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Introduction

The majority of patients with chronic renal failure have a
normocytic, normochromic anemia, due primarily to insufficient
production of erythropoietin. Other contributing factors include
iron deficiency due to blood loss from repeated laboratory
testing, blood retention in the dialyzer and tubing, or
gastrointestinal bleeding; severe hyperparathyroidism; aluminum
toxicity; folate deficiency; acute and chronic inflammatory
disease; shortened red blood cell survival; hypothyroidism; and
underlying hemoglobinopathies. -

If left untreated, anemia associated with chronic renal
failure results in decreased tisSue oxygen delivery and
utilization, increased cardiac output, cardiac enlargement,
ventricular hypertrophy, angina, congestive heart failure,
decreased mental acuity, growth retardation in pediatric
patients, and overall decreased survival.

Clinical practice guidelines for the treatment of anemia of
chronic renal failure were recently published by the National
Kidney Foundation (Amer J Kid Dis 1997 30 S194-S240). Information
from this guideline is summarized below.

_ An anemia work-up should be initiated in patients with chronic renal
failure when the Het is <33% (Kb <1llg/dL) in premenopausal females and pre-
pubertal patients, or; Het is <37% (Hb < 12g/dL) in adult males and post-

Jmenopausal females. Evaluation of anemia should consist of measurement of at

least the following: Het, Hb, RBC indices, reticulocyte count, serum iron,
total iron binding capacity, percent transferrin saturation {TSAT), serum
ferritin, and a test for occult blood in stool. If no cause of anemia other
than chronic renal failure is found, and the serum creatinine is 22 mg/dL,
anemia is most likely due to EPO deficiency, and EPO therapy should be
initiated. WNinety-six percent of patients will respond to EPO at a dose of
450 units/kg/week i.v. (or 300 units/kg/week s.c.) within 4 to 6 months,
provided that there are adequate iron stores.

The target range for the Hct should be 33%{Hb 11g/dlL) to 36% (Hb 12g/dL).
To achieve and maintain this target Hect/Hb, sufficient iron should be
administered to maintain a TSAT of :20%, and a serum ferritin of 2100 ng/mL.
Oral iron is unlikely to maintain adegquate iron stores in EPO-treated
hemodialysis patients, so that i.v. iron should be employed. One hundred mg of
i.v. iron should be administered for 10 consecutive dialysis sessions. If the
TSAT remains at <20%, and/or the serum ferritin remains at <100ng/mL, another
course of 100 mg of i.v. iron should be administered every week for 10 weeks.

It is anticipated that the required maintenance dose of j.v. iron will vary
from 25 to 100 mg/week. -

Chronic renal failure patients are unlikely to respond with a further
increase in Hct/Hb and/or a further reduction in EPO dose if the TSAT
increases to 2508 and/or the serum ferritin level increases to 2800 ng/mL.
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Normal body iron stores are B00 to 1200 mg. If the initial
Het is 25%, and the target Hct is 35%, the amount of i.v. iron
required by the chronic renal dialysis patient on EPO is
approximately 1000 mg during the first 3 months. Of this 1000 mg
of iron, 400. mg are needed to replace iron losses due to
hemodialysis, and approximately 600 mg are needed to support
erythropoiesis. Once the target Hct/Hb is achieved,
approximately 400 to 500 mg of iron will be reguired every 3
months, to maintain adeguate iron stores.

Note that absolute iron deficiency in chronic renal failure
patients has been defined as a TSAT level <20%, and serum
ferritin level <100 ng/mL. In contrast, functional iron
deficiency results when there is a need for a greater amount of
iron to support hemoglobin synthesis, than can be released from
iron stores in reticuloendothelial cells. As a result, the TSAT
decreases to levels consistent with iron deficiency, while the

serum ferritin value remains within the normal (or elevated)
range.

Distinguishing between functional iron deficiency and anemia
due to chronic disease (with its attendant inflammatory/iron
block) is a common clinical problem in patients with chronic
renal disease, as the TSAT may be <20%, and serum ferritin may be
100-700 ng/mL in both situations. If it is not clear which of
these conditions exists, it is recommended that 50-100 mg of
_weekly i.v. iron be administered for up to 10 doses. If no
erythropoietic response occurs, an inflammatory block is most
likely, and no further iron should be given until the
inflammatory condition has resolved.

In children, méan daily intestinal blood losses (pre-
dialysis) are 6 ml/m2 BSA. Once hemodialysis begins, mean daily
intestinal blood loss increases to 11 ml/m2, and dialysis-
assocjated blood loss is approximately 8 ml/m2 per session.
Cumulative annual iron losses are therefore approximately 1.6
g/1.73m2 in pediatric hemodialysis patients, and 0.9 g/1.73m2 in
pre-dialysis pediatric patients.

The direct administration of iron into the circulation
requires a formulation that prevents the toxicity of iron salts.
Serum ferritin sequesters iron as a nontoxic, nonionic, ferric
oxyhydroxide (FeOOH). Iron is stabilized and solubilized in
ferritin as a core of up to 4,000 iron particles surrounded by
apoferritin protein monomers. Most parenteral forms of iron are
similar to ferritin in chemical structure.
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Iron dextran is the only approved form of parenteral iron ‘in
the United States. Like ferritin, iron dextran is composed of a
core of iron in the ferric state complexed to oxyhydroxide (i.e.
FeOOH). This ferric oxide core is surrounded by dextran, which
forms a non-covalently bonded, polysaccharide shell around it.
Following intravenous injection, iron dextran is removed from
plasma by macrophages of the reticuloendothelial system(RES),
with a plasma half-life of 6 hours to 3 days. Serum ferritin
levels rise within 2 weeks, following intracellular processing
and release of iron from the RES.

The primary side effects associated with the use of iron
dextran are allergic/anaphylactic reactions. The nature and
incidence of this reaction for both iron dextran and iron

gluconate, are discussed in the Integrated Summary of Safety
section of this review.

Ferrlecit® Injection has been used since 1959 in over 20
countries outside the United States for the intravenous
administration of iron to patients with iron deficiency anemia.
Currently, the principal intravenous usage is among the 48,000
hemodialysis patients in Germany.

Ferrlecit (sodium ferric gluconate complex in sucrose) is a
stable macromolecular complex with an approximate molecular
weight of 350,000 daltons. It consists of mono- and di-nuclear
iron(III} oxide hydrates which are directly and covalently bonded
-to saccharates, in a ratio of 2 iron centers to 5 saccharates.

In addition, the caroxylate group of gluconate is believed to
bridge iron centers with saccharate molecules.

Human pharmacokinetic studies have not been performed with
Ferrlecit Injection. 1In in vitro experiments, less than 1% of
the iron from Ferrlecit Injection was dialyzable through
membranes with pore sizes of 12,000 to 14,000 daltons, over a

period of up to 4.5 hours. No preclinical safety concerns were
found for the proposed recommended doses in humans.

Two sponsor-conducted studies were submitted by the sponsor
on 12/20/97 to support the approval of Ferrlecit as “first line
treatment for iron deficiency anemia in renal hemodialysis
Patients on supplemental recombinant human erythropoietin”:
studies 5600-01 and 5600-03. Study 5600-01 was a 3~center,
randomized, open-label, historically-controlled, comparative
study of a high- and low-dose i.v. Ferrlecit regimen, in 108
iron-deficient chronic hemodialysis patients. Study 5600-03 was
a single-center, non-randomized, open-label, variable-dose,.

»
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compassionate-use, historically-controlled study of the use of
i.v. Ferrlecit in 63 iron-deficient chronic hemodialysis
patients. Additional studies, including 252 Ferrlecit-treated
patients from the published literature, and postmarketing
information from Europe, were also submitted to support the
safety and efficacy of Ferrlecit in hemodialysis patients.

. L s o

STUDY 5600-01

Study Protocol

Study 5600-01 was a 3-center, randomized, open-label, o
historically-controlled, study of the safety and efficacy of 500
mg and 1000 mg of Ferrlecit® in iron-deficient hemodialysis
patients. The study period was from 8/2/95 to 3/23/96.

Inclusion criteria were:

a age greater than” 18 years
. ferritin level below 200 ng/mlL or iron saturation below
18%

hemoglobin below 10 g/dL or hematocrit below 30%
-

patients who have received greater than 90 days of
hemodialysis

e Exclusion criteria were:
. patients with unstable/uncontrolled pulmonary,
cardiovascular, hepatic, endocrine, neurologic,
psychiatric, infectious, allergic, immunologic, or
malignant disorders '

HIV and/or hepatitis B Surface Antigen positivity
women who are pregnant, or of child-bearing potential
use of parenteral iron and/or investigational drugs
which may interfere with iron metabolism

» EPO requirement of 2> 10,000 units t.i.w.

Patients with a known allergy to iron dextran were not
excluded from this study. ' '

There was a low and high dose drug regimen. The low dose
regimen was 62.5 mg in 50 ml of normal saline, given
intravenously over 30 minutes during hemodialysis. The high dose
regimen was 125 mg in 100 ml of normal saline, given
intravenously over 60 minutes during hemodialysis. Patients were
to receive a total of 8 doses of study medication over 8
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sequential dialysis sessions (or a period of 16 to 17 days),
toward the end of the dialysis session. A 25 mg test dose was
administered on Day -5. -

Primary and secondary efficacy variables were not defined in
the study protocol, but were addressed in the analysis plan. The
primary efficacy variable was the change in hemoglobin from
baseline to endpoint (last available observation through Day 40)}.
Secondary efficacy variables were changes in hematocrit, percent
iron saturation, serum ferritin, serum iron, and mean corpuscular
hemoglobin (MCH), mean corpuscular volume (MCV), and mean
corpuscular hemoglobin concentration (MCHC) indices.

The study schedulewiswreproduted—beipw“(voi. 16, p. B1):

Study Day (Treatmant Day)

-s
M test 1 a1 3 s ) e e 10 150 13 (60 18 (N 17 (0 a» 1. o

doant

Informed

Conaent X

Kandomiye X

HIV, hepatitie, x

PIaYNIARCY tasts

Memstologys x x_ . x x
HNepatic/Renal x x
. Joabs 3§

T LP.E./Mistery x x

P.E. (brief)++ x x x x 9 X x z

Ak» x X x X 4 X X x x x
EFO Dosage x x x x x x x X x X

* 2 wasks aftar treateant.

LI h after tre t.

§ Nematology tests: Memoglobin, hematocrit, MOV, MO, MONC, serum iron, § irem ssturation, serum farritin, WBC oount.,
diffarential, and platelet count.

§  Nepatic/renal Chemistry tests: ALT, AST, bilirubin. alkiline phosphatase, BN, ovestinina, and glucoss.

** Brisf phywicel exaw: Blood pressura, pulse, Tespiratory rats, temparature, chest, heart, lung, abdcesn, neurvlogical, skin,
and othar.

Parenteral iron products and blood transfusions were not
allowed during the 2 months preceding study initiation, or during
the study. EPO therapy was limited to ¢ 10,000 units t.i.w.
Patients receiving Ferrlecit® did not receive oral iren during

the study:; the historical control population did not receive
parenteral iron. '
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Data sets used for statistical analyses were not
prospectively defined in the study pProtocol or the analysis plan.
The intent-to-treat data set consisted of all patients for whom
baseline and endpoint data were avajlable. The per-protocol data
set consisted of the intent-to-treat data, excluding 29 patients
who did not complete the study as per protocol. Twenty-two of
these patients required changes in their EPO dose during the
study, 5 discontinued the study, and 3 did not meet the
inclusion/exclusion criteria. The stable-EPO data set consisted
of all patients from the intent-to-treat data set whose EPO dose
did not change during the study.

LR P CRFTRE R

The sample size was determined as reproduced below (vol. 16,
p. 90).

A preliminary evaluation of results in previous studies,
suggest that a sample of 15 patients per drug level group may be
sufficient with a significance level of 0.05 and a8 power of 0.80.
These numbers are based on expected small differences in among-
patient baseline ferritin levels, and large changes from baseline
in these levels. This sample size is also consistent with
expected changes in hemoglobin.

The selection of the doses of Ferrlecit® was determined as
described below (vol. 16, p. B4).

. The doses of 500 mg and 1000 mg, in 8 divided doses of 62.5
mg and 125 mg, respectively, were selected based on data in
published literature, clinical experience with other iron
supplementation products used in the United States, average
calculated iron losses of 280 mg per month in the dialyzed
patient, and the approved labeling on dosage and administration
for Ferrlecit in foreign countries where it has been marketed
since the 1950s. In general, iron deficiency anemia of the
degree found in the entered patient population is usually
Corrected by the administration of 1000 mg of iron.

Protocol Amendments

The original protocol for study 5600-01 was dated 5/15/95.

Amendment No. 1 was dated 6/9/95, and changed the inclusion
criteria of a ferritin level below 200 ng/mL or iron saturation

below 18%, to a ferritin level below 100 ng/mL or iron saturation
below 18%,.
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Amendment No. 2, dated 9/15/95, changed the Ferrlecit®
diluent from normal saline vials to Baxter normal saline bags.
The inclusion criteria of hemoglébin below 10 g/dlL..or hematocrit

below 30%, were changed to a hemoglobin below 10 g/dL or
hematocrit at or below 32%.

Amendment No. 3, dated 12/4/95, included the following
additions to the study protocol:

Patients who require additional iren supplementation after
they have completed the eight treatments and follow up through
day 47, may be given subsequent courses of Ferrlecit (eight
treatments per course) and be followed as for the first eight
Lreatments. Patients must meet the inclusion/exclusion criteria
described in section 2.0. Each subsequent course will be

recorded on the Case Report Form and included in the analysis for
this study.

Patients randomized to (the low dose regimen) for the
initial eight treatments and who continue with additional
treatments after day 47 follow up, may receive (the high dose
regimen), depending on the response and toxicity experienced
during the first eight treatments, at the investigator’s
discretion. Patients randomized to (the high dose regimen) will
continue with the same dose if they continue.

_; Amendment No. 4 was dated 12/13/95, and changed the

exclusion criterion of patients who require 2 10,000 units t.i.w.
of EPO, to patients who require > 10,000 units t.i.w. of EPO.

Bistorical Contrel

The historical control population consisted of 25 chronic
hemodialysis patients associated with the University of Colorado
Health Sciences Center. Due to drug unavailability beginning in
4/91, intravenous iron dextran was discontinued in these patients
for 14 months. All patients were to have stable EPO doses and
hematocrit values for at least 2 months prior to iron dextran
discontinuation, however the Sponsor reports that “many of the
patients received blood transfusions before the beginning of the
study” (vol. 16, p. 2). Al1l patients received oral iron

supplementation throughout the study, although dose and patient
compliance were not monitored.

Results are shown below (vol. 16, p. 10):
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Lffect of Discontinuing Intravencus Iron Dextran in
Historical Control Patients
Parameter  Het Fe TIBC SAT EPO Doase  Ferritin
Month (%) udl  geim % Uniti __ oe/m
o 31s4 51822 223453 2414 WILNET  67I3TY
I 1Y SIS 207851e 28317 287821099 L.
' 3243 1328 219347 e BV M
3 M a2 w7834 22414 23738282
1 1) 45423 219449 21411 200041236
3 31g3 50423 224447 2411 282541258 6675363
6 3234 | 46420 23345 2145° 288741293
7 3144 PINTY 235270 2148 300031203
s 3043 45530 235485 25430 3112£1200°  5683406%
9 3043 PEATS 235455°  2045° 308341244°
10 32e4 46819 235554 2018w 326131482
g 3 44335 226453 1912 3321314640 51654030
12 3143 48522 218457 2249 3392:1487% B
- M43 26419 230453 2149 1333213738
Y 33 41327 UBLS88 1745w 332531208 5874670

Results expressed as meas ¢ SD. * pe 0,05,  p < 0.0) vi month 0. The sumber of

determinations was at jeart 40 {i—n;: 40-44) at cach time point for all measurements.

Hematocrit and serum iron values remained stable throughout
the observation period. (Note that the mean iron value of 26
pug/dL at 13 months is likely an editorial error, as the
corresponding transferrin saturation of 21% and TIBC of 230 pg/ml
would result in an iron value of appoximately 48 pg/dL.)

Statistically significant reductions in the percent
transferrin saturation and ferritin, occurred after & and 8

months, respectively. Significant increases in erythropoietin
dose requirements was also seen after 8 months.
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Marked increases in serum transferrin receptor
concentrations, which correlated with developing iron deficiency
and increasing erythropoietin dose, were also reported (data not
shown) . e o -

Oral iron absorption studies were performed in a subset of
20 dialysis patients in this study. In these studies, 60 mg of
elemental iron was given with 100 mg of Vitamin C to fasting
subjects, and iron absorption was calculated from changes in
serum iron concentrations. Six of these patients had a
transferrin saturation of <10%; and five out-of these six

patients demonstrated “adequate” iron absorption, as defined as
absorbing more than 3.5 mg of iron.

Safety data were not collected for patients in the
historical control population. Control safety data was taken
from a review chapter by Levin NW et. al., “Complications During
Hemodialysis” in Clinical Dialvsis (2nd edition, Norwalk,
Appleton and Lange, 1990). This review article categeorized the
adverse events associated with hemodialysis with respect to
patient age, sex, diabetic status, and dialyzer reuse status
(vol. 25, pp. 267-296). As per the sponsor (vel. 16, p. 86):
Representative percentages from the data of Levin et. al. were
thus selected for calculation of adverse events in the historical
control group. For each adverse event, the reported freguency
was multiplied by 25 (the number of patients in the historical
control study) and the result rounded to the nearest whole. This

‘number was then reported as the incidence of the adverse event,

and the freguency for that adverse event was recalculated based
on its incidence.

Investigators and Study Centexs

Investigators and study centers for study 560001 were:

Allen Nissenson, MD
University of California at Los Angeles Medical School

Paul Seligman, MD

Department of Medicine, Division of Hematology
University of Colorado Health Sciences Center

Suzanne Swan, MD
Hennepin County Medical Center
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Robert Lindsay, MD
Renal Unit, Victoria Hospital
Ontario, Canada -- = e - SR

Dr. Seligman was also the principal investigator for the
historical contrel study.

STUDY RESULTS
Patient Disposition

The intent-to-treat population consisted of 39 patients in
the low-dose Ferrlecit group, 44 patients in the high-dose
Ferrlecit group, and 25 historical control patients.

A total of 5 patients were withdrawn from the study. Two
discontinued for logistic reasons: one discontinued following the
test dose, and one patient in the low-dose group discontinued
-following the sixth dose of study drug. One patient was
- withdrawn after development of pruritis and chest pain following
the test dose. One patient in the high-dose group was withdrawn
following the development of nausea, abdominal pain, flank pain,
fatigue, and rash following the first treatment dose. One
patient in the low-dose group was withdrawn after the development
of a “red, blotchy rash” following the first dose.

Although the protocol recommended that investigators
maintain the same EPO dose throughout the study, the EPO dose was
changed 24 times for 22 of the B3 intent-to-treat patients. Two
patients required 2 dosage adjustments each.

Ten EPO dosage changes were required during the course of
Study drug administration (i.e. prior to or on Day 19}.
Specifically, there were 4 patients who had increases, and 2
Patients who had decreases in their EPO doses in the low-dose
group; and 3 patients who had increases, and 1 patient who had a
decrease in their EPO doses in the high-dose group.
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Fourteen EPO dosage changes occurred after the
administration of study drug (i.e. between Day 19 and Day 47).
Specifically, 6 patients had increases, and 2 patients had
reductions in the low-dose group:; and 2 patients had increases,
and 4 patients had reductions in the high-dose group.

