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ABSTRACT

Background. Intrahepatic cholangiocarcinoma (ICC) con-
stitutes a group of heterogeneous malignancies within the
liver. We sought to subtype ICC based on anatomical origin
of tumors, as well as propose modifications of the current
classification system.

Methods. Patients undergoing curative-intent resection for
ICC, hilar cholangiocarcinoma (CCA), or hepatocellular
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carcinoma (HCC) were identified from three international
multi-institutional consortia of databases. Clinicopathologi-
cal characteristics and survival outcomes were assessed.

Results. Among 1264 patients with ICC, 1066 (84.3%)
were classified as ICC-peripheral subtype, whereas 198
(15.7%) were categorized as ICC-perihilar subtype. Com-
pared with ICC-peripheral subtype, ICC-perihilar subtype
was more often associated with aggressive tumor charac-
teristics, including a higher incidence of nodal metastasis,
macro- and microvascular invasion, perineural invasion, as
well as worse overall survival (OS) (median: ICC-perihilar
19.8 vs. ICC-peripheral 37.1 months; p <0.001) and disease-
free survival (DFS) (median: ICC-perihilar 12.8 vs. ICC-
peripheral 15.2 months; p=0.019). ICC-perihilar subtype
and hilar CCA had comparable OS (19.8 vs. 21.4 months;
p=0.581) and DFS (12.8 vs. 16.8 months; p =0.140).
ICC-peripheral subtype tumors were associated with more
advanced tumor features, as well as worse survival outcomes


http://crossmark.crossref.org/dialog/?doi=10.1245/s10434-023-14502-3&domain=pdf
http://orcid.org/0000-0002-7994-9870

Classification of Intrahepatic Cholangiocarcinoma into ...

1233

versus HCC (OS, median: ICC-peripheral 37.1 vs. HCC 74.3
months; p <0.001; DFS, median: ICC-peripheral 15.2 vs.
HCC 45.5 months; p <0.001).

Conclusions. ICC should be classified as ICC-perihilar and
ICC-peripheral subtype based on distinct clinicopathologi-
cal features and survival outcomes. ICC-perihilar subtype
behaved more like carcinoma of the bile duct (i.e., hilar
CCA), whereas ICC-peripheral subtype had features and a
prognosis more akin to a primary liver malignancy.

Keywords Intrahepatic cholangiocarcinoma - Hilar
cholangiocarcinoma - Hepatocellular carcinoma -
Resection - Overall survival

Cholangiocarcinoma (CCA) constitutes a diverse group
of malignancies arising in the biliary tract.!> Incidence
(0.3—-6 per 100,000 inhabitants per year) and mortality (1-6
per 100,000 inhabitants per year, globally) of CCA have
increased worldwide over the past decade, accounting for
~15% of all primary liver cancers and ~3% of gastrointes-
tinal malignancies.'>** Despite recent advances in clinical
treatment, prognosis of patients with CCA remains poor
with 5-year survival ranging from 7 to 20%.> Unfortunately,
patients undergoing curative-intent resection still suffer from
a high incidence of recurrence, which compromises long-
term survival outcomes.”®

CCAs arise from different anatomical sites and are gen-
erally divided into intrahepatic, perihilar, and distal CCA
according to the staging of the American Joint Committee
on Cancer (AJCC) and the Union for International Cancer
Control (UICC) system.” In the AICC/UICC system, perihi-
lar cholangiocarcinoma is defined as arising predominantly
in the main lobar extrahepatic bile ducts distal to segmental
bile ducts and proximal to the cystic duct.’ In turn, perihilar
cholangiocarcinoma can include both hilar cholangiocarci-
noma (extrahepatic) and intrahepatic cholangiocarcinoma
(ICC) arising from the second order of bile ducts. In fact, the
definition of perihilar cholangiocarcinoma remains some-
what controversial. According to the fifth edition of World
Health Organization (WHO) classification of tumors of the
digestive system, perihilar cholangiocarcinoma is defined as
tumors located in the extrahepatic biliary tree proximal to
the origin of the cystic duct (hilar cholangiocarcinoma).'®
As such, “perihilar” typically means “extrahepatic” with
perihilar cholangiocarcinoma arising from the common,
left and/or right hepatic duct.'” In fact, “perihilar cholan-
giocarcinoma” is not a pathological entity but a practical
disease category.'! In the National Comprehensive Can-
cer Network (NCCN) guidelines, cholangiocarcinoma was
divided into intrahepatic, hilar (but not perihilar), and distal
cholangiocarcinoma.

