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Abstract: Background  Erdafitinib, a pan-fibroblast growth factor receptor (FGFR) kinase
inhibitor, was effective and tolerable in patients with advanced urothelial carcinoma
and prespecified FGFR alterations in the primary analysis from the open-label, phase
2, non-comparator, BLC2001 study at median 11 months’ follow-up. The aim of the
current analysis was to assess long-term efficacy and safety for the selected regimen.
Methods  Eligible patients were ≥18 years with locally advanced and
unresectable/metastatic urothelial carcinoma, had at least one prespecified FGFR
alteration and an Eastern Cooperative Oncology Group performance status of 0–2. The
selected regimen determined in the initial part of the study was 8 mg/day continuous
oral erdafitinib in 28-day cycles, with provision for pharmacodynamically guided
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uptitration to 9 mg/day (8 mg/day UpT). The primary endpoint was investigator-
assessed confirmed objective response rate (ORR) according to Response Evaluation
Criteria In Solid Tumors (RECIST) version 1.1. Efficacy and safety were analysed in all
treated patients who received at least one dose of erdafitinib. This is the final analysis
of the study (ClinicalTrials.gov number NCT02365597).
Findings  Between May 25, 2015, and August 9, 2018, 212 patients were enrolled and
101 patients were treated with erdafitinib 8 mg/day UpT . Data cutoff for this analysis
was August 9, 2019. Median efficacy follow-up was 24·0 (interquartile range 22·7–26·6)
months. Investigator-assessed ORR for patients treated with the selected erdafitinib
regimen was 40% (95% CI 30%–49%).
Interpretation  With longer follow-up, treatment with the selected regimen of erdafitinib
showed consistent efficacy and a manageable safety profile in patients with locally
advanced/metastatic urothelial carcinoma and prespecified FGFR alterations.
Funding  Janssen Research & Development.
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Dr Cheryl Reeves 
Senior Editor 
The Lancet Oncology 
 
August 30, 2021 
 
Dear Dr Reeves 
 
On behalf of my co-authors, I would like to thank you and the editorial team for the positive 
feedback on our submitted manuscript, “Efficacy and safety of erdafitinib in patients with 
locally advanced or metastatic urothelial carcinoma: long-term follow-up of the pivotal phase 2 
study.” In response to this feedback, we have provided a revised manuscript and a point-by-
point response below with answers to each point in a tabular format.  
 

We do hope that the editorial team’s queries have been addressed and hope that the 
manuscript will now be acceptable for publication in The Lancet Oncology. We look forward to 
hearing from you. 
 
Yours sincerely, 
 
Arlene O. Siefker-Radtke, MD 

Professor, Genitourinary Medical Oncology 

The University of Texas MD Anderson Cancer Center 

1155 Pressler St., Unit 1374 

Houston, TX 77030 

asiefker@mdanderson.org  

Reply to Reviewers Comments
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Response to Reviewer Comments: 
 

Reviewer comments Author response and changes made Page 
number 
and 
paragraph 
in the 
revised, 
tracked 
paper 
where 
changes 
can be 
found 

Editor’s comments 

1. Please check with your co-authors, and confirm, that all names 
are spelt correctly, and affiliations listed correctly. We cannot 
guarantee that we will be able to correct names and affiliations 
after publication of your article. 

We can confirm that all names are spelt 
correctly, and affiliations are listed correctly. 
No changes have been made 

NA 

2. Please supply (after author names on the title page) one 
preferred degree per author and indicate in the authorship if 
any authors are full professors. 

We have updated the author list as requested: 
“Arlene O Siefker-Radtke MD (Prof), Andrea 
Necchi MD (Prof), Se Hoon Park MD, Jesús 
García-Donas MD, Robert A Huddart PhD, 
Earle F Burgess MD, Mark T Fleming MD, 
Arash Rezazadeh Kalebasty MD, Begoña 
Mellado MD, Sergei Varlamov MD, Monika 
Joshi MD, Ignacio Duran MD, Scott T Tagawa 
MD, Yousef Zakharia MD, Sydney Akapame 
PhD, Ademi E Santiago-Walker PhD, Manish 

Page 1, 
paragraph 
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Monga MD, Anne O’Hagan MPH, Yohann 
Loriot MD, on behalf of the BLC2001 Study 
Group” 

3. Please format the author affiliation list to Lancet style. Please 
list authors by full first name and last name; and then for 
affiliations, by including the author initial and full last name, 
followed by one degree, in brackets following the author 
institution. 

We have updated the author affiliation list as 
requested: “Department of Genitourinary 
Medical Oncology, The University of Texas MD 
Anderson Cancer Center, Houston, Texas, USA 
(Prof A O Siefker-Radtke MD); Vita-Salute San 
Raffaele University; IRCCS San Raffaele 
Hospital and Scientific Institute, Milan, Italy 
(Prof A Necchi MD); Division of Hematology-
Oncology, Department of Medicine, Samsung 
Medical Center, Sungkyunkwan University 
School of Medicine, Seoul, Republic of South 
Korea (S H Park MD); Medical Oncology 
Department, Fundacion Hospital de Madrid, 
Madrid, Spain, IMMA, Medicine Faculty, San 
Pablo CEU University, Madrid, (J García-Donas 
MD); Section of Radiotherapy and Imaging, 
Institute of Cancer Research and Royal 
Marsden NHS Foundation Trust, Sutton, UK (R 
A Huddart MBBS, PhD); Medical Oncology 
Department, Levine Cancer Institute, 
Charlotte, North Carolina, USA (E F Burgess 
MD); Medical Oncology Department, Virginia 
Oncology Associates, US Oncology Research, 
Norfolk, Virginia, USA (M T Fleming MD); 
Department of Medical Oncology, Norton 
Healthcare, Louisville, Kentucky, USA (A 
Rezazadeh Kalebasty MD); Medical Oncology 
Department, Hospital Clinic Institut 

Page 1,  
paragraph 
3 and Page 
2, 
paragraph 
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d'Investigacions Biomèdiques August Pi i 
Sunyer, University of Barcelona, Barcelona, 
Spain (B Mellado MD, PhD); Department of 
Urologic Oncology, Altai Regional Cancer 
Center, Barnaul, Russia (S Varlamov MD); 
Department of Medicine, Penn State Cancer 
Institute, Hershey, Pennsylvania, USA (M Joshi 
MD); Department of Medical Oncology, 
Hospital Universitario Marqués de Valdecilla, 
Santander, Spain (I Duran MD, PhD); Division 
of Hematology & Medical Oncology, Weill 
Cornell Medical College, New York, New York, 
USA (S T Tagawa MD, MS); Department of 
Internal Medicine, University of Iowa, Holden 
Comprehensive Cancer Center, Iowa City, 
Iowa, USA (Y Zakharia MD); Janssen Research 
& Development, Spring House, Pennsylvania, 
USA (S Akapame PhD, A E Santiago-Walker 
PhD, M Monga MD*, A O’Hagan MPH); 
Department of Cancer Medicine, INSERM 
U981, Gustave Roussy, Université Paris-Saclay, 
Villejuif, France (Y Loriot MD, PhD) 

4. As your author line includes a study group (eg, ‘on behalf of the 
BLC2001 study group’), collaborators’ names and affiliations 
may be listed in the appendix. Additionally, if you wish the 
names of collaborators within a study group to appear on 
PubMed, please upload with your revision a separate Word 
document with a list of names of the study group members 
presented as a two-column table. First and middle names or 
initials should be placed in the first column, and surnames in 
the second column. Names should be ordered as you wish 

Please note that collaborators names are 
listed within the appendix under “List of 
BLC2001 investigators.”  

Appendix, 
pages 2-3 



 

 

them to appear on PubMed. The table will not be included in 
the paper itself – it’s simply used to make sure that PubMed 
adds the names correctly. **We will not make changes to the 
collaborator list after publication so please ensure names are 
spelled correctly and first names and surnames are in the 
correct columns** 

5. The Research in Context Panel: Added value of this study: 
Authors should summarise here how their findings add value to 
the existing evidence. IMPORTANT: Please do NOT reiterate the 
results (eg, do not include data) or describe your study 
approach (this is already covered by the abstract), but rather 
explain how the findings extend knowledge in the field. 
Implications of all the available evidence: Authors should state 
the implications for practice or policy and future research of 
their study combined with existing evidence. 

We have modified the “Added value of this 
study” part of the “Research in Context Panel” 
so that it does not simply reiterate the results 
of the study. However, we hope that you 
understand that we are unable to remove all 
of the data, as this is the main point/value of 
the manuscript; we are providing longer-term 
data further supporting the use of erdafitinib 
for the treatment of patients with locally 
advanced or metastatic urothelial cancer 
whose tumours harbour specific FGFR 
alteration(s) 
 
“We show that, at a median of 24 
months’with longer follow-up, erdafitinib 
treatment continues to show consistent 
clinical efficacy benefits for patients with 
locally advanced or metastatic urothelial 
cancer whose tumours harbour specific FGFR 
alterations and that erdafitinib has a 
manageable safety profile. With the longer 
follow-up, there was a consistent benefit in 
objective response rate, progression-free 
survival, and overall survival and, with a 
median treatment exposure of 5·4 months, 

Page 6, 
paragraph 
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the safety profile remained consistent with no 
new safety signals identified. 

6. If your paper reports results of a trial, please follow our 
formatting guidelines for these study types, available to 
download from www.thelancet.com/for-authors/forms (‘RCT 
guidelines’). 

Please note that the manuscript reports data 
from an open-label phase 2 study and so RCT 
guidelines are not applicable. The non-
comparator nature of the study has been 
clarified within the Abstract: “Background 
Erdafitinib, a pan-fibroblast growth factor 
receptor (FGFR) kinase inhibitor, was effective 
and tolerable in patients with advanced 
urothelial carcinoma and prespecified FGFR 
alterations in the primary analysis from the 
open-label, phase 2, non-comparator, 
BLC2001 study at median 11 months’ follow-
up. The aim of the current analysis was to 
assess long-term efficacy and safety for the 
selected regimen.” And the Methods section 
of the manuscript: “The open-label, phase 2, 
non-comparator BLC2001 study 
(NCT02365597) in patients with locally 
advanced or metastatic urothelial carcinoma 
was conducted at 126 sites in 14 countries 
across Asia, Europe, and North America (see 
appendix p 2).” 

Page 4, 
paragraph 
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Page 8, 
paragraph 
3 

7. Summary: Your abstract should conform to the guidelines for 
abstracts 
(http://www.thelancet.com/journals/lancet/article/PIIS0140-
6736(07)61835-2/fulltext), and must include: 

a. Background: It should end with a sentence indicating the aim 
of this study. 

b. Methods: A brief summary of the main patient characteristics 
(including age limit, disease status and histologies permitted, 

The abstract has been adjusted following this 
guidance as follows:  
“Background Erdafitinib, a pan-fibroblast 
growth factor receptor (FGFR) kinase 
inhibitor, was effective and tolerable in 
patients with advanced urothelial carcinoma 
and prespecified FGFR alterations in the 

Pages 4 
and 5 
 



 

 

performance status, and if second line or beyond, criteria 
regarding previous lines of treatment) 

c. Methods: Details of the regimens used (including route of 
administration). 

d. Methods: Details of how randomisation was done (eg, 
allocation concealment; nature of blinding, if any; how 
sequence was generated; stratification factors, etc) if any of 
the patients included in this follow up were initially 
randomised. 

e. Methods: An explicit description of the actual primary 
endpoint only. 

f. Methods: The nature by which analyses were done (eg, 
intention to treat, per protocol). 

g. Methods: The status of the trial – final analysis? 
h. Findings: exact dates of recruitment and median follow-up 

(IQR) for the analyses presented. 
i. Findings: Data for the primary endpoint only. Secondary 

outcomes cannot be selectively reported in the abstract, and 
space restrictions typically prevent all secondary outcomes 
from being included in the abstract. 

j. Interpretation: please do not just restate your findings. What 
do they mean, clinically? What are their implications? 

k. Please note that all results reported in the Summary need to 
be reported in the main text. 

l. See recent issues of the journal for examples. Accuracy and 
completeness are essential 

primary analysis from the open-label, phase 2, 
non-comparator BLC2001 study at median 11 
months’ follow-up. We report further data 
The aim of the current analysis was to assess 
long-term efficacy and safety at a median 24 
months’ follow-up for the selected regimen.  
Methods Eligible patients were ≥18 years with 
locally advanced and unresectable/metastatic 
urothelial carcinoma, had at least one 
prespecified FGFR alteration and an Eastern 
Cooperative Oncology Group performance 
status of 0–2. The selected regimen 
determined in the initial part of the study was 
8 mg/day continuous oral erdafitinib in 28-day 
cycles, with provision for 
pharmacodynamically-guided uptitration to 9 
mg/day (8 mg/day UpT). The primary 
endpoint was investigator-assessed confirmed 
objective response rate (ORR) according to 
Response Evaluation Criteria In Solid Tumors 
(RECIST) version 1.1. Efficacy and safety were 
analysed in all treated patients who received 
at least one dose of erdafitinib. This is the 
final analysis of the study (ClinicalTrials.gov, 
number NCT02365597). 
Findings Between May 25, 2015, and August 
9, 2018, 212 patients were enrolled, and 101 
patients were treated with erdafitinib 8 
mg/day UpT. Data cutoff for this analysis was 
August 9, 2019. Median efficacy follow-up was 
24·0 (interquartile range 22·7–26·6) months. 



 

 

Investigator-assessed ORR for patients treated 
with the selected erdafitinib regimen was 40% 
(95% CI 30%–49%). Median DoR was 6·0 
months (95% CI 4·2–7·5); 31% of patients had 
responses lasting 12 or more months. 12- and 
24-month survival rates were 49% and 31%, 
respectively. Median PFS was 5·5 months 
(95% CI 4·3–6·0) and median OS was 11·3 
months (95% CI 9·7–15·2). The safety profile 
remained similar to that in the primary 
analysis, with no new safety signals reported 
with longer follow-up.  
Interpretation With longer follow-up, 
treatment with the selected regimen of 
erdafitinib showed consistent efficacy and a 
manageable safety profile in patients with 
locally advanced/metastatic urothelial 
carcinoma and prespecified FGFR alterations. 
Funding Janssen Research & Development.” 

8. Please confirm that your study conforms to the CONSORT guidelines 
by completing and returning the checklist. CONSORT – for RCTs – 
http://download.thelancet.com/flatcontentassets/authors/tlo-
consort-checklist.pdf 

Please note that this is a non-randomised trial 
and so the CONSORT checklist is not 
applicable.  

NA 

9. Methods, Study design and participants. Please ensure that the 
following items are included: 

a. An indication of estimated life expectancy of eligible patients, 
if prespecified by protocol. 

b. Comorbidities permitted/not permitted. 

To confirm, the estimated life expectancy of 
eligible patients was not prespecified by the 
study protocol. 
 
Patient exclusion criteria detailing any 
comorbidities have been added to the 
appendix (page 4). The following text has 
been added to signpost readers to this 
information: 

 
 
 
 
Page 8, 
paragraph 
3 and 
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page 4 



 

 

“Patient exclusion criteria are on appendix p 
4.” 

10. Methods: procedures. Please ensure that the following items are 
included: 

a. Planned route of administration. 
b. Criteria for a patient to be removed from the study. 
c. Details of permitted dose reductions/interruptions. 
d. Type and frequency of radiographic assessments. 
e. If applicable, whether or not the primary endpoint was 

centrally reviewed. 
f. Frequency and type of laboratory monitoring. 
g. Frequency and type of adverse event monitoring should be 

here not in the outcomes section. 
h. If you have included such data for a drug(s), please confirm 

that the dose, route, and frequency of administration (and 
the form: eg, a particular salt) are correct. 

i. Please give the manufacturer, city, and country for 
erdafitinib. 

