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BACKGROUND
Alterations in the gene encoding fibroblast growth factor receptor (FGFR) are common 
in urothelial carcinoma and may be associated with lower sensitivity to immune interven-
tions. Erdafitinib, a tyrosine kinase inhibitor of FGFR1–4, has shown antitumor activity 
in preclinical models and in a phase 1 study involving patients with FGFR alterations.

METHODS
In this open-label, phase 2 study, we enrolled patients who had locally advanced and 
unresectable or metastatic urothelial carcinoma with prespecified FGFR alterations. All 
the patients had a history of disease progression during or after at least one course of 
chemotherapy or within 12 months after neoadjuvant or adjuvant chemotherapy. Prior 
immunotherapy was allowed. We initially randomly assigned the patients to receive 
erdafitinib in either an intermittent or a continuous regimen in the dose-selection 
phase of the study. On the basis of an interim analysis, the starting dose was set at 
8 mg per day in a continuous regimen (selected-regimen group), with provision for a 
pharmacodynamically guided dose escalation to 9 mg. The primary end point was the 
objective response rate. Key secondary end points included progression-free survival, 
duration of response, and overall survival.

RESULTS
A total of 99 patients in the selected-regimen group received a median of five cycles of 
erdafitinib. Of these patients, 43% had received at least two previous courses of treat-
ment, 79% had visceral metastases, and 53% had a creatinine clearance of less than 
60 ml per minute. The rate of confirmed response to erdafitinib therapy was 40% (3% 
with a complete response and 37% with a partial response). Among the 22 patients 
who had undergone previous immunotherapy, the confirmed response rate was 59%. 
The median duration of progression-free survival was 5.5 months, and the median 
duration of overall survival was 13.8 months. Treatment-related adverse events of grade 
3 or higher, which were managed mainly by dose adjustments, were reported in 46% 
of the patients; 13% of the patients discontinued treatment because of adverse events. 
There were no treatment-related deaths.

CONCLUSIONS
The use of erdafitinib was associated with an objective tumor response in 40% of 
previously treated patients who had locally advanced and unresectable or metastatic 
urothelial carcinoma with FGFR alterations. Treatment-related grade 3 or higher adverse 
events were reported in nearly half the patients. (Funded by Janssen Research and 
Development; BLC2001 ClinicalTrials.gov number, NCT02365597.)
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Historically, treatment for pa-
tients with locally advanced and unresect-
able or metastatic urothelial carcinoma 

with second-line, single-agent chemotherapy with 
taxanes or vinflunine has resulted in an objec-
tive response rate of approximately 10% and a 
median overall survival of 7 to 9 months.1-3 New 
agents such as the immune checkpoint inhibi-
tors provide clinical benefit in some patients, 
with response rates of 13 to 21%4-8 and improved 
survival (10.3 months) in one study.5

Gene-expression profiling suggests that uro-
thelial carcinoma can be classified into several 
different subtypes,9,10 which have distinct prog-
noses and benefit differently from chemotherapy11 
or immunotherapy.8,12 The luminal I subtype, 
which has been associated with a poor response 
to immune checkpoint inhibitors,8,12 has shown 
a relatively lower immune signature (the pattern 
of gene expression associated with immune re-
sponse) and lower expression of programmed 
death ligand 1 (PD-L1) on tumor and infiltrating 
immune cells13,14 than other subtypes and has a 
higher percentage of mutations in the gene en-
coding fibroblast growth factor receptor (FGFR).13

FGFRs induce signaling through networks 
that regulate cell proliferation, survival, migra-
tion, and differentiation.15 Mutations and fusions 
in FGFR2/3 are common in patients with urothe-
lial carcinoma, particularly in the luminal I sub-
type, and can cause constitutive FGFR signaling 
that may contribute to carcinogenesis.15 As many 
as 20% of patients with advanced urothelial car-
cinoma have FGFR alterations,16 and such muta-
tions are even more frequent (37%) in patients 
with upper tract urothelial carcinoma.17 Thus, 
FGFR inhibition may be particularly appropriate 
in patients with luminal I subtype disease, in 
which immunotherapeutic approaches may be 
less effective.

