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Abstract

BACKGROUND

Cholangiocarcinoma (CC) is a rare tumor that arises from the epithelium of the
bile ducts. It is classified according to anatomic location as intrahepatic, perihilar,
and distal. Intrahepatic CC (ICC) is rare in patients with cirrhosis due to causes
other than primary sclerosing cholangitis. Mixed hepatocellular carcinoma-CC
(HCC-CC) is a rare neoplasm that shows histologic findings of both HCC and ICC
within the same tumor mass. Due to the difficulties in arriving at the correct diag-
nosis, patients eventually undergo liver transplantation (LT) with a presumptive
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diagnosis of HCC on imaging when, in fact, they have ICC or HCC-CC.

AIM
To evaluate the outcomes of patients with intrahepatic cholangiocarcinoma or mixed hepato-
cellular-cholangiocarcinoma on pathological examination after liver transplant.

METHODS

Propensity score matching was used to analyze tumor recurrence (TR), overall mortality (OM),
and recurrence-free survival (RFS) in LT recipients with pathologically confirmed ICC or HCC-CC
matched 1:8 to those with HCC. Progression-free survival and overall mortality rates were
computed with the Kaplan-Meier method using Cox regression for comparison.

RESULTS

Of 475 HCC LT recipients, 1.7% had the diagnosis of ICC and 1.5% of HCC-CC on pathological
examination of the explant. LT recipients with ICC had higher TR (46% vs 11%; P = 0.006), higher
OM (63% vs 23%; P = 0.002), and lower RFS (38% vs 89%; P = 0.002) than those with HCC when
matched for pretransplant tumor characteristics, as well as higher TR (46% vs 23%; P = 0.083),
higher OM (63% vs 35%; P = 0.026), and lower RFS (38% vs 59%; P = 0.037) when matched for
posttransplant tumor characteristics. Two pairings were performed to compare the outcomes of LT
recipients with HCC-CC vs HCC. There was no significant difference between the outcomes in
either pairing.

CONCLUSION
Patients with ICC had worse outcomes than patients undergoing LT for HCC. The outcomes of
patients with HCC-CC did not differ significantly from those of patients with HCC.

Key Words: Cholangiocarcinoma; Hepatocellular carcinoma; Liver; Prognosis; Recurrence; Survival
analysis; Transplantation

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This retrospective cohort study analyzes the outcomes of patients undergoing liver trans-
plantation (LT) with a presumptive diagnosis of hepatocellular carcinoma (HCC) in which explant
analysis identified that they actually had intrahepatic cholangiocarcinoma (ICC) or mixed hepatocellular
cholangiocarcinoma (HCC-CC). Propensity score matching was used to analyze tumor recurrence, overall
mortality, and recurrence-free survival in LT recipients with pathologically confirmed ICC or HCC-CC
matched 1:8 to those with HCC. Patients with ICC have worse outcomes than patients undergoing LT for
HCC, even when matched for explant pathology. Outcomes did not differ significantly between patients
with HCC-CC and patients with HCC.

Citation: Branddio ABM, Rodriguez S, Fleck Jr AM, Marroni CA, Wagner MB, Horbe A, Fernandes MV, Cerski
CT, Coral GP. Propensity-matched analysis of patients with intrahepatic cholangiocarcinoma or mixed
hepatocellular-cholangiocarcinoma and hepatocellular carcinoma undergoing a liver transplant. World J Clin
Oncol 2022; 13(8): 688-701

URL: https://www.wjgnet.com/2218-4333/full/v13/i8/688.htm

DOI: https://dx.doi.org/10.5306/wjco.v13.i8.688

INTRODUCTION

Cholangiocarcinoma (CC) is a relatively rare, aggressive tumor that arises from the epithelium of the
bile ducts. It is classified according to anatomical location as intrahepatic, perihilar, or distal[1]. CC is
the most common tumor of the biliary tree, accounting for approximately 10%-25% of all hepatic
malignancies[2]. It is the second most common hepatic malignancy[3].

Intrahepatic CC (ICC) represents 5%-10% of all CCs[1,4,5]. Although rare, its incidence is increasing
in many countries[6-9]. In Brazil, ICC-related mortality in persons aged 45-64 years increased by 100%
from 2002 to 2012, reaching 0.35 and 0.37 per 100000 person-years for men and women, respectively[9].
The increase is attributed, at least in part, to improved ICC classification, accurate diagnosis, and the
negative impact of known risk factors, such as chronic hepatitis C virus (HCV) infection and obesity[10].

