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Abstract: Surgery for intrahepatic cholangiocarcinoma (iCCA) is associated with a high rate of
recurrence even after complete resection. To achieve acceptable results, preoperative patient selection
is crucial. Hence, we aimed to identify preoperative characteristics with prognostic value focusing
on certain radiological features. Patients who underwent hepatectomy for iCCA between 2010 and
2020 at University Hospital, RWTH Aachen were included. Kaplan–Meier and Cox regressions were
applied for survival analysis and associations of overall survival (OS) and recurrence-free survival
(RFS) with clinical/radiological characteristics, respectively. Based on radiological features patients
were stratified into three groups: single nodule ≤ 3 cm, single nodule > 3 cm, and ≥2 nodules.
Analysis of 139 patients revealed a mean OS of 142 months for those with a single nodule ≤3 cm,
median OS of 28 months with a single nodule >3 cm, and 19 months with ≥2 nodules, respectively.
Multivariable analyses based on preoperative characteristics showed the radiological stratification
to be independently associated with OS (HR (hazard ratio) = 4.25 (1 nodule, >3 cm), HR = 5.97
(≥2 nodules), p = 0.011), RFS (HR = 4.18 (1 nodule, >3 cm), and HR = 11.07 (≥2 nodules), p = 0.001).
In conclusion, patients with single iCCA ≤3 cm show compelling OS and RFS. Basic radiological
features (e.g., nodule size, number) are prognostic for patients undergoing surgery and useful in
preoperative patient selection.

Keywords: intrahepatic cholangiocarcinoma; surgery; liver transplantation

1. Introduction

Cholangiocellular carcinoma (CCA) is subclassified into intrahepatic CCA (iCCA),
perihilar CCA (pCCA), and distal CCA (dCCA) with pCCA being the most frequent
followed by dCCA and iCCA [1]. iCCA comprises about 15% of primary liver tumors and,
therefore, is regarded to be the second most common primary liver cancer [2]. Over the last
decades, an increasing incidence of iCCA has been reported whereas incidence rates for
pCCA and dCCA are slightly declining [3,4]. While chronic inflammation and bile stasis
are common risk factors for all subtypes of CCA, other risk factors such cirrhosis, hepatitis
B/C, and alcohol consumption seem to be more important in the development of iCCA [5].
The latter is of particular importance, since these risk factors can significantly affect liver
function which might also limit the feasibility of therapies proposed for iCCA.

CCAs of either localization are often diagnosed in advanced stages requiring complex
medical, interventional, or surgical treatment. In the absence of distant metastasis, radical
surgery with lymphadenectomy is the gold standard for each subtype of CCA offering
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superior oncological outcome over medical or interventional treatment [6,7]. Surgery for
iCCA and pCCA often requires extended liver resections with the concomitant resection
and reconstruction of major vascular and biliary structures to achieve local tumor clearing
(R0 situation) [8]. One of the major challenges in this context is the risk of posthepatectomy
liver failure (PHLF), which dramatically increases in the presence of preexisting liver dam-
age such as fibrosis, cirrhosis, or nonalcoholic steatohepatitis (NASH) [7]. In fact, surgery
for i/pCCA can result in significantly higher perioperative morbidity and mortality com-
pared to surgery for other gastrointestinal malignancies, although efforts have been made
to identify patients at risk for PHLF [7–11]. In case of major liver resections, preoperative
volumetry is routinely used to assure that enough future liver remnant (FLR) remains
after resection to prevent PHLF [12]. In addition, liver function can be estimated using
dynamic liver function tests such as indocyanine green (ICG) clearance or LiMAx test and
imaging-based methods (e.g., 99mTc-Mebrofenin and MRI with Gd-EOB-DTPA) [13]. More
recently, parameter such as sarcopenia, albumin-bilirubin (ALBI) score, and liver/spleen
stiffness have been used to assess the risk of PHLF [14–16]. Notably, these parameters can
also be used to evaluate long-term prognosis after resection of primary liver tumors includ-
ing iCCA [17–19]. Nonetheless, some patients might still be precluded from potentially
curative surgery due to structural liver damage and, therefore, the need for novel treatment
options is urgent.

The combination of impaired parenchymal quality/function and the need for (often
extended) liver resection soon brought up the idea of orthotopic liver transplantation
(OLT) as therapy for iCCA. However, results from early case series were disappointing
with 5-year OS between 0 and 30% and subsequently OLT was abandoned for iCCA for
decades [20–22]. Nonetheless, a number of studies suggest a role for OLT in selected cases
with early pCCA which are not eligible for liver resection due to technical irresectability or
underlying liver cirrhosis, particularly after neoadjuvant treatment [20,23,24]. Regarding
iCCA, recently published data from incidentally detected tumors have changed the few on
OLT as a treatment option. In fact, retrospective analyses from Spain and Japan showed
5-year OS between 45 and 55% in these patients [25,26]. Furthermore, a retrospective
multicenter follow-up study by Sapisochin et al. confirmed these initial results and showed
compelling outcomes for patients with a single tumor with a diameter <2 cm [25,27].
The results of this retrospective cohort study suggest a pretransplant patient selection
based on radiologic tumor characteristics like the organ allocation rules in hepatocellular
carcinoma (HCC) [28,29]. Indeed, a recent working group report from the International
Liver Transplantation Society (ILTS) Transplant Oncology Consensus Conference stated
that OLT might be considered in patients with cirrhosis and iCCA ≤2 cm but also in
otherwise irresectable tumors in non-cirrhotic livers after neoadjuvant therapy with stable
disease [30]. However, especially in the current era of increasing organ shortage, the debate
on the role of OLT for iCCA needs to be supported by comparable high-quality outcome
data after surgical resection from expert centers especially with respect to radiological
tumor characteristics which still seems to be the most pragmatic way to identify ideal
OLT candidates.

Thus, we aimed to investigate the prognostic value of preoperative characteristics
focusing on radiological features for long-term oncological outcome in iCCA patients.

2. Materials and Methods
2.1. Patients

Between 2010 and 2020, all consecutive patients with localized iCCA with no signs of
systemic disease who were treated with liver resection at the University Hospital RWTH
Aachen (UH-RWTH), were included in this study. The study was conducted in accordance
with the requirements of the Institutional Review Board of the RWTH Aachen University
(EK 169/21), the current version of the Declaration of Helsinki, and the good clinical
practice guidelines (ICH-GCP). All clinical data were prospectively collected within an
institutional hepatobiliary database.
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2.2. Staging and Surgical Technique

All patients who were referred for surgical treatment of iCCA to our institution
underwent a detailed clinical work up as previously described [7,31,32]. Particularly,
tumor staging was assessed by multiphase computed tomography (CT) and/or magnetic
resonance imaging (MRI). In patients with insufficient FLR scheduled for right-sided
hepatectomy, right portal vein embolization (PVE) was carried out 2 to 4 weeks prior
to surgery. The decision for surgery as primary treatment was made by an experienced
hepatobiliary surgeon and approved by the local interdisciplinary tumor board. The
surgical procedure was carried out as previously described [7,31–33]. In case of iCCA
infiltrating the liver hilum, a “no-touch” hilar en bloc resection approach, as defined by liver
resection with portal vein resection and/or arterial resection on demand, was performed.
Peripherally located iCCA were resected in accordance with common clinical standards.
Lymphadenectomy comprising the pericholedochal, the periportal, the common hepatic
lymph nodes, the posterior pancreaticoduodenal, and the celiac lymph nodes was routinely
performed. Parenchymal transection was carried out as described using the Cavitron
Ultrasonic Surgical Aspirator (CUSA®, Integra LifeSciences®, Plainsboro, NJ, USA). All
surgical specimens were evaluated by an experienced board-certified staff pathologist und
classified according to the 8th edition of the Union for International Cancer Control (UICC).
No patients underwent further direct treatment except for adjuvant therapy in some cases.

2.3. Statistical Analysis

The primary endpoint of this study was overall survival (OS), which was defined from
the date of resection to the date of tumor-specific death or the last contact if the patient was
alive. The secondary endpoint was recurrence-free survival (RFS), which was defined as
the period from surgery to the date of first recurrence. Patients without tumor recurrence
were censored at the time of death or at the last follow-up. The associations of OS and RFS
with clinico-pathological characteristics were assessed using univariate and multivariable
Cox regression analyses in a forward selection model. Survival curves were generated
by the Kaplan–Meier method and compared with the log rank test. Median follow-up
was assessed with the reverse Kaplan–Meier method. The level of significance was set to
p < 0.05 and p-values were given for two-sided testing. Analyses were performed using
SPSS Statistics 24 (IBM Corp., Armonk, NY, USA).

3. Results
3.1. Patient Cohort

Between 2010 and 2020, a total of 139 patients with iCCA underwent curative-intent
surgery at our hepatobiliary center. The study cohort comprised 61 male (43.9%) and
78 female (56.1%) individuals with a mean age of 65 years and a mean BMI of 26 kg/m2.
The majority of patients were classified as ASA (American Society of Anesthesiologists
classification) III or higher (57.2%, 79/138). Neoadjuvant therapy was applied in a small
subset of patients (9.4%, 13/139). Major hepatectomies were necessary in 76.3% of the
cases (106/139). R0 resection was achieved in 121 patients (88.4%). Major complications
(≥Clavien–Dindo IIIa) after surgery were observed in 57/139 patients (41%). The patho-
logical workup of the surgical specimen revealed nodal metastases in 36.7% (47/139) of
the patients.

Preoperative radiological characteristics were extensively assessed. The number of
nodules was 1 in 70.5% (98/139), 2–3 in 12.2% (17/139), 4–5 in 7.2% (10/139), and >5 in
10.1% (14/139) of the cohort. Further, the largest tumor diameter was ≤3 cm in 12.9%
(18/139), >3 cm and ≤5 cm in 15.8% (22/139), >5 cm and ≤10 cm in 42.4% (59/139), >10 cm
and ≤15 cm in 21.6% (30/139), and >15 cm in 7.2% (10/139) of the patients. Macrovascular
invasion was detected in 41% of the individuals (57/139). Based on the proposed radiologic
risk stratification, 1 nodule ≤ 3 cm was observed in 12.9% (18/139) of all cases, while
1 nodule > 3 cm was present in 57.6% (80/139) and ≥2 nodules in 29.5% (41/139).
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More demographic and clinico-pathological details of the cohort are outlined in Table 1.
Further, a comparative analysis with respect to the proposed radiologic risk stratification
was carried out (Appendix A Table A1).

Table 1. Patient characteristics.

