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LIST OF ABBREVIATIONS  
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OND Office of New Drugs  
OS Overall Survival 
OSE Office of Surveillance and Epidemiology 
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RWD Real-world data 
RWE Real-world evidence 
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sIPTW Stabilized inverse probability treatment weighting 
TKI Tyrosine kinase inhibitor 
UC Urothelial carcinoma/cancer 
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EXECUTIVE SUMMARY 
 
The Division of Oncology Products 1 (DOP 1) in the Office of New Drugs (OND) consulted 
the Office of Surveillance and Epidemiology (OSE) to review the sponsor’s study report 
titled “Comparison of Overall Survival Between Erdafitinib Clinical Study BLC2001 
Patients and Real-World Control Patients from Observational Data”, along with the 
sponsor’s statistical analysis plan (SAP). Results of DEPI review are reported in this 
document, along with DEPI’s recommendations.  
 
In this study, the sponsor compared overall survival among the fibroblast growth factor 
receptor-positive (FGFR+) patients with advanced or metastatic urothelial cancer from a 
Phase 2 clinical study (BLC2001) who received Erdafitinib, versus the patients identified 
from real-world Flatiron-Foundation Medicine, Inc. (Flatiron-FMI) database who 
received anti-PD-(L)1 or chemotherapy. The results suggested a significant improvement 
in overall survival in patients treated with Erdafitinib when compared to those treated 
with anti-PD-(L)1 or chemotherapy, with estimated hazard ratios between 0.265 (95%CI: 
0.134-0.524) and 0.367 (95%CI: 0.233- 0.578) for four different comparison groups 
exposed to Erdafitinib. The sponsor concluded that patients treated with erdafitinib in 
the BLC2001 Study had a survival benefit compared to FGFR positive patients in the 
Flatiron Dataset treated with anti-PD-(L)1 therapies and chemotherapy. 
 
However, several important methodological issues impact interpretability of these 
findings. These include 1) unmeasured confounders and substantial missingness of key 
confounding factors, e.g., ECOG was missing in approximately 30% of control patients; 
2) more stringent exclusion criteria for trial patients such that these were more likely to 
be healthier than controls; 3) differential selection of comparison groups, specifically, 
trial patients were enrolled from academic medical centers primarily from Europe, while 
controls were enrolled from community oncology clinics in the US; 4) potential 
differential treatment misclassification; 5) incomplete capture of death information in 
controls , and 6) very small sample size in the real-word control cohorts. Because both 
internal and external validity are threatened by these methodological issues, DEPI does 
not consider the study sufficient for supporting the effectiveness of the drug.  
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1 INTRODUCTION 

This review responds to a consult request from the Division of Oncology Products 1 
(DOP1) for review of the sponsor’s white paper titled “Comparison of Overall Survival 
Between Erdafitinib Clinical Study BLC2001 Patients and Real-World Control Patients 
from Observational Data”, along with the sponsor’s statistical analysis plan (SAP). 
Briefly, this report refers to a study comparing overall survival among patients with 
advanced or metastatic urothelial cancer (mUC) and fibroblast growth factor receptor 
(FGFR) alterations from a Phase 2 clinical study (BLC2001) who received Erdafitinib 
versus advanced mUC patients identified from real-world Flatiron-Foundation Medicine, 
Inc. (Flatiron-FMI) database who received the currently available standard of care.   
 
1.1 BACKGROUND 

Urothelial carcinoma (UC) of the bladder caused approximately 200,000 deaths 
worldwide in 2018 and is the sixth most common type of cancer in the U.S.1 2 Metastatic 
urothelial carcinoma carries a dismal prognosis, with 5-year survival rate of 5%1 and 
with limited treatment options. First-line treatment for mUC typically includes cisplatin-
based chemotherapy: cisplatin-gemcitabine (GC) regimen, and combination of 
methotrexate, vinblastine, doxorubicin, and cisplatin (MVAC). Immune check point 
inhibitors including programmed cell death protein 1 (PD1) inhibitors or programmed 
death-ligand 1 (PD-L1) inhibitors are now the standard of care for the treatment of mUC 
in second-line setting after cisplatin-based chemotherapy.3 
 
FGFRs are present in many types of normal and tumor cells and have been shown to 
play an important role in tumor cell growth, survival, and migration as well as in 
maintaining tumor angiogenesis.4 FGFR mutations and gene fusions have been 
associated with neoplastic progression and tumor vascularization in multiple cancer 
types,5 and are detected in approximately 15 to 20% of locally advanced or metastatic 
UC.6 7 
 
1.2 REGULATORY HISTORY 

Erdafitinib is a pan-FGFR tyrosine kinase inhibitor (TKI) with demonstrated clinical 
activity in subjects with solid tumors identified to have alterations in the FGFR pathway 
including urothelial carcinoma.8 The regulatory history of Erdafitinib is described below:  

On 26 Apr 2013, the sponsor submitted an investigational new drug application 
to FDA (IND 117490).  

On 13 Mar 2018, Erdafitinib was granted Breakthrough Therapy Designation for 
the proposed indication.  

On 2 Aug, 30 Aug, and 18 Sept 2018, the sponsor submitted new drug 
application (NDA 212018) in three portions for rolling review.  
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On 18 Oct 2018, according to the agreement from pre-NDA meeting, the sponsor 
submitted the new report titled “Comparison of Overall Survival Between 
Erdafitinib Clinical Study BLC2001 Patients and Real-World Control Patients from 
Observational Data”, as supportive evidence for the NDA submission to address 
the unmet medical need in the FGFR positive population. 

 
1.3 PRODUCT LABELLING 

The proposed indication for BALVERSA (Erdafitinib) includes treatment of adult patients 
with locally advanced or metastatic urothelial carcinoma (mUC), 

 
 

 
2 REVIEW METHODS AND MATERIALS 

2.1 DOCUMENT TO BE REVIEWED 

The sponsor’s white paper titled “Comparison of Overall Survival Between 
Erdafitinib Clinical Study BLC2001 Patients and Real-World Control Patients from 
Observational Data”.  

The corresponding Statistical Analysis Plan (Part 2).  

2.2 CRITERIA APPLIED TO REVIEW 

The reviewer used the following guidelines for the reference in the review of study 
report and SOP:  

Guidance for industry and FDA staff. Use of Real-World Evidence to Support 
Regulatory Decision-Making for Medical Devices.9  
Guidance for industry and FDA staff. Best practices for conducting and reporting 
pharmacoepidemiologic safety studies using electronic healthcare data.10  

Guidance for industry. E 10 Choice of Control Group and Related Issues in Clinical 
Trials.11  

 
3 REVIEW RESULTS 

3.1 STUDY OVERVIEW 

The study evaluated the overall survival (OS) comparing FGFR-positive (FGFR+) 
advanced mUC patients who received Erdafitinib selected from a phase 2 clinical 
trial (BLC2001) versus those treated with currently available standard of care (SOC) 
from Flatiron-FMI database who were FGFR+ or regardless of FGFR status.   
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3.2 STUDY OBJECTIVES 

Primary: to compare OS among FGFR+ mUC patients treated with Erdafitinib and 
FGFR+ mUC patients treated with currently available treatment options, i.e., 
anti-PD-(L)1 and/or chemotherapy. 

Secondary: to compare OS among FGFR+ patients treated with Erdafitinib with 
mUC patients treated with anti-PD-(L)1, regardless of FGFR status. 

 
3.3 STUDY METHODS 

3.3.1 Design & Setting 

In this study, the exposed group and unexposed group were derived from different data 
sources: the exposed (refers to “Erdafitinib”) subjects were selected from a phase 2 
single arm clinical trial (BLC2001), while the unexposed (refers to “external controls”) 
subjects were identified from real-world Flatiron-FMI clinic-genomic database. 

 
3.3.1.1 Population, Data Source & Time Period  

The target population for this study consisted of adult 18+ with advanced or metastatic 
urothelial cancer and specific FGFR genetic alterations. The clinical study BLC2001 was 
used to obtain the exposed FGFR+ patients who received Erdafitinib for treatment of 
advanced mUC, and the real-world Flatiron-FMI database was used to obtain unexposed 
patients who received currently available standard of care.  
 
Study BLC2001 is a Phase 2, multicenter, open-label study to evaluate efficacy and 
safety of single-agent Erdafitinib in subjects with metastatic or surgically unresectable 
UC with selected FGFR genetic alterations. Only patients from Regimen 3 of BLC2001 
(i.e., dose of Erdafitinib 8 mg QD) were included in the analysis. Since the regimen 3 was 
added in the trial after Amendment 3, issued on 9 Aug 2016, the time frame for the 
Erdafitinib cohort was from 9 Aug 2016 to 15 Mar 2018 (the last date of data collected).   
 
Flatiron Health collects real-world, longitudinal, de-identified patient-level clinical data 
from electronic health records (EHRs) from US community-based oncology clinics. In 
partnership with Foundation Medicine, Inc. (FMI), Flatiron patient EHRs are linked with 
FoundationOne next-generation sequencing (NGS) results to yield the Flatiron-FMI 
clinicogenomic database. The Flatiron-FMI cohort included patients with a confirmed 
diagnosis of advanced bladder cancer and with FoundationOne testing results for FGFR 
status. The time frame for the real-world control cohorts was from 1 Jan 2011 to 31 Jan 
2018. 
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3.3.3 Exposure 

The primary exposure of interest was Erdafitinib as a regimen of 8 mg once daily; the 
unexposed comparators of SOCs included anti-PD-(L)1 and chemotherapy, as specified 
below as well as in table 2.   

Initiation of erdafitinib vs Anti-PD-(L)1:  
- In any line of therapy (LOT)  

for FGFR+ controls  
for all control patients (regardless of FGFR status) 

- As second or higher line of therapy   

Initiation of erdafitinib vs Chemotherapy: as second or higher line of therapy  

Among controls, anti-PD-(L)1 therapy includes Pembrolizumab, Nivolumab, Durvalumab, 
Atezolizumab, and Avelumab. Combination therapies with anti-PD-(L)1 drugs were also 
included, such as anti-PD-(L)1 plus immunotherapy combination was defined as 
treatment with any of the 5 anti-PD-(L)1 drugs above plus any other immunotherapy. 
Anti-PD-(L)1 plus chemotherapy combination was defined as any of the five anti-PD-(L)1 
drugs above plus any chemotherapy. 
 
The chemotherapy includes Gemcitabine, Cisplatin, MVAC-combination, Vinflunine, 
Docetaxel, Paclitaxel, Carboplatin, Bendamustine, Cabazitaxel, Capecitabine, 
Cyclophosphamide, Doxorubicin, Doxorubicin Pegylated Liposomal, Etoposide, 
Ifosfamide, Irinotecan, Methotrexate, Oxaliplatin, Paclitaxel Protein-Bound, 
Pemetrexed, Temozolomide, Topotecan, Vinblastine, Vinorelbine, Cabozantinib, 
Fluorouracil, and Mitomycin. Anti-PD-(L)1 plus chemotherapy combination and chemo-
chemo therapy combination were included as well.  
 
3.3.4 Covariates 

Baseline covariates for the primary analysis included age, gender, line of treatment (at 
Erdafitinib, anti-PD-(L)1, or chemotherapy), smoking history, primary tumor location, 
hemoglobin level, and time since most recent therapy. ECOG score was included in the 
sensitivity analysis due to substantial missingness in ECOG value.  
 
Baseline was defined as the last non-missing values on or before first dose date of 
Erdafitinib, or the last measurement taken within 60 days before the indicated line of 
therapy for Flatiron-FMI external controls.  
 
3.3.5 Sample Size/Power 

Power calculation was not performed; sample size for each analysis was listed in table 2.   
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3.3.6 Statistical Analyses 

Cox proportional hazard model was used to estimate the hazard ratio (HR) for 
the overall survival:  

Univariate model  
Multivariate model (covariate adjustment or PS weighting, respectively) 

Analysis was further adjusted for left truncation through delayed entry model;  
Propensity score approach with different weighting schemes were performed in 
the sensitivity analysis:  

Stabilized inverse probability treatment weighting (sIPTW) 
Average treatment effect for overlap population (ATO) 
Average treatment effects on the treated (ATT) 
Average treatment effects on the control (ATC) 

Sensitivity analysis for missingness of ECOG performance score 
Complete-case analysis versus multiple imputation (MI) for missing value 
in ECOG 

 
3.4 STUDY RESULTS  

The main results on OS in four comparison groups were summarized in table 3 below.  
Results of sensitivity analysis for assessing the impact of missing ECOG are also included 
in the table.  
 
In summary, the results showed a substantial decrease in risk of overall mortality for 
Erdafitinib treated patients compared to all four control cohorts: (1) FGFR+ patients with 
anti-PD-(L)1, either as any LOT (HR: 0.265, 95%CI: 0.134-0.524), or (2) as second or 
higher LOT (HR: 0.317, 95%CI: 0.153-0.656); (3) all patients regardless of FGFR status 
who were treated with  anti-PD-(L)1 (HR 0.367, 95%CI: 0.233- 0.578); (4) FGFR+ patients 
treated with chemotherapy as second or higher LOT (HR 0.364, 95%CI: 0.156, 0.848). 
 
3.5 STUDY CONCLUSIONS 

The sponsor concluded that:  

(1) The study results suggest that patients treated with Erdafitinib in study BLC2001 
had a survival benefit when compared to FGFR positive patients from the 
Flatiron-FMI patients treated with available therapies (anti-PD-(L)1 or 
chemotherapy).  

(2) In the absence of head-to-head clinical studies, real-world, patient-level data can 
form the basis of an external control group to provide valuable insights regarding 
the effectiveness of Erdafitinib in this biomarker selected population of mUC 
patients. 
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4 DISCUSSION  

In this study, the sponsor compared OS in patients from a Phase 2 trial versus the 
external controls from real-world data (RWD) to provide evidence on treatment 
effectiveness of Erdafitinib among FGFR+ mUC patients. DEPI acknowledges the 
sponsor’s efforts in applying several advanced analytic techniques to address the 
limitations pertaining to RWD, such as propensity score with various weighting schemes 
to adjust for measured confounders; sensitivity analysis with multiple imputation to 
assess the impact of missingness in baseline covariate (ECOG); Cox proportional hazard 
model with delayed entry to account for survival bias, etc. However, substantial 
methodological issues were identified, which may threaten the validity of the estimates.  
 