WJCO | https://www.wjgnet.com 689 August 24,2022 | Volume13 | Issue8 |


https://www.wjgnet.com/2218-4333/full/v13/i8/688.htm
https://dx.doi.org/10.5306/wjco.v13.i8.688

Brandao ABM et al. ICC or HCC-CC after LT

Jaishideng®

Mixed hepatocellular-cholangiocarcinoma (HCC-CC) is a rare neoplasm that histologically resembles
both HCC and ICC within the same tumor mass[11]. It has an estimated incidence of 1%-4.7% among
hepatic malignancies[12]. HCC-CC and ICC share the same risk factors[13]. The diagnosis of HCC-CC is
typically made by pathology after resection or transplant, and a preoperative diagnosis is unlikely[14].

Although imaging findings suggestive of the diagnosis of HCC, ICC, or HCC-CC have been
described[15-17], these tumors can be challenging to diagnose because of their rarity. In addition, HCC
and ICC can coexist in separate nodules within the same liver or within the same tumor mass.
Therefore, due to the difficulties in arriving at the correct diagnosis, patients eventually undergo a liver
transplant (LT) with the presumptive imaging diagnosis of HCC when, in fact, they have ICC or HCC-
CC[18,19].

The present study aimed to determine the prevalence of ICC or HCC-CC confirmed by explant
pathology in patients who underwent LT with the presumptive diagnosis of HCC and to compare
recurrence, recurrence-free survival, and overall mortality rates between these patients and LT
recipients with HCC.

MATERIALS AND METHODS
Study design and population

This retrospective cohort study included patients aged > 18 years with liver cirrhosis and imaging
findings suggestive of HCC within the Milan criteria who underwent LT between June 1997 and July
2019 at a transplant referral center/teaching hospital in southern Brazil. Patients were followed up until
April 2020 and divided into three groups according to the diagnosis on explant pathology: (1) Patients
with HCC; (2) Patients with ICC; and (3) Patients with mixed HCC-CC. Well-established diagnostic
criteria were followed, and immunohistochemical analysis was performed if necessary[12,20].

The following variables were analyzed: Age, sex, etiology of liver cirrhosis, Child-Pugh score,
pretransplant tumor characteristics, including presence and type of neoadjuvant therapy, highest alpha-
fetoprotein (AFP) level, and sum of nodule diameters on imaging; and posttransplant characteristics
(explant), including number of nodules and sum of nodule diameters, cases within the Milan criteria or
University of California San Francisco (UCSF) criteria, tumor grade/differentiation, presence of total
necrosis, and microvascular invasion.

The outcomes analyzed were tumor recurrence, recurrence-free survival, and overall mortality.

Brazilian criterion for inclusion of patients with HCC in the transplant waiting list
In Brazil, patients with liver cirrhosis and imaging findings suggestive of HCC[21,22] can be placed on
the LT waiting list upon detection of a lesion =2 cm and <5 cm or up to three lesions =22 cm and <3 cm.

Pretransplant locoregional therapy
Patients on the waiting list with an estimated waiting time for LT > 6 mo were treated with transarterial
chemoembolization, radiofrequency ablation, or percutaneous ethanol injection.

Statistical analysis

The statistical methods of this study were reviewed by Mario B. Wagner, MD PhD DLSHTM, Full
Professor of Epidemiology and Biostatistics, School of Medicine, Federal University of Rio Grande do
Sul, Brazil.

Baseline patient characteristics were described using standard statistical methods. Continuous
variables were compared using f-test or Mann-Whitney test when distributional assumptions were in
doubt. Categorical variables were compared by the chi-square test or Fisher’s exact test when needed.
Propensity score matching (PSM) was used to assess whether tumor recurrence, overall mortality, and
recurrence-free survival rates in patients with ICC or HCC-CC differed from those in patients with
HCC. Additionally, hazard ratios (HRs) and their confidence intervals (Cls) were calculated.
Progression-free survival rate and overall mortality rate were computed with the Kaplan-Meier method
using Cox regression for comparison.

Propensity score matching

Patients with ICC and HCC-CC were matched to those with HCC using PSM based on the nearest
neighbor algorithm according to a 1:8 ratio. Considering pretransplant and posttransplant variables,
two matching sequences were run for patients with ICC and another two sequences for those with
HCC-CC, which resulted in four matching datasets.

