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Abstract

Background While the metabolic syndrome (MS) is being recognized as an important risk factor for intrahepatic

cholangiocarcinoma (ICC), the outcomes of liver resection in this context remain poorly described. This study aims

to report the short- and long-term results of hepatectomy for patients with MS as risk factor for the development of

ICC (MS?).

Methods All patients undergoing hepatectomy for ICC between 2000 and 2016 at a single center were retrospec-

tively analyzed. The perioperative outcomes of MS? and ICC patients without MS (MS-) were compared.

Results Among 115 resected ICC patients, 40 (34.8%) were MS? and 75 (65.2%) were MS-. MS? exhibited an

increased Charlson comorbidity index (5 ± 2 vs. 2 ± 2, p\ 0.001) than MS- patients. While operative charac-

teristics did not differ significantly between the 2 groups, MS? experienced higher rate of major complications (62.5

vs. 29.3%, p = 0.001). On multivariate analysis, MS? was an independent risk factor of major complication (HR

2.86, 95% CI 1.07–7.60, p = 0.036) and major cardiorespiratory complication (HR 4.35, 95% CI 1.50–12.62,

p = 0.007). Pathological analysis revealed that MS? displayed higher rates of non-alcoholic fatty liver disease (60.0

vs. 31.1%, p = 0.003) and non-alcoholic steatohepatitis (25 vs. 5.4%, p = 0.005). MS? was independently associated

with decreased risk of recurrence (HR 0.47, 95% CI 0.26–0.85, p = 0.001).

Conclusions MS? accounts for 35% of resected ICC patients. The existence of significant cardiovascular comor-

bidities increases postoperative morbidity and requires specific management.

Introduction

The metabolic syndrome (MS), which comprises a cluster

of metabolic risk factors including increased fasting glu-

cose, central obesity, dyslipidemia and hypertension, is anElectronic supplementary material The online version of this
article (https://doi.org/10.1007/s00268-019-04996-y) contains sup-
plementary material, which is available to authorized users.
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increasingly important health problem in the USA and in

Western countries where its prevalence may be as high as

25% [1]. As a consequence, non-alcoholic fatty liver dis-

ease (NAFLD), which represents the hepatic manifestation

of the MS, has turned into one of the most prominent liver

diseases in Western countries [2]. Moreover, the MS itself

but also its individual components have been shown to

promote the development of various gastrointestinal

malignancies [3] including hepatocellular carcinoma

(HCC) [4] and more recently intrahepatic cholangiocarci-

noma (ICC) [5] [6]. HCC in a context of MS does not

necessarily develop on a background of severe fibrosis [7].

Indeed, the development of HCC in a setting of MS does

not seem to follow the classical dysplasia–carcinoma

sequence [8]. As a matter of fact, MS and NAFLD

microenvironment activate oncogenic pathways and

accelerate the development of HCC through parallel effects

and complex interactions of local and systemic inflamma-

tion, insulin resistance and lipotoxicity before cirrhosis

occurs [9]. Altogether, past decade literature has thus

suggested that MS-related HCC displayed specific histo-

logical features, prognosis and required specific surgical

management [10].

ICC is the second most common primary liver cancer

but remains an uncommon and enigmatic tumor [11].

Although the incidence of ICC worldwide is considerably

lower than that of HCC, several recent studies have

reported troubling increasing incidence of ICC over the last

few decades [12]. On the one hand, classical factors

associated with chronic biliary inflammation, such as

hepatobiliary flukes, primary sclerosing cholangitis, biliary

tract cysts, hepatolithiasis and toxins, which are known to

promote ICC [11], are only marginally observed. On the

other hand, the stable incidence of other recognized risk

factors for ICC, including cirrhosis, chronic hepatitis B and

C infections, and alcohol [13] cannot account for the

increasing incidence of this lesion. Finally, while it has

been suggested that ICC was associated with NAFLD,

obesity and diabetes [5, 6, 14, 15] this entity nevertheless

remains poorly characterized and understood.

By analogy with HCC, it may be speculated that a sig-

nificant number of ICC without classical risk factors could

occur in a context of MS, which could explain the rising

incidence of ICC in Western countries. Similarly, it could

be anticipated that patients with MS-related ICC could

exhibit specific operative risk and long-term outcomes [10]

[16]. Hence, the present study aimed at comparing the

characteristics, postoperative outcomes and long-term

results after surgical resection of ICC occurring in a con-

text of MS (MS?) with those of standard ICC (MS-).

Methods

Study population

All patients undergoing partial liver resection (LR) for ICC

between 2000 and 2016 at Beaujon Hospital, Clichy,

France, were included in the present study.

Most pre-, per- and postoperative data, pathological

features and long-term outcomes were retrieved from a

prospectively implemented institutional database and ret-

rospectively reviewed. To ensure the most accurate data

collection as possible, especially regarding metabolic

syndrome risk factors and survival data, all patients alive at

the time of the study were also contacted for this study. The

main analysis focused on the comparison of short- and

long-term results between MS? and MS- patients. To

highlight the specific impact of the MS on the postopera-

tive course and the prognosis without interference of a

potential abnormal underlying liver parenchyma, a sub-

group analysis excluding patients with NASH and/or sev-

ere fibrosis was then performed.

