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Abstract
This phase I study was designed to: (1) determine the maximum tolerated dose (MTD) 
and recommended dose (RD) of the fibroblast growth factor receptor (FGFR) inhibi-
tor futibatinib in Japanese patients with advanced solid tumors, and (2) examine the 
antitumor activity of the RD in patients with gastric cancer (GC) or other advanced 
solid tumors who have FGFR or FGF/FGFR abnormalities, respectively. In the dose-
escalation phase, patients were assigned to 21-day cycles of oral futibatinib 8–160 mg 
three times a week (TIW) or 16 or 20 mg once daily (QD). In the expansion phase, 
patients received oral futibatinib 56, 80, or 120 mg TIW, or 16 or 20 mg QD. Eighty-
three patients received futibatinib TIW (n  =  40) or QD (n  =  43). No dose-limiting 
toxicities were observed according to the final study protocol definition, and the MTD 
was not reached. The most common adverse events with both regimens were hyper-
phosphatemia (TIW, 82.5%; QD, 100.0%) and decreased appetite (TIW, 40.0%; QD, 
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1  |  INTRODUC TION

The FGF signaling axis plays an essential role in organ development, 
metabolism, and homeostasis.1 Activating FGFR gene abnormalities 
are reported in various tumor types, and genetic modifications or 
overexpression of FGFRs are associated with tumorigenesis and 
progression in breast, lung, gastric, bladder, hematologic, and other 
malignancies.2–9 The most common type of abnormalities are gene 
amplifications, primarily affecting FGFR1 and FGFR4, but gene fu-
sions are also common, particularly a fusion with the TACC3 gene, 
and mainly affect FGFR2 and FGFR3.10–12

The involvement of these abnormalities in cancer pathogenesis 
has led to growing interest in the FGF/FGFR axis as a therapeutic 
target, particularly in GC, for which few targeted therapies exist. A 
relatively high proportion of GC patients express FGFR abnormali-
ties, which are predictive of a poor outcome.13–16 In the last several 
years, reversible FGFR inhibitors have been approved for the treat-
ment of FGFR-driven cholangiocarcinoma (infigratinib and pemigati-
nib) or bladder cancer (erdafitinib).

Futibatinib (TAS-120) is a novel, highly selective, covalent inhibi-
tor of all four subtypes of FGFR, and differs from the currently avail-
able FGFR inhibitors by irreversibly binding to the FGFR. Futibatinib 
showed potent in vitro activity against a range of cancer cell lines 
harboring various FGFR gene abnormalities, including cells with mu-
tations that were resistant to other ATP-competitive FGFR inhibi-
tors, and showed a low susceptibility to resistance development.17 
In vivo studies showed that futibatinib had strong antitumor activity 
in animal models of tumors with various FGFR gene abnormalities 
(FGFR1 or FGFR2 amplification and FGFR3 translocation).17

The global phase I study in patients with advanced solid tumors 
in the United States, Europe, and Australia showed that futibatinib 
had anticancer activity and a manageable safety profile.18,19 As ex-
pected for this class of drugs, serum Pi levels and FGF23 increased 
during treatment.18

The aim of the current phase I study was to determine the MTD and 
RD of futibatinib in Japanese patients with advanced solid tumors, and 

to examine the antitumor activity of the RD in patients with GC and 
other advanced solid tumors harboring FGFR or FGF/FGFR abnormalities.

2  |  MATERIAL S AND METHODS

2.1  |  Study design

This was an open-label, nonrandomized, phase I study (JapicCTI-​
142552), undertaken at four sites in Japan. The study had two parts: 
a dose escalation phase (DEP) and an expansion phase (EP). This 
study was designed and monitored in accordance with the ethical 
principles of Good Clinical Practice and the Declaration of Helsinki, 
and was conducted only after institutional review board approval at 
all participating study sites. Written informed consent was obtained 
from all patients prior to any study procedures being undertaken.

2.2  |  Study objectives

The primary objective of the DEP was to investigate the safety pro-
file of futibatinib, and identify the MTD and the RD of futibatinib in 
patients with advanced solid tumors, for whom there are no remain-
ing standard treatments available. The secondary objectives of the 
DEP were to investigate the pharmacokinetics, pharmacodynamics, 
and antitumor activity of futibatinib in patients with advanced solid 
tumors.