While ICC arises above from second-order bile ducts
within the liver, hilar and distal CCA derive from extrahe-
patic bile ducts with the insertion of cystic duct being used
as the anatomical landmark to differentiate these tumors. In
contrast to hilar and distal CCAs, ICCs are more heterogene-
ous and are made up of tumors deriving from different ana-
tomical sites within the liver.'> Because the clinical features
and extent of surgery depend largely on the site of the tumor,
it is critical to clarify the pathologic and biologic behavior
of ICC based on different anatomic sites.'? Intrahepatic bile
ducts are proximal to the right or left hepatic duct and are
classified as intrahepatic large and small bile ducts.'* On
the basis of pathological features and cell-of-origin, ICCs
originating from large bile ducts with peribiliary glands have
been defined as ICC-perihilar subtype, whereas tumors aris-
ing from small bile ducts or canals of Hering are categorized
as ICC-peripheral subtype, exhibiting distinct morphology,
histological, and molecular characterizations.!"'>1® Mor-
phologically, ICC-perihilar subtype are characterized by a
periductal-infiltrating or intraductal growth pattern, whereas
ICC-peripheral subtype mainly have a mass-forming gross
morphologic pattern.!! These two types of ICC (i.e., ICC-
perihilar and ICC-peripheral) may be distinct in terms of
their etiology, clinical presentation, and management, as
well as need for posttreatment surveillance.

Some investigators have proposed that ICC-perihilar sub-
type should be categorized with hilar and distal CCA as
carcinoma of the bile ducts, whereas ICC-peripheral subtype
should be classified as a primary liver malignancy, such as
hepatocellular carcinoma (HCC)."” To date, there has been a
paucity of data to examine whether such a new classification
system to define the subtypes of ICC is warranted from the
perspective of surgical management or prognosis. There-
fore, the objective of the current study was to define the
clinical presentation, pathological characteristics, as well as
survival among patients undergoing curative-intent surgery
of ICC, hilar CCA, or HCC using large international multi-
institutional databases. Specifically, we sought to examine
subtyping of ICC based on anatomical origin of tumors and
propose a modification of the current classification system.

METHODS
Study Cohort and Data Collection

Patients who underwent curative-intent resection (R0/
R1) for intrahepatic CCA between January 2000 and August
2020 were identified from a database of 15 hepatobiliary
centers in North America, Europe, Australia, and Asia
(Beaujon Hospital, Clichy, France; Curry Cabral Hospital,
Lisbon, Portugal; Eastern Hepatobiliary Surgery Hospi-
tal, Shanghai, China; Erasmus University Medical Centre,
Rotterdam, Netherlands; Emory University, Atlanta, GA;
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Fundeni Clinical Institute, Bucharest, Romania; Johns Hop-
kins Hospital, Baltimore, MD; University of Ottawa, Ottawa,
ON, Canada; Royal Prince Alfred Hospital, University of
Sydney, Sydney, Australia; Ospedale San Raffaele, Milan,
Italy; Stanford University, Stanford, CA; University of Vir-
ginia, Charlottesville, VA; University of Verona, School of
Medicine, Verona, Italy; Yokohama City University School
of Medicine, Yokohama, Japan; the First Affiliated Hospital
of Xi’an Jiaotong University, Xi’an, China). Patients who
underwent curative resection of hilar CCA between the
years 2000 and 2020 were identified from a multi-institu-
tional database that included ten hepatobiliary centers (Ohio
State University Wexner Medical Center, Johns Hopkins
University, Stanford University, University of Wisconsin,
University of Washington, Vanderbilt University, New
York University, Louisville University, Wake Forest Uni-
versity, and Emory University). In addition, patients who
underwent curative liver resection for HCC between 2000
and 2020 were identified from 11 international centers from
America, Europe, Australia and Asia (The Ohio State Uni-
versity Wexner Medical Center, Columbus, OH, USA; The
First Affiliated Hospital of Xi’an Jiaotong University, Xi’an,
China; University of Verona, Verona, Italy; Hopedale San
Raffaele, Milano, Italy; Curry Cabral Hospital, Lisbon, Por-
tugal; APHP, Beaumont Hospital, Clichy, France; Westhead
Hospital, Sydney, Australia; Stanford University, Stanford,
CA, USA; Funding Clinical Institute, Bucharest, Romania;
University of Ottawa, Ottawa, Canada; The University of
Sydney, School of Medicine, Sydney, Australia).

