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Call to Order and Introductions

DR. SHAFER: 1 would like to call to order
the meeting of the Anesthetic and Life Support
Drugs Advisory Committee. Our very Tirst order of
business 1s to go around the table and introduce
yourselves.

Dr. Rappaport, if you want to start.

DR. RAPPAPORT: Good morning. I am Bob
Rappaport. 1 am the Director of the Division of
Anesthesia, Analgesia and Rheumatology Products.
Let me just note that Dr. Meyer, who i1s the
Director of the Office of Drug Evaluation 11, will
be here later this morning, and Dr. Slikker, who 1s
the Director of the National Center for
Toxicological Research, will also be here later
this morning.

DR. MELLON: My name is Dan Mellon. I am
the Pharmacology/Toxicology supervisor for the
Division of Anesthesia, Analgesia and Rheumatology
Products.

DR. SIMONE: I am Arthur Simone. I am a
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Medical Officer for the Division of Anesthesia,
Analgesia and Rheumatology Products.

DR. RAJA: I am Srinivasa Raja. I am the
Director of the Division of Pain Medicine with the
Department of Anesthesiology at Johns Hopkins
University.

DR. HENTHORN: I am Tom Henthorn. I am
the Professor and Chair of Anesthesiology at the
University of Colorado.

DR. EISENACH: I am Jim Eisenach. I am an
anesthesiologist at Wake Forest University and
Editor-in-Chief of Anesthesiology.

DR. JEVTOVIC-TODOROVIC: Good morning. 1
am Vesna Todorovic, one of the anesthesiologists at
the University of Virginia in Charlottesville,
Virginia.

LCDR GROUPE: Hello. I am Cathy Groupe.

I am the Designated Federal Official for the
meeting and 1 would also like to note Dr.
Kanwaljeet Anand, who I am sure will be joining us
shortly, was omitted on the roster that you have

with your handouts, but he is attending as a voting

PAPER MILL REPORTING
Email: atoigol@verizon.net
(301) 495-5831




member or a voting consultant, thank you.

DR. SHAFER: Steve Shafer, Professor of
Anesthesia at Stanford University, Editor-in-Chief
of Anesthesia and Analgesia.

DR. DESHPANDE: Jayant Deshpande. I am
Chief of Pediatric Anesthesiology at Vanderbilt
University.

DR. WLODY: David Wlody. I am an
anesthesiologist at the State University of New
York, Downstate Medical Center, and President of
the Society for Obstetric Anesthesia and
Perinatology.

DR. SORIANO: Good morning. I am Sul
Soriano, a pediatric anesthesiologist at Children~®s
Hospital, Boston, and Harvard Medical School. I am
the President-Elect for the Society for
Neurosurgical Anesthesia and Critical Care.

DR. ZUPPA: Good morning. I am Athena
Zuppa. | am a pediatric intensivist and a clinical
pharmacologist from the Children®s Hospital at
Philadelphia.

DR. ZELTERMAN: I am Dan Zelterman,
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Professor of Biostatistics at Yale.

DR. POLLOCK: I am Julie Pollock. I am a
clinical anesthesiologist at Virginia Mason in
Seattle, Washington.

DR. ARMSTRONG: I am Danny Armstrong. 1
am a pediatric psychologist, Senior Associate Chair
of Pediatrics and Associate Chief of Staff at the
University of Miami, Holtz Children®s Hospital of
Miami.

DR. SNODGRASS: 1 am Wayne Snodgrass. |
am a pediatrician and clinical pharmacologist at
the University of Texas Medical Branch in
Galveston.

DR. MATTISON: Don Mattison from NICHED.

DR. KIRSCH: Good morning. I am Jeff
Kirsch. I am the Chair and Professor of
Anesthesiology at Oregon Health Sciences. I am the

Chair of the Quality Executive Committee at Oregon
Health Sciences, as well.

DR. McLESKEY: I am Charley MclLeskey,
previously an anesthesiologist, now a ZARS pharma

industry representative on the committee.
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Our next i1tem here i1s to have the Conflict
of Interest Statement.

Conflict of Interest Statement

LCDR GROUPE: The following announcement
addresses the i1ssue of conflict of iInterest and 1is
made a part of the record to preclude even the
appearance of such at this meeting.

The matter coming before the Anesthetic
and Life Support Drugs Advisory Committee iIs a
particular matter involving specific parties.

Based on the submitted agenda and all
financial interests reported by the committee
participants, it has been determined that all
interests in firms regulated by the Center for Drug
Evaluation and Research present no conflict for an
appearance of a conflict of interest.

We would like to note that Dr. Charles
McLeskey has been invited to participate as a
non-voting industry representative acting on behalf
of regulated iIndustry.

Dr. McLeskey®"s role on this committee is

to represent industry interests iIn general, and not
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any one particular company.

Dr. McLeskey i1s employed by ZARS
Pharmaceutical.