Erdafitinib (JNJ-42756493), which was dis-
covered by Janssen in collaboration with Astex 
Pharmaceuticals, is a potent tyrosine kinase 
inhibitor of FGFR1–4. The drug has shown anti-
tumor activity in preclinical models of different 
solid tumors18 and in a phase 1 study involving 
patients with urothelial carcinoma and other 
tumor types with FGFR alterations.19-22 We initi-
ated an uncontrolled, multicenter, open-label, 
phase 2 study (BLC2001) to assess the response 
in patients with locally advanced and unresect-
able or metastatic urothelial carcinoma with FGFR 
alterations.

Me thods

Study Design and Oversight

This ongoing study that included 126 sites in 14 
countries was designed by the sponsor, Janssen 
Research and Development, with input from the 
first and last authors. Review boards at all par-
ticipating institutions approved the study, which 
is being conducted in accordance with current 
Good Clinical Practice guidelines of the Interna-
tional Conference on Harmonisation, applicable 
regulatory and country-specific requirements, 
and the principles of the Declaration of Helsinki. 
All the patients have provided written informed 
consent.

A data review committee was commissioned 
by the sponsor to conduct interim analyses, mon-
itor safety, review efficacy, and make recommen-
dations regarding study conduct. Data for this 
report were transcribed by study personnel at 
each site from source documents into sponsor-
prepared electronic case-report forms. All the 
authors assume responsibility for the complete-
ness and accuracy of the data and for the fidel-
ity of the study to the protocol (available with 
the full text of this article at NEJM.org). The first 
and last authors developed the first draft of the 
manuscript with editorial assistance funded by 
the sponsor. All the authors had full access to 
and participated in the interpretation of the data 
and reviewed and approved the manuscript be-
fore submission for publication.

Patients

All the patients who were enrolled in the study 
had locally advanced and unresectable or meta-
static urothelial carcinoma with measurable dis-
ease, according to the Response Evaluation Cri-
teria in Solid Tumors (RECIST), version 1.1.23 
The patients were required to have at least one 
FGFR3 mutation or FGFR2/3 fusion, as listed in a 
prespecified panel, according to the results of 
testing in a central laboratory. There was no 
specific selection of patients with any particular 
fusion or mutation on the list. We assessed RNA 
from formalin-fixed, paraffin-embedded tumor 
samples using a custom reverse-transcriptase–
polymerase-chain-reaction assay, which is being 
developed as a companion diagnostic test (Qiagen).

Patients were also required to have a history 
of disease progression during or after at least 
one course of previous systemic chemotherapy 
or within 12 months after receiving neoadjuvant 
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or adjuvant chemotherapy. Patients who had re-
ceived no previous chemotherapy could partici-
pate if they were ineligible to receive cisplatin, 
according to protocol criteria of the presence of 
a glomerular filtration rate of less than 60 ml 
per minute per 1.73 m2 of body-surface area dur-
ing 24-hour urine measurement or as calculated 
by the Cockcroft–Gault equation or the presence 
of peripheral neuropathy of grade 2 or higher, 
according to the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events, 
version 4.0. All the patients were required to 
have a performance-status score of 2 or less on 
the Eastern Cooperative Oncology Group (ECOG) 
scale, which ranges from 0 (no disability) to 5 
(death). There was no limit on the number of 
previous courses of treatment or on the previous 
receipt of immunotherapy (e.g., treatment with 
an immune checkpoint inhibitor).

Patients were required to have adequate bone 
marrow, liver, and kidney function (creatinine 
clearance, ≥40 ml per minute). Patients with 
phosphate levels persistently above the upper 
limit of the normal range despite medical man-
agement, uncontrolled cardiovascular disease, 
brain metastases, known hepatitis B or C infec-
tion, or known infection with the human immu-
nodeficiency virus were excluded.

