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Introduction
Cholangiocarcinoma (CCA) accounts for 3% of 
upper gastrointestinal carcinomas.1 The progno-
sis of the disease is poor, as most patients are 
diagnosed in an unresectable late stage. Clinically, 
extrahepatic CCA, which includes perihilar CCA 
and distal CCA is distinguished from intrahepatic 
CCA (iCC), which can be characterized by a dif-
ferent molecular profile and clinical presentation. 
With the increasing efforts of molecular diagnos-
tics in the context of personalized medicine, 
CCAs could be further classified. It was shown 
that oncogenic and targetable gene alterations 
occur in about 50% of CCAs.2 Alterations in 
IDH1 and fibroblast growth factor receptor 
(FGFR)2 genes are found nearly exclusively in 
iCC.1

Based on findings of the FIGHT 202 trial, pemi-
gatinib was recently approved in the United States 
and Europe for the treatment of patients with 
FGFR2 fusions and rearrangements.3,4

The FGFR belongs to the tyrosine kinase family 
and is a single-pass membrane protein consisting 
of three N-terminal immunoglobulin-like extra-
cellular domains (D1–3), a transmembrane alpha 
helix domain and an intracellular tyrosine kinase 
domain (Figure 1).5 Ligand binding of the fibro-
blast growth factor and a cofactor (heparin) is 
required for dimerization of FGFR and thus the 
activation of the receptor interaction.6,7 Ligand 
binding to FGFR2 triggers the dimerization of 
the receptor and results in a tight conjunction of 
both transmembrane alpha helices followed by an 
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activation of the intracellular proteinkinase 
domain. This results in the autophosphorylation 
of the receptor. Subsequently, downstream path-
ways are activated (phospholipase C cascade and 
phospholipase C γ, RAS-RAF-MAPK, and PI3K-
AKT-mTOR) resulting in proliferation, activa-
tion, and transforming signals.8 PTEN is the 
main inhibitor of AKT in the PIK-AKT-mTOR 
pathway (Figure 2).8,9

In the case of FGFR2 fusion/rearrangement, 
ligand-independent continuous receptor activa-
tion occurs with a sustained proliferation signal to 
the cell.7 The FGFR2 has a gatekeeper function 
at location V564. After the binding of pemigatinib 
N549, K641 and E565 form a hydrogen bond 
with an inactivating conformation of the activa-
tion loop. K659 is essential for stabilizing this 
inactivating confirmation.1 Pemigatinib can 
inhibit both wild-type receptor and ligand-inde-
pendent activations of FGFR2 by receptor fusion/
rearrangement. In contrast, there are only few 
data available on the functional relevance of 
FGFR2 mutations.

An in vitro study from 1997 shows that the 
p.C382R mutation leads to ligand-independent, 
constitutive activation of the intracellular tyrosine 
kinase. It was hypothesized that the point mutation 

results in a permanent tight junction of intracellu-
lar alpha helices with subsequent ligand-independ-
ent activation of receptor and downstream 
pathways (Figure 3).10 Moreover, it was reported 
that the mutation as such is oncogenic.11

Clinical case
A 74-year-old male was diagnosed with an 
advanced iCC of both liver lobes and pulmonary 
metastases (Figures 5 and 6). First-line chemo-
therapy with gemcitabine 800 mg/m2, cisplatin 
25 mg/m2, and nab-paclitaxel 100 mg/m2 days 1 
and 8 qd22 was initiated. After the fifth treatment 
cycle, progressive disease was observed. Biopsies 
of the liver lesions as well as a liquid biopsy were 
taken and a hybrid capture-based next-generation 
sequencing (NGS; FoundationOne CDx, 
Penzberg, Germany) was performed for the tissue 
biopsies and FoundationOne Liquide CDx for 
the blood samples.9 The test is based on the 
examination of 324 genes as well as introns of 34 
genes known to be involved in rearrangements. In 
addition, tumor mutation burden and microsatel-
lite instability were evaluated.12–14 Sequencing 
revealed a p.C382R mutation located in the 
transmembrane receptor domain. The p.C382R 
was detected in both specimens with a variant 
allele frequency of 76.48% in the tissue biopsy 

Figure 1.  Structure of FGFR2: three extracellular N-terminal immunoglobulin-like extracellular domains (Ig 
I–III), a transmembrane alpha helix domain, and an intracellular tyrosine kinase domain.
FGFR, fibroblast growth factor receptor.
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and 8.1% in the blood sample. Regarding down-
stream signaling pathways, we detected a PTEN 
alteration (loss of exons 7–9 in tissue samples and 
loss of exons 3–8 in the liquid biopsy). The 
sequencing results are shown in Table 1. The 
results of the histologic examination are shown in 
Figure 4.