In the event that the discussion involves
any other products or firms not already on the
agenda for which an FDA participant has a financial
interest, the participants are aware of the need to
exclude themselves from such involvement and their
exclusion will be noted for the record.

With respect to all participants, we ask
in the interest of fairness that they address any
current or previous fTinancial involvement with any
firm whose products they may wish to comment upon.

Thank you.

OQur fTirst presentation will be from Dr.
Rappaport.

I will ask all of the presenters to please
be careful to follow the timeline, however, Dr.
Rappaport, we will be giving you an extra fTive
minutes because we are running early.

PRESENTATIONS

Introductory Remarks. Background.
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DR. RAPPAPORT: Good morning. Welcome,
Dr. Shafer, members of the Committee, invited
guests. Thank you for coming today.

In 1999, Dr. Chrysanthy lkonomidou and her
colleagues, including Dr. John Olney, published a
landmark article In Science describing apoptotic
neurodegeneration in juvenile rats exposed to
NMDA-receptor blocking agents.

Additional reports by Drs. Todorovic,
Olney and others added to the concerns over the
potential clinical relevance of these fTindings by
providing further evidence of neurotoxicity in the
developing rodent brain associated with not only
ketamine and other NMDA-receptor blocking agents,
but the majority of general anesthetic and sedative
drug products currently employed in pediatric
anesthesia.

Additional studies have since documented
that, in addition to histopathological changes,
subtle and prolonged behavioral changes can be seen
in rodents exposed to these agents as juveniles.

In response to these evolving and
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concerning data, the FDA"s Center for Drug
Evaluation and Research and National Center for
Toxicological Research developed a collaborative
effort that has provided further confirmation 1iIn
rodent models.

CDER and NCTR, with the assistance of
other government agencies, then iInitiated studies
in Juvenile monkeys to determine the susceptibility
of ketamine-induced neurotoxicity in a primate
model during the period of synaptogenesis.

Recently, the preliminary results of FDA"s
non-human primate studies were accepted for
publication in Toxicological Sciences. These early
studies have demonstrated the presence of apoptotic
neurodegeneration in juvenile monkeys which appears
to be similar to that seen iIn the rodent studies.

These findings raise many concerning
questions regarding the effects of exposure to
general anesthetic and sedative drugs on the
developing human brain. While we have no evidence
to date that supports detrimental CNS effects 1iIn

pediatric patients who have been exposed to these
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agents, there have been no clearly well-designed
studies to look at the possibility of neurological
toxicity after exposure to anesthesia In this
patient population.

Today"s meeting will focus on describing
the data from the animal studies, and we are
fortunate to have the senior investigators for
those studies here today to present their data.

Drs. Olney, Todorovic, Slikker and Soriano
have each contributed iImportant new facets to this
evolving knowledge base. In addition, Dr. Soriano
has also contributed to our current understanding
with his clinical perspective on the available
preclinical data.

This morning®s presentations will begin
with a brief review of the regulatory history of
pediatric drug approval and the approval of
anesthetic drug products for pediatric indications
in particular.

Dr. Arthur Simone, an anesthesiologist 1iIn
our Division, will present this information that

will be important for you to understand as you
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consider the potential Impact of the relatively
recent findings of anesthetic induced neurotoxicity
in jJuvenile animals.

Dr. Daniel Mellon, one of our supervisory
pharmacologists, will then present an overview of
the preclinical studies performed to date, setting
the stage for the presentations by the individual
investigators.

Following presentations by Drs. Olney,
Todorovic, Slikker and Soriano, and after our lunch
break, we will continue with the Open Public
Hearing portion of this meeting.

For the remainder of the afternoon you
will be asked to address the discussion points that
have been provided to you by the Division. We look
forward to hearing your assessment of the available
preclinical data, your thoughts on what further
animal studies might be useful as we proceed with
attempting to understand these findings, and your
concerns regarding the applicability of the
preclinical findings to the clinical setting.

We will also ask you to discuss what types
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of clinical studies might provide useful data and
to provide your recommendations regarding how the
current knowledge base might impact the clinical
practice of pediatric anesthesia today.

Although a large body of preclinical data
does exist, we really don"t know to what degree
this data can be extrapolated to the clinical
setting. While we don"t expect you to provide us
with a definitive answer to that question today, we
do believe that i1t 1s Iimportant to bring these
findings and the questions that they engender to
you as thought leaders in the anesthesia and
pediatrics communities.

It is essential that we at the FDA, as
well as the pediatric anesthesia community and the
parents of children undergoing procedures that
require anesthesia, understand not only the
existing information but the limitations of our
knowledge and the risks of the alternative
treatment options.

We are grateful for your willingness to

assist us In this process and thank you for taking
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time from your busy schedules to do so.

DR. SHAFER: Thank you, Dr. Rappaport.

Our next presentation will be an Overview
and Regulatory Issues Regarding Anesthetic Agents
for Pediatric Patients.

Dr. Simone.