Treatment

At the time of study initiation, we randomly as-
signed patients in a 1:1 ratio to receive 28-day 
cycles of oral erdafitinib according to either an 
intermittent regimen (10 mg per day, with daily 
administration for 7 days and off for 7 days) or 
a continuous regimen (6 mg per day) until a 
regimen could be selected for further study (dose-
selection phase) (Fig. S1 in the Supplementary 
Appendix, available at NEJM.org). Randomization 
was stratified according to the ECOG perfor-
mance-status score (0 or 1 vs. 2), hemoglobin 
value (<10 g per deciliter vs. ≥10 g per deciliter), 
FGFR alteration type (mutation vs. fusion), previ-
ous treatment status (chemotherapy resistance vs. 
no previous chemotherapy), and disease distribu-
tion (presence vs. absence of liver, lung, or bone 
metastases). The selection of the starting dose 
was based on the efficacy and profile of treat-
ment-related adverse events in a phase 1 study 
(see the Background section in the Supplemen-
tary Appendix).

A planned interim analysis of safety and ef-
ficacy was performed in June and July 2016. On 

the basis of observed data at that time and on 
pharmacokinetic and pharmacodynamic model-
ing of serum phosphate levels (a biomarker of 
FGFR inhibition), further enrollment to the in-
termittent-regimen group was halted. On August 
9, 2016, the protocol was amended to increase 
the starting dose to 8 mg per day in a continu-
ous regimen, thereby converting the study to a 
single-group analysis. The amendment further 
specified that on day 14, in patients with no 
adverse events that were considered by the inves-
tigator to be related to treatment, the daily dose 
of erdafitinib could be escalated to 9 mg with 
the use of a pharmacodynamically guided ap-
proach if the patients had not reached the target 
phosphate level of 5.5 mg per deciliter (1.8 mmol 
per liter), a level that had been associated with 
an improved response rate in the phase 1 study 
(see the Background section in the Supplemen-
tary Appendix). The patients continued to receive 
8 mg once daily if their serum phosphate levels 
on day 14 were within the target range of 5.5 to 
less than 7.0 mg per deciliter (2.3 mmol per liter).

The treatment with erdafitinib continued until 
disease progression or unacceptable adverse events, 
as determined by the investigator. Patients who 
had investigator-assessed disease progression 
could continue to receive erdafitinib at the dis-
cretion of the investigator and the sponsor. 
Prophylactic measures to prevent adverse events 
are described in the Methods section in the 
Supplementary Appendix.

Assessments

We used RECIST to assess patients for efficacy 
using computed tomography or magnetic reso-
nance imaging of the chest, abdomen, and pel-
vis once every 6 weeks for the first 3 months, 
once every 12 weeks for the next 9 months, and 
then once every 4 to 6 months until disease pro-
gression. All objective responses required confir-
mation by an additional scan within 4 to 6 weeks 
after the first assessment. All disease evalua-
tions in the selected-regimen group were also 
evaluated by an independent radiologic review 
committee. Patients were contacted every 12 weeks 
for survival assessment.

We evaluated safety using the results of clini-
cal laboratory testing, physical examination, 
electrocardiography, and ophthalmologic exami-
nation. Adverse events and abnormalities were 
assessed by the investigators and graded accord-
ing to the National Cancer Institute criteria.
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End Points

The primary end point was the confirmed re-
sponse rate among patients treated with the se-
lected regimen. Secondary end points were pro-
gression-free survival, response duration, overall 
survival, safety, response rate in biomarker-specific 
subgroups, and pharmacokinetics. (Details re-
garding secondary end points are provided in the 
Methods section in the Supplementary Appendix.)

Statistical Analysis

The study was designed to enroll approximately 
180 patients with prespecified FGFR alterations. 
Of these patients, at least 88 were required to 
receive the selected regimen. The primary hy-
pothesis was that the objective response rate to 
a daily regimen of 8 mg or 9 mg of erdafitinib 
would be more than 25%. The study had a 
power of 85% to reject the null hypothesis that 
the response rate was 25% or less, at a one-sided 
alpha level of 0.025, if the true response rate was 
42%. We used the Kaplan–Meier method to esti-
mate progression-free survival and overall sur-
vival. Data for patients who were progression-free 
and alive or with unknown status were censored 
at the time of the last tumor assessment. Effi-
cacy end points were analyzed at the cutoff date 
for the primary analysis.

