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PROCEEDI NGS
Call to Oder/Introductions

DR CHESNEY: Good norning. W are ready
to begin what is going to be a very full day. |
would like to welconme you all to this Pediatric
Advi sory Subcomm ttee Meeting.

I would like to start with the usual roll
call, if we could maybe start down at this end with
Dr. Mirphy.

DR MJURPHY: Dr. Dianne Murphy. | amthe
Ofice Director for the Ofice of Counterterrorism
and Pediatric Drug Devel opnent and al so the O fice
Director for the Ofice of Pediatric Therapeutics.
Thank you.

DR CUMWMNS: | amDr. Susan Cummins. |
am a team |l eader in the Division of Pediatric Drug
Devel opnent with the FDA.

DR JUSTICE: Robert Justice, Director of
the Division of Gastrointestinal and Coagul ati on
Drug Products at FDA.

DR. NELSON:. Robert Nelson, pediatric
critical care nedicine at Children's Hospital,

Phi | adel phia, and a nenber of the conmttee.
DR GLODE: Mn dod. | amhead of the

section of Pediatric Infectious D sease at the
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Departnment of Pediatrics, the University of
Col orado, School of Medicine, Denver, Col orado,

menber of the comm ttee.

DR. DANFORD: David Danford. | am
Prof essor of Pediatrics in the section of
Cardi ol ogy, University of Nebraska Medical Center,
Creighton University. | ama nenber of the
comittee.

DR FUCHS: Susan Fuchs, Associate
Prof essor of Pediatrics, Northwestern University
Medi cal School, and pediatric energency physician,
Children's Menorial Hospital, Chicago.

DR. O FALLON: Judith O Fall on,
statistician at the Mayo Cinic Cancer Center,
Rochester, M nnesot a.

DR. HUDAK: Mark Hudak, Professor of
Pedi atrics and a neonatol ogi st at University of
Fl orida, Jacksonville.

DR. FOST: Norman Fost, University of
W sconsin, Professor of Pediatrics, Director of the
Bi oet hi cs program and Chair of the |IRB.

DR. CHESNEY: Joan Chesney. | am
Prof essor of Pediatrics in the Division of

I nfectious Diseases at the University of Tennessee
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Heal th Science Center.

MR. PEREZ: Tom Perez, Executive Secretary
to this neeting.

DR EBERT: Steve Ebert, Professor of
Phar macy at University of Wsconsin, Madison, an
I nfectious Diseases at Meriter Hospital in Mdison.

DR GORMAN: Rich Gorman, pediatrician in
private practice in Ellicott Cty, Mryland, and a
nmenber of the conmittee.

DR MATTI SON:  Don Mattison, staff at
NI CHD.

DR IP. Stanley Ip, Assistant Professor
of Pediatrics at Tufts University Medical School.

DR FREEMAN:. John Freeman, Professor of
Pedi atrics and Neurol ogy at Johns Hopki ns.

DR ASCHNER: M chael Aschner, Professor
of Physi ol ogy and Pharnacol ogy at Wake Forest
Uni versity School of Medicine.

DR. O BRI EN. Rebecca O Brien, Assistant
Prof essor at Tufts University School of Medicine in
the Division of General Pediatrics at the Floating
Hospital in New Engl and Medi cal Center.

DR WLFOND: | amBen WIfond, a
pedi atri c pul nonol ogi st at the National Human

Cenone Research Institute and also with the
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Departnment of Cinical Bioethics at the NIH

DR. SMTH  Kevin Smith, Vice Chancell or
of Research and Dean at the G aduate School and
Prof essor of Chemistry at Louisiana State
Uni versity.

DR OH | amBill Ch. | ama
neonat ol ogi st who is Professor and Chair of
Pedi atrics at Brown Medi cal School

DR. NEWWAN: | am Thomas Newman, Professor
of Epi deni ol ogy and Biostatistics and Pediatrics at
UCSF and a general pediatrician.

DR LAU. | am Joseph Lau, Professor of
Medi ci ne at New Engl and Medi cal Center, and the
Director of Agency for Healthcare Research and
Qual ity Evidence-Based Practice Center.

DR STEVENSON: David Stevenson. | ama
neonat ol ogi st and Professor of Pediatrics at
Stanford University, also serving as Senior
Associ ate Dean for Acadenic Affairs at that
institution.

DR CHESNEY: Thank you

Today's session is devoted to the current
epi dem ol ogy and therapeutic interventions rel evant
to hyperbilirubinema in the termand near-term

newborn or, in other |anguage, the current state of
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medi cal practice with regard to managenent of
neonat al hyperbilirubinem a and the potential role
for new drug therapies in the prevention and
managenment of jaundice in this population

We have a very, very full and interesting
agenda, and we are particularly honored to have
speakers today, both scheduled and in the open
public hearing, who have contributed so nmuch to and
for some their life's work to this issue.

| also have to remnd nyself that Agency
doesn't bring issues with straightforward answers
to the Advisory Committees. The conplexity of
today's topic is an exanple of the kind of issue
that they do bring to advisory commttees.

Bef ore asking Dr. Mirphy to begin the
meeting, | wanted to nmake two comments. The first
is because it is a very full agenda, | would
request that all the speakers adhere as closely as
possible to their allotted tines.

I f anyone goes 10 m nutes over their
allotted tine, Tomand | nay have to intervene,
which is very unconfortable for us, so if we do
i ntervene, please know that we are synpathetic to
your wanting to share everything you have with us

The second issue is that many, if not al
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of you, in the roomknow that there is a closed
meeting tonorrow on a subject related to today's
di scussi ons.

In order to protect the privacy of
tomorrow s neetings, we ask the speakers and
particularly the commttee nmenbers and the invited
consul tants who have had material which they have
read in great detail for tonmorrow s neeting not to
comment today on the content of tonorrow s neeting.

Finally, | wanted to thank all the nenbers
of the Pediatric Division and the Division of
Gastrointestinal and Coagul ati on Drug Products for
all the work they have put into today's neeting and
to thank Tom Perez, our Executive Secretary.

Qur first speaker is--ny apol ogi es--we
have to do conflict of interest statements.

Tom

Meeting Statenent

MR PEREZ: Thank you and good nor ni ng.

The foll owi ng announcenent addresses the
i ssue of conflict of interest with regard to this
meeting and is nade a part of the record to
precl ude even the appearance of such at this
meeti ng.

The topics to be discussed at this neeting
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10
are issues of broad applicability. Unlike issues
in which a particular firmls product is discussed,
i ssues of broad applicability may involve many
i ndustrial conpani es and academic institutions.

Al'l special government enpl oyees
participating in this neeting have been screened
for financial interests as they nay apply to the
general topics at hand. Because Dr. David
St evenson has reported interests that could be
af fected by today's discussions, the Food and Drug
Admi ni stration has granted hima wai ver under 18
U S.C. 208(b)(3) that permits himto participate.
A copy of the waiver statement nmay be obtai ned by
submitting a witten request to the Agency's
Freedom of Information O fice, Room 12A30, of the
Par kl awn Bui | di ng.

Because general topics could involve so
many firnms and institutions, it is not prudent to
recite all potential conflicts of interest, but
because of the general nature of today's
di scussion, these potential conflicts are
mtigated.

Wth respect to FDA's invited guest
speakers, Susan Sheridan would like to disclose

that she is president of a consuner advocacy and
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educational group called PICK Parents of Infants
and Children with Kernicterus. PICK receives
charitable contributions fromindustry, however,
all menbers of PICK are volunteers and receive no
compensation for their activities.

Wth respect to all other participants, we
ask, in the interest of fairness, that they
di scl ose any current or previous financial
i nvol venent with any firm whose product they may
wi sh to coment upon.

Thank you.

DR. CHESNEY: Thank you, Tom

Dr. Dianne Murphy is going to speak to us
to give us a very brief overview of the topic for
di scussion today. As you all know, Dr. Mirphy is
Director of the conmbined Ofice of Counterterrorism
and Pediatric Drug Devel opnent, and the Director of
the Ofice of Pediatric Therapeutics at the FDA

Openi ng Conment s

DR MURPHY: | wanted to take a nonment and
first thank the commttee, the Pediatric Advisory
Subcommittee, who now has built quite a form dable
experience in pediatric drug devel opment for being
so loyal and consistent, and being here when we

have these neetings. | know that we have them
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fairly regularly scheduled for you all, and it is a
demand on your tine. W want to always express to
you how sincerely we appreciate your ongoing effort
because | think in the arena of pediatric drug
devel opment, we need to have a very consistent core
of peopl e who can address the nyriad of issues that
are going to conme forward as we continue to devel op
products for children.

I wish to al so thank--when | |ooked at the
list of invitees and speakers, | am al ways
i npressed at the comm tnent of people to put time
and effort in what | know are extraordinarily busy
lives to conme and advi se us. Again, our sincere
thanks to everybody who has taken that time to do
t hat today.

Al so, the people who worked so
energetically to put this together - Dr. Susan
Cunmins, Dr. Shirley Miurphy, Dr. Debbie Birenbaum
Rosermary Addy. They have put together | think a
wonder ful package that articulates for you what the
i ssues are. They made one mi stake. They asked ne
to try to provide the overview for you, so that is
what ny job is this norning.

I am supposed to focus you on the fact of

what the Agency does and put that in perspective as
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13
to how to think about the questions we have asked
you.

[Slide.]

This table could be quite extensive with
many vari ations upon the thene, but, in general,
what the Agency does when it decides to approve a
product, it nust find that it is safe and
ef ficacious for an intended popul ation, for an
i ntended use, but that cones in many ways

The very top line here is a therapy that
m ght be even OTC, a therapy which has very | ow
risk, a few side effects, and has trenmendous
benefit for sonmebody with allergies, let's say, so
you have an OTIC product.

That product is going to have a different
safety profile than another product which would
have a high or internmediate risk, but also would
bring great benefit to the patient.

In this, the nunber of patients who m ght
be exposed coul d be anywhere dependi ng on the
nunber of options that are available to the
patient, any other options, and actually the degree
of these risks as to how many ni ght be invol ved.

I think today, we really are going to be

tal ki ng about drug devel opnent where the risks are
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in this arena, where the benefits are, and can we
define a population that would fit in this category
or not, or are we not in this category.

We are asking you to think about what is
the popul ation that woul d warrant therapy, how do
we identify it, and what are the things that we
shoul d be asking for if we are going to devel op a
product as to its safety profile and its benefit.

To do that, we have to first go through
many of the areas that are being brought up for
di scussi on today, which is what is the status of
the therapeutic interventions that we have
avai |l abl e and what is our status of know edge in
this area.

I have put on these other things just
because, yes, there are products that have |lots of
known high risk, not a ot of benefit, but if there
are absolutely no other options, they are actually
products that may get approved in this area, too.

So, there is a conplete spectrum and what
we are sinply asking you today is not sinple, it is
very difficult to consider drug devel opnent for
therapy of hyperbilirubinem a, what are the kinds
of risks, and for what kind of popul ation.

[Slide.]
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Ri ght now, these few slides sumarize
where we think, | will try to define that table in
graphic form W have a very high risk
intervention for very few patients that are
i nvol ved usually, and were willing to take it
because there aren't any other options when we
reach this point.

[Slide.]

We have another intervention earlier on,
nmore patients involved, |less risk, and where are
we, is this where we want to go with drug, or is it
really here, where is it, what is the popul ation,
and what is the safety profile for that popul ation.

Those are the sort of things we want you
to be thinking about as you go through the broader
i ssue of where are we today in this field in our
know edge of hyperbilirubinema and how it occurs,
what the preval ence is, what the incidence is, and
what the interventions are and shoul d be.

[Slide.]

That is again summarizing in a very
sinmplified way, we need to be able to put these
t her api es where you deci de the popul ati on woul d be
woul d really define what the risks m ght be,

because you are going to be really defining whether
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you are going to expose a lot of patients or a few
patients.

I hope that hasn't nuddi ed the water, but
again, sunmary from a drug devel opnent point of
view, you are going to develop a drug, you want to
know what is the population that is going to
receive this intended therapy and how do we define
the efficacy and the benefits and the risks of that
product .

Thank you very nuch.

DR. CHESNEY: Thank you, Dr. Murphy.

Qur next speaker is going to be Dr. Tom
Newran, who will give us a historical background
and sel ected recent research findings relative to
this issue.

He is a professor in the Departnents of
Epi dem ol ogy and Biostatistics, Pediatrics, and
Laboratory Medicine at UCSF. W thank himfor
conm ng to speak with us today.

Hi stori cal Background and Sel ected Recent
Resear ch Fi ndi ngs

DR. NEWVAN:. Thank you

I think the slides for ny presentation are
on the lefthand side of your little packet there.

This is what | was asked to talk about. | guess

file:////[Tiffanie/daily/061LANTLTXT (16 of 401) [6/26/2003 1:10:25 PM]

16



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

17
maybe | amgetting old if | amtal king about
history. It is usually people who have been around
a while.

You will see that a lot of this
presentation is kind of focused on ny perspective.
You will see sort of an overenphasis on research
that | have done and on the history that | have
experienced nyself. | amsure that as others
speak, we will be able to even that out a bit.

[Slide.]

But | will be tal king about the history
| eading up to the 1994 AAP gui deline which
participated in witing, the content of the
gui del i ne, what has happened since then, and sone
research findings focusing on research we have done
at Kai ser Permanente, and close with sone
unanswered questions if | have tine.

[Slide.]

Starting in the 1950s, and, of course,
was not around nuch in the '50s, so this is based
on reading the literature and tal king to peopl e.