Data on demographics, liver function, primary tumor
characteristics, details of the initial surgical procedure, bio-
chemical labs, imaging, pathologic findings, as well as treat-
ment details of recurrent disease were collected by using
standardized datasheets at each institution. Surgical speci-
mens were reviewed by expert hepatic pathologists. Tumor-
related characteristics, including maximal tumor diameter,
number, location, tumor morphology, major vascular inva-
sion, histological grade, microvascular invasion, perineural
invasion, and lymph node status, were evaluated based on
final pathology.

According to tumor morphology on macroscopic exami-
nation, intrahepatic CCA was classified into mass-forming,
periductal-infiltrating, and intraductal-growing subtype.'®
Tumors with both periductal-infiltrating and mass-forming
features were collectively recorded as periductal-infiltrating
subtype. ICC with morphology of periductal-infiltrating or
intraductal-growing pattern was defined as ICC-perihilar
subtype, while mass-forming pattern was categorized as
ICC-peripheral subtype (Fig. 1).

Patients were regularly followed after surgery with ultra-
sound, abdominal computed tomography, and/or MRI scan-
ning. Overall survival (OS) was calculated from the date of
surgery and censored at the date of death or last follow-up.

Disease-free survival (DFS) was defined as time duration
from the date of surgery to tumor recurrence.

Statistical Analysis

Numerical variables were expressed as median values
with interquartile ranges (IQR) and compared with Student
t-test or Mann-Whitney U test between the two groups.
Nominal variables were expressed as number and percent-
ages and compared with chi-squared test or Fisher’s exact
test. Kaplan-Meier curves were used to estimate median
survival; the log-rank test was used to assess differences in
DFS and OS. Because baseline patient characteristics with
various tumor types were different, propensity score match-
ing (PSM) was used to mitigate selection bias. Specifically,
variables potentially affecting long-term outcomes were uti-
lized in the propensity score. Propensity score analysis with
1:1 matching was performed without replacement using a
caliper with a width 0.1 of the standard deviation to generate
matched pairs of the patients. In all analyses, two-tailed p
value < 0.05 was considered statistically significant. Statis-
tical analyses were performed by using SPSS version 22.0
(IBM SPSS Inc., Chicago, IL).

RESULTS
Baseline Characteristics

A total of 1264 patients underwent curative-intent resec-
tion in the ICC cohort. Median patient age was 60 years
(interquartile range [IQR], 51-69), and 707 patients (56.0%)
were male. Most patients had unifocal disease (n= 1046,
83.5%) with a median tumor size of 6.0 cm (IQR, 4.0-8.5).
Perineural invasion was present in 219 (17.3%) tumors,
whereas microvascular invasion was noted in 354 (28.0%)
patients. Roughly one-half (n=572, 45.3%) of patients had
a lymphadenectomy; 42.8% (245/572) of these patients
had lymph node metastasis (LNM). Among patients in the
hilar CCA cohort, 257 patients underwent a curative-intent
resection. Median age was 67 years (IQR, 58-73), and 151
(58.8%) patients were male. On pathological examination,
perineural and microvascular invasion were present in 173
(67.3%) and 83 (32.3%) patients, respectively. Roughly one-
third of patients (n=96, 37.4%) had LNM (Table 1). Among
the 1004 patients who underwent curative-intent resection
for HCC, median age of patients was 62 years (IQR, 53-71),
and the majority (n =788, 78.5%) was male. Most HCC
patients (n=_885, 85.1%) had unifocal disease with a median
tumor size of 5.0 cm (IQR, 3.0-8.5). On histopathological
examination, 589 (58.7%) patients had microvascular inva-
sion (Table 2).
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FIG. 1 Reclassification of intrahepatic cholangiocarcinoma (ICC), with ICC-perihilar subtype together with hilar and distal cholangiocarci-
noma as carcinoma of the bile ducts, and ICC-peripheral subtype together with hepatocellular carcinoma (HCC) as primary liver cancers