Please find below a list of where this 
information can be found in manuscript or 
where it has been added: 

a. The following information has been 
moved to the Procedures section: “In 
the initial part of the study, patients 
were randomly assigned (1:1, with 
stratification performed as previously 
described8) to oral erdafitinib (Janssen-
Cilag SpA, Latina, Italy) at 10 mg/day 
intermittently (7 days on, 7 days off) or 
6 mg/day continuously in 28-day cycles 
(appendix p 6). Based on findings from 
an interim analysis and 
pharmacokinetic/pharmacodynamic 
modelling based on clinical data, the 
protocol was amended to continue 
enrolment into the 8 mg/day UpT dose 
schedule...” 

b. “Patients continued to receive 
erdafitinib until disease progression or 
unacceptable AEs, as determined by 
the investigator. At discretion of the 
investigator and the sponsor, patients 
with investigator-assessed disease 
progression could continue erdafitinib 
treatment.” 

c. The following text has been added: 
“Patients who interrupted treatment 

 
 
 
Page 9, 
paragraph 
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Page 10, 
paragraph 
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because of grade 1 events reinitiated 
treatment at the same or a lower dose. 
After resolution of grade 2 treatment-
emergent adverse events, patients 
restarted treatment at the same dose 
or one dose lower (if necessary). 
Patients who interrupted treatment 
because of lower grade events 
reinitiated treatment at the same or a 
lower dose.” 

d. This information has been moved from 
the Outcomes to the Procedure 
section: “Patients were assessed for 
efficacy using RECIST by computed 
tomography or magnetic resonance 
imaging of the chest, abdomen, and 
pelvis every 6 weeks for the first 3 
months, every 12 weeks for the next 9 
months, and every 4–6 months 
thereafter until disease progression.” 

e. For the primary analysis, all disease 
evaluations in the selected-regimen 
group were also evaluated by an 
independent radiological review. 
These results were included in the 
primary publication (Loriot et al. NEJM 
2019). Please note that no additional 
formal analysis by central review is 
provided for this final analysis.  

f. The following text has been moved to 
the Procedure section: “Safety was 

 
 
 
Page 10, 
paragraph 
2  
 
 
 
 
 
 
 
 
 
 
 
 
 
Page 10, 
paragraph 
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assessed by clinical laboratory testing, 
physical examination, 
electrocardiography, and 
ophthalmologic examination 
(frequency of these assessments is 
described on appendix p 15).” 

g. The following text has been moved to 
the Procedure section: “Investigators 
assessed and graded AEs and 
abnormalities according to National 
Cancer Institute CTCAE criteria (version 
4.0) for the duration of the study.” 

h. The dose, route, and frequency of 
administration have been moved to 
the Procedure section: “In the initial 
part of the study, patients were 
randomly assigned (1:1, with 
stratification performed as previously 
described8) to oral erdafitinib (Janssen-
Cilag SpA, Latina, Italy) at 10 mg/day 
intermittently (7 days on, 7 days off) or 
6 mg/day continuously in 28-day cycles 
(appendix p 6). Based on findings from 
an interim analysis and 
pharmacokinetic/pharmacodynamic 
modelling based on clinical data, the 
protocol was amended to continue 
enrolment into the 8 mg/day UpT dose 
schedule...” 

i. The manufacturer, city, and country for 
erdafitinib has been added to this section: 

 
NA 
 
 
 
 
 
 
 
 
 
 
Page 10, 
paragraph 
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“In the initial part of the study, 
patients were randomly assigned (1:1, 
with stratification performed as 
previously described8) to oral 
erdafitinib (Janssen-Cilag SpA, Latina, 
Italy)…” 

Page 9,  
paragraph 
3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Page 9,  
paragraph 
3 

11. Methods: Outcomes: Please ensure the following items are included. 
a. Definition of the primary endpoint. 
b. Definition of all secondary endpoints 
c. All prespecified primary and secondary outcomes specified in 

the protocol should be listed in the Methods and reported in 
the Results. If any outcomes prespecified in the protocol are 
not reported in the present paper, this should be stated in 
the Outcomes section with a full justification. 

We have provided a list of where this 
information can be found in the Outcomes 
section of the manuscript or where it has 
been added: 

a. “The primary endpoint was confirmed 
objective response rate (ORR = % 
complete response [CR] + % partial 
response [PR]) among patients treated 

 
 
 
 
Page 11, 
paragraph 
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d. Please ensure any prespecified exploratory endpoints are 
clearly described as such and move any post-hoc outcomes 
to the Statistical analysis section. 

with the selected regimen; all CRs and 
PRs required confirmation within 4–6 
weeks of first assessment of response, 
and were assessed by the investigators 
per RECIST v1.1; disease control rate 
(DCR [CR + PR + stable disease (SD)]) 
was also calculated.” 

b. “Secondary endpoints were PFS 
(defined as time from the first dose of 
study drug until the first documented 
evidence of progressive disease [or 
relapse for patients who experienced 
CR during the study] or death, 
whichever occurred first), duration of 
response (DoR, defined as time from 
the initial documentation of a 
response to the first documented 
evidence of progressive disease [or 
relapse for patients who experienced 
CR during the study] or death), OS 
(defined as time from the first dose of 
study drug to death from any cause), 
safety, response rate in biomarker-
specific subgroups (FGFR 
translocations vs mutations; previously 
reported8), and pharmacokinetics 

(considered for publication by another 
journal).” 

c. We can confirm that all prespecified 
primary and secondary outcomes 
specified in the protocol have been 

 
 
 
 
 
 
 
 
 
 
Page 11, 
paragraph 
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included in the Methods and reported 
in the Results, except for response rate 
in biomarker-specific subgroups 
analysis as this has been reported in 
the primary publication (Loriot et al. 
NEJM 2019) and pharmacokinetics as 
this information is currently being 
considered for publication by another 
journal.  

d. We have updated the manuscript to 
clarify which outcomes are post-hoc.  

 
 
 
Page 11, 
paragraph 
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Page 11, 
paragraph 
1  
 

12. Please clarify the secondary endpoint of ORR by biomarker 
subgroups. What are the biomarker subgroups? Where is this 
reported in the manuscript? Where is this specified in the protocol or 
SAP? 

The secondary endpoint of response rate by 
biomarker subgroups has already been 
described in the Methods section. This is 
prespecified in section 2.1.2. of the protocol 
(p 39), but we have updated this sentence to 
specify the biomarker subgroups and state 
that these data were previously reported: 
“response rate in biomarker-specific 

Page 11, 
paragraph 
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subgroups (FGFR translocations vs mutations; 
previously reported8)” 

13. Secondary endpoint PK is not reported – please add a justification to 
the outcomes section as to why these data are not reported and 
specify whether they will be reported elsewhere. 

Please note that pharmacokinetics data are 
currently under consideration for publication 
by another journal. Therefore, this 
information is not included in this manuscript.  

Page 11, 
paragraph 
1 

14. All subgroup analyses prespecified in the SAP must be described in 
the statistical section All pre-specified subgroups must be reported in 
full, or a justification given for why not. Any that are post hoc should 
be reported and described as such.     

The following text about subgroup analysis 
has been moved from the Outcomes to the 
Statistical analysis section and expanded for 
clarifications: “Prespecified subgroup analysis 
included secondary efficacy endpoints of best 
objective response, DoR (among patients with 
a confirmed objective response by 
investigator assessment), PFS, and OS within 
the primary efficacy and chemorefractory 
population, and was assessed by FGFR 
alterations (mutations and/or fusions), 
presence of visceral metastases (lung, liver or 
bone), prior chemotherapy, and prior 
immunotherapy; subgroup best objective 
response data have been published.8 Post hoc 
subgroup analysis included DoR, PFS, and OS 
within the primary efficacy and 
chemorefractory population assessed by 
preplanned subgroups based on primary 
tumour location (upper vs lower tract), and 
other patient demographic baseline 
characteristics.” Please note that best 
objective response data were previously 
reported as part of the primary analysis 
(Loriot et al. NEJM 2019). 

Page 12, 
paragraph 
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15. Are the subgroup analyses by age, sex, and most baseline disease 
characteristics, described in the results pre-specified. Please update 
the methods section to describe them as pre-specified or post-hoc. 

We confirm that this analysis is prespecified. 
The Methods section has been updated 
accordingly.  

Page 12, 
paragraph 
2 

16. The SAP states that- Subgroup analyses for the best objective 
response rate, PFS, DOR and OS, will be conducted (Section 2.9) 
within the PE population and chemo-refractory population, 
respectively. Please ensure this is added to the statistical section and 
all are reported in the results section. 

The following amends were made to the 
Statistical analysis section for clarification: 
“Prespecified subgroup analysis included 
secondary efficacy endpoints of best objective 
response, DoR (among patients with a 
confirmed objective response by investigator 
assessment), PFS, and OS within the primary 
efficacy and chemorefractory population, and 
was assessed by FGFR alterations (mutations 
and/or fusions), presence of visceral 
metastases (lung, liver or bone), prior 
chemotherapy, and prior immunotherapy; 
subgroup best objective response data have 
been published.8 Post hoc subgroup analysis 
included DoR, PFS and OS within the primary 
efficacy and chemorefractory population 
assessed by preplanned subgroups based on 
primary tumour location (upper vs lower 
tract), and other patient demographic 
baseline characteristics.” 

Page 12, 
paragraph 
2 

17. Was primary tumour location (upper versus lower tract) a 
prespecified subgroup analyses? 

We confirm that while the subgroups by 
primary tumour location and baseline 
characteristics were preplanned for the 
primary analysis, the analyses of DoR, PFS, 
and OS in these subgroups in the current 
manuscript are post hoc. The Methods section 
has been updated accordingly. 

Page 12, 
paragraph 
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18. Methods: Statistical analysis. Please ensure the following items are 
included: 

a. Please clarify why the final analysis was done in the primary 
efficacy population when it states in the protocol/SAP that 
the final analysis will be done in the treated population. 

b. Please clarify whether the landmark analysis is prespecified. 
If not, please indicate that it is post-hoc in the methods and 
results. 

c. Rules for defining patients as not assessable. 
d. Statistical methods for analysis of the primary and secondary 

outcomes. 
e. Any sensitivity analyses, etc. 

Please see answers to the points listed here 
below:  

a. The final analysis was performed in the 
treated population, which consists of 
all patients who received at least one 
dose of the study drug. Since the 
current manuscript reports on the 8-
mg regimen, all relevant analyses are 
based on the primary analysis 
population, which includes all patients 
who received at least one dose of this 
regimen, as defined in the SAP, p 15.  

b. For clarity, the text relating to 
landmark analysis has been adjusted 
as follows: “A post hoc landmark 
analysis was performed to compare 
PFS and OS by responder status…” 

c. The following definition for response 
evaluable population has been 
included for clarity: “The response-
evaluable population is defined as all 
patients who met all eligibility criteria, 
received at least one dose of study 
drug, had a baseline and at least one 
adequate post-treatment disease 
evaluation, have had clinical signs 
and/or symptoms of disease 
progression, or died prior to the first 
post-treatment disease evaluation. 
Adequate disease assessment is 
defined as having sufficient evidence 

 
 
Page 12, 
paragraph 
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Page 13, 
paragraph 
1 
 
 
 
 
Page 12, 
paragraph 
1 
 
 
 
 
 
 



 

 

to correctly indicate that progression 
has or has not occurred.” Please note 
that only two patients were regarded 
as not assessable. This information is 
now included in the Results section: 
“Of the 101 patients who were treated 
with the 8 mg/day UpT regimen, two 
died due to progressive disease before 
the first postbaseline disease 
evaluation.”  

d. Statistical methods for the analysis of 
primary and secondary outcomes are 
included as follows: “Data for patients 
who were progression-free and alive 
or with unknown status were censored 
at time of the last tumour assessment. 
The confidence intervals for median 
PFS, OS, and DoR were determined 
using complementary log-log 
transformation. For PFS and DOR, data 
from patients who were progression-
free and alive or who had unknown 
status were censored at the last 
tumour assessment. For OS, data from 
patients who were alive or whose vital 
status was unknown were censored at 
the date the patient was last known to 
be alive.”   

e. We confirm that no sensitivity analysis 
was performed for this final analysis. 

 
 
 
 
 
 
 
 
 
 
 
 
Page 14, 
paragraph 
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Page 13, 
paragraph 
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Sensitivity analysis was undertaken 
only for the primary analysis.   

 
 
 
 
 
 
 
 
 
 
 
NA 

19. Please explain any procedures or analyses that were done differently 
from their description in the protocol in the appropriate subsection 
in the Methods section. Please also mention if any protocol 
amendments affecting trial recruitment or conduct during the study 
were approved amendments. 

On August 9, 2016, the protocol was amended 
to increase the starting dose to 8 mg/day in a 
continuous regimen, thereby converting the 
study to a single-group analysis. These 
amendments have now been clarified within 
the Procedures section of the manuscript: 
“Based on findings from an interim analysis 
and pharmacokinetic/pharmacodynamic 
modelling based on clinical data, the protocol 
was amended to continue enrolment into the 
8 mg/day UpT dose schedule, thereby 
converting the study to a single-group 
analysis.”   
 
Please note that the study and all protocol 
amendments were approved by the review 
boards: “Review boards at all participating 
institutions approved the study and all 
protocol amendments, which was performed 

Page 9,  
paragraph 
3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

according to principles of the Declaration of 
Helsinki and guidelines for Good Clinical 
Practice and applicable regulatory 
requirements. Patients or their legally 
acceptable representatives provided written 
consent before participation.” 

Page 9,  
paragraph 
1 

20. The Lancet journals are very supportive of protocol-based research 
and encourage authors to post the protocol document on a publicly 
accessible website; a margin link to the website will then be put in 
the paper. Would you like to do this for your protocol? If so, please 
provide the link in the Methods section of the main text. Please note 
that if you do wish to do this, the weblink must be permanent. 
Alternatively, please add the protocol to your appendix if you wish. 

The protocol has been included within the 
appendix (p 18).  

Appendix, 
page 18 

21. The following points need to be addressed in the "Role of the funding 
source" statement: 

a. The role of the sponsors in the writing of the report. 
b. It is now required that all authors must have access to all the 

data reported in the study. This must be confirmed in the 
role of the funding source section of papers (by author 
initials). Those who had access to the raw data (by author 
initials). 

c. Please also add to this section (if true, or amend if not): "The 
corresponding author had full access to all of the data and 
the final responsibility to submit for publication." 

This section has now been updated as follows: 
 
Role of the funding source 

The funder of the study, Janssen Research & 
Development, was involved in study design, 
data collection, data analysis, and data 
interpretation. Writing assistance was 
provided by Sally Hassan, PhD, Susan Neville, 
MSc, and Khalida Rizi, PhD, of Parexel, and 
was funded by Janssen Global Services, LLC. 
All investigators had access to the raw data for 
their individual sites. The corresponding 
author had full access to all the data and had 
final responsibility for the decision to submit 
for publication.  

 
 
 
Page 13, 
paragraph 
3 

22. Results: It is Lancet style to give actual numbers (numerator and 
denominator) together with percentages—eg, ‘The confirmed 
investigator-assessed ORR was 40 (40%)  of 101 (95% CI 30%–49%) 
among all patients’. 

The numerators and denominators have been 
added were needed, for example: “The 
confirmed investigator-assessed ORR was 40% 

Page 14, 
paragraph 
4 



 

 

(40/101; 95% CI 30%–49%) among all patients 
receiving the 8 mg/day UpT regimen, 
consistent with the 40% ORR (40/99; 95% CI 
31%–50%) at the time of primary analysis.”  

23. Results: Please avoid the word ’trend’. The text in question has been deleted to avoid 
duplication of data presented within the 
figures.  

NA 

24. Results: Please add number at risk and the number of patients 
censored in each group for each time point on your K-M curves. 
Please ensure both are cumulative and please use the format 
“number at risk (number censored)”. 

The number at risks and number censored 
have been added to the following K-M curves: 
Figure 2, Figure 4, Figure S3 and Figure S5  
 

Pages 39 
and 43 of 
the main 
manuscript, 
and pages 
8 and 10 of 
the 
appendix 

25. Results: Lancet style is to provide p values to 2 significant figures, 
unless p<0.0001 (please note four decimal places; if this is the case, 
then please revise to the latter). The exception is certain genetics 
studies, in which smaller p values can be reported exactly using 
scientific notation. 

No changes needed.  NA 

26. We do not allow the term “numerically”. If it hasn’t been statistically 
tested, it is OK to say something like “does/does not seem 
higher/lower”. 

Please note that the term “numerically” has 
been removed throughout as suggested: 
“Median time to response was numerically 
seemed longer for patients who had both liver 
and lung metastases (2·2 months [IQR 1·4–
3·0) compared with those who had lymph 
node-only disease (1·4 months [IQR 1·4–1·4]), 
and those with liver (1·4 months [IQR 1·4–
3·0]), lung (1·4 months [IQR 1·4–1·6]), bone 
(1·6 months [IQR 1·4–2·8]), and other 
metastases (1·4 months [IQR 1·3–1·4]). 
Similarly, median time to response was 

Page 15, 
paragraph 
1 
 
 
 
 
 
 
 
 
 



 

 

numerically appeared longer for patients with 
2–3 sites of visceral disease compared with 
those who had 1 or no metastatic sites (2·0 
[IQR 1·3–3·0] vs 1·4 [IQR 1·4–1·5] and 1·4 [IQR 
1·3–1·4] months, respectively).” 
 
“Most patients had primary tumours in the 
lower tract (75% [76/101]) and 77% (78/101) 
had visceral metastases, but PFS and OS 
values were numerically seemed similar 
regardless of the primary tumour location, the 
presence/absence of visceral metastases, or 
the number of prior lines of therapy (figure 3 
and appendix p 11).” 
 
“Additionally, while PFS and OS appeared to 
be numerically longer among chemotherapy-
naïve patients compared with those who had 
received prior chemotherapy, multiple factors 
could have contributed to this finding, 
including potential differences in baseline 
disease characteristics in this small number of 
patients.”  

 
 
 
 
 
 
 
 
 
Page 16, 
paragraph 
2 
 
 
 
 
 
 
 
Page 19, 
paragraph 
2 

27. PFS, DOR, and OS seem to have been reported in the primary efficacy 
population – please clarify if this is correct, and explain why. 

Please note that the manuscript reports data 
only on the 8-mg regimen, and as such all 
related analyses use the primary efficacy 
population (as defined in the SAP, p 15), ie, 
the treated population for the 8-mg regimen.  

Page 12, 
paragraph 
1 

28. Please clarify why the timepoints of 12 and 24 months for OS have 
been reported – this does not seem to be prespecified in the 
protocol, please state if it is post-hoc if not in protocol. 

Please note that the 12-month time point was 
prespecified since the final analysis was 
performed 12 months after the enrolment of 

Page 15, 
paragraph 
3 



 

 

the last patient. The 24-month analysis was 
carried out post hoc.  

29. DCR does not appear to  be pre-specified in the protocol. Please 
specify as posthoc, and add to methods stats section as posthoc. 

Please note that disease control rate has been 
calculated as a subset of objective response 
rates. This is now clarified within the 
Outcomes section: “The primary endpoint was 
confirmed objective response rate (ORR = % 
complete response [CR] + % partial response 
[PR]) among patients treated with the 
selected regimen; all CRs and PRs required 
confirmation within 4–6 weeks of first 
assessment of response and were assessed by 
the investigators per RECIST v1.1; disease 
control rate (DCR [CR + PR + stable disease 
(SD)]) was also calculated.” 