The primary objective of the EP was to investigate the antitu-
mor activity of the RD(s) and regimen(s) of futibatinib in patients 
with GC who were positive for any FGFR abnormality and in pa-
tients with other advanced solid tumor(s) who were positive for 
any FGF/FGFR abnormalities. The secondary objectives of this 
phase were to investigate the safety profile of the RD(s) and reg-
imen(s) of futibatinib in patients with advanced solid tumors who 
were positive for any FGF/FGFR abnormalities and to categorize 
the population of GC patients with any FGFR abnormality who 

58.1%). Hyperphosphatemia was asymptomatic, not leading to futibatinib discontinu-
ation. The overall response rate (ORR) was 11.5% in patients with FGF/FGFR abnor-
malities. Notably, in GC patients harboring FGFR2 copy number (CN) ≥10, the ORR 
was 36.4% versus 0 in patients with CN <10. Therefore, futibatinib had a generally 
predictable and manageable safety profile in patients with advanced solid tumors. 
Antitumor activity was seen in patients with FGF/FGFR abnormalities, particularly 
those with GC and high FGFR2 CNs. Thus, futibatinib 20 mg QD was chosen as the RD 
for phase II studies.

K E Y W O R D S
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responded to futibatinib by assessing their FGFR abnormalities 
using IHC score or CN.

A post hoc analysis evaluated whether phosphate-binding ther-
apy for the treatment of hyperphosphatemia affected the efficacy 
and safety of futibatinib QD in the 43 patients receiving 16 or 
20 mg/day in the DEP or EP.

2.3  |  Study patient cohort

Patients were eligible for either phase of the study if they were aged 
20 years or older, had a histologically or cytologically confirmed ad-
vanced or metastatic solid tumor for which no standard treatments 
remained available, and had an ECOG performance status of 0 or 1 at 
study entry with adequate organ function (see Table S1 for complete 
inclusion/exclusion criteria). In addition to these criteria, patients in 
the EP were required to have tumors harboring FGF/FGFR abnor-
malities, based on positive assessments carried out by the central or 
other laboratories. Patients who had previously received treatment 
with other FGFR inhibitors were eligible. Key exclusion criteria were 
a history and/or current evidence of ectopic mineralization/calcifi-
cation, excluding calcified lymph nodes or asymptomatic coronary 
calcification, evidence of corneal disorder/keratopathy confirmed by 
ophthalmologic examination, and hypercalcemia of grade 2 or higher 
or hyperphosphatemia of 5 mg/dl or more.

2.4  |  Study treatment

The DEP followed an accelerated titration and 3 + 3 design in which 
three to six patients were sequentially enrolled into one of 10 dose-
level cohorts to determine the MTD (Figure S1). Eight cohorts received 
oral futibatinib 8, 16, 24, 36, 56, 80, 120, or 160 mg TIW on Monday, 
Wednesday, and Friday. Two cohorts received futibatinib 16 or 20 mg 
QD. Enrollment of patients into the next dose-level cohort only com-
menced if none or one of three patients developed a DLT during cycle 1.

During the EP, patients were assigned to one of five regimens 
of oral futibatinib: 56, 80, or 120 mg TIW, or 16 or 20 mg QD. 
Futibatinib had to be taken on an empty stomach and was taken in 
21-day treatment cycles until disease progression, unacceptable tox-
icity, or patient/physician decision.

2.5  |  Safety and tolerability

Adverse events (AEs) were investigated by predefined laboratory 
tests during the study visits (Appendix S1).

Ocular AEs, including any diagnosed ocular diseases, such as cat-
aracts or corneal or retinal disorders, were defined as AEs of special 
interest. The MTD was defined as the highest dose level at which 
less than 33% of patients experienced a DLT during cycle 1. For QD 
treatment, two dose levels were used: 16 mg and 20 mg. These were 
determined on the basis of tolerability outcomes from the study with 

futibatinib undertaken in Europe and the United States.18 A complete 
list of DLT definitions is included in Table  S2. Key nonhematologic 
DLTs were: (1) hyperphosphatemia (serum Pi ≥9 mg/dl or ≥7 mg/dl 
lasting for ≥7 days despite phosphate-binding therapy for 7 days); 
(2) a corneal disorder worsening by ≥1 grade (initially), which was 
changed to grade ≥1 corneal disorder due to calcification after a pro-
tocol amendment; (3) creatinine increase to >1.5× upper limit of nor-
mal lasting for ≥7 days associated with serum Pi >5.5 mg/dl despite 
phosphate-binding therapy for 7 days and/or corrected calcium × Pi 
>55 mg/dl despite phosphate-binding therapy for 7 days; (4) hyper-
calcemia of grade ≥3 or grade 2 for >7 days; and (5) ectopic de novo 
calcification in soft tissues, as determined by the investigator.

2.6  |  Pharmacokinetics and pharmacodynamics

Urine and blood samples were collected for pharmacokinetic and 
pharmacodynamic analyses in both TIW and QD dose groups ac-
cording to a predefined schedule (Appendix S1).

