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Disclaimer 
The attached package contains background information prepared by the Food and Drug 
Administration (FDA) for the panel members of the advisory committee.  The FDA background 
package often contains assessments and/or conclusions and recommendations written by 
individual FDA reviewers.  Such conclusions and recommendations do not necessarily represent 
the final position of the individual reviewers, nor do they necessarily represent the final position 
of the Review Division or Office.  We are bringing the issues identified in this document to this 
Advisory Committee in order to gain the Committee’s insights and opinions, and the background 
package may not include all issues relevant to the final regulatory recommendation and instead is 
intended to focus on issues identified by the Agency for discussion by the advisory committee.   
The FDA will not issue a final determination on the issues at hand until input from the advisory 
committee process has been considered and all reviews have been finalized.  The final 
determination may be affected by issues not discussed at the advisory committee meeting. 
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1. Introduction  
  

ApoPharma (a division of Apotex, Inc) has submitted a New Drug Application (NDA) 
for deferiprone for the treatment of patients with transfusional iron overload when current 
chelation therapy is inadequate.  In support of its application, the sponsor has submitted 
data from a single, retrospective, uncontrolled, multi-institutional study (LA36-0310) 
entitled “Analysis of Data from Clinical Studies of Ferriprox to Evaluate its Efficacy in 
Patients with Iron Overload for Whom Previous Chelation Therapy Has Been 
Inadequate”.   The application also includes data from other clinical trials, some 
performed by the sponsor and others performed by independent investigators, as well as a 
number of publications related to the use of deferiprone. 
 
This application is a resubmission of the NDA initially submitted on January 29, 2009 for 
the indication of “the treatment of iron overload in thalassemia patients due to transfusion 
therapy and for patients with transfusion dependent iron overload who had not responded 
to other iron chelator therapy”.  For that submission the sponsor provided as primary 
support for efficacy, data from a single, controlled trial (Study LA-16-0102).  In this 
study, 61 adult patients with thalassemia were randomized to therapy with either 
deferiprone or deferoxamine.  The primary efficacy measure was cardiac magnetic 
resonance imaging (MRI) T2* to assess cardiac iron burden.  Secondary endpoints 
included changes in serum ferritin and liver iron concentration.  Results of efficacy 
analyses across endpoints were inconsistent.  The initial NDA submission received a 
Complete Response (CR) due to a number of deficiencies including the following clinical 
concerns:  insufficiency of evidence for efficacy from adequate and well-controlled 
investigations; lack of sufficient information to establish the clinical meaningfulness 
(e.g., improved survival, symptoms, functional status or other clinical benefits) of 
incremental changes in cardiac MRI T2*, a major efficacy parameter in the clinical 
studies of deferiprone; and lack of data to verify absence of a mortality disadvantage 
when deferiprone is used over a long period of time.  Recommendations to correct these 
and other deficiencies were provided to the sponsor in the CR letter.  Among the 
recommendations was that the sponsor should provide data from at least one additional 
prospective, randomized, controlled clinical study that verifies the proposed deferiprone 
treatment effect.  After further discussions with the Agency, the sponsor elected to 
modify the indication statement to one in which deferiprone would be used as a second 
line (rather than a first line) therapy.  Data to support the more limited indication were to 
be provided from a well-documented single arm trial with prospectively specified criteria 
defining a patient population inadequately treated with deferoxamine (e.g., patients 
having a poor response with a specified persistent elevation of serum ferritin despite a 
specified duration of therapeutic treatment with deferoxamine).  In the current 
resubmission the sponsor has provided a single arm trial planned to meet these criteria, 
Study LA36-0310.  No new studies were conducted to identify patients for this study.  
Instead, qualified patients were identified in the sponsor’s existing clinical trial database.  
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2. Background  
 
Iron is essential to human existence and is a constituent of a number of proteins and 
enzymes in the body, predominantly hemoglobin and myoglobin.  Normally iron is 
acquired via oral absorption from the diet in amounts that usually balance the very small 
quantities (1-2 mg/d) that are excreted when cells containing iron are sloughed from the 
skin and gastrointestinal tract.  Minimal amounts are excreted in the urine.  In women, 
iron may also be lost from blood shed at menses, and from the delivery of a child and the 
placenta.  Otherwise, iron is tightly conserved as there are no other mechanisms available 
to increase the excretion of iron. 
 
Iron overload generally occurs from either excessive gastrointestinal iron absorption or 
from the iron excess that accompanies repetitive red blood cell transfusions which 
constitute standard chronic therapy for some inherited anemias, most notably β-
thalassemia.  Excessive gastrointestinal absorption may occur with the inherited disorder 
of hemochromatosis, with excessive dietary iron and in many patients with various 
anemias.  Many years of excessive absorption are required before any clinical 
consequences become apparent.   
 
Excess iron in the body deposits in a number of sites, particularly in the liver, heart and 
endocrine organs.  Deposition of excess iron leads to dysfunction and eventual failure of 
these organs. 
 
The standard therapy for the inherited anemia, β-thalassemia, is chronic red blood cell 
transfusion, because these patients are unable to produce red blood cells as rapidly as 
they are destroyed and transfusion therapy appears to improve outcomes for both 
morbidity and mortality.  However, each unit of packed red blood cells contains 
approximately 225 mg of iron.  Since total body iron in the normal adult is between 
3,000-5,000 mg (including all iron in circulating red cells, the liver and other 
reticulendothelial tissues, and in muscle), the transfusion of as little as 20 units of blood 
may lead to a doubling of total body iron since there are no physiologic means to increase 
excretion.  Eventually tissue deposition of iron, hemosiderosis, develops.  The main 
clinical complication of iron overload is cardiac hemosiderosis, which leads to congestive 
heart failure and arrhythmias.  Before availability of chelation therapy, cardiac disease 
due to iron overload was responsible for about 70% of the deaths in patients with 
thalassemia. 
 
Chelation therapy is based on the ability of the chelator to bind to iron in the blood or 
organs of deposition with the subsequent excretion of the bound complex in the urine or 
feces.  The first drug approved for iron chelation, Desferal (deferoxamine), was approved 
for use in 1968 based on an understanding of its mechanism of action and uncontrolled 
studies that suggested its efficacy for the indication.  Forty years of use has supported its 
efficacy and safety.  However, difficulties with its administration (the need for 
subcutaneous or intramuscular infusion with the use of a pump over 10-12 hours 5 of 7 
days each week) have limited compliance with therapy.  In 2005, Exjade (deferasirox), an 
orally administered iron chelator, received Accelerated Approval for the treatment of 
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hemosiderosis due to chronic transfusion therapy for anemia in patients two years of age 
and older on the basis of data that showed a decrease in liver iron concentration (LIC) 
after treatment for one year.  In clinical trials, 703 transfusion-dependent patients with 
underlying diagnosis of thalassemia, sickle cell disease, myelodysplastic syndrome or one 
of a number of miscellaneous chronic anemias were treated with deferasirox.  In some of 
the trials, deferoxamine was used as the comparator, while other trials had no concurrent 
comparator.  In virtually all of the trials, deferasirox showed a dose-dependent capability 
to reduce the mean LIC, as well as the mean serum ferritin.  In a clinical trial, the 
administration of deferasirox to patients with values for cardiac MRI T2* in the range 
suggesting iron overload led to small increases in cardiac MRI T2* values after one year 
of treatment; however, the clinical significance of these changes has not been 
demonstrated.  In clinical trials and in postmarketing reports, deferasirox appears to be 
associated with hepatic, renal, gastrointestinal, dermatological, hematological, 
ophthalmological, aural and hypersensitivity adverse reactions which may lead to drug 
discontinuation. 
 
Patients who have transfusion related hemosiderosis and who do not respond to available 
iron chelators have virtually no other therapeutic options to prevent iron-induced tissue 
damage, particularly of the heart and liver, that eventually ends in death.  Clearly an 
unmet medical need exists for therapies to treat patients who do not respond to marketed 
iron chelator therapy. The clinical benefits of iron chelator therapy on survival in patients 
with hemosiderosis were realized only following many years of the use of deferoxamine, 
the iron chelator with which we have the longest clinical experience.   
 