Page 11, 
paragraph 
1 

30. Results: Safety and tolerability data. Please ensure that the following 
items are included: 

a. Data regarding number of patients who required dose 
reductions. 

b. Data regarding number of patients who discontinued for 
drug-related toxicity and reasons. 

c. Data regarding drug-related serious adverse events and the 
most frequent in each treatment arm. 

d. Please state numbers and reasons for all deaths, irrespective 
of whether they were treatment-related. 

Please see below detail of where this 
information can be found or has been added:  

a. “All patients experienced at least one 
treatment-emergent AE (TEAE; defined 
on appendix p 5) irrespective of dose 
uptitration, and 59·4% of patients 
(60/101) experienced TEAEs that led to 
dose reduction.” 

b. “Of patients receiving 8 mg/day UpT, 
15·8% (16/101) had AEs considered 
related to erdafitinib that led to 
treatment discontinuation. The 
frequency of any one event leading to 
treatment discontinuation was low; no 
more than two patients (2·0%) 

 
 
 
Page 17, 
paragraph 
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Page 18, 
paragraph 
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reported the same TEAE leading to 
discontinuation (appendix p 16).” 

c. “Serious TEAEs occurred in 44·5% 
(45/101) of patients (see appendix p 
14). The most common serious TEAEs 
were urinary tract infection and 
general physical health deterioration; 
10·9% (11/101) were considered by 
the investigator to be related to 
erdafitinib, and no treatment-related 
deaths occurred.” 

d. Grade 5 TEAEs are listed in Table 2. 
The following related footnote is also 
included: “*All TEAEs with the 
outcome of death (grade 5) were 
considered by the investigator to not 
be related to erdafitinib, and most 
events (7/8), including the two grade 5 
events of asthaenia, occurred in the 
context of progressive disease.” 

 
 
 
 
 
 
 
Page 17, 
paragraph 
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Pages 35 to 
37 

31. Results: The adverse events table should be stratified by grades 1-2, 
3, 4 and 5. For adverse events of grade 1 or 2, any occurring in ≥10% 
of patients should be reported. All grade 3, 4, and 5 events should be 
reported. 

We have combined the data for grades 1 and 
2 in Table 2 so adverse events are now 
stratified by grades 1–2, 3, 4, and 5, as 
suggested.  

Pages 35 to 
37 

32. Forest plots – the x-axis should be on a log scale; please 
revise.  Please ensure there is a row for the overall population. 

Please note that forest plots (Figure 3 and 
Figure S4) have been modified as suggested.  

Page 42 
and 
appendix, 
page 9 

33. If appropriate, please use SI units throughout the paper. No changes are required.  NA 



 

 

34. Please use rINNs for drug names. Please note that rINNs are used throughout 
the manuscript. No changes are required. 

NA 

35. For genes and proteins, authors can use their preferred terminology 
so long as it is in current use by the community, but should provide 
the preferred human name from Uniprot 
(http://www.uniprot.org/uniprot/) for proteins and HUGO 
(http://www.genenames.org) for genes at first use to assist non-
specialists. 

No changes are required. NA 

36. Please supply the webappendix as a single PDF file, with the pages 
paginated – when you refer to an item in the appendix, please refer 
to the page number on which it appears, not the table or section (eg 
appendix p 1). 

No changes are required. NA 

37. Your revised paper should have fewer than 3500 for randomised 
trials; not including references, COI statements, abstract etc) and a 
maximum of 30 references (unless it is a systematic review or meta-
analysis). The abstract should be structured (background, methods, 
findings, interpretation, funding) and should be less than 300 words 
long. Please carefully examine your paper and cut any unnecessary 
duplication or repetition. Please note that we do not allow 
presentation of data in the results text that is already displayed in the 
figures or tables (with the exception of data pertaining to primary 
outcomes). Such duplicated data will be cut during editing if it 
remains. We also do not allow interpretation of results in the results 
section – please move this to the discussion or it will be cut or moved 
at editing. Equally, we do not allow repetition of data in the 
Discussion except for the primary outcome; such text will also be cut.  

We have reduced the content within the 
Results and the Discussion section as 
suggested, to avoid duplication of data 
already reported in the figures and tables. We 
have also reduced the number of references 
to 30.  

NA 

38. Anything that’s not prespecified must be stated as post-hoc in the 
methods and in the results. Description of the results of post-hoc 
analyses in the results section should be limited, and data should be 

We have clarified within the Methods section 
of the manuscript the nature of all the analysis 
included (prespecified vs post hoc). Please 
note that we have also moved the former 

Pages 10 to 
13 of the 
main 
manuscript 

https://urldefense.com/v3/__http:/www.uniprot.org/uniprot/__;!!PfbeBCCAmug!ycYRh9CwhprbskQ7ZGVpTVEb_3QMSy33-4ivXoogXEmjTYKAoW6wVZFyCpCoBu0qKQ$
https://urldefense.com/v3/__http:/www.genenames.org__;!!PfbeBCCAmug!ycYRh9CwhprbskQ7ZGVpTVEb_3QMSy33-4ivXoogXEmjTYKAoW6wVZFyCpBY1cDoLA$


 

 

placed in the appendix rather than the main text, if possible and 
appropriate. 

Figure 3 reporting on post hoc analyses of PFS 
and OS by response status to the appendix.  

and page 8 
of the 
appendix  

39. If accepted, a maximum of 6 non-text items (figures or tables) can be 
accommodated in the print edition; additional material can be 
provided for in an appendix (see below for formatting instructions). 
Please move items to the appendix, as needed, to adhere to this 
limit. 

Please note that previous Figure 3 has been 
moved to the appendix. We confirm that the 
manuscript now contains 6 non-text items 
(figures or tables).  

Page 8 of 
the 
appendix 
and pages 
33 to 43 of 
the main 
manuscript  

40. Please can you clarify whether figure 5 is a post-hoc analysis? For clarity, the title of figure 5 has been 
amended as follows: “Figure 5: Post-hoc 
analysis of Ccumulative incidence of first-
onset central serous retinopathy events by 
grade using the Kaplan–Meier method.” 

Page 32, 
paragraph 
1 

41. If you have claimed a first, please reword to: "To our knowledge… 
this is the first time...”, since you can never be 100% sure. 

No changes required.   

42. Please provide completed, signed, author contribution forms from all 
authors listed (that they agree with the submission and content and 
to being listed), declaring their contribution to the article, and stating 
the role of the funding source. The form can be downloaded at 
download.thelancet.com/flatcontentassets/authors/tlo-author-
signatures.pdf. These forms must be uploaded with your manuscript 
revision or emailed to me at cheryl.reeves@lancet.com 

All author contribution forms have been 
provided.  

Page 22 

43. Please note, it is required that at least two authors must 
have accessed and verified the (raw) data (confirmed with their 
initials stated in the Contribution section of the manuscript, and in 
the Author contribution forms). Where papers are a result of an 
academic and commercial partnership, at least one of the named 
authors must be from the academic team.   

This information has now been added to the 
manuscript under Role of the funding source 
section:  
 
Role of the funding source 

Page 13, 
paragraph 
3 

mailto:cheryl.reeves@lancet.com


 

 

Employees of the sponsor, Janssen Research & 
Development, were involved in the study’s 
design and the collection, analysis, and 
interpretation of data, in collaboration with 
the authors. Writing assistance was provided 
by Sally Hassan, PhD, Susan Neville, MSc, and 
Khalida Rizi, PhD, of Parexel, and was funded 
by Janssen Global Services, LLC. All 
investigators had access to the raw data at 
their individual sites. The corresponding 
author had full access to all the data and had 
final responsibility for the decision to submit 
for publication. 

44. Please add an Author contributions section to the end of your paper 
before the references, as per Lancet style. These statements should 
exactly match those given on your signed author contribution forms. 
Authors should be referred to by their initials in this section. 

An author contribution section has been 
added at the end of the manuscript, as 
suggested.  
 

Page 22 

45. We require completed ICMJE declaration forms from all authors 
listed declaring any potential conflicts of interest. The form can be 
found at http://www.icmje.org/conflicts-of-interest/. These forms 
must be uploaded with your manuscript revision. 

a. A conflict of interest exists if authors or their institutions 
have financial or personal relationships with other people or 
organisations that could inappropriately influence (bias) their 
actions. Financial relationships are easily identifiable, but 
conflicts can also occur because of personal relationships, 
academic competition, or intellectual passion. A conflict can 
be actual or potential, and full disclosure to The Editor is the 
safest course. Failure to disclose conflicts might lead to 
publication of an Erratum or even to retraction. All 
submissions to The Lancet Oncology must include disclosure 
of all relationships that could be viewed as presenting a 

Please note that this information has been 
collated and all forms are supplied with this 
revision.   

NA 

https://urldefense.com/v3/__http:/www.icmje.org/conflicts-of-interest/__;!!PfbeBCCAmug!ycYRh9CwhprbskQ7ZGVpTVEb_3QMSy33-4ivXoogXEmjTYKAoW6wVZFyCpAXmnFL_Q$


 

 

potential conflict of interest (see Lancet 2001; 358: 854-56 
and Lancet 2003; 361: 8-9). The Editor may use such 
information as a basis for editorial decisions and will publish 
such disclosures if they are believed to be important to 
readers in judging the manuscript. 

46. At the end of the text, under a subheading "Declaration of interest", 
all authors must disclose any financial and personal relationships 
with other people or organisations that could inappropriately 
influence (bias) their work. Examples of financial conflicts include 
employment, consultancies, stock ownership, honoraria, paid expert 
testimony, patents or patent applications, and travel grants, all 
within 3 years of beginning the work submitted. If there are no 
conflicts of interest, authors should state that none exist ("We 
declare no competing interests."). Authors should be referred to by 
their initials in this section. The statement should match the 
information on the supplied ICMJE forms. 

This information has been added at the end of 
the text under Declaration of interest 
following the required format.  

Pages 22-
25 

47. Please add a declaration of interest statement to the end of your 
paper, as per Lancet style. These statements should exactly match 
those given on your ICMJE forms. It is the authors responsibility to 
ensure that the information provided in the forms and the 
declaration of interest statement in the manuscript are accurate. If 
there are none then please state “The authors declared no conflicts 
of interest” or “The other authors declared no conflicts of interest.” 

This information has been added at the end of 
the text under Declaration of interest 
following the required format. We confirm 
that these statements match the details 
within the ICMJE declaration forms.  

Pages 22-
25 

48. The funder(s) of the study should be mentioned at the start of the 
Acknowledgments section. Please be sure to state whether this study 
was fully or in part NIH funded, if any authors are employed by NIH, 
or if any authors are in receipt of an NIH grant. We need written 
confirmation, including a signature, from everyone who is mentioned 
in the Acknowledgments section to confirm that they are happy to be 
quoted in your paper. Scanned copies of signed paper originals are 
required. The following format can be used: "I permit <corresponding 

Please note that the funder of the study is 
now mentioned at the start of the 
acknowledgement section: “This study was 
funded by Janssen Research & Development. 
Erdafitinib (JNJ-42756493) was discovered in 
collaboration with Astex Pharmaceuticals. This 
study was funded by Janssen Research & 

Page 26  



 

 

author> et al to list my name in the acknowledgments section of their 
manuscript and I have seen a copy of the paper <full article title>" 

 

Development. The authors thank Dr Manu 
Sondhi MD, MPH, formerly of Janssen, for 
critical review of the manuscript draft. Writing 
assistance was provided by Sally Hassan, PhD, 
Susan Neville, MSc, and Khalida Rizi, PhD, of 
Parexel, and was funded by Janssen Global 
Services, LLC. The authors would like to thank 
patients who participated in this trial, their 
families, investigators, study coordinators, 
study teams, and nurses.” 

49. Was a medical writer or editor involved in the creation of your 
manuscript? If yes, we need a signed statement from the 
corresponding author to include the name and information on 
funding of this person. This information should be added to the 
Acknowledgment section. In addition, you will need to send us a 
signed statement from this person declaring that he or she has given 
you permission to name him or her in the Acknowledgment section. 

We confirm that medical writing support has 
been provided for this article. This is stated 
under the Acknowledgements and Role of the 
funding source section.  

Page 26 

50. Data sharing statement. All submitted reports must contain a data 
sharing statement, to be included at the end of the manuscript or in 
an appendix. Data sharing statements must indicate: 

a. Whether data collected for the study, including individual 
participant data and a data dictionary defining each field in 
the set, will be made available to others; 

b. What data will be made available (deidentified participant 
data, participant data with identifiers, data dictionary, or 
other specified data set); 

c. Whether additional, related documents will be available (eg, 
study protocol, statistical analysis plan, informed consent 
form); 

d. When these data will be available (beginning and end date, 
or “with publication”, as applicable); 

Please note that a data sharing statement is 
included within the manuscript as follows: 
“Janssen Pharmaceutical Companies of 
Johnson & Johnson’s data sharing policy is 
available at https://www.janssen.com/clinical-
trials/transparency. As noted on this site, 
requests for study data access can be 
submitted through Yale Open Data Access 
(YODA) Project site at http://yoda.yale.edu.”  
 
The links within this statement provide further 
details on the type of data to be shared, to 
whom it will be made available, and how to 
request the data.  

Page 25, 
paragraph 
2 
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e. Where the data will be made available (including complete 
URLs or email addresses if relevant); 

f. By what access criteria data will be shared (including with 
whom, for what types of analyses, by what mechanism – eg, 
with or without investigator support, after approval of a 
proposal, with a signed data access agreement - or any 
additional restrictions). 

g. See 
https://www.thelancet.com/journals/lancet/article/PIIS0140-
6736(17)31282-5/fulltext for examples. Clinical trials that 
begin enrolling participants on or after Jan 1, 2019, must 
include a data sharing plan in the trial’s registration. If the 
data sharing plan changes after registration, this should be 
reflected in the statement submitted and published, and 
updated in the registry record. For reports of research other 
than clinical trials, data sharing statements are encouraged 
but not required. Mendeley Data 
(https://data.mendeley.com/) is a secure online repository 
for research data, permitting archiving of any file type and 
assigning a permanent and unique digital object identifier 
(DOI) so that the files can be easily referenced. If authors 
wish to share their supporting data, and have not already 
made alternative arrangements, a Mendeley DOI can be 
referred to in the data sharing statement. 

51. References should be in Vancouver style. For references with six 
authors or fewer, all authors should be listed. For those with seven or 
more authors, only the first three authors and 'et al' should be listed. 
Please ensure that reference numbering throughout the manuscript 
is not inserted with electronic referencing software, such as Endnote, 
as this is incompatible with our production system (if used, please 
convert to normal text before resubmission). All web references 
should have the exact date they were last accessed. With your 
revised submission please enclose copies of any papers cited as being 

Please note that references are styled as 
required.  

Pages 27 to 
30 
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'in-press', along with a copy of the acceptance letter from the 
journal. References that are "submitted" should be removed and 
citations in the text replaced with "(unpublished data; authors)". 

52. There should be no more than 30 references – please cut some 
references. 

We have cut the number of the references as 
requested. The manuscript now contains 30 
references. 

Pages 27 to 
30 

53. The tables are currently supplied in an uneditable format. Please 
supply as Word files (not excel or fdf/pdf). Each row of data should 
be in a separate line. Please ensure that rows and columns are not 
tabbed; data should be entered in cell form. 

We confirm that all tables within the 
manuscript and those contained in the 
appendix are currently in an editable Word 
format.  

Pages 33 to 
37 of the 
main 
manuscript 
and pages 
11 to 17 of 
the 
appendix 

54. As your study reports on a multi-centred trial, please provide a list for 
the appendix including each site from which patients were recruited, 
the name of the principle investigator responsible for this site, and 
the number of patients which were recruited from that particular 
site. This list should be ordered from the centres which contributed 
the greatest number of patients to the trial being listed first, to that 
which contributed the least listed last. 

This information is now included within the 
appendix.  

Appendix, 
pages 2-3 

55. It is not Lancet policy to edit or style supplementary material for the 
web; however, this material will still be hosted on our website as a 
pdf of the author supplied file. Please style your supplementary 
material as per the guidelines below. Please note that we will be 
unable to correct any errors in the webappendix, including errors or 
omissions in author names or affiliations, following publication; as 
such, please check carefully when submitting. 

Text 

We confirm that the appendix has been 
formatted as required.  

NA 



 

 

 Main heading for the web extra material should be in 12 point 
Times New Roman font BOLD 

 Text should be in 10 point Times New Roman font, single spaced 
 Headings should be in 10 point BOLD 

Tables 

 Main table heading should be in 10 point Times New Roman font 
BOLD 

 Legends should be in 10 point, single spaced 
 Tables should be in 8 point Times New Roman font, single spaced 
 Headings within tables should be in 8 point BOLD 

Data 

 SI units are required 
 Numbers in text and tables should always be provided if % is 

shown. 
 Means should be accompanied by SDs, and medians by 

interquartile range. 
 Exact p values should be provided, unless p<0·0001 

Drug names 

 Recommended international nomenclature (rINN) is required 

References 

 Vancouver style (eg, Smith A, Jones, B, Clements S. Clinical 
transplantation of tissue-engineered airway. Lancet 2008; 372: 
1201–09. Hourigan P. Ankle injuries. In: Sports medicine. Chan D, 
ed. London: Elsevier, 2008: 230–47.) 