R esult s

Patients

Between May 25, 2015, and March 15, 2018, we 
assessed 2214 patients for eligibility (Fig. S1 in 
the Supplementary Appendix). Of 210 eligible 
patients, 33 were randomly assigned to the inter-
mittent regimen and 78 to the continuous regi-
men. After amendment of the protocol on Au-
gust 9, 2016, we assigned 99 patients to the 
selected-regimen group.

On March 15, 2018 (the cutoff date for the 
primary analysis), and after 40 deaths, the me-
dian follow-up duration for survival was 11.0 
months (interquartile range, 0.7 to 17.4; 95% 
confidence interval [CI], 9.1 to 12.2) among the 
patients in the selected-regimen group. The me-
dian number of monthly cycles of erdafitinib 
was 5 (range, 1 to 18); the median treatment 
duration was 5.3 months. Of the 99 patients, 41 
had an escalation in the daily dose of erdafitinib 
to 9 mg; 13 patients continued treatment for at 
least 4 weeks after disease progression, accord-
ing to the protocol.

The demographic and clinical characteristics 
of the patients at baseline in the selected-regi-
men group are listed in Table 1, and in Table S1 
in the Supplementary Appendix. The baseline 
characteristics of the patients who were treated 
during the randomized phase of the study are 
listed in Table S2 and the Results section in the 
Supplementary Appendix.

Across all regimens, 184 patients had previ-
ously received first-line platinum-based chemo-
therapy, 83 had received second-line chemother-
apy, and 24 had received third-line chemotherapy 
before study enrollment. Across all regimens, 
the best response rates according to investiga-
tors’ assessments were 35% (33 of 94 patients) 
among those who had received first-line gem-
citabine plus cisplatin; 25% (15 of 59 patients) 
among those who had received first-line gem-
citabine plus carboplatin; 23% (5 of 22 patients) 

Characteristic Value

Age — yr

Median 68

Range 36–87

ECOG performance-status score — no. (%)†

0 50 (51)

1 42 (42)

2 7 (7)

Treatment history — no. (%)

Progression or relapse after chemotherapy 87 (88)

No previous chemotherapy 12 (12)

Progression or relapse after immunotherapy 22 (22)

No. of previous treatments — no. (%)

0 11 (11)

1 45 (45)

≥2 43 (43)

Visceral metastasis — no. (%)

Present‡ 78 (79)

Absent 21 (21)

Creatinine clearance rate — no. (%)

<60 ml/min 52 (53)

≥60 ml/min 47 (47)

*  The patients in the selected-regimen group received continuous daily treat-
ment with 8 mg or 9 mg of erdafitinib until disease progression or unaccept-
able adverse events, as determined by the investigator. Percentages may not 
total 100 because of rounding.

†  Scores on the Eastern Cooperative Oncology Group (ECOG) scale range from 
0 (no disability) to 5 (death).

‡  Patients could have more than one site of visceral metastasis.

Table 1. Demographic and Clinical Characteristics of the 99 Patients  
in the Selected-Regimen Group at Baseline.*
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among those who had received first-line metho-
trexate, vinblastine, doxorubicin, and cisplatin 
(MVAC); 17% (8 of 46 patients) among those 
who had received second-line docetaxel, vinflu-
nine, or paclitaxel; and 15% (3 of 20 patients) 
among those who had received third-line 
docetaxel, vinflunine, or paclitaxel.

Primary End Point

In the selected-regimen group, the confirmed 
response rate was 40% (95% CI, 31 to 50), ac-
cording to investigator assessment; the median 
time until the first assessment of a confirmed 
response was 1.4 months (Table 2). Because the 
lower boundary of the confidence interval was 
more than 25%, the primary end point was 
achieved. An additional 39 patients (39%) had 
stable disease in at least one disease evaluation 
(>36 days). Two patients did not undergo any 
disease evaluation after baseline.