Deferiprone is an oral iron chelator with the chemical name of 1,2-dimethyl-3-
hydroxypyrid-4-one.  Deferiprone binds iron in a 3:1 (deferiprone:iron) complex which is 
subsequently excreted mainly in the urine.  The drug was first administered to humans in 
1987 after initially being developed by independent investigators.  The applicant acquired 
the drug in 1993 and has been responsible for its development since that date.  
 
In 1999, deferiprone was approved in the European Union for the treatment of 
hemosiderosis due to transfusions in patients with thalassemia who could not be 
adequately treated with deferoxamine.  Deferiprone is currently approved in 61 countries 
for this indication.  
  
Regulatory History 
 
Major interactions between the sponsor and the Division are summarized below. 

• July 1, 1994.  Original submission of the IND (IND 45724) for the use of 
deferiprone to treat iron overload.   

• January 26, 2004.  Fast track status granted for deferiprone based on potential for 
safe and effective use in patients who are unable to be treated with deferoxamine. 

• January 29, 2009.  Submission of final (Clinical/Statistical) portion of NDA. 
• October  2009.  Ferriprox was scheduled for presentation to the ODAC. The 

meeting was postponed because the Agency received additional information late 
in the review cycle that required time to evaluate. 
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• November 30, 2009.  FDA issued a Complete Response letter to the NDA 
application to the sponsor. 

• April 5, 2010.  Post-Decisional Meeting.  Possibility of pursuing an indication in 
patients who have progressive iron accumulation despite adequate deferoxamine 
therapy or are intolerant to deferoxamine was discussed.  The requirement to 
clearly identify the qualified patient population (eligibility criteria) and need to 
specify an endpoint for accelerated approval that must be reasonably likely to 
predict clinical benefit were emphasized. 

• April 13, 2011.  Sponsor resubmitted the NDA with the revised indication and 
complete report for Study LA36-0310. 

 
3.  Clinical/Statistical - Efficacy 

 
Study LA36-0310 was submitted as the major support for the indication being sought.   
Study LA36-0310 was designed as a retrospective analysis of existing data pooled from 
studies previously conducted to evaluate the efficacy and safety of deferiprone in patients 
with transfusion-related hemosiderosis.   No new prospective clinical studies were done 
for this submission.  The studies submitted in support of the NDA for deferiprone in the 
original application (and from which patients in LA36-0310 are drawn) are listed in 
Appendix A of this briefing document.  On May 21, 2009, after submission of the 
original NDA, the sponsor submitted a complete study report for Study LA30-0307 
entitled “A 24 Week, Open Label, Uncontrolled Study of the Safety and Efficacy of 
Ferriprox® (Deferiprone) Oral Solution in Iron-Overloaded Pediatric Subjects with 
Transfusion-Dependent Anemia”.  Subjects in this study also were eligible to be enrolled 
in Study LA36-0310. 
 
Summary of Protocol 
The primary objective of Study LA36-0310 was to evaluate the efficacy of the oral 
administration of deferiprone in the treatment of iron overload in patients in whom 
previous chelation had failed.  Failure of chelation was defined by specific measures of 
serum iron, liver iron concentration or cardiac MRI T2* (see below). 
 
The primary efficacy endpoint was defined as the change in serum ferritin from baseline 
up to completion of one year of therapy with deferiprone.  Secondary endpoints were 
defined as the change from baseline in cardiac MRI T2* and LIC up to completion of one 
year of therapy. 
 
Patients enrolled in LA36-0310 were selected from studies previously submitted to FDA 
in support of the original NDA.  An integrated dataset including all serum ferritin, LIC, 
and cardiac MRI T2*, and data for demographics, disposition, medical history, exposure, 
and accompanied CDISC meta-tables created by Clinical Data Management at 
ApoPharma from these studies were sent to an independent committee (Independent 
Party) that was responsible for selecting patients for the analysis.  Prior to receiving data 
from the company, the Independent Committee devised a Data Extraction Plan and 
Quality Control (QC) Plan which outlined the inclusion/exclusion criteria for the patient 
cohorts, a list of variables used to define inclusion/exclusion criteria, the logic applied to 
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selecting cohorts and the QC plan.  The Independent Party had no access to further 
chelator therapy administered or to the outcomes of any of the patients treated with 
deferiprone.   
 
The Independent Party consisted of two individuals: 

• Ron Keren, M.D., Associate Professor of Pediatrics and Epidemiology, University 
of Pennsylvania School of Medicine 

• Xianqun Luan, M.S., Biostatistician, Children’s Hospital of Philadelphia 
 
In the Independent Party Charter, the sponsor states that the members of the Independent 
Party could not have any financial, scientific or regulatory conflicts of interest, and has 
provided a statement to that effect signed by both members. 
 
Patients eligible to be enrolled in the study were selected by the Independent Party based 
on pre-specified inclusion criteria including measurements of serum ferritin, LIC and 
cardiac MRI T2* and previous treatment with an iron chelator.  The two Independent 
Party members assembled patient cohorts independently using SAS programming and by 
following the Data Extraction Plan and the Quality Control (QC) Plan.  For each pair of 
cohorts, the selected patients were matched and compared for discrepancies.  A QC log 
was issued and discrepancies were resolved before the final patient cohort lists were 
delivered to the sponsor.  The signed QC log was delivered to the sponsor with the final 
selected eligible patient cohort lists.  After the Independent Party provided the list of 
patient cohorts to the company, Clinical Data Management at the company validated the 
lists by performing the same SAS data runs as the Independent Party and found no 
discrepancies.  
 
Patients selected by the applicant for enrollment in Study LA36-0310 from the eligible 
list provided by the Independent Party had to meet the following inclusion criteria: 

• At least a single baseline value for serum ferritin, LIC or cardiac MRI T2* 
available 

• Follow-up assessment of serum ferritin, LIC or MRI T2* after initiation of 
deferiprone and within one year of therapy 

• Had been receiving standard iron chelation therapy with either deferoxamine 
or deferasirox and before receiving deferiprone had one or more of the 
following: 

o Serum ferritin > 2,500 µg/L 
o Cardiac MRI T2* < 20 ms 
o LIC > 7 mg/g dry weight 

• Treatment with deferiprone [dose not specified] 
 
 
Patients were excluded from enrollment for the following: 

• Naïve to iron chelation therapy 
• Never received deferiprone 
• No data on serum ferritin, LIC or cardiac MRI T2* either while receiving 

standard chelation therapy or after initiation of deferiprone, or both 
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• Had had an improvement in any of the measures of iron burden of  ≥ 20% related 
to another chelator therapy within the year prior to consideration for enrollment 

 
The primary efficacy endpoint was the change in serum ferritin concentration from 
baseline to within one year of deferiprone therapy (defined as the observation closest to 
one year in a period of 15 months or at 12+3 months).   For patients who stopped study 
treatment prior to one year, data collected up to 3 months after discontinuation was 
included and the value closest to the stopping date was used as the final result.  Patients 
were considered to have been successfully treated if there was a decline in serum ferritin 
of at least 20% over that time period and the trial would be deemed to show evidence of 
efficacy if at least 20% of patients achieved the described efficacy endpoint. 
 
Secondary endpoints included changes in the LIC and cardiac MRI T2* over the same 
time period. 
 
The definition of successful chelation therapy is shown in the following table.  [Note:  
Unless otherwise indicated, tables are from the sponsor’s NDA submission]. 
 

 
 
 
The “Intent-To-Treat (ITT)” population was the primary population for the efficacy 
analysis.  This population comprised those patients that had taken at least one dose of 
deferiprone and had at least one post-baseline measurement of an efficacy variable.  Data 
were available from both randomized and non-randomized trials.   
 
Serum ferritin was the primary efficacy endpoint, and LIC and cardiac MRI T2* were 
secondary endpoints.  The end of study value for all endpoints was that assessment that 
was obtained at the end of the trial (if less than 1 year) or the value obtained at 12 months 
or within 3 months thereafter, utilizing the value that was closest to the 12 month date.  
For subjects that stopped the study early, the value closest to the stopping date was the 
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value used.  Success was defined as noted in the table above.  Success rates by study and 
overall and their 95% CIs were calculated based on Clopper-Pearson exact confidence 
interval. 
 