A list of patients who received EPO dosage changes before
Day 19, and between Days 19 and 47, are shown below (vol. 10.1,

P. 4). Note that the specific dates of these dosage changes were
not recorded.

EPO Dosage Changes Bafore Day 1%, and Batwean Days 19 and 47

Dose Increase (+) or Decrease (-)

Patient Number
Day 19 Day 19 to Day 47

007 (+) 1500

101 (4) 2000

106 (-) 10000

109 (+) 6000

13 (+) 2000

115 (+) 2000

18 () 6000 (+) 6000

123 (+) 10000

132 : (-) 2000 -
. 136 (+) 2000
; 141 ¢+) 2000

144 {~) 4000

305 (+) 1000

305 (+) 2000

308 . (-) 1000

K o (+) 1000

3 (#1000

ns (=) 1000

326 (=) 4000

KE") (+) 5000

332 _ {+) 2000

338 (-) 1000

BEST POSSIBLE I
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Three patients in the low-dose group were enrolled but did

not meet the inclusion criteria (hemoglobin or ferritin levels
were too high). ‘

Thus, the per-protocel population consisted of 24 low-dose
Ferrlecit patients, 35 high-dose Ferrlecit patients, and 25
historical control patients. These numbers represent 59%, 78%,
and 100%, of the intent-to-treat low-dose, high-dose, and
historical control populations, respectively.

Patient Demographics and Other Baseline Variables

Intant-to~Treat Population

Patients were of mean age 55 years, height 65 inches (height
data was not available for historical contrpl patients), weight
158 1bs, and 5%% were female. Approximately 19% of female
patients were > 65 years of age, as were 11% of male patients.
The above demographics were similar across treatment and
historical control groups.

There were more white patients in the low- and high-dose
Ferrlecit groups, compared to historical control patients (75% of

Ferrlecit patients, compared to 40% of historical control
patients). '

_.: Mean systolic blood pressure was higher in historical
control patients (average of 150 mm Hg in Ferrlecit patients,
compared to 170 mm Hg in historical control patients).

The mean baseline hemoglobin and hematocrit were similar
between treatment and historical control patients, and were 9.6
g/dL, and 29%, respectively.

Baseline values for percent iron saturation, serum ferritin,
serum iron, and red blood cell indices varied between treatment

groups and when compared to the historical -control. These values
are summarized below (vol. 16, p. 28). )
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Baseline Iron Studies and Red Blood Cell Indices
- - - Trestment Group = P-valuas
300 mg 1040 =g Contre) 00 va. S00 wva. 1000 wva,
Variable i - a1) % a7 " = 28) . 1800 Controel  Control  Owerall
Basaline Parcent Irom Saturstion %)
n : " 4 E13 9.028 0.01) [ $1] o010
Nean {(Std) 20.1 { 11.9) 5.6 { 71.%) 14.2 ( 4.0
nin 4.0 2.0 £.7
Nax "m.e . 7.3
Baseline Serum Perritin (sg/al}
n ” a 13 e 8,901 «9.00) 0,00}
Nean (Btd) : 105.€ (216,30 . e8.0 (24D.3)  £05.6 (3DC.9)
a0 . [t N - 8.0 Ak
Nax $80.0 L0 1cop
Basaling Serus Iroa (wg/dL) .~ 7 '
n 1o ro. Avp/ai 1] LT F13 9.112 0.00" 8.162 0.024
Mean (Std) 4.7 { 2.7 41.6 { 32.4) 33.5 ( 13.6)
Min 1.0 6.0 146.0
Nax 1.0 .0 "o
Basaline WCM (pg) -
n L1} 4 F13 8.60 a.083 0.022 0. bé0
Mean (Btd) Mol 32 2.7 [ 2.3) 3.4 { 3.3}
"in 0.0 2. 24.6
Max 3.0 3.0 ».a
Bapeline Mcv ([)1) .
] 13 [}] H1 0.703 0.001 «0.001 «0.001
Mean (£rd} (118 S ) Mt 50 .0 ( 9.0
nin 1.0 ”.. [T
hax 103.€ 160.1 136.7
Baseline MOHC (g/dL)
n (1) a“ E13 b.566 0.036 0.00Y ©.028
Mean (Exd) N 1y .S 12} 2.7 1 B.8}
Nin 0.0 n.9 .4
Hax 15,3 3.0 34.2

¢ Por a continucus variable, an AMOVA model with sffects for treatman
P-value was associated with the F test. Por & categorical variable,

-

L gTOMP wab used to compare the group
the p-value was associsted with the Fisher's Exact Test.

"o Overall, patient populations were similar with respect to

“baseline demographics,

hemoglobin, hematocrit, iron studies, and

and the

red blood cell indices. Of note, the baseline serum ferritin was

higher in the historical contrel (606 ng/mlL), compared to
Ferrlecit-treated patients (BB ng/mL in the high-dose group, and

106 ng/mL in the low-dose group) .
Efficacy Analysis
Intent-to-Treat Populatien

Mean Change in Bamoglobin

The primary efficacy variable was the change in hemoglobin

{last available observation through Day
40). These data were analyzed by an ANOVA model, which included

study center, and the interaction of

from baseline to endpoint

the factors of dose group,

dose group and study center. If the interaction was not
significant, the analysis was rerun, and a model that did not

include the interaction term was used.

The significance of the
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mean change from baseline to endpoint for each dose group was
determined using a paired t-test.

The results of the ANOVA analysis.for mean change in
hemoglobin is shown below (Table 4, vol. 16, p. 101).

Msan Change in Hemoglobin
ANOVA Analysis

Treatment Group

500 mg 1000 mg
Change in Hemocglobin (N = 38) (N = 44) p-value*

n kY 44 0.001
Mean 0.3 1.1

std 1.1 1.1

Min -2.4 -1.1

Max 3.0 3.6

c.i. { 0.0, 0.6) { 0.8, 1.4)

pProbt* 0.072 «0.001

-

center and treatment.

+ p-value is associated with the paired t-test.

The mean changes in hemoglobin from baseline to last
available observation through Day 40, was greater for the high~
dose (1.1 g/dL), compared to the low-dose (0.3 g/dL)
The mean changes in hemoglobin from
baseline also increased in both dose groups (p=0.072 for low-dose
patients, and p<0.001 for high-dose patients; paired t-test).

The overall treatment-by-investigator interaction was not
(p=0.136).

droups, (p=0.001, ANCOVA).

Statistically significant

Nots: The twtvinv interaction from a preliminary model was not significant {p=0.136).
p-value is associated with an F test by using the ANOVA with effects of

A secondary analysis of the primary efficacy variable (of
the change in hemoglobin from baseline), was a Repeated Measures

ANOVA analysis.

This analysis examined the change in mean

hemoglobin from baseline to each of the regularly scheduled
laboratory assessments. A last-observation-carried-forward

approach was used to replace any missing data.

The model

included the factors of dose group, subject within the dose

group, visit, and the interaction of dose group and visit.

A

summary of the results of this analysis is shown below (Table 5,

vel. 16, p. 32).
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Maan Change in Hamoglobin
Repeated Msasures Analysis
$00-my Treatment 1880-mg Trsatmesnt P-valuas*
Variable DAy 1% Day 31 ° Day 47 bay 19 Day 31 Day 47 ™Y DAY THTCDAY
Nemcglcbin (g/dL) '
] » E 1] » [ 1] 44 a“" 8.802 8.820 8.7
Maan .3 4.} 9.3 1.8 1.1 i)
std . 1.2 1.1 1.2 .. 1.1 3.2 »
Min ~3.9 2.4 -).9 =-8.¢ -3.3 =1.6
Pax 1.2 3.0 3.8 2.8 3.6 3.7

* p-valuas arv from a nixed modsl with fixed effscts for trsstment, day, and treatmant*day Anteraction and a
random sffect of patient masted within *~sstment. :

The mean change in hemoglobin was consistently higher in the
high-dose group, (p=0.002, mixed model; fixed treatment effect).

No significant interactions of age, race, or gender, with
the change in hemoglobin, were observed {vol. 16, p. 106).

Mean Changes in Hematocrit, Iron Studies, and Red Blood Cell
Indices

: The results of the ANOVA analysis of changes in hematocrit,
jron studies, and red blooed cell indices, from baseline to the

"last available observation through Day 40, are shown below (Table
6, vol. 16, p. 105).

APPEARS THIS WAY ON ORIGINAL
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Maan Changes in Hematocrit, Iron Studies, and RBC Indices
Rasults of ANOVA Analysis

$00 wy 1000 wg
Variable N = 39) N s 44) P-valuse
Mematocrit (W}
n 3 o 0.002
Nean 1.4 3.6
| 11 ] .4 3.1
nin -3.0 3.0
Hax 10.0 20.0
e.4. t 0.4, 2.3 L 2.8, 4.4)
Probte 8.018 0,001
Percest Irom Saturation IV) -
n 3 43 0.017
Narn 2.0 [ %
sta 11.9 10.%
Min -29.0 -1%.0
Nax 27.9 445.0
e.d. t{ -0.5, 6.0) { 5.8, 11.2)
Probte 0.156 <0.002
Sarum Parricin (ng/mL}
n 37 4 0.153
Moan 133.0 19%.¢
std 2404 156.9
Win ~11.0 0.0
Max 1202 8.0
c.4. { €3.2,201.0) 1159.3,23%.6)
Probte 0.00) «0.001
Serum Iron (ug/dL)
n 1) 44 0.142
Mean 3.7 11.7
std 8.0 4.6
Min -13.0 -45.0
Max &2 0 7.0
c.i. { -39, 220 { 5.5, 179
Probts B.420 0.003
MO (pg)
n 3 4 .02y —
Mean -0.1 0.6
b Btd 1.3 1.3
. Min -3.7 =2.0
Max 2.0 5.0
e.i. { ~0.4, 0.3) t 0.2, 0.9}
#robte 0.712 0.007
NCV (1))
n 1] ) ©.01)
Maan 0.4 2.}
Std 2.6 2.9
Min - -5.0 -4.1
Max &£.3 12.6
e.d, { -0.0, 1.8 L 1.5 »m
Probte .. 0.102 «0.00%
MNCHC (g/4L)
n 3 44 0.373
Maan -0.8 -0.2
scd 2.1 1.0
Min -11.8 -2.3%
Max 2.0 1.0
e.i. t-1.1, 0.1} { +0.4, 0.
Probte  y* o.188 0.235

* prvalus ie associated with the AHOVA-

¢ p-valut ia associated with the paired t-test.

The mean changes from baseline for t
were small, and higher for the high-dose,
groups for the: hematocrit (3.6% in the high-dose,
1.4% in the low-dose group; p=0.002, ANOVA),

he following parameters
compared to low-dose

"compared to

and percent iron
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saturation (B.5% in the high-dose group, compared to 2.B% in the
low-dose group; p=0.017, ANOVA).

-fdékthe" = +» @ small within-group increase in the
hematocrit (1.4%; p=0.018, paired t-test), and a within-group

increase in serum ferritin (132. ng/mL; p=0.003, paired t-test),
were seen.

For the high-dose group, small within-group increases in the |
hematocrit (3.6%; p<0.001, paired t~test), serum iron (11.7
ng/dL; p=0.003, paired t-test), percent iron saturation (B.5%;
p<0.001, paired t-test), were seen. An increase in the serum

ferritin (199.4 ng/mL; p<0.001, paired t-test), was also
observed. N : ,

The results of a Repeated Measiires ANOVA analysis of changes
in hematocrit, iron studies, and red blood cell indices, from
baseline to each of the regularly schedule laboratory
assessments, are shown below (Table 5, vol. 16, pp. 102-3).

Maan Changes in Hematocrit, Iron Studies, and RBC Indices
Rapeated Measures Analysis

$00-ug Traatment 300009 Treatsent p-viluap*
Yariable . Day 18 Day 31 ° Day 47 Day 1y Day 31 Day 47 TN By THT+DAY
* Bematocrit (V) -
B » b1 1 L1} [ 1} [ 1} 8.00) 8.33) 9.94)
L 1.1 1.4 1.4 3.3 3.5 3.3
e ta 2.4 3.4 3.0 3.8 3.1 3.7
- Min -5.0 -8.0 -T.0 -2.8 2.6 5.9
Nax 1.4 .0 2.0 LN ) 18.¢ 11.0
Pareent ivon Saturstiem (%)
= » n b1 42 4) 41 .00 a.808 .47
Rean 1.2 .0 0.6 9.0 [ N 3 |
nda .4 1.9 10.12 h.e 1.4 1.3
Win -26.8 -39.0 -2%.0 -11.0 ~15.¢ ~31.0
Max . ib.8 ar.e 4.0 0.0 48.0 31.0
Serum Perritin (ng/al)
L] 3 ” 27 43 43 43 e.001 «0.801 &.002
Mean 138.3 132.0 5.0 318.7 1994 131.7
Sed 0.0 FI1 N hed.2 3.7 1546.% 100.6
Wia . 2.0 =11.8 =1y 3.0 8.0 =34.8
ax Xbb. 0 1282 T10.0 A& 8.0 362.0
Sarum Ixam {ug/dL)
B »n " ” “ 4“4 44 ».029 .93 9.162
"aan 1.2 3.7 =3.}1 3.9 23.7 §.3
e 0.0 n.e 2.0 2.7 24.8 ac.l
Win ~Th.0 ~T8.0 T80 -20.0 -45.0 -6T7.8
Max $1.¢ 9.0 42.0 1.0 T™.® .0
L= T i
: n » 1 1] 1] 40 a L1} 0.058 9.413 0.%67
S Nean a3 -8.1 .2 1.9 ..s ..y
stad [N ] 1.3 1.2 r.1 1.1 1.4
nin ~2.0 -3.7 1.0 =1.1 2.8 =-1.0
nax a.e 2.9 3.0 | ] 4.0 5.0 —_—
Lo BN Y43
» » 1) b1 " 4 [} ¢.002 ..102 .00
Nean L} .7 0.3 .7 2.) 1.5 -
d 2.0 1.8 3.3 3.2 2. 3.5
. nin -3¢ ~5.9 -9.2 -3.7 -4.3 -4.1
Max 1.1 6.3 [ 4% ] LIS 11.6 ak.6
NORe (g/d) )
» n 3 1 L 1] L 1) a“ 8.6437 *.80) 9.340
Hean -0.0 -8.%5 8.1 -0.2 «0.2 .3
atd [ 3 ) 1 2.0 .. 3.0 [N
nin -2.% -13.0 -13.0 -1.0 -3.8 ~3.3
Max 1.8 2.0 2.0 1.0 3.0 2.9
* prvalues Ars from & mixed scdel with fized slfacts for trestment, day, and traatmpnt=day intersction and »
Fandos sffect of patient masted withinm Lreataant .
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Mean changes from baseline for hematocrit, serum iron,
percent iron saturation, and serum ferritin were higher in the
high-dose, compared to the low-dose treatment group (p= 0.003,
0.029, 0.001, and 0.001, respectively; mixed model/fixed
treatment effect). Notably, maximum increases in hematocrit were

seen by Day 31, while maximum increases in iron study values were
seen by Day 19.

Significant interactions between treatment group and visit
day were seen for.serum- ferritin_and MCV _(p=0.002, and 0.003,
respectively; mixed model/fixed effect for treatment*day
interaction). ' T

Per-Protocol Population

The results of the ANOVA analysis of mean change in
hemoglobin, from baseline to the last observation through Day 40,

for those patients who completed the study per protocol, is shown
below (Table 7, vol. 16, p. 106).

Maan Change in Hemoglobin for Per-Protocol Patients
ANOVA Analysis

————— TT G AR DT Il:vng—-.._.
500 uy 000 mg

Yepjable M = 24} I = 35} RoNALNES .

Hemoglobin (g/dL} -
n 24 25 0.033
Mean 0.5 1.2

. std 3.0 1.1

Kin -2.4 -1.1
Max 2.0 3.6
e.l. t 6.2, 0.8 [ ] 1.8)

.9
Probta .9024 <P, 001

* p-value iz associated with the ANOVA.
¢ p-value is associated with the pairsd t-tast.

The mean increase in hemoglobin from baseline was greater

for the high-dose (1.2 g/dL}), compared to the low-dose {0.5 g/dL)
group (p=0.013, ANOVA). '

The mean changes in hemoglobin from baseline increased
within both dose groups (p=0.024 for the low-dose group, paired
t-test, and p<0.001 for the high-dose group, paired t-test).

The results of the Repeated Measures ANOVA analysis of mean
change in hemoglobin, from baseline to each of the regularly

scheduled laboratory assessments, is shown below (Table 8, vol.
16, p. 108).
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Mean Change in Heamoglobin for Per-Protoeol Patiants
Repeated Measures Analysis
$00-mg Traatment 1000-mg Treatment p-ysluap*
varsable ' Dey 19 _Dsy 31 Day 47 ' bay 19  Dey 31 bay &7 TNT DAY twrepay
__: : .
I-:t-l abin (g/daL) 2¢ 34 24 - 35 " 0.010 0130 o.m
Haan e o5 0.5 0.6 3. 1.2 1.3 ,
std 1.1 1.0 1.3 0.9 1.1 1.2
"in -1.3 «3.4 1.9 0.8 -1 1.6
Max . 3.2 2.0 2.6 2.4 3.6 2.7

.. i

* p-valuss are from a Rixed model with Fingd aftfects for baseline, trestmant, by, and treatmant*day interaction and »
random sffect of patient mestad within trestment.

The mean.change in hemoglobin was higher in the high-dose
group (p=0.018, mixed model;fixed treatment effect).

The results of the ANOVA analysis of changes in hematocrit,
iron studies, and red blood cell indices, from baseline to the

last available observation through Day 40, are shown below (Table
9, vol. 16, p. 110). '

APPEARS THIS WAY ON ORIGINAL
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Maan Changas in Hamatocrit, Iron Studies, and RBC Indices
Rasults of ANOVA Analyasis

Tres Qroup.
00 my 1000 mg
Varjable N« 20) = 35) p-walugs
Nematocrit {4
" 24 b1 o.020
LT 1.9 3.7
Bcad 1.3 3.2
tin -8B -3.0
Nax 7.0 0.0
e.d. { 6.7, o) { 2.8, o7
Probes e.021 «b.00)
Percent Iron Saturatiom (%)
» . 2 M 0.07%
Haan 4.1 8.3
| 13-} 11.6 10.%
nin -25.0 ~15.0
Nax . ar.e -48.0
e.4. t 0.1, §.2) { 5.2, 11.4)
Proboe 0.095 <b.o0]
Serun Perritin (ng/abl)
] a3 b 1) 0.012
Naan 2.8 175.1
&cd 138.3 105.%
[ TEY -11.0 0.0
Max &91.0 .0
c.i. € 38,1,137.1) {1¢4.5,205.7})
Probte 0.00& «0.081
Serum Iron {ug/dL)
n 24 35 0.3¢p
Mean 6.6 0.9
std ar.1 24.3
Min ~-%7.0 -45.0
Max 6.0 77.0
e.i. { -2.9, 16.1) (e 1t
Preobre G.246 0.013
MCH (pg)
n a4 35 ©.092 -
Nean 0.1 0.7
({1 1.4 1.4
Min +~3.7 -3.0
Max 2.0 5.0
.4, (-0.4, 0.5 { 8.3, 1.1
Probe. 0.851 ¢.008
MOV (£1)
B a 4 0,03
Mean 9.7 2.2
8cd 2.3 3.1
Mo -5.0 ~6.1
nax 5.4 “aa.6
c.4. { -0.3, 1.7 { 1.4, 3.2)
Frobte 0.23% <b.001
MOHC (g/dL)
n 1) 35 0.4662
Mean -0.2 -D.1
Srd 1.3 3.0
Min ~5.1 -2.%
M 2.0 2.0
e.1. (-0, 0.2) { -D.4a, 0.2}
Probts 0.44) 0.614

* P-value is ssavcisted with the ANCVA.
+ p-value is.e9mocinted with the paired t-cust.

The mean change in hematocrit from baseline

higher for the hig

h-dose (3.7%),

was "Small,

and

compared to the low-dose group
The increase in serum ferritin was also

(175.1 ng/ml), compared to the low-dose
p=0.012, ANOVA).

(1.9%; p=0.028, ANOVA).
higher for the high-dose
group (87.6 ng/ml;
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For the low~dose group, a small within-group increase in the
hematocrit (1.9%; p=0.011, paired t-test}, and a within-group
increase in the serum ferritin (87.6 ng/ml; p=0.006, paired t-
test), were observed.

For the high-dose group, small within-group increases in the
hematocrit (3.7%; p<0.001, paired t-test), .serum iron {10.8
pg/dL; p=0.013, paired t-test), and percent iron saturation
(8.3%; p<0.001, paired t-test}, were observed. The serum v
ferritin also increased by 175.1 ng/ml (p<0.00l1, paired t-test).

