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- 1. SYNOPSIS/BACKGROUND

Amendment B2 was submitted to NDA 21-135 for iron sucrose (Venofer®), by the

sponsor, on August 10, 2000. Venofer® is proposed for the treatment of adult patients
with anemia associated with dialysis, =— —

In this submissioh, the sponsor provides responées on the Clinical Pharmacology

- Conuncms_contained in the Agency’s letter of July 19, 2000 (See Attachment I).

II. REVIEW OF SPONSOR’S RESPONSES

Agency’s Comment 1: This comment related to a study report in which red blood celi
utilization of iron was evaluated in six anemic subjects each treated with a single dose
of 100 mg of in the form of iron(Il)-hydroxide-sucrose complex labeled with **Fe
(Volume 1.15 {pages 1-144] of original NDA). The results of the study showed high

- “red blood cell utilization” of *Fe within 13-28 days of study initiation. Thé high
“red blood cell utilization” of *Fe was, however, not accompanied by any appreciable -

increases in hemoglobin values in the study subjects. In the study report,-it was stated
that “red blood cell utilization” of “Fe measured as a ratio of “Fe activity in whole
blood to injected “’Fe activity. It-was further stated that *Fe activity was measured in
“plasma and packed red cells separately to define the rate of disappearance of

- radioactivity from plastma...” (Volume 1.15 [pages 10-11]). No information was

provided in the NDA on the ratio of *Fe activity in “plasma” to injected **Fe activity
or the ratio of *Fe activity in “packed red cells” to injected ¥Fe act1v1ty

Accordingly, the Agency requested the sponsor (a) to explain why the high “red

blood cell utilization” of “Fe observed in the six subjects was not reflected as

significant, postdose hemoglobin i increases and (b) to submit for revxew, the mean,




2

~ standard deviation and individual subject values for fi] the ratio of ®Fe activity in

packed red cells to injected **Fe activity and [ii] the ratio of ®Fe activity in plasma
to injected *Fe activity.

Sponsor’s Response on Item 1(a): The sponsor states (i) that approximately 10 doses
of intravenous iron (I)-hydroxide-sucrose complex (1000 mg iron) is needed to
achieve significant increases in hemoglobin in patients and (ii) that significant
hemoglobm increases in patients are not likely to occur following a smgle dose of
Venofer® containing 100 mg of iron. -

The sponsor’s response seems reasonable.

Sponsor’s Response on Item l(b) The sponsor provided an analysis of the daily ratios
of whole blGod *Fe activity to injected *Fe activity (Attachment I)..This was not
consistent with the Agency’s request related to the ratio-of “Fe activity-in “packed red
celis” to injected **Fe activity and the ratio of **Fe activity. in plasma to injected *Fe
activity. Accordingly, the sponsor was requested to comply with the Agency’s request
on these issues. The sponsor satisfactorily addressed these issues in Amendment B2
submitted to the NDA on October 12, 2000.

Agency’s Comment 2: In this Comment, the sponsoru was re% uested to characterize the

- in vitro release of 4ron from i iron-sucrose complex of Venofer~ and submit the findings

for review.

Sponsor’s Response:-The sponsor states that in a telephone conference with the
Agency on Wednesday, July 26, 2000, it was agreed that charactenzauan of the in vitro
release of iron from the iron-sucrose complex of Venofer® be undertaken as a Phase IV
commitment. At the present, the sponsor feels that such a Phase IV study is not
necessary. To this end, the sponsor presents literature data suggesting (i) that in vitro,
release of iron from Venofer® is rather limited, (if) that over-saturation of-transferrin -
would not occur following Venofer® administration to patients since the bulk of
clrculanng iron “is not in a catalytically active form” and (iii) that the saccharate
network in Venofer® is capable of binding a portion of its iron content until the

circulating iron is adequately cleared by the mononuclear phagocytic system (see
Attachment 1).

The sponsor further states- that if, notwithstanding its views on this issue, the Agency

still feels that the aforestated Phase IV study is necessary, then the Phase IV study -
would be conducted. The Agency recommends that the Phase IV commitment be
fulfilled (see Recommendation [page 3]).

~ . APPEARS THIS WAY.
“~ ON ORIGINAL )




IIl. RECOMMENDATION

Amendment B2 submitted to NDA 21-135 for iron sucrose (Venofer®), by the sponsor,

on August 10, 2000 has been reviewed by the Division of Pharmaceutical Evaluation II
of the Office of Clinical Pharmacology and Biopharmaceutics. The literature

-mformatlon provided in this amendment, which relates to mteracnons of iron from

Venofer® with transferrin and the saccharate network of Venofer® and the potential of
limited in vitro release of iron from Venofer®, is considered inadequate to replace the
Phase IV commitment agreed to between the Agency and the sponsor in the telephone

. conference-of Wednesday, July 26, 2000. Accordingly, the Agency recommends that

the Phase IV commitment to characterize the in vitro release of iron from Venofer® be __
fulfilled.

‘The issues related to red blood cell unllzauon of ®Fe (item I(b) (page 2) was

satisfactorily addressed in Amendment B2 submitted to the NDA on October 12, 2000.
Please convey this Recommendat:on, as appmpnate, to the sponsor.

S/ w-—rgﬂ'eg ‘ -

- David G. Udo, Ph.D.
~ - Division of Pharmaceutical Evaluation It

Concurrence: Suresh Doddapaneni, Ph.D., Team Leader: / S/ fo /39 / o?

cc: NDA 21-135, HFD-180, HFD-180 (Strongin), HFDZJ0 (Malinowski, Hunt,
Doddapaneni and Udo), CDR (Attn: Zom Zadeng).
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS REVIEW

NDA 21-135 ' SUBMISSION DATE: 10/12/00

IRON SUCROSE

'VENOFER® ) -~
LUITPOLD PHARMACEUTICALS, INC.

ONE LUTIPOLD DRIVE

SHIRLEY, NEW YORK 11967 REVIEWER: David G. Udo, Ph.D.

TYPE OF SUBMISSION: AMENDMENT (#B2) SUBMISSION CODE: 38

1. SYNOPSIS/BACKGROUND

- Amendment B2 was submitted to NDA 21-135 for iren sucrose (Venofer®), by the~

sponsor, on October 12, 2000. Venofer® is proposed for the treatment of adult patients
with anemia associated with dialysis, ———— : : ‘ _

In this submission, the sponsor provides responses on the Clinical Pharmacology.
infermation request contained in the Agency’s letter dated October 5, 2000. The
information requested consisted of the individual subject daily ratios of (i) *Fe -
activity in packed red cells to injected ®Fe activity and (ii) ®Fe activity in plasma -
to injected *’Fe activity, that were obtained in the study evaluating “red blood cell
utilization of iron” in six anemic subjects treated with a single dose of 100 mg of
iron, in the form of iron (II)-hydroxide-sucrose complex, labeled with ®Fe
(Original NDA: Volume 1.15, pages 1-104 [Study Report pages 1-46]). The sponsor
has submitted the requested information (see the last two pages of Attachment I).

1. REVIEW OF SPONSOR’S RESPONSES

The information provided by the sponsor reveals that in the above referenced study,

one or more days from drug administration, **Fe activity in plasma was negligible (*Fe —

activity in plasma/injected ¥Fe activity was 0-7.5%{Table H of Attachment IJ). This
would mean that *Fe activity is essentially completely cleared from the plasma 24 h
following drug administration. : ) :

In the original NDA, it was determined that in healthy subjects treated with a single -
intravenous dose of iron sucrose containing 100 mg of iron, the serum elimination
half-life of iron was 6 h, approximately. Since the rate of serum elimination of iron —
‘depeads on the paed for iron in iron utilizing tissues of the body, it is reasonable to

expect the serum elimination half-life of iron to be shorter in amemic patients.




_ Please convey this Recommendation, as appropriate, to the sponsor.

_ | _ 2

Subsequently, complete elimination of *Fe activity from the plasma in 24 h, as
evidenced by.the data submitted by the sponsor, seems possible.

The *Fe activity cleared from the plasma is expected to be incorporated into red blood
cells. It is noted that in general, for each day of the above referenced study, the ratio
of *Fe activity in packed red cells to injected **Fe activity is essentially the same as the
ratio of *¥Fe activity in whole blood to injected **Fe activity (compare Table I of
Attachment I to Table 2 of Attachment II). Since the plasma has been essentially
completely cleared of ¥Fe activity as discussed in the preceding paragraph, it-is
reasonable- to infer that the whole blood content of *Fe activity is essentially the *Fe
activity content of its red blood cell component. Therefore, the close similarity in the
ratios of *’Fe activity in packed red cells to injected **Fe activity and **Fe activity in
whole blood to injected **Fe activity, as deduced in this review, from the findings of
the above zeferenced-study, appears to be tenable. .

- Baséd on the foregoing discussion of,- and deductions from the- submitted data on

packed red cell ¥Fe activity and plasma *Fe activity, the sponsors response to the
Clinical Pharmacology mformatxon is consxdered acceptable.

II. RECOMMENDATION

Amendment B2 submitted to NDA 21-135 for iron sucrose (Venofer®), by the sponsor, .

on October 12, 2000, has been reviewed by the Division of Pharmaceutical Evaluation
Il of the Office of Clinical Pharmacology and Biopharmaceutics. The data on packed
red cell *Fe activity and plasma *Fe activity submitted in response to the Clinical
Pharmacology information request, contained in Agency’s letter dated October 5, 2000,

are considered acceptable for consideration in the NDA approval decision process.