Furthermore, we performed an in silico study to 
understand the potential mode of p.C382R action. 
To modulate and visualize the protein structure 
results from p.C382R, we used AlphaFold2 
(https://alphafold.ebi.ac.uk/entry/P21802). The 
evaluation revealed that the p.C382R mutation is 
located in the transmembrane domain at a posi-
tion that is crucial for the oncogenic tyrosine 
kinase activation but does not interfere with the 

binding ability and inhibition of autophosphoryla-
tion of FGFR by pemigatinib.

Following the promising in vitro data for pemi-
gatinib-targeted treatment and the reported 
results of three patients carrying FGFR2 p.C382R 
mutations who were treated with pemigatinib in 
the FIGHT 202 trial, we decided to initiate ther-
apy after a discussion of the clinical case in the 
molecular tumor board (MTB).10

Pemigatinib of 13.5 mg was administered once 
daily for 14 days, followed by 7 days of therapy-
free interval. The treatment outcome was evalu-
ated by magnetic resonance imaging (MRI) and 
fluorodeoxyglucose-positron emission tomogra-
phy/computed tomography (FDG-PET/CT) 

Figure 2.  Regulation of FGFR2 after ligand binding and subsequent activation of intracellular pathways. 
The FGFR2 protein receptor consists of an extracellular domain responsible for ligand binding (FGF), a 
transmembrane alpha helix, and an intracellular tyrosinase domain. Ligand binding of FGF to FGFR2 results 
in dimerization of the two homologous protein chains of the receptor. This leads to close contact of the two 
intracellular alpha helix domains, followed by activation of the intracellular tyrosine kinase. The resulting 
autophosphorylation of FGFR2 subsequently leads to the activation of downstream signaling pathways (PI3K, 
RAS, and PLC-gamma) with effects on cell proliferation, cell differentiation, and cell survival.9

FGFR, fibroblast growth factor receptor.
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before pemigatinib administration and after 
3 months (Figures 5 and 6). In the pre- and post-
MRI image data, an interactive tumor delineation 
method previously applied to liver CT data was 
used to determine the change in tumor size.15 
The images show a significant decrease in the 
tumor lesion volume from 453.9 to 133.7 ml after 
3 months of treatment (Figure 5).

The FDG-PET/CT revealed a complete func-
tional remission of the iCC and lung metastases 
after 3 months of treatment (Figure 6). The ther-
apy is well tolerated without any side effects. The 
patient continues to be treated with 13.5 mg as 
described above. Over the course of the treatment, 
tumor markers that were elevated at baseline 
measurement decreased to a plateau (Figure 7).

Discussion
The results of the FIGHT 202 phase II trial led to 
the approval of the tyrosine kinase inhibitor (TKI) 
pemigatinib for the treatment of patients with CCA 

and fusion/rearrangement of FGFR2. In the 
FIGHT 202 trail, potentially targetable oncogenic 
driver alterations were detected in 44.5% of the 
enrolled patients.4 Of 20 patients without fusion/
rearrangement of FGFR2, four carried a p.C382R 
mutation.10 Of these, three patients had co-occur-
rence of a BAP1 variant and responded to treat-
ment. The best overall response of these three 
patients was stable disease with tumor shrinkage of 
−26% and −30.6% and a reported progression-free 
survival (PFS) of 6.9; 4.0 and 9.0 months.10 Our 
case report is the first study that showed a complete 
clinical remission of a patient treated with pemi-
gatinib who carried a FGFR2 point mutation. The 
p.C382R mutation results in replacement of 
cysteine by arginine at amino acid position 382 of 
the transmembrane domain of FGFR2. The muta-
tion results in an uncontrolled and prolonged 
downstream activation of FGFR2 pathways. In 
vitro experiments demonstrated that p.C383R 
leads to a constitutive ligand-independent activa-
tion of the intracellular tyrosine kinase domain of 
FGFR2, resulting in autophosphorylation of the 