Overview and Regulatory Issues Regarding
Anesthetic Agents for Pediatric Patients

DR. SIMONE: Good morning. I, too, would
like to extend my welcome to the members of the
committee and the researchers that have joined us
today. With my presentation, | would like to set
the stage for today"s topic, neurological
implications associated with the use of anesthetic
agents 1n pediatric patients.

I will also focus on FDA-related aspects
of the 1iIssues.

[Slide.]

The concern for the neurodegenerative
effects of anesthetic agents are related to the
period of brain development marked by intensive

synaptogenesis, often referred to as the
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brain-growth spurt.

This time period seems to be relatively
conserved among species. In rodents, the growth
spurt occurs between the last 2 days of gestation
and the second week of life after birth. In
humans, the corresponding time frame spans from the
third trimester of pregnancy through 3 years of
age.

During this time period, neurons appear to
be particularly vulnerable to environmental
conditions that may adversely affect synaptogenesis
and may thereby have an impact on cognitive
function and behavior.

[Slide.]

There 1s a growing body of evidence which
iIs the subject of presentations to follow that
suggests certain substances which influence the
release of glutamate and gamma-aminobutyric acid,
or GABA, may affect the non-synaptic trophic
actions of these compounds leading to altered
differentiation of neurons and defective brain

circuitry.
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Exogenous stimulation, GABA-ergic or
blockade of glutaminergic signaling pathways via
N-methyl D-aspartate or NMDA receptors have been
observed in animals to trigger a unique type of
cell death during the synaptogenic period of
development.

The type of cell death noted under these
conditions, termed apoptosis or programmed cell
death, differs from necrosis, and that is
characterized by death of individual cells which
retain or have blebbing of their plasma membranes.

The cells tend to shrink and fragment as they die
and, unlike necrotic cell death, inflammation 1is
not associated with apoptosis.

Although apoptosis i1s known to occur
normally and thought to be a mechanism for
eliminating defective cells, the extent to which it
IS observed with excessive GABA-ergic stimulation
or NMDA receptor blockade 1s markedly increased
over normal.

[Slide.]

The table in this slide i1s taken from the
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white paper recently published by Mellon, et al.,
from the FDA and contains information derived from
published 1In vitro studies. It indicates the
relative NMDA antagonistic and GABA-mimetic and
mu-receptor agonistic effects of many of the
commonly used anesthetic agents and opioids.

The data to date demonstrating neuronal
apoptosis in juvenile animals have been collected
in studies conducted using some of these agents, 1In
particular ketamine, i1soflurane, midazolam, and
nitrous oxide.

By their effects at the NMDA and GABA
receptors, virtually all of the sedative hypnotic
agents and inhaled anesthetic agents would appear
to be capable of inducing neuronal apoptosis during
synaptogenesis.

It 1s Iinteresting to note that alcohol,
listed on the bottom line, strongly affects both
receptors and i1s associated, unlike all of the
other agents listed, with a range of fetal
abnormalities including cognitive and behavioral

impairments In children born to mothers who
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consumed substantial amounts during pregnancy.

It 1s worth noting that the effects
observed in the consumption of alcohol during
pregnancy have not been observed even to mild
degrees in children exposed to anesthetic agents 1in
utero.

[Slide.]

With even a theoretical concern for the
safety of a vulnerable patient population, 1t 1is
reasonable to ask how the risk may be minimized.
With animal data suggesting a possible human risk
for apoptosis with anesthesia exposure during
synaptogenesis, It Is appropriate to assess or
reassess the necessity for exposure, the possible
alternative therapies available, and what safety
information i1s available for anesthesia drug
products.

There are, generally speaking, four
categories of exposure. Maternal surgery generally
is limited to procedures fTor life-threatening
conditions that cannot wait for the delivery of the

baby. In some iInstances, the baby may be delivered
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early 1n order to treat the mother and spare the
infant from the untoward effects of the surgical
procedure and the medications used perioperatively.

There 1s evidence to suggest that the
benefit of surgery on the fetus versus the neonate
for treating certain conditions, such as
vessicoamniotic shunting as a treatment of urinary
tract obstruction or resection of malformed
pulmonary tissue or placement of a thoraco-amniotic
shunt as a treatment for congenital or cystic
adenomatoid malformation may also provide some
benefit.

There 1s evidence that providing pain
relief during labor and delivery has benefits for
the mother, as well as the fetus. This is
generally accomplished with opioids and local
anesthetic agents. The same is true for cesarean
section although use of general anesthesia agents
is more likely for this procedure.

For pediatric patients less than 3 years
of age, many of the surgical iInterventions that are

performed are necessary to preserve the life or
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health of the individual. Although some
procedures, such as circumcision, are performed for
reasons other than medical indication, that 1is
associated with i1ncreasing risk 1f the procedure 1is
further delayed.

In general, there are four alternatives to
the use of hypnotic sedatives or inhaled anesthetic
agents. These include the use of local anesthetic
drugs or narcotics, the use of no anesthetic
agents, and the delay of surgery until the
vulnerable period has ended.

These will be discussed a bit later both
in this presentation and in that of Dr. Sul
Soriano.