Classification of ICC into ICC-Perihilar
and ICC-Peripheral Subtype

Among patients with ICC, 1066 (84.3%) were defined
as having ICC-peripheral subtype (mass-forming pattern),
whereas 198 (15.7%) were classified as ICC-perihilar sub-
type (periductal-infiltrating pattern: n=162, 12.8%; intra-
ductal growth pattern: n=36, 2.8%; Fig. 1). ICC-peripheral
subtype was more likely to be associated with viral hepatitis
(ICC-peripheral 21.2% vs. ICC-perihilar 10.1%, p=0.011)
and liver cirrhosis compared with ICC-perihilar subtype
(ICC-peripheral 11.4% vs. ICC-perihilar 3.5%, p=0.009;
Table 1). In contrast, ICC-perihilar subtype was associated

with a higher proportion of lymphadenectomy (ICC-peri-
hilar 69.2% vs. ICC-peripheral 41.7%, p <0.001) and more
aggressive tumor characteristics compared with ICC-periph-
eral subtype, including a higher incidence of LNM (ICC-
perihilar 52.6% vs. ICC-peripheral 39.0%, p =0.005), mac-
rovascular (ICC-perihilar 21.2% vs. ICC-peripheral 11.6%,
p <0.001) and microvascular invasion (ICC-perihilar 34.3%
vs. ICC-peripheral 26.8%, p=0.035), perineural invasion
(ICC-perihilar 27.3% vs. ICC-peripheral 15.5%, p <0.001),
as well as R1 margin status (ICC-perihilar 20.7% vs. ICC-
peripheral 11.3%, p <0.001). Of note, patients with ICC-per-
ihilar subtype had a worse OS (median: ICC-perihilar 19.8
months vs. ICC-peripheral 37.1 months; p <0.001; Fig. 2a)



1236 T. Wei et al.
TABLE 1 Demographics and clinicopathological factors among ICC-perihilar subtype, ICC-peripheral subtype, and hilar CCA
Variables ICC p Value® Hilar CCA (n=257) p Value®
ICC-perihilar (n=198) ICC-peripheral (n=1066)
Age, years, median (IQR) 62 (56-71) 59 (50-68) 0.002 67 (58-73) 0.002
Gender, No. (%) 0.451 0.266
Female 92 (46.5) 464 (43.6) 106 (41.2)
Male 106 (53.5) 601 (56.4) 151 (58.8)
Viral hepatitis, No. (%) 0.011 NA
Yes 20 (10.1) 226 (21.2)
No 118 (59.6) 704 (66.0)
Missing 60 (30.3) 136 (12.8)
Primary sclerosing cholangitis, No. (%) 0.135 0.183
Yes 7(3.5) 25(2.3) 6(2.5)
No 132 (66.7) 898 (84.2) 237 (92.2)
Missing 59 (29.8) 143 (13.4) 14 (5.4
Cirrhosis, No. (%) 0.009 NA
Yes 7(3.5) 121 (11.4)
No 131 (66.2) 833 (78.1)
Missing 60 (30.3) 112 (10.5)
CA19-9, U/ml, median (IQR) 88.0 (26.0-466.0) 46.7 (16.5-192.7) 0.002 132.0 (44.0-360.7) 0.331
Type of hepatectomy, No. (%) < 0.001 < 0.001
Minor resection 24 (12.1) 433 (40.6) 59 (23.0)
Major resection 158 (79.8) 519 (48.7) 152 (59.1)
Missing 16 (8.1) 114 (10.7) 46 (17.9)
Resection margin, No. (%) < 0.001 0.001
RO 156 (78.8) 938 (88.0) 168 (65.4)
R1 41 (20.7) 120 (11.3) 89 (34.6)
Missing 1(0.5) 8(0.8) 0(0)
Macrovascular invasion, No. (%) < 0.001 0.072
Yes 42 (21.2) 124 (11.6) 35 (13.6)
No 139 (70.2) 840 (78.8) 183 (71.2)
Missing 17 (8.6) 102 (9.6) 39 (15.2)
Lymphadenectomy < 0.001 < 0.001
Yes 137 (69.2) 444 (41.7) 257 (100)
No 51(25.8) 538 (50.5) 0
Missing 10(5.1) 84 (7.9) 0
Lymph node metastasis, No. (%)* 0.005 0.004
Yes 72 (52.6) 173 (39.0) 96 (37.4)
No 65 (47.4) 271 (61.0) 161 (62.6)
Microvascular invasion, No. (%) 0.035 0.219
Yes 68 (34.3) 286 (26.8) 83(32.3)
No 111 (56.1) 667 (62.6) 174 (67.7)
Missing 19 (9.6) 113 (10.6) 0(0)
Perineural invasion, No. (%) < 0.001 < 0.001
Yes 54 (27.3) 165 (15.5) 173 (67.3)
No 114 (57.6) 717 (67.3) 48 (18.7)
Missing 30(15.2) 184 (17.3) 36 (14.0)
Grade, No. (%) 0.111 0.656
Well/moderately differentiated 138 (69.7) 805 (75.5) 182 (70.8)
Poorly differentiated/undifferentiated 47 (23.7) 204 (19.1) 56 (21.8)
Missing 13 (6.6) 57 (5.3) 19 (7.4)