Response rates were similar regardless of 
previous chemotherapy, the number of previous 
courses of treatment, the presence of visceral 
metastasis, or baseline characteristics such as 
age, sex, hemoglobin level, or renal function 
(Table 2 and Fig. 1A). Of the 97 patients who 
underwent at least one disease evaluation after 
baseline, 75 (77%) had a reduction in the sum of 
target-lesion diameters, and 48 (49%) had a 
maximum tumor reduction of 30 to 100% (Fig. 
S2 in the Supplementary Appendix). The re-
sponse rate according to independent radiologic 
review was 34% (95% CI, 25 to 44), which re-
sulted in a relative discordance rate of 16% in 
the primary efficacy population. Response rates 
among the patients who received the randomized 
intermittent and continuous regimens are listed 
in Table S3 in the Supplementary Appendix.

The response rate among the 74 patients with 
FGFR mutations in the selected-regimen group 
was 49% (Table 2). An additional 26 patients 
with FGFR mutations had stable disease for a 
median of 3.7 months (range, 0 to 13.6). Re-
sponses were not affected by the presence of a 
particular mutation. Among the 25 patients with 
FGFR fusions, the response rate was 16%. The 
most common fusion was FGFR3:TACC3v1, which 
was found in 11 patients (Table S1 in the Supple-
mentary Appendix); of these patients, 4 (36%) 
had a response to treatment.

A total of 22 patients in the selected-regimen 
group had received immunotherapy before study 
enrollment (Table 1); among these patients, the 

confirmed response rate to erdafitinib was 59%. 
An exploratory analysis determined that only 1 of 
the 22 patients (5%) had a history of response to 
previous immunotherapy, according to investiga-
tors’ assessments.

Secondary End Points

Among the 99 patients in the selected-regimen 
group, the median duration of response was 5.6 
months (95% CI, 4.2 to 7.2) (Table 2). Approxi-
mately 30% of these responses were maintained 
for more than 12 months (Fig. 1B). Among the 
39 patients with stable disease, 13 (33%) had 
disease stabilization that lasted for more than 
6 months (Fig. S3 in the Supplementary Appen-
dix). At the time of data cutoff, 21% of the pa-
tients were continuing to receive erdafitinib. 
Response durations for patients in the two ran-
domized dose-investigation groups are provided 
in Table S3 in the Supplementary Appendix.

At a median follow-up of 11.2 months, the 
median duration of progression-free survival ac-
cording to investigators’ assessments was 5.5 
months (95% CI, 4.2 to 6.0) (Fig. 2A). At 12 
months, the rate of progression-free survival was 
19% (95% CI, 11 to 29). At a median follow-up 
of 11.0 months, the median duration of overall 
survival was 13.8 months (95% CI, 9.8 to not 
reached) (Fig. 2B). At 12 months, the rate of 
overall survival was 55% (95% CI, 43 to 66). The 
rates of progression-free survival and overall 
survival among patients in the randomized regi-
men groups are provided in Figure S4 and the 
Results section in the Supplementary Appendix.

Subsequent therapy was administered to 34 
patients, of whom 25% received one subsequent 
course of treatment and 9% received two subse-
quent courses; 19 patients received chemother-
apy, and 15 received immunotherapy as a first 
subsequent therapy. No patient had an objective 
response to the first subsequent course of che-
motherapy; 1 patient had a partial response to 
the first subsequent course of immunotherapy.

Safety

All 99 patients in the selected-regimen group 
reported having an adverse event of any cause 
during treatment, as determined by investigators 
(Table 3). A total of 67% of such events were of 
grade 3 or 4; 46% of the patients reported hav-
ing an adverse event of grade 3 or higher that 
was considered by investigators to be related to 
treatment (Table S6 in the Supplementary Ap-
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Variable Value Rate of Response (95% CI)

percent

Response per investigator assessment — no. of patients†

Any objective response 40 40 (31–50)

Complete response 3 3

Partial response 37 37

Stable disease 39 39

Progressive disease 18 18

Could not be evaluated or unknown 2 2

Median time to response — mo 1.4

Median duration of response (95% CI) — mo 5.6 (4.2–7.2)

Response per independent radiologic assessment — no. of patients†

Objective response 34 34 (25–44)

Complete response 3 3

Partial response 31 31

Response according to previous treatment — no./total no.

No chemotherapy 5/12 42

Progression or relapse after chemotherapy 35/87 40

Immunotherapy 13/22 59

Response according to number of previous systemic treatments  
— no./total no.

