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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 FGFR2 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 FGFR2 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 FGFR2 · 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 

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]. 

 * Motoko Sasaki 
 m8sasaki@med.kanazawa-u.ac.jp

1 Department of Human Pathology, Kanazawa University 
Graduate School of Medical Sciences, Kanazawa 920-8640, 
Japan

2 Division of Pathology, Fukui Saiseikai Hospital, Fukui, 
Japan

http://crossmark.crossref.org/dialog/?doi=10.1007/s00428-024-03792-x&domain=pdf
http://orcid.org/0000-0003-2514-760X


916 Virchows Archiv (2024) 484:915–923

The FGFR2 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.

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.

Table 1  Clinicopathological features of primary liver carcinoma examined

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

HCC Combined
HCC-iCCAs

iCCA,
Small duct type

iCCA,
Large duct type

p

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*a/3/2 23/26/5*a /6/16 1/7/6*a/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, 

small duct  Positive (%)
  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
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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, BAP1, 
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 
FGFR2 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 qPCR 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 (E5) 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 

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 FGFR2 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 FGFR2 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 μm
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Table 2  Expression of fibroblast 
growth factor receptor 2 
(FGFR2) in primary liver 
carcinoma

HCC, hepatocellular carcinoma; iCCA , intrahepatic cholangiocarcinoma; CLC, cholangiolocellular carci-
noma; *, p < 0.01, vs HCC
# , p < 0.05, iCCA, large duct type

Number of 
patients

FGFR2 positive (%) FGFR2 score [3, 
2, 0/1]

p

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

Table 3  Relationships between 
fibroblast growth factor receptor 
2 (FGFR2) expression and 
clinicopathological features 
and genetic alterations in 
combined hepatocellular-
cholangiocarcinoma

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, α-fetoprotein; ARID1A, AT-rich interactive domain-containing protein 1A; PBRM1, protein 
polybromo-1; BAP1, breast cancer 1 associated protein 1; hTERT, human telomerase reverse transcriptase; 
MTAP, methylthioadenosine phosphorylase; ns, not significant

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 (%) 5 (31%) 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
ARID1A alteration (%) 5 (31%) 5 (8%) p < 0.05
p53 alteration (%) 10 (63%) 29 (49%) ns
PBRM1 alteration (%) 2 (13%) 12 (20%) ns
BAP1 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
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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::BICC1 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 (AHCYL1, 
PPHLN1, TACC2, CCDC6, MGEA5, G3BP2, OPTN, AFF3, 
CASP7, OFD1, 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-IHC negative cases) and 
9 small duct-type iCCAs (8 FGFR-IHC-positive and one 

FGFR-IHC negative cases) were examined for the E18-trun-
cated FGFR2 by measuring the ratio of the 5′ portion (E5) 
versus the 3′ portion (E18) of the FGFR2 gene expression. 
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-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 E5 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 (E5/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 E5/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 

Fig. 2  Detection of FGFR2 fusions and the exon18 (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 BICC1 in a case of cHCC-CCA 
(same case as Fig.  1A). B Detection of E18-truncated FGFR2 by 

measuring the ratio of the 5′ portion (exon 5; E5) 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::BICC1 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 FGFR2 as a surrogate marker for FGFR2 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 
FGFR2 genetic alterations may be targets of the therapy 
with FGFR2 inhibitors, as well as small duct-type iCCAs. 
FGFR2 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 FGFR2 fusions by using the 
FGFR2-fusion-specific primers. As results, FGFR2::BICC1 
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 

FGFR2 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 
FGFR2 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 
HCCs [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-
CCAs as frequently as small duct-type iCCAs. This finding 
suggests a possible therapeutic indication of FGFR2 inhibi-
tors for the patients with cHCC-CCAs.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00428- 024- 03792-x.

Author contribution Study conception and design were performed by 
Motoko Sasaki. Material preparation and data collection and analysis 
were performed by Motoko Sasaki, Yasunori Sato, and Yasuni Naka-
numa. The first draft of the manuscript was written by Motoko Sasaki, 
and all authors commented on previous versions of the manuscript. All 
authors read and approved the final manuscript.

