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Memorandum

Date . March 17, 1987

From Director, Center for Drug Evaluation and Research

Subject Exclusivity Decision on Propofeol Injectable Emulsion

To

Director, Office of Generic Drugs

Deputy Director, Office of Generic Drugs
Director, Office of Pharmaceutical Science
Director, Office of Drug Evaluation III
Associate Director for Medical Policy

This memorandum is in response to the Office of Generic Drugs’
(OGD) January 28, 1987 document entitled “Propofol Injectable
Emulsion: Exclusivity Summary” and Dr. Botstein’s February 11, 1997
memo entitled “Exclusivity for Propofol with EDTA.” My decision on
this matter and the reasons for the decision are set forth here.

I have carefully read the above documents and their attachments, as
well as a February 24, 1997 memo from Dr. Temple entitled “Propofol
Injectable Emulsion: Exclusivity,” a February 12, 1987 document
submitted by Mr. Jeffrey N. Gibbs on behalf of Ohmeda
Pharmaceutical Products Division, Inc. and containing an evaluation
by Martin Rose, J.D., M.D., a letter from Zeneca Pharmaceuticals
Group to Robert Bedford, M.D. dated July 29, 1994, and relevant
portions of the administrative record of NDA 19-627, including
portions of the transcript of the June 10, 1994 meeting of the
Anesthetic and Life Support Drugs Advisory Committee. I have
concluded that the sponsor, Zeneca Pharmaceuticals, has met the
requirements under the FD&C Act for obtaining exclusivity of a drug
product that is the subject of a supplement to an approved
application [Sections 505(c) (3) (D) (iv) and 505(3) (4) (D) (iv)]. I
have determined that the three conditions set forth in the Act have
been met: (1) the supplement contained reports of new clinical
investigations; (2) these new <clinical investigations were
essential to approval of the supplement: and (3) the investigations
were conducted by the applicant.

The differences of opinion abcut the exclusivity opinion arose
because of disagreements over points (l) and (2). It has not been
disputed that the sponsor conducted the studies.
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New Clinical Investigations

In order to qualify as “clinical investigations” under the
regulations (21 CFR 314.108(b) (5)], the new clinical investigations
must not be bicavailability investigations. Clearly, the studies
at issue were intended to evaluate outcomes other than, or in
addition to, the rate and extent of absorption of propofol and,
thus, were not biocavailability investigations. This point is
agreed upen by OGD and ODE III reviewers. For a clinical
investigation to be “new”, the regulations require that it be “an
investigation in humans the results of which have not been relied
on by FDA to demonstrate substantial evidence of effectiveness of
a previously approved drug product for any indication or of safety
for a new patient population and do not duplicate the results of
another investigation that was relied upon by the Agency to
demonstrate the effectiveness or safety in a new patient population
of a previously approved drug product.” OGD has concluded that the
investigations contained in Supplement 0-27 do not qualify as “new”
under the above definition for reasons outlined in the OGD memc of
January 28, 1987. However, I find that OGD has not interpreted
this language correctly. To be “new” clinical investigations, the
results of the investigations cannot have been relied upon by FDA
for demonstrating efficacy or safety of a previously approved drug
product, nor can they duplicate the results of relied upon
investigations. The studies in guestion literally were ‘“new”
(i.e., newly performed) and have not been previously relied upon by
FDA, nor do they duplicate previous results. Therefore, they are
new clinical investigations.

OGD has alsc raised the issue that the clinical investigations in
Supplement 0-27 could be considered “limited confirmatory safety
studies,” although the Agency has not defined this phrase more
specifically. The size and extent of the clinical studies that
were performed are not consistent with the term “limited
confirmatory safety studies.” The OGD suggestion may reflect the
belief that the Agency COULD have requested merely “limited
confirmatory safety studies;” however, the fact remains that the
Agency did not do this.

Essential to Approval

The issue of whether these studies were “essential to approval” is
raised in the Martin Rose review and obliquely by the OGD comments
on “limited confirmatory safety studies.” It is clear from the
administrative record that both the reviewing new drug division and
the members of the Anesthetic and Life Suppert Drugs Advisory
Committee considered the performance of these clinical studies
essential to the demonstration of safety and efficacy of the new
formulation of propofcl. Dr. Rose points out that, subsequently,
Dr. I. L. Tyler, in his January 5, 1996 medical officer review of
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the completed studies in the NDA supplement, asserts that the
concerns about EDTA effects on calcium and magnesium could have
been assuaged by calculations of the maximum chelating effect on
these ions, and alsc by a review of the experience with Calcium
Disodium Versenate. Additionally, Dr. Tyler asserts that concerns
about the renal toxicity of the new formulation could have been
better addressed by close monitoring of urinary sediment results.
With regard to the first point, I note that the Advisory Committee
members were sufficiently concerned about calcium and magnesium
effects that they discussed the advisability of conducting animal
safety studies before doing human trials. While Dr. Tyler’s
calculations are reassuring with respect to potential large shifts
in ionized calcium and magnesium, such calculations may not take
into account all the factors in an in vivo system, which is why
clinical safety studies are often required to address this type of
safety concern. With regard to Dr. Tyler’s second point, it is
likely the case that urinary sediment examinations cculd have
detected early evidence of renal tubular damage. However, the fact
remains that the safety studies, as conducted, did not reveal an
excess occurrence of renal insufficiency in patients treated with
the test agent, and this provided evidence of safety for the
kidney.

The fact that the studies of the new formulation, once performed,
provided considerable reassurance about the safety of the
formulation, does not render them nonessential.

Finally, I note that the letter from Jeffrey Gibbs alleges that
Zeneca was including EDTA in Diprivan as far back as 1992, well
prior to FDA approval of the change in formulation. Mr. Gibbs
supports his assertion with data from two laboratories, each of
which detected EDTA in Diprivan samples acquired from Zeneca prior
to approval of the supplement to add EDTA. Analyses conducted at
FDA laboratory facilities have not confirmed the presence of EDTA
in propofol manufactured prior to approval of the supplement.
Should the Agency obtain additional evidence ¢f the presence of
EDTA in Zeneca'’s propofol product prior to the time FDA approved
the addition of this ingredient, the Agency will take whatever
action is appropriate.

