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Abstract

Genetic alterations including fusions in fibroblast growth factor receptor 2 (FGFR2) are detected in 10-20% of intrahepatic
cholangiocarcinoma (iCCA), and FGFR?2 inhibitors are effective for the treatment of iCCA. We examined a prevalence of
FGFR2 genetic alterations and their clinicopathological significance in combined hepatocellular—cholangiocarcinoma (cHCC-
CCA). FGFR2 expression, which is a surrogate marker for FGFR2 genetic alterations, was immunohistochemically assessed
in the liver sections from 75 patients with cHCC-CCA, 35 with small duct-type iCCA, 30 with large duct-type iCCA, and
35 with hepatocellular carcinoma (HCC). FGFR2 genetic alterations were detected by reverse transcription-PCR and direct
sequence. An association of FGFR?2 expression with clinicopathological features was investigated in cHCC-CCAs. FGFR2
expression was detected in significantly more patients with cHCC-CCA (21.3%) and small duct-type iCCA (25.7%), com-
pared to those with large duct-type iCCA (3.3%) and HCC (0%) (p <0.05). FGFR2-positive cHCC-CCAs were significantly
smaller size (p <0.05), with more predominant cholangiolocarcinoma component (p <0.01) and less nestin expression
(p <0.05). Genetic alterations of ARID1A and BAP1 and multiple genes were significantly more frequent in FGFR2-pos-
itive cHCC-CCAs (p <0.05). 5'/3" imbalance in FGFR2 genes indicating exon18-truncated FGFR2 was significantly more
frequently detected in FGFR2-positive cHCC-CCAs and small duct iCCAs, compared to FGFR2-negative ones (p <0.05).
FGFR2::BICC fusion was detected in a case of cHCC-CCAs. FGFR2 genetic alterations may be prevalent in cHCC-CCAs
as well as small duct-type iCCAs, which suggest cHCC-CCAs may also be a possible therapeutic target of FGFR2 inhibitors.

Keywords FGFR?2 - Genetic alterations - Combined hepatocellular and cholangiocarcinoma - Intrahepatic
cholangiocarcinoma-small duct type - BAP1 - Nestin

Introduction

Combined hepatocellular-cholangiocarcinoma (cHCC-
CCA), which generally has a poor prognosis, comprises
of hepatocellular carcinoma (HCC), cholangiocarcinoma
(CCA), and diverse components with intermediate features
between HCC and CCA [1-3]. The histological diagnosis of
cHCC-CCA is sometimes difficult and controversial because
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of intratumoral heterogeneity with diverse intermediate
components [1-3]. A consensus paper has provided sim-
plified terminology and refined the diagnostic criteria for
cHCC-CCA [3], and the current WHO classification 2019
adopted this consensus [1]. The histopathological diagnosis
of cHCC-CCA needs to be standardized for the appropriate
clinical treatment of patients [2]. Previous studies disclosed
that some cHCC-CCAs had similar genetic alterations to
HCCs, whereas other cHCC-CCAs had similar genetic
alterations to CCAs [4—7]. The genetic alterations and other
molecular features in cHCC-CCAs may be therapeutic tar-
gets, as well as HCCs and CCAs [2, 4-7].

Accumulating data suggest that about a half of iCCAs
have targetable genetic alterations [8, 9]. The fibroblast
growth factor receptor 2 (FGFR2), which is one of four
FGFR family members that encode transmembrane recep-
tor tyrosine kinases, has attracted much attention [10-14].
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The FGFR?2 fusions or rearrangements are found as genetic
abnormalities in 10-20% of iCCA, especially in small
duct-type iCCAs [10-12, 15]. Over 150 fusion partners
are detected in FGFR2 fusion genes [12, 16], and a recent
study revealed the truncation of exon 18 (E18) of FGFR2
is a potent driver mutation and could be a therapeutic tar-
get [17]. Immunohistochemical FGFR2 expression may be
a candidate surrogate marker for detecting FGFR2 genetic
alterations with high specificity and a prognostic marker in
iCCA [18, 19]. FGFR2 inhibitors, such as pemigatinib and
futibatinib, inhibit tumor cell growth in FGFR-driven can-
cers by receptor autophosphorylation and subsequent acti-
vation of FGF/ FGFR signaling [20]. Favorable therapeutic
effects of these FGFR inhibitors are observed in several
clinical trials in iCCAs [16, 21].