The sponsor performed a number of planned and unplanned exploratory analyses.  One 
unplanned subgroup analysis was performed by excluding patients from Studies LA-08, 
LA-04 and LA-12-9907 who had had concomitant or combination therapy with another 
chelator (mostly deferoxamine) in order to determine treatment success for monotherapy 
with deferiprone. 
 
Study Results 
Subject Enrollment:  A total of 746 patients with serum ferritin, LIC and/or cardiac MRI 
T2* data were analyzed by the Independent Committee for study eligibility.  Of these, 
264 were deemed eligible based on the serum ferritin criterion, 117 based on the LIC 
criterion and 39 based on the cardiac MRI T2* criterion.  These populations overlapped 
but were not superimposable for the three endpoints.  These data are shown in the 
following table. 
 

Patient Eligibility for Endpoint Assessment by Trial 
 Serum Ferritin Liver Iron 

Concentration 
Cardiac MRI T2* 

 Total N N for eligible 
patients 

Total 
N 

N for eligible 
patients 

Total N N for eligible 
patients 

LA-01 35 8  (23%) 35 15 (43%) 1 0 (0%) 
LA-02/06 151 65  (43%) 62 0 (0%) 1 0 (0%) 
LA-03 24 8  (33%) 25 12 (48%) -- -- 
LA-04/06B 157 56  (36%) 100 11 (11%) 72 10 (14%) 
LA08-9701 25 7  (28%) 29 21 (72%) -- -- 
LA-11 23 12  (52%) 24 3  (12.5%) -- -- 
LA12-9907 69 19  (28%) 75 35 (47%) -- -- 
LA15-002 29 18  (62%) -- -- -- -- 
LA16-0102 29 5  (17%) 28 20 (71%) 29 29 (100%) 
LA28-CMP 8 3  (38%) 2 0 (0%) 2 0 (0%) 
LA30-0307 100 36  (36%) -- -- -- -- 
Borgna-Pignatti 96 27  (28%) 2 0 (0%) -- -- 
Total 746 264  (35%) 382 117 (30.6%) 105 39 (37%) 
   LIC was measured by chemical analysis of a liver biopsy or by superconducting quantum 
interference device (SQUID) 
    Reviewer table based on data from Sponsor’s tables 
 
It should be noted that the characteristics (e.g., study design, treatment duration, 
deferiprone doses) of the studies from which the patients for Study LA36-0310 were 
selected were quite varied.  (See Table of Studies in Appendix A of this briefing 
document).  For example, some studies were retrospective (LA12-9907, Borgna-Pignatti 
study), some studies were randomized (e.g., LA-01, LA16-0102), some studies were 
compassionate use (e.g., LA-03, LA-04/06B).  Some patients received combination 
therapy with deferiprone and deferoxamine (LA08-9701).   
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Demographics:  The demographic characteristics of the “ITT” population for the serum 
ferritin, LIC and cardiac MRI-T2* populations are summarized in the following table. 
 

Demographics of the Efficacy ITT Populations 
 

 Serum ferritin 
N=264 

LIC 
N=117 

MRI T2* 
N=39 

Age (years) 
Mean +SD 
(minimum, maximum) 

 
20.1 + 12.3 

(2, 76) 

 
19.4 + 7.0 

(6, 52) 

 
24.3 + 4.7 
(12, 33) 

Sex:  n (%) 
Female 
Male 

 
145 (55) 
119 (45) 

 
55 (47) 
62 (53) 

 
18 (46) 
21 (54) 

Ethnic Origin:  n (%) 
Italian 
Unknown 
Egyptian 
Iranian 
Indonesian 
Thai 
Greek 
Asian 
Chinese 
Asian Indian 
Malay 
Other 

 
138 (52) 

24 (9) 
21 (8) 
18 (7) 
12 (5) 
12 (5) 
11 (4) 
6 (2) 
4 (2) 
3 (1) 
2 (1) 

13 (5) 

 
68 (58) 

4 (3) 
-- 
-- 
-- 

3 (3) 
21 (18) 

5 (4) 
4 (3) 
1 (1) 

-- 
12 (12) 

 
14 (36) 
4 (10) 

-- 
-- 
-- 
-- 

16 (41) 
1 (3) 
1 (3) 
2 (5) 

-- 
1 (3) 

Racial Origin:  n (%) 
White 
Asian 
Unknown 
Other 

 
194 (73) 
46 (17) 
21 (8) 
3 (1) 

 
93 (79) 
21 (18) 

3 (3) 
-- 

 
31 (79) 
5 (13) 
3 (8) 

-- 
Reviewer table based on data from Sponsor’s tables 

 
The population enrolled was mostly young, reflecting primarily patients with thalassemia.  
Only two black patients were included.  Most of the patients came from outside the U.S.  
The demographic characteristics for the ITT populations were reasonably similar for the 
primary and secondary efficacy endpoints.  The relatively greater proportion of Greek 
enrollees for the cardiac MRI T2* endpoint is accounted for by the fact that Study LA-
16-0102 included only patients from one site in Greece and 2 sites in Italy. 
 
Primary Efficacy Analysis:  Change in serum ferritin was the primary efficacy endpoint.    
Serum ferritin was reduced by more than 20% in 136/264 patients (52%) treated with 
deferiprone.  Based on the fact that the lower limit of the confidence interval is 45%, the 
sponsor indicates that it has satisfied the hypothesis premised in the study. 
 
There was a wide variability of success (26-100%) among the various trials as shown in 
the following table. 
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Overall, the mean serum ferritin for the ITT population fell from 4416 ± 2288 µg/L to 
3453 ± 2099 µg/L within one year of therapy, a mean fall of 962 µg/L (±1907). 
 
Planned subgroup analyses were performed on several variables and all results were 
consistent with the results evidenced in the overall population, although persons with two 
or more serum ferritin determinations had higher rates of success than those with a single 
determination of serum ferritin, and patients outside Europe had higher rates of success 
than did those who were enrolled from European countries.  These results are shown in 
the following table. Note the p-values in the sponsor’s table below are not corrected for 
multiple analyses performed. 
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An unplanned subgroup analysis was performed for subjects who received deferiprone 
monotherapy, as some subjects received combination chelator therapy usually combining 
deferiprone with deferoxamine.  The success rate in this group was 50% as shown in the 
following table. 
 

 
 
In another unplanned exploratory analysis, the percent of patients with an initial serum 
ferritin of  > 2500 µg/L and who experienced a decline in serum ferritin of ≥ 20% after 
being treated with a non-deferiprone chelator within one year were compared to patients 
treated with deferiprone.  Success rates were 31% and 52%, respectively, as shown in the 
following table. Note the p-value in the sponsor’s table below is not corrected for 
multiple analyses performed. 



Page 12 of 37 

 

 
 
 
The trend for the mean serum ferritin showed a decline during the 12 months of the trial.   
 
Review Comments.  Deferiprone given over a period of one year was effective in 
lowering serum ferritin concentration in about half of the patients with transfusional 
hemosiderosis who had not responded adequately to available chelator therapy and whose 
baseline serum ferritin was > 2500 g/L.  In each individual trial, at least 20% of all 
patients had a reduction in serum ferritin of at least 20%.  The confidence intervals for 
the success rate in some individual studies was less than 20% (LA01, LA08, LA12 and 
LA28) possibly due to  the small number of eligible patients in each of those studies.    
 
Analysis of Secondary Endpoints:  The change in LIC after one year of treatment with 
deferiprone was one of the secondary endpoints for Study LA36-0310.  LIC 
determinations were made by either liver biopsy or by superconducting quantum 
interference device (SQUID). Because of the differences of LIC between the 2 methods, 
both the baseline and follow-up determination had to be the same in an individual 
subject.  Of 117 subjects who had a baseline and a follow-up LIC determined and who 
were treated with deferiprone, 49 (42%, [C.I. 33%; 51%]) had a fall in LIC of more than 
20% at the 1 year observation as shown in the following table. 
 

 
 

 
The mean LIC declined from 16.2+10.3 to 14.5 ± 9.1 mg Fe/g dry weight (dw), a fall of 
1.7 ± 7.5 mg Fe/ g dw over 12 months (range, -32.6 to 14.5).   
 