2.7  |  Genomic analysis

The analysis of protein expression level, gene CN, mutation, and 
translocation of FGF/FGFR was undertaken only in consenting pa-
tients in both study phases (Appendix S1).

2.8  |  Tumor response

Objective tumor response was defined according to the revised 
RECIST guideline (version 1.1) based on investigator assessment 
(Appendix S1).

2.9  |  Post hoc hyperphosphatemia assessment

Hyperphosphatemia is a known on-target class effect of FGFR inhibi-
tors and a frequently reported treatment-related AE.20–24 Therefore, 
we also conducted a post hoc analysis to evaluate the efficacy and 
safety of phosphate-binding therapy for futibatinib-induced hyper-
phosphatemia in patients receiving a QD regimen (Appendix S1).

2.10  |  Statistical analysis

A formal statistical sample size calculation was not carried out, but 
the aim was to enroll a maximum of 72 patients in the DEP, and 70 
patients for the FAS in the EP, in accordance with Japanese guide-
lines.25 The FAS is defined in Table S3. Most data were analyzed with 
descriptive statistics, including the number of patients and frequency 
for categorical variables, and mean ± Std Dev or median for continu-
ous variables. Best overall response was calculated with 95% CI.
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3  |  RESULTS

3.1  |  Patients

Between July 1, 2014, and April 6, 2020, 83 patients were enrolled 
into eight TIW groups (n = 40) and two QD dosing groups (n = 43). 
Baseline characteristics are summarized in Table 1. Overall, 39 pa-
tients entered the DEP; 29 received futibatinib 8–160 mg TIW and 
10 received futibatinib 16 or 20 mg QD. Of these, 35 were evaluable 
for DLTs, including 26/29 (89.7%) of those receiving a TIW regimen 
and 9/10 (90.0%) of those receiving a QD regimen.

Forty-four patients received treatment in the EP; 11 received 
futibatinib 56–120 mg TIW and 33 received 16 or 20 mg QD. Forty-
three of these patients (TIW, n = 10; QD, n = 33) were evaluable for 
tumor response.

The most common cancer types were gastric (n  =  22; 26.5%), 
colorectal (n = 11; 13.3%), esophageal (n = 10; 12.0%), biliary tract or 
intrahepatic bile duct (n = 7; 8.4%), and bladder cancer (n = 6; 7.2%).

FGF/FGFR abnormalities were present in 9/35 patients in the 
DEP and in all patients in the EP, for a total of 53/83 patients (63.9%). 
Of the 22 patients with GC (Table S4), two patients in the DEP and 
one in the EP received a TIW regimen, while the other 19 patients 
in the EP received futibatinib QD. Nineteen patients with GC had 
FGFR2 overexpression, and 14 patients had FGFR2 amplification.

The most common reason for treatment discontinuation was dis-
ease progression in 63/83 patients (75.9%).

3.2  |  Tolerability and MTD in the dose-
escalation phase

No DLTs were observed with either TIW or QD dosing regimens ac-
cording to the final study protocol definition, and therefore a MTD 
was not reached for either regimen. Two out of six patients receiving 
futibatinib 80 mg TIW experienced grade 1 corneal opacity, which 
constituted a DLT according to the original protocol definition (a 
corneal disorder worsening by ≥1 grade). Following a safety review, 
this DLT criterion was amended to “grade ≥1 corneal disorder due 
to calcification,” and dose escalation continued without any further 
DLTs up to 160 mg TIW.

3.3  |  Safety

Adverse events reported with an incidence of at least 10% are 
shown in Table 2. The most common AEs were hyperphosphatemia, 
decreased appetite, nausea, constipation, pyrexia, and diarrhea in 
the TIW regimen, and hyperphosphatemia, decreased appetite, con-
stipation, diarrhea, nausea, and vomiting in the QD regimen. While 
the incidence of alanine aminotransferase increase was 20.9% in 
the QD regimen, it was 7.5% in the TIW regimen. Adverse events 
of grade 3 or higher that developed in at least 10% of patients were 
grade 3 anemia and hypophosphatemia and grade 5 disease progres-
sion in those receiving futibatinib TIW, and grade 3 anemia in those 
receiving futibatinib QD.

Serious AEs developed in 18/40 patients in the combined TIW 
groups and in 13/43 in the combined QD groups. However, only three 
of these events were considered to be futibatinib-related: stomatitis 
in one patient receiving futibatinib 160 mg TIW, and decreased appe-
tite and hyponatremia in one patient receiving 20 mg QD.

No futibatinib-related deaths were reported. All AEs leading to 
death were related to the underlying tumor and included disease 
progression (n  =  4), tumor hemorrhage (n  =  1), bronchostenosis 
(n = 1), pulmonary tumor thrombotic microangiopathy (n = 1), malig-
nant neoplasm progression (n = 1), and intestinal obstruction/cere-
bral infarction (n = 1).

