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Abstract
Background  FGFR genomic aberrations occur in approximately 5–10% of human cancers. Erdafitinib has previously 
demonstrated efficacy and safety in FGFR-altered advanced solid tumors, such as gliomas, thoracic, gastrointestinal, 
gynecological, and other rare cancers. However, its efficacy and safety in Asian patients remain largely unknown. We 
conducted a multicenter, open-label, single-arm phase IIa study of erdafitinib to evaluate its efficacy in Asian patients 
with FGFR-altered advanced cholangiocarcinoma, non-small cell lung cancer (NSCLC), and esophageal cancer.

Methods  Patients with pathologically/cytologically confirmed, advanced, or refractory tumors who met molecular 
and study eligibility criteria received oral erdafitinib 8 mg once daily with an option for pharmacodynamically guided 
up-titration to 9 mg on a 28-day cycle, except for four NSCLC patients who received erdafitinib 10 mg (7 days on/7 
days off ) as they were recruited before the protocol amendment. The primary endpoint was investigator-assessed 
objective response rate per RECIST v1.1. Secondary endpoints included progression-free survival, duration of 
response, disease control rate, overall survival, safety, and pharmacokinetics.

Results  Thirty-five patients (cholangiocarcinoma: 22; NSCLC: 12; esophageal cancer: 1) were enrolled. At data 
cutoff (November 19, 2021), the objective response rate for patients with cholangiocarcinoma was 40.9% (95% CI, 
20.7–63.6); the median progression-free survival was 5.6 months (95% CI, 3.6–12.7) and median overall survival was 
40.2 months (95% CI, 12.4–not estimable). No patient with RET/FGFR-altered NSCLC achieved objective response and 
the disease control rate was 25.0% (95% CI, 5.5–57.2%), with three patients with stable disease. The single patient 
with esophageal cancer achieved partial response. All patients experienced treatment-emergent adverse events, and 
grade ≥ 3 treatment-emergent adverse events were reported in 22 (62.9%) patients. Hyperphosphatemia was the 
most frequently reported treatment-emergent adverse event (all-grade, 85.7%).

Conclusions  Erdafitinib demonstrated efficacy in a population of Asian patients in selected advanced solid tumors, 
particularly in those with advanced FGFR-altered cholangiocarcinoma. Treatment was tolerable with no new safety 
signals.
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Introduction
Fibroblast growth factor receptors (FGFRs) are a family 
of receptor tyrosine kinases involved in the regulation of 
cellular function affecting cell growth, development, dif-
ferentiation, and survival, among others [1]. The FGFR 
family consists of four highly conserved transmembrane 
receptors (FGFR1–4) and a related receptor, FGFR5, 
which lacks an intracellular kinase domain [1, 2]. Aber-
rations in the FGFR1–4 gene resulting from gene fusions, 
rearrangements, somatic mutation, or amplification 
have been reported in many forms of malignancies [3]. 
Reported prevalence rates for all human cancers that har-
bor FGFR aberrations have typically been 5–10%, but this 
frequency is higher most notably in urothelial cancer and 
cholangiocarcinoma at 10–30% [1], and 10–15% in intra-
hepatic cholangiocarcinoma [4]. A recent cross-sectional 
study in China identified FGFR aberrations (including 
FGFR single-nucleotide variants, fusion, and amplifica-
tion) in 7.0% of cancer patients, occurring at varying fre-
quencies across different tumor types, with prevalence 
ranging from 30.5% in urothelial cancer, 16.9% in endo-
metrium cancer, 14.5% in esophageal cancer, and  13.2% 
in breast cancer to 8.8% in lung cancer [5]. In another 
large study of 10,966 patients with non-small cell lung 
cancer (NSCLC), FGFR mutations were reported in 1.9% 
of the population [6].

Cholangiocarcinoma is the second most common 
primary liver cancer after hepatocellular carcinoma, 
comprising around 10–15% of all liver tumors [7]. Mor-
tality rate of cholangiocarcinoma appears to be higher in 
Asia than in Europe or North America [8]. Therapeutic 
options are limited for patients with advanced disease, 
especially in the second-line setting, and the outcomes 
for palliative chemotherapy are poor [9]. Early efforts to 
target FGFR in cholangiocarcinoma were non-selective 
and were met with less favorable off-target side effects 
[4]. Selective FGFR inhibitors against cholangiocarci-
noma have since been developed and showed promising 
results in the advanced metastatic setting, with responses 
ranging from 20 to 40% [4, 10–13]. Lung cancer, on the 
other hand, is the most common cause of cancer-related 
death worldwide [7]. Immune checkpoint inhibitors with 
or without chemotherapy are the preferred first-line 
treatment in advanced programmed death-ligand 1–pos-
itive NSCLC without oncogenic driver mutations [14]. 
However, a significant proportion of patients still experi-
ence disease progression [15]. FGFR alterations or ampli-
fications are reported in patients with NSCLC. Moreover, 
FGFR mutations may also develop as an acquired 