Risk factors for ICC retained in this study included the

MS, parasites, intrahepatic stones, primary sclerosing

cholangitis, hepatitis B virus infection (HBV), intra-ep-

ithelial neoplasia (BiliN, PaniN), and history of underlying

fibrotic liver disease regardless the etiology. The diagnosis

of MS was considered when three or more of the following

criteria were present [17]: central obesity; dyslipidemia

(triglycerides 1.7 mmol/l or above, or high-density

lipoprotein cholesterol less than 1.03 mmol/l in men or less

than 1.29 mmol/l in women); type II diabetes or glucose

intolerance with fasting glucose 5.6 mmol/l or above; and

hypertension (blood pressure above 135/85 mmHg).

Because of the retrospective nature of the study, it was

assumed that central obesity was reached when the

patient’s body mass index was greater than 28 kg/m2, as

described previously [18]. Similarly, it was assumed that

patients receiving statin or fenofibrate medication had

dyslipidemia. Chronic alcohol consumption was defined

according to the WHO definition as a consump-

tion[ 30 g/day in men and[ 20 g/day in women.

Patients with incomplete data about MS and outcomes

(n = 5) were not included in this study.

Preoperative evaluation

Preoperative investigations included complete blood and

liver function tests as well as routine cardiorespiratory

evaluation. Computed tomography (CT) and magnetic

resonance imaging (MRI) were performed to assess both

underlying liver and tumor characteristics. Preoperative

percutaneous biopsy of the non-tumorous parenchyma was
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performed when an abnormal underlying liver parenchyma

was suspected. In patients requiring a resection with an

anticipated future liver remnant liver \30% of the total

liver volume in case of normal underlying liver and\40%

in the presence of severe fibrosis, portal vein embolization

(PVE) was performed followed with evaluation of the liver

hypertrophy by follow-up CT scan 3–4 weeks later [19].

Surgical procedure

All resections were performed with curative intent by four

seniors hepatobiliary surgeons (OS, JB, SD, OF). Major

liver resection was defined as resection of three or more

Couinaud’s segments [20]. The laparoscopic approach was

performed on a case-by-case basis since 2008. For all

procedures, liver transection was performed with the

crush/clamp technique or ultrasonic dissection under low

central venous pressure (less than 5 mmHg) as described

previously [21]. Intermittent pedicle clamping was per-

formed in case of bleeding, or routinely in some patients in

order to obtain a bloodless operative field. Lymphadenec-

tomy of the hepatoduodenal ligament was performed

selectively according to preoperative CT scan and perop-

erative findings.

Postoperative outcomes

Following hepatic resection, patients were seen daily by a

physician until hospital discharge. A contrast enhanced

thoraco-abdominopelvic CT scan was performed on post-

operative day (POD) 7 or earlier in suspected cases of

abdominal or pulmonary complication. Specific liver

complications, encountered more often after major liver

procedures, were detailed as follows: liver failure was

defined according to the ‘‘50–50 criteria’’ on POD 5 [22];

ascites was defined as an abdominal drainage output of

more than 10 ml/kg/day after the third POD [23]; and bile

leakage was defined by a bilirubin concentration in the

drainage fluid more than threefold higher than that in serum

[24]. Respiratory complications were defined as the

development of one or more of the followings: pulmonary

infection, symptomatic pleural effusion, respiratory insuf-

ficiency, acute respiratory distress syndrome and pul-

monary embolism. Pulmonary infection was defined by an

alteration of chest radiography with/without positive spu-

tum cultures with/without CT scan results associated with

fever and hyperleukocytosis [25]. Pleural effusion was

diagnosed by chest radiography with/without CT scan.

Symptomatic pleural effusion was defined as pleural effu-

sion requiring oxygen therapy management. Patients were

defined as having respiratory insufficiency if the total

duration of ventilator-assisted respiration during the post-

operative hospital stay exceeded 48 h. Pulmonary

embolism was confirmed by thoracic CT scan. Cardiac

complications were defined as the development of one or

more of the followings: acute coronary syndrome, rhythm

disorder, conduction disorder, cardiac failure, aortic dis-

section, hypertensive crisis, pericarditis, pericardial tam-

ponade. Postoperative complications were stratified

according to the Dindo–Clavien classification [26], which

defines major complications by a grade of IIIa or more.

Major cardiorespiratory or liver-related complications were

defined as any cardiorespiratory and liver-related compli-

cation with a Dindo–Clavien grade of IIIa or more. The

comprehensive complication index (CCI) [27] was asses-

sed for each patient using a dedicated automated online

calculator (http://www.assessurgery.com/calculator_single/).

Complications and operative mortality were considered as

those occurring within 90 day after surgery, or at any time

during the postoperative hospital stay.