Demographics iCCA (n = 139)

Gender, m/f (%) 61 (43.9)/78 (56.1)
Age (years) 65 ± 12

BMI (kg/m2) 26 ± 5
Portal vein embolization, n (%) 12 (8.6)

ASA, n (%)
I 3 (2.2)
II 56 (40.6)
III 74 (53.6)
IV 5 (3.6)
V 0

Preoperative chemotherapy 13 (9.4)

Radiological Characteristics
Number of nodules, n (%)

1 98 (70.5)
2–3 17 (12.2)
4–5 10 (7.2)
>5 14 (10.1)

Largest tumor diameter (cm), n (%)
≤3 18 (12.9)

>3, ≤5 22 (15.8)
>5, ≤10 59 (42.4)

>10, ≤15 30 (21.6)
>15 10 (7.2)

Macrovascular invasion, n (%) 57 (41.0)
Site of invasion, n (%)

Portal vein 16 (28.1)
Hepatic artery 3 (5.3)
Hepatic vein 11 (19.3)

Vena cava 2 (3.5)
Multiple 25 (43.9)

Risk stratification, n (%)
1 nodule, ≤3 cm 18 (12.9)
1 nodule, >3cm 80 (57.6)
≥2 nodules 41 (29.5)

Tumor localization, n (%)
Peripherally located 66 (47.5)

Central mass 73 (52.5)

Clinical Chemistry
AST (U/L) 55 ± 90
GGT (U/L) 254 ± 328

Total bilirubin (mg/dL) 1.1 ± 3.6
Hemoglobin (g/dL) 13.0 ± 1.7
Platelet count (/nL) 263 ± 88

INR 1.0 ± 0.1
Prothrombin time (%) 99 ± 14

Operative Data
Operative time (minutes) 311 ± 116

Operative procedure, n (%)
Atypical/Monosegmentectomy 19 (13.7)

Bisegmentectomy 14 (10.1)
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Table 1. Cont.

Demographics iCCA (n = 139)

Hemihepatectomy 49 (35.3)
Extended hepatectomy 26 (18.7)

Trisectionectomy 17 (12.2)
Mesohepatectomy 4 (2.9)

ALPPS 10 (7.2)
Intraoperative PRBC, n (%) 44 (31.7)

Pathological Examination
R0 resection, n (%) 121 (88.4)
pT category, n (%)

I 57 (41.0)
II 57 (41.0)
III 15 (10.8)
IV 10 (7.2)

pN category, n (%)
N0 81 (63.3)
N1 47 (36.7)

Tumor grading, n (%)
G1 0
G2 87 (69.6)
G3 35 (28.0)
G4 3 (2.4)

MVI, n (%) 45 (33.8)
LVI, n (%) 30 (23.3)

Postoperative Data
Intensive care, days 4 ± 9

Hospitalization, days 18 ± 17
Postoperative complications, n (%)

No complications 51 (36.7)
Clavien–Dindo I 5 (3.6)
Clavien–Dindo II 26 (18.7)

Clavien–Dindo IIIa 29 (20.9)
Clavien–Dindo IIIb 10 (7.2)
Clavien–Dindo IVa 6 (4.3)
Clavien–Dindo IVb 1 (0.7)
Clavien–Dindo V 11 (7.9)

Oncologic Data
Adjuvant chemotherapy, n (%) 43 (32.6)

Recurrence, n (%) 77 (56.6)
Median RFS, months (95% CI) 12 (8–16)
Median OS, months (95% CI) 25 (17–33)

Data presented as mean and standard deviation if not noted otherwise. ALPPS: Associating liver partition and
portal vein ligation for staged hepatectomy; ASA: American society of anesthesiologists classification; AST: aspar-
tate aminotransferase; BMI: body mass index; CSS: cancer-specific survival; GGT: gamma glutamyltransferase;
iCCA; intrahepatic cholangiocarcinoma; INR: international normalized ratio; LVI: lympho-vascular invasion;
MVI: microvascular invasion; OS: overall survival; PRBC: packed red blood cells; RFS: disease free survival;
UICC: Union for International Cancer Control.

3.2. Survival Analysis

The median follow-up of the study cohort was 54 months and the overall number
of deaths at 1, 3, and 5 years were 43 (31.2%), 74 (53.2%), and 81 (58.2%), respectively.
The median OS of the whole cohort was 25 months (95% confidence interval (CI): 17–33),
(3-year OS = 41%, 5-year OS = 31%), and the median RFS 12 months (95% CI: 8–16 (3-year
RFS = 28%, 5-year CSS = 26%), Figure 1A,B). A Kaplan–Meier analysis with respect to
radiologic risk stratification showed a mean OS of 142 months (95% CI: 107–178, 3-year
OS = 78%, 5-year OS = 78%) in patients with a single nodule ≤3 cm, a median OS of 28
months (95% CI: 18–39, 3-year OS = 45%, 5-year OS = 33%) with a single nodule >3 cm,
and a median OS of 19 months (95% CI: 10–28, 3-year OS = 18%, 5-year OS = 9%, p = 0.001
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log rank) with ≥2 nodules (Figure 2G). Accordingly, the mean RFS was 144 months (95%
CI: 110–179, 3-year RFS = 80%, 5-year OS = 80%) in patients with a single nodule ≤3 cm,
a median RFS of 17 months (95% CI: 11–23, 3-year RFS = 30%, 5-year RFS = 27%) with a
single nodule >3 cm, and a median RFS of 7 months (95% CI: 5–9, 3-year RFS = 0%, 5-year
RFS = 0%, p = 0.001 log rank) with ≥2 nodules (Figure 2H). Further, a comparative analysis
between patients surviving longer than the median OS and deceased patients was carried
out (Appendix A Table A2)

Figure 1. Oncological survival in intrahepatic cholangiocarcinoma the median overall survival (OS)
(A) of the whole cohort was 25 months and the median recurrence-free survival (RFS) (B) 12 months.

Other radiologic criteria e.g., number of nodules (OS: p = 0.005 log rank, RFS: p = 0.001
log rank), largest tumor diameter (OS: p = 0.006 log rank, RFS = 0.001 log rank), and
macrovascular invasion (OS: p = 0.003 log rank, RFS: p = 0.001 log rank) were further
associated with survival in the cohort. A more detailed analysis for radiologic criteria is
provided in Figure 2.
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Figure 2. Oncological survival in intrahepatic cholangiocarcinoma stratified by radiologic features. (A) Overall
survival (OS) stratified by number of nodules. The median OS was 32 months in patients with a single nodule,
21 months in patients with 2–3 nodules, 22 months in patients with 4–5, and 10 months in patients with >5 nodules.
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(B) Recurrence-free survival (RFS) stratified by number of nodules. The median RFS was 26 months in patients with a single
nodule, 8 months in patients with 2–3 nodules, 10 months in patients with 4–5, and 4 months in patients with > 5 nodules.
(C) Overall survival stratified by largest tumor diameter. The mean OS was 142 months in patients with a largest tumor
diameter ≤3 cm, while the median OS was 22 months in patients with >3 cm and ≤5 cm, 25 months in patients with >5 cm
and ≤10 cm, 12 months in patients with >10 cm and ≤15 cm, and 19 months patients with >15 cm. (D) Recurrence-free
survival stratified by largest tumor diameter. The mean RFS was 144 months in patients with a largest tumor diameter
≤3 cm, while the median RFS was 18 months in patients with >3 cm and ≤5 cm, 12 months in patients with >5 cm and
≤10 cm, 7 months in patients with > 10 cm and ≤15 cm, and 5 months patients with >15 cm. (E) Overall survival stratified
by macrovascular invasion. The median OS was 32 months in patients without macrovascular invasion and 16 months
in patients with macrovascular invasion. (F) Recurrence-free survival stratified by macrovascular invasion. The median
RFS was 20 months in patients without macrovascular invasion and 7 months in patients with macrovascular invasion.
(G) Overall survival with respect to risk stratification. The mean OS was 142 months in patients with a single nodule ≤3 cm,
while the median OS was 28 months in patients with a single nodule >3 cm and 19 months in patients with ≥2 nodules.
(H) Recurrence-free survival with respect to risk stratification. The mean RFS was 144 months in patients with a single
nodule ≤3 cm, while the median RFS was 17 months in patients with a single nodule >3 cm, and 7 months in patients with
≥2 nodules.

3.3. Cox Regression Analyses

In univariate analysis, number of nodules (p = 0.006), largest tumor diameter (p = 0.007),
macrovascular invasion (p = 0.002), risk stratification (p = 0.001), gamma glutamyltrans-
ferase (GGT, p = 0.009), international normalized ratio (INR, p = 0.005), hemoglobin
(p = 0.007), operative time (p = 0.028), intraoperative packed red blood cells (PRBC, p = 0.001),
R1 resection (p = 0.022), microvascular invasion (MVI, p = 0.039), lympho-vascular invasion
(LVI, p = 0.001), tumor grading (p = 0.001), pT category (p = 0.011), pN category (p = 0.001),
intensive care unit (ICU) time (p = 0.001), duration of hospitalization (p = 0.001), and periop-
erative complications (p = 0.001) were associated with OS (Table 2). All variables showing
p value < 0.1 were included in a multivariable Cox regression model (Tables 3 and 4). Here,
neoadjuvant therapy (HR = 7.26, p = 0.001), GGT (Exp(B) = 1.00, p = 0.007), LVI (HR = 5.65,
p = 0.001), pT category (HR = 2.44, p = 0.004), and ICU time (Exp(B) = 1.04, p = 0.001)
were identified as independent predictors of OS (Table 3). In a separate multivariable
model based on preoperative characteristics, neoadjuvant therapy (HR = 3.46, p = 0.001),
risk stratification (HR = 4.25 (1 nodule, >3 cm), HR = 5.97 (≥2 nodules), p = 0.011), GGT
(Exp(B) = 1.00, p = 0.002), and INR (Exp(B) = 20.12, p = 0.014) were the independent predic-
tors of OS (Table 4).

A similar approach was used to identify independent predictors of RFS. In univariate
analysis, body mass index (BMI, p = 0.047), number of nodules (p = 0.001), largest tumor
diameter (p = 0.001), macrovascular invasion (p = 0.001), risk stratification (p = 0.001), tumor
localization (p = 0.003), bilirubin (p = 0.032), operative procedure (p = 0.008), intraoperative
packed red blood cells (PRBC, p = 0.005), R1 resection (p = 0.025), MVI (p = 0.013), LVI
(p = 0.004), pN category (p = 0.001), and perioperative complications (p = 0.024) were asso-
ciated with RFS (Table 2). All variables showing p values < 0.1 were included in a multivari-
able Cox regression model (Tables 3 and 4). Here, risk stratification (HR = 3.90 (1 nodule,
>3 cm), HR = 13.16 (≥2 nodules), p = 0.001), and bilirubin (Exp(B) = 1.08, p = 0.007) were
identified as independent predictors of RFS (Table 3). In a separate multivariable model
based on preoperative characteristics, risk stratification (HR = 4.18 (1 nodule, >3 cm),
HR = 11.07 (≥2 nodules), p = 0.001), and bilirubin (Exp(B) = 1.07, p = 0.015) were identified
as independent predictors of RFS (Table 4).
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Table 2. Univariable analysis of recurrence-free and overall survival in intrahepatic cholangiocarcinoma.