 

 

 Numbered in order of mention in Web Appendix and numbered 
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Abstract 56 

Background Erdafitinib, a pan-fibroblast growth factor receptor (FGFR) kinase inhibitor, 57 

was effective and tolerable in patients with advanced urothelial carcinoma and prespecified 58 

FGFR alterations in the primary analysis from the open-label, phase 2, non-comparator, 59 

BLC2001 study at median 11 months’ follow-up. The aim of the current analysis was to 60 

assess long-term efficacy and safety for the selected regimen.  61 

Methods Eligible patients were ≥18 years with locally advanced and unresectable/metastatic 62 

urothelial carcinoma, had at least one prespecified FGFR alteration and an Eastern 63 

Cooperative Oncology Group performance status of 0–2. The selected regimen determined in 64 

the initial part of the study was 8 mg/day continuous oral erdafitinib in 28-day cycles, with 65 

provision for pharmacodynamically guided uptitration to 9 mg/day (8 mg/day UpT). The 66 

primary endpoint was investigator-assessed confirmed objective response rate (ORR) 67 

according to Response Evaluation Criteria In Solid Tumors (RECIST) version 1.1. Efficacy 68 

and safety were analysed in all treated patients who received at least one dose of erdafitinib. 69 

This is the final analysis of the study (ClinicalTrials.gov number NCT02365597). 70 

Findings Between May 25, 2015, and August 9, 2018, 212 patients were enrolled and 101 71 

patients were treated with erdafitinib 8 mg/day UpT . Data cutoff for this analysis was August 72 

9, 2019. Median efficacy follow-up was 24·0 (interquartile range 22·7–26·6) months. 73 

Investigator-assessed ORR for patients treated with the selected erdafitinib regimen was 40% 74 

(95% CI 30%–49%). 75 

Interpretation With longer follow-up, treatment with the selected regimen of erdafitinib 76 

showed consistent efficacy and a manageable safety profile in patients with locally 77 

advanced/metastatic urothelial carcinoma and prespecified FGFR alterations. 78 

Funding Janssen Research & Development. 79 

 80 
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Research in Context 81 

Evidence before this study 82 

We searched PubMed for clinical trials of fibroblast growth factor receptor (FGFR) inhibitors 83 

used to treat patients with urothelial cancer or bladder cancer from Jan 1, 2010, to Jan 1, 84 

2021. We used search terms “bladder cancer” OR “urothelial cancer” AND “fibroblast growth 85 

factor receptor,” with limits for clinical trials and no language preferences specified. At the 86 

time of the initial protocol approval for study BLC2001 (Jan 19, 2015), our searches 87 

identified one published report of a clinical trial of an FGFR inhibitor (dovitinib in 88 

combination with gemcitabine plus cisplatin or carboplatin) in patients with advanced solid 89 

tumours in which the combination was poorly tolerated. At that time, systemic treatment for 90 

metastatic urothelial carcinoma was generally unsatisfactory and had remained unchanged for 91 

several decades. More recently, approved anti-PD-(L)1 agents provide clinical benefit that is a 92 

small improvement in response rates over traditional chemotherapy and is accompanied by 93 

unique immune-related adverse events that are potentially serious and sometimes fatal. 94 

Differential response to anti-PD-(L)1 agents have been observed in different bladder cancer 95 

subtypes based on gene expression and histopathology and their underlying immune 96 

microenvironment. The primary analysis of the phase 2 study of erdafitinib (BLC2001) was 97 

published in 2019 and, based on these data, erdafitinib was the first targeted therapy approved 98 

by the US Food and Drug Administration for treatment of patients with locally advanced or 99 

metastatic urothelial carcinoma and prespecified FGFR genetic alterations. Erdafitinib is now 100 

included in the National Comprehensive Cancer Network and European Society for Medical 101 

Oncology guidelines as an option for second-line treatment of patients with locally advanced 102 

or metastatic urothelial cancer.   103 

 104 
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Added value of this study  105 

We show that, with longer follow-up, erdafitinib treatment continues to show consistent 106 

clinical benefits for patients with locally advanced or metastatic urothelial cancer whose 107 

tumours harbour specific FGFR alterations and that erdafitinib has a manageable safety 108 

profile.  109 

 110 

Implications of all the available evidence 111 

Our research from longer follow-up of this study confirms the benefit of erdafitinib, an FGFR 112 

inhibitor, for the treatment of patients with locally advanced or metastatic urothelial cancer 113 

whose tumours harbour specific FGFR alteration(s). Further research, in a phase 3 114 

randomised controlled study in patients with advanced urothelial cancer, is ongoing to 115 

evaluate erdafitinib as second-line monotherapy compared with a PD-1 inhibitor or 116 

chemotherapy. Another study is ongoing to evaluate erdafitinib in combination with a PD-1 117 

inhibitor (cetrelimab) in first-line treatment of cisplatin-ineligible patients with metastatic 118 

urothelial carcinoma. 119 

 120 

Introduction 121 

Until recently, after failure of platinum-based chemotherapy, second-line treatment options 122 

for patients with advanced urothelial carcinoma have been limited, with poor activity and 123 

response rates that range from 10% to 20%.1,2 Erdafitinib is a potent and selective pan–124 

fibroblast growth factor receptor (FGFR) tyrosine kinase inhibitor3 approved in the United 125 

States,4 Brazil, Canada, Thailand, Singapore, Peru, Israel, Taiwan, Hong Kong, and Saudi 126 

Arabia to treat adults with locally advanced or metastatic urothelial carcinoma with FGFR3/2 127 

alterations who progressed during or after one or more lines of prior platinum-containing 128 

chemotherapy, including within 12 months of (neo)adjuvant platinum-containing 129 

chemotherapy. The National Comprehensive Cancer Network guidelines for bladder cancer 130 
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recommend erdafitinib as a second-line treatment option for patients with locally advanced or 131 

metastatic urothelial carcinoma following platinum-based therapy.5 The European 132 

Association of Urology guidelines include FGFR inhibitors such as erdafitinib as promising 133 

therapies for second-line or later treatment of metastatic urothelial carcinoma,6 and, although 134 

erdafitinib is not approved by the European Medicines Agency, it is included in European 135 

Society for Medical Oncology guidelines.7  136 

Erdafitinib was approved based on results of an open-label phase 2 study (BLC2001) in 137 

patients with locally advanced and unresectable or metastatic urothelial carcinoma and 138 

prespecified FGFR3/2 alterations.8 Participants had disease progression during or after one or 139 

more lines of chemotherapy or within 12 months after neoadjuvant/adjuvant chemotherapy.8 140 

Based on results from a planned interim analysis, the selected schedule of erdafitinib was set 141 

at 8 mg/day continuously, with the possibility of pharmacodynamically guided uptitration to 9 142 

mg (henceforth 8 mg/day UpT [the selected-regimen group]).8 In the primary analysis, 143 

erdafitinib was associated with an investigator-assessed objective tumour response in 40% 144 

(95% confidence interval [CI] 31%–50%) of patients in the selected-regimen group8; the 145 

confirmed response rate was also 40% among patients who progressed/relapsed after prior 146 

chemotherapy. Additionally, at a median follow-up of 11·2 months, median progression-free 147 

survival (PFS) was 5·5 months (95% CI 4·2–6·0) and, at a median follow-up of 11·0 months, 148 

median overall survival (OS) was 13·8 months (95% CI 9·8–not reached [NR]).8 Treatment-149 

related adverse events (AEs) of grade 3 or higher were reported in 46% of patients at the time 150 

of the primary analysis.8 151 

We report longer-term efficacy, with 24·0 months’ median follow-up, and safety outcomes 152 

from 5.4 months’ median exposure (range: 0–31 months) among patients treated with the 153 

selected regimen of erdafitinib in BLC2001.  154 

 155 
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Methods 156 

Study design and participants 157 

The open-label, phase 2, non-comparator BLC2001 study (NCT02365597) in patients with 158 

locally advanced or metastatic urothelial carcinoma was conducted at 126 sites in 14 countries 159 

across Asia, Europe, and North America (see appendix p 2). As described,8 eligible patients 160 

were ≥18 years, with locally advanced and unresectable or metastatic urothelial carcinoma; 161 

had measurable disease according to Response Evaluation Criteria in Solid Tumors 162 

(RECIST), version 1.1; at least one FGFR3 mutation or FGFR2/3 fusion, as listed in a 163 

prespecified panel, by central laboratory testing; a history of disease progression during or 164 

after one or more lines of previous systemic chemotherapy or within 12 months after 165 

neoadjuvant/adjuvant chemotherapy (chemotherapy-refractory patients) or were cisplatin 166 

ineligible (for impaired renal function/peripheral neuropathy) and chemotherapy naïve; an 167 

Eastern Cooperative Oncology Group performance status (ECOG PS) ≤2; and adequate bone 168 

marrow, liver, and kidney function (creatinine clearance, ≥40 mL/min/1·73 m2). Patients who 169 

had any number of prior lines of therapy or who previously received immunotherapy (eg, 170 

immune checkpoint inhibitors) were eligible for enrolment. Patient exclusion criteria are on 171 

appendix p 4. 172 

Review boards at all participating institutions approved the study and all protocol 173 

amendments; the study was performed according to principles of the Declaration of Helsinki 174 

and guidelines for Good Clinical Practice and applicable regulatory requirements. Patients or 175 

their legally acceptable representatives provided written consent before participation.  176 

Procedures 177 

In the initial part of the study, patients were randomly assigned (1:1, with stratification 178 

performed as previously described8) to oral erdafitinib (Janssen-Cilag SpA, Latina, Italy) at 179 

10 mg/day intermittently (7 days on, 7 days off) or 6 mg/day continuously in 28-day cycles 180 

(appendix p 6). Based on findings from an interim analysis and 181 
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pharmacokinetic/pharmacodynamic modelling based on clinical data, the protocol was 182 

amended to continue enrolment into the 8 mg/day UpT dose schedule, thereby converting the 183 

study to a single-group analysis.  184 

In the selected 8 mg/day regimen, uptitration to 9 mg/day continuous treatment was permitted 185 

on day 14 in patients without AEs considered related to treatment by the investigator, if 186 

patients had not reached the target serum phosphate level of 5·5 mg/dL (1·8 mmol/L), a level 187 

associated with an improved response rate in the phase 1 study.8 Patients continued erdafitinib 188 

treatment at 8 mg/day if their serum phosphate levels on day 14 were within 5·5–<7·0 mg/dL 189 

(2·3 mmol/L; target range).  190 

Patients continued to receive erdafitinib until disease progression or unacceptable AEs, as 191 

determined by the investigator. At discretion of the investigator and the sponsor, patients with 192 

investigator-assessed disease progression could continue erdafitinib treatment. Patients who 193 

interrupted treatment because of grade 1 events reinitiated treatment at the same or a lower 194 

dose. After resolution of grade 2 treatment-emergent adverse events, patients restarted 195 

treatment at the same dose or one dose lower (if necessary). Patients who interrupted 196 

treatment because of lower grade events reinitiated treatment at the same or a lower dose. 197 

Efficacy was assessed using RECIST by computed tomography or magnetic resonance 198 

imaging of the chest, abdomen, and pelvis every 6 weeks for the first 3 months, every 12 199 

weeks for the next 9 months, and every 4–6 months thereafter until disease progression. 200 

Objective responses were confirmed by additional scan within 4–6 weeks 201 

after first assessment. After treatment discontinuation, patients were contacted every 12 202 

weeks to assess survival.  203 

Safety was assessed by clinical laboratory testing, physical examination, electrocardiography, 204 

and ophthalmologic examination (frequency of these assessments is described on appendix p 205 

15). Investigators assessed and graded AEs and abnormalities according to National Cancer 206 

Institute CTCAE criteria (version 4.0) for the duration of the study.   207 
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 208 

Outcomes 209 

The primary endpoint was confirmed objective response rate (ORR = % complete response 210 

[CR] + % partial response [PR]) among patients treated with the selected regimen; all CRs 211 

and PRs required confirmation within 4–6 weeks of first assessment of response and were 212 

assessed by the investigators per RECIST v1.1; disease control rate (DCR [CR + PR + stable 213 

disease (SD)]) was also calculated. Secondary endpoints were PFS (defined as time from the 214 

first dose of study drug until the first documented evidence of progressive disease [or relapse 215 

for patients who experienced CR during the study] or death, whichever occurred first), 216 

duration of response (DoR, defined as time from the initial documentation of a response to the 217 

first documented evidence of progressive disease [or relapse for patients who experienced CR 218 

during the study] or death), OS (defined as time from the first dose of study drug to death 219 

from any cause), safety, response rate in biomarker-specific subgroups (FGFR translocations 220 

vs mutations; previously reported8), and pharmacokinetics (considered for publication by 221 

another journal). 222 

 223 

Statistical analysis 224 

The study had a power of 85% to reject the null hypothesis that the response rate was 25% or 225 

less, at a one-sided alpha level of 0·025, if the true response rate was 42% for the primary 226 

analysis.8 All enrolled and treated patients in the selected-regimen group were included in the 227 

efficacy analysis (primary efficacy population). The response-evaluable population is defined 228 

as all patients who met all eligibility criteria, received at least one dose of study drug, had a 229 

baseline and at least one adequate post-treatment disease evaluation, have had clinical signs 230 

and/or symptoms of disease progression, or died prior to the first post-treatment disease 231 

evaluation. Adequate disease assessment is defined as having sufficient evidence to correctly 232 

indicate that progression has or has not occurred.  233 
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Prespecified subgroup analysis included secondary efficacy endpoints of best objective 234 

response, DoR (among patients with a confirmed objective response by investigator 235 

assessment), PFS, and OS within the primary efficacy and chemorefractory population, and 236 

was assessed by FGFR alterations (mutations and/or fusions), presence of visceral metastases 237 

(lung, liver or bone), prior chemotherapy, and prior immunotherapy; subgroup best objective 238 

response data have been published.8 Post hoc subgroup analysis included DoR, PFS, and OS 239 

within the primary efficacy and chemorefractory population assessed by preplanned 240 

subgroups based on primary tumour location (upper vs lower tract), and other patient 241 

demographic baseline characteristics. The chemotherapy relapsed/refractory (R/R) subgroup 242 

within the efficacy population included patients treated with one or more doses of erdafitinib 243 

who had progressive disease on or after one or more lines of prior chemotherapy or who had 244 

progressed/relapsed within 12 months of their last dose of neoadjuvant/adjuvant 245 

chemotherapy. Patients who received at least one dose of the study drug were included in the 246 

safety analysis (safety population). 247 

Data for patients who were progression-free and alive or with unknown status were censored 248 

at time of the last tumour assessment. The confidence intervals for median PFS, OS, and DoR 249 

were determined using complementary log-log transformation. For PFS and DOR, data from 250 

patients who were progression-free and alive or who had unknown status were censored at the 251 

last tumour assessment. For OS, data from patients who were alive or whose vital status was 252 

unknown were censored at the date the patient was last known to be alive. A post hoc 253 

landmark analysis was performed to compare PFS and OS by responder status (patients with a 254 

confirmed best objective response of CR or PR) and non-responders (patients with a 255 

confirmed best objective response of SD or progressive disease, no measurable disease at 256 

baseline, or without a post-baseline tumour assessment) based on responses assessed at 3 257 

months after the start of treatment. A 3-month landmark was considered sufficient for this 258 

exploratory analysis as it allowed sufficient time for responses to be confirmed. 259 
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The BLC2001 study protocol (p 18) and statistical analysis plan (p 145) are in the appendix. 260 

SAS version 9.4 was used for all statistical analyses. This study is registered with 261 

ClinicalTrials.gov, NCT02365597. 262 

 263 

Role of the funding source 264 

The funder of the study, Janssen Research & Development, was involved in study design, 265 

data collection, data analysis, and data interpretation. Writing assistance was provided by 266 

Sally Hassan, PhD, Susan Neville, MSc, and Khalida Rizi, PhD, of Parexel, and was funded 267 

by Janssen Global Services, LLC. All investigators had access to the raw data at their 268 

individual sites. The corresponding author had full access to all the data and had final 269 

responsibility for the decision to submit for publication. 270 

 271 

Results 272 

Between May 25, 2015, and August 9, 2018, 212 eligible patients were enrolled and treated 273 

with erdafitinib, and 101 patients were treated with the 8 mg/day UpT regimen (60 patients 274 

received 8 mg/day and 41 patients were uptitrated to 9 mg/day). Efficacy results are reported 275 

for the 8 mg/day UpT regimen group only. Of the 101 patients who were treated with the 8 276 

mg/day UpT regimen, two died due to progressive disease before the first postbaseline disease 277 

evaluation.    278 

At the clinical cutoff date (August 9, 2019), median follow-up for efficacy (estimated based 279 

on the time from first dose of study treatment to date of censoring for PFS using the reverse 280 

Kaplan–Meier method9) was 24·0 months (interquartile range [IQR] 22·7–26·6). Median 281 

treatment duration was 5·4 months (range: 0–31).   282 

Two patients were enrolled into the 8 mg/day UpT regimen group after the clinical cutoff date 283 

for the primary analysis (March 15, 2018). Patient demographics and baseline characteristics 284 

are presented in table 1. Consistent with the primary analysis, progressive disease was the 285 
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most common reason for treatment discontinuation. At the analysis cutoff date, 24 patients 286 

(24%) in the 8 mg/day UpT group remained in the study.  287 

The confirmed investigator-assessed ORR was 40% (40/101; 95% CI 30%–49%) among all 288 

patients receiving the 8 mg/day UpT regimen, consistent with the 40% ORR (40/99; 95% CI 289 