The ADRs related to futibatinib are summarized in Table S5.
Six of the 40 patients receiving futibatinib TIW (15.0%) and 

16/43 receiving futibatinib QD (37.2%) required dose reduction. 
Treatment was interrupted because of AEs in 22/40 patients re-
ceiving a TIW regimen (55.0%) and 29/43 patients receiving a QD 
regimen (67.4%). Two patients discontinued treatment because of an 

TA B L E  1  Demographics and other baseline characteristics 
of patients with advanced solid tumors treated with futibatinib 
(n = 83)

TIW dosing 
(n = 40)

QD dosing 
(n = 43)

Total 
(n = 83)

Sex, n (%)

Male 29 (72.5) 32 (74.4) 61 (73.5)

Female 11 (27.5) 11 (25.6) 22 (26.5)

Age (years)

Mean (Std Dev) 61.5 (12.3) 62.4 (11.6) 62.0 (11.9)

Median (range) 64.5 (27–79) 64.0 (32–77) 64.0 (27–79)

ECOG performance status, n (%)

0 26 (65.0) 33 (76.7) 59 (71.1)

1 14 (35.0) 10 (23.3) 24 (28.9)

Cancer type, n (%)

Gastric 3 (7.5) 19 (44.2) 22 (26.5)

Biliary tract + 
IHBD

4 (10.0) 3 (7.0) 7 (8.4)

Bladder 6 (15.0) 0 (0.0) 6 (7.2)

Breast 0 (0.0) 1 (2.3) 1 (1.2)

Colorectum 8 (20.0) 3 (7.0) 11 (13.3)

GIST 2 (5.0) 1 (2.3) 3 (3.6)

Lung 2 (5.0) 2 (4.7) 4 (4.8)

Pancreas 3 (7.5) 0 (0.0) 3 (3.6)

Esophagus 3 (7.5) 7 (16.3) 10 (12.0)

Other 9 (22.5) 7 (16.3) 16 (19.3)

All FGF/FGFR abnormal, n (%)

No/not tested 25 (62.5) 5 (11.6) 30 (36.1)

Yes 15 (37.5) 38 (88.4) 53 (63.9)

Abbreviations: FGF, fibroblast growth factor; FGFR, fibroblast 
growth factor receptor; GIST, gastrointestinal stromal tumor; IHBD, 
intrahepatic bile duct; QD, once daily; Std Dev, standard deviation; TIW, 
three times a week.
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AE, one due to grade 3 duodenal obstruction, and another due to 
grade 5 pulmonary tumor thrombotic microangiopathy; neither AE 
was futibatinib-related.

3.3.1  |  Adverse events of special interest

Thirty ocular AEs (TIW, 15/40 [37.5%]; QD, 15/43 [34.9%]) were re-
ported in 24 patients across both phases of the study.

Eighteen patients reported retinal AEs, which included serous ret-
inal detachment (TIW, 7/40 [17.5%]; QD, 3/43 [7.0%]), subretinal fluid 

(TIW, 0/40; QD, 4/43 [9.3%]), detachment of retinal pigment epithe-
lium (TIW, 1/40 [2.5%]; QD, 1/43 [2.3%]), and macular edema (TIW, 
0/40; QD, 2/43 [4.7%]). All retinal AEs were grade 1 and considered to 
be treatment-related. The main corneal AE was corneal opacity (TIW, 
2/40 [5.0%]; QD, 0/43) and was considered to be treatment related.

Overall, 26 ocular AEs were considered to be ADRs, including 
the 10 serous retinal detachment events, all of which were grade 1 
or 2 and none of which required treatment. Seventeen of the 30 oc-
ular AEs (including 6/10 of the grade 1 serous retinal detachments) 
were “resolved” or “resolving” and 13 (including 4/10 grade 1 serous 
retinal detachments) were “not resolved”. In all patients with “not 

TA B L E  2  Adverse events (AEs) reported with an incidence of ≥10% in patients with advanced solid tumors treated with futibatinib 
(n = 83)

Preferred term

TIW dosing (n = 40) QD dosing (n = 43)

All Grade 1 Grade 2 ≥Grade 3 All Grade 1 Grade 2 ≥Grade 3

Any AE 40 (100.0) 7 (17.5) 12 (30.0) 21 (52.5) 43 (100.0) 6 (14.0) 16 (37.2) 21 (48.8)

Hyperphosphatemia 33 (82.5) 26 (65.0) 7 (17.5) 0 (0.0) 43 (100) 21 (48.8) 20 (46.5) 2 (4.7)

