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Background: Combined hepatocholangiocarcinoma is a rare cancer with a grim prognosis composed of both
hepatocellular carcinoma and intrahepatic cholangiocarcinomamorphologic patterns in the same tumor. The
aim of this multicenter, international cohort study was to compare the oncologic outcomes after surgery of
combined hepatocholangiocarcinoma to hepatocellular carcinoma and intrahepatic cholangiocarcinoma.
Methods: Patients treated by surgery for combined hepatocholangiocarcinoma, hepatocellular carci-
noma, and intrahepatic cholangiocarcinoma from 2000 to 2021 from multicenter international databases
were analyzed retrospectively. Patients with combined hepatocholangiocarcinoma (cases) were
compared with 2 control groups of hepatocellular carcinoma or intrahepatic cholangiocarcinoma,
sequentially matched using a propensity score based on 8 preoperative characteristics. Overall and
disease-free survival were compared, and predictors of mortality and recurrence were analyzed with Cox
regression after propensity score matching.
Results: During the study period, 3,196 patients were included. Propensity score adjustment and 2 sequential
matching processes produced a new cohort (n ¼ 244) comprising 3 balanced groups was obtained (combined
hepatocholangiocarcinoma ¼ 56, intrahepatic cholangiocarcinoma ¼ 66, and hepatocellular carcinoma ¼ 122).
KaplaneMeier overall survival estimations at 1, 3, and 5 years were 67%, 45%, and 28% for combined hep-
atocholangiocarcinoma, 92%, 75%, and 55% for hepatocellular carcinoma, and 86%, 53%, and 42% for the
intrahepatic cholangiocarcinoma group, respectively (P¼ .0014). Estimations of disease-free survival at 1, 3, and
5 years were 51%, 25%, and 17% for combined hepatocholangiocarcinoma, 63%, 35%, and 26% for the hepato-
cellular carcinoma group, and 51%, 31%, and 28% for the intrahepatic cholangiocarcinoma group, respectively
(P ¼ .19). Predictors of mortality were combined hepatocholangiocarcinoma subtype, metabolic syndrome,
preoperative tumor markers alpha-fetoprotein and carbohydrate antigen 19-9, and satellite nodules, and
recurrence was associated with satellite nodules rather than cancer subtype.
Conclusion: Despite data limitations, overall survival among patients with combined hep-
atocholangiocarcinoma was worse than both groups and closer intrahepatic cholangiocarcinoma,
whereas disease-free survival was similar among the 3 groups. Future research on immunophenotypic
profiling may hold more promise than traditional nonmodifiable clinical characteristics (as found in this
study) in predicting recurrence or response to salvage treatments.

© 2023 Elsevier Inc. All rights reserved.
Introduction

Primary liver cancer (PLC) is the third most common cause
of cancer-related deaths worldwide, consisting mainly of he-
patocellular carcinoma (HCC) and cholangiocarcinoma (CCA),
accounting, respectively, for 85% and 10% of all PLCs,1,2

respectively. Combined hepatocholangiocarcinoma (cHCC-
CCA), is histopathologically characterized by the presence of
both HCC and intrahepatic CCA (iCCA) morphologic patterns in
the same lesion. With an incidence of 0.05/100,000 in the
general population, cHCC-CCAs represents nearly 1% to 4% of
all PLCs.2e4
y Group:
ddeo, Marc-Antoine Allard, Giulian
uc, Petru Bucur, Antoine Carmelo
arlis, Jean-Robert Delpero, Nicolas
an-Marc Fabre, Herv�e Fagot, Simo
rancois Gigot, Nicolas Golse, Emil
phe Laurent, Yves-Patrice Le Treut,
go Marchese, Elena Martín-P�erez,
olasco, Takeo Nomi, Jean Nunoz, G
iccolo Petrucciani, Gabriella Pittau
Scotte, François-Regis Souche, Be

tment of HPB and Digestive Surger
l de Lattre de Tassigny, 94010 Cr�et
a).
The combination of low cHCC-CCA incidence, overlapping pheno-
types, single-center series, challenging preoperative diagnosis, and poor
knowledge of the immune microenvironment may explain the poor
observed prognosis, which is similar to iCCA and worse than HCC.3,5,6

The aim of this multicenter, international cohort study was to
compare the oncologic outcomes after surgery of patients affected
by cHCC-CCA to those affected by HCC and iCCA.

Methods

This study was designed as an international, multicenter
cohort study to compare the oncologic outcomes of liver
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resection (LR) within the target population of patients affected by
cHCC-CCA.

Patients with cHCC-CCA were considered to be cases, and
compared with 2 control groups represented by patients with HCC
or iCCA, matched through a propensity score (PS) based on pre-
operative characteristics.

This study was designed in November 2021 in accordance with
the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) Statement.7

Participants and study size

Given the low incidence of the disease, even in referral centers,
data from 3 cohorts and 1 independent multicenter database were
explored for eligibility, extracted and merged. The study period
assessed was from 2000 to 2021, with at least 6 months of follow-
up. Based on the retrospective nature of the study and repurposing
existing databases, no ethical committee or institutional review
board approval was needed.