resistance mechanism for epidermal growth factor recep-
tor  (EGFR) tyrosine kinase inhibitors (TKIs). Prelimi-
nary treatment outcomes with FGFR TKIs in NSCLC 
have been modest with infigratinib reporting an over-
all response of 11% among 48 patients and a low objec-
tive response rate (ORR) of 5% with rogaratinib among 
20 patients in phase I studies [16, 17]. More recent data 
with erdafitinib showed an ORR of 26.1% in 23 patients 
with NSCLC and select FGFR mutations or fusions [18]. 
Esophageal cancer is an aggressive disease which ranks 
seventh and sixth in terms of incidence and mortality 
worldwide, respectively [7]. Eastern Asia has the high-
est incidence of esophageal cancer, with a large burden 
in China [7]. Although there are several novel targeted 
therapies for esophageal cancer, radiation therapy and 
chemotherapy are common, and the outcomes with these 
treatments are poor in advanced esophageal cancer [19]. 
As such, these three solid tumors account for a large bur-
den in many parts of the world, especially in Asia. In this 
regard, FGFR inhibitors have emerged as an approach 
given the presence of FGFR aberrations in these tumor 
types. FGFR2b antibody showed promising results in 
patients with FGFR2b overexpressed gastric and gastro-
esophageal junction adenocarcinomas [20].

To date, several selective FGFR inhibitors are under 
clinical investigation in a variety of FGFR-altered tumor 
types. Four of them have been approved by the U.S. Food 
and Drug Administration for the treatment of urothe-
lial cancer or cholangiocarcinoma, including erdafitinib, 
pemigatinib, futibatinib, and infigratinib [21–24]. Erdafi-
tinib was the first selective oral pan-FGFR inhibitor 
approved in 2019 for the treatment of locally advanced 
or metastatic urothelial carcinoma with susceptible 
FGFR2/3 alterations that has progressed during or fol-
lowing at least one line of platinum-containing chemo-
therapy, including within 12 months of neoadjuvant or 
adjuvant platinum-containing chemotherapy [21, 25]; 
long-term follow-up confirmed its efficacy and safety 
[26]. Erdafitinib has also demonstrated tumor-agnos-
tic efficacy and safety in FGFR-altered advanced solid 
tumors, including gliomas, thoracic, gastrointestinal, 
gynecological, and rare cancers [27]. More recently, in 
a phase III study, erdafitinib showed longer overall sur-
vival than chemotherapy among patients with advanced 
or metastatic urothelial carcinoma after previous immu-
notherapy [28]. However, less is known about its effec-
tiveness in Asian patients for various tumor types. The 
present phase IIa study was therefore conducted to 

Trial registration  This trial is registered with ClinicalTrials.gov (NCT02699606); study registration (first posted): 
04/03/2016.
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investigate the antitumor activity of erdafitinib in Asian 
patients with FGFR-altered advanced solid tumors.

Patients and methods
Patients
Eligible participants were adult patients (aged ≥ 18 years) 
with pathologically or cytologically confirmed advanced 
or refractory tumors (pre-defined in the protocol to 
enroll squamous and non-squamous NSCLC, esopha-
geal cancer, urothelial cancer, and cholangiocarcinoma) 
who met molecular eligibility criteria (i.e., all FGFR gene 
translocations, FGFR gene mutations, or with evidence 
of FGFR pathway activation or other potential/emerg-
ing targets/pathways) determined by a central or local 
laboratory using a tumor tissue-based assay. In addi-
tion, RET proto-oncogene (RET)-activating mutations or 
RET translocations were study-eligible for patients with 
NSCLC. Other key inclusion criteria included the pres-
ence of measurable disease (per Response Evaluation 
Criteria in Solid Tumors version 1.1 [RECIST v1.1]) and 
documented disease progression as defined by RECIST 
v1.1 at baseline, [11] and an Eastern Cooperative Oncol-
ogy Group performance status (ECOG PS) of 0 or 1. 
Patients were required to have adequate bone marrow, 
liver, and kidney function. A full account of the study eli-
gibility criteria, including details of the molecular eligibil-
ity criteria, is described in Supplementary Table S1.

Study design and treatment administration
This was an open-label, multicenter, single-arm phase IIa 
study to evaluate the clinical efficacy, safety, and pharma-
cokinetics of erdafitinib in Asian patients with advanced 
NSCLC, urothelial cancer, esophageal cancer, and chol-
angiocarcinoma. The study was conducted at 10 study 
sites in China, South Korea, and Taiwan (ClinicalTrials.
gov NCT02699606). Randomization and blinding were 
not applicable. Enrolled patients received oral erdafitinib 
8 mg once daily (QD) with an option to up-titrate to 9 mg 
on a 28-day cycle after a protocol amendment (Septem-
ber 18, 2016) was implemented. Erdafitinib dose was up-
titrated or maintained taking into account the phosphate 
levels measured on day 14 of cycle 1 and the toxicity 
observed to that day. Patients who started on erdafitinib 
10 mg for 7 days on/7 days off (days 1–7 on, days 8–14 
off, days 15–21 on, days 22–28 off), with an option of 
up-titration based on serum phosphate levels measured 
on cycle 1 day 21 or observed toxicity before the amend-
ment was implemented, continued with this treatment 
regimen. The reason to amend the protocol to adopt the 
continuous dosing regimen from the intermittent one 
was based on the observed data from the pharmacoki-
netic and pharmacodynamic modeling of serum phos-
phate level in a phase II study on urothelial carcinoma 
[25]. The continuous 8 mg dosing regimen was also more 