Figure 3.  Ligand-independent dimerization and subsequent activation of mutant FGFR2 (p.C382R). Binding 
of pemigatinib leads to disruption of dimerization and thus prevents permanent activation of intracellular 
cell proliferation pathways. The p.C382R mutation of the FGFR2 receptor affects the transmembrane alpha 
helix domain of the receptor. This results in ligand-independent close contact of the transmembrane domains 
of both receptor chains and ligand-independent dimerization of the receptor. Herein, the activation of the 
intracellular tyrosine kinase domains with subsequent autophosphorylation of the receptor occurs. Binding 
of pemigatinib to the extracellular domains of the receptor abrogates ligand-independent receptor activation, 
resulting in inactivation of receptor autophosphorylation and inhibition of downstream signaling pathways.
FGFR, fibroblast growth factor receptor.
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receptor with subsequent activation of the down-
stream pathway.12

The clinical response under treatment with pemi-
gatinib is further supported by in vitro data of 
Nakamura and colleagues.7 They investigated the 
transformation activity and drug sensitivity of 110 
FGFR variants using the so-called mixed-all-
nominated-in-one (MANO) method.7 The 
MANO method is a functional assay using Ba/F3 
cells colony stimulating factor or interleukin 
3-dependent, murine pro-B-cells and mouse 
fibroblast cell line 3T3 which was previously 
described.7 An IC50 < 10 nM was determined for 
growth inhibition of 3T3 cells bearing a FGFR2 

p.C382R mutation treated in vitro with pemi-
gatinib. In the last decades, several in vitro and in 
vivo models have been developed to explore and 
increase their complexity and reliability to investi-
gate treatment response in CCA.16 However, 
especially in CCA, the tumor microenvironment 
needs to be further investigated to evaluate addi-
tional therapies and biomarkers, which was 
recently discussed in a review by Massa et al.16

In our patient, we simultaneously detected a loss 
of PTEN exons 7–9 in tissue biopsy and loss of 
exons 3–8 in the liquid biopsy of this patient, lead-
ing to a functional loss of PTEN. PTEN is known 
to be a key modulator of the PIK3CA-AKT 

Table 1.  Sequencing results revealed no germline alterations. The microsatellite status was stable, and the 
tumor mutational burden was classified as low with 3 Muts/Mb.

Antibody Antigen Provider Dilution Epitope retrieval Incubation

Mouse IgG1, 
kappa

CK 7, clone: OV-TL DCS GmbH 1:500 Pressure cooker in 
citrate buffer 20 min

Overnight 
RT

Mouse IgG1 Ki-67, clone: K-2 Zytomed 
GmbH

1:500 Pressure cooker in 
citrate buffer 20 min

Overnight 
RT

rabbit IgG1 Her-2, clone: SP3 Zytomed 
GmbH

1:75 Pressure cooker in 
citrate buffer 20 min

Overnight 
RT

rabbit IgG1 PD-L1, clone: Cal10 Zytomed 
GmbH

1:50 Pressure cooker in 
citrate buffer 20 min

Overnight 
RT

NGS results of liquid biopsy

Blood tumor mutational burden 3 Muts/Mb

Microsatellite status MSS

PIK3CA (H1047R) 0.16%

ARID1A (A45fs*6) 6.6%

FGFR2 (C382R) 8.1%

MTOR (S2013G) 0.14%

PTEN (deletion exons 3–8) 0.57%

NGS results of tissue biopsy

Gene Protein effect CNA VAF (%)

FGFR2 C382R – 76.48

ARIA1A A45fs*6 – 67.81

MYC Amplification – equivocal 6 –

PARP1 Amplification – equivocal 6 –

CNA, Copy Number Alteration; NGS, next-generation sequencing; VAF, variant allele frequency.
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Figure 4.  The histologic examination revealed a solid tumor mass with pleomorphic cells and a moderate 
desmoplastic stromal reaction (a: HE) and some cells with intracellular mucin deposits (b: PAS) (100 µm). 
Immunohistochemistry showed a focal reaction for cytokeratin 7 (c) and a strong proliferative activity for Ki67 
(d) (100 µm). The staining for HER-2 was only weakly present in the tumor cells (e) and no staining could be 
seen for PD-L1 (f) (100 µm).
HE, hematoxylin and eosin; HER-2, human epidermal growth factor receptor 2; PAS, periodic acid Schiff; PD-L1, 
programmed death-ligand 1.