The results of a Repeated Measures ANOVA analysis of changes
in hematocrit, iron studies, and red blood cell indices, from
baseline to each of the reqgularly scheduled laboratory
assessments, are shown below (Table B, vol. 16, pp. 108-9).

Mean Changes in Hematocrit, Iron Studies, and RBC Indices
Repeated Moasuras Analysis

500-mg Trestment 1000-my Trestment P;Vl_Ll“'
¥,
ariable Day 19 Day 31 Day 47 Day 19 Day 31 Day 47 T™T DAY TNT*DAY
Hematocrit (%)
n 24 24 24 as ” 35 0,030 0.210 0.650
Mean 1.8 1.9 1.6 3.0 3T 3.7 :
sta 3.3 3.3 3.0 2.6 3.3 3.6
Min -3.0 0.0 -1.9 -2.0 -3.0 -5.0
max 1.0 7.0 [ ] .0 10.0 2.0
Percent Irom Saturstion (§) -
_m 24 24 24 M " » 0.030 8.01% 0.31)
Maan 1.9 4.1 0.9 a.s 0.3 4.6
v Eea 9.4 114§ [ 9.0 10.% 10.2
., Win ~18.0 -2%.0 -25.0 -11.0 -15.0 -31.0
Max 1%.0 27.0 1.0 20.0 450 3z2.0
Sarum Perritin (og/alL)
B F1) 3 3] i 19 M M «b.08) <0.003 0.001
Kesn 119.3 | £ 4.3 318.2 175.3 125.4
atd 2.8 138.3 3.3 s 108.¢ ”.a
Min . 4.0 +31.0 -42.¢0 1.0 .0 -39.0
Max ase.o €91.0 08,0 1170 )n.e 362.0
Serum Iron (ug/dL} ‘
n . 24 T 24 3 13 E1] 9.222 9.110 0.072
Meonn 0.2 6.6 2.0 a5.8 i0.8 5.3
ed a3.8 7. 2.y .2 24.3 25.1
Min -72.0 -87.9 -$2.0 ~30.0 45,0 -7.0
_ax $3.0 .0 4).¢ €1.¢- .0 5.0
NCH (pg)
B 23 4 a4 1 113 38 0.062 0.3249 0.77¢
Nean .1 g.1 e.1 0.5 8.7 0.9
std 1.0 3.4 1.1 0.0 1.4 1.4
Min «3.0 -3.7 -2.0 -1.0 -2.0 -2.0
Max 1.0 2.0 2.0 1.7 s.0 5.0
mev (21 .
" ) 4 24 30 b 1] M 0.01? 0.254 0.030
Naan 0.9 8.7 -0.2 1.8 2.3 2.4
sta 2.2 1.0 3.0 2.4 3a 1.6 T
Win =3.0 -5.0 -7.0 -3.7 4.1 -4.1
Max 7.1 5.€ 5.1 (3% ] 13.6 13.6
WONC {g/dL)
It 13 t L 24 31 b1 35 .800 0.002 0.818
Maan .0 6.2 0.4 -0.2 8,1 0.3
sed 0.9 1.3 [ 8.7 1.0 0.7
Min -2.0 «5.1 -1.0 -2.0 -2.5 ~1.0
A 2.0 2.0 2.¢ 1.0 2.0 3.0
* P-values are fros & mixed model with fixed effects for baseline, treatmant, day, and trestment*day intersttion and a
random effect of patiant nasted within treatment.
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Mean changes from baseline for hematocrit, percent iron
saturation, and serum ferritin were higher in the high-dose,
compared to the low-dose treatment group (p=0.030, 0.030, <0.001,
0.017, and 0.042, respectively; mixed model/fixed treatment
effect). Notably, maximum increases in the hematocrit were seen

by Day 31, while maximum increases in iron study values were seen
by Day 19.

A significant interation between treatment group and visit

day was seen for the serum ferritin(p=0.001; mixed model/fixed
effect for treatment*day interaction).

Comparison to Historical Control

Mean Change in Hamoglobin .

The change in hemoglobin from baseline to endpoint (last
available observation through Day 40). These data were analyzed
by using an ANCOVA. This model included the factors of treatment
group (low-dose, high-dose, and control), baseline hemoglobin,
and the interaction of treatment and baseline hemoglobin. If the
interaction was not significant, the analysis was rerun using a
model that did not include the interaction term. =
’ The results of the ANCOVA analysis of mean change in
hemoglobin is shown below (Table 10, vol. 16, p. 117).

Mean Change in Hemoglobin
ANCOVA Analysis

p-valuss*
Treatment &
500 my 1000 g Contrel S00 vs. 500 va. 1000 wva.
Variable N « 3%} {N = 44} N
Hemoglobin (g/dL)
n v 4 2 - ©.002  0.501 o.0m
Mean 0.2 o 1.1 0.4
std 1.1 1. 0.%
Min ~2.4 -1.1 =-1.1
Max 3.0 3.6 2.8
c.i. ¢ 0.0, 0.6} { o0.8, 1.4) ( © 2, 0.7}
Probts 0,072 <D.002 0.016

-

P-value is asscciated with the ANCOVA.
* Prvalue is associated with the paired t-teat, -

) The mean change in hemoglobin from baseline to last
available observation through Day 40, was greater in the high-
\ dose group (1.1 g/dL), compared to the low-dose group (0.3 g/dyL;
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p=0.002, ANCOVA), and compared-to the historical control group
{0.4 g/dL; p=0.001, RNCOVA). NG difference in mean change in
hemoglobin was observed between the low-dose and historical
control groups. o

Small increases in hemoglobin from baseline to last
available observation through Day 40, were seen for the high-dose

group (p<0.00l1, paired t-test), and for the historical control
group (p=0.016, paired t-test).

Results from the individual investigator sites are shown
below (Table 10a, vol. 16, p. 117).

Maan Change in Hemoglobin by Treatmant Site
ANCOVA Analysis

P-values*
——— TTeataent 0O -
500 mg 1000 mg Control 500 vs. 500 va. 1000 va.
Variable {H = 39) N = 44} (N ~ 25) 1000 Con
Lindsay
n 17 19 24 <0.001 0.167 0.013
Mean -0.3 0.9 o.4
34,1 1.0 1.1 0.9
Min -2.4 =1.0 «1.1
Max 1.6 2.8 2.8
c.i ( =0.7. 0.1) 0.5, 1.3} 0.2, ©.7)
Probt«+ 0.159 0.002 0.01&
Nissenson
. 17 20 24 ¢.166 o0.104 0.002
- Mean 0.7 1.3} 0.4
. Std 0.9 1.2 0.%
. Min -0.6 -1.1 ~1.1
Max 3.0 3. € 2.8
[-2% t 0.3, 1.1) 0.8, 1.8 { 0.2, 0.7}
Probt« 0.p00% 000 0.016
Swan
n -1 5 24 0.903 0.084 0.081
Mean 1.2 1.1 0.4 .
Btd 0.% 0.6 0.%
Min ~0.3 0.4 ~1.1
Max 2.0 1.7 2.0
e.d, t 0.3, 2.00 { 0.5, 1.8} ( 0.2, 0.7
Erebts 0,043 0,014 0,016

* p-value iz associated with the ANCOVA.
+ p-value is associated with the Paired t-test.

BEST POSSIBLE |

Significant differences between the high- and low-dose
groups (p<0.001, ANCOVA), and between the high-dose and
historical control control groups (p=0.013, ANCOVA), -occurred at
the Lindsay site. At the Nissenson site, a significant
difference occurred between the high-dose and histérical control
groups (p=0.002, ANCOVA). Differences between the low-dose and
historical control groups were not significant at any site.
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Mean Changes in Hematocrit, Iron Studies, and Red Blood Cell

Indices

"The results of the ANCOVA anal
iron studies, and red blood cell in

ysis of changes in hematocrit,
dices, from baseline to the

last available observation through Day 40, .are shown below (Table

11, vol. 16, pp.--118=18).. .55 v - e o

Mean Changes in Hamatoerit, Iron Studies, and RBC Indices

ANCOVA Analyais

p-valuess

Tresraent Oroup

8.1

500 my 1000 wg Control 500 v, 500 wa. 1000 wa.
Variable N = 39) N »w 44) i = 28) 1000 Control Contrgl
Mematocrit (W) o ’
a » - [ 7 . e — B 8.001 0.340 «0.00)
Maan 1.4 3.6 [ N ]
gra 3.4 3. 2.4
Min -0 e ~3.0
Max 1.0 10.0 ’ ‘1.3
e.i. t 8.8, 2.3) (2.0, 4.4 { -0.0, 1.8}
Probt+ s.018 «0.00) 0.312
Pareent Iron Baturation (&)
n n L ] 4 0.17) 0.%67 0.22%
Mean 2.8 s 6.1
std 11.9 10.% 32.4
Hin -25%.0 ~15.0 3.6
Hax 27.0 4.0 5.8
c.l. { ~0.5, 6.0} { 5.0, 12.2) t 1.8, 30.%
Probts 0.15¢ <0.08) 0.024
Serum Ferritin (ng/aL}
n 17 a . ©.134 ¥ "o
Masn 131.0 19%.4
-Bkd 248.4 188.%
’in -11.90 0.0
Max 1282 8.0
‘eg. . ( §3.1,301.0) (15%.1.239.8)
Frobee 0.00) =0.001
Sanum Iren {(ug/dL) e
n 9 4“4 F1 0.55) B.651 0.9¢82
Maan 3.7 11.7 16.2
std 28.0 4.6 2.8
Win ~78.0 -45.0 -8.0
Max 4.0 7.0 15,0
e.d. {"=-3.9, 13.2) { 5.5, 2.9 { %.5, 37.¢0}
Probt+ .41 .00 .0i€
"o ipg)
n 3 44 24 b.040 0.908 0.004
Mean «0.1 °.6 8.3
std 1.3 1.3 1.¢
Nin -3.1 -3.0 -£.0
Maxn 2.0 $.0 1.1
c.4. {~-0.4, 9.3 t 0.2, 0.9 {t-0.35, o.M
Probte .12 0.0 ¢.305
MCY {f))
n 3 4 24 0.642 . . 0.004 <0.001
Mean 0.7 2.3 -2.4
std 2.5 2.9 4.7
Min -5.0 4.1 -21.3
Max 6.3 11.¢ 1.8
c.i. { -0.0, 21.4) { 1.5, 3.0 { ~4.32, +1.0)
Probt+ 8.302 0,001 2.011
MCHC {g/4L) -
n b1 4 F 0.222 0.01% 0.16%
Wean -0.% -0.2 0.6
sed 2.1 . 1.0 .8
sin =31.0 -2.8 0.8
Max 2.0 2.0 1.5
c.i. ¢ -1.1, 0.1} { «0.4, 0.1) { 0.4, 0.0)
Frobee .150 0.13

* p-valus is associated with Che ANCOVA.
4+ p-value is assoclatsd with the paired T-test.

§ - = W0 dsta sveilable.
£ WA = Mot Applicable.

BEST POSSIBLE
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The mean increase in hematocrit was greater in the high-dose
group (3.6%), compared to the low~dose group (l1.4%:; p=0.002,
ANCOVA), and greater than that seen in the historical control
(0.8%; p<0.001, ANCOVA). Changes in iron studies from baseline
were not significantly different between treatment groups.

In the high-dose group, within-group increases from baseline
were observed for the hematocrit (3.6%; p<0.001, paired t-test),
serum iron (11.7 pg/dL; p=0.003, paired t-test), percent iron
saturation (8.5%; p<0.001, paired t-test), and serum ferritin
(199.4 ng/ml; p<0.001, paired t-test).

In the low-dose group, within-group increases from baseline
were,observedrformthe.hematoczituil*Ai;mpED,Dlﬁ+_paixed”t-test)*m_
and serum ferritin (132 ng/ml; p=0.003, paired t-test).

In the historical control, small within~group increases from
baseline were seen for the serum iron (16.2 pg/dL; p=0.016,

paired t-test), and percent iron saturation (6.1%; p=0.024,
paired t-test}).

Comparison to Historical Control

BEST POSSIBLE
Per-Protocol Population

) The results of the ANCOVA analysis of mean change in
hemoglobin from baseline to the last available observation
“through Day 40 is shown below (Table 12, vol. 16, p. 51).

Maan Change in Hemoglobin
ANCOVA Analysis

p-valuas*
Trasteent Oroup
500 mg 1000 my Control $00 ws. $00 wva. 1000 va,
Variable iN » 24) "« 35) . IN e 2%) 1000 Control Control
Hemoglobin (g/dL)
n M 38 . 0. .
“ean i ¥, :1. C.00% 17 «<0.00
Std 1.0 1.1 o.»
Min ~2.4 =1.1 -1.1
Max 2.0 3.6 2.0
c.i. t 0.1, o.m) { o.%, 1.5 Iob.x, 6.1
Probt+ 0.024 <0.001 0.0

N

* p-value is sssocisted with the ANCOVA,
¢ P-value 1is associated with the paired t-vest.

The mean change in hemoglobin from baseline to last
available observation through Day 40, was greater in the high-
dose group (1.2 g/dL), compared to the low-dose group (0.5 g/dL;




N
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p=0.009, ANCOVA), and higher than that seen in the historical
control group (0.4 g/dL; pP<0.001, ANCOVA). No difference in the

mean change in hemoglobin was observed between the low-dose and
historical control groups. :

Small within-group increases in hemoglobin from baseline to
last available observation through Day 40, were seen for all
three groups (p=0.024, <0.001, and 0.016 for the low-dose, high-

dose, and historical control ‘groups, respectively: paired t-
test).

The results of the ANCOVA analysis of changes in hematocrit,
iron studies, and red blocod cell indices, from baseline to the

last available observation through Day 40, are Shown below (Table
13, vol. 16, pp. 123-24).

APPEARS THIS WAY ON ORIGINAL
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Maan Chanqcl in Hematocrit, Iron Studies, and RBC Indices
I ANCOVA Analyais -
prvalues*
Trastmant Oroup i -
500 wyg W00 mg 7T Oontrol T T S0D we. 300 va. 1000 vs,
Variable N = 24) N - 35) I = 25} - © 1000 Control Control
Namatocrit (%) ) . .
n ] b 11 M 0.0aé o.0&8 «0. 001
Nean 1.% 3.7 0.8 »
atd 2.3 3.} 1.4
Nin -&.0 =3.0 b S 11 N -
Max T.0 10,0 T.3.
e 1. {t 0.7, ».0 { 2.0, 4. t -0, 1.6
Probts 0.011 <0.001 0.112
Percent Iron Esturstion (%)
] 24 . 1} 1 1 0.33) 0.8%¢ 9.264
Haan — . - 4.1 RN 79 SR 7 W
Bed 11.6 1.5 12.4
Min -29.0¢ -15.0 =-3.€
Max 7.0 445.0 55.8
e.i. i 0.2, 8.2} {1 5.2, 1.4 t 1.8, 10.%)
Probte 0.035 <&,801 2.034
Sarum Ferritin {ng/mlL) . s
n 23 n - 0.007 RA RA
Naan 7.6 175.1
std 128.2 105.¢
Min -11.0 0.0
Max 9.0 3%1.0
e.i. { 30.3,137.1) {144.5,205.7}
Probie ©.008 =0.901
Serum Iron lug/dL)
n 24 35 2% 0.67¢ 0.509 o.981
Maan 6.6 i0.8 16.2
[ 141 7.1 24.3 L} 98
Min -57.0 -45.0 8.0
L T1] §2.0 7.0 151.0
c.i. {-2.y, 16,1} { 1.0, 17.9} { 5.5, 27.0) -
. [Probte 0.34¢ 6.013 0.01¢
Te HMCH
n pa) F) 38 H 1] 0.06) 0.9%0 0.068
- Mean 6.1 6.7 +9.3
sta 1.4 1.4 1.6
MNin -3.7 -2.0 6.0
[ 113 2.0 5.0 2.1
e.l. { «0.a, 0.%) { 0.3, 1.1} { -0.9%, 0.))
Probt+ 6.08) b.008 0.3
MCY {11) i
n 24 1] 24 0.086 6.054 «<0.001
Mean 0.7 2.3 2.6
std 2.9 3.2 4.7
Min -5.0 -4.1 «31.3
a $.8 2.4 1
ev.i. { -8.3, 1.7%} { L4, 3.2) { 4.2, 2.0
Probte 0,335 <9 .091
i~ daL
"C"n tg/aL) 26 2 2¢ ©.400 D.01) 2.064
Mean -0.2 -0.1 0.&
std 1.3 1.0 0.5
nin -%.1 -32.8 . 8
Mas 1.0 2.0 1.8
c.i. { -0.6. 8.2) { -0.4, 0.1} ( 0.4, o.8}
Probte — D.44) .64 «5.001

" Pprvalue i associated with the ANCOVA.

+ p-value {» aspociated with the pairad t-cest.

§ - = No data available.
§ MA = Mot Applicable.

BEST POSSIBLE
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The mean change from baseline for the hematocrit was higher
for the high-dose (3.7%), compared to—the-Tow-dose group- (1.09%;
p=0.026, ANCOVA); and for the high-dose compared to the

historical control group (0.8%; p<0.001,- ANCOVA) .

For the low-dose group, small within-group increases from
baseline were seen for the hematocrit (1.9%; p=0.011, paired t-

test), and serum ferritin (87.6 ng/ml; p=0.006, paired t-test).

For- the-hi within-group increases from
baseline were seen for the hematqcrit'(3;?%:_p<0:001, paired t-
test), serum iron (10.8 ng/dL; p=0.013, paired t-test), and
percent iron saturation (8.3%; p<0.001, paired t-test). The
serum ferritin increased by 175.1 ng/ml (p<0.001, paired t-test).

For the historical control, small within-group increases
from baseline were seen for the serum iron-(16.2 ng/dL; p=0.016,

paired t~test), and percent iron saturation (6.1%; p=0.024,
paired t-test).

Analysis of Confounding Factors on Changas in Hemoglobin and
Hematocrit Valuas

Patients were eligible for Study 5600-01 is their EPO
requirement was s 10,000 units t.i.w. Twenty-two patients
regquired changes in the EPO doses during the study (although EPO
dose changes were prohibited in the study protocol). To address
"the effect of confounding factors on the primary efficacy
variable, a statistical model was applied. This model assumed
that the changes in hemoglobin and hematocrit were influenced by
variations in the baseline hemoglobinvvalue; study center,
baseline EPO dose, and any change in the EPO dose during the

study. The results of this model are shown below (Table 14, vol.
16, p. 126).

APPEARS THIS WAY ON CRIGINAL




BEST POSSIBLE

NDA 20-995
Page 31

Analysis of Confounding Factors on Changes in Hamoglobin and Hematocrit
from Baseline through Days 40 and 60

Least Sguare Estimates

$00 mg 1000 ug p-valuas®*
Bfiicacy End- -,  Bassline Basaline THURPO
Dats Set Variable Point n_LIMEAN _SE_LSWEAN 5B Efficacy THuEPO _ Center T™T Changee
Iatent-to-trest QB Day 19 [ B ] 9.17 [ 1%} 1 b.8? $.32 o <0.901 0.74% £.019 G.00¢ 0.42)
Patiants Day 40 L F) 9.4 0.20 0.%4 0.12 <0.801 0.451 0.088 0.004 0.115%
Day &0 [ 3] 0.87 0.22 1.}2 4.21 «8.001 6.12 o.437 8.020 o.3m
’ Y .00 0.35¢
NCT Day 1¢ [} 2.7 0.€2 2.3) . 0.6% . =8.001 0.565 0.001 . s 9

Day 40 23 1.7 0.61 D.46 ©0.64_ 0,001 0.106 0.027" 0.00% 0.3%51
Day €0 [ K] 1.00 0.6 1.3 068 - «9.901 8.098 b.2%0 2.038 0.3%)

. '

Stable-rHulPO NGB Day 19 [ 43 8.4% 0.1 0.9 $.15 «b.002 0.437 9.%086 0.038 | -1

Patients Day 40 [ 2§ 8.51 0.19 i.22 0.7 - <0.,001 ®.220 0.522 0.00% N

bay &0 61 0.5 .20 1.1% 8.1% «b.901 0.12) 0.687 0.011 | 1Y

HCT Day 1% [ 3 1.%0 .47 a.n b.43 =8.901 0.344 0.194 0.025 [ 7

Dl; 48 [ 31 2.08 0.5% 3.90 0.5} k.00 €.137 0.23¢ .01 LY

Day 60 [ ] 1.51 0.81 .42 D.56 <0.001 0.031 0.993 0.020 WA

* p-valuas wers from an ANCOVA.
+ This was categorited as: -lsdecrsased doss, Owno change. and +leincreassd dose.

