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Abstract: Cholangiocarcinoma is one of the most aggressive cancers, with a 5-year survival
rate of 11-44% after surgical resection. However, there is no established systemic therapy
after failure of the gemcitabine plus cisplatin first-line therapy with exception of FOLFOX.
Fibroblast growth factor receptor (FGFR) genomic aberrations have been detected in cho-
langiocarcinoma, and targeting these genomic aberrations with FGFR inhibitors has shown
remarkable clinical benefits in advanced cholangiocarcinoma. In this article, we provide up-
to-date information on the clinical development of selective FGFR inhibitors in advanced
cholangiocarcinoma, focusing on infigratinib. In a Phase 1 trial, infigratinib showed a safe
profile. In a following Phase 2 trial, infigratinib showed remarkable efficacy in advanced
cholangiocarcinoma with FGFR2 fusions or rearrangements, and the Food and Drug
Administration (FDA) approved infigratinib for cholangiocarcinoma in May 2021 largely
based on tumor response and duration of response. Currently infigratinib is on a Phase 3 trial
(PROOF301) as a first-line setting compared to the GEMCIS therapy in advanced cholan-
giocarcinoma. Given that the FGFR genomic aberrations including FGFR2 fusions are rarely
accompanied with other targetable mutations, infigratinib and other FGFR inhibitors are
continuously expected to be the novel targeted agents in cholangiocarcinoma harboring these
aberrations. Acquired resistance to infigratinib was reported in several recent studies which
could potentially be a barrier to overcome. Active clinical trials including PROOF301 are
expected to elucidate the clinical benefits of infigratinib in this disease. Infigratinib combined
with immunotherapy is also a potential future direction of investigation in
cholangiocarcinoma.
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Introduction

Cholangiocarcinoma (CCA) is the second-most common primary liver tumor after
hepatocellular carcinoma and constitutes 10-15% of hepatobiliary malignancies
and approximately 3% of all gastrointestinal malignancies." CCA is classically
categorized anatomically into intrahepatic (iCCA) and extrahepatic cholangiocarci-
noma (eCCA). eCCA is further subdivided into perihilar and distal CCA.? Surgery
is considered to be the only potential curative management, but less than one third
of CCA patients present with resectable stage at the time of diagnosis, mainly due
to late onset, nonspecific clinical symptoms and lack of a proper screening system.’
Five-year survival rates after surgical resection is 22-44% in iCCA, 27-37% in
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distal CCA and 11-41% in perihilar CCA, respectively.>
Unfortunately, even after complete resection, the majority
of patients develop recurrent disease. For patients with
advanced or metastatic disease, systemic therapy remains
the primary treatment option. Gemcitabine and cisplatin
combination therapy (GEMCIS) is considered the standard
first-line treatment for patients with advanced CCA based
on promising efficacy in the Phase III ABC-02 trial with
median overall survival (OS) of 11.7 months.® At this
time, there is no established second-line therapy for
advanced CCA per current guidelines even though
FOLFOX is the most commonly used regimen. (NCCN
Guidelines, Version 2.2021-April 16, 2021).

In the past decade, several genomic studies expanded
our knowledge of molecular pathogenesis and revealed the
distinct genomic aberrations (GAs) in intrahepatic, perihi-
lar, and distal CCA. This genomic profiling led to the
discovery of targetable gene mutations and began the era
of novel targeted therapy for CCA. Among GAs in
advanced or metastatic CCA, fibroblast growth factor
receptor 2 (FGFR2) fusions, Isocitrate dehydrogenase 1
and 2 (IDHI and IDH2), and BRAF have been considered
promising targets. FGFR inhibitors including infigratinib,
futibatinib and pemigatinib, have demonstrated promising
efficacy in refractory CCA and are currently undergoing
phase III trials, comparing them to first line GEMCIS
therapy. In this article, we review current novel targeted
therapy options for advanced or metastatic CCA, focusing
on the clinical potential of infigratinib.

Genetic Profiling of CCA and
Targetable Mutations

Comprehensive transcriptomic and genomic analyses of
CCA have established the distinct molecular heterogeni-
city between iCCA and eCCA. Lowery et al explored
genomic profile of 195 CCA patients with 78% iCCA
and 22% eCCA by using a targeted next-generation
sequencing (NGS) of 410 cancer-associated genes.” The
most common mutated genes were IDHI (25%), TP53
(24%), ARIDIA (21%), BAPI (15%), KRAS (13%),
PBRM1 (12%), SMAD4 (9%), and ATM (8%). The most
commonly altered genes in iCCA were IDHI (30%),
ARIDI14 (23%), BAPI (20%), TP53 (20%), and FGFR2
gene fusions (14%). BAPI mutations and FGFR2 gene
fusions were identified exclusively in iCCA. KRAS,
SMAD4, and STKII alterations were more commonly
seen in eCCA. In another study by Weinberg et al with

1,502 biliary tract cancers (BTCs) including 825 iCCA,
249 eCCA, the most prevalent mutations in all BTCs were
TP53 (42.7%), ARIDIA (21.7%), KRAS (15.7%), IDH1
(8.7%), CDKN2A4 (7.8%), BAPI (6.7%), SMAD4 (6.5%),
and PIK3CA (6.0%). iCCA had higher rates of IDHI
(14.5%), BAPI (9.5%), and PBRMI (7.5%) mutations
and FGFR2 fusions (% not reported) while eCCA had
higher rates of KRAS (37.3%), CDKN24 (22.0%), and
BRCAI (3.9%) mutations.® A study by Nakamura et al of
a 260-case biliary tract cancer (BTC) cohort, including
145 iCCA, 86 eCCA with whole-exome, and transcriptome
sequencing, suggested the [DHI/2, FGFR2 fusion,
FGFR3, EPHA2, and BAPI genes preferably contribute
tumorigenesis in iCCA, while protein kinase cAMP-
activated catalytic subunit alpha (PRKACA), beta
(PRKACB), ELF3, and AT-rich interactive domain-
containing protein 1B (ARID1B) are preferably involved
in eCCA.’