The variables considered for the pretransplant matching were highest AFP level, largest nodule
diameter or the sum of the largest diameters in the case of multiple lesions, and year of LT. The
posttransplant matching was based on variables collected during explant pathology which included
tumor grade/differentiation, microvascular invasion, largest nodule diameter or the sum of the largest
diameters in the case of multiple lesions, and year of LT.
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Simple Cox regression was applied to the four datasets (pretransplant variable-matched sets ICC vs
HCC and HCC-CC vs HCC, and posttransplant variable-matched sets ICC vs HCC and HCC-CC vs
HCC) to obtain HRs and 95%Cls.

PSM groups were defined using R version 4.0 and the package MatchlT (software package MatchIT in
R version 4.0.4; https:/ /www.r-project.org/). Other analyses were conducted with IBM-SPSS version
25. P values < 0.05 were considered statistically significant.

Ethical aspects

The study followed the guidelines for the publication of observational studies[23]. The Institutional
Review Board of Santa Casa de Misericordia de Porto Alegre approved the study protocol (No.
4.250.889). Informed consent was waived due to the non-interventional design of the study and
retrospective nature of data collection. All investigators signed a data use agreement to ensure the
ethical and secure use of the data.

RESULTS

Over a period of 22 years, 475 patients with the presumptive diagnosis of HCC underwent LT at our
center. According to a retrospective review of the LT database, 15 of these patients (3.1%) were found to
have either ICC (n = 8) or HCC-CC (n = 7) detected in the pathological examination of the explant. The
remaining 460 patients had the diagnosis of HCC confirmed by explant pathology (Figure 1). Most ICCs
(6/8; 75.0%) were moderately or poorly differentiated and had the largest nodule diameter or the sum
of the largest diameters < 5 cm. The patients with HCC-CC (7/7; 100%) were also moderately or poorly
differentiated. In most HCC-CC cases (5/7; 71.4%), the largest nodule diameter or the sum of the largest
diameters did not exceed 5 cm.

Comparison of ICC vs HCC transplant recipients, propensity score-matched for year of transplant

and pretransplant and posttransplant tumor characteristics

Table 1 shows the comparison of patients with ICC (n = 8) matched 1:8 to those with HCC (n = 64) who
underwent LT in the same year and had similar pretransplant tumor characteristics (median highest
AFP level and cumulative radiologic tumor diameter). Demographic characteristics and mean age did
not differ significantly between the two groups: most patients were men and the most common etiology
of liver cirrhosis was HCV infection. The median highest AFP level of patients with ICC was higher
than that of patients with HCC, although without statistical significance. Patients with ICC more
commonly received bridging therapy for transplant (100% vs 67.2%; P = 0.036), but they were less
responsive than patients with HCC (total necrosis: 12.5% vs 58.1%; P = 0.008). Also, according to explant
pathology, patients with ICC had less differentiated tumors (grade 2 + 3: 75% vs 56.2%; P = 0.022) and
higher rates of microvascular invasion (37.5% vs 9.4%; P = 0.056) (Table 1).

Figure 2 shows the risk of tumor recurrence, overall mortality, and recurrence-free survival. When
comparing these risks between patients with ICC and HCC matched for pretransplant tumor character-
istics, estimated by the simple Cox regression model, patients with ICC had a higher 3-year risk of
recurrence (46% vs 11%; HR 7.14 [95%CI, 1.77-28.85]; P = 0.006) and overall mortality (63% vs 23%; HR
4.41 [95%CI, 1.72-11.32]; P = 0.002) and a lower recurrence-free survival rate (38% vs 77%; HR 4.42
[95%Cl, 1.74-11.24]; P = 0.002).

Given the poorer outcomes of LT recipients with ICC and pretransplant tumor characteristics like
those of LT recipients with HCC, we sought to assess whether these results would be explained by the
potentially more aggressive nature of ICC. To this end, an additional PSM was performed by pairing
patients with ICC and HCC with similar explant pathology (median cumulative tumor diameter,
nuclear grade/ differentiation, and microvascular invasion), but the groups did not differ significantly in
these variables (Table 1). Compared with patients with HCC, those with ICC had a higher 3-year
cumulative risk of tumor recurrence (46% vs 23%; HR 3.07 [95%CI, 0.86-10.94]; P = 0.083) and overall
mortality (63% vs 35%; HR 2.78 [95%CI, 1.13-6.86]; P = 0.026) and a lower recurrence-free survival rate
(38% ws 65%; HR 2.59 [95%ClI, 1.06-6.31]; P = 0.037) (Figure 2).