SUMmMary

I find that the sponsor, Zeneca Pharmaceuticals, is entitled to
three years of exclusivity as set forth in the Act and regulations.

,XC\Z//C

' (g\\wyanet Woodco M.D.
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Memorandum
Date . March 21, 1997
From Director, Center for Drug BEvaluation and Research
Subject Addendum to March 17, 1997 Exclusivity Decision
To

Director, Office of Generic Drugs

Deputy Director, Office of Generic Drugs
Director, Office of Pharmaceutical Science
Director, Office of Drug Evaluation III
Associate Director for Medical Policy

My March 17, 1997, memorandum regarding exclusivity for Propofol
Injection Emulsion did not expressly list a January 22, 1997,
letter from Jeffrey N. Gibbs, Esq., on behalf of Ohmeda
Pharmaceutical Products Division, Inc., among the documents I
reviewed in making the decision on exclusivity. This omission was
inadvertent; I did review the January 22, 1997 letter.

sxouls

\{an%t Woodcock, M.D.
N




MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

January 28, 1997 A
, Ly for®

From: Deputy Director /'ﬁl‘

Office of Generic Drugs

_x4- 471
Through:  Director ID )(&-%\n- |- 1
Office of Generic Drugs

Through: Director
Office of Pharmaceutical Science

To: Director
Center for Drug Evaluation and Research

Re: Propofol Injectable Emulsion: Exclusivity Summary

Attached to this memorandum is an Exclusivity Summary that the Office of
Generic Drugs (OGD) has prepared in the matter of exclusivity for Zeneca's
Propofol Injectable Emuision (Diprivan). This summary pertains to the applicant's
Supplement-027 to NDA 19-627. This supplement requested approval to add
EDTA 0.005% to the drug product to retard bacterial growth during clinical use.
In an Exclusivity Summary dated June 11, 1996, the review division responsible
for this NDA, the Division of Anesthetic, Critical Care and Addiction Drug Products
(HFD-170), recommends that a positive determination for exclusivity be made for
Supplement-027. According to 21 CFR 5.93, the determination of exclusivity
resides with the Office of Generic Drugs. Recognizing that this determination has
important implications beyond this Supplement-027 and also because the OGD
recommendation is not the same as that recommended by HFD-170, the OGD is
forwarding its conclusion to you for concurrence.

Attachments

cc: Murray Lumpkin, M.D.
Robert Tempie, M.D.
Paula Botstein, M.D.
Curtis Wright, M.D.
Elizabeth Dickinson



EXCLUSIVITY SUMMARY

NDA 19-627
DIPRIVAN INJECTABLE EMULSION
Zeneca Pharmaceuticals

Background

In the early 1990's, cases of sepsis were reported in patients receiving
Propofol Injectable Emulsion. The FDA, CDC, and the applicant, Zeneca
Pharmaceuticals, determined that this clinical problem arose because of
inappropriate aseptic technique utilized by practitioners handling the
product, coupled with a propensity of the drug product to promote bacterial
growth once contamination had occurred.

As a resuit of the contamination problem, the applicant distributed "Dear
Colleague” letters in July, 1990, and February, 1991, advising practitioners
of the problem and describing proper handling of the drug product. The
number of reports decreased, but in 1993 another cluster of contamination
cases was reported. A series of meetings that included FDA, CDC, and the
applicant were held, during which the applicant reported that EDTA
reduced bacterial growth in propofol.

In June 10, 1994, a closed session of the Anesthesia Advisory Committee
was held to discuss the implications of adding EDTA to the formulation of
Propofol Injectable Emuision. The Anesthesia Advisory Committee accepted
the Zeneca proposal to add EDTA to the propofol drug product. The
Advisory Committee also recommended that clinical studies be conducted to
assess the risk of adding EDTA, given that high volumes of Propofol
Injectable Emulsion may be administered in certain clinical settings. This
recommendation was accepted by HFD-170.

To meet the recommendations of HFD-170 and the Anesthesia Advisory
Committee, Zeneca performed and submitted the results of five clinical
studies that compared Propofol Injectable Emulsion with EDTA
(Diprivan/EDTA) to Propofol Injectable Emuision without EDTA (Diprivan).
The resuits of these five clinical studies were submitted in Supplement-027
to NDA 19-627 on December 29, 1995. The HFD-170 medical officer's
review of the five studies appears in Attachment A. On June 11, 1996,
HFD-170 approved Supplement-027 for the new formuilation utilizing EDTA.
On that date, HFD-170 also forwarded to DDIR an Exclusivity Summary,
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recommending that three years exclusivity be granted to Diprivan\EDTA
(Attachment B). Medical officers from OGD and HFD-170 provided an
overview of the five clinical trials that appears in Attachment C. In addition,
the Director, HFD-170, provided a commentary on the decision to provide
exclusivity to Zeneca for the five clinical studies performed with
Diprivan/EDTA. This commentary appears in Attachment D.

Discussion

A.

Stipulations of the Type of Studies Supportive of a Determination of
Exclusivity 9

The regulations describing the requirements for exclusivity are found
in 21 CFR 314.108(b)(5), which state-thatexctusiwity will be granted
for a change which represents a therapeutic advance i\f\qew clinicai
investigations, which are not bia@li/@gs_tigaftinns, were
performed or sponsored by the applicant in support of the change,
providing that the studies were required by the FDA. The words
delineating these stipulations of 21 CFR 314.108 are reproduced
below:

Requirement 1:

Clinical investigations - any experiment other than a
bioavailability study in which a drug is administered or
dispensed to, or used on, human subjects.

Requirement 2:

Essential to approval - with regard to an investigation, there are
no other data available that couid support approval of the
application.

Requirement 3:

New clinical investigations - an investigation in humans that the
results of which have not been relied on by FDA to
demonstrate substantial evidence of effectiveness of a
previously approved drug product and do not duplicate the
results of another investigation that was relied on by the
agency to demonstrate effectiveness or safety in a new patient
population of a previously approved drug product...



Requirement 4:

Conducted by or sponsored by the applicant.

All four requirements must be met to support a determination of
exclusivity. Regarding these four stipulations of 21 CFR 314.108, the
OGD has reached the following conclusions:

1.