0 4/11 36 (8–65)

1 17/45 38 (24–52)

2 11/29 38 (20–56)

3 6/10 60 (30–90)

≥4 2/4 50 (1–99)

Response according to presence or absence of visceral metastasis  
— no./total no.

Present 30/78 38 (28–49)

Bone 10/21 48 (26–69)

Liver 7/20 35 (14–56)

Lung 23/57 40 (28–53)

Lymph node only 4/12 33 (7–60)

Upper tract disease‡ 10/23 43 (23–64)

Lower tract disease§ 30/76 39 (29–51)

Absent 10/21 48 (26–69)

Response according to daily dose of erdafitinib — no./total no.

8 mg 20/58 34 (22–47)

8 mg with dose escalation to 9 mg 20/41 49 (34–64)

Response according to genetic alteration — no./total no.

FGFR3 mutation 36/74 49 (37–60)

FGFR2/3 fusion 4/25 16 (2–30)

*  FGFR denotes fibroblast growth factor receptor.
†  The response in this category was confirmed on repeat imaging within 6 weeks after the initial observation of response.
‡  Upper tract disease occurred in the renal pelvis or ureter.
§  Lower tract disease occurred in the bladder, urethra, or prostatic urethra.

Table 2. Antitumor Activity of Erdafitinib in the 99 Patients in the Selected-Regimen Group.*
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604020 80 100

All patients

Age

<65 yr

≥65 yr

<75 yr

≥75 yr

Sex

Male

Female

Race

White

Other

Geographic region

United States

Other

Baseline ECOG score

0 or 1

2

Baseline hemoglobin level

<10 g/dl

≥10 g/dl

Baseline creatinine clearance

<60 ml/min

≥60 ml/min

Previous systemic therapy

None

1 Line

≥2 Lines

Immunotherapy

Patients with Response Objective Response Rate (95% CI)Subgroup

44 (29–59)
38 (24–52)

38 (28–49)

36 (8–65)

38 (25–52)

43 (28–57)

53 (28–79)

59 (39–80)

14 (0–40)
42 (32–53)

37 (27–48)

52 (31–74)

38 (4–71)

42 (31–53)

43 (30–55)

39 (29–51)

43 (23–64)

50 (26–75)

39 (28–49)

40 (31–50)

0

37 (22–52)

40/99

14/38

26/61

32/83

8/16

30/76

10/23

31/74

3/8  

11/21

29/78

39/92

1/7  

8/15

32/84

20/52

20/47

4/11

17/45

19/43

13/22

A Complete or Partial Response

B Duration and Type of Response

no./total no.

0 5 10 15 20

Months

Receipt of erdafitinib

Treatment ongoing

Treatment discontinuation

Dose escalation to 9 mg 

Confirmed complete 
or partial response 

Complete response

Partial response

Stable disease

Progressive disease
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pendix). Common adverse events of grade 3 or 
higher were hyponatremia (11%), stomatitis (10%), 
and asthenia (7%). Serious adverse events were 
reported in 39 patients (Table S4 in the Supple-
mentary Appendix). Disease progression was the 
most common reason for treatment discontinu-
ation, which occurred in 62 patients (Fig. S1 in 
the Supplementary Appendix). Thirteen patients 
discontinued treatment because of adverse events, 
including detachment of the retinal pigment 
epithelium, hand–foot syndrome, dry mouth, and 
skin or nail events (in 2 patients each). A dose 
reduction was required in 55 patients. The most 
common adverse events leading to a dose reduc-
tion were stomatitis in 16 patients and hyper-
phosphatemia in 9 patients.

Among the 41 patients who had a dose esca-
lation to 9 mg of erdafitinib per day, 24 (59%) 
required at least one dose reduction. The percent-
age of patients in the 9-mg group who had an ad-
verse event of grade 3 or higher was similar to the 
percentage who had such an event in the overall 
population (68% and 66%, respectively). Com-
mon adverse events were similar among all the 
regimens (Tables S5, S6, and S7 in the Supple-
mentary Appendix). One patient died from a myo-
cardial infarction that was considered to be un-
related to treatment. Adverse events of special 
interest or clinical importance and their manage-
ment are presented in Table S8 and the Results 
section in the Supplementary Appendix. Among 
the patients with central serous retinopathy events, 
76% of the events resolved with a dose interruption 
or reduction or with the administration of a con-
comitant medication; all unresolved events were 
of grade 1 or 2.

