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Abstract
Introduction Fibroblast growth factor receptor (FGFR)-4/FGF19 pathway dysregulation is implicated in hepatobiliary and 
other solid tumors. INCB062079, an oral, selective, FGFR4 inhibitor, inhibits growth in FGF19/FGFR4-driven liver cancer 
models.
Methods This was a two-part, phase I study (NCT03144661) in previously treated patients with advanced solid tumors. The 
primary objective was to determine safety, tolerability, and maximum tolerated dose (MTD), while secondary objectives 
included pharmacokinetics, pharmacodynamics (plasma FGF19; bile acid salts/7α-hydroxy-4-cholesten-3-one [C4] levels), 
and preliminary efficacy. In Part 1, patients received INCB062079 starting at 10 mg once daily, with 3 + 3 dose escalation. 
Part 2 (dose expansion) was not conducted because of study termination.
Results Twenty-three patients were treated (hepatobiliary, n = 11; ovarian, n = 9; other, n = 3). Among six patients receiv-
ing 15 mg twice daily, two patients had dose-limiting toxicities (DLTs; grade 3 diarrhea, grade 3 transaminitis). Both had 
high pretreatment C4 concentrations, prompting a protocol amendment requiring pretreatment C4 concentrations < 40.9 ng/
mL and concomitant prophylactic bile acid sequestrant treatment. No additional DLTs were reported at 10 and 15 mg twice 
daily; higher doses were not assessed. The most common toxicity was diarrhea (60.9%). INCB062079 exposure was dose-
proportional; FGF19 and bile acid/C4 concentrations increased with exposure. One partial response was achieved (15 mg 
twice daily; ovarian cancer; FGF/FGFR status unknown; duration of response, 7.5 months); two patients had stable disease.
Conclusions With C4 cut-off and prophylactic bile acid sequestrant implementation, INCB062079 demonstrated a manage-
able safety profile and evidence of target inhibition. In view of the rarity of FGF19/FGFR4 alterations and slow patient 
accrual, the study was terminated before establishing an MTD.

1 Introduction
Fibroblast growth factor (FGF)-19 is an endocrine factor 
produced by the ileum in response to postprandial luminal 
bile salts [1–3]. In the liver, FGF19 binds to FGF receptor 
(FGFR)-4, and the co-receptor βklotho, thereby regulating 
both bile salt formation and hepatocyte proliferation [3–5]. 
Under physiologic conditions, FGF19 and its receptors are 
thought to play a critical role in protecting against choles-
tatic liver injury [1].

Emerging evidence indicates that dysregulation of the 
FGF19/FGFR4 signaling axis contributes to oncogen-
esis in hepatocellular carcinoma (HCC) and several other 
solid tumors [6–8]. In clinical HCC samples, FGF19 is 

genomically amplified in the context of an 11q13 amplicon 
in approximately 5% of tumors [9, 10], is upregulated by 
epigenetic mechanisms in approximately 23% of tumors [7], 
and is overexpressed in 27% of patients by immunohisto-
chemistry [7]. Possible activating alterations in FGFR4 as 
well as FGF19 amplifications have been reported in several 
other cancer types, including gastric, liver, lung, uterine, 
bladder, ovarian, nasopharyngeal, colorectal, breast cancers, 
rhabdomyosarcoma, and head and neck squamous cell car-
cinoma among others [8, 11–13]. In a small tumor series 
(N = 199), patients with intrahepatic or perihilar cholangio-
carcinoma with above average FGFR4 expression had sig-
nificantly poorer prognosis than patients with below average 
FGFR4 expression [14]. FGFR4 has also been reported to be 
overexpressed in rhabdomyosarcoma [15] and in high-grade 
serous ovarian tumors, where expression was demonstrated 
to be significantly higher when compared with normal ovar-
ian and fallopian tube tissue [13].
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Key Points 

In this phase I study of INCB062079 for previously 
treated advanced solid tumors, INCB062079 demon-
strated a manageable safety profile, generally dose-
proportional pharmacokinetics, and pharmacodynamics 
consistent with target inhibition.

Because of slow patient accrual, the study was termi-
nated before a maximum tolerated dose of INCB062079 
could be identified, and clinical development was termi-
nated.

Nevertheless, the results validate INCB062079 as a 
clinical grade fibroblast growth factor receptor-4 inhibi-
tor and support future research into the relevance of the 
FGF19/FGFR4 signaling axis as a therapeutic target in 
solid tumors.

Available preclinical evidence also indicates that FGF19 
autocrine or paracrine secretion drives uncontrolled cellu-
lar proliferation, growth, and malignant transformation in 
HCC. Experiments performed in vitro and in vivo indicate 
that blocking FGF19 with monoclonal antibodies or inhi-
bition of FGFR4 with small molecule inhibitors results in 
growth inhibition or tumor shrinkage of FGF19-amplified 
HCCs [16–22]. In the clinic, the orally bioavailable, selec-
tive FGFR4 inhibitor fisogatinib (BLU-554) was associated 
with an overall response rate (ORR) of 17% in 66 patients 
with FGF19-positive HCC (identified using immunohisto-
chemistry), illustrating the potential therapeutic utility of 
targeting FGFR4 in HCC [7].