Pathological analysis

For the purpose of this study, all resected liver specimens

were specifically reviewed by a single pathologist spe-

cialized in liver diseases (NP). Main tumor characteristics,

including size, macroscopic type according to the World

Health Organization classification of ICC [28] (mass

forming, periductal infiltrating, periductal infiltrating and

mass forming, intraductal growth), number of nodules,

satellite nodules (considered as lesions occurring within

2 cm of the main tumor), vascular invasion, perineural

invasion and grade of differentiation, were assessed. Tumor

T status, N status and M status were established from the

pathological analysis and classified according to the eighth

edition of the AJCC staging system [29]. The AJCC eight

edition stage was assigned only for the patients with

available N status. Liver parenchyma was assessed for the

presence of fibrosis, staged from 0 to 4 according to the

NASH Clinical Research Network Scoring System [30],

and considered severe in patients with stages F3 and F4.

NAFLD was defined by the presence of steatosis in[5% of

hepatocytes, and its histological features were collected

[30]. NAFLD lesions were graded according to the SAF

(steatosis, activity, fibrosis) score [31], including

macrovesicular steatosis (on a scale of 0–3), lobular

inflammation and hepatocellular ballooning (each on a

scale of 0–2). The FLIP algorithm was used to define the

presence of NASH [32]. Liver parenchyma was considered

abnormal in patients with severe underlying fibrosis (stage

F3 or F4) or in those without severe underlying fibrosis but

with NAFLD.
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Statistical analysis

Quantitative variables are expressed as mean (±standard

deviation) or as median (interquartile 25–75). Qualitative

variables are expressed as percentages. The Mann–Whit-

ney U test or Kruskal–Wallis test were used for compar-

isons of quantitative variables as appropriate, whereas a

Chi-square test or Fisher exact test was used to compare

categorical data. The probability of developing major

complications was estimated using a multivariate logistic

regression model. All variables that differed significantly

(p\ 0.1) when comparing the 2 groups were included in

the logistic model, and backward selection was applied.

The Kaplan–Meier method was used to estimate survival

probabilities, which were compared using the Log-rank

test. The date of the patient’s last contact was used as the

end of follow-up in all censored patients. No patient was

lost to follow-up. Follow-up was updated until February

2017. Postoperative deaths were included in the overall

survival (OS) analysis but excluded from the recurrence-

free survival (RFS) analysis. Multivariate analysis was

performed using a Cox proportional hazard model to

identify independent prognostic factors for OS and RFS. A

p value\0.05 was considered significant for all tests. The

variable ‘‘Lymph node metastasis’’ was integrated in the

Cox model according to 3 modalities after the pathological

analysis: absence of lymph node metastasis or N0, presence

of lymph node metastasis or N?, no available nodal status

or Nx. Subgroup analysis was performed to rule out the

effect of NASH and underlying fibrosis between MS? and

MS- patients. Hence, MS? patients without significant

fibrosis or NASH (sMS?) were compared to MS- patients

without NASH or significant fibrosis (sMS-). All statisti-

cal analyses were performed with SPSS version 20.0 (IBM

Corp., Armonk, NY).

Results

Patients’ characteristics and surgical procedures

A total of 115 patients were resected for ICC during the

study period including 40 (34.8%) MS? patients and 75

(65.2%) MS- patients. Among these latter, 33 (28.7%), 27

(23.5%) and 17 (14.8%) patients had none, one and two

criteria for the MS, respectively. The comparison of the

baseline characteristics of the 2 groups is provided in

Table 1. Briefly, several characteristics bound to the MS

such as a history of cardiovascular disease (37.5% vs.

16.0%, p = 0.010), use of antiplatelet agents (27.5% vs.

5.3%, p = 0.001), oral antidiabetic (42.5% vs. 2.7%,

p = 0.001) and lipid-lowering drugs (65% vs. 9.3%,

p\ 0.001) were more frequently observed in MS?

patients. MS? patients had increased anesthetic risk as

shown by the higher rate of patients with an ASA score of 3

or greater (37.5% vs. 5.3%, p\ 0.001) and increased

Charlson comorbidity index (5 ± 2 vs. 2 ± 2, p\ 0.001)

[33]. Operative characteristics were not significantly dif-

ferent between the 2 groups except for the rate of intra-

operative transfusion, which was higher in MS? patients

(32.5% vs. 13.3%, p = 0.014).

Postoperative outcomes and risk factors for major

postoperative complications

The details of the postoperative course of MS? and MS-

patients are provided in Table 2. The overall postoperative

mortality rate was 11.3%. Even though MS? patients had a

higher postoperative mortality rate than MS- patients

(17.5% vs. 8.0%, p = 0.136) the difference did not reach

significance. In the MS? group, the causes of death were

due to liver-related complications in 2 patients and due to

non-liver-related complications in 5 patients (1 cardiovas-

cular collapse during dialysis, 1 acute myocardial infarc-

tion and 3 acute respiratory distress syndromes related to

pulmonary infections). In the MS- group, the causes of

death were due to liver-related complications in 2 patients

and to non-liver-related complications in 4 patients (1

pleural empyema and 1 acute respiratory distress syndrome

over pulmonary infection, 1 peritonitis and 1 lower limb

compartment syndrome).