Data sources

1) Cohorts
� French cohort AFC-ICC-2009 composed of patients treated for
cholangiocarcinoma8 (sample n ¼ 726).

� French cohort AFC-LLR-2018 for laparoscopic liver surgery
(sample n ¼ 4,215).

� A multicenter international cohort9 of patients affected by
iCCA, assembled to explore a preoperative risk score
(PRS_2019) (sample n ¼ 355).

2) Multicenter database
� Seven academic referral centers from France (GHU Henri
Mondor, Creteil; Piti�e Salpêtri�ere Hospital, Paris; CHU Mont-
pellier, Montpellier), Italy (Ospedale Mauriziano, Torino; Isti-
tuto Humanitas, Milan), Spain (La Princesa Hospital, Spain),
and South Africa (Tygerberg Academic Hospital, Cape Town)
shared individual patient data treated by LR for cHCC-CCA,
iCCA, or HCC (sample n ¼ 923).

Patients were further screened according to the following in-
clusion criteria:

- Patients underwent LR with curative intent (R0 or R1).
- The pattern of cHCC-CCA, HCC, or CC was histopathologically
confirmed (gallbladder cancer, cystadenocarcinomas, and hilar
cholangiocarcinomas were excluded).

Patients from each database were screened for duplicates and
data completeness, and then sequentially merged into a raw
database including n ¼ 3,196 patients, which represented the un-
matched study cohort. A preliminary analysis to inspect the effect
of the long inclusion period was carried out, by comparing the
decades 2000 to 2010 and 2011 to 2021.

Patient selection

1) Cases

cHCC-CCA
Datawere sourced from the cohort of patients affected by cHCC-

CCA nested in the French AFC-LLR-2018 study group for laparo-
scopic surgery, as well as individual patient data from 6 out of the 7
centers contributing to the multicenter database (GHU Henri
Mondor, Creteil; CHU Montpellier, Montpellier; Ospedale Maur-
iziano, Torino; Istituto Humanitas, Milan; Tygerberg Academic
Hospital, Cape Town). The cumulative sample amounted to 131
patients affected by cHCC-CCA.

2) Controls

a. iCCA
Data source for this control group were extracted from 2

national French cohorts (AFC-ICC-2009 of patients treated for
cholangiocarcinoma8 and the nested cohort of patients with
iCCA within the AFC-LLR-2018 study group on laparoscopic
surgery), as well as a third supplementary multicenter inter-
national cohort9 focusing on a preoperative risk score in iCCA
patients. The cumulative sample included 1,070 patients
affected by iCCA.

b. HCC
Data were included from the subgroup of patients with HCC

contained in the French AFC-LLR-2018 study group for laparo-
scopic surgery, and individual patient data from 3 out of the 7
centers participating in the multicenter database (Mauriziano
Hospital, La Princesa Hospital, Spain, Piti�e Salpêtri�ere Hospital,
France). The cumulative sample included 1,995 patients affected
by HCC.

Propensity score matching

To achieve awell-balanced data frame of the 3 groups, and in the
absence of dedicated and widely accepted methods for 1:1:1
matching, patients were sequentially matched by a 2-step process
to achieve balance between the data of the 3 cohorts, as described
in the statistical analysis methods paragraph and represented in
Figure 1.

Variables

Preoperative variables reported in each database were merged
in a single data set for analysis and included age, sex, underlying
liver disease, ASA classification, alpha-fetoprotein (AFP), and car-
bohydrate antigen 19-9 (CA19-9) levels.

The extent of LR was considered major when involving more
than 3 segments, and further classified according to the Institut
Mutualiste Montsouris (IMM) Difficulty classification,10

describing 3 increasing levels of difficulty according to the num-
ber, and location of resected liver segments. A similar 3-level
classification applies to open surgery,11 and for the sake of
simplicity, the variable labeled “IMM difficulty classification” was
used for both minimally invasive and open hepatectomy. Patho-
logical data on tumors were examined, including size, number,
grade, satellite lesions, vascular invasion, surgical margin, and
nodes when available (since datawere sourced frommore than 60
centers, the investigators had no access to individual patient data
and seldom to the number of nodes retrieved). For the same
reasons, preoperative biology and CHILD or MELD scores were not
available.

Hospital stay was defined as the time spent in hospital during
the primary admission from day of operation to discharge.

Complications were described according to the Clavien-Dindo
classification12 and collected within 90 days after surgery. Com-
plications were designated severe if more or equal to (�) grade III,
including postoperative death.

Each case was anonymized and assigned a unique alphanumeric
code.

The data set worksheet was hosted on a secure computer with
limited access and password protection. Data management was
compliant with the reference methodology on personal data pro-
cessing and protection (MR003 and MR004), as dictated by the



Figure 1. Flowchart of the patients included in the cohort.
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French data protection authority (Commission Nationale de l’In-
formatique et des Libert�es).

Study objectives

The primary objective was to compare overall survival (OS)
between patients operated for cHCC-CCA, iCCA, and HCC after
propensity score matching. Variables required to measure the pri-
mary endpoint were the event (death) and time until the event
(OS), the latter defined as the time from surgery to death or last
follow-up.
Secondary objectives were to compare disease-free survival
(DFS) between the 3 groups after PSmatching, as well as risk factors
for mortality or recurrence.