#ICC-perihilar subtype versus ICC-peripheral subtype

ICC-perihilar subtype versus hilar CCA

NA not available

“Lymph node metastasis was only compared among patients who had pathological nodal examination
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TABLE 2 Clinicopathological

factors for ICC-peripheral
subtype versus HCC

Variables HCC (n=1004) ICC-peripheral p Value
(n=1066)
Age, years, median (IQR) 62 (53-71) 59 (50-68) 0.003
Gender, No. (%) <0.001
Female 214 (21.3) 464 (43.6)
Male 788 (78.5) 601 (56.4)
HBYV infection, No. (%) 0.851
Yes 227 (22.6) 207 (19.4)
No 652 (64.9) 723 (67.8)
Missing 125 (12.5) 136 (12.8)
HCV infection, No. (%) <0.001
Yes 212 (21.1) 25(2.3)
No 784 (78.1) 894 (83.9)
Missing 8 (0.8) 147 (13.8)
Primary sclerosing cholangitis, No. (%) 0.078
Yes 4(0.4) 25(2.3)
No 854 (85.1) 898 (84.2)
Missing 146 (14.5) 143 (13.4)
Cirrhosis, No. (%) <0.001
Yes 439 (43.7) 121 (11.4)
No 563 (56.1) 833 (78.1)
Missing 2(0.2) 112 (10.5)
Multiple tumors, No. (%) 0.010
Yes 119 (11.9) 167 (15.7)
No 885 (85.1) 890 (83.5)
Missing 0 9(0.8)
Tumor size <0.001
<5cm 524 (52.2) 350 (32.8)
>5cm 480 (47.8) 701 (65.8)
Missing 0 15(1.4)
Type of hepatectomy, No. (%) <0.001
Minor resection 676 (67.3) 433 (40.6)
Major resection 291 (29.0) 519 (48.7)
Missing 37(3.7) 114 (10.7)
Resection margin, No. (%) 0.317
RO 902 (89.8) 938 (88.0)
R1 100 (10.0) 120 (11.3)
Missing 2(0.2) 8 (0.8)
Macrovascular invasion, No. (%) <0.001
Yes 54 (5.4) 124 (11.6)
No 887 (88.3) 840 (78.8)
Missing 63 (6.3) 102 (9.6)
Microvascular invasion, No. (%) <0.001
Yes 589 (58.7) 286 (26.8)
No 284 (28.3) 667 (62.6)
Missing 131 (13.0) 113 (10.6)
Grade, No. (%) 0.203
Well/moderately differentiated 741 (73.8) 805 (75.5)
Poorly differentiated/undifferentiated 216 (21.5) 204 (19.1)
Missing 47 (4.7) 57(5.3)
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FIG. 2 Overall survival (A) and disease-free survival (B) of ICC-perihilar subtype, ICC-peripheral subtype, HCC, and hilar CCA following