Multiple genomic studies including the above demon-
strated FGFR2 fusions exclusively occur in iCCA at 13—
20% and rarely reported in eCCA.”® Currently, there are
no available selective target agents for KRAS (except
KRAS G12C), TP53 or ARIDIA."® The main identified
targetable aberrations were FGFR2 fusions,'"'? IDHI
mutations,> BRAF,'"* Her2/neu,"> and rarely NTRK
fusions and BRCA.'®

The Role of the FGFR Genomic

Aberrations in CCA

The fibroblast growth factor receptors (FGFRs) are
a family of transmembrane tyrosine kinase receptors com-
posed of 4 subtypes (FGFRI-4)."”'® FRGRs have homo-
logous structures consisting of an extracellular ligand-
binding domain, a transmembrane helix and an intracellu-
lar tyrosine kinase domain.'”'” The extracellular domain
of FGFRs can bind 22 different fibroblast growth factors
(FGFs) depending on the cellular context.® This FGF-
FGFR binding leads to dimerization of FGFR and acti-
vates the intracellular kinase domains, which subsequently
activates multiple downstream intracellular signaling path-
ways. Key downstream signaling pathways activated by
FGF-FGFR signaling are the Ras-Raf-MAPK pathway, the
PI3-AKT-mTOR pathway, the JAK-STAT and PLCy-PKC
pathway?' which is involved in cellular proliferation, dif-
ferentiation, survival, migration, and angiogenesis.**>®
Dysregulation of FGFRs has been implicated in oncogen-
esis, tumor progression and resistance to anticancer
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therapy, and is detected in various types of malignancies
including breast, ovarian, prostate, hepatocellular, and
non-small cell lung cancer.”**>

FGFR signaling is known to cause oncogenesis
through multiple mechanisms, including ligand indepen-
dent manners such as: (1) FGFR gene amplification, which
leads to receptor accumulation and activates the down-
stream signaling pathways; (2) activating mutations of
FGFR resulting in increased dimerization of the receptors
without ligand-binding; (3) oncogenic FGFR gene fusions
with other protein partners originated by chromosomal
rearrangements, resulting in either increasing dimerization
of the receptors or falling to the promoter regions of
a different protein, which leads to receptor hyperactivation
or ligand-dependent manners such as (4) autocrine
fashion.”**® Among those FGFR GAs, amplifications is
the most common in human malignancies, at 66%, fol-
lowed by FGFR mutations at 26%.>” FGFR fusions only
account for 8% of FGFR GAs in human cancer.”’

However, FGFR?2 fusions are particularly common in
CCA, with approximately 15% in iCCA and rare in
eCCA.'>* FGFR2-BICCI, FGFR2-PPHLNI, FGFR2-
AHCYL]I fusions have been frequently observed in patients
with iCCA, although over 100 different FGFR2 partners
have been reported (Table 1).”'%?%2% In an analysis of
377 CCA cases, 95 cases had FGFR GAs, among which
FGFR? fusion (n=63, 66.3%) was most common.?’ Javle
et al studied 3,634 CCA patients and reported that nearly
20% of CCA patients harbor targetable kinase GAs, half of
which were FGFR?2 fusions.>® In iCCA, FGFR GAs were
reported to be mutually exclusive with other genes includ-
ing IDH, KRAS, BRAF, ERBB2 and co-occurred with

BAP1.'%3%31 While FGFR? fusions have been well iden-
tified as oncogenic drivers, the oncogenic potential of
FGFR2 amplifications and mutations in CCA has been
less identified.*> FGFR GAs, especially FGFR2 fusions,
novel for CCA

have been considered as targets

managements.

Mechanisms of FGFR Inhibitors

Based on the spectrum of targeting pathways and molecu-
lar structure, targeting agents for FGF-FGFR pathway
could be classified into selective tyrosine kinase inhibitors
(TKIs), non-selective TKIs, FGFR monoclonal antibodies
(mAb), and heat shock protein inhibitors.***> Non-
selective TKIs, including pazopanib and ponatinib, which
have blocking activity against FGFR, have been investi-
gated in CCA.***7 However, pazopanib in combination
with gemcitabine demonstrated a low response rate in
BTCs, which precluded further testing.*® In addition, the
off-target side effects due to the nature of non-selective
TKI are considered a significant weakness compared to
selective FGFR TKIs.**** Bemarituzumab is a monoclonal
antibody therapies against FGFR2b and showed its safety
profile in a Phase I trial with multiple solid tumors and are
currently being evaluated in a phase III trial as front-line
therapy for patients with FGFR2b-overexpressing gastro-
esophageal cancer.*'**> However, its clinical efficacy in
CCA has not been studied. Therefore, selective FGFR
TKIs are considered a reasonable option for CCA with
FGFR GAs at this time.

Multiple selective FGFR inhibitors including infigrati-
nib, pemigatinib and futibatinib, are in the advanced stage
of drug development in CCA with FGFR GAs. Infigratinib

Table | Commonly Reported FGFR2 Fusion Partner Proteins in CCA

FGFR2 Fusion Partner Gene/Protein Frequency Reference

FGFR2-BICC| BICCI/BicC family RNA binding protein | | 3.0% (2/66) in iCCA'? Arai et al'?
37.4% (40/107) in iCCA?® Sia et al®®
12.7% (8/63) in CCA with FGFR2 fusion®’ Jain et al*’

28.9% (31/107) in CCA with FGFR2 fusion/rearrangements>>

Abou-Alfa et al*®

FGFR2-PPHLN | PPHLN I/ Periphilin |

15.9% (17/107) in iCCA%®

FGFR2-AHCYLI AHCYLI/Adenosyl-homocysteinase Like |

10.6% (7/66) in iCCA'?
4.8% (3/63) in CCA with FGFR2 fusion?’
2.8% (3/107) in CCA with FGFR2 fusion/rearrangements>>

FGFR2-CCDCé CCDCé/Coiled-Coil Domain Containing 6

4.8% (3/63) in CCA with FGFR2 fusion®’
1.9% (2/107) in CCA with FGFR2 fusion/rearrangements?