Compared with MS- patients, MS? patients experi-

enced significantly increased rates of overall major (29.3%

vs. 62.5%, p = 0.001), and cardiovascular complications

(17.3% vs. 52.5%, p\ 0.001), had higher mean CCI

(26 ± 28 vs. 42 ± 34, p = 0.007), but did not experience

significantly different rates of major liver-related compli-

cations (18.7% vs. 27.5%, p = 0.274).

Univariate and multivariate analyses of the factors

associated with major overall complications and major

cardiorespiratory complications are displayed in Table 3

and Supplementary Table 1, respectively. The MS was an

independent risk factor for both overall major complica-

tions (HR 2.86, 95% CI 1.07–7.560, p = 0.036) and major

cardiorespiratory complications (HR 4.36, 95% CI

1.50–12.62, p = 0.007).

Pathological analysis

Tumor characteristics and details regarding the non-tu-

morous underlying liver are shown in Table 4. While MS?

patients had smaller tumors than MS- patients

(64 ± 42 mm vs. 76 ± 36 mm, p = 0.048), other tumor

characteristics were comparable between the 2 groups.

According the AJCC eight edition, MS? and MS- patients

shared similar T stages and N status. Among the patients
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Table 1 Patients’ characteristics and operative characteristics in the whole population

MS-related ICC patients (n = 40) No MS-related ICC patients (n = 75) p

Age (years) 66 ± 9 59 ± 13 0.005

Male sex 23 (57.5) 34 (45.3) 0.214

ASA[ 2 15 (37.5) 4 (5.3) 0.001

Associated liver disease

Alcohol 6 (15.0) 11 (14.7) 0.962

HBV infection 2 (5.0) 9 (12.0) 0.325£

HCV infection 2 (5.0) 1 (1.3) 0.277£

Primary sclerosing cholangitis 1 (2.5) 1 (1.3) 0.999£

Overall 9 (22.0) 18 (24.0) 0.857

Metabolic syndrome

Body mass index (kg/m2) 29 ± 5 24 ± 4 0.001

Central obesity 30 (75.0) 17 (22.7) 0.001

Hypertension 34 (85.0) 27 (36.0) 0.001

Diabetes 23 (57.5) 3 (4.0) 0.001

Dyslipidemia 37 (92.5) 10 (13.3) 0.001

Medical history

Antiaggregant therapy 11 (27.5) 4 (5.3) 0.001

Anticoagulant therapy 3 (7.5) 4 (5.3) 0.643£

Oral antidiabetic agent 17 (42.5) 2 (2.7) 0.001

Lipid-lowering drugs 26 (65.0) 7 (9.3) 0.001

Cardiovascular history 15 (37.5) 12 (16.0) 0.010

Respiratory history 8 (20.0) 11 (14.7) 0.463

Cancer history 11 (27.5) 10 (13.3) 0.610

Tobacco use 19 (47.5) 28 (37.3) 0.291

Charlson comorbidity index 5 ± 2 2 ± 2 0.001

Tumor features

Incidental diagnosis 24 (60.0) 37 (49.3) 0.275

Preoperative biopsy 25 (62.5) 39 (52.0) 0.280

Neoadjuvant chemotherapy 3 (7.5) 7 (9.3) 0.999£

Adjuvant chemotherapy 6 (15.0) 29 (38.7) 0.009

Type of resection

Preoperative portal vein embolization 6 (15.0) 5 (6.7) 0.187£

Major liver resection 28 (70.0) 63 (84.0) 0.078

Non anatomical resection 3 (7.5) 5 (6.7) 0.999£

Right-sided resection 27 (67.5) 54 (72.0) 0.614

Left-sided resection 24 (60.0) 45 (60.0) 0.999

Major right-sided resection 14 (35.0) 32 (42.7) 0.424

Associated procedure

Lymphadenectomy 21 (52.5) 52 (69.3) 0.074

Vascular resection 4 (10.0) 10 (13.3) 0.768

Associated major extra-hepatic procedure 2 (5.0) 12 (16.0) 0.133£

Operative characteristics

Inflow clamping 34 (85.0) 52 (69.3) 0.065

Duration of clamping (min) 52.2 ± 29.1 43.3 ± 21.2 0.259

Estimated blood loss (ml) 720 ± 686 596 ± 478 0.992

Duration of surgery (min) 305 ± 104 345 ± 126 0.199

Transfusion 13 (32.5) 10 (13.3) 0.014

Laparoscopic approach 1 (2.5) 2 (2.7) 0.957£

Values in parentheses are percentages unless indicated otherwise; quantitative variables are expressed as mean (±standard deviation) or as median (interquartile

25–75); £ Fisher’s exact test
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who had lymphadenectomy, MS? and MS- disease’s

staging was comparable. On the opposite, several signifi-

cant differences including the rate of NAFLD and NASH

were observed regarding the characteristics of the under-

lying non-tumorous liver.

