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Abstract

Background: The phase I/Il FIGHT-101 study (NCT02393248) evaluated safety,
pharmacokinetics, pharmacodynamics, and preliminary efficacy of pemigatinib, a potent and
selective fibroblast growth factor receptor (FGFR) 1-3 inhibitor, as monotherapy or in
combination therapy, for refractory advanced malignancies, with and without fibroblast growth
factor (FGF) and receptor (FGFR) gene alterations.

Patients and methods: Eligible, molecularly unselected patients with advanced malignancies
were included in part 1 (dose escalation; 3 + 3 design) to determine the maximum tolerated

dose. Part 2 (dose expansion) evaluated the recommended phase 11 dose in tumors with or where
FGF/FGFR activity is relevant.

Results: Patients (A= 128) received pemigatinib 1-20 mg once daily intermittently (2 weeks
on/1 week off; 7= 70) or continuously (/7= 58). No dose-limiting toxicities were reported. Doses
=>4 mg were pharmacologically active (maximum tolerated dose not reached; recommended phase
Il dose 13.5 mg once daily). The most common treatment-emergent adverse event (TEAE) was
hyperphosphatemia (75.0%; grade >3, 2.3%); the most common grade >3 TEAE was fatigue
(10.2%). Dose interruption, dose reduction, and TEAE-related treatment discontinuation occurred
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in 66 (51.6%), 14 (10.9%), and 13 (10.2%) patients, respectively. Overall, 12 partial responses
were achieved, most commonly in cholangiocarcinoma (7= 5) as well as in a broad spectrum of
tumors including head and neck, pancreatic, gallbladder, uterine, urothelial carcinoma, recurrent
pilocytic astrocytoma, and non-small-cell lung cancer (each 7= 1); median duration of response
was 7.3 months [95% confidence interval (Cl) 3.3-14.5 months]. Overall response rate was
highest for patients with FGFR fusions/rearrangements [7=5; 25.0% (95% CI 8.7% to 49.1%)],
followed by those with FGFR mutations [n=3; 23.1% (95% CI 5.0% to 53.8%)].

Conclusions: Pemigatinib was associated with a manageable safety profile and
pharmacodynamic and clinical activity, with responses seen across tumors and driven by
FGFR fusions/rearrangements and mutations. These results prompted a registrational study in
cholangiocarcinoma and phase 11/111 trials in multiple tumor types demonstrating the benefit of
precision therapy, even in early phase trials.

Keywords
pemigatinib; FGFR; advanced malignancies; phase I/11 clinical trial; genomic profiling

INTRODUCTION

Dysregulated fibroblast growth factor receptor (FGFR) signaling, resulting from somatic
FGFR alterations (activating mutations, amplifications, and fusions or rearrangements),
has been implicated in numerous malignancies, including urothelial bladder cancer, breast
cancer, cholangiocarcinoma, and lung cancer.1~# FGFR alterations occur across a wide
range of tumor types,3~° including FGFR3mutations and fusions in urothelial bladder
cancer3~7 and FGFRZ2fusions or rearrangements in cholangiocarcinoma.3->#8 Increasing
evidence for FGFR alterations as drivers of tumorigenesis has prompted the development
of FGFR-targeted therapies in various solid tumors,? including urothelial carcinoma® and
cholangiocarcinoma.10

Pemigatinib, a potent and selective oral inhibitor of FGFR 1-3, has shown antitumor
activity in genetically defined tumor models,! and has demonstrated clinical benefit in
patients with tumors harboring certain FGFR alterations.1%:12 Pemigatinib is approved in
Canada, Europe, Japan, and the USA for the treatment of adults with previously treated,
unresectable, locally advanced or metastatic cholangiocarcinoma with FGFRZ2fusions or
other rearrangements.13-16 The approvals were based on efficacy and safety results from the
registrational phase Il, FIGHT-202 study of patients with previously treated, unresectable,
locally advanced or metastatic cholangiocarcinoma, with or without FGF/FGFR alterations
(NCT02924376).10 Patients with FGFR2fusions or rearrangements (/7= 108) demonstrated
an independently, centrally confirmed objective response rate (ORR) of 37.0% [95%
confidence interval (Cl) 27.9% to 46.9%], including four complete responses, stable disease
(SD) in 45.4% of patients, median duration of response (DOR) of 8.1 months, median
progression-free survival (PFS) of 7.0 months, and an estimated median overall survival
(OS) of 17.5 months.1” The initiation of FIGHT-202 was prompted by encouraging safety
and efficacy results from FIGHT-101 (NCT02393248), a phase 1/11, dose-escalation/dose-
expansion study of pemigatinib in patients with refractory advanced malignancies. A key
requirement for enrollment in the dose-expansion cohorts of FIGHT-101 is the presence of
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tumor-related FGF/FGFR alterations. Enrollment of patients in the pemigatinib monotherapy
cohorts is complete. Here, we report final results from FIGHT-101 in patients who received
pemigatinib monotherapy, including safety and tolerability, the pharmacokinetic and
pharmacodynamic profile of pemigatinib, and the relationship between efficacy outcomes
and FGF/FGFR alteration status in multiple malignancies.

PATIENTS AND METHODS

Study design and treatment

Patients

Endpoints

FIGHT-101 (NCT02393248) enrolled patients with refractory advanced malignancies in the
USA and Denmark to receive pemigatinib alone (parts 1 and 2) or in combination with
other therapies (part 3). Results from part 1 (dose escalation) and part 2 (dose expansion)
for pemigatinib monotherapy are reported herein (Supplementary Figure S1, available at
https://doi.org/10.1016/j.annonc.2022.02.001). The primary objectives were to: (i) evaluate
safety, tolerability, and dose-limiting toxicity (DLT); (ii) determine the pharmacologically
active dose and maximum tolerated dose (MTD); and (iii) assess the pharmacodynamics

of pemigatinib. Patients self-administered pemigatinib orally with water once daily (QD)
either continuously or on a 2 weeks on/1 week off schedule [intermittent dosing (ID)]. One
treatment cycle was defined as 21 days.

Part 1 determined the MTD of pemigatinib and doses associated with substantial
pharmacological target inhibition, as demonstrated by increases in serum phosphate,
see Supplementary Methods for additional details, available at https://doi.org/10.1016/
j.annonc.2022.02.001. Part 2 evaluated the recommended dose of pemigatinib as
monotherapy in specific cancers in which FGFR activity is relevant and that harbor
amplifications, mutations, or translocations of FGFR1, FGFRZ, or FGFR3, or alteration
of FGF1through FGF23.

Patients enrolled in parts 1 and 2 were =18 years of age with advanced malignancies,

who had experienced disease progression during prior therapy and had no further effective
standard anticancer therapy available to them. Patients had life expectancy >12 weeks

and Eastern Cooperative Oncology Group performance status of <1 for part 1 and <2

for part 2. Documented FGF FGFR status was not required for enrollment in part 1.
Patients enrolled in part 2 had measurable disease with documented FGH FGFR alterations
and could include those with multiple myeloma and myeloproliferative neoplasms.

See Supplementary Methods for additional eligibility criteria, available at https://doi.org/
10.1016/j.annonc.2022.02.001.