INCB062079 is a potent, selective, orally bioavailable, 
irreversible inhibitor of FGFR4 [21]. In vitro, INCB062079 
inhibits FGFR4 at low nanomolar concentrations, blocks 
downstream signaling, and inhibits proliferation in FGF19-
amplified and FGFR4-mutant cell lines. INCB062079 also 
inhibits growth in several tumor models driven by aberrant 
FGF19 or FGFR4 signaling at tolerated doses in preclinical 
studies [21].

Based on these preclinical and early-stage clinical data 
and because of the unmet treatment needs of patients 
with advanced solid tumors, a first-in-human study of 
INCB062079 was conducted in this patient population and 
is described herein.

2  Methods

2.1  Study Design

This was an open-label, dose-escalation (Part 1) and dose-
expansion (Part 2) study of INCB062079 in patients with 

previously treated advanced solid tumors. The primary 
objective was to determine the safety, tolerability, and 
dose-limiting toxicity (DLT) and maximum tolerated dose 
(MTD) of INCB062079. Secondary objectives were to 
assess the preliminary efficacy of INCB062079 in terms of 
ORR in patients with measurable disease, and to evaluate 
the pharmacokinetics (PK) and pharmacodynamics (PD) of 
INCB062079, as assessed by plasma FGF19 and serum bile 
acid concentrations, including concentrations of the bile acid 
synthesis precursor 7α-hydroxy-4-cholesten-3-one (C4).

In Part 1, eligible patients received INCB062079 orally 
once daily or twice daily continuously over a 28-day cycle. 
The starting dose for Cohort 1 was set at 10 mg once daily 
based on one-sixth of the highest nonseverely toxic dose 
observed in preclinical toxicology per the US Food and Drug 
Administration guidelines [23]. Intrapatient dose escalation 
was not allowed. Dose escalation followed standard 3 + 3 
rules, and the decision to open a dose-escalation cohort was 
made by a safety review committee comprising the study 
sponsor and academic investigators. All patients continued 
treatment until progression of disease, intolerable toxicity, 
or consent withdrawal.

In Part 2, separate dose-expansion cohorts at the MTD 
in Part 1 were planned for HCC patients with and without 
FGF19 amplification, as well as a basket cohort for patients 
with bile duct cancer or any solid tumor with known activat-
ing alterations in FGFR4 or FGF19.

The study, registered under ClinicalTrials.gov 
(NCT03144661), was performed in accordance with the 
International Conference for Harmonisation Good Clinical 
Practice guidelines, the Declaration of Helsinki, and applica-
ble local regulations with approval from institutional review 
boards. The study protocol was reviewed and approved by 
the respective institutional review boards of the participat-
ing institutions (Online Supplementary Table 1). Written 
informed consent was obtained for all patients before per-
forming study-related procedures.

2.2  Patients

Eligible patients were men and women ≥ 18 years of age 
who had any solid tumor malignancy, as long as they had 
documented FGF19/FGFR4 alterations. Patients with histol-
ogy confirmed HCC, cholangiocarcinoma, esophageal, naso-
pharyngeal, or serous ovarian cancer were eligible regardless 
of FGF19/FGFR4 alterations. FGF19/FGFR4 alterations 
were assessed based on next-generation sequencing, either 
centrally  (FoundationOne®, Foundation Medicine Inc. Cam-
bridge, MA, USA) or locally. FGF19/FGFR4 alterations 
included, but were not limited to, FGFR4 amplification, 
FGFR4-activating mutations, and FGF19 amplification. 
Patients must also have progressed after prior therapy and 
either have no further effective standard anticancer therapy 
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available to them (including patient refusal) or be intoler-
ant to standard anticancer therapy. Patients were required to 
have an Eastern Cooperative Oncology Group performance 
status of 0 or 1, a life expectancy of > 12 weeks, intact organ 
function, and no history of hepatic encephalopathy. Patients 
with Child–Pugh B or C liver function were excluded. Archi-
val tumor tissue or a fresh biopsy was required for study 
enrollment.

Key exclusion criteria included prior receipt of selec-
tive FGFR4 inhibitors within the last 6 months, receipt of 
systemic anticancer therapy within 28 days of study dos-
ing, active or untreated central nervous system metastasis, 
or other systemic illness that could interfere with study 
participation.

During the conduct of the study, the protocol was 
amended to require all newly enrolled patients to have a C4 
concentration < 40.9 ng/mL and to take a prophylactic bile 
acid sequestrant for the prevention of diarrhea [24] while 
receiving INCB062079 treatment. The threshold C4 value 
of 40.9 ng/mL corresponded to the mean plus two stand-
ard deviations of serum C4 concentration data derived from 
an analysis of patients who had been enrolled before the 
protocol amendment date. Serum C4 concentrations were 
determined using a validated liquid chromatography–tandem 
mass spectrometry assay.

2.3  Clinical Assessments

Patients were screened for medical history and demograph-
ics. Comprehensive laboratory tests were performed on days 
1, 2, and 15 of cycle 1 and days 1 and 15 of each subsequent 
cycle. On days 1, 2, 8, 15, and 16 of cycle 1 and day 1 of each 
subsequent 28-day cycle, patients were assessed on prior/con-
comitant medication review, physical examination, vital signs, 
and adverse events. Adverse events were recorded, graded, 
and attributed using the National Cancer Institute Common 
Terminology Criteria for Adverse Events version 4.03. Cross-
sectional imaging was conducted with computed tomography 
or magnetic resonance imaging of the chest, abdomen (liver 
3 or 4 phase for HCC), and pelvis every 8 weeks. Antitumor 
activity was assessed by investigators using modified Response 
Evaluation Criteria in Solid Tumors (RECIST) [25] for HCC 
and RECIST v 1.1 [26] for other tumors.

