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ARTICLE INFO ABSTRACT

Keywords: Background: Nutritional status is one of the important factors determining the short- and long-
Imrahep_atic Ch”.la.ngmcarcmoma term outcomes of surgery in cancer. This study aimed to assess the prognostic role of preopera-
;[‘”l‘trouf‘fg nutritional status score tive controlling nutritional status (CONUT) score in intrahepatic cholangiocarcinoma (iCCA)
o

P & . . Methods: A total of 101 iCCA patients who underwent hepatectomy between 2015 and 2018 at the

reoperative evaluation X K . X X . . . . .

Surgery Srinagarind Hospital, Khon Kaen University, were included in this retrospective study. Patients

Retrospective study were classified according to the CONUT score. Univariate and multivariate analyses were per-
formed to determine the correlation between clinicopathological features and overall survival.
Results: Patients were categorized into normal nutrition (n = 40 or 39.5%), mild (n = 54 or
53.5%), and moderate-severe malnutrition (n = 7). Patients with high CONUT scores had
significantly shorter survival (HR 2.55, 95% CI 1.04-6.25, p = 0.04). In multivariable analysis,
tumor size (HR = 2.58, p < 0.01), the growth pattern of mass forming combined with periductal
(HR = 4, p < 0.01), lymph node metastasis (HR = 7.20, p < 0.01) and high CONUT score (HR =
4.71, p = 0.01) were independent factors for poor survival of iCCA patients.
Conclusion: The preoperative CONUT score is a simple prognostic factor to predict the outcomes of
iCCA patients undergoing hepatectomy.

1. Introduction

Cholangiocarcinoma (CCA) is the second most common type of liver cancer arising from bile duct epithelial cells involving the
intrahepatic (iCCA), perihilar (pCCA), and distal (dCCA) biliary tree [1]. Despite advances in diagnostic tools and surgical techniques,
the prognosis of CCA patients remains unfavorable.
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Recent evidence derived from the long-term follow-up of the BILCAP study has revealed that adjuvant capecitabine after resected
biliary tract cancer provides a survival benefit [2,3]. The identification of molecular features of cholangiocarcinoma, including
fibroblast growth factor receptor (FGFR)2 gene fusions and rearrangements, isocitrate dehydrogenase-1 (IDH-1) mutations, and BRAF
mutations has been made possible with the next-generation sequencing technique [4,5]. However, molecular alterations such as these
are not frequently exhibited in fluke-related CCA [4,6]. Recently, the US FDA has approved durvalumab (anti-PD-L1) in combination
with gemcitabine and cisplatin for metastatic biliary tract cancer [7]. However, despite being statistically significant, the magnitude of
the benefit is modest in unselected patients. Complete surgical resection, with or without adjuvant treatment, is currently the
cornerstone of treatment for localized disease leading to long-term remission and cure [8].

The immune function, inflammatory markers, and nutritional status play pivotal roles in determining postoperative outcomes.
Malnutrition negatively affects patient recovery after surgery, increases health care costs, and is associated with shorter survival in
cholangiocarcinoma [9,10]. It has been observed that approximately 32% of patients diagnosed with malnutrition at the time of
admission for surgery [11-14]. Additionally, preoperative malnutrition has been significantly linked to postoperative liver failure and
poor surgical outcomes [15,16].

Immuno-nutritional scores, including neutrophil-lymphocyte ratio (NLR), prognostic nutritional index (PNI), and C-reactive
protein/albumin ratio (CAR) are independent factors for prognosis the survival of patients in several malignancies [17-21]. Con-
trolling nutritional status is a simple scoring system that has been extensively studied in various solid tumors, including colon,
pancreas, hepatocellular carcinoma, and CCA [22-27]. It predicts both nutritional and immunological state of the individual.
Moreover, the CONUT score has been deemed superior to PNI and NLR scoring systems. It is a useful tool for predicting long-term
outcomes in cancer patients after curative resection [28-30].

Therefore, the purposes of the study are to assess the preoperative CONUT score to evaluate the prognosis of iCCA patients who
have undergone hepatectomy and examine the relationship between the nutritional degree evaluated by CONUT score and the clin-
icopathological features of iCCA.

2. Materials and methods
2.1. Patients

Between 2015 and 2018, a total of 223 patients underwent radical resection for CCA at Srinagarind Hospital, Khon Kaen University.
Patients with perihilar or distal CCA, patients who underwent re-hepatectomy for CCA recurrence, and those who were lost to follow-
up were excluded from this study. The total number of patients included in this study was 101 patients (Fig. 1). The study was approved
by the Human Ethical Committee of Khon Kaen University (HE631408) per the Declaration of Helsinki.