[Slide.]

Let"s first consider the anesthetic drugs
and how they have been approved. This table in
this slide contains many of the anesthetic and
analgesic agents used perioperatively and in the
ICU setting. It 1s not meant to be inclusive and
may represent drugs that have been used over the

last 20 years.
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It is worth noting that two of these
agents are readily available to clinicians although
they have never been approved by the FDA.
Specifically, thiopental has not been approved for
parenteral use and chloral hydrate has not been
approved for use by any route of administration.

Whille 1t 1s not important to appreciate
all of the drugs that are on this slide, the same
table 1s repeated i1n the following slides.

[Slide.]

In this slide, those drugs whose
FDA-approved labels contain information specific to
pediatric indications in dosing remain showing 1iIn
white. Just notice they start to fade and the
numbers dwindle.

[Slide.]

In this slide, those products whose FDA
approved labels contain information specific to
pediatric patients under the age of 3 years remain
showing 1n white. For most of these products,
studies assessing safety and efficacy have been

conducted i1n patients within this age group,
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thereby, informing the label on how best to use
them in this population.

In some cases, such as curare primarily,
the labeling address i1s used iIn pediatric
populations In a generic fashion with guidelines
that are not age specific but can be interpreted to
be applicable down to the neonatal age.

It should also be noted that there is a
paucity of drugs for pediatric patients that
contain the level of Information regarding safe and
efficacious use that i1s available to adult
patients.

[Slide.]

Let"s consider for a moment drug use
during pregnancy. The Code of Federal Regulations
requires classifying products into one of fTive
categories. These are generally based on
teratogenic findings.

For Category A, adequate and
well-controlled studies in pregnant women must have
been conducted and have failed to demonstrate a

risk for the fetus in the first trimester of
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pregnancy, and there must be no evidence of risk 1iIn
later trimesters.

In Category B, reproduction studies 1in
animals have shown positive findings at doses
greater than the human dose. Studies In pregnant
women, however, have not shown iIncreases iIn the
risk of abnormalities when administered during the
first, second, third, or all trimesters of
pregnancy.

Despite the animal findings, i1t would

appear that the possibility of fetal harm i1s remote
ifT the drug i1s used during pregnancy.
Nevertheless, because the studies iIn humans cannot
rule out the possibility of harm, 1t iIs recommended
that the drug should be used during pregnancy only
iT clearly needed.

Assignment to Category C i1s based on one
of two conditions. First, 1Tt an
animal-reproduction study has shown an adverse
effect on the fetus, 1T there are no adequate and
well-controlled studies In humans and 1f the

benefits of the use of the drug In pregnant women
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may be acceptable despite its potential risk, the
category can be granted.

The alternative i1s 1T there are no animal
reproduction studies and no adequate and
well-controlled studies in humans, the category 1is
also granted.

Pregnancy Category D is used 1f there is a
positive evidence of human fetal risk based on
adverse reaction data from investigational or
marketing experience or studies in humans but the
potential benefits from the use of the drug in
pregnant women may be acceptable despite its
potential risks--for example, i1if the risk is needed
in a life-threatening situation or serious disease
for which safer drugs cannot be used or are
ineffective.

Lastly, Pregnancy Category X iIs assigned
iT studies i1n animals or humans have demonstrated
fetal abnormalities or if there 1s positive
evidence of fTetal risk based on adverse-reaction
reports from investigational or marketing

experience or both, and the risk of the use of the
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drug In a pregnant woman clearly outweighs any
possible benefit--for example, safer drugs or other
forms of therapy are available.

It should be noted that most drugs for all
populations fall into Category C.

[Slide.]

This slide shows the anesthetic agents
from the previous tables i1In the previous slides
that are Pregnancy Category A or B. All of those
drugs are Category B.

So, why is i1t that information available
on the label regarding pediatric use and use during
pregnancy i1s relatively limited especially for the
older drugs?

In part, i1t reflects the growing role of
the FDA i1n regulation of drug products and the
evolution of what the agency could require of
sponsors fTor approval of a product to be marketed
in the United States.

[Slide.]

This chart shows the changes in the FDA"s

regulatory authority and requirements for marketing
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approval over the past 70 years. It also includes
the years marketing began for some key anesthesia
drug products.

We start off with pentothal being marketed
in 1934. In 1937, elixir of sulfonamide containing
the poisonous solvent diethylene glycol killed 107
persons, many of whom were children. This
dramatized the need to establish drug safety before
marketing and it helped enact the pending Food and
Drug law. In 1938, Congress passed the Federal
Food, Drug, and Cosmetic Act and, most notably, it
required that new drugs be shown to be safe before
marketing and provided that safe tolerances be set
for unavoidable poisonous substances.

During the next 22 years, halothane,
meperidine, and methohexital were introduced to the
market. In 1962, thalidomide, marketed as a new
sleeping pill in Europe, was found to have caused
birth defects in thousands of babies born in
western Europe.

