w2 p=0.0734 \ 8.2% P — High CONUT
0.0 T T 0.0 L p— T T T
0 1 2 3 4 5 0 1 2 3 4 5
i 1 Time after resection (years,
FRg— Time after resection (years) P— (years)
v s 19 12 9 7 comt. 40 34 27 2 16 14
High High
conor 31 179 4 2 2 conut 31 2 " 19 5 4
Fig. 1 Relapse-free survival (a) and overall survival (b) rates in ICC patients with curative hepatectomy according to CONUT. The patients
with high CONUT demonstrated poorer prognosis in terms of overall survival (log-rank p = 0.0149)

The difference between CONUT and the other inflam-
matory markers includes T-Cho, which has also been
reported to correlate with tumor progression and patient
survival rates with respect to various cancers [29, 30]. Villa
et al. [31] reported that the presence of a lower serum
cholesterol concentration was indicative of increased
metabolism and consumption of cholesterol for the growth

of the tumor cells. Calleros et al. [32] also reported that it
increases nuclear factor-k B (NF-xB) and p38 mitogen-
activated protein kinase (p38 MAPK) activity, which could
induce the proliferation of tumor cells. Moreover, Itatsu
et al. [33] demonstrated that the NF-xB activation was
associated with upregulation of matrix metalloproteinase-9
(MMP-9). MMP-9 destroys the extracellular matrix and
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Table 4 Univariate and multivariate analyses for overall survival in ICC patients who underwent curative hepatectomy (n = 71)

Variables Univariate analysis Multivariate analysis
HR 95% CI p value HR 95% CI p value

Age = 75 yrs 1.49 0.59-3.4 0.376

Male 0.71 0.38-1.5 0.379

HRs-Ag positive 1.73 0.60-7.4 0.337

HCV-Ab positive 1.55 0.51-3.9 0.405

BMI within 18.5 to 24.9 kg/m2 0.60 0.28-1.4 0.213

Child—Pugh B 0.71 0.04-3.5 0.730

CA19-9 = 37 U/mL 1.29 0.60-2.7 0.504

CONUT = 2 2.52 1.2-55 0.020 3.02 1.4-6.8 0.007
NIR = 3 1.88 0.81-4.1 0.138

PLR = 1634 0.99 0.33-2.4 0.993

mGPS =0 0.89 0.054.2 0.907

PNI = 40 0.70 0.204.4 0.646

Blood loss = 527 mL 1.07 0.50-2.3 0.866

Blood transfusion present 1.83 0.71-4.2 0.196

Operating time = 525 min 1.54 0.68-3.3 0.285

Multiple tumors 1.36 0.50-3.2 0.517

Vascular invasion present 1.21 0.57-2.6 0.614

Lymph node metastasis (pNI) 3.07 1.1-7.2 0.032 3.44 1.2-8.5 0.022
Postoperative complications 2.61 1.1-5.7 0.029 3.11 1.3-7.0 0.012

HBs-Ag hepatitis B surface antigen, HCV-Ab hepatitis C virus antibody, BMI body mass index, CONUT controlling nutritional status, mGPS
modified Glasgow prognostic score, PNI prognostic nutritional index, NLR neutrophil lymphocyte ratio, PLR platelet lymphocyte ratio, HR

hazard ratio, CI confidence interval

plays a critical role in tumor progression in ICC [34]. This
mechanism leads to the aggressive phenotype of ICC.
Thus, lower T-Cho may be associated with tumor pro-
gression and patients’ prognosis in ICC. However, there
was no significant difference in RFS and OS observed
based on the value of T-Cho (i.e., normal range; 149 < T-
Cho < 200 versus abnormal range; T-Cho = 200 or
T-Cho < 149) in the current study (data not shown).
However, CONUT consists of not only T-Cho but also
includes Alb and T-LC; therefore, CONUT may conceal
these factors’ individual shortcomings and instead
emphasize the merit of each parameter than do the other
inflammatory and nutritional factors.

The current study has several limitations. First, it is
retrospectively designed and includes a relatively small
number of 71 patients from a single institution. Second,
several factors that affect inflammation-based and nutri-
tional scores, such as medications, are included. However,
the current study is the first known report of the association
between CONUT and prognosis in patients with ICC.
Therefore, this study may be a meaningful study. However,
to confirm our findings, a large-scale prospective validation
study is required.
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Conclusion

In conclusion, the current study showed that CONUT could
predict long-term survival in patients with ICC after
curative hepatectomy and that it may be useful to help
identify patients who require adjuvant chemotherapy and
more careful follow-up.
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