cHCC-CCAs shares various features such as histologi-
cal findings of iCCA components, etiologies, and possible
cell origin with small duct-type iCCA [1, 2, 22]; however,
there were only a few studies on FGFR2 genetic alterations
in cHCC-CCA, so far [4-7]. In previous studies, FGFR2-
fusions were detected in 0-6.5% of cHCC-CCAs, and the
prevalence was higher in CCA-like cHCC-CCAs compared
to HCC-like ones [4]. We examined a prevalence of FGFR2
genetic alterations and its clinicopathological significance
in cHCC-CCA in this study. We took advantage of an
immunostaining for FGFR2 as a surrogate marker and then
performed the fusion-specific PCR with following direct
sequencing and 5'/3" imbalance PCR [23] for the detection of
exon 18 (E18)-truncated FGFR2 including FGFR2 fusions
[17]. There has been no study on the immunohistochemical
expression of FGFR2 in cHCC-CCAs, to our knowledge.

Table 1 Clinicopathological features of primary liver carcinoma examined

Materials and methods
Patients and preparation of tissue specimens

One hundred and seventy-nine patients with primary
liver carcinoma were retrieved from our pathological
files (1996-2022). The Ethics Committee of Kanazawa
University approved the present study (The approval
number: 2012-021 [160]; the date, June 11, 2013). Pri-
mary liver carcinomas were re-evaluated according to
the WHO classification of digestive system tumors 2019
and classified into 75 with cHCC-CCA, 35 with small
duct-type iCCA, 30 with large duct-type iCCA, and 35
with hepatocellular carcinoma (HCC). A diagnosis of
cHCC-CCA was made regardless of the percentage of
each component in the present study [1]. Cholangiolo-
carcinoma/cholangiolocellular carcinoma (CLC) was
classified into small duct-type iCCA as a subtype in the
present study, according to the WHO classification of
digestive system tumors 2019 [22]. Clinical and patho-
logical features in each group of primary liver carcino-
mas are summarized in Table 1.

All specimens were surgically resected and fixed in
10% buffered formalin and embedded in paraffin. Three-
micrometer-thick sections were cut from each paraf-
fin block. Several sections were routinely processed
for histological studies, including hematoxylin and
eosin stain, reticulum stain, AZAN, and mucin stain-
ing, and the remainder were processed for the following
immunohistochemistry.

HCC Combined iCCA, iCCA, p
HCC-iCCAs Small duct type Large duct type
Number of patients 35 75 35 30
Age mean (y; range) 65.4 (39-86) 65.0(36-83)  69.7 (52-83) 63.4 (39-84) ns
Gender (male, %) 32 (91.4%) 51 (68%)* 26 (74.3%)* 16 (53.3%)* * p<0.01, #, p<0.05 vs HCC
Etiology
B/C/alcohol/NAFLD/? 10/14/6%%/3/2  23/26/5** /6/16 1/7/6%%/2/20 2/2/0/1/25
Virus (B or C) 24 (68.6%) * 49 (65.3%) *  8(22.9%) 4 (13.3%) * p<0.01, vs iCCA, large duct and iCCA,
Positive (%) small duct
Alcohol and/or NAFLD 9 (25.7%) * 12 (13.3%) 8 (22.9%) 2 (6.7%) *, p<0.05, vs iCCA, large duct
Positive (%)
Fibrosis F3,4/F1,2/0 28/6/1 55/14/6 12/8/15 1/2/27
F3,4 (%) 28 (80%) * 55 (73.3%) * 12 (34.3%) * 1(3.3%) *, p<0.01, vs iCCA, large duct