Survival analysis, long-term outcomes

and prognostic factors

Median follow-up was 21 months (IQR 10–42 month-

s) and the 1-year, 3-year and 5-year OS of the whole series

were 77.6%, 55.1% and 36.3%, respectively (median sur-

vival 42 (23–61) months). At last follow-up, 56 (48.7%)

patients were deceased and 69 (60.0%) had experi-

enced recurrence, involving the liver in 41 (59.4%)

patients and extra-hepatic structures in 34 (50.0%) patients.

The 1-year, 3-year and 5-year RFS of the whole series were

50.5%, 26.5% and 17.0%, respectively (median RFS

13 (7–19) months).

Median follow-up was comparable between the 2 groups

(20 vs. 21 months, p = 0.596). While MS? and MS-

patients displayed non-significantly different overall sur-

vivals (median OS of 31 (0–79) vs. 42 (25–59) months;

p = 0.830), MS? patients had significantly better RFS than

MS- patients (median RFS of 35 (0–76) vs. 12 (8–17)

months; p = 0.011, Fig. 1).

Details of multivariate analyses for survival are reported

in Tables 5 and 6. On multivariate analysis, the MS was

independently associated with decreased risk of recurrence

(HR 0.47, 95% CI 0.26–0.85, p = 0.013), while major

resection (HR 3.03, 95% CI 1.39–6.48, p = 0.005), tumor

size[ 50 mm (HR 2.04, 95% CI 1.08–3.86), perineural

invasion (HR 1.75, 95% CI 1.07–2.85, p = 0.026) and

satellites nodules (HR 2.01, 95% CI 1.19–3.40, p = 0.009)

were independently associated with increased risk of

recurrence. On the opposite, the MS was not independently

associated with OS.

Table 2 Details of postoperative complications between MS? and MS- patients

MS-related ICC patients (n = 40) No MS-related ICC patients (n = 75) p

Liver-related complication

Liver failure 4 (10.0) 3 (4.0) 0.235£

Ascites 11 (27.5) 17 (22.7) 0.565

Jaundice 6 (15.0) 13 (17.3) 0.748

Bile leakage 6 (15.0) 15 (20.0) 0.509

Major liver-related complication 11 (27.5) 14 (18.7) 0.274

Cardiorespiratory complication

Pleural effusion/atelectasis 15 (37.5) 16 (21.3) 0.063

Pulmonary infection 7 (17.5) 5 (6.7) 0.107£

Pulmonary embolism 4 (10.0) 4 (5.3) 0.446£

Cardiac decompensation 3 (7.5) 3 (4.0) 0.418£

Major cardiorespiratory complication 21 (52.5) 13 (17.3) 0.001

Infectious complication

Infectious complication 15 (37.5) 15 (20.0) 0.042

Surgery related complication

Hemorrhage 5 (12.5) 6 (8.0) 0.511£

Reoperation 2 (5.0) 7 (9.3) 0.493£

Overall

No complication 7 (17.5) 16 (21.3) 0.625

Minor (Dindo–Clavien I–II) complication 8 (20.0) 37 (49.3) 0.002

Major (Dindo–Clavien III–V) complication 25 (62.5) 22 (29.3) 0.001

90-Day mortality 7 (17.5) 6 (8.0) 0.136£

CCI 42 ± 34 26 ± 28 0.007

Hospital stay

Duration of hospital stay (days) 21 ± 18 15 ± 11 0.592

Values in parentheses are percentages unless indicated otherwise; quantitative variables are expressed as mean (±standard deviation) or as

median (interquartile 25–75); £ Fisher’s exact test; CCI comprehensive complication index
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Subgroup analysis after exclusion of the patients

with NASH or severe fibrosis

Subgroup analysis was performed to rule out the effect of

NASH and underlying fibrosis between MS? and MS-

patients. Hence, MS? patients without significant fibrosis

or NASH (sMS?) were compared to MS- patients without

NASH or significant fibrosis (sMS-).

After exclusion of patients with NASH or severe (F3–

F4) fibrosis, 23 patients (57.5% of the MS? group) con-

stituted the sMS? group and 59 patients (78.7% of the

MS- group) constituted the sMS- group. Details of the

patients’ characteristics and operative characteristics are

displayed in Supplementary Table 2. Similarly to the main

analysis, sMS? patients differed with the sMS- regarding

MS components and characteristics bound to the MS.