Study population 

Selection bias may be introduced as the control cohorts (anti-PD-(L)1 or chemotherapy) 
appear not comparable to the Erdafitinib cohort in term of several key characteristics at 
baseline:  

Erdafitinib patients were mostly enrolled in academic and medical centers, while 
Flatiron control patients were mostly from community oncology clinics. As the 
academic medical centers may have better performance in term of quality of care, 
capability of dealing with emergencies and frequency of patient visits, Erdafitinib 
patients were likely to have a better survival prognosis than Flatiron control 
patients; therefore, the results were likely be biased away from the null.  

Significant discrepancy of inclusion/exclusion criteria exists between Erdafitinib 
and control cohorts, especially for conditions with known adverse impact on 
prognosis for overall survival:  

Patients with ECOG >2 were excluded in Erdafitinib cohort, however they 
were retained in the control cohorts. ECOG as a known independent 
prognostic factor for survival was not included in the primary analysis due to 
substantial missingness in the control cohorts; thus, the control cohorts likely 
included more patients with higher ECOG scores compared to the Erdafitinib 
cohort. Although the model was adjusted for ECOG in the sensitivity analysis, 
selection bias was not yet accounted for because ECOG was dichotomized as 
binary and the control patients with “ECOG>2” were included  into “>=1” 
category in the sensitivity analysis; consequently, both primary analysis and 
sensitivity analysis likely biased the HR estimates away from null, i.e., in favor 
of better survival in the Erdafitinib cohort. 

The Erdafitinib cohort had more stringent exclusion criteria than the 
unexposed group, such as, patients with inadequate bone marrow, liver, and 
renal function; history of or current uncontrolled cardiovascular disease, etc. 
These were the top reasons for excluding ineligible patients in the BLC2001 
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trial; however, the same criteria were not applied for the control patients. As 
a result, the control cohorts may include patients with more comorbidities or 
severe disease conditions at baseline. As the study didn’t account for these 
differences in the analysis, potential confounding bias was introduced, and 
results are likely to be biased away from the null.    

Other exclusion criteria were applied for the Erdafitinib cohort but not 
the control cohorts, such as: (1) received anti-cancer therapy within 2-6 
weeks from index date; (2) had persistent phosphate level greater than 
upper limit of normal (ULN); (3) unrecovered from reversible toxicity of 
prior anticancer therapy, etc. These factors imply that the Erdafitinib 
patients tended to be healthier with fewer overall toxicities compared to 
the control patients in Flatiron-FMI. Failure to address these issues may 
bias the results away from null.  

In summary, these exclusion criteria may have resulted in Erdafitinib patients with fewer 
comorbidities and fewer toxicities from prior therapies; as the Flatiron control patients 
were not restricted by these exclusion criteria, their baseline health conditions could be 
comparatively worse. As demonstrated in the results table, 93% of the erdafitinib 
patients had baseline ECOG<=1, and half had ECOG=0; by contrast, only half of the 
control patients had baseline ECOG<1 (55%) and one fourth had ECOG=0 (26%). ECOG 
was missing in approximately 30% of control patients. Difference in baseline ECOG 
implies a better survival outcome expected in erdafitinib patients than control patients, 
which could result in biased estimates of improved survival favoring the trial patients.  

Geographically, all control subjects were in the US, while the majority of 
Erdafitinib subjects were in Europe (70%) and only 21 patients (21%) were in US,12  
There may exist heterogeneity in treatment effect due to different population and 
different healthcare system or clinical practice in different countries,13 however, 
the sponsor’s original study report on BLC2001 didn’t include such information.12.  

The two groups were not comparable in the second objective: all 99 Erdafitinib 
subjects had FGFR+, while among 115 anti-PD-(L)1 patients from Flatiron-FMI 
database, only 25 patients had FGFR+. As the patients with FGFR+ may have 
different OS from FGFR- patients, inferences made from this analysis may be 
misleading.  

 
Measure of exposure and outcome 

The identification of mUC patient in real-world controls appeared appropriate in the 
way that they were identified not only based on ICD 9/10 diagnosis codes, but also 
based upon the review of Flatiron unstructured data and confirmation of histology from 
the patient’s tumor sample. However, several issues were noticed below: 
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Index date: The control patients may have gone to other facilities outside of 
Flatiron-FMI at an earlier time. However, as the patients’ history may not be 
completely captured in the EHR data, the index date identified from Flatiron-FMI 
may not accurately represent the true first date of the therapy and may be 
incorrect.  

The ascertainment of anti-PD-(L)1, chemotherapy may subject to potential 
misclassification. Although the SAP provided the name of drugs that were included 
in anti-PD-(L)1 and chemotherapy, neither SAP nor study report described how a 
patients’ treatment information was retrieved, from what source (doctor’s 
prescription or patient’s dispensing), and how it was validated. In addition, as most 
Flatiron patients were limited to community oncology clinics, some patients may 
have gone to other facilities for cancer care before they went to Flatiron 
community clinics. Conversely, treatment regimens for the BLC2001 patients were 
likely captured with high accuracy. Potential differential treatment 
misclassification may be introduced for these reasons. 

Per SAP, the control cohorts included both single regimens and combination 
regimens. However, the combined therapy may differ from single regimen in term 
of efficacy, safety and toxicity and may further affect overall survival.14 In addition, 
it was not appropriate to include Anti-PD-(L)1 plus chemotherapy in both Anti-PD-
(L)1 cohort and chemotherapy cohort due to heterogeneity of treatment effect .  

In terms of primary endpoint (OS), both SAP and white paper didn’t describe how 
the information on death was obtained in the real-world control cohorts (i.e.: EHR 
or chart review, linked to other data source, such as national death index (NDI) or 
social security master death file (MDF)). Furthermore, in the analysis, patients with 
unknown vital status were censored at the date they were last known to be alive. 
However, there was no information on how many patients were censored due to 
missing vital status in both cohorts; potential selection bias may be introduced if 
censoring was not uninformative (i.e. not random). In addition, censoring a patient 
to the date last seen alive assumes that the patient’s status cannot be determined, 
which is questionable as the patient may be discharged from the clinic and died in 
home afterwards, and his death status was not recorded in the flatiron data. On 
the other hand, these patients may be still “at-risk” after their last seen in clinics 
but were no longer counted in the risk set after last-seen date. Therefore, the 
corresponding hazard rate estimates may be incorrect, because even a small 
change in denominator may have a large impact on hazard rate estimate, 
especially since sample size was very small.   

 
Missingness in covariates and unmeasured confounders 

The primary analysis adjusted for baseline covariates as potential confounders including: 
patient’s age, gender, line of therapy, smoking history, primary tumor location, 
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hemoglobin level, and time since most recent therapy. However, some key adverse 
prognostic factors for OS that were distributed differently in the Erdafitinib and control 
groups, but were not accounted for in the study, include:   

Substantial missingness in ECOG: ECOG, a known independent prognostic factor 
for survival,15 was not included in the primary analysis due to substantial 
missingness (28-37%) in the control cohorts (all patients in BLC2001 had a 
recorded ECOG score). Although the sensitivity analysis included ECOG in 
covariate adjustment, ECOG was dichotomized as “>=1” vs. “0”. Consequently, 
residual confounding may exist due to persistent difference among ECOG>=1 
category in the comparison groups.   

Baseline comorbidity and visceral metastases: As discussed earlier, the stringent 
inclusion/exclusion criteria in BLC2001 trial may result in much healthier 
Erdafitinib patients with fewer comorbidities compared to control cohorts. 
However, information on baseline comorbidity was not measured for both 
cohorts. Additionally, visceral metastasis is an established main adverse 
prognostic factor for OS,15 16 and was measured for the Erdafitinib cohort but not 
for the real-world control cohorts. Therefore, these factors were not accounted 
for in the analysis.  

Tumor diagnosis at index date and TNM stage at initial diagnosis: These are the 
known factors associated with cancer survival; however, this information was 
included in BLC2001 study but not reported in the control cohorts. Therefore, 
these factors were not included in the analysis.  

Treatment duration, discontinuation or interruption: these are important risk 
factors that may affect OS and may vary with different anti-cancer treatment 
and care settings. However, such information was only available for Erdafitinib 
cohort and missing for the real-world control cohorts. Therefore, these factors 
were not included in the analysis. 

Concomitant therapy and subsequent anti-cancer therapy:  In BLC2001, 92% of 
Erdafitinib patients took concomitant medications, mainly for supportive care; 
and 34% of patients received subsequent anti-cancer therapy following 
Erdafitinib. Concomitant therapy and subsequent anti-cancer therapy may help 
to improve the patient’s survival. Comparing to the trial participants, availability 
of these types of care maybe be different in real-world settings; however, such 
information was not available for the control cohorts. Therefore, these factors 
were not included in the analysis. 

Health care services and utilization: The Erdafitinib patients in BLC2001 trial 
mostly received care and treatment in large academic medical centers, while 
most of control patients were treated in community oncology clinics. Thus, the 
frequency of clinic visits, clinical practices, and capability of dealing with 
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emergency situations were likely very different. These differences should be 
accounted for in the study; however, such information wasn’t available in both 
cohorts. Therefore, these factors were not included in the analysis. 

Temporal bias: As noticed, the Erdafitinib cohort was assembled most recently, 
starting from Aug 2016 through Mar 2018; the control cohorts were collected 
from Jan 2011 and through Jan 2018. With rapid development in cancer care in 
recent years, and increased awareness of supportive care among cancer patients 
and their families, there may exist a potential temporal trend and the effect of 
calendar time needs to be considered in the study.   

Other unmeasured potential confounders, including the patient’s race/ethnicity, 
BMI, social economic status and marital status, etc., which may also affect 
patient’s cancer care and overall surviva;17-21 however, such information was not 
available in both cohorts.  

 
To estimate the potential magnitude of the bias arising from unmeasured confounders 
in this study, we conducted a quantitative bias analysis using E-value approach22-24. In 
the comparison of Erdafitinib vs. anti-PD-(L)1 as second or higher LOT, given the 
estimated HR (0.282, 95%CI: 0.130-0.609) from Cox proportional hazard model with 
delayed entry and ATO weighted propensity score approach, an unmeasured 
confounder should have a HR at least 4.17 to explain away the observed association in 
this analysis. ECOG performance score (<1 vs. >=1) as a known prognostic factor for OS, 
has been reported in the literature with HR ranging from 1.2 to 4.56 among mUC 
patients,17 25-27 suggesting that unmeasured confounders, as one of several important 
threats to validity, are likely to explain away the observed HR in this study.    
 
Sample size  

Another concern identified in this review is very small sample size obtained in the 
control cohorts: only 25 GFR+ patients were treated with anti-PD-(L)1 as any LOT (16 for 
second or higher LOT), and 17 GFR+ patients were treated with chemotherapy as second 
or higher LOT. It is estimated that in US, there are about 700,000 patients currently 
living with urothelial cancer,1 plus 12,000 new patients annually with locally advanced or 
mUC each year,28 among whom 15-20% patients may have FGFR+.6 7 Given the limited 
size of the control cohorts from Flatiron-FMI database, it is unclear whether these 
represent the target population; thus results from this study may not be  generalizable 
conclusions.   
 
Statistical analysis 

The overall methodology for the statistical analysis was sound. A few issues are noted 
about the sensitivity analysis and propensity score method.     

Sensitivity analysis on ECOG:  
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In the sensitivity analysis, ECOG was dichotomized as binary (<1 vs. >=1) and 
“ECOG>2” was combined into “>=1” category. As the erdafitinib cohort 
excluded all patients with ECOG>2, the selection bias was not accounted for 
in the sensitivity analysis, and residual confounding may also exist due to 
persistent difference among “ECOG>=1” category in the comparison groups.  

It may be not practical to use a multiple imputation approach due to small 
sample size (16-25 patients) in the control cohorts, as about one third of 
subjects did not have an ECOG value.   

Multiple imputation (MI) approach generally assume the data were at least 
missing at random (MAR), which is probably not the case in the real-world 
Flatiron-FMI data.  

Propensity score weighting 

The study report did not describe the distribution of propensity score overlap 
between Erdafitinib and Flatiron-FMI cohorts. As the Erdafitinib patients and 
control patients were selected from very different data sources with many 
discrepancies in selection criteria, the overlap of PS between the two groups 
might be small. Lack of overlap in covariate structure may lead to erroneous 
estimates and 95%CIs. In general, if there is little overlap in PS, the two 
groups are inherently incomparable, and statistical strategies cannot 
overcome this problem.29-31  

Given that multivariate Cox proportional hazard models showed significant 
differences in OS between two exposure groups, with large effect size and HR 
estimates, and 95%CIs close to those estimated from PS with ATO weighting, 
the multivariable adjusted model is sufficient.  

 
Results inconsistent with the literature and other clinical trials 

Table 4 lists the estimated median OS in this study as compared to other clinical trials 
among advanced mUC patients that evaluated the same anti-PD-(L)1 or chemotherapy 
as the control cohorts.  The inclusion/exclusion criteria of the participants in these trials 
were similar with BLC2001 trial, except for the inclusion of FGFR+ in BLC2001. 
 
As the sponsor failed to provide OS for all real-world control patients who were treated 
with anti-PD-(L)1 or chemotherapy as second or higher LOT, we were unable to draw an 
inference from the direct comparisons; however, as displayed in table 4, the median OS 
for real-world control patients treated with anti-PD-(L)1 as any LOT (4.96 months), was 
substantially shorter than median OS for patients treated with anti-PD-(L)1 as second or 
higher LOT (8.6-10.3 months),32-35 indicating a discrepancy of OS estimates between 
clinical trials and RWD. The sponsor acknowledged the gap in the discussion section and 
adjusted the analysis with several baseline covariates in the analysis. Nevertheless, due 

Reference ID: 4394253





20

6 REFERENCES 
1. Institute NC. Cancer Stat Facts: Bladder Cancer.  [Available from: 

https://seer.cancer.gov/statfacts/html/urinb.html accessed Nov. 22 2018. 

