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~SUMMARY

1. Recommendations:

1). Venofer should be apﬁroved for “treatment of iron deﬂciéncy anemia in patients |

undergoing chronic hemodialysis who are receiving supplemental erythropoietin
therapy” with labeling recommendations as provided in attiiched Appendix 5.

A Phase IV study should be conducted to obtain more information on -anaphylactic/
anaphylactoid reactions for Venofer treatment in hemodialysis patients. The sponsor
should provide information about the use of Venofer in the pediatric population.

P

The major clinical deficiencies are: ’ -

- 7(1w)No adequate and well-controlled study is provided to support the desired claim.

- (2) Study 50 (Gasche) was a pilot study to evaluate the efficacy of erythropoietin
treatment in addition to Venofer therapy in patients with Crohn’s disease associated
anemia but not to evaluate the efficacy of Venofer treatment. This study did not
provide evidence of stable baseline hemoglobin and stable Crohn’s disease condition
to support the baseline and end of treatment comparison.

" (3) Study 52 (Bulvik) was a nonrandomized study and no study protocol was available.
The study did not demonstrate superiority of Venofer over Ferrlecit (not approved
indication) in treatment of iron deficiency anemia in these patients and was not

specifically designed as an equivalence or non-inferiority trial. The Venofer group |

had significantly higher hemoglobin and hematocrit than the Ferrlecit group at
_ baseline that may bias the result in favor of Venofer. The study did not provide stable

baseline hemoglobin to support baseline .and end of treatment comparison. Many |

patients (36.3%) did not complete the study:

To obtain the desired indication, the sponsor should conduct an adequate and well-
controlled sn_xdy providing a strong resuit to demonstrate efficacy of Venofer in patients

No,aﬂ_equate and weli-controlled study is provided to support the requested claim. To
obtain the desired claim, the sponsor should conduct an adequate and well-controlled
study providing a strong result to demon_stx_‘a_te efﬁcgcy of Venofer in patients ~—

A

i
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| after Venofer treatment compared to the historical control population at end of treatment

The major deficiencies are:

(1) Studies LU98002 (23 patients with anaphylactoid reactions) and LU98001 (10
patients with anaphylactoid reactions) did not provide detatted clinical information on
symptoms, time of event, intervention and outcome of anaphylactoid reactions to iron

— dextran at baseline in study patients to validate these reactions. ’

(2) About 48% of patients enrolled in the study LU98002 did not satisfy the inclusion
criteria according to the definition of anaphylactoid reaction to iron dextran defined
in the study protocol, S

(3) Monitoring for anaphylactoid reaction within the first hour of drug administration
was not described in LUS8001 protocol.

~ (4) Some patients in LU98002 and LU9800!1 who had intolerance or anaphylactoid
reaction to iron dextran also had intolerasice or anaphylactoid reaction to Venofer.

To-obtain the desired claim, the sponsor should conduct an adequate and well-controlled
study (including adequate size, validation of prior reaction to iron dextran, clearly
defined study endpoint) _~. - —_— -

et

2. Summary of Clinical Findings: \ 1

_The sponsor has submitted an NDA. to support Venofer injection as an intravenous iron
preparation for the following four indications: -

1) Dialysis-associated iron deficiency anemia.

3 ~ | -]

Three pivotal trials (LU98001, LU98002 and VIFOR/001) and 4 supportive studies (Al-
Momen, Yavuz, Hussain and Schaefer) were submitted to support the indication Jor iron
deficiency anemia in hemodialysis patients: . —

LU98001 was_a multicenter, open-label, historically-controlled study in 101 hemodialysis
patients (77 patients in the Venofer group and 24 patients with matched ferritin ievel in the
historical control group). LU98001 demonstrated a significant increase in hemoglobin level

(p=0.0085), 2 week follow-up (p=0.0001) and 5 week follow-up (p=0.041). LU98002 (23
patients) and VIFO/001(132 patients) were multicenter, baseline-controlled studies which

also showed a significant increase in hemoglobin level after Venofer treatment (p=0.0003
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treatment effect of Venofer was 1 g/dl increase in hemogiobin after 1 g iron given as Venofer
injection in 10 dialysis .sessions over 4 weeks from two pivotal trials (LU98001 and
LU98002). The study results in the pivotal trials were supported by three supportive studies
where a statistically significantly higher hemoglobin level was observed in patients who
received I'V iron sucrose than those who did not receive iron sucrose [Al-Momen (p<0.001),
Yavuz (p<0.05) and Hussain (p<0.61)]. One supportive study~(Schaefer) did not show a
significant increase in hemoglobin after Venofer treatment (p>0.05) or after treatment with
active comparator (Ferrlecit). This reviewer recommends that Venofer injection be approved
for treatment of iron deficiency anemia in patients undergoing chronic hemodialysis who are
receiving supplemental erythropoietin therapy. —

: .___Stud;r 50°(Gasche) was a pilot study to evaluate the-eﬁicacy of erythropoietin treatment in

addition to Venofer therapy in 40 patients with Crohn’s disease associated anemia but not to
evaluatethe efficacy of Venofer treatment. The mean-increase in hemoglobin from baseline

| in patients who received only Venofer treatment (200 mg 18 doses) was 3.3 g/dl. However,

this study did not provide evidence of stable baseline hemoglobin and stable Crohn’s disease
condition to support baseline and end of treatment comparison. Study 52 (Bulvik) was a
nonrandomized, open-label, parallel group study of Venofer versus Ferrlecit in 123 patients
-with iron deficiency anemia who had malabsorption and intolerance to oral iron. No study
protocol was available. Study 52 did not demonstrate superiority of Venofer over Ferrlecit

e —— — in treatment of iron-deficiency anemia (p>0.05)
in these. patients and the study was not specifically designed as an equivalence or non-
inferiority trial. The Venofer group had significantly higher hemoglobin and hematocrit than
the Ferrlecit group at baseline that may bias the result in favor of Venofer. The study showed
a significant increase in mean hemoglobin from baseline in the Venofer group (p<0.001).

— | =

Study 52 (Bulvik) was-a nonrandomized, open-label, parallel group study of Veénofer versus
Ferrlecit in 123 patients with iron deficiency anemia who had malabsorption and-intolerance
to oral iron. As mentioned above, the study was not an adequate and well-cqntro!led study.

=T

and p<0.0001, respecti{';ely) and were consistent with ’t-he study result in LU98001. Tﬁe .

Again, the study did not provide stable baseline hemoglobin to support baseline and end of |
~{ treatment comparison{
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Study LU98002 enrolled 23 hemodialysis—patients and Study LU98001 enrolled 10
hemodialysis patients with anaphylactoid reactions to iron dextran. Neither study provided
detailed clinical information on symptoms, time of event. intervention and outcome of
anaphylactoid reactions to iron dextran at baseline for study patierits to validate these
reactions. In Study LU98002, only 12 patients (52%) of 23 enrolled patients satisfied the
inclusion criteria according to the definition of anaphylactoid reaction to iron dextran defined
in the study protocol. In addition, two patients enrolled in the study experienced

anaphylactoid reaction to Venofer treatment. This_suggests that patients_who have |

intolerance or anaphylactoid reaction to iron dextran may also have intolerance or

anaphylactoid reaction to Venofer. In Study LU98001, monitoring for anaphylactoid reaction |

within the first hour of drug administration was not described in the study protocol. Cne
(10%) of ten patients who had a history of anaphylactoid reaction to iron dextran according

o the sponsor also reported anaphylactoid reaction to Venofer treatment.