efficacious than the intermittent one and the adverse 
events were manageable with dose titration. Patients 
were allowed to receive treatment until the occurrence of 
disease progression, unacceptable toxicity, or any other 
protocol-defined reason for treatment discontinuation. 
The treating physician could continue with the study 
treatment in the best interest of the patient despite pro-
gressive disease until treatment was no longer considered 
beneficial.

The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki and Good Clinical 
Practice guidelines and had the approval of local laws and 
regulations where the study was being conducted. All 
patients provided written informed consent according to 
local requirements to participate prior to screening. The 
trial protocol and its amendments were reviewed and 
approved by an independent ethics committee at each 
participating site.

Outcomes and assessments
The primary endpoint was investigator-assessed ORR per 
RECIST v1.1. Secondary endpoints were progression-
free survival (PFS), duration of response (DOR), disease 
control rate (DCR), overall survival (OS), safety, and 
pharmacokinetics.

Baseline radiological assessment was undertaken 
within 4 weeks before administration of the first dose 
of study drug. During the study, assessment of tumor 
responses was performed according to RECIST v1.1 by 
investigators using computed tomography (CT) scans 
of the locations of known disease. Magnetic resonance 
imaging was permitted to evaluate sites of disease that 
could not be adequately imaged using a CT scan. Dis-
ease evaluation was performed every 8 (± 1) weeks for 
a period up to 1 year after the start of study drug, and 
then every 12 weeks. Patients who discontinued the study 
drug before disease progression were evaluated every 
8 (± 1) weeks until disease progression was documented, 
subsequent therapy started, death, or withdrawal of con-
sent, whichever occurred first.

In the follow-up period, patients were assessed for 
survival every 8 (± 1) weeks and end-of-treatment for a 
period of up to a year after the start of study drug, then 
every 12 (± 1) weeks thereafter until death, withdrawal 
of consent, loss of follow-up, or conclusion of the study, 
whichever occurred first.

Safety was assessed based on the occurrence of adverse 
events (AEs), vital signs, electrocardiograms, echocardio-
grams, physical examinations, clinical laboratory tests, 
and ECOG PS at specified time points. All AEs were 
coded using MedDRA version 23.0, and severity was 
graded according to the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events Version 4.0 
(NCI-CTCAE v4.0). Hyperphosphatemia and AEs related 
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to nails were graded per protocol (see Supplementary 
Table S2). Complete eye examination and Amsler grid 
testing were performed at screening, the beginning of 
every new cycle, and the end of treatment. Patients with 
abnormal Amsler grid testing were referred for full oph-
thalmologic examination within 7 days.

Serum blood samples were collected pre- and post-
dose (3, 6, 24 h) on cycle 1 day 1 and 14, cycle 2 day 1, 
and pre-dose for cycle 3 and 4 day 1 for those who were 
on the 8  mg QD regimen. Those on 10  mg 7 days on/7 
days off had their blood samples collected pre- and post-
dose (3, 6, 24 h) on cycle 1 day 1 and 7 and cycle 2 day 
1. Collected plasma samples were analyzed for erdafitinib 
concentration using a liquid chromatography with tan-
dem mass spectrometry assay. An additional 4 mL blood 
sample was collected for the determination of the frac-
tion unbound and protein levels (total protein, albumin, 
and alpha-1-acid glycoprotein [AGP]) on cycle 1 day 1 at 
3 h post-dose.

Statistical analysis
Sample size considerations assumed a hypothesized ORR 
of 35% for erdafitinib 8 mg QD versus a null hypothesis of 
15% or less. Based on a one-sided type I error of 0.2, the 
study would be expected to have 72% power to reject the 
null hypothesis, with 13 patients with evaluable response. 
Hence, the enrollment of approximately 15 patients was 
planned under 8 mg QD for each planned histology sub-
type (squamous and non-squamous NSCLC) in Cohort A 
and each planned tumor type in Cohort B (urothelial 
cancer, esophageal cancer, and cholangiocarcinoma).

The efficacy analyses were primarily based on the 
treated population which consisted of all patients who 
received at least one dose of the study drug. Summaries 
of AEs and other safety data were based on 35 patients 
who received at least one dose of study drug.

ORR, DCR, and corresponding exact 95% confidence 
intervals (CIs) were calculated using the Clopper–Pear-
son method. Median and 95% CI values were estimated 
for DOR, PFS, and OS using the Kaplan–Meier method. 
All statistical analyses were performed using SAS version 
9.4 software (SAS Institute, Inc, Cary, NC). This trial is 
registered with ClinicalTrials.gov (NCT02699606).