Before the '50s, there was a lot of Rh
di sease and kernicterus that was nmostly from Rh
di sease, and in the 1950s was the first random zed

trial that showed that exchange transfusion could
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18
prevent kernicterus in children with Rh disease,
but it is interesting that in that trial, the
benefit was restricted to babies who had a cord
henogl obin of |less than 11, and bilirubin was not
even neasured in that trial, so the index of
severity for the Rh di sease was how anenic the baby
was at birth.

But, in fact, by doi ng exchange
transfusions and treating these very anenic and
sick babies, it was found that kernicterus could be
prevent ed because, of course, when the red cells
were made conpatible with the nothers, the
henol ysi s was reduced.

The data relating kernicterus to bilirubin
wer e observational data sort of added
parenthetically at the end of an article in the New
Engl and Journal by Shaw, et al., where they said
that since they had started keeping the bilirubin
| evel bel ow 20, they had not seen any cases of
kerni cterus, and that 20 ng/dl sort of stuck for
many years as the level to try and keep the
bi i rubin bel ow.

The ot her thing that happened in the '50s
was a randonized trial, the only other random zed

trial I know of where kernicterus ended up being an
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endpoint, but this was a randomi zed trial of

prophyl actic sul fi soxazole in premature babies, and
the sul fisoxazol e displace bilirubin from al bunmen
and caused kernicterus in the intervention group,
in the group that got it, and that contributed to
our understanding of kernicterus and howit is
causally related to bilirubin, but especially
unbound bi | i rubi n.

[Slide.]

Movi ng qui ckly now into the '60s, that was
when Rhogam was devel oped and used, which really
has just about wi ped out Rh disease. There was a
|l ot less kernicterus. Looking in the literature,
then, there were debates, you know, when the only
intervention for hyperbilirubinem a was exchange
transfusion and Rh di sease was goi ng away, there
were all these other groups who had high bilirubin
|l evel s and it was uncl ear how they shoul d be
treated - should you do exchange transfusions in
babi es wi th ABO di sease and nonhenol yti c jaundice
and in preem es, and that was debated. Phot ot herapy
was first used in the 1960s.

[Slide.]

Moving into the 1970s, the Collaborative

Perinatal Project, which enrolled babies between
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1959 and 1966, a big cohort study | ooking at
neur odevel opnental outcome in babies that were
followed fromactually before birth, their nothers

wer e fol |l owed.

There was sone kind of worrisone data from

the Col |l aborative Perinatal Project that suggested
that kernicterus mght be the tip of the iceberg,
that is, there was sone statistical difference in
neur odevel opnental outcone in Bailey scores at |ess
than a year in babies who had higher bilirubin

| evel s.

This was nostly seen in |low birth wei ght
babies, but it raised this concern that there is
kerni cterus, which is one extrene, but there m ght
be subtl| e neurodevel opnental problens, and the sane
sort of concern about |[ower |evel bilirubin
toxicity was raised by the finding of yellow
staining of the brain at autopsy in premature
babi es, which was also called kernicterus, so it
was a little bit unclear how nuch of that yellow
staining was actually primarily due to kernicterus
or later event.

But certainly in the 1970s i s when
photot herapy really took off partly fueled by these

concerns and the fact that the only other treatnent
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was exchange transfusion, we could neasure
bilirubin, we could treat it w th phototherapy,
reduce the levels, so phototherapy becane very
popul ar.

In the 1960s, nost babies in the U S were
bottle fed. 1In the 1970s, we really saw an
i ncrease in breast feeding.

[Slide.]

That brings us up to the 1980s where ny
own personal experience starts. | was a resident
in pediatrics from1980 to 1983 at UCSF, and | was
taught that bilirubin is a neurotoxin, it's a brain
poi son was what | was told, and that we did
phot ot herapy when the bilirubin level hit above 14
to 15 ng/dl, and exchange transfusions, if it got
above 20. This was not a good tine to be doing
exchange transfusi ons.

This was San Francisco 1980 to 1983.
There was a lot of HV in the bl ood supply. So,
part of my formative experience was doi ng exchange
transfusions and then later finding out that
probably they weren't necessary and wondering if |
had gi ven any babi es Al DS and know ng that there
were going to be babies who got AIDS from exchange

transf usi ons.
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Al 'so, when | was a resident, this article
called "Vigintiphobia," fear of 20, cane out sort
of a light-hearted questioning of why we were so
worri ed about 20 and suggesting that naybe in
babi es who did not have Rh di sease, that was too
low a level of bilirubin to worry about.

Then, just sort of incidentally, but a
very striking result was that in a study, an
aut opsy series, there was just this abrupt
di sappearance of kernicterus when the benzyl
al cohol preservative was renoved fromthe
bacteriostatic saline in neonatal intensive care
unit. Again, that mght have been displacing the
bilirubin from al bum n.

[Slide.]

Moving into the 90s, this is when
started doi ng research on jaundi ce in babies.
Jeffrey Maisels and | published a couple of
articles that were sort of a nore systematic
exam nation of the literature than what Watchko and
GCski had done, but | definitely give themcredit
for, at least for nme, making ne think this was
somet hing worth revi ew ng.

Articles suggesting that it really, that

the epidemologic termhere is effective
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nmodi fi cation or interaction, it really was not
reasonabl e to generalize fromRh di sease babies in
the '50s to well, breast-fed babies in the '90s in
terms of estimating what is the risk of neurologic
damage froma high bilirubin level, and this
evidence that if 20 was the level that we need to
worry about in Rh babies in the '50s, then it
surely wasn't 20 for well babies in the '90s.

This led to the 1992 paper which had
recomendations for | ess aggressive treatnent of
jaundice in babies, also fewer |aboratory tests
because the | aboratory tests that were then
recomrended were nostly not useful

Wth Mark Kl ebanoff, | re-analyzed data
fromthe Collaborative Perinatal Project, those
data were available to Mark, |ooking specifically
at this issue of was there really good evi dence
that at lower levels of bilirubin, there was
neur ol ogi ¢ damage, and got | think very reassuring
results for intelligence for the | Q neasures and
for hearing, and reassuring for definite neurol ogic
abnormalities, but the sort of small but
statistically significant increase as bilirubin
| evel s went up in abnormal or suspicious findings.

The trouble is that bilirubin levels in

file:////[Tiffanie/daily/061LANTLTXT (23 of 401) [6/26/2003 1:10:25 PM]

23



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

that study were fairly low and that the biggest
burden of sort of extra abnormal or suspicious
findings cane in babies who had bilirubin | evels
between 10 and 15.

In that paper, we calculated that if
everybody in the whol e Coll aborative Perinata
Project's bilirubin I evel had been kept bel ow 10,
the popul ation frequency of these abnormal or
suspi ci ous neurol ogi c abnornmalities would have gone
from 15.1 percent to 14.85 percent, so we didn't
think it was a very inportant effect.

Then, the AAP practice paraneter, which
was one of the first practice guidelines that the
AAP did, was in 1994. Around the same tinme,
beginning in the '80s and into the 1990s, hospita
stays for newborns got shorter and jaundice really
moved fromthe inpatient problemthat it was when
was a resident to an outpatient problemand the
probl ens of babies with jaundi ce needing to cone
back and get a bilirubin test, and then come back
again and get another bilirubin test, and when they
needed phototherapy, to be readnmtted, and that
really was a change fromthe 1980s.

[Slide.]

The AAP Gui del i nes addressed npre than
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treatnment, but | think probably the nost inportant
difference with the guidelines was raising the
thresholds for treatnent somewhat, varying them by
age, and then the next version of the Quidelines,
that will even be a little bit snoother rather than
changi ng abruptly at 24, 48, 72 hours.

You can see that nost of the jaundice,
most of the babies getting phototherapy are,
because bhilirubin peaks after about three days,
more than 72 hours old. O course, if it is rising
fast, you need phot ot herapy sooner, but this sort
of said it is reasonable to do phototherapy at 17,
but you can individualize and not all babies are
the sanme, but you really probably should do it if
it gets above 20.

I f phototherapy fails, you should do an
exchange, and if you are starting out above 30, you
really probably should just do an exchange al t hough
sone of these babies, the bilirubin drops fast and
then they end up not getting one.

[Slide.]

So, what has happened since then? Well, |
wi Il show you sone data on sone of these things.
One is that there are a | ot fewer exchange

transfusi ons bei ng done unl ess phot ot herapy, there
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is a concern about kernicterus com ng back, about
an increase in kernicterus.

In 1996, the Newborns' and Mdthers' Health
Protection Act was passed, which mandated coverage
for at least a 48-hour length of stay. That becane
effective on January 1st of 1998.

Pl CK, which has al ready been nentioned,
Parents of Infants and Children wth Kernicterus,
was forned, and | think had a major influence on
bringing attention to kernicterus as a problem

I guess there has been nore of a focus,
not so nmuch on when we should be treating jaundice
and whet her we shoul d be doi ng phot ot herapy at 15
or 20 or when, but | amtrying to figure out who is
going to need it and trying to determ ne that
bef ore babies | eave the hospital. W are sort of
acknow edgi ng this probl em of jaundice having
shifted froman inpatient to an outpatient problem

Those are some of the things also, it
shows sone data on.

[Slide.]

These are sone data fromlsrael that |
think nost directly address this question of the
i nfluence that the AAP practice paraneter nmay have

had. Anyone who is the practice guideline
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business, this is a totally renmarkabl e change. The
Gui del i ne was published in '94, the anmount of
phot ot her apy done, a 63 percent drop in these two
hospitals, and an 85 percent drop in the nunmber of
exchange transfusions just in this relatively short
time period.

I think for those who are trying to change
doct or behavior with guidelines, the key is to
issue a guideline that tells the doctors to do what
they want to do anyway, and that they don't have to
do sonething that they didn't want to do anyway,
and then you get very good adherence to the
gui del i ne, because nobst of us never | nean really
liked to do an exchange transfusion, and to sort of
be given perm ssion not to have to do that, that is
the way you get good adherence to your guideline.

My guess is that this has happened
el sewhere, as well, that nobody really liked doing
exchange transfusions, and phot ot herapy,
readm tting a baby to the hospital and putting them
under the lights is not nmuch fun either, so people
were happy to be kind of | think be given
perm ssion not to do as mnuch.

[Slide.]

These are data from Kai ser Pernmanente,
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even nore remarkable. These show adherence or |ack
thereof to the AAP Guideline, just published in My
of this year in Pediatrics.

Just to orient you here, these are 11
different hospitals in the Northern California
Kai ser Permanente system You can ignore the green
bars for you and just |look at the red bars.

The red bars are the proportion of babies
who recei ved phot ot herapy for whomthe Acadeny of
Pedi atrics said it was recommended. Renenber that
slide showed you before of the CGuidelines, the AAP
said that for over 72 hours, consider it at 17, and
do it at 20. Well, the green bars are the percent
for consider, the red bars were the bilirubin, nost
of these babies had bilirubin I evels over 20, what
percent of them got phot ot herapy.

You can see that it ranged from about 27
percent in hospital 9, up to about 75 percent in
hospital 10, so a huge inter-hospital variation,
but overall, alnost half of babies at Kaiser with
bilirubin | evel s between 20 and 25 didn't get
treated with phototherapy in 1995-96.

We don't have data from before that. M
guess is this is sonewhat of a drop, but also

tal king to many of the doctors at Kaiser
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Per manent e, they were never as worried about
bilirubin as we were at UCSF, | think. So, big

di fferences by hospital and many babi es not getting
phot ot her apy.

We did ook at the lab tests and the vast
majority of babies who didn't get phototherapy with
bilirubin in the 20's did have their bilirubin
repeated, and it was docunented that it went down,
so maybe it was 21 and then the next day it was 19,
and it just went down by itself.

[Slide.]

The next point | was nentioning was the
i ncrease in concern about kernicterus, and this is
kind of a raggedy slide because | scanned it froma
phot ocopy of cases in the pilot kernicterus
registry

I show this because this sort of slide has
been used to raise concern about kernicterus, and
think kernicterus is a problem but the nethodol ogy
of the registry isn't sufficient to answer the
question about whether there has been an increase
because kernicterus wasn't being | ooked for, for
the registry early on, so the method of
ascertaining cases which invol ved asking people to

report themwould lead to an increase or to a

file:////[Tiffanie/daily/061LANTLTXT (29 of 401) [6/26/2003 1:10:26 PM]

29



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

30
picture like this, probably whether or not there
had been an increase, so | think we think we just
have to be caref ul

The issue | don't think really is has
kernicterus increased as the issue is, is it there
and can we reduce it.

[Slide.]

In terms of again the Kernicterus
Regi stry, these are the definitions fromthe recent
paper in Journal of Pediatrics, the criteria for
case eligibility. | think one of the things we are
going to cone back to, a central question really in
deci ding whether to treat hyperbilirubinema with
drugs is how bad is hyperbilirubi nem a, how
dangerous is it, how many cases of kernicterus are
t here.

The problemthat we are going to cone to
is that kernicterus is not always a yes or no
definite thing, and there is going to be a tradeoff
between sensitivity and specificity.

The criteria to be in this registry
i ncluded either acute synptons of kernicterus,
which are listed there, or chronic sequel ae
abnornality in at least two of the follow ng

i ncl udi ng extrapyram dal novenent disorder, gaze
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abnornalities, auditory disturbances, intellectua
deficits, enanel dysplasia of deciduous teeth.

Al t hough many or npbst or maybe all of the
kids in this kernicterus registry may have
kernicterus, | don't think we can say that. W
don't know that, certainly not fromthese inclusion
criteria, because these are nonspecific. There are
many, many children who have intellectual deficits
and auditory disturbances who clearly do not have
kerni cterus.