curative-intent resection

and DFS (median: ICC-perihilar 12.8 months vs. ICC-
peripheral 15.2 months; p=0.019; Fig. 2b) versus patients
with ICC-peripheral subtype. While survival estimates for
patients with ICC-peripheral subtype trended with the sur-
vival outcomes of patients with HCC, individuals with ICC-
perihilar subtype had long-term outcomes more comparable
to patients with hilar CCA (Fig. 2).

Survival Outcomes for ICC-Perihilar Subtype Versus Hilar
CCA

Compared with hilar CCA, ICC-perihilar subtype was
associated with a higher incidence of LNM (ICC-perihilar
52.6% vs. hilar CCA 37.4%, p=0.004), yet lower frequency
of perineural invasion (ICC-perihilar 27.3% vs. hilar CCA
67.3%, p<0.001) and R1 margin status (ICC-perihilar 20.7%
vs. hilar CCA 34.6%, p=0.001; Table 1). Of note, patients
with ICC-perihilar subtype had comparable OS (median:
ICC-perihilar 19.8 months vs. hilar CCA 21.4 months;
p=0.581; Fig. 2a) and DFS (median: ICC-perihilar 12.8
months vs. hilar CCA 16.8 months; p=0.140; Fig. 2b) simi-
lar to individuals with hilar CCA. After propensity-scoring
matching, 67 pairs of patients were assessed (Supplementary

Table 1). Of note, patients with ICC-perihilar subtype per-
sisted in having a comparable OS (median: ICC-perihilar
32.3 months vs. hilar CCA 22.1 months; p=0.197; Fig. 3a)
and DFS (median: ICC-perihilar 17.3 months vs. hilar CCA
19.5 months; p=0.545; Fig. 3b) compared with patients who
had hilar CCA.

Survival Outcomes for ICC-Peripheral Subtype Versus
HCC

ICC-peripheral subtype was more likely to be multiple
(multiple tumors, ICC-peripheral 15.7% vs. HCC 11.9%,
p=0.01) and larger versus HCC tumors (>5 cm, ICC-
peripheral 65.8% vs. HCC 47.8%, p <0.001). In addition,
compared with HCC, ICC-peripheral subtype was associ-
ated with a higher incidence of macrovascular vascular inva-
sion (ICC-peripheral 11.6% vs. HCC 5.4%, p <0.001), yet a
lower incidence of microvascular invasion (ICC-peripheral
26.8% vs. HCC 58.7%, p <0.001; Table 2). Patients with
ICC-peripheral subtype had a shorter OS (median: ICC-
peripheral 37.1 months vs. HCC 74.3 months; p <0.001;
Fig. 2a) and DFS (median: ICC-peripheral 15.2 months vs.
HCC 45.5 months; p <0.001; Fig. 2b) versus patients with

FIG. 3 Overall survival (A) A B
and disease-free survival (B) of 1.0 1.0 4 o o
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HCC. Following PSM, among 468 pairs of matched patients
(Supplementary Table 2), individuals with ICC-peripheral
subtype still had an unfavorable OS (median: ICC-peripheral
40.0 months vs. HCC 66.3 months; p <0.001; Fig. 4a) and
DFS (median: ICC-peripheral 14.0 months vs. HCC 32.9
months; p <0.001; Fig. 4b) compared with patients who had
HCC. Of note, among patients with no LNM, the progno-
sis of patients with ICC-peripheral subtype (n=124) was
more comparable with the outcomes of patients with HCC
(n=453) (OS: median: ICC-peripheral 66.3 months vs. HCC
73.6 months, p=0.251; DFS: median: ICC-peripheral 23.5
months vs. HCC 35.7 months, p =0.044; Fig. 4c, d).