Compared with HCC transplant recipients with similar pretransplant characteristics, patients with
ICC had significantly higher 1- and 5-year overall mortality (62.5% and 81.2% vs 12.5% and 29.8%; P =
0.002) and lower 1- and 5-year RFS (37.5% and 18.8% vs 87.5% and 70.2%; P = -0.002). Compared with
those with similar posttransplant characteristics (explant pathologic features), patients with ICC had
significantly higher 1- and 5- year mortality (20.3% and 42.8% vs 12.5% and 29.8%; P = 0.002) and lower
1- and 5-year RFS (79.7% and 57.2% vs 87.5% and 70.2%; P = 0.002) (Figure 3).

Comparison of HCC-CC vs HCC transplant recipients, propensity score-matched for year of

transplant and pretransplant and posttransplant tumor characteristics
Two pairings were also performed, in a 1:8 ratio, between patients with HCC-CC (n = 7) and HCC (n =
56) who underwent LT in the same year. The first pairing considered similar pretransplant tumor
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Table 1 Comparison of pretransplant tumor characteristics, locoregional therapy, and posttransplant tumor characteristics between

patients with intrahepatic cholangiocarcinoma and hepatocellular carcinoma, matched 1:8 for pre-liver transplant factors and explant
factors

Pre-LT factors Explant factors
Variable
ICC (n=8) HCC (n = 64) P value HCC (n = 64) P value
Recipient characteristics
Age, mean + SD 59.4+7.6 61.5+8.0 0.489 60.3 £8.6 0.774*
Male, (%) 5 (62.5) 44 (68.8) 0.704 50 (78.1) 0.382"
Etiology of liver disease, 1 (%) 0.201 0.745"
HCV 6 (75.0) 50 (78.1) 45 (70.3)
Alcohol 0 9 (14.1) 10 (15.6)
HBV 0 1(1.6) 3(47)
NAFLD 1(12.5) 2(3.1) 1(1.6)
Cryptogenic 1(12.5) 1(1.6) 2(3.1)
Other 0 1(1.6) 3(47)
CTP class, n (%) 0.168 0.210"
A 7 (87.5) 43 (67.2) 40 (63.5)
B 0 17 (26.6) 19 (30.2)
C 1(12.5) 4(63) 4(63)
Maximum pretransplant AFP, ng/mL 28.5 (1.60-801.0) 10.8 (1.7-1133.0) 0.324 12.5 (1.3-6123.0) 0.620°
Radiographic tumor characteristics
Cumulative tumor diameter, cm, 7 (%) 0.072 0.862"
<21 1(12.5) 21 (32.8) 9 (14.1)
2250 4(50.0) 37 (57.8) 39 (60.9)
>51 3 (37.5) 6(9.4) 16 (25.0)
Neoadjuvant therapy, 1 (%) 0.036 0.016"
None 0 21 (32.8) 21 (32.8)
TACE 8 (100.0) 32 (50.0) 29 (45.3)
Other 0 11 (17.2) 14 (21.9)
Pathologic tumor characteristics, 1 (%)
Total necrosis among treated patients, 1/8 (12.5) 25/43 (58.1) 0.008 7/43 (16.3) 0.741"
n/total n (%)
Within Milan criteria 3 (37.5) 52 (81.3) 0.015 35 (54.7) 0.463'
Within UCSF criteria 6 (75.0) 56 (87.5) 0.307 46 (71.9) >0.999"
Median cumulative nodule size 0.072 0.862"
<21 1(12.5) 21 (32.8) 9 (14.1)
2.2-5.0 4 (50.0) 37 (57.8) 39 (60.9)
>51 3 (37.5) 6 (9.4) 16 (25.0)
Tumor grade, n/total n (%) 0.225 0.214"
1 2 (25.0) 28 (43.8) 4(63)
2 4 (50.0) 31 (48.4) 40 (62.5)
3 2 (25.0) 5(7.8) 20 (31.3)
Microvascular invasion 3(37.5) 6(9.4) 0.056 20 (31.3) 0.741"
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3Mann-Whitney test. Data expressed as mean # SD or median (interquartile range). CTP: Child-turcotte-pugh; HBV: Hepatitis B virus; HCV: Hepatitis C

virus; LT: Liver transplant; NAFLD: Nonalcoholic fatty liver disease; AFP: Alpha-fetoprotein; TACE: Transarterial chemoembolization; UCSF: University
of California San Francisco.