Primary endpoints included safety and tolerability, and the pharmacodynamics of
pemigatinib. Safety and tolerability were evaluated in all patients who received at least

one dose of pemigatinib. Secondary endpoints included the ORR in patients with measurable
disease based on investigator assessment of response, and pharmacokinetics. Exploratory
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endpoints included DOR, PFS, and potential predictive biomarkers to identify patients who
would benefit most from pemigatinib.

Assessments

Safety assessment.—Safety was assessed from the frequency, duration, and severity

of treatment-emergent adverse events (TEAESs) according to the Common Terminology
Criteria for Adverse Events (CTCAE) version 4.03, physical examinations, vital signs,
electrocardiograms, and laboratory evaluations. Severity of hyperphosphatemia, which is not
included in CTCAE version 4.03, was graded as described in the Supplementary Methods,
available at https://doi.org/10.1016/j.annonc.2022.02.001. Hyperphosphatemia was managed
using dietary phosphate restriction, administration of phosphate binders, and/or dose
interruption or reduction.

Pharmacokinetic, pharmacodynamic (target inhibition), and biomarker
analysis.—All patients who received at least one dose of pemigatinib and provided at least
one post-dose plasma sample comprised the pharmacokinetic-evaluable population. In part
1, blood samples for the determination of pemigatinib plasma concentrations were collected
(Supplementary Table S1, available at https://doi.org/10.1016/j.annonc.2022.02.001) before
dosing on days 1, 2, 8, 14, 15, and 16 of cycle 1, and 0.5, 1, 2, 4, 6, 8 h after dosing on

days 1 and 14 of cycle 1. See Supplementary Methods for additional details, available at
https://doi.org/10.1016/j.annonc.2022.02.001.

Pharmacodynamics were evaluated in patients who received at least one dose of pemigatinib
and provided at least one post-baseline blood sample for pharmacologic assessment. In

an ex vivo pharmacodynamic analysis, phosphorylated FGFR2a was used as a surrogate
pharmacodynamic marker for determining the biologic activity of pemigatinib. See
Supplementary Methods for additional details of pharmacodynamic and biomarker analyses,
available at https://doi.org/10.1016/j.annonc.2022.02.001.

Assessment of tumor status and genetic alterations.—Tumor status was assessed
(per investigator) at screening (baseline) and every three cycles using appropriate disease-
specific techniques. Solid tumors were assessed per RECIST 1.1.18 Although computed
tomography was recommended, alternative modalities compatible with RECIST 1.1 were
allowed at the investigator’s discretion if used consistently throughout the study.

FGH FGFR alteration status in part 2 was determined with locally available techniques or
by FoundationOne® (Foundation Medicine, Inc., Cambridge, MA) using next-generation
sequencing.

Study conduct

The study was carried out in accordance with the Declaration of Helsinki, the protocol
approved by each Institutional Review Board or Independent Ethics Committee, the US
code of federal regulations for Good Clinical Practice, Good Clinical Practice guidelines of
the International Council for Harmonisation, and all applicable regulatory requirements. All
patients provided written informed consent.
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As of the data cut-off (7 April 2020), 128 patients were enrolled and had received one or
more doses of pemigatinib monotherapy in parts 1 or 2 of the study (Supplementary Figure
S1, available at https://doi.org/10.1016/j.annonc.2022.02.001). Seventy patients received
daily doses ranging from 1 to 20 mg on an ID schedule, and 58 received daily doses

of 9, 13.5, or 20 mg continuously. Median treatment duration was 8.0 weeks (range,
0.1-160) overall and 8.0 weeks (1-105) for 1D, and 8.6 weeks (0.1-160) for continuous
dosing (CD). Overall, 122 patients (95.3%) discontinued treatment (ID, 100%; CD, 89.7%),
most commonly for disease progression (60.9%); eight patients (6.3%) discontinued
treatment due to adverse events (Supplementary Table S2, available at https://doi.org/
10.1016/j.annonc.2022.02.001). The median age of patients was 59 years (Table 1), 60.9%
were women, 89.1% were white, and 76.6% had received at least three prior therapies. The
most common tumor type was cholangiocarcinoma (16.4%).

Safety and tolerability

No DLTs were reported in any dose cohort, and the MTD for pemigatinib monotherapy
was not reached. Among all treated patients (N = 128), 99.2% had a TEAE of which

90.6% were treatment-related (Supplementary Table S3, available at https://doi.org/10.1016/
j.annonc.2022.02.001). The most common any-cause TEAE was hyperphosphatemia
(75.0%; ID, 68.6%; CD, 82.8%); the most common grade =3 TEAE of any cause

was fatigue (10.2%; ID, 5.7%; CD, 15.5%) (Table 2). The most common treatment-

related TEAE was hyperphosphatemia (73.4%; grade =3, 1.6%) (Supplementary Table

S4, available at https://doi.org/10.1016/j.annonc.2022.02.001). Overall, 66 (51.6%) and 14
(10.9%) patients, respectively, had dose interruptions and dose reductions; 13 (10.2%)

had treatment discontinuation due to TEAESs (Supplementary Table S3, available at
https://doi.org/10.1016/j.annonc.2022.02.001). Patients receiving 1D were less likely than
those receiving CD to require dose interruptions (32.9% versus 74.1%), reductions

(5.7% versus 17.2%), or treatment discontinuations (8.6% versus 12.1%) due to TEAES
(Supplementary Table S3, available at https://doi.org/10.1016/j.annonc.2022.02.001). The
most common TEAES requiring dose interruption and dose reduction, respectively, were
hyperphosphatemia (7= 12; 1 ID, 11 CD), and stomatitis (n= 4; all CD); the most common
TEAES requiring discontinuation were small intestinal obstruction (/7= 2; both ID) and
pneumonia (7= 2; both ID) (Supplementary Table S5, available at https://doi.org/10.1016/
j.annonc.2022.02.001).

Clinically notable TEAEs assessed included dry eye, eyelash changes, hyperphosphatemia,
hypophosphatemia, nail toxicity, vision blurred, vitreous detachment, and serous

retinal detachment [relevant (Medical Dictionary for Regulatory Activities, MedDRA)
preferred terms combined; Supplementary Table S6, available at https://doi.org/10.1016/
j.annonc.2022.02.001]. Clinically notable TEAEs occurred in 81.3% of treated patients (ID,
77.1%; CD, 86.2%), resulting in two treatment discontinuations. One patient discontinued
pemigatinib 20 mg CD due to serious grade 3 paronychia; the other discontinued
pemigatinib 13.5 mg CD due to grade 2 trichiasis. Despite the high frequency of
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hyperphosphatemia, only three patients (2.3%) had grade =3 events. Dose reduction and
dose interruption for hyperphosphatemia were required in two (1.6%) and 12 (9.4%)
patients, respectively. Hypophosphatemia events occurred in 15.6% of patients (grade >3,
5.5%) (Table 2) and were less common for CD versus ID regimens (12.1% versus 18.6%).
Two patients (1.6%) required dose interruption, and none required dose reductions due to
hypophosphatemia. Overall, 32.0% of patients had nail toxicities (Table 2), most commonly
onycholysis (14.8%), nail discoloration (13.3%), and paronychia (10.2%); grade =3 events
occurred in four patients [3.1% (onycholysis, 7= 3; paronychia, /7= 4)]. One patient (0.8%)
had dose reduction and 10 (7.8%) had dose interruption due to nail toxicities. Among

all patients, TEAEs of dry eye, eyelash changes, vision blurred, and vitreous detachment
occurred in 23.4%, 13.3%, 16.4%, and 1.6%, respectively. There were no TEAEs of serous
retinal detachment.