Results
Patients
Between August 22, 2016, and November 19, 2021, 
344  patients were centrally screened for FGFR-acti-
vating mutations/rearrangement (urothelial cancer, 
esophageal cancer, NSCLC, and cholangiocarcinoma) 
or RET-activating mutations/translocations (NSCLC); 
35 were enrolled across three sites in China, three sites 
in South Korea, and four sites in Taiwan (Supplemen-
tary Figure S1). The study enrolled mostly patients with 

cholangiocarcinoma and NSCLC, except for one patient 
with esophageal cancer (a 56-year-old male patient whose 
initial diagnosis was esophageal carcinoma with meta-
static disease in the lung) who entered this trial before the 
enrollment scope changed. At the data cutoff (Novem-
ber 19, 2021) for final analysis, there were 22 treated 
patients with cholangiocarcinoma (10 [45.5%] from Tai-
wan, six [27.3%] from mainland China, and six [27.3%] 
from Korea), 12 patients with NSCLC (eight [66.7%] from 
Korea and four [33.3%] from Taiwan), and one patient 
with esophageal cancer from Korea. Of the 22 patients 
with cholangiocarcinoma, 16 (72.7%) were intrahepatic 
and five (22.7%) were extrahepatic. One (4.5%) patient 
had combined hepatocellular cholangiocarcinoma.

Patient demographics and baseline characteristics are 
summarized in Table 1. All patients with cholangiocarci-
noma, eight patients with NSCLC, and one patient with 
esophageal cancer received erdafitinib 8  mg QD; four 
patients with NSCLC received 10 mg (7 days on/7 days 
off). At the cutoff date, 10 patients with cholangiocarci-
noma completed the study; six were still on study, four 
were in survival follow-up, and two were still receiving 
treatment. Twenty patients with cholangiocarcinoma dis-
continued treatment, 19 were due to progressive disease 
and one due to death. All patients with NSCLC discon-
tinued treatment, nine due to progressive disease, two 
due to AEs, and one withdrew. The patient with esopha-
geal cancer had FGFR3-TACC3 rearrangement and had 
received prior radiotherapy, prior cancer-related surgery, 
and systemic therapy. He discontinued treatment due to 
progressive disease. The median age of the overall patient 
population was 54 years (range, 25–78); 22 (62.9%) 
patients were male and 19 (54.3%) had an ECOG PS of 1. 
All patients had stage IV disease and had received at least 
one prior systemic therapy (Table 1). Tumors harboring 
FGFR rearrangement were most frequently represented 
(cholangiocarcinoma: 14/22 [63.6%]; NSCLC: 1/12 
[8.3%]; esophageal cancer: 1/1 [100%]), followed by those 
with FGFR short variant (cholangiocarcinoma: 8/22 
[36.4%]; NSCLC: 4/12 [33.3%]). Seven (58.3%) patients 
with NSCLC had RET rearrangement.

Efficacy
All 35 patients were included in the efficacy analysis. The 
median treatment duration for all patients was 3.8 (range, 
0.5–35.6) months (cholangiocarcinoma: 6.2 [range, 
1.5–35.6] months; NSCLC: 1.7 [range, 0.5–9.4] months; 
esophageal cancer: treatment duration was 10.4 months).

The confirmed investigator-assessed ORR was 40.9% 
(95% CI, 20.7–63.6) for all patients with cholangiocar-
cinoma (Table  2); one (4.5%) patient achieved com-
plete response (CR) and eight (36.4%) achieved partial 
response (PR). ORR for those with FGFR rearrange-
ment was 57.1% (95% CI, 28.9–82.3) and 12.5% (95% CI, 
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0.3–52.7) for those with FGFR short variant. Median 
DOR was 7.3 (range, 3.7–17.5) months (Fig.  1a). The 
waterfall plot showing the sum of target lesion size is pre-
sented in Fig. 1b. The median PFS was 5.6 months (95% 
CI, 3.6–12.7) and median OS was 25.8 months (95% CI, 
9.9–not estimable [NE]) (Fig.  2). Based on the efficacy 
results, the primary endpoint of the cholangiocarcinoma 
group was met as the ORR lower boundary of the CI was 
more than 15%.

No patients with NSCLC achieved CR or PR (Table 2). 
The DCR was 25.0% (95% CI, 5.5–57.2%). The median 
PFS was 1.8 months (95% CI, 0.8–1.9; Fig. 3a). No death 
was captured, and median OS was NE (Fig.  3b). Three 
patients with NSCLC achieved stable disease and two 

experienced tumor shrinkage of more than − 20% (Sup-
plementary Figure S2).

PR was achieved for the single case of esophageal can-
cer; PFS was 10.2 months and DOR was 8.5 months.