475 LT recipients with presumptive imaging
diagnosis of HCC

19 patients lost to follow-up

v

456 patients included in the study

\ 4 S
] !
441 patients (96.71%) with HCC on explant 15 patients (3.29%) with ICC or HCC-CC on
pathology explant pathology
N 8 (53.33%) with ICC
»

7 (46.67%) with HCC-CC

B
»

DOI: 10.5306/wjco.v13.i8.688 Copyright © The Author(s) 2022.

Figure 1 Flow chart of eligible patients included in the analysis according to the diagnosis of hepatocellular carcinoma, intrahepatic

cholangiocarcinoma, or mixed hepatocellular-cholangiocarcinoma on explant pathology (January 1998-July 2019, southern Brazil). LT:
Liver transplant; HCC: Hepatocellular carcinoma; HCC-CC: Hepatocellular cholangiocarcinoma; ICC: Intrahepatic cholangiocarcinoma.
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characteristics (imaging findings and highest AFP level), whereas the second pairing considered similar
explant pathology. There was no statistically significant difference between the two groups (Table 2).
Most patients were men, and HCV infection was the most common etiology of liver cirrhosis. Also,
there was no statistically significant difference between recurrence, overall mortality, or recurrence-free
survival rates in either pairing (by pretransplant or posttransplant tumor characteristics) (Figure 2).

Compared with HCC transplant recipients with similar pretransplant characteristics, patients with
HCC-CC showed no significant differences in 1- and 5-year overall mortality (14.3% and 52.4% vs 14.3%
and 45.9%; P = 0.500) and RFS (85.7% and 47.6% vs 85.7% and 54.1%; P = 0.278). Compared with those
with similar posttransplant characteristics, patients with HCC-CC also showed no statistical differences
in 1- and 5-year overall mortality (14.3% and 40.9% vs 14.3% and 45;9%; P = 0.528) and 1- and 5-year RFS
(85.7% and 59.1% vs 85.7% and 54,1%; P = 0.283) (Figure 4).

DISCUSSION

The present study described the experience of a Brazilian LT center with the outcomes of LT recipients
with ICC or HCC-CC who had a pretransplant radiological diagnosis of HCC. Over a 22-year period,
the rate of incorrect diagnosis of ICC or HCC-CC and unintentional LT was 3.1%, similar to that
identified in a single-center Spanish study analyzing a 10-year period[24].
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Table 2 Comparison of pretransplant tumor characteristics, locoregional therapy, and posttransplant tumor characteristics between

patients with mixed hepatocellular-cholangiocarcinoma and hepatocellular carcinoma, matched 1:8 for pre- liver transplant factors and
explant factors

Pre-LT factors Explant factors
Variable
HCC-CC (n=7) HCC (n = 56) P value HCC (n = 56) P value
Recipient characteristics
Age, mean = SD 58.0£6.9 603+£9.2 0.317 60.8 £7.1 0.289
Male, 11 (%) 4 (57.1) 41(73.2) 0.397 4(57.1) 0.375"
Etiology of liver disease, 1 (%) 0.192 0.789"
HCV 6 (85.7) 42 (75.0) 41 (73.2)
Alcohol 0 7 (12.5) 3 (5.4)
HBV 0 5(8.9) 5(8.9)
NAFLD 1(14.3) 0 3(54)
Cryptogenic 0 2(3.6) 4(7.1)
CTP class, 1 (%) 0.201 0.556"
A 3 (42.9) 21 (37.5) 29 (51.8)
B 2 (28.6) 30 (53.6) 20 (35.7)
C 2 (28.6) 5(8.9) 7 (12.5)
Maximum pretransplant AFP, ng/mL 35.3(4.3-357.0) 9.6(1.1-628.0) 0.150 16.5(1.1-6123.0) 0.668°
Radiographic tumor characteristics
Cumulative tumor diameter, cm, 1 (%) 0.224 0.723
<21 1(14.3) 25 (44.6) 11 (19.6)
2.2-5.0 4 (57.1) 23 (41.1) 36 (64.3)
5.1 2 (28.6) 8 (14.3) 9 (16.1)
Neoadjuvant therapy, n (%) 0.085 0.081"
None 0 14 (25.0) 12 (21.4)
TACE 3 (42.9) 22 (39.3) 28 (50.0)
Other 4 (57.1) 20 (35.7) 16 (28.6)
Pathologic tumor characteristics, n (%)
Total necrosis among treated 3/7(33.3) 20/42 (47.6) 0.8000 18/44 (40.1) 0.223'
patients, nn/total n (%)
Within Milan criteria 4 (57.1) 39 (69.6) 0.669 35 (62.5) >0.999"
Within UCSF criteria 6(85.7) 49 (87.5) >0.999 45 (80.4) >0.999'
Median cumulative nodule size 0.224 0.723"
<21 1(14.3) 25 (44.6) 11 (19.6)
2.2-5.0 4 (57.1) 23 (41.1) 36 (64.3)
>51 2 (28.6) 8 (14.3) 9 (16.1)
Tumor grade, 1/ total n (%) 0.722 0.233!
1 0 1/36 (2.8) 0
2 4/7 (57.1) 24/36 (66.7) 18/55 (32.7)
3 3/7 (42.9) 11/36 (30.6) 37/55 (67.3)
Microvascular invasion 0 9 (16.1) 0.580 0 0
IFisher exact test.
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3Marm—Whit'ney test. Data expressed as mean * SD or median (interquartile range). CTP: Child-turcotte-pugh; HBV: Hepatitis B virus; HCV: Hepatitis C