Tumor size mean (mm, range)  31.4 (12-130) 40.4 (5-130)

34.1 (10-130)

51.1*% (18-100) *, p<0.01: vs HCC

Previous therapy positive (%) 3 (8.6%) 21 (28.0%) * 0 0 * p<0.01, vs iCCA, large duct and iCCA,
small duct
Multiple tumors positive (%) 9 (25.7%) * 23 (30.7%) * 6 (17.1%) 0 * p<0.05 vs iCCA, large duct

HCC, hepatocellular carcinoma; iCCA, intrahepatic cholangiocarcinoma; B, hepatitis B; C, hepatitis C; NAFLD, nonalcoholic fatty liver disease;
?, others/unknown; F0-4, degree of fibrosis according to Shin-Inuyama classification. *a, a patient with hepatitis B and alcohol
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Histological grading and the ductal plate
malformation (DPM) pattern

The histological grading of cHCC-CCA was classified
into low and high grades being based on tumor differen-
tiation [24]. The DPM-pattern was evaluated as previously
described [25]. The DPM-pattern was characterized by neo-
plastic glands of carcinoma showing an irregularly shaped
and dilated lumen, and some of these glands showed micro-
cystic dilatation, resembling DPM. The degree of the DPM-
pattern was divided into absent (< 5% of the tumor), focal
(5-50%), and extensive (>50%). Among the 75 cHCC-CCA,
47, 21, and 7 showed the absent, focal, and extensive pat-
terns, respectively.

Immunohistochemistry

The expression of FGFR2, ARID1A, p53, PBRM1, BAPI,
MTAP, and nestin was examined by immunostaining, as
previously described [26, 27]. The primary antibodies used
are shown in Supplementary Table 1. Positive and negative
controls were routinely included.

Evaluation of immunostaining for FGFR2 The expression of
FGFR?2 in cell membrane was evaluated as described previ-
ously: score 3, strong, complete membrane staining in more
than 10% of the malignant cells; score 2, weak to moder-
ate, complete membrane staining in more than 10% of the
malignant cells; and score 0/1, less intense staining or less
than 10% of cells, according to previous study [19]. A score
of 2 or 3 was considered positive and scores of 0 or 1 were
considered negative (two-grade system).

Evaluation of immunostaining for p53 Strong and diffuse
nuclear expression was regarded as a mutation of p53, as
previously described [26]. Three patterns of aberrant or
mutation-type p53 staining that are indicative of an underly-
ing p53 mutation, including overexpression (strong nuclear
staining in at least 75% of tumor cells), the null pattern (loss
of staining in 100% of tumor cells), and the cytoplasmic pat-
tern, were demonstrated in previous studies [28, 29]. Accord-
ingly, the null and cytoplasmic patterns were also examined,
but not observed in any specimens in the present study.

Evaluation of immunostaining for ARID1A, PBRM1, and
BAP1 The total or focal loss of nuclear expression was
regarded as a genetic alteration. Total and focal loss of
expression was observed. When the expression was totally
lost in the tumor, the specimen was regarded as “total loss,”
whereas the expression was lost in a part of the tumor,
the specimen was regarded as “focal clonal loss.” It has
been reported as a reliable marker for inactivating genetic
alterations in ARID1A, PBRM1, and BAP1; however, the

immunostaining was not affected by some missense muta-
tions [30-32].

Evaluation of immunostaining for MTAP MTAP loss in
immunohistochemistry is reportedly a reliable surrogate for
CDKN2A homozygous deletion [33]. Loss of cytoplasmic
expression of MTAP was regarded as CDKN2A homozygous
deletion. Total and focal loss of expression was observed
[33].

Evaluation of immunostaining for nestin The expression of
nestin (diffuse cytoplasmic) was evaluated according to the
percentage of positive cells in each lesion: score 0, less than
5%; score 1, 5-10%; score 2, 10-80%; score 3, more than
80%. Scores 1-3 were regarded as positive. Inter-observer
agreement was almost perfect in the present study.