Recurrence-Free Survival (RFS) Overall Survival (OS)

n Median RFS,
m (95% CI)

Hazard
Ratio/Exp(B)

(95% CI)
p Value Median OS, m

(95% CI)
Hazard

Ratio/Exp(B)
(95% CI)

p Value

Sex .950 .107
Male 61 12 (7–17) 1 18 (1224) 1

Female 78 13 (620) .99 (.62–1.56) 31 (2042) .70 (.46–1.08)
Age, years .985 .460

≤65 68 12 (717) .99 (.97–1.01) 30 (1941) 1.00 (.99–1.03)
>65 71 13 (422) 22 (1628)

BMI, kg/m2 .047 .977
≤25 65 10 (616) .95 (.90–1.00) 25 (1436) 1.00 (.95–1.05)
>25 73 15 (921) 33 (1430)

ASA .759 .123
I/II 59 13 (620) 1 28 (1838) 1

III/IV 79 12 (816) 1.07 (.68–1.69) 21 (1230) 1.40 (.91–2.16)
Neoadjuvant therapy .054 .091

No 126 13 (818) 1 27 (2034) 1
Yes 13 7 (68) 2.00 (.99–4.06) 10 (416) 1.83 (.91–3.68)

Number of nodules, n (%) .001 .006
1 98 26 (844) 1 32 (1945) 1

2–3 17 8 (610) 2.81 (1.51–5.24) 21 (537) 1.68 (.93–3.05)
45 10 10 (317) 2.52 (1.12–5.67) 22 (1826) 1.70 (.77–3.79)
>5 14 4 (26) 4.60 (2.31–9.16) 10 (516) 2.83 (1.50–5.36)

Largest tumor diameter (cm), n
(%) .001 .007
≤3 18 144 (110,179) * 1 142 (107,178) * 1

>3, ≤5 22 18 (1224) 3.71
(1.00–13.77) 22 (1628) 4.19

(1.15–15.31)
>5, ≤10 59 12 (816) 5.40

(1.66–17.59) 25 (1832) 4.70
(1.46-15.20)

>10, ≤15 30 7 (59) 11.00
(3.22–37.63) 12 (026) 7.42

(2.22–24.78)
>15 10 5 (010) 13.76

(3.73–50.74) 19 (038) 5.52
(1.49–20.43)

Macrovascular invasion, n (%) .001 .002
No 82 20 (238) 1 32 (1945) 1
Yes 57 7 (59) 2.27 (1.44–3.58) 16 (824) 1.99 (1.30–3.05)

Risk stratification, n (%) .001 .001
1 nodule, ≤3 cm 18 144 (110,179) * 1 142 (107,178) * 1
1 nodule, >3 cm 80 17 (1123) 4.82

(1.49–15.62) 28 (1839) 4.44
(1.38–14.25)

≥2 nodules 41 7 (59) 12.32
(3.69–41.11) 19 (1028) 7.39

(2.25–24.24)
Tumor localization, n (%) .091 .003

Peripherally located 32 (1747) 1 26 (547) 1
Central mass 22 (1331) 1.47 (0.94–2.22) 9 (612) 2.01 (1.26–3.21)

AST, U/L .228 .060
≤35 71 17 (1322) 1.00 (1.00–1.01) 22 (1232) 1.00 (1.00–1.00)
>35 67 10 (713) 25 (2736)

GGT, U/L .573 .009
≤120 65 18 (1125) 1.00 (1.00–1.00) 29 (1840) 1.00 (1.00–1.00)
>120 69 9 (513) 18 (1125)

Bilirubin, mg/dL .032 .444
≤0.5 75 13 (719) 1.06 (1.01–1.13) 27 (1836) .97 (.91–1.04)
>0.5 62 12 (717) 20 (1228)

Platelet count, 1/nL .648 .290
≤250 66 13 (917) 1.00 (1.00–1.00) 22 (1727) 1.00 (.97–1.00)
>250 71 12 (519) 28 (1739)
INR .765 .005
≤1 78 17 (925) 1.54 (.09–26.4) 28 (1937) 23.3 (2.5–214.2)
>1 58 11 (517) 19 (1226)

Hemoglobin, g/dL .183 .007
≤13 67 9 (414) .90 (.78–1.05) 16 (824) .83 (.73–.95)
>13 70 17 (1222) 32 (2044)

Operative time, min .101 .028
≤300 70 13 (719) 1.00 (1.00–1.00) 25 (1634) 1.00 (1.00–1.00)
>300 69 10 (516) 25 (1535)

Operative procedure .008 .735
Atypical/Monosegmentectomy 19 64 (4386) * 1 54 (3575) * 1

Bisegmentectomy 14 103 (43,164) * 1.40 (.37–5.21) 13 (026) 1.41 (.51–3.92)
Hemihepatectomy 49 15 (723) 2.57 (.98–6.73) 25 (1337) 1.68 (.77–3.67)

Extended hepatectomy 26 11 (418) 3.32 (1.21–9.11) 22 (046) 1.76 (.76–4.09)
Trisectionectomy 17 5 (011) 5.05

(1.78–14.31) 27 (1539) 2.07 (.85–4.99)
Mesohepatectomy 4 7 (311) 3.75 (.89–15.88) 18 (037) 1.42 (.30–6.74)

ALPPS 10 8 (511) 5.55
(1.84–16.79) 18 (037) 2.11 (.81–5.48)

Intraoperative PRBC .005 .001
No 95 15 (1020) 1 29 (2137) 1
Yes 44 7 (68) 1.97 (1.23–3.15) 11 (022) 2.04 (1.33–3.14)



J. Clin. Med. 2021, 10, 2959 10 of 21

Table 2. Cont.

Recurrence-Free Survival (RFS) Overall Survival (OS)

n Median RFS,
m (95% CI)

Hazard
Ratio/Exp(B)

(95% CI)
p Value Median OS, m

(95% CI)
Hazard

Ratio/Exp(B)
(95% CI)

p Value

R1 resection .025 .022
No 122 13 (818) 1 27 (2034) 1
Yes 14 7 (68) 2.17 (1.10–4.27) 6 (012) 2.11 (1.11–3.99)

MVI .013 .039
No 87 13 (422) 1 32 (1945) 1
Yes 45 10 (614) 1.82 (1.14–2.90) 20 (1624) 1.58 (1.02–2.50)
LVI .004 .001
No 99 13 (719) 1 36 (3547) 1
Yes 30 6 (39) 2.24 (1.29–3.90) 4 (17) 4.00 (2.47–6.46)

Tumor grading .107 .001
G1/G2 87 13 (521) 1 36 (2349) 1
G3/G4 37 12 (618) 1.57 (.91–2.71) 11 (616) 2.62 (1.62–4.22)

pT category .223 .011
I/II 114 13 (818) 1 27 (1836) 1

III/IV 25 7 (113) 1.45 (.80–2.64) 10 (218) 1.89 (1.16–3.11)
pN category .001 .001

N0 81 18 (531) 1 40 (2555) 1
N1 47 7 (410) 2.26 (1.38–3.70) 8 (313) 3.45 (2.19–5.44)

ICU time, days .737 .001
≤1 92 13 (917) 1.01 (.95–1.07) 31 (2339) 1.05 (1.03–1.07)
>1 46 8 (511) 10 (023)

Hospitalization, days .105 .001
≤13 71 17 (1024) 1.01 (1.00–1.02) 32 (2341) 1.02 (1.01–1.03)
>13 66 9 (612) 16 (725)

Perioperative complications .024 .001
Clavien–Dindo I/II 82 17 (1024) 1 36 (2646) 1

Clavien–Dindo III/IV/V 57 8 (610) 1.70 (1.07–2.71) 10 (416) 2.43 (1.58–3.73)
Adjuvant therapy .693 .225

No 89 12 (519) 1 21 (1230) 1
Yes 43 12 (816) 1.10 (.69–1.76) 28 (2333) 0.74 (.45–1.21)

Various parameters are associated with overall or recurrence-free survival. * mean. ALPPS: associating liver partition and portal vein
ligation for staged hepatectomy; ASA: American society of anesthesiologists classification; AST: aspartate aminotransferase; BMI: body
mass index; GGT: gamma glutamyltransferase; iCCA; intrahepatic cholangiocarcinoma; ICU: intensive care unit; INR: international
normalized ratio; LVI: lympho-vascular invasion; MVI: microvascular invasion; PRBC: packed red blood cells; OS: overall survival; RFS:
recurrence-free survival. Significant changes are marked in bold.

Table 3. Multivariable analysis of recurrence-free and overall survival in intrahepatic cholangiocarcinoma.

Recurrence-Free Survival (RFS) Overall Survival (OS)
Hazard Ratio/Exp(B)

(95% CI) p Value Hazard Ratio/Exp(B)
(95% CI) p Value

Neoadjuvant therapy .001
No 1
Yes 7.26 (2.58–20.46)

Risk stratification, n (%) .001
1 nodule, ≤3 cm 1
1 nodule, >3 cm 3.90 (.93–16.28)
≥2 nodules 13.16 (3.07–56.39)
GGT, U/L 1.00 (1.00–1.00) .007

Bilirubin, mg/dL 1.08 (1.02–1.14) .007
LVI .001
No 1
Yes 5.65 (3.04–10.53)

pT category .004
I/II 1

III/IV 2.44 (1.32–4.49)
ICU time, days 1.04 (1.02–1.06) .001

Various parameters are associated with overall (OS) or recurrence-free survival (RFS) in multivariable analysis. Only significant variables
are shown. For OS, neoadjuvant therapy, number of nodules, largest tumor diameter, macrovascular invasion, risk stratification, tumor
localization, AST, GGT, INR, operative time, intraoperative PRBC, R1 resection, MVI, LVI, tumor grading, pT category, pN category,
intensive care unit (ICU) time, hospitalization, and perioperative complications were included in the multivariable model. For RFS, BMI,
neoadjuvant therapy, number of nodules, largest tumor diameter, macrovascular invasion, risk stratification, tumor localization, bilirubin,
operative procedure, intraoperative PRBC, R1 resection, MVI, LVI, tumor grading, pN category, and perioperative complications were
included in the multivariable model. AST: aspartate aminotransferase; BMI: body mass index; GGT: gamma glutamyltransferase; INR:
international normalized ratio; LVI: lympho-vascular invasion; MVI: microvascular invasion; PRBC: packed red blood cells; OS: overall
survival. RFS: recurrence-free survival. Significant changes are marked in bold.
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Table 4. Multivariable analysis of recurrence-free and overall survival in intrahepatic cholangiocarcinoma based on
preoperative characteristics.