FGFR2-KIAAI217 | KIAAI217] KIAA1217

3.7% (4/107) in CCA with FGFR2 fusion/rearrangements33
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Table 2 Mechanism of Action and Target Half- Maximal Inhibitory Concentration (IC50) of FGFR Inhibitors

Mechanism of Action FGFRI, FGFR2, FGFR3, FGFR4, Author
1C50 (nM*) | IC50 (nM) | IC50 (nM) | IC50 (nM) | [Reference]
Infigratinib (BGJ398) ATP-competitive, selective FGFRI-3, 0.9 1.4 1.0 60 Guagnano
reversible, inhibitor et al*®
Pemigatinib ATP-competitive, selective FGFRI-3, 0.4 0.5 1.2 30 Liu et al*’
(INCB054828) reversible, inhibitor
Futibatinib (TAS-120) | Covalently-binding, selective FGFRI-4, | 3.9 1.3 1.6 83 Sootome et al*®
irreversible, inhibitor
Derazantinib (ARQ- ATP-competitive, multi-kinase**, 45 1.8 45 34 Hall et al*’
087) reversible, inhibitor
Debio 1347 ATP-competitive, selective FGFRI-3, 9.3 7.6 22 290 Nakanishi et al*°
(CHF5183284; reversible, inhibitor
FF284)

Notes: *nM, nanomole, **derazantinib also inhibited RET 3.0, DDR2 3.6, PDGFRS 4.1, KIT 8.2, and VEGFR/ 11 nmol/L IC50.

is a selective FGFR inhibitor that demonstrated its efficacy
in clinical data in CCA populations and was approved by
the USFDA in May 2021 for CCA with FGFR?2 fusions or
rearrangements,* while in April 2020 pemigatinib became
the first FGFR-targeted agent to gain regulatory approval
from the USFDA for use in previously treated CCA
patients with FGFR2 fusions or rearrangements. Many
FGFR TKIs are being developed and have demonstrated
their clinical benefits in multiple malignancies.** However,
challenges including resistance and adverse effects (AEs)
have led to continuous development of novel FGFR inhi-
bitors. There are more than 40 inhibitors targeting FGF-
FGFRs pathways in clinical development.*> The main
differences among the selective FGFR inhibitors include
binding affinity and half-maximal inhibitory concentration
(IC50) to FGFR 1-4 and being reversible or irreversible
inhibitors (Table 2).

Clinical Experience with Infigratinib
(BGJ398) in CCA

Infigratinib is a reversible ATP-competitive FGFR 1-3
inhibitor. In preclinical analyses, infigratinib inhibited
FGFRI, FGFR2, and FGFR3 with 0.9, 1.4, 1.0 nmol/L
IC50 in biochemical (Table 1) and 6.5, 5.8, and 5.8 nmol/L
IC50 in cellular auto-phosphorylation assays respectively,
while FGFR4 showed 38- to 60-fold lower-potency bio-
chemical and cellular assays compared to FGFR1-3. Other
tyrosine kinase including VEGFR, BRAF, and EGFR dis-
played lower than 70-fold potency compared with
FGFR1-3. these results,

Based on infigratinib  is

determined as a selective, pan-FGFR predominant
FGFRI-3 inhibitor.*® Infigratinib showed it can inhibit
tumor growth and proliferation in preclinical cancer cell
line models with FGFRI-3 GAs.**”!

Based on these preclinical data, a phase I basket trial
involving 132 patients with multiple solid malignancies
harboring FGFR2 GAs (including amplification, mutation,
and fusion), most commonly, lung (36.4%), breast
(32.6%), bladder/urothelial (9.1%), colon (3.8%), was per-
formed to determine the maximum tolerated dose (MTD)
and recommended Phase II dose (RP2D).*> The dose-
escalation cohort received 5, 10, 20, 40, 60, 100, 125,
and 150 mg infigratinib once daily in a continuous 28-
day cycle. Dose-limited toxicities (DLTs) occurred in 4 out
of 34 patients in the dose-determining cohort, including
grade 3 increases in ALT/AST (n=2), hyperphosphatemia
(n=1), and grade 1 corneal toxicity (n=1), which were
reversible after drug interruption. MTD was determined
as 125mg once daily. Among 43 patients treated at 125 mg
once daily dosing, median time to first dose interruption
was 22 days with a median duration of interruption of 7
days due to AEs, majority of which were due to hyperpho-
sphatemia. Thus, an intermittent 3-weeks-on/1-week-off
schedule of 125 mg once daily was introduced in the dose-
expansion arm. Less patients experienced AEs required
dose adjustment on the intermittent schedule, though the
rate of AEs-related discontinuation remained the same.
RP2D was determined to be 125 mg once daily adminis-
tered in cycles of 21-days on and 7-days off schedule.
Infigratinib demonstrated a tolerable safety profile, with
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most patients (95.5%) experiencing at least one AE. The
most common treatment-emergent AEs (TEAEs) across all
doses were hyperphosphatemia (74.2%), constipation
(40.2%), and decreased appetite (40.2%). Common AEs
in patients treated at the MTD (n=57) included hyperpho-
sphatemia (82.5%), constipation (50.9%), decreased appe-
tite (45.6%), and stomatitis (45.6%). The FGFR pathway
is established as playing an important role in FGF23-
mediated phosphate homeostasis.”>** Thus, this high fre-
quency of hyperphosphatemia was considered as an indir-
ect indicator of FGFR inhibition.*> Three CCA patients (2
with FGFR? fusions and 1 with FGFR2 genetic mutation)
were included in the basket trial, all of which had
a remarkable reduction in the tumor size.>>