In the subgroup analysis, the postoperative 90-day

mortality rate was 6.1% and was not significantly different

between the 2 subgroups (8.7% vs. 5.1%, p = 0.616). The

comparison of the postoperative outcomes in the subgroup

analysis population is detailed in Supplementary Table 3.

sMS? patients experienced an increased rate of major

Table 3 Univariate and multivariate analysis of factors associated with major complications in the whole population

Major complication

(n = 47)

No Major complication

(n = 68)

p HR 95% CI p

Age (years) 62 ± 11 61 ± 13 0.776

Male sex 25 (53.2) 32 (47.1) 0.518

ASA[ 2 15 (31.9) 4 (5.9) 0.001 3.85 1.03–14.40 0.045

Associated liver disease

Alcohol 8 (17.0) 9 (13.2) 0.574

HBV infection 3 (6.4) 8 (11.8) 0.521£

HCV infection 2 (4.3) 1 (1.5) 0.566£

Primary sclerosing cholangitis 1 (2.1) 1 (1.5) 0.999£

Metabolic syndrome

Presence of MS 25 (53.2) 15 (22.1) 0.001 2.86 1.07–7.60 0.036

Tumor features

Incidental tumor 26 (55.3) 35 (51.5) 0.684

Preoperative biopsy 27 (57.4) 37 (54.4) 0.747

Neoadjuvant chemotherapy 6 (12.8) 4 (5.9) 0.313£

Portal vein embolization 6 (12.8) 5 (7.4) 0.353£

Type of resection

Major liver resection 39 (83.0) 52 (76.5) 0.399

Non anatomical resection 2 (4.3) 6 (8.8) 0.469£

Right-sided resection 33 (70.2) 48 (70.6) 0.965

Left-sided resection 30 (63.8) 39 (57.4) 0.486

Major right-sided resection 21 (44.7) 25 (36.8) 0.394

Associated procedure

Lymphadenectomy 28 (59.6) 45 (66.2) 0.470

Vascular resection 11 (23.4) 3 (4.4) 0.002 5.30 1.12–25.09 0.036

Associated major extra-hepatic

procedure

5 (10.6) 9 (13.2) 0.675

Operative characteristics

Inflow clamping 39 (83.0) 47 (69.1) 0.092

Duration of clamping (min) 53 ± 28 41 ± 21 0.043

Clamping C 50 min 20 (57.1) 14 (34.1) 0.044 1.72 0.58–5.06 0.331

Blood loss (ml) 791 ± 743 524 ± 324 0.117

Duration of surgery (min) 336 ± 124 326 ± 117 0.629

Transfusion 16 (34.0) 7 (10.3) 0.002 2.75 0.79–7.58 0.122

Laparoscopic approach 0 (0.0) 3 (4.4) 0.269£

Values in parentheses are percentages unless indicated otherwise; quantitative variables are expressed as mean (±standard deviation) or as

median (interquartile 25–75); £ Fisher’s exact test except; MS metabolic syndrome
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Table 4 Pathological analysis in the whole population

MS-related ICC patients (n = 40) No MS-related ICC patients (n = 75) p

Tumor size (mm) 64 ± 42 76 ± 36 0.048

Tumor size[ 50 mm 21 (52.5) 54 (73) 0.028

Number of tumors 1 ± 1 1 ± 1 0.660

Type

Mass forming 37 (92.5) 68 (90.7) 0.999£

Periductal infiltrating 2 (5.0) 2 (2.7) 0.609£

Mass forming and periductal infiltrating 1 (2.5) 3 (4.0) 0.999£

Intraductal growth 0 (0.0) 1 (1.3) 0.999£

Grade 0.410

Well differentiated 5 (12.5) 16 (21.6)

Moderately differentiated 30 (75.0) 47 (63.5)

Poorly differentiated 5 (12.5) 11 (14.9)

Margin status 0.704£

R0 33 (84.6) 61 (82.4)

R1 3 (7.7) 9 (12.2)

R2 3 (7.7) 4 (5.4)

Pathological features

Lymph node metastasis 5 (23.8) 17 (33.3) 0.425

Intra-epithelial neoplasia 3 (7.5) 4 (5.4) 0.695£

Perineural invasion 19 (47.5) 27 (36.5) 0.253

Microvascular invasion 24 (60.0) 50 (67.6) 0.419

Satellite nodules 15 (37.5) 31 (41.9) 0.648

Macrovascular invasion 10 (25.0) 21 (28.4) 0.699

Endo-biliary extension 2 (5.0) 11 (14.9) 0.135£

AJCC eight edition T status

T1a 13 (32.5) 16 (21.3) 0.189

T1b 8 (20.0) 27 (36.0) 0.076

T2 13 (32.5) 19 (25.3) 0.414

T3 4 (10.0) 11 (14.7) 0.479

T4 2 (5.0) 2 (2.7) 0.609£

AJCC eight edition N status

Nx 19 (47.5) 24 (32.0) 0.102

N0 16 (76.2) 34 (66.7) 0.425

N1 5 (23.8) 17 (33.3) 0.425

\6 nodes available for examination 3 (13.6) 5 (9.8) 0.942£

AJCC eight edition M status

M1 0 (0.0) 0 (0.0) –

Mx 0 (0.0) 0 (0.0) –

AJCC eight edition stage

Stage I 11 (68.8) 22 (64.7) 0.778

Stage II 5 (23.8) 6 (11.5) 0.277£

Stage IIIa 0 (0.0) 6 (11.5) 0.173£

Stage IIIb 5 (23.8) 18 (34.6) 0.368

METAVIR Score

A metavir 0 IQR (0–0) 0 IQR (0–0) 0.726

F metavir 2 IQR (1–3) 2 IQR (1–3) 0.690
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cardiorespiratory complications (43.5% vs. 16.9%,

p = 0.012) associated with a trend toward an increased rate

of major complications (52.2 vs. 30.5%, p = 0.067) but a

similar CCI (34, IQR (8–52) vs. 21 IQR (0–38), p = 0.186)

compared with sMS- patients.