A total of 10 patients (7.8%) died due to TEAEs, including disease progression (1= 4),
multiple organ dysfunction syndrome, pneumonia, cerebrovascular accident, intracranial
hemorrhage, acute respiratory failure, and respiratory failure (each 7= 1). None of these
deaths were considered treatment-related.

Clinical pharmacokinetics and pharmacodynamics

With multiple oral dose administration in the fasted state, pemigatinib attained peak
plasma concentrations with a median time of w1-2 h after dose, followed by a
biexponential decrease (Supplementary Figure S2A, available at https://doi.org/10.1016/
j.annonc.2022.02.001). Steady-state plasma concentrations for doses =9 mg QD exceeded
the /n vivo half maximal inhibitory concentration for inhibition of FGFR2 phosphorylation
over a 24-h period (Supplementary Figure S2B, available at https://doi.org/10.1016/
j.annonc.2022.02.001). The steady-state geometric mean terminal-phase disposition half-life
was comparable for doses =6 mg QD (ranging from 12.1 to 15.4 h; Supplementary Table S7
and Supplementary Figure S2B, available at https://doi.org/10.1016/j.annonc.2022.02.001).
For doses of 1-20 mg QD, dose-proportional increases in pemigatinib steady-state
maximum plasma drug concentration (Cax) and area under the plasma concentration-
time curve from 0 to 24 h (AUCq_»4) were observed (Supplementary Table S7,

available at https://doi.org/10.1016/j.annonc.2022.02.001). Additional pharmacokinetic
results including food effect (Supplementary Table S8, Supplementary Figure S2C,
available at https://doi.org/10.1016/j.annonc.2022.02.001) and pharmacodynamic results
including serum phosphate concentration profiles associated with 1D and CD schedules
(Supplementary Figure S3, available at https://doi.org/10.1016/j.annonc.2022.02.001),
pemigatinib exposure-serum phosphate concentration relationship (Supplementary Figure
S4A, available at https://doi.org/10.1016/j.annonc.2022.02.001), phosphorylated FGFR2a
target inhibition (Supplementary Figure S4B and S4C, available at https://doi.org/10.1016/
j.annonc.2022.02.001 ), and plasma FGF23 concentration profiles (Supplementary Figure
S4D, available at https://doi.org/10.1016/j.annonc.2022.02.001) are provided in the
Supplementary Results section, available at https://doi.org/10.1016/j.annonc.2022.02.001.
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In part 1, 24 of 49 patients (49.0%) had available FGFIFGFR status assessments; in part 2,
72 of 79 patients (91.1%) had documented FGH FGFR status. For most patients who lacked
documented FGH FGFR status in part 2, the reason was sample failure (inadequate tumor
sample). Of the 96 patients enrolled in parts 1 and 2 with FGA FGFR status assessments, 17
(17.7%) tested negative and 79 (82.3%) tested positive for FGH FGFR alterations, including
20 patients with FGFR fusions or rearrangements, 13 with FGFR mutations, 26 with FGFR
amplifications, and 20 with FGFamplifications (the 20 patients with FGFamplifications
included 2 with FGFR substrate 2 amplifications).

Overall, 12 patients (9.4%) achieved a partial response [PR; cholangiocarcinoma (/7= 5),
head and neck, pancreatic, gallbladder, uterine, urothelial carcinoma, recurrent pilocytic
astrocytoma, and non-small-cell lung cancer (each 7= 1)], 40 (31.3%) achieved SD, and

49 (38.3%) experienced disease progression. Four patients (3.1%) were not assessable for
response, and response was not assessed or missing for 23 patients (18.0%). The ORR was
highest for patients with FGFR fusions or rearrangements [25.0% (95% CI 8.7% to 49.1%)],
followed by those with FGFR mutations [23.1% (95% CI 5.0% to 53.8%)] (Table 3). The
median DOR was 7.3 months (95% CI 3.3-14.5 months) for all responders (n=12) and 7.3
months (95% CI 2.8% to 11.3%) for those who tested positive for FGH FGFR alterations
(n=10). A total of 40 patients (31.3%) achieved SD, including 24 (30.4%) who had FGH
FGFR alterations [ FGFR fusions or rearrangements, 10/20 (50%); FGFR mutations, 3/13
(23.1%); FGFamplification, 4/20 (20%); FGFR amplification, 7/26 (26.9%)]. The median
PFS was 2.8 months (95% CI 1.9-3.8 months) for all patients (/= 128) and 3.0 months
(95% CI 1.8-4.1 months) for those who tested positive for FGH FGFR alterations (n=79);
median PFS was 5.7 months (95% CI 2.8-10.0 months) and 5.0 months (95% CI 0.7-8.3
months) in patients with FGFR fusions or rearrangements (77 = 20) and FGFR mutations (7=
13), respectively.

Of the 12 patients with a PR, 10 tested positive for FGH FGFR alterations, including 5

with cholangiocarcinoma (FGFRZintron 17 rearrangement, FGFR2-CL/P1 fusion, FGFR2-
CCDC6fusion, FGFRZ2p.C382R mutation, and FGF3,4,19 amplifications), and 1 each
with gallbladder cancer (FGFR2-BICC1 fusion), pancreatic cancer (FGFR2-USP33fusion),
urothelial cancer (FGFR3p.S249C mutation), recurrent pilocytic astrocytoma (FGFR1
p.N546K mutation), and uterine cancer (FGFRI amplification) (Figures 1 and 2). Of the

10 responders with FGH FGFR alterations, 8 received pemigatinib 13.5 mg QD (ID or CD),
1 received 20 mg QD (CD), and 1 received 9 mg QD (ID) (Figure 1A-D).

The patient with pancreatic cancer and FGFR2-USP33 fusion maintained a response for
10.7 months and then experienced disease progression; however, this patient remained

on treatment because of continued clinical benefit and due to no other treatment being
available to them (Figure 2A). The patient with cholangiocarcinoma and FGFR2-CCDC6
fusion had a response duration of 11.3 months, but eventually developed multiple
secondary FGFRZ resistance mutations, including FGFR2p.VV5641, p.N549K (two distinct
mutations), and p.N549D.19 A patient with adenoid cystic carcinoma of the head and

neck achieved a PR after 6.0 months of treatment with pemigatinib 9 mg QD (CD); they
subsequently experienced disease progression at 20.5 months and discontinued treatment
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shortly thereafter. No FGA FGFR alterations were noted for this patient and delineation of
factors yielding this response requires further research. Another patient with non-small-cell
lung cancer had a PR after 6.2 months of treatment with pemigatinib 9 mg QD (CD) and
maintained response with continuing treatment at database lock (DOR, 29.9 months). The
FGH FGFR status for this patient was not known due to an inadequate tumor sample for
central testing.

Best percentage change in target lesion size and duration of treatment by FGH FGFR status
category are shown in Figures 1 and 2 and Supplementary Figures S5 and S6, available at
https://doi.org/10.1016/j.annonc.2022.02.001, respectively. Among patients with SD, those
with FGF FGFR alterations had best median percentage reduction in target lesion size of
-8.0% (range, —27.9%-17.2%) (n= 24) versus 10.5% (range, —11.1%-18.4%) (n = 6) for
those without FGAH FGFR alterations.