Recurrence-Free Survival (RFS) Overall Survival (OS)
Hazard Ratio/Exp(B) (95% CI) p Value Hazard Ratio/Exp(B) (95% CI) p Value

Neoadjuvant therapy .001
No 1
Yes 3.46 (1.64–7.29)

Risk stratification, n (%) .001 .011
1 nodule, ≤3 cm 1 1
1 nodule, >3 cm 4.18 (1.29–13.57) 4.25 (1.32–13.75)
≥2 nodules 11.07 (3.32–36.91) 5.97 (1.80–19.78)
GGT, U/L 1.00 (1.00–1.00) .002

Bilirubin, mg/dL 1.07 (1.01–1.14) .015
INR 20.12 (1.82–222.03) 014

Various parameters are associated with overall (OS) or recurrence-free survival (RFS) in multivariable analysis. Only significant variables
are shown. For OS, age, neoadjuvant therapy, number of nodules, largest tumor diameter, macrovascular invasion, risk stratification, tumor
localization, AST, GGT, and INR were included in the multivariable model. For RFS, BMI, neoadjuvant therapy, number of nodules, largest
tumor diameter, macrovascular invasion, risk stratification, tumor localization, and bilirubin were included in the multivariable model.
AST: aspartate aminotransferase; BMI: body mass index; GGT: gamma glutamyltransferase; INR: international normalized ratio; OS: overall
survival; RFS: recurrence-free survival. Significant changes are marked in bold.

4. Discussion

The surgical therapy for iCCA remains challenging due to the usually large tumor
mass requiring major liver resection with the frequent need of “on demand” vascular
reconstruction. Accordingly, the perioperative course of these patients is often burdened
with notable perioperative morbidity and mortality [34,35]. Giving the steadily increasing
age-standardized incidence of iCCA worldwide, offering curative-intent treatment is a
major goal in therapy of this complex oncological disease [3]. As some iCCA patients
might not be ideal candidates for liver resection due to technical irresectablility or an
underlying liver disease, OLT has been recently discussed as a therapeutic alternative for
selected cases with early iCCA based on radiological selection criteria including tumor
size and number of nodules [25,27,36]. To facilitate the idea of patient selection based
on preoperative available information, we assessed the prognostic ability of clinical and
radiological characteristics for long-term outcome after curative-intent surgery for iCCA.

In a large monocentric cohort of iCCA patients, we were able to demonstrate that pre-
operatively determined radiological characteristics e.g., number of nodules tumor diameter
and macrovascular invasion can stratify oncological risk and are highly associated with
RFS and OS. Particularly, we propose a risk stratification (1 nodule ≤ 3 cm, 1 nodule > 3 cm
and ≥2 nodules) that shows significant association with RFS in multivariable models con-
sidering a larger set of prognostic variables as well as and preoperative variables only. In
addition, our risk stratification showed a good association with OS in a multivariable model
when considering preoperative variables exclusively (Tables 3 and 4). This observation
translates into a 5-year OS of 78% in patients with a single nodule ≤3 cm, a 5-year OS of 33%
in patients with a single nodule >3 cm and 5-year OS of 9% in patients with ≥2 nodules.
The latter indicates not only the very good ability of our model to stratify patients into
various risk groups, but also the compelling long-term outcome after surgical resection
in early iCCA. Further, it must be emphasized that the survival figures in our low-risk
subgroup sustained after 5 years and estimated 10-year OS was also 78%, indicating that
most of these long-term survivors can be considered as curatively and definitively treated
from an oncological point of view. However, this interesting observation on long-term
outcomes might also be explained by the low incidence of nodal metastases which were
present in only two cases (11.1%). Interestingly, patients with small iCCA are also the
sub-cohort in which OLT is proposed as a treatment option [25,27].

OLT as a therapy concept for iCCA has recently gained novel interest among hepa-
tobiliary surgeons. Particularly, Sapisochin et al. reported a small cohort of 29 patients
who underwent OLT for HCC and were incidentally found to have iCCA in the explanted
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livers [37]. Here the 5-year OS in the whole cohort was 45% and, more importantly, 73%
in the subgroup of patients with early iCCA (defined as a single nodule ≤2 cm). These
survival figures were later confirmed by a multicenter cohort displaying a 5-year OS of
65% in patients with early iCCA [27]. As these survival figures appear slightly inferior to
our results for even larger iCCA (defined as a single nodule ≤3 cm), at the first glance, our
data may challenge the role of OLT in these patients in times where allografts are scarce.
Based on these controversial findings we may draw at least a partial analogy to the ongoing
discussion about resection versus transplantation for HCC which is certainly influenced
by the possibility of liver resection in patients with underlying parenchymal liver disease
as well as the scarcity of donor grafts especially in western Europe [38]. One might argue
that in cases of severe underlying liver disease, the options for surgical treatment are
limited due to the risk of PHLF. However, more than 3

4 of patients in our cohort with a
single nodule ≤3 cm were also diagnosed with an (preoperatively suspected) underlying
liver disease that was confirmed by final histopathology (14/18 patients (77.8%) with
cirrhosis in 2 patients (14.3%), fibrosis in 7 patients (50.0%), and NAFLD in 5 patients
(35.7%). Moreover, the implementation of minimal-invasive techniques in liver surgery and
the utilization of dynamic liver function tests broadened the traditional disease spectrum
which can be addressed by liver resection [39–43]. Considering the limited data about
OLT in iCCA, scarcity of donor grafts and the excellent outcome after surgical resection
especially in very early tumors, the ideal patient selection for the entity warrants further
evaluation. Our results indicate compelling long-term outcomes for small iCCA after liver
resection. However, in case of severe cirrhosis with a small nodule in unfavorable location
resulting in the requirement of a major resection, OLT might be an alternative option. In
this scenario upfront OLT seems to be more suitable as these patients might not be able to
undergo neoadjuvant treatment nor can be treated with any volume-modulating technique
(e.g., ALPPS) due to their parenchymal damage and the reduced regenerative capacity of
the liver. A corresponding clinical trial (NCT02878473) is currently being conducted to
gather more explanatory data and expected to be analyzed for the first results in 5 years.

In tumors larger than 2 cm that are irresectable, the use of neoadjuvant therapy
and subsequent OLT upon responsive or at least stable disease has been proposed [30].
In a recent publication, Lunsford et al. presented a small case series (n = 6) of locally
advanced iCCA who underwent OLT [44]. Patients were eligible for OLT after a prolonged
period of disease stability following treatment with neoadjuvant chemotherapy. While
the 5-year OS was 83%, it must be noted that 50% of the patients developed disease
recurrence during follow-up [44]. This excellent long-term OS can be, however, partially
explained by a biological selection process. Among the initial 21 patients of this study,
12 individuals were listed for OLT and only 6 finally underwent OLT [44]. While the
approach of Lunsford et al. is certainly interesting, it has to be acknowledged that only
one patient who finally underwent OLT was considered irresectable due to the underlying
liver disease whereas all other patients were not scheduled for surgery due to bilobar
disease (n = 4) or tumor proximity to hilar structures (n = 1). With regard to neoadjuvant
therapy, no prospective study has investigated its efficacy in iCCA so far. Current practice
is mainly based on retrospective analyses such as the study by Le Roy et al. who reported a
secondary resection rate of 53% (39 of 74 patients) of initially irresectable iCCA undergoing
neoadjuvant chemotherapy [45]. More recently, Yadar et al. showed significantly better
median survival (40.3 vs. 32.8 months) upon neoadjuvant vs. adjuvant chemotherapy using
a propensity score-matched analysis from 278 vs. 700 patients from the National Cancer
Database [46]. In contrast, neoadjuvant treatment was associated with impaired outcome
in our own cohort which can be explained by our current strategy regarding perioperative
treatment in iCCA. So far, we have only applied neoadjuvant therapy in case of irresectable
local tumor extent. In turn, patients who undergo resection after neoadjuvant treatment in
our cohort are supposed to have more advanced tumor stages. Nonetheless, the obvious
advantage of neoadjuvant chemotherapy in iCCA is the biological selection since it is
at least uncertain whether patients who progress upon systemic treatment would have
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benefited from initial upfront resection. However, one might also argue that patients with
strongly impaired liver function who are not amendable for liver resection are hardly
candidates for intensified systemic chemotherapy. In summary, the strategy of neoadjuvant
chemotherapy before OLT might be an option for highly selected patients who almost
preserved liver function but clearly needs to be further evaluated.

The issue of impaired liver function in iCCA still remains an important problem.
As mentioned above, more than 3

4 of patients with tumor ≤3 cm in our study had liver
damage. Similar, a recent multicentric analysis of 99 iCCA patients by Li et al. showed
fibrosis in 26%, cirrhosis in 2%, and significant steatosis in 7% of patients who underwent
ALPPS procedure. Although significant morbidity and mortality were observed, this study
demonstrates the possibility for major liver surgery even in selected patients with chronic
liver disease [24]. Regarding survival, the study by Li et al. reported 3-year and 5-year OS
of 38.8% and 22.0%, respectively. When comparing these results to the study by Lunsford
et al., one has to keep in mind the high drop-out rate in the latter trial (21 patients initially
screened, 6 underwent OLT). Notably, the ALPPS cohort displayed tumor multifocality
in 40% of patients, positive lymph nodes in 37% of the cases, and did not undergo a strict
biological selection process by neoadjuvant therapy [24]. In summary, this data shows that
even extended liver resection is possible in properly selected patients with iCCA instead of
chronic liver disease.

OLT in locally advanced iCCA should be considered as an individual concept as
advanced iCCA is per se associated with a dismal oncological prognosis. Here, a biologi-
cal selection by neoadjuvant systemic/interventional treatment can potentially identify
patients with unfavorable surgical tumor characteristics but favorable tumor biology, as
was also shown for other malignancies [47]. However, considering the rising technically
feasibility of liver resection and the small number of available allografts, the term irre-
sectability must be discussed critically. Further, in the trial of Lunsford et al., otherwise
discarded liver grafts from extended criteria donors were utilized for the treatment of the
patients. However, the potentially increased incidence of short- and long-term graft-related
complications associated with the use of such “super” marginal allografts should be kept
in mind when selecting patients for this procedure.

Additionally, of particular interest is our observation regarding the prognostic role of
LVI in iCCA. Our group has recently reported the predictive value LVI in a large mono-
centric cohort of pCCA patients [36]. LVI of tumor cells, as defined by tumor cells present
within a definite endothelial-lined space surrounding invasive carcinoma, is considered the
hallmark feature of early tumor cell dissemination and has been identified as an important
prognostic factor in patients with breast, esophageal, and rectal cancer [36,48–50]. How-
ever, the prognostic role of in iCCA and pCCA remains controversial [51–53]. Fischer et al.
found that LVI might have an adverse effect on survival in patients with iCCA, but it must
be noted that in this study, the authors did not differentiate between LVI and perineural
infiltration [52]. Of note, LVI and peritumoral lymph vessel density are associated with
nodal metastases in iCCA, suggesting LVI-dependent tumor cell dissemination through
the lymphatic system in CCA [36,54]. This close association between LVI and lymph node
metastases, which is traditionally considered to be a strong predictor of inferior outcome
in iCCA, might explain why LVI was even superior to nodal status in our multivariable
model [55–58].