The change in cardiac MRI T2* in subjects with transfusion related hemosiderosis after 
treatment for 1 year was an additional secondary endpoint for Study LA36-0310.   Of 39 
subjects who had a baseline and a follow-up cardiac MRI T2* determined and who were 
treated with deferiprone, 24 (62%, [C.I. 45%; 77%]) had an increase of more than 20% at 
1 year of observation as shown in the following table. 
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The mean cardiac MRI T2* rose from 11.8 ± 4.9 to 15.1 ± 7.0 ms, an increase of 3.3 ± 
3.4 ms as shown in the following table.  No information was provided in these patients to 
evaluate the relationship between change in cardiac MRI T2* and cardiac complications 
or clinical outcome.   
 

 
 
 
Clinical Information Relevant to Dosing Recommendations:  The sponsor has not 
performed any significant dose-response studies.  In virtually all of the trials, the total 
daily dose of deferiprone employed was 75 mg/kg/d divided into 3 doses taken during 
each day.  In study LA16-0102, subjects were commenced on that dose of deferiprone 
and, during the next 2 months, the dose was increased in a step-wise fashion to a total 
daily dose of 100 mg/kg/d for the remainder of the year of the trial.  In Study LA30-0307 
patients were begun on deferiprone at a total daily dose of 50 mg/kg/d, but could be 
escalated to a maximum of 100 mg/kg/d or could have the dose reduced depending on the 
response in serum ferritin levels.  
 
Discussion of Persistence of Efficacy and/or Tolerance Effects:  Most of the trials 
performed by the sponsor had a duration of approximately 1 year.  In some of the trials, 
subjects were allowed to continue the drug indefinitely.  There is a dearth of data 
available to judge the continued efficacy and/or safety of deferiprone, but there have been 
a few patients who have remained on the drug for more than a decade.  In these patients, 
no new safety concerns appear to have arisen. 



Page 14 of 37 

 
Efficacy Summary 
Based on the sponsor’s analysis of the data in Study LA36-0310, the administration of 
deferiprone for 1 year at a dose of 75 mg/kg/d in 3 divided doses over the course of the 
day is capable of inducing a fall in serum ferritin from baseline to the end of 1 year of 
therapy by more than 20% in greater than 20% of patients who have previously been 
unsuccessfully treated with other approved chelating agents. An analysis based on 
patients who received deferiprone monotherapy demonstrated a reduction in serum 
ferritin by 20% in 50% (95% C.I. 43, 57%) of patients. This failure of the other 
chelator(s) may have been due to inability to cause a sufficient excretion of iron, 
imbalance between transfusion requirements and excretory capacity, development of 
intolerable adverse reactions to the drugs, and/or factors that compromised the patient’s 
ability to comply with other chelator.  The overwhelming majority of patients enrolled in 
the trial had an underlying diagnosis of thalassemia that led to the need for chronic 
transfusion therapy.  There were too few patients with non-thalassemic syndromes 
enrolled in the trials to determine the efficacy of deferiprone for the treatment of 
transfusion-induced hemosiderosis in those populations. 
 
Safety Summary 
 
Since no safety data were re-analyzed in LA36-0310, the sponsor submitted an updated 
Safety Review which included integrated safety data from the original NDA application 
with all additional safety data that had been collected through August 31, 2010, plus non-
integrated safety data collected between September 1, 2010 and January 31, 2011.  The 
additional data are from ongoing trials as well as post-marketing surveillance activities. 
 
The only additional study completed by the sponsor since August 31, 2006 was study 
LA30-0307, which evaluated the safety and efficacy of a deferiprone oral solution (100 
mg/ml) for the treatment of hemosiderosis in transfusion-dependent pediatric thalassemia 
patients.  The study report for LA30-0307 was submitted to IND 45724 on May 29, 2009.  
Patients completing this study were eligible to continue the receiving the oral solution 
through a Compassionate Use Protocol (LA28-CMP).  The sponsor has continued to 
provide deferiprone to patients with transfusion-related hemosiderosis in the U.S. and 
Canada through its long-standing compassionate use program under study LA-04.  
The sponsor commenced a new study (LA35-PM) on June 6, 2010.  This is a 
postmarketing surveillance program that seeks to evaluate the use and monitoring of 
deferiprone under clinical practice conditions, with assessments of both efficacy and 
safety.  
 
Compared to the data submitted in the original NDA, safety data in the current 
submission, when re-integrated with the previous submission, shows a lower mean age 
(due to the fact that 100/186 new subjects in the database are children, aged 1 -10 years, 
who entered on to study LA30-0307).  In pooled clinical studies of the re-integrated data, 
642 subjects were treated with doses of deferiprone between 50 – 100 mg/kg/d.  
Deferiprone was co-administered with deferoxamine to an additional 89 subjects.  
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Durations of exposure in the pooled clinical studies at various doses are shown in the 
following table. 
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Based on sales data, the sponsor estimates that there have been 33,725 patient-years of 
exposure to deferiprone tablets and 318 patient-years of exposure to deferiprone oral 
solution worldwide. 
 
Reviewer Comments.  The sponsor has not adequately studied multiple doses of 
deferiprone to determine the optimal dose usage for varying body iron burdens.  The 
majority of patients (407/642, 63.4%) were treated with a daily dose of 75 mg/kg/d and it 
is primarily in that group that the duration of therapy was equal to or had exceeded 1 
year.  Only 88 patients were treated at a dose of 100 mg/kg/d for a duration of more than 
6 months, 61 were treated for more than 1 year, 33 were treated for more than 2 years and 
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none was treated with that dose for more than 3 years.  Therefore, evidence for the 
efficacy and safety of doses of deferiprone greater than 75 mg/kg/d for the required time 
of treatment for likely recipients of the drug is limited.   
 
 
The demographic characteristics of the patients treated with deferiprone in clinical trials 
are shown in the next table.   

 
 

Reviewer Comments.  The mean age of the subjects exposed to all doses of deferiprone 
was 20.7 years, reflecting the fact that the majority of subjects who were enrolled had a 
base diagnosis of thalassemia.  There was a representation of pediatric patients but most 
of these were patients treated with the liquid oral formulation of the drug at a dose of 100 
mg/kg/d.  Most of the subjects were white with most of the remaining being Asians.  
Only 4 black subjects were included in the clinical trials.  The demographic 
characteristics of patients in Study LA36-0310 most closely matched that of patients 
exposed to 75 mg/kg/day of deferoxamine.       
 
The baseline characteristics of the patients treated with deferiprone are shown in the 
following table. 
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Reviewer Comments.  Thalassemia (beta or E-thalassemia) was the cause for anemia in 
93.7% of patients.  There was minimal representation of patients with myelodysplastic 
syndrome (15 patients, 2.3% of all enrollees).  Patients with sickle cell disease numbered 
only 5 (0.8%).  The baseline serum ferritin was > 2500 µg/L in 44.2% of enrolled 
subjects. 
 
 
The current submission adds 100 subjects who received deferiprone at a dose of 100 
mg/kg/d to the previous submission database.  About half of these subjects were between 
the ages of 1 -11 years.  There was no remarkable difference in the frequency or type of 
adverse reactions based on dose, although an increase in dose appeared to be associated 
with a decrease in gastrointestinal complaints, and an increase in the frequency of 
“neutrophils decreased” (0% at 50 mg/kg/d, 6.9% at a dose of 75 mg/kg/d and 19.4% at a 
dose of 100 mg/kg/d), the development of neutropenia (4.0% at a dose of 50 mg/kg/d, 
7.1% at a dose of 75 mg/kg/d and 7.4% at a dose of 100 mg/kg/d), elevation of alanine 
aminotransferase and in body weight.  These data are shown in the following table. 
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Major Safety Results 
 
Deaths:  In ApoPharma sponsored clinical studies, 17 deaths occurred, representing 1.3 
deaths per 100 subject-years of exposure.  Fourteen (14) of these deaths occurred in LA-
04/06B, the compassionate use program.  Subjects enrolled in that trial had failed other 
chelator therapy and many exhibited iron-induced toxicity prior to commencing treatment 
with deferiprone.  Underlying diseases included thalassemia (9 subjects), myelodysplasia 
(3), myelofibrosis (2) thalassemia/hemoglobin E (1), Aase syndrome (1) and hereditary 
hemochromatosis (1).  The reported causes of death were trauma (2 subjects), iron-
induced cardiac disease (8), multi-organ failure (1), malignant lung tumor (1), acute 
myeloid leukemia (1), diarrhea (1), pleural effusion (1), adenocarcinoma (1) and 
intestinal obstruction (1).  Only one of the deaths was considered to be possibly due to 
deferiprone use.  These data are shown in the following table. 
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In post-marketing surveillance, the sponsor has received reports of 19 deaths since the 
first marketing authorization in 1999.  The causes of death included agranulocytosis due 
to deferiprone (13 patients), cardiac failure (4), fungal infection (1) and sepsis (1).  These 
data are shown in the following table. 
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The sponsor states that the new safety data reviewed in this submission do not alter the 
benefit/risk assessment of deferiprone. 
 