A total of 223 patients who underwent radical resection of CCA
from January 2015 to December 2018 and pathological finding
adenocarcinoma were included

Excluded (n=116)
103 Patients diagnosed with pCCA (n=103)
13 Patient diagnosed with dCCA (n=13)
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A total of 101 eligible patients who
diagnosed with iCCA were included

Fig. 1. Enrollment and outcomes. iCCA, Intrahepatic cholangiocarcinoma.



A. Titapun et al. Heliyon 9 (2023) e20473

2.2. Biomarkers and clinicopathological data

Preoperative blood samples were obtained within one month preceding hepatectomy to determine serum biomarkers including
total cholesterol, albumin, white blood cell, lymphocyte, and neutrophil counts. The liver specimens were examined and formalin-
fixed paraffin-embedded (FFPE) tissue blocks were sectioned at 5 pm [31] and stained with hematoxylin and eosin (H&E). Patho-
logical diagnosis was reviewed for this study following the 2019 World Health Organization (WHO) classification criteria [32]. Under
light microscopy, the following histo-morphological data were recorded - growth patterns, surgical margin, lymphovascular invasion
(LVI), and lymph node metastasis (N). Intrahepatic CCA patients were classified into four groups based on the TNM staging by the 7th
AJCC/UICC staging manual [33].

2.3. The definition of CONUT

The method of assessment of nutritional status according to CONUT was summarized in Table 1. Preoperative serum albumin, total
Lymphocyte (T-LC), and cholesterol (T-Cho) were classified and scored accordingly. The total score of the three parameters was
CONUT score and categorized into four levels of nutritional status: CONUT score, 0-1 was normal nutrition; 2-4 was mildly abnormal,
5-8 was moderately abnormal and 9-12 was severely abnormal nutrition.

2.4. Growth pattern proportion

Growth pattern identification in iCCA was followed by Sa-ngiamwibool P et al. [34]. Briefly, the liver resection specimens were
serially sectioned, photographed, and tumor growth patterns were recorded at the time of the gross examination. The growth patterns
were classified as a single pattern (intraductal (ID), periductal (PI), or mass-forming (MF) or a combination of patterns (ID + PI, ID +
MF, PI + MF, and ID + PI + MF). The growth pattern was also confirmed by microscopic examination by pathologists.

2.5. Statistical analysis

The Statistical Package for the Social Sciences (SPSS) software v.25 (SPSS, Inc., Chicago, IL, USA). was performed to analyze the
data. Descriptive characteristic data for continuous variables were presented as the mean + standard deviation when the variables
showed a normal distribution, while the median (interquartile range) was shown when the variables did not present a normal dis-
tribution. The correlation analysis of the CONUT score and clinicopathological features was applied by Chi-square test (or Fisher’s
exact tests, as appropriate). Three groups of continuous variables with a normal distribution were compared by a one-way ANOVA test,
while those with a non-normal distribution were compared by the Kruskal-Wallis test. The survival curves were calculated by the
Kaplan-Meier method, and comparisons among groups were evaluated by the log-rank test. Multivariate analysis was performed using
the Cox regression model. A p-value of less than 0.05 was regarded as statistically significant.

3. Results
3.1. Clinicopathological characteristics

A total of 101 iCCA patients were included. The median age of the patients was 63 years (ranging from 42 to 83 years), and a
majority of them (72.3%) were male. The preoperative BMI mean =+ SD was 23.1 + 3.4 kg/m2. The major growth pattern observed was
mass-forming CCA, which accounted for 54.6% of the cases. The median tumor size was 60 mm (range, 10-130 mm). The surgical
margin was assessed microscopically to be involved by tumor (R1) in 38.6%, and lymphovascular invasion (LVI) was observed in 50%
of the patients. Lymph node metastasis was found in 37.4% of the patients, with most of them being in stage III (55.4%) (Table 2).

The Correlation of preoperative CONUT score with clinicopathological features in intrahepatic cholangiocarcinoma.

According to the CONUT score, patients were classified into three groups: (1) 40 (39.6%) patients had a CONUT score of 0-1 which
represented the normal nutritional status; (2) 54 (53.5%) patients had a CONUT score of 2-4, the mild malnutritional status, and 7
(6.9%) patients were the moderate-severe malnutritional status (CONUT score 5-12) (Table 2).

Table 1
Immuno-nutritional status assessment by controlling nutritional status (CONUT).