S gl

e Dav1d G. Udo, Ph.D.
Division of Pharmaceutical Evaluatlon I

.Concurrence: Suresh Doddapaneni, Ph.D., Team Leader: / S/ '0/.27 / oJ

cc: NDA 21-135, HFD-180, HFD-180 (Strongin), HFD-180 (Malinowski, Hunt
Doddapaneni and Udo), CDR (Attm: Zom Zadeng)

APPEARS THIS WAY--
ON ORIGINAL
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. : : Connecticut A , NW
AE[ ent rfox Washington, OC 20036-5339 -
ATTORNEYS AT LAW" Phone 202/857-6000 -
- Fax  202/857-6395
ro - .arentfox.co:
‘ October 12, 2000 o x.eam
\ - Peter 8. Rejchertz
V1A MESSENGER 200/8S7-6378
_— 5 . ich
Lilia Talarico, M.D., Director reicherp Qarenttox com

Division of Gastro-Intestinal and Coagulation Drug
Products (HFD-180) )
Office of Drug Evaluation I

Center for Drug Evaluation and Research ERFOR ) N

Food and Drug Administration N L

5600 Fishers Lane, Room 6B-24 . ' _ -
Rockville, MD 20857 - - (%2 2m

RE: Venofer® (Iron Sucrose Injection) . —
NDA 21-135
_ SPONSOR: Luitpold Pharmaceuticals, Inc.
Response to October 5, 2000 Request

INICAL P i IOPHARMA : :

Dear Dr. Talarico: .
“: This letter IS written in response to the above-referenced correspondénce concéging the
clinical pharmacology and biopharmaceutics review of NDA 21-135 for VENOFER®
(Iron Sucrose Injection). )

-

The request has been repeated for ease of reference. It was as follows:

In the original NDA submissior, in the study evaluating "red blood cell utilization" of

"¥Fe" in six anemic subjects, each treated with a single intravenous dose of 100 mg of iron
in the form of iron (LI)-hydroxide-sucrose complex labeled with *Fe (Volume 1.15, pages
1-104 [Study Report pages 1-46]), it was.stated that "red blood cell utilization™ of " **Fe"

was measured as a ratio of *Fe activity in whole blood to injected "*Fe activity". It was
further stated that *Fe activity was measured in "plasma and packed red cells separately to
define the rate of disappearance of radioactivity from plasma. . ." (Volume 1.15, pages 10-
11 [Study Report pages 8-91). - _

The individual subject daily values of the "ratio of ®Fe activity in whole blood to injected
¥Fe actvity" were provided in the original NDA (Volume 1.14, page 26 [Study Report
page 26 of 53, Table 12]) and Volume 1.15, page 39 [Study Report p.ge 37, Table 4 b]).

In these Tables, the "ratio of ®*Fe activity in whole blood to injected **Fe activity” was
referred to as "*Fe Utilization Data". However, the ratios of (i) *Fe activity in "packed -
red cells" to injected *Fe activity and (ii) ®Fe activity in "plasma” to injected *Fe activity
were not provided in the original NDA. The Agency feels that these are critical data that
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Lilia Talarico, M.D.

- October 12, 2000 N : —

Page 2
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could further enhance our understandmg of how red blood cells utilize Fe** followmg
intravenous administration of Venofer® and need to be submitted for review. The
miscellaneous clinical data provided in this amendment are not adequate for addressing the
Agency’s request.

Specific Information Request: In the same format as for Table 12 on page 26 (Study
Report page 26 of 53) of Volume 1.14 of the original NDA submission, please submit the
individual subject dallguauos of: R '

(i) ¥Fe actmty in packed red cells to injected ®Fe activity

(i) - ”Fe acnvxty in plasma to-injected *Fe activity

that were obtained in the study evaluating "red blood cell utilization of iron" in six anemic
subjects treated with a single dose of 100 mg of iron in the form of iron (III)-hydroxide-
sucrose complex labeled with *Fe (Oncrmal NDA: Volume 1.15;pages 1-104 [Study
Report pages 1-46]).

Luitpold’s Response:
The data on the **Fe activity in packed red cells to injected *Fe activity is attached as

Table L

" The data as to *Fe activity.in plasma to injected **Fe activity is attached as Table IL.

*— * % * : . -

Please let us know if there are any questions or if additional information is needed with
regard to this response. —

Sipcerely, _- . —
Peter S. Reichertz _ | APPEARSTH 1S WAY
ON ORIGINAL -

cc:  Mr. Brian Strongin (via facsimile)
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The [59}Fa Utltization Data — Plasma

~ BEST POSSIBLE COPY

TABLE II
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and females and sucrose is mot expected to exhibit any significant pharmacologic
activity. Therefore, is considered that it is not necessary to conduct-an additional study
to assess the effect of gender on the kinetics of Venofer®. _

—

11. Is Adequare Pharmacodynamic Information Provided?

The sponsor states that following intravenous administration of Venofer®, iron would
dissociate from sucrose rapidly and would be transported to specific sites and utilized to

repienish depleted iron stores and to synthesize hemoglobin; ‘myoglobin and enzymes
that contain iron.

In the study evaluating the tissue kinetics of iron sucrose tontaining 100 mg of iron
labeled with *Fe/Fe (0.5/20 MBq) in two patients with iron deficiency anemia rwo
patients with renal anemia and 2 patients with functional iron deficiency, by the PET

technique (see item 2 above), utilization of radioiron (*Fe [physical tiz=45 days]) by k
red blood cells was determined. Serum hemoglobin (Hb), iron (S. Fe), ferritin (S.

Fer), TIBC, transferrin saturation (TS) and transferrin receptors (S.TfR) were also
measured in this study. The following results were obtained:;

1. [Effect of Iron Sucrose on Iron Utilization by Reﬁ Blood Cells

Lron udlization by red blood cells increased rapidly in all pasients (Table 2) and |

generally reached 2 maximum value (68-97%) 15-28 days post dose.

Tabie 2. Red Blood Cell Utilization of *Fe in Anemic Patients Receiving Intravenous Iron
Hydroxide Sucrose Containing 100 mg of Iron labeled with *Fe/*Fe (0.5 MBq/20MBq)

[~ Prmeat Pavent T T S M TTY T Pabent 6= -
Dav | % Day | % Day | % Dev | % Day | % Day | %

r ;

SO o pa] -

-} 1 i 1

8{3 O

L

= i ]+

-"E;wmn—-—n--(n 10w day uu“—-mmmmﬁq tIumn—_auyn.

ii. Effects of Iron Sucrose on Hemoglobin, Serum Irom, Transferrin Saturation,
Serum Ferritin, TIBC and Transferrin Receptors -7

The effects of intravenous iron sucrose on hemogiobin, serum iron, serum ferritin,
serum transferritin saturation, TIBC and transferrin receptors are presented in Table 3.

APPEARS THIS WAY
- ON ORIGINAL
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS REVIEW

NDA 21-135 , SUBMISSION DATE: 09/28/00
IRON SUCROSE f

VENOFER® -

LUITPOLD PHARMACEUTICALS, INC.

ONE LUTIPOLD DRIVE -
SHIRLEY, NEW YORK 11967 REVIEWER: David G. Udo, Ph.D.
TYPE OF SUBMISSION: AMENDMENT SUBMISSION CODE: 3§

~ 1 SYNOPSIS/BACKGROUND

This amendment was submitted to NDA 21-135 for iron sucrose (Venofer®), by the

sponsor, on September 28, 2000.- Venofer® is proposed for the treatment of aduit
patients with anemia associated with dialysis, — —

In this submission,mthe spensor provides responses on the Clinical Pharmacology
information request contained in the Agency’s letter dated July 19, 2000 (See
Attachment I). :

REVIEW OF SPONSOR’S RESPONSES - -

Clinical Pharmacology Information Request: This information request related to a
study report in which the sponsor attempted to characterize “red blood cell utilization
of iron” (the Fe’*component of iron sucrose) in six anemic subjects following

" intravenous administration of Venofer®, In this study, each subject was treated with a

single dose of 100 mg of iron in the form of iron (II)-hydroxide-sucrose complex

 labeled with *Fe (original NDA Volume 1.15, pages 1-104 [Study Report pages 1-46]).

In the stdy report, it was stated that “red blood cell utilization”- of “Fe was
measured as a ratio of ®Fe activity in whole blood to injected ®Fe activity. It was
further stated that ®Fe activity was measured in “plasma and packed red cells
separately to define the rate of disappearance of radioactivity from plasma...”

The individual subject values of the daily “ratio of ®Fe activity in whole blood to
injected “Fe activity” were provided in the original NDA (Volume 1.14, page 26 -
[Study Report page 26 of 53, Table 12] and Volume 1.15, page 39 [Study Report

page 37, Table 4 b]). In these Tabies, the “ratio of ®Fe acti-*ty in whole blood to -
injected “Fe activity” was referred to as “*Fe Utilization Data”. However, the daily

e




ratios of (i) *Fe activity in “packed red cells” to injected ®Fe activity and (i) ®Fe
activity in “plasma” to injected ®Fe activity were not provided in the original NDA.
Accordingly, the Agency requested that these data be submitted to allow the
completion of the review of the Clinical Pharmacology section of the NDA.

Sponsor’s Response: The sponsor asks (i) why the requested information is needed (ii)
why such information is critical to the review of the NDA, (iii)-whether the requested
mean and standard deviation values of the ratios of *Fe activity in packed red cells and
in plasma, to injected *Fe activity, refer to values “across all patients or across all
patients’ time-points” and (iv) whether the miscellaneous clinical data provided in this
amendment are adequate to address the Agency’s request (see Attachment I).

The Agency feels that the ratios of ®Fe activity in “packed red cells” and in
“plasma”,. to injected ®Fe activity, are critical data that could enhance our

-understanding of how red blood -cells utilize Fe’* following ~ intravenous
‘administration of Venofer®. Accordingly, the Agency upholds the request that these

data be submitted for review (see Overall Comment {page 3)).

APPEARS THIS WAY
0% ORIGINAL-

.