The role of Dr. Frances Kelsey, an FDA

medical officer, iIn keeping the drug off the U.S.

PAPER MILL REPORTING
Email: atoigol@verizon.net
(301) 495-5831




29

market, gave rise to public support for stronger
drug regulation; to wit, the Kefauver-Harris Drug
Amendments were passed iIn the same year to ensure
drug efficacy and greater drug safety.

For the first time, drug manufacturers
were required to prove to FDA the effectiveness of
their products before marketing them. That
evidence had to consist of adequate and
well-controlled studies, a revolutionary
requirement.

The 1962 Amendments also required that FDA
specifically approve the marketing application
before the drug could be marketed and asked the
Secretary to establish rules of i1nvestigational new
drugs including a requirement for informed consent
of study subjects.

In 1966, FDA contracted with the National
Academy of Sciences and National Research Council
to evaluate the effectiveness of 4,000 drugs
approved on the basis of safety alone between 1938
and 1962.

In 1968, FDA initiated the Drug Efficacy
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Study Implementation to follow through with the
recommendations of the National Academy of
Sciences. That same year, fentanyl was approved
and two years later so was ketamine.

In 1971, the National Center for
Toxicological Research was established to examine
biological effects of chemicals in the environment
and extrapolate data from experimental animals to
human health.

In 1973, the U.S. Supreme Court upheld the
1962 drug effectiveness laws and endorsed FDA
action to control entire classes of products by
regulation rather than to rely solely on
time-consuming litigation.

Between "79 and "92, several i1important
anesthetic agents were approved. Most notable are
Propofol, Midazolam, Isoflurane, and later
Desflurane.

In 1989, the FDA issued guidelines asking
manufacturers to determine whether a drug i1s likely
to have significant use iIn older people and to

include older patients i1in clinical trials.
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In "93, the FDA i1ssued the gender
guideline which called for assessment of medication
responses iIn both genders and revoked a previous
guideline that excluded women of child-bearing
potential from clinical trials.

Regulations were promulgated stating that
there must be a pediratric use section iIn the
label--this was In 1994--even 1T 1t stated only
that safety and efficacy of the drug product had
not been evaluated i1In pediatric patients.

In 1995, Sevoflurane was approved.

In 1997, the Food and Drug Modernization
Act, or FDAMA, supported accelerated approval and
gave an extra period, a six-month period, of
marketing exclusivity to manufacturers that carried
out studies i1n children.

In 1998, the FDA promulgated the Pediatric
Rule, a regulation that required manufacturers of
selected new and extant drug and biological
products to conduct studies to assess their safety
and efficacy in children. A federal district court

later overturned the Rule.

PAPER MILL REPORTING
Email: atoigol@verizon.net
(301) 495-5831




32

In 1998, the FDA also promulgated the
demographic rule which required that the marketing
application analyze data on safety and
effectiveness by age, gender, and race.

In 2002, the Best Pharmaceuticals for
Children Act improved safety and efficacy of
patented and off-patent medications for children.
It continues the exclusivity provisions for
pediatric drugs as mandated under FDAMA in which
market exclusivity of a drug is extended by six
months 1In exchange for the studies conducted in
children.

In 2003, the FDA was given clear authority
under the Pediatric Research Equity Act to require
that sponsors conduct clinical research iInto
pediatric applications for new drugs and biological
products.

It 1s Iinteresting to note that most of the
regulatory efforts related to pediatric patients
have occurred over the past 10 years. Let"s look
at how pediatric indications for a new drug product

are generally secured.
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[Slide.]

Typically, studies are conducted first in
adult populations and the drug is approved for
marketing with that limited population.

Often pediatric studies are performed as a
postmarketing or Phase IV commitment by the
sponsor. Preclinical trials iIn juvenile animals
are not always required prior to study in pediatric
patients.

In February of last year, a Guidance for
Industry titled "Nonclinical Safety Evaluation of
Pediatric Drug Products™ was issued to provide
input as to when such studies are appropriate.

Pediatric clinical trials are generally
designed to provide proper dosing guidelines for
the different segments of the pediatric population.

An indication i1s granted 1f efficacious dosing
regimens are i1dentified and safety concerns that
would outweigh the benefit of the drug are not
identified.

When safety data are analyzed, efforts are

made to i1dentify both the adverse events noted in
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the studies of adult patients and those which are
unique to pediatric patients.

The bottom line i1s that the requirements
for approval with the pediatric indication have
grown more rigorous in recent years with the
ability to detect rare or very subtle adverse
events i1s limited at the time of approval, as 1is
the ability to identify such events i1f they will
not express themselves for up to several years
following exposure especially to an acute
administered drug.

Again, this 1s all related specifically to
the time of approval.

[Slide.]

So, let"s go back and look again at the
alternatives to using the sedative hypnotics or
inhaled anesthetic agents.

[Slide.]

Local anesthetics which can be
administered iIn topical, regional, or neuraxial
fashion may be suitable for some procedures.