Statistical analysis methods

Statistical software
Data management and statistical analysis were performed with

R software (version 4.1.2 or higher; R Foundation for Statistical
Computing. www.cran.r-project.org, Vienna, Austria). All the
packages, libraries, and functions refer to the R software.

http://www.cran.r-project.org


B. Amory et al. / Surgery xxx (2023) 1e11 5
Descriptive statistics
Categorical variables were reported as percentages, whereas

continuous variables were summarized as means and standard
deviation (SD) or median and range for discrete variables, as
appropriate. The Student’s t test or Mann-Whitney U test were used
for comparisons of quantitative variables as appropriate, whereas a
c2 test or Fisher’s exact test were used to compare categorical data.
Data were compared before and after matching. In case of data
visualization, the ggplot2 package was used.

Propensity score matching

Potential prognostic biases due to the different distribution of
covariates among patients affected by cHCC-CCA, iCCA, or HCC
were controlled by 2 sequential matching steps (Figure 1). Each
step allowed pair matching on the basis of a propensity score
(MatchIt package), which included 8 preoperative covariates: sex
(M/F), patient’s age (<50 years, � 50 years, <70 years, � 70 years),
ASA class (I to IV), BMI >30 kg/m2 (Y/N), cirrhosis, difficulty clas-
sification (IMM classification, as defined above10,11), number of le-
sions (single/multiple), and tumor size (<30 mm, � 30 mm <50
mm, � 50 mm).

The sequential matching process was performed twice.

- First PS matching: cHCC-CCA (n ¼ 131, cases) patients were
matched with the control group of iCCA (n ¼ 1,070), without
replacement (1:1 ratio), to minimize conditional bias. For each
patient with cHCC-CCA, a nearest score neighbor affected by
iCCA was matched. Multiple caliper widths were tested. A
caliper width of 0.02 resulted in the best tradeoff between ho-
mogeneity and retained sample size (n ¼ 138) with 2 well-
balanced groups of patients affected by cHCC-CCA (n ¼ 69)
and iCCA (n ¼ 69).

- Second PS matching: the same process was used to compare
each patient in the cHCC-CCAþiCCA group (new cases: n ¼ 138,
cHCC-CCA and iCCA) with the control group of HCC (n ¼ 1,995),
without replacement (1:1 ratio), through a new PS based on the
same preoperative characteristics.

These 2 steps generated a new data set (n ¼ 244), which rep-
resented the final study cohort, with 3 balanced groups of patients
affected by cHCC-CCA (n ¼ 56), iCCA (n ¼ 66), and HCC (n ¼ 122),
which were compared with respect to propensity score.

Survival analyses

KaplaneMeier curves for OS and DFS before and after matching
were created through survfit and ggsurvplot functions from surv-
miner and survival packages, with 3 strata corresponding to cHCC-
CCA, iCCA, or HCC groups.

Definition of variables predicting death or recurrence within the
whole cohort.

Unadjusted hazard ratios (HRs) and 95% confidence intervals
(95% CI) were calculated by Cox proportional hazards regression
analysis for perioperative variables associated with death or
recurrence. Variables with a P value <.1 (as well as those considered
clinically relevant) were entered in a multivariate Cox model to
identify factors independently associated with death or recurrence.
The final model expressed the adjusted HRs and 95% CI.

Missing data

The 79 variables included in the final data set were inspected
with the vis_miss function of the visdat package. After exclusion of
8 variables with a missing rate >80%, the whole database was 91.6%
complete (missing data ¼ 8.4%). Noteworthy underlying liver dis-
ease (HBV, HCV, NASH), length of stay, blood loss, transfusion, tu-
moral thrombosis, T and N status were missing. No imputation
methods were used to replace missing variables.
Results

Participants

A total of 3,196 patients undergoing surgery for cHCC-CCA (n ¼
131, 4.1%), iCCA (n ¼ 1,070, 33.5%), and HCC (n ¼ 1,995, 62.4%) from
more than 50 participating centers were included during the study
period (2000e2021) and represented the study cohort (Figure 1).
Among them, 69.5% (n ¼ 2,220) were male. The cohort had a me-
dian BMI of 26.3 ± 4.8 kg/m2 and was affected by metabolic syn-
drome in 31.9% (n ¼ 509) of cases. Cirrhosis was observed in 50.7%
(n¼ 1,413) of patients. According to the IMM difficulty classification
of liver resection, 42.9% (n ¼ 1,266), 21.0% (n ¼ 619), and 36.1% (n ¼
1,066) were graded I, II, and III, respectively (P < .001). Within the
whole cohort and during the follow-up period (24.3 ± 26.4
months), 28.5% of patients experienced death (n ¼ 814) and 47.0%
recurrence (n ¼ 1,364). More details are reported in Table I.