}

Venofer has been used as an iron sucrose intravenous preparation for 50 years in Switzerland
and has been marketed in 35 countries world-wide. A total of 4099 patients (2416 end-stage
renal disease patients and 1683 other patients) have been exposed to at least one dose of iron
sucrose in 74 study reports/publications. Venofer was clearly identified as study drug in 32
reports/publications. Overall, about 30% of these patients were exposed to 100 mg dosage,
30% to 200 mg dosage, and 5% to 500 mg-or greater dosage. In three pivotal trials in
hemodialysis patients, 231 (99.6%) patients received at least one dose of Venofer. All
patients received Venofer 100 mg in each dialysis session during the treatment. Among 231
patients, 70 (91%) patients in LU98001 and 20 (87%) patients in LU98002 received a total
of 10 Venofer treatment doses (1 g of elemental iron), and 111 (85%) patients in VIFOR/001
received the total Venofer treatment dose as scheduled according to baseline hemoglobin and
weight, i

Thirteen reports/publications including 1111 end-stage renal disease patients and 18

reports/publications including 1151 other patients reported at least one adverse event in their |

study results. In three pivotal trials, 80% of 231 hemodialysis patients reported at least one
adverse event during or following the Venofer treatment period. The common adverse

events of Venofer treatment were hypotension (39%), cramps (27%), nausea (17%),




NDA 21-135 _ ' ' T
Page 10 of I83 :

| treatment should be stated clearly in the labeling.

headache (12%), vomiting (9%), chest pain (7%), dizziness (7%), diarrhea (6%), abdominal
pain (5%), and hypertension (5%). Three patients died in three pivotal trials. The causes of
these deaths were hypoglycemia reaction or myocardial infarction, coumadin necrosis, and
rejection of renal transplant. All deaths were considered not related to study drug by
investigators. A total of 42 patients (18%) experienced serious adverse events during the
study in three pivotal trials. The most common serious adverse events were pneumonia (3%),
vascular access problem (2%), GI bleeding (1%), cellulitis (I™%), pleural effusion (1%),
hypoglycemia (1%), chest pain (1%), angina pectoris (1%), sepsis (1%), graft rejection (1%),
and accidental injury (1%). A total of 9 patients (4%) discontinued Venofer treatment

permanently and 5 patients (2%) discontinued temporarily due to. adverse events in three
trials.

No life-threatening or serious anaphylactic/anaphylactoid reactions-were reported in three
pivotal trials. Five patients developed pruritus, urticaria, or rashes after Venofer treatment
and were considered as having anaphylactoid reactions. The incidence of anaphylactoid

.| reactions was 3% in patients (LU98001 and 1U98002) where the test dose was not given,
"'|and 1.5% in patients (VIFOR/001) where a negative test dose was reqiired in_study |--

enrollment. Dyspnea and hypotension were not included in the above figure because of lack
of sufficient clinical information to determine if those symptoms were due to underlying
disease or anaphylactoid reaction. Overall, no patient discontinued treatment due 1o these
reactions. Anaphylactoid reactions have been reported in 2.9% of 455 hemodialysis patients
in 8 published studies [urticaria/skin discomfort (1.8%), wheezing (0.4%), hypotension
(0.7%)]. ~
There were much lower incidences of anaphylactic/anaphylactoid reactions reported by post-
marketing pharmacovigilance data-from 11 countries between 1992-1997 (0.017%) and in
the post-marketing safety report from Vifor (Venofer manufacturer) between October 1997
and August 1999 (0.0055%) using a spontaneous reporting system. A total of 27 cases of
anaphylactic/anaphylactoid reactions were reported by Vifor during that period. Eight of
these (0.0016%; 6 reported between-March 1999 and August 1999) were serious
anaphylactic/anaphylactoid reactions (anaphylactic shock, loss of consciousness, collapse,
dyspnea, hypotension, or convulsion) which were considered related to Venofer treatment.
There were two fatal cases (cardiac arrest) which occurred in September 1999 following
Venofer infusion reported frofii India; one of these patients had chronic renal failure and
anemia. No detailed information is provided for these cases. Two deaths and 3 serious cases
of necrotizing enterocolitis in pre-terniinfants in a French study were reported in April 2000.
No detailed information about these cases is available at the time of this review.

appropriate size to obtain further.information regarding anaphylactic/anaphylactoid reactions
should be conducted. A recommendation for serum ferritin level monitoring during the

The sponsor should provide information on the use of Venofer in the pediatric pop;ﬂatioif“

This  reviewer recommends that a wamning Ratqrp_ent for life-threatening
anaphylactic/anaphylactoid reaction be included in the labeling. A Phase IV study with’

10
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1. Baékground and Rationale

1.1 Background _

The primary cause of anemia in patients with chronic renal failure is insufficient
production of erythropoietin (EPO) by the diseased kidney. Additional factors that may
cause or contribute to the anemia include iron deficiency. Iron deficiency in hemodialysis
patients may be due to several reasons including substantial lossesof blood from frequent

- blood tests, blood remaining in the dialysis tubing and dialyzer, gastrointestinal blood

losses, and increases in the rate of erythropoiesis on epoetin (ie., Epoetin alfa,
recombinant human erythropoietin [r-HuEPOQ]) therapy. When untreated, the anemia of
chronic renal failure is associated with decreased tissue oxygen delivery, increased risk of
left ventricular hypertrophy, decreased cognition and mental acuity and impaired immune
responsiveness, which reduce quality of life and patient survival.

Oral iron supplementation is often inadequate to maintain iron stores in most epoetin-
treated hemodialysis -patients due to inadequate absorption, poor compliance, and side

~ effects including gastric irritation and constipation. Intrévenous iron may improve
.. Tesponsiveness to epoetin in hemodialysis patients and may reduce the amount of epoetin

needed to achieve and maintain a target hematocrit- (Hetyhemoglobin (Hb) in
hemodialysis patients. - ) B
The National Kidney Foundation Dialysis Qutcome Quality Initiative Clinical Practice
Guideline for Treatment of Anemia of Chronic Rena! Failure (1997) recommends the
target hematocrit (hemoglobin) should be 33%(11g/dl) for EPO therapy; sufficient iron
should be administered to maintain a TSAT of = 20%, and a serum ferritin level of = 100
rg/ml. so that chronic renal failure patients can achieve and maintain a target
hematocrithemoglobin in conjunction with EPO use. The guideline indicated that most
hemodialysis patients would require intravenous iron on a regular basis to achieve and
maintain a target hematocrit’hemoglobin. -
In the United States, iron dextran and iron gluconate are currently intravenous iron
preparations used in hemodialysis patients. -

Intravenous iron may also be used in other patient population with documented iron
deficiency in whom oral administration is unsatisfactory or impossible. In United States,
iron dextran is currently used in this-setting.

1.2 Indication ' o -

The sponsor has submitted this NDA to support Venofer use for -the following 4
indications: ) . ’ -
« Dialysis-associated iron deficiency anemia
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1.3 Rationale

In the United States, the intravenous iron preparation iron dextran has been used in
hemodialysis patients and iron gluconate (Ferrlecit) has been recently approved (February
18. 1999) for the-treatment of iron deficiency anemia in chronic renal dialysis patients on

-~ Supplemental erythropoietin therapy.

The major problem associated with use of iron dextran is occurfénce of life-threatening
anaphylactic-like reaction which has a reported incidence of 0.65% (3 of 471 general
patients) and 0.7% (4 of 573 dialysis patients). Iron gluconate also has been associated
with anaphylactic-like reaction but with a relatively low incidence rate. —

Venofer (iron sucrose) consists of -polynuclear ferric hydroxide cores surrounded by
noncovalently-bound sucrose molecules. Iron sucrose differs from iron: dextran in its
molecular weight and may elicit a lower incidence of anaphylactoid reactions compared
to iron dextran. Venofer has a suitable complex stability, which allows a competitive
exchange of iron- between iron sucrose and selective iron-binding proteins such as
transferrin and ferritin. The pharmacokinetic studies suggest that the administered iron
disappears very rapidly from the serum, thus Venofer may provide a rapid correction of
iron deficienéy anemia.

1.4 Foreign marketing —

Venofer was first approved as a prescription medicine in February 1950 in Switzerland.
The sponsor provided the world-wide market authorization status reported by the
manufacturer Vifor (international), Inc (See Appendix 1). From 1950 to August 1999
Venofer has received regulatory approval for marketing authorization in 35 countries. .

Three countries (Italy, Taiwan ‘and Greece) had voluntary marketing application -
withdrawal by the company. The reasons for withdrawal were not provided ————— __

- . Venofer is currently distributed on a
"Named Patient” basis ("compassionate use™ in 16 countries including Australia,

* Austria, Belgium, Canada, Denmark, Egypt, Finiand, Greece, Hungary, Iceland, Jran,

o
e

Ireland, Norway, Pakistan, South Africa and Sweden.