21 CFR 320.25 states that bioavailability measures the rate
and extent of absorption of the active moiety. The primary
objective of the five Zeneca studies, as determined by the
analysis in Attachment C, was not, however, to assess the rate
and extent of absorption of propofol but rather to assess the
impact of Diprivan/EDTA on the mineral homeostasis in
comparison to Diprivan without EDTA.

The Director, HFD-170, has aiso noted that the efficacy
endpoints were included in the five Zeneca studies, and OGD
agrees with this point (Attachment D). However, OGD believes
that where the focus of the five Zeneca studies turns to either
safety or efficacy of propofol itself the studies should then be
regarded as bioavailabililty (bioequivalence) studies. OGD notes
that bioavailability (bioequivalence) i ith clinical
endpoints may be used to documené unchanged-safety and
efficacy of the active moiety, as stipula in 21 CFR
314.24(b)(4).

Well-controlled clinical trials in humans that
establish the safety and effectiveness of the drug
product, for purposes of establishing
bioequivalence, or appropriately designed
comparative clinical trials for purposes of
demonstrating bioequivalence.

Based on this analysis, the OGD concludes that the five Zeneca
studies were not bioavailability studies for the safety endpoints
focusing on mineral homeostasis. Where these studies focus
on the effect of EDTA on the safety or efficacy of propofol,
OGD conciudes that they are bioavailability (bioequivalence)
studies according to 21 CFR 314.24 :
U e
OGD notes that Anesthesia Advisory Committee recommended
that studies of the type executive by Zeneca be performed and

4



that HFD-170 endorsed these recommendations.

Based on this information, the Office of Generic Drugs
concludes that the stipulation of 21 CFR 314.108 in
Requirement 2 are met.

21 CFR 314.108 states that to qualify for exclusivity, the
clinical studies must be new. According to 21 CFR 314.108:

New clinical investigations means an investigation in humans
the results of which have not been relied on by FDA to
demonstrate substantial evidence of effectiveness of a
previously approved drug product for any indication or of safety
for a new patient population and do not duplicate the results of
another investigation that was relied by the agency to
demonstrate the effectiveness or safety in a new patient
population of a previously approved drug product...

The five clinical studies performed by Zeneca did not
demonstrate substantial evidence of effectiveness of propofol
for any indication. OGD notes that the Indications section of
the labeling for Diprivan/EDTA did not change as a result of the
five Zeneca studies. In addition, OGD believes that the five
Zeneca studies did not provide information about the safety of
Diprivan/EDTA in a new patient population. OGD again notes
that the patient populations for whom Diprivan/EDTA is
indicated did not change in the approved product labeling
based on the information gained from the five Zeneca studies.

Based on this analysis, OGD concludes that the stipulations of
324.108 for new clinical investigations were not met.

The five Zeneca studies were conducted by or performed by
Zeneca.

Because Zeneca sponsored the five clinical trials, the Office of
Generic Drugs concludes that the stipulations of 21 CFR
314.108 for Requirement 4 were met.

Allowance for Limited Confirmatory Safety Studies

In addition to the primary determination noted in A above, OGD
believes that the studies performed by the appilicant could also be
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considered 'limited confirmatory testing.’ Limited confirmatory
testing for safety is allowed according to the preamble to the
proposed rule [see 54 FR 28880; July 10, 1989, relative to
505(j)(2)(C) petitions]. According to this preamble:

If preclinical or clinical data are needed to support safety, or if clinical
data are needed to support the effectiveness of the requested
change, then an abbreviated new drug application is not appropriate
for the proposed drug product, and FDA will not approved a petition.
However, under certain circumstances, data from limited confirmatory
testing to show that the characteristics that make the proposed drug
product different from the listed drug do not alter its safety and
effectiveness may be accepted in a petition or as additional data to be
included in an ANDA resuiting from an approved petition.

Continuing, the preamble states that by limited confirmatory testing,
FDA means simple studies intended to rule out uniikely problems.
Such tests do not include animal or clinical studies whose information
is necessary to show that the drug is safe or effective. The concept
of limited confirmatory testing has also been allowed for certain
ANDA's so long as the clinical or animal testing done was used to
support the generic drug product rather that the underlying safety and
effectiveness of the reference listed drug.

In the past, the FDA has never attempted to develop criteria to
defined what level of studies are necessary to be considered beyond
'limited confirmatory studies.’ Because the studies performed by
Zeneca were not safety studies designed to assess the safety of
propofol itself, but were rather studies assessing the impact of an
inactive ingredient that did not relate to propofol's safety, OGD
concludes that the studies performed by Zeneca could be interpreted
as limited confirmatory studies.

C. CONCLUSION

Because of the analyses in A/1 and A/3, and also because the clinical
studies conducted by Zeneca could be considered primary safety studies,
specifically limited confirmatory safety studies, OGD recommends that three
years of exclusivity should be denied Zeneca for Diprivan/EDTA.

ATTACHMENT A

HFD-170 Medical Officer's Review of five clinical studies



ATTACHMENT B

HFD-170 Exclusivity Summary recommending three years exclusivity
ATTACHMENT C

OGD/HFD-170 Medical officers overview of the five clinical studies
ATTACHMENT D

Director, HFD-170, opinion in the matter of exclusivity for Diprivan/EDTA.






ATTACHMENT A

NDA#: 19-627
Genenc name and form: Proporol with 0.005% EDTA
Route of Administration: [V

Sponsor: Zeneca Pharmaceuticals
Letter Date: 12/22/95

Date Completed: 1/5/96

MEDICAL OFFICER REVIEW
NDA REPORT
Propofol with 0.005% EDTA
v

“ZD0859#1”
Type of Submission: NDA REPORT
Date Received: 1/2/96
Reviewer: [ L. Tyler, Ph.D, M.D.
Peer Reviewer: Robert Bedford, M.D.

Abstract

Diprivan is Zeneca Pharmaceuticals' trade name for propofol, a sedative
hypnotic agent dissolved in Intralipid. Since the introduction of Diprivan in 1989,
the FDA has been concerned regarding ongoing reports linking bacterial
contamination of Diprivan to postoperative sepsis. In response, Zeneca examined
numerous bacteriostatic agents, finally determining that the addition of 0.005%
disodium EDTA — a metal chelating agent — to Diprivan would accomplish their
goal of reducing the multiplication of bacterial contaminants to less than a factor of
10 per 24 hours; the Phase III development program for this product was reviewed
and approved by the Anesthetic and Life Support Drug Advisory Committee on
June 5, 1994. This new formulation is designated ZD0859%1.