31%–50%) at the time of primary analysis.8 Of the 99 patients treated with 8 mg/day UpT 290 

who underwent at least one disease evaluation after baseline, 76 (77%) had a reduction in the 291 

sum of target-lesion diameters, and 48 (48%) had a maximum tumour reduction of 30–100% 292 

(appendix p 7). Further analyses of response revealed similar ORRs irrespective of the 293 

presence or absence of visceral metastases (33·3% [3/9], 35·0% [7/20], 40·4% [23/57], 294 

34·8% [8/23], 40·0% [4/10], and 50·0% [7/14] for patients with lymph node-only disease, and 295 

those with liver, lung, bone, both liver and lung, and other metastatic disease, respectively). 296 

Median time to response seemed longer for patients who had both liver and lung metastases 297 

(2·2 months [IQR 1·4–3·0) compared with those who had lymph node-only disease (1·4 298 

months [IQR 1·4–1·4]), and those with liver (1·4 months [IQR 1·4–3·0]), lung (1·4 months 299 

[IQR 1·4–1·6]), bone (1·6 months [IQR 1·4–2·8]), and other metastases (1·4 months [IQR 300 

1·3–1·4]). Similarly, median time to response appeared longer for patients with 2–3 sites of 301 

visceral disease compared with those who had 1 or no metastatic sites (2·0 [IQR 1·3–3·0] vs 302 

1·4 [IQR 1·4–1·5] and 1·4 [IQR 1·3–1·4] months, respectively). We note that these results 303 

are based on a limited number of responders per disease site. 304 

Median DoR was 6·0 months (95% CI 4·2–7·5); 31% (31/101) of responders had a DoR that 305 

was maintained for ≥12 months (figure 1; of 101 patients, 40 had a confirmed response: PR in 306 

36 [35·6%] and CR in 4 [4·0%]). Additionally, 41% of patients achieved a best response of 307 

SD for at least one disease evaluation period (>36 days), leading to an overall DCR of 80·2% 308 

(95% CI 72·4%–88·0%) for the primary efficacy population.  309 

Median PFS was 5·5 months (95% CI 4·3–6·0) for all patients treated with the selected 310 

regimen (figure 2A). There had been 72 events in the 8 mg/day erdafitinib UpT group, and 311 



 

14 

 

median OS was 11·3 months (95% CI 9·7–15·2) (figure 2B). The 12-month survival rate was 312 

49% and the 24-month survival rate 31%. 313 

Based on a landmark analysis, at 3 months after treatment initiation, PFS was similar between 314 

responders and non-responders while OS improved for responders (appendix p 8). It is noted 315 

that any differences in PFS and OS observed between responders and non-responders are 316 

numerical and limited by small numbers.  317 

PFS, OS, and DoR were not impacted by factors such as age, sex, and most baseline disease 318 

characteristics, including haemoglobin level and renal function (figure 3 and appendix p 9). 319 

Patients with an ECOG PS of 0–1 versus 2 had a longer median PFS (5·6 [95% CI 5·0–6·8] 320 

vs 3·2 [95% CI 1·0–4·9]) and a longer median OS (13·8 [95% CI 10·3–15·8] vs 5·1 [95% CI 321 

3·0–8·0]).  322 

Most patients (69% [70/101]) had mutations, 25% (25/101) had fusions, and 6% (6/101) had 323 

both mutation and fusion. The most common mutations were FGFR3-S249C (46%  [45/99]), 324 

FGFR3-R248C (13% [13/99]) and FGFR3-Y373C (12% [12/99]), and the most common 325 

fusion was FGFR3-TACC3_V1 (11% [11/99]). PFS, DoR, and OS values seemed similar 326 

between patients with FGFR mutations and those with FGFR fusions (figure 3 and appendix 327 

p 9).  328 

Most patients had primary tumours in the lower tract (75% [76/101]) and 77% (78/101) had 329 

visceral metastases, but PFS and OS values seemed similar regardless of the primary tumour 330 

location, the presence/absence of visceral metastases, or the number of prior lines of therapy 331 

(figure 3 and appendix p 11). 332 

  333 

Most patients (88% [89/101]) had received prior chemotherapy (table 1). Similar to the ORR 334 

for all treated patients, confirmed ORR for the chemotherapy R/R population was 39·3% 335 

(95% CI 29·2%–49·5%). Additionally, overall DCR in the chemotherapy R/R population 336 

(79·8% [95% CI 71·4%–88·1%]) was similar to that in the all-treated population. Median 337 
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PFS among treated chemotherapy R/R patients (figure 3A; appendix p 10 and 11) was also 338 

similar to that among all treated patients. Median OS was 10·6 months (95% CI 9·0–14·7) for 339 

treated chemotherapy R/R patients (among whom 65 events occurred [figure 3B and appendix 340 

p 10 and 11]). For patients who had prior chemotherapy (appendix p 10 and 11) versus all 341 

treated patients (figure 2), median PFS and median OS were similar. For chemotherapy-naïve 342 

patients (n=12), median PFS was 14·9 months (95% CI 2·8, 26·7) and median OS was 20·8 343 

months (8·9–NE). 344 

Almost a quarter of patients who received the 8 mg UpT regimen had received prior 345 

immunotherapy (table 1), but PFS and OS were similar regardless of the number of lines of 346 

prior immunotherapy (figure 3). Median PFS for those who had received prior 347 

immunotherapy (5·7 months [95% CI 4·9–8·3]; figure 3A) was also similar to that for all 348 

treated patients. Median OS was 10·9 months (95% CI 8·0–21·1) for patients with prior 349 

immunotherapy (amongst whom 19 events were recorded [figure 3B]).  350 

The safety profile of erdafitinib at a median treatment exposure of 5·4 months remained 351 

consistent with that in the primary analysis.8 All patients experienced at least one treatment-352 

emergent AE (TEAE; defined on appendix p 5) irrespective of dose uptitration, and 59·4% of 353 

patients (60/101) experienced TEAEs that led to dose reduction. Grade 3–4 TEAEs of any 354 

causality occurred in 71·3% (72/101) of patients, the most common (occurring in ≥10% of 355 

patients) being stomatitis and hyponatraemia (table 2 and appendix p 12); 52·4% (53/101) had 356 

grade 3 TEAEs that were considered related to erdafitinib 8 mg UpT. No grade 4 TEAEs 357 

were considered related to erdafitinib. No new treatment-related AEs were observed with 358 

longer follow-up (see appendix p 13). The most common TEAEs were hyperphosphataemia, 359 

stomatitis, diarrhoea, and dry mouth (table 2). Serious TEAEs occurred in 44·5% (45/101) of 360 

patients (see appendix p 14). The most common serious TEAEs were urinary tract infection 361 

and general physical health deterioration; 10·9% (11/101) were considered by the investigator 362 

to be related to erdafitinib, and no treatment-related deaths occurred. Of patients receiving 8 363 
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mg/day UpT, 15·8% (16/101) had AEs considered related to erdafitinib that led to treatment 364 

discontinuation. The frequency of any one event leading to treatment discontinuation was 365 

low; no more than two patients (2·0%) reported the same TEAE leading to discontinuation 366 

(appendix p 16). 367 

The proportion of patients with central serous retinopathy (CSR; a known class effect of 368 

FGFR inhibitors and a TEAE of special interest) was 26·7% in all treated patients (27/101; 369 

appendix p 14), 25·0% (15/60) in patients who received 8 mg/day and 29·3% (12/41) in those 370 

whose dose was uptitrated to 9 mg/day. Most of these events (85·2% [23/27]) were grade 1 or 371 

2 (figure 4 and appendix p 14). At data cutoff, 63·0% (17/27) of CSR events had resolved 372 

(median [range] time to resolution 27 days [9–299]); all 10 unresolved events were grade 1 or 373 

2 (appendix page 14). The median time to first onset of CSR was 53 days for any-grade AE 374 

and 94 days for grade 3 events (figure 4); 7.4% (2/27) occurred after 6 months. Among 375 

treated patients, dose reduction, dose interruption, and treatment discontinuation for CSR 376 

occurred in 12·8% (13/101), 7·9% (8/101), and 3·0% (3/101), respectively (see appendix p 5 377 

for dose modification for most common TEAEs). Other select TEAEs are reported on 378 

appendix p 17, including among those who received 8 mg/day and those whose dose was 379 

uptitrated to 9 mg/day; rates of hyperphosphataemia were higher in the non-uptitrated group 380 

than in the uptitrated group (86·7% [52/60] vs 65·9% [27/41]); the incidences of stomatitis, 381 

nail events, non-CSR events, skin events, and diarrhoea were comparable between patients 382 

who received 8 mg/day and those who received 9 mg/day. 383 

 384 

Discussion 385 

In this analysis of the BLC2001 study, with a median efficacy follow-up of 24·0 months, 386 

treatment with erdafitinib showed consistent efficacy in patients with locally advanced or 387 

metastatic urothelial carcinoma and FGFR alterations compared with the primary analysis 388 
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(median follow-up ~11 months).8 There were no new safety signals with a median treatment 389 

exposure of 5·4 months. The confirmed investigator-assessed ORR was 40%; median PFS 390 

and OS were 5·5 and 11·3 months, respectively. Clinically meaningful treatment benefit with 391 

erdafitinib was observed in patients regardless of prior chemotherapy or immunotherapy and 392 

most baseline disease characteristics. Responses lasted a median of 6·0 months, and 31% 393 

lasted for 1 year or more. Patients with ECOG PS 0–1 versus 2 had a longer median PFS and 394 

OS, but there was no numerical difference in PFS and OS by presence/absence of visceral 395 

metastases, FGFR alteration type, or kidney function (baseline creatinine clearance < or ≥60 396 

mL/min). Additionally, while PFS and OS appeared longer among chemotherapy-naïve 397 

patients compared with those who had received prior chemotherapy, multiple factors could 398 

have contributed to this finding, including potential differences in baseline disease 399 

characteristics in this small number of patients. Of note, all subgroup comparisons were 400 

exploratory in this nonrandomised study, and some subgroups contained small numbers of 401 

patients. This should be considered when interpreting the results. 402 

The primary results from BLC2001 led to approval of erdafitinib by global health authorities, 403 

making it the first targeted therapy approved for patients with metastatic urothelial 404 

carcinoma.10 As many as 32% of urothelial carcinomas may harbour FGFR alterations11; 405 

FGFR3 alterations have been reported in ~22% of patients with urothelial bladder carcinoma 406 

at all stages in one study,12 suggesting a role for wider implementation of FGFR testing, as 407 

patients with certain FGFR alterations may benefit from FGFR inhibition. Other FGFR 408 

inhibitors are also being investigated in metastatic urothelial carcinoma, including infigratinib 409 

and rogaratinib. In one study, the ORR for infigratinib (an FGFR1–3 inhibitor) was 24% in 410 

the second- and later-line setting for advanced/unresectable or metastatic urothelial 411 

carcinoma.13 In an expansion cohort of a phase 1 study of another oral pan-FGFR kinase 412 
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inhibitor, rogaratinib, in patients with advanced urothelial carcinoma (45% of whom had 413 

FGFR overexpression) with a median of two prior lines of therapy, ORR was 24%.14  414 

A systematic review and meta-analysis of 22 studies involving single-agent chemotherapy 415 

and 24 studies including doublet chemotherapy in the second-line setting following platinum-416 

based chemotherapy found ORRs of 14% and 32%, respectively.15 As second-line therapy, 417 

checkpoint blockade immunotherapies have demonstrated an ORR of ~20%.16-21 The ORR 418 

reported for studies of antibody–drug conjugates as second-line treatment, were 40·6% for 419 

enfortumab vedotin (phase 3 study; median follow-up, 11·1 months)22 and 31% for 420 

sacituzumab govitecan (phase 1/2 study).23 421 

The PFS and OS seen in the current analysis of the BLC2001 study confirm the persistent 422 

benefit of erdafitinib 8 mg UpT. These median PFS and OS data are also, generally, 423 

comparable with those noted for second-line checkpoint inhibitors16,18,19 and antibody drug 424 

conjugates.22,24 For many of the studies of these other agents, only short-term follow-up is 425 

currently available, and it will be important to see if those responses are durable. 426 

Additionally, owing to differences in patient populations, study design, and treatment 427 

regimens, it is difficult to make indirect cross-trial comparisons. Among patients treated with 428 

erdafitinib 8 mg UpT in our study, 31% had responses lasting 12 months or more, and 12- and 429 

24-month survival rates were 49% and 31%, respectively. Patients with objective responses to 430 

erdafitinib also had increased PFS and OS; PFS and OS were independent of most baseline 431 

disease characteristics. The durability of ORR, PFS, and OS noted in our study demonstrated 432 

the benefit of single-agent erdafitinib treatment in patients with metastatic urothelial 433 

carcinoma and prespecified FGFR alterations.  434 

Data from other tyrosine kinase inhibitors suggest that primary and acquired resistance is an 435 

issue associated with FGFR inhibitors.24-26 To identify markers of intrinsic resistance to 436 

FGFR inhibition, plasma samples from the BLC2001 study were tested using next-generation 437 
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sequencing for ctDNA, and the presence of EGFR, CCND1, and BRAF alterations at baseline 438 

correlated with shorter PFS, and EGFR with shorter OS.27 Further studies assessing the 439 

prognostic versus predictive value of these genes in patients with metastatic urothelial 440 

carcinoma and FGFR3 alterations could provide additional insight.  441 

In this analysis based on a median 5·4 months’ treatment exposure, the safety profile of 442 

erdafitinib in patients with locally advanced or metastatic urothelial carcinoma and FGFR 443 

alterations remained consistent with the primary analysis. CSR events, a known class effect of 444 

mitogen-activated protein kinase pathway inhibitors, including for FGFR,28-30 occurred in 445 

approximately one quarter of patients, but were mostly grade 1 or 2 and the majority resolved 446 

at data cutoff.  447 

The open-label, single-arm study design of BLC2001 is a limitation. Patients were selected 448 

based on the presence of nine prespecified FGFR alterations; because gene amplifications 449 

were not included among these alterations and whole genome sequencing was not performed, 450 

other mechanisms for constitutive activation or resistance were not assessed. The Kaplan–451 

Meier curves for PFS and OS by responder status at the 3-month landmark (appendix p 8) and 452 

some of the subgroup analyses (figure 3) are limited by small numbers; these are included 453 

here to offer clinical insights only. Erdafitinib is being investigated further in a phase 3 454 

randomised, controlled study (NCT03390504) in patients with urothelial carcinoma as 455 

monotherapy versus immune checkpoint inhibitor (PD-1) or chemotherapy. Erdafitinib is also 456 

being investigated in the first-line cisplatin-ineligible metastatic urothelial carcinoma setting 457 

in combination with the PD-1 inhibitor cetrelimab (NCT03473743) and as monotherapy 458 

versus intravesical chemotherapy in a randomised, phase 2 study (NCT04172675) in high-risk 459 

non-muscle-invasive bladder cancer recurring after treatment with bacillus Calmette-Guérin. 460 

Frequency of FGFR alterations is higher in early-stage urothelial carcinoma.11  461 
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In conclusion, in the BLC2001 study, at a median 24·0 months of follow-up, second-line 462 

erdafitinib treatment of patients with locally advanced or metastatic urothelial carcinoma and 463 

prespecified FGFR alterations demonstrated consistent, durable efficacy with a median OS of 464 

11·3 months and almost one third of patients having responses lasting 12 months or longer; 465 

tolerability was comparable to that in the primary analysis. Erdafitinib remains an important 466 

treatment option for patients with locally advanced or metastatic urothelial carcinoma who 467 

progressed during or after one or more lines of prior platinum-containing chemotherapy, 468 

including within 12 months of (neo)adjuvant platinum-containing chemotherapy, and who 469 

have specific FGFR alterations. Erdafitinib is therefore being investigated in other treatment 470 

settings. 471 
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Figure Legends 645 

Figure 1: Swimmer’s plot of duration and type of response for 101 patients treated with 646 

8 mg/day erdafitinib with potential for uptitration to 9 mg/day 647 

Bars are coloured to show best response.  648 

Responses that occurred or were maintained after treatment discontinuation due to adverse 649 

events but prior to the start of subsequent therapy are included in the display. One patient, 650 

shown as treatment ongoing, had a drug interruption at the data cut but had not discontinued 651 

erdafitinib. 652 

Figure 2: Investigator-assessed progression-free survival (A) and overall survival (B) for 653 

8 mg/day erdafitinib with potential for uptitration to 9 mg/day 654 

Figure 3: Estimated median (and associated 95% confidence interval) for progression-655 

free survival (A) and overall survival (B) by subgroup 656 

*Upper tract includes renal pelvis and ureter. †Lower tract includes bladder, urethra and 657 

prostatic urethra. ‡Visceral metastases includes metastases into lung, liver, and bone. †Prior 658 

immunotherapy includes atezolizumab, pembrolizumab, nivolumab, durvalumab, avelumab, 659 

anti-csf1r antibody, tremelimumab. BL, baseline; CrCl, creatinine clearance; Hb, 660 

haemoglobin; IO, immunotherapy; NE, not evaluable; R/R, relapsed refractory. The bars 661 

represent the associated 95% confidence interval by selected subgroup. FGFRm+f-= FGFR 662 

mutation present and fusion absent. FGFRm-F+=FGFR mutation absent and fusion present. 663 

FGFRm+f+=FGFR mutation and fusion present. IO=immunotherapy. OS=overall survival. 664 

PFS=progression-free survival.  665 

Figure 4: Post hoc analysis of cumulative incidence of first-onset central serous 666 

retinopathy events by grade using the Kaplan–Meier method  667 

Three patients had grade 3 central serous retinopathy events that resolved or lessened in 668 

severity to grade 1 following dose reduction or interruption in two patients and no dose 669 

modification in another patient, and one patient had grade 3 detachment of retinal pigment 670 
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epithelium, which initially resolved but then recurred as a grade 2 event following dose 671 

reduction (ultimately leading to discontinuation of erdafitinib in this patient). 672 

 673 
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Table 1: Baseline characteristics 

 

Patients 

Erdafitinib  

8 mg/day UpT 

n=101* 

Age, median (range), years  67 (36–87)  

ECOG PS  

0 51 (50%) 

1 43 (43%) 

2 7 (7%) 

Pretreatment†  

Progressed or relapsed after chemotherapy 89 (88%) 

Chemotherapy naive 12 (12%) 

Prior immunotherapy 24 (24%) 

Number of lines of prior treatment‡ 

0 

1 

2 

≥3 

 

10 (10%) 

48 (48%) 

28 (28%) 

15 (15%) 

Visceral metastases§ 

Present 

   Liver 

   Lung 

   Bone 

Absent 

   Lymph node only 

   Other¶ 

Haemoglobin level, g/dL 

 

78 (77%) 

20 (20%) 

57 (56%) 

23 (23%) 

23 (23%) 

9 (9%) 

14 (14%) 

86 (85%) 
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Patients 

Erdafitinib  

8 mg/day UpT 

n=101* 

 ≥10 

<10 

Tumour location 

Upper tract 

Lower tract 

Creatinine clearance rate 

<60 mL/min 

≥60 mL/min 

15 (15%) 

 

25 (25%) 

76 (75%) 

 

53 (52%) 

48 (48%) 

FGFR alteration#  

FGFRm+f- 70 (69%) 

FGFRm-f+ 25 (25%) 

FGFRm+f+ 6 (6%) 

Data are n (%). *Two patients were added to the 8 mg/d UpT regimen after the cutoff date for 

the primary analysis (March 15, 2018). †The pretreatment groups are not mutually exclusive. 