When focusing on the subgroup of patients affected by cHCC-
CCA, 78.6% were males (n ¼ 103) with a mean age of 61.9 ± 11.5
years, and cirrhosis was observed in 51.1% (n ¼ 67) of them. The
tumor diameter was >50 mm in 42% of patients (n ¼ 55), with
multiple lesions in 25.6% of cases (n ¼ 33) and the presence of
satellite nodules observed in 51.3% of patients (n ¼ 61). Preopera-
tive tumoral markers were AFP 4,606.1 ± 19,225.7 ng/mL and CA
19-9 782.2 ± 5,498.6 U/mL.
Propensity score model

After propensity score adjustment and sequential matching the
demographic and preoperative variables of patients (n¼ 244) (cHCC-
CCA¼ 56, iCCA¼ 66, andHCC¼122)were similar (Table I), except for
the presence of metabolic syndrome (cHCC-CCA 44.6% n ¼ 25, HCC
24.6% n ¼ 30 and iCCA 33.3% n ¼ 22; P ¼ .002), preoperative CA 19-9
(cHCC-CCA ¼ 140.72 ± 336.33, HCC ¼ 11.46 ± 10.11, and iCCA ¼
6,410.20 ± 15,998.25; P¼ .042) and the need for PVE (cHCC-CCA 8.9%
n ¼ 5, HCC 2.5% n ¼ 3, and iCCA 4.5% n ¼ 3; P ¼ .047). Given the long
study interval, the historical distribution (secular trend) was
explored. A higher rate of patients was treated in the second decade
(2011e2021) compared to the previous one (2000e2010) with 73.8%
(n ¼ 180) of patients distributed as follows: cHCC-CCA 75% (n ¼ 42),
HCC 80.3% (n ¼ 98), and iCCA 60.6% (n ¼ 40). Hence, no survival
differences (overall and disease free) were observed between the 2
inclusions periods (Supplementary Figures S1 and S2).
Overall survival, before and after matching

Within the whole cohort of 3,162 patients, 81.5% (n ¼ 2,602)
were analyzed (n ¼ 594 patients excluded because of incomplete
data). KaplaneMeier OS estimations at 1, 3, and 5 years were 71%,
43%, and 28% for cHCC-CCA; 91%, 79%, and 68% for the HCC group;
and 84%, 55%, and 41% for the iCCA group, respectively (P < .001)
(Figure 2).

After matching, KaplaneMeier OS estimations at 1, 3, and 5
years were 67%, 45%, and 28% for cHCC-CCA; 92%, 75%, and 55% for
the HCC group; and 86%, 53%, and 42% for the iCCA group,
respectively (P ¼ .0014) (Figure 3).



Table I
Clinical characteristics of the cohort, before and after matching.

Unmatched cohort P Matched cohort P

Overall cHCC-CCA HCC CCA Overall cHCC-CCA HCC CCA

n 3196 131 1995 1070 244 56 122 66
Liver cancer (%) <0.001 <0.001
cHCC-CCA 131 (4.1) 131 (100.0) 0 (0.0) 0 (0.0) 56 (23.0) 56 (100.0) 0 (0.0) 0 (0.0)
HCC 1995 ( 62.4) 0 (0.0) 1995 (100.0) 0 (0.0) 122 (50.0) 0 (0.0) 122 (100.0) 0 (0.0)
CCA 1070 ( 33.5) 0 (0.0) 0 (0.0) 1070 (100.0) 66 (27.0) 0 (0.0) 0 (0.0) 66 (100.0)

Sex ¼ M (%)* 2220 ( 69.5) 103 ( 78.6) 1568 ( 78.6) 549 ( 51.3) <0.001 180 (73.8) 42 ( 75.0) 92 ( 75.4) 46 ( 69.7) 0.677
Age (mean (SD)) 65.02 (12.23) 61.89 (11.47) 65.29 (12.49) 64.91 (11.77) 0.008 65.13 (10.96) 64.91 (10.79) 65.79 (11.21) 64.09 (10.70) 0.592
Age, class (%)* 0.045 0.918
<50 y 327 ( 10.4) 16 ( 12.2) 194 (9.8) 117 ( 11.2) 18 (7.4) 4 (7.1) 8 (6.6) 6 (9.1)
50-70 y 1,755 ( 55.6) 85 ( 64.9) 1,111 ( 56.0) 559 ( 53.7) 151 (61.9) 33 ( 58.9) 76 ( 62.3) 42 ( 63.6)
>70 y 1,074 ( 34.0) 30 ( 22.9) 679 ( 34.2) 365 ( 35.1) 75 (30.7) 19 ( 33.9) 38 ( 31.1) 18 ( 27.3)

BMI (mean (SD)) 26.29 (4.83) 25.89 (4.60) 26.53 (4.82) 25.80 (4.84) 0.002 27.23 (4.65) 26.81 (4.82) 26.83 (4.59) 28.32 (4.51) 0.088
BMI >30 kg/m2 (%)* 509 ( 20.2) 25 ( 19.5) 355 ( 21.0) 129 ( 18.6) 0.416 64 (26.2) 14 ( 25.0) 29 ( 23.8) 21 ( 31.8) 0.475
Metabolic syndrome (%) 669 ( 31.9) 45 ( 35.2) 459 ( 33.2) 165 ( 28.0) 0.051 77 (31.6) 25 ( 44.6) 30 ( 24.6) 22 ( 33.3) 0.002
ASA (%)* <0.001 0.818
I 234 ( 10.5) 10 (7.8) 152 ( 10.4) 72 ( 11.1) 18 (7.4) 3 (5.4) 10 (8.2) 5 (7.6)
II 1045 ( 46.8) 70 ( 54.7) 613 ( 42.1) 362 ( 56.0) 125 (51.2) 26 ( 46.4) 62 ( 50.8) 37 ( 56.1)
III 889 ( 39.8) 43 ( 33.6) 650 ( 44.6) 196 ( 30.3) 99 (40.6) 26 ( 46.4) 49 ( 40.2) 24 ( 36.4)
IV 64 (2.9) 5 (3.9) 42 (2.9) 17 (2.6) 2 (0.8) 1 (1.8) 1 (0.8) 0 (0.0)