Co-occurring genomic alterations

Genomic alterations occurring with FGFR fusions or rearrangements and with FGFR
mutations were predominantly COKNZA/B loss-of-function alterations (fusions or
rearrangements, 37%; mutations, 40%; Figure 1A and B), whereas co-occurring alterations
in TP53, PTEN, PIK3CA, KRAS, or BAP1 were less common (fusions or rearrangements,
5%, 16%, 5%, 0%, 32%; mutations, 30%, 0%, 0%, 10%, 10%). The most frequent
alterations occurring with FGFRand FGFamplifications were 7P53alterations (64%

and 53%; Figure 1C and D); CDKNZ2A/B alterations occurred less frequently (18% and
13%), as did PTEN alterations (14% and 0%). Co-occurring oncogenic driver alterations

in KRAS and PIK3CA were observed in a subset of patients with FGFR (14% and 14%)
and FGFamplifications (13% and 7%). Notably, oncogenic KRAS (p.G12A) and PIK3CA
(p.E545G) mutations co-occurring with FGFRZ fusions or rearrangements were observed in
two patients who achieved a PR. Of the three patients with cholangiocarcinoma and FGFR2
fusions or rearrangements who achieved a PR, one had co-occurring alterations in both
BAPI and CDKNZ2A. Among 46 patients with FGFor FGFR amplification, 22 (48%) had
co-occurring 7P53 mutations; one of these patients, who had uterine cancer and FGFR1
amplification, achieved a PR.

DISCUSSION

First-generation FGFR tyrosine kinase inhibitors such as ponatinib, dovitinib, lenvatinib,

and nintedanib are multitarget inhibitors that target receptor kinases other than FGFRs.
Consequently, effective FGFR inhibition in solid tumors could often not be achieved

due to toxicity. These limitations prompted the development of selective FGFR inhibitors
such as pemigatinib.20 FIGHT-101 is a first-in-human phase 1/l dose-escalation/dose-
expansion study of pemigatinib in patients with advanced solid tumors, designed to find

the recommended phase 11 dose (RP2D) for subsequent clinical trials. The study evaluated
ID and CD schedules for pemigatinib alone and in combination with other common systemic
cancer treatments (chemotherapy and immunotherapy). No DLTs were encountered with
pemigatinib monotherapy, and the MTD was not reached in this study; as discussed below,
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pemigatinib 13.5 mg QD was selected as the RP2D based on the pharmacologic and overall
safety results.

Orally administered pemigatinib exhibited linear dose-dependent pharmacokinetics across
the dose range. The observation that, for doses of =6 mg, Cyax Was reached within 1-2

h, with a dose-independent terminal half-life of 15 h supports QD dosing. Administration

of a high-fat and high-calorie meal had modest effects on pemigatinib pharmacokinetics
that were not considered clinically meaningful. No changes in pharmacokinetic parameters
were expected for continuous administration, as steady-state concentrations were reached by
approximately day 4 with QD dosing. At the 13.5-mg dose, however, the average percycle
exposure of pemigatinib was increased by 50% in the CD versus the ID regimen.

From the model-predicted serum phosphate concentration versus pemigatinib exposure
(AUCg;s 0-24) curve shown in Supplementary Figure S4A, available at https://doi.org/
10.1016/j.annonc.2022.02.001, the ECsq and ECy5 values for serum phosphate increase
of 1700 and 2600 h@nM, respectively, are close to the mean AUCq; o_p4 Values resulting
from pemigatinib at 9 mg QD and 13.5 mg QD dosing, respectively (Supplementary
Table S7, available at https://doi.org/10.1016/j.annonc.2022.02.001). Results from ex vivo
pharmacodynamic analysis of phosphorylated FGFR2a inhibition in plasma samples from
patients at steady-state pemigatinib exposure showed a =50% inhibition with pemigatinib
at doses =4 mg and =50% inhibition at trough at doses =6 mg. These data suggest that
sufficient target inhibition can be maintained if pemigatinib dose reduction to 9 mg or 4.5
mg QD is necessary to manage adverse events.

Overall, grade =3 TEAESs occurred less frequently in the 1D versus the CD cohort of patients
treated with pemigatinib monotherapy (50.0% versus 75.9%), including grade =3 fatigue
(5.7% versus 15.5%) and stomatitis (1.4% versus 17.2%). In contrast, occurrence of grade
=3 hyponatremia was similar in both groups (7.1% versus 10.3%). TEAEs leading to dose
interruptions and dose reductions also were less common with ID versus CD (32.9% versus
74.1%, and 5.7% versus 17.2%, respectively), whereas frequency of TEAEs leading to
treatment discontinuation were similar for ID (8.6%) versus CD (12.1%).

Hyperphosphatemia was the most common adverse event in this study (75%), consistent
with findings from FIGHT-202 (60%)20 and other selective FGFR inhibitors (55%-75%).21
Hyperphosphatemia is an expected on-target effect of FGFR inhibition, attributable to

the role of FGF23/FGFR signaling in phosphate homeostasis.?! FGF23 released from

bone regulates serum phosphate by suppressing phosphate reabsorption in the kidney

via FGFR121; therefore, inhibiting this action of FGF23 would be expected to increase
phosphate reabsorption, resulting in hyperphosphatemia.?! In the present study, only three
patients experienced grade =3 hyperphosphatemia (ID, 7= 1; CD, n= 2). None of the
hyperphosphatemia events resulted in permanent treatment discontinuation.

Other clinically notable adverse events that have been associated with selective FGFR
inhibitors include hypophosphatemia, 2223 nail toxicities, and ocular toxicities®-10.22-25
including serous retinal detachment.! Nail toxicities were common in this study (32.0%):
however, only four patients had grade >3 events, one of which led to treatment
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discontinuation (serious grade 3 paronychia). Consistent with other selective FGFR
inhibitors,2! the most common ocular toxicities in this study were dry eye and blurred
vision (23.4% and 16.4%, respectively). Notably, no serous retinal detachment events were
reported.

Hypophosphatemia events were observed in 15.6% of patients overall, and a minority
(5.5%) of these were of grade 3 or 4 severity; two required dose interruption and none

led to treatment discontinuation. Grade >3 hypophosphatemia has also been observed

in 5%—-8% of patients treated with other FGFR inhibitors.2223 Factors contributing to
hypophosphatemia may have been the continued use of low-phosphate diet and phosphate
binders during the off-treatment week in patients who received 1D2%; consistent with this,
hypophosphatemia was less common in patients receiving CD versus ID regimens in this
study. Hypophosphatemia may also have resulted from negative feedback regulation of
FGFR23 expression via vitamin D receptor and parathyroid hormone receptor activation.2
Although our results showed that concentrations of both phosphate and FGF23 increased
after pemigatinib dosing, FGF23 concentration remained elevated during dosing holidays,
whereas phosphate concentrations fell below baseline, suggesting that elevated FGF23
concentrations may be responsible for the occurrence of hypophosphatemia in some
patients.

The observation that three of the 12 patients who achieved a PR and eight of the 40 patients
who achieved SD did so at doses less than the RP2D of 13.5 mg QD is consistent with

the finding that the percent inhibition of phosphorylated FGFR2by doses <13.5 mg QD
exceeded the target coverage required for maximal efficacy (Supplementary Figure S4C,
available at https://doi.org/10.1016/j.annonc.2022.02.001). This provides another indication
that sufficient target inhibition can be maintained if dose reduction is necessary to manage
adverse events.