2. Material Reviewed : - S

The following material in the NDA submission was reviewed:

ﬁ PPEARS THIS WAY
APONORIGINAL -~ - .-
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Summary table of matérial reviewed

| Volumes Contents Submission | Receipt
Date Date
1.1 Introductory summary 08/06/1999 | 08/06/1999
1.3 Summary: chemis” . pharmacology and toxicology,
human pharmacokinetics and bioavailability
1.4 clinical data summary and results of statistical
analysis B +
1.18 Clinical trials in chronic renal failure patients -
1.18-1.27 Study VIFOR/001
1:28-1.29 Study LU98001
1.30 Study Al-Momen and Study Yavuz
1.31-1.33 Study Hussian and Study Schaefer
1.34-1.35 Other study reports in patients with chronic renal
failure
1.36 Studies in other population
1.37 Study 50 —
1.38 -— study 52 .
1.40 Integrated summary of efficacy and safety
141—142 Reports and pablication , =
1.43 Drug abuse and overdose potential, integrared
summary of benefits and risks of venofer B
Amendment 002 | Certified transiation of the Anatkov article ‘1 10/15/1999 | 10/15/1999
Alll - “Datasets for Study LU98002 and VIFOR-001 - 10/27/2000 | 10/27/2000
1E1-11.4 Analysis of safety and efficacy by gender, race, age, 11/16/1999 | 11/16/1999
and center B
12.1-12.2 Analyss of safety and efficacy by gender, race, age, 112271999 | 1172271999
"7 | and center
13.1-13.2 Withdrawals in Study Al-Momen and Study 52 12/07/1999 | 12/07/1999
i4.1-14.11 Safety update and Study LU98001 T .

' BM Responses to questions in integrated safety summary |-01/14/2000  61/15/2000
15.1 Study 51 withdrawal for inspection 02/02/2000 | 0270372000
Al6.] Dataset for Study LU98001 __ 02/22/2000 | 02/2272000
17.1 BM Issues in studies performed by Dr. Stephen Zeig 04/15/2000 | 04/20/2000
C Datasets 05/15/2000 | 05/16/2000
17.1 BZ Datasets for LU98002 and VIFOR/001 05/31/:2'000 05/31/2000

"17.1 BS Issues in VIFOR/001 Dataset 06/13/2000 | 06/14/2000
17.1BM Historical control protocol 06/16/2000 | 06/16/2000
20.1-20.4 AM | Historical control data 06/30/2000 | 06/30/2000
C Additional analysis 08/10/2000 | 08/10/2000

Reviewer’s table

Material in IND —_- Volume 7.1-8.1 submitted between October 1999 to July 2000
was reviewed for safety. - :

3. Chemistry : :

Venofer is a brown, aqueous solution containing an alkaline iron(IH)-hydroxide sucrose
complex and water for injection. The iron(Ill)-hydroxide sucrose complex - has a
-molecular weight of approximately 43,200 dalton and a structural formula as follows:

' NasFesOH(OH) - 3(H;0)]n - m(CizHO01)
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‘where: n is the degree of iron polymerization and m is the number of sucrose molecules
— in complex with the iron(11I)-hydroxide. _ T —
: Other cherical names synonymous with the drug substance are Ferric-hydr.oiidg Sucrose
—. Complex and Saccharated fron Oxide.

Venofer is supplied as 5 ml single dose vial. Each 5 ml contains 100 mg of elemental iron
as iron sucrose in water for injection. e

4. Pharmacology and Toxicology Information
The following are findings from animal studies in the SpPONsor’s report:
» The lowest LDsy, 140 mg Fe/kg, was observed in _male rats following a single IV
injection of iron sucrose; the maximum non-lethal dose was 75 mg iron/kg;
» Intravenously administered iron sucrose possesses the desired properties of rapid
distribution from the plasma and uptake into the tissues where it is available for
erythropoiesis; T — .
—»—Storage in tissues is mainly associated with the~reticuloendothelial -system, thus
- . leading to a low potential for toxicity. Adverse effects in the toxicity studies are
- attributable to excessive iron intake and no target organ toxicity has'been observed.

5. Human Pharmacology and Pharmacokinetics

5.1 Summary table of studies - :
The following table summarizes the bioavailability, pharmacokinetics and
pharmacodynamics studies: '

BIOPHARMACEUTICS STUDY SUMMARY

Study: No.of
Principal ) Ion | Sebpects RetehNoJ
'1',’;1';‘5"' o oy IDese | Treadwin | PHUORESL | gy Report | Peblication
smrmd'; Sivdy Design Rovic/VoVRste | (mp) Trox Soerose | Mangfactwre- | (YeaNo) | {YewNo)
; Eloavalisbility Stwdies fer [ron Swereze
e e TR BT L1 v
-1 1%9 single dose study comparing iron sucrose, fron €92109 Al,
{1} dextran and iron decin foreflecton . $54209 AV
et wih et i e I
with of renal fillure Y -
Major, Controlicd, andomizd, pEralcl grovp, gk | TVINIUNR b1 T - = ,
1997 dose srady comparing the effect of EPO with . )
12 04 withoot fron mcrose on eticulocytes in . [ B
Diniison, | Open, Sngkc dose phartacocmeve sudy v | /13 msmin | 100 17 WITHRY [ Ve \CRE
- 199 ealthy subjecs — Cj . )
B ineti N Yes
I K1ysko, 1950 | Oper, cross-ove, sifigle Qoo phammacokioctic | TVINIUNR S0 - . o
U] mhmwmmmtw —
IO
e, ¢ Gase stady for deermamanon o] | TV/NIGS min TG 3 L4 TE [ i-?s Yo
1997 mMuMhm .
81 Slood cells m w‘lﬂmu:peof s
- SUCIYe
Ansikov, gp:.hmm led, stady ol O et OTIgE | TVINIDO-4 e IR T3 - No -1 Ves
1970 doses of fron secrese o0 emulogical _,
8} parameters and wiinary elimigtion i snecic | IV/SCOmL/ 500 L -
prienty i - 3
x hlcdhtmnalddlz_dmﬁ’r’wu
T Vet oo o ik et ot TP, e puion T iwvess _ milihr: min: minto b Mows

- Sponsor’s table in NDA Vol. 1.3, pp. 92

14



NDA 21-135
Page 15 of 183

BIOPHARMACEUTICS STUDY SUMMARY (éontitiued)

-} Batch-No/
tudy: i fren | No.of Subjects
fumy;i::rm ‘ o | Dose | Treated with FlanUDate ol | G1udy Report | Publication
(Auther),Year|Ref) | Study Design - 1 Rowte/VolRate | (my) ! {ron Suerose Manofuctore | (YesNo) {Yes/No)
["Gther Tn Viwo Studics with Iron Secrose
Chandier, Dose range nding suidy with regard | 1V FLE ) Li7}] Ve Vo
VIF95002, 1998 10 tolernbility in anemic patiests . 300 1% §754
U] 400 38
300 pr] — -

Danicison, 1903 Opea, stody on &ftect of on Vs I0mD ] 160 | 26 . TS o
9 SUCTOSE on serumm iton parametets for | 2-5 min

81 weeks, incloding & comparison

with oral fermous sulfte ,,, _
Al-Mamen, (554 | Open, low dose and high dose won | 1v/2s0 mLJ 00 1] " ] No Yes
f10] sucTost comperative study on Tt e - o

hematological and seram iron V25 mls .

parameters and EPO sz in 5-10min . -

) hemodialytis petients 100 51

Silverberg, 1996 | Open study of efieci of mombly | 1V/130 /3 hr L - No Vas
i) doses of iron sucrose on anemia in _

palicrts with chronic renal faiture T
¥an tperen; In vitro study of biding of won Not wplicable Not ] Not applicable - No No
Geisser == | sucrose to human transfemin - <~ applic- -
Undated - able ) - .
commmunications — - - B i ]
H2, 3] " _1-
ol i g : I a
b Availzhle X ) _
Vol: voleme infused; NR: mot reported; EPO: ietin; IV: intrevenously: ml. wiliers: min: mimetes; be: bours . .