2.4  Pharmacokinetic and Pharmacodynamic 
Assessments

Trough (predose) fasting PK samples were drawn approxi-
mately 1 h before INCB062079 administration during cycle 
1 on days 1, 2, 8, 15, and 16. Patients continued to fast until 
1 h after taking INCB062079. During cycle 1, on day 1 
and day 15, additional PK samples were drawn at 0.5, 1, 2, 

4, 6, and 8 h postdose. Plasma samples were analyzed for 
INCB062079 using a validated liquid chromatography‒tan-
dem mass spectrometry assay. Urine samples were collected 
predose on cycle 1 day 15 and then following INCB062079 
administration, over an 8-h interval (total urine). See Online 
Supplementary Methods for additional PK methodologies.

Plasma concentrations of FGF19 and serum bile acids 
(analytes directly related to FGFR4 pathway modulation) 
were assayed for changes directly related to drug exposure. 
PD samples were drawn at the same timepoints as the PK sam-
ples (above). Correlative markers, including FGF19, C4, and 
bile acids, were analyzed in plasma samples collected predose 
during cycle 1 day 1 and cycle 1 day 15 and any time during 
day 1 of cycles 2, 4, 8, and 12 to assess associations between 
response to INCB062079 treatment and changes from baseline 
in plasma concentrations of FGF19, C4, and bile acids.

2.5  Dose‑Limiting Toxicity Criteria

DLT was defined as the occurrence of any grade 3 or higher 
nonhematologic toxicity, except transient (duration ≤ 72 h) 
abnormal laboratory values without associated clinically sig-
nificant signs or symptoms; grade 3 nausea, vomiting, and 
diarrhea adequately controlled with medical therapy within 
48 h; or changes in cholesterol and triglycerides. Liver func-
tion test DLTs were defined as aspartate aminotransferase 
(AST) and/or alanine aminotransferase (ALT) concentrations 
> 5.0 and < 20 × upper limit of normal (ULN) lasting > 7 
days or recurring upon rechallenge, or AST and/or ALT con-
centrations ≥ 20 × ULN or ALT elevations consistent with 
Hy's law (ALT concentration > 3 × ULN with concurrent 
serum total bilirubin elevation to > 2 × ULN without choles-
tasis [serum alkaline phosphatase [27] < 2 × ULN] or other 
explanations for increased ALT and total bilirubin levels). 
Grade 4 or higher hematologic toxicity, grade 3 thrombocy-
topenia associated with bleeding, or febrile neutropenia were 
also considered DLTs. DLTs were assessed only during the 
first 28 days of treatment. See Online Supplementary Table 2 
for further details of DLT definitions. Patients who had dose 
reductions (but not meeting DLT criteria) during the first cycle 
who had not received at least 75% of the prescribed dose for 
that cohort were not considered evaluable for the purposes of 
determining the MTD. See Online Supplementary Table 2 for 
further details.

2.6  Statistical Analysis

All data were reported and tabulated using descriptive statis-
tics. The efficacy and safety populations included all patients 
who received at least one dose of study drug. The PK-evalu-
able population included patients who received at least one 
dose of study drug and provided at least one sample for plasma 
PK. The MTD was defined as the one dose level below that 
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at which one-third or more of patients in a particular cohort 
report a DLT. PK parameters were calculated from blood 
plasma concentrations using standard noncompartmental 
(model-independent) methods. Linear regression was used to 
evaluate the relationship between INCB062079 exposure and 
FGF19 and bile salt concentrations.

3  Results

3.1  Patients

The study was conducted from the date the first patient 
was enrolled and received their first dose (22 June 2017) to 
the date that the last patient completed the study (24 June 
2020). Fifty-three patients were screened for eligibility 
(Fig. 1); six patients withdrew consent and 22 were excluded 
for not meeting the eligibility criteria, including four who 
had C4 concentrations ≥ 40.9 ng/mL and were excluded 
after the protocol amendment requiring patients to have C4 
concentrations < 40.9 ng/mL. The remaining 25 patients 
were enrolled across three study sites in Belgium and five 
sites in the United States. Among these 25 patients, two did 
not receive study treatment and were not assigned to dose 
cohorts; 23 patients were therefore included for assessment 
of safety and efficacy.

Patients had a median age of 57 years (range 29–75) and 
56.5% were female; patients were predominantly White 
(78.3%) and had Eastern Cooperative Oncology Group per-
formance status of 1 (87.0%) [Table 1]. The most common 
advanced/metastatic cancer types included hepatobiliary 
cancers (47.8%; HCC n = 4, cholangiocarcinoma n = 7) and 
ovarian cancer (39.1%, n = 9). Patients had a median of two 
(range 0–9) prior systemic treatments and two patients had 
received prior treatment with an FGFR1-3 inhibitor. FGF/
FGFR alterations were identified in two patients (8.7%), 
absent in nine patients (39.1%), and unknown in 12 patients 
(52.2%). Of the two patients with known FGF/FGFR altera-
tions, one had cholangiocarcinoma with FGF3, FGF4, and 
FGF19 amplifications, and the other had esophageal cancer 
with FGF3, FGF4, FGF10, and FGF19 amplifications and 
an FGFR4 p.S551F mutation.