Reviewer Comments.  Deaths in the clinical trials appear to have generally been 
unrelated to the administration of deferiprone and were usually due to disease 
progression, co-morbid conditions or were unrelated.  There were no deaths due to 
hepatic dysfunction.  Most of the deaths in post-marketing reports were due to 
agranulocytosis, the last of which was reported in 2008.  The absence of reports of death 
due to agranulocytosis subsequent to 2008 is believed by the sponsor to be the result of a 
vigorous risk management program of education of patients/physicians, the performance 
of weekly blood counts with immediate termination of the drug at the earliest 
development of neutropenia or agranulocytosis and aggressive supportive therapy when 
agranulocytosis is first recognized.  
 
A review of the clinical summaries submitted by the sponsor indicates that all of the 
deaths were likely related to progression of the primary disease or to co-morbid 
conditions except for the following patient: 

• 2009AP004924.  A 53 year old patient with thalassemia who was treated with 
deferiprone from May, 1995 until November, 2009 was diagnosed with 
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adenocarcinoma in the liver (believed to be metastatic).  Various stains of the 
tumor were considered not typical for hepatocellular carcinoma but that 
possibility could not be excluded.  There was no comment in the report 
regarding the presence of cirrhosis or the degree of iron deposition.  The 
question of a primary carcinoma of the liver was not resolved. 

 
 
 
Serious Adverse Events:  There were 231 serious adverse reactions reported in 147/642 
subjects (22.9%) treated with deferiprone in pooled clinical studies.  These data are 
shown in the following table. 
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For 60 of the SAEs, this led to discontinuation of deferiprone, and for 15 of the SAEs, the 
outcome was fatal.   Seventy-eight of the SAEs were reported since the previous cut-off 
date of August 31, 2006.  Of the 78, there were 15 episodes of neutropenia, 4 of 
agranulocytosis and 3 of pyrexia.  Most of the other SAEs were reported in only a single 
patient and did not appear to be causally related to deferiprone.  Sixty-one of the 78 SAEs 
were experienced by 27 subjects treated in study LA-04/06B (Compassionate Use 
Program) in which patients who could not be adequately treated with other chelators were 
eligible to obtain deferiprone.  Many of these patients had organ damage from iron 
overload or had co-morbid conditions.  The most common SAE in the clinical trials was 
neutropenia, occurring in 79/642 (12.3%) of patients.   
 
Agranulocytosis was the most clinically important SAE, and occurred in 1.7% of patients 
(11/642) in clinical trials.  Agranulocytosis was less common in patients with thalassemia 
(1.3%, 8/607 subjects) than it was in patients with non-thalassemic anemias requiring 
transfusion (8.6%, 3/35 subjects), including 2 with MDS and 1 with sickle cell disease.  
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The time of onset of agranulocytosis was 65 days to 9.2 years (median, 161 days) after 
commencing deferiprone therapy.  The duration of agranulocytosis varied from 3 to 85 
days (median, 10 days) but was longer in patients with non-thalassemic disorders 
(median, 19 days) compared to those with thalassemia (median, 9 days).  There were no 
patients who had persistent agranulocytosis.  Eight patients were treated with G-CSF.  
Three of the patients had developed neutropenia prior to agranulocytosis.  These data are 
shown in the following table. 

 
 
SAEs experienced in clinical trials and believed to be related to deferiprone included 
neutropenia (38 subjects, 5.9%), agranulocytosis (11 subjects, 1.7%), torsade de pointes 
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(1 subject, 0.2%), deafness (1, 0.2%), hepatitis (1, 0.2%), cytomegalovirus hepatitis (1, 
0.2%), serratia sepsis (1, 0.2%) and the need for arthroscopy (1, 0.2%). 
 
SAEs reported in post-marketing experience that were not seen in the clinical trials 
include:  hypersensitivity (2 cases), arthralgia (2 cases), polyarthritis (2 cases), cerebellar 
syndrome (2 cases), intracranial pressure increased (2 cases), and one case each of 
congenital anomaly, diplopia, retinal toxicity, gastric ulcer, vomiting, asthenia, chills, 
fungal infection, hepatitis infections, subcutaneous abscess, blood bilirubin increased, 
aspartate aminotransferase increased, metabolic acidosis, arthritis, bone pain, muscular 
weakness, myositis, altered state of consciousness, convulsion, headache, pyramidal tract 
syndrome, Henoch-Schoenlein purpura, and urticaria.  In the post marketing experience 
there have been 94 SAEs of agranulocytosis and 96 SAEs of neutropenia.   
 
Reviewer Comments.  The clinically most important adverse reaction associated with the 
use of deferiprone is the development of agranulocytosis.  This adverse reaction occurred 
in 1.7% of patients treated with the drug in clinical trials.  It appears to be more common 
in patients with non-thalassemic disorders than in patients with thalassemia, perhaps 
because in the latter there is often a deficiency of bone marrow production and these 
patients may be more susceptible to an additional marrow insult caused by deferiprone.  
The development of neutropenia may be a herald of progression to agranulocytosis, but 
this is not clear.  In patients who survive the episode of agranulocytosis, thus far no 
apparent permanent bone marrow incapacitation has been observed.  No deaths due to 
agranulocytosis have been reported in clinical trials, but there have been 13 reported 
deaths due to agranulocytosis in post-marketing pharmacovigilance.  The mechanism of 
the production of agranulocytosis has not been established.    
 
Other adverse reactions associated with the use of deferiprone include gastrointestinal 
symptoms, arthropathy, thrombocytopenia, and fever.  A single case of torsade de pointes 
has also been reported.   
 
 
Laboratory Findings:  The following analytes were assessed and re-integrated with 
updated information: 

• Alanine aminotransferase (ALT).  The following tables provide the numbers of 
subjects with normal values for ALT at baseline whose ALT increased to > 2 x 
ULN for 2 or more consecutive visits or were at those levels at the last on-
treatment visit during the administration of deferiprone. 
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• Serum creatinine.  Deferiprone had no clinically important effect on serum 
creatinine values. 

• Serum zinc.  After re-integration, approximately 12% of subjects who had a 
normal serum zinc level at baseline showed a decrease in serum zinc to below 
the reference range.  The clinical significance of this finding is not known. 

• Absolute neutrophil counts (ANC).  Clinical study LA30-0307 assessed the 
frequency and significance of the development of ANC between 1.0 – 1.5 x 
109/L in patients receiving deferiprone.  Six of 100 subjects met this 
categorization.  Of these, 4 had a single episode that resolved despite continued 
deferiprone use.  One had two episodes that resolved despite continued use.  One 
had two episodes, after which agranulocytosis developed. 

 
 
Reviewer Comments.  The re-integration of laboratory data from recent safety data does 
not provide new insights into the types and frequencies of the adverse reactions that are 
associated with the use of deferiprone.  
 
 
Summary of Safety Update 
 
There do not appear to be any changes in the safety profile of deferiprone on the basis of 
the data provided in the updated safety review.  The main difference in safety evaluation 
as compared to the review of safety in the original NDA submission is that there is now 
more safety experience in children because of the results from Study LA30-0307, which 
assessed the efficacy and safety of the use of an oral solution of deferiprone (100 mg/mL) 
in children. 
 