Many, many kids with cerebral pal sy have
enanel dysplasia of their teeth. Many kids with
hearing | oss have teeth problem so these may be
sensitive criteria for kernicterus, but they are
certainly not specific, and it nmakes it hard to
interpret data fromthe kernicterus registry.

[Slide.]

So, what do we know about how common
kernicterus is, because | think that is a key
question. In the recent publication, 90 cases in
15 years inthe U S., if they had conplete
ascertai nment, which | think is not possible, not
even close, that would be an incidence of 1 in
700, 000, so there is both way underestimati on from

underreporting and possibly overestimation from
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non-specificity of the case definition

We have been | ooking for many years now
for cases of kernicterus of Northern California
Kai ser, where there are about 28,000 births per
year in term and near-term babies, and in 111, 000
cases, we have | ooked very cl osely because we have
all the bilirubin levels, and | ooked at all those
with very high bilirubin Ievels.

In this nonth's Pediatrics, we have a
paper describing the 11 children who had bilirubin
| evel s over 30 out of those 111,000, so 1 in
10, 000, and none of them got kernicterus.

We have also started |ooking in earlier
years. We don't have the lab data, so this is
relying on discharge di agnoses, but | am working
with a neurologist, Dr. Yvonne Wi, who is studying
cerebral pal sy, and she has reviewed the charts of
all the kids with cerebral pal sy diagnoses in this
cohort, and we still haven't found any cases of
kernicterus in this now about 230, 000 babi es.

In the California cerebral palsy project,
this is a personal conmunication from Susan Cummi ns
who was involved with that study. They had 1 case
in 155,000 out of a total of 192 cases of cerebra

pal sy, so a small proportion of cerebral palsy.
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One ot her popul ation-based report cones
from Denmark where there is a report of increasing
kerni cterus between 1994 and 1998, 5 cases, but
with a denomi nator there, that would be about 1 in
65, 000.

That is kind of hard to interpret because
it is hard to know whether this is the right
denominator, 94 to 98, or it should include a few
years before or a few years after, but that would
be an increase.

The trouble is that we don't have that
sort of data in the U S. because it's a nmuch bi gger
country and we don't have an easy way of know ng
how many cases there are

[Slide.]

So, the problenms in trying to figure out
how common kernicterus is--and | am sure you wl|l
hear nore about these later--there is no uniform
surveillance, there is a trade-off between
sensitivity and specificity in case definition. |If
you don't want to miss anything that mght be
kernicterus, you will include a |ot that probably
aren't, and the diagnosis of kernicterus is often
del ayed and uncertain and contenti ous.

This is especially true if the baby didn't
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show symptons in the newborn period, and it is very
hard to tell soneone who has sone of the synptons
of cerebral palsy or kernicterus from soneone who
j ust happened to have a high bilirubin and had
those anyway.

My best estimate is that it is probably
somewhere between 1- and 200, 000, or 1- in 500, 000,
whi ch woul d be between about 8 and 20 cases per
year in the U S., and just to nmention that people
shoul d be very careful about extrapolating fromthe
U S. to other countries because kernicterus appears
to be much nore common in sone other countries,
especially in Africa.

I was just struck at the Pediatric
Academi ¢ Society's neeting just last nonth, the
report from Southern N geria, where they described
kernicterus in 9 of 20 infants admtted with
bilirubin I evels over 15, or 40 percent, and this
i s because they were putting canphor on the
umbi | i cal cord stunp, probably in sone kids who had
G 6 PD deficiency. So, kernicterus is definitely a
probl em sone places in the world, a nuch bigger
problemthan in the U S.

[Slide.]

So, noving on now to the sel ected research
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findings, and | think the things that | tal k about
are jaundice in the first 24 hours, how nuch does
that tell you that this is a baby who is at very
hi gh risk and needs bilirubin nmeasurement and

cl ose, careful followup, using bilirubin

measur enents before discharge to predict who is
goi ng to devel op hyperbilirubinem a, end-tida
carbon nonoxi de, and a risk index sort of as a

pl acehol der for just the idea that the history and
physi cal gives you a lot of information about the

ri sk of devel opi ng hyperbilirubinen a.

Just nost recently |ast nonth we presented

the idea that conbining clinical information with
bi l'irubin neasurenents is probably the way to go.

[Slide.]

This first slide, there is a tendency |
think in the nedical -1egal cases especially, and
this actually | think cones up not infrequently to
sort of paint a picture.

Here is a baby who was jaundiced at |ess
than 24 hours and no one checked the bilirubin
| evel, and now the child has kernicterus and there
is this very clear causal relationship and the
doctors nmessed up, but if you actually | ook at

studies to say, you know, is jaundice at |ess than
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24 hours really pathologic, you first have to say,
well, there has only been, as far as we know, one
study that |ooked at babies at |ess than 24 hours
to see whether they were jaundi ced or not
systematically, and that was by Davidson in the
"40s, and they conpared that to bilirubin |Ievels,
and | think it is generally accepted that when the
bilirubin | evel gets above 6, nobst observers can
observe jaundice, but there is quite a few data
about how many babi es have bilirubin |l evels nore
than 6 at less than 24 hours, 41 percent at a nean
of 72 hours in Al pay's study, 25 percent at a nean
of 21 hours, 47 percent at 24 hours, so to say that
anyone with any jaundice at all in the first 24
hours automatically has pathol ogic
hyperbi |l i rubi nemi a probably wouldn't fit nost

peopl e's definition of pathol ogy.

[Slide.]

W | ooked at this at Kaiser because we
reviewed charts for a nested case control study
trying to predict which babi es woul d devel op
bilirubin levels of 25 or nore, so we had charts on
just a random sample at birth.

These are not the cases, these are nostly

controls, babies who never devel oped high bilirubin
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| evel s, and we just | ooked at when jaundi ce was
first noted in the chart.

O course, having sonething noted in the
chart and having it be there are two very, very
different things. Presumably, the ones that are
noted in the chart are a subset although sonetines
peopl e noticed jaundice at nighttinme and then in
the daytime, it seens to be gone when the light is
better and babies are in the sunlight, but this
shows the percentage of babies in whom jaundi ce was
noted in the chart at Kaiser al nost always by the
nurses up to about 6 percent at 24 hours.

So, that is few enough that you woul d
think that it would be pretty abnormal and taken
seriously.

[Slide.]

But then what we | ooked is, okay, so how
soon after this supposedly pathol ogi c jaundi ce was
noted in the babies at |ess than 24 hours, how soon
did bilirubin | evels get done, and these are
cunmul ative, so within six hours in 19 percent,
within 12 hours in 38 percent, |less than half
actually had a bilirubin | evel measured within 24
hours of when they were noted to be jaundiced, if

they were noted to be jaundiced at | ess than 24
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hours, and two-thirds eventually got a bilirubin
| evel

So, one of the thenmes here is that, nunber
one, we have had very little or no kernicterus at
Kai ser Permanente in many years and with a couple
hundred thousand babi es; and, nunber two, it is
hard to say it is because jaundice is nmanaged very
aggressively or according to guidelines there.

The photot herapy slide and this slide
suggest that this is true, that the | ow frequency
of kernicterus at Kaiser | think is due nostly to
the fact that at Kaiser, we have a denoninator, it
is not due to extraordinary efforts to treat
j aundi ce.

I think in the interests of time | wll
skip that one.

[Slide.]

So, continuing with free discharge risk
assessnent, and everyone will be famliar | think
with this graph from Bhutani, et al., |ooking at
bilirubin | evels over tinme, show ng how inportant
it is to know the baby's age in hours when
interpreting a bilirubin | evel, but again for
pre-di scharge risk assessnent, | want to enphasize

t hat babi es are goi ng hone between 24 and 48 hours.
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These points, the points between the 40th
percentile and the 95th percentile are not all that
far apart, and this | think is very relevant for
predi cting jaundi ce using transcutaneous
measur enent, so just keep these numbers in mnd - 5
mg/dl is the 40th percentile and 8 is the 95th
percentil e at about 24 hours.

[Slide.]

This is one of the instrunents that is
used. It is wonderful not to have to poke babies
and do heel sticks for bilirubin levels. It costs
$4, 000 and $7.00 each tinme you use it.

[Slide.]

These are data | ooking at how accurate
that machine is conpared to HPLC. What | just want
to call your attention to is that, you know, it is
pretty good especially when the bilirubin |evels
are between or |ess than about 10, but that the
error range is really plus or mnus about 2, 2 or
3. It says it is up to plus 3 or mnus 2 would be
the 95 percent range. What is being plotted here
is the difference between the HPLC and the
transcut aneous neasur enent.

So, if, for exanple, you neasure the val ue

and it's 7, then, it nmeans, well, probably it's
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bet ween about 5 and 10, but if you renenber that 5
was the 40th percentile and 8 was the 95th
percentile, the ability of a transcutaneous

measur enent at about 24 hours to predict who is
goi ng to devel op subsequent jaundice is probably
going to be pretty inperfect.

[Slide.]

This is another technol ogy which it had
been hoped woul d hel p determ ne who was henol yzi ng
and t herefore how nmuch bilirubin was being produced
and who woul d be at risk of subsequent severe
hyper bi | i rubi nem a.

It turns out that for each nolecul e of
bilirubin that is made, a nol ecul e of carbon
nmonoxi de is made, so as |long as you have a
non- snoki ng not her and not a bad air pollution day,
you can neasure the carbon nonoxide in the baby's
breath and get a direct index of bilirubin
producti on.

[Slide.]

The good news is that it is better than a
direct antiglobulin test, better than Coonbs' test
of predicting who is going to get jaundice, but a
Coonbs' test is really not very good, and it is not

as good as a total serumbilirubin neasure, which
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1 is not too surprising because the bilirubin

2 measur enent sort of reflects both production and

3 excretion, and the carbon nonoxide only reflects

4 production, and it is kind of pricey - Hersche

5 pointed out it is cheaper than a Coonbs' test, but
6 the nmachine costs about $20,000 and about $14.00

7 each time you use it.

8 [Slide.]

9 A low tech approach, which just involves a
10 hi story and physical, we suggested, and again at

11 the Pediatric Acadenic Society's neetings a year

12 ago and | ast year, validated this for another

13 two-year birth core

14 Thi s was devel oped for babies born in '95
15 and '96 to predict who would devel op a bilirubin

16 | evel over 25, which actually should be easier. It
17 shoul d be easier to predict who is going to get

18 over 25 than over 17 or 20, because it should be a
19 hi gher percentage of kids who have risk factors.

20 Wthout going through it in detail, these
21 are the risk factors - exclusive breast feeding,

22 having had a fam ly history of jaundice, bruising,
23 Asi an race, cephal hematonma, and so on, and those

24 give you a lot of information about who is

25 subsequently likely to run into problens.
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[Slide.]

I know the AHRQ fol ks will be talking
about this later, so | will be very brief here, but
if you use the area under the ROC curve to estimate
how wel |l can we predict who is going to devel op
hyper bi | i rubi nem a subsequently, there is a range.
Most of these values are in the 0.8-sonething
range.

This is the original study that used that
graph that | showed you, that used the bilirubin
percentil e group, cane up with a high area under
the ROC curve, but probably the babies with | ower
bilirubin levels were less likely to get a
subsequent one, so that it is probably biased a bit
towards being high, and this is probably the better
estimate of the accuracy of the bilirubin |eve
measured at 24 to 36 hours because Stevenson, et
al ., used the sane Bhutani groups, but this was in
a nulticenter study, it wasn't just in
Phi | adel phia, and this was cal cul ated by nme from
their data.

The area under the ROC curve, by the way,
1.0 woul d be perfect and 0.5 woul d be worthl ess.
This was the estimate for the end-tidal carbon

monoxi de. It was quite a bit worse. The risk
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index, this is actually the 0.83 is when we
val i dated on a separate group of babies, but again
it is trying to predict rmuch higher bilirubin.

What we did nost recently is we just
showed that by conbining the bilirubin and
information fromthe risk index, this was done al
with conmputerized data, so we didn't have breast
feedi ng, but we had a substantial increnent in the
ability to predict bilirubin level by saying now
only what was your bilirubin when you were 36 hours
ol d, but what was your gestational age, which turns
out to be key. Babies who are 36 weeks, 37 weeks,
much hi gher risk, how old was your nother, what was
your race, and so on, that enhanced prediction

[Slide.]

Moving on to the long-termeffects of
hyperbi | i rubi nem a, what are the bad things that it
can cause, and certainly at the top of the list is
kernicterus, it turns out the next npbst bad thing
that hyperbilirubinem a can cause is probably
exchange transfusion. W really would like to
avoid doing that. It is a risky procedure and
especially people have less practice with it than
they used to.

Phot ot her apy, phototherapy i s something we
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woul d rather not do. It is not totally benign. It
probably doesn't have long-termeffects, but it
i nvol ves separating the nother fromthe baby, and

it's costly and disruptive.

Then, | want to address this issue of nore
subt | e neur odevel opnental effects. | know other
people will be talking about this, as well. There

are definitely transient effects on brain stem
responses and on behavi or, and one of the questions
is are there any long-termeffects on hearing or
mot or or cognitive outcomes or behavior.

[Slide.]

I just want to tell you a little bit about
a study that we are just finishing year 4 or 5 of
this study, |ooking at babies with very high
bilirubin levels, bilirubin | evels of 25 ng/dl and
up.

There is anot her case group, which is
babi es who were readnitted with significant
dehydration and randomy sel ected controls, al
born within a defined cohort 1995-98 Northern
Cal i forni a Kai ser Permanente Medical Care program
hospi t al s.