Decreased appetite 16 (40.0) 4 (10.0) 10 (25.0) 2 (5.0) 25 (58.1) 8 (18.6) 15 (34.9) 2 (4.7)

Constipation 11 (27.5) 8 (20.0) 3 (7.5) 0 (0.0) 17 (39.5) 12 (27.9) 5 (11.6) 0 (0.0)

Diarrhea 10 (25.0) 10 (25.0) 0 (0.0) 0 (0.0) 13 (30.2) 11 (25.6) 2 (4.7) 0 (0.0)

Nausea 14 (35.0) 10 (25.0) 4 (10.0) 0 (0.0) 13 (30.2) 5(11.6) 8 (18.6) 0 (0.0)

Vomiting 8 (20.0) 5 (12.5) 3 (7.5) 0 (0.0) 10 (23.3) 8 (18.6) 1 (2.3) 1 (2.3)

ALT increased 3 (7.5) 2 (5.0) 0 (0.0) 1 (2.5) 9 (20.9) 5 (11.6) 4 (9.3) 0 (0.0)

AST increased 6 (15.0) 2 (5.0) 1 (2.5) 3 (7.5) 9 (20.9) 3 (7.0) 5 (11.6) 1 (2.3)

Anemia 8 (20.0) 1 (2.5) 3 (7.5) 4 (10.0) 8 (18.6) 0 (0.0) 3 (7.0) 5 (11.6)

Stomatitis 8 (20.0) 7 (17.5) 0 (0.0) 1 (2.5) 7 (16.3) 6 (14.0) 1 (2.3) 0 (0.0)

Blood creatinine 
increased

9 (22.5) 5 (12.5) 4 (10.0) 0 (0.0) 7 (16.3) 3 (7.0) 3 (7.0) 1 (2.3)

Hypoalbuminemia 4 (10.0) 0 (0.0) 4 (10.0) 0 (0.0) 6 (14.0) 1 (2.3) 1 (2.3) 4 (9.3)

Hyponatremia 2 (5.0) 0 (0.0) 0 (0.0) 2 (5.0) 6 (14.0) 2 (4.7) 0 (0.0) 4 (9.3)

Malaise 2 (5.0) 2 (5.0) 0 (0.0) 0 (0.0) 6 (14.0) 1 (2.3) 5 (11.6) 0 (0.0)

Edema peripheral 2 (5.0) 2 (5.0) 0 (0.0) 0 (0.0) 6 (14.0) 3 (7.0) 2 (4.7) 1 (2.3)

Dry skin 7 (17.5) 6 (15.0) 1 (2.5) 0 (0.0) 6 (14.0) 5 (11.6) 1 (2.3) 0 (0.0)

Dysgeusia 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 6 (14.0) 2 (4.7) 4 (9.3) 0 (0.0)

Tumor pain 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 6 (14.0) 2 (4.7) 4 (9.3) 0 (0.0)

Weight decreased 9 (22.5) 4 (10.0) 3 (7.5) 2 (5.0) 5 (11.6) 1 (2.3) 4 (9.3) 0 (0.0)

Insomnia 7 (17.5) 6 (15.0) 1 (2.5) 0 (0.0) 5 (11.6) 5 (11.6) 0 (0.0) 0 (0.0)

Fatigue 7 (17.5) 3 (7.5) 4 (10.0) 0 (0.0) 4 (9.3) 1 (2.3) 3 (7.0) 0 (0.0)

Hypophosphatemia 5 (12.5) 0 (0.0) 1 (2.5) 4 (10.0) 3 (7.0) 1 (2.3) 0 (0.0) 2 (4.7)

Pyrexia 10 (25.0) 8 (20.0) 2 (5.0) 0 (0.0) 3 (7.0) 3 (7.0) 0 (0.0) 0 (0.0)

Serous retinal 
detachment

7 (17.5) 7 (17.5) 0 (0.0) 0 (0.0) 3 (7.0) 3 (7.0) 0 (0.0) 0 (0.0)

Cancer pain 7 (17.5) 4 (10.0) 3 (7.5) 0 (0.0) 3 (7.0) 1 (2.3) 1 (2.3) 1 (2.3)

Arthralgia 5 (12.5) 3 (7.5) 2 (5.0) 0 (0.0) 2 (4.7) 0 (0.0) 2 (4.7) 0 (0.0)

Hypokalemia 5 (12.5) 1 (2.5) 2 (5.0) 2 (5.0) 1 (2.3) 0 (0.0) 0 (0.0) 1 (2.3)

Dyspnea 7 (17.5) 4 (10.0) 1 (2.5) 2 (5.0) 1 (2.3) 0 (0.0) 0 (0.0) 1 (2.3)

Edema 5 (12.5) 5 (12.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Disease progression 4 (10.0) 0 (0.0) 0 (0.0) 4 (10.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; QD, once daily; TIW, three times a week.
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resolved” serous retinal detachment, final outcomes were not deter-
mined because patient follow-up was discontinued.

