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1. Introduction

Triferic (ferric pyrophosphate citrate) is an iron replacement product developed by the sponsor 
for administration in hemodialysis fluid via transfer across the dialysis membrane to the blood 
to replenish iron loss in patients with chronic kidney disease who are hemodialysis-dependent.

In this initial NDA submission the sponsor is seeking approval of Triferic:
 For the treatment of iron loss or iron deficiency to maintain hemoglobin in adult 

patients with hemodialysis-dependent stage 5 chronic kidney disease (CKD 5HD), and 
 To reduce the ESA and  requirements in CKD 5HD patients.

The proposed dose is one ampule of Triferic (27.2 mg of iron) added to 2.5 gallons of 
bicarbonate concentrate to prepare hemodialysate with final concentration of Triferic iron (III) 
in the final hemodialysate of 2 micromoles/L.  Triferic is administered at each hemodialysis 
session.
  

2. Background

Patients with hemodialysis-dependent chronic kidney disease (HDD-CKD) have an ongoing 
need for replenishment of body iron due to loss of iron during dialysis and may develop 
anemia due to low body iron stores and impaired utilization of iron.  In patients with HDD-
CKD, oral iron is poorly absorbed.  Consequently, in these patients iron deficit is typically 
treated with parenteral iron administration.  In clinical practice, parenteral iron is used in 
conjunction with erythropoiesis agents (ESAs) to manage anemia in patients with HDD-CKD. 

Parenteral iron products currently on the U.S. market include INFeD and Dexferrum (iron 
dextran), Ferrlecit (sodium ferric gluconate complex), Venofer (iron sucrose), Injectafer (ferric 
carboxymaltose) and Feraheme (ferumoxytol).  All except Injectafer are approved for 
treatment of iron deficiency anemia in patients with HDD-CKD.  A chief safety concern for all 
the injectable iron products is hypersensitivity/anaphylaxis reactions.

Triferic is not marketed anywhere in the world.

To support the proposed indication the sponsor has submitted 2 pivotal randomized, single-
blind, placebo-controlled, parallel group studies of essentially identical design (SFP-4 and 
SFP-5), each of which also had an open-label extension following the randomized treatment 
period.  The application also includes supporting Phase 2 and short-term safety studies and 
other studies.  The sponsor proposes an additional indication statement for Triferic “to reduce 
the ESA and  requirements in CKD 5HD patients” based on results of a Phase 2, 
randomized, placebo-controlled study (Study NIH-FP-01) provided in the application.
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The detailed review and evaluation of clinical efficacy, safety and benefit/risk of this 
application has been performed by Dr. M. Lu (Clinical Review finalized 12/19/2104) and 
Statistical Review and Evaluation was conducted by L. Luo (12/24/2014).  
  

3. CMC/Device

In this NDA the sponsor is seeking approval of Triferic (ferric pyrophosphate citrate) solution.  
The primary Chemistry, Manufacturing and Controls (CMC) Review of the application was 
conducted by Office of New Drug Quality Assessment I (ONDQA I) (CMC Reviews by W.M.
Adams, digitally signed 12/17/2014 and 1/20/2015).

The proposed formulation is a solution concentrate for hemodialysis, having a 
strength/potency of 27.2 mg Fe (III)/5 mL (5.44 mg Fe(III)/mL.  The non-proprietary name 
(USAN) is Ferric Pyrophosphate Citrate

The review showed the following as the primary and secondary structure of Triferic:
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Categorical Exclusion for environmental assessment was provided based on Expected 
Introduction Concentration (EIC) calculation.

The CMC review does not identify any issues that would preclude approval of Triferic. The 
review did not make any recommendations on phase 4 postmarketing commitments, 
agreements or risk management steps.  The review conclusion states:

4. Nonclinical Pharmacology/Toxicology

The primary non-clinical pharmacology toxicology review was conducted by C-J. G. Chang 
(12/22/2014).  Major findings as expressed in that review are as follows:
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The review did not identify any safety issues regarding impurities or degradants for the drug.  
In particular, regarding possible presence of  in the product the review 
states, “Based on the justification provided by the Applicant, the pharmacology/toxicology 
team has a low level of concern for the proposed maximum levels of  that may be
formed from administration of Triferic with a specification of % in the ampoule solution.”

The review concluded, “There are no pharmacology/toxicology issues that would preclude the 
approval of Triferic for the proposed indication.”  The secondary pharmacology/toxicology 
Memorandum by T. Palmby (12/22/2014) and the supervisory pharmacology/toxicology 
Memorandum by J.K. Leighton (12/23/2014) concurred with the conclusion of the primary 
review that the application could be approved and no additional nonclinical studies are needed 
for the indication.