Following up on phase 1 basket trial, a phase II single-
arm clinical trial (NCT02150967) was initiated investigat-
ing infigratinib in advanced CCA.**>* Sixty-one patients
with CCA refractory to gemcitabine harboring FGFR GAs
(48 FGFR? fusions, 8 FGFR2 mutations, 3 FGFR2 ampli-
fications, 4 FGFR3 amplifications and 1 FGFRI amplifi-
cation) were enrolled. With a median treatment duration of
4.7 months, 9 subjects achieved a partial response (PR), all
of which were FGFR?2 fusions, and 37 patients qualified
for stable disease (SD). The overall response rate (ORR)
was 14.8% and the disease control rate (DCR) was 75.4%
among patients with all FGFR GAs, and a higher ORR of
18.5% and DCR of 83.3% were demonstrated in FGFR2-
fusion patients. In contrast, none of the four patients with
FGFR3 amplification responded to infigratinib. However,
there was no statistically significant association between
antitumor activity and types of FGFR GAs. The median
progression-free survival (PFS) was 5.8 months and med-
ian OS was not reached at the time of publication. A total
of 50 patients discontinued the therapy, most commonly
due to progressive disease (60.7%). A similar safety pro-
file was observed in the infigratinib phase 1 basket
trial.***% Five patients died on the study; four as a result
of disease progression and one as a result of an ischemic
bowel. Updated data specific to FGFR2 gene fusions or
rearrangements of 108 patients including 83 (77%) cases
of FGFR? fusions was presented on Jan. 2021.>° With the
median follow-up of 10.6 months, ORR was 23.1% and
PFS was 7.3 months. A higher ORR of 34% was seen in
the second-line setting, compared to 13.8% in the third or
later-line setting. Most common TEAEs (any grade) were
hyperphosphatemia (76.9%), eye disorders (67.6%), sto-
matitis (54.6%), and fatigue (39.8%). Common grade 3/4
TEAEs were stomatitis (14.8%; all G3), hyponatremia

(13.0%; all G3), and hypophosphatemia (13.0%; 13 G3,
1 G4). Central serous retinopathy/retinal pigment epithe-
lium detachment occurred in 16.7% of patients, one case
of which was grade 3.>° Largely based on infigratinib’s
promising efficacy shown in the updated phase 2 trial data,
the FDA approved infigratinib in May 2021 for previously
treated, unresectable locally advanced or metastatic CCA
with a FGFR2 fusion or other rearrangement. This is
the second approval of FGFR inhibitors in CCA. Given
the promising ORR and DCR in the phase II trial,*
a phase III multicenter, open-label, randomized trial com-
paring infigratinib as the first line therapy to the standard
GEMCIS regimen in advanced/metastatic CCA with
FGFR?2 fusions or translocation is under investigation
(PROOF 301, NCT03773302).>® With naive to systemic
anti-cancer therapy in the metastatic/unresectable setting
as an inclusion criterion, the study is eligible to prior
neoadjuvant or adjuvant therapy if completed prior to 6
months ago. Gallbladder cancer (GBC) or ampulla of
Vater carcinoma are not eligible. The target enrollment is
approximately 384 patients and randomized in a 2:1 ratio,
with groups receiving either the above RP2D dose of
infigratinib or intravenous GEMCIS on days 1 and 8 of
a 21-day treatment cycle until disease progression, or other
discontinuation criteria is met.’® Participants who experi-
ence disease progression while receiving GEMCIS will be
allowed to cross over to the infigratinib arm. The primary
end point is PFS confirmed by blinded independent
reviewers with secondary end points that include OS,
PFS as determined by the investigator, ORR, DCR, best
overall response (BOR), duration of response and safety.”®

Other FGFR Inhibitors in CCA

Pemigatinib (INCB054828), another ATP-competitive and
selective FGFR [-3 inhibitor, has been investigated the
most, along with infigratinib.*” In a phase II study
(FIGHT-202) with 146 advanced/metastatic CCA patients
refractory to prior systemic therapy, including 107 cases of
FGFR2 fusions/rearrangements, pemigatinib showed
a promising efficacy of ORR 35.8%, DCR of 82.2%, and
6.9 months of PFS in patients harboring FGFR?2 fusions or
rearrangements, with a tolerable safety profile.”® On the
contrary, no remarkable clinical benefits were seen in the
other FGFR GAs groups. Given these encouraging results,
the FDA approved pemigatinib in refractory advanced or
metastatic CCA with FGFR2 fusions or other rearrange-
ment, which was the first FDA approval of FGFR inhibi-

tors for CCA. Currently, a Phase III, open-label,
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randomized trial is comparing pemigatinib versus
GEMCIS as the first-line treatment of patients with unre-
sectable/metastatic CCA and naive to prior systemic with
FGFR?2 rearrangements (NCT03656536).°” The target
enrollments are approximately 432 patients randomized
in a 1:1 ratio for each treatment arm with PFS as the
primary endpoint.®’