Figure 5.  MRI scan on the left side shows the diffuse lesion expansion after the fifth cycle of first-line 
chemotherapy. The scan on the right side shows the response after 3 months in which the patient is in 
complete remission.
MRI, magnetic resonance imaging.
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pathway. As a functional tumor suppressor, the 
loss of PTEN may additionally activate the down-
stream pathway of mutated receptor tyrosine 
kinases FGFR2.

These findings are also supported by data from a 
study published in 2015, which describes the 
mechanism of FGFR dimerization and activa-
tion.9 The authors investigated the effect of 

Figure 7.  Development of tumor markers during the clinical course and treatment. During therapy with 
pemigatinib, a significant decrease in the CA19-9 and CEA was observed resulting in a plateau representing 
complete remission.
CA, carbohydrate antigen; CEA, carcinoembryonic antigen.

Figure 6.  Display of complete metabolic remission 3 months after initiation of pemigatinib. Shown are MIPs 
(outer columns), transaxial slices of CT (inner upper column) as well as fused PET/CT (inner lower column). 
The patient initially presented with multiple pulmonary as well as hepatic metastases. The follow-up imaging 
revealed complete metabolic resolution of all lesions.
CT, computed tomography; MIPs, maximum intensity projections; PET, positron emission tomography.
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different mutations in the transmembrane domain 
of FGFRs and showed that the FGFR3 A391E 
mutation, that occurred analogously in the trans-
membrane domain of FGFR3, led to stabilization 
of the receptor dimer, which ultimately mimics 
the effect of the ligand binding and explains the 
activation of FGFR2 due to p.C382R.9

Although the expansion of treatment options has 
been broadened by the approval of pemigatinib, 
studies have shown that the efficacy can be signifi-
cantly limited by the emergence of acquired resist-
ance.4,17 Secondary polyclonal mutations, in 
particular, can lead to these resistance mechanisms 
and underscore the importance of further research 
efforts to optimize the use of these molecularly tar-
geted therapies.3,17,18 Pemigatinib is a reversible 
ATP-competitive FGFR inhibitor. As shown in 
studies, the occurrence of drug resistance due to 
mutations within the binding site is relatively com-
mon with reversible ATP-competitive kinase inhibi-
tors.19–22 In contrast, kinase inhibitors that inhibit 
kinase activity irreversibly through covalent binding 
can achieve a longer treatment response compared 
to ATP-competitive inhibitors.22–24 Futibatinib is an 
irreversible FGFR1-4 inhibitor and covalently binds 
to the FGFR kinase domain, inhibiting FGFR 
phosphorylation and thus downstream signaling. A 
study by Sootome et al.25 showed that the frequency 
of occurrence of drug-resistant clones was lower 
with futibatinib than with a reversible ATP-
competitive FGFR inhibitor.22,24 Futibatinib inhib-
ited multiple drug-resistant FGFR2 mutants, 
including FGFR2 V565I/L gatekeeper mutants, 
with greater efficacy than all reversible FGFR 
inhibitors tested (IC50, 1.3–50.6 nmol/L).24 
Irreversible and reversible FGFR inhibitors differ in 
their binding region. Futibatinib binds covalently to 
a highly conserved P-loop cysteine residue in the 
ATP pocket of FGFR (C492 in the FGFR2-IIIb 
isoform). Reversible binding of inhibitors occurs 
mainly in the hinge region of the ATP-binding 
pocket of FGFR, where drug-resistant mutations 
are frequently detected. Thus, the use of futibatinib 
is particularly suggested in patients with resistance 
to prior TKI therapies.24

Acquired resistance in the form of polyclonal 
FGFR2 kinase domain mutations may shorten 
response. This underscores the utility of serial 
biopsy and circulating tumor DNA (ctDNA) anal-
yses to identify resistance mechanisms and to guide 
the selection of FGFR inhibitors, as discussed in a 
study by Goyal et  al.17 The study showed that 

polyclonal mutations in the FGFR2 kinase domain 
could be detected when cell-free DNA biopsy sam-
ples were taken at different stages (at baseline and 
after progression) reflecting the state of resistance.17 
ctDNA analysis can detect a greater extent of resist-
ance mechanisms than tumor biopsy alone which, 
in terms of tumor heterogeneity, may play a role in 
resistance mechanisms and the frequently observed 
mixed response to FGFR inhibitors.3 Thus, serial 
ctDNA analysis represents a method that can pro-
vide complementary information on FGFR resist-
ance mechanisms.25