The percentage of patients with SD was similar for all patients compared with those with
FGH FGFR alterations (31.3% versus 30.4%). Moreover, patients with FGFR fusions or
rearrangements had a higher SD achievement rate (50%) compared with patients who had
other FGH FGFR alterations (20.0%-26.9%). Among patients with SD, those with FGF
FGFR alterations experienced a greater median percentage reduction in target lesion size
compared with those without FGAH FGFR alterations [-8.0% (range, —27.9% to 17.2%)
versus 10.5% (-11.1% to 18.4%)]. A previously published case study?’ described a patient
enrolled in FIGHT-101 with myeloid/lymphoid neoplasm (designated myeloproliferative
neoplasm in Figure 2) and FGFRI-CEP110fusion who achieved a rapid response with
complete resolution of eosinophilia, complete hematologic and cytogenetic remission, and
complete molecular remission with undetectable FGFR1-CEP110fusion. This patient,
however, discontinued treatment at 3.9 months for disease progression, was not evaluable for
change in target lesion size, and did not qualify for a response per RECIST 1.1.

Overall, the most encouraging clinical activity of pemigatinib was apparent in patients with
cholangiocarcinoma harboring FGFRZ2 fusions or rearrangements. Among these 13 patients,
three (23.1%) achieved a PR and eight (61.5%) achieved SD. In addition, PR was observed
in one patient with cholangiocarcinoma harboring an FGFR2p.C382R mutation. This result
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supports the efficacy findings of FIGHT-202, in which patients with previously treated
advanced cholangiocarcinoma with FGFRZ2fusions or rearrangements achieved an ORR of
35.5% and a disease control rate of 82%, whereas patients with other and no FGAFGFR
alterations had no responses and a disease control rate of 40% and 22%, respectively.10
Thus, molecular screening for FGFR alterations using multigene panel testing to assess
these co-occurring alterations is strongly recommended. This type of screening may also
expand potential benefits of FGFR inhibitor therapy across cancer types and may facilitate
identification of on- and off-target resistance mechanisms to aid the rational design of
next-generation FGFR inhibitors and combination therapies.

A recent genomic profiling analysis of patients with cholangiocarcinoma harboring FGFR2
fusions or rearrangements enrolled in FIGHT-202 showed that co-occurring 7P53 or
CDNKZA/B alterations were both associated with significantly shortened PFS.8 BAPI
alterations also had a negative effect on PFS, but the magnitude of this effect was

not statistically significant.® Elsewhere, an analysis of co-alterations in 95 patients with
cholangiocarcinoma and FGFRZ2 alterations found no prognostic effect for BAPI mutation,
whereas 7P53and CDKNZ2ZA/B alterations were associated with significantly shorter 0S.28
Given the heterogeneity of the FIGHT-101 study population, it is difficult to draw firm
conclusions from these data regarding the significance of specific co-alterations for the
observed response patterns in patients with various FGF/FGFR alterations. Nevertheless, the
observation that one of the three patients with cholangiocarcinoma harboring FGFRZ2 fusions
or rearrangements who achieved a PR had co-alterations in both BAPI and CDKNZA/B,
suggests that BAPZ and CDKNZ2A/B co-alterations may not prevent response to pemigatinib
treatment. The common co-occurrence of 7P53 mutations in tumors with FGFor FGFR
amplifications observed in this study may also, in part, explain why patients harboring these
amplifications were less likely to respond to pemigatinib than patients with FGFR fusions
or rearrangements. The likelihood of response may, however, depend on the degree of FGF
or FGFR amplification; the significance of FGFamplifications as actionable oncogenic
drivers remains to be resolved. Post-progression analysis of plasma circulating tumor DNA
in patients with cholangiocarcinoma harboring FGFRZ2 fusions identified multiple previously
described resistance mutations,82° adding to accruing evidence for acquired resistance to
FGFR inhibitors.

In summary, FIGHT-101 (parts 1 and 2) characterized the pharmacokinetics and
pharmacodynamics of pemigatinib QD monotherapy in patients with advanced solid tumors
and established 13.5 mg QD as the recommended dose for further studies. Phase Il

studies of pemigatinib monotherapy are ongoing in multiple tumor types, including a study
in patients with myeloid/lymphoid neoplasms with FGFR1 rearrangements (FIGHT-203;
NCT03011372). In addition, a randomized phase Il study (FIGHT-302; NCT03656536)

is underway to evaluate the efficacy and safety of pemigatinib versus gemcitabine plus
cisplatin as first-line therapy for patients with advanced cholangiocarcinoma harboring
FGFR2 rearrangements.30

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Ann Oncol. Author manuscript; available in PMC 2025 April 02.


https://clinicaltrials.gov/ct2/show/NCT03011372
https://clinicaltrials.gov/ct2/show/NCT03656536

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Subbiah et al.

Page 12

ACKNOWLEDGEMENTS

FUNDING

DISCLOSURE

The authors thank the patients who participated in this study and the investigators and teams who conducted

the study. The authors also acknowledge the contributions of Dr Ping Jiang (Incyte Research Institute, Incyte
Corporation, Wilmington, DE, USA) to pharmacodynamic assessments. Medical writing assistance was provided
by Simon J. Slater, PhD, CMPP, of Envision Pharma Group (Philadelphia, PA, USA) and funded by Incyte
Corporation. Dr Vivek Subbiah acknowledges support of The Jacquelyn A. Brady Fund and is an Andrew Sabin
Family Foundation Fellow at The University of Texas MD Anderson Cancer Center.

This work was supported by Incyte Corporation (Wilmington, DE, USA) (no grant number); an NIH grant [grant
number RO1CA242845] to VS, and grants awarded to MD Anderson Cancer Center Department of Investigational
Cancer Therapeutics by the Cancer Prevention and Research Institute of Texas [grant number RP1100584], the
Sheikh Khalifa Bin Zayed Al Nahyan Institute for Personalized Cancer Therapy [grant number 1U01 CA180964],
the National Center for Advancing Translational Sciences [grant number UL1 TR000371] (Center for Clinical
and Translational Sciences), and by an NIH support grant to the MD Anderson Cancer Center [grant number P30
CA016672].

VS reports a consulting or advisory role with Incyte Corporation; grants from Eli Lilly/Loxo Oncology,