2. Bray F, Ferlay J, Soerjomataram I, et al. Global cancer statistics 2018: GLOBOCAN estimates of 
incidence and mortality worldwide for 36 cancers in 185 countries. CA: a cancer journal 
for clinicians 2018 

3. Bukhari N, Al-Shamsi HO, Azam F. Update on the Treatment of Metastatic Urothelial 
Carcinoma. The Scientific World Journal 2018;2018 

4. Dienstmann R, Rodon J, Prat A, et al. Genomic aberrations in the FGFR pathway: opportunities 
for targeted therapies in solid tumors. Annals of oncology 2013;25(3):552-63. 

5. Parker BC, Engels M, Annala M, et al. Emergence of FGFR family gene fusions as therapeutic 
targets in a wide spectrum of solid tumours. The Journal of pathology 2014;232(1):4-15. 

6. Knowles MA, Hurst CD. Molecular biology of bladder cancer: new insights into pathogenesis 
and clinical diversity. Nature Reviews Cancer 2015;15(1):25. 

7. Robertson AG, Kim J, Al-Ahmadie H, et al. Comprehensive molecular characterization of 
muscle-invasive bladder cancer. Cell 2017;171(3):540-56. e25. 

8. Tabernero J, Bahleda R, Dienstmann R, et al. Phase I dose-escalation study of JNJ-42756493, 
an oral pan–fibroblast growth factor receptor inhibitor, in patients with advanced solid 
tumors. Journal of Clinical Oncology 2015;33(30):3401-08. 

9. FDA U. Guidance for industry and Food and Drug Administration staff. Use of real-world 
evidence to support regulatory decision-making for medical devices. (Accessed 18 Nov 
2018). Aug 2017 

10. FDA U. Guidance for industry and FDA staff. Best practices for conducting and reporting 
pharmacoepidemiologic safety studies using electronic healthcare data. (Accessed 18 
Nov 2018). May 2013. 

11. FDA U. Guidance for Industry. E 10 choice of control group and related issues in clinical 
trials.(Accessed 18 Nov 2018). 2001 

12. Janssen Research & Development L. Clinical Study Report: A Phase 2, Two-arm Multicenter, 
Open-Label Study to Determine the Efficacy and the Safety of Two Different Dose 
Regimens of a pan-FGFR Tyrosine Kinase Inhibitor JNJ 42756493 in Subjects with 
Metastatic or Surgically Unresectable Urothelial Cancer with FGFR Genomic Alterations., 
Dated 10 Aug 2018. 

13. Antoni S, Ferlay J, Soerjomataram I, et al. Bladder cancer incidence and mortality: a global 
overview and recent trends. European urology 2017;71(1):96-108. 

14. Raggi D, Miceli R, Sonpavde G, et al. Second-line single-agent versus doublet chemotherapy 
as salvage therapy for metastatic urothelial cancer: a systematic review and meta-
analysis. Annals of Oncology 2015;27(1):49-61. 

15. Bellmunt J, Choueiri TK, Fougeray R, et al. Prognostic factors in patients with advanced 
transitional cell carcinoma of the urothelial tract experiencing treatment failure with 
platinum-containing regimens. Journal of Clinical Oncology 2010;28(11):1850-55. 

Reference ID: 4394253



21

16. Bajorin DF, Dodd PM, Mazumdar M, et al. Long-term survival in metastatic transitional-cell 
carcinoma and prognostic factors predicting outcome of therapy. Journal of Clinical 
Oncology 1999;17(10):3173-81. 

17. Burger M, Catto JW, Dalbagni G, et al. Epidemiology and risk factors of urothelial bladder 
cancer. European urology 2013;63(2):234-41. 

18. Harvei S, Kravdal Ø. The importance of marital and socioeconomic status in incidence and 
survival of prostate cancer. Preventive medicine 1997;26(5):623-32. 

19. Newman LA, Mason J, Cote D, et al. African-American ethnicity, socioeconomic status, and 
breast cancer survival: A meta–analysis of 14 studies involving over 10,000 African-
American and 40,000 white American patients with carcinoma of the breast. Cancer: 
Interdisciplinary International Journal of the American Cancer Society 2002;94(11):2844-
54. 

20. Yee DS, Ishill NM, Lowrance WT, et al. Ethnic differences in bladder cancer survival. Urology 
2011;78(3):544-49. 

21. Roberts BW, Kuncel NR, Shiner R, et al. The power of personality: The comparative validity of 
personality traits, socioeconomic status, and cognitive ability for predicting important 
life outcomes. Perspectives on Psychological science 2007;2(4):313-45. 

22. VanderWeele TJ, Ding P. Sensitivity analysis in observational research: introducing the E-
value. Annals of internal medicine 2017;167(4):268-74. 

23. Mathur MB, Ding P, Riddell CA, et al. Web site and R package for computing E-values. 
Epidemiology 2018;29(5):e45-e47. 

24. Ding P, VanderWeele TJ. Sensitivity analysis without assumptions. Epidemiology (Cambridge, 
Mass) 2016;27(3):368. 

25. Matsumoto R, Abe T, Ishizaki J, et al. Outcome and prognostic factors in metastatic 
urothelial carcinoma patients receiving second-line chemotherapy: an analysis of real-
world clinical practice data in Japan. Japanese journal of clinical oncology 
2018;48(8):771-76. 

26. Necchi A, Pond GR, Giannatempo P, et al. Cisplatin-based first-line therapy for advanced 
urothelial carcinoma after previous perioperative cisplatin-based therapy. Clinical 
genitourinary cancer 2015;13(2):178-84. 

27. Roscigno M, Shariat SF, Margulis V, et al. Impact of lymph node dissection on cancer specific 
survival in patients with upper tract urothelial carcinoma treated with radical 
nephroureterectomy. The Journal of urology 2009;181(6):2482-89. 

28. Bharmal M, Guenther S, Kearney M. Epidemiology of Locally Advanced or Metastatic 
Urothelial Cancer In The US, Europe And Japan. Value in Health 2017;20(9):A419. 

29. Yating Zheng LS. Effects of propensity score overlap on the estimates of treatment effects. 
The SREE Spring 2018 Conference, The Evidence Behind Evidence Use: When Does 
Education Research Inform Practice? Washington, D.C., 2018. 

30. Crump RK, Hotz VJ, Imbens GW, et al. Dealing with limited overlap in estimation of average 
treatment effects. Biometrika 2009;96(1):187-99. 

31. Sainani KL. Propensity scores: uses and limitations. PM&R 2012;4(9):693-97. 

Reference ID: 4394253



22

32. Bellmunt J, De Wit R, Vaughn DJ, et al. Pembrolizumab as second-line therapy for advanced 
urothelial carcinoma. New England Journal of Medicine 2017;376(11):1015-26. 

33. Sharma P, Retz M, Siefker-Radtke A, et al. Nivolumab in metastatic urothelial carcinoma 
after platinum therapy (CheckMate 275): a multicentre, single-arm, phase 2 trial. The 
Lancet Oncology 2017;18(3):312-22. 

34. Powles T, Durán I, van der Heijden MS, et al. Atezolizumab versus chemotherapy in patients 
with platinum-treated locally advanced or metastatic urothelial carcinoma (IMvigor211): 
a multicentre, open-label, phase 3 randomised controlled trial. The Lancet 
2018;391(10122):748-57. 

35. Roche H-L. A Study of Atezolizumab in Participants With Locally Advanced or Metastatic 
Urothelial Bladder Cancer (Cohort 2). ClinicalTrials.gov [Internet]. Identifier: 
NCT02108652: Bethesda (MD): National Library of Medicine (US).  [updated December 
5, 2018. Available from: https://clinicaltrials.gov/ct2/show/results/NCT02108652 
accessed December 8 2018. 

 
  

Reference ID: 4394253



23

APPENDICES  

I. LIST OF HIGH-LEVEL ISSUES IDENTIFIED IN THE STUDY  

1. Confounding bias due to missingness in covariates and unmeasured confounders 

1) Baseline ECOG as an important prognostic factor for survival was not included in 
the primary analysis due to substantial missingness (28-37%) in the control 
cohorts.    

2) Baseline comorbidity was not measured in both cohorts;  

3) Other key confounding factors that were measured in Erdafitinib cohort only and 
missed from the control cohorts:  

a. Visceral metastases (lung, liver and bone)     
b. Tumor diagnosis at index date and TNM stage at initial diagnosis 
c. Treatment duration, discontinuation or interruption 
d. Concomitant therapy and subsequent anti-cancer therapy 

4) Health care utilizations were not available in both cohorts.    

5) Other potential confounders, including the patient’s race/ethnicity, BMI, social 
economic status and marital status, etc., were not available in both cohorts.  

 

2. Selection bias: 

1) Erdafitinib patients in BCL2001 trial were enrolled in academic medical centers, 
while control cohorts in Flatiron-FMI were mostly from community oncology clinics. 
Clinical practice, frequency of patient’s visits, and capability of dealing with 
emergencies can be different, generally better performance in academic medical 
centers than community clinics, which implies better survival expectation for trial 
patients. 

2) Erdafitinib patients were primarily in Europe (70%) and only 21% of the patients 
were in US; while all the control patients were in US.  

3) Significant discrepancies in inclusion and exclusion criteria between two comparison 
groups. Specifically, more stringent exclusion criteria were applied to Erdafitinib 
cohort, but not applied to the control cohorts; listed as below:  

Patients with Eastern Cooperative Oncology Group Performance Status 
(ECOG) score >2. 
Patients with inadequate bone marrow, liver, and renal function;  
Patient with history of or current uncontrolled cardiovascular disease;  
Patients who received anti-cancer therapy within 2-6 weeks from index 
date; 
Patients had persistent phosphate level greater than ULN;  
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Patients who were unrecovered from reversible toxicity of prior 
anticancer therapy.  

These exclusions left the Erdafitinib patients less sick and with fewer toxicities 
from the prior therapies. As demonstrated in the result table, 93% of the 
erdafitinib patients had baseline ECOG<=1, and half with ECOG=0; by contrast, 
only half of the control patients had baseline ECOG<1 and one fourth with 
ECOG=0. Difference in baseline ECOG implies a better survival outcome in 
erdafitinib patients than control patients.  

 
3. Potential misclassification on exposure with incorrect index date 

1) The control patient may have gone to the other facilities outside of Flatiron-FMI 
at the earlier time. Since such information was not available in Flatiron-FMI 
database, the index date identified from Flatiron-FMI maybe not the truly first 
date of therapy and hence incorrect;  

2) Neither SAP nor study report described how and from what source the control 
patient’s treatment information was retrieved, and how they were validated. 
Therefore, potential misclassification may exist for the control cohorts. 

3) The combined therapy of Anti-PD-(L)1 plus chemotherapy was included in the 
chemotherapy control cohorts.  

 
4. Missed information on outcome ascertainment and follow-up time 

1) Both the SAP and study report didn’t describe how the patient’s death was 
ascertained, and whether the other death related databases (e.g., national death 
index or social security master death file) were linked to retrieve the death 
information. Unlike the trial patients, the community clinics generally don’t 
follow-up the patient for their survival outcome after the last visit or discharge, 
therefore the death information in the control cohorts may be incomplete.  

2) The study report didn’t provide the distribution of follow-up time and number 
(%) of patients who were censored due to unknown vital status in both cohorts. 
Therefore, it’s unclear whether loss to follow-up was differential in two groups, 
and if censoring was uninformative.    

5. Extremely small sample size in control cohorts: only 16-25 patients were identified 
in the control cohorts for the primary objectives, which were too small to represent 
the target population and thus lack of the capability to draw generalizable 
conclusions.  
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II. RECOMMENDATIONS 

DEPI has the following recommendations to the Sponsor to improve study validity. 
Please note, due to limitations in the Flatiron-FMI data source, these recommendations 
may not ensure sufficiently valid results to support regulatory decisions:   
 
1) Selection of Erdafitinib cohort:  

a. Investigate potential influence of geographic heterogeneity on the treatment 
effect for BLC2001 study before including patients from outside the US.  

 
2) Selection of the control cohorts:  

a. Additional data sources may be necessary to identify control cohorts with 
adequate sample size.  

b. Linkage to other data sources, such as claims data, to capture more complete 
information about patients’ medical history and exposures, and to improve 
the capability of applying exclusion/inclusion criteria as same as the 
Erdafitinib cohort. This may also increase the accuracy of index date and 
improve ascertainment of baseline comorbidities and other relevant 
covariates.  

c. Apply the same inclusion/exclusion criteria to the control cohorts as were 
applied to the Erdafitinib cohort:  

Patients with ECOG >2  
Patients with inadequate bone marrow, liver, and renal function 
Patients with history of or current uncontrolled cardiovascular disease 
Patients who received anti-cancer therapy within 2-6 weeks from index 
date 
Patients who had persistent phosphate level greater than ULN;  
Patients who were unrecovered from reversible toxicity of prior 
anticancer therapy 
Pregnant or breast-feeding females during study period 

 
3) Ascertainment of exposure: 

a. Describe how treatment regimen information was retrieved from the RWD 
and how it was validated.  

b. Stratify the treatment into single and combined regimen in design stage and 
analysis stage.  

c. Anti-PD-(L)1 plus chemotherapy should not be included in the chemotherapy 
cohort.  

d. Include and describe the information on treatment duration, discontinuation, 
and interruption among the control cohorts.  
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4) Ascertainment of outcome: 
a. Describe how death was ascertained for the Flatiron-FMI cohorts, if any 

external database (e.g., NDI, MDF) was linked to retrieve the death 
information. 

b. Effort should be made to obtain the patient’s complete, accurate information 
on vital status, such as linking to the external database (NDI, MDF).  

c. Describe the distribution of follow-up time among Erdafitinib cohort and 
control cohorts. 

d. Provide number (%) of patients who were censored due to unknown vital 
status in both Erdafitinib cohort and control cohorts.  