Undernutrition level

Parameters Normal Mild Moderate Severe
Serum Albumin (g/dL) >3.50 3.00-3.49 2.5-2.99 <2.50
Score 0 2 4 6
Total Lymphocyte (count/mm?®) >1600 1200-1599 800-1199 <800
Score 0 1 2 3
Cholesterol (mg/dL) >180 140-179 100-139 <100
Score 0 1 2 3
Screening Total Score 0-1 2-4 5-8 9-12
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The correlation analysis of the CONUT score and clinicopathological features using chi-square tests (y2-Test) was shown in Table 3.
There was no statically significant correlation between preoperative CONUT score with age, sex, BMI, tumor size, surgical margin, LVI,
lymph node metastasis, and TNM staging. Interestingly, the CONUT score, especially 5-12 represented mod-severe malnutrition and
was significantly correlated with growth pattern (MF and PI + MF, p = 0.004). Almost 70% of iCCA patients with mod-severe mal-
nutritional status related to MF and PI + MF which are the poor prognostic growth pattern types. Notably, 71.4% of patients with
CONUT scores 5-12 had BMI <23.1 kg/m?, although this correlation had no statical significance.

In addition, we directly compared the serum biomarkers in different CONUT scores. The results showed that CONUT score 5-12 had
significantly lower cholesterol, albumin, and lymphocyte levels (p < 0.001) than CONUT score 0-1 and 2-4. However, there was no
markedly significant difference in these parameters between CONUT score 0-1 (normal) and 2-4 (mild). The neutrophil level, which
represents high inflammation, in CONUT score 5-12 was significantly higher than CONUT score 0-1 and 2-4 (p = 0.005) (Table 4).

3.2. CONUT scores and clinicopathological impact on survival of iCCA

By using univariate analysis for overall survival (OS), we identified factors that were significantly associated with OS. Patients with
lower preoperative BMI (<23.1 kg/mz) had shorter survival than those with higher BMI (OS 22 vs 38 months, hazard ratio (HR) =
0.61, p=0.036, Fig. 2A). Larger tumor size (>60 mm) was also a poor prognostic factor with OS of 19 vs 58 months compared to those
with smaller size (HR = 2.44, p < 0.001, Fig. 2B).

Growth pattern type is another significant prognostic factor. Results showed that ID (OS = 72 mo) had a significantly better survival
time than MF (OS 22 mo, HR = 3.68, p = 0.003), ID + MF (OS 27 mo, HR = 5.63, p = 0.005) and PI + MF (OS 15 mo, HR =4.09, p =
0.004, Fig. 2C). Patients with nodal metastasis had remarkably shorter OS compared to those with negative node, (OS = 11 vs 61 mo,
HR = 6.14, p < 0.001, Fig. 2D). Moreover, patients with stage I (OS 69 mo) had markedly better survival than patients with stage III
(OS 20 months, HR = 2.92, p = 0.001) and IV (OS 9 mo, HR = 7.15, p < 0.001, Fig. 2E).

Patients who had a CONUT score between 5 and 12 which represented moderate-severe malnutrition had significantly shorter
survival compared to those with normal status or CONUT score 0-1 (OS = 3 vs 34 mo, HR = 2.55, p = 0.040). (Table 5 and Fig. 2F).

Table 2
Baseline characteristics of intrahepatic cholangiocarcinoma patients.
Number of cases (n) percentage (%)
Features
Age (range, 42-83 years)
<63 years 47 46.5
>63 years 54 53.5
Sex (n, %)
Male 73 72.3
Female 28 27.7
BMI (kg/m?)
<23.1 49 48.5
>23.1 52 51.5
Tumor size (mm)
<60 46 45.5
>60 55 54.5
Growth pattern
Intraductal (ID) 16 15.8
Periductal (PI) 7 6.9
Mass-forming (MF) 55 54.6
ID + MF 7 6.9
MF + PI 16 15.8
Surgical margin (R)
RO 62 61.4
R1 39 38.6
Lymphovascular invasion (LVI)*
Negative 49 50
Positive 49 50
Lymph metastasis (N)"
Negative 62 62.6
Positive 37 37.4
TNM Stage by 7th AJCC/UICC
I 22 21.9
I 16 15.8
III 56 55.4
v 7 6.9
CONUT score
Normal (0-1) 40 39.6
Mild (2-4) 54 53.5
Moderate-severe (5-12) 7 6.9

? The data was not recorded in some cases.
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Table 3
The relationship between clinicopathological features with nutritional status by CONUT score.
CONUT score (immuno-nutritional status) p-value

Features 0-1 (Normal) n = 40 (%) 2-4 (Mild) n = 54 (%) 5-12 (Mod-Severe) n = 7 (%)
Age (range, 42-83 years)

<63 years 24 (60) 21 (38.9) 2(28.6)

>63 years 16 (40) 33 (61.1) 5(71.4) 0.078
Gender

Male 29 (72.5) 28 (70.4) 6 (85.7)

Female 11 (27.5) 16 (29.6) 1(14.3) 0.830°
BMI (kg/m?)