However, the toxicities in pediatric patients have
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not been Tully elucidated for all of these drugs,
and sedation i1s generally utilized for anxiolysis,
amnesia and the ability to apply the local
anesthetic with patient comfort.

[Slide.]

Similarly for opioids, they may be
suitable for some procedures, as well. However,
here, too, toxicities for pediatric patients have
not been fully elucidated, and sedation is also
generally utilized for anxiolysis and amnesia.

[Slide.]

No anesthesia, although it may work for
some procedures, has become less of a viable
alternative especially with research that has
demonstrated sensation by the fetus and young
children of pain and morphological changes that
have been found iIn rodent brains for animals that
have not been treated with analgesia during
stressftul procedures.

There i1s other data to suggest that
premature infants showed metabolic stress responses

postoperatively that can be blocked with
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intravenous opioids, and further information that
shows that stress response can be reduced both with
analgesia and anesthesia.

There 1s further study to show additional
evidence of bad outcomes for children who are not
properly anesthetized, and 1 believe that will be a
topic Dr. Soriano will cover in more detail later
on.

The option of delaying surgery is pretty
much a no-go as most of the surgical procedures are
performed either for life-threatening or urgent
type of procedures that are needed to be done, and
cannot be delayed.

[Slide.]

We know that we do not have sufficient
data to detect a problem that has been seen in the
animal studies at the time of approval. What
happens post approval? The agency does have a
means of finding adverse events and collecting them
post approval and this i1s referred to as the
"Adverse Event Reporting System Database™ or AERS.

There are limitations to this type of
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database. Reporting to i1t is strictly voluntary.
People that submit their data do so from all walks
of life. There are clinicians who submit data,
patients, friends and family members of patients,
lawyers. So, those who submit the data are not
necessarily those who have close contact with the
patient or fully appreciate the clinical status of
the situation.

The data captured is also a hit-and-miss
type of an ordeal. Timing of the adverse event
tends to be critical. IT 1t 1s temporally related
to the administration of drug, it is more likely to
be reported than iIf 1t happens distant in time to
the administration.

The nature of the events, those that are
more dramatic tend to be reported, those that are
subtle tend to be looked over.

There i1s also a significant amount of data
in the AERS database submissions that is missing,
everything ranging from patient age, gender,
comorbidities, comedications and these are

significant in terms of the ability of the agency
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to comment on the type of data that iIs received.

Lastly, because this i1s a voluntary
system, having a true numerator for the iIncidence
of these adverse events is difficult to assess. It
is likely that the data from the AERS database
underestimates the numerator, but in addition to
that, there is no way to make an accurate
determination or assessment of what the denominator
would be in terms of exposure of these populations,
so It is quite limited, yet i1t is all we have.

[Slide.]

Nonetheless, we asked the Office of
Surveillance and Epidemiology to examine the AERS
database for events related to ketamine between the
time of approval and the end of January this year.

In all they were able to i1dentify 153 pediatric
reports, those in patients less than or equal to 16
years of age.

They specifically looked at certain organ
classifications for the adverse events. Those were
musculoskeletal, nervous, and psychiatric.

From that over 150 reports, they were able
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to narrow that down to 58 that applied to those
organ systems. They were surprisingly a little bit
more heavily weighted towards later years than the
earlier. Typically, adverse events are more
frequently reported following initial approval of a
drug rather than later on.

[Slide.]

Among these 58 reports, there were 4
fatalities, and 25 reports involved at least one
other drug that acted at the NMDA or GABA
receptors.

[Slide.]

These are the adverse events that were
noted. Many of these are labeled adverse events by
the product, all of them are rather dramatic in
nature, and all of them occurred at the time of
administration.

So, from at least the AERS database, we
don"t have a whole lot of information that would be
helpful with regard to the issue at hand, this
neuroapoptosis in this vulnerable population.

[Slide.]

PAPER MILL REPORTING
Email: atoigol@verizon.net
(301) 495-5831




40

So, where do we stand? A safety signal
has been i1dentified In animals for many drugs used
to provide sedation and anesthesia. This database
IS growing.

The relevance of these animal findings to
the pediatric patient population is unknown, yet we
still have a need to provide anesthesia to these
patients and, for the most part, the situation
cannot be avoided.

There 1s also no available alternative
therapy that has been shown to be safer.

Where do we go from here? We will have
further discussion, a more detailed discussion, on
both the preclinical data and the clinical
relevance this morning and then where we go from
here will be the topic of this afternoon®s
discussion.

Thank you.

DR. SHAFER: Thank you, Dr. Simone.

We have time for some questions if people
would like to direct questions to Dr. Simone about

his presentation.
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[No response.]

DR. SHAFER: Dr. Simone, thank you very
much .

The next presenter i1s Dr. Dan Mellon, who
will talk about the history of the preclinical data
and anesthetic-induced neuroapoptosis.

History of Preclinical Data:

Anesthetic-induced Neuroapoptosis

DR. MELLON: Good morning and welcome.

[Slide.]