Zeneca identified Ca™ and Mg"™ homeostasis and renal damage as possible
risks associated with ZD0859#1 and elected to examine Ca™, Mg, BUN, and
creatinine plasma levels during infusions of ZD0859%1 to determine the extent of
these risks.

In fact, simple upper-bound calculations (Appendix A) demonstrate that
neither Ca™ nor Mg™ depletion are risks with ZDO0859#1. By contrast, Zn™
homeostasis during prolonged ICU use is a real concern. Furthermore, Calcium
Disodium Versenate (CDV) —an FDA-approved antidote for lead poisoning — is
Ca™"-saturated Disodium EDTA. (Ca""-saturation does not affect EDTA's Zn™
chelating potential —Appendix B).  Zinc depletion as well as the risk of renal
damage figure prominently in the package insert for CDV.

Approval, with appropriate Phase [V studies, is recommerrded provided that

modifications in the proposed package insert reflect ZD0859%] ' stmilarities to CDV
and adequartely stress appropriate risk management.



Page 2

1 Material Reviewed

Volumes: 1, 41.1, 68.2, 68.15, 68.16, 68.18, €5.19, 68 22, 68.23, 68.27, 68.29,
68.31, 68.33-68.37 .

2 Animal Pharmacology/ Toxicology

A single study was performed. It evaluated the effects on beagles of ZD085%9#1
and of ZD0859#1 containing 10 times the normal concentration of EDTA. Doses
were sufficient to maintain maximal anesthesia over five four-hour periods. Three
to four days were allowed for recovery between each of the five infusions.
Increased levels of hemosiderin in Kupffer cells were found in 80% of livers of
both groups. These levels had returned to normal by the end of the observation
period. No increases were seen in the control group.

The sponsor hypothesizes that the hemosiderin elevation was consistent with a
hemolysis due to the "large volumes of fluids" delivered. Ifthe study had been
designed differently — if the control group had received identical treatment but
without the added EDTA — this hypothesis could have been corroborated by the
presence of identical deposits in the controls. Unfortunately, the controls received
no treatment and no hemosiderin deposits occurred in their livers. Furthermore,
the volume of fluid given to the EDTA groups (3 mi/kg/hr, only 85% of which is in
the form of distilled water) was not large. Infusing this volume in the beagle is
equivalent to an adult human drinking six ounces of water per hour for four hours.
In addition, renal hemosiderosis — the usual complication of intravascular
hemolysis — was not seen. Another possibility is that serum Fe™ was chelated by
EDTA rather than attaching to hemosiderin and was deposited in the liver
following hepatic metabolism of EDTA. (In humans, however, most EDTA is
excreted unchanged by the kidneys rather than being metabolized.)

3 Clinical Background

3.1 Introduction

EDTA chelates di- and trivalent metal ions and has a long history of safe,
FDA-approved use as a preservative in both foods and pharmaceuticals
because of its ability to chelate Ca™ — a necessary intermediary in
numerous microbial metabolic/mitotic reactions. In addition, EDTA was
previously added to stored blood as an anticoagulant because free Ca*™ is
required in the coagulation cascade. Calcium disodium edetate — Ca™*-
saturated disodium EDTA— is approved for IM/IV use and is marketed as
Calcium Disodium Versenate (CDV). Zinc depletion — but not
hypomagnesemia — is mentioned as a side effect of this compound.

NDA 19-627 EDTA Diprivan Zencea Pharmaceuticals
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The recommended dosing for CDV is two hundred times the maximum
anticipaied for ZD0859#1. For ions such as Mg™~, where plasma
concentrations are relatively high, this dose ratio is significant — if Mg~
depletion is not a risk associated with CDV use, it won't be a risk
associated with ZD0859#1 use. In contrast, for trace metal ions such as
Zn"" and Co"™", exposure time — rather than total dose — is most
important. This is because the dose-response for trace metal depletion by
EDTA saturates at a very low dose. At an infusion rate well below the
recommended infusion rate, CDV would already have chelated all of the
minute pool of the trace metal ion in the plasma as well as all trace metal
diffusing into the plasma from body stores. Increasing the CDV infusion
rate beyond this critical value would have no further effect on trace metal
depletion. It will be shown later that this saturation occurs at doses even
lower that those expected during normal ICU infusions of ZD0859#1
Zeneca identified renal damage and Ca™ and Mg~ homeostasis as possible
risks associated with the EDTA in ZD0859#1 and elected to follow Ca™,

Mg™", BUN,; and creatinine plasma levels during infusions of ZD0859#1 to
determine the extent of these risks.

Rising BUN and creatinine plasma levels are late signs of renal damage.
Urinalysis is the best guide to early renal pathology and would have been
more appropriate choices for following the effects of EDTA on the kidney.

In addition to the lack of evidence for Mg™ depletion following CDV use,
the chelating properties of disodium EDTA together with some simple
calculations based on expected maximum dosing rates of ZD0859#1
suggest that Zeneca's concerns regarding Ca™ and Mg™" depletion were not
well-founded. The relevant calculations are presented in detail in Appendix
A. They demonstrate:

In order to reduce the ionized fraction of magnesium by 10% in a
70 kg patient, a bolus of at least 2.5 L of ZD0859#1 would be
required. In contrast, the maximum clinically acceptable bolus dose
of ZD0859#1 is 40 ml — less than 2% of 2.5 L. In order to reduce
the ionized fraction of calcium by 10% in a 70 kg patient, a bolus of
at least 7 L of ZD0859#1 would be required.

Losses of calcium and magnesium due to chelation during long-
term [CU infusion therapy with ZD0859#1 are of even less
concern. Even if EDTA chelated only Ca™ or only Mg™" the
modest resultant daily losses of Ca™ and Mg~ would be
replenished by the relatively massive bone stores of calcium and
intracellular stores of magnesium. Intracellular Mg™” stores could
be expected to drop only 10% after 19 days of the maximum
recommended ICU ZD0859#1 intusion rate. The percent loss of
total body Ca™ would be minimal after 19 days.