Il. OVERALL COMMENT

In the original NDA submission, in the study evaluating “red blood cell utilization”
of ®Fe” in six anemic subjects, each treated with a single intravenous dose of 100 mg
of iron in the form of iron (IIl)-hydroxide-sucrose complex labeied with *Fe (Volume
1.15, pages 1-104 [Study Report pages 1-46]), it was stated that “red blood cell
utilization” of ““Fe” was measured as a ratio of ®Fe activity in whole blood to
injected “Fe activity”. It was further stated that ®Fe activity was measured in
“plasma and packed red cells separately to define_the rate of disappearance of

radioactivity from plasma...” (Volume 1.15, pages 10-11 [Study Report pages 8- -

M. ) _ -

The individual subject daily values of the “ratio of ®Fe activity in whole blood to-

“injected *Fe activity” were provided in the original NDA (Volume 1.14, page 26

[Study Report page 26 of 53, Table 12]) and Volume 1.15, page 39 [Study Report

page 37, Table 4 b]). In these Tables, the “ratio of ®Fe activity in whole blood to -
" injected ®Fe activity” was referred to as “**Fe Utilization Data”. However, the ratios

of (i) *Fe activity in “packed red cells” to injected ®Fe activity and (ii) *Fe activity
in plasma to injected ®Fe activity were not provided in the original NDA. The
Agency feels that these are critical data that could further enmhance our
understanding of how red blood cells utllize Fe* following intravenous
administration of Venofer® and need to be submitted for review. The miscellaneous
clinical data provided in this amendment are not adequate for addressing the Agency’s
request. ’ _ '

Specific Information Request: In the same format as for Table 12 on page 26
(Study Report page 26 of 53) of Volume 1.14 of the original NDA submission,

‘please submit the individual subject daily ratios of:

(  “Fe activity in packed red cells to injected ®Fe activity

(ii) ”Fnctxvxty in plasma to injected ®Fe activity -

that were obtained in the study evaluating “red Elood cell utilization of iron”‘ in
six anemic subjects treated with a single dose of 100 mg of in the form-of iron
(IID-hydroxide-sucrose complex labeled with ®Fe (Original NDA: Volume 1.15,

pages 1-104 [Study Report pages 1-46]). —

APPEARS THIS WAY
"~ CNORIGINAL
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II. RECOMMENDATION

The amendment submitted to NDA 21-135 for iron sucrose (Venofer®), by the sponsor,
on September 28, 2000 has been reviewed by the Division of Pharmaceutical
Evaluation II of the Office of Clinical Pharmacology and Biopharmaceutics. The issues
raised in the Overall Comment (page 3) need to be satisfactorily addressed by the
sponsor prior to NDA approval. . _

Please convey this Recommendation and the Overall Comment (page 3), as appropriate,

to the sponsor.
ISl

- . David G. Udo, Ph. D
Division of Pha:cheutx_cal Evalua‘ﬁbn 1 G

Concurrence: Suresh Doddapaneni, Ph.D., Team Leader: ! S / 10 /-? 7 /90

cc: NDA 21-135, HFD-180, HFD-180 (Strongin), HFD-180 (Malmowskx Hunt, -
Doddapaneni and Udo), CDR (Attn: Zom Zadeng).

o gb/ o

© APPEARS THIS WAY
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ATTACHMENT I
CLUITPOLD 7
September 28, 2000~

VIA FACSIMILE -—

Brian Strongin
Consumer Safety Officer

Division of Gastro-Intestinal and Coagulation Drug Products
(HFD-180) -

..Office of Drug Evaluation II] : -

S e .o/ttc_._..——- J B

Center for Drug Evaluation and Rwearch’ ‘ -

Food and Drug Administration - o

5600 Fishers Lane . - -
Rockville, MD 20857 _ o -

.O

RE: Venofer® (Iron Sucrose Injection)
) NDA 21-135 . _
Sponsor: Luitpold Pharmaceuticals, Inc.

Questions Regarding Request from the Biopharmaceutics Reviwer B
Dear Mr. Strongin,

As you suggested during our telephone conversation today I am providing a few

questions that relate to the additional information requested by the Biopharmaceutics
reviewer on August 30%, :

1) Why is this information needed? Why is it critical to the review of our NDA?

2) Are mean and standard deviation values to be catculated across all patients or
across all patients’ time-points?

3) Ts the preliminary information (attached) helpful? Does this suffice?-

Dr. Gagnon, our Vice President of R&D and 1 would like to discuss these quest;ions withi »

the reviewer at his earliest convenience.
Thank you for your help.

Sincerely,

Marc Tokars —
Dirtctor of Clinical Operations :
Luitpold Pharmaceuticals, Inc. -

CC: 8. Gagnon, MD

-

LUITPOLD PHARMACEUTICALS, INC. » 1000 MADISON AVENUE « NORRISTOWN » PENNSYLVANIA 18403

€10/850-42C0 « FAX: §10/650-7781. i

-
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TO: Amﬂﬁdu}ﬁﬁgent tzboratories inc.
- gﬁﬁ&:nwmﬁw ‘EGEUVEW

ATTN: MsMy‘JsbeHelenek. ] )

Fax No: . 001 631 BBATT31 SEP 21 2000

FROM: - Drﬁaﬁr@mr ‘

e ' - i
‘DATE: 21. Sebtesi)

PAGES: -

Re; FDA Requestaﬂ Infnm!ﬁbn -

‘ Dear Ms Helenek

- The Injected amount of*Fear ot

. We hope that this imomﬂdn"wif‘mm the FDA question.

T
-HeadofR& D o F I %No’lnvrganh Rmm:h —
-f

Pleasas find attached the rav&daa 'uLall the six patients for the swdy ‘with radiolabeled Venofer
(Beshara et sl.). T

To the table aur ccmment ts.‘asze}ﬂoml

,‘ yon.the top of each tabie. Atterwards you Will find the samples,

tha weight of each sampie Y ﬁwiw in counts of each measured semple.

In m;:dm columa the mM { j ) m minus the measursd packground for each sample is
Aftarwards you'will find mﬁ ok activity minus background per weight and the fraction of the
given activity per gram. T '. Sl uidad by dividing the activity minus background per welght by
tha injected actvity.
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1. SYNOPSIS/BACKGROUND

What is the Drug? This NDA is submitted for ifon Sucrose (Venofer®).

- -

What is the Drug Product Composition? Venofer® is supplied in 5-ml: vials. Each mL
contains 20 mg of elemental iron in the form of iron (IlI)-hydroxide (i.e., ferric hydroxide),
-—— mg of sucrose and water for injection. The pH of the injection is adjusted to 10.0-11.0 -
— and its osmolarity is 1250 mOsmol/L.

What is the Dosage? The proposed “usual dosage™ regimen of Venofer®is as follows: -

Adults: 5 mL {100 mg of iron and «———— mg of sucrose) —
three times weekly for a total of-1000 mg of iron in = 10 doses (ma:umum
wlerated dose: intravenous injection: = mg of iron injected over at least — min; mtravenous
infusion [if demanded by clinical circumstances]: ~~— mL/kg —mg of iron/kg and - mg
of sucrose/kg] infused over at least — h-for a total dose of ——— mg of iron).

S
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What is the Indication? Venofer® is proposed for the treatment of anemia associated with
dialysis, — .

o —-

A———

e ———

What is the Scientific Rationale for the Proposed Indication? The sponsor states (i) that
following intravenous administration of Venofer®, iron would dissociate rapidly from the iron
sucrose complex and (ii) that the dissociated iron would be transported to specific sites and

utilized to replenish depleted iron stores and for the synthesis of hemoglobin, myoglobin and
enzymes that contain iron.

What Are the Clinical Efficacy Endpoints? The clinical efficacy endpoints proposed in the -

NDA are to assess increases, from baseline, of hemoglobin, hematocrit (primary endpoints),
serum iron, serum ferritin and serum transferrin saturation (secondary endpoints) in patients
with anemia.or iron deficiency treated with intraverious Venofer®.

What is theAdveme Event Profile? In the NDA, it is stated that in studies evalnatmg Venofer®
comtaining 100-200 mg of iron, no adverse events were obsérved.

What is the Nature of Pharmacokiuetic and Pharmacodynamic Studies Subritted in the
NDA? In this NDA submission, I3 literature articles on the - pharmacokinetics and/or
pharmacodynamics of intravenous Venofer® are provided. - -

Is Adequate Information Given on the Methods of Sample Analysis? The analytical methods

are stated ‘but some are not fully described. Appropriate assay -~validation data are exther
incomplete or not provided.,

Summary of Pharmacokinetics of Venofer®: In healthy aduits receivingmuavenom Venofer®,
its iron comporent appears to distribute mainly in blood and is rapidly cleared from serum (tin
= 6 h, Clr = 1,2 L/h). Minimal urinary elimination of iron (4.5% in 4 h [5.2% in 24 h] also

~occurs, Sucrose is eliminated mainly by renal excretion (68.3% in 4 h and 75.4% in 24 h). In

patients with anemia or iron deficiency treated with Venofer®, the bone marrow v_appears to be
an iron trapping compartment and not a reversible volume of dlstnbunon

Summary of Pharmacodyramics of Venofer®: In patients with anemia or_iron deﬁciency
receiving a single dose of Venofer® containing 100 mg of iron, serum iron, serum transferrin

saturation and serum ferritin increase within 24 h. 1In anemic, hemodialysis patients on 7

recombitant erythropoietin therapy receiving the same dose of Venofer®, thrice weekly,
significant increases in hemoglobin, hematocrit, serum iron, serum ferritin or decredses in total
iron binding capacity (TIBC) occurred beginning the fourth week of treatment.

" What is the Recommendation? From 2 Pharmacokinetic and Pharmacodynamic perspective, the

NDA is considered acceptable for approval considerations.

" APPEARS THIS WAY -
- CN ORIGINAL -




II. SUMMARY OF INFORMATION ON PHARMACOKINETICS,
PHARMACODYNAMICS, METABOLISM, ETC.

‘1. Is Adequate Serum Pharmacokinetic Information Provided?

The pharmacokmeucs of iron and sucrose was evaluated in 12 normal aduilt subjects (3
men and 9 women; see Appendix I [page 25] for subject demography) receiving a
single dose of iron sucrose (Venofer®) cotitammg 100 mg of iron and 1510 mg of
sucrose (Reference 3)' and in 11 normal adult subjects receiving Venofer® containing
50 mg of iron (Reference 4)°. The amount of sucrose in the Venofer® formulation used
m this study was not specified. In Reference 3, pharmacokinetic analysis- was
performed by compartmental and nom-compartmental methods. In this study, a
compartmental analysis which includes a Michaelis-Menten term was also performed.
This analysis allowed an estimation of the amount of ifon transported by transferrin.
Details of pharmacokinetic methods for this study are presented in Appendlx I (pages
26-27). The serum iron profiles for the compartmental analyses are presented in Figs: 1
and 2. The summary of the pharmacokinetic results provided in Reference 3 include
some molar units and are presented in Appendix I (pages 28-30). These results, with
the molar units converted to metric units by this reviewer, are summarized in Table 1.
A summary of the pharmacokinetic data provided in Reference 4 is included in Table 1.