 
5) Effort should be made to retrieve as much as possible information on important 

confounding factors in both comparison cohorts:  
a. Baseline comorbidities for both comparison cohorts;   
b. Visceral metastases, tumor diagnosis at index date and TNM stage at initial 

diagnosis for control cohorts;  
c. Concomitant therapy and subsequent anti-cancer therapy in control cohorts;  
d. Information on health care utilization, frequency of clinic visits, and type of 

care settings, etc.   
e. Patient’s race/ethnicity, BMI, SES, marital status, etc.  
 

6) Statistical analysis: 
a. Conduct a sensitivity analysis to restrict the Erdafitinib cohort to US patients.  
b. All potential confounding factors as mentioned above should be considered 

in the analysis if they were not accounted for in the study design stage (e.g., 
matching or restriction).  

c. Provide the plots for distribution of propensity score, and % of overlap 
between two comparison groups in each analysis to assess if there is 
sufficient overlap.  

d. Given the similar results from multivariable adjusted model and PS with ATO 
weighting model, pursuing further analysis with various PS weighting 
schemes using data with inadequate sample size seems impractical and 
unnecessary in this study. 
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Dosage Form and Route: tablets, for oral use  

Application 
Type/Number:  

NDA 212018 

Applicant: 
 
 
 

Janssen Biotech, Inc.  
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• ensured that the PPI meets the criteria as specified in FDA’s Guidance for 
Useful Written Consumer Medication Information (published July 2006) 

 
4 CONCLUSIONS 

The PPI is acceptable with our recommended changes. 
 
5 RECOMMENDATIONS 

• Please send these comments to the Applicant and copy DMPP and OPDP on the 
correspondence.  

• Our collaborative review of the PPI is appended to this memorandum.  Consult 
DMPP and OPDP regarding any additional revisions made to the PI to determine 
if corresponding revisions need to be made to the PPI.   

 Please let us know if you have any questions.  

Reference ID: 4393053

5 Page(s) of Draft Labeling have been Withheld in Full as b4 (CCI/TS) immediately following this 
page



--------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically. Following this are manifestations of any and all
electronic signatures for this electronic record.
--------------------------------------------------------------------------------------------
/s/
------------------------------------------------------------

RUTH I LIDOSHORE
02/20/2019 09:32:39 AM

EMILY M DVORSKY
02/20/2019 09:37:57 AM

BARBARA A FULLER
02/20/2019 09:41:19 AM

LASHAWN M GRIFFITHS
02/20/2019 09:58:16 AM

Signature Page 1 of 1

Reference ID: 4393053



1

MEMORANDUM 
REVIEW OF REVISED LABEL AND LABELING

Division of Medication Error Prevention and Analysis (DMEPA) 
Office of Medication Error Prevention and Risk Management (OMEPRM)

Office of Surveillance and Epidemiology (OSE)
Center for Drug Evaluation and Research (CDER)

Date of This Memorandum: February 15, 2019

Requesting Office or Division: Division of Oncology Products 1 (DOP1)

Application Type and Number: NDA 212018

Product Name and Strength: Balversa (erdafitinib) tablets, 3 mg, 4 mg, and 5 mg

Applicant/Sponsor Name: Janssen Biotech, Inc.

FDA Received Date: February 12, 2019

OSE RCM #: 2018-1805-2

DMEPA Safety Evaluator: Tingting Gao, PharmD

DMEPA Team Leader: Chi-Ming (Alice) Tu, PharmD

1 PURPOSE OF MEMORANDUM
Division of Oncology Products 1 (DOP1) requested that we review the revised container labels 
and carton labeling for Balversa (Appendix A) to determine if it is acceptable from a medication 
error perspective.  The revisions are in response to recommendations that we made during a 
previous label and labeling review.a 

a Gao, T. Label and Labeling Review for Balversa (NDA 212018). Silver Spring (MD): FDA, CDER, OSE, DMEPA (US); 
2019 Feb 1. RCM No.: 2018-1805-1.
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2 DISCUSSION
Janssen acknowledges our previous recommendations and made the following changes related 
to the prominence of the daily dose statement:b

 The secondary color, corresponding to tablet count, was applied behind the daily 
dosage statement.

 The daily dose font size was increased and bolded for additional emphasis.
We evaluated the proposed changes and determined that there are adequate differentiation 
between the different daily dose statement via the use of different colors and bolding (see 
Table 1). 

Table 1. Same strength tablet for the different dose daily statement

3 CONCLUSION
The revised Balversa container labels and carton labeling are acceptable from a medication 
error perspective.  We have no further recommendations at this time.

b Response to FDA Information Request of 01 February 2019. Horsham (PA): Janssen Biotech, Inc. 2019 Feb 7. 
Available at \\cdsesub1\evsprod\nda212018\0042\m1\us\response-to-fda-01feb2019.pdf.
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Page 2                                                                   
Clinical Inspection Summary                          

                                                                                                                              NDA 212018 for erdafitinib

Based on the inspectional findings of the three sites and the sponsor along with other relevant 
documents contained in the available Establishment Inspection Reports, the OSI reviewer 
considers that the trial was adequately conducted and that the submitted data from the 
inspected sites and sponsor appear acceptable in support of this NDA and respective indication 
for erdafitinib.    

II. BACKGROUND

Erdafitinib is an inhibitor of FGFR tyrosine kinase. To support the proposed indication and 
dose schedule in this NDA, the Applicant submitted clinical data from Study 
42756493BLC2001 (referred as BLC2001 in this summary), which was an open-label, 
multicenter Phase 2 trial of erdafitinib (conducted under IND 117490) in subjects with 
advanced urothelial carcinoma who had disease progression following prior chemotherapy. 
Subjects were also required to have one of the FGFR alterations detected in their tumor tissue 
(FGFR fusions: FGFR2-BICC1, FGFR2-CASP7, FGFR3-TACC3, or FGFR3-BAIAP2L1; 
FGFR3 point mutations: R248C, S249C, G370C, or Y373C). The primary endpoint was 
objective response rate (ORR) as assessed by Investigators and an Independent Radiologic 
Review Committee (IRRC) according to Response Evaluation Criteria in Solid Tumors 
(RECIST v1.1). 

Tumor responses to erdafitinib in the trial were assessed with imaging scans (CT/MRI) at 
baseline, once every 6 weeks (+/- 3 days) during the first 3 months, then once every 12 weeks 
(+/- 1 week) for the next 9 months, and thereafter, once every 4 to 6 months until disease 
progression or unacceptable toxicity. The central review by IRRC was triggered for subjects on 
Study Regimen 3 (erdafitinib 8 mg once daily every day, with pharmacodynamically guided 
up-titration to 9 mg once daily) after the Investigator-assessed ORR reached >25%, a 
prespecified threshold in the study protocol.  

Between 5/20/2015 and 3/15/2018, the trial enrolled 210 subjects at 87 sites across 14 
countries, including 16 study sites in the United States. Of the 210 enrolled, 99 subjects 
received erdafitinib at Regimen 3, which represents the proposed dose schedule for clinical use 
in the submitted erdafitinib label. The rest of subjects received other Regimens (6 mg or 10 mg 
daily) that were not recommended by the Data Review Committee in July 2016. The data 
cutoff date for the submitted efficacy and safety analyses to the NDA was March 15, 2018. 

The review division requested clinical inspections to verify the reported efficacy and safety 
findings from this trial in terms of the proposed dose schedule. Three study sites, as listed in 
the following section, were selected. Relative to other sites, these three sites enrolled a high 
number of study subjects and had a high number of responders to treatment with erdafitinib. 
The sponsor inspection was also requested for this First-in-Class oncology product to confirm 
the selection of subjects positive for FGFR alterations, determination of Regimen 3 as the 
optimal dose regimen from the three studied dosing schedules, and implementation of IRRC as 
prespecified in the study protocol. 
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                                                                                                                              NDA 212018 for erdafitinib

III. RESULTS (by site): 

Name of CI, Address; Site # Protocol # and # 
of Subjects

Inspection Date Classification

Tagawa, Scott
525 E. 68th St, Rm. K615
New York, NY 10021
Email:
stt2007@med.cornell.edu
Site # US00014

Protocol: 
BLC2001

Enrolled: 6

Dec. 3-7, 2018 NAI

Siefker-Radtke, Arlene
1155 Herman Pressler 
Unit 1374
Houston, TX 77030
Email:
asiefker@mdanderson.org 
Site #US00011

Protocol: 
BLC2001

Enrolled: 5

Dec. 4, 7, 10-11, 
2018

NAI

Loriot, Yohann
114 rue Edouard Vaillant
Villejuif Cedex, NA 94805
France
Email: 
yohann.loriot@gustaveroussy.fr
Site #FR00005

Protocol: 
BLC2001

Enrolled: 10

Jan. 14-17, 2019 NAI*

Janssen Research and 
Development, LLC 
1400 McKean Road
Spring House, PA 19477 
Regulatory Point of Contact: 
Hsiao-Ling Hung, 
Email: HHungl@its.jnj.com
Site: Sponsor

Protocol: 
BLC2001

Nov. 26-30, 
2018

NAI

Key to Compliance Classifications
NAI = No deviation from regulations 
VAI = Deviation(s) from regulations
OAI = Significant deviations from regulations.  Data is unreliable.  
*Preliminary classification based on preliminary communication with the field investigator. 
This may be associated with: a) EIR has not been received from the field; b) complete review 
of EIR is pending.  Final classification occurs after the final review of the EIR occurs or the 
post-inspectional letter has been sent to the inspected entity.
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1. Dr. Scott Tagawa, Site US00014

This site was inspected as a data audit for Study BLC2001. This was the first FDA 
inspection for the Principal Investigator. The inspection found that 6 of 31 
screened subjects were enrolled at the site. Five of the 6 subjects were in the 8 mg 
cohort. At the time of this inspection, three subjects remained on erdafitinib and 
had ongoing study visits per the protocol. Two subjects were discontinued 
secondary to progressive disease and one subject due to the occurrence of a serious 
adverse event (SAE). Source records of the 6 enrolled subjects were reviewed. 
These included informed consent documents, eligibility criteria, study protocol and 
amendments, medical histories, electronic case report forms (eCRFs), adverse 
event (AE) reporting, protocol deviations, delegation of authority, financial 
disclosure, Institutional Review Board (IRB) approvals, and investigational 
product accountability. The inspection also reviewed the protocol-specific training, 
monitoring, and relevant documents provided by the sponsor before the site 
initiation and during the study. 

The inspection revealed no major regulatory violations or deficiencies. No FDA 
Form 483 was issued. The reported data in eCRFs were verified at the study site 
and found consistent with the data listings submitted to the NDA by the Applicant. 
Reporting of adverse events including SAEs appeared to be complete and accurate. 
One study subject was found to have three scans performed out of the allowed 
maximum time window (delayed from three to seven days). This appeared to be 
associated with the subject’s missed appointments and rescheduling difficulties. 
This deviation was discussed with the Investigator at the close-out meeting.  

2. Dr. Arlene Siefker-Radtke, Site US00011

This site was also inspected as a data audit for Study BLC2001, the first FDA 
Inspection for this Principal Investigator.  There were 53 subjects screened at the site 
and 5 of them enrolled (4 in the 8 mg cohort). At the time of the inspection, one subject 
was on erdafitinib treatment and four subjects were discontinued from study treatment. 
The reasons for discontinuation included disease progression (two) and deaths (two). 
The inspection reviewed Regulatory Binders containing approved protocol and 
amendments, investigator agreements, training documents, IRB approvals, continuing 
reviews, eligibility criteria, Informed Consent forms, protocol deviations, monitoring 
logs and sponsor’s correspondence. Source documents were examined for all five 
subjects and compared to the reported data listings and relevant eCRFs. 

The inspection revealed no objectionable observations in the conduct at this site. The 
submitted data listings were confirmed against source records and/or documents. 
Imaging studies were performed and documented as per study protocol and were 
submitted to the IRRC accordingly. The overall response for each study subject was 
documented at the site and found to be complete. Two SAEs (one case of sepsis/colitis 
and one case of retinopathy) were well documented, and there was no evidence of 
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under-reporting of adverse events based on source data. 

3. Dr. Yohann Loriot, Site FR00005

This foreign site was inspected as a data audit for BLC2001. There was no previous 
FDA inspection history for the investigator. Since the inspection was just completed 
two weeks ago, the EIR has not been received. The following key inspectional findings 
are based on the email correspondence provided by the field investigator who 
conducted the inspection. An amendment would be made should the EIR contain 
significant differences that could change the current assessment.  

The site screened 104 subjects and enrolled 10 subjects in the study. Five subjects were 
in the 8 mg cohort. As of the time of this inspection, one subject was actively on study 
treatment, two remained in follow-up, and seven discontinued due to disease 
progression and thereafter died. 

The inspection revealed no significant deficiencies. Source data for the primary 
endpoint ORR were verifiable. There was no evidence of under-reporting of adverse 
events or SAEs. For one subject (  on 6 mg erdafitinib) who had a partial 
response at the first on-study assessment, there was a difference in reporting of the 
second assessment between the data listing (progressive disease as assessed by 
Investigator) and the source radiology report (stable disease). The Investigator 
explained that based on his review with another radiologist and to his assessment, the 
second assessment showed disease progression, consistent with the reported data listing 
by the applicant. 

4. Sponsor: Janssen Research and Development, LLC

The sponsor inspection was issued to evaluate the conduct of Study BLC2001. This 
inspection included a review of the sponsor’s organizational charts, standard operating 
procedures and policies, CRO/vendor task orders and agreements, data management 
plans, monitoring visit reports, financial disclosures, investigator agreements (FDA 
Form 1572s) and qualifications (e.g. curriculum vitae), site training records, and 
certificate of analysis for study drug batches and related shipping and handling. The 
inspection also focused on sponsor’s monitoring and agreements regarding the selection 
of subjects with certain FGFR alterations, determination of the 8 mg regimen as the 
recommended dose schedule and use of the IRRC for efficacy analysis. During the 
inspection, documents relevant to the above selected clinical sites for clinical inspections 
were retrieved from the sponsor’s Trial Master File and examined accordingly.  