Extraction of RNA samples and assessment of FGFR2
genetic alterations

Twenty-four cHCC-CCAs and 9 small duct-type iCCAs
were examined for FGFR2 genetic alterations using PCR
and direct sequence. Representative whole sections which
include both HCC and iCCA components to various degree
were used for the extraction of RNA in each case. RNA sam-
ples were extracted from FFPE sections using RNeasy-FFPE
kit (QIAGEN, Hilden, Germany), and then cDNA samples
are made using Quant Accuracy RT-RamDA cDNA Syn-
thesis Kit (TOYOBO, Osaka, Japan) according to manufac-
tures’ protocols.

Detection of FGFR2 fusions PCR was performed using
FGFR2-fusion-specific primers (Supplementary Table 2).
Direct sequences of PCR products were performed as
described previously [27].

5'/3' imbalance strategy for the detection of exon 18
(E18)-truncated FGFR2 E18-truncated FGFR2 including
the FGFR2 fusion genes [17] were detected by measuring
the ratio of the expression levels of 5 portion (exon 5, E5)
versus the 3’ portion (E18) of the FGFR2 expression using
the Thunderbird gPCR Master Mix (Toyobo, Tokyo, Japan)
and the QuantStudio 6 Pro real-time PCR system (Thermo-
Fisher, Waltham, USA) according to manufactures’ protocol.
The PCR primers used were shown in Table 3. This 5'/3’
imbalance strategy was developed, with high specificity and
sensitivity, for detection of the ALK fusion gene [23]. In
the presence of the E18-truncation in FGFR2 gene includ-
ing FGFR2 fusion gene, the 3’ portion of the FGFR2 gene
(E18) is lost, but the 5’ portion (ES) remains. This strategy
could effectively detect the E18-truncated FGFR2 gene no
matter which partner genes were at the 3’ portion of the
fusion genes.
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Extraction of DNA samples and mutation analysis
of KRAS, IDH1, IDH2, and the TERT promoter

The extraction of DNA samples, PCR and sequencing
were performed as previously described [26]. The primer
sets for PCR are shown in Table 3.

Statistical analysis

The Kruskal-Wallis test was used for continuous vari-
ables without a normal distribution. If a significant dif-
ference was observed in an analysis of variance, pairwise
comparisons were performed using Dunn’s post hoc test
with corrections for multiple comparisons. When the p
value was less than 0.05, the difference was considered as
significant. All analyses were performed using the Graph-
Pad Prism software (GraphPad Software, San Diego, CA,
USA).

Results

FGFR2 expression in primary liver carcinoma
and the background liver

Figure 1 shows examples of FGFR2 expression in cHCC-
CCAs and other types of primary liver carcinomas and the
background livers. Supplementary Fig. 1 shows examples
of histology in cHCC-CCAs and small duct iCCA show-
ing FGFR2 expression. FGFR2 was expressed in the cell
membrane of carcinoma cells if present. FGFR2 was not
expressed in non-neoplastic bile ducts or hepatocytes (Fig. 1).
The expression of FGFR2 was observed in a part of cHCC-
CCAs and small duct-type iCCAs (Fig. 1). The expression
of FGFR2 was detected in one large duct-type iCCAs and
none of HCCs. The expression of FGFR2 was detected in
significantly more patients with cHCC-CCAs (21.3%) and
small duct-type iCCAs (25.7%), compared to those with large
duct-type iCCAs (3.3%) and HCCs (0%) (p <0.05) (Table 2).