3.2  Safety and Tolerability

In total, five dosing cohorts were examined sequentially: 
Cohort 1: 10 mg once daily; Cohort 2: 10 mg twice daily; 
Cohort 3: 15 mg twice daily; and Cohorts 4 and 5 (10 mg and 
15 mg twice daily, respectively, which required concurrent 

treatment with bile acid sequestrants and baseline C4 < 40.9 
ng/mL). Two of the six patients enrolled in Cohort 3 expe-
rienced one DLT each. One patient had grade 3 diarrhea 
lasting over 48 h despite supportive treatment; this event 
resolved after study drug interruption and treatment with 
bile acid sequestrant (cholestyramine) and antidiarrheal 
therapy (loperamide and diphenoxylate/atropine). The sec-
ond patient developed grade 3 increased ALT and AST—
these events recurred after rechallenge of INCB062079 at 
a reduced dose of 10 mg twice daily. Retrospective analy-
sis indicated that baseline C4 concentrations in these two 
patients were the highest among all patients studied. Study 
entry criteria were therefore modified to require prophylactic 
bile acid sequestrants for the prevention of diarrhea and to 
exclude patients with baseline C4 concentrations ≥ 40.9 ng/
mL. Implementation of this protocol amendment allowed 
dosing at both the 10 and 15 mg twice-daily doses without 
additional DLTs; however, higher doses were not assessed 
and dose expansion (Part 2) was not conducted because the 
study was terminated.

Among the 23 patients in the safety population, 22 
(95.7%) reported at least one treatment-emergent adverse 
event (TEAE) and 21 (91.3%) reported a TEAE that was 
considered related to INCB062079. The most common any-
grade TEAEs occurring in over 30% of patients were diar-
rhea (60.9%), fatigue (56.5%), nausea (47.8%), abdominal 
pain (39.1%), and decreased appetite (34.8%) (Table 2). The 
most common treatment-related adverse events occurring in 
over 30% of patients were diarrhea (60.9%), fatigue (39.1%), 
and nausea (30.4%).

Thirteen patients (56.5%) had at least one grade 3 or 
higher TEAE, the most common being dyspnea and hypoka-
lemia (13.0% each). Four patients had TEAEs with a fatal 
outcome: one patient (10 mg twice daily) had grade 4 pul-
monary embolism; one patient (10 mg twice daily) had grade 
4 bowel obstruction; one patient (10 mg twice daily) had 
grade 4 dyspnea; and one patient (15 mg twice daily) had 
grade 4 acute hepatic failure and acute kidney injury. The 
latter two patients were enrolled after the protocol amend-
ment required prophylactic bile acid sequestrants and C4 
concentrations < 40.9 ng/mL. None of the fatal TEAEs 
were considered related to INCB062079 treatment by the 
investigators.

Overall, patients were treated for a median two cycles 
(range 1–35); median treatment duration was 55 days (range 
6–955). Median average daily dose of INCB062079 was 
19.5 mg (range 9.8–30.4 mg/day). Dose was reduced in two 
patients (8.7%) owing to TEAEs (grade 3 diarrhea, n = 1; 
grade 3 AST and ALT increased, n = 1). Seven patients 
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(30.4%) had dose interruption in response to a TEAE. 
TEAEs leading to dose interruption in more than one patient 
were diarrhea (two patients, grade 1 and grade 2, respec-
tively) and fatigue (two patients, both grade 3). One patient 
discontinued due to a gastrointestinal obstruction TEAE that 
was unrelated to treatment.

3.3  Pharmacokinetics

INCB062079 plasma concentration versus time curves fol-
lowing treatment on cycle 1 day 1 and cycle 1 day 15 (steady-
state) are shown in Fig. 2. With multiple-dose administration 
in fasting patients, the maximum plasma concentration of 
INCB062079 typically occurred 2–3 h postdose and subse-
quently exhibited a monophasic decay, with a steady-state 
geometric mean half-life of approximately 6 h that was not 
dose-dependent (Online Supplementary Table 3). Exposure 
was generally dose proportional. INCB062079 was associ-
ated with a low clearance at steady state  (CLss/F; geomet-
ric mean 2.95–4.99 L/h) and a low volume of distribution 
(Vz/F; geometric mean 30.7–36.5 L). Steady-state exposure 
to INCB062079 was higher when bile acid sequestrants 
were used, although this observation may be due to a limited 
number of patients evaluated for PK (Online Supplemen-
tary Table 3). In an exploratory analysis of urine from 12 
patients, the fraction of INCB062079 excreted in urine was 
0.663% (range 0.305–2.63%), with a geometric mean renal 

clearance of 0.024 L/h, indicating renal clearance plays a 
minor role in total systemic clearance.

3.4  Pharmacodynamics

The mean change from baseline in serum bile acid con-
centration increased with increasing area under the 
INCB062079 plasma concentration versus time curve 
(AUC) at steady state, and the relationship was statistically 
significant (p value of slope = 0.02) [Fig. 3a]. A positive 
correlation was observed for INCB062079 steady-state 
AUC and C4 concentration change from baseline AUC 
at cycle 1 day 15, and the relationship was statistically 
significant (p value of slope < 0.001) [Fig. 3b]. Changes 
in plasma FGF19 concentrations demonstrated a response 
to FGFR4 inhibition following INCB062079 treatment 
(Fig. 3c, d). Plasma FGF19 concentrations were elevated 
at all dosages, with the highest fold increase at 10 mg 
twice daily at cycle 1 day 15 (4.5-fold) [Fig. 3c].