What we are doing is bringing these

chil dren back when they are 5 years, 1 nonth, and
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1 havi ng full neurodevel opnental eval uations

2 psychol ogi sts and chil d neurol ogi sts who ar

3 blinded to whether the child is a dehydration case,

by

e

4 a bilirubin case, a control, or both. W have a

5 few who were both dehydrated and had

6 hyper bi | i rubi nem a.

7 I amgoing to go ahead and show you sone

8 data for this, but they have to be regarded

9 prelimnary. The data collection, if everything is

as

10 on schedule, will end in February 2004, when the

11 | ast of the babies born in 1998 turn 5 years, 1

12 nonth.

13 [Slide.]

14 The outcone variables for this study are a

15 standard neurol ogi ¢ exam by a child neurol ogi st.

16 These are IQ tests, the Wechsl er Preschoo
17 Primary Scale of Intelligence for children
18 Vi sual Motor Integration test all done by a

19 psychol ogi st .

20 A Mot or Performance Checklist, which was

and

and

21 devel oped by an Australian occupational therapist

22 for five-year-olds, turns out to be just the sort

23 of thing that we were interested in because

it

is

24  very practical itens with a ot of face validity

25 I'i ke junping, throw ng, hopping, catching,
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know, using scissors to cut out a square, and we
measure how well they follow the |ines, putting
beans, how many beans can they put into a bottle in
20 seconds, and so on.

These are all blinded, and then the Child
Behavi or Checklist and Parent Eval uation of
Devel opnental Status by the parents.

[Slide.]

Here is where we are as of a few nonths
ago. O the 140 babi es who had bilirubin levels
over 25 in a four-year period, we were able to get
86 of themto agree to this study. W would have
liked to do nore, but this is pretty good
considering this involves the fam |y taking
basically a half a day off to cone to a site to get
all these tests done, and we have done about 70
percent of the exanms conpleted, so | amgoing to be
showi ng you data on done and entered 60 babies who
had bilirubin |l evels over 25, about tw ce that nany
controls, a lower consent rate fromthe controls.
You know, we tried very hard, but there just isn't
too much way that we can get the controls to be as
interested in the study as the parents who have
experienced a dehydrated or very jaundi ced baby.

[Slide.]
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This slide shows, | will try to show now
just a description of the patients in the study.
These are the bilirubin levels. O course, the
cases all had bilirubin |l evels over 25, but | have
to say this is nostly a study of babies with
bilirubin | evel s between 25 and 28. W al ready
have reported on these babies who had bilirubin
| evel s over 30.

Renmenber, there were 11 babies with
bilirubin |l evels over 30, but a number of them
weren't in the study or hadn't been exam ned yet.

Some of the controls had bilirubin levels
in the teens, even a couple over 20, the vast
majority never had a bilirubin measured.

[Slide.]

As expected, there were differences in the
mat ernal race and ethnicity with an excess of Asian
nmons anong the cases and a fewer than expected
Bl acks and Wites and Hi spani cs about the sane.

[Slide.]

Not much difference in education. The
trend toward the bilirubin cases being a little bit
better educated.

[Slide.]

No difference in famly incone. This is
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28 or 27 percent had fanmily inconme nore than
$100, 000, so this was not an inpoverished group
This is what you have to make to live in the Bay
ar ea.

[Slide.]

As expected, the gestational age was quite
a bit younger amobng the cases. See this big excess
of 38, 37, 36 weeks. W added the 35-weekers
|ater, so we actually recruited additional controls
at 35 weeks.

[Slide.]

This one sort of surprised us, the
duration of breast-feedi ng because we thought this
woul d be a big confounder we would have to worry
about, that the cases would nmuch nore likely to
have been breast-fed for longer. This wasn't the
case.

The big risk factor was excl usive
br east - f eedi ng, exclusive breast-feeding during the
birth hospitalization, which is what was associ ated
with being the case, but not any breast-feeding,
not just whether you had any breast nilk or not,
and not duration of breast-feeding.

[Slide.]

So, now sone results, first unadjusted and
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then | will show you adjusted. The short answer is
that there is only one statistically significant
finding so far, | will show you on it. It goes in
the direction of favoring the bilirubin cases.

The verbal 1Q the trends were towards
hi gher 1@ s and t he unadjusted verbal perfornmance,
and this is the test of visual notor integration,
not hing statistically significant, all higher for
t he cases.

[Slide.]

Adj usting for race, ethnicity, parenta
education, inconme, and so on, nothing is
statistically significant, and generally, the two
nunbers move a little bit closer together and
usually the bilirubinis still a point or two
hi gher al though for perfornmance 1Q they did switch
directions, but not statistically significant.

[Slide.]

Remenber, this is that test, the Mdtor
Per f ormance Checkli st which when it was devel oped,
it was considered that scores above 4 were
abnormal, and this is also not statistically
significant. These are, you know, you get a point,
that is, higher scores are worse, you get a point

you fail if you can't throw or catch a ball, or

file:////[Tiffanie/daily/061LANTLTXT (49 of 401) [6/26/2003 1:10:26 PM]

49



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

stay within the lines when you are cutting out a
square, and so on. So, no difference there.

[Slide.]

This is kind of unexpected. The blinded
neur ol ogi c exam which we had the neurol ogists rate
fromnormal, normal questionable, which is a child
that they still thought was probably normal, but
there was just something a little bit iffy, you
know, maybe a little bit hypertonic or brisk
refl exes or not too great at the tandem wal k or
somet hing that they didn't think was abnormal, but
that in order to maintain a high sensitivity, they
were just going to say questionable.

Abnormal was where they felt that this was
a child who definitely was abnormal, but m ninal
neans there was mninmal or no functiona
disability, so that it didn't really affect the
child, but they could see that there was a pattern
of maybe a very slight heniparesis or sonething,
and then there were very few who had anythi ng nore
severe. This cane out statistically significant in
favor of the bilirubin group. They had fewer
questionable to mnimally abnormal neurol ogic
exans.

[Slide.]
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I will close with sone unanswered
questions. | think we still don't know what the
i nci dence of kernicterus is. W know that it's not
common, but given that we have very few | arge
series with denomnators, it is quite possible that
sonet hing other than treatnent of bilirubin is what
makes Kai ser Permanente better that average, and it
coul d be higher than | think

What we really need to know i s not just
what is the risk of kernicterus, but at what |eve
of bilirubin, what the risk is at different |evels
of bilirubin, is there any risk at all between,
say, 25 and 30, or 20 and 25, and, if so, what is
it because what we are going to have to do is
bal ance risks and benefits in treating. As you get
above 30, 35, it is very hard to nake guidelines
about things |ike exchange transfusion if you don't
know t hese numnbers.

What factors nodify these risks? | think
this is key because two different babies who have a
bilirubin I evel of 30 may be at enornously
different risks of kernicterus dependi ng on ot her
factors, such as other illnesses the child may
have, you know, henol ysis bei ng best denonstrated,

but | think there is at |east good anecdota
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evi dence that babies who are septic have a nuch
hi gher risk of kernicterus, and so on

W need to know what are the risks and
costs and efficacy of treatnments. W don't really
have a good feel for that, |arge series of exchange
transfusions, careful |ooking at long-termeffects,
i f any, of phototherapy, and certainly any new
treatnment, this would be key.

Utimately, | amafraid we are going to
have to cone up with sone sort of decision about
how many tests and treatnments it is worth doing to
prevent one case of kernicterus because there is
al ways going to be uncertainty. Kernicterus is very
rare, you can't always predict it. It is always
going to involve treating many, nmany patients who
aren't going to get it anyway in order to prevent
one who does, but how nmany that should be, | think
that is an unanswered question

[Slide.]

To close, the problem!| think is that it
is going to very hard to show that a new drug or
any other treatnment will inprove neurol ogi c outcone
in children with jaundi ce because the bad out cones
are just too rare.

So, we are faced with effects on bilirubin
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| evel s, which is really a surrogate outcone, and
not knowi ng for sure whether if we lower bilirubin
| evel s, we do anything except avoid the treatnent.

So, we end up treating with a drug to
avoi d phot ot herapy and exchange transfusion, which
are both things that we choose to do at certain
levels. So, it is going to be a difficult
decision, | think, how much data on safety we need
to approve a drug intended to prevent treatnents
I i ke photot herapy and exchange transfusion for a
risk factor, which is a high bilirubin given our
current uncertainty about when those treatnents are
i ndi cat ed.

I think I amout of time, so thank you

DR. CHESNEY: Thank you very nuch.

We will have time for discussion of the
presentations after the next group of
presentations, and the next group of presentations
have been allotted one hour

Just by way of introduction, in February
of 2003, the Agency for Healthcare Research and
Qual ity published an evidence report on severa
question with rel evance to the issues being
addr essed t oday.

We are going to be hearing fromthree
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54
authors of this report, and the first presentation
is by Dr. Lau, who is Professor of Medicine at the
Division of Cinical Care Research at Tufts-New
Engl and Medi cal Center, Director of one of the AHRQ
evi dence- based practice centers, and Director of
the Boston O fice of the New Engl and Cochrane
Center.

He is going to first discuss the methods
that were used to devel op the report.

Agency for Healthcare Research and Quality Report

DR. LAU: Thank you

[Slide.]

My col |l eagues and | will be tal king about
the evidence report that was produced under the
Agency for Healthcare Research and Quality's
evi dence- based practice center program

I would I'ike to acknow edge ot her
investigators on this report.

[Slide.]

The evi dence report process involved a
ri gorous, conprehensive synthesis and anal yses of
relevant scientific literature. |t uses explicit
and detail ed docunentation of the nethods,
rational e, and assunptions.

The scientific syntheses may include
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met a- anal yses and cost anal yses, and a broad range
of experts is included in the devel opnment process
in formulating the research questions and the peer
revi ew process.

VWhat is inmportant is that the reports do
not make clinical recomendations, we prinmarily
summari ze evi dence

[Slide.]

A systematic review process involved
initially fornulating well-focused research
questions because this is a very broad topic, and
we cannot do all the questions.

They involve formng a technical expert
panel and through several rounds of iterations of
tel econferences, and we finalized a set of research
questi ons.

We established the evidence-based practice
center protocol for this review, establishing
i nclusion and exclusion criteria, and then we
perform a conprehensive literature search, screen
the abstracts and the full articles, and finally
abstract data and performcritical appraisal of the
literature, and then performthe anal yses,
sunmmari ze, and interpret the results.

[Slide.]
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The key questions that were formnul ated
along with the technical experts are listed here.
What is the relationship between the peak bilirubin
| evel s and/or duration of hyperbilirubinenia and
devel opment al out cone?

What is the evidence for effect
nmodi fication of the results in Question 1, the
previ ous one, by gestational age, henolysis, serum
al bunin, and other factors? M colleagues will not
be tal king about this due to time, but you can
refer to the evidence report that has been
publ i shed and avail able on the web site.

[Slide.]

The third question. What are the
quantitative estimates of efficacy of treatnent
for: reducing peak bilirubin |evels, for exanple,
the nunmber needed to treat--1 will define that
|ater--at 20 ng/dl to keep total serumbilirubin
fromrising; reducing the duration of
hyperbi |l i rubi nem a, that is, the average number of
hours by which tinme total serumbilirubin greater
than 20 ng/dl may be shortened by the treatnent;
and i nprovi ng the neurodevel opnental out cones.

[Slide.]

The fourth question is what is the
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efficacy of various strategies for predicting
hyper bi | i rubi nem a, including hour-specific
bilirubin percentiles? This will be address |ater
by Dr. Stanley Ip.

The last question is what is the accuracy
of transcutaneous bilirubin neasurements? This
will be addressed by Dr. Rebecca O Brien

[Slide.]

The nedical literature search invol ved
searching the Medline and Prenedline databases in
Sept enber 2001. This yielded over 4,000 citations.

We al so consulted ot her experts and
revi ewed the bibliography of rel evant review
articles for potential additional studies.

Al so, in 2002, we also perforned a
suppl enental search for case reports of
kerni cterus.

[Slide.]

The general inclusion criteria for the
studies were all human English | anguage literature,
newbor ns between birth and one nonth, healthy,
full-terminfants equal to 34 weeks of EGA or about
2,500 grams, and al so each study nust have at | east
20 subjects per armexcept for Question 1 and 2,

whi ch we | ower the nunber to 5
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Additional criteria were also applied to
speci fic questions.

[Slide.]

The total nunber of full articles
retrieved based on screening of over 4,000
abstracts were about 663. The nunber of studies
included in the report, 138, although there was
some overl apping i n nunber.

The specific nunber addressing each of the
questions is listed here. For Question 1 and 2,
there were 37, and then also there were 28
kernicterus case reports; Question 3, 21 studies;
Question 4, 10 studies; and Question 5, 46 studies.

[Slide.]

In summari zi ng the evidence, there are
several paranmeters that are generally recognized
that are inmportant to sumup - the methodol ogi ca
quality of the study, that refer to the interna
validity, the study design, conduct, and reporting
of the study.

Then, also the applicability, how well the
study can be generalized, sonetines also called
external validity about the patients, popul ation
and setting.

The study size is also inportant to
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capture to represent the weight or the precision of
the evidence. Then, finally, the effect or the
results, associations, or the test perfornance.

[Slide.]

In evidence reports, it is typical to also
provi de sone neasure of the nethodol ogical quality,
but the quality is sonmething that is difficult to
measure, so this is sone caveat that needs to be
i nt erpreted.

It generally refers to the design,
conducts, and reporting of the study. Because
studies may be froma variety of types of design
we generally follow three-level classification, and
then apply to each type of study designs.

There is Grade A, B, and C, | east
potential bias to C, which is significant bias that
may invalidate a result, and B is sonmewhere in
bet ween.