‡The chemo relapsed/refractory efficacy population (n=89) consists of all patients in the 8 mg 

daily regimen who were treated with ≥1 dose of erdafitinib and had progressed on or after ≥1 

prior chemotherapy or progressed/relapsed within 12 months of last dose of neoadjuvant or 

adjuvant chemotherapy. §Per protocol patients with visceral metastases included those with 

lung, liver or bone lesions. The combined number of patients with metastases at different 

visceral sites exceeds the total number with visceral metastases present, as some patients had 

metastatic disease in more than one site. ¶Patients who had any combination of lymph node 

plus soft tissue or visceral metastases that were not lung, liver or bone, or soft tissue and/or 

other visceral metastases (not lung, liver or bone). #FGFR alteration (mutations [m] and/or 

fusions [f], analysed as present [+] or absent [-]). 

ECOG PS=Eastern Cooperative Oncology Group. UpT=possibility of uptitration to 9 mg/day. 
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Table 2: Most common treatment-emergent adverse events and worst toxicity grade 1 

 

Erdafitinib  

8 mg/d UpT  

(n=101) 

 

Grade 1–2 

 

Grade 3 

 

Grade 4 

 

Grade 5* 

Patients with any TEAE 

(worst toxicity grade) 

101 (100·0%) 29 (28·7%) 58 (57·4%) 6 (5·9%) 8 (7·9%) 

Hyperphosphataemia† 79 (78·2%) 77 (76·2%) 2 (2·0%) 0 0 

Stomatitis 60 (59·4%) 46 (21·3%) 14 (13·9%) 0 0 

Diarrhoea 55 (54·5%) 51 (50·4%) 4 (4·0%) 0 0 

Dry mouth 46 (45·5%) 45 (44·5%) 1 (1·0%) 0 0 

Decreased appetite 41 (40·6%) 40 (39·6%) 1 (1·0%) 0 0 

Dysgeusia 41 (40·6%) 39 (38·6%) 2 (2·0%) 0 0 

Alopecia 34 (33·7%) 34 (33·7%) 0 0 0 

Dry skin 34 (33·7%) 34 (33·7%) 0 0 0 

Fatigue 33 (32·7%) 31 (30·6%) 2 (2·0%) 0 0 

Constipation 29 (28·7%) 28 (27·7%) 1 (1·0%) 0 0 

Dry eye 28 (27·7%) 27 (26·7%) 1 (1·0%) 0 0 
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Erdafitinib  

8 mg/d UpT  

(n=101) 

 

Grade 1–2 

 

Grade 3 

 

Grade 4 

 

Grade 5* 

Palmar-plantar 

erythrodysaesthesia 

syndrome 

 

 

25 (24·8%) 

 

 

20 (19·8%) 

 

 

5 (5·0%) 0 0 

Asthaenia 23 (22·8%) 15 (14·9%) 6 (5·9%) 0 2 (2·0%) 

Anaemia 22 (21·8%) 17 (16·8%) 5 (5·0%) 0 0 

Nausea 22 (21·8%) 21 (20·8%) 1 (1.0%) 0 0 

Alanine 

aminotransferase 

increased 

 

 

19 (18·8%) 17 (16·8%) 2 (2·0%) 0 0 

Onycholysis 19 (18·8%) 17 (16·8%) 2 (2·0%) 0 0 

Paronychia 19 (18·8%) 16 (15·8%) 3 (3·0%) 0 0 

Urinary tract infection 18 (17·8%) 13 (12·9%) 5 (5·0%) 0 0 

Vision blurred 18 (17·8%) 18 (17·8%) 0 0 0 

Weight decreased 18 (17·8%) 17 (16·8%) 1 (1.0%)0 0 0 

Nail dystrophy 17 (16·8%) 11 (10·9%) 6 (5·9%) 0 0 

Data are n (%). Patients with one or more TEAE were counted only once for each AE and worst AE grade reported. TEAEs occurring in 15% or 2 
more patients are shown. No grade 4 AEs were considered to be related to erdafitinib. *All TEAEs with the outcome of death (grade 5) were 3 

considered by the investigator to not be related to erdafitinib, and most events (7/8), including the two grade 5 events of asthaenia, occurred in the 4 

context of progressive disease.  5 
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†Hyperphosphatemia was graded based on protocol-defined criteria: 5·5–6·9 mg/dL as grade 1; 7·0–8·9 mg/dL as grade 2; 9·0–10·0 mg/dL as 6 
grade 3; >10·0 mg/dL as grade 4. 7 

TEAE=treatment-emergent adverse event. TRAE=treatment-related adverse event. UpT=potential for uptitration to 9 mg/day. 8 

 9 
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Figure 2.  12 
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Abstract 57 

Background Erdafitinib, a pan-fibroblast growth factor receptor (FGFR) kinase inhibitor, 58 

was effective and tolerable in patients with advanced urothelial carcinoma and prespecified 59 

FGFR alterations in the primary analysis from the open-label, phase 2, non-comparator, 60 

BLC2001 study at median 11 months’ follow-up. We report further dataThe aim of the 61 

current analysis was to assess long-term efficacy and safety at a median 24 months’ follow-up 62 

for the selected regimen.  63 

Methods We administered erdafitinib at three different dosing regimens to patients Eligible 64 

patients were ≥18 years with locally advanced and unresectable/metastatic urothelial 65 

carcinoma, had at least 1oneand prespecified FGFR alteration and had an Eastern Cooperative 66 

Oncology Group performance status of 0–2.s . The selected regimen determined in the initial 67 

part of the study was 8 mg/day continuous oral erdafitinib in 28-day cycles, with provision for 68 

pharmacodynamically- guided uptitration to 9 mg/day (8 mg/day UpT) . The Pprimary 69 

endpoint was investigator-assessed confirmed objective response rate (ORR) according to 70 

Response Evaluation Criteria iIn Solid Tumors (RECIST) version 1.1. ; secondary endpoints 71 

were progression-free survival (PFS), duration of response (DoR), overall survival (OS), 72 

safety, predictive biomarker evaluation, and pharmacokinetics. Efficacy and safety were 73 

analysed in all treated patients who received at least 1one dose of erdafitinib. This is the final 74 

analysis of the study is registered with( ClinicalTrials.gov, number NCT02365597). 75 

Findings We enrolled 212 patients between Between May 25, 2015, and August 9, 2018, 212 76 

patients were enrolled and treated 101 patients were treated with erdafitinib 8 mg/day UpT the 77 

8 mg/day continuous erdafitinib regimen with potential for uptitration to 9 mg/day. Data 78 

cutoff for this analysis was August 9, 2019. Median efficacy follow-up was 24·0 (interquartile 79 

range 22·7–26·6) months. Investigator-assessed ORR for patients treated with the selected 80 

erdafitinib regimen was 40% (95% CI 30%–49%). Median DoR was 6·0 months (95% CI 81 

4·2–7·5); 31% of patients had responses lasting 12 or more months. 12- and 24-month 82 
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survival rates were 49% and 31%, respectively. Median PFS was 5·5 months (95% CI 4·3–83 

6·0) and median OS was 11·3 months (95% CI 9·7–15·2). The safety profile remained similar 84 

to that in the primary analysis, with no new safety signals reported with longer follow-up. 85 

Interpretation On long-termWith longer follow --up, treatment with the selected regimen of 86 

erdafitinib showed consistent efficacy and a manageable safety profile in patients with locally 87 

advanced/metastatic urothelial carcinoma and prespecified FGFR alterations. 88 

Funding Janssen Research & Development. 89 

 90 

Research in Context 91 

Evidence before this study 92 

We searched PubMed for clinical trials of fibroblast growth factor receptor (FGFR) inhibitors 93 

used to treat patients with urothelial cancer or bladder cancer from Jan 1, 2010, to Jan 1, 94 

2021. We used search terms “bladder cancer” OR “urothelial cancer” AND “fibroblast growth 95 

factor receptor,” with limits for clinical trials and no language preferences specified. At the 96 

time of the initial protocol approval for study BLC2001 (Jan 19, 2015), our searches 97 

identified one published report of a clinical trial of an FGFR inhibitor (dovitinib in 98 

combination with gemcitabine plus cisplatin or carboplatin) in patients with advanced solid 99 

tumours in which the combination was poorly tolerated. At that time, systemic treatment for 100 

metastatic urothelial carcinoma was generally unsatisfactory and had remained unchanged for 101 

several decades. More recently, approved anti-PD-(L)1 agents provide clinical benefit that is a 102 

small improvement in response rates over traditional chemotherapy and is accompanied by 103 

unique immune-related adverse events that are potentially serious and sometimes fatal. 104 

Differential response to anti-PD-(L)1 agents have been observed in different bladder cancer 105 

subtypes based on gene expression and histopathology and their underlying immune 106 

microenvironment. The primary analysis of the phase 2 study of erdafitinib (BLC2001) was 107 

published in 2019 and, based on these data, erdafitinib was the first targeted therapy approved 108 
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by the US Food and Drug Administration for treatment of patients with locally advanced or 109 

metastatic urothelial carcinoma and prespecified FGFR genetic alterations. Erdafitinib is now 110 

included in the National Comprehensive Cancer Network and European Society for Medical 111 

Oncology guidelines as an option for second-line treatment of patients with locally advanced 112 

or metastatic urothelial cancer.   113 

 114 

Added value of this study  115 

We show that, at a median of 24 months’with longer follow-up, erdafitinib treatment 116 

continues to show consistent clinical efficacy benefits for patients with locally advanced or 117 

metastatic urothelial cancer whose tumours harbour specific FGFR alteration(s) and that 118 

erdafitinib has a manageable safety profile. With the longer follow-up, there was a consistent 119 

benefit in objective response rate, progression-free survival, and overall survival and, with a 120 

median treatment exposure of 5·4 months, the safety profile remained consistent with no new 121 

safety signals identified. 122 

 123 

Implications of all the available evidence 124 

Our research from longer follow-up of this study confirms the benefit of erdafitinib, an FGFR 125 

inhibitor, for the treatment of patients with locally advanced or metastatic urothelial cancer 126 

whose tumours harbour specific FGFR alteration(s). Further research, in a phase 3 127 

randomised controlled study in patients with advanced urothelial cancer, is ongoing to 128 

evaluate erdafitinib as second-line monotherapy compared with a PD-1 inhibitor or 129 

chemotherapy. Another study is ongoing to evaluate erdafitinib in combination with a PD-1 130 

inhibitor (cetrelimab) in first-line treatment of cisplatin-ineligible patients with metastatic 131 

urothelial carcinoma. 132 

 133 

Introduction 134 
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Until recently, after failure of platinum-based chemotherapy, second-line treatment options 135 

for patients with advanced urothelial carcinoma have been limited, with poor activity and 136 

response rates that range from 10% to 20%.1,2 Erdafitinib is a potent and selective pan–137 

fibroblast growth factor receptor (FGFR) tyrosine kinase inhibitor3 approved in the United 138 

States,4 Brazil, Canada, Thailand, Singapore, Peru, Israel, Taiwan, Hong Kong, and Saudi 139 

Arabia to treat adults with locally advanced or metastatic urothelial carcinoma with FGFR3/2 140 

alterations who progressed during or after one or more lines of prior platinum-containing 141 

chemotherapy, including within 12 months of (neo)adjuvant platinum-containing 142 

chemotherapy. The National Comprehensive Cancer Network guidelines for bladder cancer 143 

recommend erdafitinib as a second-line treatment option for patients with locally advanced or 144 

metastatic urothelial carcinoma following platinum-based therapy.5 The European 145 

Association of Urology guidelines include FGFR inhibitors such as erdafitinib as promising 146 

therapies for second-line or later treatment of metastatic urothelial carcinoma,6 and, although 147 

erdafitinib is not approved by the European Medicines Agency, it is included in European 148 

Society for Medical Oncology guidelines.7  149 

Erdafitinib was approved based on results of an open-label phase 2 study (BLC2001) in 150 

patients with locally advanced and unresectable or metastatic urothelial carcinoma and 151 

prespecified FGFR3/2 alterations.8 Participants had disease progression during or after one or 152 

more lines of chemotherapy or within 12 months after neoadjuvant/adjuvant chemotherapy.8 153 

Based on results from a planned interim analysis, the selected schedule of erdafitinib was set 154 

at 8 mg/day continuously, with the possibility of pharmacodynamically guided uptitration to 9 155 

mg (henceforth 8 mg/day UpT [the selected-regimen group]).8 In the primary analysis, 156 

erdafitinib was associated with an investigator-assessed objective tumour response in 40% 157 

(95% confidence interval [CI] 31%–50%) of patients in the selected-regimen group8; the 158 

confirmed response rate was also 40% among patients who progressed/relapsed after prior 159 

chemotherapy. Additionally, at a median follow-up of 11·2 months, median progression-free 160 
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survival (PFS) was 5·5 months (95% CI 4·2–6·0) and, at a median follow-up of 11·0 months, 161 

median overall survival (OS) was 13·8 months (95% CI 9·8–not reached [NR]).8 Treatment-162 

related adverse events (AEs) of grade 3 or higher were reported in 46% of patients at the time 163 

of the primary analysis.8 164 

We report longer-term efficacy, with 24·0 months’ median follow-up, and safety outcomes 165 

from 5.4 months’ median exposure (range: 0–31 months) among patients treated with the 166 

selected regimen of erdafitinib in BLC2001.  167 

 168 

Methods 169 

Study design and participants 170 

The open-label, phase 2, non-comparator, BLC2001 study (NCT02365597) in patients with 171 

locally advanced or metastatic urothelial carcinoma was conducted at 126 sites in 14 countries 172 

across Asia, Europe, and North America (see appendix p 2). As described,8 eligible patients 173 

were ≥18 years, with locally advanced and unresectable or metastatic urothelial carcinoma; 174 

had measurable disease according to Response Evaluation Criteria in Solid Tumors 175 

(RECIST), version 1.1; at least one FGFR3 mutation or FGFR2/3 fusion, as listed in a 176 

prespecified panel, by central laboratory testing; a history of disease progression during or 177 

after one or more lines of previous systemic chemotherapy or within 12 months after 178 

neoadjuvant/adjuvant chemotherapy (chemotherapy-refractory patients) or were cisplatin 179 

ineligible (for impaired renal function/peripheral neuropathy) and chemotherapy naïve; an 180 

Eastern Cooperative Oncology Group performance status (ECOG PS) ≤2; and adequate bone 181 

marrow, liver, and kidney function (creatinine clearance, ≥40 mL/min/1·73 m2). Patients who 182 

had any number of prior lines of therapy or who previously received immunotherapy (eg, 183 

immune checkpoint inhibitors) were eligible for enrolment. Patient exclusion criteria are on 184 

appendix p 4. 185 
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Review boards at all participating institutions approved the study and all protocol 186 

amendments, ; which the study was performed according to principles of the Declaration of 187 

Helsinki and guidelines for Good Clinical Practice and applicable regulatory requirements. 188 

Patients or their legally acceptable representatives provided written consent before 189 

participation.  190 

 191 

Randomisation and masking 192 

 193 

Procedures 194 

In the initial part of the study, patients were randomly assigned (1:1, with stratification 195 

performed as previously described8) to oral erdafitinib (Janssen-Cilag SpA, Latina, Italy) at 196 

10 mg/day intermittently (7 days on, 7 days off) or 6 mg/day continuously in 28-day cycles 197 