@ The treatment sean varied significantly across center, however., thers ware no significant internctions between treatment
and center, #0 the treatwmant diffarence resained the same. .
£ NA = Not Applicabie.

This analysis indicated that EPO dose changes during the
study had no significant effect on the change in hemoglobin or

hematocrit in intent-to-treat patients (see results of the
“rHuEPO Change” column).

i Since
the change
- factor was

the change in EPO dose had no significant effect on
in the primary efficacy variable (hemcglobin), this
dropped, and the analysis was rerun without this term.
Using this model, the dose of Ferrlecit was significant at each
time point for both hemoglobin and hematocrit, and for both the
intent-to-treat population, and the retrospectively-identified

subset of patients with a stable EPO.dose during the study (see
the results of the “TMT” column).

A greater increase following high~dose compared to low-dose
Ferrelecit was also seen (compare the results of the “Least
Square Means” for low- and high-dose patients).

The baseline values for both hemoglobin and hematocrit
significantly affected the hemoglobin and hematocrit outcomes at
all timepoints (see results of the “Baseline Efficacy” column).
In contrast, the baseline EPO dose did not significantly affect
the hemoglobin and hematocrit outcomes, except for the change in

hematocrit through Day 60 in stable-EpPO patients (see the results
of the “Baseline THUEPO” column). .

Results of the analysis of confounding factors, which
included all 3 treatment groups (high-dose Ferrlecit, low-dose

Ferrlecit, and the historical control) are shown below (Table 15,
vol. 16, p. 130).
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Analysis of Confounding Factors on Changer in Haxoglohin and Hematoerit
‘ frox Baseline through Days 40 and 60

e o Least Squars Estimatas

500wy 1900wy Comtrol — p-valussta
Bfficacy End- 500 wa. $00 ve. 1000 va. Bassline Bassline rRURPO
Data et Variable Point h LEMEAN BX LEMEAN SE LENEA® SEK 1000 Control Control REficacy pluEpO THT Change+
Intent-to-treat NOB Day 40 107 ©.2% .19 0.92 #.20 0.19 ©.27 ©.00% 8.663 0.803 «0.001 0.01) 0.801 9.22
Patiencs Day 60 100 0.6% ®.21 1.2¢ .32 .30 ©.30 0.022 0.361 ©0.002 0,001 0.145  0.004 0.407
WCT Day 40 107 1.3% 0.7 3.1% 0.60 0.4% 0.7 0.C0Y 9.301 <0.003 <0.00) 0.011 «0.001 0.49)
Day €6 109 1.02 8.6} 3.16 0.64 .40 O©.89 0.00¢ 4.13% ©¢.001 0. 001 0.921  0.002 .43}
Stable-rHuEro NGB Day 40 85 0.4F 0.12 1.6 B.35 0.42 0.3% 9.00¢ 9.886 ©.005 «0. 001 0.035 o0.00y '
Patiunts - Day €0 86 ©.57 e.2x 1.29 9.18 0.33 £.2) 0.012 0.460 0.003 <. 001 0.165 0.003 M
. MWeT Day 40 25 1.7 0.52 3.53 0.45 0.94 0.5 #.011  0.300 0.802 «0.001 0.01) o000 Ma
e . DAY &0__  AK__1.48 —0.61. )38 0.4 0. 38. 0.66..0.022...9,348.. 0.901 .. «0.001 -0.031 0.602 WA

* p-valuap were from an AWCOVA.

+ This was categorized as: -le=decreased doss, Oano change, and +leincressed dose.
§ MM = Mot Applicable: . TUUOTTTT TT T e e e i T

The least squares estimates of the mean changes in
hemoglobin and hematocrit, adjusted by baseline efficacy value,
baseline EPO dose, and change in EPO dose, were generally higher

for both the low-dose and high-dose group, compared to the
historical control group. T

T Significant differences in the mean changes in hemoglobin
and hematocrit, between the high-dose -compared to the low-dose,
and high~dose compared to historical contrel were seen.

EPO dose changes had no significant effect on the change in
hemoglobin or hematocrit in intent-to-treat patients (see results
of the “rHuEPO Change” column); however, baseline EPO dose did
{see results of “Baseline rHuEPO” column) .

Because of the significant effect of baseline EPO dose noted
above, Dr. Chen of the FDA Bicmetrics Division performed an
ANCOVA analysis to compare the mean changes in hemoglobin and
hematocrit, from baseline to Day 31 for Ferrlecit-treated
patients, and Day 30 for historical control patients. (Note that
Day 31 is the same as what the sponsor designated as “through Day
40" in their analyses.)} The preliminary model included the
treatment effect, baseline EPO dose, baseline efficacy variable,
and change in EPO dose. Because the effect of chahging the EPO
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dose was not significant, the final model excluded the effect of

changes in the EPO dose. The results are shown below (Table
2.3.1.3, Biometrics Review).

ANCOVA Analysis of Mean Changes in Hemoglobin and Hematoorit Values from
Baseline to Days 31 for Ferrlecit-Treated Patients, and Day 30 for Historieal
Control Patients (Intant-tc-Treat Population)

Treatment  Treatment P-value*  P-value P-value
R R 500 mg 1000 mg Control 500 vs. - - 500 vs. 1000 vs.
Varisble {(N=19) {(N=44) (N=25) 1000 Control Control
Hemoglobin(g/dL) . . .. .
& (No.of patients in analysis) 39 44 24 0.0009 0.7 0.0065
Mean .03 L1___ 04 .
Hematocrit (%)
n (No.of patients in analysis) 39 44 24 0.012 0.46 0.0005
Mean . 14 36 08

*: P-value is associated with the ANCOVA model.

Note that significant differences in the mean changes in
hemoglobin and hematocrit, between high~dose compared to low-dose
Ferrlecit-treated patients, and high-dose compared to historical
control patients are observed in this ANCOVA analysis, which
included the covariates of treatment effect, baseline EPO dose,
baseline efficacy variable, and change in EPO dose.

Safoty Analysis BEST POSSIBLE

Extent of Exposure

A total of 88 patients received Ferrlecit in study 5600-01.
Five patients discontined prematurely: one of these patients
received a total of 375 mg, one patient received 125 mg, and one
patient received 62.5 mg. Two patients received only the 25 mg
test dose before discontinuing. Forty-four patients received a

total of 1000 mg of Ferrlecit, and thirty-nine patients received
a total of 500 mg.

Deaths

One patient (#109) died during the study. A narrative of
this death is reproduced below (vol. 16, p. 143).




NDA 20-995
Page 34

Patient #109 was a 49-year-old male with multiple ilinesses and abnormalities. The
patient was severely anemic (hematocrit 26%, red blood eell count 2.6 mil/emm,
hemoglobin 8.6 g/dL, ferritin 118 ng/mL, and iron saturation 12%).

Prior to starting Ferrlecit therapy (Day 10), the patient had complained of pain at the
graft site used for hemodialysis access. The pre-treatment WBC count was 9000
with a shift to 75% neutrophils. The patient received Ferrlecit (62.5 mg, IV) on each
of § consecutive hemodialysis days. He tolerated the treatment well except for
occasional complaints of graft-site pain. On the day of the 7th Ferrlecit treatment,
the patient reporied edema of the lower extremities and a weight gain of 19 Ibs from
baseline (156 Ibs at baseline, 175 lbs at Treatment 7).

Two days after completion of the Ferrlecittreatment (Day 19), the patient’s tHUEPO
was increased from 4,000 to 10,000 units because his hematocrit was still low. Liver
function test values had increased, and the patient’s WBC was 12,800 with B4.9%

peutrophils. T T

Two days later, the patient was hospitatized with cellulitis of the lower extremities,.
lefi lower lobe pneumonia, volume overload, cardiomegaly, hyperkalemia, and
congestive heart failure. Antibiotic therapy and supportive measures were initiated.
Over the course of the following 2 weeks, the patient’s eondition worsened, and signs
of systemic involvement were observed. Tentstive diagnoses of septic phlebitis and
biliary tract sepsis were considered and treated. Liver function deteriorated further,
and the patient died 17 days after completion of the Ferrlecit treatment.

The chronology of events as described above is consistent with a progressive and
overwhelming infectious process in a patient whose health was compromised with
numerous pre-existing medical problems. The infection may have pre-dated the start
of Ferrlecit therapy (75% neutrophils at baseline) and seems, in any case, 1o have
developed independently of the Ferrlecit treatrnent. Systemic involvement ensued
with liver function deterioration, as well as other complications. Although blood
cultures were negative, the final diagnosis was sepsis,

The investigatorconcluded that “there does not appear to be any relation between this
patient’s death and his receiving Ferrlecit™.

BEST POSSIBLE

Pramature Withdrawals

Five patients were prematurely withdrawn £
. rom the stud for
the reasons ?1ted below (vol. 8.1, p. 2). No further“informzéion
beyond what is presented below was available from the sponsor.
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Reasons for Premature Withdrawals from Study 5600-01
Patient Reasons for Study Discontinuation

004 “Blood diarrhea”; Evaluation revealed A-V malformations that were surgically
corrected. Patient discontinued following the test. dose of Ferrlecit

120 “Change in mental status”; No further details provided. Fatient was in the low-
dsoe group, and discontinued following the 6th dose of Ferrlacit.

116 Patient withdrew after the developoent of pruritis and chest pain following the
test dose of Ferrlecit.

3l Patient was in the high-dose group, and experienced nauses, abdominal and flank
pain, fatigue, and rash following the firat dose of Ferrlecit,

3as Patient was in the low-dose group, and experienced a “red, blotchy rash”
following the first dose of Ferrlecit.

Serious Adverse Events

A total of 17 patients experienced a serious adverse event;
none were attributed by the study investigator to study drug.

All of these events resulted in hospitalization (and hence were
designated as “serious”). Information provided for these cases
is reproduced below (vol. 16, pp. 144-145). Note that no further
information beyond what is provided below, was available from the
sponsor (information amendment dated 4/6/98, vol., 10.1).

BEST POSSIBLE

APPEARS THIS WAY ON ORIGINAL
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Patients who Experienced a Berious Adverse Ivent
Patient Adverse Event
004 “Bloody diarrhsa.” Patient evaluation revealaed: hamorrhoids,
22 F diverticulosis, arterio-vencus salfornations/corrected surgically.
Patient received only a test dose of Ferrlecit. A
110 Abdominal/flank pain, and shortness of breath in a patient with a pre-
ner existing nephrolithiasis. Patieant received 1000 mg of Ferrlecit,
113 . { Fever and cervical lymphadenopathy. Tentative diagnosis was
61 F tuberculosis. Patient received 1000 &g of Ferrlecit, -
120 “Changed mental status.” Patient had a history of diabetes and
4 F pPeripheral neuropathy, and had & R BKA. Patient received 375 mg of
Ferrlecit.
121 Shortness of breath, fluid overload. Patient received 1000 mg of
TT M Ferrlecit. : - - -
122 Fever, premature ventricular contractions, fatigued for 3 weeka before
2K event. Tentative diagnosis was viral enteritiz. OMV antibodies were
positive. Patient received 1000 ng of Ferrlecit.
126 Right leg pain, tingling, and discomfort, for 2 weeks. History of
81 F peripheral wascular disease and R femoral -arteric-vanous graft. o
Patient received 500 mg of Ferclecit.
129 “Changed mental status,” fever, cough. History of multi-infarct
B2 M dementia and dehydration. Fatient received 1000 mg of Ferrlecit.
137 Abdominal pain, melena, and diverticulesis. FPatient received 1000 mng
1 F of Ferrlecit.
316 “Generalized pain.” Pre-existing lupus, fibromyalgia, left leg
32 F dystrophy, and Raynaud's disease. Patient received 500 mg of -
. Ferrlecit.
hd 324 Right upper lobs pneumcnia, weakness, dizziness, and vomiting. Patient
. B0 F received 500 mg of Ferrlecit.
327 Patient hospitalized for creation of arterio-venous fistula. Patient
B? F recejived 1000 mg of Ferrlecit,
3 Patient hospitalized for R Forearm thrombectomy. Patient received 500
45 F mg of Farrlecit. : ’
332 Patient hospitalized for a ventral hernis repair and arterio=-vencus
64 M fistula creation. Patient received 1000 mg of Ferrlecit.
313 "Decreased level of consciousness™ with tonic-clonic seizure. History
BO F of confusion for 24 hours following dialysis. EEG showed evidence of
metabolic encephalopathy. Patient received 1000 mg 0f Ferrlecit.
338 Patient hospitalized for arterio-venous fistula Creation. Patient
T2 M received 1000 mg of Ferrlecit.
318 Gortex graft insertion. Collapsed vein. Patient received 1000 mg of
78 F Ferrlecic.

-—

None of the above serious adverse events were felt by the
on-site investigator to be related to study drug.
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All Adverse Events

Note that safety data was not collected for historical
control patients. Thus safety data was extracted from literature
review articles of adverse events that have been reported in
chronic hemodialysis patients. These adverse events were then
proportionally distributed among the 25 historical control
patients. The study report states that the review chapter to be
used for this purpose was by Levin NW et. al (“Complications
During Hemodialysis,” in Clinical Dialysis, 2nd edition, Norwalk,
Appleton, and lLange, 1990), while the table of adverse events in
the “Results” section of the NDA study report states that the
review article by Abuelo JG et. al., entitled, “Acute Symptoms
Produced by Hemodialysis: a Review of Their Causes and
Associations,” (Semin Dial 1993 6 59) was used.

The incidences of adverse events were 93% in the low-dose
group, 96% in the high-dose group, and 92% in the
historical/literature control patients.

Individual adverse events that occurred with a frequency of

2 5.0% in Ferrlecit-treated patients are shown below (Tables 16
and 16a, vol. 16, pp. 137-42).

Adverse Events that Occurred with a Frequency of 25.0%_

. TREATMENT GROUDP
ADVERSE EVENT 500 mg 1000 mg Historical/Literature
(Nw=q1} (N=yq?) Control
{N=25%)
Body As a Whole
Injection site reaction 15(37%) 17(36%) -
Chast pain 1({2%) Bi1My) 9(361)
Headache 2(5%) T(18%) 6(240)
Pain 5(124) 6{13) -
Fatigue M) 4{9%) -
Fever 2{5%) 204%) 2(an)
Asthenia “1{2y) St1iv) -
Back pain 0{0%} J (64} 312y}
Abdominal pain 12y} 4(9) -
Malaise Eixl ) 1{2y) -
Cardiovascular Disorders i
Hypotension 14 [340) la(38%) 23(92w)
Hypertension T{17Y) 10{21%) -
Syncope 2154) 4{9%) -
Gastrointestinal Disorders -
Nausea 701 11¢23v) 18¢{7T20)
Vemiting 5112%) BL17W) 12 (48%)
Diarxhea 1{2v) J(6s) ’ -

BEST POSSIBLE !
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Central and Peripheral Nervous

System Disorders

Cranmps 17¢424) 1843y 17(68%)
bizzineas 6(15%) $(19%) -
Parsesthesia 4{10%) 3(6%) -
Respiratory Disordera

Dyspnea R - 3T 7(15%) -
Upper respiratory tract infection 5(12%) FA{1}] ’ -
Skin and Appendages Disorders . - .

Pruritis 3 T4 -
Itching o(on) o[o%) T{28%)
Rash 3{Ts) 1{2y) -
Metabolic and Nutritional Disorders

Hyperkalemia 5(12%) 2{4%) -
Edema, generalized 3{7%) 36N} -
Edema, legs : : - 4{108) - . 1o L O{0AY . -
Heart Rate and Rhythm Disorders

Tachycardia 2(5%) 4{9%) -
Bradycardia A G{ow) -

| - —
Those adverse events that occurred more often in high-dose

patients, by a difference of > 5%, are tabulated below (Table 16
and 16a, vol. 16, pp. 137-42).

. Adverse Events that Occurred More Often in High-Dose Farrlecit Patiants '
' By a Difference of » 5%

- TREATMENT GROUP
s
ADVERSE EVENT 500 mg 1000 ag
(N=g]l) {N=q7}
Body As a Whole
Chest pain 1{z2v) B{174}
Headache 2(5%) 7(15%)
Asthenia ) 1(2y) S${11w)
pack pain o(o%) 3(6%)
Abdominal pain 1i2%) 4(9%)
Gastrointestinal Disorders
Nausaa {17y 11(23%)
Vomiting 5{12v) 8{17n)
Respiratory Disorders
Dyspnea I (7N 70(15%)

_ When the incidences of adverse events were statistically
compared between high- and low-dose patients, only chest pain was
found to occur more often in high-dose patients (p=0-033,
Fisher’s Exact Test); and leg edema occurred more often in low-
dose patients (p=0.043, Fisher’s Exact Test). :
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Those adverse events that were considered by the on-site
Investigator to be “possibly” or “probably” related to study drug
are summarized below (Appendix 13.2.3, vol. 17, pp. 31ff.).

Adverse Ivents Reportaed to be "Possibly” or “Prcbably” Related to ktudy Drug

Patient Dose Adverse Event Severity lelition to
Group ) Study Drug
33s S500mg Rash Severe Posaible
302 1000mg Cramps Mild Poassible
311 1000mg Nausea, abdominal pain, back pain, and fatigue Moderate Probable
Rash Mild Possible
33 1000mg | Agitation 1 Moderate Possible
102 1000mg Rausea, vomiting Mild Possible
Syncope - e Modarate Possible
116 1000mg Pruritis, Chest Pain Moderate Probable
117 1000my Parasthesia Mild Probable
121 1000mg Erythrocytes Abnormal Mild Poasible

Clinieal lLaboratory Evaluation

Shift table analyses of clinical laboratory parameters
{which included liver function tests, complete blood count, and
-BUN, creatinine, and glucose values) during the study were
performed (Table 1B, vol, 16, pp. 154-59). Those laboratory
values for which > 5% of patients were in the “normal=abnormal”

category at Day 19 compared to baseline, are tabulated below
(Appendix 13.2.5, vol. 17, p. 64££.).

Laboratory Values for Which > 5% of Patients had a Normal Valus at Baseline,
and an Abnormal Valus at Day 19

Laboratory 500 mg 1000 mg

Comments
Farameter {N=dl) (Nm=q7)

Glucose 2(5%) 6{13%) For the high-dose group, 6% of patients at Day 31, and 13t

of patients at Day 47, had persistently abnormal glucose
values. Abnormal glucese valuea were generally non-
significant increases, except for patient #107 (high-dose
groupl who increased from 150 B3/dL at baseline to 5B, 527,
and 49%5 wg/dL, at Days 19, 31, and 47, respectively.

r——g——

WBC 4(10%) 4{9) For the high-dose group, 11V of pPatients at Day 31, and 4%

of patients at Day 47 had persistently abnorma) WRBC values.
No WBC walue was > 15K/mm3, .

Lymphocytes 2(5%) 5(11%) For the high-done group, 24.of patients at Days 31 and 47,
had persistently abnormal lymphocyte values.

Neutrophils I 5(11%) For the high-dose group, 2% of patients at Day 31, and 4% of

patients at Day 47, had persistently abnormal neutrophil
values,
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There was no laboratory value for which > 4% of patients
(where 4% = 1 patient out of a total of 25 historical control

patients), were in the “normal=-abnormal” category, at Day 19
compared to baseline.

For comparison, baseline laboratory values from a population
of approximately 1100 hemodialysis patients were obtained from
the NIDDK Hemodjalysis Study, Data Coordinating Center,

{Cleveland Clinic Foundation). These values are summarized below
(Table 20, vol. 16, p. 163).