3.5  Antitumor Activity

Of the 23 patients analyzed, none attained a complete 
response, one patient receiving 15 mg twice daily achieved 
a best overall response of partial response, two achiev-
ing stable disease and 16 having progressive disease. 
One patient was not evaluable for response and three 

Screened for eligibility
(N = 53)

Assigned to dose cohorts
(n = 23)

Cohort 1
10 mg QD (n = 3)

Cohort 2
10 mg BID (n = 6)

Cohort 3
15 mg BID (n = 6)

Cohort 4
10 mg BID (n = 5)

Cohort 5
15 mg BID (n = 3)

Excluded (n = 28)
Not meeting inclusion criteria (n = 22)
Consent withdrawal (n = 6)

Did not receive treatment (n = 2)

Analyzed
10 mg QD (n = 3)

Analyzed
10 mg BID (n = 6)

Analyzed
15 mg BID (n = 6)

Analyzed
10 mg BID (n = 5)

Analyzed
15 mg BID (n = 3)

Discontinued (n = 3)
Progressive disease (n = 3)
Death (n = 0)
Physician decision (n = 0)
Withdrawal by patient (n = 0)

Discontinued (n = 6)
Progressive disease (n = 5)
Death (n = 1)
Physician decision (n = 0)
Withdrawal by patient (n = 0)

Discontinued (n = 6)
Progressive disease (n = 5)
Death (n = 0)
Physician decision (n = 0)
Withdrawal by patient (n = 1)

Modified criteria:
C4 cutoff* and 

prophylactic bile acid 
sequestrantInitial enrollment criteria

Discontinued (n = 5)
Progressive disease (n = 4)
Death (n = 1)
Physician decision (n = 0)
Withdrawal by patient (n = 0)

Discontinued (n = 3)
Progressive disease (n = 1)
Death (n = 0)
Physician decision (n = 1)
Withdrawal by patient (n = 1)

Fig. 1  Consort diagram. aFour patients with plasma C4 concentrations 
≥ 40.9 ng/mL were excluded based on a protocol amendment to require 
all newly enrolled patients to have a C4 concentration < 40.9 ng/mL 

and to take a prophylactic bile acid sequestrant for the prevention of 
diarrhea while receiving INCB062079 treatment. BID twice daily, C4 
7α-hydroxy-4-cholesten-3-one, QD once daily
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patients had missing postbaseline assessments. The ORR 
by RECIST v1.1 was 4.3% (95% confidence interval [CI] 
0.11–21.95). The patient achieving a partial response had 
advanced endometrioid ovarian carcinoma with unknown 
FGF19/FGFR4 status, had previously undergone explora-
tory laparotomy with gastrocolic/infrasonic omentectomy 
and bilateral salpingo-oophorectomy, and had received 
four prior lines of cytotoxic chemotherapy. This patient 
received INCB062079 15 mg twice daily and had a best 
percentage change from baseline of 65.1% reduction in tar-
get lesion size, with a duration of response of 7.5 months 
(Fig.  4a, b). One of the two patients achieving stable 

disease had advanced HCC and unknown FGF19 status, 
and had progressed on sorafenib before study enrollment. 
This patient, who received INCB062079 10 mg once 
daily, achieved stable disease without progression for 31.3 
months. The other patient achieving stable disease had 
intrahepatic cholangiocarcinoma with no reported FGF19 
status and had been previously treated with surgery, radi-
ation, and five lines of systemic therapy. This patient 
received INCB062079 10 mg twice daily and achieved 
stable disease without progression for 4.9 months.

Table 1  Demographics and baseline characteristics (efficacy-evaluable population)

Data are expressed as n (%) unless otherwise specified
BID twice daily, C4 7α-hydroxy-4-cholesten-3-one, ECOG Eastern Cooperative Oncology Group, FGF fibroblast growth factor, FGFR fibro-
blast growth factor receptor, GE gastroesophageal, QD once daily
a Patients enrolled after a protocol amendment requiring all newly enrolled patients to have a C4 concentration < 40.9 ng/mL and to take a pro-
phylactic bile acid sequestrant for the prevention of diarrhea while receiving INCB062079 treatment

Characteristic Prior to  amendmenta Post-amendmenta Total [N = 23]

10 mg QD 10 mg BID 15 mg BID 10 mg BID 15 mg BID

[n = 3] [n = 6] [n = 6] [n = 5] [n = 3]

Median (range) age, years 54.0 (43–56) 67.5 (43–75) 60.5 (54–70) 52.0 (29–59) 71.0 (56–75) 57.0 (29–75)
Sex
 Male 1 (33.3) 2 (33.3) 2 (33.3) 3 (60.0) 2 (66.7) 10 (43.5)
 Female 2 (66.7) 4 (66.7) 4 (66.7) 2 (40.0) 1 (33.3) 13 (56.5)

Race
 White 2 (66.7) 5 (83.3) 4 (66.7) 5 (100.0) 2 (66.7) 18 (78.3)
 Black 1 (33.3) 1 (16.7) 1 (16.7) 0 0 3 (13.0)
 Asian 0 0 0 0 1 (33.3) 1 (4.3)
 Other 0 0 1 (16.7) 0 0 1 (4.3)