Futibatinib is a highly selective and irreversible
FGFRI-4 inhibitor.*® In a phase I dose-escalation study
(FOENIX-101; NCTO02052778) of 86 patients with
advanced solid tumors, futibatinib showed a tolerable
safety profile.”® In the dose-expansion cohort with 45
CCA patients harboring FGFR GAs, including 28 cases
of FGFR?2 fusion, futibatinib showed a promising ORR of
25% and DCR of 79% among FGFR2 fusion.”’ It is
notable that the study included 13 cases priorly treated to
reversible FGFR inhibitors, and among the 13 patients,
four (three with FGFR2 gene fusions and one with
FGFR?2 amplification) had PR on futibatinib.>® This find-
ing suggested futibatinib could overcome resistance to
ATP-competitive FGFR inhibitors in selective cases.®
An open-label, single-arm, phase II (FOENIX-CCAZ2)
trial with 103 advanced/metastatic iCCA cases refractory
to prior systemic therapy and naive to FGFR inhibitors
with harboring FGFR2 fusions or other rearrangements is
ongoing.®"*%% Interim results with 67 patients demonstrated
the ORR of 37.3%, DCR of 82.1%, and the median PFS of
7.2 months with the median DOR of 8.3 months.®
A phase III trial (FOENIX-CCA3, NCT04093362) with
metastatic/unresectable iCCA naive to systemic therapy
with harboring FGFR2 rearrangements is recruiting
patients to compare futibatinib versus GEMCIS.®® The
target enrollments are approximately 216 patients rando-
mized in a 1:1 ratio for each treatment arm with PFS as the
primary endpoint.®’

Derazantinib (ARQ-087) is an ATP-competitive and
selective FGFR1-3 inhibitor with inhibiting of several
other kinases, including RET, DDR2, PDGFRf, KIT, and
VEGFRI.* In a phase I study (NCT01752920) with 80
multiple advanced solid tumors, derazantinib showed
a similar safety profile to infigratinib.®* A following
phase I/II, open-label study (NCT01752920) enrolled 29
patients with unresectable iCCA refractory, intolerant or
not eligible for first-line chemotherapy with harboring
FGFR?2 fusion. Derazantinib demonstrated an ORR of
20.7% and a DCR of 82.8% with 5.7 months of PFS.®
Based on this promising efficacy, a pivotal, open-label,
single-arm, phase II trial (FIDES-01, NCT03230318) is

ongoing with pretreated iCCA patients with FGFR2 gene
fusions, mutations or amplifications (M/A).>* Enrolment
into the FGFR2 fusions cohort of 100 patients has been
completed and the target enrollments for FGFR2 M/A is
43323 Debio 1347 (CHF5183284; FF284) is another
ATP-competitive and selective FGFR 1-3 inhibitor.”® In
a phase I trial with multiple advanced solid tumors harbor-
ing FGFRI-3 Gas, Debio 1347 showed remarkable
response in 4 cases CCA harboring FGFR2 fusions (2
cases of SD and 2 cases of PR).°*®’ Currently, a phase II
Basket trial (FUZE) with 63 advanced/metastatic multiple
solid tumors with FGFR1-3 gene fusion/rearrangement is
under investigation with BTC as cohort arm 1.°® Tables 3
and 4 summarize clinical trials that evaluated or are eval-
uating the clinical benefits of the FGFR inhibitors men-
with and/or

tioned above advanced

metastatic CCA.

in patients

Toxicity of Infigratinib

Like other FGFR inhibitors, the most common AE of
infigratinib is hyperphosphatemia, which was reported in
72-82.5% of patients but was rarely grade 4 or 5.*>%?
Hyperphosphatemia is identified as an on-target side effect
of FGFR inhibitors caused by FGF23-FGFR signaling
blockade in the kidneys and a following increase in renal
phosphate reabsorption.®> Hyperphosphatemia can be
managed by initiation of phosphate lowering therapy
such as magnesium hydroxide, calcium carbonate, calcium
acetate, and, sevelamer along with low phosphorus diet.”
Dose reduction can be considered when serum phosphate
level is greater than 7 mg/dL and cannot be lowered by
above agents.”” Other common AEs included fatigue
(36%), stomatitis (29.5%) and alopecia (26%) which
were also commonly demonstrated in other FGFR
inhibitors.*>  Ocular toxicities are another well-
documented FGFR inhibitor side effect. Dry eye (21.3%)
was commonly reported which can be managed or pre-
vented most cases with ocular lubricants.”® Blurred vision
(14.8%) was also reported. Although they were not sig-
nificantly reported in the Phase 1 and 2, severe ocular
toxicities such as central serous retinopathy or retinal pig-
ment epithelium detachment reported in 16.7% of patients
in updated interim data of the phase2.***° There is no
consensus for the management of ocular toxicity of FGFR
inhibitors, regular ophthalmologic evaluation including
optical coherence tomography and fundus exam is recom-
mended. In grade 1-3 ocular toxicities which resolve in
a month, low dose FGFR inhibitor could be restarted with
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Table 3 Key Phase | and Il Clinical Trials of FGFR Inhibitors in CCA
Patients, FGFR GAs Phase, Design Efficacy/Outcomes Author/NCT/
[Reference]
Infigratinib 108 CCA pts with FGFR fusions/ Phase 2, Multi- ORR: 23.1% (ICR and 24 PR) Javel et al
(BG)398) rearrangements (77% with FGFR2 center;, Open label, mDOR: 5.0 mo NCT02150967%°
fusions) Single arm study mPFS: 7.3 mo
ORR: 34% in the second-line vs 13.8% in the
third-/later-line setting
Pemigatinib 146 CCA pts (73% with Phase 2, Multi- FGFR?2 fusions/rearrangements: ORR: 35.8%, | Abou-Alfa et al
(INCB054828) | FGFR2fusions/rearrangements, 14% | center, Open label, DCR: 82.2%, mPFS: 6.9 mo, mOS: 21.1 mo NCT02924376
with Other FGFR GAs, 12% with Single arm study Other FGFR GAs: ORR: 0.0%, DCR: 40.0%, (FIGH'I'-202)33
No FGFR GAs) mPFS: 2.1 mo, mOS: 6.7 mo
No FGFR GAs: ORR: 0.0%, DCR: 22.2%,
mPFS: 1.7 mo, mOS: 4.0mo
Futibatinib 45 CCA pts with FGFR Gas (62% Phase |, Multi- FGFR2 fusions: ORR 25% (all PR), DCR 79% | Meric-Bernstam
(TAS-120) FGFR?2 fusion) 13 pts received center;, Open label, Other FGFR GAs: ORR 17.6% (all PR) et al
prior reversible FGFR inhibitors Single arm, Dose- Pre-treated with FGFR inhibitors: ORR: NCT0205277
expansion study 30.8% (FOENIX-
101),%°
67 iCCA with FGFR2 gene fusions/ | Phase 2, Multi- ORR: 37.3% (all PR), DCR: 81.1%, Goyal et al
rearrangements (82% FGFR2 center, Open label, mPFS:7.2mo, mDOR: 8.3 mo NCT02052778
fusion) No prior FGFR inhibitors Single arm study (FOENIX-
CCA2)*?