What 1 would like to do today over the
next 20 minutes or so is to summarize some of the
studies that have been conducted predominantly and
published i1n the literature, focusing on the 1in
vivo studies that have been presented so far to
characterize some of the effects of anesthetic
drugs on the developing brain.

I would also like to outline from a
historical perspective some of the steps taken by
the agency to further characterize the potential
clinical significance of these findings.

[Slide.]
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The first paper that 1 think you will be
seeing several times today was a paper published 1in
Science i1n 1999 by Drs. lkonomidou et al. and
forgive me if I am mispronouncing that, 1in
collaboration with Dr. John Olney, who we are
fortunate to have with us today.

This particular paper was interesting
because they utilized a 7-day-old rat model, and
although the primary data that was presented was
based upon a drug called MK-801, which was not a
clinically approved drug but was a very potent NMDA
receptor antagonist.

This particular report described some
pretty significant changes in the developing brain
in this particular model, and also of Importance 1is
that they noted that several studies were conducted
utilizing ketamine, in this case a regimen that
consisted of 20 mg/kg subcutaneously, 7 different
injections administered 90 minutes apart over a
9-hour period.

[Slide.]

I borrowed a figure from that particular
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paper, and this is a figure that you will be seeing
actually something very similar to over and over
again today.

What this particular diagram illustrates
iIs a brain slice from these 7-day-old rat pups. In
panel A, this particular pup was treated with a
saline administration and, in panel B, the animal
was treated with MK-801, an NMDA receptor
antagonist.

The staining here 1s utilizing a method to
try to detect apoptosis. The dark spots that you
see and the dark areas that you see in panel B
represent neurons that are undergoing an apoptotic
phenomena leading to the removal of those neurons
from the brain.

You can see from this particular slide
that the apoptotic neurons are actually occurring
in a widespread number of tissues within the brain,
and in marked contrast to the observations iIn panel
A where, although there i1s some staining which 1is
indicative of the natural process that takes place

during brain development, the instance of this
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particular phenomena Is pragmatic.

As noted in this particular paper,
ketamine administration at 20 mg/kg sub-Q over
every 90 minutes for a total of 7 injections was
reported to produce similar results.

This 1s one of the first papers that 1
actually was handed when 1 arrived at the FDA,
trying to understand what this particular
phenomenon was and how It may impact our
understanding of the safety of drugs.

[Slide.]

Based a large part upon these particular
observations, in 2000 the Agency raised some
concerns regarding a proposed NIH clinical trial to
study ketamine in children.

This particular paper, as is clear from
this, was not unnoticed by the Agency at this time,
and ultimately has led to the establishment of an
FDA-wide Expert Working Group that consisted of FDA
neurotoxicologists representing both the Center for
Drug Evaluation and Research, and the National

Center for Toxicological Research, as well as
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CDER®"s Office of Pharmaceutical Sciences, which 1is
a branch that i1s involved i1in laboratory research,
and they established a Rapid Response Team to try
to further characterize and understand this
particular phenomena.

In addition, lengthy discussions have
taken place since this particular paper
publication, as well as subsequent papers,
including discussions with the Research
Subcommittee of the Pharmacology Toxicology
Coordinating Committee.

The PTCC is composed of supervisory
pharm-tox individuals who are involved in all of
the new drug-review divisions and this subcommittee
also contributed their thoughts and input on how
best to try to approach this particular problem and
understand 1t.

[Slide.]

The FDA i1nvestigations have actually been,
in many regards, published and one of the primary
efforts that has taken place was actually a very

distinct and clear review of the literature at the
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time on NMDA receptor systems and the potential for
these systems to have a role iIn neurotoxicity of
the developing brain. This review was published by
Dr. Haberny et al. i1n 2002.

In addition, the Office of Pharmaceutical
Sciences noted that they were to duplicate and
extend the findings that were reported by Dr.
Olney"s group in the 7-day-old rat and confirmed
that these findings indeed were reproducible.
These findings were reported by Dr. Scallet et al.
in 2004.

Based upon considerable discussions within
the Agency, 1t was determined that, since
duplication of Dr. Olney®"s findings was able to be
obtained, this would support the need for studies
in a nonhuman primate model.

It was recommended that the rat model
could certainly be used to help further pursue our
understanding of this particular phenomena,
particularly with a focus on some of the
mechanistic perspectives of how this is occurring

and how 1t could be interpreted.
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Ultimately, CDER and NCTR decided that it
was best to nominate ketamine to the National
Toxicology Program to obtain funds to support the
nonhuman primate studies.

The National Toxicology Program is an
interagency program that i1s designed to try to
study and further evaluate our understanding of how
various environmental compounds can affect human
health.

[Slide.]

Ultimately, in 2002, the nomination was
reviewed by the National Toxicology Program with
the approach to try to characterize the potential
effects of ketamine on neurodegeneration iIn the
developing nonhuman primate, as well as include
some behavioral assessments to try to understand
what the long-term implications are of some of
these fTindings in primate infants that were exposed
to ketamine during development.