Fig. 1 Expression of FGFR2 in primary liver carcinoma. A An exam-
ple of combined hepatocellular-cholangiocarcinoma (cHCC-CCA)
showing FGFR2 expression. FGFR2 is expressed in the cell mem-
brane of carcinoma cells in cHCC-CCA. FGFR2-score 3. A 44-year-
old female, glycogen storage disease type I, a tumor size of 7 cm, F4.
B An example of cHCC-CCA showing FGFR2 expression. FGFR2
is expressed in the cell membrane of carcinoma cells in cHCC-CCA.
FGFR2-score 3. A 63-year-old male, cHCC-CCA with the cholan-
giolocarcinoma (CLC) component, hepatitis B and alcohol, a tumor
size of 1.9 cm, F3. C An example of small duct-type intrahepatic
cholangiocarcinoma (iCCA) showing FGFR2 expression. FGFR2 is
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expressed in the cell membrane of carcinoma cells. FGFR2-score 3.
A 78-year-old female, negative for hepatitis B and C, a tumor size of
1.5 cm, F1. D An example of large duct-type iCCA without FGFR2
expression. FGFR2 is not expressed in carcinoma cells in large duct-
type iCCA. A 73-year-old female, hepatitis B, a tumor size of 2.6 cm,
F1. E FGFR?2 is not expressed in carcinoma cells in hepatocellular
carcinoma. A 62-year-old male, hepatitis B, a tumor size of 5.5 cm,
F3. F FGFR?2 is not expressed in the non-neoplastic bile duct (arrow)
or hepatocytes (asterisk) in the background liver. Immunostaining for
FGFR2, counterstained by hematoxylin. Scales are 50 pm
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Table 2 Expression of fibroblast

growth factor receptor 2
(FGFR?2) in primary liver
carcinoma

Table 3 Relationships between
fibroblast growth factor receptor
2 (FGFR2) expression and
clinicopathological features

and genetic alterations in
combined hepatocellular-
cholangiocarcinoma

Number of FGFR?2 positive (%) FGFR2 score [3, p
patients 2, 0/1]
HCC 35 0 (0%) 0/0/35
Combined HCC-iCCAs 75 16 (21.3%)* # 4/12/59 * p<0.01,
vs HCC
#, p<0.05,
iCCA,
large
duct type
iCCA, small duct type 35 9 (25.7%)* # 4/5/26 * p<0.01,
vs HCC
#, p<0.05,
iCCA,
large
duct type
iCCA, large duct type 30 1(3.3%) 0/1/29

HCC, hepatocellular carcinoma; iCCA, intrahepatic cholangiocarcinoma; CLC, cholangiolocellular carci-

noma; *, p<0.01, vs HCC

# p<0.05,iCCA, large duct type

FGFR2 positive (16) FGFR2 negative (59) p-value
Age mean (y; range) 69.3 (36-82) 66.3 (44-79) ns
Gender (male, %) 9 (56%) 42 (71%) ns
Etiology B/C/alcohol/NAFLD/unknown 8/5/0/0/3 16/19/5/6/13

B,C:81% B, C: 59% ns

Alcohol, NAFLD: 0% Alcohol, NAFLD: 19% ns
Fibrosis 10/6 46/13 ns
F3,4/F0-2 F3,4: 63% F3,4: 78%
Tumor size mean (mm, range) 31 (5-87) 43 (20-130) p<0.05
Previous therapy positive (%) 2 (13%) 17 (29%) ns
Multiple tumors positive (%) 5031%) 17 (29%) ns
Histological grade low/high 4/12 14/45 ns
CLC component positive (%) 12 (75%) 44 (75%) ns
CLC component>80% (%) 6 (38%) 7 (12%) p<0.05
DPM-like pattern (2/1/0) 3/6/7 4/15/40 ns
AFP positive (%) 7 (44%) 21 (36%) ns
Nestin positive (%) 7 (44%) 43 (73%) p<0.05
ARIDIA alteration (%) 5031%) 5 (8%) p<0.05
p53 alteration (%) 10 (63%) 29 (49%) ns
PBRM!|1 alteration (%) 2 (13%) 12 (20%) ns
BAPI alteration (%) 3 (19%) 1 (2%) p<0.01
KRAS alteration (%) 0 4 (7%) ns
IDH1/2 alteration (%) 0 5(9%) ns
hTERT promoter mutation (%) 2 (13%) 20 (34%) ns
MTAP alteration (%) 3 (19%) 10 (17%) ns
Multiple genetic alterations (%) 15 (94%) 26 (44%) p<0.01
Any alterations (%) 16 (100%) 48 (81%) ns