Three ocular AEs (two events of corneal opacity and one of optic 
ischemic neuropathy) led to interruption of futibatinib and one (sub-
retinal fluid) led to dose reduction, but none resulted in treatment 
discontinuation.

3.4  |  Tumor response

Antitumor activity was observed for both TIW and QD regimens 
of futibatinib. The ORR across the DEP and EP was 7.3% (95% CI, 
2.7–15.2) and the DCR was 32.9% (95% CI, 22.9–44.2) (Table  3). 
The best response included a confirmed PR in six patients and SD 
in 21 (Figure 1A). All six patients with confirmed PR had an FGF/
FGFR abnormality (four with GC, one with breast cancer, and one 
with iCCA); these were: FGFR2 amplification and overexpression in 
two GC patients treated with futibatinib 20 mg QD or 80 mg TIW 
(one of whom also had FGF3/4/19 amplification), FGFR2 amplifica-
tion in one breast cancer patient and two patients with GC treated 
with 20 mg QD (one of whom also had FGFR2 rearrangement), and 
FGFR2 mutation (Y375C) in one patient with iCCA treated with 
20 mg QD.

An FGF/FGFR abnormality was confirmed in 52/83 patients, re-
sulting in an ORR in this subgroup of 11.5% (95% CI, 4.4–23.4) and 
DCR of 36.5% (95% CI, 23.6–51.0) (Table 3 and Figure 1A). There 
was no objective response in the 30 patients who did not harbor an 
FGF/FGFR abnormality or whose FGF/FGFR status was unknown, but 
8/30 patients had SD, resulting in a DCR of 26.7% (95% CI, 12.3–
45.9) (Table 3 and Figure 1B).

Twenty-one of the 22 patients with GC in the FAS (which in-
cluded patients from both phases of the study) could be evaluated 
for response, and 4/21 achieved a confirmed PR, resulting in an ORR 
of 19.0% (Table 3 and Figure 2A). Among the GC patients, 0/10 of 
those with FGFR2 CN <10 and 4/11 of those with FGFR2 CN ≥10 had 
a best response of confirmed PR (Table 3 and Figure 2B). Therefore, 
the ORR was 0 in patients with FGFR2 CN <10 versus 36.4% in those 
with FGFR2 CN ≥10 (Table 3).

3.5  |  Pharmacokinetics

Pharmacokinetic data were evaluable in 28 patients receiving 
futibatinib TIW and 10 receiving futibatinib QD (Table  4). The 
Cmax and AUC values for the TIW regimens increased in a dose-
proportional manner up to 160 mg following single and multiple 
administrations.

The mean accumulation ratios of Cmax and AUC0–last after mul-
tiple doses of 160 mg TIW were 0.85 (90% CI, 0.37–1.98) and 1.44 
(90% CI, 0.91–2.30), respectively, and these ratios were consistent 
across all doses (36–160 mg), suggesting no obvious futibatinib ac-
cumulation following repeated administration in the TIW regimen. 
Renal excretion of unchanged futibatinib was negligible.TA
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F I G U R E  1  Waterfall plots showing the greatest overall change in tumor diameter in patients with advanced solid tumors treated with 
futibatinib. (A) Patients with all FGF/FGFR abnormalities (n = 52; 1 patient had no measurable lesion and 1 patient was not assessed for 
response). (B) Patients without FGF/FGFR abnormalities (n = 30; 1 patient had no measurable lesion). *Confirmed partial response. FGF, 
fibroblast growth factor; FGFR, fibroblast growth factor receptor; GIST, gastrointestinal stromal tumor; QD, once daily; TIW, three times a 
week
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3.6  |  Pharmacodynamics

Serum FGF23 levels started to decrease approximately 2–3  h after 
futibatinib treatment, reaching their minimum 8–24 h post dose; 
thereafter, they increased to baseline or higher levels by 24–48 h post 
dose. Serum FGF23 levels were markedly upregulated after repeated 
doses with both the TIW and QD regimens compared with baseline 
levels on day 1, and showed a trend towards dose dependency. Serum 
Pi levels started to increase at approximately 6–12 h after futibatinib 
treatment and were markedly upregulated after repeated doses with 
both the TIW and QD regimens compared with baseline levels on day 
1. Increases in serum Pi levels also showed a dose-dependent trend.