The inspection found no major regulatory violations or deficiencies, with no Form 483 
issued. Data consistency between original eCRFs in the RAVE eDC system and the 
datasets submitted to the NDA was verified in several randomly selected study subjects.  
One study site (US00029) that was found to be non-compliant with the study protocol 
was identified by the sponsor in a timely manner, and the enrollment at the site was 
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terminated. The inspection identified a few protocol deviations, for which the sponsor 
provided corresponding documents to show their reporting and/or communication with 
responsible study investigators. The involved study subjects in the deviations were not 
placed at undue risk. Concerning the incomplete list of CROs found in the BIMO folder 
of the NDA, the sponsor was able to provide an updated list of all CROs along with 
corresponding signed service agreements and related work orders.  

Overall, the inspectional findings showed that the sponsor had proper management and 
adequate oversight of the conduct of Study BLC2001 and verified that the clinical 
investigation of erdafitinib in the intended study population was carried out in 
accordance with the investigational plan and study protocol. The sponsor’s submitted 
data, associated with Study BCL2001, appear reliable based on available information.    

{See appended electronic signature page}

Yang-min (Max) Ning, M.D., Ph.D.
Good Clinical Practice Assessment Branch
Division of Clinical Compliance Evaluation
Office of Scientific Investigations

CONCURRENCE:

{See appended electronic signature page}

Susan Thompson, M.D. 
Team Leader
Good Clinical Practice Assessment Branch
Division of Clinical Compliance Evaluation
Office of Scientific Investigations

CONCURRENCE:   {See appended electronic signature page}

Kassa Ayalew, M.D., M.P.H
Branch Chief
Good Clinical Practice Assessment Branch 
Division of Clinical Compliance Evaluation
Office of Scientific Investigations
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cc: 

Central Doc. Rm. NDA 212018
Review Division /Division Director/J Beaver
Review Division /Cross Discipline Team Leader/C Weinstock
Review Division /Project Manager/C Lee
Review Division/Medical Officer/D.C. Chi
OSI/Office Director/D Burrow
OSI/DCCE/ Division Director/N Knin
OSI/DCCE/Branch Chief/K Ayalew
OSI/DCCE/Team Leader/SD Thompson 
OSI/DCCE/GCP Reviewer/YM Ning
OSI/ GCP Program Analysts/ Joseph Peacock/Yolanda Patague 
OSI/Database PM/Dana Walters
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MEMORANDUM 
REVIEW OF REVISED LABEL AND LABELING

Division of Medication Error Prevention and Analysis (DMEPA) 
Office of Medication Error Prevention and Risk Management (OMEPRM)

Office of Surveillance and Epidemiology (OSE)
Center for Drug Evaluation and Research (CDER)

Date of This Memorandum: February 1, 2019

Requesting Office or Division: Division of Oncology Products 1 (DOP1)

Application Type and Number: NDA 212018

Product Name and Strength: Balversa (erdafitinib) tablets, 3 mg, 4 mg, and 5 mg

Applicant/Sponsor Name: Janssen Biotech, Inc.

FDA Received Date: January 28, 2019

OSE RCM #: 2018-1805-1

DMEPA Safety Evaluator: Tingting Gao, PharmD

DMEPA Team Leader: Chi-Ming (Alice) Tu, PharmD

1 PURPOSE OF MEMORANDUM
Division of Oncology Products 1 (DOP1) requested that we review the revised container labels 
and carton labeling for Balversa (Appendix A) to determine if it is acceptable from a medication 
error perspective.  The revisions are in response to recommendations that we made during a 
previous label and labeling review.a 

2 DISCUSSION
Janssen agrees to utilize the FDA recommended expiration date format. b Additionally, Janssen 
only provided the representative mock-ups of the  

 3 mg, 56-tablet Carton (Box) to facilitate review, but intends to update all 
labels in Module 1.14.1.1 with these changes following agreement with FDA.c

Janssen implemented most of our recommendations, except our recommendation to replace 
the “# mg” strength statement with the statement “# mg daily dose (number # mg tablets once 

a Gao, T. Label and Labeling Review for Balversa (NDA 212018). Silver Spring (MD): FDA, CDER, OSE, DMEPA (US); 
2019 Jan 18. RCM No.: 2018-1805.
b Response to FDA Information Request of 22 January 2019. Horsham (PA): Janssen Biotech, Inc. 2019 Jan 28. 
Available at \\cdsesub1\evsprod\nda212018\0035\m1\us\response-to-fda-22jan2019.pdf. 
c NDA 212018. erdafitinib (JNJ-42756493). Response to FDA Information Request of 22 January 2019. Horsham 
(PA): Janssen Biotech, Inc. 2019 Jan 28. Available at \\cdsesub1\evsprod\nda212018\0035\m1\us\cover.pdf. 
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daily)”  
  Janssen would like to retain the dosage strength of each individual tablet 

to maintain consistency across the product portfolio (i.e., the bottle labels and bottle cartons), 
so instead, Janssen added the daily dose statement in the line below the “# mg” strength 
statement on the container labels and to the right of to the “# mg” strength statement on the 
carton labeling.  
While the addition of the daily dose statement to the labels and labeling is acceptable, the 
revision still does not fully address our concern  

 

 

 

Figure 1. Same strength tablet for the different dose daily

3 CONCLUSION
The revised Balversa container labels, and carton labeling are unacceptable from a medication 
error perspective.    

4 RECOMMENDATIONS FOR JANSSEN BIOTECH, INC.
We recommend the following be implemented prior to approval of this NDA:  

A. General Comments for Container Labels – Pull Out Blister Cards, Carton Labeling – 
Blister Card Sleeves, and Carton Labeling – Carton box

a. We acknowledge your addition of the daily dose statement in the line below the 
“# mg” strength statement on the container labels and to the right of to the “# 
mg” strength statement on the carton labeling and find this addition acceptable.  
However, as currently presented, we are concerned that the daily dose 
statement lacks prominence, and thus, does not fully address our concern  

Reference ID: 4384636
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tablets.  
 

 

 
We recommend revising the container labels and carton labeling to provide 
additional differentiation between  packs that contain the same 
strength (i.e., 3 mg and 4 mg) by means of different colors, bolding, or boxing, or 
by other means.  For example, you may consider using the color already utilized 
to highlight the net quantity statement as the color to also highlight or box the 
daily dose statement.  We note the purple color highlighting the 42-count 
statement for 3 mg tablets overlap with the purple color highlighting the 
strength statement for 5 mg tablets.  If you choose to use colors for 
differentiating, please ensure same or similar colors do not overlap among the 
different strengths.
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LABEL AND LABELING REVIEW
Division of Medication Error Prevention and Analysis (DMEPA) 

Office of Medication Error Prevention and Risk Management (OMEPRM)
Office of Surveillance and Epidemiology (OSE)

Center for Drug Evaluation and Research (CDER)

*** This document contains proprietary information that cannot be released to the public***

Date of This Review: January 18, 2019

Requesting Office or Division: Division of Oncology Products 1 (DOP1)

Application Type and Number: NDA 212018

Product Name and Strength: Balversa (erdafitinib) tablets, 3 mg, 4 mg, and 5 mg

Product Type: Single Ingredient Product

Rx or OTC: Prescription (Rx)

Applicant/Sponsor Name: Janssen Biotech, Inc.

FDA Received Date: September 18, 2018

OSE RCM #: 2018-1805

DMEPA Safety Evaluator: Tingting Gao, PharmD

DMEPA Team Leader: Chi-Ming (Alice) Tu, PharmD
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1 REASON FOR REVIEW
As part of this NDA, this review evaluates the proposed container label, carton labeling, 
Prescribing Information (PI) and Medication Guide for Balversa for areas of vulnerability that 
may lead to medication errors.

2 MATERIALS REVIEWED 

We considered the materials listed in Table 1 for this review.  The Appendices provide the 
methods and results for each material reviewed.  

Table 1.  Materials Considered for this Label and Labeling Review

Material Reviewed Appendix Section 
(for Methods and Results)

Product Information/Prescribing Information A

Previous DMEPA Reviews B – N/A

Human Factors Study C – N/A

ISMP Newsletters D – N/A

FDA Adverse Event Reporting System (FAERS)* E – N/A

Other F – N/A

Labels and Labeling G

N/A=not applicable for this review
*We do not typically search FAERS for our label and labeling reviews unless we are aware of 
medication errors through our routine postmarket safety surveillance

3 OVERALL ASSESSMENT OF THE MATERIALS REVIEWED

Janssen proposed to provide Balversa in bottles  
 we requested intend-to-market samples of Balversa on December 6, 2018.a 

Janssen provided the requested samples on December 21, 2018, and the following clarification 
in an emailb: 

Please note that upon approval of the NDA, the Sponsor intends to commercialize 
Erdafitinib tablets, 3mg, 4 mg and 5 mg, in the HDPE bottle configurations as described in 
the NDA;  

 
.

a Fahnbulleh, F. NDA 212018 Balversa IR. Silver Spring (MD): FDA, CDER, OSE (US); 2018 Dec 6.
b Hsiao-Ling, H. RE: NDA 212018 Balversa IR. Raritan (NJ): Janssen Research & Development, LLC; 2018 December 
14. NDA 212018.
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We shared this information with the Review Team, and the Review Team confirmed that it is 
acceptable  information in Section 16 How Supplied/Storage and 

 
Therefore, we evaluated the proposed PI, container label and carton labeling for the bottles, 
and the container label and carton labeling  determined that they can 
be improved to ensure safe medication use. 

Since the proposed tablets are “film-coated”  
, we asked the Review Team to consider adding the statement “Do not chew, 

crush, or split tablets” if there is a product quality or pharmacokinetics reason that the film-
coated tablets should not be chewed, crushed, or split. The Review Team confirmed that the 
“Do not chew, crush, or split tables” statement does not need to be added to the PI.  

4 CONCLUSION & RECOMMENDATIONS

The proposed Balversa PI, container labels, and carton labeling may be improved to ensure safe 
medication use. We provide specific recommendations in Sections 4.1 and 4.2 below.

4.1 RECOMMENDATIONS FOR THE DIVISION

A. Prescribing Information
1. Dosage and Administration Section

a. In Section 2.2 Recommended Dosage and Administration, include the 
number of tablets the patient need to take for the 8 mg and 9 mg dose. 
For example: “8 mg (two 4 mg tablets)” and “9 mg (three 3 mg tablets)” 
to prevent confusion and wrong dose errors.

b. Revise the statement “The tablets should be  
 “Swallow tablets whole with or without food.” for 

clarity.
c. In Section 2.4 Dose Modification, consider including the number of 

tablets and the tablet strength required to make the X mg dose in Table 1 
to prevent confusion and wrong dose errors. For example:

Table 1: BALVERSA Dose Reduction Schedule

Dose 1st dose 
reduction

2nd dose 
reduction

3rd dose 
reduction

4th dose 
reduction

5th dose 
reduction

9 mg 
(three 3 mg 

tablets)

8 mg
(two 4 mg 

tablets)

6 mg
(two 3 mg 

tablets)

5 mg
(one 5 mg 

tablet)

4 mg
(one 4 mg tablet) Stop

8 mg 
(two 4 mg 

tablets)

6 mg
(two 3 mg 

tablets)

5 mg
(one 5 mg 

tablet)

4 mg
(one 4 mg 

tablet)
Stop
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B. Patient Information

1. In “How Should I take Balversa” section, we recommend including the number of 
tablets the patient need to take for the 8 mg and 9 mg dose to prevent confusion 
and wrong dose errors. For example: “8 mg (two 4 mg tablets) once a day” and 
“9 mg (three 3 mg tablets) once a day”.

4.2 RECOMMENDATIONS FOR JANSSEN BIOTECH, INC.

We recommend the following be implemented prior to approval of this NDA: 

A. General Comments 
1. As currently presented, the format for the expiration date is not defined. To 

minimize confusion and reduce the risk for deteriorated drug medication errors, 
identify the format you intend to use.  FDA recommends that the human-
readable expiration date on the drug package label include a year, month, and 
non-zero day.  FDA recommends that the expiration date appear in YYYY-MM-DD 
format if only numerical characters are used or in YYYY-MMM-DD if alphabetical 
characters are used to represent the month.  If there are space limitations on the 
drug package, the human-readable text may include only a year and month, to 
be expressed as: YYYY-MM if only numerical characters are used or YYYY-MMM 
if alphabetical characters are used to represent the month.  FDA recommends 
that a hyphen or a space be used to separate the portions of the expiration date. 
See Draft Guidance: Product Identifiers Under the Drug Supply Chain Security Act-
Questions and Answers. 
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInforma
tion/Guidances/UCM621044.pdf 
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2. Revise the Dosage statement for “x mg daily dose” from “Dosage: See package 
insert.” to “Usual Dosage: Take [three/two/one] X mg tablets at the same time 
once daily, with or without food. Swallow tablets whole.” This will ensure the 
patients understand that they need to take two or three tablets all at once.

Reference ID: 4378272
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D. Carton Labeling – Carton box
1.

 

 
 We recommend revising the 

container labels and carton labeling to prominently display the daily dose 
followed by the quantity of tablets required for the dose (e.g., “8 mg daily dose 
(two 4 mg tablets once daily)”) to prevent wrong selection errors. 

Ensure that this statement (e.g., “8 mg daily dose (two 4 mg tablets once daily)”) 
is more prominent than the net quantity statement (e.g., “56 film-coated 
tablets”) by using a bigger font size.

For example, see the 8 mg daily dose carton labeling below. Please note that the 
example layout below is just to demonstrate our recommendations above.