B, hepatitis B; C, hepatitis C; NAFLD, nonalcoholic fatty liver disease; ?, others/unknown; F0-4, degree of
fibrosis according to Shin-Inuyama classification; CLC, cholangiolocarcinoma; DPM, ductal plate malfor-
mation; AFP, a-fetoprotein; ARIDIA, AT-rich interactive domain-containing protein 1A; PBRM1, protein
polybromo-1; BAPI, breast cancer 1 associated protein 1; A”TERT, human telomerase reverse transcriptase;
MTAP, methylthioadenosine phosphorylase; s, not significant
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Relationships between FGFR2 expression
and clinicopathological features in cHCC-CCA

Table 3 summarizes the association of FGFR2 expression
with clinicopathological features and genetic alterations
in 75 patients with cHCC-CCA. FGFR2-positive cHCC-
CCAs were significantly smaller size (p <0.05), with more
predominant cholangiolocarcinoma component (p <0.05)
and less nestin expression (p <0.05), compared to FGFR2-
negative cHCC-CCAs. Genetic alterations of ARID1A and
BAP1 and multiple genetic alterations were significantly
more frequent in FGFR2-positive cHCC-CCAs, compared
to FGFR2-negative cHCC-CCAs (p <0.05).

Detection of FGFR2 fusions

FGFR2::BICCI1 fusion was detected in a case of cHCC-
CCA (a 44-year-old female, glycogen storage disease type
I, a tumor size of 7 cm, F4; same case as shown in Fig. 1A)
(Fig. 2A). FGFR2 fusions with other partners (AHCYLI,
PPHLNI, TACC2, CCDC6, MGEAS5, G3BP2, OPTN, AFF3,
CASP7, OFDI, KIAA1598) were not detected in cHCC-
CCAs and small duct-type iCCAs.

Detection of E18-truncated FGFR2 in cHCC-CCAs
and CCAs

Twenty-four cHCC-CCAs (17 FGFR-immunohistochemi-

cally (IHC)-positive and 7 FGFR-THC negative cases) and
9 small duct-type iCCAs (8 FGFR-IHC-positive and one

FGFR2::BICC

Exon 17 Exon 3

CTCACTCTCAC. ccC TGAGATCATGGAGG C

Fig.2 Detection of FGFR2 fusions and the exonl8 (E18)-truncated
FGFR2 in combined hepatocellular-cholangiocarcinoma (cHCC-
CCA) and small duct-type intrahepatic cholangiocarcinoma (iCCA).
A Detection of FGFR2 fusions. Schematic representation of the iden-
tified FGFR2 fusion genes. Sanger sequencing confirming the chi-
meric junction between FGFR2 and BICCI in a case of cHCC-CCA
(same case as Fig. 1A). B Detection of E18-truncated FGFR2 by

@ Springer

TACG

FGFR-IHC negative cases) were examined for the E18-trun-
cated FGFR2 by measuring the ratio of the 5’ portion (ES5)
versus the 3’ portion (E18) of the FGFR2 gene expression.
The ratio between the expressions of the ES versus E18
of the FGFR2 gene ranged 0.42 to 32.00 (mean, 8.10) in
FGFR2-IHC positive cHCC-CCAs and small duct iCCAs,
whereas it ranged 0.06 to 8.94 (mean, 2.63) in FGFR2-IHC
negative cases (Fig. 2B). The ratio between the expres-
sions of the ES versus E18 of the FGFR2 gene was more
than 2 in 19 of 25 FGFR2-positive cHCC-CCAs and small
duct iCCAs (76%) and 2 of 8 FGFR2-negative cases (25%).
The 5'/3' (E5/E18) imbalance in FGFR2 genes (ES/E18
ratio > 2) indicating E18-truncated FGFR2 was signifi-
cantly more frequently detected in FGFR2-positive cHCC-
CCAs and small duct iCCAs, compared to FGFR2-negative
cases (p <0.05) (Fig. 2B). The ES/E18 ratios in the FGFR-
IHC-positive cases shown in Figs. 1A-C were 7.48, 22.7,
and 20.6, respectively.