NDA 19-627 EDTA Diprivan Zeneca Pharmaceuticals
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3.2 Relevant Human Experience

In Appendices A and B it is shown that, with the exceptioﬂ of effects on
Ca’ homeostasis, the EDTA in ZD0859#1 is equivalent to CDV.
Therefore, the relevant human expenience with EDTA is that for CDV.

Of course, doses of EDTA from ZD0859#1 would be expected to be
considerably lower than those used in the CDV treatment of plumbism. In
some cases, for example renal toxicity, the risks for ZD0859#1 could
reasonably be expected to be proportionately lower. In others — most
notably Zn"" depletion potential — the dose-response could be expected to
have saturated well below the recommended CDV infusion rates. In these
latter situations, total infusion time, rather than total dose is likely to be a
more relevant consideration.

The following points are taken directly from the corresponding headings in
the package insert' for CDV with Reviewer comments added in italics.
Each should be considered as a possible addition to the labeling for
ZDO0859#1.

Concurrent plumbism may have contributed to some of the adverse events
listed for CDV. Those which are definitely associated with lead poisoning
are followed by an asterisk (*).

CALCIUM DISODIUM VERSENATE

(Excerpts from the Package Insert)

CLINICAL PHARMACOLOGY:
1. EDTA is poorly absorbed from the GI tract.

This fact is important because most human exposure to
EDTA has been as a food additive.  Furthermore, most
animal studies involved PO administration of EDTA. This
is not always made clear in abstracis.

' Physician's Desk Reference. 49th Edition. Medical Economics Data Production Co.. Montvale NI, 1995,
pp 1380-1381.

NDA 19-627 EDTA Diprivan Zeneca Pharmaceuticals
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4. The unnary excretion of zinc is considerably increased following
parenteral EDTA administration.”

[n the plasma. 6-8% of Zn"" existe as free ion, 1/3 is
attached Ilrosely to albumin and the remainder is bound
tightly to globulins>. No data are available regarding the
abilitv of EDTA to extract Zn"" from globulins. There is
some evidence that globulin-bound Zn"~ does not freely
exchange with the other pools.® This implies that the dose
dependence of Zn"" depletion may saturate at relatively
low CDV infusion rates.

CONTRAINDICATIONS:

. EDTA should not be given during periods of anuria, nor to
patients with active renal disease or hepatitis.

Incipient renal failure is endemic to the ICU.

PRECAUTIONS:

General Precautions:

1. In high doses, EDTA is toxic to the renal tubules.
Nephrotoxicity is dose-dependent and may be reduced by assuring
adequate diuresis before therapy begins. Urine flow must be
monitored throughout therapy and treatment must be stopped if
severe oligurea develops. Proximal tubule hydropic degeneration
usually recovers upon cessation of therapy.

Laboratory Tests:

1. Urinalysis and urine sediment, renal and hepatic function and
serum electrolyte levels should be checked before each course of
therapy and then be monitored daily during therapy in severe cases,
and in less serious cases after the second and fifth day of therapy.
Therapy must be discontinued at the first sign of renal toxicity.

2. The presence of large renal epithelial cells or increasing number
of red blood cells in urinary sediment or greater protienuria call for
tmmediate stopping of EDTA administration.

*Thomas DJ. Chisolm JJ. Lead. zinc and copper decorporation during calcium EDTA treatment of lead-
poisoned children. J Pharmacol Exp Therapeu 1986; 239, 829-835.

* Fairweather-Tait S et al. The measurement of exchangeable pools of zinc using the stable isotope °Zn.
Brit J Nutrit 1993: 70, 221-34

NDA 19-627

EDTA Diprivan Zeneca Pharmaceuticals
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The implication is that examination of urinary sediment
would be critical for the early detection of ZD0859# |-
induced renal damage.

3. Alkaline phosphatase values are frequently depressed (possibly
due to decreased serum zinc levels), but return to normal within 48
hours after cessation of therapy.

Drug Interactions:

1. There is no known drug interference with standard clinical
laboratory tests.

When blood samples are inappropriately stored in EDTA-
containing test tubes prior to platelet analysis, platelet
clumping results. Platelet clumping in vivo due to an EDTA *
infusion could precipitate ischemic events. [t is
encouraging to see that the low plasma EDTA
concentrations resulting from CDV infusions (at 200 times
the expected EDTA infusion rate for ZD0859#1) are not
associated with this phenomenon.

2. Steroids enhance the renal toxicity of EDTA in animals.*

Steroids figure prominently in the therapy of many ICU
patients. [n particular, steroids are used in severe
asthmatics. Propofol/ZD0859#1 sedation is being
promoted as an alternative to muscie relaxants in
ventilator-dependent asthmatics because asthmatics seem
10 exhibit a greater susceptibility to the syndrome of
prolonged (weeks to months) paralysis following ICU
muscle relaxant use.

3. EDTA interferes with the action of zinc insulin preparations by
chelating the zinc.*

Most longer-acting insulin preparations, including the
Jrequently-used Lente insulin are zinc suspensions. The
purpose of the Zn™" is to precipitate the formation of
amorphous insulin. This form does not diffuse out of the
subcutancous tissue as rapidly as the crystalline form.
Theoretically the EDTA in ZD0859# 1 could diffuse into the
intersitiial space and convert longer-acting insulin 10
regular insulin thereby precipitating hypoglycemia.

*Drug Evaluations, 6th Edition. American Medical Association. Saunders, Philadelphia. 1986. pp. 1637-

1639,
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However, long-acting insulin preparations are used
infrequently in the CR and ICU.

Pregnancy:

L. Studies in rats at doses up to 13 times the human dose revealed
no evidence of impaired fertility or harm to the fetus.’

This was, however, a single dose given by oral intubation.

2. Another study in rats at doses up to about 25 to 40 times the

human dose revealed evidence of fetal maiformations which were

prevented by simultaneous supplementation of dietary zinc, 1000
6

ppm.