NDC 0000-0000-00

Balversa 
(erdafitinib) tablets

8 mg daily dose
(two 4 mg tablets once daily)

Contents: 2 individual weekly blister packs. 
Each blister pack contains 28 tablets (4 mg per tablet).

Rx only
56 film-coated tablets

Reference ID: 4378272
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APPENDICES:  METHODS & RESULTS FOR EACH MATERIALS REVIEWED 
APPENDIX A. PRODUCT INFORMATION/PRESCRIBING INFORMATION

Table 2 presents relevant product information for Balversa received on September 18, 2018 
from Janssen Biotech, Inc.. 

Table 2. Relevant Product Information for Balversa

Initial Approval 
Date

N/A

Active Ingredient erdafitinib

Indication Treatment of adult patients with locally advanced or metastatic 
urothelial carcinoma,  

 

 

Route of 
Administration

oral

Dosage Form tablets

Strength 3 mg, 4 mg, and 5 mg

Dose and 
Frequency

The recommended starting dose of BALVERSA is 8 mg orally once 
daily; with pharmacodynamically guided up-titration, based on serum 
phosphate levels, to 9 mg daily if criteria are met.

For adverse reactions
BALVERSA Dose Reduction Schedule

Dose 1st dose 
reduction

2nd dose 
reduction

3rd dose 
reduction

4th dose 
reduction

5th dose 
reduction

9 mg 8 mg 6 mg 5 mg 4 mg Stop

8 mg 6 mg 5 mg 4 mg Stop

How Supplied 3 mg tablets
Bottle of 56-tablets with child resistant closure
Bottle of 84-tablets with child resistant closure 
Two dose pack wallets of 28-tablets each in a box of 56-tablets 
Two dose pack wallets of 42-tablets each in a box of 84-tablets 

4 mg tablets
Bottle of 28-tablets with child resistant closure
Bottle of 56-tablets with child resistant closure
One starter pack wallet of 14-tablets in a box

Reference ID: 4378272
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One dose pack wallet of 28-tablets in a box 
Two dose pack wallets of 28-tablets each in a box of 56-tablets

5 mg tablets
Bottle of 28-tablets with child resistant closure
One dose pack wallet of 28-tablets in a box

Storage Store at 20°C 25°C (68°F 77°F); excursions permitted between 15°C 
and 30° (59°F and 86°F)

Container Closure HDPE Bottle - white 40 cc HDPE bottle with a child-resistant  closure 
and an induction seal liner.

Reference ID: 4378272
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APPENDIX G. LABELS AND LABELING 
G.1 List of Labels and Labeling Reviewed

Using the principles of human factors and Failure Mode and Effects Analysis,c along with 
postmarket medication error data, we reviewed the following Balversa labels and labeling 
submitted by Janssen Biotech, Inc.

• Container labels received on September 18, 2018
• Carton labeling received on September 18, 2018
• Blister Cards received on September 18, 2018
• Prescribing Information (Image not shown) received on September 18, 2018

G.2 Label and Labeling Images

Reference ID: 4378272
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Interdisciplinary Review Team for QT Studies Consultation Review

Submission NDA 212018

Submission Number 004

Submission Date 9/18/2018

Date Consult Received 9/28/2018

Clinical Division DOP1

Note: Any text in the review with a light background should be inferred as copied from 
the sponsor’s document.

This review responds to your consult regarding the sponsor’s QT evaluation submitted in 
NDA 212018. The QT-IRT reviewed the following materials:

 Previous QT-IRT review under IND 117490 dated 09/06/17 in DARRTS;
 Study 42756493EDI1001 protocol, study report, cardiac safety report 

(Submission 0002) and concentration-QT analysis report (Submission 0004);
 Proposed label (Submission 0004); and
 Highlights of clinical pharmacology and cardiac safety (Submission 0002).

1 SUMMARY
No large QTc prolongation effect (i.e., >20 ms) of erdafitinib was observed in this QT 
assessment.

The effect of erdafitinib was evaluated in Study 42756493EDI1001. The highest dose 
that was evaluated was 12 mg once daily (QD), which covered steady state exposure at 
the maximum therapeutic dose (9 mg QD). Data from the dose expansion cohorts (9 mg 
QD continuous dosing and 10 mg QD 7d on/7d off) were assessed using central tendency 
analysis by visit (cycle, day and time), which did not suggest that erdafitinib is associated 
with large mean increases in the QTc interval (see Table 1 for overall results). There was 
no placebo or positive control in the study. The findings of this analysis are further 
supported by categorical analysis (section 4.4) and exposure-response analysis (section 
4.5). 

Table 1:  The Point Estimates and the 90% CIs (FDA Analysis)
ECG 

parameter
Treatment Time Mean (ms) 90% CI (ms)

QTcF 9 mg C1D1-2h 6.9 (4.2, 9.6)

QTcF 10 mg (7d on/7d off) C1D7-2h 3.9 (0.5, 7.4)

ECG data used to support the exposure-response analysis were generated by a different 
method from those used to support the central tendency analysis. Due to limitations in 
terms of ECG acquisition and interpretation (section 4.5), exposure-response analysis was 
used as a supportive analysis in this review. 
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3.2.4 Exposure-Response Analysis
The sponsor used QTcI as the primary endpoint in the concentration-QTc analysis. 

After confirming the lack of hysteresis and the linearity of the drug effect, the linear 
mixed effect model including ΔQTcI as the dependent variable, the erdafitinib plasma 
concentration (total or free), Cp, as a continuous covariate and each nominal post-dose 
timepoint as categorical factors was used to analyze the data. The slopes for total and free 
erdafitinib plasma concentrations were estimated as -0.00269 ms/(ng/mL) and -1.138 
ms/(ng/mL), respectively, indicating that increases in erdafitinib plasma concentrations 
result in decreased QTcI. The model-predicted mean ΔQTcI at the observed geometric 
mean of the Cmax for total (1911 ng/mL) and free (4.51 ng/mL) plasma concentration at 
steady state following a 9 mg dose of erdafitinib was -5.1 msec (90%CI: -8.8 to -1.5 
msec) and -5.1 msec (90% CI: -8.3 to -2.0 msec), respectively. 

Sponsor obtained similar results using ΔQTcF as the dependent variable.

Reviewer conducted concentration-QTc analysis using QTcF as the primary endpoint. 
The results of the reviewer’s analysis are similar to the sponsor’s results. Please see 
section 4.5 for additional details.

4 REVIEWERS’ ASSESSMENT

4.1 EVALUATION OF THE QT/RR CORRECTION METHOD

The sponsor used QTcF for the primary analysis, which is acceptable as no significant 
increases or decreases in heart rate (i.e. mean < 20 bpm) were observed (see Sections 
4.3.2 and 4.5).

4.2 ECG ASSESSMENTS

4.2.1 Overall
Overall ECG acquisition and interpretation in this study (i.e. the primary ECG dataset 
using 12-lead ECG data from 4 parts) appears acceptable. 

ECG acquisition and interpretation of the supportive ECG dataset (i.e. generated by re-
extraction of Holter recording after the interim analysis) could not be evaluated because 
raw data was not submitted to ECG Warehouse.

4.2.2 QT bias assessment
Not performed.

4.3 CENTRAL TENDENCY ANALYSIS

We used the primary ECG dataset to perform the Center Tendency Analysis for dose 
expansion cohorts in Parts 3 and 4. ECG data after Cycle 2 was excluded from analysis 
because the sampling time relative to dosing was random.

4.3.1 QTc
The primary endpoint is the change from baseline of QTcF. We focus on Part-3 (dosed at 
9 mg capsule) and Part-4 (dosed at 10 mg capsule (7d on/7d off)) and performed central 
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tendency by visit (cycle, day and time) up to cycle 2 Day 1. Figure 1 presents the mean 
and 90% CI on mean change from baseline in QTcF by visit and dose group. 

The largest upper limit of 90% CI mean change from baseline in QTcF was 9.6 ms and 
7.4 ms for 9 mg QD (at cycle 1 day 1 - 2h post-dose) and 10 mg QD (7d on/7d off) at 
cycle 1 day 7 - 2h post-dose, respectively. 

Figure 1: Mean and 90% CI ΔQTcF time course

Note: 0h- pre-dose, dataset used qtpk xpt (4 parts)

4.3.1.1 Assay sensitivity
Not applicable.

4.3.2 HR
The same statistical analysis was performed based on HR. The largest upper limit of 90% 
CI mean change in HR were 5.2 bpm and 3.8 bpm for dosed at 9 mg QD (at cycle 2 day 
1 - pre-dose) and 10 mg QD (7d on/7d off) at cycle 1 day 1 - 4h post-dose, respectively. 
Figure 2 displays the time profile of ΔHR for different dose groups. 
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Figure 2: Mean and 90% CI ΔHR time course

4.3.3 PR
The same statistical analysis was performed based on PR interval.  The largest upper 
limits of 90% CI mean change from baselines in PR were 6.7 ms and 2.6 ms for 9 mg 
QD at cycle 2 day 1 - pre-dose and 10 mg QD (7d on/7d off) at cycle 1 day 7 - pre-dose, 
respectively. Figure 3 displays the time profile of ΔPR for different dose groups.

Figure 3: Mean and 90% CI ΔPR time course
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4.3.4 QRS
The same statistical analysis was performed based on QRS interval. The largest upper 
limits of 90% CI mean change from baselines in QRS were 3.0 ms and 2.4 ms for 9 mg 
QD at cycle 1 day 8 – 2h post-dose and 10 mg QD (7d on/7d off) at cycle 1 day 7 – 2h 
post-dose, respectively. Figure 4 displays the time profile of ΔPR for different dose 
groups.

Figure 4: Mean and 90% CI ΔQRS time course

4.4 CATEGORICAL ANALYSIS

For categorical analysis, the reviewer used the primary ECG dataset and pooled 4-parts 
by dosing regimen.

4.4.1 QTc
Table 2 lists the number of subjects as well as the number of observations whose QTcF 
values are ≤ 450 ms, between 450 ms and 480 ms, and above 500 ms. One subject’s 
QTcF from 10 mg capsule (7d on/7d off) was 501 ms at the end of treatment and had a 
baseline 454 ms.   

Table 2: Categorical Analysis for QTcF 

Total
N Value≤450 ms

450 
ms<Value≤480 

ms

480 
ms<Value≤500 

ms
Value>500 ms

Treatment
Group

#
Subj.

#
Obs.

#
Subj.

#
Obs.

#
Subj.

#
Obs.

#
Subj.

#
Obs.

#
Subj.

#
Obs.

0.50 mg Liquid 3 58 1 
(33.3%)

56 
(96.6%)

2 
(66.7%)

2 
(3.4%)

0 
(0.0%)

0 
(0.0%)

0 
(0.0%)

0 
(0.0%)

2.00 mg Liquid 4 65 4 
(100%)

65 
(100%)

0 
(0.0%)

0 
(0.0%)

0 
(0.0%)

0 
(0.0%)

0 
(0.0%)

0 
(0.0%)
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Figure 5: Time course of drug concentration (top), heart rate (middle) and
QTcF (bottom) on Cycle 1 Day 1 (Left) or Cycle 2/3 Day 1 (Right).

After confirming the absence of significant heart rate changes or delayed QTc changes, 
the relationship between drug concentration and ΔQTcF was evaluated to determine if a 
linear model would be appropriate. Figure 6 showed the relationship between drug 
concentration and ΔQTcF and supports the use of a linear model. The figure also 
suggested the absence of a positive relationship between erdafitinib concentration and 
ΔQTcF in both the observations from C1D1 or from pooled data from all dosing 
regimens in Part 1 of the study. While the exposure-response relationship in the pooled 
dataset appeared to be driven by a few observations at high exposure, slopes from both 
models were negative. The final model is QTcF ~ 1 + CONC + baseline_adjustment 
where USUBJID was included a random effect on intercept and concentration. Goodness-
of-fit plots are shown in Figure 7. Overall, concentration-QTc analysis does not suggest 
large effect at the therapeutic dose level (8 mg QD, predicted Cmax,ss = 1399 ng/mL 
[50.8%]) or the maximum therapeutic dose (9 mg QD).  
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Figure 6: Assessment of linearity of concentration-QTc relationship. C1D1 from Part 
1: Left; All data from Part 1: Right.

 
Figure 7: Goodness-of-fit plot for QTc. C1D1 of Part 1: Left; All data of Part 1: Right.

ECG data used in the concentration-QTc analysis were generated by re-extraction of 
Holter recording after an interim analysis based on 12-lead ECG data. Time-matched 
baseline from the Screening visit was used in the supportive ECG dataset, which 
potentially contributed to the large variability in QTcF. In addition, raw data were not 
submitted to ECG Warehouse. Because of these limitations in terms of ECG acquisition 
and interpretation, concentration-QTc analysis was used as a supportive analysis in this 
review. In a sensivity analysis, exposure-response analysis was conducted using Part 1 of 
the primary ECG dataset with QTcF as the dependent variable. The sensitivity analysis 
yielded similar results, supporting a lack of large effect on QTc interval at the maximum 
therapeutic dose level.