Discussion

The data obtained in this study are summarized as follows:
(1) FGFR2 expression was detected in significantly more
patients with cHCC-CCA (21.3%) and small duct-type
iCCA (25.7%), compared to those with large duct-type iCCA
(3.3%) and HCC (0%) (p <0.05); (2) FGFR2-positive cHCC-
CCAs were significantly smaller size (p <0.05), with more
predominant cholangiolocarcinoma component (p <0.01)
and less nestin expression (p <0.05). (3) Genetic alterations

B
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measuring the ratio of the 5’ portion (exon 5; ES5) versus the 3’ por-
tion (E18) of the FGFR2 gene. The ratio between the expressions of
the E5 versus E18 of the FGFR2 gene ranged 0.42 to 32.00 (mean,
8.10) in FGFR2—immunohistochemically (IHC)—positive cHCC-
CCAs and small duct iCCAs, whereas it ranged 0.06 to 8.94 (mean,
2.63) in FGFR2-IHC negative cases There was significant difference
between FGFR2-positive and FGFR2-negative cases (p <0.05)
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of ARID1A and BAP1 and multiple genes were significantly
more frequent in FGFR2-positive cHCC-CCAs (p <0.05).
(4) FGFR2::BICCI fusion was detected in a case of cHCC-
CCA with FGFR2 expression. (5) E18-truncated FGFR2
was significantly more frequently detected in FGFR2-posi-
tive cHCC-CCAs and small duct-type iCCAs, compared to
FGFR2-negative ones (p <0.05).

In the present study, we examined the immunohistochemical
expression of FGFR?2 as a surrogate marker for FGFR?2 genetic
alterations in cHCC-CCAs and other types of primary liver car-
cinomas. FGFR2-immunohistochemistry reportedly correlates
with the FGFR2 genetic alterations, and it can be a surrogated
marker with high specificity [18]. FGFR2 genetic alterations,
especially FGFR2 fusions, were detected in 10-20% of iCCA,
mainly in small duct-type iCCAs in previous studies [10-12,
15]. In the present study, FGFR2 expression was detected in
25.7% of small duct-type iCCAs, whereas FGFR2 expression
was rarely detected in large duct-type iCCAs (3.3%). The preva-
lence rate and the selective detection of FGFR2 expression in
small duct-type iCCAs are consistent with previous studies
[10-12, 15]. These findings also support that the immunohis-
tochemical FGFR2 expression is a good surrogate marker cor-
responding to FGFR2 genetic alterations.

In the present study, the FGFR2 expression was detected
in 21.3% of cHCC-CCAs, similarly to small duct-type
iCCAs. This finding clearly suggests that cHCC-CCAs with
FGFR?2 genetic alterations may be targets of the therapy
with FGFR2 inhibitors, as well as small duct-type iCCAs.
FGFR?2 genetic alterations, especially FGFR2 fusions, were
detected in 0-6.5% of cHCC-CCAs in previously [4-7].
Therefore, the frequency may be higher, compared to
previous studies. The FGFR2 genetic alterations were more
frequently detected in CCA-like cHCC-CCA than HCC-
like cHCC-CCA [5]. In the present study, the FGFR2-
positive cHCC-CCAs were significantly more frequent in
cHCC-CCAs with predominant CLC component. Taken
together, a higher proportion of CLC-component/CCA-
like cHCC-CCA may be related to the higher frequency
of FGFR2 expression in the present study. cHCC-CCA
and small duct-type iCCA share various features, and a
possible cell origin and a carcinogenesis pathway have
been discussed [1, 2, 22]. FGFR2 genetic alterations may
suggest one of such common features in cHCC-CCA and
small duct-type iCCA.