-sunnu.-y of Bassline Laboratory Values for Hamedialysis Patients
froa the NIDDK Hemodialysis Study

ARNORMAL, S
e enlare —pNe— T e B St s 20 17 (B 7 ¥ T
ALK PHOS ile j 151 £2.1% 2 0.18 33 47.67 535 47.0% 31.00 9 .00
ALT 108¢ 1023 4.20 20 1.84 43 3.9 [ 3] $.00 $.00 §5.00
AST 1087 | 21 ] M. as 2.44 ”2 9.62 118 A1.04 .00 40.00
BILIAURIN 1113 1103 29,10 L] b.00 b 1] 0.%0 10 .90 .10 1.60
CRAEATININE 1132 ] .00 0.00 113 100.0 11132 100.00 Q.80 -1.40
CLOCOSE 1129 L %11 51.43 b I 3.04 [ $1.] 45.8%54 544 40.%7 £5.00 120.00
- WBe 1T [13] 19.51 31 .5 $4¢ 4.9¢ 128 1).43 200000 33000.p6

Scurce: NIDDK Hemodislysis Study, Data Coordinating Center,

The Clevwland Clinic Poundation, Cleveland, ON ¢4195.

- Baseline creatinine values were always abnormally high,

while half the values for glucose and alkaline phosphatase were
abnormally high; the other half were normal,

Vital Signs

No clinically significant effects on vital signs were
reported.

BEST POSSIBLE
STUDY 5600-03

Study 5600-03 was a single-center, non-randomized, open-
label, historically-controlled, variable-dose, compassionate-use
study of the safety and efficacy of Ferrlecit in iron-deficient
hemodialysis patients. The primary efficacy variable was the
change in hemoglobin from baseline to the last available

observation through Day 50. The study period was from 5/28/94
through 4/2/96.
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The principal investigator, Dr. Bernard Haberstroh, of the
Kitchener Waterloo Health Center in Ontario, Canada, initially
began treating patients with Ferrlecit under the Canadian
compassionate~use IND Eligible patients under this
IND included non-hemodialysis patients, including patients who
were receiving hemodialysis for acute renal failure, patients who
were on peritoneal dialysis, and patients who had been previously
been exposed to Ferrlecit. Further, the total dose of drug
administered depended on the protocol under which the patient had
entered the study, the availability of the study drug to the
investigatox, and the clinieal Jjudgement of the investigator. .
Thus, patients who did not meet the entry criteria of Study 5600-
01 were retrospectively excluded from the analyses of this study.
Further, all patients who met the -entry criteria of Study 5600-01
and received ANY Ferrlecit, were included in the Ferrlecit-

treatment group, regardless of the actual dose of Ferrlecit
received.

Inclusion criteria were:

. age greater than 18 years

= ferritin level below 100 ng/mL or iron saturation below
18%

L hemoglobin below 10 g/dL or hematocrit s 32%

L] patients on long-term hemodialysis

Exclusion criteria were:
. L patients with unstable/uncontrolled pulmenary,
. cardiovascular, hepatic, endocrine, neuro-psychiatric,
infectious, immunologic, or malignant disorders

- HIV and/or hepatitis B Surface Antigen positivity
. women who are pregnant, or of child-bearing potential
. use of parenteral iron (including RBC transfusions)

and/or investigational drugs which may interfere with
iron metabolism within the previous 2 months
L EPO requirement of > 10,000 units » t.i.w,

Note that the above inclusion and exclusion criteria are
identical to those of Study 5600-01 (including protocol
amendments) . ,
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Rll patients were to receive a 25 mg test dose of Ferrlecit,
administered over 1 hour during hemodialysis on Study Day -5. If
the test dose was tolerated, Ferrlecit in quantities of 62.5 mg(1
ampule) or 125 mg (2 ampules) diluted in 100 ml of normal saline,
were to be administered intravenously over 1 hour at subsequent,

consecutive dialysis sessjons. The investigator determined the
number of doses to be given. '

The primary efficacy variable was the change in hemoglobin
from baseline to endpoint (last available observation through Day
50) . Secondary efficacy variables were changes from baseline of
the hematocrit, percent iron saturation, serum ferritin, serum
iron, and mean corpuscular hemoglobin (MCH), mean corpuscular

volume (MCV), and mean corpuscular hemoglobin.concentration
(MCHC) .

The study schedule is reproduced below (vol. 20, p- 17).

Study Days [Trastment/Nemodialysis Days)

~14 to -5

Y {test 1 6 32} 5 1 b {4} 10 (5) 12 18} 15 (7 17 (e 19 e
doae])

47

Informeq
Conzant b 4

HIV, hspstitis,
PIegnancy tests

Hematologyl X

% x x
e
- Wepatic/Renal
Labx § X x x X
AEs x X % x x x x x x x
Clinical
Evaluastion*s x x X o X x x % X x x x X

* 2 wesks after treatmant.

+ 1 month after trestment.

f Hematology tests: Hemoglobin, hematocrie, WCV, MCH, MCHC, serum
differantial, RBC count, reticulocyts count, and platelet count.

§ Hepatic/rena) Chemistry tasts: ALY, AST, bilirubin, slksline phoaphatase, BUN, crestinine, and Qlucoae,
** Includes messurements of blood Prassurs, pules, tempersture, and weight,

Sixty-three patients were evaluated in this study: 38 in the

Ferrlecit-treated group, and 25 patients in the historical
control group.

BEST POSSIBLE
STUDY RESULTS

Patient Disposition

Sixty-three patients were evaluated in this study: 38 in the

Ferrlecit-treated group, and 25 patients in the historical
control group.

iren, § iron ssturatien, serum ferritin, WBC count,
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Ferrlecit-treated patients were considered to have completed
the study per protocol, if they received at least 8 doses of
study medication. A total of 14(37%) of completed the study per
protocol. Twelve (32%) Ferrlecit-treated patients received less
than 8 doses, and 12(32%) patients had incomplete dosing

information, so that the number of Ferrlecit doses could not be
determined. : :

A list of the number of (known) Ferrlecit doses received, .
including total Ferrlecit dose, is shown below (vol. 10.1, p. 5).

Ferrlecit Received by Patients in Study 5600-03

Pationt Number Nutnber of Doscs Total Dose (mg)

Roceived
s s 500
L2 L] 500
345 8 1000
849 . 1000
LT ’ 500
502 5 s
526 7 875
539 ) ns
i L2 ] 7 s "
. 544 3 s
- 547 5 623
A S48 s &2
551 3 375
352 1 12
83 5 623
159 1 Qs
356 3 625

Note that only 5(13%

} patients are listed as having received
doses of Ferrlecit. o '

(o4

Data on EPO dosage was available for 31 Ferrlecit-treated

pPatients. Most patients received a mean of 4000~6000 units of
EPO, with the exceptions of patients #502 and #530, who received
8000 units; patient #538, who received 10,000 units; and patient
#556, who received 2000 unjts (vol. 10.1, Attachment A).
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Protoecol Dov;ationn

Not all patients received Ferrlecit at consecutive dialysis
sessions.

Many Ferrlecit-treated patients received oral iron
supplementation during the study.

Demcgraphics and Other Baseline Variables

A summary of patient demographics and other baseline
variables is shown below (vol. 20, p. 29-30).,

Pati-ntmpannlincrp-nogriﬁhiél.iﬁﬁ ﬁnloglobin Valuas

Jrsatmant Scevp
Pearrlecit Camtrsl
Variable m = 39 = 15) Prvaive
tyrs)
“: 4 37 15 .42

Mean (Std) 5.3 { 15,9 $1.1 (1889

Mim 12.0 n.

Max "o "0

Aps sategery {m %)

Pumpier apes$l & | 142 b { 32.0} 8,024
Fomals: $l<agecss 1¢( .7 [ 3m
Female: age>Es & [ 18.2) 3 | 12.0)
LT H agaghl 0 (M. ¢ { .0
Mala:  aparEs ¢ 10.0) 1 e

Sender (» §)

. Mumale 4 { 3.0 17 { 5.8} 8.023
male M (B [t

Baes (n §) -
Whice LI R A0 ( 0.0} <6.001

- 2lack 0 8.0 LS ]
v Auian Tt B3 1 4.
Bispanic . 8.8 s (a0
| V. "¢ e 30 S0

Waight (L)

L] L L] ) 8,912
Mean tded) 170.% { 41.9) MI& (2.0

Kin . 3.0

Max m.» 2.7

Systalic AP temaly)

a - ¥ 1 (K 3
Naan (3ed) 1606 £ 1781 1Y0.8 ( 1.B)
Min .. 13.9

. Max isn.o 1.0

Disatalic BF immily}

b M 13 o.80)
baan (Std) [ I Rt} 6.5 { 15.1)

Min 1.0 1.9

Max 311.8 112.0

rulie (opm)
= . R » n .98
Naan (Icd) .9 { 11.5) 5.9 { 13.1)

Min 8).0 $6.0
ax 140.0 .0

Twmparcaters (°C)

» 1 -* w'
e {0rd} M. a8

Ris 3.0

Max . 7.%

Baveling Saseylebin (g/aL) —
» . ” a5 [ B 1} ]
Mean I3td) .3 ¢ 0.9 4 ( B0
Kin .5 1.8
L 11.3 10.4

- For & amcizueus verishle, an ANOVA madil with sffesta for Ereltment graup

::ﬂun_uothl Baahs, and the p-valus weas saseaished with
cast

- Por & sategexi variable, the pvalus was sasecistad with the
Fisher's Basct Tast. .

i
H
I
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No significant difference in the baseline hemoglobin was
seen between Ferrlecit- and historical control patients. Overall
the Ferrlecit-treated group was comprised of more of the
following: males, males of age < 65 years, and Caucasians. The
mean weight of Ferrlecit-treated patients was 180 kg, compared to
a mean weight of 144 kg in historical controel patients.

A summary of the baseline parameters of hematocrit, serum
iron, percent iron saturation, serum ferritin, and red blood cell
indices, is shown below (vol. 20, p. 31).

Baseline Hematocrit, Iron BStudies, snd RBC Indices

Treatment Group

Ferzlacit Centrol
Variabla N = 33) X = 2%} p-value*
Bassline Bumatocrit ()
] b1 25 0.050
Mean {3td) 21.3 | 2.%) 8.6 { 2.1y
Kin 21.3 24.0
Man 3.0 1.4
Baseline Percent Iron Saturation (1)
n 37 25 ¢.001
Muan (Std) .80 (5.5 .2 { 4.0
Min 4.0 6.7
Max 30.0 27.3
Baseline Serum Ferritin (ng/ml)
n 7 12 <0.001
Mean (3td) 6.6 L N.0) E05.6 (350.9) -
. Min .0 41.0
ve Max A53.0 1000
- Baseline Serum Irom (ug/dL)
B M 28 0.147
Mean {Std) 21,0 ( 19.0) 33.5 (12.8)
Min 5.6 16.0
Max 11.7 8.0
Baseline MCH (pg)
. n »n 25 <0.001
Maan (std) 28.2 { 1.0} Jl.4 { 3.3
win 23.2 26.8
Max 3.0 3%.1
Bassline NCV (1))
n b1 ] 25 <0.001
Mean (Std) M3 { T.D) $6.0 { 9.0)
Min 71.9 (1§
Max ”.5 114.7
Baseline MCKC (g/dL)
n 24 25 0.016
Mean (Std) 3.3 0 0.m) 32.7 ( 0.8)
Min ] . 31.4
Max 34.0 34.2

* Por a comtinucus varisble, an ANOVA model with effects for treatment Yroup was
used to compars the group mians, and the p-value was aszsecisted with the F

teat. For a categorical wvariable, the Prvalue was associstasd with the Pisher's
Rxact Test.

BEST POSSIBLE
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Notably higher baseline values in historical control

patients included serum ferritin (606 ng/ml in historical

control, compared to 77 ng/ml in Ferrlecit-treated pateints), and

MCV values (96 fl1 in historical control, compared to B4 fl in
Ferrlecit-treated patients). o

Efficacy Analysis - | o
Mean Change in Hamoglobin

The primary efficacy variable was the change in hemoglobin
from baseline to endpoint (last available observation through Day
50). For the historical control group, the endpoint was defined
as the last available observation-through Day 60. These data
were analyzed by an ANCOVA model, which included the factors of
treatment group, baseline hemoglobin level, and their
interaction. If the interaction was not significant, the
analysis was rerun, and a model that did not include the
interaction term was used. The significance of the mean change
from baseline to endpoint for each dose group was determined
using a paired t-test.

The results of the ANCOVA analysis for mean change in
hemoglobin is shown below (Table 4, vol. 20, p. 33).

Maan Change in Hanoglobin T
ANCOVA Analysis

Traatmant Sroup

Parrlecit Contreol
Variable (N = 30} {N « 2%) p-value®*

Nemoglobin (g/dL)
S .

] H] 0.022

3

Mean 1

std

Min =1
4
*+
]

3
3
2
1

N DN
- .

. 4

. P |

. -

Max . ?
c.i. ( 0.9, 1.6 { -0.0, D
Probte <0 [

. 0, 0.9
.001 0.13

P-value is asscciated with the ANCOVA.
+ p-valus is associated with the paired t-test.

The mean change in hemoglobin from baseline to endpoint was
greater for Ferrlecit-treated (1.3 g/dL through Day 50), compared

to historical control (0.4 g/dL through Day 60) patients
(p=0.022, ANCOVA).

The within-group changes in hemoglobin from baseline were
statistically significant for Ferrlecit-treated (p<0.001, paired

t-test), but not historical control patients (p=0.136, paired t-
test).
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Mean Changes in Hematocrit, Iren Studies, and Red Blood Cell
Indices

The results of the ANCOVA analyses of changes in hematocrit,
iron studies, and red blood cell indices, from baseline to the
last available observation through Day 50 for the Ferrlecit-
treated group, and through Day 60 for the historical control
group, are shown below (Table 5, vol. 20, pp. 34-5).

Mean Changes in Hematocrit, Irom Studies, and Red Elood Cell Indices
Results of ANCOVA Analysis

—Trestment Growp

Ferrlecit Contrel
Variable [N = 30} (N = 23) P-value*
Bematoccit {§)
] » 35 0.002
Msan 3.0 0.2
itd 3.8 3.7
Min -3.7 -7.1
Max 11.2 6.6
c.4. { 2.9, 4.0) t~1.0, 1.5)
Probts .00 0.75%
Parcent Iron Saturation {§)
B M 25 0.101
Mean 6.7 1.7
std 7.2 6.4
Min -12.0 =~7.2
. Max 22.0 15
e.d. { 4.7, 8.9} (~0.4, J.9)
Probts <0.001 0.187
Sarum Perritin (ng/ml)
n 37 2 0.580
Maan 7.9 -145
std 116.0 208,}
Min ~168 -390
Max 504.0 8.0
c.i. ( 40.7, 105.1) (-10£&0,770.5)
Probt+ [ 1.} ©.500
Sarum Iron (ug/d4L)
B 3 a5 0.358
Maan 11.% 3.7
std 1.1 4.7
Min -§7.0 -10.0
Max 1.4 4.0
.4, { $.6, 17.3) {-1.3, 8.7
Probt+ 002 0.222
NCE (pg)
" n 25 0.070
Menn 0.9 -0.4
3td 1.0 1.8
Min -0.5% -6.7
Kax 4.6 2.3
c.1. { 0.6, 3.1y { =4, o.M
Probt+ <0.001 0.236
nev {£1)
o n a5 <D,0D1
MNaan 2.4 -3.4
std 2.4 4.5 -
Nin -2.4 -22.10
Max 10.9 =-0.1
c.i. { 1.7, 3.y { ~-5.0, -1.9)
Probt+ <0.001 0.0
NCRC (g/dL)
n 24 25 0.021
Naan 0.0 0.8
Btd 0.6 0.9
Min -1.2 -0.9
Kax 1.2 1.9
c.i. (-0.2, o) 0.5, 1.1)
Probt+ 0,766 <0.001

¢ mewalre de penamlisrad wieh abe Sy
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A small increase in the hematocrit from baseline was
observed for Ferrlecit-treated patients (3.8%; p<0.001, paired t-
test). The mean change from baseline for the hematocrit was
greater for Ferrlecit-treated patients (3.8%), compared to
historical control patients (0.2%; p=0.002, ANCOVA).

No significant effect of age or race on the treatment mean,
Or treatment difference in hemoglogin or hematocrit were
reported. A significant treatment-by-gender interaction was
noted for female patients however: females in the Ferrlicit-
treated group had significantly greater increases in hemoglobin
and hematocrit, than females in the historical control group).

Changes in hemoglobin were not significantly affected by
baseline EPO doses (vol. 20, p.VBB}.

A summary table of the efficacy outcomes for the intent-to-

treat population of study 5600—01,”and patients treated in study
5600-03, is shown below. ' '

Comparison of the Changes in Efficacy Variables for
Studies 5600-01 and 5600-03

Study 5600-01 Study 5600-03

High-dose Hist Absplute Variable- Hist 4 . Absolute
. Ferrlecit Control Difference doss Control Difference
. (1000 mg) Ferrlecit
R (<1000 mg)

Day 40 Day 40 Day 30 Day 60

Hd (g/dL) 1.1 0.4 0.7 1.3 0.4 0.9
Het (%) 3.¢ 0.8 2.9 3.8 0.2 3.6
Fe (ng/dL) . 11.7 16.2 -4.% 11.5% ' 3.7 7.9
Iron
Saturation(y) 8.5 6.1 2.4 6.7 1.7 5.0
Ferritin
{ng/mL) 195 H.D. - 72.9 -145 218

Note that the magnitude of changes in efficacy variables for
high~dose Ferrlecit patients in study 5600-01 through Day 40
- (actually measured on Day 31), are similar to those for variable-
dose Ferrlecit patients in study 5600-03 through Day 50 (actually
measured on Day 50), except for the serum ferritin value. Also
note that iron study values in historical control patients
decrease with time (i.e. compare Day 60 with Day 40 results),

that there was a (suggestive) trend toward greater differences
between treatment groups at later timepoints.

BEST POSSIBLE
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Surmary of Study 5600-03

In summary, interpretation of the results of Study 5600-03
is limited by the fact that this study was a small, single-
center, compassionate-use, variable-dose, historically-controlled
trial. However, the results of study 5600-03 corroborate the
results of study 5600-01, and thus support the efficacy of

Ferrlecit for iron replacement therapy in chronie hemodialysis
patients. '

Safety Analysis

Extent of Exposure

As per vol. 20, p. 40: “This was a variable dose study; the
maximum amount of Ferrlecit received during the treatment course
by any patient was 1125 mg, and the minimum amount was 62.5 mg.”

Deaths

There were no deaths in Study 5600-03.

Premature Discontinuations

One patient (#552) discontinued due to dizziness, -
lightheadedness, diplopia, malaise, and weakness, considered by
- the investigator to be “"probably” related to study drug. This

patient had received a total ©f 125 mg of Ferrlecit. No further
information was provided.

BEST POSSIBLE
Serious Adverse Evants

A total of 4 patients were hospitalized for the following

(serious) adverse events. Available information on these cases
is reproduced below (vol. 20, p. 44).