Our results are in line with previous reports regarding oncological risk factors for
iCCA. Multifocality, tumor size, and the invasion of major vessels are known risk factors for
adverse oncological survival [36,55–60]. A large multicentric analysis revealed a median
OS of 42 months in patients with unifocal disease which seems significantly superior
to our subgroup with a single nodule with a median OS of 32 months [60]. However,
a comparison of clinical variables of this multicenter cohort to our cohort displays our
patients to be oncologically more advanced with nodal metastases and macrovascular
invasion in more than one third of the patients while the cohort of Buettner et al. is
characterized by nodal metastases in 17% and macrovascular invasion in only 10% of
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the cases. Interestingly, tumor size <5 cm is often used to identify patients with a better
prognosis in previous reports [55–58]. However, our aim here was rather the identification
of a low-risk group in which highly compelling outcomes can be reached, rather than fully
exploring oncological limits.

Like other retrospective clinical outcome studies, our analysis has several limitations,
which should be considered when interpreting our data. First, all patients of this study
underwent surgery in a single center in accordance with the author’s individual approach
to iCCA and all data were obtained in a retrospective fashion. Second, radiologic imaging
was not standardized as it would be in the setting of a controlled clinical trial and both
multiphase CT and MRI were used to assess radiologic characteristics depending on the
availability. Third, our study cohort comprises only 139 patients. Although being one of
the larger single-institution cohorts from western countries, this is a rather small number
of patients for statistical analysis and subgroup analysis. Hence, our claims about the
identified low-risk group of early iCCA patients are somewhat limited regarding the
statistical validity. Moreover, our findings lack confirmation in an extern validation cohort
including higher patient numbers and potentially different surgical strategies. Finally, our
low-risk group contains tumors ≤3 cm which is in contrast to the definition of the low-risk
group of OLT in iCCA by Sapisochin et al. (≤2 cm). Therefore, future multicentric datasets
are needed to support and validate our results.

Notwithstanding the aforementioned limitations, we have identified preoperative
radiologic characteristics (nodule count, tumor diameter, macrovascular invasion) to be
highly associated with long-term outcome in iCCA patients. Further, we could demonstrate
that patients with a single nodule ≤3 cm display compelling OS and RFS. This also supports
the fact that these patients benefit in particular from curative-intent liver resection and
might therefore be preferably treated with surgery and not OLT in the future.
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Appendix A

Table A1. Patient characteristics stratified by risk factor.

Demographics Single Nodule,
≤3 cm (n = 18)

Single Nodule,
>3 cm (n = 80)

≥2 Nodules
(n = 41) p Value

Gender, m/f (%) 8 (44.4)/10 (55.6) 36 (45)/44 (55) 17 (41.5)/24 (58.5) .932
Age (years) 62 (57–75) 68 (59–75) 63 (55–74) .417

BMI (kg/m2) 27 (23–32) 25 (23–30) 25 (22–29) .255
Portal vein embolization, n (%) 1 (5.6) 6 (7.5) 5 (12.2) .605

ASA, n (%) .051
I 0 3 (3.8) 0
II 10 (58.8) 33 (41.3) 13 (31.7)
III 5 (29.4) 41 (51.3) 28 (68.3)
IV 2 (11.8) 3 (3.8) 0
V 0 0 0

Preoperative Chemotherapy 1 (5.6) 9 (11.3) 3 (7.3) .655
Radiological Characteristics

Number of nodules, n (%) .001
1 18 (100) 80 (100) 0

2–3 0 0 17 (41.5)
4–5 0 0 10 (24.3)
>5 0 0 14 (34.1)

Largest tumor diameter (cm), n (%) .001
≤3 18 (100) 0 0

>3, ≤5 0 21 (26.3) 1 (2.4)
>5, ≤10 0 42 (52.5) 17 (41.5)
>10, ≤15 0 15 (18.8) 15 (36.6)

>15 0 2 (2.5) 8 (19.5)
Macrovascular invasion, n (%) 1 (5.6) 30 (37.5) 26 (63.4) .001

Risk stratification, n (%)
1 nodule, ≤3 cm 18 (100) 0 0
1 nodule, >3 cm 0 80 (100) 0
≥2 nodules 0 0 41 (100)

Tumor localization, n (%) .001
Peripherally located 17 (94.4) 40 (50.0) 16 (39.0)

Central mass 1 (5.6) 40 (50.0) 25 (61.0)
Clinical Chemistry

AST (U/L) 27 (24–42) 32 (26–46) 39 (30–55) .068
GGT (U/L) 44 (24–265) 138 (67–371) 138 (88–270) .027

Total bilirubin (mg/dL) 0.5 (0.4–0.6) 0.5 (0.3–0.8) 0.5 (0.4–0.6) .959
Hemoglobin (g/dL) 13.4 (12.7–14.4) 13.1 (11.9–14.2) 12.7 (11.9–14.2) .335
Platelet count (/nL) 225 (165–272) 254 (202–308) 280 (206–334) .229

INR 1.00 (0.95–1.09) 0.98 (0.94–1.04) 1.03 (0.96–1.10) .079
Prothrombin time (%) 102 (88–109) 101 (94–111) 95 (86–107) .064

Operative Data
Operative time (minutes) 233 (154–331) 307 (161–376) 285 (228–366) .073

Operative procedure, n (%) .002
Atypical/Monosegmentectomy 4 (22.2) 13 (16.3) 2 (4.9)

Bisegmentectomy 6 (33.3) 4 (5.0) 4 (9.8)
Hemihepatectomy 7 (38.9) 27 (33.8) 15 (36.6)

Extended hepatectomy 1 (5.7) 21 (26.8) 4 (9.8)
Trisectionectomy 0 9 (11.3) 8 (19.5)

Mesohepatectomy 0 2 (2.5) 2 (4.9)
ALPPS 0 4 (5.0) 6 (14.6)

Intraoperative PRBC, n (%) 1 (5.6) 29 (36.3) 14 (34.1) .038
Pathological Examination

R0 resection, n (%) 17 (94.4) 72 (90.0) 33 (82.5) .169
pT category, n (%) .001

I 18 (100) 36 (45.0) 3 (7.3)
II 0 30 (37.6) 27 (65.9)



J. Clin. Med. 2021, 10, 2959 16 of 21

Table A1. Cont.

Demographics Single Nodule,
≤3 cm (n = 18)

Single Nodule,
>3 cm (n = 80)

≥2 Nodules
(n = 41) p Value

III 0 7 (8.8) 8 (19.5)
IV 0 7 (8.8) 3 (7.3)

pN category, n (%) .049
N0 14 (87.5) 46 (63.9) 21 (52.5)
N1 2 (12.5) 26 (36.1) 19 (47.5)

Tumor grading, n (%) .415
G1 0 0 0
G2 12 (80) 53 (70.7) 22 (62.9)
G3 3 (20) 19 (25.3) 13 (37.1)
G4 0 3 (4.0) 0

MVI, n (%) 1 (6.7) 26 (32.9) 18 (46.2) .033
LVI, n (%) 0 18 (23.4) 12 (32.4) .043

Postoperative Data
Intensive care, days 1 (1–2) 1 (1–3) 1 (1–5) .221

Hospitalization, days 7 (5–12) 14 (8–26) 12 (10–25) .002
Postoperative complications, n (%) .486

No complications 12 (66.7) 26 (32.5) 13 (31.7)
Clavien–Dindo I 1 (5.7) 2 (2.5) 2 (4.9)
Clavien–Dindo II 2 (11.1) 15 (18.8) 9 (22.)

Clavien–Dindo IIIa 3 (16.7) 18 (22.5) 8 (19.5)
Clavien–Dindo IIIb 0 7 (8.8) 3 (7.3)
Clavien–Dindo IVa 0 4 (5.0) 2 (4.9)
Clavien–Dindo IVb 0 0 1 (2.4)
Clavien–Dindo V 0 8 (10.0) 3 (7.3)
Oncologic Data

Adjuvant chemotherapy, n (%) 6 (33.3) 22 (70.3) 15 (36.6) .698
Recurrence, n (%) 3 (16.7) 42 (53.2) 32 (82.1) .001

Median RFS, months (95% CI) 144 (110–179) * 17 (11–23) 7 (5–9) .001
Median OS, months (95% CI) 142 (107–178) * 28 (18–39) 19 (10–28) .001

Data presented as median and interquartile range if not noted otherwise. * mean. Categorical data were statistically analyzed using the
chi-squared test, fisher’s exact test, or linear-by-linear association in accordance with scale and number of cases. Continuous variables were
compared by the Kruskal–Wallis test. ALPPS: Associating liver partition and portal vein ligation for staged hepatectomy; ASA: American
society of anesthesiologists classification; AST: aspartate aminotransferase; BMI: body mass index; CSS: cancer-specific survival; GGT:
gamma glutamyltransferase; iCCA: intrahepatic cholangiocarcinoma; INR: international normalized ratio; LVI: lympho-vascular invasion;
MVI, microvascular invasion; OS: overall survival; PRBC: packed red blood cells; RFS: disease free survival; UICC: Union for International
Cancer Control. Significant changes are marked in bold.

Table A2. Patient characteristics stratified by survivors and deceased patients.

Demographics Survivors
(n = 29)

Deceased Patients
(n = 86) p Value

Gender, m/f (%) 10 (34.5)/19 (65.5) 40 (46.5)/46 (53.5) .258
Age (years) 60 (55–71) 68 (57–74) .133

BMI (kg/m2) 26 (23–30) 25 (22–29) .551
Portal vein embolization, n (%) 1 (3.4) 10 (11.6) .195

ASA, n (%) .020
I 2 (7.1) 1 (1.2)
II 12 (42.9) 34 (39.5)
III 11 (39.3) 50 (58.1)
IV 3 (10.7) 1 (1.2)
V

Preoperative Chemotherapy 1 (3.4) 9 (10.5) .246
Radiological Characteristics

Number of nodules, n (%) .014
1 27 (93.1) 53 (61.6)

2–3 1 (3.4) 14 (16.3)
4–5 1 (3.4) 7 (8.1)
>5 0 12 (14.0)

Largest tumor diameter (cm), n (%) .003
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Table A2. Cont.