Discussion

This study met its primary objective, with a 40% 
confirmed response rate after continuous daily 
treatment with 8 mg or 9 mg of oral erdafitinib. 
These findings showed that among patients 
with locally advanced and unresectable or meta-
static urothelial carcinoma with certain FGFR 

Figure 2. Progression-free Survival and Overall Survival.

Shown are Kaplan–Meier curves of progression-free survival (Panel A) and 
overall survival (Panel B) after continuous daily treatment with erdafitinib 
in the selected-regimen group. The dashed horizontal line indicates the 
median duration. NR denotes not reached.
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Figure 1 (facing page). Response to Treatment, According 
to Subgroup.

Panel A shows the rate of complete or partial response 
to continuous daily treatment with erdafitinib among 
patients in the selected-regimen group, according to 
subgroup. The safety profile allowed for a dose escala-
tion from 8 mg to 9 mg of erdafitinib per day in 41 of 
the 99 patients who met target levels for serum phos-
phate. Panel B shows the duration and type of response 
in 47 patients, of whom 40 had a confirmed response 
(the primary end point) and 7 had an unconfirmed re-
sponse. All objective responses required confirmation 
by an additional scan within 6 weeks after the first as-
sessment. Race was reported by the patients. Scores 
on the Eastern Cooperative Oncology Group (ECOG) 
scale range from 0 (no disability) to 5 (death).

The New England Journal of Medicine 
Downloaded from nejm.org at INSTITUTE FOR CANCER RESEARCH on August 20, 2019. For personal use only. No other uses without permission. 

 Copyright © 2019 Massachusetts Medical Society. All rights reserved. 



n engl j med 381;4 nejm.org July 25, 2019346

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

alterations, erdafitinib had promising antitumor 
activity. The response to erdafitinib was rapid 
and independent of the number of previous 
courses and types of therapy, the presence of 
visceral metastasis, or tumor location.

Among the patients in the selected-regimen 

group, the median duration of progression-free 
survival was 5.5 months and the median dura-
tion of overall survival was 13.8 months. Included 
in this analysis were patients with visceral metas-
tasis and poor kidney function in whom multi-
ple courses of therapy had failed. As allowed in 

Adverse Event Any Grade Grade 1 Grade 2 Grade ≥3

number of patients (percent)

Hyperphosphatemia 76 (77) 53 (54) 21 (21) 2 (2)

Stomatitis 57 (58) 21 (21) 26 (26) 10 (10)

Diarrhea 50 (51) 31 (31) 15 (15) 4 (4)

Dry mouth 45 (46) 34 (34) 11 (11) 0

Decreased appetite 38 (38) 18 (18) 20 (20) 0

Dysgeusia 37 (37) 23 (23) 13 (13) 1 (1)

Fatigue 32 (32) 12 (12) 18 (18) 2 (2)

Dry skin 32 (32) 24 (24) 8 (8) 0

Alopecia 29 (29) 23 (23) 6 (6) 0

Constipation 28 (28) 19 (19) 8 (8) 1 (1)

Hand–foot syndrome 23 (23) 6 (6) 12 (12) 5 (5)

Anemia 20 (20) 9 (9) 7 (7) 4 (4)

Asthenia 20 (20) 2 (2) 11 (11) 7 (7)

Nausea 20 (20) 13 (13) 6 (6) 1 (1)

Dry eye 19 (19) 14 (14) 4 (4) 1 (1)

Onycholysis 18 (18) 6 (6) 10 (10) 2 (2)

Alanine aminotransferase in-
creased

17 (17) 13 (13) 2 (2) 2 (2)

Paronychia 17 (17) 3 (3) 11 (11) 3 (3)

Blurred vision 17 (17) 10 (10) 7 (7) 0

Nail dystrophy 16 (16) 5 (5) 5 (5) 6 (6)

Urinary tract infection 16 (16) 0 11 (11) 5 (5)

Vomiting 13 (13) 10 (10) 1 (1) 2 (2)