Nevertheless, tissue biopsy is necessary to con-
firm the histologic diagnosis of CCA. In addition, 
multigene analysis should be performed in all 
patients with iCC, as targeted oncogenic altera-
tions are detectable in approximately 50% of 
cases.2,26 In tissue-based molecular analysis, the 
quality of the extracted DNA is often insufficient 
for multigene analysis. Combined diagnostics 
with ctDNA and proteins using liquid biopsies 
(omics) will gain importance in the future, both 
for initial diagnosis and for monitoring during 
treatment. Our case report also shows that liquid 
biopsy provides a reliable result compared with 
tissue-based NGS analysis. Nevertheless, the 
diagnosis of CCA at an early stage remains a clin-
ical challenge, especially in patients with primary 
sclerosing cholangitis and biliary strictures.

Another FGFR inhibitor currently being investi-
gated in clinical trials is derazantinib.27,28 The 
FIDES-01 phase II trial is evaluating the efficacy 
of derazantinib, which is directed against 
FGFR1-3 and the CSF1Rkinase in patients with 
advanced iCC.27,29 The fact that the FIDES-01 
study includes patients with FGFR2 mutation or 
amplification (FGFRM/A) in addition to patients 
with FGFR2 fusion is of particular interest.29 The 
results of an interim analysis of 23 patients were 
presented at ASCO 2022.29 In the interim analy-
sis, two patients (8.7%) showed partial remission 
and 15 patients (65.2%) presented with stable 
disease, resulting in a disease control rate of 
73.9%. The median PFS was 7.3 months. The 
authors describe a clinical response in all molecu-
lar subtypes enrolled in the FGFRM/A group.29 
These data underline that not only FGFR2 
fusions, but also mutations or amplifications are 
actionable targets in iCC. These results should be 
discussed in MTBs and be considered when rec-
ommending therapy. Given that derazantinib also 
inhibits CSF1Rkinase, it is hypothesized that the 
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inhibition of CSF1R leads to reactivation of 
exhausted T cells, can reverse tumor-induced 
immunosuppression, and supports macrophage 
activity. Therefore, it is hypothesized that the 
combination of derazantinib and atezolizumab 
(anti-programmed death-ligand 1) may result in 
improved efficacy due to inhibition of immuno-
suppressive stromal cells by the TKI via CSF1R 
and checkpoint inhibition via PD-L1.28 This 
combination is being investigated in the 
ADVANCE phase II trial (NCT05174650) led 
by Arndt Vogel and colleagues, which is currently 
recruiting and aims to enroll 37 patients.

Conclusion
The reported clinical case in conjunction with the 
three reported patients in the FIGHT 202 trial 
demonstrates the oncogenic relevance of the 
p.C382R mutation of the FGFR2 receptor. The 
gene variant is clinically relevant as it is sensitive 
to targeted therapy with pemigatinib. To our 
knowledge, the reported case is the first descrip-
tion of complete functional remission with pemi-
gatinib in a patient with p.C382R mutation. This 
report highlights the importance of the transform-
ing activity and drug sensitivity of p.C382R muta-
tions based on in vitro assay as described by 
Nakamura for in vivo clinical application.7 
Furthermore, the comparison of tissue-based 
NGS in conjunction with liquid biopsy demon-
strates that also blood samples are suitable to 
detect potentially druggable actionable driver 
mutations in patients with metastatic iCC. 
Sequencing of serial biopsies and ctDNA could 
prolong the duration of response to targeted treat-
ments and become a fundamental tool in the daily 
management of these patients.30 Multigene 
sequencing should be performed in every patient 
with advanced iCC, as not only FGFR fusions/
rearrangements but also other alterations have 
oncogenic potency and may respond to targeted 
treatment. However, many challenges remain, 
such as the management of secondary polyclonal 
mutations, the ideally timed use of liquid biop-
sies, and the identification of biomarkers predic-
tive of response to FGFR inhibitors.
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