Safety
All patients experienced at least one treatment-emergent 
AE (TEAE), and grade ≥ 3 TEAEs were reported in 22 
(62.9%) patients (Table  3). Serious AEs occurred in 16 
(45.7%) patients, which were drug related for three (8.6%). 
The three drug-related serious AEs (pneumonia, alanine 
aminotransferase increased, rash erythematous) led to 
dose interruption and were eventually resolved. Hyper-
phosphatemia was the most frequently reported TEAE 

Table 1  Summary of patient demographics and baseline characteristics
Analysis set: treated 
cholangiocarcinoma 
patients

Analysis set: treated NSCLC patients All 
treateda

8 mg (QD) 8 mg (QD) 10 mg (7 days on/7 
days off)

Total

N 22 8 4 12 35
Age, median (range), years 51.5 (29; 69) 53 (25; 69) 64 (54; 78) 54 (25; 78) 54 (25; 78)
Sex
  Male 13 (59.1%) 5 (62.5%) 3 (75.0%) 8 (66.7%) 22 (62.9%)
  Female 9 (40.9%) 3 (37.5%) 1 (25.0%) 4 (33.3%) 13 (37.1%)
Genetic aberrations
  FGFR rearrangement 14 (63.6%) 1 (12.5%) 0 1 (8.3%) 16 (45.7%)
  FGFR short variant 8 (36.4%) 2 (25.0%) 2 (50.0%) 4 (33.3%) 12 (34.3%)
  RET rearrangement 0 5 (62.5%) 2 (50.0%) 7 (58.3%) 7 (20.0%)
Histology
  Adenocarcinoma 20 (90.9%) 6 (75.0%) 2 (50.0%) 8 (66.7%) 28 (80.0%)
  Squamous cell carcinoma 0 1 (12.5%) 1 (25.0%) 2 (16.7%) 3 (8.6%)
  Other 2 (9.1%) 1 (12.5%) 1 (25.0%) 2 (16.7%) 4 (11.4%)
Cancer stage at study entry
  IV 22 (100.0%) 8 (100.0%) 4 (100.0%) 12 (100.0%) 35 

(100.0%)
Locations of metastatic disease at study 
entry
  Bone 1 (4.5%) 1 (12.5%) 0 1 (8.3%) 2 (5.7%)
  Brain 0 1 (12.5%) 0 1 (8.3%) 1 (2.9%)
  Liver 8 (36.4%) 0 1 (25.0%) 1 (8.3%) 9 (25.7%)
  Lung 8 (36.4%) 2 (25.0%) 0 2 (16.7%) 11 (31.4%)
  Other 5 (22.7%) 4 (50.0%) 3 (75.0%) 7 (58.3%) 12 (34.3%)
Prior systemic therapy
  Biological agents 1 (4.5%) 1 (12.5%) 0 1 (8.3%) 2 (5.7%)
  Chemotherapy 22 (100.0%) 8 (100.0%) 4 (100.0%) 12 (100.0%) 35 (100%)
  Immunotherapy 0 2 (25.0%) 1 (25.0%) 3 (25.0%) 3 (8.6%)
ECOG PS
  0 12 (54.5%) 4 (50.0%) 0 4 (33.3%) 16 (45.7%)
  1 10 (45.5%) 4 (50.0%) 4 (100.0%) 8 (66.7%) 19 (54.3%)
Note: Data are n (%) unless otherwise stated. Percentages are calculated with the number of patients with non-missing values of each parameter of each group as 
the denominator

ECOG PS, Eastern Cooperative Oncology Group performance status; FGFR, fibroblast growth factor receptor; NSCLC, non-small cell lung cancer; QD, once daily; RET, 
RET proto-oncogene
aIncludes the only metastatic esophageal cancer patient, a 56-year-old male with FGFR3 rearrangement. He received prior radiotherapy, prior cancer-related surgery, 
and systemic therapy before study treatment
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(n = 30, 85.7%). There were 35 cases of prolonged hyper-
phosphatemia, eight had phosphate levels of ≥ 5.5 mg/dL 
for > 1 month, and only one had anemia which was con-
sidered a potential sequalae of prolonged hyperphospha-
temia. Other TEAEs that occurred with a frequency of 
≥ 30% were dry mouth (n = 18, 51.4%), stomatitis (n = 17, 
48.6%), alanine aminotransferase increased (n = 16, 
45.7%), aspartate aminotransferase increased (n = 15, 
42.9%), diarrhea (n = 13, 37.1%), decreased appetite 
(n = 12, 34.3%), dry skin (n = 12, 34.3%), and constipation 
(n = 11, 31.4%). TEAEs related to erdafitinib were man-
aged by dose interruptions, dose reductions, and sup-
portive care.

Drug-related TEAEs were reported for 33 (94.3%) 
patients. The most frequently occurring drug-related 
TEAEs were hyperphosphatemia (n = 30, 85.7%), fol-
lowed by dry mouth (n = 18, 51.4%) and stomatitis (n = 17, 
48.6%) (Supplementary Table S3). Grade ≥ 3 drug-related 
TEAEs were reported in 13 (37.1%) patients. Detachment 
of retinal pigment epithelium was reported in one patient 

on erdafitinib 8 mg QD and was the only TEAE of special 
interest.