Cirrhosis ¼ 1 (%) 1413 (50.7) 67 (51.1) 1141 (64.9) 205 (22.8) <0.001 87 (35.7) 24 (42.9) 43 (35.2) 20 (30.3) 0.350
TACE ¼ 1 (%) 188 (11.1) 17 (13.5) 171 (12.0) 0 (0.0) <0.001 13 (5.3) 7 (12.5) 6 (4.9) 0 (0.0) <0.001
PVE ¼ 1 (%) 194 (7.3) 13 (10.2) 121 (7.4) 60 (6.6) 0.326 11 (4.5) 5 (8.9) 3 (2.5) 3 (4.5) 0.047
Preoperative AFP

(mean (SD))
2589.89
(19413.68)

4606.07
(19225.67)

2407.83
(19975.61)

16.94 (53.65) 0.397 3499.94
(17606.04)

8104.93
(28366.06)

895.94
(3269.40)

9.44 (12.55) 0.096

Preoperative CA19-9
(mean (SD))

991.20
(5885.17)

782.22
(5498.58)

13.39 (23.51) 1723.81
(7641.87)

0.092 2359.50
(9926.73)

140.72
(336.33)

11.46 (10.11) 6410.20
(15998.25)

0.042

IMM (%)* <0.001 0.576
I 1266 (42.9) 107 (82.9) 953 (51.5) 206 (21.2) 170 (69.7) 35 (62.5) 85 (69.7) 50 (75.8)
II 619 (21.0) 10 (7.8) 412 (22.2) 197 (20.3) 32 (13.1) 10 (17.9) 16 (13.1) 6 (9.1)
III 1066 (36.1) 12 (9.3) 487 (26.3) 567 (58.5) 42 (17.2) 11 (19.6) 21 (17.2) 10 (15.2)

Major hepatectomy (%) 1139 (36.1) 13 (9.9) 397 (20.0) 729 (69.9) <0.001 53 (21.7) 13 (23.2) 24 (19.7) 16 (24.2) 0.733
Open vs Lap (Open) (%) 1125 (35.3) 31 (23.7) 308 ( 15.5) 786 (73.5) <0.001 68 (27.9) 14 (25.0) 30 (24.6) 24 (36.4) 0.197
Clavien-Dindo �III 90d (%) 225 (12.6) 28 ( 21.4) 159 ( 10.5) 38 ( 27.3) <0.001 34 (13.9) 12 ( 21.4) 11 (9.0) 11 ( 16.7) <0.001
Largest nodule class (%)* <0.001 0.443
<30 mm 1282 (42.1) 46 (35.1) 944 (51.1) 292 (27.3) 86 (35.2) 24 (42.9) 43 (35.2) 19 (28.8)
30-50 mm 732 (24.0) 30 (22.9) 460 (24.9) 242 (22.6) 44 (18.0) 11 (19.6) 22 (18.0) 11 (16.7)
>50 mm 1,033 (33.9) 55 (42.0) 443 (24.0) 535 (50.0) 114 (46.7) 21 (37.5) 57 (46.7) 36 (54.5)
Multiple tumors (vs

single) (%)*
502 (17.5) 33 (25.6) 292 (15.6) 177 (20.6) <0.001 36 (14.8) 11 (19.6) 19 (15.6) 6 (9.1) 0.245

Satellite nodules
(presence of) (%)

339 (34.3) 61 (51.3) 250 ( 34.4) 28 (19.7) <0.001 49 (20.1) 20 (35.7) 26 (21.3) 3 (4.5) <0.001

Margins mm (mean (SD)) 8.04 (10.22) 7.40 (12.64) 9.06 (10.22) 5.87 (9.37) <0.001 8.10 (9.39) 5.84 (7.22) 9.23 (9.97) 7.87 (9.67) 0.103
R1 (%) 403 ( 14.2) 36 ( 27.5) 175 (9.6) 192 ( 21.6) <0.001 37 (15.2) 12 ( 21.4) 12 (9.8) 13 ( 19.7) 0.117
Recurrence (%) 1,364 ( 47.0) 75 ( 58.6) 821 ( 45.8) 468 ( 47.6) 0.017 121 (49.6) 31 ( 55.4) 58 ( 47.5) 32 ( 48.5) 0.839

The * symbol refers to preoperative variables included to calculate the propensity score matching.
AFP, alpha foeto protein; ASA, American Society of Anesthesiology; BMI, body mass index; IMM, Institut Mutualiste Montsouris; M, male; PVE, portal vein embolization; R1,
resection R1; SD, standard deviation; TACE, transarterial chemoembolization.
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Predictors of mortality within the matched cohort

A univariate Cox model was used to determine the influence of
liver cancer subtype, liver nodules >5 cm, preoperative AFP level,
CA 19-9 level, and R1 status on long-term mortality.