Serious Adverse Events

Patient

Num! Age Sex . Event l:t:l;;“:::;
- 536 38 M Rigorsand chills. Blood cultures thowed None
Staphylococcus qureus bacteremia. Received _—
1000 mg Ferrlecit,
538 68 M Myocarcial infarction One dose of Ferrlecit was None
a whuud.kudwdlujnuFaﬂah
\ 544 s M Cﬁm.ﬁmrumﬁcdmnsﬂwwm Unlikely
Staphylococeus epidermis bacteremia. Received
375 mg Ferrlecit.
552 65 M Dizziness, lighth cadedness, diplopia, malaise, and  Probable

weakness. Raceived 125 mg Ferrlecit

L ——



NDA 20-995
Page 50

All Adverse Eventa

Note that safety data was not collected for historical
control patients. Instead, safety data was extracted from a
literature review article by Abuelo et. al. (Semin Dial 1993 6

5%). These adverse events were then proportionally distributed
among the 235 historical control patients. : ‘

A total of 74% of Ferrlecit-treated pétients experienced an

adverse event, and these are summarized below (Table B, vol. 20,
pp. 42-3). :

All Advarse Events

Perrlecit Control*
BODY SYITEM o = 38) = 28
Adverse Event n L n 1]
ANY BODY SYSTEM 20 { T3 I3 { 2.0}
BODY AS A WHOLE 17T { 4.7 $(36.0)
Cheat Pain 4 | 10.5) § { 36.03
Neadache 0t 0.0) & ( 24.0)
Chillas 3 e 21 0.0)
Faver 2 (1 8.3) 2 ( 0.0
Asthenins 3 f 1.9 -
Abscesa 3 1.9) -
Pain Back b 0.0} I {uoe
Abdaminal Pain 34 7. -
Carcinoma 21 5.3 - -
Sepaia 21 5.3 -
b Pain 21 5.9 -
e Infection 2 i 8 -
Flu Syndrame 1{ 2.6) -
* Malaine 1( 2.8 -
CARDIOVASCULAR DISORDERS 4 ({10.5) 23 { 912.0)
Hypotension 4 { 10.8) 2) { R2.0)
GASTRO- INTESTINAL DISORDERS ’{21.1) 8 { 72.0%
Naussa 2 ([ 5.)) 18 { 12.0)
Vomiting 4 (10.% 12 ( 48.0)
Disrrhas 3 { 1.8 -
Nauasa and Vomiting 1{ 2.6 -
Nausea Vemiting and Diarchea 1{( 2.8 -
Dyspepsia 14( 2.8 -
AUTONCGNIC NERVOUS -] 0.0) 17 { €0.0)
Muscle Cremp -] 0.0) 17 ¢ 0.0}
Restlensnens 0 { 0.0) 6 ( 24.0)
SKIN AND APPENDAGES 11 { 20,9 -
Application Zite Reacticn 10 [ 26.3) -
Shin Carcinoma 1{ 2.6) -
PIGESTIVE SYSTEM & {15.0) -
Gastroiotestinal Disorder 21 5.3 -
Rectal Pisorder 2( 5.0 -
Large Intestine Pecferation 1 ( 2.8) -
Gastrointantinal Nemorihage 1{ 2.6} - _—
Gastroenteritis 1§ 2.8 -
Mhorexia 1t 2.6 -

BEST POSSIELE
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CARDIOVASCULAR §YSYEM
Wyocardial Infarct
Syncope
Atrial Fibrillation
Angina Pactoris
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10.3) ¢

SKIN AND APPENDAGES DISCRDERS
Itching

NUSCULOSKELETAL SYSTEM
lag Cramps
Axrthralgia
Tahosynovitis
Myslgia
Arthritis

-

[
-
LI I I I A

REIPIRATORY SYSTEM
Dyspriea
Lung Edema
Cough Increased

DWW NNNDPLER DO NNN
.. 4 0+ v 8w o+ ' P
hd
—

|l o
(]

—
LI B B |

NERVOUS SY3TEM
bitsinens
1nscamia
lypesthaesia
Depexrsonalization
Agitation

[
-
LI I S I I

METABOLIC AND NUTRITIONAL DISORDERS
Hypoglycemia
HBypervolamia

[ X
-
LI |

SPECIAL SENSES
Diplopia
Abnormal Vision

B d
o
[ )

HEMNIC AND LYMPHATIC SYSTEM
Hypochromic Ans#mia
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* Ristorical control data taXen frem Absuelo et al. {54 .
+ = = No dats available.

Adverse events that were reported by the on-site
Investigator to be “possibly” or “probably” related to Ferrlecit
were: dizziness, diplopia, malaise, and asthenia in one patient;

- énd diarrhea, myalgia, ang arthralgia in a second patient.

Clinical Laboratory Evaluation

Shift table.analyses of eclinical laboratory parameters
{(which included liver function tests, complete blood count, and
BUN, creatinine, and glucose values) during the study were
performed (Table 10, vol. 20, PP. 50-1). Those labocratory values
for which » 5% of patients were in the “normal=abnormal”
category at Day 50 compared to baseline, were: glucose (5/38
patients or 13%), and WBC (2/38 patients or 5%). No information
was recorded for bilirubin or neutrophil values.

For comparison, baseline laboratory values from a population
of approximately 1100 hemodialysis patients were obtained from
the NIDDK Hemodialysis Study, Data Coordinating Center,

(Cleveland Clinic Foundation). These values are summarized below
(Table 20, vol. 16, p. 163). :
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Summary of Baseline laboratory Values for Hemodialysis Patients
from the NIDDK Hemodialysis Study

— ARNORAL, m
Tt Palites TN T N T R ooy Tafs b YRl
ALK PHOS 1118 1 14] 52.1% a .10 | 33} 47.67 [ 111 47.8% 33.80 23.80
ALT 108§ 023 .20 20 1.4 4] 3.96 [ 4] 5.80 .00 55.00
AST 1087 4 5.9 26 2.44 [ 7] 0.62 e 11.9¢% T.800 40.00
BILTRUBIN 111) 110} .10 [} .00 b X 0.90 e B8.%0 0.10 1.60
CREATININE 1132 B &.00 [] &.00 1132 100.0 1333 180.90 .80 1.40
SLOCDER 1120 576 $1.43 3¢ 3.04 510 45.54 | 111 48.57 £5.00 128.00
m_ 10!! 2§ 9,51 T1 [ 1% »] 54 4.9¢ 128 1i.49% 40040, 00 11000 !s

Source: MIDDX Rewodialysis Study, bata Coordinating Centar, The Clevelsnd Clinic Poundation, Cleveland, ON 44195,

Baseline creatinine values were always abnormally high,
while half the values for glucose and alkaline phosphatase were

abnormally high; the other half were normal. Approximately 11% of
WBC values were also abnormal.

Vital Signs

No clinically significant effects on vital signs (from
baseline through Day 50) were reported.

'OTHER STUDIES TO SUPPORT THE EFFICACY OF FERRLECIT

Published Reports

Five published reports were submitted to support the
efficacy of Ferrlecit in treating iron deficiency in chronic
hemodialysis patients. These studies are discussed below.

Navarro JF, et. al., “Effectiveness of Intravenous Administration

of Fe-Gluconate-Na Complex to Maintain Adegquate Body Iron Stores
in Bemodialysis Patients,” Am J Neph 1996 16 268

This 6-month study prospectively examined the effects of the
monthly administration of 62.5 mg of sodium ferric gluconate, on
body iron stores in chronic hemodialysis patients. -

Fifty-eight patients were enrolled; 31 of these patients
were excluded for the following reasons: chronic hepatitis (n=8),
chronic inflammatory diseases (n=2), intercurrent infection
during the follow-up period (n=4), external blood losses {n=5),
red blood cell transfusion requirement (n=6), and variations of
the monthly hemoglobin of 2 1 g/dL (n=6).




NDA 2095
Page 53

O0f the 27 remaining evaluable patients; half were female,
the mean age was 57 years, and all were on hemodialysis for more

than 2 years. Sixteen (60%) patients were on a stable EPOD
maintenance doses.

Study drug was administered monthly, as 62.5 mg in 50 ml of
saline, given over 30 minutes at the end of dialysis. .

The results are shown below (vol. 25, p. 194). Note that ’
“iron stores” in the table below was calculated from the modified
formula of Cook et. al. (Nephrol Dial Transplant 1993 8 846):
iron stores (in mg) = 400 x ln (serum ferritin in mg/L + 50)

Parameter Banl Time, months
2 . 4 6

Hemoglobin,g/dl  10.721.1  10.7212 10.7:12 10621
Hematocrit, % 328+318 328245 325339 32323
Ferritin, ug/l 187496  203%96 230£120 196%11S
Iron stores, mg 457£273 4612205 470199 4512316

P=NS for all parameters,

No significant differences in hemoglobin, hematocrit,
ferritin, or {calculated) iron store values from baselime, were
gbserved. No allergic or other adverse events were reported.

Taylor JE, et. al., “Regular low-dose intravenous iron therapy

improves response to erythropoietin in hemodialysis patients,”
(Nephrol Dial Transplant 1996 11 1079)

In this é-month study, 46 stable hemodialysis patients were
treated with 62.5 mg of sodium ferric gluconate post-dialysis;
twice-weekly, weekly, or every two weeks, depending on their
serum ferritin levels. The effects on hemoglobin, serum
ferritin, EPO dose, and iron dose were determined.

Of the 46 hemodialysis patients who participated in this
study, 67% were male, and the median age was 67 years. All
patients had received EPO for at least 6 months, with a stable
EPO dose for at least 3 months. Patients were excluded for
infection, malignancy, liver disease, or chronic inflammation.
All patients had ferritin levels of < 600 ng/L, had not received
a bloed transfusion in the preceding 6 months, weré taking oral

iron, and had not received intravenous jiron in the previous 3
months.

BEST POSSIBLE
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Patients were administered 62.5 mg of intravenous ferric
gluconate twice weekly (for a ferritin of < 100 Rg/L), weekly
(for a ferritin of 100-250 ng/L), or every two weeks (for a
ferritin of 250-600 ng/L). Study medication was given as a slow
injection through the fistula needle at the end of dialysis. Oral
iron supplements were discontinued. EPO doses were adjusted up
or down by 30-50%, in order to maintain hemoglobin levels of 11~
13 g/dL for male patients, and 10-12 g/dL for female patients.

Changes in hemoglobin, ferritin, EPO dose, and Ferric
Gluconate dose over a 6~month period, in 34 patients with an
initial ferritin of > 100 ng/L, are summarized below:

Changes in hemoglebin, ferritin, EPO dose, and Farric Glucconate Dose
for Patients with an Initial Ferritin of > 100 ng/L

P - Pox Pre fervitin ~ Post farritis  Pre Pout Preiren  Poptirem
hscrmoglobin  hasmogpiobi {e) [T, erythropoletin erythropoitiy (mljwk)  (mlAwk)
(r;; {gsdn) . (=000 iafw) (1000 ku k)
Medis 215 1135 17 3043 6 4 5 23
m." €5-12% 95-133 103-sty 121-792 3-13 [ H 3-10 0-5

’ «0,0001 «0.0001 X «0,0001

The mean hemoglobin increased from 9.8 g/dL to 11.3 g/dL.
Mean EPO requirements decreased from 6000 U/week to 4000 U/week
(Note that EPO doses were adjusted to maintain hemoglobin values
in a prespecified range.) Mean Ferric Gluconate requirements
-@ecreased from €2.5 mg/week, to 31.25 mg /week.

Changes in hemoglobin, ferritin, EPO dose, and Ferric
Gluconate dose over a 6-month peried, in 12 patients with an
initial ferritin of < 100 pg/L, are summarized below:

Changes in hamoglebin, farritin, EpPO dose, and Farric Gluconate Dose
for Patiaents with an Initia} Ferritin of < 100 pg/L

2] Pont - Prxijerite  Pon l"ﬂ'l'h.h o] Post FPrebea  Post oo
bacmogichls  hermogle (ne) (gn erythropsicts  enptkropoietis (nljwk) (k)
(a1} (2N (=000 Lapek)  (» 1000 £ pwk)
Madian 1008 11.00 Ll 2108 ' B 10 a8
Rauge $3-119 25119 20-56 91 =447 -3 2-10 310 12510
r 0.0 0.003 6.as 0.008

——

The mean hemoglobin increased from 10.1 g)dL to 11.0 g/dL.
Mean EPO requirements decreased from 9000 U/week to 6000 U/week
(Note that EPO doses were adjusted to maintain hemoglobin values

in a prespecified range.) Mean Ferric Gluconate requirements
decreased from 125 mg/week, to 31.25 mg/week.
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No adverse events were reported in this study.

Pascual J, et. al., “Sodium ferric gluconate complex given

intravenocusly for iron deficiency in hemodialysis,” Clin Nephrol
1991 35 87

In a letter to the editor, Pascual J, et. al., reported the
results of the administration of 1 gram of sodium ferric
gluconate as 8 divided doses by slow i.v. injection to chronic
hemodialysis patients. A total of 18 patients, of mean age 50
years, were stratified into the following 3 groups: Group I - §
patients with iron deficiency anemia; Group II - 6 patients with
anemia, iron deficiency, and concomitant treatment with
nandrolone decancate, and Group IIX - 5 patients with iron
deficiency with a poor response to EPO. Results for hemoglobin
(Hb) and serum ferritin (SF) values are shown below:

Group Belure i, v. iron Alter Lv. iron*e».
: . 1 month 3 months 6 months

L Hb (prih» 77204 2420% 8221 861
SE ity 23 (14-41) 149 (67-263) 163 (107-361) 111 (93-329)

1l Hh (prdly* Bd 2 1é L2008 23324 61
SF (up/hyee 1 (17-37) 130 (4503) 231 (174-370) 199 (151=392)

m Hb (grdl)* 514 107258 12t 1.6 32z

. SE (/e 26 (20--9) 193 (53-1040) 213 (30-298) 154 (115-927)

- ’_" = Arithmetic mean 2 SD, ** = Grometric means (range), *** = All valves higher with rexpect 10 busal ones (p <Q5, paired 1-test)

Increases in hemoglobin were seen for all three groups, with
the greatest increase in Group III patients. Serum ferritin
increased in all groups up to 3 months, then declined. The
authors concluded that “iron deficiency will become an increasing
problem as erythropoietin is used more widely, unless

prophylactic iron is administered i.v. when serum ferritin falls
below adequate levels.”

No adverse events were reported.

Pascual J, et. al., “Intravenous Fe-Gluconate-Na for Iren-
Deficient Patients on Bemodialysis,"” Nephron 1992 60 121

In a letter to the editor, Pascual J, et. al. reported the
results of a total of 59 hemodialysis patients with a baseline
serum ferritin of < 50 ng/ml, treated with 1 gram of Ferrlecit,
given as 8 divided doses. The results of the first 19 of these

patients was described in a publication by Pascual J et. al.
{discussed above).
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Forty additional patients completed 6 months of follow~up:
Group I - 18 patients with iron-deficiency anemia, Group II - 10
patients with iron-~deficiency anemia and concomitant nandrolone
decanoate therapy, and Group III - 12 patients with iron-
deficiency anemia associated with erythropoietin therapy. The
results are shown below:

Group ! Crowp N Grogp 11

Sex (M/F) " ”m &6
Age, yaars 56=x12 87 Q=18
Time oa HD, months 4212 L1 F 3] Tiza
Hemogiobin, g/di

Rl L1:18 Lixis SAx1S

3 months* 10x=1$ 10827 Hels

& moaths® 99217 1022 L EIN)
Serrum fervitin, xg/ml

Banl ITx) b 13 s}

| moath™* 1352 15721 16T¢2

3 months** Q2 i€t2 1992

6 months o+ iz} 149x2
Positive responses ts/18 " 110 w2

All values are axprened a5 arkthmesc mesn = 5D exerpt fot serum fervitin (geogetric
mean * SD of log). :
*  p<0.035 with respect 1o controls (paired ¢ test)
** p<0.01 with repect to baca vahies (paired t sast).

. Hemoglobin and serum ferritin increased in all groups up to

"3 months, then began to decrease. The authors concluded that,

“we obtained excellent repletion of iron stores and increased

hemoglobin with (Ferrlecit) in our severely iron-deficient
population.” ‘

Three patients experienced serious adverse events in this

study, and are described below {Nephrol Dial Transplant 1992 7
271):

A 36 year-old male hemodialysis patient had a hemoglobin of 6.7 g/dL and
serum ferritin of 53 ng/ml; he was given i.v. ferric glucecnate (1 gram divided
into 8 post-hemodialysis doses). A few minutes after the first slow injection
of 125 mg, he experienced malaise, heat, vomiting, and lein pain, lasting 5-6
minutes. No hypotension was noted. After the next dinlysis sessjon, another
i.v. ferric gluconate infusion was attempted, but the adverse reaction
reappeared and the treatment was withdrawn.

A 55 year-old female hemodialysis patient with a hemoglobin of 10.7
g/dL, and a serum ferritin of 12 ng/ml was started on i.v. ferric gluconate.
After the first and second doses, the patient experienced intense epigastric
pain lasting 3-4 hours, and no further doses were administered.

A 50 year-old woman on hemodialysis was receiving BOU/kg i.v. of EPO,
and had a hemoglobin of 9.7 g/dL and serum ferritin of 22 ng/ml. Immediately
following a slow infusion of 125 mg of ferric gluconate, an anaphylactoid
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reaction, characterized by severe hypotension, parasthesias of lips, fingers,

and genitalia, without respiratory arrest, occurred. This reaction resolved
after 1 hour.

Allegra V at. al., “Iron Deficiency in Maintenance Eemodialysis
Patients: Assessment of Diagnosis Criteria and of Three Different
Iron Treatments,” Nephron 1991 57 175

In this study, the effect of 2 oral and 1 intravenous iron
preparations, on hemoglobin, hematocrit, iron studies and red

blood cell indices, were compared in maintenance hemodialysis
patients.

A total of 72 maintenance hemodialysis patients of mean age
51 years, on hemodialysis for a mean of 57 months, were studied.
Patients underwent hemodialysis three times a week. Patients
with chronic inflammatory diseases, hepatitis, bleeding, or
patients taking androgens, were excluded from the study. No

patients had received a blood transfusion for the previous 3
months.

Patients were divided into 3 groups, based on their baseline
serum ferritin values: Group A; > 191 ng/ml, Group B; 19 to 191
ng/ml, and Group C; < 19 ng/ml. Each of these groups was further
divided into 3 treatment subgroups: 1) oral Fe-ferritin; 67.5
mg/day of Fe+3, 2) oral Fe-chondroitin sulfate; 60 mg/day of
Fe+3, or 3) i.v. Fe-Gluconate Sodium; 31 mg of Fe+3 at the end of
each dialysis session. Patients received iron for a total of §

months. Follow-up was continued for 6 months after ending iron
therapy.

The rate of “positive” hemdglobin responses at 6 months are
shown in the table below. Note that a “positive” response was
defined as an increase of » 15% of the baseline value.

Group A Group B Group C
Treatment 1 0/5{0%} 2/10(20%) 1/7(148)
Treatment 2 0/5(0%) 1/6(17%) I/T(430)
Treatment 3 0/710%) . 5/11(45%) 10/16(63v)

Note that for all iron preparations (Treatments 1 ~ 3,
greater increases in hemoglobin were seen for patients with lower
baseline serum ferritin values. The greatest increases were seen
for i.v. Ferric Gluconate, compared to the two oral iron
preparations. Hemoglobin and serum ferritin responses for
patients who received i.v. Ferric Gluconate, AND had baseline

BEST POSSIBLE
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serum ferritin values of < 191 ng/ml (i.e. Groups B and C of
Treatment 3 patients) are shown below. Note that study
medication was stopped after € months.

Ho, g/l

100~

4

No adverse events were reported with the use of i.v. Ferric
Gluconate in this study .