TEAEs leading to dose reduction occurred in 
19  (54.3%)  patients, with nail disorder (n = 4, 11.4%), 
hyperphosphatemia (n = 4, 11.4%), and stomatitis (n = 4, 
11.4%) most commonly reported; 18 were considered 
related to erdafitinib. TEAEs leading to treatment dis-
continuation occurred in two (5.7%, arthralgia and rash 
erythematous) patients and were considered related to 
treatment. One (2.9%) patient died due to an AE (sepsis), 
which was considered not related to erdafitinib.

Pharmacokinetics
Mean plasma concentrations of erdafitinib were mea-
sured for both 8 mg QD and 10 mg 7 days on/7 days off 
regimens (Supplementary Table S4). For those on the 
8  mg QD dosing schedule, at 3 and 6  h post-dose, cor-
responding approximately to the maximum serum con-
centration, the concentrations were 354 and 340 ng/mL, 
respectively, on cycle 1 day 1, and were 1,026 and 1,007 

Table 2  Investigator-assessed efficacy data by tumor type
Cholangiocarcinomaa NSCLC
FGFR rearrangement FGFR short variant Total 8 mg (QD) 10 mg (7 days on/7 days off) Total

Analysis set: treated patients 14 8 22 8 4 12
Objective response rateb

95% CIc
8 (57.1)
(28.9–82.3)

1 (12.5)
(0.3–52.7)

9 (40.9)
(20.7–63.6)

0
NE

0
NE

0
NE

Disease control rated

95% CIc
14 (100.0)
(76.8–100.0)

4 (50.0)
(15.7–84.3)

18 (81.8)
(59.7–94.8)

2 (25.0)
(3.2–65.1)

1 (25.0)
(0.6–80.6)

3 (25.0)
(5.5–57.2)

Best overall response
  Complete response
  Partial response
  Stable disease
  Progressive disease
  Not evaluable

1 (7.1)
7 (50.0)
6 (42.9)
0
0

0
1 (12.5)
3 (37.5)
4 (50.0)
0

1 (4.5)
8 (36.4)
9 (40.9)
4 (18.2)
0

0
0
2 (25.0)
6 (75.0)
0

0
0
1 (25.0)
2 (50.0)
1 (25.0)

0
0
3 (25.0)
8 (66.7)
1 (8.3)

PFSe

  Median, months
  95% CI

12.5
(3.7–16.6)

2.7
(1.7–5.5)

5.6
(3.6–12.7)

1.6
(0.72–NE)

1.9
(1.8–NE)

1.8
(0.8–1.9)

  6-month PFS rate, %
  95% CI

71
(41–88)

0
(NE–NE)

45
(24–64)

0
(NE–NE)

33
(< 1–77)

11
(< 1–37)

  12-month PFS rate, %
  95% CI

57
(28–78)

0
(NE–NE)

36
(17–56)

0
(NE–NE)

0
(NE–NE)

0
(NE–NE)

OSe

  Median, months
  95% CI
  6-month OS rate, %
  95% CI
  12-month OS rate, %
  95% CI

40.2
(12.4–NE)
100
(100–100)
85
(51–96)

13.8
(4.9–NE)
60
(13–88)
60
(13–88)

25.8
(9.9–NE)
89
(62–97)
77
(50–91)

NE
(NE–NE)
100
(100–100)
NE
(NE–NE)

NE
(NE–NE)
100
(100–100)
NE
(NE–NE)

NE
(NE–NE)
100
(100–100)
NE
(NE–NE)

Note: Data are n (%) unless otherwise stated. Complete response and partial response must be confirmed by repeat assessments ≥ 4 weeks from the initial 
observation. For a response to qualify as stable disease, follow-up measurements must have met the stable disease criteria at least once at a minimum interval not 
less than 6 weeks after the first dose of study agent

CI, confidence interval; FGFR, fibroblast growth factor receptor; NE, not estimable; NSCLC, non-small cell lung cancer; PFS, progression-free survival; OS, overall 
survival; QD, once daily
aAll patients with cholangiocarcinoma received erdafitinib 8 mg QD. bObjective response rate is defined as patients with complete response or partial response 
to treatment. c95% CI is based on the Clopper–Pearson method. dDisease control rate is defined as patients with complete response, partial response, and stable 
disease after treatment. eBased on Kaplan–Meier estimate

The treated esophageal cancer patient not listed in this table achieved partial response. Investigator-assessed PFS was 10.2 months. Survival time was more than 
10.4 months
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ng/mL, respectively, on cycle 1  day 14. In the 10  mg 7 
days on/7 days off regimen, the mean plasma concen-
trations of erdafitinib at 3 and 6  h post-dose were 355 
and 407 ng/mL, respectively, on cycle 1 day 1, and were 
1,371 and 1,433 ng/mL, respectively, on cycle 1  day  7 
for those remaining on the treatment regimen. Mean 
fraction of erdafitinib unbound to plasma protein was 
0.325 ± 0.157%; the corresponding mean AGP concentra-
tion was 78.0 ± 47.4 mg/dL.