These studies were approved for conduction
by the NTP but ultimately were unable to be funded.

However, the Agency has pursued these studies
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nonetheless and they are currently being completed
by the National Center for Toxicological Research.

Dr. William Slikker, who will be joining
us a little bit later, and will be presenting later
this morning, will describe to you the progress of
these studies iIn the nonhuman primate.

[Slide.]

I borrowed this slide from Dr. Slikker, so
I must thank him. What I would like to try to
describe here is the time window for vulnerability
to the neurotoxic effects of an NMDA receptor
antagonist specifically focusing on these red
sections here, which were the apoptotic
neurodegeneration as described by Dr. Olney.

In fact, based on upon work conducted by
Dr. Olney, 1t is clear that the window of
vulnerability in the rat model appears to be within
the Tirst weeks after birth, and I note that the
time scale here between the rat, the Rhesus monkey,
and the human i1s obviously very different
reflecting the expected life expectancy of these

particular species. But what i1s important to note
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is that this period of synaptogenesis, as
identified in the vulnerability as i1dentified by
Dr. Olney"s group, appears to correlate as an
approximate time frame that is longer i1in the human
that actually starts iIn the third trimester and
goes out to what we believe to be approximately
three years.

In the Rhesus monkey, this time period
also occurs later iIn gestation and extends out to
about two months. So, what we can see iIs that
although this is a very critical time period, it
does occur at slightly different durations of time
frame that depends upon the development of the
species.

Also, In this slide 1s a section of a time
period where the vulnerability to excitotoxic
neurodegeneration iIs noted. I point this out
specifically because today"s focus i1s primarily on
the apoptotic neurodegeneration and a lot of
information has been obtained and reviewed over the

years regarding this potential for these compounds

to produce excitotoxicity.
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[Slide.]

Just to try to contrast that, the
apoptotic neurodegeneration, which i1s today"s
focus, has primarily been focusing on the effects
on the developing brain, whereas excitotoxicity, 1in
large part, although i1t can occur in multiple
areas, has been shown with ketamine and other
compounds to be focusing on the adult brain.

The response to apoptosis is really a cell
death that does not involve necrosis, as Dr. Simone
indicated, and you will be hearing more about as
well.

The excitotoxic neurodegeneration 1is
really manifesting itself histopathologically as
vacuolization of the neurons and eventual necrosis
iT the dose and the duration and depending upon the
drug are increased.

The apoptotic neurodegeneration phenomena
that we are focusing on today has been shown to be
occurring In widespread areas of the brain. In
terms of MK-801"s effects and some of the other

NMDA receptor antagonists, the excitotoxicity
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degeneration occurring in the adult i1s really
focusing in some distinct brain regions.

Apoptosis, as will be described to you
further, can actually be a very physiological
phenomenon and is part of the normal brain
development. It 1s possible, however, as Dr. Olney
will describe to you, that environmental iInsults
may perhaps accelerate this process and i1t 1is
unclear at this point in time whether or not some
of these neurons that are being removed are neurons
that would have been removed normally and simply
this process may accelerate that or i1If these
neurons would not have normally been removed.

In terms of excitotoxic degeneration, it
has primarily been focused as more of a
pathological response--for example, ischemia--and
what 1s actually very iInteresting and challenging
about this particular question is that an NMDA
receptor antagonist, and indeed a lot of
anesthetics, have actually been looked at as
potential means of blocking excitotoxicity produced

by ischemia.
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So, it Is a very distinct contrast to the
potential toxicity of these compounds at different
time periods of development.

[Slide.]

What 1 would like to do next is focus on
some of the primary studies that have been
published 1n the literature that have looked at 1iIn
vivo models to determine whether or not anesthetic
agents have produced this phenomenon. I am going
to be fTocusing on some of these papers just simply
by pushing some highlights as to how this
information has been accumulating over the years.

We are fortunate today to have some of the
primary investigators with us who will be
describing their findings in much more detail as
time proceeds. So, I am only going to be focusing
on some highlights and filling In some of the
studies that have actually been published that are
not necessarily available--we don"t have the
primary investigators available to us today to
contribute.

But what I would like to illustrate i1s how
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this information is slowly accumulating and leading
to a greater understanding of the phenomenon.

The first paper that 1 would focus on
after Dr. lkonomidou®s paper is by Hayashi et al.
in 2002, co-authored by Dr. Soriano, who i1s with us
today. Their model was a neonatal rat post-natal
day 7 exactly as was used in the Science paper of
1999. They utilized intraperitoneal injections,
histopathology at 24 hours after the last
injection.

Here, they compared saline injection with
a single dose of ketamine as well as the repeated
dose phenomenon that was utilized iIn the procedures
reported in "99.

[Slide.]

The important aspect of this particular
paper is that they noted that single doses of
ketamine did not appear to produce evidence of
neurodegeneration. They confirmed that the
repeated doses of ketamine can produce evidence of
neurodegeneration in this particular rat model.

But what is important here is that it suggests that
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