Again, the EDTA was per orum. Apparently there is some
absorption. No data are available on how much, though,

~  so until proven otherwise ZD0859% I should be considered
capable of causing fetal malformations in rats. The
teratogenic potential of EDTA is probably related to its
effect on Zn"" homeostasis because the developing fetus is
extremely sensitive to zinc depletion.

ADVERSE REACTIONS

Cardiovascular:

The submitted studies adequately rule out the importance
of these ¢ffects at the low dosing rates expected in
ZDO0859# 1.

1. Hypotension.
2. Cardiac rhythm irregularities

Renal:

I. Acute necrosis of proximal tubules which may result in fatal
nephrosis.

2. Infrequent changes in distal tubules and glomeruli.

® Schardein JL. et al. Teratogenesis studies with EDTA and its salts in rats. Toxicol Appl Pharmacol
1981; 61:423-8.

*Swenerton H. Hurley LS. Teratogenic effects of a chelating agent and their prevention by zinc. Science
1971 173:62-4.
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Uninary:
1. glycosuna*, protienuria

2. microscopic hematuria and large epithelial cells in urinary
sediment.

Hepatic:

1. Mild increases in SGOT and SGPT are common and retum to
normal within 48 hours after cessation of therapy.

Immunogenic:

l. Histamine-like reactions (sneezing, nasal congestion,
lacrimation), rash.

Hematopoetic:

1. Transient bone marrow depression*, anemia.*
Metabolic:

1. Zinc deficiency.

Cumulative losses of Zn"" in urine correlate negatively
with body mass.* This suggests that the pediatric
population is at a higher risk for Zn"" loss.

Foreign Experience
ZDO085%9#1 has not been marketed in a foreign country.
Human Pharmacology, Pharmacokinetics, Pharmacodynamics

The pharmacokinetics of ZD0859#1 was investigated in healthy volunteers
(Tnal 1) and in pediatric patients (Trial 3). These studies are summarized
under Description of Clinical Data Sources below. The added EDTA did
not significantly affect the pharmacokinetics of propofol in either trial.

The pharmacokinetics of EDTA are as follows:'

In blood, ali the EDTA is found in the plasma. It does not appear to
penetrate cells. It 1s distributed primarily in the extracellular fluid with only
about 3% of the plasma concentration found in the spinal fluid.

EDTA Diprivan Zencca Pharmaceuticals
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The half-life of EDTA is 20 to 60 minutes. It is excreted pnimaniy by the
kidney, with about 50% excreted in one hour and over 95% within 24
hours.” Almost none of the compound is metabolized.

3.5 Directions for Use

Directions submitted by the sponsor regarding dosage and administration
of ZD0859#1 are identical to those for Diprivan.

Specifically, there is no recommendation similar to CDV's that
infusions of ZD0859#% | be discontinued after 5 davs to allow
repletion of Zn"" stores.

The warning regarding microbial contamination differs from that for
Diprivan only in that the addition of EDTA "to retard the rate of growth" is
documented together with the caveat that "Diprivan can stilj support the
growth of microorganisms as it is not an antimicrobially preserved product
under USP 3tandards".

This conforms to the following Consultation Conclusion of the
FDA microbiology group: "The addition of preservative (o the
concentration in this product does not provide adequate levels of
preservation to conform to the USP <51> definition of
Antimicrobial Preservative Effectiveness. However, the added
preservative does provide a higher level of protection against the
proliferation of contaminating organisms introduced during
handling as compared to the original product formulation.
Product labeling should not state or imply that the reformulated
product is preserved and further, should emphasize the
requirement of the use of strict aseptic technique in the handling of
this product.”

4 Description of Clinical Data Sources
All studies were performed in the U.S. after FDA approval of protocols.
5 Results

All tnals were randomized and double-blind.

Trial 1: A Comparison of the Safety, Efficacy, and Pharmacokinetics of
ZD0859#1 with that of Diprivan in Healthy Subjects.

"The pharmacologtcal basis of therapeutics. 7th Edition, Edited by Goodman and Gilman. Macmillan
Publishing Company, New York. 1985, pp. 1619-1622.

NDA 19627 EDTA Diprivan Zceneca Pharmaccuticals



Page 10

Ninety-nine healthy volunteers received bolus doses of 2 mg/kg followed 1 hr.
later by an hour-long infusion ¢f 25, 50, 100, or 200 pg/kg/min of ZD0859#1
(N=50) or Diprivan (N=49) in a two-period crossover study with a fifteen day wait
between the ZD0859#1 and Diprivan arms. The maximum total dose of
ZDO0859#1 given to any patient was 125 mi — capable of reducing the ionized
calcium concentration by less than 0.2% or the serum magnesium concentration by
less than 0.6% even if given as a single rapid bolus rather than bolus plus slow
infusion. Serum ionized calcium, magnesium, BUN and creatinine levels were
determined 1, 2, 4, 8, 16, 30, 60 minutes after the start of the bolus-plus-infusion
and again 4, 16, 60, and 120 minutes after discontinuation of the infusion.
Parathyroid hormone levels were also measured in some patients.

As expected, there were no significant differences between the effects of
ZD0859#1 and propofol on measured plasma calcium and magnesium

concentrations. As expected, BUN and creatinine levels did not differ between the .

two treatments. As expected, there was no difference in the pharmacokinetic and
pharmacodynamic properties of the two drugs.

No significant differences were seen in the odds ratio for occurrences of adverse
events.

Trial 2: ZDO0859#1 vs. Diprivan with High-Dose or Low-Dose Opioid in Cardiac
Anesthesia.

One hundred and two elective patients with good cardiac function scheduled for
their first open-heart surgery were randomly assigned to one of the four groups.
The low-dose opioid + ZD0859#1 group (N=25) received the highest total doses
of EDTA. The maximum total amount of ZD0859#1 used on any patient was less
than 50 ml — capable of reducing the ionized calcium concentration by less than
0.1% or the serum magnesium concentration by less than 0.3% even if given as a
single rapid bolus rather than bolus plus slow infusion. Ionized calcium and
magnesium were measured at baseline; 15 min after induction; 15 min. before, 15

and 45 min after initiation of bypass; on arrival in the ICU; and 1 h. after
extubation.

A statistically, but not clinically significant difference between the ZD0859%1 and
Diprivan groups was seen in the systemic vascular resistance as determined by

pulmonary artery cardiac output at a single point — 30 min. after initiation of
bypass.