Discussion
This study assessed the efficacy and safety of the selec-
tive pan-FGFR inhibitor erdafitinib in Asian patients with 
advanced cholangiocarcinoma, NSCLC, and esophageal 
cancer. Objective responses were seen in nine (40.9%) 
patients with cholangiocarcinoma, with one and eight 
CR and PRs, respectively. Tumor shrinkage was observed 
in more than 50% of all patients with cholangiocar-
cinoma. Notably, ORR was higher among those with 
FGFR rearrangement than short variant. However, no 
objective responses were documented in patients with 
NSCLC, including those with RET alterations, with three 
(25%) patients experiencing disease stabilization as best 

Fig. 1  a) Swim lane plot for treatment duration and response and b) maximal percentage reduction of sum of target lesion diameters from baseline for 
CCA (N = 22)
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response. Promising antitumor activity was also observed 
in esophageal cancer as the only patient with this disease 
enrolled in this study achieved PR as best response. Most 
of the TEAEs and drug-related TEAEs were generally of 
grade 1 or 2 in severity and were manageable by adequate 
dose modification. There were no treatment-related 
deaths due to TEAEs recorded.

Cross-trial comparisons should be interpreted with 
caution given the differences in study design, dosing 
schedules, and patient populations enrolled. In phase I 
and II studies of other FGFR inhibitors [10, 12, 13, 29], 

pemigatinib ORR was 35.5% (95% CI, 26.5–45.4), infigra-
tinib ORR was 23.1% (95% CI, 15.6–32.2), and futibatinib 
was 41.7% (95% CI, 32.1–51.9) [10, 12, 29]. However, the 
lower ORR observed in some of these studies could be 
attributed to the larger proportion of heavily pretreated 
patients enrolled [10, 12]. In terms of survival outcomes, 
among patients receiving erdafitinib, the median PFS was 
5.6 months (95% CI, 3.6–12.7) and the median OS was 
25.8 months (95% CI, 9.9–NE). However, the OS results 
should be interpreted with caution as six patients were 
lost to follow-up following disease progression and were 

Fig. 2  Kaplan–Meier plots for a) progression-free survival and b) overall survival in patients with cholangiocarcinoma. The symbols on the curve repre-
sent censoring
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censored in the OS curve (Fig.  2b). In other advanced/
metastatic FGFR2 fusion or rearrangement-positive chol-
angiocarcinoma studies, pemigatinib reported a median 
PFS of 6.9 months (95% CI, 6.2–9.6) and OS of 21.1 
months (95% CI, 14.8–NE) [10], infigratinib reported 
a median PFS of 7.3 months (95% CI, 5.6 − 7.6) and OS 
of 12.2 months (95% CI, 10.7 − 14.9) [12], and futiba-
tinib reported a median PFS of 5.1 months (95% CI, 
3.7–9.0) [13]. Of note, ORR in the current erdafitinib 
study was relatively higher than an earlier phase I study 
for advanced cholangiocarcinoma (40.9% vs. 27.0%), in 
which the majority (n = 10/11) of patients were treated 

with an intermittent schedule of erdafitinib 10  mg for 
7 days on/7 days off [30].

RET-rearranged NSCLC patients were included in this 
study based on pre-clinical evidence that erdafitinib, a 
small molecular kinase inhibitor, displayed high selectiv-
ity with a binding affinity of 1.88 nM to RET, lower than 
the binding affinity with the four different members of 
FGFR (unpublished data). Given that RET rearrangement 
is a driver alteration in lung adenocarcinoma [31], occur-
ring in approximately 1–2% of NSCLC [32], they were 
included as an eligible molecular biomarker in our study. 
However, no patients in the NSCLC cohort achieved 

Fig. 3  a) Kaplan–Meier plots for progression-free survival and b) overall survival in patients with NSCLC. The symbols on the curve represent censoring

 



Page 10 of 13Park et al. BMC Cancer         (2024) 24:1006 

CR or PR. This result could be partially explained by 
the diverse biomarker profile of patients recruited in 
the study (seven RET fusions, four FGFR mutations, 
and one FGFR3 fusion) and the biological complexity of 
lung adenocarcinoma, which makes up the majority of 
the NSCLC cohort. Conversely, in the RAGNAR study, 
interim results showed that responses were reported in 
both FGFR1–4-altered squamous (n = 3/11, 27.3%) and 
non-squamous (n = 1/7, 14.3%) NSCLC who were treated 
with erdafitinib [27], suggesting that FGFR inhibitors 
may have a role to play in NSCLC.

Our findings are intriguing in the single male patient 
with esophageal cancer who had received prior systemic 
therapy. There is little previously reported evidence on 
the clinical benefit of FGFR inhibitors in esophageal 
cancer. Further studies are warranted given that FGFR1 
overexpression has been implicated in the poor progno-
sis of esophageal squamous cell carcinoma [19].

Although limited by sample size, our pharmacoki-
netic analysis of erdafitinib in Asian patients suggested 
that plasma concentrations were similar to those from 

an earlier phase I trial of erdafitinib in patients with 
advanced solid tumors at corresponding time points [30]. 
This trend was also generally similar to that of an ear-
lier study in Japanese patients where the time taken for 
erdafitinib to reach maximum concentration was around 
2–3  h after the first dose on day 1 and 2–6  h in subse-
quent daily doses [33]. The time to maximum concentra-
tion in Caucasian adult patients from the United States 
and Europe was between 2 and 4 h with a long half-life 
ranging from 50 to 60 h [34].