Demographics Survivors
(n = 29)

Deceased Patients
(n = 86) p Value

≤3 8 (27.6) 3 (3.5)
>3, ≤5 4 (13.8) 10 (11.6)

>5, ≤10 12 (41.4) 41 (47.7)
>10, ≤15 4 (13.8) 23 (26.7)

>15 1 (3.4) 9 (10.5)
Macrovascular invasion, n (%) 7 (24.1) 46 (53.5) .006

Risk stratification, n (%) .001
1 nodule, ≤3 cm 8 (27.6) 3 (3.5)
1 nodule, >3 cm 19 (65.5) 50 (58.1)
≥2 nodules 2 (6.9) 33 (38.4)

Tumor localization, n (%) .147
Peripherally located 18 (62.1) 40 (46.5)

Central mass 11 (37.9) 46 (53.5)
Clinical Chemistry

AST (U/L) 21 (16–48) 34 (28–55) .166
GGT (U/L) 77 (27–219) 186 (82–375) .005

Total bilirubin (mg/dL) 0.5 (0.4–0.7) 0.5 (0.3–0.8) .847
Hemoglobin (g/dL) 13.9 (13.0–14.4) 12.9 (11.8–14.2) .011
Platelet count (/nL) 253 (216–280) 254 (191–316) .992

INR 0.98 (0.92–1.05) 1.00 (0.96–1.07) .087
Prothrombin time (%) 103 (93–115) 100 (90–106) .051

Operative Data
Operative time (minutes) 285 (188–350) 298 (230–376) .298

Operative procedure, n (%) .228
Atypical/Monosegmentectomy 8 (27.6) 8 (9.3)

Bisegmentectomy 3 (10.3) 7 (8.1)
Hemihepatectomy 8 (27.6) 30 (34.9)

Extended hepatectomy 6 (20.7) 17 (19.8)
Trisectionectomy 2 (6.9) 13 (15.1)

Mesohepatectomy 1 (3.4) 2 (2.3)
ALPPS 1 (3.4) 9 (10.5)

Intraoperative PRBC, n (%) 4 (13.9) 38 (44.2) .003
Pathological Examination

R0 resection, n (%) 27 (93.1) 74 (86.0) .459
pT category, n (%) .024

I 18 (62.1) 22 (25.6)
II 8 (27.6) 43 (50.0)
III 2 (6.9) 12 (14.0)
IV 1 (3.4) 9 (10.5)

pN category, n (%) .001
N0 23 (88.5) 42 (51.9)
N1 3 (11.5) 39 (48.1)

Tumor grading, n (%) .098
G1 0 0
G2 22 (88.0) 48 (61.5)
G3 3 (12.0) 27 (34.6)
G4 0 3 (3.8)

MVI, n (%) 5 (19.2) 37 (44.6) .052
LVI, n (%) 1 (4.0) 28 (35.0) .002

Postoperative Data
Intensive care, days 1 (1–2) 1 (1–4) .026

Hospitalization, days 9 (7–15) 16 (10–30) .001
Postoperative complications, n (%) .083

No complications 15 (51.7) 23 (26.7)
Clavien–Dindo I 1 (3.4) 2 (2.3)
Clavien–Dindo II 7 (24.1) 18 (20.9)

Clavien–Dindo IIIa 5 (17.2) 19 (22.1)
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Table A2. Cont.

Demographics Survivors
(n = 29)

Deceased Patients
(n = 86) p Value

Clavien–Dindo IIIb 0 8 (9.3)
Clavien–Dindo IVa 1 (3.4) 5 (5.8)
Clavien–Dindo IVb 0 0
Clavien–Dindo V 0 11 (12.8)
Oncologic Data

Adjuvant chemotherapy, n (%) 10 (34.5) 22 (25.9) .373
Recurrence, n (%) 11 (37.9) 61 (72.6) .001

Data presented as median and interquartile range if not noted otherwise. Categorical data were statistically analyzed using the chi-squared
test, fisher’s exact test, or linear-by-linear association in accordance with scale and number of cases. Continuous variables were compared
by the Mann–Whitney U-test. Patients were defined as survivors if they were still alive during follow-up and lived longer than 25 months
(the median OS of the overall cohort was 25 months). Patients were defined as deceased patients if they deceased during follow-up. ALPPS:
associating liver partition and portal vein ligation for staged hepatectomy; ASA: American society of anesthesiologists classification; AST:
aspartate aminotransferase; BMI: body mass index; CSS: cancer-specific survival; GGT: gamma glutamyltransferase; iCCA: intrahepatic
cholangiocarcinoma; INR: international normalized ratio; LVI: lympho-vascular invasion; MVI: microvascular invasion; OS: overall survival;
PRBC: packed red blood cells; RFS: disease free survival; UICC: Union for International Cancer Control. Significant changes are marked
in bold.

References
1. Banales, J.M.; Marin, J.J.G.; Lamarca, A.; Rodrigues, P.M.; Khan, S.A.; Roberts, L.R.; Cardinale, V.; Carpino, G.; Andersen, J.B.;

Braconi, C.; et al. Cholangiocarcinoma 2020: The next horizon in mechanisms and management. Nat. Rev. Gastroenterol. Hepatol.
2020, 17, 557–588. [CrossRef]

2. Banales, J.M.; Cardinale, V.; Carpino, G.; Marzioni, M.; Andersen, J.B.; Invernizzi, P.; Lind, G.E.; Folseraas, T.; Forbes, S.J.;
Fouassier, L.; et al. Expert consensus document: Cholangiocarcinoma: Current knowledge and future perspectives consensus
statement from the European Network for the Study of Cholangiocarcinoma (ENS-CCA). Nat. Rev. Gastroenterol. Hepatol. 2016,
13, 261–280. [CrossRef] [PubMed]

3. Khan, S.A.; Tavolari, S.; Brandi, G. Cholangiocarcinoma: Epidemiology and risk factors. Liver Int. 2019, 39 (Suppl. S1), 19–31.
[CrossRef]

4. Rizvi, S.; Khan, S.A.; Hallemeier, C.L.; Kelley, R.K.; Gores, G.J. Cholangiocarcinoma—evolving concepts and therapeutic strategies.
Nat. Rev. Clin. Oncol. 2018, 15, 95–111. [CrossRef]

5. Clements, O.; Eliahoo, J.; Kim, J.U.; Taylor-Robinson, S.D.; Khan, S.A. Risk factors for intrahepatic and extrahepatic cholangiocar-
cinoma: A systematic review and meta-analysis. J. Hepatol. 2020, 72, 95–103. [CrossRef]

6. Valle, J.; Wasan, H.; Palmer, D.H.; Cunningham, D.; Anthoney, A.; Maraveyas, A.; Madhusudan, S.; Iveson, T.; Hughes, S.;
Pereira, S.P.; et al. Cisplatin plus gemcitabine versus gemcitabine for biliary tract cancer. New Engl. J. Med. 2010, 362, 1273–1281.
[CrossRef]

7. Bednarsch, J.; Czigany, Z.; Lurje, I.; Strnad, P.; Bruners, P.; Ulmer, T.F.; Den Dulk, M.; Lurje, G.; Neumann, U.P. The role of ALPPS
in intrahepatic cholangiocarcinoma. Langenbeck’s Arch. Surg./Dtsch. Ges. Fur Chir. 2019, 404, 885–894. [CrossRef] [PubMed]

8. Palen, A.; Garnier, J.; Hobeika, C.; Ewald, J.; Gregoire, E.; Delpero, J.R.; Le Treut, Y.P.; Turrini, O.; Hardwigsen, J. Oncological
relevance of major hepatectomy with inferior vena cava resection for intrahepatic cholangiocarcinoma. HPB 2021. [CrossRef]
[PubMed]

9. Bednarsch, J.; Czigany, Z.; Lurje, I.; Tacke, F.; Strnad, P.; Ulmer, T.F.; Gaisa, N.T.; Bruners, P.; Neumann, U.P.; Lurje, G. Left-
versus right-sided hepatectomy with hilar en-bloc resection in perihilar cholangiocarcinoma. HPB 2020, 22, 437–444. [CrossRef]
[PubMed]

10. Neuhaus, P.; Jonas, S.; Bechstein, W.O.; Lohmann, R.; Radke, C.; Kling, N.; Wex, C.; Lobeck, H.; Hintze, R. Extended resections for
hilar cholangiocarcinoma. Ann. Surg. 1999, 230, 808–818. [CrossRef]

11. Miyazaki, M.; Kato, A.; Ito, H.; Kimura, F.; Shimizu, H.; Ohtsuka, M.; Yoshidome, H.; Yoshitomi, H.; Furukawa, K.; Nozawa, S.
Combined vascular resection in operative resection for hilar cholangiocarcinoma: Does it work or not? Surgery 2007, 141, 581–588.
[CrossRef]

12. Guglielmi, A.; Ruzzenente, A.; Conci, S.; Valdegamberi, A.; Iacono, C. How much remnant is enough in liver resection? Dig. Surg.
2012, 29, 6–17. [CrossRef] [PubMed]

13. Tomassini, F.; Giglio, M.C.; De Simone, G.; Montalti, R.; Troisi, R.I. Hepatic function assessment to predict post-hepatectomy liver
failure: What can we trust? A systematic review. Updates Surg. 2020, 72, 925–938. [CrossRef]

14. Marasco, G.; Serenari, M.; Renzulli, M.; Alemanni, L.V.; Rossini, B.; Pettinari, I.; Dajti, E.; Ravaioli, F.; Golfieri, R.; Cescon, M.; et al.
Clinical impact of sarcopenia assessment in patients with hepatocellular carcinoma undergoing treatments. J. Gastroenterol. 2020,
55, 927–943. [CrossRef]

15. Marasco, G.; Alemanni, L.V.; Colecchia, A.; Festi, D.; Bazzoli, F.; Mazzella, G.; Montagnani, M.; Azzaroli, F. Prognostic Value of
the Albumin-Bilirubin Grade for the Prediction of Post-Hepatectomy Liver Failure: A Systematic Review and Meta-Analysis.
J. Clin. Med. 2021, 10, 2011. [CrossRef] [PubMed]

http://doi.org/10.1038/s41575-020-0310-z
http://doi.org/10.1038/nrgastro.2016.51
http://www.ncbi.nlm.nih.gov/pubmed/27095655
http://doi.org/10.1111/liv.14095
http://doi.org/10.1038/nrclinonc.2017.157
http://doi.org/10.1016/j.jhep.2019.09.007
http://doi.org/10.1056/NEJMoa0908721
http://doi.org/10.1007/s00423-019-01838-2
http://www.ncbi.nlm.nih.gov/pubmed/31734715
http://doi.org/10.1016/j.hpb.2021.02.007
http://www.ncbi.nlm.nih.gov/pubmed/33731313
http://doi.org/10.1016/j.hpb.2019.07.003
http://www.ncbi.nlm.nih.gov/pubmed/31383591
http://doi.org/10.1097/00000658-199912000-00010
http://doi.org/10.1016/j.surg.2006.09.016
http://doi.org/10.1159/000335713
http://www.ncbi.nlm.nih.gov/pubmed/22441614
http://doi.org/10.1007/s13304-020-00859-7
http://doi.org/10.1007/s00535-020-01711-w
http://doi.org/10.3390/jcm10092011
http://www.ncbi.nlm.nih.gov/pubmed/34066674