The evaluation of safety is based on almost 25 years of human use of deferiprone, 
including 12 years of post-marketing surveillance.  During that time, it is estimated that 
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there has been more than 35,000 person-years of use, in some cases exceeding more than 
a decade in a single individual. 
 
The most important adverse reaction to the use of deferiprone is the development of 
agranulocytosis.  This occurred in 1.7% of patients enrolled in the clinical trials 
submitted by the sponsor.  Agranulocytosis occurred in 8/607 (1.3%) of patients with 
thalassemia and in 3/35 (8.6%) of patients with other types of anemia requiring 
transfusion and leading to hemosiderosis (2 with MDS and 1 with sickle cell disease).   
Three of these patients had developed neutropenia that was followed by agranulocytosis 
despite the discontinuation of the drug.  The median time of onset was 161 days (range of 
65 days to 9.2 years) after starting deferiprone therapy.  The median duration of 
agranulocytosis was 10 days (range of 3 to 85 days).  The mechanism has not been 
identified but appears to be via a suppressive effect on myelopoiesis.  It appears to be an 
idiosyncratic reaction rather than a dose dependent effect, usually occurs within the first 
year of therapy but can occur even several years after commencing therapy.  There were 
no deaths associated with the development of agranulocytosis in clinical trials and the 
agranulocytosis was reversible in all such patients.  However, there have been 13 deaths 
due to agranulocytosis in post-marketing experience.  There have been no deaths due to 
agranulocytosis reported since 2008, after the sponsor established an educational and 
observational program to alert patients and physicians to monitor blood counts weekly 
and to discontinue the use of deferiprone at the earliest indication of the development of 
neutropenia.   
 
There were 57 serious adverse events in 642 persons (8.9%) treated with deferiprone in 
the clinical trials.  Forty nine (49) of these were related to either agranulocytosis (11) or 
neutropenia (38).  Thrombocytopenia occurred in 2 patients.  There were single serious 
events of atrial fibrillation, cardiogenic shock, torsade de pointes, deafness, 
cytomegalovirus hepatitis, serratia sepsis and arthroscopy.  Of 234 serious adverse events 
from post-marketing reports, 96 were for neutropenia and 94 were for agranulocytosis.  
The remainder were for 1 or 2 events distributed over a broad variety of organ systems 
(with one report of an increased bilirubin and one for a raised aspartate 
aminotransferase). Of a total of 642 persons treated with various doses of deferiprone, 
245 (38.2%) were withdrawn from treatment with deferiprone, 99 of whom (15.4%) were 
withdrawn for the occurrence of adverse events.  The adverse events leading to 
discontinuation were similar to those known to be associated with deferiprone, but for 
some of the patients, discontinuation was due to progression of the underlying disease or 
death due to the underlying disease.  
 
Other adverse reactions that occur in persons treated with deferiprone and that may be 
related to the drug and may possibly be dose related include neutropenia and an increase 
in ALT. Adverse reactions that appear not to be dose related are gastrointestinal 
symptoms (nausea, diarrhea, abdominal pain), arthralgia and headache.   
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APPENDIX A 
 

Tabular Listing of All Clinical Studies 
 
Study Identifier: Study Title 
[country(ies)] 

Objective(s) of the study Study design and 
type of control 

Test product(s), Dosage 
regimens; Route of 
administration 

Number of Subjects Healthy subjects or diagnosis of 
patients 

Duration of 
Treatment 

LA16-0102:  Randomized trial 
comparing the relative efficacy 
of deferiprone to that of 
deferoxamine in removing 
excess cardiac iron in 
thalassemia major patients 
[Greece, Italy] 

Primary objective: To determine 
if Ferriprox® (deferiprone) 
exhibits superior efficacy in 
removing excess iron from the 
heart compared to Desferal® 
(deferoxamine), as reflected by 
MRI T2* assessments  
 
Secondary objective:  To 
evaluate relative efficacy of 
Ferriprox® with respect to 
Desferal® as assessed by serum 
ferritin concentration and LIC 

Multicenter, 
randomized, open-
label, active 
controlled clinical 
trial 

Test product: 
Ferriprox® 500 mg 
film-coated tablets 
• 25 mg/kg, p.o., t.i.d., 
first 4 weeks. 
• 28.3 mg/kg, p.o., t.i.d., 
subsequent 4 weeks. 
• 33.3 mg/kg, p.o., t.i.d., 
remainder of the trial. 
 
Comparator product: 
Desferal® 
• 50 mg/kg/day, s.c., up 
to 12 hours infusion, 5-7 
days/week 

61 dosed; 
56 completed 

• Thalassemia major 
• Ongoing chelation therapy with 
Desferal® for at least the past 5 years 
• Not exposed to Ferriprox® within 
the 
last 2 years if the patients have been 
exposed to Ferriprox® for ≤ 6 months 
• Abnormal heart MRI T2* > 8 ms 
and <220ms 

12 months 

LA12-9907:  Retrospective 
assessment of heart failure and 
survival during iron chelation 
with deferiprone or 
deferoxamine in subjects with 
transfusiondependent  
ß-thalassemia [Italy] 

Primary objective:  Investigate 
incidence of cardiac disease and 
survival in patients treated with 
Ferriprox® compared to patients 
treated with deferoxamine 
 
Secondary objective:  Evaluate 
progression of cardiac disease in 
patients treated with either 
Ferriprox® or deferoxamine 

Open label, 
controlled, single 
center, parallel, 
longitudinal, 
retrospective 
assessment 

Test product: 
Ferriprox® 500 mg film-
coated tablets 
• 75 mg/kg/day, p.o., 7 
days/week 
• The dose was adjusted 
to patient need within 
range from 35-100 
mg/kg/day 
 
Comparator product: 
Deferoxamine 
• 20 to 60 mg/kg/day, 
s.c., 8-12 hours 
infusion, 4-7 days/week 

168 screened; 
129 completed (54 
deferiprone; 75 
deferoxamine)# 

Transfusion dependent β-thalassemia 
• Treated for at least four years with 
Ferriprox® (deferiprone) or 
deferoxamine 

5 years 

LA08-9701:  Safety and 
efficacy of alternating 
deferoxamine and deferiprone 
compared to deferoxamine 
alone in the treatment of iron 
overload in thalassemia patients 
[Italy, Greece] 

Evaluate relative efficacy and 
safety of alternating use of 
Ferriprox® and Desferal® in 
comparison with current 
standard monotherapy, 
Desferal® 

Randomized, open 
label, controlled, 
parallel clinical 
trial 

Test product:   
Ferriprox® 500 mg film-
coated tablets 
• 25 mg/kg, p.o., t.i.d., 5 
days/week Desferal® for 
the combination arm 
• 20-60 mg/kg/day, s.c., 

59 dosed; 
59 completed 

Transfusion dependent thalassemia 
receiving chelation therapy with 
deferoxamine 
• Serum ferritin concentration 
between 1000 and 4000 μg/L. 

12 months 
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8-12 hours infusion, 2 
days/week 
 
Comparator product: 
Desferal® 

• 20-60 mg/kg/day, s.c., 
8-10 hour 
infusion, 5-7 days/week 

LA10-9902:  Population 
monitoring cytogenetics study. 
An open label, single crossover 
design study to determine the 
clastogenic potential of 
deferiprone (L1) and compare 
that to the clastogenic potential 
of Desferal® (deferoxamine) in 
iron-overloaded, transfusion 
dependent individuals with 
thalassemia 

To determine if there is 
significant change in the 
frequency of chromosomal 
aberrations in circulating 
lymphocytes in subjects 
receiving deferoxamine therapy 
following a switch to 
deferiprone; and to compare that 
frequency in subjects that 
switched from deferiprone to 
deferoxamine. To determine the 
frequency of chromosomal 
aberrations in circulating 
lymphocytes in subjects 
following long term therapy 
with deferiprone compared 
to long term deferoxamine 
therapy. 