Five patients (10%) in the ZD085941 group had hvpotensive episodes whereas
only 2 (4%) in Diprivan group had them. Four patients (8%) in the ZD0S59#1
group had hypertensive episodes whereas only 1 (2%) in the Diprivan group had
them. Neither incidence rate is remarkable for open-heart surgery. Hemodynamic
instability in the face of normal serum calcium and magnesium levels are not an
expected side etfect of low doses of EDTA.
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Otherwise, no significant differences were seen between the etfects of the two
formulations.

Trial 3. ZDO085%#1 vs. Diprivan for Maintenance in Children.

Thirty-seven children scheduled for non-cardiac surgery lasting at least 30 min.
were randomized to receive either ZD08594#1 (N=19) or Diprivan (N=18)at an
infusion rate beginning at 200 pg/kg/min together with N,O for maintenance of
anesthesia. The youngest patient was 8 mo. Two other patients were under 2 yr.
Twenty-five were between 2 and 12 yr. Three additional open-hearn patients
between 2 and 12 yr. received ZD0859#1 and were included in the safety analysis.

Plasma calcium and magnesium levels were determined at t=0, 5, 10, 15, and 30
minutes after the start of the infusion and at the time the infusion was turned off.
In the non-cardiac group, mean piasma Ca™" and Mg"" levels remained in the
normal range at all times, but four patients (22%) in the ZD0859#1 group and one
(6%) in the Diprivan group developed transient, mild hypocalcemia (1.02Ca" 2
0.7 mmol/L ) at t=15 min. There was no concomitant hypomagnesemia. The
three ZD085941 hypocalcemia patients for which cumulative dose data corrected

for body surface area were available had received relatively low doses of
ZDO0859%#1.

Tral 4: ZD0859#1 vs. Diprivan for Sedation in [Seventy-five] Post-surgical ICU
[patients requiring at least 2 hr. of post-operative mechanical ventilation]

and

Tral 5: ZDO0859#1 vs. Diprivan for Long-Term ICU Sedation [in Fifty-two
patients, 18-75 yr., requiring mechanical ventilation for pulmonary dysfunction].

Patients were randomized to receive either ZD0859#1 (N=64) or Diprivan (N=63)
as a sedative agent and then to receive either light (responsive to verbal
commands) or deep sedation. Propofol infusion rates ranged from 2 to 75
png/kg/min for times ranging from 3 hr. to 21 d. and total propofol doses ranging
from 80 to 150.000 mg (8 to 15,000 ml). Calcium and magnesium serum levels
were determined at 1 hr. and 4 hr. on the first day, at 1200 and at 1800 on the
second day, and at 1200 on the remaining days of the infusion. Serum BUN and
creatinine leveis were measured at baseline, 4 hr . and again on day 2.

The maximum infused dose of ZD0859#1 was 4000 mi. A 70 kg patient receiving
this much EDTA as a bolus could theoretically experience a transient 10% drop in
serum ionized calcium or a 25% drop in ionized magnesium. In fact. at the

infusion rates studied, serum re-supply by endogenous stores alone would maintain
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homeostasis of serum Ca’" and Mg"" levels. As expected. no statistically
significant differences in changes from baseline for calcium. magnesium, creatinine,
or BUN were found in comparing ZDG859#1 with Diprivan.

Because of the study pop/ulations, numerous adverse events occurred but they
were relatively evenly distributed between the Diprivan and ZD0859#1 groups.

Relevance of All Clinical Trials to Zn'* homeostasis-

The nisk of Zn™" depletion after 5 days of infusion figures prominently in the
labeling for CDV. There may be an approximately equal risk of Zn"" depletion
after 5 days of ICU use of ZD0859#1. This is true in spite of the fact that the dose
of EDTA infused after 5 days of ZD0859#1 use is only 1/200 of the EDTA infused
after 5 days of EDTA therapy. That is because the dose dependence of Zn™" losses
due to EDTA can be expected to saturate at infusion rates well below the
recommended rates for either CDV or ZD08594#1: The low-normal pool of
plasma Zn"" readily available for chelation is about 0.2 ug/mi (a total of about 1
mg in a 70 kg patient). At the recommended infusion rate, CDV would chelate
this entire plasma pool in 4 minutes. In another 30-90 minutes all of the next
readily available pool ( 8 mgin a 70 kg patient’) would have been consumed.
Thereafter, the rate of consumption would be equal to the rate of supply — about
1 mg/day — from the next (slow replenishment’) pool. But this amount can be
chelated by only 1/360" of the CDV infused over that time period. Therefore the
limiting factor in Zn"™ loss is not the dose of CDV but the rate of supply to the
plasma of body Zn"™" stores — total exposure time, not total dose is the relevant
parameter. The maximum infusion rate of the EDTA in ZD085941 is 1/200%
(greater than 1/360") of the CDV EDTA infusion rate. Therefore it too will
saturate the slow plasma Zn"" replenishment mechanism and therefore, after the
first day or so of use, its effect on Zn"™ depletion is also determined by total
infusion time, not total infusion dose. Ifthere is a risk of clinically significant Zn**
depletion by CDV after 5 days there is a risk of clinically significant Zn™ depletion
by ZDO085941 after about S days.

Table 1 shows the number of patients continuing to get study drug infusions after

the 5th day. Neither urine nor plasma Zn"" levels were obtained in these studies. -
While drops in serum Zn"" levels with concurrent increases in urinary Zn""

excretion appear even on the first day of therapy with Zn""-binding agents, overt

signs of Zn"" depletion are slow to develop. The investigators were unaware of the

possibility of Zn™ depletion and, even if they had been. the numbers of patients

remaining in the study by the time overt signs of depletion might develop were too

small to provide statistically meaningful information.
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Table 1: Number of paticnts remaining in studics as a function of infusion time — all studics.
Days 6 l 7 I 819110 ' (1 . 12 | 13} 14 | 15-21
[ ZD7359#1 | 8 | 6 |2 2] 2 | 2 | 2 l 1 0
Vipavan | 71 71 413] 3| 3 | 2 2 2 2
1 Overview of Efficacy

The efficacy of propofol as an anesthetic agent has been established previously.