Fig. 1 Plot of Mean+SD Serum Iron (uM!L) Versus Time for Evaluation of Iron
Kinetics by Companmental Analysis following Intravenous Injection of Venofer®
Containing 100 rng of Iron, over Five Minutes, to Normal Subjects

10! Ty
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Fig. 2 Plot of Mean+SD Serum Eron Concentration (uM/L) Versus Time for Evaluation of Iron
.Kinetics by Companmemal Analysis with Maechaelis-Menten Term following Intravenous
Injection of Venofer® Containing 100 mg of Iron, over Five Minutes, to Normal Subjects
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Table 1. Mean +8D Pharmacokmcuc Parameters of Iron Following Intravenous Injection
of Venofer® Containing 100 mg of Iron, over Five Minutes, to Normal Subjects

Ref. # n Dose PK* - ) NC* N o MM?*
__ (mg) Parameter '
3 12 100 Co(ugfml) 32.6+8.6 33.949.0 35.3+8.2 "
Cmax (ug/mil) 30.0 +6.0 NR* - NR*
ta (h) “ 70432 63134 5.3+1.6
MRT (b) 82442 7.1+3.6 T 5.3+1.27
AUC ([mg/LTh) 94.4+313° 86.7+20.3 83.3+11.8
AUMC ([mg/L)t®— - 846.4+652.7 673.3+520.2 465.5+146.2
- Cix (L) 1.11+0.23 1.2040.23 1.23+0.22
' Ve L) 3.3+0.8 3.1+0.8 32407
Viwen (L) 104+2.8 — 10.0+4.1 9.2+2.3
V= (L) 8.442.5 = 79427 7.342:1
T§-Iron (mg) N/A® N/A® 31.0+6.6
4 11 50 Cs (ug/ml) 3.7+0.8
tz (b) 9.3+6.8
“T Clr(L/M/kg) . 0.074+00086
- Veare (L7kg) - 0.39540.117
AUC ([pg/mL]h) 243+ 15.6 -

*Pharmacokinetic, *Non-compartmental, ‘Compartmental, *Michaelis-Menten, *Not Not Reported,
!Iron Transported by Transferrin in 24 h, *Not applicable.




Based on the findings of the study in Reference 3, followmg intravenous administration

) | ' 5

To determine suitability of the pharmacokinetic data from the submitted liferature
articles for use in the drug product labeling, the overall quality of information in the
study in each article was assessed. In Reference 4, adequate information is not provided
on the study design, sample analysis and pharmacokinetic analysis. It is not clearly
stated-whether the analytical method measured the iron in the drug complex or free iron
that has dissociated from the drug complex. Individual subject data are also not
provided in this reference. In Reference 3, the study design and the method of
pharmacokinetic analysis are adequately described (see Appendix I [pages 26-28}). The
precision of the assay method for iron analysis in serum is stated as 5.6% (n=63).
However, the limit of quantification, accuracy and specificity of the analytical method
as well as stability data for iron and sucrose in stored samples are' not provided.
Nevertheless, the pharmacokinetic parameters obtained by compartmental and non-
compartmental analyses are in agreement. For compartmental analysis with or without
the Michaglis-Menten term, individual subject data are provided which yield insight
into the goodness of fit of individual subject plots. However, since the Michaelis-
Menten term does not usually feature in equations-for determining pharmacokinetic

- parameters, the compartmental pharmacokinetic data -ebtained without the Michaelis-

Menten term are considered more suitablc for use in the drug product labeling.

of Venofer® to healthy adults, the elimination half-life of its iron content is 6 h, the
total clearance is 1.11 L/h, the total area under the plasma versus time curve is 86.7
mg/L*h, the apparent volume of distribution in the plasma compartment is 3.1 L, the -
non-steady state apparent volume of distribution is 10.0 L and the steady state apparent
volume of distribution is 7.9 L. The standard deviations of the main pharmacokinetic

parameters (Table 1) represent mild to moderate (19.2-45.7%) inter-individual
pharmacokinetic variability.

The serum elimination half-life of 6 h suggests that in healthy adults, receiving
intravenous Venofer®, its iron content is essentially completely cleared from the serum
in 24 h. This is supported by the sponsor’s findings of a mean+SD 24 h serum iron
concentration of 39.5+9.5 uM/L (n=12) which was not significantly different baseline
values (35.7+412.6 puM/L [n=12]). Thus, s:gmﬁcant iron accumulation in serum may
not occur in healthy adults receiving daily Venofer® doses containing 100 mg of iron.

The potential for iron accumulation in individuals recewmg multiple doses of Venofer®
containing 100 mg of iron was further investigated by this reviewer using the formula
R = 1/(1-€"), where R is the accummlation ratio (factor), k is the elimination rate

constant and 7 is the dosing interval (24 h). Fortiz = 6-7Th, R = 1 07~1 10 suggesting
minimal (7_10%) accumulation of iron in serum.

In healthy adults receiving Venofer® containing 100 mg of iron, 31.0% of the iron is -

transported by transferrin within 24 h suggesting ready systemac avaﬂablhty of ircu
from intravenous Venofer®.




" BEST POSSIBLE COPY

- Since iron elimination from the serum depends on its need at the sites of utilization and
storage, it is reasonable to expect a faster iron clearance and, subsequently, a lower
chance of iron .accumulation in the target patlent population recewmg ‘the labeling
recommended muitiple dosage rcglmen of Venofer

6

2. Is Ade"duate Tissue Pharmacokinetic Information Provided?-

The tissue kinetics of iron hydroxide sucrose containing 100 mg of iron labeled with
IFe/*Fe (0.5/20 MBq]) was evaluated, via **Fe uptake, in two patients with iren
deficiency  anemia, two patients with renal anemia, 2 patients with functional iron
deficiency using the positron emission tomography (PET) technique (Reference S)°.
Patients 1, 3, 4, and 6 were on recombitant human erythropoietin therapy (see
Appendix I {page 31]) prior to this study. Levels of **Fe (physical tiz =8.3 h) rose
rapidly to amaximum standardized uptake values (SUV) of about 11 in the liver within
60 min and 5.5 in the spleen within 100 min. Thereaftcr spleen radioactivity- was

.....

rapidly to an SUV.of about 2 within 30 min and, then mcreased more slowly (Fig 3).

Fig. 3. Plots of Liver, Spleen and Bone Marrow 2F Activity Uptake (SUV) Versus Time in
One Anemic Patient Receiving Intravenous Iron Hydroxide Sucrose Containing 100 mg of Iron
labeled with **Fe/**Fe (0.5 MBq/20MBq)
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A Patlak plot (of Patlak activity versus Patlak time) yields intercepts of approximately 0
(zero), 2 and 4 for radioactivity in the bone marrow, the spleen and the liver,

respectively” (Fig.4). Furthermore, the slope of the plot for the bone marrow is much
greater than those for the liver and the spleen.

The intercept of the Patlak plot represents the size of the reversible iron pool "
(distribution volume) and the slope the rate constant that describes the rate of flow of
iron from the blood into the distribution volume (see Appendix I, page 34). In Fig. 4,

the intercepts for the plots of the liver and spleen radioactivity are stable, positive
values suggesting that these organs constitute reversible iron pools. The intercept for
the plot of bone marrow radioactivity approximates zero suggesting- that that the bone
marrow is not a reversible iron pool. This means that once iron enters the bone
marrow, it does not return to the general circulation but is trapped for utilization in
erythropqjesis. Furthermore, iron flows from the blood -into the bone marrow at a
- higher rate as compared to the liver and the 'spleen. This is evidenced by the larger

slope for the plot of bone marrow Patlak actmtywersus Patlak time as compared to
 those of the liver and the spleen.

Fig 4. Patlak Plots of Liver, Spleen and Bone Marrow $F Activity in One Anemic

Patient Receiving Intravenous Iron Hydroxide Sucrose Containing 100 mg of Iron labeled with
2Fe/*Fe (0.5 MB¢/20MBq)
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3. Is Adequate Information Provided on Drug Distribution?

In healthy adults receiving intravenous doses of Venofer®, its iron content appears to
distribute mainly in blood and only to some extent in extravascular fluid. This is

"evidenced by a non-steady state apparent volume of distribution of 10 L and a steady
state apparent volume of distribution of 7.9 L.




4. Is Adequate Information Provided on Drug Metabolism? __

The sponsor proposes that in vivo, the iron sucrose complex .in Venofer® would
dissociate to iron and -sucrose and that the iron would be readily utilized for
erythropoiesis and replenishment of depleted iron stores. In the submitted literature
studies, there is evidence that the dissociation is mediated; at least in part, by
macrophages in the liver and other tissues as well as by hepatocytes. Iron- forms
complexes with apotransferrin to form transferrin and is transported to the bone
marrow for hemoglobin synthesis. Iron also complexes with the protein ligand,
apoferrtitn, in the mitochondria of the liver and other tissues, to form ferritin (the iron
storage molecule). Myoglobm and enzymes that contain iron may atso be synthesized
with the iron from Venofer®. Significant metabolism of intravenously administered
sucrose is not expected as sucrose is not known to be converted to fructose and glucose
outside the gastrointestinal tract or to be utilized in the synthesis of glycogen.