<23.1 16 (40) 28 (51.9) 5(71.4)

>23.1 24 (60) 26 (48.1) 2(28.6) 0.238
Tumor size (mm)

<60 21 (52.5) 23 (42.6) 2(28.6)

>60 19 (47.5) 31(57.4) 5(71.4) 0.410
Growth pattern

Intraductal (ID) 8 (20) 6(11.1) 2(28.6)

Periductal (PI) 5(12.5) 2(3.7) 0(0)

Mass-forming (MF) 19 (47.5) 34 (63.0) 2(28.6) 0.028"

ID + MF 7 (17.5) 9 (16.7) 0 (0)

MF + PI 1(2.5) 3(5.6) 3(42.8)
Surgical margin (R)

RO 26 (65) 31 (57.4) 5(71.4)

R1 14 (35) 23 (42.6) 2(28.6) 0.644
Lymphovascular invasion (LVI)

Negative 23 (59) 23 (44.2) 3(42.9)

Positive 16 (41) 29 (55.8) 4(57.1) 0.358"
Lymph metastasis (N)

Negative 24 (60) 35 (66) 3(50)

Positive 16 (40) 18 (34) 3(50) 0.673"
TNM Stage by 7th AJCC/UICC

I 9 (22.5) 11 (20.4) 2(28.6)

I 6 (15) 10 (18.5) 0 (0)

1II 22 (55) 31 (57.4) 3(42.8) 0.380"

v 3(7.5) 2(3.7) 2(28.6)

2 Fisher’s exact test.

Table 4
The comparison of serum immuno-nutritional status between the CONUT score.
CONUT score p-value
Features
0-1 2-4 5-12
Normal (n = 78) Mild (n = 20) Mod-severe (n = 7)
Total cholesterol 215.8 187.3 142 <0.001
Total albumin 4.3 4.2 3.1 <0.001
Total WBC 8570 8349 10154 0.22
Total lymphocytes 2372 1817 1038 <0.001
Total neutrophils 4946 4871 6550 0.005

Other clinicopathological features including age, gender, surgical margin, and LVI showed no statistically significant difference in
the survival times when compared to the references (p = 0.370, 0.470, 0.055, and 0.054, respectively) (Table 5).

Subsequently, all the statically significant factors in univariate analysis were further selected to perform for multivariate analysis
by Cox Regression test which included BMI, tumor size, growth pattern, lymph node metastasis, TNM stage, and preoperative CONUT
score. Interestingly, we found that there were four independent factors for shorter survival including larger tumor size (HR = 2.58, p =
0.001), growth pattern (MF and PI + MF, HR = 4.43, p = 0.009 and HR = 4.38, p = 0.017, respectively), lymph node metastasis (HR =
7.20, p < 0.001) and preoperative CONUT score (5-12, moderate-severe status, HR = 4.71, p = 0.011). Therefore, our cohort showed
that the preoperative CONUT score was a strong and independent prognostic factor for the survival of iCCA patients who underwent
hepatectomy. In addition, we also confirmed the finding that the tumor size, growth pattern, and lymph node metastasis are inde-
pendent risk factors for survival in iCCA (Table 5).

4. Discussion

In this study, we found that preoperative controlling nutritional status (CONUT) score is associated with shorter survival time for
intrahepatic cholangiocarcinoma patients who underwent surgical resection.
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Fig. 2. Kaplan-Meier survival curves for iCCA patients treated with surgery. (A) Body mass index (BMI) (B) Tumor size, median size 60 mm (mm) as
cut-off value. (C) Growth pattern. (D) Lymph node metastasis. (E) TNM stage by 7th AJCC/UICC staging system. (F) CONUT score where: normal,
CONUT score 0-1; mild, CONUT score 2—4 and moderate-severe, CONUT score 5-12.
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Table 5
Univariate and multivariate analysis for overall survival.
Median survival (months) Univariate Multivariate

Features HR (95% CD) p-value HR 95% CI p-value
Age (years)

<63 34 1 -

>63 26 1.24 (0.8-1.98) 0.370 - - -
Gender

Male 29 1

Female 25 1.21 (0.73-2.02) 0.470 - - -
BMI (kg/m?)