Summary of Published Raports

A summary of the published reports of the use of Ferrlecit
to treat iron deficiency in chronic hemodialysis patients is
shown below (Table 16, vol. 21, pp. 45-8).
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Suxmary Table of Publishaed Reports of the use of Ferrlecit
in Chronic Hemodialysis Patients
Atwdy Patients traated Dess sf Fe-glucomats Nemtglobin Sarum Ferritin
with Fe- {9/dL} Reapoase (BY) wy/L) Raspounss
Fluconste
Havarro, ot al. 27 ¥ieg (61.%mg/moath Maintainad at starting Stable threuwghout
for 6 months) Aewel (21} study
Sapeiine Maan: 10,7 Sasnling Mean: 107
4 mocth Mean: 10.§ ¢ manth Wean: 196
Taylor, st al, 4% 13%ay/ve, £2.% Pte w/ marmal Sr ot Pt w/ pormal ST at
ny/we, or §2.3 Baswline Sasaline
ag/tortaight fer & BL: 9.0% BL: 176
moatie' € mot 11.23 ¢ mos 304.%
Pt w/ lov SF at Bassline Pro w/ Low BT at
BL: 10.0% Mssline
& ot 13,00 BL: 68
: § mor 210.5
Pascual, ot al. 40 1000mg (12%g ¥ § I BL: 8.7 1 AL: 2%
. dialysis sessioms) édmo: 9.9 & mo: 108
1T BL: 0.7 I BL: 2%
4 mo: 10.2 ¢ mot 113
III BL: 9.4 I Rl 27
é mo: 9.0 § ot 149
Pascual, st al. 19 1000wy {125mg & & 1 BL: 1.7 P M)
dialyais sssnions) édmo: 0.4 6 mo; 11l
II AL 8.4 I7 BL: 20
6 mot 0.4 § mo: 197
Ity BL: 8.5 IIX BL: 26
€ mo: 10.3 6 mo: 134
Allegre, ot al. LIY Jimg/dialytic 15/34* respendsd (2134 Initial rapid and
stduian for 6 mo increass from AL, aignificant incresse,
including 3 who had mot followed by slow
taspobded to oral iren; decrsase after ond of
all bad BL BT ¢ 19img/L) thezapy .
11 20mg/dialytic 11/11 reyponded, all wers Grsdusl incfiass
ssssion for € no izom deficient at until Bamoglobin
bassline atabilized, then

rapid increass

Tts = Fatisats

Dosage was based om serus ferritin leval asd was adjusted th oh the traatm paried.

.M = Bassline) mo = Mooth

Thess 34 pta wers compared with 40 pta reteiving exal irem swpplemmnts.

This rate of respoass was aigaificantly highez than Sorrespondlag rate ia pte receiving oral ives.

L S

Note that, in addition to the favorable hemoglobin and serum
ferritin responses, Ferrlecit was reported to decrease both the

EPO dose, and maintenance intravenous iron requirements in the
study by Taylor et. al.

Of the 177 renal dialysis patients exposed to Ferrlecit in
the above studies, 3 experienced serious adverse events (Nephrol
Dial Tranplant 1992 7 271): 1) malaise, heat, vomiting, and loin
pain, which recurred on drug rechallenge and prohibited further
drug use; 2) intense epigastric pain lasting 3-4 hours, which
recurred on drug rechallenge, and prohibited further drug use,
and; 3) an anaphylactdid reaction.
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Integrated Summary of Safety

Studias Included in the ISS

Those studies which were included in the Integrated Summary
of Safety are tabulated below (Table 1, vol. 22, pp. 3-4).

Mo Bavelled Totnant Mo Aphap
e _

Suriag .
Saly Tt md Dudgn T DS Dom Oian) ur

w Pendeck: 41 €15 mpMdial. mas. noEy)  wn
mg Wagddum  BOCTH S

 Bumn W

it

» Vebhis 615 w nMESH e
= 1000 mg) BMELD 7

f

“ ) Algos, Mangarl, Vealla, 1971 Complas [ ] Fo-glaoonme-Ma: 34 31 mgAlial maaa. HE Y. 1) =’

Hoveme, Torval, Linte, Misada, Oniupleln ] Sofiam e 24 mgimeadh nren [ L]

Tansa, Advinapues, v Desmmal, et »x* Polecke 17 615 mghinl. mm. 00 ne
Pantiouma, e Soug, 1996 Pondieckt: 19 125 myfdiel. mem. nm na

(Faviact®) ks homondlaiysis pasiopis, ! Fomteck: 2 WegMetem  XXXX(N XX

Nimenacn sné Lindery n Pamiock: 33 125 mg dial sem. XXX (X X
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Published Supportive Studies included in the ISS

BEST POSSIBLE

In addition to the published reports submitted to support
the efficacy of Ferrlecit (discussed previously), another article

was cited to further address the safety of Ferrlecit in
hemodialysis patients, and is discussed below. .

Zaman AL, et. al., “Oversaturation of transferrin after

intravenous ferric gluconate._ (Ferrlecit®) in hemodialysis
Patients,” Nephrol Dial Transplant 1996 11 820

Following the development of nausea, facial reddening, and
hypotension in 2 chronic hemodialysis patients who were receiving
monthly infusions of 62.5 to 125 mg of Ferrlecit, the authors
determined that these patients had a TSAT >100% at the time of
symptoms, and postulated that these symptoms may have been the

Thus, the present study of the

result of acute iron toxicity.
use of intravenous ferric gluconate in iron-deficient

hemodialysis patients, with particular attention serum iron

studies, was conducted.

Participating patients were on maintenance hemodialysis 3

All patients had either a
transferrin saturation under 20%, or a serum ferritin less than

Most patients were receiving EPO. Ferric Gluconate
was administered in one of four ways: Protocol A - 125 mg

infusion over 30 minutes at the end of dialysis, Protocol B -
62.5 mg infusion over 30 minutes at the end of dialysis, Protocol
C - 125 mg infusion over 4 hours during dialysis, and Protecol D

times a week, for 4 hours per session.

100 ng/ml.

- 62.5 mg infusion over 4 hours during dialysis.

Patient characteristics are shown below:

Protocol

10

10

Mean age {yrs)

67

71

64

62

Sex (M:F)

5:5

4:3

6:3

7:3

Mean Weight (kg)

66

69

65

67

No. Pts. On EPO

All 7 patients in the Protocol B group were also included in
Three patients in the Protocol C group were also in

Protocol Aa.

Protocol A, and two of these.were alsoc in Protocol B.
shared five patients with Protocol C.

Protoccol D
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Infusion of ferric gluconate resulted in an immediate rise
in serum iron and transferrin saturation, which reached a maximum
at the end of administration, and dropping rapidly at the end of
the infusion. The serum iron level after a'given Hose varied h

among patients. Peak serum iron and transferrin saturation
levels are shown below:

Protocol _ A B c D
Serum Iron (pmol/1)
Median 120 €l 83 39
Range 40-159 50-96 43-106 31-55
Iron Saturation (%} ‘ N
Median 207 118 141 708
Range 84-331 91-174 8e-172 43-92

Rises in serum iron and transferrin saturation were higher
following a 30 minute, compared to a 4 hour infusion

No adverse events were reported in this study.

Hematocrit, total protein, albumin, transferrin, ferritin,
and LDPH did not change during the iron infusion. Ferritin levels
increased in all patients at the start of the next dialysis
session, two days later.

The authors concluded that:

The commonly used rapid infusion rate (Protocol R) of Ferric Gluconate
causes ‘oversaturation’ of transferrin. This is compatible with iron toxicity
due to free iron which may explain our patients; complaints. Infusion during
a8 longer period at a lower dose (Protocol D) is effective and eliminates
‘oversaturation’ of transferrin and probably the danger of iron toxicity.

Maintenance Studias Included in the 185 (from Lindsay and
Niasenaon) -

Lindsay Study
As per vol. 22, pg. 45:

Beginning in July, 1996, Dr. Robert Lindsay at London Health
Services, Ontario, Canada, had administered Ferrlecit Injection
to dialysis patients om a compassionate-use and maintenance
basis. The following protocol was adopted: 1) test dose
administration of 25 mg in 50 mL of normal saline over one hour;
2) therapeutic administratioq of 125 mg in 100 ml of normal
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saline over one hour for eight consecutive dialysis sessions; and
3) maintenance administration of 62.5 mg in 50 mL of normal
saline over 30 minutes, once weekly following iron repletion.

Twenty-nine patients were treated between 7/28/96 thorough
11/22/97. Data entry captured the first 10 dosage
administrations, i.e. through the first maintenance dose. Eleven
patients completed the first 10 doses according to the protocol.
Seven patients were switched to maintenance dosing early. Six
patients ended the protecol before completion of 10 doses, or the
protocel was not complete by 11/22/97. Patient specific
modifications were made on 5 patients. There were a total of 278
separate drug administrations in these 29 patients.

No patient discontinued study drug due to an adverse event.
No patient experienced a serious adverse event. There were 13
adverse events that the clinical coordinator felt were possibly
or probably related to drug therapy, or where the relationship
was unknown. These adverse events occurred in 11/29 {or 38%)
patients, and are summarized below (vol. 22, pp. 47-9). '

Adverse Events that Occurred in the Cozpassionate-Use, Maintaenance
Study of Lindsay et. al.

Patient Adverse Event Total Dose
100 Flushing 1087.5 mg -
64 M
101 Transient tachycardia 962.5 mg
62 M - Nausea and vomiting
107 Nausea 1097.5 mg
56 M Itching
108 Flushing : 1087.5 mg
48 F
109 Headache S$00 mg
64 M
112 Transient hypotenaion 837.5 mg
BS M
113 Abdominal pain 1150 myg
2T M Malaise .

116 Transient hypotension 1087.5 mg
69 M Naussa and vomiting

118 Flush 1007.5 mg
73 F

127 Sweating 11025 my
64 F

128 Flatulence ; 775 mg

M

BEEST POSSIBLE
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Nissenson Study

Dr. Allen Nissenson treated 4 Patients with a documented
anaphylactic reaction to iron dextran, with Ferrlecit., One of
these was patient #141 of study 5600-01, and was treated without
incident. The characteristics and outcomes of the remaining four

patients are shown below (vol. 22, p. 50). No adverse events
were observed in these patients.

Adverse Events in Patients with a Previous

Anaphylactic Raeaction
to Iren Daxtran

FPatient Mumber

Variable 102 ) 101 104 105
Daxtran Anaphylaxis Anaphylesis 0B, chest Anaphylaxis
Reaction .
tenaion
Age L 1] 2 53 €6
Gander Male ' Male Famale Male
Itiolegy CRF Diabates Glmarulonephri Alport- s Disbates
tie Sypdrome

Total Ferrlecit $00 mg 1000 mg 200 mg 1000 mg
Administrations [ ] ? 1 9
Dates 10/3/96~ 2716796~ 10/21/9%6~ 10/21/96~

12712/%¢ 11720796 12/34/96 12724796 -
AX Mone None None None

BEST POSSIBLE if

Seriocus Adverse Events - European Data

Ferrlecit Injection has been used since 1959 in over 20
countries outside the United States. Countries with recent
(1990-1985) sales or marketing shipments include: Germany, Italy,
Spain, Saudi Arabia, Austria, the Netherlands, Belgium,
Luxembourg, Poland, the Czech Republic, Slovakia, Hungary,
Israel, Lithuania, Estonia, Russian Federation, Byelorussia,
Ukraine, Croatia, Uzbekistan, Myanmar, Dubai, South Africa, and
Uruguay. The majority of current usage is in Germany, Italy, and
Spain. The principal intravensus usage is among the 48,000
hemodialysis patients in Germany.

There have been no
Ferrlecit in any country
lapsed in 1986, as sales
for re-registration.

withdréwals of marketing approval for
. Formal registration in the Netherlands
in this country did not justify the fee




NDA 20-995
Page 65

Note that iron dextrans are sold primarily in the United
States and United Kingdom, and have been available for over 30
years. They are not used in Germany, and not available in Italy.

Adverse events collected by Rhone-Polenc Rorer, the
manufacturer of Ferrlecit, for both the oral and intravenous
pPreparations, are summarized below (vol. 23, pp. 46-68). Note
that approximately 90% of the use of Ferrlecit in Italy is oral,

while most all the use of Ferrlecit in Germany is the intravenous:
formulation for hemodialysis patients.

Adverse events reported in Italy from 1995-96 are tabulated
below. All adverse events were classified as “serious”, and all
outcomes were listed as “recovery.”

e —— e

Adverse Events Reported in Italy
1995-96

Patient Mlverse Event

40 F Anaphylactoid reaction
36

Allergic reaction

13 Allergic reaction, back pain

60 Allergic reaction, back pain

27 ‘| Allergic reaction

50 Anaphylactoid reaction

45 Anaphylactoid reaction

26 Allergic reaction, laryngismus, uterine spasn

16 Anaphylactoid reaction

70 Heart arrest, apnea

64 Convulsion, apnea

19 Apnea, vasodilation, abdominal pain

52 Tremor, fever

MmimmiXiIx ] |mim i |Z[m]|=

50 Dysapnea, back pain, headache

Adverse events reported in Germany from 1992-96 are
tabulated below. All adverse events were classified as

“serious,” and all outcomes were listed as “recovery,” unless
otherwise specified.

BEST POSSIBLE
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..ddverse Events Reported in Germany
1992~-96

Patient Adverse Event
2r Anaphylactoid reaction (Outcome “unknown®)

30F Anaphylactoid reactien - SRR
Unk F Allergic reaction, hemolysis {Outcome “bnqoinq”)
18 F ] Allergic reaction
67 F Allergic reaction, back pain, lbduﬁinal pain, increased cough
25 F Anaphylactoid reaction
22 ¥ MAlergic reaction, dyspnea
I Anaphylactoid reaction
32 ¥ Allergic reaction (ODutcome was “significant disability~)
30F Allergic reaction, chest pain, dizziness, dyspnea, hypertension
57 F Shock
46 F Allergic reaction, vasodilation, anxiety, paraesthesia
23 F Anaphylactoid reaction, rash
Unk F Anapylacteid reaction, heart arrest
18 F Shock, headache
24 F Shock, dyspnea, somnolence
unk F Shock, convulsion (Qutcome “unknown”)
Onk F Convulsion
16 M Shock, dyspnea, respiratory disorder
85 F Apnea
83 F Heart arrest
41 F Lung edema (Outcome “unknown”)
i M Chest pain
47 F Chest pain
Sar Chest pain
71 M Hypertension
56 M Vesiculobullous rash
45 F Ve:iculobullous Eash
TI9 M { Vesiculobullous rash
35 F Periphnrql edena
50 F Breast carcinocma (Qutcome was “significant disability”)
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Allergic and Anaphylactic Adverse Events - Eurcopean Data

As seen above, the primary adverse events associated with
the use of Ferrlecit Injection were allergic/anaphylactoid. The
comparative nature and incidence of these events were summarized
in a report by Gerald Faich MD MPH, and Jur Strobos MD JD
entitled, “Ferrlecit injection: safer intravenous iron therapy
than iron dextrans.” Dr. Faich is the former Director of the
Office of Epidemiology and Biostatistics, Center for Drugs, FDA.

This study was by R&éD Laboratories, |G

ﬂ Information from this report is presented
elow (vol. 23, pp. 2ff.). .

Methodology

To determine use patterns and provide denominators for rate
calculations, data on the use of (Ferrlecit and Iron Dextran)
were obtained from marketing sources and manufacturers. Adverse
event reports and listings were obtained from the World Health
Organization Collaborating Center for Drug Monitoring, Rhone-
Poulenc Rorer GmBH (the manufacturer of Ferrlecit), Schein

Pharmaceutical Inc. (a manufacturer of an iron dextran), and the
German Health Ministry.

Teotal Drug Exposure
Ferrlecit Injection

Ferrlecit Injection was first introduced for intravenous use
in 1959. A summary table of the number of Ferrlecit units {of 2
or 5 mls per unit) is shown below:

Number of Farrlecit Units Sold
{by Country and Year)
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German usage was Primarily in hemodialysis patients. Of the
30,000-45, 000 hemodialysis patients in Germany, €0%-75% require

maintenance intravenous iron supplementation, o imately
one ampule/patien k. This accounts for ampules
per year, or over of the total yearly Ferrlecit Injection

usage in G nteral drug exposure in Italy provides an
additional doses of Ferrlecit per Year, for a total
of 2.7 million éxposures per year. Drug exposure in Spain was

excluded from this study, due to poor adverse event reporting
practices.

Iron Dextran

Approximately_ doses of Iron Dextran were sold in
1995; 90% for use in renal hemodialysis patients.

Ferrlecit Injection

All Ferrlecit-related allergic adverse events that-were
reported in Italy and Germany from 1576-1996 are tabulated below
{Table 1, vol. 23, P. 16). These data were collected from
manufacturer electronic databases, reports provided by the German
Health Ministry, case report forms compiled by the manufacturer’s
quality assurance program in Germany, and the World Health
Organization Collaborating Center for Drug Monitoring (Uppsala,
‘Sweden) database. “Allergic reactions” were defined as those
that manifested as rash or flushing, without edema or
hypotension. “Anaphylactoid reactions” were defined as those
that included hypotension, collapse, edema, cardiac arrest, or

dyspnea.
BEST POSSIBLE
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Allergic and Anaphylactoid
for Italy

BEST POSSIBLE

Reports for Ferrlecit from 1976-199§

and Germany Conbined

Year

Allergic

Anaphylactoid

=~
E

1976

|

1977

1978

1979

1980

NI -
i *

1981

1982

1983

1984

1985

1986

A
1
—

»
.

1987

1988

1 et fpal

1589

L L Ll ol P I ) (PN Y [N ) 1YY

1990

1591

1952

1993

1994

1995

b [t it s |y

L 1996

Total

%mqunl tp=f=i Il [=]|wis[w]a]lwe]

Den 2loolalrafs
L 3

*** See subsequent discussion of

Ferrlecit”.

An additional breakdown of the ab
country, and by whether death or diabi
below (Table 2, vol. 23, p. 17).

Multiple reports from a clinica
excluded. As a result, 17 pati
one practice, and 10 reports of
tlinic were excluded. No deaths were r

Several group Teports from a single practice.

1l site with identical symptoms were
ents with “flush an

d dyspnea” from
“shock-

like condition” from ohe
eported at either site.

“batch production problems with

ove adverse events by
lity resulted, is shown

Allergic and Anaphylactoid Reports for Ferxlecit from 1976-1696

- Italy Germany

Cases in 1992 0 2
in 1993 0 4
in 1994 2 6

. o 1995 9 16 -
( - in 1996 3 3
Total cases 14 31
Total 37/4* Qtr. 1995 7 11
Known Surviving 14 28
Deaths 0 0
Disabllities 0 1

Maan aoe dd & 424

I S s
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Based on the above 1992-9 S reports over 5 years,
at an estj d use rate of#ampules sold (or 5 years
#doses sold pe p e reporting rate of
allergic/anaphylactoid reactions for Ferrlecit Injection was 3.3

per million doses.
Batch Produetion Problems with Ferrlecit

The large increase in anaphylactoid reactions in 1995 (i.e.
8 in 1994, and 25 in 1995) prompted an investigation of batch
production records by the manufacturer. High molecular weight
Polysaccharides, probably a-1,6-~glucans, in a new commercial
source of sucrose, was identified as the culprit. When
production was switched to the original sSource of sucrose,

Iron Dextran

Several literature reviews have addressed the risks of
serious or life—threatening adverse events with the use of iron
dextran. Hamstra et. al. (JAMA 1980 243 1726), retrospectively

2099 intravenous doses of 250 or 500 mg of iron dextran. There
were 3(0.6%) life-threatening, and 12(2.6%) non-life~thxeatening,

systemic, allergic reactions. Thus, 23% of reported allergic
reactions were life-threatening.

Woodman et. al. (Pharm Med 1987 1 289}, reported an

anaphylactoid adverse avent rate of 1.8% among 1260 patients
given iron dextran.

Fishbane et. al.(am J Kidney Dis 1996 28 529},
retrospectively identified 573 hemodialysis patients who were
given iron dextran, and identified 10(1.7%) anaphylactoid, and

4{0.7%) serious reactions. Thus, 29% of reported allergic
reactions were serious.

Faich et. al. (unpublished data), examined the hospital

rec om a 100-hospital netw base (mai ined by
There were
549,705 h scharges during a six-month period in 1996.