Funding Open Access funding provided by Kanazawa University. 
The present study was supported in part by a Grant-in-Aid for Sci-
entific Research (C) from Japan Society for the Promotion of Science 
(22K06957) and a Grant from the Shibuya Science Culture and Sports 
Foundation.

Declarations 

Ethics approval The Ethics Committee of Kanazawa University 
approved the present study. The work described herein was conducted 
in accordance with The Code of Ethics of the World Medical Associa-
tion (Declaration of Helsinki) for experiments involving humans.

Consent to participate Informed consent was obtained for experimen-
tation with human subjects.

Consent for publication Informed consent was obtained for experimen-
tation with human subjects.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Sempoux C, Kakar S, Kondo F, Schirmacher P (2019) Combined 
hepatocellular-cholangiocarcinoma and undifferentiated primary 
liver carcinoma. In: the WHO Classification of Tumours Edito-
rial Board (ed) WHO classification of tumours. Digestive system 
tumours, 5th edn. International Agency for Research on Cancer 
(IARC), Lyon, pp 260-262

 2. Beaufrere A, Calderaro J, Paradis V (2021) Combined hepatocel-
lular cholangiocarcinoma: an update. J Hepatol 74:1212–1224. 
https:// doi. org/ 10. 1016/j. jhep. 2021. 01. 035

 3. Brunt E, Aishima S, Clavien PA, Fowler K, Goodman Z, Gores G 
et al (2018) cHCC-CCA: Consensus terminology for primary liver 
carcinomas with both hepatocytic and cholangiocytic differenta-
tion. Hepatology 68:113–126. https:// doi. org/ 10. 1002/ hep. 29789

 4. Nguyen CT, Caruso S, Maille P, Beaufrere A, Augustin J, Favre L 
et al (2022) Immune profiling of combined hepatocellular- cholan-
giocarcinoma reveals distinct subtypes and activation of gene sig-
natures predictive of response to immunotherapy. Clin Cancer Res 
28:540–551. https:// doi. org/ 10. 1158/ 1078- 0432. CCR- 21- 1219

 5. Murugesan K, Sharaf R, Montesion M, Moore JA, Pao J, Pavlick 
DC et al (2021) Genomic profiling of combined hepatocellular 
cholangiocarcinoma reveals genomics similar to either hepato-
cellular carcinoma or cholangiocarcinoma. JCO Precis Oncol 5 
https:// doi. org/ 10. 1200/ PO. 20. 00397

 6. Xue R, Chen L, Zhang C, Fujita M, Li R, Yan SM et al (2019) 
Genomic and transcriptomic profiling of combined hepatocellu-
lar and intrahepatic cholangiocarcinoma reveals distinct molecu-
lar subtypes. Cancer Cell 35(932–947):e938. https:// doi. org/ 10. 
1016/j. ccell. 2019. 04. 007

 7. Joseph NM, Tsokos CG, Umetsu SE, Shain AH, Kelley RK, 
Onodera C et al (2019) Genomic profiling of combined hepato-
cellular-cholangiocarcinoma reveals similar genetics to hepatocel-
lular carcinoma. J Pathol 248:164–178. https:// doi. org/ 10. 1002/ 
path. 5243

 8. Lowery MA, Ptashkin R, Jordan E, Berger MF, Zehir A, Capanu 
M et al (2018) Comprehensive molecular profiling of intrahepatic 
and extrahepatic cholangiocarcinomas: potential targets for inter-
vention. Clin Cancer Res 24:4154–4161. https:// doi. org/ 10. 1158/ 
1078- 0432. CCR- 18- 0078

 9. Kendre G, Murugesan K, Brummer T, Segatto O, Saborowski A, 
Vogel A (2023) Charting co-mutation patterns associated with 
actionable drivers in intrahepatic cholangiocarcinoma. J Hepatol 
78:614–626. https:// doi. org/ 10. 1016/j. jhep. 2022. 11. 030