Hyponatremia 12 (12) 1 (1) 0 11 (11)

Hematuria 10 (10) 7 (7) 1 (1) 2 (2)

Dyspnea 8 (8) 4 (4) 2 (2) 2 (2)

Nail disorder 8 (8) 4 (4) 1 (1) 3 (3)

Acute kidney injury 6 (6) 2 (2) 2 (2) 2 (2)

Cataract 6 (6) 3 (3) 1 (1) 2 (2)

Colitis 5 (5) 1 (1) 2 (2) 2 (2)

General deterioration in physi-
cal health

5 (5) 0 1 (1) 4 (4)

Keratitis 5 (5) 0 2 (2) 3 (3)

Aphthous ulcer 4 (4) 2 (2) 0 2 (2)

Increase in γ-glutamyltransferase 3 (3) 1 (1) 0 2 (2)

Urosepsis 3 (3) 0 0 3 (3)

*  Listed are all adverse events of any cause that were reported in more than 15% of the patients, along with adverse 
events of grade 3 or higher that were reported in more than 1 patient. Serious adverse events are reported in Table S4 
in the Supplementary Appendix.

Table 3. Adverse Events in the 99 Patients in the Selected-Regimen Group.*
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the protocol, 13 patients continued to receive 
treatment after disease progression, which in-
cluded limited progression in a target lesion or 
the appearance of a small new lesion while the 
patient was assessed as having ongoing clinical 
benefit. The safety profile allowed for the con-
tinuous daily administration of 8 mg of erdafiti-
nib, with a dose escalation to 9 mg daily guided 
by the serum phosphate level. Such dose escala-
tion did not increase the severity of adverse 
events, with a similar percentage of events of 
grade 3 or higher in the two dose groups. Hy-
perphosphatemia, a known class effect of FGFR 
inhibitors,24 was reported in 77% of the pa-
tients. The frequency of hyperphosphatemia de-
creased during the course of treatment without 
long-term sequelae, a reduction that may have 
been the result of compensatory mechanisms of 
phosphorus homeostasis. Ocular events includ-
ing central serous retinopathy are known class 
effects of inhibitors of the mitogen-activated 
protein kinase pathway.24-26 Although ocular 
adverse events were common with erdafitinib 
treatment, the events were mostly mild to mod-
erate and resolved with dose interruption or 
reduction.

Patients with FGFR mutations or fusions may 
be less likely to have a response to immuno-
therapy than are those without such alterations. 
In our study, only 1 of 22 patients (5%) had a 
history of response to previous immunotherapy; 
of these patients, 59% had a response to erdafi-
tinib after failure of immunotherapy. This obser-
vation was also noted in a study of rogaratinib 
involving 10 patients, in whom 90% had a his-
tory of disease progression while receiving im-
munotherapy, whereas 30% had a response to 
rogaratinib.27

The 40% response rate to erdafitinib compares 
favorably with data from phase 1 and 2 studies of 
other FGFR inhibitors (which reported response 
rates of 0 to 25%27-30), phase 1 to 3 studies of 
immune checkpoint inhibitors (response rates of 
13 to 21%4-8), phase 1 and 1–2 studies of anti-
body–drug conjugates such as enfortumab vedo-
tin or sacituzumab govitecan (response rates of 
33 to 34%31,32), and historical data regarding 
chemotherapy (response rates of approximately 
10%1-3). Among the patients receiving erdafiti-
nib, the median survival durations and the 
12-month survival rate (55%) also compared 
favorably with those associated with pembroliz-
umab (progression-free survival, 2.1 months; 
overall survival, 10.3 months; and 12-month 
survival, 44%)5 and atezolizumab (2.1 months, 
11.1 months, and 46%, respectively).6 The me-
dian duration of overall survival was similar to 
that in phase 1 and 1–2 studies after treatment 
with enfortumab vedotin and sacituzumab go-
vitecan (12.5 months and 15.5 months, respec-
tively).31,32

In conclusion, our findings indicate that the 
pan-FGFR inhibitor erdafitinib had measurable 
benefit in patients with advanced urothelial car-
cinoma with FGFR alterations.
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