virus; LT: Liver transplant; NAFLD: Nonalcoholic fatty liver disease; AFP: Alpha-fetoprotein; TACE: Transarterial chemoembolization; UCSF: University

of California San Francisco.
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Figure 2 Post-liver transplant 3-year risk of recurrence, overall mortality, and recurrence-free survival in patients with intrahepatic
cholangiocarcinoma or mixed hepatocellular-cholangiocarcinoma compared with patients with hepatocellular carcinoma, matched 1:8 for
pretransplant tumor characteristics (Pre liver transplant characteristics) and pathologic tumor characteristics (Post liver transplant
characteristics). ?Pre liver transplant (LT) characteristics: serum alpha-fetoprotein and radiologic tumor diameter; ®Post LT characteristics: Tumor diameter,
gradef/differentiation, microvascular invasion. PSM: Propensity score matching; LT: Liver transplant; HCC: Hepatocellular carcinoma; HCC-CC: Hepatocellular
cholangiocarcinoma; ICC: Intrahepatic cholangiocarcinoma.
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In order to assess outcomes of these entities (ICC or HCC-CC) after LT, we compared the outcomes of
patients who had ICC or HCC-CC with the outcomes of patients transplanted for HCC. At first, we
matched LT recipients with ICC and LT recipients with HCC for pretransplant tumor characteristics.
Patients with ICC were more likely to have poorer tumor differentiation and higher microvascular
invasion rates on explant pathology. To estimate the risk of recurrence, overall mortality, and
recurrence-free survival in both groups, we used PSM followed by simple Cox regression. This
comparative, propensity-matched analysis showed a higher risk of poorer outcomes after LT for ICC
than HCC when patients were matched for pretransplant tumor characteristics. A previous study
reported that worse tumor differentiation and presence of microvascular invasion are risk factors for
recurrence in LT recipients with ICC[25]. Therefore, in order to assess the role of the potentially more
aggressive nature of ICC, we matched patients with ICC and patients with HCC for explant pathology,
which included nuclear differentiation, microvascular invasion, and cumulative tumor diameter, and
repeated the same statistical analyses. Again, patients with ICC had worse outcomes (tumor recurrence,
overall mortality, and recurrence-free survival) than those with HCC. That is, ICC was associated with
worse outcomes even when high-risk factors for tumor recurrence were considered, indicating that ICC
is an inherently more aggressive tumor whose risk factors for recurrence differ from those traditionally
described for HCC. To our knowledge, this is the first time that posttransplant outcomes of patients
with ICC and HCC have been comparatively evaluated by matching patients for explant pathology.