Derazantinib 29 iCCA with FGFR2 fusion

(ARQ-087)

Phase 1/2, Multi-

Single arm study

center, Open label,

Mazzaferro et al
NCTO01752920%°

ORR: 20.7% (all PR), DCR: 2.8%, mDOR:
5.8mo, mDODC: 4.6 mo, mPFS: 5.7mo, mOS:
Not reached after a median follow-up of 20

months

Abbreviations: CCA, cholangiocarcinoma; CR, complete response; DCR, disease control rate; FGFR, fibroblast growth factor receptor; GAs, genomic aberrations; iCCA,
intrahepatic cholangiocarcinoma; mDODC, median duration of disease control, mDOR, median duration of response; mo, months; mOS, median overall survival; mPFS,
median progression-free survival; ORR, overall response rate; PR, partial response; pts, patients.

a thorough follow up with ophthalmology. With grade 4
ocular toxicity, FGFR inhibitors including infigratinib
should be permanently stopped.”

One of the key differences among FGFR inhibitors is
their selectivity of each FGFR subtype. Compared to other
FGFR inhibitors including futibatinib and pemigatinib,
infigratinib binds relatively less strongly to FGFR4, as
shown in Table 2. Theoretically this weak FGFR4 inhibi-
tion effect can cause less gastrointestinal toxicity such as
severe diarrhea, low food consumption, decreased body
weight, or liver toxicity.”"”> Based on our literature
review, in RP2D dosage, infigratinib showed fewer inci-
dences of AEs compared to other agents (including dera-
zantinib, pemigatinib or futibatinib) in diarrhea (15% vs
21-37%), nausea (15% vs 25%-45%) or decreased appe-
tite (12% vs 17-24%) (Table 5). Table 5 summarized
toxicity profiles of each FGFR inhibitor demonstrated in

clinical trials.

Resistance of CCA to Infigratinib
Primary and acquired resistances to FGFR inhibitors
including infigratinib have been reported in CCA. It has
been suggested that co-occurring mutations with FGFR
fusion could be a mechanism of primary resistance to
FGFR inhibitors.*>”* Notably, Silverman et al reported
shorter PFS with no significant difference in the ORR in
CCA patients treated with pemigatinib when FGFR GAs
accompanied with tumor-suppressor gene loss mutations
including BAP1, CDKN2A/B, TP53, PBRMI, ARIDIA, or
PTEN.” However, given the no significant response, the
decreased PFS could be due to the adverse survival effects
of those tumor-suppressor genes mutations but not because
of resistance to FGFR inhibitors.

One of the remarkable acquired resistances to FGFR
inhibitors is FGFR mutations that change the ATP binding
pocket of FGFR proteins. In clinical setting, this resistance
was first reported from three cases during the follow up of
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Table 4 Active Ongoing Phase Il or Ill Clinical Trials of FGFR Inhibitors in CCA

Phase, Target Enroliment, Design Primary Clinical Trial | Status Estimated Primary
Endpoint Identifier Completion

Infigratinib Phase 3, 384 patients, Multicenter, Open PFS by NCTO03773302 | Recruiting | September 2023
(BGJ398) Label, 2:1 Randomized, Controlled study ICR (PROOF 301)

Infigratinib vs GEMCIS
Pemigatinib Phase 3, 432 patients, Multicenter, Open PFS by NCT03656536 | Recruiting | October 2023
(INCB054828) Label, I:] Randomized, Controlled study ICR (FIGHT-302)

Pemigatinib vs GEMCIS
Futibatinib (TAS- | Phase 3, 216 patients, Multicenter, Open PFS by NCT04093362 | Recruiting | April 2025
120) Label, I:I Randomized, Controlled study ICR (FOENIX-

Futibatinib vs GEMCIS CCA3)
Derazantinib Phase 2, 143 patients, Multi-center, Open ORR/ NCT03230318 | Recruiting | October 2021
(ARQ-087) label, Single arm study PFS3 (FIDES-01)
Debio 1347 Phase 2, 63 patients, Multi-center, Open label, | ORR NCT03834220 | Active, December 2020, (Study
(CHF5183284; basket, 2-stage, adaptive single arm study (FUZE) Not Completion Date:
FF284) recruiting | December 2021)

Abbreviations: GEMCIS, Gemcitabine and cisplatin combination therapy; ICR, independent central reviewer; ORR, overall response rate, PFS, progression-free survival;

PFS 3, progression-free survival at 3 months.