Blueprint Medicines Corporation, Turning Point Therapeutics, Boston Pharmaceuticals; research funding from
Helsinn Pharmaceuticals, during the conduct of the study; research funding and consulting or advisory role

with Eli Lilly/Loxo Oncology, during the conduct of the study; research funding from Roche/Genentech, Bayer,
GlaxoSmithKline, NanoCarrier, Vegenics, Celgene, Northwest Biotherapeutics, Berg Health, Incyte Corporation,
Fujifilm, D3, Pfizer, MultiVir, Amgen, AbbVie, Alfasigma, Agensys, Boston Biomedical, Idera Pharma, Inhibrx,
Exelixis, Blueprint Medicines, Altum Pharmaceuticals, Dragonfly Therapeutics, Takeda, National Comprehensive
Cancer Network, NCI-CTEP, University of Texas MD Anderson Cancer Center, Turning Point Therapeutics,
Boston Pharmaceuticals, Novartis, Pharmamar, MedImmune; an advisory board/consultant position with Helsinn,
Incyte Corporation, QED Pharma, Daiichi-Sankyo, Signant Health, Novartis, Janssen, Relay Therapeutics, Roche,
MedImmune; travel funds from Pharmamar, Incyte Corporation, ASCO, ESMO; other support from Medscape.
MG reports stock in and has other ownership of COTA; has a consulting or advisory role with Bayer, Eli Lilly &
Company, and Karyopharm Therapeutics; participates in the speakers’ bureau for Bristol Myers Squibb, Eli Lilly
& Company, FoundationOne Inc., and Merck; received research funding (institutional) from AbbVie, Acceleron
Pharma, Bayer, Bristol Myers Squibb, Celgene, Daiichi Sankyo, Eisai, Eli Lilly & Company, EMD Serono,
Esanex, Genentech/Roche, Gilead Sciences, Incyte Corporation, Karyopharm Therapeutics, Loxo Oncology,
MedIlmmune, Merck, Mirati Therapeutics, Moderna Therapeutics, Novartis, Regeneron, Rexahn Pharmaceuticals,
Sanofi, Seattle Genetics, Tesaro, and TG Therapeutics. DCS reports research funding (institutional) from Agensys,
Astellas Pharma, Bayer, Bristol Myers Squibb/Medarex, Eli Lilly & Company, ESSA, Exelixis, Genentech, Incyte
Corporation, MedImmune, Medivation/Astellas, Merck, Millendo, Novartis, OncoMed, and Seattle Genetics. IMS
reports employment and stock ownership with Repare Therapeutics. LF, CFL, CT, and TJ report employment and
stock ownership with Incyte Corporation. MS reports participating in the speakers’ bureau for Novartis. NOI has
declared no conflicts of interest.

REFERENCES

1. Brooks AN, Kilgour E, Smith PD. Molecular pathways: fibroblast growth factor signaling: a new
therapeutic opportunity in cancer. Clin Cancer Res. 2012;18:1855-1862. [PubMed: 22388515]

2. Babina IS, Turner NC. Advances and challenges in targeting FGFR signalling in cancer. Nat Rev
Cancer. 2017;17:318-332. [PubMed: 28303906]

3. Helsten T, Elkin S, Arthur E, Tomson BN, Carter J, Kurzrock R. The FGFR landscape in cancer:
analysis of 4,853 tumors by next-generation sequencing. Clin Cancer Res. 2016;22:259-267.
[PubMed: 26373574]

4. Krook MA, Reeser JW, Ernst G, et al. Fibroblast growth factor receptors in cancer:
genetic alterations, diagnostics, therapeutic targets and mechanisms of resistance. Br J Cancer.
2021;124:880-892. [PubMed: 33268819]

5. Touat M, lleana E, Postel-Vinay S, André F, Soria JC. Targeting FGFR signaling in cancer. Clin
Cancer Res. 2015;21:2684-2694. [PubMed: 26078430]

6. Casadei C, Dizman N, Schepisi G, et al. Targeted therapies for advanced bladder cancer: new
strategies with FGFR inhibitors. Ther Adv Med Oncol. 2019;11:1758835919890285.

Ann Oncol. Author manuscript; available in PMC 2025 April 02.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Subbiah et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

Page 13

. Lopez-Beltran A, Cimadamore A, Montironi R, Cheng L. Molecular pathology of urothelial

carcinoma. Hum Pathol. 2021;113:67-83. [PubMed: 33887300]

. Silverman IM, Hollebecque A, Friboulet L, et al. Clinicogenomic analysis of FGFRZ-rearranged

cholangiocarcinoma identifies correlates of response and mechanisms of resistance to pemigatinib.
Cancer Discov. 2021;11:326-339. [PubMed: 33218975]

. Loriot Y, Necchi A, Park SH, et al. Erdafitinib in locally advanced or metastatic urothelial

carcinoma. N Engl J Med. 2019;381:338-348. [PubMed: 31340094]

. Abou-Alfa GK, Sahai V, Hollebecque A, et al. Pemigatinib for previously treated, locally
advanced or metastatic cholangiocarcinoma: a multicentre, open-label, phase 2 study. Lancet
Oncol. 2020;21:671-684. [PubMed: 32203698]

Liu PCC, Koblish H, Wu L, et al. INCB054828 (pemigatinib), a potent and selective inhibitor of
fibroblast growth factor receptors 1, 2, and 3, displays activity against genetically defined tumor
models. PLoS One. 2020;15:e0231877. [PubMed: 32315352]

Necchi A, Pouessel D, Leibowitz-Amit R, et al. Interim results of fight-201, a phase |1, open-label,
multicenter study of INCB054828 in patients (pts) with metastatic or surgically unresectable
urothelial carcinoma (UC) harboring fibroblast growth factor (FGF)/FGF receptor (FGFR) genetic
alterations (GA) [abstract 900P]. Ann Oncol. 2018;29(suppl 8):vii319-vii320.

PEMAZYRE (pemigatinib) Tablets [prescribing information]. Wilmington, DE:

Incyte Corporation. 2020. Available at https://www.accessdata.fda.gov/drugsatfda_docs/label/
2020/213736s0001bl.pdf Accessed November 4, 2021.

Pemazyre (pemigatinib). Amsterdam, The Netherlands: European Medicines Agency.
2021. Available at https://www.ema.europa.eu/en/medicines/human/EPAR/pemazyre. Accessed
November 4, 2021.

Incyte announces approval of Pemazyre® (pemigatinib) in Japan for the treatment

of patients with unresectable biliary tract cancer (BTC) with a fibroblast growth

factor receptor 2 (FGFR2) fusion gene, worsening after cancer chemotherapy

[press release]. Wilmington, DE: Incyte Corporation; March 23, 2021. Available

at https://investor.incyte.com/press-releases/press-releases/2021/Incyte-Announces-Approval-
of-Pemazyre-pemigatinib-in-Japan-for-the-Treatment-of-Patients-with-Unresectable-Biliary-Tract-
Cancer-BTC-with-a-Fibroblast-Growth-Factor-Receptor-2-FGFR2-Fusion-Gene-\Worsening-After-
Cancer-Chemotherapy/default.aspx. Accessed November 4, 2021.

Incyte announces Health Canada conditional approval of Pemazyre® (pemigatinib) as first targeted
treatment for adults with previously treated, unresectable locally advanced or metastatic
cholangiocarcinoma [press release]. Wilmington, DE: Incyte Corporation; September 21, 2021.
Available at https://checkorphan.org/news/incyte-announces-health-canada-conditional-approval-
of-pemazyre-pemigatinib-as-first-targeted-treatment-for-adults-with-previously-treated-
unresectable-locally-advanced-or-metastatic-cholangi/
#:~text=MONTREAL%20%E2%80%93%20Incyte%20%28NASDAQ%3A%20INCY %29%20to
day%?20announced%?20that,factor%20receptor%202%20%28FGFR2%29%20fusion%200r%200th
er%20rearrangement. Accessed November 4, 2021.

Abou-Alfa GK, Bibeau K, Schultz N, et al. Effect of FGFRZ2 alterations on survival in

patients receiving systemic chemotherapy for intrahepatic cholangiocarcinoma. J Clin Oncol.
2021;39:Abstract 303.

Eisenhauer EA, Therasse P, Bogaerts J, et al. New response evaluation criteria in solid tumours:
revised RECIST guideline (version 1.1). Eur J Cancer. 2009;45:228-247. [PubMed: 19097774]

Data on file. Wlimington, DE, USA: Incyte Corporation; 2021.