(appendix p 564). Based on findings from an interim analysis and 198 

pharmacokinetic/pharmacodynamic modelling based on clinical data, the protocol was 199 

amended to continue enrolment into the 8 mg/day UpT dose schedule, thereby converting the 200 

study to a single-group analysis.  201 

 202 

 203 

In the selected 8 mg/day regimen, uptitration to 9 mg/day continuous treatment was permitted 204 

on day 14 in patients without AEs considered related to treatment by the investigator, if 205 

patients had not reached the target serum phosphate level of 5·5 mg/dL (1·8 mmol/L), a level 206 

associated with an improved response rate in the phase 1 study.8 Patients continued erdafitinib 207 

treatment at 8 mg/day if their serum phosphate levels on day 14 were within 5·5–<7·0 mg/dL 208 

(2·3 mmol/L; target range).  209 

Patients continued to receive erdafitinib until disease progression or unacceptable AEs, as 210 

determined by the investigator. At discretion of the investigator and the sponsor, patients with 211 
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investigator-assessed disease progression could continue erdafitinib treatment. Patients who 212 

interrupted treatment because of grade 1 events, reinitiated treatment was reinitiated at the 213 

same or a lower dose. After resolution of grade 2 treatment-emergent adverse events, patients 214 

restarted treatment at the same dose or one dose lower (if necessary). Patients who interrupted 215 

treatment because of lower grade events, reinitiated treatment at the same or a lower dose. 216 

Patients wereEfficacy was assessed for efficacy using RECIST by computed tomography or 217 

magnetic resonance imaging of the chest, abdomen, and pelvis every 6 weeks for the first 3 218 

months, every 12 weeks for the next 9 months, and every 4–6 months thereafter until disease 219 

progression. Objective responses were confirmed by additional scan within 4–6 weeks 220 

after first assessment. After treatment discontinuation, patients were contacted every 12 221 

weeks to assess survival.  222 

Safety was assessed by clinical laboratory testing (blood samples for serum chemistry and 223 

haematology), physical examination, electrocardiography, and ophthalmologic examination 224 

(frequency of these assessments is described on appendix p 15). Investigators assessed and 225 

graded AEs and abnormalities according to National Cancer Institute CTCAE criteria (version 226 

4.0) for the duration of the study.   227 

 228 

 229 

Outcomes 230 

The primary endpoint was confirmed objective response rate (ORR = % complete response 231 

[CR] + % partial response [PR]) among patients treated with the selected regimen; all CRs 232 

and PRs required confirmation within 4–6 weeks of first assessment of response, and were 233 

assessed by the investigators per RECIST v1.1; disease control rate (DCR [CR + PR + stable 234 

disease (SD)]) was also calculated. Secondary endpoints were PFS (defined as time from the 235 

first dose of study drug until the first documented evidence of progressive disease [or relapse 236 

for patients who experienced CR during the study] or death, whichever occurred first), 237 
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duration of response (DoR, defined as time from the initial documentation of a response to the 238 

first documented evidence of progressive disease [or relapse for patients who experienced CR 239 

during the study] or death), OS (defined as time from the first dose of study drug to death 240 

from any cause), safety, response rate in biomarker-specific subgroups (FGFR translocations 241 

vs mutations; previously reported8), and pharmacokinetics (considered for publication by 242 

another journal). 243 

In a subgroup analysis, secondary time-to-event efficacy endpoints of DoR (among patients 244 

with a confirmed objective response by investigator assessment), PFS, and OS were assessed 245 

by FGFR alterations (mutations and/or fusions), primary tumour location (upper versus lower 246 

tract), presence of visceral metastases (lung, liver or bone), prior chemotherapy, prior 247 

immunotherapy, and other patient demographic baseline characteristics. 248 

 249 

Statistical analysis 250 

The study had a power of 85% to reject the null hypothesis that the response rate was 25% or 251 

less, at a one-sided alpha level of 0·025, if the true response rate was 42% for the primary 252 

analysis.8 All enrolled and treated patients in the selected-regimen group were included in the 253 

efficacy analysis (primary efficacy population). The response-evaluable population is defined 254 

as all patients who met all eligibility criteria;, received at least one dose of study drug, had a 255 

baseline and at least one adequate post-treatment disease evaluation, have had clinical signs 256 

and/or symptoms of disease progression, or died prior to the first post-treatment disease 257 

evaluation. Adequate disease assessment is defined as having sufficient evidence to correctly 258 

indicate that progression has or has not occurred.  259 

Prespecified subgroup analysis included secondary efficacy endpoints of best objective 260 

response, DoR (among patients with a confirmed objective response by investigator 261 

assessment), PFS, and OS within the primary efficacy and chemorefractory population, and 262 

was assessed by FGFR alterations (mutations and/or fusions), presence of visceral metastases 263 
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(lung, liver or bone), prior chemotherapy, and prior immunotherapy; subgroup best objective 264 

response data have been published.8 Post- hoc subgroup analysis included DoR, PFS, and OS 265 

within the primary efficacy and chemorefractory population assessed by preplanned 266 

subgroups based on primary tumour location (upper vs lower tract), and other patient 267 

demographic baseline characteristics. The chemotherapy relapsed/refractory (R/R) subgroup 268 

within the efficacy population included patients treated with one or more doses of erdafitinib 269 

who had progressive disease on or after one or more lines of prior chemotherapy or who had 270 

progressed/relapsed within 12 months of their last dose of neoadjuvant/adjuvant 271 

chemotherapy. Patients who received at least one dose of the study drug were included in the 272 

safety analysis (safety population). 273 

 274 

Data for patients who were progression-free and alive or with unknown status were censored 275 

at time of the last tumour assessment. The confidence intervals for median PFS, OS, and DoR 276 

were determined using complementary log-log transformation. For PFS and DOR, data from 277 

patients who were progression-free and alive or who had unknown status were censored at the 278 

last tumour assessment. For OS, data from patients who were alive or whose vital status was 279 

unknown were censored at the date the patient was last known to be alive. A post- hoc 280 

landmark analysis was performed to compare PFS and OS between respondersby responder 281 

status (patients with a confirmed best objective response of CR or PR) and non-responders 282 

(patients with a confirmed best objective response of SD or progressive disease, no 283 

measurable disease at baseline, or without a post-baseline tumour assessment) based on 284 

responses assessed at 3 months after the start of treatment. A 3-month landmark was 285 

considered sufficient for this exploratory analysis as it allowed sufficient time for responses to 286 

be confirmed. 287 
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The BLC2001 study protocol (p 1418) and statistical analysis plan (p 15145) are in the 288 

appendix. SAS version 9.4 was used for all statistical analyses. This study is registered with 289 

ClinicalTrials.gov, NCT02365597. 290 

 291 

Role of the funding source 292 

The funder of the study, Janssen Research & Development, was involved in study design, 293 

data collection, data analysis, and data interpretation. Writing assistance was provided by 294 

Sally Hassan, PhD, Susan Neville, MSc, and Khalida Rizi, PhD, of Parexel, and was funded 295 

by Janssen Global Services, LLC. All investigators had access to the raw data at their 296 

individual sites. The corresponding author had full access to all the data and had final 297 

responsibility for the decision to submit for publication. 298 

 299 

Results 300 

Between May 25, 2015, and August 9, 2018, 212 eligible patients were enrolled and treated 301 

with erdafitinib, and 101 patients were treated with the 8 mg/day UpT regimen (60 patients 302 

received 8 mg/day and 41 patients were uptitrated to 9 mg/day). Efficacy results are reported 303 

for the 8 mg/day UpT regimen group only. Of the 101 patients who were treated with the 8 304 

mg/day UpT regimen, two died due to progressive disease before the first post-baseline 305 

disease evaluation.    306 

At the clinical cutoff date (August 9, 2019), median follow-up for efficacy (estimated based 307 

on the time from first dose of study treatment to date of censoring for PFS using the reverse 308 

Kaplan-–Meier method9) was 24·0 months (interquartile range [IQR] 22·7–26·6). Median 309 

treatment duration was 5·4 months (range: 0–31).   310 

Two patients were enrolled into the 8 mg/day UpT regimen group after the clinical cutoff date 311 

for the primary analysis (March 15, 2018). Patient demographics and baseline characteristics 312 

are presented in table 1. Consistent with the primary analysis, progressive disease was the 313 
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most common reason for treatment discontinuation. At the analysis cutoff date, 24 patients 314 

(24%) in the 8 mg/day UpT group remained in the study.  315 

The confirmed investigator-assessed ORR was 40% (40/101; 95% CI 30%–49%) among all 316 

patients receiving the 8 mg/day UpT regimen, consistent with the 40% ORR (40/99; 95% CI 317 

31%–50%) at the time of primary analysis.8 Of the 99 patients treated with 8 mg/day UpT 318 

who underwent at least one disease evaluation after baseline, 76 (77%) had a reduction in the 319 

sum of target-lesion diameters, and 48 (48%) had a maximum tumour reduction of 30–100% 320 

(appendix p 675). Further analyses of response revealed similar ORRs irrespective of the 321 

presence or absence of visceral metastases (33·3% [3/9], 35·0% [7/20], 40·4% [23/57], 322 

34·8% [8/23], 40·0% [4/10], and 50·0% [7/14] for patients with lymph node-only disease, and 323 

those with liver, lung, bone, both liver and lung, and other metastatic disease, respectively). 324 

Median time to response was numericallyseemed longer for patients who had both liver and 325 

lung metastases (2·2 months [IQR 1·4–3·0) compared with those who had lymph node-only 326 

disease (1·4 months [IQR 1·4–1·4]), and those with liver (1·4 months [IQR 1·4–3·0]), lung 327 

(1·4 months [IQR 1·4–1·6]), bone (1·6 months [IQR 1·4–2·8]), and other metastases (1·4 328 

months [IQR 1·3–1·4]). Similarly, median time to response was numericallyappeared   longer 329 

for patients with 2–3 sites of visceral disease compared with those who had 1 or no metastatic 330 

sites (2·0 [IQR 1·3–3·0] vs 1·4 [IQR 1·4–1·5] and 1·4 [IQR 1·3–1·4] months, respectively). 331 

We note that these results are based on a limited number of responders per disease site. 332 

Median DoR was 6·0 months (95% CI 4·2–7·5); 31% (31/101) of responders had a DoR that 333 

was maintained for ≥12 months (figure 1; of 101 patients, 40 had a confirmed response: PR in 334 

36 [35·6%] and CR in 4 [4·0%]). Additionally, 41% of patients achieved a best response of 335 

SD for at least one disease evaluation period (>36 days), leading to an overall disease control 336 

rate (DCR [CR + PR + SD]) of 80·2% (95% CI 72·4%–88·0%) for the primary efficacy 337 

population.  338 
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Median PFS was 5·5 months (95% CI 4·3–6·0) for all patients treated with the selected 339 

regimen (figure 2A). There had been 72 events in the 8 mg/day erdafitinib UpT group, and 340 

median OS was 11·3 months (95% CI 9·7–15·2) (figure 2B). The 12-month survival rate was 341 

49% and the 24-month survival rate 31%. 342 

Based on a landmark analysis, at 3 months after treatment initiation, PFS was similar between 343 

responders and non-responders while OS improved for responders (figure 3appendix p 8). It is 344 

noted that any differences in PFS and OS observed in figure 3 between responders and non-345 

responders are numerical and limited by small numbers.  346 

PFS, OS, and DoR were not impacted by factors such as age, sex, and most baseline disease 347 

characteristics, including haemoglobin level and renal function (figure 34 and appendix p 348 

689). Patients with an ECOG PS of 0–1 versus 2 had a longer median PFS (5·6 [95% CI 5·0–349 

6·8] vs 3·2 [95% CI 1·0–4·9]) and a longer median OS (13·8 [95% CI 10·3–15·8] vs 5·1 350 

[95% CI 3·0–8·0]).  351 

Most patients (69% [70/101]) had mutations, 25% (25/101) had fusions, and 6% (6/101) had 352 

both mutation and fusion. The most common mutations were FGFR3-S249C (45·56%  353 

[45/99]), FGFR3-R248C (13·1% [13/99]) and FGFR3-Y373C (12·1% [12/99]), and the most 354 

common fusion was FGFR3-TACC3_V1 (11·1% [11/99]). PFS, DoR, and OS values were 355 

numericallyseemed similar between patients with FGFR mutations and those with FGFR 356 

fusions (figure 3 and appendix p 89). Median PFS, however, trended longer for patients with 357 

FGFR mutations (5·6 months [95% CI 4·9–7·4]) than for those with FGFR fusions (2·8 358 

months [1·6–6·6]) (figure 4A). Median DoR was 6·0 (95% CI 4·2–7·5) months for patients 359 

with FGFR mutations and 6·2 (3·0–21·4) for those with FGFR fusions (figure 4B). Median 360 

OS was also similar between patients with FGFR mutations and those with FGFR fusions, but 361 

trended longer for patients with FGFR mutations (12·0 months [95% CI 8·9–18·1]) than for 362 

patients with FGFR fusions (10·3 months [95% CI 7·0–14·9) (appendix p 8).  363 
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Most patients had primary tumours in the lower tract (75% [76/101]) and 77% (78/101) had 364 

visceral metastases, but PFS and OS values were numericallyseemed similar regardless of the 365 

primary tumour location or thelocation, the presence/absence of visceral metastases, or the 366 

number of prior lines of therapy (figure 3 and appendix p 11). 367 

Almost half of patients had received one line of prior systemic therapy (chemotherapy and/or 368 

immunotherapy), and approximately one quarter had received two whilst approximately one 369 

sixth had received three or more prior lines of systemic therapy (table 1). PFS and OS were 370 

also not impacted by the number of prior lines of systemic therapy (figure 4). For patients 371 

who had received one, two, and three prior lines of therapy, median OS was 11·3 (95% CI 372 

9·0–18·1), 8·0 (95% CI 5·5–15·3), and 11·2 months (95% CI 6·0–31·6), respectively (figure 373 

4B).  374 

Most patients (88% [89/101]) had received prior chemotherapy (table 1). Similar to the ORR 375 

for all treated patients, confirmed ORR for the chemotherapy R/R population was 39·.3% 376 

(95% CI 29·.2%–49·.5%). Additionally, overall DCR in the chemotherapy R/R population 377 

(79·8% [95% CI 71·4%–88·1%]) was similar to that in the all-treated population. Median 378 

PFS among treated chemotherapy R/R patients (5·5 months [95% CI 4·0–5·7]; figure 4A3A; 379 

appendix p 910 and 811) was also similar to that among all treated patients. Median OS was 380 

10·6 months (95% CI 9·0–14·7) for treated chemotherapy R/R patients (among whom 65 381 

events occurred [figure 4B 3B and appendix p 7 910 and 8101]). Median PFS, OS, and DoR 382 

in patients who had prior chemotherapy versus those who were chemotherapy naïve are 383 

presented in figure 4 and on appendix p 6 and 8. For patients who had prior chemotherapy 384 

(appendix p 7 910 and 8101) versus all treated patients (figure 2), median PFS (5·5 vs 5·5 385 

months) and median OS (10·6 vs 11·3 months) were similar. For chemotherapy-naïve patients 386 

(n=12), median PFS was 14·9 months (95% CI 2·8, 26·7) and median OS was 20·8 months 387 

(8·9–NE). 388 
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Almost a quarter of patients who received the 8 mg UpT regimen had received prior 389 

immunotherapy (table 1), but PFS and OS were similar regardless of the number of lines of 390 

prior immunotherapy (figure 43). Median PFS for those who had received prior 391 

immunotherapy (5·7 months [95% CI 4·9–8·3]; figure 4A3A) was also similar to that for all 392 

treated patients. Median OS was 10·9 months (95% CI 8·0–21·1) for patients with prior 393 

immunotherapy (amongst whom 19 events were recorded [figure 4B3B]).  394 

The safety profile of erdafitinib at a median treatment exposure of 5·4 months remained 395 

consistent with that in the primary analysis.8 All patients experienced at least one treatment-396 

emergent AE (TEAE; defined on appendix p 5) irrespective of dose uptitration, and 59·4% of 397 

patients (60/101) experienced TEAEs that led to dose reduction. Grade 3–4 TEAEs of any 398 

causality occurred in 71·3% (72/101) of patients, the most common (occurring in ≥10% of 399 

patients) being stomatitis and hyponatraemia (table 2 and appendix p 9112); 52·.43% 400 

(53/101) had grade 3 TEAEs that were considered related to erdafitinib 8 mg UpT. No grade 401 

4 TEAEs were considered related to erdafitinib. No new treatment-related AEs were observed 402 

with longer follow-up (see appendix p 1013). The most common TEAEs were 403 

hyperphosphataemia, stomatitis, diarrhoea, and dry mouth (table 2). Serious TEAEs occurred 404 

in 44·55% (45/101) of patients (see appendix p 1114). The most common serious TEAEs 405 

were urinary tract infection and general physical health deterioration; 1110·9% (11/101) were 406 

considered by the investigator to be related to erdafitinib, and no treatment-related deaths 407 

occurred. Of patients receiving 8 mg/day UpT, 1615·8% (16/101) had AEs considered related 408 

to erdafitinib that led to treatment discontinuation. The frequency of any one event leading to 409 

treatment discontinuation was low; no more than three two patients (23·0%) reported reported 410 

the same TEAE leading to discontinuation. (appendix p 16). 411 

The proportion of patients with central serous retinopathy (CSR; a known class effect of 412 

FGFR inhibitors and a TEAE of special interest) was 2726·7% in all treated patients (27/101; 413 

appendix p 1214), 25·0% (15/60) in patients who received 8 mg/day and 29·3% (12/41) in 414 



 