<23 22 1 1

>23 38 0.61 (0.38-0.97) 0.036 0.83 (0.48-1.43) 0.497
Tumor size (mm)

<60 58 1 1

>60 19 2.44 (1.50-3.97) <0.001 2.58 (1.47-4.52) 0.001
Growth pattern

Intraductal (ID) 72 1 1

Periductal (PI) 34 2.15 (0.60-7.61) 0.238 - - -

Mass-forming (MF) 22 3.68 (1.54-8.76) 0.003 4.43 (1.45-13.49) 0.009

ID + MF 27 5.63 (1.69-18.78) 0.005 3.57 (0.86-14.80) 0.079

PI + MF 15 4.09 (1.56-10.72) 0.004 4.38 (1.30-14.79) 0.017
Lymph node metastasis (N)

NO 61 1 1

N1 11 6.14 (3.60-10.48) <0.001 7.20 (3.30-15.69) <0.001
Surgical Margin

Negative 38 1 -

Positive 18 1.59 (0.99-2.55) 0.055 - - -
LVI

Negative 38 1 -

Positive 20 1.61 (0.99-2.61) 0.054 - - -
TNM Stage

I 69 1 1

I 58 1.07 0.43-2.66 0.877 - - -

111 20 2.92 1.52-5.64 0.001 0.73 (0.29-1.85) 0.507

v 9 7.15 2.72-18.84 <0.001 0.75 (0.20-2.78) 0.663
CONUT

Normal 34 1 1

Mild 27 1.21 0.74-1.99 0.456 - - -

Mod-Severe 3 2.55 1.04-6.25 0.040 4.71 (1.44-15.45) 0.011

Curative-intent surgery has been the mainstay treatment for localized cholangiocarcinoma [8]. However, the operation could also
lead to several adverse events including delayed wound healing, post-operative infection, and postoperative liver failure. Malnutrition
is associated with poor survival of patients after surgical treatment, causes the speed up of cancer progression, and leads to reduced
quality of life [16,35-38]. In this study, we found that nearly 60% of the patients had malnutrition evaluated by CONUT score which is
comparable to earlier studies on cholangiocarcinoma and hepatocellular carcinoma [25,26]. With the new evidence of improved
survival outcomes with adjuvant capecitabine after surgery [3], it is thus very crucial for speedy recovery after liver resection so the
patients can be healthy enough to receive chemotherapy.

The CONUT score is an easy and simple screening tool to determine nutritional status. Currently, there are several preoperative
immuno-nutritional scoring systems such as neutrophil-lymphocyte ratio (NLR), prognostic nutritional index (PNI), CRP-albumin ratio
(CAR), and CONUT to assign and evaluate the patients’ outcomes after curative surgery. However, multiple studies revealed that the
CONUT scoring system outperformed NLR, PNI, and CAR in terms of predictive performance [28-30]. In hilar CCA or pCCA, three
immuno-nutritional score systems including CONUT, NLR, and PNI were compared by Wang A et al. [30]. They demonstrated that in
PCCA, the preoperative CONUT score can be used as a prognostic indicator to predict both overall survival and recurrence-free
survival.

In this study, we found that the CONUT score was associated with tumor growth pattern which has been suggested as a prognostic
factor for iCCA. A high CONUT score was correlated with MF and PI + MF patterns. Moreover, we found that a high CONUT score was
an independent prognostic factor for survival outcomes in iCCA patients after surgical treatment. These findings support the findings
from other stuies including patients who underwent hepatic surgery for cholangiocarcinoma and hepatocellular carcinoma [25,26].
Thus, this study confirms the importance of the evaluation of a patient’s nutritional status and nutritional intervention before surgery.

To improve the outcome of cholangiocarcinoma surgery, the nutritional screening tool designated especially for chol-
angiocarcinoma patients is warranted. A preoperative nutritional support model, either high-protein oral supplementation or
parenteral nutrition for patients with preexisting malnutrition or a high CONUT score is necessary and needed validation as studies in
other gastrointestinal malignancies and hepatocellular carcinoma [39,40].

There are several limitations to this study. First, it is a retrospective study, and the number of patients is relatively small, especially
patients with CONUT 5-12, and there was no external validation. Thus, the results should be interpreted with caution. Second, we did
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not compare the performance to predict the outcome between other immune-nutritional scores such as prognostic nutritional index
(PND) or neutrophil-lymphocyte ratio (NLR). Third, most of the patients did not receive adjuvant treatment since it was not a standard
treatment at the time.

5. Conclusion

This finding indicated that the preoperative CONUT score is a simple tool to evaluate the nutritional status of iCCA patients un-
dergoing curative resection by hepatectomy, and a high CONUT score is strongly associated with a poor prognosis.
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