Facchinetti F, Hollebecque A, Bahleda R, et al. Facts and new hopes on selective FGFR inhibitors
in solid tumors. Clin Cancer Res. 2020;26:764-774. [PubMed: 31585937]

Kommalapati A, Tella SH, Borad M, Javle M, Mahipal A. FGFR inhibitors in oncology: insight on
the management of toxicities in clinical practice. Cancers. 2021;13:2968. [PubMed: 34199304]

Pal SK, Rosenberg JE, Hoffman-Censits JH, et al. Efficacy of BGJ398, a fibroblast growth factor
receptor 1e3 inhibitor, in patients with previously treated advanced urothelial carcinoma with
FGFR3alterations. Cancer Discov. 2018;8:812-821. [PubMed: 29848605]

Ann Oncol. Author manuscript; available in PMC 2025 April 02.


https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/213736s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/213736s000lbl.pdf
https://www.ema.europa.eu/en/medicines/human/EPAR/pemazyre
https://investor.incyte.com/press-releases/press-releases/2021/Incyte-Announces-Approval-of-Pemazyre-pemigatinib-in-Japan-for-the-Treatment-of-Patients-with-Unresectable-Biliary-Tract-Cancer-BTC-with-a-Fibroblast-Growth-Factor-Receptor-2-FGFR2-Fusion-Gene-Worsening-After-Cancer-Chemotherapy/default.aspx
https://investor.incyte.com/press-releases/press-releases/2021/Incyte-Announces-Approval-of-Pemazyre-pemigatinib-in-Japan-for-the-Treatment-of-Patients-with-Unresectable-Biliary-Tract-Cancer-BTC-with-a-Fibroblast-Growth-Factor-Receptor-2-FGFR2-Fusion-Gene-Worsening-After-Cancer-Chemotherapy/default.aspx
https://investor.incyte.com/press-releases/press-releases/2021/Incyte-Announces-Approval-of-Pemazyre-pemigatinib-in-Japan-for-the-Treatment-of-Patients-with-Unresectable-Biliary-Tract-Cancer-BTC-with-a-Fibroblast-Growth-Factor-Receptor-2-FGFR2-Fusion-Gene-Worsening-After-Cancer-Chemotherapy/default.aspx
https://investor.incyte.com/press-releases/press-releases/2021/Incyte-Announces-Approval-of-Pemazyre-pemigatinib-in-Japan-for-the-Treatment-of-Patients-with-Unresectable-Biliary-Tract-Cancer-BTC-with-a-Fibroblast-Growth-Factor-Receptor-2-FGFR2-Fusion-Gene-Worsening-After-Cancer-Chemotherapy/default.aspx
https://checkorphan.org/news/incyte-announces-health-canada-conditional-approval-of-pemazyre-pemigatinib-as-first-targeted-treatment-for-adults-with-previously-treated-unresectable-locally-advanced-or-metastatic-cholangi/#:~:text=MONTREAL%2520%25E2%2580%2593%2520Incyte%2520%2528NASDAQ%253A%2520INCY%2529%2520today%2520announced%2520that,factor%2520receptor%25202%2520%2528FGFR2%2529%2520fusion%2520or%2520other%2520rearrangement
https://checkorphan.org/news/incyte-announces-health-canada-conditional-approval-of-pemazyre-pemigatinib-as-first-targeted-treatment-for-adults-with-previously-treated-unresectable-locally-advanced-or-metastatic-cholangi/#:~:text=MONTREAL%2520%25E2%2580%2593%2520Incyte%2520%2528NASDAQ%253A%2520INCY%2529%2520today%2520announced%2520that,factor%2520receptor%25202%2520%2528FGFR2%2529%2520fusion%2520or%2520other%2520rearrangement
https://checkorphan.org/news/incyte-announces-health-canada-conditional-approval-of-pemazyre-pemigatinib-as-first-targeted-treatment-for-adults-with-previously-treated-unresectable-locally-advanced-or-metastatic-cholangi/#:~:text=MONTREAL%2520%25E2%2580%2593%2520Incyte%2520%2528NASDAQ%253A%2520INCY%2529%2520today%2520announced%2520that,factor%2520receptor%25202%2520%2528FGFR2%2529%2520fusion%2520or%2520other%2520rearrangement
https://checkorphan.org/news/incyte-announces-health-canada-conditional-approval-of-pemazyre-pemigatinib-as-first-targeted-treatment-for-adults-with-previously-treated-unresectable-locally-advanced-or-metastatic-cholangi/#:~:text=MONTREAL%2520%25E2%2580%2593%2520Incyte%2520%2528NASDAQ%253A%2520INCY%2529%2520today%2520announced%2520that,factor%2520receptor%25202%2520%2528FGFR2%2529%2520fusion%2520or%2520other%2520rearrangement
https://checkorphan.org/news/incyte-announces-health-canada-conditional-approval-of-pemazyre-pemigatinib-as-first-targeted-treatment-for-adults-with-previously-treated-unresectable-locally-advanced-or-metastatic-cholangi/#:~:text=MONTREAL%2520%25E2%2580%2593%2520Incyte%2520%2528NASDAQ%253A%2520INCY%2529%2520today%2520announced%2520that,factor%2520receptor%25202%2520%2528FGFR2%2529%2520fusion%2520or%2520other%2520rearrangement
https://checkorphan.org/news/incyte-announces-health-canada-conditional-approval-of-pemazyre-pemigatinib-as-first-targeted-treatment-for-adults-with-previously-treated-unresectable-locally-advanced-or-metastatic-cholangi/#:~:text=MONTREAL%2520%25E2%2580%2593%2520Incyte%2520%2528NASDAQ%253A%2520INCY%2529%2520today%2520announced%2520that,factor%2520receptor%25202%2520%2528FGFR2%2529%2520fusion%2520or%2520other%2520rearrangement

1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Subbiah et al.

23.

24.

25.

26.

217.

28.

29.

30.

Page 14

Javle M, Lowery M, Shroff RT, et al. Phase 1l study of BGJ398 in patients with FGFR-altered
advanced cholangiocarcinoma. J Clin Oncol. 2018;36:276-282. [PubMed: 29182496]
Mazzaferro V, El-Rayes BF, Droz Dit Busset M, et al. Derazantinib (ARQ 087) in advanced

or inoperable FGFR2 gene fusion-positive intrahepatic cholangiocarcinoma. Br J Cancer.
2019;120:165-171. [PubMed: 30420614]

Bahleda R, Italiano A, Hierro C, et al. Multicenter phase | study of erdafitinib (JNJ-42756493),
oral pan-fibroblast growth factor receptor inhibitor, in patients with advanced or refractory solid
tumors. Clin Cancer Res. 2019;25:4888-4897. [PubMed: 31088831]

Degirolamo C, Sabba C, Moschetta A. Therapeutic potential of the endocrine fibroblast growth
factors FGF19, FGF21 and FGF23. Nat Rev Drug Discov. 2016;15:51-69. [PubMed: 26567701]
Verstovsek S, Subbiah V, Masarova L, et al. Treatment of the myeloid/lymphoid neoplasm

with FGFRI rearrangement with FGFR1 inhibitor. Ann Oncol. 2018;29:1880-1882. [PubMed:
29767670]

Jain A, Borad MJ, Kelley RK, et al. Cholangiocarcinoma with FGFR genetic aberrations: a unique
clinical phenotype. JCO Precis Oncol. 2018;2:1-12.