[Slide.]

We al so generally use the applicability
scal e although not directly applied in this report,
which also is Category 1, 2, and 3. Category 1
will be a study that is representative of the
target popul ati on.

So, instead of using this scale, we just
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report the report in the tables, the country of
origin of the study, as well as the racia
conposition of the popul ation.

[Slide.]

Now, | amjust going to describe some of
the quantitative nethods used in the evidence
report before | turn it over to ny other coll eague
to describe the exact results.

[Slide.]

For Question 3, there was a question about
the NNT or the number needed to treat, and that is
what are the quantitative estimates of the efficacy
of the treatnment for reducing peak bilirubin
| evel s.

[Slide.]

The definition of the NNT is that if you
have a clinical trial, this is a typical 2 by 2
table, the treatnent and no treatnent arm and the
event and no event. In this hypothetical exanple of
this trial of treating bilirubin level at 15 ng to
prevent it fromrising, so rising is the outcone.

In each of the arms, there will be 100
patients, and in no treatnent arm let's say 20
patients out of 100 will rise beyond the 15 ng, and

if you treat at this level, only 10 patients wll
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rise, so therefore, one way of estimating the
benefit of this treatment will be the risk
difference or the absolute difference, so it wll
10 over 100 in the treatnment group mnus 20 out of
100 in the control group or mnus 10 percent or 10
percent reduction of absolute event rate.

NNT is defined as an inverse of the risk
difference or 1 over 10, or 1 over 0.1 is an error,
or equal to 10. What that neans is that you need
to treat 10 patients in order to prevent one baby,
bilirubin fromrising.

So, sone believe this is a useful netric
for understanding the benefit of the treatnent for
clinici ans.

[Slide.]

For Question 5, collection of the study
reported several neasures of diagnostic
performance. The nbst comon one is the
correlation of two tests or the r value, and one
can al so then conbi ne study that address simlar
question, however, conbining the correlation val ue
is not the ideal approach in examning the
agreenment between two test nethods, and the Bl and
and Altman nethod, already Tom Newran has shown

earlier, is the preferred approach. | wll
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describe that in alittle bit.

[Slide.]

This is the Bhutani paper, that | amsure
you will see repeatedly over and again, show ng the
result of the HPLC versus the Bili Chek, and has
reported an r value of 0.91, so sound like a fairly
decent r val ue.

[Slide.]

But a problemw th the correlation that is
shown n this slide is that its black diagona
line's identity, that is, this is an exact
mat chi ng, the 25 ng neasure on the device being
investigated is equal to the sane value by the
ref erence standard, but any other highly correl ated
line or this shown to have correlation of 1, wll
be maybe misinterpreted as being a perfect test
where a substantial bias may be so, that is, sone
study may consistently overestimate the actua
| evel

So, correlation is one of the conditions
of being a neasure of a test, but not sufficient.

[Slide.]

The imtations of the correlation in
assessing the nethods are summari zed here. It

provi des a neasure of the strength and
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directionality of the association, but not
agr eement .

The correl ati on neasures ignore bias, and
the coefficient does not provide information as to
the clinical utility of diagnostic test, and al so
the correlation is dependent on distribution of the
serum bilirubin, as Tom al so nentioned earlier

| already nentioned the | ast point.

[Slide.]

Now, the Bland and Al tman met hod assunes
that the true value is unknown. It takes the
average of the paired neasurenents as the best
result, the pair of the reference standard and the
devi ce being investigated.

It plots for each pair of the neasurenent,
the difference in result between the device agai nst
the average results, and this al so renoved
statistical artifact of plotting the difference
agai nst either of the neasurement as long as the
built-in correlation probl em

Thi s magnitude of the bias can al so be
estimated as well as the standard deviation of the
difference. So, this is again, Tom has shown you
this slide showing the nean of the reference

standard and the device being investigated on the x

file:////[Tiffanie/daily/061LANTLTXT (63 of 401) [6/26/2003 1:10:26 PM]

63



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

axis, and on the y axis, plotted difference between
the two devices, and mdline is the average of al
the scatter plot, which is slightly above zero,
suggesting there is a small bias in the device
bei ng investigated, and then al so you can establish
the distribution of what is known as the limt of
agreenent. Tom al ready nentioned sone of the other
i ssues.

But then also out here in the high
bilirubin end, you can also see that there are nore
underestimati on by the device being investigated,
so you could then al so better appreciate the how
the new devi ce bei ng conpared perforns.

[Slide.]

O her nmethods we used in our report is for
di agnosti c performance conbi ning test performance
or sensitivity and specificity. There is a number
of ways that this can be done, not always used,
such as conbining sensitivity and specifically
i ndependently, but there is sone problemw th that,
but sonetime may be usef ul

The nobst common nethod is the summary RCOC
curve, and I will just describe this very briefly.

[Slide.]

This is a nmeta-analysis nmethod to conbine
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mul tiple study diagnostic performance when study
address simlar issue. An assunption is that
studies differ because of different thresholds
being reported. The solutionis to fit a receiver
operating characteristic curve that best describe
the data, and | amjust going to show you very
briefly what this neans.

[Slide.]

This is a standard di agram show ng the
popul ation, the certain value on a horizontal axis,
for exanple, the bilirubin value fromthe very | ow
to high, and in health population, there is certain
distribution of the bilirubin level and in
the--well, | guess this is the high bilirubin
| evel, the label is disease, and different
threshol ds nay then be applied to define what is
i mportant or high or |ow

The different threshold would then produce
different sensitivity and specificity, and as shown
here, using a low threshold will result in high
sensitivity and a high threshold will result in the
| ower sensitivity, but higher specificity, so there
is an inherent trade-off.

Simlarly, in the summary, SROC net hod,

this is some exanples of it with the ellipsis
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representing the individual studies perfornmance,
sensitivity and specificity, and when we fit this
curve around, we can then describe this collection
of studies. The X there is the independently

combi ned sensitivity and specificity to give you an
i dea where this average overall what this
performance nay be.

I think I will stop right here.

DR CHESNEY: Thank you. Dr. Lau, for
those of us who are uninitiated, could you just say
once agai n what does ROC stand for and what does
SROC stand for?

DR LAU. The RCC stands for receiver
operating characteristic curve, and SROC just adds
Sunmary on top of that. ROC describes the
trade-off of the threshold effect in the individua
study. The Summary ROC i s a meta-anal ysis nethod
to conbine nultiple studies.

DR O FALLON: Wyuld you explain the
di fferent shapes of those studies? Some of them
are oval, sone of themare--

DR. LAU. The oval shape represent the
wei ght of the study, and they are not in x and y
dimension, it is not the same, because in the

di sease arm and the non-di sease group, it is
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di fferent nunber of patients in the different
groups, so they are proportional. It is just to
give you a visual inpression of the disproportion

DR. CHESNEY: Thank you. | amsure we
wi |l have nore questions for you in the session
after this.

Dr. Ip is our next speaker. He is an
Assi stant Professor of Pediatrics at Tufts
Uni versity Medical School, and he will be
presenting findings of Question 4 fromthe AHRQ
Report on bilirubinema, and | assume you will tel
us again what Question 4 is.

DR IP:. Question 4 is asking what is the
efficacies of the different strategies for
predi cting hyperbilirubinema. Tom Newran actually
did nost of my talk for ne, so | will just go over
sone of the details.

[Slide.]

When we reviewed the studies, there are a
total of 12 different studies and 10 publicati ons.
Sone of the publications conbined two different
met hods i nto one paper.

In terms of the nethods, as listed here,
there are cord bilirubin, serumbilirubin, the

first 24 hours, the ETCCc, the carbon npnoxi de
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predi scharge risk index, and the predischarge risk
zone by Bhut ani

[Slide.]

As you can see, these studies, they are
very, very variable. They are fromlike seven
different countries. The subjects ranged from 50
to alnost 3,000. Sone study subjects consist of
term babi es, some consist of termand preterm
babi es. The proportion of breast feeding varies
fromlike 4 percent to 90 percent. Some of them
i nclude ABO i nconpatibility, some of themdon't.
Sone recei ved phot ot herapy, and sonme don't.

[Slide.]

The other issues with these group of
studies, out of the 12 studies, there are 8
different definitions of hyperbilirubinema, so it
al most makes it inpossible to conpare is one
strategy better than another strategy.

As you can see, there is even one study
that use clinical jaundice as an endpoint. In
other words, the way they define hyperbilirubinem a
is just by looking at the baby. |If the baby is
yel l ow, they say, yes, that kid is
hyper bi | i rubi nem c.

On the other hand, after they have
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identified it, when they neasure the bilirubin, the
range went fromé6.4 to 19. 3.

[Slide.]

| amjust going to go over severa
different papers in terms of each method and j ust
hi ghlight certain points. The first method in
terms of the cord bilirubin, Carbonell in the 2001
paper and the 585 nonhenol ytic babies
assessed--that little sign should be greater than
or equal to--2.2 ng/dl in the first, in the cord
bilirubin, it will predict total serumbilirubin
greater than or equal to 17 on day 3 to day 4. The
sensitivity of this test is only 22 percent.

I n Knudsen's paper, when he changed the
definition from17 to 11.7, you notice the
sensitivity went up to 71 percent.

In the very |last paper, in Ri senberg, his
subj ects only consisted of ABO i nconpati bl e babies,
so it is a highly selected population. He also
rai sed the threshold of definition. You can see
the sensitivity and the specificity went up quite a
bit, 92 and 100 percent.

[Slide.]

This is just to show you nore of the ROC

curve we discussed earlier by Dr. Lau, show ng that
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this is fromthe Knudsen studies, and so you can
pi ck any point you would like to set up as your
test threshold, so if you use 2.05 as the
threshol d, then, you get certain anpunt of
sensitivity, |ike about 70 percent, and a fal se
positive rate of about 20 percent.

[Slide.]

The ot her methods is basically measuring
the early serumbilirubin level. Sonme of these
papers actually included transcutaneous bilirubin
as part of their study. The first one was done in
I ndia out of 274 subjects, and basically, they find
that if you use 3.99 as a cutoff point, this was
drawi ng sonetines between 18 to 24 hours of life,
it will predict to a TSB of greater than 15. The
sensitivity is 69 percent, the specificity is 66
percent .

The author noted that these are acceptable
figures for the India population, but they said it
needs to be validated, and they said they are happy
with that result and using that popul ation

In the Carbonell study, out of 1,500 and
some babies, he says the TSB at 24 hours greater
than 6 predicts to a TSB greater than 17. The

sensitivity is like 100 percent, and if you
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conmbined with a 48 hours TSB, greater than 9
predicts like 17.

Carbonel|l also did transcutaneous neasures
using the same threshold. The nunbers are
comparable. They don't | ook as high both in terns
of the sensitivity and the specificity.

Seidman, in Israel, 1999, out of 1,100
babi es, he cal culated odds ratio using multiple
|l ogistic regression analysis, predicted that if you
have a TSB greater than 5 at 24 hours of age, it is
high significant to predict a day 2 TSB greater
than 10, day 3 greater than 14, and greater than 17
| ater on.

The other factors that he | ooked at, you
see at the bottom the odds ratio for day 1 TSBis
36.5, which is high predictive of high bilirubin
| ater on.

[Slide.]

Anyway, the other significant factors are
the day 1 TSB neasurenent and apparently you can
cal cul ate, depends how high it goes, and it gives
you a certain odds ratio, maternal bl ood type,
mat ernal age, and so forth. To, this is one method
of predicting high bilirubin is |ooking at risk

factors anal ysis.
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[Slide.]

Tom Newman did the same. He nentioned
earlier the Kaiser studies, and these are the
original data fromhis paper. He showed that if
you have early jaundice the first 24 hours, your
odds ratio of having high bilirubinis like 7.3,

which is |ike the highest.

So, what he did in his paper was he wanted

to know if you can predict high bilirubin after
di scharge, so he used the other factors, not the
early di scharge because they are already in that
group, and then he basically conbined theminto an
i ndex score and see if you can predict extrene
bilirubin of greater than or equal to 25.

[Slide.]

This is the ROC curve from Tom Newman's
study. You will notice that you can see the risk
i ndex of 10, which is at the upper |efthand corner,
the nost upper |efthand corner, which is the
preferred point if you use that as a cutoff point.

Just to tal k about that risk index of 10,
Tomdid a calculation. If you use risk index of
10, because it's the | ow preval ence of the disease,
your positive predictive value at that setting is

i ke 0.027 percent, which is very, very low. So,
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what he concluded is you are going to have to treat
like 370 kids with a risk index of 10 to prevent

one kid fromreaching greater than 25, so that is a
huge nunber of patients to treat to get at one kid.

[Slide.]

The other nethod is basically to use ETCCc
as a predictor of high bilirubin, which has been
done by Stevenson back in 1997 on kids with
henol ytic jaundice. Also, Okuyanm, in Japan,
decided to use the sanme technology to see if it
will work for kids who don't have henol ytic
jaundice, and he finds that if you have a ETCCc
greater than 1.8 ppmat 48 hours, it's a good
predictor that that group will have TSB greater
t han 15.

Notice the very high positive predictive
val ue of 40 percent in that particul ar popul ation

[Slide.]

Now, we tal ki ng about the Bhutani paper
from'99, where he had started out with 13,000
infants who fulfilled a criteria, and out of the
13,000, only roughly 2,800 who had two TSBs done at
the sane institutions, so those 2,800 were the
subj ects for his study.

[Slide.]
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What he did was he basically did a bunch
of different bilirubin at different tinme, and you
can cal cul ate 95th percentile fromeach group

[Slide.]

This is an early curve that Tom showed,
that you can have different curves and giving
different percentiles.