 10. Arai Y, Totoki Y, Hosoda F, Shirota T, Hama N, Nakamura H 
et al (2014) Fibroblast growth factor receptor 2 tyrosine kinase 
fusions define a unique molecular subtype of cholangiocarcinoma. 
Hepatology 59:1427–1434. https:// doi. org/ 10. 1002/ hep. 26890

 11. Sia D, Losic B, Moeini A, Cabellos L, Hao K, Revill K et al 
(2015) Massive parallel sequencing uncovers actionable FGFR2-
PPHLN1 fusion and ARAF mutations in intrahepatic cholangio-
carcinoma. Nat Commun 6:6087. https:// doi. org/ 10. 1038/ ncomm 
s7087

 12. Silverman IM, Hollebecque A, Friboulet L, Owens S, Newton 
RC, Zhen H et al (2021) Clinicogenomic analysis of FGFR2-
rearranged cholangiocarcinoma identifies correlates of response 
and mechanisms of resistance to pemigatinib. Cancer Discov 
11:326–339. https:// doi. org/ 10. 1158/ 2159- 8290. CD- 20- 0766

 13. Katoh M (2019) Fibroblast growth factor receptors as treatment 
targets in clinical oncology. Nat Rev Clin Oncol 16:105–122. 
https:// doi. org/ 10. 1038/ s41571- 018- 0115-y

 14. Neumann O, Lehmann U, Bartels S, Pfarr N, Albrecht T, Ilm K 
et al (2023) First proficiency testing for NGS-based and combined 
NGS- and FISH-based detection of FGFR2 fusions in intrahepatic 
cholangiocarcinoma. J Pathol Clin Res 9:100–107. https:// doi. org/ 
10. 1002/ cjp2. 308

 15. Jeon Y, Kwon SM, Rhee H, Yoo JE, Chung T, Woo HG et al 
(2023) Molecular and radiopathologic spectrum between HCC 
and intrahepatic cholangiocarcinoma. Hepatology 77:92–108. 
https:// doi. org/ 10. 1002/ hep. 32397

 16. Goyal L, Meric-Bernstam F, Hollebecque A, Valle JW, Morizane 
C, Karasic TB et al (2023) Futibatinib for FGFR2-rearranged 
intrahepatic cholangiocarcinoma. N Engl J Med 388:228–239. 
https:// doi. org/ 10. 1056/ NEJMo a2206 834

https://doi.org/10.1007/s00428-024-03792-x
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jhep.2021.01.035
https://doi.org/10.1002/hep.29789
https://doi.org/10.1158/1078-0432.CCR-21-1219
https://doi.org/10.1200/PO.20.00397
https://doi.org/10.1016/j.ccell.2019.04.007
https://doi.org/10.1016/j.ccell.2019.04.007
https://doi.org/10.1002/path.5243
https://doi.org/10.1002/path.5243
https://doi.org/10.1158/1078-0432.CCR-18-0078
https://doi.org/10.1158/1078-0432.CCR-18-0078
https://doi.org/10.1016/j.jhep.2022.11.030
https://doi.org/10.1002/hep.26890
https://doi.org/10.1038/ncomms7087
https://doi.org/10.1038/ncomms7087
https://doi.org/10.1158/2159-8290.CD-20-0766
https://doi.org/10.1038/s41571-018-0115-y
https://doi.org/10.1002/cjp2.308
https://doi.org/10.1002/cjp2.308
https://doi.org/10.1002/hep.32397
https://doi.org/10.1056/NEJMoa2206834


923Virchows Archiv (2024) 484:915–923 

 17. Zingg D, Bhin J, Yemelyanenko J, Kas SM, Rolfs F, Lutz C et al 
(2022) Truncated FGFR2 is a clinically actionable oncogene in 
multiple cancers. Nature 608:609–617. https:// doi. org/ 10. 1038/ 
s41586- 022- 05066-5

 18. Uson Junior PLS, DeLeon TT, Bogenberger JM, Pai RK, Kosiorek 
HE, Yin J et al (2021) FGFR2-IIIb expression by immunohis-
tochemistry has high specificity in cholangiocarcinoma with 
FGFR2 genomic alterations. Dig Dis Sci https:// doi. org/ 10. 1007/ 
s10620- 021- 07303-9