5. Is Adequate Information Provided on Drug Elimination?

"“In healthy 12 adults receiving intravenous Venofer® containing 100 mg of iron and
- 1510 mg of sucrose (Reference 3), its sucrose content was eliminated primarily in urine

(68.3% in4 hand 75.4% in 24 h [see Appendlx 1, page 32]). Small amounts of its iron
content were also eliminated in urine (4.5% in 4 h and 5.2% in 24 h [see Appendix I,

page 33]). In another study (Reference 6)*, two does of iron sucrose (one containing
500 mg of iron, the other containing 700 mg of iron) were administered by inravenous
infusion over 3 days, to patients with iron deficiency anemia (n=26 [3 men and 23
women; age range=16-60 years]). In this study, similar 24 h urinary elimination of
iron (4.5% and 4.8% for-the 500 mg and 700 mg doses, respectively) was observed.
Based on these data, uripary excretion is the main route of Venofer®elimination. -

6. Is Adequate Plasma Protein Binding Information Provided? -

No studies were conducted to evaluate the plasma pi:otein binding of Venofer®. An
independent literature review by this reviewer yields no information that would suggest
that iron"or sucrose could be significantly plasma protein bound. Accordingly, it 1s

considered that an additional study to evaluate th&plasma protein binding of Venofer®”
is not necessary.

7. Is Adequate Information Provided on Drug-drug Interactions?

No studies were con:l_ucted to investigate possible drug-drug interactions involving
Venofer®. In the drug product labeling, under the sub-section, Drug Interactions, the
sponsor states that“Venofer® should not be administered concomitantdy with oral iron
preparations since the absorption of iron is reduced”. The sponsor further states that in

patients already on oral iron therapy -oral lron needs to be discontinued prior. to
initiation of treatment with Venofer®.




8. Is Adequate Information_Provided on Pharmacokinetics in Special Populations?

No information is provided on the kinetics of Venofer® in special populations. In the
Contraindication section of proposed drug product labeling, the sponsor states that
Venofer® is contraindicated in patients with iron overload or disturbances in iron
utilization. It is noted that the sucrose component of Venofer®is-eliminated primarily by
renal mechanisms. However, sucrose is not expected to exhibit any significant
pharmacologic activity. Therefore, prolonged elimination in patients with renal
impairment is not expected to result in classical drug type toxicity. From a
pharmacokinetic perspectlve it is considered that an additional study to evaluate the
kinetics of Venofer® in patients with renal impairment is not necessary. The medical
officer is advised to examine the findings of the Phase III safety and efficacy studies for
evidence of kidney damage in any participating patients with renal impairment and
make safety related comments as appropriate (see General Comment 1). '

9. Is Adequate Information Provided on Effects of A“ge on Pharmacokinetics?.

No information is provided on the effects of age on the kinetics of Venofer®. In the

Dosage and Administration section of the drug product labeling, the “usual dosage
of Venofer

10. Is Adequate Information Provided on the Effect of Gender on Pharmacokinetics?

No studies were conducted to evaluate the effect of gender on the kinetics-of Venofer®..
However, this rcviewer Ie analyzed the compartmental pharmacokinetic data in

differences in the kmencs of Venofer The following results were obtained:

tiz:  ——= hinmalesand — hin females
Clr: —— L/kginmales and ———— LJ/kg in females

AUC: pM/L*h in males and ————". uM/L*h in females
Vs L in men and L in women -
24 h Renal Elimination of Iron: » in males and in males

24 h Renal Elimination of Sucrose:

in males and = in females.

A conclusive statement as to differences in the kinetics of intravenous Venofer®

between males and females cannot be made on the basis of this analysis due to the small
number of male subjects. Iron is a micro-nutrient needed to varying extents by males
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_and females and sucrose is not expected to exhibit any significant pharmacologic
activity. Therefore, is considered that it is not necessary to conduct an additional study .
to assess the effect of gender on the kinetics of Venofer®.

11. Is Adequate Pharmacodynamic Information Provided? -
The sponsor states that following intravenous administration of Venofer®, iron- would
dissociate from sucrose rapidly and would be transported to specific sites and-utilized to

replenish depleted iron stores and to synthesize hemoglobin, myoglobin and enzymes
that contain iron.

In the study evaluating the tissue kinetics of iron sucrose containing 100 mg of iron
labeled with *Fe/*Fe (0.5/20 MBq) in two patients with iron deficiency anemia, two
patients -‘with renal anemia and 2 patients with functional iron deficiency, by the PET.
——technique (see item 2 above), utilization of radioiron (*Fe [physical tiu=45 days}) by
. red blood cells was determined. Serum hemoglobin (Hb), iron (S- Fe), ferritin (S.
Fer), TIBC, transferrin saturation (TS) and transferrin receptors (S.TfR) were also
measured in this study. The following results were obtained:

i. Effect of Iron Sucrose on Iron Utilization by Red Blood Cells

Iron utilization by red blood cells increased rapidly in all patients (Table 2) and
generally reached a2 maximum value (68-97%) 15-28 days post dose.

Table 2. Red Blood Cell Utilization of *Fe in Anemic Patients Receiving Intravenous Iron
Hydroxide Sucrose Containing 100 mg of Iron Iabeled with **Fe/*Fe (0.5 MBq/20MBq)

Patient 4°

Patient 1 Patieni2 | Patients

Patient 5 Patient 6
Dav] % | Day | % | Day i % | Dav]| % | Dsy | % | Day ] Ve -
[ o o N
3 - - 1
3
> L .
9 - .
13 - N
16 ) ) . .. . ; o
70 ) :
13 i ——
- - —J

TErrarocrit Coneamemes gves On day 10 18 &y 13 mmwnmmﬁ‘un&?}ﬁﬂ.ﬁm@um 1.

. ii. Effects of Iren-Sucrose on Hemoglobin, Serum Iron, Trausferrin Saturation,
Serum Ferritin, TIBC and Transferrin Receptors -

The effects of intravenous iron sucrose on hemoglobin, serum iron, serum ferrir'a,
serum transferritin saturation, TIBC and transferrin receptors are presented in Table 3.
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_ . Table 3. Hematological and Iron Parameter in Anemic Patients Treated with™a Single

Intravenous Dose of Iron Hydroxide Sucrose Containing 100 mg of Iron Labeled with
**Fe/*Fe (0.5 MBq/20MBq)

Patient_ Day Hb 5. Fe S. Fer TIBC - TS S.TIR
@L)  («M/L) (ng/L) (uM/L) (%)  (mg/L)

1 (female) .

2 (female)  O- o -— )
1

3 (male)

24 ' ‘_J
28 . ) .

Normal Range: Hb (gfdL): 12.0-15.6 (f), 14.0-17.8 (m); S.Fe (j.cgldLu [eM/L]): 65-165 [11.64-29.55]

—_ (f); 75-175 [13.43-31.34] (m); S. Fer. (ng/mL): 20-120 (f), 20-300 (m); TIBC {(ng/dL); 250450 (m &
f); TS (%): 20-50 (m & f); (m= males; f = females).
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Table 3 (contd.}. Hematological and Iron Parameters in Anemic Patients Treated with a

Single Intravenous Dose of Iron Hydroxide Sucrose Containing 100 mg of Iron Labeled
with **Fe/*Fe (0.5 MBq/20MBq). :

Patient Day Hb S. Fe S. Ferritin TIBC . TS S.TiR
(gh) (ML) (ng/L) (#M/L} (%)  (mg/l)
4 (male) 0 (’ -
1
2.
3 — —
[ —
23
24
5 (female) 0 i
- ~
2 R
N 9
13 -
16
20
23
6 (female) 0 .
' 1
2
6 _
8 - -
13 ’ — ﬁ,
15 ’

- 19 -
26 ,
Normal Range: Hb (g/dL): 12.0-15.6 (f), 14.0-17.8 (m); S.Fe (ug/dL [uM/L]): 65-165 {11.64-29.55]

(f); 75-175 [13.43-31.34] (m); S. Fer. (ng/mL): 20-120 (f), 20-300 (m); TIBC (ng/dL}:.250-450 (m &
f); TS (%): 20-50 (m & f); m= males; f = females.

Generally, serum. iron, serum transferrin saturation and serum ferritin increased

significantly with 24 h of drug administration. However, in some patients, some of

these increases occurred much later (e.g., Patient 3: serum iron on Days 13-15 and
serum transferrin saturation on Days 6, 13-15 and 24-28). In Patient 5 with markedly -

~ low serum iron and serum transferrin saturation, serurmn transferrin receptor levels were

higher -than those of the other patients.. This would be expected in this patient as iron
utilizing cells would produce more transferrin receptors in an effort to extract iron from
the serum to meet their needs. TIBC values were generally not significantly affected by
intfavenous iron hydroxide sucrose in this study. These findings suggest that following .

intravenous administration of iron hydroxide sucrose to patients with iron deficiency

anemia, renal anemia and functional iron deficiency, its iron component is readily
available systemicaily and is efficiently transported to appropriate sites to replenish iron

I
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stores. The hemoglobin values and red cell iron utilization, in these anemic patients,
were further analyzed by this reviewer (see Table 4).

Table 4. Hemoglobin in Anemic Patients Receiving a Single Intravenous Dose of Iron
Hydroxide Sucrose Containing 100 mg of Iron Labeled with *Fe/*Fe (0.5

MBq/20MBq). - -
Patient Gender Normal Hb Range Pre-dose Hb Postdose Hb ~ Red Blood Cell
— (g/dL) (g/dL) (g/dly __ Iron Utilization (%)
6 Female 12.0-15.6 r :
1? Femate 12.0-15.6 -
2 ~ Female 12.0-15.6
b1 female 12.0-15.6 —
¥ Male 14.0-17.8 = _J
4 - Make 14.0-17.8 . . -
""On erythropoietin therapy; — g/dL on Day 9 only (Patient 3), — g/dL on Day 23

only (Patient 4), below baseline for the rest of the study __

Modest hemoglobin increases, above baseline, were observed in 3 of 6 patients
- (Patients 6, 1 and 2). In one patient (Patient 5), hemoglobin values were essentially
unchanged throughout the study. In 2 of 6 patients (Patients 3 and 4), hemoglobin
values were-at or above baseline en only one day (Day 9 for Patient 3 and Day 23 for._.
Patient 4) and was below baseline for the rest of the study. It is considered that
significant enhancement of hcmoglobm values in anemic patients treated with a single

“intravenous dose of Venofer® containing 100 mg of iron cannot be concluded based on
the findings of this study.