[Slide.]

So what Bhutani did was dependi ng on where
you were at the predischarge area, you can predict
to whether or not you are going to stay at the
greater than 95 percentile, which is how he defined
hyperbi | i rubi nem a.

So, for instance, if you | ook at the upper
| efthand corner in A, you will see that if you
start off at greater than 95th percentile, roughly
40 percent of that population stays in that zone,
so he considered that would be a high risk

On the other hand, if you | ook at the
| ower righthand corner, in D, if you start off wth
| ess than 40th percentile, none of those kids went
on to be in the high risk zone in the greater than
95t h percentile.

[Slide.]

This is the Bhutani curve where Tom showed
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the cal cul ated area under the curve of 0.93
[Slide.]
So, if you use the 75th percentile as a
cutof f point, as shown by this ROC curve, you get a
sensitivity of like 90 percent, a specificity of 85
percent, and a positive predictor value of about 21
percent. So, what that nmeans is you are going to
have to treat roughly 5 kids who have greater than
75th percentile to prevent 1 kid from reaching
greater than 95th percentile in his popul ation
[Slide.]
It is of note that Bhutani's study
popul ation is very different froma typical US
popul ation. As you can see in his study, he had 41
percent African-Anerican while the nationa
popul ation is 15 percent. He had 4 percent

Hi spani cs, and the national population is 21

percent .

[Slide.]

St evenson decided to | ook at both ETCCc
and TSBc to see if it will inprove the prediction

As Tom nentioned earlier, it really didn't inprove
the prediction of the accuracy of
hyper bi | i rubi nem a.

[Slide.]
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The interesting thing about the Stevenson
study, because it was done over in |like nine
different nultinational centers, he actually used
the raw data fromthe Bhutani popul ation and see
where the 95th percentile is for his study
popul ati on.

As you can see, the 95th percentile varies
anywhere from 38 percent to 6 percent, so it's
very, very highly variabl e.

On the other hand, if you just | ook at the
ones with the study size greater than 100, the
variability is not too bad, and then it's fromlike
about 5 percent to about 10 percent, but
nevertheless, it is not really conparable to the
Bhut ani popul ati on.

[Slide.]

In summary, it is not possible to directly
conpare the accuracy of various strategies for the
many reasons we have stated before. It is also
very apparent that the higher you have the TSB at
an early age is associated with hyperbilirubinema
three to four days later. In fact, that is probably
a better prediction than if you try to say that if
you have a |low TSB, you won't get a high

hyperbi li rubi nem a | ater

file:////[Tiffanie/daily/061LANTLTXT (76 of 401) [6/26/2003 1:10:26 PM]

76



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

The hour-speci fi c nonogram | ooks
promising. It has a high AUC, but further
validation in different popul ations should be done.

DR. CHESNEY: Thank you

Qur next speaker, and then we will have a
question and answer session, is Dr. Rebecca
O Brien, who is an Assistant Professor of
Pediatrics at the Floating Hospital for Children at
Tufts- New Engl and Medi cal Center, and she is going
to review for us the accuracy of the transcutaneous
measur enent of bilirubin

DR OBRIEN:. | have 10 nminutes, is that

right? | will try to do ny best to get through

this.

DR CHESNEY: Actually, you have plenty of
time. | don't nmean two hours, but you do have 20
m nut es.

DR OBRIEN. | wll go through sone of it
qui ckly, though.

[Slide.]

I am addressi ng Question 5, which was
| ooki ng at the accuracy of transcutaneous bilirubin
measurenents in our evidence report. | think these
terns are famliar to all of you, but I will use

TcB to refl ect transcutaneous bilirubin, TSB to
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reflect total serumbilirubin, and HPLC, which was
used in sone of the newer studies of the Bili Chek

device as either high performance or high pressure
i quid chromat ography.

[Slide.]

We had 47 qualifying studies in 50
publications that actually | ooked at the test
performance of the transcutaneous bilirubin
instruments to predict total serum bilirubin.

The four devices that were included in
these studies included the Mnolta AirShields
bilirubinoneter, and clearly this has been the nost
studi ed device. At the tinme of our review, there
were three studies on the BiliChek device with 809
subj ects, the Icterometer was in 4 studies, and 1
study reflected the Colormate I11.

[Slide.]

W will start with the AirShields
bi lirubinometer, which is in 2002 called an
AirShields jaundice nmeter. This is a handheld
device, | think simlar to the picture you saw with
the BiliChek. It uses fiberoptic techniques that
illum nates the skin and subcutaneous tissue, and
then you analyze the intensity of the yellow col or

spect rophotonetrically.
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This particular instrunent requires
devel opment of an index, and it appears to be
institution dependent, and their correlation curves
have different intercepts on the y axis, and we
will talk a little bit about that, and it does
require daily calibration of the instrunent.

[Slide.]

It has been studied for over 20 years. It
has been studied in diverse patient popul ations.

In about half of the studies we | ooked at, they
actually | ooked at test perfornance generally
reported as a sensitivity and specificity of the
transcut aneous instrunent to predict a threshold of
interest of total serum bilirubin.

Measurenment sites were generally perforned
in nost of the studies at the forehead and
m d-sternum and several of the studies reported on
ot her sites.

[Slide.]

Agai n, chal | enges of conbi ning these
studies for meta-analysis include that authors use
different total serum bilirubin thresholds of
interest. Some used 10 and sonme used 12, sone used
15, and it does Iimt alittle bit of our ability

to perform neta-anal ysis.
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The studies that we were able to conbine,
we conbined three studies that used total serum
bilirubin of about 11, 11 studies we are trying to
predict total serumbilirubin over 13, and in 3
studi es over 15.

[Slide.]

The studies predicting TSB greater than 11
were 500 paired sanples. They were done at the
forehead. Using a random effect nodel, the pool ed
estimates of sensitivity and specificity, as you
can see, were in each study individually here, and
then the pooled sensitivity of about 76 percent
with a specificity of about 80 percent.

You can really see the variability,
though, of this index that is devel oped at each
institution and where Misels used an index of 20,
Knudsen used an index of 9.

[Slide.]

Then, to predict total serum bilirubin of
13, there were 11 studies, so | didn't show you a
table, but I will show you this summary ROCC curve
for this particular predicting total serum
bilirubin over 13.

There were 1,560 paired neasurenents.

Again, the cutoff index ranges in the various
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1 studi es anywhere from 13 to 24, and we will show

2 you the summary ROC curve that while it isn't quite
3 a clean threshold effect as we will show you, so

4 there does appear to be sone heterogeneity in the

5 way this perfornms.

6 Using a pool ed estimate, however, of al

7 of these 11 studies, we have a sensitivity of about

8 85 percent, a specificity of about 77 percent.

9 [Slide.]
10 So, this is the summary ROC curve. Again
11 I guess the perfect test, all of these gray points

12 woul d all be kind of right along this line, and

13 this would be the | owest |evels of the

14  transcutaneous neasurement, and then you would | ose
15 sensitivity as you went to higher levels of the

16 i ndex.

17 It sort of fits. This is 15 index, this
18 is a 22, this is a 21, but there is a lot of

19 scatter over here, this is 20. So, it is not a

20 totally neat fit as a test.

21 [Slide.]

22 Then, for predicting total serumbilirubin
23 over 15, again, there were only three studies that
24 could be conbined here. Overall, they actually

25 | ooked pretty good with a sensitivity of 95 percent
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and a specificity of 67 percent for the Mnolta
Ai r Shi el ds.

[Slide.]

Now, | ooking at just how well does the
transcut aneous neasurement fromthe Mnolta
AirShields correlate with the total serum
bilirubin, and again with all the limtations that
Dr. Lau spoke of, this was really what nost of the
studies actually do tal k about and do present as
data. It does help us when we | ook at sonme of the
factors that may affect how well this device works
t hough.

[Slide.]

So, in these studies, the r val ues ranged
from0.52 to 0.96. Wen they were pool ed, the
correlation is about 0.84. There is details in the
evi dence table on page 241 for those who are
interested later.

[Slide.]

Agai n, he spoke about the limtations, I
will skip this slide.

[Slide.]

But when we were | ooking at the factors
that affect the test accuracy of the Mnolta

Ai rshields bilirubinoneter, again the study designs
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varied. Sonme of these studies were screening all
infants, some were screening only jaundiced
infants. They varies as to racial background,
measur enent sites, age at measurenent, and then
what was their reference or gold standard, which
particular |lab nethod did they use.

There was, however, sone subgroup anal ysis
done, and we attenpted to | ook at some of these
factors in the slides com ng up.

[Slide.]

Just as a summary, there was hi gher
correlation of the transcutaneous neasurenents by
the bilirubi nometer when the sternum or forehead
sites were used in termversus near- term It
seens to correlate better with Wiite versus Bl ack
infants, and those who had not received
phot ot her apy versus those who had received
phot ot her apy.

[Slide.]

Again, just sort of show ng, you can see
the correlation sort of drop as you nove to sone of
the sole, the pal mareas, and seemto be nost
highly correlated at the forehead and sternum
sites.

[Slide.]
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Looki ng at gestational age, there were
five studies that actually gave separate
correlation coefficients. Wile in the individua
studies, there were not significant differences,
there did appear to be a trend |lower in near-term
infants, and you can see this in the results here.

[Slide.]

Looking at race or skin color, there were
six studies that conpared correlation coefficients
across race or skin color. Half of those were at
the sternumsite.

There were two U. S. studies that did find
significant differences in Wite versus Bl ack
infants. The other racial groups that were studied
were Mal ay, Chinese, Indian, and there were no
Hi spani ¢ subgroups anal yzed for the M nolta device.

[Slide.]

Looking at, as you can see, the
correlation coefficient in black, there were three
studies with this sample size of 258 and pool ed
correlation coefficient is 0.59 conpared to the
Wiite, which was 0.75. Overall, this is how they
per f or med.

[Slide.]

Looki ng at phot ot herapy, there were six
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studies that reported on the effect of
phot ot herapy. All of these studies had | ower
correlation coefficients if the children had
recei ved phototherapy. That was significant in two
of the studies. Wth neta-analysis of the
correlation coefficients, again, you can see there
is asmll difference in the results.

[Slide.]

The next device was the | ngram
I cteroneter, which has been around for a long tine.
It's transparent plexiglas that has five painted
transverse strips or precise and graded hue of
yel low color. You press this device against the
infant's nose and the skin bl anches.

The yell ow stripes are then conpared and a
number is applied. Most of the studies used a
nunber, 1 to 5 used 3 as their cutoff point. It is
I think only about 7 or $8.00, so it is a |ow cost
devi ce.

[Slide.]

The studies reported the correlation
coefficient here. There were four studies of the
Ingram |l cteroneter. The reason why there is two in
I ndia, these were near-term preterminfants, and

these were terminfants. You can see there is
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really sort of a variability in how it perforned,
but overall, pooling the results, it appeared to be
fairly highly correl ated

[Slide.]

Looki ng at test performance of the |Ingram
Icteroneter, there were three studies that actually
reported on the test performance, generally, a
sensitivity and specificity. Two of these studies
were | ooking at a TSB of 12.9. The threshold of
the Icteroneter TcB neasurenent was 3, and Bilgen's
study in Turkey found 100 percent sensitivity,
Schumacher found an 82 percent sensitivity
al though, with experience with the device,
apparently this goes up to 95 percent, and then in
the Indian studies, again performng a little bit
less well in pretermversus termin terns of
sensitivity.

[Slide.]

The next device is the BiliChek device.
At the time we did this review, there were three
studies. This is a device that used
mul ti wavel ength refl ectance and therefore,
theoretically, can inprove on the transcutaneous
measur enent by accounting for bilirubin,

henogl obi n, nelanin, and thus things |ike skin
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col or, skin thickness, pigmentation

There is a fiberoptic probe that is placed
on the forehead and nmultiple neasurenents are nade
and averaged together after contact.

[Slide.]

These three studi es, again, we have heard
certainly the Bhutani study, it is very simlar to
what he did with the hour-specific nonogram
al though he was trying to use a transcutaneous
nmeasurenment with the BiliChek to | ook at the sane.

The difference in these studies is this is
the first tinme we sort of saw people using a gold
standard or reference standards of the high
performance |iquid chromatography, and this was
used in the Bhutani study and in the Rubaltell
st udy.

Rubal telli also used Iab serumbilirubin
and actually conpares the transcutaneous instrunent
to the lab, and we will go through these in the
next several m nutes.

[Slide.]

I amsorry this is such a busy slide, but
again here are the three studies, Bhutani, Lodha in
India, and Rubaltelli. Again, very high

correlation was found in the Bhutani study, and he
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again using the threshold of the transcutaneous
bilirubin instrument as measured by the Bili Chek,
and the transcutaneous neasurenent at the 75th
percentile to predict serumbilirubin of the 95th
percentil e.

By using this, again |ower threshold of
the transcut aneous instrunment has 100 percent
sensitivity. | think it was 23 out of the 419
actually fell into that range, so it is a snall
nunber of infants who are falling into that 95th
percentil e.

The study in India did not performquite
as well, and certainly appeared to performless
wel | when you were | ooking at higher total serum
bilirubin levels with a sensitivity of only 20
per cent.

Rubaltelli is probably best seen on an ROC
curve again because he uses nultiple threshol ds,
but again it sort of summarizes that as you | ower
your threshold, your sensitivity is higher, and he
did this at several levels, which we will showin
the next coupl e slides.

[Slide.]

In the Bhutani study, again, this was a

sanpl e size of nearly 1,800 sanples with 490 term
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or near-terminfants. He had a very |ow Hispanic
popul ation, | think as Stanley had alluded, he had
Wi tes and Bl acks were represented.