ECOG performance status
 0 1 (33.3) 0 1 (16.7) 0 1 (33.3) 3 (13.0)
 1 2 (66.7) 6 (100.0) 5 (83.3) 5 (100.0) 2 (66.7) 20 (87.0)

Tumor type
 Cholangiocarcinoma 0 2 (33.3) 2 (33.3) 0 3 (100) 7 (30.4)
 Esophageal 0 1 (16.7) 0 0 0 1 (4.3)
 Gastroesophageal/GE junction 0 0 0 1 (20.0) 0 1 (4.3)
 Hepatocellular carcinoma 2 (66.7) 0 1 (16.7) 1 (20.0) 0 4 (17.4)
 Nasopharyngeal 0 0 0 1 (20.0) 0 1 (4.3)
 Ovarian 1 (33.3) 3 (50.0) 3 (50.0) 2 (40.0) 0 9 (39.1)

Number of prior therapies
 0 1 (33.3) 0 0 0 0 1 (4.3)
 1 1 (33.3) 2 (33.3) 2 (33.3) 2 (40.0) 1 (33.3) 8 (34.8)
 2 0 0 1 (16.7) 1 (20.0) 2 (66.7) 4 (17.4)
 ≥ 3 1 (33.3) 4 (66.7) 3 (50.0) 2 (40.0) 0 10 (43.5)

FGF/FGFR status
 Yes 0 1 (16.7) 1 (16.7) 0 0 2 (8.7)
 No 1 (33.3) 3 (50.0) 4 (66.7) 0 1 (33.3) 9 (39.1)
 Unknown 2 (66.7) 2 (33.3) 1 (16.7) 5 (100.0) 2 (66.7) 12 (52.2)
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4  Discussion

Dysregulation of FGF19/FGFR4/βklotho-mediated sig-
nal transduction through the MAPK, PI3K/AKT/mTOR, 
JAK-STAT, NFκB, and Wnt/β-catenin pathways can result 
in uncontrolled cellular growth in preclinical models of 
HCC [6, 8, 28]. Whereas this oncogenic mechanism is 
highly relevant to hepatobiliary cancers, dysregulation of 
the FGF19/FGFR4/βklotho signaling axis has also been 
observed in other solid tumors [6–8]. We therefore evaluated 
INCB062079, a potent, oral, irreversible inhibitor of FGFR4, 
in patients with solid tumors, including hepatobiliary can-
cers, in the context of a first-in-human clinical trial. Man-
ageable on-target gastrointestinal toxicity was observed in 
most patients at the initial dosages. However, dose escalation 

beyond 15 mg twice daily was not possible because two of 
six patients experienced gastrointestinal/hepatobiliary DLTs. 
The protocol was subsequently amended to include eligi-
bility criteria that mitigated this toxicity by requiring the 
prophylactic use of bile acid sequestrants and a pretreatment 
serum C4 concentration cut-off < 40.9 ng/mL. This amend-
ment resulted in an apparent blunting of toxicity allowing 
successful dose escalation. Importantly, the generally dose-
proportional PK of INCB062079 was associated with an 
expected increase in plasma C4 and FGF19 concentrations, 
consistent with target inhibition of FGFR4 in vivo. A par-
tial response was observed at the highest dose levels tested 
(15 mg twice daily), indicating a signal of antitumor activ-
ity. Despite these findings, because of the rarity of FGF19/
FGFR4 alterations and the slow accrual of patients who 

Table 2  Summary of TEAEs occurring in three or more patients overall, in decreasing order of frequency by MedDRA preferred term (safety 
population)

Data are expressed as n (%)
BID twice daily, C4 7α-hydroxy-4-cholesten-3-one, CTCAE Common Terminology Criteria for Adverse Events, MedDRA Medical Dictionary 
for Regulatory Activities, NCI National Cancer Institute, QD once daily, TEAE treatment-emergent adverse event
a TEAEs are defined as any adverse event either reported for the first time or worsening of a pre-existing event after first administration of 
INCB062079 and within 30 days of the last dose of INCB062079. Patients were counted once under each preferred term. Adverse events were 
coded according to MedDRA v20.0 and graded according to NCI CTCAE v4.03. MedDRA preferred terms are presented in decreasing order of 
frequency using the ‘Total’ column
b Patients enrolled after a protocol amendment requiring all newly enrolled patients to have a C4 concentration < 40.9 ng/mL and to take a pro-
phylactic bile acid sequestrant for the prevention of diarrhea while receiving INCB062079 treatment

TEAEsa Prior to  amendmentb Post-amendmentb Total

10 mg QD 10 mg BID 15 mg BID 10 mg BID 15 mg BID [N = 23]

[n = 3] [n = 6] [n = 6] [n = 5] [n = 3]