Sponsor’s table in NDA Vol. 1.3, pp. 93

3.2 Summary of pharmacokinetic parameters .

The sponsor indicated that the pharmacokinetics of intravenously administered iron -
sucrose show that maximum iron levels, averaging 538 pmol/L, occur 10 minutes after an
injection of 100 mg iron. The volume of distribution at steady state is 7.3 liters, which
suggests a low iron distribution in body fluids. The administered iron is quickly cleared
from the serum with a half-life of 5.3 hours. The following is the sponsor’s table

comparing pharmacokinetic data from the key published pharmacokinetic studies.
Summary of Key Pharmacokinetic Data for Venofer® —

Anutkov & Gekova Krrysko ¢t al Danieison ¢t al
- i6 [ 4] (gﬁél
Dose 500; 700-800 mg 50 mg 100 mg
Maximurn Iron Levels: - _ i
50 mg iron dose - NR - - .
100 mg iron dose - - 537.7 + 106.9 umoVL
_ (30 mg/L) at 10 min
500 mg iron dosc 1398 « 605 ug/dl. - - —
) (13.98mg/L) at4 h" -
Mean Initial Plasma NE 3650 2 0.775 ng/mL. 6312 x 146.9 pmol/L
Concentration (Cp) .
Mean Volume of
Distribution (V) NR 0395 2 0.117L/kg 73 +2.1L
Mean Area Under The
Curve (ALIC) NR 24.324 = 15.644 u_!@fml. 14911212 umol/L/Mm
Mean Uninary Exeretion: 4-6%/24 h “NR I $%/24 h
100 mg iron dose . - = 5.192 123 mg/24 h
500 mg iron dosze 224 mg2ah - .
700 mg iron dose 33.7 mp/24h - : -
& e (terminal) NR 931+ 6.77Th 53+ 1.6h
[“Total Body Clearance NE 0.074 2-0.086 L/o/kg | 123 =
' €20.5 & 3.7 mL/min)
Iron Transporied by
310+ 6.6m h

o T ME: e Lo

& Folivoiag & dees of 300 my iren us iren saerwes.

Sponsor’s table in NDA Vol. 1.3, pp. 94
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Due to the lower stability of iron sucrose in comiparison to the physiologically occurring
transterrin, a competitive exchange of iron with transferrin was observed. The amount of
iron transported by transferrin was 31 mg iron/24h after a single injection of iron sucrose
(100 mg iron). Renal elimination of iron is low, occurring in the first 4h after injection
and corresponds to less than 5% of the total body clearance (approximately 20 mi/min);
after 24h the serum concentrations of iron are reduced to the pre-dose levels.
Approximately 75% of the dosage of sucrose is excreted in the urine.

No classical dose-ranging studies with clinical efficacy endpoints were performed to
support the doses used in the clinical trials. :

* 6, Summary of Clinical Studies T S =

6.1 S"u-mmary table of clinical s}udies - B
The sponsor submitted the following clinical study reports/publications in this- NDA -
___submission: - ' B

Summary of submitted clinical studies . T

" | Type of information Number of studies, sites (year) | Number of studies, sites o
: in hemodialysis populations { (year) in other populations
Study reports | with data listing 7: 2 United States (1999), 2: 1 Austria (1993-1995) o

1 South Africa (1994-1995), I Israel (1993-1998)
1 Saudi Arabia (1994-1996) o
1 Turkey (1997) T
1 Pakistan (1996) T
o 1 Germany (1997-1998)

without data listing | 4 5
_ _or database -
Publications | Full articles 110 24
Abstracts 13 - 2 -

Reviewer’s table -

Summary of submitted study reports with data listing available for review

Studies (Sites) Number " Study Design
of
- —| Patients
Studies in hemodialysis populations - e
Study LU98001 (United Statey— 1~ 101 Historically-controlled T -
Study LU98002 (United State) 23 Baseline-controlled -
Study VIFOR/001 (South Africa) 132. .| Baseline-controlied .
Study-Al-Momen (Saudi Arabia) 123 Nonrandomized, no-treatment concurrent controlied
Study Yavuz (Turkey) 30 [ Nonrandomized, no-treatment concurrent controlied |
Study Hussain (Pakistan) 20 Nonrandomized, treatment concurrent controlied
Study Schaefer (Germany) 59 Nonrandomized, treatment concurrent controlled
Studies in other populations
Study 50 (Austria) e, 40 .| Baseline-controiled (for Venofer treatment)
Study 52 (Israel) 121 Nonrandomized, treatment concurrent controlled

Reviewer's table ) T ~

6.2 Identification of pivotal trials | -
Study LU98001, LU98002 and VIFOR/001 are considered as pivotal studies for
hemodialysis population. Four other studies listed above in-hemodialysis population are

16
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considered as supportive studies. Two studies in other populations will be reviewed as

. pivotal studies for general iron deficiency anemia.
7. Clinical Studies in Hemodialysis Patients

7.1 Pivotal clinical efficacy trials

7.1.1 Trial 1: Study LU98001 (Vol. 14.2-i4.11)

Study Investigators and Study Centers:

K.R. Boren, MD, Boren Research Institute, Mesa,. AZ @

C. Charytan, MD, Nephrology Associates, Flushing, NY

M. Cohen DO, FACP, 8an Diego Dialysis Services, San Diego, CA -

M. Kaptan, MD, Nephrology Associates, Nashville, TN

W. Klein;-MD, Pennsylvania Dialysis Clinic of Reading, Wyomissing, PA ’ K
N. W. Levin, MD, Yorkville Dialysis Unit, New York, NY

J. Roman, MD, Dallas Nephrology Associates, Dallas, TX - — .

S. Swann, MD, Total Renal Care. Total Renal Research, Minneapolis, MN- - _
" 8. Zeig, MD, Clinical Studies, Fort Lauderdale Inpatient, Fort Lauderdale, FL

Study Period:-14 Deceimber 1998 - 27 July 1999
7.1.1.1 Study Protocol

Tifle of the Study: A Phase II/IIl Open Label Study of the Safety and Efficacy. of
Venofer [Iron Sucrose Injection] in Patients with Dialysis-Associated Anemia

7.1.1.1.1 Study Objective
The objective of this study was to determine the safety and efficacy of Venofer (iron
sucrose injection) in iron deficient patients with dialysis-associated anemia.

7.1.1.1.2 Study Design

This study was a multicenter, open-label, Hjstoﬁcaily-controlled study in_patients with
dialysis associated anemia. o

- The prospective study LU98001 was conducted in 10 sites in 77 hemodialysis patients. .

The duration of study participation for each patient was approximately 10 weeks
including 2 weeks of screening and baseline data collection followed by 3-4 weeks of
drug treatment and two follow-up evaluations. Following screening and a one week
observation period, consenting qualified patients were given Venofer 100 mg at each
dialysis session either as slow injection or a saline diluted slow infusion. Up to 1000mg
-iron was to be administered over 10 consecutive dialysis sessions. Patients were assessed
for hemoglobin, hematocrit and iron indices at baseline, at the end of treatment and at

two follow-up visits. _
The historical control was a natural history of iron deficiency anemia study in 60
hemodialysis patients at a single site at Gambro-Health Care Patient Services, Inc., in
Tucson, Arizona..This study initiated in April 1998 and was close to completing up to 1

17
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year of follow-up at the time of submission. This historical control study will be
discussed later.

7.1.1.1.3 Study-Population
Inclusion criteria were:
« Male or female patients over the age of 18
Able {6 give informed consent -
Undergoing chronic hemodialysis three times weekty ‘
Receiving recombinant human erythropoietin (rHuEPOQ) for at least four months
Having rHuEPO dose unchanged for two weeks .
Hemoglobin concentration greater than 8.0 and less than 11.0 g/dl for at least two consecutive
weeks — '
Transferrin saturation < 20%
Serum ferritin < 300 ng/ml
Normal serum B;; and folate levels . '““ :
No other.causes of anemia (SLE, rheumatoid arthritis, myeloma, etc.)
Absence of infection, malignancy or surgery in the prior month
_-Off all iron supplementation for at least 2 weeks
No blood transfusions in the past three months

*« & & & @
1

Exclusion criteria were: ]
» Life expectancy less than 6 months
+ Elective surgery or likely transplantation within the next 6 months _
+ Severe diseases of the liver [decompensated] or cardiovascular system, severe psychiatric
disorders, other disease which in the opinion of the investigator makes participation
~ unacceptable
Serum ferritin 2 300 ng/ml . n — -
‘Serious bacterial or viral infection or acute illness [e.g. hepatitis] unless completely resolved
at least 4 weeks before inclusion . : -
Gastrointestinal bleeding
HIV positive or Hepatitis B positive
 Asthma N o
_Active inflammatory disease such as SLE or rheumatoid arthritis
Likely need for blood transfusion during the study ) o
Anticipated surgery of any kind during the study
Pregnancy or breastfeeding
Use of any iron preparations within two weeks before blood sampling for baseline evaluation
Participation in any other therapeutic trial within the previous month.