The safety profile of erdafitinib was acceptable and 
consistent with previous observations in non-Asian 
populations, with no unexpected safety signals identi-
fied in either dosing regimens [25–27, 30]. In this study, 
all patients experienced TEAEs, of which 62.9% were 
grade ≥ 3 in severity. Hyperphosphatemia and gastroin-
testinal toxicity were the most common TEAEs, the for-
mer is a known on-target toxicity of FGFR inhibitors [4, 
30, 35]. Drug-related TEAEs were reported in 94.3% of 
patients, 37.1% of which were grade ≥ 3 in severity. These 
rates were generally consistent with an earlier phase I 

Table 3  TEAEs for the total population
Summary of TEAEs 8 mg (QD) 10 mg (7 days on/7 days off) Total
Analysis set: treated patients 31 4 35
Any AE 31 (100.0) 4 (100.0) 35 (100.0)
  Grade 3 or worse 20 (64.5) 2 (50.0) 22 (62.9)
Any drug-relateda AE 31 (100.0) 2 (50.0) 33 (94.3)
  Grade 3 or worse 13 (41.9) 0 13 (37.1)
Any serious AE 15 (48.4) 1 (25.0) 16 (45.7)
  Drug-relateda 3 (9.7) 0 3 (8.6)
AE leading to treatment discontinuation 2 (6.5) 0 2 (5.7)
AE leading to treatment interruption 28 (90.3) 2 (50.0) 30 (85.7)
AE leading to treatment reduction 19 (61.3) 0 19 (54.3)
AE leading to death 1 (3.2) 0 1 (2.9)
TEAEs occurring in ≥ 20% of patients (all grades) by preferred term
  Hyperphosphatemia 29 (93.5) 1 (25.0) 30 (85.7)
  Decreased appetite 10 (32.3) 2 (50.0) 12 (34.3)
  Dry mouth 18 (58.1) 0 18 (51.4)
  Stomatitis 16 (51.6) 1 (25.0) 17 (48.6)
  Diarrhea 12 (38.7) 1 (25.0) 13 (37.1)
  Constipation 10 (32.3) 1 (25.0) 11 (31.4)
  Dry skin 12 (38.7) 0 12 (34.3)
  Nail discoloration 9 (29.0) 1 (25.0) 10 (28.6)
  Nail loss 7 (22.6) 2 (50.0) 9 (25.7)
  Palmar-plantar erythrodysesthesia syndrome 7 (22.6) 0 7 (20.0)
  Paronychia 6 (19.4) 1 (25.0) 7 (20.0)
  Alanine aminotransferase increased 15 (48.4) 1 (25.0) 16 (45.7)
  Aspartate aminotransferase increased 14 (45.2) 1 (25.0) 15 (42.9)
  Dry eye 8 (25.8) 0 8 (22.9)
  Dysgeusia 7 (22.6) 0 7 (20.0)
Note: Data are n (%). Percentages calculated with the number of patients in the all-treated population of each group as the denominator. Recurring events are 
counted only once for each patient

AE, adverse event; QD, once daily; TEAE, treatment-emergent adverse event
aAdverse events reported as possible, probable, or very likely related to the study drug are classified as related
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trial of erdafitinib in patients with advanced solid tumors 
[30]. The safety profile of erdafitinib was also comparable 
to that of other selective FGFR inhibitors in solid tumors 
[12, 13, 35, 36].

This is the first study on erdafitinib to enroll patients 
from East Asia, providing valuable insights on Asian 
patients with FGFR-altered advanced solid tumors out-
side of urothelial carcinoma. The limitations of this study 
include the limited sample size in each tumor cohort and 
the open-label, single-arm study design. The responses 
and safety profile observed in each of the present tumor 
cohorts need to be verified in larger populations and in 
randomized controlled studies. The small sample size 
also made it difficult to assess treatment efficacy among 
different FGFR alterations. However, in the RAGNAR 
study, comparable efficacy was achieved with erdafitinib 
regardless of the type of FGFR alterations in advanced 
solid tumors [27]. It was also not possible to determine 
the degree of antitumor activity based on the location of 
the tumor in cholangiocarcinoma, given that the marked 
difference in characteristics between intrahepatic and 
extrahepatic tumors could be associated with different 
treatment outcomes.

Conclusion
In conclusion, erdafitinib was well tolerated with a man-
ageable safety profile in patients with advanced solid 
tumors. Erdafitinib also showed promising efficacy in 
the select advanced solid tumors, and particularly had 
a durable effect in Asian patients with advanced FGFR-
altered cholangiocarcinoma. These data support the con-
tinued evaluation of erdafitinib in patients with advanced 
solid tumors and FGFR aberrations in the ongoing multi-
national phase II RAGNAR study.
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