DISCUSSION

CCAs can arise at any anatomic location within the bil-
iary ducts, yet have different etiologies, as well as unique
genomic, molecular, pathologic, and clinical features. 31920
Traditionally, CCAs have been divided into intrahepatic and
extrahepatic carcinoma (i.e., hilar and distal CCA) accord-
ing to the site of origin. This categorization has been widely
accepted as each anatomic subtype often is treated with a
different surgical strategy. For example, while distal CCAs
are treated with a Whipple procedure, surgery for hilar CCA
often requires hepatectomy concomitant with bile duct
resection and biliary anastomosis. For intrahepatic CCA,
peripheral tumors within the liver are treated with hepatic
resection like HCC, whereas treatment of ICC close to hilum
is similar to hilar CCA. While often managed differently, the
subtypes of ICC have not been clearly delineated relative

Time after surgery (months)

to long-term prognosis following curative-intent resection.
To this point, ICC arising from intrahepatic large bile ducts
(ICC-perihilar type) may have a more aggressive tumor
behavior than tumors originating from the small bile ducts
(ICC-peripheral type).!""!* The current study was important,
because we specifically examined ICC subtypes relative
to hilar CCA and HCC. Interestingly, there were distinct
tumor characteristics, as well as long-term outcomes, among
patients who had ICC-perihilar versus ICC-peripheral sub-
type. While OS and DFS among patients with ICC-perihilar
subtype was comparable to patients with hilar CCA, prog-
nosis of individuals with ICC-peripheral subtype was worse
than individuals with HCC, yet more comparable when
examining only patients with no LNM. In turn, the data
suggest that ICC-peripheral subtype is more akin to “true”
primary liver cancers, while ICC-perihilar subtype should
be classified more as a type of perihilar cholangiocarcinoma
based on differences in presentation, surgical management,
and prognosis (Fig. 1).

Based on the classification of the Liver Cancer Study
Group of Japan, intrahepatic CCA is morphologically classi-
fied into three patterns: mass-forming, periductal-infiltrating,
and intraductal-growth pattern.'®?! Different carcinogenesis
and progression pathways may give rise to each morphologi-
cal ICC subtype. For example, canals of Hering and inter-
lobular bile ducts represent the cell-of-origin for peripheral
small duct-derived carcinoma, namely the proposed ICC-
peripheral subtype, which can develop into a mass-forming
pattern in the background of chronic hepatitis and cirrhosis.?
In contrast, peribiliary glands are likely the origin of large
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duct-derived carcinoma corresponding to ICC-perihilar sub-
type and produce periductal-infiltrating tumors related to bil-
iary inflammation.?® Of note, the intraductal-growth pattern,
another type of ICC-perihilar subtype tumor, represents a
distinct pathway from large bile ducts and often is associated
with a more favorable prognosis. As such, even when ICC
demonstrates similar gross features, there may be different
pathways of carcinogenesis and tumor progression between
perihilar large duct and peripheral small duct type intrahe-
patic CCA."! ICC-perihilar subtype tumors are likely derived
from the large bile duct and be composed of a large tubular
component or papillary proliferation of tall columnar epi-
thelium. As such, upregulation of some mucin core proteins
(MUC), such as MUC2, MUC6, and MUCS5AC, as well as
S100P, have been utilized as diagnostic markers.!6?%2%26 In
contrast, ICC-peripheral subtype tumors are derived from the
small bile ducts originating from hepatic progenitor cells or
transformation of ductular with no large glands/tall colum-
nar cells.!! NCAM overexpression within a background of
viral hepatitis may be related to carcinogenesis from hepatic
progenitor cells.?”?® Isocitrate dehydrogenase (IDH) 1 or 2
mutations, FGFR2 fusions, and VEGF-A overexpression are
frequently associated with ICC-peripheral subtype, whereas
KRAS and TP53 genetic alterations are more common noted
among ICC-perihilar subtype.'®**! Understanding the dif-
ferent mechanisms of carcinogenesis of ICC-perihilar versus
ICC-peripheral subtype is important to understand and direct
CCA treatment. In the current study, ICC-perihilar subtype
was associated with more advanced tumor features, such as
a higher frequency of LNM, perineural invasion, as well as
macro- and microvascular invasion versus ICC-peripheral
subtype. Perhaps not surprisingly, lymphatic channels and
neural fibers are much more prevalent along the Glisson
sheath, which may be more often associated with perihilar
tumors. As such, patients with ICC-perihilar subtype tumors
had a more unfavorable prognosis than patients with ICC-
peripheral subtype tumors.