« 8 ¢ 8 & o s ¢ @

7.1.1.1.4 Study Drug. -

Venofer was supplied by Luitpold Pharmaceuticals, Inc. as 5 ml ampoules or vials,
containing 100 mg iron as Fe[lII] hydroxide sucrose complex and was administrated
through the dialysis line within 30 minutes from the start of the dialysis given over 5.
minutes by injection or infusion pump. One ampoule or vial of Venofer was to be
administered on each dialysis session for total 10 dialysis sessions. The total cumulative
dose of Venofer to be given during the treatmenit period was 1000 mg. A maximum of 3 -
ampouies of Venofer was administered per week. Venofer therapy started on the first day
of dialysis follo*~ing screening and the baseline observation period [Study Day 1}, If
adverse events such as hypotension (fall in SBP >30 mm Hg) occurred, subsequent doses

i —
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of Venofer may be.diluted in 100 ml 0.9% NECI, and administered by infusion over 15-
30 minutes. End of treatment evaluation occurred immediately prior to the 11th dialysis
session (Study Day 24).

The tHUEPO dose was to be held constant throughout the study.
No additional iron preparationsm were allowed until after the Day 57 evaluation. -

7.1.1.1.5 Study Plan -
Each patient qualifying for study inclusion according to medical history and data
-recorded in the medical records was screened during the 2-week period before
administration of the study drug. Information collected included medical history,
medications, physical examination, vital signs, weight and height, ECG if not done within
the last 4 weeks or if there is known_underlying cardiac pathology, and laboratory tests
which included hematology (hemoglobin, hematocrit, WBC, MCV, MCH, MCHC,
- reticulocyte count, platelets, differential count), clinical chemistry (BUN, creatinine,
albumin, alkaline phosphatase, total bilirubin, GGT, AST, ALT, LDH, calcium,
phosphorus, glucose, bicarbonate, sodium, potassium, chloride), iron studies (serum iron, -
serum ferritin, total iron binding capacity, percentage serum transferrin saturation), --
pregnancy test for female subjects if applicable, and hepatiis B test within the last 12
- months. Patients were monitored for vital sign abnormalities and adverse events which
may be associated with dialysis for three dialysis sessions immediately prior to study
drug administration. Monitoring-included adverse events which may “occur between i
dialysis sessions. The sponsor’s study schedule is attached in Appendix 2. T

_Patients underwent routine hemodialysis as specified by the Dialysis Center. -Within
thirty minutes of the start of each dialysis session, 100 mg of Venofer was administered.
The following data were coliected and recorded at each dialysis session: date; starting
time and completion time; body weight [pre- and post-dialysis]; concomitant medication
administered during dialysis session; adverse events during dialysis session; dialyser new .
or re-used; blood loss; time of administration of the study drug; clinical observations;
blood pressure and heart rate before the start of the dialysis session, before start of

o Venofer administration, at 15 minutes, 1 and 2 hours after the start of administration of

study drug and at the completion of dialysis; oral temperature before the start of dialysis
and at the completion of dialysis. Any serious adverse events after the patient had left the
unit were to be reported immediately by the patient and followed up by the investigator,
Adverse events between hemodialysis sessions, any additions, or changes to the patient's
usual maintenance therapy, during the interim period;-were to be documented.

. Patients were ,f,ollowéd-up'at 2 and 5 weeks after the last treatment with Venofer in clinic
for clinical evaluation and blood draw for hematological and iron studies. ' '

7.1.1.1.6 Efficacy Parameters )
The primary measures of efficacy were number of patients attaining the target blood
hemoglobin concentration (11.0 g/dl) as “responders”, and change in hemoglobin
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concentration from baseline. Secondary measures of eff' cacx were changes in serum
transferrin saturation [%] a.nd ferritin concentration [ng/ml] — N
7.1.1.1.7 Safety Assessment

Adverse events were recorded including date and time of onset, severity, relanonshxp to
study medication, date of resolution (or the fact that the event is still continuing), action
taken, and outcome of the adverse expenence A causality assessment was made by the
investigator for every adverse experience as none, unlikely, possibly, and probably
related to study drug. The physician was to judge the clinical significance of any
laboratory abnormality. If the laboratory value was outside the safety limits and was felt
to represent a clinically significant change from the baseline value, an assessment was

made as to its drug relatedness and recorded on the Adverse Events (AE) page of the -

CRF.

7.1.L.L.8 Statistical Methods -

“—The following subsets of populations were to be used for efﬁcacy and safety-analyses. —
1. Intent-te-Treat (ITT) population: All patients who  received at least one dose of study

drug.

"~ 2. Evaluable population: All patients who satisfy the following criteria: chromc

hemodialysis three times weekly, received rHuEPO for at least 4 months with no
dosage change for 2 weeks, hemoglobin concentration between 8.0 and 11.0 g/dl for
at least 2 consecutive weeks, serum ferritin <300 ng/ml, received all doses of the
“study drug [1000 mg iron], received no additional iron preparations during study, and
completed end of treatment assessment. -
Sample size estimation was based on an expected change in hemoglobm levels of 0.5 g/dl
with standard deviation of no more than 0.75 g/dl in a twe-sided test with 5%
significance level. A sample size of 26 was calculated with a power of at least 90%. The
sponsor considered that 60 patients were appropriate in this study.

~The primary anatyses of efﬁcacy were:

1. Ninety-five percent [95%] confidence intervals for the percentage of responders at the
end of treatment and the follow-up visits based on the evaluable population. :

2. Ninety-five percent [95%] confidence intervals for the change from baseline in
hemoglobin at the end of treatment and follow-up visits based ofi the evaluabie
population.

The secondary analyses of efficacy were: -
Ninety-five percent [95%] confidence intervals for the change from baseline in serum
ferntm and serum transferrin saturation at the end of treatment and follow-up visits based
‘on the evaluable population.

All safety analyses were based on the Intent-to-Treat population. Descriptive statistics

were to be provided for all safety parameters at each study visit. Ninety-five percent
[95%] confidence intervals were to be calculated for the change from baseline to last on-

- study visit for the hematological and clinical chemistry parameters. Adverse everts

20
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during the treatment period were to be cor‘fipéred to those reported during the
“pretreatment evaluation period.” -

7.1.1.2 Protocol amendments .

Two administrative changes were made to the protocol before patient enrollment had

begun. k

Administrative change #1, dated December 8, 1998, included piGtocol clarifications that

were deemed necessary as a result of a meeting with investigators. The clarifications

were as follows: _

» HIV testing for inclusion was optional;

» Study medication was to be kept at temperatures below 25°C (77°C), rather than at
room temperature, and it was not to be frozen; :

+ Clinical chemistry assessments at screening and end of treatment were also to include
analysis of sodium, potassium and chioride; )

«" The last time point for blogd pressure and heart rate measurements during dialysis
sessions in the treatment period was clarified as at the completion-of dialysis rather
than at 3 hours after the start of administration of study drug. ‘In addition, “eral
temperature was to be recorded only before the start-of and at the compleétion -of
dialysis; '

« The change from bascline in. hemoglobin concentration was changed from a
secondary to a primary efficacy measure.

Administrative change #2, dated February 18, 1999, included protocel clarifications that

were requested by the FDA on February 2, 1999 and as follows:

* An intent-to-treat analysis was included in the statistical evaluation of efficacy.

« All additional laboratory results for hemoglobin, ‘serum transferrin and-serum
transferrin saturation that may have been performed by the investigator in the course
of normal medical care while the patient was enrolled in the study-were collected and
reported. - - : T

» The reason for restricting the initiation of Venofer treatment to a Wednesday or
Thursday was clarified; it was to avoid blood collection on a weekend day at
subsequent treatment visits. ’ ) ' -

Changes to the Statistical Analysis-Plan: Subsequent to finalizing the statistical anélysis

plan and prior to analyzing the data, the following changes were made to the analysis -

plan. The changes were needed to define hemoglobin and hematocrit responders based on
the NFK-DOQI guidelines. The guidelines state that effective treatment is attainment of
hemoglobin level of 11 g/dL or greater; the original statistical anatysis plan stated simply
greater than 11 g/dL. Similarly, a hematocrit responder was. changed from greater than
33% to 33% or greater. All analyses were adjusted accordingly.

7.1.1.3 Historical Control (Van Wyck Study) -

The sponsor submitted a study titled “The Natural History of Iron Deficiency in Patients
with Dialysis-Associated Anemia” to serve as a historical control for the study LU98001.
This study was designed and conducted at a single site at Gambro Health Care Patien:
Services, Inc., ir Tucson, Arizona and approved by the Institutional Review Board of the

2
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- University of Arizona. Sixty hemddfalfsis patients were enrolled in the study and have

completed, or are close to completing, up to one year of follow-up at the time of
submission. The principal investigator was David Van Wyck. MD. The study protocol
and results from the first 10-weeks of the study that corresponded to LU98001 study
duration are summarized below:

Study Objectives: -

» To determine, in patients without iron supplementation, the natural history of iron
deficiency in patients undergoing Epoetin alfa therapy for dialysis associated ariemia.