3.7  |  Post hoc analysis

All 43 patients who received futibatinib QD developed hyperphos-
phatemia, and 40/43 patients received a phosphate-binding agent, 
such as lanthanum carbonate, sevelamer, and ferric citrate hydrate 

(Table S6). Of the 40 patients treated with phosphate-binding ther-
apy, 12 (30%) had a futibatinib dose interruption and five (12.5%) 
had a dose reduction, but none of the hyperphosphatemia events led 
to discontinuation of futibatinib.

Overall, the serum Pi decreased by −0.31 (1.36) mg/dl from just 
before initiation of phosphate-binding therapy to last futibatinib 
treatment (Table S7).

Among patients receiving futibatinib QD and phosphate-binding 
therapy for a minimum of two cycles, a serum Pi level <5.5  mg/dl 
was achieved by 65.7% (95% CI, 47.8–80.9) at the last futibatinib 
administration (Table S8). There were no clinically important differ-
ences between the types of phosphate-binding therapy in achieving 
a serum Pi level of <5.5 mg/dl. Of the 15 patients who required a 
futibatinib dose reduction after starting phosphate-binding therapy, 
13 achieved the target serum Pi level (86.7%) compared with 10/20 
(50.0%) who did not have a dose reduction after starting phosphate-
binding therapy (Table S9).

No safety concerns were identified regardless of the presence or 
absence of phosphate-binding therapy (Table S10).

F I G U R E  2  Waterfall plots showing 
the greatest overall change in tumor 
diameter in patients with gastric cancer 
treated with futibatinib. (A) Patients with 
FGFR2 amplification (n = 21; 1 patient 
had no measurable lesion). (B) Patients 
with FGFR2 amplification with copy 
number < 10 (n = 10) or ≥ 10 (n = 11; 
1 patient had no measurable lesion). 
*Confirmed partial response. QD, once 
daily; TIW, three times a week
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4  |  DISCUSSION

In the present phase 1 study, futibatinib had a generally predictable 
and manageable safety profile in Japanese patients with advanced 
solid tumors. No DLTs were observed at doses up to 160 mg TIW, so 
based on the results of the global phase I study,18 the dose escala-
tion was discontinued at 160 mg TIW. For QD treatment, no DLTs 
were reported in patients who received 16 mg or 20 mg. Based on 
the pharmacokinetics/pharmacodynamics and safety results of this 
study, and the results of the global phase I study that was under-
taken in parallel with this study,18 the RD for phase II (and further) 
futibatinib studies was determined to be 20 mg QD.

Antitumor activity was seen in patients with FGF/FGFR abnormal-
ities (11.5%), particularly those with GC and FGFR2 CN ≥10 (36.4%). 
The futibatinib safety profile seen in this study was similar to that of 
other FGFR inhibitors in patients with advanced solid tumors.20,21,23,26 
Hyperphosphatemia is an on-target effect of FGFR inhibitors due to 
decreased FGF23–FGFR1 signaling and decreased urinary phosphate 
excretion.27 Hyperphosphatemia was more frequent in the current 
study than in the phase II trials of pemigatinib, infigratinib, or erdafi-
tinib,20,22,28 occurring in 82.5% of patients receiving futibatinib TIW 
and 100% of those receiving QD, compared with 77% of patients 
receiving infigratinib QD and 60% of patients receiving pemigatinib 
in patients with advanced or metastatic cholangiocarcinoma,20,28 
and 77% of patients receiving erdafitinib in patients with urothelial 
carcinoma.22 This may in part reflect differences between these tri-
als in dosing schedules, utilization of phosphate-binding agents, and 
the timing of safety assessments. Hyperphosphatemia in the current 
study was mostly asymptomatic and could be managed without futi-
batinib discontinuation by administering phosphate-binding therapy 
or reducing the dose, although these data should be confirmed in a 
larger cohort of patients. All the phosphate binders used in the cur-
rent study were effective during futibatinib therapy.

Serous retinal detachment/subretinal fluid accumulation was the 
most frequently reported ocular AE in our study, and the incidence 
of retinal AEs was broadly similar with either dosing regimen. Most 
of these events were resolved without medication. The mechanism 
of retinal AEs with FGF/FGFR inhibitors is probably similar to the 
mechanism for MEK-associated retinal disorders, as the FGF/FGFR 
pathway is upstream of the MEK signaling pathway.29,30 However, 
while approximately 74% of patients on MEK inhibitors develop sub-
retinal fluid accumulation,31 the incidence in our study was much 
lower (9.3%). As in our study, the retinal AEs reported with other 
FGFR inhibitors were mostly grade 1 or 2 events and few required 
dose interruption or treatment discontinuation (two discontinua-
tions of infigratinib and one dose interruption with pemigatinib).20,28 
In the phase II study with erdafitinib, 13% of patients discontinued 
treatment because of retinal detachment.22