LT has been contraindicated in patients with ICC due to poor results[26-28]. The possibility of
successfully transplanting patients with ICC began to change as it became clear that better patient
selection was likely to impact posttransplant outcomes. Satisfactory results have been recently reported
in LT of cirrhotic patients with grafts showing incidental ICC on explant pathology. Retrospective data
from these patients demonstrated suitable 5-year overall and recurrence-free survival in patients with
“very early” ICC (< 2 cm)[18,25,29]. A Japanese study found that patients with and without cirrhosis
who underwent liver resection for ICC < 2 cm reached a 100% 5-year survival rate. The authors
identified 2 cm as a good cutoff point when selecting patients for hepatectomy[30]. Recently, French
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Figure 3 Kaplan-Meier curves representing. A: post-liver transplant overall survival; B: recurrence-free survival in patients with intrahepatic
cholangiocarcinoma compared with patients with hepatocellular carcinoma, matched 1:8 for pretransplant tumor characteristics; C: post-liver transplant overall survival;
D: recurrence-free survival in patients with intrahepatic cholangiocarcinoma compared with patients with hepatocellular carcinoma matched 1:8 for posttransplant
tumor characteristics. Cls: Confidence intervals; HCC: hepatocellular carcinoma; HRs: Hazard ratios; ICC: intrahepatic cholangiocarcinoma.
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researchers suggested that this < 2 cm limit could be expanded by showing, in a retrospective
multicenter study analyzing posttransplant outcomes of cirrhotic patients with incidental ICC detected
on the pathological examination of the explant, that patients with clearly differentiated ICC up to 3 cm
had similar survival to patients with tumors < 2 cm. In this study, the only independent variable
associated with tumor recurrence was its differentiation[31]. Prospective multicenter clinical trials are
needed to confirm these results. The 2 cm cutoff point seems safe but limited because preoperative
radiological diagnosis of these small tumors is challenging[15,16] and ICC features are still often
underestimated during pre-LT diagnostic evaluation. Nevertheless, studies indirectly state that ICC is a
more aggressive tumor by suggesting that LT should only be an option for patients with tumors <2 cm.
This differs from the indication for LT in patients with HCC, who can undergo LT with tumors up to 5
cm in diameter, with acceptable recurrence rates[32]. It is important to note that, in our series, all
patients with liver cirrhosis had ICCs > 2 cm. In order to expand the indication criteria for LT in patients
with liver cirrhosis and unresectable ICC, the effectiveness of pretransplant neoadjuvant chemotherapy
is being evaluated[33]. The International Liver Transplantation Society (ILTS) recommends resection as
the treatment of choice for patients with ICC. When the procedure is contraindicated, LT may be
considered when the tumor is < 2 cm; if the tumor is > 2 cm, LT may be performed under strict clinical
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Figure 4 Kaplan-Meier curves representing. A: post-liver transplant overall survival; B: recurrence-free survival in patients with mixed hepatocellular-
cholangiocarcinoma compared with patients with hepatocellular carcinoma (HCC), matched 1:8 for pretransplant tumor characteristics; C: post-liver transplant overall
survival; D: recurrence-free survival in patients with mixed hepatocellular-cholangiocarcinoma compared with patients with hepatocellular carcinoma matched 1:8 for
posttransplant tumor characteristics. HCC: hepatocellular carcinoma; HCC-CC: hepatocellular-cholangiocarcinoma; HRs: Hazard ratios; Cls: Confidence intervals.
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protocols and only when the disease remains stable after neoadjuvant therapy[34].

We performed the same comparisons, using pretransplant and posttransplant tumor characteristics,
for LT recipients with HCC-CC vs HCC, but no statistically significant differences were observed
between the two groups. The statistical analyses (PSM and simple Cox regression) yielded similar risks
for tumor recurrence, overall mortality, and recurrence-free survival when patients were matched for
pretransplant or posttransplant tumor characteristics. As observed in ICC, patients with HCC-CC also
had a worse prognosis than those with HCC, but the differences were smaller than those found for ICC
vs HCC; consequently, in most outcomes, the differences did not reach statistical significance. This may
suggest that LT recipients with ICC or HCC-CC have worse outcomes than those with HCC, but ICC
appears to be more aggressive. Lunsford et al[35] analyzed posttransplant outcomes of 12 patients with
HCC-CC vs 36 patients with HCC matched for the pretransplant and posttransplant variables
reproduced in the present study. When patients were matched for explant pathology, those with HCC-
CC had a slightly higher recurrence rate, without statistical significance, whereas recurrence-free
survival and overall survival rates were equivalent to those of LT recipients with HCC[35]. Other
authors also consider that a diagnosis of HCC-CC should not be an impediment to LT in well-selected
cases[24,36,37]. However, for patients with HCC-CC, the ILTS expert panel believes that this tumor is
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not an established indication for LT due to the limited worldwide experience, and prognostic factors
need to be identified to improve patient selection and to obtain better results with the procedure[30].