« To explore, in patients without iron supplementation, the relationship between

measures of iron status and the dose of Epoetin alfa required to maintain target-range
_ hematocrits. . T

"+ To examine the effect of intravenous iron on Epoetin alfa dese requirements in

patients with established iron deficiency erythropoiesis.

total of 60 patients were enrolled and divided into 3 groups according to serum ferritin
level at entry: Group 1, less than or equal to 100 ng/ml; Group 2, between 101 and 300
ng/ml; inclusive; and Group 3, between 301 and 1,000 ng/ml. Hemoglobin and
hematocrit were to be followed every two weeks and. serum ferritin and transferrin
saturation were to be followed monthly. Epoetin doses were to be adjusted no ‘more
frequently than every 2 weeks. Each adjustment was to be limited to an increase or.
decrease of 25% of the starting (Day 0) dose. When patients were unable to maintain
adequate hematocrit despite a doubling of the entry epoetin dose, treatment with iron
dextran was given and the patients were considered to have completed the study.

Study Population: )

Inclusion Criteria: : ) ) - . -
Male and female patients older than 18 years old, able to give informed consent, with a
life expectancy greater than 12 months, undergoing hemodialysis three times a week, off
intravenous iron for at least 2 weeks prior to study entry, and receiving Epoetin alfa
therapy with hematocrit averaging 31-36 for at the three months prior to study entry.

Exclusion Criteria: . - :
Hemoglobinopathy, active infection, useof cytotoxic agents, age less than 18, inability to
give informed consent, life expectancy less than one year, Epoetin alfa doses in the
month before entry exceeding 36,000 units per week (three times the national average),
history of non-compliance with dialysis prescription, demonstrated sensitivity to iron
dextran, elective surgery anticipated within one year, or anticipated living related kidney
transplantation within one year._

Study Plan: — :
Assessing body iron status:-On Day 0 and at monthly intervals thereafter, body iron status
was assessed by serum transferfin saturation, and serum ferritin concentration. Complete”
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blood counts were performed every othier week, including determmanon of_percent
hypochromic red cells and percent hypochromic retlculocytes

Iron administration: If during the ~tdy, the adjusted.Epoetin dose equaled or exceeded
twice the Epoetin dose recorded at study entry, for 4 consecutive weeks, and both the
transferrin saturation was less than 50% and the serum ferritin was less than 800 ng/ml,
the patient was to receive 5 doses of iv iron dextran, (Dexferrufii®, American Regent,
Shirley, NY), 100 mg/dose on each of five successive dialysis days. Iron status and
reticuiocyte indices were assessed before iron administration, weekly for four weeks.
Four weeks after iv iron administration. the patient was to be con51dered as completed the
study.

Safety assessments were limited to collection of adverse events related to blood loss. -

Statistical Methods: . '
Two patient subsets-were defined for analysis in the Van Wyck study: the set of "All-
Patients," and-a "Matched Cohort" for LU98001 (ferritin levels < 300 ng/mL at entry).

.. Because the study duration in EU98001 trial was approximately 10 weeks, data from~

Weeks 1- 10 in Van Wyck study patients, during the ‘tlme when they recelved no -
interventions, were used for cornparison. -
Summary statistics for baseline, for Weeks 2, 4, 6, 8 and 10, and for the last observation
on study are presented for observed values and changes from baseline. Paired t-tests were
used to assess the statistical significance of the changes from baseline. Ninety-five
percent (95%) confidence intervals were constructed and side-by-side boxplots for the
various analysis timepoints are presented for each parameter in order to represent both
mean changes and variability over time.

Study Results:

Disposition of Patients .

Seventeen of the 60 patients had increases of 25% or more in their epoetin-dose with or
without administration of intravenous iron within the 10 week (73 day) time period. For .
purposes of comparison, data from these patients were included up to the point of -

 intervention (if any) or 10 weeks (73 days), whichever was earlier. Data for these patlents

from the time of intervention - (earhest intervention in cases where both iron
administration and > 25% increase in epoetin dose occurred) were excluded from the T
analysis: In all cases, an increase in epoetin dose was the reason-for exclusion from the
analysis, as it was either the earliest or the only intervention that occurred. These patlents

are listed in the following Table. -

APPEARS THIS WAY
ON ORIGINAL
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Table 2. Patients With Interventions Resulting in Reoval from the Analysis

Patient
Number

Baseline

Dosage of -

EPO (U)

New
Dosage of
EPO (U)

EPO
(%e Change)

First
Dose
of Iron (mg)

Days Until

Days Until
2 25% Change
in EPO*

Iron Dose*

0102

0103

-0104

0107

0108

0117

0119
0122
0126
0128

0135
0136
0148
0157
0158
0159
0160

. Shad:dcmzy indicates reason forpmemexdmfrmmnlym

Sponsot’s table in NDA Vol. 1.20, pp. 26 -

Demographic and Baseline Characteristics
For the “all-patients” population in the Van Wyck study-(see following Table) there were

approximately equal mumbers of males and females, and mean age was approximately 60
years (40% of the patients were at least 65 years of age). Demographics for the matched.
cohort were similar except for a preponderance of males (75%).

ﬁﬁﬁﬁﬁ — The matched cohort and “ali-patients™ population in the Van Wyck study were similar

regarding to-baseline epoetin dose levels. As expected, the matched cohort showed
markedly lower baseline ferritin level. -
Table 3. Demographic and Bascline Characteristics

History of Iron Deficiency Study (Van Wyck)

Parameter — All-Patients -Matched Cohort
N 60 24
Meaan 50.9 56.7
|_Age (years) SE 1.E8 3.23
Median 62 58.5
Min-max 27-84 29-80
AgE N 60 (100%) 24 (100%%)—
Categories <65 36 (60%) 14 (58%)
(<65: 2= 65) =65 _. 24 (40%,) 10 (42%%)
TN 60 (100%) 24 (160%)
Sex Female 31 (52%) 6 (25%)
Male _ 29 (48%%) 18 (75%)
N ) 24
E . Do' ___hg_l_ean 34983 3312.5
L‘;‘”"“- 3¢ [SE 302.03 500.95
w Median 2300 7300
Min-max 1700-10500 1700-10500
N 58 24
Ferritin | Mean 418.5 159.5
Levels SE 34_.(96 17.6)
(ng/mL) Median 406 135
Min-max 77-1039 20-291

Sponsor’s table in NDA Vol. 1.20, pp. 27 -

24 .
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Change in Hemoglobin Levels A :

Overall, for both the ail-patients and matched cohort subsets in the Van Wyck study a
stable mean hemoglobin was observed during the 10 week period. Slightly decreased
hemoglobin was observed started from week 6 to week 10. There was a greater
hemoglobin decrease in matched cohort compared to all-patients. The decrease in
hemoglobin level from baseline was significant only in Week 6 for both matched cohort
and all-patients. The significant mean decrease was attributed 6 two patients who had
marked decreases of 3.7 and 3.2 g/dL at this visit. The patient with the 3.2 g/dL decrease
was-in the matched cohort. The hemoglobin changes over_the time in all-patients and
matched cohort are shown in the following tables:

Table 4. Hemoglobin (g/dL) Levels by Visit (All-Patients — Van Wyck)

Change
- Mean Mean
Visit Window N (SE) Median { Min-Max 95 C.L (SE) p-Value
-Baseline 60 | 11.6(0.09) 1.1 - 10.8, 11.2
Week 2 53 | 1L1(DaY) 112 ——— 109,113 | 0.0(0.09 0.952
Week4 48 | 12011 113 e —1 150, 114 | 01 (04D 0.303
Week 6 46 1| 10.8(0.13) 10.9 ———— 106, 11.1 | -0.3(0.14) 0.036
Week 8 4% 1111 (0.1 1.1 — 109,113 | <0.1(0.13) 0.619
Week 10 37 { 11.0(0.13) 1.2 e | 10.8, 11.3 | -0.1 (0.15) 0.366
Endpoint 55 {10.7(0.14) 11.0 — 104,110 | -0.3(0.15) 0.028
p-vatue: t-test .
Sponsor’s table in NDA Vol. 1.20, pp. 28 —- -
~ Table 5. Hemoglobin (g/dL) Levels by Visit (Matched Cohort — Van Wyck)
- ““Change
B Mean + Mean |
Visit Window N (SE) Median Min-Max 95 C.L (SE) ‘p-Value
Baseline 24 | 11.1(0.i%5) 1.2 e 10.8.-11.4
Week 2 20 1113 (0.12) 112 — 1.1, 115 [ 0.1(0.13) 0.446
1 Week 4 183 | 11.3(0.17) 11.3 ———— 1.0, 116 | 0.6(0.21) 0.959 .-
Week 6 18 | 10.8(0.23) 11.0 e 104, 11.3 | -0.6(0.24) 0.032
Week 8 15 | 11.4(0.22) 11.5 -1 110, 11.8 | -0.1(0.23) 080T
Week 10 13 | 10.9(0.28) i1.2 e—— 104, 11.5 | -0.5(0.32) 0.169
Endpoint 21 | 10.8(0.25) 15.2 = 10.3,11.3 | -0.5(0.29) 0.114
p=value: taest