There were 11 different devices used in
the study, BiliChek devices, and as noted, his
correl ation was high.

[Slide.]

Again, this sort of shows graphically, and

I think that the one point, though, nost of these
points are at bilirubin levels, HPLC bilirubin

pl otted here, and transcutaneous, and you can see
that there may be--and again it's hard to say--a
little bit nore variability at the higher |evels.

[Slide.]

Again looking at this as a Bland/ Al tman or

error distribution plot, I think Dr. Lau sort of
poi nted out that maybe there is a little bit nore
variability at high levels, but you are dealing
with sort of a plus or minus 3.23 and 2 negative
here, the BiliChek does appear to slightly
underestimate, so that the mean is a little bit
hi gher, the HPLC val ue.

[Slide.]

Rubaltelli again was a nulticenter study.

It was in six different European hospitals and it
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used i nfants who were going to have a TSB done as
part of their care. There were multiple users. He
was trying to |l ook at how this might actually
performin real life, nultiple users of the

Bili Chek. There were multiple | ab measurements of
serum bilirubin, and then all of these were
conpared to a gold standard of the HPLC serum

bi I'i rubin.

There was one single lab that did the HPLC
nmeasurenents, and he found that the correlation of
the transcut aneous neasurenents with HPLC were
hi gh, although not quite as high as the | aboratory,
they were fairly close.

[Slide.]

This is sort of graphically | ooking at
correlation, this being the BiliChek versus--1 am
sorry you can't see this--but BiliChek versus HPLC
here, the |l ab versus HPLC here. They again both
had very high correlation, perhaps a little bit
more variability with the Bili Chek

[Slide.]

Then, again, |ooking at an error plot,
again, this is the BiliChek device. | know you
can't really read this. This is plus or mnus

probably about--this 2 standard devi ati ons here--|
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think this is about plus or mnus, probably 3
positive, 3 negative here, and again |ooking at the
HPLC serum bilirubin versus the | ab serum
bilirubin, perhaps a little bit narrow, but again
these are sort of conparing these two. He also
conpared the BiliChek to the lab, but sort of, of

i nterest, how those two conpare

[Slide.]

Then, |ooking at how they performas a
screening test. Again, we see these ROC curves and
| ooking at how this is an ROC curve here to predict
a bilirubin over 13, again by the HPLC nethod,
predicting bilirubin over 15, and again predicting
bilirubin over 17.

In this, the solid line represents the
treatment neasure, and the dotted |ine, the serum
bilirubin as measured by the lab. While they seem
to operate closely, it is probably maybe here we
can see that the lab and the dotted |ine probably
performs a little bit better than the
transcut aneous. Again, anything, the perfect
curves are going to be as high up into the | efthand
corner as you can be, and that is why people use
sort of the area under the curve, although at this

hi gher level, they seemto performvery conparably,
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if not alittle bit better with the transcutaneous
i nstrument.

[Slide.]

Then, in this final study by Lodha, there
was 109 jaundiced Indian infants with serum
bilirubins of 8 showed fairly high correlation,
but the subgroup with higher bilirubins appear to
performless well with a correlation only of 0.64.

[Slide.]

There was one study that conpared the
Mnolta to the BiliChek, and it does appear to
performbetter, at |least by |ooking at correlation
coefficients with the BiliChek correlation
coefficient of 0.94 and the jaundice neter or the
M nolta AirShields jaundice neter of about 0.7, and
skin color was significant for the jaundice neter,
but not for the Bili Chek

[Slide.]

Again, this just shows you sort of
graphically, again with this Bland/ Al tman error
plot, there is a lot nore variability using the
jaundice neter as opposed to a lot tighter fit here
usi ng the Bili Chek

[Slide.]

Finally, just one other device, there is
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only one study, and it only reports on correlation
coefficients. It is the Colormate I1l, and | guess
for the sake of tinme, I will kind of just go
quickly with this, that it requires a baseline
measur enent prior to the devel opment of jaundice,
so it requires sort of all infants to have sone
measur enents done and then it is done by conputer
anal ysis to correct for some of the color

| um nosity, redness and yel | owness.

It does appear to have a very high
correlation, they are reporting 0.956. Again, it
has only been studied up through about serum
bilirubins. It tends to underestimate again, and
only up to serum bilirubins here probably of about
15.

[Slide.]

This is the only other interesting thing
in the study. They sort of actually conpared how
does visual inspection do conpared to this
transcut aneous devi ce, and you can see that the
transcut aneous devi ce does appear to inprove with a
better correlation than our visual inspection for
det ecting jaundi ce.

[Slide.]

I think this is |ooking at phot ot herapy.
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[Slide.]

Just to kind of finish up here, just to
say that it appears that the transcutaneous
bi l'irubin neasurenents by all three devices
definitely appear to have a linear correlation to
total serumbilirubin, but as noted by Dr. Lau, the
correlation coefficient alone doesn't really
provide us information on how well this particul ar
di agnostic test works, however, many of these
studies did not really report performance data. At
| east half of the Mnolta studies only reported
correl ation.

It is going to be highly dependent on
where you are neasuring your distribution of serum
bilirubin. It appeared that the devices may
performless well as screening tests at higher
| evel s of bilirubin, but I think we need nore
informati on and nore study there.

Again, the Mnolta AirShields tends to
perform best at the sternumor the forehead, |ess
well in Black infants versus Wite infants, did not
appear to performquite as consistently across the
studi es when we | ook at the summary ROC curve.

I think the limtations with the Ingram

icteroneter, there really were a small nunber of
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studi es that evaluated that, and it does have sone
observer visualization, sone issues around
objectivity. It does seemthat it perforns better
after people have used it for sone tine.

There is a new Bili Chek device that
theoretically corrects for the effect of nelanin
and henogl obin that may be an inprovenent over the
ol der devices, and | think we reconmend future
research to confirmthese findings in |arger sanple
sizes with nore diverse popul ations and really | ook
at the effects of phototherapy.

Thank you.

DR. CHESNEY: Thank you very nuch.

We now have sone tine for questions and
di scussion of the presentations by Drs. Mirphy,
Newran, Lau, Ip, and O Brien

Dr. Fost.

Di scussi on of Presentations

DR FOST: Two questions. One | think is
for Dr. Ip, and the second for Dr. Newran and Dr.
Mur phy.

It seens to nme negative predictive val ue
woul d be nmore hel pful than positive predictive
value. That is, if we had a nunber at discharge

that could confidently tell us that this child will
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al nrost certainly not develop a worrisone bilirubin
| evel, that that would be very hel pful

I just want to nake sure | understand your
slide on page 9 of your handout, called
"Predi scharge Ri sk Zone."

Do | understand that to say that if a
bilirubin around discharge is less than the 75
percentile, that has a 99.5 percent negative
predictive value of a worrisone bilirubin?

DR IP. That's correct. Basically, the
synmbol is wong. It is greater than equal in 75th
percentile. What that says is if you have a child
who is less than equal to 75th percentile, then,
that kid is not going to get in trouble according
to the Bhutani popul ation

DR. FOST: Thank you. Then, a question
for Dr. Newman and Dr. Murphy.

There has been a | ot of discussion of
ri sks and benefits, but not nmuch about cost. You
just alluded to it in your last slide. | am
wondering if you or any of your coll eagues are
doing any studies or estimates of cost-benefit or
cost effective analysis of various interventions.

That is, suppose there were a drug that

was conpl etely safe and could conpletely reduce the
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ri sk of serious hyperbilirubinenia, are there any
estimates of what the cost per case of kernicterus
averted woul d be?

My question for Dr. Murphy is what do you
see as the FDA's role in those sorts of policy
question, that is, suppose there were a drug that
were 100 percent effective and conpletely safe, but
it cost anmllion dollars to prevent a case, does
that have any role to play in the approval process?

DR MURPHY: | think I can answer that
pretty quickly, which is our job is to assess
whet her a product is safe and efficacious. W
don't determine the price, and that other agencies
woul d determine the utilization of that product.

It clearly is a concern to us, but really our
mandate is to make sure it works and how to
describe it, so it would be safely used, and then
work with other agencies in trying to integrate
that information with any decisions that they nake.

DR. NEWMAN:  You ask | think an excellent
question, one in which we don't have enough data.

It is actually the next grant | am planning, which
woul d be if you add up sort of all the bilirubin
| evels, all the extra days in the hospital, all the

extra outpatient visits, the home phototherapy, the
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hospi tal phot ot herapy, the exchange transfusions,
all of the noney we spend to try to prevent
kerni cterus, and even then we are not successful,
so there is still cases of kernicterus.

So, if there were a magical, totally safe
drug that would just basically elimnate all that
or a whole lot of it, it would be worth a lot. |
can't give you a cost per patient of what it would
be worth. | amsure the conpany naking it would
figure out a way to price it, so that it would nake
them nmoney, but it could conceivably save a | ot of
noney.

What happens is that there are sone cases
of kernicterus, there are some kids who are
destined to devel op jaundice, who are easy to find
and obvious in preventing kernicterus and the ones
who present early with jaundice or who have all the
risk factors, who are easy to foll ow

It costs a lot less noney than trying to
prevent those last few, sort of unpredictable cases
that show up without risk factors, so that it wll
be unl ess you are going to give the drug to
everybody, there will sone sort of increnenta
cost-benefit thing where the cost per case

prevented and the cost efficacy is nmuch better in
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the higher risk kids and eventually it tails off to
where it mght just not be worth it.

But if the drug were conpletely safe, you
would give it like vitamin K to everybody.

DR. CHESNEY: O her questions? Yes.

DR. MATTISON: In the evidence report, you
comented on the relative lack of information in a
single bilirubin value, and spoke about the need to
thi nk about other strategies for nmeasuring
bilirubin, so it brings to mind sort of a common
thene in devel opnental toxicology, whichis to try
to understand mechani smand then rel ative val ue of
peak concentration versus area under the
concentration curve

I imagine that as we tal k nore today, we
will get at some of this, but I wonder if you would
like to conmment a little bit on strategies or ways
of thinking about inproving strategies of measuring
bilirubin, single versus nultiple values, frequency
of sanpling, and so on.

DR IP:. Dr. Mattison is referring to our
conclusion on a separate part of the evidence
report, which we did not discuss. Basically, it is
what happens to the majority of the kids who gets

hi gh bilirubin, but they don't have Kkernicterus.
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When we reviewed the studies, there were a
very limted nunber of studies that actually
address that question. |In fact, npbst of the other
studies, they all had kids who are preterm term
they are sick, they have conorbid factors. It is
very difficult to sort out if those factors are not
responsible, if they have any kind of detrinmental
i ncones, so our conclusion was using one single
bilirubinis really insufficient to predict what is
goi ng to happen to these kids seven, eight, 10, 12
years down the line.

The problemthat | see is, first of all,
way that the peak bilirubin is nmeasured, the way it
is even reported in the literature, it seenms to ne
alot of tines it is not necessary, the peak
bilirubin level. That is one problem | glanced
at sonme of the kernicterus case reports. They have
peak bilirubin done |ike 24 hours before sonething
happened, you don't know what happened 24 hours
later, it could be higher, it could be I ower.

The other thing is everybody tal ks about
there is a huge variability of bilirubin
measur enent s between | aboratories, so when you are
conparing studies across different nations, across

time, that it is not really a good predictor nodel.
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So, as you said, naybe we can use the tine
of exposure, how | ong have these kids been exposed
to under certain bilirubin and see what happens in
the long run, or maybe have to | ook at other
factors.

The ot her issues, we can discuss this at
I ength, is how we define kernicterus in the first
pl ace. The problemthat | see is the term nol ogy
is that we always say if you have neurol ogi ca
impairment with a history of hyperbilirubinem a,
that is how you have kernicterus, so what that
means you can't really say that it is the bilirubin
causing it because you define it that way, so it
gets invol ved

DR CHESNEY: Yes, Dr. Oh.

DR. OH | have a comment and a question
for Tom Newran. | woul d agree whol eheartedly that
a key outcone for any intervention in
hyperbi |l i rubi nemi a i s neurodevel opnent al out cone,
and yet as you pointed out, the kernicterus
incidence is so low, and we don't quite know the
new devel opnent al out cone of hyperbilirubinenia, so
it brings up he issue of the followup that you
have.

Ideal ly, compliance rate of 80 percent or
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greater is desirable in any followup study, with
60 percent, | was just wondering if you had a
chance to conpare the variables of the 40 percent
that you didn't followw th those that you
followed, particularly with reference to the
bilirubin | evel and the socioecononic status.

Can you comment on that?

DR. NEWMAN: It's an excellent question
The bi ggest concern we have, | nean, of course, we
woul d I'ike to have 100 percent in both groups, but
the potential for bias is that we have a higher
percent participating in the bilirubin group than
in the control group, and the concern is what if
the controls who choose to participate are those
who are a little bit nore worried about their
child, and therefore, they want this free
neur odevel opnent al assessnent.

We haven't | ooked at these data yet, but
the ways that we are addressing that is that all
the data | showed you are in what we call the ful
partici pants, but when people say no, then, we
still ask them well, will they at least fill out
the questionnaires for us.

One of the questionnaires | didn't show

data on is called the PEDS or the Parent Eval uation
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of Devel opnental Status, where we specifically ask
the parent, do you have any concerns about your
child, and there is 10 questions, you know, how
your child understands speech, how your child
speaks, how he uses his hands and fingers or arnmns
and legs, and so on

What we at least will be able to do is
besi des the soci oeconomic variables and race and
ot her variables, see whether we do see evidence of
i ncreased participation in the control group
according to whether the famly was worried, and
then, of course, we can stratify in those variabl es
and just conpare anong both the cases and the
controls.