18 

 

those whose dose was uptitrated to 9 mg/day. Most of these events (85·2% [23/27]) were 415 

grade 1 or 2 (figure 5 4 and appendix p 1214). At data cutoff, 63·0% (17/27) of CSR events 416 

had resolved (median [range] time to resolution 27 days [9–299]); all 10 unresolved events 417 

were grade 1 or 2 (appendix page 1214). The median time to first onset of CSR was 53 days 418 

for any-grade AE and 94 days for grade 3 events (figure 54); 7.4% (2/27) occurred after 6 419 

months. Among treated patients, dose reduction, dose interruption, and treatment 420 

discontinuation for CSR occurred in 1312·8% (13/101), 87·9% (8/101), and 3·0% (3/101), 421 

respectively (see appendix p 3 5 for dose modification for most common TEAEs). Other 422 

select TEAEs are reported on appendix p 1317, including among those who received 8 423 

mg/day and those whose dose was uptitrated to 9 mg/day; rates of hyperphosphataemia were 424 

higher in the non-uptitrated group than in the uptitrated group (8786·7% [52/60] vs 6665·9% 425 

[27/41]); the incidences of stomatitis, nail events, non-CSR events, skin events, and diarrhoea 426 

were comparable between patients who received 8 mg/day and those who received 9 mg/day. 427 

 428 

Discussion 429 

In this analysis of the BLC2001 study, with a median efficacy follow-up of 24·0 months, 430 

treatment with erdafitinib showed consistent efficacy in patients with locally advanced or 431 

metastatic urothelial carcinoma and FGFR alterations compared with the primary analysis 432 

(median follow-up ~11 months).8 There were no new safety signals with a median treatment 433 

exposure of 5·4 months. The confirmed investigator-assessed ORR was 40%; median PFS 434 

and OS were 5·5 and 11·3 months, respectively. Clinically meaningful treatment benefit with 435 

erdafitinib was observed in patients regardless of prior chemotherapy or immunotherapy and 436 

most baseline disease characteristics. Responses lasted a median of 6·0 months, and 31% 437 

lasted for 1 year or more. Patients with ECOG PS 0–1 versus 2 had a longer median PFS and 438 

OS, but there was no numerical difference in PFS and OS by presence/absence of visceral 439 
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metastases, FGFR alteration type, or kidney function (baseline creatinine clearance < or ≥60 440 

mL/min). Additionally, while PFS and OS appeared to be numerically longer among 441 

chemotherapy-naïve patients compared with those who had received prior chemotherapy, 442 

multiple factors could have contributed to this finding, including potential differences in 443 

baseline disease characteristics in this small number of patients. Of note, all subgroup 444 

comparisons were exploratory in this nonrandomised study, and some subgroups contained 445 

small numbers of patients. This should be considered when interpreting the results. 446 

The primary results from BLC2001 led to approval of erdafitinib by global health authorities, 447 

making it the first targeted therapy approved for patients with metastatic urothelial 448 

carcinoma.10 As many as 32% of urothelial carcinomas may harbour FGFR alterations11; 449 

FGFR3 alterations have been reported in ~22% of patients with urothelial bladder carcinoma 450 

at all stages in one study,12 suggesting a role for wider implementation of FGFR testing, as 451 

patients with certain FGFR alterations may benefit from FGFR inhibition. Other FGFR 452 

inhibitors are also being investigated in metastatic urothelial carcinoma, including infigratinib 453 

and rogaratinib. In one study, the ORR for infigratinib (an FGFR1–3 inhibitor) was 24% in 454 

the second- and later-line setting for advanced/unresectable or metastatic urothelial 455 

carcinoma.13 In an expansion cohort of a phase 1 study of another oral pan-FGFR kinase 456 

inhibitor, rogaratinib, in patients with advanced urothelial carcinoma (45% of whom had 457 

FGFR overexpression) with a median of two prior lines of therapy, ORR was 24%.14  458 

A systematic review and meta-analysis of 22 studies involving single-agent chemotherapy 459 

and 24 studies including doublet chemotherapy in the second-line setting following platinum-460 

based chemotherapy found ORRs of 14% and 32%, respectively.15 As second-line therapy, 461 

checkpoint blockade immunotherapies have demonstrated an ORR of ~20%.16-23 21 The ORR 462 

reported for studies of antibody–drug conjugates as second-line treatment, were 40·6% for 463 
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enfortumab vedotin (phase 3 study; median follow-up, 11·1 months)24 22 and 31% for 464 

sacituzumab govitecan (phase 1/2 study).2523 465 

The PFS and OS seen in the current analysis of the BLC2001 study confirm the persistent 466 

benefit of erdafitinib 8 mg UpT. These median PFS and OS data are also, generally, 467 

comparable with those noted for second-line checkpoint inhibitors16,18,19 ,21 and antibody drug 468 

conjugates.2422,25 24 For many of the studies of these other agents, only short-term follow-up is 469 

currently available, and it will be important to see if those responses are durable. 470 

Additionally, owing to differences in patient populations, study design, and treatment 471 

regimens, it is difficult to make indirect cross-trial comparisons. Among patients treated with 472 

erdafitinib 8 mg UpT in our study, 31% had responses lasting 12 months or more, and 12- and 473 

24-month survival rates were 49% and 31%, respectively. Patients with objective responses to 474 

erdafitinib also had increased PFS and OS; PFS and OS were independent of most baseline 475 

disease characteristics. The durability of ORR, PFS, and OS noted in our study demonstrated 476 

the benefit of single-agent erdafitinib treatment in patients with metastatic urothelial 477 

carcinoma and prespecified FGFR alterations.  478 

Data from other tyrosine kinase inhibitors suggest that primary and acquired resistance is an 479 

issue associated with FGFR inhibitors.246-286 To identify markers of intrinsic resistance to 480 

FGFR inhibition, plasma samples from the BLC2001 study were tested using next-generation 481 

sequencing for ctDNA, and the presence of EGFR, CCND1, and BRAF alterations at baseline 482 

correlated with shorter PFS, and EGFR with shorter OS.29 27 Further studies assessing the 483 

prognostic versus predictive value of these genes in patients with metastatic urothelial 484 

carcinoma and FGFR3 alterations could provide additional insight.  485 

In this analysis based on a median 5·4 months’ treatment exposure, the safety profile of 486 

erdafitinib in patients with locally advanced or metastatic urothelial carcinoma and FGFR 487 

alterations remained consistent with the primary analysis, with no new safety signals 488 
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identified. CSR events, are a known class effect of inhibitors of the mitogen-activated protein 489 

kinase pathway inhibitors, such asincluding for FGFR.,3028-32 30 occurred in Aapproximately 490 

one quarter (27%) of patients had CSR events, but most (85%) of these were mostly grade 1 491 

or 2 in severity and 63% (17/27)and the majority resolved at data cutoff; 37% (10/27) were 492 

unresolved.  493 

The open-label, single-arm study design of BLC2001 is a limitation. Patients in this study 494 

were selected based on the presence of 9 nine prespecified FGFR alterations; because gene 495 

amplifications were not included among these alterations and whole genome sequencing was 496 

not performed, other mechanisms for constitutive activation or resistance were not assessed. 497 

The Kaplan-–Meier curves for PFS and OS by responder status at the 3-month landmark 498 

(figure 3appendix p 78) and some of the subgroup analyses (figure 34) are limited by small 499 

numbers; these are included here to offer clinical insights only. The activity of eErdafitinib is 500 

being investigated further in a phase 3 randomised, controlled study (NCT03390504) in 501 

patients with urothelial carcinoma as monotherapy versus immune checkpoint inhibitor (PD-502 

1) or chemotherapy. Erdafitinib is also being investigated in the first-line cisplatin-ineligible 503 

metastatic urothelial carcinoma setting in combination with the PD-1 inhibitor cetrelimab 504 

(NCT03473743) and as monotherapy versus intravesical chemotherapy in a randomised, 505 

phase 2 study (NCT04172675) in high-risk non-muscle-invasive bladder cancer recurring 506 

after treatment with bacillus Calmette-Guérin. Frequency of FGFR alterations is higher in 507 

early-stage urothelial carcinoma.11  508 

In conclusion, in the BLC2001 study, at a median 24·0 months of follow-up, second-line 509 

erdafitinib treatment of patients with locally advanced or metastatic urothelial carcinoma and 510 

prespecified FGFR alterations demonstrated consistent, durable efficacy with a median OS of 511 

11·3 months and almost one third of patients having responses lasting 12 months or longer. 512 

With a median treatment duration of 5·4 months,; tolerability was comparable tolerability was 513 
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comparable to that in that at the time of the primary analysis, with no new safety signals 514 

observed. Erdafitinib remains an important treatment option for patients with locally 515 

advanced or metastatic urothelial carcinoma who progressed during or after one or more lines 516 

of prior platinum-containing chemotherapy, including within 12 months of (neo)adjuvant 517 

platinum-containing chemotherapy, and who have specific FGFR alterations. Erdafitinib is 518 

therefore being investigated in other treatment settings. 519 
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Figure Legends 701 

Figure 1: Swimmer’s plot of duration and type of response for 101 patients treated with 702 

8 mg/day erdafitinib with potential for uptitration to 9 mg/day 703 

Bars are coloured to show best response.  704 

Responses that occurred or were maintained after treatment discontinuation due to adverse 705 

events but prior to the start of subsequent therapy are included in the display. One patient, 706 

shown as treatment ongoing, had a drug interruption at the data cut but had not discontinued 707 

erdafitinib. 708 

Figure 2: Investigator-assessed progression-free survival (A) and overall survival (B) for 709 

8 mg/day erdafitinib with potential for uptitration to 9 mg/day 710 

Figure 3: Investigator-assessed progression-free survival (A) and overall survival (B) for 711 

8 mg/day erdafitinib with potential for uptitration to 9 mg/day based on response status 712 

at the 3-month landmark  713 

CR=complete response. PR=partial response.  714 

Figure 43: Estimated median (and associated 95% confidence interval) for progression-715 

free survival (A) and overall survival (B) by subgroup 716 

*Upper tract includes renal pelvis and ureter. †Lower tract includes bladder, urethra and 717 

prostatic urethra. ‡Visceral metastases includes metastases into lung, liver, and bone. †Prior 718 

immunotherapy includes atezolizumab, pembrolizumab, nivolumab, durvalumab, avelumab, 719 

anti-csf1r antibody, tremelimumab. BL, baseline; CrCl, creatinine clearance; Hb, 720 

haemoglobin; IO, immunotherapy; NE, not evaluable; R/R, relapsed refractory. The bars 721 

represent the associated 95% confidence interval by selected subgroup. FGFRm+f-= FGFR 722 

mutation present and fusion absent. FGFRm-F+=FGFR mutation absent and fusion present. 723 

FGFRm+f+=FGFR mutation and fusion present. IO=immunotherapy. OS=overall survival. 724 

PFS=progression-free survival.  725 
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Figure 54: Post- hoc analysis of Ccumulative incidence of first-onset central serous 726 

retinopathy events by grade using the Kaplan-–Meier method  727 

Three patients had grade 3 central serous retinopathy events that resolved or lessened in 728 

severity to grade 1 following dose reduction or interruption in two patients and no dose 729 

modification in another patient, and one patient had grade 3 detachment of retinal pigment 730 

epithelium, which initially resolved but then recurred as a grade 2 event following dose 731 

reduction (ultimately leading to discontinuation of erdafitinib in this patient). 732 

 733 
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Table 1: Baseline characteristics 

 

Patients 

Erdafitinib  

8 mg/day UpT 

n=101* 

Age, median (range), years  67 (36–87)  

ECOG PS  

0 51 (50%) 

1 43 (43%) 

2 7 (7%) 

Pretreatment†  

Progressed or relapsed after chemotherapy 89 (88%) 

Chemotherapy naive 12 (12%) 

Prior immunotherapy 24 (24%) 

Number of lines of prior treatment‡ 

0 

1 

2 

≥3 

 

10 (10%) 

48 (48%) 

28 (28%) 

15 (15%) 

Visceral metastases§ 

Present 

   Liver 

   Lung 

   Bone 

Absent 

   Lymph node only 

   Other¶ 

Haemoglobin level, g/dL 

 

78 (77%) 

20 (20%) 

57 (56%) 

23 (23%) 

23 (23%) 

9 (9%) 

14 (14%) 

86 (85%) 
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Patients 

Erdafitinib  

8 mg/day UpT 

n=101* 

 ≥10 

<10 

Tumour location 

Upper tract 

Lower tract 

Creatinine clearance rate 

<60 mL/min 

≥60 mL/min 

15 (15%) 

 

25 (25%) 

76 (75%) 

 

53 (52%) 

48 (48%) 

FGFR alteration#  

FGFRm+f- 70 (69%) 

FGFRm-f+ 25 (25%) 

FGFRm+f+ 6 (6%) 

Data are n (%). *Two patients were added to the 8 mg/d UpT regimen after the cutoff date for 

the primary analysis (March 15, 2018). †The pretreatment groups are not mutually exclusive. 

‡The chemo relapsed/refractory efficacy population (n=89) consists of all patients in the 8 mg 

daily regimen who were treated with ≥1 dose of erdafitinib and had progressed on or after ≥1 

prior chemotherapy or progressed/relapsed within 12 months of last dose of neoadjuvant or 

adjuvant chemotherapy. §Per protocol patients with visceral metastases included those with 

lung, liver or bone lesions. The combined number of patients with metastases at different 

visceral sites exceeds the total number with visceral metastases present, as some patients had 

metastatic disease in more than one site. ¶Patients who had any combination of lymph node 

plus soft tissue or visceral metastases that were not lung, liver or bone, or soft tissue and/or 

other visceral metastases (not lung, liver or bone). #FGFR alteration (mutations [m] and/or 

fusions [f], analysed as present [+] or absent [-]). 

ECOG PS=Eastern Cooperative Oncology Group. UpT=possibility of uptitration to 9 mg/day. 
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Table 2: Most common treatment-emergent adverse events and worst toxicity grade 1 

 

Erdafitinib  

8 mg/d UpT  

(n=101) 

 

Grade 1–2 

 

Grade 3 

 

Grade 4 

 

Grade 5* 

Patients with any TEAE 

(worst toxicity grade) 

101 (100·0%) 29 (28·07%) 58 (57·4%) 6 (5·9%) 8 (7·9%) 

Hyperphosphataemia† 79 (78·2%) 54 77 

(5376·52%) 2 (2·0%) 0 0 

Stomatitis 60 (59·4%) 21 46 

(2021·83%) 14 (13·9%) 0 0 

Diarrhoea 55 (54·5%) 34 51 

(3350·74%) 4 (4·0%) 0 0 

Dry mouth 46 (45·5%) 34 45 

(3344·75%) 1 (1·0%) 0 0 

Decreased appetite 41 (40·6%) 20 40 

(1939·86%) 1 (1·0%) 0 0 

Dysgeusia 41 (40·6%) 26 39 

(2538·76%) 2 (2·0%) 0 0 

Alopecia 34 (33·7%) 27 34 

(2633·7%) 

0 

0 0 
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Erdafitinib  

8 mg/d UpT  

(n=101) 

 

Grade 1–2 

 

Grade 3 

 

Grade 4 

 

Grade 5* 

Dry skin 34 (33·7%) 25 34 

(2433·87%) 0 0 0 

Fatigue 33 (32·7%) 13 31 

(1230·69%) 2 (2·0%) 0 0 

Constipation 29 (28·7%) 19 28 

(1827·78%) 1 (1·0%) 0 0 

Dry eye 28 (27·7%) 20 27 

(1926·87%) 1 (1·0%) 0 0 

Palmar-plantar 

erythrodysaesthesia 

syndrome 

 

 

25 (24·8%) 

 

 

5 20 

(519·80%) 

 

 

5 (5·0%) 

0 0 

Asthaenia 23 (22·8%) 3 15 

(314·90%) 6 (5·9%) 0 2 (2·0%) 

Anaemia 22 (21·8%) 8 17 

(716·98%) 5 (5·0%) 0 0 

Nausea 22 (21·8%) 14 21 

(1320·98%) 1 (1.0%) 0 0 
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Erdafitinib  

8 mg/d UpT  

(n=101) 

 

Grade 1–2 

 

Grade 3 

 

Grade 4 

 

Grade 5* 

Alanine 

aminotransferase 

increased 

 

 

19 (18·8%) 

14 17 

(1316·98%) 2 (2·0%) 0 0 

Onycholysis 19 (18·8%) 17 (16·98%) 2 (2·0%) 0 0 

Paronychia 19 (18·8%) 4 16 

(415·08%) 3 (3·0%) 0 0 

Urinary tract infection 18 (17·8%) 13 (12·09%) 5 (5·0%) 0 0 

Vision blurred 

18 (17·8%) 

9 18 

(817·98%) 0 0 0 

Weight decreased 

18 (17·8%) 

10 17 

(916·98%) 1 (1.0%)0 0 0 

Nail dystrophy 17 (16·8%) 6 11 (510·9%) 6 (5·9%) 0 0 

Data are n (%). Patients with one or more TEAE were counted only once for each AE and worst AE grade reported. TEAEs occurring in 15% or 2 
more patients are shown. No grade 4 AEs were considered to be related to erdafitinib. *All TEAEs with the outcome of death (grade 5) were 3 

considered by the investigator to not be related to erdafitinib, and most events (7/8), including the two grade 5 events of asthaenia,,  occurred in the 4 

context of progressive disease.  5 
†Hyperphosphatemia was graded based on protocol-defined criteria: 5·5–6·9 mg/dL as grade 1; 7·0–8·9 mg/dL as grade 2; 9·0–10·0 mg/dL as 6 
grade 3; >10·0 mg/dL as grade 4. 7 

TEAE=treatment-emergent adverse event. TRAE=treatment-related adverse event. UpT=potential for uptitration to 9 mg/day. 8 

 9 
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