Sponsor’s table in NDA Vol. 1.20, pp. 29

In matched cohort, 7 patients were excluded i in the-analysis because of an increase of

EPQ dose more than 25% or iron dextran given due to their hemoglobin drop (3 before

week 4, 1 at week 4, 1 at week 6, and 2 at week 8). Hemoglobin value was missing in

three patients (2 at week 4 and 8, and 1 at week 6). Therefore, only 18 patients were
available at week 4 and 15 patients available at week 8 in the matched cohort.

Change in Hematocrit Levels
Overall, the hematocrit levels remained stable over the 10 week period in both all-

patients a.nd matched cohort subsets in the Van Wyck study. None of these changes was
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statisfically signiﬁcant.‘Maximum change from baseline was seen at week 6 in both
subsets (decrease 0.8% in all patients and 1.2% in matched cohert). This finding was

attributed to two patients who had hematocrit decreases of 9.3% and 8.5% .at this visit.

These were the same patients who exhibited clinically important drops in hemog'obin at
this visit. The hematocrit changes over the 10 week period in all-patients and in matched

cohort are shown in the following tables.

Table 6. Hematocrit (%) Levels by Visit (All-Patients — VI Wyck)

Change |
Mean Mean
Visit Window N (SE) Median Min-Max 95C.I (SE) p-Value
Baseline 60 | 35.0(0.34) 353 34.3,35.7
Week 2 53 | 35.0(043) 355 “3.2,358 | -0.4(0.30) 0.242
Week 4 48 | 35.7(0.36) 351 ———— | 350,364 | 0.2(0.40) 0.670
Week 6 — | 46 | 34.8(0.41)- 346 rmssne | 34,0, 35.6 1750.8 (0.45) 0.089
Week 8 43 | 35.7(045)| - 358 = | 34.8,36.6 | -0.1(047) | —-0.906
1 Week 10 = 37 | 36.0(0.59) 358 —— ) 348,372 | 0.4(0.65) 0.580
Endpoint o 55 134.8(0.53) 353 e | 33.8,35.8 | -0.5(0.54) | 0.330
" pevalue: ttest” ’ _
Sponsor s table in NDA Vol. 1.20, pp. 31
- Table 7. Hematocrit (%) Levels by Visit (Matched Cohort Van Wyck)
- - Change
. Mean - Mean
Visit Window N (SE) Median Min-Max 95C.L (SE) p-Value
Baseline 24 | 35.2(0.56) 357 —— ] 34.1, 36.3
Week 2 20 | 35.5(0.60) 35.2 —— ] 343,36.7 | <0.1(0.34) 0.808
Week 4 13 1355(049) | 35.2 — 34.5,36.5. | -0.3(0.65) 0.643 |
Week 6 18 | 34.8(0.79) 343 —— 333,364 | -1.2(0.76) 0.145.
Week 8 15 | 36.5(0.89) 371 —— | 346,382 | 0:2(0.86) 0.784
Week 10 13 | 358(118) | 358 ————17335,38.1 | 04(131) | 0.778
Endpoint 21 | 34.83(0.87) 357 —133.1,36.5 | -0.8(0.97) 0.421
p-valuc: istest -

“Sponsor’s table in NDA Vol. 1.20, pp. 32

Changes in Ferritin Levels and Transferrin Saturation

Only 13 patients in ali-patients and 5 patients in matched cohort were available at week 8

for ferritin-and even fewer patients were available for transferrin saturation. However,
there were 20 patients available at endpoint in matched cohort and the mean decrease in” - -

ferritin levels at endpoint from baseline was statistically significant (p=0.009). The

following tables show the changes in ferritin in both ali-patients and matched cohort.

APPEARS THIS WAY
ON ORIGINAL
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_ Table 8. Ferritin Levels (ng/mL) by Visit (All-Patients — Van Wyck)

“Change
Mean ' ] ‘ Mean
Visit Window N (SE) Median | Min-Max 95 C.L (SE) | p-Value
Basejine 58 418.4 406.0 ———— 34938,
' (34.96) —— 486.92
Week 2 29 4248 455.0 — 31845, . -247 0.4066
(54.26) | — 531.15 (29.31)
Week 4 I8 3977 3585 ——— 258.11, 24.0 0.4830
.22) T —— 53729 | (3347 -
Week 6 29 423.0 458.0 ——— 306.28, =346 _{ 0.3011
. (59.55) —— 539.72 (32.83) - )
Week 8 13 - 1353 3720 — 262.58, =517 0.0297
(62.87) — 509.03 (20.96)
Week 10 19 360.1 4140 ~ 247907, T -39.2 0.3573
- {(57.67) ~ — 473.13 - (41.45)
Endpoint 49 398.9 ~389.0 L pme— 312.48, =253 0177
(44.09) e 48532 QLIS) S

p-value: i-test

Sponsor’s table in NDA Vol. 1.20, pp. 34

Table 9. Ferritin Levels (nglnﬁ..) by Visit (Matched Cobort — Van Wyck)

p-valuc. t-lest

Change
Mean : Mean -
Visit Window N (SE) Median | Mio-Max | 95C.IL (SE) - p-Value
Bascline 24 159.5 135.0 —— 124 .98,
17.61) ey 194.02
Week 2 11 132.3 135.0 PR 7638, 2.8 0.8378
) (28.53) S 188.22 (13.41)
Week 4 8 \75.4 141.5 e 108.47, 03 - 09884
34.15) e 242.33 (16.62)
Week 6 1 121.9 102.0 — 68.80,— -14.3 0.2271
(21.09) — 175.00 (11.09) __
Week & 5 176.4 221.0 ——n ) 102.67, -28.2 0.0978
. (37.62) B 250.14 (13.10)
Week 10 8 115.1 - 106.5 e 65.54, -S1.5 0.0146
| (2s.08) - T— 164.26 {(15.87) )
Endpoint 20 126.4 106.5 b 91.43, 276 0.0090 -
(17.84) —_ 161.37 (9.48) -

Sponsor’s table in NDA Vol. 120, pp. 34

For transferrin-saturation, it is difficult to. make any comparison in matched cohort

because few patients were available. The following tables show the changes in transferrin
saturation in both all-patients and matched cohort. -

APPEARS THIS WAY
ON ORIGINAL
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Tabie 10. Transferrin Saturstion (%) by Visit {Alh;ﬁlﬁuts— van Wyeck) )

_ Change
Mean Meaan
Visit Window ™~ (SE) Median Min-Max 25 C.1. (SE) P=Vulue
Bazelhine 23 29.0 27.0 ——— 24 98,
- (2.035) - 33.02
Week 2 R 5 27.4 26.0 —— 18.87, 2.2 ©.3783
(4.35) 35.93 (2.22)
Waci 4 T 16 22.3 20.0 JR— 19.11, 53 00108
(1.63) 25.50 (1.89) ’
Week 6 7. 22.4 230 - 19.15, 6.0 0.1092
(1.66) T—— 2565 T (a9
Week 8 9 22.1 23.0 Cot——— 17.97. 3.2 04141
(2.14) 26.29 (3.74)
Week 10 - . 3 Z6.8 22.5 18.35, T0.7 0.8564
4.31) T —— 35.25 (3.50)
T Endpoint FY) 23.9 23.0 ——— 20.82. a4 G.0805
- €(1.57) 26.98 '(2.38)

Pevaluc: [-uEst.