There are several issues in terms of the sensitivity of the
assays for FGFR2 genetic alterations using next-generation
sequencing (NGS) or FISH [14], since over 150 genes have
been identified as fusion partner with FGFR2 [12, 16]. We
tried to detect several common FGFR?2 fusions by using the
FGFR2-fusion-specific primers. As results, FGFR2::BICCI
fusion was detected in only one case of cHCC-CCA with
FGFR2 expression in the present study. It is known that there
are discrepancies between the FGFR2 fusions and effect of

FGFR?2 inhibitors [13, 21], which may be due to difficul-
ties in the detection of diverse FGFR2 genetic alterations.
More reliable assays may be mandatory for the detection of
FGFR2 genetic alterations. Zingg et al. reported recently
that E18-truncated variant of FGFR2 is a potent driver
mutation, and any FGFR2 variant with a truncated E18
should be considered for FGFR-targeted therapies [17]. In
the present study, we applied 5'/3" imbalance RT-PCR for
the detection of E18-truncated FGFR2 including FGFR2
fusion genes. E18-truncated FGFR2 was significantly
more frequently detected in FGFR2-positive cHCC-CCAs
and small duct-type iCCAs, compared to FGFR2-negative
ones. These findings suggest that there may be other types
of FGFR2 fusions which were not examined in this study
in cHCC-CCAs and small duct-type iCCAs with FGFR2
expression. Taken together, the immunostaining and the
PCR-based detection of FGFR2 genetic alterations may be
useful surrogate markers for screening the application of
FGFR?2 inhibitors.

Interestingly, nestin expression was significantly lower in
FGFR2-positive cHCC-iCCAs, compared to FGFR2-negative
cHCC-iCCAs. Nestin, an embryonic type VI intermediate
filament (IF) protein, was originally identified as a marker
for neural stem cells in early development [6]. Recent studies
revealed that cHCC-ICCs and small duct-type iCCAs showed
the significantly higher expression of nestin, compared to
HCC:s [6, 22, 34, 35]. In our previous study [22], nestin-pos-
itive cHCC-CCA was characterized by a smaller tumor size,
the more frequent presence of CLC components, a higher rate
of p53 mutations, and a higher rate of multiple genetic altera-
tions. In the present study, FGFR2-positive cHCC-CCAs were
significantly smaller size, predominant CLC components and
multiple genetic alterations, compared to FGFR2-negative
cHCC-CCAs. Therefore, FGFR2-positive cHCC-CCAs and
nestin-positive cHCC-CCAs share similar features such as
smaller tumor size, the more frequent presence of CLC compo-
nents, and multiple genetic alterations. There may be, however,
some distinct difference between nestin-positive cHCC-CCAs
and FGFR2-positive cHCC-CCAs.

The primary limitations of this study are the small cohort
size and limited information on the association of the immu-
nohistochemical FGFR2 expression with genetic alterations
of FGFR2 and clinical outcomes. Analysis using NGS, espe-
cially RNA-based NGS, such as hybrid capture RNA NGS,
is mandatory to further validate whether the immunohis-
tochemical detection of FGFR2 expression is an effective
surrogate marker for the detection of E18-truncated FGFR2
including FGFR2 fusion genes. If the immunohistochemical
detection of FGFR2 expression is validated, the immunohis-
tochemical assays may be used for screening the application
of FGFR2 inhibitors. When FGFR2-immunohistochemistry
was negative, further analysis using NGS would be applied.
This strategy will be effective for shortening the turn-around
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time of NGS analysis and prompt application of FGFR2
inhibitors.

In conclusion, FGFR2 expression was detected in cHCC-
CCA:s as frequently as small duct-type iCCAs. This finding
suggests a possible therapeutic indication of FGFR2 inhibi-
tors for the patients with cHCC-CCAs.
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