J. Clin. Med. 2021, 10, 2959 19 of 21

16. Peng, W.; Zhang, X.Y.; Li, C.; Wen, T.F.; Yan, L.N.; Yang, J.Y. Spleen stiffness and volume help to predict posthepatectomy liver
failure in patients with hepatocellular carcinoma. Medicine 2019, 98, e15458. [CrossRef]

17. Marasco, G.; Colecchia, A.; Colli, A.; Ravaioli, F.; Casazza, G.; Bacchi Reggiani, M.L.; Cucchetti, A.; Cescon, M.; Festi, D. Role of
liver and spleen stiffness in predicting the recurrence of hepatocellular carcinoma after resection. J. Hepatol. 2019, 70, 440–448.
[CrossRef]

18. Okumura, S.; Kaido, T.; Hamaguchi, Y.; Kobayashi, A.; Shirai, H.; Fujimoto, Y.; Iida, T.; Yagi, S.; Taura, K.; Hatano, E.; et al.
Impact of Skeletal Muscle Mass, Muscle Quality, and Visceral Adiposity on Outcomes Following Resection of Intrahepatic
Cholangiocarcinoma. Ann. Surg. Oncol. 2017, 24, 1037–1045. [CrossRef]

19. Tsilimigras, D.I.; Hyer, J.M.; Moris, D.; Sahara, K.; Bagante, F.; Guglielmi, A.; Aldrighetti, L.; Alexandrescu, S.; Marques, H.P.;
Shen, F.; et al. Prognostic utility of albumin-bilirubin grade for short- and long-term outcomes following hepatic resection for
intrahepatic cholangiocarcinoma: A multi-institutional analysis of 706 patients. J. Surg. Oncol. 2019, 120, 206–213. [CrossRef]
[PubMed]

20. Meyer, C.G.; Penn, I.; James, L. Liver transplantation for cholangiocarcinoma: Results in 207 patients. Transplantation 2000, 69,
1633–1637. [CrossRef]

21. Sotiropoulos, G.C.; Kaiser, G.M.; Lang, H.; Molmenti, E.P.; Beckebaum, S.; Fouzas, I.; Sgourakis, G.; Radtke, A.; Bockhorn, M.;
Nadalin, S.; et al. Liver transplantation as a primary indication for intrahepatic cholangiocarcinoma: A single-center experience.
Transplant. Proc. 2008, 40, 3194–3195. [CrossRef]

22. Yokoyama, I.; Todo, S.; Iwatsuki, S.; Starzl, T.E. Liver transplantation in the treatment of primary liver cancer. Hepato-Gastroenterol.
1990, 37, 188–193.

23. Darwish Murad, S.; Kim, W.R.; Harnois, D.M.; Douglas, D.D.; Burton, J.; Kulik, L.M.; Botha, J.F.; Mezrich, J.D.; Chapman, W.C.;
Schwartz, J.J.; et al. Efficacy of neoadjuvant chemoradiation, followed by liver transplantation, for perihilar cholangiocarcinoma
at 12 US centers. Gastroenterology 2012, 143, 88–98. [CrossRef]

24. Rea, D.J.; Heimbach, J.K.; Rosen, C.B.; Haddock, M.G.; Alberts, S.R.; Kremers, W.K.; Gores, G.J.; Nagorney, D.M. Liver
transplantation with neoadjuvant chemoradiation is more effective than resection for hilar cholangiocarcinoma. Ann. Surg. 2005,
242, 451–461. [CrossRef]

25. Sapisochin, G.; De Lope, C.R.; Gastaca, M.; De Urbina, J.O.; Lopez-Andujar, R.; Palacios, F.; Ramos, E.; Fabregat, J.; Castroagudin,
J.F.; Varo, E.; et al. Intrahepatic cholangiocarcinoma or mixed hepatocellular-cholangiocarcinoma in patients undergoing liver
transplantation: A Spanish matched cohort multicenter study. Ann. Surg. 2014, 259, 944–952. [CrossRef] [PubMed]

26. Hara, T.; Eguchi, S.; Yoshizumi, T.; Akamatsu, N.; Kaido, T.; Hamada, T.; Takamura, H.; Shimamura, T.; Umeda, Y.; Shinoda, M.;
et al. Incidental intrahepatic cholangiocarcinoma in patients undergoing liver transplantation: A multi-center study in Japan.
J. Hepato-Biliary-Pancreat. Sci. 2021, 28, 346–352. [CrossRef]

27. Sapisochin, G.; Facciuto, M.; Rubbia-Brandt, L.; Marti, J.; Mehta, N.; Yao, F.Y.; Vibert, E.; Cherqui, D.; Grant, D.R.; Hernandez-
Alejandro, R.; et al. Liver transplantation for “very early” intrahepatic cholangiocarcinoma: International retrospective study
supporting a prospective assessment. Hepatology 2016, 64, 1178–1188. [CrossRef] [PubMed]

28. Mazzaferro, V.; Llovet, J.M.; Miceli, R.; Bhoori, S.; Schiavo, M.; Mariani, L.; Camerini, T.; Roayaie, S.; Schwartz, M.E.; Grazi,
G.L.; et al. Predicting survival after liver transplantation in patients with hepatocellular carcinoma beyond the Milan criteria: A
retrospective, exploratory analysis. Lancet Oncol. 2009, 10, 35–43. [CrossRef]

29. Mazzaferro, V.; Regalia, E.; Doci, R.; Andreola, S.; Pulvirenti, A.; Bozzetti, F.; Montalto, F.; Ammatuna, M.; Morabito, A.; Gennari,
L. Liver transplantation for the treatment of small hepatocellular carcinomas in patients with cirrhosis. N. Engl. J. Med. 1996, 334,
693–700. [CrossRef] [PubMed]

30. Sapisochin, G.; Javle, M.; Lerut, J.; Ohtsuka, M.; Ghobrial, M.; Hibi, T.; Kwan, N.M.; Heimbach, J. Liver Transplantation for
Cholangiocarcinoma and Mixed Hepatocellular Cholangiocarcinoma: Working Group Report from the ILTS Transplant Oncology
Consensus Conference. Transplantation 2020, 104, 1125–1130. [CrossRef]

31. Bednarsch, J.; Czigany, Z.; Heise, D.; Lang, S.A.; Olde Damink, S.W.M.; Luedde, T.; Bruners, P.; Ulmer, T.F.; Neumann, U.P.
Leakage and Stenosis of the Hepaticojejunostomy Following Surgery for Perihilar Cholangiocarcinoma. J. Clin. Med. 2020, 9,
1392. [CrossRef]

32. Bednarsch, J.; Czigany, Z.; Heij, L.R.; Luedde, T.; Van Dam, R.; Lang, S.A.; Ulmer, T.F.; Hornef, M.W.; Neumann, U.P. Bacterial bile
duct colonization in perihilar cholangiocarcinoma and its clinical significance. Sci. Rep. 2021, 11, 2926. [CrossRef] [PubMed]

33. Bednarsch, J.; Czigany, Z.; Heise, D.; Joechle, K.; Luedde, T.; Heij, L.; Bruners, P.; Ulmer, T.F.; Neumann, U.P.; Lang, S.A.
Prognostic evaluation of HCC patients undergoing surgical resection: An analysis of 8 different staging systems. Langenbeck’s
Arch. Surg./Dtsch. Ges. Fur Chir. 2021, 406, 75–86. [CrossRef]

34. Lang, H.; Sotiropoulos, G.C.; Fruhauf, N.R.; Domland, M.; Paul, A.; Kind, E.M.; Malago, M.; Broelsch, C.E. Extended hepatectomy
for intrahepatic cholangiocellular carcinoma (ICC): When is it worthwhile? Single center experience with 27 resections in
50 patients over a 5-year period. Ann. Surg. 2005, 241, 134–143. [CrossRef]

35. Li, J.; Moustafa, M.; Linecker, M.; Lurje, G.; Capobianco, I.; Baumgart, J.; Ratti, F.; Rauchfuss, F.; Balci, D.; Fernandes, E.; et al.
ALPPS for Locally Advanced Intrahepatic Cholangiocarcinoma: Did Aggressive Surgery Lead to the Oncological Benefit? An
International Multi-center Study. Ann. Surg. Oncol. 2020, 27, 1372–1384. [CrossRef]

http://doi.org/10.1097/MD.0000000000015458
http://doi.org/10.1016/j.jhep.2018.10.022
http://doi.org/10.1245/s10434-016-5668-3
http://doi.org/10.1002/jso.25486
http://www.ncbi.nlm.nih.gov/pubmed/31025380
http://doi.org/10.1097/00007890-200004270-00019
http://doi.org/10.1016/j.transproceed.2008.08.053
http://doi.org/10.1053/j.gastro.2012.04.008
http://doi.org/10.1097/01.sla.0000179678.13285.fa
http://doi.org/10.1097/SLA.0000000000000494
http://www.ncbi.nlm.nih.gov/pubmed/24441817
http://doi.org/10.1002/jhbp.896
http://doi.org/10.1002/hep.28744
http://www.ncbi.nlm.nih.gov/pubmed/27481548
http://doi.org/10.1016/S1470-2045(08)70284-5
http://doi.org/10.1056/NEJM199603143341104
http://www.ncbi.nlm.nih.gov/pubmed/8594428
http://doi.org/10.1097/TP.0000000000003212
http://doi.org/10.3390/jcm9051392
http://doi.org/10.1038/s41598-021-82378-y
http://www.ncbi.nlm.nih.gov/pubmed/33536484
http://doi.org/10.1007/s00423-020-02052-1
http://doi.org/10.1097/01.sla.0000149426.08580.a1
http://doi.org/10.1245/s10434-019-08192-z


J. Clin. Med. 2021, 10, 2959 20 of 21

36. Lurje, G.; Bednarsch, J.; Czigany, Z.; Lurje, I.; Schlebusch, I.K.; Boecker, J.; Meister, F.A.; Tacke, F.; Roderburg, C.; Den Dulk, M.; et al.
The prognostic role of lymphovascular invasion and lymph node metastasis in perihilar and intrahepatic cholangiocarcinoma.
Eur. J. Surg. Oncol. 2019, 45, 1468–1478. [CrossRef] [PubMed]

37. Sapisochin, G.; Rodriguez de Lope, C.; Gastaca, M.; Ortiz de Urbina, J.; Suarez, M.A.; Santoyo, J.; Castroagudin, J.F.; Varo,
E.; Lopez-Andujar, R.; Palacios, F.; et al. “Very early” intrahepatic cholangiocarcinoma in cirrhotic patients: Should liver
transplantation be reconsidered in these patients? Am. J. Transplant. 2014, 14, 660–667. [CrossRef]

38. Rahbari, N.N.; Mehrabi, A.; Mollberg, N.M.; Muller, S.A.; Koch, M.; Buchler, M.W.; Weitz, J. Hepatocellular carcinoma: Current
management and perspectives for the future. Ann. Surg. 2011, 253, 453–469. [CrossRef] [PubMed]

39. Stockmann, M.; Lock, J.F.; Riecke, B.; Heyne, K.; Martus, P.; Fricke, M.; Lehmann, S.; Niehues, S.M.; Schwabe, M.; Lemke, A.J.;
et al. Prediction of postoperative outcome after hepatectomy with a new bedside test for maximal liver function capacity. Ann.
Surg. 2009, 250, 119–125. [CrossRef] [PubMed]

40. Imamura, H.; Seyama, Y.; Kokudo, N.; Maema, A.; Sugawara, Y.; Sano, K.; Takayama, T.; Makuuchi, M. One thousand fifty-six
hepatectomies without mortality in 8 years. Arch. Surg. 2003, 138, 1198–1206. [CrossRef]

41. Bennink, R.J.; Dinant, S.; Erdogan, D.; Heijnen, B.H.; Straatsburg, I.H.; Van Vliet, A.K.; Van Gulik, T.M. Preoperative assessment
of postoperative remnant liver function using hepatobiliary scintigraphy. J. Nucl. Med. 2004, 45, 965–971.