Multivariate analysis adjusted for the previous variables (and
including supplementary variables clinically relevant as age,
metabolic syndrome, cirrhosis, surgical approach, difficulty of LR
as per IMM classification, severe postoperative complications
Clavien-Dindo >III, satellite nodules) revealed that liver cancer
(reference: HCC; iCCA HR: 6.51, 95% CI (0.13, 320) P ¼ .3; cHCC-
CCA HR: 6.60, 95% CI (1.20, 36.3) P ¼ .03), metabolic syndrome
(HR: 45.7, 95% CI (3.22, 651) P ¼ .005), preoperative AFP (HR
1.00, 95% CI (1.00, 1.00) P ¼ .002) and preoperative CA 19-9 (HR
1.00, 95% CI (0.99, 1.00) P < .002) and presence of satellite
nodules (HR 71, 95% CI (9.26, 545) P < .001) were significantly
associated with mortality (Table II).

Disease free survival, before and after matching
Within the whole cohort, KaplaneMeier DFS estimation at 1, 3,

and 5 years were 51%, 29%, and 25% for cHCC-CCA; 71%, 44%, and
31% for HCC group; and 63%, 38%, and 34% for iCCA group,
respectively (P ¼ .0005) (Supplementary Figure S3).

Figure 4 displays the KaplaneMeier DFS estimation after
matching at 1, 3, and 5 years: 51%, 25%, and 17% for cHCC-CCA; 63%,
35%, and 26% for HCC group; and 51%, 31%, and 28% for iCCA group,
respectively (P ¼ .19).
Predictors of recurrence within the matched cohort

The univariate Cox model found only the IMM difficulty classi-
fication (reference: grade I; grade II HR: 2.24, 95% CI (1.34, 3.77) P¼
.002; grade III HR: 1.38, 95% CI (0.84, 2.25) P ¼ .2) as predictor of
recurrence within the matched cohort.

Adjusted multivariate analysis (including liver cancer subtype,
age, metabolic syndrome, cirrhosis, largest nodule diameter, single
versus multiple tumors, preoperative AFP and CA 19-9 serum
markers, severe postoperative complications Clavien-Dindo >III,
satellite nodules difficulty of LR as per IMM classification, R1
resection and surgical margins) showed that the presence of



Figure 2. Overall survival (OS) before matching at 1, 3, and 5 years.

Figure 3. Overall survival (OS) after matching at 1, 3, and 5 years.
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Table II
Results of univariable and multivariable Cox analysis predicting death in the matched cohort

HR Univariate analysis P value HR Multivariate analysis P value

95% CI 95% CI

Liver cancer
HCC d d d d

iCCA 1.90 1.13, 3.18 .015 6.51 0.13, 320 .3
cHCC-CCA 2.46 1.46, 4.15 <.001 6.60 1.20, 36.3 .03
Sex
F d d

M 0.91 0.63, 1.31 .6
Age, class
<50 y d d d d

50-70 y 0.71 0.33, 1.50 .4 4.42 0.14, 141 .4
>70 0.90 0.41, 1.98 .8 11.2 0.35, 359 .2
Metabolic syndrome
0 d d d d

1 1.35 0.95, 1.90 .090 45.7 3.22, 651 .005
ASA
I d d

II 0.74 0.38, 1.44 .4
III 0.62 0.32, 1.22 .2
IV 0.37 0.05, 2.92 .3
TACE
0 d d

1 1.32 0.54, 3.27 .5
PVE
0 d d d d

1 4.01 1.60, 10.1 .003 1.38 0.50, 3.79 .5
Cirrhosis
0 d d d d

1 1.26 0.90, 1.76 .2 1.48 0.09, 25.7 .8
Largest nodule class
<30 mm d d d d

30-50 mm 1.10 0.57, 2.16 .8 0.02 0.00, 1.10 .056
>50 mm 1.83 1.11, 3.01 .017 1.20 0.07, 21.3 >.9
Number of tumors (single vs multiple)
Single d d d d

Multiple 1.07 0.55, 2.07 .8 0.25 0.01, 5.52 0.4
Preoperative AFP
ng/mL (per unit increase) 1.00 1.00, 1.00 .006 1.00 1.00, 1.00 .002
Preoperative CA 19-9
U/mL (per unit increase) 1.00 1.00, 1.00 <.001 1.00 0.99, 1.00 <.001
Surgical approach
Laparoscopic d d

Open 0.73 0.50, 1.06 .10
IMM
I d d d d

II 1.40 0.69, 2.84 .4 0.26 0.04, 1.60 .15
III 1.43 0.78, 2.60 .2 0.02 0.00, 1.59 .078
Clavien-Dindo ≥III 90d
0 d d d d

1 2.03 1.21, 3.40 .008 0.18 0.02, 1.77 .14
Satellite nodules
0 d d d d

1 1.29 0.79, 2.12 .3 71.0 9.26, 545 <.001
R1
0 d d d d

1 1.74 1.04, 2.90 .034 1.15 0.13, 10.4 >.9
Margins (mm)
per mm increase 1.02 1.00, 1.04 .13

AFP, alpha foetoprotein; ASA, American Society of Anesthesiology; BMI, body mass index; CI, confidence interval; F, female; HR, hazard
ratio; IMM, Institut Mutualiste Montsouris; M, male; PVE, portal vein embolization; TACE, transarterial chemoembolization.
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satellite nodules (HR: 3.2, 95% CI (1.21, 11.1) P ¼ .036) were the only
predictors of recurrence (Table III).