The efficacy of ZD0859#1 as an anesthetic agent is not in question. Rather,

efficacy depends on ZD0859#1's performance as a retardant of microbial growth in °
vitro. ZD0859#1 has been shown to slow the growth rate of commonly occurrning

bactenal pathogensby at least a factor of seven. The FDA microbiology group has
verified the relevancy of this statistic.

2 Overview of Safety

2.1

NDA 19-627

Significant/Potentially Significant Events

2.1.1 Deaths

No deaths were attributed to ZD0859#1.

2.1.2  Other Significant/Potentially Significant Events
Mild, transient hypocalcemia, coincident with study drug infusion
did occur in four pediatric patients receiving ZD0859#1 and in one
receiving Diprivan. Because of the small doses of EDTA involved
and because there was no apparent correlation with EDTA dose
given, it is unlikely that EDTA was the causative agent.

2.1.3 Overdose Experience

No overdosing was documented in the studies presented.
However. in one published report' a 16 month old child received
five imes the recommended dose of calcium-saturated EDTA
(CDV) for 24 hours. This dosage is 1000 times greater that the
anticipated dose of EDTA that would be administered in a sedative

dose of ZD0859#1 given over a 24 hour period. No ill effect was
reported.

EDTA Diprivan Zeanceca Pharmaceuticals
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Labeling Review

The sponsor-proposed additions to the current Diprivan label address neither Zn**

depletion nor risks of early renal damage as could be identified by microscopic
analysis of urine sediment.

Reviewer-suggested label modifications are included under Recommendations,

Conclusions

ZDO085%#1 appears safe for short-term use in providing anesthesia/analgesia during
surgical procedures.

No adverse events attributable to EDTA were recorded during these studies.
However, Zn™ depletion was not addressed in any protocols and none of the
investigators were aware of it as a risk. The most important signs of zinc depletion-
in the hospital population — poor wound healing, development of bedsores and
rashes — are so common that a high index of suspicion must exist before
appropriate diagnosis is likely. By the same token, the prevalence of these signs
and the nonspecificity of their cause means that the sponsor will want to be able to
assure afflicted patients and their families that ZD0O859#1 was not implicated. This
will require supporting laboratory data.

Co™ depletion was not considered either. If Co™" in the plasma is chelated by
EDTA, it is conceivable that pernicious anemia would develop following
prolonged exposure to ZD0859#1.

Microscopic examination of urine sediment also was not included in any of the
protocols. Because renal damage due to EDTA is dose-dependent, it is unlikely
that a statistically significant increase in the ZD0859#1 ICU groups would have
been found. But because renal failure due to a wide variety of causes is common
in the ICU population, exculpation of ZD0859#1 in specific cases is important.

Recommendations

The label for ZD0859#1 should be modified to include the information regarding
effects associated with CDV as listed under Relevant Human Experience in this
review. In particular the risk of Zn"" depletion during prolonged ICU
administration and the less likely risk of renal damage should be stressed.

A scheduie of laboratory studies — inciuding microscopic examination of urine
sediment — similar to those suggested during CDV treatment for less severe
cases of plumbism should be recommended.

As with CDV_ advice to discontinue the ZD0859#1 infusion for a period of 2 days
atter 3 davs or use should be included. (This is also consistent with current interest
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in avoidance of hyperiipidemia secondary to the Diprivan lipid load.) During the
2-day rest, Zn" repletion could be undertaken.

The spons—or should immediately initiate a Phase 4 ICU usage study. (This study
should also involve the pediatric age group because of the suspected increased
Zn"" losses with decreasing body mass.) Objectives shouid include:

.._1. a 24-hour urine collection and measurement of Cu™", Zn"", and Co**
excretion as a function of dose of ZD0859#1 delivered over the first 24-
hour. (Plasma levels of Zn™" do not correlate well with body Zn™ status.?)

2. daily microscopic examination of urine sediment and comparison with a
matched control group not receiving ZD0859#1.

Because neither informed consent nor randomization wiil be required, this study

should be completed and preliminary results should be made available to the FDA
very soon.

~

ADDITIONS TO PACKAGE INSERT:

Page 25 at end of last paragraph insert (WARNINGS):

The EDTA used in low concentration as a preservative in DIPRIVAN Injection is a strong
chelator of trace metais — including zinc. Clinical studies have not been performed to
measure Zn"" losses due to ZD0859#1. It is possible that as much as 10 mg of additional
elemental zinc can be lost per day via this mechanism. For patients receiving ZD0859#1

infusions for greater than 5 days, consider discontinuing the infusion for a day to replace
estimated or measured urine zinc losses.

In high doses, EDTA is toxic to the renal tubules. Urinalysis and urine sediment should be

checked before each course of I[CU therapy and then be monitored on alternate days
during therapy.

Page 31 after second paragraph (PRECAUTIONS — Intensive Care Unit Sedation)

The EDTA used in low concentration as a preservative in DIPRIVAN Injection is a strong
chelator of trace metals — including zinc. Clinical studies have not been performed to
measure Zn~ losses due to ZDO859#1. It is possible that as much as 10 mg of additional
elemental zinc can be lost per day via this mechanism. For patients receiving ZD0859#41
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infusions for greater than S days, consider discontinuing the infusion for a day to replace
esumated or measured urine zinc losses.

In high doses, EDTA is toxic to the renal tubules. Urinalysis and urine sediment should be

checked before each course of ICU therapy and then be monitored on alternate days
during therapy.

Page 42 (437?) at end of Intensive Care Unit Sedation (DOSAGE AND
ADMINISTRATION)

The EDTA used in low concentration as a preservative in DIPRIVAN Injection is a strong
chelator of trace metals — including zinc. Clinical studies have not been performed to
measure Zn"" losses due to ZDO859#1. It is possible that as much as 10 mg of additional
elemental zinc can be lost per day via this mechanism. For patients receiving ZD0859#1

infusions for greater than 5 days, consider discontinuing the infusion for a day to replace
estimated or measured urine zinc losses.

In high doses, EDTA is toxic to the renal tubules. Urinalysis and urine sediment should be

checked before each course of ICU therapy and then be monitored on alternate days
during therapy.
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