The separation point between intrahepatic and extrahepatic
cholangiocarcinoma is defined by the level of second-order
bile ducts.?> Conventionally, the right and left hepatic ducts,
the confluence, and the first to third branches are termed as
hilar and perihilar bile ducts that are located intra- and extra-
hepatically, respectively. The AJCC/UICC staging manual
did not make a distinction relative to bile duct order loca-
tion when classifying perihilar carcinoma, because resec-
tion of the hepatic duct bifurcation is required irrespective of
whether there is an intrahepatic component.32 In contrast, the
new edition of WHO tumor classification defined perihilar
cholangiocarcinoma specifically as located in the extrahepatic
biliary tree proximal to the origin of the cystic duct (hilar
CCA), which is consistent with the definition of hilar CCA
according to NCCN guidelines.'” In fact, hilar CCA should
be considered as originating from the common hepatic duct,

bifurcation, and left or right hepatic ducts. To this point, in the
current study, patients with ICC-perihilar subtype had com-
parable OS (Fig. 2a) and DFS (Fig. 2b) to individuals with
hilar CCA—even after propensity scoring matching (Fig. 3).
In turn, ICC-perihilar subtype tumors should be considered
distinct from ICC-peripheral subtype and be conceptualized
as tumors more consistent with hilar CCA.

Interestingly, ICC-peripheral subtype and HCC shared
similar risk factors, such as liver cirrhosis and chronic viral
hepatitis. However, compared with HCC, patients with
ICC-peripheral subtype were more likely to present with
advanced stage disease, including multiple and larger tumors
with a higher incidence of vascular invasion and LNM.
As such, individuals with ICC-peripheral subtype had an
unfavorable OS (Fig. 4a) and DFS (Fig. 4b) compared with
patients who had HCC. Interestingly, among patients with
no LNM, outcomes following resection of ICC-peripheral
subtype were more comparable with HCC. The surgical
management of primary liver cancers such as ICC-periph-
eral subtype and HCC typically differs. For example, resec-
tion of the primary mass with regional lymphadenectomy
is the standard approach for patients ICC-peripheral sub-
type, whereas resection and ablation—as well as transplan-
tation—with no lymphadenectomy are standard surgical
managements options for HCC.?* In aggregate, the data
demonstrate the heterogeneity in the prognosis of patients
of ICC-peripheral versus ICC-perihilar subtype, as well as
HCC. Among patients with no LNM, prognosis of patients
with ICC-peripheral subtype was similar, however, to indi-
viduals undergoing resection of HCC.

Results from the current study should be interpreted in
light of several limitations. Although the multi-institutional
nature of the cohort increased sample size and generaliza-
tion of the results, patient selection, surgical approach, as
well as follow-up surveillance strategies may have varied
among centers. All institutions included in the consortium
were high-volume centers and followed standard treatment
algorithms. Data related to neoadjuvant and adjuvant thera-
pies, as well as targeted and immuno-therapy, were not
included in the database. Moreover, all patients underwent
curative-intent resection; as such patients who received pal-
liative treatments or systemic chemotherapy for advanced
disease were not included, and therefore, the data cannot be
extrapolated to nonoperative candidates.

CONCLUSIONS

ICC-perihilar (periductal-infiltrating and intraductal-
growing patterns) and ICC-peripheral (mass-forming pat-
tern) subtype had distinct clinicopathological features and
prognosis. Patients with ICC-perihilar subtype typically
undergo the same surgical procedures and have similar
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survival outcomes as patients with hilar CCA, whereas
patients with ICC-peripheral subtype undergo hepatic resec-
tion like HCC and had survival outcomes that were inter-
mediate to patients with HCC and hilar CCA. As such, data
from the current study suggest the reclassification of ICC,
with the ICC-perihilar subtype being considered similar to
hilar and distal CCA as carcinoma of the bile ducts, whereas
ICC-peripheral subtype was more akin to a primary liver
cancer like HCC. Future studies are needed to investigate
the molecular and carcinogenic pathway differences among
the varied ICC tumor subtypes.
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