Transplant oncology is a new concept encompassing multiple disciplines of transplantation medicine
and oncology (transplant oncologists, hepatologists, gastroenterologists, transplant hepatobiliary
surgeons, interventional radiologists, and immunologists) designed to push the envelope of the
treatment and research of hepatobiliary cancers[38,39]. This field will certainly improve treatments and
cure rates for patients with HCC, ICC, or HCC-CC, as well as other cancer types.

This study has limitations that need to be addressed. First, it is a retrospective study conducted at a
single center with a limited number of cases. However, given the rarity of these tumors, most studies are
retrospective and have also included a small number of patients, which makes it difficult to perform
statistical analyses that can identify factors potentially associated with the outcomes[40]. Furthermore,
because LT is a current contraindication for patients with ICC or HCC-CC, the diagnosis was made on
explant. Finally, the study included patients receiving care over a long period of time. To minimize any
bias that may have resulted from advances in research, management, and treatment during the study
period, patients were also matched for year of transplant.

CONCLUSION

In this series, LT for ICC (all excepted one were larger than 2 cm) was associated with worse outcomes
compared with LT for HCC, even when patients were matched for explant pathology. However, the
outcomes after LT for mixed HCC-CC, despite being worse than those of LT recipients with HCC, did
not reach statistical significance. Improvement in the detection of these rare tumors during
pretransplant evaluation is essential for the eventual adoption of LT as an effective treatment for these
patients.

ARTICLE HIGHLIGHTS

Research background

Cholangiocarcinoma (CC) is a rare tumor that arises from the epithelium of the bile ducts. It is classified
according to anatomic location as intrahepatic, perihilar, or distal. Intrahepatic cholangiocarcinoma
(ICCQ) is rare in patients with cirrhosis due to causes other than primary sclerosing cholangitis. Mixed
hepatocellular-cholangiocarcinoma (HCC-CC) is a rare neoplasm with histologic findings of both
hepatocellular carcinoma (HCC) and ICC within the same tumor mass.

Research motivation
Because of difficulties in reaching the correct diagnosis, patients eventually undergo liver

transplantation (LT) with a presumptive diagnosis of HCC on imaging when, in fact, they have ICC or
HCC-CC.

Research objectives
To determine the prevalence of ICC or HCC-CC confirmed by explant pathology in patients who
underwent LT with the presumptive diagnosis of HCC and to compare tumor recurrence (TR),
recurrence-free survival (RFS), and overall mortality (OM) rates between these patients and LT
recipients with HCC.

Research methods

This retrospective cohort study included patients aged 2 18 years with liver cirrhosis and imaging
findings suggestive of HCC within the Milan criteria who underwent LT between June 1997 and July
2019. Patients were divided into three groups according to the diagnosis on explant pathology: (1)
Patients with HCGC; (2) Patients with ICC; and (3) Patients with mixed HCC-CC. The analyzed outcomes
were TR, RFS, and OM. Propensity score matching was used to assess whether TR, OM, and RFS rates in
patients with ICC or HCC-CC differed from those in patients with HCC. Additionally, hazard ratios
(HRs) and their confidence intervals were calculated. Progression-free survival and OM rates were
computed with the Kaplan-Meier method using Cox regression for comparison.

Research results

Over a 22-year period, 475 patients with the presumptive diagnosis of HCC underwent LT, and 15
(3.1%) were found to have either ICC (n = 8) or HCC-CC (n = 7) detected in the pathological
examination of the explant. LT recipients with ICC had higher TR (46% vs 11%; P = 0.006), higher OM
(63% vs 23%; P = 0.002), and lower RFS (38% vs 89%; P = 0.002) than those with HCC when matched for
pretransplant tumor characteristics, as well as higher TR (46% vs 23%; P = 0.083), higher OM (63% vs
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35%; P = 0.026), and lower RFS (38% vs 59%; P = 0.037) when matched for posttransplant tumor charac-
teristics. Two pairings were performed to compare the outcomes of LT recipients with HCC-CC vs HCC.
There was no significant difference between the outcomes in either pairing.

Research conclusions
Patients with ICC had worse outcomes than patients with HCC undergoing LT. Preoperative diagnosis
of HCC-CC should not prompt the exclusion of these patients from transplant options.

Research perspectives
This study reinforces the need for more accurate criteria: (1) To identify these rare tumors in
pretransplant evaluation; and (2) To select patients who may benefit from LT.
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