Diarrhea 2 (66.7) 5 (83.3) 5 (83.3) 2 (40.0) 0 14 (60.9)
Fatigue 2 (66.7) 4 (66.7) 4 (66.7) 3 (60.0) 0 13 (56.5)
Nausea 2 (66.7) 4 (66.7) 3 (50.0) 1 (20.0) 1 (33.3) 11 (47.8)
Abdominal pain 2 (66.7) 2 (33.3) 4 (66.7) 1 (20.0) 0 9 (39.1)
Decreased appetite 1 (33.3) 2 (33.3) 3 (50.0) 2 (40.0) 0 8 (34.8)
Headache 1 (33.3) 1 (16.7) 3 (50.0) 1 (20.0) 0 6 (26.1)
Vomiting 2 (66.7) 1 (16.7) 2 (33.3) 1 (20.0) 0 6 (26.1)
Ascites 0 2 (33.3) 0 2 (40.0) 1 (33.3) 5 (21.7)
Blood alkaline phosphatase increased 2 (66.7) 0 1 (16.7) 2 (40.0) 0 5 (21.7)
Dyspnea 0 2 (33.3) 0 2 (40.0) 1 (33.3) 5 (21.7)
Abdominal pain, upper 1 (33.3) 2 (33.3) 1 (16.7) 0 0 4 (17.4)
Aspartate aminotransferase increased 1 (33.3) 0 2 (33.3) 1 (20.0) 0 4 (17.4)
Back pain 0 0 2 (33.3) 2 (40.0) 0 4 (17.4)
Constipation 0 2 (33.3) 1 (16.7) 1 (20.0) 0 4 (17.4)
Hypokalemia 1 (33.3) 2 (33.3) 0 1 (20.0) 0 4 (17.4)
Urinary tract infection 1 (33.3) 0 2 (33.3) 1 (20.0) 0 4 (17.4)
Weight decreased 0 2 (33.3) 2 (33.3) 0 0 4 (17.4)
Alanine aminotransferase increased 1 (33.3) 0 1 (16.7) 1 (20.0) 0 3 (13.0)
Anemia 1 (33.3) 1 (16.7) 0 1 (20.0) 0 3 (13.0)
Edema, peripheral 0 2 (33.3) 0 1 (20.0) 0 3 (13.0)
Upper respiratory tract infection 2 (66.7) 0 1 (16.7) 0 0 3 (13.0)
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satisfied the eligibility criteria, the study was terminated 
before the MTD could be identified, and the clinical devel-
opment of INCB062079 was terminated.

Increasing postprandial luminal bile salt concentrations 
result in exocrine farnesoid X receptor (FXR)-induced pro-
duction of FGF19 by enterocytes, which serves to activate 
FGFR4/βklotho-mediated signaling in hepatocytes and 
cholangiocytes [27, 29]. Under normal physiologic condi-
tions, FGF19/FGFR4/βklotho signal activation suppresses 
bile acid biosynthesis in hepatocytes by downregulating the 
CYP7A1 gene [3, 4, 8] via SHP/liver receptor homolog-1 
(LRH-1)-dependent [30, 31] and JNK-dependent [4] feed-
back mechanisms. Consistent with this, FGFR4 inhibition 
was associated with increased CYP7A1 RNA expression and 
bile salt excretion in cynomolgus monkeys [21]. Further-
more, in murine models, knocking out FGFR4 or βklotho 
leads to elevated bile acid excretion and an increased bile 
acid pool [5, 32]. Moreover, βklotho–/– mice have been 
shown to display phenotypic characteristics suggestive of 
early-stage liver damage, including increased liver size, 
increased ALT and AST levels, increased proinflammatory 
cytokine expression, and fibrogenesis [33]. It was further 
demonstrated that these characteristics were associated with 
a large increase in microbiota-derived deoxycholic acid [33]. 
Given the potential toxicity of excessive bile salt accumula-
tion [33], the expected on-target gastrointestinal and hepa-
tobiliary toxicity of selective FGFR4 inhibitors must be 
scrutinized and mitigated to ensure an adequate therapeutic 

index of this drug class. The observed safety profile of 
INCB062079 was consistent with its proposed mechanism 
of action, with manageable any-grade diarrhea (60.9%), nau-
sea (47.8%), vomiting (26.1%), and AST and ALT increases 
(17.4 and 13.0%, respectively). Such on-target effects were 
also observed in 106 patients with advanced HCC receiving 
the selective FGFR4 inhibitor fisogatinib in a recent phase 
I study [7], which reported treatment-related adverse events 
of diarrhea (any-grade 74%; grade 3 or higher, 8%), nau-
sea (42%; 2%), and vomiting (35%; 4%). Treatment-related 
grade 3 or higher ALT and AST increase adverse events 
were also observed in 11% and 15%, respectively, of patients 
treated with fisogatinib [7]. Because this class of drug has 
greatest applicability in hepatobiliary cancers, the potential 
liability of on-target FGFR4 toxicity and need for mitigation 
efforts are of clear importance.

Without mitigation efforts, the INCB062079 dose could 
not be escalated without intolerable dose-limiting gastro-
intestinal toxicity in patients, indicative of a narrow thera-
peutic index. For this reason, efforts were made to select 
patients with low baseline plasma C4 expression and pro-
phylactically treat with bile acid sequestrants. Preclinical 
toxicology data indicate that bile acid sequestration is a 
novel method to prevent FGFR4-induced hepatic and gas-
trointestinal toxicity [34, 35]. Although the patient sample 
sizes in the present study are too small to draw conclusions, 
diarrhea was reported by a smaller percentage of patients 
who received concurrent prophylactic treatment with a bile 
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Fig. 2  Plasma INCB062079 concentrations (mean ± SE) in patients 
following oral administration of INCB062079 during a C1D1 and b 
C1D15 (steady state). *Because the BID dosing schedule consisted of 
two doses of INCB062079 administered within a 24-h period, plasma 
concentration data were collected up to 24  h following QD dosing 

only. BID twice daily, C cycle, D day, IC50 INCB062079 concentra-
tion resulting in 50% inhibition of FGFR4 activity, IC90 INCB062079 
concentration resulting in 90% inhibition of FGFR4 activity, QD once 
daily, SE standard error
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acid sequestrant (Cohorts 4 and 5), compared with patients 
who did not receive such treatment. Bile acid sequestrant 
treatment may therefore have merit as a clinical strategy 
to blunt gastrointestinal toxicity associated with FGFR4 
inhibition and should be explored in future studies.