the infigratinib phase II trial (NCT02160041).”* All three
cases were iICCA with FGFR fusion initially responded to
infigratinib followed by short interval disease progression.
Following cell-free DNA (cfDNA) showed FGFR2 V565F
gatekeeper mutation in all three cases with two cases had 4
other point mutations in the FGFR?2 kinase domain. The p.
V564F gatekeeper mutation confers resistance by inducing
a structural change in the ATP-binding pocket where infi-
gratinib competitively bind. The five other point mutations
spanning five amino acid residues were also predicted to
induce less favorable infigratinib-binding condition by
destabilize the inactive conformation of the kinase where
infigratinib binds. It is also remarkable, those FGFR-
mutations induced resistance was rapidly acquired in 4-8
months after the first exposure to infigratinib.”* Similar
mechanism of resistance was observed in pemigatinib
from 8 cases of FIGHT-202 trial with initial tumor shrink-
age followed by progressive disease with six unique
FGFR2 mutations spanning five amino acid residues.”
Futibatinib which is a third-generation, irreversible FGFR
inhibitor, covalently binds to the ATP pocket of FGFR"
and expected to overcome this acquired FGFR2 kinase
domain mutations induced resistance to ATP-competitive
FGFR inhibitors. Goyal et al reported 4 iCCA patients
with FGFR2-fusion who developed resistance to infigrati-
nib (n=3) or Debio 1347 (n=1) followed by futibatinib
treatment.®® All four patients demonstrated clinical benefit

(2 SD and 2 PR). In vitro analyses, futibatinib showed
only minimal or modest changes in activity against each of
the nine acquired FGFR2 mutations in the study (2- to
7-fold IC50 increase) with the exception of V565F (103-
fold).®® This finding also indicates that next-generation
FGFR inhibitors need to be focused on inhibiting gate-
keeper mutations. Notably, the authors also reported that
clonal outgrowth of multiple mutations occurred more
readily at lower concentrations of infigratinib in the
in vitro analysis, and suggested that reduced drug exposure
may play an important role in acquisition of resistance.®
While further studies are warranted to confirm this finding,
it also highlights the importance of minimizing unneces-
sary dose reduction or interruption while aggressively
managing hyperphosphatemia, which is the most common
reason for dose reduction or interruption.

Another remarkable acquired resistance to infigratinib
is the Akt activation mediated mechanism. The PI3-AKT-
mTOR is one of the FGFR downstream pathways which
plays a crucial role in cell growth and survival. An impro-
per activation of this pathway is known to cause
a competitive growth advantage, metastatic competence,
angiogenesis, and therapy resistance.”® In a preclinical
analysis, Datta et al analyzed small cell lung cancer har-
boring FGFRI amplification and urothelial carcinoma har-
boring FGFR3 fusion/amplification cell lines which
acquired resistance after chronic infigratinib exposure.’”’
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By performing proteomic analysis, they found the Akt
pathway was activated in both the resistant cell lines,
despite ongoing FGFR blockade in the presence of infi-
gratinib. Treatment of the resistant cells with Akt siRNA
or GSK2141795, an oral, competitive, pan-isoform Akt
inhibitor which showed safety profile in an recent phase
1,”® was able to restore sensitivity of resistant cell lines.”’
Recently, Krook et al also showed upregulation of the PI3-
AKT-mTOR signaling pathway in cells harboring the
FGFR2 p.E565A mutation which was found in infigratinib
resistant iCCA tumor.”” This PI3-AKT-mTOR pathway
upregulated resistance could potentially be overcome by
combination of infigratinib with one of PI3K, AKT or
mTOR inhibitors. Further clinical research is warranted.

Future Direction of Infigratinib and

Other FGFR Inhibitors in CCA

Infigratinib (BGJ398) is an oral, ATP-competitive pan-
FGFR inhibitor. Along with pemigatinib, infigratinib is one
of the two most clinically advanced and investigated FGFR
inhibitors in cholangiocarcinoma managements. FGFR2
fusions are common in iCCA with occurring in approxi-
mately 15% of cases and have been well identified as onco-
genic drivers in CCA, while roles of other FGFR genomic
aberrations have been relatively less identified. Infigratinib
demonstrated promising efficacy in a phase II trial of
patients with advanced cholangiocarcinoma harboring
FGFR genomic aberrations and refractory to the first line
therapy. Based on these promising results, the FDA recently
approved infigratinib for CCA, and an ongoing phase III trial
(PROOF301, NCT03773302) is designed to compare infi-
gratinib versus the first line therapy of GEMCIS in CCA
harboring FGFR? fusions or translocation. In iCCA, FGFR
GAs were reported to be mutually exclusive with other
targetable genes including /DH and BRAF. Given that the
FGFR GAs including fusions are rarely accompanied with
other targetable mutations, infigratinib and other FGFR
inhibitors are expected to continue to be the novel targeted
agents in CCA harboring FGFR GAs.

Competition of FGFR Inhibitors in CCA
Harboring FGFR GAs

FGFR GAs are one of few targetable mutations in CCA.
With active attention and investigation of these GAs,
numerous selective FGFR inhibitions have been devel-
oped, and currently some of them including infigratinib,
pemigatinib and futibatinib are at the same stage of

investigation in Phase 3 clinical trials as a potential first-
line therapy. The other two FGFR inhibitors, derazantinib
and debio 1347, are in phase 2 trials.

PROOF 301 and FIGHT-302 trials are expected to
conclude in September and October 2023 respectively
and results will tell us whether each agent is superior to
GEMCIS, which is the current first-line therapy.
Additionally, the long-term follow-up of PROOF 301 and
FIGHT 302 cohorts will give us a better understanding
regarding the achieved resistance to those ATP-
competitive FGFR inhibitors. The FOENIX-CCA3 is esti-
mated to conclude in April 2025. The results will tell us
the direct comparison between futibatinib to GEMCIS and
allow indirect comparison with infigratinib and pemigati-
nib. The result of FOENIX-CCA3 and the long-term fol-
low-up of the cohort will also tell us whether futibatinib as
a covalently binding FGFR inhibitor has the potential to
overcome the achieved resistance to ATP-competitive
agents.