5. Clinical Pharmacology/Biopharmaceutics 

The Clinical Pharmacology review for this application was completed by O. Okusanya 
(12/11/2014). Overall, the NDA was found to be acceptable from a clinical pharmacology 
perspective.

The Clinical Pharmacology Review states:

  

The review comments that no ADME studies were conducted since iron is highly conserved in 
the body and is not metabolized.  Also, no studies of studies of effect of renal impairment or 
hepatic impairment were done, since the target patient population is the hemodialysis 
population and patients with hepatic impairment were not likely to undergo chronic 
hemodialysis.

Important findings of the review were summarized as follows:
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The Statistical Review (L. Luo, 12/24/2014) confirmed the positive efficacy findings stating, 
“In Study SFP-4-RC, the mean Hgb decreased 0.03 g/dL in the SFP group as compared to 0.38 
g/dL in the placebo group in the intent-to-treat (ITT) population. In Study SFP-5-RC, the mean 
Hgb decreased 0.09 g/dL in the SFP group as compared to 0.44 g/dL in the placebo group in 
the ITT population. The primary efficacy analysis used an analysis of covariance (ANCOVA) 
model with baseline Hgb as the covariate. The treatment difference in Hgb calculated as least 
square (LS) mean difference was 0.35 g/dL between the SFP and the placebo groups in both 
studies and was statistically significant with a p value of 0.01. The results of sensitivity 
analyses and key secondary endpoints (mean change from baseline in ferritin, reticulocyte Hgb 
content (CHr), and transferrin saturation (TSAT)) appear to be supportive of the results from 
the primary efficacy analysis in both studies.”

Although both studies demonstrated efficacy based on the primary efficacy analysis, both the 
clinical and statistical reviews commented on the fact that while a treatment duration of 48 
weeks was planned for patients in the study, less than 20% of patients actually stayed on study 
treatment for the entire 48 weeks.  The Clinical Review (M. Lu, 12/19/2014) comments:
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The Statistical Review makes the following comments regarding withdrawal from study 
treatment for the two studies:

For Study SFP-4 the Statistical Review comments:
 “For SFP-4-RC, only a total of 54 (17.7%) of the 305 subjects completed 48 weeks of 

treatment; a total of 135 (44.3%) completed half (24 weeks) of the 48 weeks. At the 
pre-NDA meeting on September 9th, 2013, this issue raised concerns for intended 
long-term use of SFP in patients undergoing hemodialysis.

 151 out of 305 subjects from SFP-4-RC discontinued the study before the planned 48 
weeks due to protocol mandated change. By protocol, these subjects have completed 
the study despite the fact that they did not reach week 48. These large number of 
subjects who dropout early but “completed” the study may create bias in estimated 
results”

The following table from the Statistical Review summarizes the reasons for treatment 
discontinuation due to protocol-mandated anemia management changes in Study SFP-4. 
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For Study SFP-5 the Statistical Review comments:

 “For SFP-5-RC, a total of 47 (16.0%) of the 294 subjects completed 48 weeks of 
treatment; a total of 125 (42.5%) completed half (24 weeks). At the pre-NDA meeting 
on September 9th, 2013, this issue raised concerns for intended longterm use of SFP in 
patients undergoing hemodialysis.

 158 out of 294 subjects from SFP-5-RC discontinued the study before the planned 48 
weeks due to protocol mandated change. By protocol, these subjects have completed 
the study despite the fact that they did not reach week 48. These large number of 
subjects who dropout early but “completed” the study may create bias in estimated 
results”

The following table from the Statistical Review summarizes the reasons for treatment 
discontinuation due to protocol-mandated anemia management changes for Study SFP-5. 

Regarding the proposed claim for use of Triferic to reduce the use of ESA Dr. Lu’s Clinical 
Review (12/19/2014) summarizes the review findings as follows:
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Regarding the results of the NIH-FP-01 Study, the Statistical Review (12/24/2014) states the 
following, “The results showed that the subjects receiving SFP had a mean increase of 5% in 
prescribed ESA dose at the EoT as compared to a mean increase of 37.3% in the placebo group 
(nominal p=0.052).  However, the subjects receiving SFP had a mean 11.1% increase in actual 
ESA dose as compared to a mean 40.7% increase in the placebo group (nominal p=0.111). 
Both results had nominal P values of greater than 0.05. Based on the study results, this 
statistical review cannot confirm that Triferic reduces the prescribed dose of ESA required to 
maintain desired Hgb levels because the study was exploratory in nature, no formal sample 
size or power calculations planned and difficulties in the interpretation of the efficacy of 
Triferic over the placebo at the EoT due to the cross-over of the prescribed ESA dose levels 
between treatment groups.”