It is noted that the iron utilization value, calculated as a ratio of whole biood *Fe
activity to injected **Fe activity following *Fe-labeled iron sucrose administration, does
not correlate with changes in hemoglobin levels in this study. Therefore, such red cell
iron utilization values cannot be used as an indicator of hemoglobin formation following
intravenous iron sucrose administration. Accordingly, it would be necessary to monitor
individual patients in the course of iron sucrose therapy to determine whether
hemoglobin levels are increasing, especially in cases where hemoglobin levels require
tierapeutic intervention (Hb<10.5 ug/dl. [males and females; based on literature
information]). The sponsor is requested to submit-the mean and individual subject data
on the ratios of *Fe activity in red blood cells and plasma to injected **Fe activity to the
Agency for review (see Overall Comment).

Intravenous iron sucrose containing 100 mg of iron, administered over 5-10 min, was
evaluated in hemodialysis patients with iron deficiency (p=22) or without iron
deficiency (n=29) (Reference 10)°. This dose was administered three times per week.
In the same study, iron sucrose contair1g 500 mg of iron was administered over 1-4 b,
once weekly, to hemodialysis patients with iron deficiency (n=42) or without iron
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deficiency (n=16). Each dose was administered, based upon hemogiobin levels, until a
total target dose of 1000 mg of iron was reached. A maximum of 5-10 doses.was
administered to each patient. For each dose level, hematological and iron parameters
were determined once weekly. The iron deficient and iron non-deficient groups had
been on reccombitant human erythropoietin therapy (<100 TU/kg and 50 IU/kg,
respectively) administered three times weekly for at least 8 weeks. Only the mean data
are reported in this literature article. Individual subject data are not provided. The
results are presented in Table 5. ~

Table 5. Hematological and Iron Parameters in Hemodialysis Patients on Recombitant
Human Erythropoietin Therapy Treated with Intravenous Iron Sucrose Containing 100
mg Three times Weekly or 500 mg Once Weekly for Three Weeks.
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These results suggest that in iron deficient patients on erythropoietin therapy treated ,

with intravenous iron sucrose containing 100 mg of iron, thrice-weekly, or 500 mg of
iron, once weekly, significant increases in hemaglobin, hematocrit, serum iron and
serum ferritin or significant decreases in TIBC are not attained until the fourth week of

~ treatment. In the iron non-deficient patients on erythropoietin therapy treated with the

same iron sucrose dosage regimens, only hemoglobin and hematocrit levels may
increase significantly in the fourth week following the initiation of treatmeént.

Based on these results, -therapy with intravenous iron sucrose containing 500 mg-of iron

given once weekly or 100 mg of iron, given thrice weekly, would probably not be ideal

where rapid (i.e., in <4 weeks), significant increases in hematologxcal or iron
parameters are needed in pauents on human erythropoietin therapy.

12. Does Iron Sucrose Have any Pharmacodynamic Advantage over Iron Dextmn
and Iron Dextrin? —

The levels of serum tron, serum transferrin saturation and serum ferritin were assessed

in three groups of dialysis patients (n=20 per group) receiving single intravenous doses .

of iron sucrose, iron dextran and iron dexirin, each containing 200 mg of iron, in a
paralle! design (Reference 1)°. The results of the study are presented in Fig. 5. = -
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Fig.5. Mean+SE Iron Parameters in Anén;ic. Dialysis Patients Receiving Intravenous
Iron Sucrose, Iron Dextran and Iron Dextrin Each Containing 200 mg of Iron
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Within 24 h of dose administration, serum iron and serum transferrin saturation levels
for iron sucrose were significantly higher as compared to iron dextran and iron dextrin
whereas iron dextran and iron dextrin were similar in these iron parameters. It is noted
that for iron sucrose, serum transefrrin saturation exceeded 100% (i.e., exceeded the
total iron binding capacity of transferrin) within the first 5 h of dose administration.
The sponsor attributes this to a release of iron (which is indistinguishable from the iron -
released from transferrin) from other macromolecules, that is also detected by the

chromogen used in the transferrin saturation analysis. In this study, hemogiobin and
hematocrit were not determined.

The mean serum ferritin for iron sucrose increased rapidly reaching a maximum of .
approximately 245-255 ng/mL 2-4 days postdose and declined to- approximately 180
ng/mL at 14 days postdose. The mean serum ferritin for dextrin increased rapidly to-
approximately 200 ng/mL at 2 days postdose and then increased gradually to 220

-—ng/mL at 14 days postdose. Serum ferritin levels for iron sucrose and-iron dextrin were
not significantly different throughout the study. For iron dextran, the mean serum -

ferritin remained essentially at baseline up 10 2 days postdose. It increaséd to
approximately 125 ng/mlL at 4 days postdose but remained below 150 ng/mL up to 14
days postdose. Throughout the study, serum ferritin levels for iron dextran were
significantly lower as compared to those for iron-sucrose and iron dextrin.

The findings of this study suggest that in anemic dialysis patients, intravenous iron --

sucrose results in higher serum iron and serum transferrin saturation levels as compared

to iron dextrimr and in higher serum iron, serum transferrin saturation and serum ferritin
levels as compared to iron dextran.

13. What Is the Adverse Event Profile of Venofer®? .

Across studies, in subjects receiving Venofer® containing 100-200 mg of irom, it is
stated, in the NDA, that no adverse events were observed. It is further stated (i) that 2
of 58 hemodialysis patients treated with Venofer® containing 500 mg of iron
experienced fever, nausea and hypotension - that responded to - treatment with
antihistamines and hydrocortisone within a few hours and (i) that three other patients in’

this study experienced headache, nausea and skin discomfort during Venofer® infusion
which resolved when infusion was stopped.

14. Is Phamacokinetic/Pharmacodynamic Relationship Adequately Explore“d?

In the NDA, it is stated that the selection of the labeling recommended dose of —
Venofer® was-based on practical experience, which showed “100 —- mg iron given
intravenously as iron sucrose” to be “safe and effective™ (for the proposed label use),
and not on “classical dose-ranging studxes with clinical efficacy endpoints”. Most of the .
studies in the NDA utilized one Venofer® dose level. In the few studies using more than
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one dose level, sufficient serum iron data are not provided to allow a meaningful
assessment of relationship between iron dose and hematological or iron parameters.

In 2 study evaluating a single intravenous dose of iron sucrose containing 100 mg of
iron 1abeled with **F/*°F in 6 anemic patients (Reference 5), significant increases from
baseline, in serum iron, serum ferritin and serum transferrirt which lasted 24 h or
longer, were observed in 5 of 6 patients (see Table 3 above). In this study, the high rate
of irreversible influx of iron into the bone marrow of the patients following iron
sucrose administration, suggested by the pharmacokinetic findings (see Figs. 3(c) and

- 4), resulted in only minimal hemoglobin increases above baseline in 3 of 6 patients (see

Table 3). The postdose values in the other three patients were at or below baseline.
Thus, a correlation cannot be established between the amount of iron in the ‘bone
marrow. and the hemoglobin values in the patients evaluated in this study. ‘A lack of
increase in hemoglobin in the presence of large amounts of iron in the bone marrow
could possibly be related to erythpoietin deficiency in the bone marrow of the patients.

15. Are the Methods of Samplé Analysis Adequately‘Bg;vqribed ? B

The following information on analytical methodology is provided for the major studies

- on which the clinical pharmacology section of the drug product iabeling is based:

A. Reference 3 Evaluating Venofer® Kinetics in Healthy Subjects:

(i) Serum Iron and Iron(IIT)-hydroxide Sucrose Complex: Serum iron and iron(IIl)=

hydroxide complex in blood and urine were measured as elemental iron using the
method of —.. The analyses were performed at the

— — -~ . The sponsor
states (i) that precision of the analytical method was 5.6% (mean-25.8 uM/L, SD=1.44

pM/L, n=63) and (i) that regular internal precision and accuracy checks and external
quality control were performed in accordance with the recommendations.af the Nordic
Committee of the Scandinavian Society of Clinical Chemistry. The limit of
quantification; linearity range, accuracy, specificity and data on analyte stability in
stored samples are not provided for the analytical method.

{(ii) Iron and Sucrose: Iron was measured in urine samples using
Sucrose was measured in urine samples using 8 ~ —————. -
Both analyses were performed at Vifor

International, Inc., St. Gallen, Switzerland. The analytical methods are not fully

described and no assay validation information is provided.

(i) Serum Transferin Saturation, Serum Ferritin and Hemoglobin: Serum

transferrin sac..ation, serum ferritin and hemoglobin were analyzed by standard clinical
laboratory methods.




B. Reference 5 Evaluating Venofer® in Anemic Patients by the PET Method:

(i) PET Irhaging: PET imaging was performed using thef

_JThe standardized supmc position was selected

to ensure that the heart, liver, and spine are situated in the field of view. Measurement
times were one minute for the first 15 frames and 15 minutes for the-rest of the frames.
Intercalibration of the tomograph versus ionizing chamber and well counters was

performed regularly. Emission scans were performed for the first 90 min followed by
scansat 3,4, 5,6 and 8 postdose.

(ii}~-Measurement of ZF Activity in Blood Samples: Each blood sample was divided
‘into two portions. Plasma was obtained from one portion. The other portion remained

as whole blood. Radioactivity in the whole blood and the plasma was measured by -

counting in a well counter that was cross calibrated with the scanners.

(iii) Correction for “Mn in Blood Samples: To correct for **Mn (the positron emiting
decay product of *Fe), blood samples obtained at 1 and 2 h postdose were placed in a
well-type NAI (T1) detector. At higher energies, a measuring window was obtained

which provided information on the activity from ”Mn This allowed for a correction of
total radioactivity for **Mn activity.

(iv) Measurement of Radioiron (PFe) for Assessment of Red-Cell Iron Utilization:

- Blood samples were obtained thrice weekly for the first week and twice weekly for the

remaining two weeks. Each blood sample was divided into two portions. Plasma and
red blood cells were obtained from one portion. The other portion remained as whole
blood. Radioactivity per gram was measured in whole blood, plasma and red blood

cells. Red cell utilization of iron was estimated as a ratio of the *Fe activity in whole
“blood to the administered *Fe activity.