 19. Toshida K, Itoh S, Yugawa K, Kosai Y, Tomino T, Yoshiya S et al 
(2023) Prognostic significance for recurrence of fibroblast growth 
factor receptor 2 in intrahepatic cholangiocarcinoma patients 
undergoing curative hepatic resection. Hepatol Res 53:432–439. 
https:// doi. org/ 10. 1111/ hepr. 13875

 20. Liu PCC, Koblish H, Wu L, Bowman K, Diamond S, DiMatteo 
D et al (2020) INCB054828 (pemigatinib), a potent and selec-
tive inhibitor of fibroblast growth factor receptors 1, 2, and 3, 
displays activity against genetically defined tumor models. PLoS 
One 15:e0231877. https:// doi. org/ 10. 1371/ journ al. pone. 02318 77

 21. Abou-Alfa GK, Sahai V, Hollebecque A, Vaccaro G, Melisi D, Al-
Rajabi R et al (2020) Pemigatinib for previously treated, locally 
advanced or metastatic cholangiocarcinoma: a multicentre, open-
label, phase 2 study. Lancet Oncol 21:671–684. https:// doi. org/ 10. 
1016/ S1470- 2045(20) 30109-1

 22. Sasaki M, Sato Y, Nakanuma Y (2022) Is nestin a diagnostic 
marker for combined hepatocellular-cholangiocarcinoma? Histo-
pathology 80:859–868. https:// doi. org/ 10. 1111/ his. 14622

 23. Tong Y, Zhao Z, Liu B, Bao A, Zheng H, Gu J et al (2018) 
5′/3′ imbalance strategy to detect ALK fusion genes in cir-
culating tumor RNA from patients with non-small cell lung 
cancer. J Exp Clin Cancer Res 37:68. https:// doi. org/ 10. 1186/ 
s13046- 018- 0735-1

 24. Theise ND, Nakashima O, Park YN, Nakanuma Y (2010) Com-
bined hepatocellular-cholangiocarcinoma. In: Bosman FT, Car-
neiro F, Hruban RH, Theise ND (eds) WHO classification of 
tumours of the digenstive system, 4th edn. International Agency 
for Research on Cancer (IARC), Lyon, pp 225–227

 25. Sasaki M, Sato Y, Nakanuma Y (2019) Cholangiolocellular carci-
noma with “ductal plate malformation” pattern may be character-
ized by ARID1A genetic alterations. Am J Surg Pathol 43:352–
360. https:// doi. org/ 10. 1097/ PAS. 00000 00000 001201

 26. Sasaki M, Sato Y, Nakanuma Y (2017) Mutational landscape of 
combined hepatocellular carcinoma and cholangiocarcinoma, and 
its clinicopathological significance. Histopathology 70:423–434. 
https:// doi. org/ 10. 1111/ his. 13084

 27. Sasaki M, Sato Y, Nakanuma Y (2023) Bile duct adenoma and 
small-sized small duct type intrahepatic cholangiocarcinoma show 
distinct differences in genetic alterations, expression of IMP3 and 
EZH2 and stromal and inflammatory components. Histopathology 
83:298–309. https:// doi. org/ 10. 1111/ his. 14932

 28. Kobel M, Piskorz AM, Lee S, Lui S, LePage C, Marass F et al 
(2016) Optimized p53 immunohistochemistry is an accurate pre-
dictor of TP53 mutation in ovarian carcinoma. J Pathol Clin Res 
2:247–258. https:// doi. org/ 10. 1002/ cjp2. 53

 29. Singh N, Piskorz AM, Bosse T, Jimenez-Linan M, Rous B, Bren-
ton JD et al (2020) p53 immunohistochemistry is an accurate sur-
rogate for TP53 mutational analysis in endometrial carcinoma 
biopsies. J Pathol 250:336–345. https:// doi. org/ 10. 1002/ path. 5375

