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1. EXECUTIVE SUMMARY

ApoPharma submitted NDA application for deferiprone oral solution for the treatment of patients 
with transfusional iron overload due to thalassemia syndromes when current chelation therapy is 
inadequate. The application cross-references Apoharma's Ferriprox® (deferiprone) 500 mg 
film-coated tablets (NDA 021825), approved on October 14, 2011. The drug product in the 
current NDA is submitted for the same indication, dose, and route of administration, and has the 
same active ingredient (deferiprone) as that of the approved Ferriprox® tablets. The difference 
between the two drug products exists in the formulation: 100 mg/mL oral solution versus the 
marketed 500 mg tablet.

ApoPharma conducted a clinical pharmacology study in healthy subjects in order to determine 
whether the proposed oral solution formulation is bioequivalent to the marketed tablet 
formulation. The BE study results showed that ApoPharma’s deferiprone oral solution and 
Ferriprox® tablet are bioequivalent.

1.1 RECOMMENDATIONS
This application is acceptable from a clinical pharmacology perspective. The Office of Clinical 
Pharmacology recommends approval of this NDA.

1.2 POST-MARKETING REQUIREMENT AND POST-MARKETING 
COMMITMENT 

There are no additional clinical pharmacology requested PMRs or PMCs.
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The 90% confidence intervals of the test-to-reference ratios of the geometric means for Cmax, 
AUC0-t and AUC0-∞ were within the acceptable BE limits of 80% to 125%. The sponsor’s 
calculation was confirmed by the reviewer (Table 1, Figure 1).  Therefore, the ApoPharma’s to-
be-marketed deferiprone oral solution and Ferriprox® tablets are bioequivalent.  

Figure 1: Graphical Representation of DF Concentrations: Arithmetic Mean (Linear Scale)

Safety

From a safety perspective, this study did not appear to demonstrate any substantial differences 
between the formulations with regard to related adverse events (AEs) or serious AEs (Table 3).
Following a 1500 mg dose, ten subjects (24%) had 26 AEs after administration of deferiprone 
solution and 6 subjects (14%) had 15 AEs after receiving deferiprone tablets. It should be noted 
that 9 of the 26 AEs following deferiprone oral solution belonged to Subject 42.  Fatigue, 
headache, cold, somnolence and nausea were the commonly reported AEs for both formulations.
However, fatigue was more common for solution formulation and headache was more frequent 
for the tablet formulation.  According to the Ferriprox® tablet Package Insert1, headache, 
abdominal pain, vomiting, and nausea are common AEs, and chills and somnolence were 
reported as post-marketing AEs.  However, fatigue is not reported as an AE in the approved 
Package Insert.  The AEs reported for subjects administered with the deferiprone oral solution
solution were mild (85%) to moderate (15%), while AEs in subjects who received Ferriprox®

tablets were all mild in Study LA21-BE. The incidence of drug-related AEs in the study was
similar for the two formulations (77% vs. 80%).   Subject 42 was withdrawn from the study due 
to vomiting at 4 minutes after receiving the solution formulation in Period 2. The subject later 
vomited at 17 minutes post-dose, and experienced chills, abdominal pain, hypoesthesia, dyspnea,
and fatigue after 20 min to 1 hour post-dose.  Blood in urine was detected after ~11 hours, and

1 Ferriprox® tablet label dated 4/20/2012.  Drugs@FDA

Reference ID: 3805792





7

decided to develop a commercial liquid formulation of deferiprone based on the one used in the 
LA20-BA study.  Therefore, the study LA20-BA is not the pivotal study for the current NDA. 

3 INTRINSIC FACTORS

3.1 What intrinsic factors (age, gender, race, weight, height, disease, genetic polymorphism, 
pregnancy, and organ dysfunction) influence exposure (PK usually) and/or response?

The PK of deferiprone has not been studied in geriatric or pediatric populations, and the 
influences of race, gender, or obesity have not been established. The effects of renal and hepatic 
impairment on the PK and safety of deferiprone were reviewed previously following submission 
under NDA 021825 (DARRTS Reference ID 3694553). Renal impairment and mild to moderate 
hepatic impairment do not affect PK of deferiprone and its metabolite. The effect of severe 
hepatic impairment has not been studied.    The renal and hepatic impairment sections of the 
Labeling were updated to reflect the renal and hepatic impairment study findings.

4 EXTRINSIC FACTORS

4.1 Is there an in vitro basis to suspect in-vivo drug-drug interactions?
Yes. Deferiprone is primarily eliminated via metabolism to the 3-O-glucuronide.  
Phenylbutazone, a UDP glucuronosyltransferase (UGT) 1A6 inhibitor, reduced the in vitro  
glucuronidation of deferiprone by 78% (N021825 DARRTS Reference ID 3109780). Since, 
there is no clinical data to support a dose reduction or enhanced safety monitoring, concomitant 
use of UGT1A6 inhibitors should be avoided with deferiprone.

5 GENERAL ATTRIBUTES

5.1 GENERAL BIOPHARMACEUTICS
The proposed formulation is an oral solution containing deferiprone at strength of 100 mg/mL, 
compared to the Ferriprox 500 mg tablet reference product.   

Name: Deferiprone Oral Solution; Active ingredient: deferiprone
Formulation: Solution, Strength: 100 mg/mL
Manufacturer:  Batch No.:  Expiry Date:
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The method also quantitates L1-glucuronide, metabolite of deferiprone.  However, L1 
glucuronide is not measured in Study LA21-BE.  