42. Kanazawa, A.; Tsukamoto, T.; Shimizu, S.; Kodai, S.; Yamamoto, S.; Yamazoe, S.; Ohira, G.; Nakajima, T. Laparoscopic liver
resection for treating recurrent hepatocellular carcinoma. J. Hepato-Biliary-Pancreat. Sci. 2013, 20, 512–517. [CrossRef]

43. Heise, D.; Bednarsch, J.; Kroh, A.; Schipper, S.; Eickhoff, R.; Coolsen, M.; Van Dam, R.; Lang, S.; Neumann, U.; Ulmer, F.
Laparoscopic hepatectomy reduces postoperative complications and hospital stay in overweight and obese patients. World J.
Gastrointest. Surg. 2021, 13, 19–29. [CrossRef]

44. Lunsford, K.E.; Javle, M.; Heyne, K.; Shroff, R.T.; Abdel-Wahab, R.; Gupta, N.; Mobley, C.M.; Saharia, A.; Victor, D.W.; Nguyen,
D.T.; et al. Liver transplantation for locally advanced intrahepatic cholangiocarcinoma treated with neoadjuvant therapy: A
prospective case-series. Lancet Gastroenterol. Hepatol. 2018, 3, 337–348. [CrossRef]

45. Le Roy, B.; Gelli, M.; Pittau, G.; Allard, M.A.; Pereira, B.; Serji, B.; Vibert, E.; Castaing, D.; Adam, R.; Cherqui, D.; et al. Neoadjuvant
chemotherapy for initially unresectable intrahepatic cholangiocarcinoma. Br. J. Surg. 2018, 105, 839–847. [CrossRef] [PubMed]

46. Yadav, S.; Xie, H.; Bin-Riaz, I.; Sharma, P.; Durani, U.; Goyal, G.; Borah, B.; Borad, M.J.; Smoot, R.L.; Roberts, L.R.; et al.
Neoadjuvant vs. adjuvant chemotherapy for cholangiocarcinoma: A propensity score matched analysis. Eur. J. Surg. Oncol. 2019,
45, 1432–1438. [CrossRef] [PubMed]

47. Dueland, S.; Guren, T.K.; Hagness, M.; Glimelius, B.; Line, P.D.; Pfeiffer, P.; Foss, A.; Tveit, K.M. Chemotherapy or liver
transplantation for nonresectable liver metastases from colorectal cancer? Ann. Surg. 2015, 261, 956–960. [CrossRef] [PubMed]

48. Lee, J.H.; Jang, H.S.; Kim, J.G.; Cho, H.M.; Shim, B.Y.; Oh, S.T.; Yoon, S.C.; Kim, Y.S.; Choi, B.O.; Kim, S.H. Lymphovascular
invasion is a significant prognosticator in rectal cancer patients who receive preoperative chemoradiotherapy followed by total
mesorectal excision. Ann. Surg. Oncol. 2012, 19, 1213–1221. [CrossRef]

49. Lagarde, S.M.; Phillips, A.W.; Navidi, M.; Disep, B.; Immanuel, A.; Griffin, S.M. The presence of lymphovascular and perineural
infiltration after neoadjuvant therapy and oesophagectomy identifies patients at high risk for recurrence. Br. J. Cancer 2015, 113,
1427–1433. [CrossRef]

50. Nagahashi, M.; Ramachandran, S.; Rashid, O.M.; Takabe, K. Lymphangiogenesis: A new player in cancer progression. World J.
Gastroenterol. WJG 2010, 16, 4003–4012. [CrossRef]

51. Kim, H.J.; Kim, C.Y.; Hur, Y.H.; Koh, Y.S.; Kim, J.C.; Kim, H.J.; Cho, C.K. Prognostic factors for survival after curative resection
of distal cholangiocarcinoma: Perineural invasion and lymphovascular invasion. Surg. Today 2014, 44, 1879–1886. [CrossRef]
[PubMed]

52. Fisher, S.B.; Patel, S.H.; Kooby, D.A.; Weber, S.; Bloomston, M.; Cho, C.; Hatzaras, I.; Schmidt, C.; Winslow, E.; Staley, C.A., 3rd;
et al. Lymphovascular and perineural invasion as selection criteria for adjuvant therapy in intrahepatic cholangiocarcinoma: A
multi-institution analysis. HPB 2012, 14, 514–522. [CrossRef]

53. Li, B.; Xiong, X.Z.; Zhou, Y.; Wu, S.J.; You, Z.; Lu, J.; Cheng, N.S. Prognostic value of lymphovascular invasion in Bismuth-Corlette
type IV hilar cholangiocarcinoma. World J. Gastroenterol. WJG 2017, 23, 6685–6693. [CrossRef]

54. Thelen, A.; Scholz, A.; Weichert, W.; Wiedenmann, B.; Neuhaus, P.; Gessner, R.; Benckert, C.; Jonas, S. Tumor-associated
angiogenesis and lymphangiogenesis correlate with progression of intrahepatic cholangiocarcinoma. Am. J. Gastroenterol. 2010,
105, 1123–1132. [CrossRef] [PubMed]

55. Bagante, F.; Spolverato, G.; Cucchetti, A.; Gani, F.; Popescu, I.; Ruzzenente, A.; Marques, H.P.; Aldrighetti, L.; Gamblin, T.C.;
Maithel, S.K.; et al. Defining when to offer operative treatment for intrahepatic cholangiocarcinoma: A regret-based decision
curves analysis. Surgery 2016, 160, 106–117. [CrossRef]

56. Bagante, F.; Merath, K.; Squires, M.H.; Weiss, M.; Alexandrescu, S.; Marques, H.P.; Aldrighetti, L.; Maithel, S.K.; Pulitano, C.;
Bauer, T.W.; et al. The Limitations of Standard Clinicopathologic Features to Accurately Risk-Stratify Prognosis after Resection of
Intrahepatic Cholangiocarcinoma. J. Gastrointest. Surg. 2018, 22, 477–485. [CrossRef]

57. Bartsch, F.; Baumgart, J.; Tripke, V.; Hoppe-Lotichius, M.; Heinrich, S.; Lang, H. Resection of intrahepatic cholangiocarcinoma in
elderly patients—is it reasonable? BMC Surg. 2019, 19, 157. [CrossRef] [PubMed]

http://doi.org/10.1016/j.ejso.2019.04.019
http://www.ncbi.nlm.nih.gov/pubmed/31053477
http://doi.org/10.1111/ajt.12591
http://doi.org/10.1097/SLA.0b013e31820d944f
http://www.ncbi.nlm.nih.gov/pubmed/21263310
http://doi.org/10.1097/SLA.0b013e3181ad85b5
http://www.ncbi.nlm.nih.gov/pubmed/19561474
http://doi.org/10.1001/archsurg.138.11.1198
http://doi.org/10.1007/s00534-012-0592-9
http://doi.org/10.4240/wjgs.v13.i1.19
http://doi.org/10.1016/S2468-1253(18)30045-1
http://doi.org/10.1002/bjs.10641
http://www.ncbi.nlm.nih.gov/pubmed/28858392
http://doi.org/10.1016/j.ejso.2019.03.023
http://www.ncbi.nlm.nih.gov/pubmed/30914290
http://doi.org/10.1097/SLA.0000000000000786
http://www.ncbi.nlm.nih.gov/pubmed/24950280
http://doi.org/10.1245/s10434-011-2062-z
http://doi.org/10.1038/bjc.2015.354
http://doi.org/10.3748/wjg.v16.i32.4003
http://doi.org/10.1007/s00595-014-0846-z
http://www.ncbi.nlm.nih.gov/pubmed/24535697
http://doi.org/10.1111/j.1477-2574.2012.00489.x
http://doi.org/10.3748/wjg.v23.i36.6685
http://doi.org/10.1038/ajg.2009.674
http://www.ncbi.nlm.nih.gov/pubmed/19997097
http://doi.org/10.1016/j.surg.2016.01.023
http://doi.org/10.1007/s11605-018-3682-4
http://doi.org/10.1186/s12893-019-0620-7
http://www.ncbi.nlm.nih.gov/pubmed/31664988


J. Clin. Med. 2021, 10, 2959 21 of 21

58. Bartsch, F.; Hahn, F.; Muller, L.; Baumgart, J.; Hoppe-Lotichius, M.; Kloeckner, R.; Lang, H. Intrahepatic cholangiocarcinoma:
Introducing the preoperative prediction score based on preoperative imaging. Hepatobiliary Pancreat. Dis. Int. HBPD INT 2021, 20,
262–270. [CrossRef] [PubMed]

59. Reames, B.N.; Ejaz, A.; Koerkamp, B.G.; Alexandrescu, S.; Marques, H.P.; Aldrighetti, L.; Maithel, S.K.; Pulitano, C.; Bauer, T.W.;
Shen, F.; et al. Impact of major vascular resection on outcomes and survival in patients with intrahepatic cholangiocarcinoma: A
multi-institutional analysis. J. Surg. Oncol. 2017, 116, 133–139. [CrossRef]

60. Buettner, S.; Ten Cate, D.W.G.; Bagante, F.; Alexandrescu, S.; Marques, H.P.; Lamelas, J.; Aldrighetti, L.; Gamblin, T.C.; Maithel,
S.K.; Pulitano, C.; et al. Survival after Resection of Multiple Tumor Foci of Intrahepatic Cholangiocarcinoma. J. Gastrointest. Surg.
2019, 23, 2239–2246. [CrossRef]

http://doi.org/10.1016/j.hbpd.2020.08.002
http://www.ncbi.nlm.nih.gov/pubmed/32861577
http://doi.org/10.1002/jso.24633
http://doi.org/10.1007/s11605-019-04184-2

	Introduction 
	Materials and Methods 
	Patients 
	Staging and Surgical Technique 
	Statistical Analysis 

	Results 
	Patient Cohort 
	Survival Analysis 
	Cox Regression Analyses 

	Discussion 
	
	References