(v) Measurement of Iron Parameters and Hematological Param&érs Serum iron,
serum transferrin saturation, serum ferritin, TIBC and hemoglobin were were

determined using standard chinical laboratory methods.

(vi) ‘Measurement of Serum Transferrin Receptors: Serum transferrin receptors
were determined using — The analytical

method is not fully described and no assay validation information is provided.

- APPEARS THIS WAY
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C. Reference 10 Evaluating Venofer® in Hemodialysis Patients Treated with
Recombitant Human Erythropoietin: )

1 Measurement of Hematological Parameters: Hematological parameters were
measured using a «

——

(ii) Measurement of Serum iron and TIBC: Serum iron and-TIBC were measured
using -

(iit) Measurement of Serum Ferritin: Serum Ferritin was measured by —————0n

Details of these analytical methods are not provided.

\ 16.( Are tﬁe Methods of Phaﬁnacokinetic Analysis Adequately Described? -

- Pharmacokinetic analyses were performed by standard compartmental and non-
compartmental methods as well as by a compamnentai method with a Michaelis-Menten B
term which allowed the estimation-of the amount of iron transported by transferrin (see
Appendix I [pages 26-28]). The pharmacokinetic methods were adequately described.

17. Are the Methods of Phannﬁicodynamicj{nalysis Adequately Described?

No dose ranging studies were conducted to determine the dosage-regimen recommended

-in the drug product labeling (se¢ item 14 [page 16]). Subsequently,—no classical
pharmacodynamic analysis was performed. The pharmacodynamic endpoints consists of
hematological and iron parameters. The measurements of these parameters are covered
under Sample Analysxs (item 15 [pages 17-19)).

18. What are the Pharmacokinetic and Pharmacodynamic Results?

See pages 3-17.

APPEARS THIS WAY
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III. LABELING COMMENTS

The Clinical Pharmacology section of the proposed drug product .aveling should be
modified to reflect the following: '

1. Pharmacodynamics]

" -2. Pharmacokinetics: In healthy adults treated with intravenous doses of Venofer®, its
iron component exhibits first order kinetics with an elimination haif-life of 6 h, total

clearance of 1.2 L/h, non-steady state apparent volume of distribution of 10.0 L and
steady state apparent volume of distribution of 7.9 L Since iron disappearance from
serum depends on the need for iron in the iron stores and iron utilizing tissues of the
body, serum clearance of iron is expected to be more rapld in < patients treated
with Venofer® as compared to heaTthy individuals.

3. Distribution: In healthy adults receiving intravenous doses of Venofer®, its iron

component appears to distribute mainly in blood and to some extent in extravascular
fluid -

A study evaluating Venofer®
containing 100 mg of iron labeled with ¥*Fe/®Fe in patients with iron

deficiency shows that a significant amount of the administered iron distributes in the

liver, spleen_.and bone marrow and that- the bone marrow is an iron trappmg '

compartment and not a Teversible volume of distribution. =

e

5. Metabolism:(
-
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6. Bliminationsf

(’

7. Drug-drug Interactions: Drug-drug interactions involving Venofer® have not been
studied. However, like other parenteral iron preparanons Venofer® would reduce the
absorption of concomitantly administered oral iron preparauons '

11. The following relate to the Dosage and Administration section of the labeling:

-

(@) Theterm, — — _  should be replaced with Recommended Dosage Under
the sub-section, the first sentence should be modified as follows:

|

—
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IV. OVERALL COMMENTS

In the NDA (Volurie 1.15 [pages 10-11}), regarding the estimation of red blood cell
utilization of radioiron (*Fe), it is stated that “radioactivity per gram was measured
in whole blood, plasma and packed red cells separately.to define the rate of
disappearance of radioactivity from the plasma, so that the whole blood activity
represents the radioiron red cell incorporation”. It is further stated that “red blood
cell radioiron utilization was calculated as the ratio of *Fe activity per mL -of
whole blood for the total blood volume on a given day to the injected “Fe activity”.

. The calculated red cell radiciron utilization and the pre-dose and pestdose hemoglobin

in the evaluated anemic patients as well as the range of normal serum hemoalobxn
values (from clinical literature) are presented below

_Patient Gender Normal Hb Range Pre-dose Hb,_ Postdose Hb  Red Biood Cell
(g/dL) (g/dL) {g/dL) Iron Utilization (%) .
6 - Female 12.0-15.6 ] -
1 Female 12.0-15.6
2 Female 12.0-15.6 ) R
5 female 12.0-15.6 ' ’
3 Male 14.0-17.8
4 Male 14.0-17.8 ) ’ _‘

*On erythropoietin therapy; -— g/dL on Day 9 only (Patient 3), «— g/dL
on Day 23 only (Patient 4), below baseline for the rest of the study in these patients.

(2) The Agency seeks to understand why the high utilization of iron by red blood cells -

in all patientsTis not reflected as significant postdose hemoglobin increases dunng the
13-28 days of study.

-

(b) It is requested that the mean + SD and individual subject values for the ratios of _
®Fe activity in red blood cells and plasma to-injected *Fe activity, that were calculated

.in this study (Reference 5) and the related raw data, be submitted to the Agency for

review. - . -

2. The in vitro release of iron from iron sucrose should-be satisfactorily characterized
and the findings should be submitted to the Agency for review:

APPEARS THIS.WAY _
ON GRIGINAL o




V. GENERAL COMMENTS

- 1. It is noted that the sucrose component of Venofer® is eliminated primarily in urine
(68.3% in 4 h and 75.4% in 24 h). However, from a clinical pharmacology
perspective, since sucrose is not expected to be pharmacologlca!ly active, a classical
type drug toxicity is not expected if its-elimination is prolonged. Therefore, in this
review, it is considered that it is not necessary to request the sponsor to conduct an
additional study to evaluate Venofer® in patients with renal impairment. If, in the Phase
IIl clinical safety and efficacy studies, structural damage to the kidney was observed in

- subjects with renal impairment, safety related comments can be made as appropriate.

2. In t.he Dosage and Administration section of the drug product labeling/ ]

A#PEARS""Tms WAY -
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o * VI. RECOMMENDATION

NDA 21-135 submitted for iron sucrose (Venofer®), by the sponsor, on August 6,
1999, has been reviewed by the Division of Pharmaceutical Evatuation II of the Office

of Clinical Pharmacology and Biopharmaceutics. Thé~ pharmacokinetic and

pharmacodynamic information provided by the sponsor is acceptable for consideration

in the process of making the NDA approval decision. However, the issues raised in

Labeling Comments 1-11 (pages 20-21) and Overall Comments 1 and 2 (page 22) need

to be satisfactorily addressed by the sponsor prior to NDA approval.

Please convey this Recommendation, Labeling Comments 1-11 (pages 20-21) and
Overall’ Comments 1 -and 2 (page 22), as appropriate, to the sponsor. Genera)

Comments | and 2 (page 23) should be brought to the attention of the reviewing
medical officer.- .

- | s/ oblic]os
. David G. Udo, Ph.D.
Division of Pharmaceutical Evaluation IT

“Igl €/fé/oo

Clinpbarm/Biopharm Briefing: 06/15.00 at 3.30 p.m. (Attendees: Huang [HFD-870], )
Hunt [HFD-870], Robie-Suh [HFD-180], Sandip [HFD-870], Al-Fayoumi [HFD-870]
and Doddapaneni [HFD-870]). : -

Concurrence: Suresh Doddapaneni, Ph.D.

cc: NDA 21-135, HFD-180, HFD-180 (Strongin), HFD-870 (M. Chen, Huang,.Hunt,
Doddapaneni and Udo), CDR (Atin: Zom Zadeng). S
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APPENDIX 1
co Table 6

Dernographic characteristics of the hezlthy volunteers

Initials ~ No Age Sex — - Weight Height
- = : L <0 F 55 164
- . 3 35 E 6 i
— 3 32 F 68 7¢
. — 4 — 3 M 83 178
- 5. 3 _F 77 161
— 6 “a F 6 18
— 7 € & F 75 16
- & 33 F &0 170
- g . —. 8 = M g4 o1 -
— 10 36 F 50 e
- - | 11 X F T g 171
y 2 >4 M o3 186
' Mean £ SD 40473 7113 172%8
" APPEARSTHIS WAY ]
ON ORIGINAL
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——For the non-compartmental analysis, these basealine values were subtracted for each

26

3.2. Non-compartmental pharmacokinetic analysis
The measured iron concentrations (Table 1) were corrected by subtraction of the
individual baseline value. The baseiine datz was evaluated.by considering the
individual predese concentrations determined from two predose sampies per subject
as well as the respective iron concentrations after 24 hours where also two samples
were available per subject ‘ ;

It was observed that the predose values (35.7 £ 12,5 pM/) and the values measured
after 24 hours (40.0 *+ 8.7 pM/) were not statistically significantly different (paired t-
test, p>0.05). - i

Hence, for each subject, the respective baseline value was calculated =s the
average of all predose and 24-hour samples. The baseline values varied frem 27.3 to

50.3 uM/l with a mean of 37.9 2 8.0 M. - .

subject. The resulting carracted iron concentrations (Table 2) were used for the
calculations. The elimination rate constant (k) was determind by lingarregression zs
_the negative siope of the natural logarithm of the concentrations in the terminal

“phase (3 - 12 h). The halilile (tz) wes calcutated as In(2)/k,. The initial

- concentration C, at time 0 was backextrapoizted using the natural logarithms of the .
concentrations at 10 and 20 minutes. The area under the curve (AUC) was
determined from the concentrations using the trapezoidal rule. The terminal part of
the area was extrapolated as C./K, where C, is the last measured concantration. The
area under the first moment curve (AUMC) was Calculated using the trapezoidal rule
as the AUC of z plot of the products of concentrations and respective time (Ct) -
versus time. The terminal part of the AUMC was extrapolated as C:,,t,.!'k,2 + Ck, -
where C, is the last measured concentration at time t,. The mean residence time
(MRT) was detemmined as AUMC/AUC. - - .
The total body clearance (CL) was determined as D/AUC where the dose (100 mg)
was converted into pMoi (1790.5 pMol; MW 55.85). The volume of distribution of the

- central compartment (V) was determined as D/C,.
The volume of distribution at steady state {Vd,;) was calculated as CL « MRT. The
velume of distribution during efimination (Vd,,,) was calculated as CUK,. The results:

are summarized in table 3. : B -

3.3. Compartmental pharmacokinetic analysis _ -
The serum concentration time profile without any basealine correction was fitted to an
epen twocompartment body system with an underlying predose baseline level—

C=as™ +be?+Cy _
where C is the iron serum level, 3, b, @ and B hybride constants and Cg the iron
predose baseline level. The data was fitted up to 24 hours using the nonfinear
regression program SCIENTIST with a weight factor of 1. Each subject was fitted
individually, using the average of the two predose iron levels as the baseline value.
The following parameter were calcutated from the resulting hybrid constants: The
half-ife (t,,) was calculated as In(2)/p. The initial concentration Cq at time 0 was
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calculated as a+b. The arez undar the curve (AUC) wzs dEtEMINEd by mteurat:on 2s

g/e + b/, The area under the first moment curve (AUMC) was determined by
integration as a/a’ + b/%. The mean residence time (MRT) was determined as
AUMC/AUC. The total body clearance (CL} was determines as D/AUC where the
dese (100 mg) was converiad into pMal (1720.5-pMal: MW 53:85).