Discussion

Mixed cHCC-CCA is a rare PLC with a poorly described clinical
presentation and grim prognosis. The present study, based on a
large, international, hospital-based, and clinician-promoted cohort
of patients treated by LR, allowed comparison of cHCC-CCA with
both HCC and iCCA. A 2-step matching process with a PS based on 8
preoperative characteristics was used to generate 3 comparable
groups with minimal heterogeneity.

Despite the final cohort being smaller than previously published
population-based studies,13e15 the expected loss of patients
through the matching process was balanced by the low heteroge-
neity observed among the 3 groups. The present cohort (n ¼ 244)
was nevertheless larger than previous series6 obtained with a
pairing process based on 1 or 2 clinical variables.

The long-term overall survival of patients with cHCC-CCA was
closer to iCCA rather than HCC patients, as previously reported by



Figure 4. Disease-free survival (DFS) after matching at 1, 3, and 5 years.
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Yoon et al5 on a smaller, unmatched cohort. A recent Western
study6 reported no difference in oncologic outcomes among cHCC-
CCA and HCC patients, but it should be noted that both groups were
matched only for cirrhosis and tumor size, without any PS match-
ing. The most likely explanation for better overall survival observed
among patients affected by HCC (which can still benefit from liver
transplantationddespite this variable being seldom available
within the databases analyzed) is the relative absence of treatment
options when recurrence occurs in cases of cHCC-CCA and iCCA
and/or poor response to systemic therapy when offered.
Gemcitabine-platinum regimens are currently recommended
without the support of strong evidence.2,16,17

In the present cohort, predictors of death were cHCC-CCA sub-
type, metabolic syndrome, preoperative AFP and CA19-9, and the
presence of satellite nodules. The negative effect of cHCC-CCA
phenotype on survival has been reported,13 and it might be
explained by the combination of heterogeneous genomic features
(common to both HCC and iCCA2), the immunophenotypic
expression of hepatic progenitor cells18 and their markers (such as
Nestin, which is associated with a poor prognosis when
expressed4), as well as genetic signatures predictive of over-
expression of genes related to immune cells recruitment.3 These
variables might become more relevant than traditional clinical
characteristics to predict the risk of recurrence or poor response to
salvage treatments.16

In a large meta-analysis19 on 15 studies, metabolic syndrome
was associated with impaired short-term postoperative out-
comes after hepatectomy (overall and severe complications,
postoperative hemorrhages, and infection)dhence, with no
direct consequences on survival. The relationship between
metabolic syndrome, postoperative complications, and impaired
survival after LR for both HCC or iCCA might be indirect (similar
to a “domino effect”), as suggested by other studies focusing on
postoperative complications.20e23 Another multicenter cohort
study24 on 1,753 patients treated for HCC revealed how the
presence of metabolic syndrome predicted the risk of decreased
OS, mainly due to early and late recurrence. The authors24

suggested that the risk of recurrence was probably related to
the degrees of liver inflammation, including liver cirrhosis and
active hepatitis.

The linear interaction between tumor markers levels (AFP25e27

and CA19-928e30), increased risk of tumor spread, and impaired
survival has been widely reported in the literature, for both HCC
and iCCA.

The presence of satellite nodules reflects the aggressiveness of
the disease and is extensively reported in the literature as a pre-
dictor of death and recurrence, irrespective of histologic subtype
(cHCC-CCA,31,32 HCC,33,34 or iCCA35,36).

When focusing on survival without recurrence, no difference
was observed among the 3 histologic groups. These observations
are similar to previously published studies on smaller series,5,6,37

reporting no differences in recurrence after matching for tumor
size and stage, number of tumors, cirrhosis, R0 resection, no 90-day
mortality, and follow-up.

In the present cohort, recurrence was associated with satellite
nodules rather than cancer subtype. As for survival, the presence of
satellite nodules reflects the aggressiveness of the disease and is
reported in the literature as a predictor of recurrence, (cHCC-
CCA,31,32 HCC,33,34 or iCCA35,36).