Ultimately, the direct drug-to-drug comparison will be
necessary to thoroughly elucidate the benefits and super-
iority of each FGFR inhibitor. However those studies most
likely will not be conducted.

Based on further investigation of resistances by long-
term follow up of clinical trial cohorts of each FGFR
inhibitors and learning to sequence these inhibitors will
be the key for future trials. As described above, based on
current data, development of new point mutations is one of
the plausible causes of developing resistance to FGFR
inhibitors.*® Certain FGFR inhibitor such as futibatinib
have distinctive capabilities to target the newly developed
resistant FGFR point mutations.®' Therefore better under-
standing of mechanisms of primary and secondary resis-
tance will be crucial to improve patient stratification and to
sequence these FGFR inhibitors.

Potential Role of Liquid Biopsy in CCA

Treated with FGFR Inhibitors

The circulating tumor DNA (ctDNA) analysis has strong
potential in the future direction of FGFR inhibitors in
CCA. In advanced/metastatic CCA, the sampling tissue
for biopsy is limited due to its invasiveness, anatomical
difficulty to approach, and difficulty in obtaining sufficient
sample for cancer genome profiling.*>** The application
of ctDNA analysis can assist disease response, monitoring,
and early detection of recurrence.*>™ In addition, as
demonstrated by Goyal et al with their recent suggestion
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of p.V564F gatekeeper mutation as possible acquired
resistance of reversible FGFR inhibitors by monitoring
ctDNA during the follow up of the infigratinib phase II
trial,”* ctDNA analysis can assist the identification of
resistance mechanisms to FGFR inhibitors and guide the
further treatment development and selection.*>® Also, in
the real world, ctDNA analysis can potentially help clin-
icians for quick actionable application of the next agents
by detecting resistance in the meaningful time. As sug-
gested close ¢tDNA monitoring can be integrated with
clinical trials, or can become the standard clinical manage-
ment for CCA in the near future.®’ However, sensitive of
fusion detection must improve with ctDNA before we can
adapt liquid biopsy as standard of care.

Combination with Immunotherapy
Immunotherapy has been investigated in the management
of CCA. Pembrolizumab showed promising efficacy of
41% (9/22) ORR in advanced cholangiocarcinoma with
mismatch repair  deficiency (dMMR).*®  Also, in
KEYNOTE-158 trial with multiple solid tumors, pembro-
lizumab showed a higher response rate in high-tumor
mutational burden (TMB) compared to non-TMB-high
group (29% vs 6%).” Although CCA was not included
in this study, the FDA approved pembrolizumab for
patients with any solid tumor, including CCA, that has
high TMB. There is much pre-clinical evidence demon-
strating potential benefits of combining FGFR inhibitors
with immune checkpoint inhibitors (ICIs). As PD-1 and
CTLA-4 signaling are involved in functional suppression
of cytotoxic T cells through regulatory T cells, ICIs which
block such signaling can lead to sustainable remission.®®
On the contrary, FGFR inhibitors are shown to target other
immune cells, such as myeloid-derived suppressor cells or
tumor-associating macrophages of M2 type, and are
expected to indirectly repress PD-L1 expression on
tumor cells and stromal/immune cells through normaliza-
tion of the tumor microenvironment.*® In vivo data with
lung cancer mouse model showed the combination of
FGFR inhibitors and anti—PD-1 leads to expansion of
T-cell clones, and this remodeling of the immune micro-
environment can enhance antitumor immunity and
survival.** Therefore, combination therapy using FGFR
inhibitors and ICIs may be a promising choice for cancer
managements.

The potential clinical benefit of FGFR inhibitor and ICI
combination could be investigated, particularly for
advanced CCA patients harboring FGFR GAs with high-

TMB or dMMR/high levels of MSI (MSI-H), or pro-
grammed cell death 1 ligand 1 (PD-L1) overexpression.
This FGFR inhibitors and ICI combination is actively
evaluated in urothelial cancer. Vofatamab, which is
a FGFR3 inhibitor with pembrolizumab, showed a safety
profile with an encouraging efficacy in urothelial cancer in
a phase 1b/2 study.’® Also, FGFR inhibitors and ICI com-
bination is actively investigated in multiple phase 1 or 2
trials in urothelial cancer having FGFR2 genetic altera-
tions (derazantinib plus atezolizumab, phase I/II
[FIDES02], NCT04045613; futibatinib plus pembrolizu-
mab, phase 11, NCT04601857; and pemigatinib plus pem-
[FIGHT-205], NCT04003610;
rogaratinib plus atezolizumab, phase 1b/2 [FORT-2],
NCT 03473756). Such trials will provide indirect insights
on this combination versus FGFR inhibitor monotherapy.

brolizumab, phase 2

Conclusion

Tumor resistance to reversible FGFR inhibitors including
infigratinib could be a barrier for the clinical benefits of
infigratinib in CCA. In select cases, futibatinib, which
covalently binds to FGFR, has been suggested as an
agent to overcome resistance induced by ATP-binding
pocket structural changes with FGFR acquired mutation.
Hopefully, second generation FGFR inhibitors will be
developed that have more durable responses and are able
to overcome resistance. Active clinical trials including
PROOF301 in iCCA are expected to elucidate the clinical
benefits of infigratinib, including clinical efficacy and
safety compared to current first line GEMCIS in CCA
with harboring FGFR2, as well as the impact of resistance
with the long-term follow-up of the cohort. The result of
this trial is expected to affect potential usage of infigratinib
in CCA in potentially in first line setting. However, with
many FGFR 2 inhibitors being available we will need to
better understand how to incorporate all of these agents in
treatment of these patients. Furthermore, although it has
been less investigated, infigratinib and immune checkpoint
inhibitor combination therapy is also a potential future
direction of investigation of infigratinib in the manage-
ment of advanced cholangiocarcinoma.
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