4.5.1 Assay sensitivity
Not applicable.

4.6 SAFETY ASSESSMENTS

See section 3.2.3

4.7 OTHER ECG INTERVALS

No clinically significant changes in PR or QRS were observed. 
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5 APPENDIX

5.1 IRT’S HIGHLIGHT OF CLINICAL PHARMACOLOGY AND CARDIAC SAFETY
Therapeutic dose 8 mg once daily starting dose with pharmacodynamically-guided individualized up-

titration to 9 mg once daily depending on serum phosphate levels and tolerability
Maximum tolerated 
dose (MTD)

MTD not determined based on formal definition. Maximal dose administered was 12 
mg once daily. 2 RP2D were identified: 9 mg QD or 10 mg 7 days on/7 days off

Principal adverse 
events

Incidence of treatment-emergent adverse events (all doses combined, Safety Analysis 
Set): hyperphosphatemia (67%), stomatitis (44%), dry mouth (44%), diarrhea (39%)
Single Dose 12 mgMaximum dose 

tested Multiple Dose 12 mg once daily
Single dose
(n=7 in subjects 
with cancer)

Erdafitinib total concentrations: Cmax 745 ng/mL (33.1%), 
AUC0-24 12374 ng.h/mL (35.6%)
Erdafitinib unbound concentrations: Cmax,u 2.09 ng/mL 
(29.2%), AUC0-24,u 34.5 ng h/mL (26.7%)

Exposures achieved 
at maximum tested 
dose: 12 mg once 
daily, Mean (%CV)

Multiple dose
(n=3 in subjects 
with cancer)

Erdafitinib total concentrations: Cmax 3057 ng/mL, (53.1%), 
AUC0-24 64085 ng.h/mL (67.9%)
Erdafitinib unbound concentrations: Cmax,u 7.99 ng/mL 
(33.2%), AUC0-24,u 157 ng.h/mL (26.2%)

Single dose
(n=10 subjects 
with cancer
EDI1001 Part 2)

Erdafitinib total concentration: Cmax 578 ng/mL (36.9%), 
AUC0-24 10069 ng.h/mL (25.4%)
Erdafitinib unbound concentrations: Cmax,u 1.43 ng/mL 
(48.8%), AUC0-24,u 25.4 ng h/mL (31.9%)

Exposures achieved 
at proposed clinical 
dose regimen: 9 mg 
once daily, 
Mean (%CV) Multiple dose (n=6 

subjects with 
cancer
EDI1001 Part 2)

Erdafitinib total concentration: Cmax 2018 ng/mL (41.1%), 
AUC0-24 39587 ng.h/mL (44.4%)
Erdafitinib unbound concentrations: Cmax,unb 5.12 ng/mL 
(55.9%), AUC0-24,u 98.7 ng h/mL (37.0%)

Range of linear PK 0.5 to 12 mg
Accumulation, 
mean (%CV)

4.07 (32.0%) based on AUC (C2D1 upon once daily dosing)
3.44 (28.4%) based on Cmax (C2D1 upon once daily dosing)

Metabolites No circulating metabolites
Absolute/relative 
bioavailability

Near complete absorption. All formulations (solution, capsules, 
tablets with different particle size) demonstrated bioequivalence

Absorption

Tmax, median 
(EDI1001)

Single dose erdafitinib: median tmax=2.07 h 
Multiple dose erdafitinib: median tmax=2.87 h

Vd/F
Mean (%CV)

28.8 L (51.2%) in subjects with cancer
37.4 L (33.1%) in healthy subjects

Distribution

% bound 99.76% (in subjects with cancer from BLC2001, population PK)
Route Metabolism (67%), renal clearance (13%), and intestinal 

secretion (21%) (estimated by PBPK model) 
Enzymatic pathways: CYP2C9 and CYP3A4

Terminal t1/2 Mean (%CV): 59.3 h (57.5%) (pooled healthy)

Elimination

CL/F Pooled across all daily doses in EDI1001: 0.362 L/h (51.4%)
Age Not a clinically meaningful covariate in population PK model
Sex Sex was a covariate in population PK model. Model estimated 

23% higher steady-state AUC in women
Race Not a clinically meaningful covariate in population PK model
Hepatic 
impairment

Mild hepatic impairment was not a clinically meaningful 
covariate in in population PK model

Renal impairment 
(EDI1001)

Comparable exposure between subjects (with cancer) with 
normal renal function and mild or moderate renal impairment 

Intrinsic factors

Disease state Total exposure higher in subjects with cancer than healthy 
subjects primarily due to higher AGP levels. Disease state was 
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not a covariate in the population PK model after AGP was taken 
into consideration

Drug interactions 
(EDI1007)

Effect of other drugs on erdafitinib: Fluconazole (CYP2C9 and 
CYP3A inhibitor) increase erdafitinib Cmax and AUC by 21% 
and 48% respectively; itraconazole (CYP3A4 and P-gp 
inhibitor) increase erdafitinib Cmax and AUC by 5% and 34% 
respectively

Extrinsic factors

Food effects No food effect (EDI1006)
Expected high 
clinical exposure 
scenario

Drug-drug interaction with strong CYP2C9 inhibitor (AUC increase by 48%, 
observed); CYP2C9 poor metabolizer (*3/*3) with strong CYP3A4 inhibitor (AUC 
increase by 79%, predicted by PBPK)

Nonclinical Cardiac Safety
In vitro assays The effects of erdafitinib at 1 to 10 μM in the guinea pig right atrium assay were 

suggestive of potential multiple ion-channel blocking properties. The hERG current 
was slightly to strongly decreased from 0.03 to 10 μM in hERG-transfected HEK293 
cells, with an IC50 of 0.41 μM. In the rabbit ventricular wedge preparation, markers 
of proarrhythmia significantly increased starting at 0.1 μM

In vivo: 
anesthesized guinea 
pig (non-GLP)

Prolongation of the QT and QTcB intervals and ECG abnormalities were observed at 
>2.5 mg/kg (total concentration ≥770 ng/mL or unbound concentration of 81.4 
ng/mL)

In vivo: 
anesthesized dogs 
(non-GLP)

QTc prolongation observed following oral administration at ≥0.63 mg/kg (total 
concentration [Cmax] ≥820 ng/mL or unbound concentration of 111 to 114 ng/mL 
free concentrations)

Telemetric 
evaluation of 
cardiovascular 
safety in conscious 
dog (GLP)

No adverse effects on cardiovascular, ECG, and respiratory parameters were found 
up to 2.5 mg/kg (mean Cmax=90.2 ng/mL), with signs of benign arrhythmia in 1 dog 
given the dose of 5 mg/kg (Cmax=228 ng/mL) with QT and QTc prolongation, 
decrease in heart rate and ECG abnormalities

Clinical cardiac 
safety

The effects of erdafitinib on 12-lead ECGs and 24-hour Holter data as assessed by a 
central laboratory found no clinically significant findings during the treatment period 
following erdafitinib doses up to 12 mg in Study EDI1001.
Blinded analysis of ECG parameters by a central vendor showed no clinically 
significant effect of erdafitinib on heart rate, no signal of any clinically significant 
effect of erdafitinib on atrioventricular conduction or cardiac depolarization as 
measured by the PR and QRS interval duration, and no evidence of a clinically 
significant effect of erdafitinib on cardiac repolarization by timepoint and categorical 
outlier analysis
Three exposure-QT analyses were conducted based on 12-lead ECG, manually read 
ECGs, and Holter-extracted ECG (time-matched) from Study EDI1001. No 
significant relationship between erdafitinib plasma concentration and change in QTc 
were observed. The upper bound of the 2-sided 90% CI of predicted baseline-
corrected QTcF value at the steady-state Cmax from the highest clinical dose (9 mg) 
was 2.5 ms or less, well below the accepted threshold of 20 ms in all 3 exposure-
response analyses. Therefore, erdafitinib does not have a clinically relevant effect on 
QTc prolongation
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Medical Officer's Review of NDA 212018

Ophthalmology Consult

NDA 212018 Submission Dates: October 31 and November 9, 2018
Consult Review Review completed:  December 17, 2018

Product Name: Erdafitinib

Sponsor: Janssen Biotech, Inc

Requested:   The purpose of this ophthalmology consult is to review Janssen’s NME 
NDA 212018 for ocular toxicity.

Submitted:
Original NDA Submission:
2.1.6.1.1.     Central Serous Retinopathy
For the 8/9-mg daily regimen, 16% of subjects were reported to have TEAEs of central serous 
retinopathy (Table 21). The most commonly reported events were chorioretinopathy, retinal 
detachment, and detachment of retinal pigment epithelium. For all dose regimens combined, the 
incidence was slightly lower (11%). The same 3 TEAEs were most common.

Central Serous Retinopathy by Preferred Term; Safety Analysis Set (JNJ-42756493 (Erdafitinib))
< 6 mg 
QD

6 mg QD 8 or 9 mg QD ≥10 mg QD All Intermittent 
Doses

All Doses 
Combined

Total number of subjects 20 91 164 7 134 416

Central serous retinopathy 0 11 (12%) 26 (16%) 0 8 (6%) 45 (11%)
Retinal detachment 0 8 (9%) 6 (4%) 0 3 (2%) 17 (4%)
Chorioretinopathy 0 2 (2%) 9 (5%) 0 3 (2%) 14 (3%)
Detachment of retinal
pigment epithelium 0 2 (2%) 5 (3%) 0 2 (1%) 9 (2%)

Retinal oedema 0 0 4 (2%) 0 1 (1%) 5 (1%)
Retinopathy 0 0 3 (2%) 0 0 3 (0.7%)
Vitreous detachment 0 0 2 (1%) 0 0 2 (0.5%)
Detachment of macular
retinal pigment epithelium 0 1 (1%) 0 0 0 1 (0.2%)

Reviewer's Comment: Except for vitreous detachment and retinal edema, the remaining events are 
likely to represent different terms for the same event.
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Other Eye Disorders by Preferred Term; Safety Analysis Set (JNJ-42756493 (Erdafitinib))

< 6 mg QD 6 mg QD 8 or 9 mg QD ≥10 mg QD All 
Intermittent 
Doses

All Doses 
Combined

Total number of subjects 20 91 164 7 134 416

Eye toxicity 1 (5%) 37 (41%) 73 (45%) 3 (43%) 42 (31%) 156 (37%)
Dry eye 0 7 (8%) 30 (18%) 2 (29%) 14 (10%) 53 (13%)
Vision blurred 0 5 (5%) 23 (14%) 0 10 (7%) 38 (9%)
Lacrimation increased 0 13 (14%) 13 (8%) 0 8 (6%) 34 (8%)
Conjunctivitis 1 (5%) 7 (8%) 16 (10%) 2 (29%) 6 (4%) 32 (8%)
Visual impairment 0 3 (3%) 8 (5%) 0 3 (2%) 14 (3%)
Keratitis 0 2 (2%) 6 (4%) 1 (14%) 4 (3%) 13 (3%)
Cataract 0 4 (4%) 6 (4%) 0 2 (1%) 12 (3%)
Blepharitis 0 2 (2%) 5 (3%) 2 (29%) 1 (0.7%) 10 (2%)
Eye pain 0 1 (1%) 4 (2%) 0 3 (2%) 8 (2%)
Visual acuity reduced 0 1 (1%) 5 (3%) 1 (14%) 1 (0.7%) 8 (2%)
Xerophthalmia 0 2 (2%) 3 (2%) 1 (14%) 2 (1%) 8 (2%)
Photophobia 0 1 (1%) 2 (1%) 0 3 (2%) 6 (1%)
Eye irritation 0 0 1 (0.6%) 0 3 (2%) 4 (1%)
Foreign body sensation 0 0 2 (1%) 0 1 (0.7%) 3 (0.7%)
Conjunctival hyperaemia 0 0 1 (0.6%) 0 1 (0.7%) 2 (0.5%)
Corneal erosion 0 1 (1%) 1 (0.6%) 0 0 2 (0.5%)
Ocular hyperaemia 0 1 (1%) 1 (0.6%) 0 0 2 (0.5%)
Cataract subcapsular 0 1 (1%) 0 0 0 1 (0.2%)
Conjunctival haemorrhage 0 1 (1%) 0 0 0 1 (0.2%)
Conjunctival irritation 0 0 0 0 1 (0.7%) 1 (0.2%)
Corneal infiltrates 0 1 (1%) 0 0 0 1 (0.2%)
Eye inflammation 0 0 1 (0.6%) 0 0 1 (0.2%)
Retinal thickening 0 1 (1%) 0 0 0 1 (0.2%)
Xanthopsia 0 0 0 0 1 (0.7%) 1 (0.2%)

Reviewer's Comment: The reported dry eye complaints, represented by a number of terms in this 
table (dry eye, vision blurred, lacrimation increased, conjunctivitis, keratitis, visual acuity reduced, 
xerophthalmia, eye irritation, foreign body sensation, conjunctival hyperemia, conjunctival irritation) 
occurred in the setting where the investigators attempted to prophylactically treat the eyes for dry eye 
symptoms. 

November 9, 2018 submission
As outlined in the 31 October 2018 response, there were 38 subjects for whom central serous retinopathy 
(CSR) was reported as TEAE in the BLC2001 clinical database. Of these 38 subjects, 23 subjects were 
from the 8 mg cohort and 15 subjects were from 6 mg and 10 mg cohorts. OCT images are available for 37 
of the 38 subjects; all available OCT images for these 37 subjects are provided in this submission. One 
subject  with Grade 1 CSR reported as an AE (detachment of macular retinal pigment epithelium) 
that led to withdrawal of treatment, did not have any OCT images available from OCT examination; 
however, supplemental information regarding results of the ocular examination is provided for this subject.

In addition to the OCT scans requested in the Information Request, the Sponsor has provided supplemental 
information from ocular examination reports (visual acuity, tonometry, fundoscopy and slit lamp results) 
where available. This supplemental information is available for 32 of the 38 subjects.
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A list of each of the 38 subjects with CSR reported and a hyperlink to their OCT images (Subject number, 
OCT scans) and supplemental ocular information (Subject number, eye exam reports). For each subject, all 
available OCT images and supplemental ocular information are provided in chronological order.

Reviewer's Comment: The submitted information confirmed that the patients had been 
appropriately followed with ophthalmic examinations, and although the follow-up information was not 
available on the case report forms, adequately detailed information was available and submitted.  Optical 
Coherence Tomography (OCT) scans confirmed the retinal pigment epithelial detachments (also known by 
other terms including serous detachments).  Some detachments were central, others were not.  Some were 
singular, others were multiple.  Some were unilateral, others were bilateral. Some resolved with 
discontinuation and/or reduction of the erdafitinib dose, others resolved without a change in dose.  Some 
recurred following re-administration of erdafitinib.

Summary/Recommendations:

1. It is recommended that the labeling of the drug product, if approved, include a recommendation for 
prophylactic treatment for dry eye symptoms which are likely to occur.  All patients should be 
initially treated for dry eye syndrome when initiating erdafitinib.  Dry eye treatment should include 
topical ocular demulcents as needed.  Continued dry eye syndrome management should be made by 
the ophthalmic specialist following the patient. 