 30. Wiegand KC, Shah SP, Al-Agha OM, Zhao Y, Tse K, Zeng T et al (2010) 
ARID1A mutations in endometriosis-associated ovarian carcinomas. N 
Engl J Med 363:1532–1543. https:// doi. org/ 10. 1056/ NEJMo a1008 433

 31. Luchini C, Robertson SA, Hong SM, Felsenstein M, Anders RA, 
Pea A et al (2017) PBRM1 loss is a late event during the develop-
ment of cholangiocarcinoma. Histopathology 71:375–382. https:// 
doi. org/ 10. 1111/ his. 13234

 32. Griewank KG, Muller H, Jackett LA, Emberger M, Moller I, van 
de Nes JA et al (2017) SF3B1 and BAP1 mutations in blue nevus-
like melanoma. Mod Pathol 30:928–939. https:// doi. org/ 10. 1038/ 
modpa thol. 2017. 23

 33. Chapel DB, Schulte JJ, Berg K, Churg A, Dacic S, Fitzpatrick 
C et al (2020) MTAP immunohistochemistry is an accurate and 
reproducible surrogate for CDKN2A fluorescence in situ hybrid-
ization in diagnosis of malignant pleural mesothelioma. Mod 
Pathol 33:245–254. https:// doi. org/ 10. 1038/ s41379- 019- 0310-0

 34. Calderaro J, Di Tommaso L, Maille P, Beaufrere A, Nguyen CT, 
Heij L et al (2022) Nestin as a diagnostic and prognostic marker 
for combined hepatocellular-cholangiocarcinoma. J Hepatol 
77:1586–1597. https:// doi. org/ 10. 1016/j. jhep. 2022. 07. 019

 35. Tschaharganeh DF, Xue W, Calvisi DF, Evert M, Michurina TV, 
Dow LE et al (2014) p53-dependent Nestin regulation links tumor 
suppression to cellular plasticity in liver cancer. Cell 158:579–
592. https:// doi. org/ 10. 1016/j. cell. 2014. 05. 051

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1038/s41586-022-05066-5
https://doi.org/10.1038/s41586-022-05066-5
https://doi.org/10.1007/s10620-021-07303-9
https://doi.org/10.1007/s10620-021-07303-9
https://doi.org/10.1111/hepr.13875
https://doi.org/10.1371/journal.pone.0231877
https://doi.org/10.1016/S1470-2045(20)30109-1
https://doi.org/10.1016/S1470-2045(20)30109-1
https://doi.org/10.1111/his.14622
https://doi.org/10.1186/s13046-018-0735-1
https://doi.org/10.1186/s13046-018-0735-1
https://doi.org/10.1097/PAS.0000000000001201
https://doi.org/10.1111/his.13084
https://doi.org/10.1111/his.14932
https://doi.org/10.1002/cjp2.53
https://doi.org/10.1002/path.5375
https://doi.org/10.1056/NEJMoa1008433
https://doi.org/10.1111/his.13234
https://doi.org/10.1111/his.13234
https://doi.org/10.1038/modpathol.2017.23
https://doi.org/10.1038/modpathol.2017.23
https://doi.org/10.1038/s41379-019-0310-0
https://doi.org/10.1016/j.jhep.2022.07.019
https://doi.org/10.1016/j.cell.2014.05.051

	Expression of fibroblast growth factor receptor 2 (FGFR2) in combined hepatocellular-cholangiocarcinoma and intrahepatic cholangiocarcinoma: clinicopathological study
	Abstract
	Introduction
	Materials and methods
	Patients and preparation of tissue specimens
	Histological grading and the ductal plate malformation (DPM) pattern
	Immunohistochemistry
	Extraction of RNA samples and assessment of FGFR2 genetic alterations
	Extraction of DNA samples and mutation analysis of KRAS, IDH1, IDH2, and the TERT promoter
	Statistical analysis

	Results
	FGFR2 expression in primary liver carcinoma and the background liver
	Relationships between FGFR2 expression and clinicopathological features in cHCC-CCA
	Detection of FGFR2 fusions
	Detection of E18-truncated FGFR2 in cHCC-CCAs and CCAs

	Discussion
	References