The RD of 20 mg QD and the safety profile are consistent with 
data obtained from the global phase I study.18 There was a similar 
rate of dose delays and reductions as in the global phase I study.18

The pharmacokinetic profile of futibatinib in our study of Japanese 
patients was consistent with data from the other phase I study, which 
included 64% Caucasian patients.18 In that study, Cmax and AUC were 

statistically dose-proportional between 4 mg and 24 mg QD.18 Similarly, 
our study found dose-proportional changes in Cmax and AUC0–last and 
no obvious accumulation with repeated doses of futibatinib in either 
regimen. The dynamic changes of FGF23 levels in the current study 
were consistent with preclinical results (data on file), and indicated tar-
get modulation by futibatinib during either TIW or QD dosing.

Across our entire study, the best ORR was 11.5%. Six patients 
harboring FGFR2 abnormalities had confirmed PR: four with GC, 
one with breast cancer, and one with iCCA. FGFR2 amplification and 
FGFR2 overexpression have been associated with poor prognosis in 
patients with GC.13–15 Compared with tumors without FGFR2 over-
expression, GC with FGFR2 overexpression shows deeper invasion 
and a higher rate of lymph node metastasis.32

We detected a possible association between FGFR2 CN and the 
response to futibatinib. In the subset of patients with GC harboring 
FGFR2 amplification, the ORR and DCR were higher among those 
with CN ≥10 compared with <10, warranting further research of 
these outcomes. A similar association was reported with the selec-
tive FGFR inhibitor AZD4547.33

As with our study, previous studies have used IHC or FISH to iden-
tify patients with FGFR2 overexpression or amplification. The FIGHT 
study with bemarituzumab (an investigational inhibitor of FGFR2b) 
defined FGFR2 overexpression as an IHC score of 2+ or 3+ in patients 
with human epidermal growth factor receptor 2-negative gastric or 
gastroesophageal junction cancer,34 whereas a study with AZD4547 
in patients with locally advanced or metastatic GC defined FGFR2 
amplification and polysomy as FGFR2/centromere of chromosome 10 
(CEN10) ratio ≥2 or FGFR2 gene clusters in ≥10% of tumor cells using 
FISH.35 Further research is needed to determine the best measure of 
FGFR2 expression to use with futibatinib. Irrespective of the method 
used to measure FGFR2 expression, cumulative data indicate that 
this parameter is a relevant biomarker for GC patients who are likely 
to respond to FGFR inhibitors. Among gastric cancer patients in this 
study, ORR was 0% in patients with FGFR2 gene CN <10 and 36.4% in 
patients with FGFR2 gene CN ≥10, and preliminary antitumor activity 
of futibatinib was observed in gastric cancer patients with FGFR2 gene 
amplification with CN ≥10. In contrast, no clinically significant differ-
ences in efficacy were observed when the IHC scores were catego-
rized. Therefore, it is considered necessary to measure the CN of the 
FGFR2 gene in GC patients before treatment with FGFR inhibitors and 
to administer futibatinib in patients with a CN of FGFR2 gene of ≥10.

The limitations of our study are typical of those for a phase I study, 
including its open-label design, limited number of patients at each 
dose level, the intratumoral heterogeneity, and the influence of pre-
treatment across patients, as well as the short duration of follow-up. 
The weak positive signal could be because GC is heterogeneous and 
prone to resistance.36 Notwithstanding these limitations, our study 
shows that futibatinib has promising preliminary antitumor activity in 
patients with advanced GC and FGFR2 amplification CN ≥10, and is 
therefore being investigated in such patients in a global phase II study 
(TAS-120-202 study, NCT04189445). In addition, phase II studies are 
underway with futibatinib in a range of other cancer types (lung can-
cer, breast cancer, hematologic malignancies, urothelial carcinoma, 
and iCCA) and phase III studies are underway in iCCA.
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In conclusion, this phase I study showed that futibatinib was 
safe and tolerable for patients with advanced cancer at dosages 
of up to 160 mg TIW and 20 mg QD, with a generally predictable, 
monitorable, and clinically manageable safety profile. The most 
common AE was hyperphosphatemia, which was mostly asymptom-
atic and could be safely managed with futibatinib dose reductions 
and phosphate-binding therapy. This study showed preliminary an-
titumor activity of futibatinib by FGFR inhibition in patients with 
advanced solid tumors with FGF/FGFR gene abnormalities, partic-
ularly in patients with advanced GC and FGFR2 amplification CN 
≥10. A futibatinib RD of 20 mg QD was selected for global phase II 
and further studies, consistent with data from previous reports in 
Caucasian patients.
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