2. It is recommended that the labeling of the drug product, if approved, alert the treating physician that 
retinal pigment epithelial detachments (RPED) may occur with treatment.  Events tended to occur in 
approximately 20% of patients treated with erdafitinib and generally occurred within the first nine 
months of treatment. RPED detachments will often cause visual field defects, which may not be 
initially noticed and may not be permanent if reversed.  Grading of RPEDs based on symptoms is 
not helpful and should be discouraged.  RPEDs should be monitored with optical coherence 
tomography (OCT).  Dose reduction is not always necessarily but should be considered if the RPED 
does not start to diminished within 3 weeks.

 

Wiley A. Chambers, M.D.
Supervisory Medical Officer, Ophthalmology
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Medical Officer's Review of NDA 212018

Ophthalmology Consult

NDA 212018 Submission Dates: September 28, 2018
Consult Review Consult Request Date: October 1, 2018

Review completed:   October 17, 2018

Product Name: Erdafitinib

Sponsor: Janssen Biotech, Inc

Requested:   The purpose of this ophthalmology consult is to review Janssen’s NME 
NDA 212018 for ocular toxicity.

Case Report Form for Study 42756493BLC2001

Form: Ophthalmologic Examination Page

Visual Acuity Result Normal �
Abnormal �
Not Evaluable �

Tonometry Result                                       Normal �
Abnormal �
Not Evaluable �

Fundoscopy Result                                                                        Normal �
Abnormal �
Not Evaluable �

Optical Coherence Testing Result                                              Fixed Unit: μm

Optical Coherence Testing Analysis                                       Normal �
Abnormal �
Not Evaluable �

If one or more of the results are 'Abnormal', Clinically significant?          Yes �
No �

If result was considered clinically significant, choose the primary
corresponding AE log line, start date, and term __________________

Reference ID: 4336507



Ophthalmology Consult Erdafitinib  NDA 212018

2
Reviewer's Comment: The case report form did not capture the information needed to adequately 
evaluate potential ocular adverse events.  For example:
1. Visual acuity should be recorded as a numeric value.  A value should be recorded for each eye.  

Normal would need to be defined within a narrow range to provide informative information.
2. Tonometry should be recorded as a numeric value.  A value should be recorded for each eye. 

Normal would need to be defined within a narrow range to provide informative information.
3. Each eye should have the fundoscopy findings recorded.
4. The case report form should have included potential findings from the slit lamp examination (i.e., 

anterior portion of the eye).
5. The optical coherence tomography (OCT) scan should have been included in the case report form. 

It should be included in the case report form for future studies.   There is no single thickness 
measurement which provides an informative assessment of retinal pigment epithelial detachments.  
The OCT thickness measurement location was not specified.  

6. Measures for each eye should be recorded separately.

Amsler Grid Normal �
Abnormal �
Not Evaluable �

Reviewer's Comment: Amsler grid testing provides an evaluation of the central macular distortion.  
It is not an accurate screening test for retinal pigment epithelial detachments.  

Eye Disorders Management Guideline/Physician Education Material

CONTRAINDICATIONS

Sponsor’s Conclusions:  The original exclusion criteria pertaining to history of CSR, RVO,
AMD, diabetic retinopathy, uncontrolled glaucoma, or corneal pathology should not be retained
as contraindications for use of erdafitinib.

Reviewer's Comment: Concur.

SCREENING FOR BASELINE OCULAR CONDITIONS

Sponsor’s Conclusions: All patients should have an ophthalmologic examination, performed by an 
ophthalmologist or retinal specialist, before starting treatment with erdafitinib. The assessment should 
include:

• Evaluation of visual acuity,
• Tonometry,
• Slit lamp examination including screening for dry eye, i.e., Schirmer test (fluorescein staining of 

the cornea to check for epithelial defects and tear breakup time),
• Fundoscopy (dilated fundus examination of both central and peripheral zones should be 

performed), and
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• Amsler grid test.

If indicated by retinal findings on fundoscopy, an Optical Coherence Tomography (OCT) should also be 
performed at screening.

Should any sign of active CSR/RPED, Grade 2 or higher, be found, the patient should not start
treatment with erdafitinib, but should hold start until resolution of CSR/RPED.

Reviewer's Comment:
1. Visual acuity should be tested as best corrected distance visual acuity.
2. There is no indication that tonometry (i.e., eye pressure measurement) needs to be performed.
3. The Amsler grid is not expected to be a useful screen for the adverse events likely to be caused by 

erdafitinib.
4. All patients should have an OCT at each ophthalmic evaluation.  Ophthalmic evaluations should be 

performed at baseline and then at regular intervals determined by the ophthalmic specialist 
following the patient.  RPE detachments should be monitor at approximately 2-3 week intervals.  
Dose reduction should be considered if the RPE detachment is not starting to resolve without dose 
reduction.

Prophylaxis for Dry Eye
Applicant’s Summary: Events of dry eye syndrome are often encountered during treatment with erdafitinib. 
Furthermore, dry eye is a relatively common entity associated with aging. In order to prevent dry-eye 
syndrome and associated signs and symptoms such as feeling of a foreign body in the eye, eye pain, 
lacrimation changes, or visual disturbance as well as interference of dry-eye related symptoms with signs of 
retinal conditions, patients should be instructed to maintain eye hydration by intensive/aggressive use of 
artificial tear substitutes, hydrating or lubricating eye gels or ointments. Prophylaxis should begin 
concurrent with the start of treatment and continue during the entire treatment period and should be used 
frequently, e.g., at least every 2 hours while the patient is awake. Treatments such as RESTASIS® may be 
prescribed. Severe treatment-related dry eye should be evaluated by an ophthalmologist.

Reviewer's Comment:
1. All patients should be initially treated for dry eye syndrome when initiating erdafitinib.  Dry eye 

treatment should include ocular demulcents as needed.
2. There are no approved lubricating eye gels.
3. Continued dry eye syndrome management should be made by the ophthalmic specialist following 

the patient.

Patients with onset of eye disorders must be referred to an ophthalmologist within 7 days.
Administration of erdafitinib should be managed according to Table 1 according to the proposed USPI. 
In general, patients should follow specific treatment per the ophthalmologist’s recommendation.
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Table 1:  Erdafitinib Dose Adjustments and Patient Monitoring for Eye Disorders

Grade and Definition Erdafitinib Drug Administration Management
And Subsequent Patient Monitoring

Prophylactic From start of treatment use artificial tear substitute, hydrating or lubricating eye gels or
ointments at least every 2 hours while awake.
For dry eye that is not responding to this prophylactic treatment, ophthalmologist evaluation 
and tailored treatment is recommended.

Grade 1 Asymptomatic
or mild symptoms; 
clinical or  diagnostic 
observations only

or abnormal Amsler grid 
test

Immediate action:
If an ophthalmologic examination cannot be performed within 7 days, withhold treatment with 
erdafitinib until an examination can be performed.

Following ophthalmologic examination:
If there is no evidence of eye toxicity on ophthalmologic examination, continue erdafitinib at 
the same dose level.

If diagnosis from ophthalmologic examination is Grade 1 keratitis or retinal abnormality such 
as central serous retinopathy (CSR)/retinal pigment epithelial detachments (RPED):
Continue erdafitinib at the same dose level. Observe for progression and monitor with monthly 
Amsler grid with no acute intervention. Should the patient indicatea any visual disturbance 
during follow-up (could point to extramacular CSR), a dilated fundoscopic examination is 
indicated. If Grade 1 persists for over 3 months, this may warrant evaluation by a retinal 
specialist.

Subsequent monitoring:
Monitor for recurrence at 1 month post recovery with dilated fundoscopic examination, then at 
3, 6, and 12 months repeat the ophthalmologic evaluation (including dilated fundoscopic 
examination and OCT if recurrence is suspected). Ophthalmologic examination should be 
performed at any time following recovery, in the case of clinical suspicion of recurrence.

Grade 2: Moderate;
minimal, local or
noninvasive
intervention indicated;
limiting age appropriate
instrumental activities
of daily living (ADL)

Immediate action: Immediately withhold erdafitinib.
Following ophthalmologic examination:
If there is no evidence of drug-related corneal or retinal pathology upon
ophthalmologic examination, withhold erdafitinib until signs and symptoms have
resolved. Resume erdafitinib therapy at the next lower dose level.

If diagnosis from ophthalmologic examination is Grade 1 keratitis or retinal
abnormality such as CSR/RPED, see above.

If diagnosis from ophthalmologic evaluation is Grade 2 keratitis or retinal abnormality such as 
CSR/RPED, withhold erdafitinib until signs and symptoms have resolved or stabilized.

If toxicity is reversible (upon weekly assessment leading to complete resolution or
stabilization and asymptomatic) within 4 weeks according to ophthalmologic
examination, resume erdafitinib at the next lower dose level. If not reversible within 4 weeks, 
consider monthly monitoring with ophthalmologic examination (inclusive of OCT and 
fundoscopic examination).
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Subsequent monitoring:
Monitor for recurrence at 1 month post recovery with dilated fundoscopic
examination, then at 3, 6, and 12 months repeat ophthalmologic evaluation (including 
dilated fundoscopic examination and OCT if recurrence is suspected). Ophthalmologic 
examination should be performed at any time following recovery, in the case of clinical 
suspicion of recurrence.

Grade 3: Severe or
medically significant
but not immediately
sight-threatening;
hospitalization or
prolongation of existing
hospitalization
indicated; disabling;
limiting self-care ADL

Immediate action: Immediately withhold erdafitinib.
Following ophthalmologic examination:
If the toxicity is Grade 3 and reversible (upon weekly assessment leading to complete 
resolution or stabilization and asymptomatic) within 4 weeks and the subject is having 
clinical benefit, and continuation of treatment is in the best interest of the subject, then 
drug may be resumed at 2 dose levels lower if appropriate. If not reversible within 4 
weeks, consider monthly monitoring with ophthalmologic examination (inclusive of OCT 
and fundoscopic examination).

Subsequent monitoring:
Monitor for recurrence at 1 month post recovery with dilated fundoscopic
examination, then at 3, 6, and 12 months repeat ophthalmologic evaluation (including 
dilated fundoscopic examination and OCT if recurrence is suspected). Ophthalmologic 
examination should be performed at any time following recovery, in the case of clinical 
suspicion of recurrence.

For cases of recurrence of Grade 3, consider permanent discontinuation.

Grade 4: Sight 
threatening
consequences; urgent
intervention indicated;
blindness (20/200 or
worse) in the affected
eye

Immediate action: Permanently discontinue treatment with erdafitinib.
Monitor resolution of the event until complete resolution or stabilization.

Reviewer's Comments:
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Summary/Recommendations/Comments for the Applicant:

1. The ophthalmic case report forms for Study 42756493BLC2001 did not capture the information 
needed to adequately evaluate potential ocular adverse events of erdafitinib or to be able to compare 
the events to those ocular events which occur in other members of this class of products.

a. Visual acuity should have been tested as best corrected distance visual acuity and should 
have been recorded as a numeric value.  There is a large range of values which could be 
considered in the normal range.  Later values could also be considered in the normal range 
while the change would be abnormal.  A specific value should have been recorded for each 
eye.  

b. Tonometry should have been recorded as a numeric value.  There is a large range of values 
which could have been considered in the normal range.  Later values could also be 
considered normal while the change would be abnormal.  A specific value should have been 
recorded for each eye. 

c. Each eye should have the fundoscopy findings recorded.

d. The case report form should have included findings from the slit lamp examination (i.e., 
anterior portion of the eye.

e. The optical coherence tomography (OCT) scan should have been included in the case report 
form. A single thickness measurement does not provide sufficient information to assess the 
retina.  Retinal pigment epithelial detachments are identified by their image on OCT, not by 
a thickness measurement.  The location that the OCT thickness measurement was to be 
taken was not specified. Measures for each eye should be recorded separately.

f. OCT scans performed on patients treated with erdafitinib to date are recommended to be 
collected, reviewed and submitted to the NDA for review.

2. For future studies:
a. Optical coherence tomography (OCT) scans of each eye should be performed and 

included in the case report for each ophthalmologic visit for all future studies.

b. Visual acuity should be tested as best corrected distance visual acuity in each eye 
separately.  The results for each eye should be included on the case report form.

c. Tonometry readings do not need to be taken or recorded for studies of erdafitinib.

d. Slit lamp findings for each eye separately should be included on the case report form.

3. Amsler grid testing provides an evaluation of the central macular distortion.  It is not an accurate 
screening test for retinal pigment epithelial detachments. 

4. It is acceptable to remove all ophthalmic conditions from the contraindications for erdafitinib.
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The Eye Disorders Management Guideline/Physician Education Material should be modified in the 
following manner:

1. Visual acuity should be tested as best corrected distance visual acuity.

2. Tonometry should be removed since there is no indication that tonometry needs to be performed.

3. The Amsler grid should not be expected to serve as a useful screen for the adverse events likely to 
be caused by erdafitinib.

4. Ophthalmic evaluations should be performed at baseline and then at regular intervals as determined 
by the ophthalmic specialist following the patient.  RPE detachments, if observed should be 
monitored at approximately 2-3 week intervals until they start resolving.  Dose reduction should be 
considered if the RPE detachment is not starting to resolve in 2-3 weeks without dose reduction.

5. All patients should be initially treated for dry eye syndrome when initiating erdafitinib.  Dry eye 
treatment should include ocular demulcents as needed.  Continued dry eye syndrome management 
should be made by the ophthalmic specialist following the patient.

6. Recommendations to use lubricating eye gels are discouraged since there are no approved dry eye 
therapy gels. 

7. The potential for a retinal pigment epithelial detachment to cause permanent vision loss is not 
dependent on whether the initial presentation limits activities of daily living.  The use of the 
proposed scale is therefore not useful in adjusting therapy.

 

Wiley A. Chambers, M.D.
Supervisory Medical Officer, Ophthalmology
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