This study highlights the importance of repurposing existing
clinical databases and cohorts. Although randomized trials
generate the highest level of evidence, these are unlikely to be
feasible in the field of a rare disease such as cHCC-CCA. Among the
alternatives to consider, the reuse of existing clinical databases
might be a promising solution in such circumstances, more focused
on clinical outcomes than larger administrative databases. We
strongly believe in a more responsible, honest, and somehow
“sustainable” research: time and money are limited, and the “3R”
concept (reduce, reuse, recycle) may also apply in clinical research
to reduce the avoidable burden of waste.38



Table III
Results of univariable and multivariable Cox analysis predicting recurrence in the matched cohort

HR Univariate analysis P value Multivariate analysis

95% CI HR 95% CI P value

Liver cancer
HCC d d d d

iCCA 1.18 0.77, 1.82 .4 0.36 0.06, 2.17 .3
cHCC-CCA 1.50 0.97, 2.33 .069 1.33 0.38, 4.65 .7
Sex
F d d

M 1.00 0.66, 1.52 >.9
Age, class
<50 y d d d d

50-70 y 1.07 0.54, 2.14 .8 0.36 0.02, 7.11 .5
>70 1.13 0.54, 2.36 .7 0.24 0.01, 6.97 .4
Metabolic syndrome
0 d d d d

1 1.07 0.72, 1.57 .7 2.63 0.70, 9.96 .2
ASA
I d d

II 0.75 0.39, 1.47 .4
III 0.79 0.40, 1.56 .5
IV 5.85 1.24, 27.6 .026
Cirrhosis
0 d d d d

1 1.19 0.83, 1.72 .3 1.14 0.19, 6.90 .9
Largest nodule class
<30 mm d d d d

30-50 mm 1.06 0.63, 1.77 .8 0.41 0.05, 3.43 .4
>50 mm 1.05 0.70, 1.56 .8 0.41 0.06, 2.63 .3
Number of tumors (single vs multiple)
Single d d d d

Multiple 1.57 0.97, 2.55 .065 4.17 0.66, 26.4 .13
Preoperative AFP
ng/mL (per unit increase) 1.00 1.00, 1.00 .8 1.00 1.00, 1.00 .5
Preoperative CA 19-9
U/mL (per unit increase) 1.00 1.00, 1.00 .2 1.00 1.00, 1.00 .6
Surgical approach
Laparoscopic d d

Open 1.41 0.97, 2.05 .074
IMM
I d d d d

II 2.24 1.34, 3.77 .002 2.73 0.53, 14.1 .2
III 1.38 0.84, 2.25 .2 2.35 0.10, 53.4 .6
Clavien-Dindo ≥III 90d
0 d d d d

1 1.23 0.72, 2.10 .5 4.11 0.69, 24.5 .12
Satellite nodules
0 d d d d

1 1.40 0.91, 2.15 .12 3.20 1.21, 11.1 .036
R1
0 d d d d

1 1.07 0.66, 1.75 .8 0.31 0.02, 5.07 .4
Margins (mm)
per mm increase 1.01 0.99, 1.03 .5 1.01 0.87, 1.17 >.9

AFP, alpha foeto protein; ASA, American Society of Anesthesiology; BMI, body mass index; CI, confidence interval; F, female;
HR, hazard ratio; IMM, Institut Mutualiste Montsouris; M, male; PVE, portal vein embolization; TACE, transarterial
chemoembolization.
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All classical limits affecting multicenter retrospective series
apply to the present study: different case-mix and hospital case-
load, evolving knowledge in preoperative diagnosis and surgical
expertise over such a long accrual period (even if no survival dif-
ferences were observed between the 2 decades), the single mo-
dality of care (surgery), as well as evolving expertise in pathological
diagnosis (historical bias), without mentioning missing key vari-
ables (adjuvant chemotherapy, blood loss, postoperative compli-
cations, N status, number of nodes, modality of recurrence and
treatment). The absence of variables such as lymphadenectomy
weighs particularly heavily among the limitations of this study:
with 15% of missing observations, this variable could not be
analyzed without introducing supplementary biases. With this
limit in mind, we can simply report (and without any inference)
that the rates of patients undergoing lymphadenectomy within the
matched cohort were: overall 19.7%, cHCC-CCA 17.9%, HCC 4.1%, and
iCCA 50.0%. Evidence suggests that patients with cHCC-CCA suffer a
natural history similar to those affected by iCCA, and given the
similar lymphatic pattern of tumor spread, it follows that a routine
hilar lymphadenectomy is indicated.2 Despite this knowledge, the
performance of adequate lymphadenectomy is still poorly adhered
to, as suggested by the low rate observed here (without considering
missing observations), while the postoperative nature of the diag-
nosis is a likely contributing factor. The precise role of lymphade-
nectomy at this point remains unresolved.

Another methodologic limitation to be pointed out is the 2-step
sequential matching, developed to compensate for the lack of a
dedicated statistical library with which to perform a PS matching
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on 3 groups. The consequence was the drastic loss of patients
through the process, thus limiting the effect of the initially large
cohort.

In conclusion, despite data limitations, overall survival observed
among patients with cHCC-CCA was closer to iCCA and worse than
HCC patients, whereas recurrence rates were similar to both HCC
and iCCA controls. Survival and recurrence were influenced by the
aggressiveness of the disease, expressed through proxy variables
such as cHCC-CCA subtype and satellite nodules.

Research focusing on the biological and molecular profile of
cHCC-CCA may lead to improved prediction of prognosis and long-
term outcome of this unique oncologic population,5 define the need
for routine lymphadenectomy,2 and facilitate selection of targeted
systemic therapies.13
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