Goyal L, Saha SK, Liu LY, et al. Polyclonal secondary FGFRZ2 mutations drive acquired resistance
to FGFR inhibition in patients with FGFR2 fusion-positive cholangiocarcinoma. Cancer Discov.
2017;7:252-263. [PubMed: 28034880]

Bekaii-Saab TS, Valle JW, Cutsem EV, et al. FIGHT-302: first-line pemigatinib vs gemcitabine
plus cisplatin for advanced cholangiocarcinoma with FGFRZ2 rearrangements. Future Oncol.
2020;16: 2385-2399. [PubMed: 32677452]

Ann Oncol. Author manuscript; available in PMC 2025 April 02.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Subbiah et al. Page 15

A FGFR fusions and rearrangements B FGFR mutations
8883" 5 83 5 8 ISP xxO02ooTETox
- -
SEHR P T Pk it
REECEIB=2085%8232330 UEEa25338%2
A H ANl AN RNl N D NN DN DD NN D
3 i 111111 SEEESEREEE
[ vl Vg vl vl vl vl il vl g Tl Tl vl v v il v T [ v v v vl gl el e T
100 T R A A 100
" 80 1 - 80
3 60 - g 60
SE 40 S8 40
£9 20 9 20
P o SD*SD SD SD SD SD SD SD PD PD SD PR PR PR PR PR o N 0 PD SD SD PR PR PR
Sc € c PD PD PD SD
£9 20 86 204
58 0+ 28 401
k4 -60 | k4 -60
—80 4 80
-100 - —-100 - R
— o
A | | [ || ] coxneas | o g o N | Y
g s% L1 B | HE N | Bap1 53 § 0% | EEEEEGE] 38
g 1% H | | [ | _|pren £¢ g 1% L | | BAPT g5
S s [ || [l W _|Pksca 33 L 10% |l | EGZS a3
s% [ 1l Ll | 1] 7pss @
C FGFR amplifications D FGF amplifications
D DD LYY D
T T T Q¥¥%¢ 0ol S¥vvvv
el ol ol i g vl gl O
PPERPRRRERRRRRERRRRRRRER PPRRRERRERRRERR
° °
o o
s 5g
£g Eg
o N SD°SD SD PR o N PD PD NE PR
§s _|Po PD PD PD NA PD PD PD PD SD NE PD NE PD PD PD SD SD ¢ PD PD PD PD PD SD SD SD PD PD SD
53 53
3 3
[ [
— o
| I N e ess L9 goo- [ MW W [N (O 775 29
5 v m Bunnn EE W comneas § 3 § v [ || L1 I ] conneas  §
3 4% a L] | KRAS 29 g 1% [ 1 1° 1 || |«ras g5
& 4% [ ] || | | | Pikaca § 3 L 7% CL ) ([ Jpksca a3
14% EEEEE EEENE B &
Tumor type
W Breast I Cholangiocarcinoma Colon I Endometrial Esophageal Il Gallbladder Il Head and neck B Ovarian
Il Other Pancreatic Prostate [ Rectal B Salivary gland B Sarcoma Bl Urothelial Il Uterine
Dose regimen
[JID <6 mg ID9mg MW ID135mg M ID20mg CD9mg WM CD135mg [ CD20mg
Alteration
Il Loss M Amplification Bl Missense I Splice-site 0 Frame-shift Nonsense In-frame indel

Figure 1. Best percentage change in target lesion size and genomic alterations occurring with (A)
FGFR fusions or rearrangements, (B) FGFR mutations, (C) FGFR amplifications, and (D) FGF
amplifications in individual patients.

Bar plots show percentage change in target lesion size in assessable patients, with colors
indicating tumor type. Corresponding best overall responses per RECIST v1.1 are also
shown.

CD, continuous dosing; FGF, fibroblast growth factor; FGFR, fibroblast growth factor
receptor; ID, intermittent dosing; MDACC, MD Anderson Cancer Center; NA, not assessed;
NE, not evaluable; PD, progressive disease; PR, partial response; SD, stable disease.
@patient had cholangiocarcinoma with best change in target lesion size of 1.1%.
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bBy MDACC solid tumor assay.

CPatient had breast cancer with best change in target lesion size of 0%.

dFull report not available (these patients were included in denominators for calculation of
co-occurring frequency).

Ann Oncol. Author manuscript; available in PMC 2025 April 02.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Subbiah et al. Page 17
A FGFR fusion/rearrangement B FGFR mutation
FGFR2-USP33 FGFR1 N546K
FGFR2-LPXN
FGFR2-CCDCE FGFR3 Y373C
FGFR1-PLAGT*® FGFR3 $249C
FGFR2-N/A
FGFR2-N/A FGFR2 C382R
FGFRz-BICC1 FGFR3 $249C
FGFR2-BICC1
FGFR2-WAC FGFR2 C382R
FGFR2-N/A
FGFR2-CTNNA3 FGF3 82490,
FGFR2-CLIP1 FGFR2 S252W
FGFR2-CCDC6
FGFR1-CP110 FGFR3 R248C
FOERSTACCS FGFR2 N549K
FGFR2-BICC1
FGFR2-BICD1 FGFR3 R399C
FGFR2-KIF14 FGFRZ E777K
FGFR3-TACC3
FGFR3-TACC3 FGFR2 K659E
T T T T T T T T T T T T T N549S T T T T T T T T T T
0 3 6 9 12 15 18 21 24 27 30 33 36 9 12 15 18 21 24 27 30 33 36
Treatment duration (months) Treatment duration (months)
C FGFR amplification D FGF amplification
FGF3,4,19
FGF6,23
FGF3,4,19
FRS2
FGF19
FRS2
FGF3,4,19
FGF3,4,19
FGF3,4,19
FGF14
FGF14
FGF23
FGF3,4,19,23
FGF3,4,19
FGF3,4,19
FGF6,23
FGF3,4,19
FGF3,4,19
FGF10
FGF19
| T T T T T T T T T T T T T T T T T T T T T
0 3 6 9 12 15 18 21 24 27 30 33 36 12 15 18 21 24 27 30 33 36
Treatment duration (months) Treatment duration (months)
Tumor type
B Breast B Cholangiocarcinoma Colon M Endometrial Esophageal  HEl Gallbladder Gastric B Head and neck MPN
NSCLC M Ovarian I Other Pancreatic Prostate W Rectal I Salivary gland W Sarcoma I Urothelial I Uterine
Best overall response
Partial response A Progressive disease @ Stable disease P Treatment ongoing at data cut-off

Figure 2. Treatment duration and duration of response for individual patients harboring (A)
FGFR fusions or rearrangements, (B) FGFR mutations, (C) FGFR amplifications, and (D) FGF
amplifications.

Corresponding best overall responses per RECIST v1.1 are also shown.

FGF, fibroblast growth factor; FGFR, fibroblast growth factor receptor; FISH, fluorescence
in situ hybridization; MPN, myeloproliferative neoplasm; NSCLC, non-small-cell lung
cancer; RECIST, per Response Evaluation Criteria in Solid Tumors.
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This patient had salivary gland cancer harboring both FGFRI-PALGI fusion and FGFR2
p.C382R mutation and was grouped under FGFR fusion/rearrangements owing to perceived
importance.

bFISH assay.
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