Single center, 
open label, 
Single treatment, 
Active controlled, 
Crossover design 
with no 
intervening drug-
free period 

Test product: 
Deferiprone (1st  

transfusion cycle) 
• 25 mg/kg, p.o., t.i.d., a 
period of at least 20 
days 
Deferoxamine (evening 
of the 2nd  transfusion 
cycle) 
• 20-60 mg/kg/day, s.c., 
4-7 days/week, until day 
20 of the transfusion 
cycle 
 
Comparator product: 
Deferoxamine (1st 

transfusion cycle) 
• 20-60 mg/kg/day, s.c., 
4-7 days/week, a period 
of at least 20 days 
Deferiprone (evening of 
the 2nd transfusion cycle) 
• 25 mg/kg, p.o., t.i.d., 
until day 20 of the 
transfusion cycle 

20 dosed; 
20 completed 

Patients with thalassemia major, 
who are regularly transfused with 
blood 
filtered by a blood bank, for white 
blood 
cells,  
• Receiving ongoing chelation therapy 
with deferoxamine or deferiprone for 
the 
past three months 

A period of 
at least 20 
days 

LA-02:  Trial of deferiprone in 
thalassemia 

Primary objective: To determine 
incidence of agranulocytosis and 
other serious adverse events 
 
Secondary objective: 
To determine the efficacy of 
deferiprone in treatment of iron 
overload, as assessed by serum 
ferritin concentration 

Prospective, 
multicentered, 
Open label, single 
treatment, 
uncontrolled 
clinical study 

Test product: 
Deferiprone, 500 mg 
film-coated tablets 
• 25 mg/kg, p.o., t.i.d. 

187 dosed; 
162 completed 

Patients 10 years or older with 
transfusion dependent β-thalassemia 
• Serum ferritin level above 2000 μg/L 
or a liver iron above 4.0 mg iron/g dry 
weight liver 
• Unable or unwilling to take 
deferoxamine 

12 months 

LA-02/06:  Clinical study 
report for 4 years of therapy 
with Ferriprox™ in patients 
participating in studies LA-

LA-02: 
Primary objective: to determine 
incidence of agranulocytosis and 
other serious adverse events 

Multicentered, 
open-label, 
uncontrolled 
maintenance study 

Test product: 
Ferriprox® 500 mg film-
coated tablets 
• 25 mg/kg, p.o., t.i.d. 

LA-02 : 
187 dosed; 
162 
completed; 

LA-02: 
• Patients 10 years or older with 
transfusion dependent β- thalassemia 
• Serum ferritin level above 2000 μg/L 

1 year 
under LA- 
02 and 3 
years under 
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02/06 [U.S., Italy] Secondary objective: 
to determine the efficacy of 
deferiprone in treatment of iron 
overload, as assessed by serum 
ferritin concentration 
LA-06: 
Primary objective: to monitor 
long-term safety and 
effectiveness of Ferriprox® in the 
same cohort of patients as 
LA-02 

LA-06: 
160 dosed; 
84 completed 

or a liver iron above 4.0 mg iron/g dry 
weight liver 
• Unable or unwilling to take 
deferoxamine 
LA-06: 
• Patients who have completed LA-02 
and are willing to continue treatment 
with Ferriprox 

LA-06 for a 
total of 4 
years 

LA-02/06:  Clinical study 
report for 7 years of therapy 
with Ferriprox™ in patients 
participating in studies LA-
02/06 

LA-02: 
Primary objective: to determine 
incidence of agranulocytosis and 
other serious adverse events 
Secondary objective: to 
determine efficacy of 
deferiprone in treatment of iron 
overload, as assessed by serum 
ferritin 
concentration 
LA-06: 
Primary objective: to 
assess the occurrence 
of adverse events and 
long-term 
effectiveness of 
deferiprone in the 
same cohort of patients 
as LA-02 
Secondary objective: 
To provide study 
medication to patients 
until licensure of 
product or cessation of 
clinical development 

Multicentered, 
open-label, single 
treatment, 
uncontrolled 
maintenance study 

Test product 
Ferriprox® 500 mg film-
coated tablets 
• 25 mg/kg, p.o., t.i.d. 

LA-02 : 
187 dosed; 
162 completed 
 
LA-06 (48 month 
interim Statistical 
Report): 
160 dosed; 
84 completed 
 
LA-06 (7 year 
Statistical 
Report): 
160 dosed; 
70# completed 

LA-02 
• Patients 10 years or older with 
transfusion dependent β- thalassemia 
• Serum ferritin level above 2000 μg/L 
or a liver iron above 4.0 mg iron/g dry 
weight liver 
• Unable or unwilling to take 
deferoxamine 
LA-06 
• Patients who have completed LA-02 
and are willing to continue treatment 
with Ferriprox 

7 years 

LA-01:  Randomized trial of 
deferiprone (L1, Ferriprox®) 
and deferoxamine (DFO) in 
thalassemia major [Canada] 

1. Comparison of the relative 
effectiveness of deferiprone and 
deferoxamine as reflected by the 
ability of each chelator to: 
a. achieve net negative iron 
balance 
b. reduce tissue stores of iron 
c. reduce body stores of iron 
2. Comparison of the 
compliance with deferiprone and 

Multicentered, 
open-label, 
randomized, 
parallel 
active controlled 
study 

Test product: 
Deferiprone, 500 mg 
film coated tablets 
• 25 mg/kg, p.o., t.i.d. 
 
Comparator product: 
Deferoxamine 
• 50 mg/kg, s.c., up to 
12 hours infusion, 4-7 
times/week 

71 dosed 
• 35 in deferiprone 
• 36 in deferoxamine 
42 completed 
• 21 in deferiprone 
• 21 in deferoxamine 

Patients 6 years and 10 months of age 
or older with β-thalassemia 

2 years 
followed by 
a 1 year 
follow-up 
period 
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deferoxamine 
3. Testing of relative safety of 
deferiprone and deferoxamine 
4. Comparison of the relative 
quality of life enjoyed by 
patients during administration 
of either chelator 

LA-03:  The long term efficacy 
and safety of deferiprone in 
patients with transfusion 
dependent thalassemia 
(formerly compassionate 
use of deferiprone in 
thalassemia patients) [Canada] 

Under compassionate use 
program: to collect clinical 
experience with the use of 
deferiprone therapy for the 
treatment of iron overload. 
Long-term primary objectives: 
to determine the longterm safety 
and efficacy of deferiprone 

Single centre, 
open label study 

Test product: 
Deferiprone 
• Until OCT 1993, the 
test product was 
manufactured at 
University of Toronto 
and encapsulated by 
Novopharm 
Inc., Canada. 
• No data regarding 
quality of this product is 
available to ApoPharma 
Inc. 
• 25 mg/kg, p.o., t.i.d. 
Deferiprone, 100 mg, 
250 mg and 500 mg 
film-coated tablets 
• From OCT 1993, the 
test product was 
manufactured by 
Apotex Inc. 
• 25 mg/kg, p.o., t.i.d. 

29 patients enrolled. 
25 dosed with 
Apotex formulation. 
No data were 
available for other 4 
Patients;  11# 
completed 

Patients 10 years of age or older 
• Transfusion dependent thalassemia 
patients with iron overload 
• Unable to take currently available 
chelation therapy 
• Or had a history of serious 
noncompliance with currently licensed 
iron chelation therapy. 

4 years 
(University 
of Toronto 
formulation 
) 
3 years 
(Apotex 
Inc. 
formulation 
) 

LA-04/06B:  The 
compassionate use of 
deferiprone (L1) in patients 
with thalassemia [Canada, 
Italy, U.S.] 

Primary objective: to provide 
treatment of chronic iron 
overload in patients with 
transfusion dependent anemia 
for whom deferoxamine is 
contraindicated or inadequate 
Secondary objective: 
to assess long-term safety and 
efficacy of Ferriprox® alone or in 
combination with deferoxamine 
for the treatment of chronic iron 
overload in patients with 
transfusion dependent anemia 

Compassionate 
Use Program 
under LA-04 
protocol. 
Ferriprox® was 
supplied in 3-
month allotments 
for an approved 
patient until 
licensure of the 
product or until 
the patient is 
withdrawn from 
the program. 

Test product: 
Ferriprox® 500 mg film-
coated tablets 
• 25-33 mg/kg, p.o., 
t.i.d. 