The details of the pathological subgroup analysis are

summarized in Supplementary Table 4. sMS- patients

displayed higher rate of normal underlying liver (66.1% vs.

39.1%, p = 0.026) than sMS? patients, while sMS?

patients more frequently displayed features of NAFLD

(52.2% vs. 26.7%, p = 0.036) than sMS- patients.

The 1-year , 3-year and 5-year OS of the sMS? and

sMS- patients were 77.1%, 49.5% and 49.5%, and 81.1%,

56.7%, 23.9% (p = 0.455), respectively. sMS? patients

kept a significant advantage regarding RFS (55.6%, 42.3%,

33.9% vs. 42.8%, 12.8% and 2.6%, p = 0.002) (Supple-

mentary Figure 1).

Discussion

In this study, which compared the perioperative charac-

teristics of ICC patients with and without the MS, MS?

patients were at significantly higher risk of postoperative

major complications, especially, cardiorespiratory compli-

cations but showed improved RFS survival compared with

MS- patients.

In the present series, 35% of all resected ICC patients

displayed a MS. By analogy to what has been reported for

HCC [10, 16], this result supports the close relationship

between the MS and ICC [6]. In this study, 60%, 25% and

30% of MS patients displayed NAFLD, NASH and severe

fibrosis, respectively. These results suggest that the MS

may first promote the development of ICC through

underlying liver parenchymal damage related to the

development of NAFLD. On the opposite, the fact that

almost one quarter of MS? patients exhibited strictly

normal underlying liver parenchyma supports that ICC

may also occur independently of any underlying liver

parenchymal damage, as a consequence of insulin resis-

tance-mediated systemic inflammation or following protu-

moral effects related to changes in composition of visceral

fat, as recently suggested for HCC [34].

In the current study, MS? patients experienced signifi-

cantly higher rates of major complications and higher CCI

than MS- patients. In addition, the MS tended to impact

the mortality rate of the MS? patients. Surprisingly, MS?

patients did not experience higher rates of major liver-re-

lated complications, especially liver failure despite higher

incidence of abnormal underlying liver parenchyma chan-

ges. Of course, this result may be the consequence of a

non-significant trend choosing parenchymal-sparing

resection in MS? patients. Yet, it could also be related to a

wide use of preoperative underlying liver biopsy and sub-

sequent PVE in patients requiring major right-sided

resections with NASH even in the absence of severe

fibrosis, who should be regarded at higher risk of postop-

erative liver decompensation [19]. Interestingly, the

increase in major complications observed in MS? patients

mainly involved cardiorespiratory complications. It has

been suggested that NAFLD patients were at higher risk of

coronary artery calcifications, which could partly explain

the higher rates of postoperative cardiac events in MS?

patients [35]. Yet, subgroup analysis suggested that even

without NASH and fibrosis, MS? patients still experienced

higher postoperative cardiorespiratory complications than

Table 4 continued

MS-related ICC patients (n = 40) No MS-related ICC patients (n = 75) p

SAF Score

Steatosis 1 IQR (0–2) 0 IQR (0–0) 0.001

Activity 0 IQR (0–1) 0 IQR (0–0) 0.001

Fibrosis 1 IQR (0–3) 0 IQR (0–1) 0.001

Underlying liver

Normal underlying liver 9 (22.5) 39 (52.0) 0.002

NAFLD 24 (60.0) 23 (31.1) 0.003

NASH 10 (25.0) 4 (5.4) 0.005£

F3–F4 12 (30.0) 13 (17.3) 0.117

F0–1 with/without NAFLD 20 (50.0) 54 (72.0) 0.019

F0–2 with/without NAFLD 23 (57.5) 59 (78.7) 0.017

Values in parentheses are percentages unless indicated otherwise; quantitative variables are expressed as mean (±standard deviation) or as

median (interquartile 25–75); £ Fisher’s exact test; NAFLD non-alcoholic fatty liver disease, NASH non-alcoholic steatohepatitis
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Fig. 1 OS (a) and RFS

(b) survival curves in MS? and

MS- patients
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MS- patients. As a systemic disease, the MS itself is

associated with a greater risk of perioperative complica-

tions after liver surgery [36] regardless the existence of

NAFLD. In addition, MS patients frequently accumulate

obesity, diabetes and hypertension. Obesity may negatively

impact the postoperative course of patient undergoing liver

resection [37]. Likewise diabetes has been shown to be

associated with postoperative pulmonary complications

[38]. Altogether the focus on MS patients in the present

study clearly defines a population at high cardiorespiratory

morbidity with shorter predicted survival, as reflected by

the observed increased Charlson comorbidity index and the

higher rate of patients with an ASA score of three or more.