The overall recommendation from the Statistical Review (L. Luo, 12/24/2014) for the 
sponsor’s requested indication concludes:
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8. Safety

The Clinical Review of the NDA was conducted by M. Lu, M.D. (review completed 
12/19/2014).  Please see Dr. Lu’s review for detailed review, analysis and discussion of the 
safety results for the application.  

In the Clinical Review Dr. Lu summarizes the safety findings of the application as follows:
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9. Advisory Committee Meeting 

A meeting of the Oncologic Drugs Advisory Committee (ODAC) to discuss the Triferic 
application was held on November 6, 2014.  The majority of the Committee members 
expressed confidence that the pivotal trials (SFP-4 and SFP-5) supported that ferric 
pyrophosphate was effective in delivering iron to the patients who received in Triferic in the 
trials.  The Committee voted 8 Yes to 3 No that the studies supported a positive benefit/risk for 
use of ferric pyrophosphate to treat iron loss.  In discussion regarding use of Triferic to reduce 
ESA use in patients with HDD-CKD, the Committee members generally agreed that additional 
studies would be needed to establish efficacy.  See the Quick Minutes of the November 6, 
2014 Meeting of the ODAC and transcripts of the meeting for detailed information regarding 
the meeting.  (See
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/On
cologicDrugsAdvisoryCommittee/UCM430829.pdf ). 

10. Pediatrics

No pediatric patients were treated in the studies submitted in the Triferic NDA application.  
The sponsor has developed under IND 51290 a pediatric development plan for Triferic and as 
indicated in the Advice/Information Request letter to the sponsor dated 11/25/2014 the Agency  
has provided an agreed-upon initial Pediatric Study Plan (iPSP). The studies proposed are 
summarized in the following table from the iPSP.
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13. Recommendations/Risk Benefit Assessment

The sponsor seeks approval of Triferic (ferric pyrophosphate citrate) for treatment of iron loss 
or iron deficiency to maintain hemoglobin and to reduce the prescribed dose of erythropoiesis 
stimulating agent (ESA) required to maintain desired hemoglobin levels.  

The sponsor has provided two adequate and well-controlled studies (SFP-4 and SFP-5) that 
demonstrate the efficacy and safety of Triferic for the replacement of iron to maintain 
hemoglobin in adult patients with hemodialysis-dependent chronic kidney disease (HDD-
CKD).   Regarding the benefit/risk for this indication the Clinical Review (M. Lu, 12/19/2014) 
concludes:

The Division of Cardiovascular and Renal Products (DCRP) Consult Review (K. Smith, 
10/17/2014) commented:

For the sponsor’s desired claim for use of Triferic to reduce the prescribed dose of 
erythropoiesis stimulating agent (ESA) required to maintain desired hemoglobin levels, both 
the Clinical Review (M. Lu, 12/19/2014) and the Statistical Review (L. Luo, 12/242014) found 
that the information provided by the Phase 2 study NIH-FP-01 was inadequate to demonstrate 
efficacy of Triferic for this use.  The Clinical Review recommended that large Phase 3 trials 
should be conducted to further evaluate the efficacy of Triferic for this indication.

No CMC, Non-Clinical Pharmacology/Toxicology, Clinical Pharmacology or Office of 
Scientific Investigation issues were identified that would prevent approval of the application. 

During labeling discussions input for the Triferic labeling was obtained from all review 
disciplines as well as from the Division of Cardiovascular and Renal Products.

There was no recommendation to require postmarketing Risk Evaluation and Mitigation 
Strategies (REMS) for Triferic.
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Conclusion/Recommendation:
The sponsor has provided adequate demonstration of efficacy and an acceptable benefit/risk 
profile for use of Triferic® (ferric pyrophosphate citrate) 5.44 mg Fe/mL concentrate solution 
for the replacement of iron to maintain hemoglobin in adult patients with hemodialysis-
dependent chronic kidney disease (HDD-CKD).  The NDA should be approved for this
indication, with the labeling as revised and agreed upon with the sponsor.

Pediatric studies as described in the sponsor’s agreed-upon iPSP should be conducted.  For 
PREA these studies should be deferred because the adult indication is ready for approval.  
There are no additional recommendations for postmarketing requirements and no requirement 
for REMS is being made.  

For a labeling claim to reduce the prescribed dose of erythropoiesis stimulating agent (ESA)
required to maintain desired hemoglobin levels, additional adequately designed phase 3 studies 
are needed.    
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