Importantly, INCB062079 exhibited linear exposure rela-
tive to dose and did not accumulate with repeat dosing. The 
addition of bile acid sequestrant did not appear to interfere 
with absorption or reduce INCB062079 exposure. PK/PD 
modeling did indicate a statistically significant increase in 
bile salt and C4 concentrations with increasing INCB062079 
exposure and a two- to four-fold increase in FGF19 con-
centrations with repeat dosing. These findings suggest that 

INCB062079 inhibits its proposed target, further supporting 
INCB062079 as a clinical grade FGFR4 inhibitor. FGF19/
FGFR4/βklotho pathway inhibition by INCB062079 in 
tumor tissues could not be confirmed because paired pre-
treatment and on-treatment biopsies were not obtained in 
this study (per protocol).

Determination of antitumor activity was not a primary 
objective of this phase I study and could not be satisfacto-
rily assessed given that higher INCB062079 doses were not 
tested. Interestingly, a partial response was seen in a patient 
with ovarian cancer with unknown FGF19/FGFR status. In 
addition, long-term stable disease was observed in a patient 
with HCC treated with INCB062079 (31.3 months). This 
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Fig. 3  Steady-state AUC of INCB062079 versus mean change from 
baseline after C1D15 following INCB062079 treatment in a serum 
bile acid concentration; b plasma C4 AUC for INCB062079 at C1D15 
(steady-state); c fold-change in FGF19 plasma concentrations from 
C1D1 to C1D15; d fold-change in FGF19 plasma concentrations from 
C1D1 to C2D1. Symbols denote values for the individual patients who 
had FGF19 plasma concentration data available at the relevant time-

points. Red symbols denote patients with hepatocellular carcinoma. 
aIn panel d, FGF19 plasma concentration data were unavailable for 
one patient receiving 10 mg QD and one patient receiving 15 mg BID. 
AUC  area under the plasma concentration-time curve, AUC ss,0–24h area 
under the plasma concentration-time curve from 0 to 24  h at steady-
state, BID twice daily, C cycle, C4 7α-hydroxy-4-cholesten-3-one, D 
day, QD once daily
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observation is in keeping with previous findings with fiso-
gatinib, where eight patients with HCC achieved either par-
tial or complete responses lasting over 6 months [7]. Taken 
together, these observations are hypothesis-generating 
and support further investigation of the efficacy and safety 
of selective FGFR4 inhibitors in patients with advanced 
HCC and other solid tumors. No correlation was estab-
lished between potential biomarkers and clinical efficacy; 
the two patients with known FGF19 amplifications did not 
respond to study treatment. Other selective FGFR4 inhibi-
tors currently in phase I/II clinical trials for HCC or other 
advanced solid tumors as monotherapy or in combination 
with other anticancer agents include roblitinib (FGF401) 
[22] (NCT02325739), EVER4010001 (NCT04699643), 
ABSK-011 [36] (NCT04906434), and H3B-6527 [37] 
(NCT02834780). Together, these studies will help clarify the 
merit of selective FGFR4 inhibitor treatments in patients with 
solid tumors.

Limitations of the study include a lack of pretreatment 
data on the types of FGF19/FGFR4 alterations, including 
fusions or other rearrangements, mutations, amplifica-
tions, as well as FGF19 protein overexpression. In addi-
tion, FGFR4/FGF19 genomic testing data were missing in 
52.2% of patients in the dose-escalation cohort; however, 
this reflects the design of Part 1, which enrolled patients 
regardless of FGFR4/FGF19 alteration status. Expansion 
cohorts had been planned for these analyses to explore 
the predictive and prognostic significance of FGF19 
and FGFR4 alterations on patient outcome. Importantly, 
inclusion of other histology/tumor types led to hypothe-
sis-generating clinical observations that would have been 
explored in the planned expansion cohorts. For example, 
the only partial responder in the present study had heavily 
pretreated ovarian cancer. Recent retrospective and trans-
lational analyses indicate that FGFR4 overexpression is 
associated with a worse outcome in advanced ovarian can-
cer, and that blockade of ligand-dependent FGFR4 activa-
tion is deleterious to ovarian cancer cell growth in vitro 
and in vivo [13]. Finally, although only a minority of 
patients had C4 concentrations exceeding the C4 concen-
tration cut-off initiated  with the protocol amendment, this 
additional eligibility criterion served to slow accrual and 
thus further narrowed a pool of patients with an already 
infrequent FGF19/FGFR4 variant. Indeed, the C4 thresh-
old was established based on a limited sample size using 
an assay not certified by the Clinical Laboratory Improve-
ment Amendments (CLIA) while the study was ongoing, 
without statistical power for robust analysis. In retrospect, 
C4 levels should be embedded as an integrated biomarker 
of toxicity. Nevertheless, the data presented herein help 
to credential INCB062079 as a bona fide clinical grade 
inhibitor of FGFR4, provide useful information for future 
drug development of agents blocking FGFR4, and support 

continued investigation to determine the relevance of the 
FGF19/FGFR4 axis as a target in solid tumors.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11523- 023- 00948-8.
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