5.2.3 What are the lower and upper limits of quantification (LLOQ/ ULOQ)?
The lower limits of quantification (LLOQ) and the upper limits of quantification (ULOQ) for
deferiprone were 2 μg/mL and 50 μg/mL, respectively.

5.2.4 What are the accuracy, precision and selectivity at these limits?
The accuracy, precision, and selectivity parameters for the determination of deferiprone are 
summarized in the table below (Table 5).

Table 5.   Method Validation Summary for Quantitation of Deferiprone in Human Serum

Analyte
Matrix (Anticoagulant) 
Internal Standard
SOP Number 
Assay Method 
Detector
Assay Volume Required 
Standard Curve Range
Regression Type 
Quantitation Method

APO-066
Human Serum
APO-066 analogue
LMS-S-8152-01
High performance liquid chromatographic mass spectrometric method
AB/MDS Sciex API 4000
0.075 mL
0.200 – 50.0 μg/mL 
Linear (1/concentration) 
Peak Area Ratio

Quality Control Samples
Inter-batch                                      LLOQ 

Low 
Medium 

High
Intra-batch                                  LLOQ 

Low 
Medium 

High

Precision (%)                                    Accuracy (%)
10.3                                                    1.0
3.0                                                     7.2
3.3                                                     0.7
3.8                                                     1.0

6.9-12.2                                         -0.5-3.5
2.0-3.50                                    5.8- 9.0
2.3-4.1                                       -1.3 -2.0
2.8 - 4.7                                      -1.5 -2.3

Recovery
Analyte                                              Low 

Medium 
High

Internal Standard

Recovery (%)
103.2
107.4
111.7
105.3

Dilution Integrity up to 100 μg/mL
Long-term Stability
Short-term Stability
Freeze and Thaw Stability 
Post-preparative Stability 
Stock Solution Stability

Internal Standard Stock Stability
Processed Sample Integrity

91 days at -80°C
19.6 hours at ambient temperature under UV shielded light conditions
4 cycles at -80°C
166.3 hours at ambient temperature
90 days at 5.00 μg/mL in 10% acetonitrile/water at -80°C
501 days at 2.50 mg/mL in 10% acetonitrile/water at -80°C
140 days at 1.00 mg/mL in 10% acetonitrile/water at -80°C
85.5 hours at ambient temperature

5.2.5 What is the sample stability under the conditions used in the study? (long-term,
freeze-thaw, sample-handling, sample transport, autosampler)
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Long-term stability of deferiprone in human serum was validated by assaying previously 
prepared stability samples at high and low QC concentrations after storage at approximately -80 
°C for a period of 91 days against a freshly prepared calibration curve. Stability of the QCs was
within 15 % of the nominal concentrations. The serum samples in Study LA21-BE were stored 
for 74 days (first sample collection to last day of analysis: ) 
which is within the validated long-term storage stability (91 days).  One predose sample (Subject 
24, Period 2) was reanalyzed on (Run 36), which is 118 days after sample 
collection and exceeds validated long-term stability (original analysis was BLQ in Run 22, but 
was rejected).  Nonetheless, this is not likely a significant issue as this encompasses just one 
study sample. 

Also, the sponsor reports that the period 2 samples for all subjects (pre-dose up to 4h) were
stored at –63°C for one hour in Study LA21-BE.  However, this is not likely to impact sample 
integrity as short-term stability was validated for 19.6 hours at room temperature.

Stability for the analyte is indicated over 4 freeze-thaw cycles. Plasma samples spiked with 
deferiprone at high and low QC concentrations were stored frozen at approximately -80ºC were 
thawed unassisted at room temperature, and this was repeated for 3 additional cycles. After four
freeze-thaw cycles, the samples were assayed against a set of freshly prepared calibration 
standards. The results met the required acceptance criteria. During the study LA21-BE, samples 
were reanalyzed only a maximum of 2 times.

Short-term stability for the deferiprone in human serum was validated for 19.6 hours (under UV 
protected conditions) at high and low QC concentrations against freshly prepared calibration 
curve. The results met the required acceptance criteria. 

Extract sample stability was validated over a period of 166 hours against a freshly extracted 
calibration curve under UV protected conditions. On-instrument/post-preparative stability of the 
analyte is validated for 85.5 hours.

5.2.6 What is the QC sample plan?
Quality control (QC) samples were prepared by spiking known quantities of deferiprone stock 
solutions to blank serum (according to SOP LMS-S-8152-02). QCs were prepared at 0.600 
μg/mL (QC A), 15.0 μg/mL (QC B) and 40.0 μg/mL (QC C) and stored at -80°C in Study LA21-
BE.  Following, the first 3 analytical runs, 5.00 μg/mL QC (QC D) was added to the rest of the 
analytical runs.

QC acceptance criteria: at least 67% (2/3) of all the QC samples must be within ±15% of their 
respective nominal values. At least 50% (1/2) of the replicates at each concentration level must 
be within ±15% of their respective nominal value. The overall inter-run accuracy and precision 
during the study LA21-BE was 96.8-102.5% and 4.6-10%, respectively.

A total of 34 analytical runs were analyzed in the study.  About 12% of the runs (4 of 34) did not 
meet QC acceptance criteria. The samples from the rejected runs were reanalyzed later in 
different analytical runs. 
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