The volume of distribution ¢f the central companment.(V,) wzs determined as D/C,.
Jhe vcfume of d:str:buuan at steady siate (Vd,) was caiculsted as D .
(2p*+bec? M(ap+ba)?. The volume.of distrigution during evr-nnqtlon (Vdm,) wag
cziculzted as CL/P. The results ar2 summarizes in tadle €.

3.4, Comparunentz! pharmacokinetic analysis using 3 Michazelis - Menten

model.
Due to the results of in vitro mezsuramanis o. total iron binding czpacity mac) zher

addition of iron{lll)}-hydroxide sucrase camplex a companmentz! phamacokingtic

andlysis including Michaslis - Menten medel (MM) was perfarmed. This is basad on
the fact that practically all the transferrin present is saturated with iran from nrcn(!u)-

hydraxide sucrose complex,

The serurn cancantration time profile wr:hou‘t any basaline con'ef'tnons was fitad to B

an gpen two compartment By system with an underlying baselme level as well with
an underying Michaelis ~Manten term

C=ae®+be™+Cq-kyt

where C is the serum iron level, a, b, = and § the hybride constants, Cq the iron
predese level and kot the Michaelis - Menten term, Because the transferin is razdily
saturated with iron and the serum levels are ncot statistically signiiicant d:f'e:em
between before injection (0 h) and at 24 hours afier injection, for the MM-term V..

ket can be used. V,g reflects the transfemin measured during the 24 hours
observation time as we!l the TIBC measured before m;e:uon That means that ket
runs batween the transfamin and serum y iran level, what is equal thh the latent iron

" binding capacity.

Far calculations for each subject individually and fer the mean of all 12 patients ¢

and = resp. B and b values were determined by optimal linear regression as the -

negative slope of the naturz! lcgarithm of the concentration phase 0,16 -1 hand 3 -

.12 h resp: afier correction with the baseline Cg, the TIBC and the Michaslis - Memerr‘
termn kot The ares under the curve {AUC) was determinad by integration asaalc +

D/ + Kot?/2. ko was Qph‘m]sed by minimising the sum of the squares of the differences

-----

AUMC betwesn the algebraxc and trapezoidal mtegrat:on o was.calcurated from the

intercept of the e-function by addition of Cq. . -
The area under the first moment curve (AUMC) was detenmned by integration as

—.afe? + b/p* * k6. The mean residence time (MRT) was determined as

AUMC/AUC. The total body ciearance (CL) was determined as D/AUC where the
dose (100 mg) coresponds to 1790.5 pMol Fe. The voiume of distribution of the
central comparntment (V) was detarmined as D/(Cq - Cg). The volurne of distribution

at steady state (Vd,,) was caiculated 35 CLMRT. The volume of distribution during: -

elimination (.'d,,,) was caiculated as CL/k,, whereby k; is not included. The 2riount
of iron transported by saturated transferrin was calculated as a fraction of AUCHKg12

multiglied by the dose (100.mg). The rasults are summarised in table S.

27
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Table 4

lComparlm'enlal pharmacoklnellc paramelers for each’ of the 12 sublecta




13

“IJnhle 5 Compartmental pharmacokinetic paramoters for each of the 12 subjects Including Michaoells - Menten Tonn
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Table 1n. Daseline characteristics of the palients

No. Age Gender | Diagnosis .Hb  S-creatinine S-Fe d-fcnilin TIBC TS S-TIR tHuEpo (kerapy

v . (gl (umoll)  (umol) (pgM)  (mmoll): (%) (ng/l)

? _ . ‘ dose duration
i | 4 __(Unkgiw) _ (m)

I 63 polyeystckiduey 112 653 9 8l 2 22 1ol st o

"+ RA O !

2 38 f  medullary sponge - 109 72 12 3 01 12 352 - .
kiduey + IDA |

3 52 m dinbetic nephro- 121 261 1} 95 58 I8 2.45 K] 14
pnlh} +FID | ‘ " | . | .

4 24 m status post rennl i 253 30 501 46 - 65 1.72 90 12

| E lmnspltmlatimu- ‘ J !
RA . b

5 . 55 F lcerous colitis, 100 . 86 3 g B85 94 G6.19 ;

renal sloncs + ‘ l I
. DA ’ - . ‘
6 | 38 f congenital cystic 116 157 7 37 51 14 1.96 150 2

disense + FID

| B
S-Fe = gerum iron; TIBC = total iron binding capacity; TS = transicirin salwration; S-TIR = seram transferrin receptor;
rHuEpo = recombinnmt hwnan erythropoietin; Ufk/w = unit/kp/week; )
IDA = iron deficiency annemin; RA = renal andemia; FID = functional iron deficiency.

|
|
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Table 21 Sucrose content {mg) urine

]

2

3 ¥

b i

. B _
B —
7 | ! ~
o | ! -
190 IL i ! !, :
11 o _ ,‘ ‘ ]
- \ ! ! 5 o i 1130 |
Mean ' <i4 B[ ¢ -08 | 14 o
sJ | <14 : 146 £9 - [ 0 186
i I : .
' " ‘ o | T |
. il)-‘aydrox'ide cohtalped 1510 mg sucrose per 100 mg Fe, That means that 1130 mg corresponds lo 75% of Ihe dosage.
| .
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Table 20

iron conftent (mg) In urlne

1 (’_\ Y""
2 i
3 |
4
jf 5
8
7
n i
9 1 i
10 1 -
11 ' i
12 L.J ‘ ' i __—-j i
Moan 0.51 464 0.27 0.4 0.20 5.10 A0t
50, 033 148 0.1 0.42 0.4 1.20 131
l

i

|

A = dillerence belween Fe excrélion In urlne during 24 hours posl and 24 hours pre Injectlon of 100 mg Fe as iron sucrose complex

P

|
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A Mulduple Graphical Plorting metboc—i used to investigate PET kinetic data, was then
applied to-determine the net influx from the plasma to the tissues as well as the sizes of
the reversible pools (Patlak et al,, 1983; Patlak et al,, 1985). According to this
method, known as “the Patlak method", the different compamnents.for the tracer
distribution consist of the reversible region which freely communicate with the biood and
the irreversible comparmment where the teacer éan enter but cannot leave the region. The f
different rate constants k 1, k2 and k 3 are the rate constants from the biood to the
revefsibie pool, from the reversible pool to the blood and from the reversible pool to the _
trappmg compartument, respectively. After an initial distribution phase, which is vanable -
for the different :racers in the different ussues. increasing accumulation of the hwa.nd into
the trapping compartment can be seen. After a cenain time, dividing the mtegrals of the _
tissue concentration by the blood concenu-auongwes a linear part. This linear part
represents a state of dynamic equilibrium between the blood and the trapping i '_

compartment.

The way to analyze the kinetic information from the PET tomograph (tissue concentration

C) and the blcod curve measureﬁ:;:nrs-(Cb) can be set as follows:

Cokl o k2 , E1%k3 .y |
Co- k2+k3 k2+k3 k2+k3 -

where k 1,k 2 and k 3 are the rate constants between the different compartments, and T is
a dimension time (Patiak time, min); which represents the transformation of the physical

time into ;physiolog'cal time.

According to this model, the intsreapt of the linear part of the Patlak plot represents the
d.:sm'buuon volume, while the slope represents the influx constant ie. a rate constant

which describes the rate of the flow of the iron from the blood into the accumulation

comparmment. ) -

' APPEARS THIS WAY
ON ORIGINAL
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- MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES
' PUBLIC HEALTH SERVICE
- .FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH
OFFICE OF CLINICAL PHARMACOLOGY
AND BIOPHARMACEUTICS
DIVISION OF PHARMACEUTICAL EVALUATION Il

Date: "~ September 21, 1999 B

To: - Mei-Ling Chen, Ph.D., Director
John Hunt, Deputy Director
-David J. Lee, Ph.D., Team Leader ‘ .

From:  David G. Udo, Ph.D., Reviewer
Subj_ect: ' Pre-45 Day Filing Meeting for NDA 21-135 for iron sucrose injection
(Venofer®) )
SYNOPSIS/BACKGROUND

—-~NDA ——— was submitted for sucrose iron injection (Venofer“’), by the sponsor,
Luitpold Pharmaceuticals, Inc. on August 6, 1999. Venofer® is proposed for
intravenous injection for the treatment of - - —————

- (see the Indication section of the attached, proposed

package insert for specific cases). In the Dosage and Administration section of the .

proposed package insert, the recommended dose/ -

- -

S

The sponsor states (i) that Venofer® is formulated as an aqueous solution of ferric
‘hydroxide-sucrose complex with an osmolality of 1250 mosm/L and a pH of 10.5-11.1,
(ii) that pH adjustment is accomplished by addition of (iii) that each
vial of drug product contains 100 mg of iron in 5 mL of aqueous solution and (iv) that
the drug formulation contains no preservative.
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