Table 11. Tranasferrin Saturation (%) by Visii (Matched Cohort — Van Wyck)

P Change
| Mean iean
Visit Window N {SE) - Median Min-Max 95 C.1. {SE) p-Valus
Baseline 10 28.1 235 = lepera— 20.67.
_(3.79) 35.53 - _
Week 2 3 29.7 26.0 1510, 0.7 0.8620
L K (7.45) - 4430 €3.38)
] Week 4 3 20.2 195 , 16.63, -6.5 0.1999
¢1.82) A 23.77 a0y —|
- Week 6 3 21.8 23.0 16.18, 5.0 0.3677
2.87) 27.43 (5.673
Week B 3 19.7 17.G — 1247 1.0 08635
2.67) 24.93 {5.13) .
Weck 10 3 247 22.0 [ 17.43, 0.3 0.9608
Q.7 . - 31.97 (5.01) _
- Endpoing % | 2.8 23.0 P 19.29, P 0.2696
(1.79) 26.31 4.31)

=vaiue: el

Sponsor’s table in NDA Vol. 1.20, pp. 35

Safety 7

The safety assessment in historical control was Ixnnted to collection of adverse event
related to blood loss only. A total of 8 adverse events were recorded including clotted

access line/fistula (3), surgery for hip fracture {2), amputatlon of lower limb (2), and
vaginal bleeding (1).

7.1.1.4 Study Results

7.1.1.4.1 Disposition of patlents “
A total of 77 hemodialysis patients in LU98001 were enrolled at 9 centers to receive 100
mg iron as iron sucrose injection IV during dialysis session for up to 10 sessions. The
following table shows the number of patients from each center:
Patient Enrollment by Study Center

Investigators Study Centers Number of
. B ) - Patients

KR Boren, MD Boren Research Institute, Mesa, AZ . 7

C. Charytan, MD Nephrology Associate, Flushing, NY - 18

M. Cohen, DO, FACP_| San Diego Dialysis Services, San Diego, CA 14

M. Kaptan, MD Nephrology Associates, Nashville, IN 5

W._Kiein,MD _____ | Pennsylvania Dialysis Clinic of Reading, Wyomissing, PA _ 10

N. W. Levin, MD Yorkville Dialysis Unit, New York, NY [

. Roman, MD Dallas Nephrology Associates, Dallas, TX p)

S Swann, MD Total Rénal Care, Minneapolis, MN 2 =1

S. Zeig, MD g Fort Lauderdale Inpatient, Fort Lauderdale, FL 11

Reviewer's table - . =
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All 77 patients received at least one 100 fg dose of iron as iron sucrose injection and
were included in the intent-to-treat population. Seventy-four of the 77 patients (96%)
completed the study; 1 patient {1%) received only one dose of 100 mg iron and was
discontini=d due to an adverse event and 2 patients (3%) were considered discontinued
from the study (died) after receiving all 10 doses of iron sucrose injection as they did not
complete both follow-up visits. Patient disposition is summarized in the following table:

Table 3 Patient Disposition . -
' ) Iron Sucrose Injection
— (100 mg IV)*
N (%)
Enrolied Patients 77 (100%)
Intent-To-Treat Patients 77 (100%)
Completed Study’ 74 ( 96%) X
" —= [ Discontinued Patients’ 3( 4%)
- _ Reasons for -
— -| Discontinuation: i -
) Adverse event -—1( 1%y )
_ Other* 2( 3%) -

Extracted from Section 9, Tabie 1. —

* 100 mg iron [V/dialysis session during treatment penod . - B .

> Percents were based on the number of intent-to-treat - .
patients.

¢ Other: 2 deaths.

Sponsor’s table in NDA Vol. 14.2, pp. 38 -

7.1.1.4.2 Protocol Deviations : :
Forty-five patients had deviations from at least one inclusion or exclusion criterion. The
most common deviations were TSAT values 220% (22 patients) and serum ferritin values

2300 ng/ml. (16 patients). Deviations from the entrance criteria are summarized in the
following table:
Protocol Violations of Inclusion or Exclusion Criteria
Violations Number of Patients
Yiolations of the Inclusion Criteria:
Received r-HUEPQ <4 months )
Epoetin treatment dose did not remam unchanged for 2 weeks
Hb was not between 8.0 -11.0 g/d].. for at Jeast 2 consecutive weeks
TSAT 2 20%
- Serum fervitin 2300 ng/mL
Serum B12 or folate levels not normal
Had infection, malignancy or surgery in the month pnor 10 enrolhnent
Not off all iron supplementation for at least 2 weeks prior to study
—— } Received blood transfusion in past 3 months
Violations of the Exclusion Criteria:
Likely to have elactive surgery or transplantation within next 6 months —-
"~ Positivetest for HIV or hepatitis B -
Anncipated to require surgery of any kind during the study

Used any iron preparation within 2 weeks before blood sampling
forscrecnmg evaluation

Reviewer’s tabie based on sponsor's tables in NDA Vol. 14.2 pp. 39-40
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Reviewer’s Comments:

Based on the sponsor’s data listing available (in NDA Vol. 14.4, pp. 3-15), 42 patients
had rHuEPO starting date less than 4 months (120 days). which was much higher than the
number listed by the sponsor (4). Also, one patient was not on rHuEPO and one had no

record of rHUEPQO treatment.

Other protoco! deviations are summarized in the following table: ™
Protocol Deviations

Number of

Protocol Deviations

- patients
Did not complete end of treatment assessment 1
Received additional iron preparations during the study 4
Did not receive 1000 mg of study drug 7
Dosing on nonconsecutive dialysis sessions or skipped scheduled dialysis and dosing day 8
Received blood transfusion(s) prior to.Day 57 but was not discontinued from the study 2
Missing Day 1 hematology or serum iron indices data, screening records were used for 29
baseline .
Missing post treatment (end of treatment and/or follow-up) hematology of serum iron 64
‘indices data -
Missing screening and end of treatment blood chemistry data 23
Missing screening blood chemistry data 2
Missing end of treatment blood chemistry data 26
At least one blood pressure reading that was >5 minutes from protocol scheduled t:mes 1 66

Reviewer's table based on sponsor’s table in NDA Vol. 14.2, pp. 41-42

7.1.1.4.3 Data Sets Analyzed

All safety analyses were based on the intent-to-treat (ITT) patient population. A patient
was included in the ITT population if the patient received at-least one dose of study _

medication. All 77 treated patients were mcluded in the ITT population.

Efficacy analyses were done based on both the evaluable pat:ent population and on the
intent-to-treat population. Forty-five of the 77 (58%) patients in the ITT population were
considered evaluable. The most common reason for being not evaluable was a screening

serum ferritin level 2300 ng/ml (21%. of all patients). All reasons for being non-

evaluable are summarized in the following table.

APPEARS THIS WAY
ON ORIGINAL
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- Table 7 Summary of Evaluability and Reasons for Non-Evaluability

Iron Sucrose
Injection
(100 mg IVy*
: N (%)
All Patients B -— 77 (100%})
Evaluable Patients _ 45 (58%)
Noen-evaluable Patients 32 (42%)
| —Reasons for Non-evaluability®
Serum ferritin > 300 ng/mL 16 (21%)
— Did not receive 1000 mg of study drug - 7 (9%)
Hb concentration not between 8.0 - 11.0 g/dL for at least 2 consecutive weeks - T(9%)
Received r-HuEPO for <4 months or had dosage change within 2 weeks 7(9%)
Received additional iron preparations during study 4(5%)
o Did not complete end of treatment asseSsments . 1 (1%)
Extracted-from Section 9, Table 1. _ '
Hb: Hemoglobm o -

*100'mg iron [V/dialysis session dunng treatment penod

® Percents were based on ITT patients. Patients may have had mulnp{e reasons for being non-

evaiuable. All reasons are summarized; therefore, the tota! sum of reasons and percents may exceed
 the total number and percent of non-evalyable patients,
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7.1.1.4.4 Demographic and Baseline Characteristics ’

Of the 77 ITT patients who received Venofer, 44 (57%) were male and 33 (43%) were
female. The mean age of all patients was 62.5+14.7 years (range: 24-85 years). The
greatest proportion of patients were Caucasian (47%) with black (26%) and_Hispanic
(17%) patients the next most common. The distribution of demographic characteristics in
the evaluable population was similar to that in ITT population for sex (60%, 27/45, male
and 40%, 18/45, female) race (47%, 21/45, Caucasian, 22%, 10/45, black, and 18%, 8/45,
Hispanic) and age (65.0+14.57 years; range: 24-85 years). The following table
summarizes patient demographics by sex for ITT and evaluable patients and for all
patients combined in each population. —
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