165# dosed, 23# 
completed 

Patients with thalassemia 
• Patients with other chronic iron-
overload conditions 
• Require iron chelation 
• Deferoxamine is contraindicated or 
Inadequate (unwilling, unable, 
allergy, toxicity, lack of effect, 
inability to comply with parenteral 
infusions, or unavailability of the 
drug). 

Mean duration 
for all patients 
(N=86): 
• 1.3 (0-9.8) 
years. 
Mean duration 
for thalassemia 
Patients 
(N=58): 
• 1.2 (0-8.4) 
years  
Mean duration 
for patients 
with other 
chronic 
Transfusion 
dependent 
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conditions 
(N=28): 
• 1.3 (0-9.8) 
Years 

LA-11:  Prevention of iron 
mediated oxidation of RBC and 
platelet membranes in β- 
thalassemia diseases by 
deferiprone (L1) [Thailand] 

To determine the efficacy of 
Ferriprox for reducing the iron 
overload in Thai patients with β-
thalassemia/hemoglobin E 
diseases 
To determine the safety of 
Ferriprox for the treatment of 
iron overload in Thai patients 

Prospective, open-
label, uncontrolled 
study 

Test product: 
Ferriprox 
Mean dose 48.1+5.74 
mg/kg, p.o., b.i.d. or 
t.i.d. 

24 dosed; 
16# completed 

Thai patients with β-
thalassemia/hemoglobin E disease 

Mean time on 
therapy: 
334+179 (5-
536) days; 
16 patients 
were treated for 
more than 1 
year; 20 
patients were 
treated for 
longer than 3 
months 

LA-15-0002:  Prevention of 
iron mediated oxidation of 
RBC and platelet membranes in 
β-thalassemia diseases by 
deferiprone (L1) 

Primary objective: To monitor 
the efficacy and safety of 
Ferriprox® for treatment of iron 
overload in subjects with 
transfusion dependent 
thalassemia in Iran 

Single center, 
open label, single 
treatment, 
uncontrolled 
study. 

Test product 
Ferriprox® 

• 25 mg/kg, p.o., t.i.d. 

29 dosed; 
26 completed 

Subjects with transfusion - dependent 
β-thalassemia  
• Last serum ferritin value, assessed 
within the past 12 months, was found 
to be greater than 2500 mg/L. 

3 months 

Borgna-Pignatti et al. (Blood 
2006):  Cardiac morbidity and 
mortality in deferoxamine- or 
deferiprone-treated patients 
with thalassemia [Italy] 

To compare the occurrence of 
cardiac disease and survival in 
patients treated only with 
deferoxamine (DFO) and in 
patients who had their therapy 
switched from DFP to 
deferiprone (DFP) during the 
study period. 

Epidemiologic, 
observational 
study. 

Test product: 
Deferiprone 
• 75 mg/kg/day, p.o., in 
3 divided doses 
 
Comparator product: 
Deferoxamine 
• 50 mg/kg/day, s.c., 5-6 
times/week 

359 patients treated 
with deferoxamine 
only.  
157 patients switched 
to deferiprone at one 
point during the 
study period 

Patients with thalassemia major 
• Born between 1970 and 1993 
• As of Jan 1995, were alive, had not 
had a cardiac event, received chelation 
therapy throughout study period and 
on follow-up, had not undergone bone 
marrow transplant 

9 years 

LA17-9701:  The safety and 
effectiveness of deferiprone in 
a largescale, 3-year study in 
Italian patients.  

To evaluate the longterm safety 
and efficacy of deferiprone 

Open label, 
uncontrolled, 
active drug 
surveillance 

Test product: 
Deferiprone 
• 75 mg/kg/day, p.o., in 
3 divided doses 

532 dosed. 
Treatment with 
deferiprone: 
• < 1 year, 13 patients 
• 1 to 2 years, 63 
patients 
• 2 to 3 years, 167 
patients 
• At least 3 years, 
168 patients 

Thalassemia major or intermediate 
• Serum ferritin > 2000μg/L, or liver 
LIC > 4 mg/g liver dry weight 

Mean 2.27 
years 

LA10-9902:  Population 
monitoring cytogenetics study. 
An open label, single crossover 
design study to determine the 
clastogenic potential of 

To determine if there is 
significant change in the 
frequency of chromosomal 
aberrations in circulating 
lymphocytes in subjects 

Single center, 
open label, 
single 
treatment, 
active 

Test product: 
Deferiprone (1st 

transfusion cycle) 
• 25 mg/kg, p.o., t.i.d., a 
period of at least 20 

20 dosed; 
20 completed 

Patients with thalassemia major, 
who are regularly transfused with 
blood filtered by a blood bank, for 
white blood cells, 
• Receiving ongoing chelation therapy 

A period of 
at least 20 
days 
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deferiprone (L1) and compare 
that to the clastogenic potential 
of Desferal® (deferoxamine) in 
iron-overloaded, transfusion 
dependent individuals with 
thalassemia 

receiving deferoxamine therapy 
following a switch to 
deferiprone; and to compare that 
frequency in subjects that 
switched from deferiprone to 
deferoxamine.  
To determine the frequency of 
Chromosomal aberrations in 
Circulating lymphocytes in 
subjects following long term 
therapy with deferiprone 
compared to long term 
deferoxamine therapy. 

controlled, 
crossover 
design with no 
intervening 
drug-free 
period 

days 
Deferoxamine (evening 
of the 2nd  transfusion 
cycle) 
• 20-60 mg/kg/day, s.c., 
4-7 days/week, until day 
20 of the transfusion 
cycle  
 
Comparator product: 
Deferoxamine (1st 

transfusion cycle) 
• 20-60 mg/kg/day, s.c., 
4-7 days/week, a period 
of at least 20 days 
Deferiprone (evening of 
the 2nd  transfusion cycle) 
• 25 mg/kg, p.o., t.i.d., 
until day 20 of the 
transfusion cycle 

with deferoxamine or deferiprone for 
the past three months 

LA-02:  Trial of deferiprone in 
thalassemia 

Primary objective: To determine 
incidence of agranulocytosis and 
other serious adverse events 
Secondary objective: To 
determine the efficacy of 
deferiprone in treatment of 
ironoverload, as assessed 
by serum ferritin concentration 

Prospective, 
multicentered, 
Open-label, single 
treatment, 
uncontrolled 
clinical study 

Test product: 
Deferiprone, 500 mg 
film-coated tablets 
• 25 mg/kg, p.o., t.i.d. 

187 dosed; 
162 completed 

Patients 10 years or older with 
transfusion dependent β-thalassemia 
• Serum ferritin level above 2000 μg/L 
or a liver iron above 4.0 mg iron/g dry 
weight liver 
• Unable or unwilling to take 
deferoxamine 

12 months 

LA28-CMP@:  The 
compassionate use/named 
patient program of Ferriprox 
oral solution in iron-overloaded 
pediatric patients with 
transfusion-dependent anemias 
[Egypt, Malaysia, Singapore] 

Primary objective:  To provide 
treatment with Ferriprox oral 
solution to iron-overloaded 
pediatric patients with 
transfusion-dependent anemias 
for whom deferoxamine is 
contraindicated or inadequate 

Multi-center, open 
label, single 
treatment, 
uncontrolled, 
compassionate 
use/named patient 
basis program 

 83 dosed; 62 
completed (72 
patients previously 
enrolled in LA30-
0307) 

  

LA30-0307@:  24-week, open 
label, uncontrolled study of the 
safety and efficacy of Ferriprox 
oral solution in iron-overloaded 
pediatric patients with 
transfusion-dependent anemias  
[Egypt, Indonesia, Malaysia]  

Primary objective:  To assess the 
safety of Ferriprox oral solution 
for the treatment of iron 
overload in pediatric patients 
with transfusion-dependent 
anemias 

Open label, 
uncontrolled 

 100 dosed; 95 
completed 

  

 #number completed updated in 4/13/11 submission;          @two studies in pediatric patients; not previously reported 
 
  Table based on information in sponsor’s table in section 5.2 in 1/29/2009 submission and sponsor’s Table 5.1-1 in 4/13/2011 submission 