Of these, 5979 patients had a diagnosis of renal hemodialysis,
and 474 of these had received iron dextran during their hospital
stay. Five of these 474 patients also received epinephrine

during the same hospital stay, resulting in a calculated rate of
anaphylaxis of 1.1%. -
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There were 196 World Health Organization reports of allergy
or anaphylactoid reactions in the United States from 1976-199¢,

These are summarized in the table below (Table 3, vol. 23, p.
18). a——

Allergic and Anaphylactic Advarse Event Reports for Iron Déxtran h
Raceived by WHO from 1976-3199¢

Known
Year Number | Deaths | survival
or
recovery
1976 3 2 1
7 3 1 1
78 1 1
79 4 3
80 4 1
81 2 1
82 7 1 4
83 8 i 3
84 8 ]
85 s 1 3
86 10 2 2
87 3 1 0
B8 5 2 0
89 13 1 0 -
90 16 2 1.
91 14 2 0
[7] [ 0
93 16 2 2
94 26 2 5
95 26 7 1
56 16 4 2
Total 196 3 36

Fatality Rates

During the period 1976-96, there were 74 reports of allergic
or anaphylactoid reactions for Ferrlecit Injection from Italy and
Germany, and 196 reports for iron dextran from the United States.
No deaths were reported in Ferrlecit~treated patients, and 3 had
unknown outcomes. There were 31(16%) deaths in patients who

received iron dextran, while the outcome was unknown for 125({66%)
cases. ’

Note that important limitations of analyses which attempt to
compare the incidences of allergic/anaphylactoid reactions in
patients treated with iren dextran or ferric gluccnate, include
significant underreporting and differences in the reporting
patterns of different countries,
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SUMMARY AND CONCLUSIONS

Two sponsor-conducted studies were submitted to support the
approval of Ferrlecit as “first line treatment for iron
deficiency anemia in renal hemodialysis patients on supplemental
recombinant human erythropoietin”: studies 5600-01 and 5600-03.

Study 5600~01 was a 3-center, randomized, open-label,
historically-controlled, comparative study of a high- and low-
dose i.v. Ferrlecit regimen, in 108 iron-deficient chronic
hemodialysis patients. Study 5600-03 was a single-center, non-
randomized, ocpen-label, variable-dose, compassionate-use,
historically-controlled study of the use of i.v. Ferrlecit in 63
iron-deficient chronic hemodialysis patients. Additional
studies, including 252 Ferrlecit-treated patients from the
published literature, and postmarketing information froem Europe,
were also submitted to support the safety and efficacy of
Ferrlecit in chronic renal dialysis patients.

Summary of Study 5600-01

Study 5600-01 was a 3-center, randomized, open-label,
historically-controlled, study of the safety and efficacy of 500
mg (low-dose) and 1000 mg (high-dose) of Ferrlecit® in iron-
deficient hemodialysis patients. Study medication was given in 8
divided doses, during 8 sequential dialysis sessions (or a period
of 16 to 17 days}. The Primary endpoint was the change in

hemoglobin from baseline to the last available observation
through Day 40.

Eligibility for this study (including protocol amendments)
included chronic hemodialysis patients with a hemoglobin below 10
g/dL (or hematocrit at er below 32%), and serum ferritin below
100 ng/mL or iron saturation below 18%. Exclusion criteria
included significant underlying disease or inflammatory
conditions, or an EPO requirement of greater than 10,000 units
t.i.w. Parenteral iron and red cell transfusions were not
allowed for 2 months prior teo, and during the study. Oral iron
was not allowed for Ferrlecit-treated patients,

The historical control population consisted of 25 chronic
hemodialysis patients associated with the University of Colorado
Health Sciences Center. Due to drug unavailability, intraverious
iron dextran was discontinued in these patients for 14 months.
All patients were to have stable EPO doses and hematocrit values
for at least 2 months Prior to iron dextran discontinuation,
however “many of the patients received blood transfusions before
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the beginning of the study”. All patients received oral iron
supplementation throughout the study, although dose and patient
compliance were not monitored. Safety data was not collected.

The intent-to-treat Population consisted of 39 patients in
the low-dose Ferrlecit group, 44 patients in the high~dose
Ferrlecit group, and 25 historical .control patients. Three
patients in the low-dose group were enrolled but did not meet the
inclusion criteria (hemoglobin or ferritin levels were too high)._

A total of 5 patients were withdrawn from the study. Two
discontinued for logistic reasons. One patient was withdrawn
after development of pruritis and chest pain following the test
dose. One patient in the high-dose group was withdrawn following
the development of nausea, abdominal pain, flank pain, fatigque,
and rash following the first treatment dose. One patient in the
low-dose group was withdrawn after the development of a “red,
blotchy rash” following the first treatment.

Ten EPO dosage changes occurred during the course of study
drug administration: 4 patients had increases, and 2 patients had
decreases in their EPO doses in the low-dose group; and 3
patients had increases, and 1 patient had a decrease in their EPO
doses in the high-dose group.

Fourteen EPO dosage changes occurred after the
administration of study drug: 6 patients had increases, and 2
bPatients had decreases in their EPO doses in the low-dose group;
and 2 patients had increases, and 4 patients had decreases in
their EPO doses in the high-dose group.

Thus, the per-protocol population consisted of 24 low-dose
Ferrlecit patients, 35 high~dose Ferrlecit patients, and 25
historical control patients. These numbers Trepresent 59%, 78%,
and 100%, of the intent-to-treat low-dose, high-dose, and
historical control populations, respectively.

Patient populations were similar with respect to baseline
demographics, hemoglobin, hematocrit, iron studies, and red blood
cell indices, with the exception that there were more white
Ferrlecit-treated patients, and the serum ferritin was
significantly higher in historical control patients (605.6 ng/mL
in historical control patients, compared to 105.6 ng/mL in low-
dose and 88.4 ng/mL in high-dose patients).

The mean baseline hemoglobin and hematocrit were similar
between treatment and historical control patients, and were 9.6
g/dL, and 29%, respectively.
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Mean changes in hemoglobin from baseline were small (0.3
g/dL in the low-dose, and 1.1 g/dL in the high-dose intent-to-
treat patients; and 0.5 g/dL in the low-dose, and 1.2 g/dL in the
high-dose per-protocol patients).

Mean changes in hemoglobin from baseline, for both the
intent-to-treat and per-protocol populations, increased within

each dose group, and were greater in the high-dose compared to
the low-dose Ferrlecit groups.

When compared to the historical control, mean changes in
hemoglobin from baseline, for both the intent-to-treat and per-
protocol populations, were higher for the high-dose compared to
either low-dose or historical control patients. Mean changes in
hemoglobin from baseline were similar in the low-dose and
historical control patients.

The observed increases in hemoglobin were supported by the
results for the hematocrit and iren studies, for both the intent-
to-treat and per-protocol patients, Specifically, serum iron,
percent iron saturation, and serum ferritin increased by 11.7
ng/dL, 8.5%, and 199.4 ng/mL, respectively, in high~dese intent-
to-treat patients; and 10.8 ng/dL, 8.3%, and 175.1 ng/mL,
respectively, in high-~dose per-protocol patients.

No treatment—by~investigator interactions were reported, and
no significant associations of age, race, or gender were found
for the observed increases in hemoglobin from baseline.

ANCOVA analyses designed to determine the effects of
confounding variables on the Primary efficacy ocutcome, found that
the baseline hemoglobin, and dose of Ferrlecit (high-dose > low-
dose); and NOT changes in EPO dose, had significant effects on
the observed increases in hemoglobin. Because a significant

patients, an ANCOVA analysis which included the covariates of
treatment effect, baseline hemoglobin, baseline EPO dose, and
change in EPO dose, was performed. This analysis reconfirmed the
significantly greater increases of hemoglobin and hematocrit in
high-dose, compared to low-dose or historical control patients.

The primary Ferrlecit-associated adverse events were
allergic reactions that occurred in 3 patients, and resulted in

premature study discontinuation. Avajlable information for these
cases is shown below:
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Patient

Reasons for Study bPiscontinuation

116 Patient withdrew after the development of pruritis anc chest pain fellowing the
test dose of Ferrlecit.

kb Patient was in the high-dose group, and experisnced nausea, abdominal and flank
pain, fatigue, and rash following the first dose of Ferrlecit,

335 Patient was in the low-dose group, and experienced a “red, blotchy rash*
following the first dose of Ferrlecit,

The incidence of Patients who experienced an allergic
reaction in this study was 3/83 Ferrlecit-treated patients, or
3.6%. No anaphylactoid reactions, i.e. those including
hypotension, edema, dyspnea, or cardiac arrest, were reported.

Summary of Study 5600-03

Study 5600-03 was a single-center, non-randomized, open-
label, historically—controlled, variable-dose, compassionate-use
study of the safety and efficacy of Ferrlecit in iron-deficient
hemodialysis patients. The primary efficacy variable was the
change in hemoglobin from baseline to the last available
Observation through Day 50.

Inclusion and exclusion criteria were identical to-those of
Study 5600-01, as was the historical controel population. Sixty-
three patients were evaluated in this study: 38 in the Ferrlecit-
treated group, and 25 patients in the historical control group.

Ferrlecit-treated patients were considered to have completed
the study per protocol, if they ‘received at least B doses of
study medication. A total of 14(37%) of completed the study per
protocol. Twelve (32%) Ferrlecit-treated pPatients received less
than 8 doses, and 12(32%) patients had incomplete dosing
information. Not all pPatients received Ferrlecit at consecutive
dialysis sessions, and many Ferrlecit-treated patients received
oral iron during the study (no further information was provided).

Overall the Ferrlecit-treated group was comprised of more:
males, males of age < 65 Years, and Caucasians. The mean weight
of Ferrlecit-treated patients was 180 kg, compared to a mean
weight of 144 kg in historical control patients.

Baseline hemoglobin and hematocrit values were similar
between the treatment and control groups, and were 9.1 g/dL and
27.3%, respectively, for Ferrlecit-treated patients. Serum iron
studies were also similar between treatment and control groups,
with the exception of serum ferritin, which was 606 ng/mL for
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historical control patients, compared to 77 ng/mL for Ferrlecit-
treated patients.

‘Mean increases in hemoglobin from baseline were small, and
similar to those seen observed in study 5600-01: 0.4 g/dL in
historical control patients, and 1.3 g/dL in Ferrlecit~treated
pPatients. Within-in group changes in hemoglobin were

statistically significant for Ferrlecit-treated, and not
historical control patients.

Non-statistically—significant increases in serum iron,
percent iron saturation, and serum transferrin were noted in
Ferrlecit-treated patients,

No significant effect of age or race on changes in
hemoglobin or hematocrit were reported. A significant treatment-
by-gender interaction was noted for female patients however:
females in the Ferrlicit-treated group had significantly greater
increases in hemoglobin and hematocrit, than females in the
historical control group}. Changes in hemoglobin were not
significantly affected by baseline EPO doses.

Of the 38 patients exposed to Ferrlecit in this study, 1
patient experienced an adverse event{s) that resulted in '
premature study discontinuation, required hospitalization, and
was felt by the on-site investigator to be “probably” related to
study drug. Specifically, patient #552 discontinued due to
“dizziness, lightheadedness, diplopia, malaise, and weakness”,
after receiving a total of 125 mg of Ferrlecit.

In summary, interpretation of the results of Study 5600-03
is limited by the fact that this study was a small, single-~
center, compassionate-use, variable-dose, historically-controlied
trial. However, the results of study 5600-03 corroborate the
results of study 5600-01, and thus Support the efficacy of

Ferrlecit for iron replacement therapy in chronic hemodialysis
patients,

Summary of the Literature Studies Submitted to Support the
Efficacy of Ferrlecit in Renal Dialysis Patients

A summary of the published reports of the use of Ferrlecit

to treat iron deficiency in chronic hemodialysis patients is
shown below.
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Summary Table of Published Reports of the
in Chronic Henodialysis Patiants

Use of Ferrlecit

Study
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Overall, the efficacy of Ferrlecit
therapy in chronic renal dialysis patients,
above published reports,

of Ferrlecit, and which adequately represent

as iron-
is supported by the
which employed various dosing regimens
the available
MEDLINE search).

replacement

- Relevant efficacy outcomes in these studies included hemoglobin

and serum ferritin responses,

With respect to safety,
. exposed to Ferrlecit in the above published Studies,

( patients experienced serious-adverse events:
vomiting, and loin pain,
prohibited further drug use;

as well as a reduction of EPO
dosage and maintenance intravenous iron requirements.

of the 177 renal dialysis patients

3(1.7%)

1) malaise, heat,
which recurred on drug rechallenge and
2) intense epigastric pain lasting

L
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3-4 hours, which recurred on drug rechallenge, and prdhibited
further drug use, and; 3) an ‘anaphylactoid reaction. The

overall safety experience with Ferrlecit is subsequently
discussed.

Overall Safety Experience with Ferrlecit

The Integrated Summary of Safety for this NDA included
safety information from: Studies 5600-01 and -03, published

reports, two small “maintanence” studies, and post-marketing data
from Italy and Germany.

The primary Ferrlecit-associated adverse events in Study
5600-01, were allergic reactions that occurred in 3 out of a
total of 83 (or 3.6% of) Ferrlecit-treated patients, and which
resulted in premature study discontinuation. Available
information for these cases is summarized below:

Patient Reasons for Study Discontinuvation

116 Patient withdrew after the dew

elopment of pruritis and chest Pain tollowing the
test dose of Ferrlecit.

311 Patient was in the high-dose group, and experisnced nausea, abdominal and flank
pain, fatigue, and rash fellowing the first dose of Ferrlecit.

335 Patient was in the low-dose group, and experienced a “red, bletchy rash”
following the first dose of Ferrlecit. -

Of the 38 patients exposed to Ferrlecit in Study 5600-03, 1
patient (or 2.6%) experienced an adverse event(s) that resulted
in premature study discontinuation, required hospitalization, and
was felt by the on-site investigator to be “probably” related to
study drug. Specifically, patient #552 discontinued due to
“dizziness, lightheadedness, diplopia, malaise, and weakness”,
after receiving a total of 125 mg of Ferrlecit.

Of the 177 renal dialysis patients exposed to Ferrlecit in
the previously-discussed published literature, 3(1.7%) patients
experienced serious adverse events, which were: 1) malaise,
heat, vomiting, and loin pain, which recurred on drug rechallenge
and prohibited further drug use; 2) intense epigastric pain
lasting 3-4 hours, which recurred on drug rechallenge, and
prohibited further drug use, and; 3) an anaphylactoid reaction.

An additional published report by Zamen et. al., entitled,
“Oversaturation of transferrin after intravenous ferric gluconate
(Ferrlecit®) in hemodialysis patients,” (Nephrol Dial Transplant
1896 11 B20), conducted a study of peak serum iron study values
following the i.v. administration of Ferrlecit. This study was
initiated following development of nausea, facial reddening, and
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hypotension in 2 chronic hemodialysis patients who were receiving
monthly infusions of 62.5 to 125 mg of Ferrlecit, and who were
also determined“to have TSAT values of > 100% at the time of
Symptoms. ‘The authors found that longer infusions and lower
doses of Ferrlecit resulted ip lower peak serum iron, and iron
saturation values. The relationship of serum iron study values
and the development of nausea, facial reddening, and flushing
however, was not established in this study.

Two “maintenance studies” were submitted to provide further
information of the use of Ferrlecit in chronic hemodialysis

pPatients. The first was a compassionate-use, single-center study -

of 29 chronic hemodialysis patients who were administered 125 mg
of i.v. Ferrlecit for 8 consecutive dialysis sessions, followed
by a maintenance dose of 62.5 mg once weekly. No patient in this
study discontinued study drug due to an adverse event, and there
were no serious adverse events. A total of 13 adverse events
occurred in 11 patients that the clinical coordinator felt were
possibly or probably related to drug therapy. These reactions
included flushing (3 patients), nausea and/or vomiting (3
patients), and transient hypotension, abdominal pain, sweating,
headache, and flatulence (1 patient each).

The second “maintenance study” was a trial conducted by Dr.
Rllen Nissenson, who treated a total of 5 chronjc hemodialysis
patients with a history of anaphylaxis to iron dextran, with up
to 1000 mg of i.v. Ferrlecit. No adverse events resulted. S/

Ferrlecit Injection has been used since 1959 in over 20
countries outside of the United States. Ninety-seven percent of
the total sales of Ferrlecit in 1996 were in Germany, Italy, and

Spain; over 80% of it’s use in Germany is in renal hemodialysis

patients, while 90% of it’s use in Italy is as an oral dietary
supplement.

Postmarketing information from Germany and Italy was
obtained from the manufacturer of Ferrlecit {Rhone Polenc Rorer).
Most all reported serious adverse events were
allergic/anaphylactoid in nature. During the period 1876-96,
there were 74 reports of allergic/anaphylactoid reactions for
Ferrlecit Injection from Italy and Germany; none resulted in
death, although 3 had unknown outcomes.

Notably, an increase in the number of reported anaphylactiod
reactions in 1995 (i.e. 8 in 1994, and 25 in 1995) prompted an
investigation of batch Production records by the manufacturer.
High molecular weight polysaccharides, pProbably -1, 6~glucans, in
a new commercial source of Sucrose, was identified as the
culprit. When production was switched to the original source of




NDA 20-995
Page 80

sucrose, reports of allergic/anaphylactoid adverse events dropped
(from 25 in 1995 to 6 in 1996).

In a sponsor-supported study by Faich and Strobos entitled,
“Ferrlecit injection: safer intravenous iron therapy than iron
dextrans,” information was provided which indicated that the use
of Ferrlecit results in a decreased reporting rate of
allergic/anaphylactoid Treactions, and decreased case fatality
rate. However, significant underreporting, and differences in
the reporting patterns of different countries, complicate the
interpretation of these results.

OVERALL CONCLUSIONS

The efficacy of Ferrlecit for the treatment of anemia in
iron-deficient renal hemodialysis patients was primarily
supported by the results of the dose-comparison concurrent
control study 5600~01. Additional supportive information

included the compassionate-use study 5600-03, as well as several
reports from the literature.

Eligibility criteria for Study 5600-01 included a hemoglobin
of < 10 g/dL or hematocrit of < 32%; and a serum ferritin of <
100 ng/mL or iron saturation of < 18%, in chronic renal dialysis
patients who were receiving erythropoietin. Pre- and post-
therapy results for intent-to-treat patients who received the
high-dose Ferrlecit regimen (i.e. 1000 mg divided over 8
consecutive dialysis sessions) are summarized below.

Maan Pre- and Post-Tharapy Results for High-Dose Ferrlaecit Patients
in Study 5600-01 (Intent-to-Treat Population)

PRE-THERAPY FOST-THERAPY
Hemoglobin (g/dL) . 9.6 10.7
Hematocrit (W) 29 e k]
Iron saturation (%) 16 25
Serum Ferxritin (ng/ml) a8 287

Note that the above post-therapy results approach the target
values that are recommended by the National Kidney Foundation
(Amer J Kid Dis 1997 30 S51%94); viz., a hemoglobin of 11-12 g/dL,
hematocrit of 33-36%, iron saturation 220% (and <50%), and serum
ferritin 2100 ng/mL (and <800 ng/mL) .
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Note also that the results of patients who received the low-
dose Ferrlecit regimen (i.e. 500 mg divided over B8 dialysis
sessions), were-eguivalent to those of historical control
patients, who received oral iron therapy only.

The primary safety concern with the use of Ferrlecit is the
incidence of allergic/anaphylactoid reactions. These reactions
occurred at a rate of 3.6% in Study 5600~01, 2.6% in Study 5600-
03, 1.7% in the available published literature, and there have
been 74 reports to the manufacturer of allergic/anaphylactoid
reactions in the past 20 years from Italy and Germany. There
have been no known deaths associated with these adverse events.
It is notable that Ferrlecit was safely used in 5 hemodialysis
patients with a history of anaphylaxis to iron dextran.

In conclusion, it is recommended that Ferrlecit be approved
for “the treatment of iron deficiency anemia in chronic renal
hemodialysis patients on supplemental erythropoietin therapy”.
The recommended dose should be the high-dose regimen used in
Study 5600-01, viz,, 125 mg. of Ferrlecit in 100 ml of normal
saline, given intravenously over 60 minutes, for 8 consecutive
dialysis sessions. The risk of allergic/anaphylactoid reactions

should be adequately (and prominently)} addressed in the
professional labeling.

Follow-up studies to determine the optimal dosing regimens
for repeat courses of Ferrlecit (should a repeat course be
necessary for iron repletion); and for maintenance therapy (once
iron repletion has been achieved) are recommended. Further
information on the use of Ferrlecit in hemodialysis patients with
a history of anaphylaxis to iran dextran should also be
collected. In addition, whether the concomitant use of
angiotensin converting enzyme inhibitors increases the risk of
allergic/anaphylactoid adverse events, as reported by Rolla G et.
al. (J Allergy Clin Immunol 1994 93 1074), should be determined.

s)114%
Kurt Sizer, M.D.
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