In this setting and similarly to what was suggested in MS-

related HCC patients [10], MS? ICC patients should

therefore require specific management during the periop-

erative period.

The survival analysis revealed that despite similar OS,

MS? patients yielded better RFS survival than MS-

patients. Furthermore, multivariate analysis showed that

the presence of MS was the only protective factor for

recurrence. On pathological examination, MS? and MS-

patients shared similar tumor characteristics apart from

tumor size. Since MS? ICC develop more frequently on a

background of NAFLD, these patients are more likely to

show abnormal liver tests [39]. Hence, the smaller size of

the lesions in MS? patients may account for an earlier

diagnosis in MS? patients, which could partly explain the

observed improved better RFS [5] [40]. However, the

survival analysis restrained to the early stage patients

reported that MS? patients kept a significant survival

advantage than MS- patients regarding the RFS. Consid-

ering the high perioperative risk of MS? patients but the

observed favorable long-term outcomes, this study high-

lights that MS? patients could benefit from the less

aggressive surgical management, such as strategies of

parenchymal sparing with margin clearance C 5 mm [41]

and/or laparoscopic approach if adequate lymphadenec-

tomy can be performed [42]. In addition, given the reported

favorable results of thermal ablation for unresectable ICC

(1-year, 3-year and 5-year overall survival rates of 82%,

47% and 24%) [43], the current study raises the question of

performing local destruction for small lesions in high risk

MS? patients. Another hypothesis, to explain the favorable

prognosis of the MS? patients, would be that, similarly to

ICC occurring on chronic liver disease, MS-related ICCs

more frequently exhibit some hypervascular pattern on CT

scan than MS- ICC. These ICCs are known to have a more

favorable oncologic prognosis [44] [45]. Nonetheless, the

current study failed to fully elucidate why MS? patients

achieved more favorable long-term outcomes than MS-

patients.

The present study has several limitations owing to both

its retrospective nature and the small number of patients

Table 5 Multivariate analysis of prognostic factors for recurrence, according to conditional backward Cox proportional hazard model with 6

steps

Variables Univariate p Multivariate p HR IC 95%

Metabolic syndrome 0.011 0.013 0.47 0.26–0.85

Major liver resection 0.001 0.005 3.03 1.39–6.48

Tumor size[ 50 mm 0.001 0.029 2.04 1.08–3.86

Perineural invasion 0.049 0.026 1.75 1.07–2.85

Satellites nodules 0.001 0.009 2.01 1.19–3.40

Introduction of variables in step 1: metabolic syndrome, major liver resection, major extra-hepatic procedure, tumor size[ 50 mm, perineural

invasion, N0/N?/Nx, satellites nodules, NASH, cirrhosis

Table 6 Multivariate analysis of prognostic factors for overall survival, according to conditional backward Cox proportional hazard model with

2 steps

Variables Univariate p Multivariate p HR IC 95%

Major liver resection 0.012 0.080 2.21 0.91–5.37

Major extra-hepatic procedure 0.006 0.010 2.78 1.27–6.04

Transfusion 0.053 0.008 2.44 1.26–4.72

R2 resection 0.041 0.017 3.20 1.23–8.32

Introduction of variables in step 1: major liver resection, major extra-hepatic procedure, transfusion, satellites nodules, R2 resection
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included over a long-time period. First, a higher rate of

patients with the metabolic syndrome was observed during

the more recent years of the study. This finding may be due

to inaccurate data collection in MS parameters in the early

part of the study period. Even though an attempt to contact

all patients was undertaken, it is possible that some

deceased patients at the time of contact may have been

incorrectly categorized. Second, almost 50% of MS?

patients did not undergo pedicular lymphadenectomy [46].

While pedicular lymphadenectomy is currently recom-

mended in patients with ICC resection, it is routinely

performed in only 45% of cases [46]. The more favorable

prognosis of hypervascular ICC is known to account for a

decreased rate of lymph node metastases [47], and the lack

of the N status could be a confusing factor regarding the

analysis of the prognostic factors. The present study could

not determine whether MS? ICC did in fact belong to this

category of ICC. The protective effect of the MS may be

paradoxical regarding the higher rate of postoperative

complications [48] observed in MS? patients. We suggest

that this paradox highlights the relevance of MS as prog-

nostic factor. MS could strongly enough impact RFS

despite a higher postoperative morbidity, and it does not

impact significantly OS because this is not a cancer specific

survival analysis. Still, the hypothesis that MS? ICC itself

carries a better prognosis should require further clinico-

pathological investigations.

In conclusion, the present study supports previous

findings regarding the pivotal role of the MS in the

development of ICC, but also confirms its impact in

jeopardizing immediate postoperative results following

liver resection in these patients, who should require specific

attention during the perioperative period.
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