We do know that nobst of these parents of
these five-year-olds think their kids are fine,
and nost of the kids are fine, so if we stratify
just on whether the parents said they had any
concerns, and we started the study before, so we
have whet her they had any concerns at age three,
age four and five, and so on, we can address that,
but we haven't |ooked at data conparing
participants to non-participants yet.

DR CHESNEY: Dr. Ebert.

DR EBERT: A lot of your information was
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directed towards specifically |ooking at
identifying individuals with high bilirubins, but
yet you al so nentioned earlier that because the
risk of kernicterus is so | ow, perhaps we should
| ook at nmore the risk or the need for therapy.

Is there a way that we can overlay the AAP
guidelines for treatment with some of these risks
to | ook at what would be the predictor for the need
for phototherapy or the need for exchange
transfusi on?

DR. NEWMAN: | am not positive
under stand your question. | nmean | think we can
| ook at predictors of bilirubin at a certain |evel,
and that | think has the advantage that since
phototherapy is, as you saw in the slide of the
different hospitals, varies a whole |ot from doctor
to doctor or hospital to hospital

I think we are better off trying to
predict bilirubin | evel above 15, 20, 25 than
trying to predict sonmething |ike exchange
transfusi on or phototherapy, but even then, these
are retrospective observational studies and we are
restricted by whether the doctor chose to do a
bilirubin or not, and if you have doctors who don't

believe jaundice is a problemand don't choose to
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measure bilirubin, all of our data from Kai ser on
sort of incidence of bilirubin at different |evels
are all mninml estimtes because when we get up
above 20, 25, we just assune that if it wasn't
measured, they didn't have it, so there may be
slightly higher estinmates.

I amnot positive if that answered your
quest i on.

DR EBERT: That really was what | was
getting at, but looking at the ultinate outcones
and the issues on inpact on health care and the
things that we need to do to treat patients
effectively, | guess the end result, the true
treatment is a |lower incidence than it is of
finding that el evated val ue.

DR. NEWWMAN: Yes, and again, | think if
you al l ow as an outcone, doing |ess phot ot herapy,
then, of course, another way to achi eve that
outcone is to change your guideline. One of the
problems with the surrogate outcone of bilirubin is
that given that the bad outcones are so rare, you
know, we could | ess phototherapy. W could say,
well, we are going to do 22 instead of 20.

That woul d have a big inpact on cost on

phot ot herapy. Actually, in one study |ooking at

file:////[Tiffanie/daily/06 11ANTIL.TXT (105 of 401) [6/26/2003 1:10:26 PM]

105



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

conparing hospital and hone phot ot herapy, and

| ooking at the cost, the biggest determ nant of
cost wasn't whether you did it in the hospital or
whet her you did it at hone, it was whether you
decided to do it at all, because there was so nuch
variability, and the variability results fromthe
rarity of the outconme and the | ack of data.

DR. CHESNEY: Dr. Gorman has a question
but if | could ask one first. Dr. Newran, do we
know anyt hi ng about autopsies of premature and
normal infants today in ternms of how rmuch bilirubin
staining there is?

DR. NEWVAN:. David may know this better
than | do. There was sort of a flurry of activity
in the '80s about autopsies in preterm babies, and
then | haven't seen nuch nore of that, that it went
away when they took away the benzyl al cohol, but |
do bigger, "weller"--nore well babies, so if any of
t he neonatol ogi sts here knows that--1 haven't
foll owed cl osely autopsies in preterm babies.

DR CHESNEY: Dr. Gornan, do you have a
question about "weller" babies?

DR. GORMAN: | was going to let the
neonat ol ogi sts with expertise try to answer that

question first.

file:////[Tiffanie/daily/06 11ANTIL.TXT (106 of 401) [6/26/2003 1:10:26 PM]

106



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

DR. STEVENSON. | am not aware of any
| arge, systematic review of autopsy data that would
address that directly, at least recently, and I am
not sure what your experience is, but anybody el se
who knows anything about it could coment, as well.

DR HUDAK: | think that is correct. |
think the literature shows that basically,
premat ure babi es who di e because they were very
sick had bilirubin staining of the basal ganglia at
relatively low levels, and | think that is sort of
uninterpretable information, and it certainly
doesn't address the broader issue, and it doesn't
say anything about whether prenature babies are
more at risk for kernicterus at |ower |evels
although it was certainly interpreted by
neonat ol ogi sts for many years that way, but there
i s nothing recent.

DR CHESNEY: Thank you

Dr. Corman.

DR. GORMAN: This question is to both Dr.
Newman and to whoever reviewed the 38 case reports
of kernicterus. | also had several formative
experiences. One was neasuring theophylline levels
in the thought that it might help people with

asthma for many years
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| have that sanme deja vu all over again
while | look at all this chasing of bilirubin
|l evels. | amgoing back to the question of
causality of bilirubin and kernicterus.

I will ask the question in a reverse way.
We have tal ked about the confounders and the
potentiators for bilirubin or in bilirubin and
kernicterus. |In that series, has there ever been a
wel |l child who has devel oped--a well infant--1 ask
this question at the risk of offending ny
neonat ol ogy col | eagues--a well infant, term at any
bilirubin I evel, who has devel oped kernicterus?

DR. NEWWAN:. | woul d say yes. Sone people
say, but if devel oped kernicterus, you nust not
have been well, so there is a little bit of
circularity there. There are children who, at the
time they were discharged fromtheir birth
hospitalization, |ooked perfectly fine, who are
readm tted with very high bilirubin | evels, who
have what | ooks |ike the kernicterus that babies in
the 1950s with Rh disease used to get.

To me, the causality is nmore convincing if
they started out well and come in synptomatic.
mean they cone in with a high-pitch cry, arching,

and opi st hot onos, naybe seizures, and there are
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sone of those kids who then, you know, they get an
exchange transfusion, and some of those acute
synptons seemto get better, and if they are |eft
then with the classic sequelae |like used to be seen
with Rh disease, to nme, that is pretty convincing.

It is much harder when they don't have
that acute picture or when they end up with
somet hing which is sort of a partial syndrone.

They have cerebral palsy, but it is spastic, and
not athetoid, and they don't have the hearing | oss,
so they have just the hearing | oss, but otherw se
they are fine.

The courts often end up settling these or
they lead to lawsuits, and it's people arguing
about is it kernicterus or not, because the child
has sonet hing which is abnormal, which in the
parent's mnd may be very much associated with the
jaundice and the treatnent for it, because
treatment for jaundice, especially when it involves
exchange transfusion, is a very salient and
frightening event, but what the child has, it
becomes unknowabl e.

The MRI findings of the increased T-2
signal and the gl obus pallidus would be very

suggestive, but | haven't seen enough studies that
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| ooked at ki ds who have athetoid CP, who never had
a high bilirubin, to see how often they have
simlar basal ganglia findings on M

DR. GORMAN. So, in your review of the
case reports, you think the answer is yes, well
babi es with high bilirubins and no ot her disease,
trying not to be circular, devel op kernicterus?

DR. NEWWMAN: Yes, apparently well babi es,
babi es who have nothing el se wong with themthat
we can identify, but it's rare.

DR. GORMAN: Wl |, always placing the nost
enphasis on the nost recent data, Pediatrics
arrived on ny doorstep yesterday and because of
this nmeeting today, | actually scanned the titles
and saw your article on bilirubin wthout
kernicterus in several babies.

I know everybody in California is above
average, your | Q scores are all above average
despite whether they were high bilirubin'd or not,
but I will leave that as it is.

I had a second question which | am now
bl ocki ng on conpletely, but it will cone back to
ne.

DR. NEWVAN. Just commenting on the babies

over 30, it was only 11, so the quick rule of 3, if
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you observe zero out of 11 or zero out of 10,
because one of themdid die of apparent SIDS, you
know, the upper limt of that could be a
kernicterus rate of 30, 40 percent in babies with
bilirubin | evel s over 30.

There is no question in nmy mnd that it
occurs, but probably somewhere in the range of 1
and 2 in 500, 000.

DR GORMAN. If you had to predict, and
this is the other question, which of the
potentiators or confounders are going to be nobst
difficult to sort out, which would you point to?
will use that to any of the group that presented.
Is it the hemolysis, is it the sepsis, is it the
gestational age, is it nedical intervention?

DR. NEWMAN. Ch, that's a tough one.
woul d say nmedical intervention is going to be very
hard to sort out, because babi es who have synptons,
you know, that is one of the indications, that is
one reason they would be nore likely to get an
exchange.

In review ng sone of these case reports,
mean that cone from nedical -1 egal consultation,
have seen ones where the child came in with a high

bilirubin and seened to be okay, and the exchange
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transfusion seenmed to make them worse, you know,
they either had a seizure during the exchange or
sonet hi ng happened, because it's kind of, you know,
it's a bigthing to do, so | think that would be--1I
was | ooki ng through the cases on the plane that |
have revi ewed, you know, there is several of them
that have this sort of iffy infection.

They have a little bit of a fever, but
peopl e say you can get fever from kernicterus.
They have staph epi or sonething in their blood
culture, mybe a little low platelet count, it is
just not stuff where you can tell, maybe there was
an infection. A lot of themhave some white cells
in their urine, but negative urine cultures, but
they got antibiotics, so | would say sorting out
i nfections, some have like a little CSF
pl eocytosis, you know, sorting out those things has
also | think been hard to say, was this just a well
baby or was this a baby who naybe had an infection
DR. CHESNEY: | think, as always,
infections are the nost inportant thing, but I
would like to take a break for 10 minutes if we
could, and we are going to have nore discussion
after the break. |It's about 10 of 11:00, if we

could cone back at 11 o'clock and then we will

file:////[Tiffanie/daily/06 11ANTIL.TXT (112 of 401) [6/26/2003 1:10:26 PM]



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

address Question 1, which really is general enough
that we can continue some of this question and
answer .

Thank you.

[ Break. ]

DR CHESNEY: For the next 10 to 15
m nutes, although there was an initial and very
general question, what we would like to do is two
things. One is to allow people to continue to ask
questions of the speakers, but al so please raise
any issues which you feel have not yet been
di scussed about this area, that have not been
rai sed by this norning' s speakers

Any questions, any issues that haven't yet
been raised? Dr. Danford

DR DANFORD: | have a question prinarily
addressed to Dr. Newran. It has to do with that
mul tiple logistic nodel for predicting people who
end up with total serumbilirubins greater than 25.

I was wondering about the nethodol ogy of
that because the performance of a risk index |ike
that is generally better when you assess that
performance in the cohort in which it was derived
than it would be if you took an independent sanple

afterwards and tried to apply it.
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I don't know, is the kind of encouraging
| ooki ng ROC curve for that index on the derivation

cohort, or is that an independent sanple?

DR. NEWWMAN. That's an excell ent question

In fact, it hasn't been published yet, but the
derivation sanple is babies born in '95 and ' 96,
and we validate it for "97 and '98, and it
performed just about as well. The area under the
ROC curve went fromO0.84 to 0.83, and 0.83 was the
one that | showed in ny table there.

That is higher than what Stanley showed
because that is using all of the data, and anytine
you categorize it, as he did, the ROC curve that he
showed from our study only I think had four points,
you know, nore than 15, you know, cutoffs at 10,
15, 20, and so on, but when you | ook at the whol e
data, you, of course, get additional credit for
information that is contai ned between val ues that
are in between there.

In fact, this would be true of the tota
serum bi lirubin measurements, as well, which is
that the area under the ROC curve for those, which
when Bhutani said was replicated, was about 0.84,
in the study by Stevenson, 0.4, 0.85. |If instead

of categorizing it, they actually |ooked at the

file:////[Tiffanie/daily/06 11ANTIL.TXT (114 of 401) [6/26/2003 1:10:26 PM]

114



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

actual value, that would probably go up a little
bit, as well

DR. DANFORD: Thanks.

DR CHESNEY: Dr. Stevenson

DR. STEVENSON: This is a question for Dr.
Ip or maybe Dr. Newran. | think Dr. Law and |
think Dr. Ip nentioned that they were not going to
be comrenting about henolysis although it has been
nmenti oned several tinmes, also infection is
associated with up-regul ation of the henpxygenase
gene with increased production of the pigment, and
oftenti mes henol ysis occurs in that context.
Empirically, jaundice is associated with infection.

But | wondered what the quality of the
data are with respect to the issue of risk for not
so much bilirubin level, but injury in association
wi t h hyperbilirubi nem a between henvol ysis, anything
on that at all, what is the state of the evidence.

DR IP. W didn't really review
specifically to address the henolysis, but from
what | gather, at |least our task was to review
healthy term preterm near-term babi es wi thout any
ki nd of diseases, and all the kids with Rh, we
excl uded that from our analysis.

On the other hand, there are quite a large
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number of kids with ABO. There is no way you can
excl ude them because they are part of a |lot of the
studies. As Dr. Stevenson knows well, the Coonbs
test is not the best predictor of henolysis, and a
lot of times we just have to | ook at the raw data
and say, well, sone authors assune that if nomis
O baby is A they nmust have an ABO probl em
regardl ess of what the Coonmbs shows, and sone
aut hors say no, you have to have the Coonbs, so it
is difficult to say what the end result shoul d be.

DR. NEWMAN: | agree. | think the data
here are in the formnostly of case reports. There
are sone studies where here is a series of babies
who had high bilirubin levels and what percent got
damaged, and clearly, those series of Rh babies in
the '50s and the series of G 6 PD deficient babies,
anot her group that seened to have a higher risk of
kernicterus in series at a |lower bilirubin |evel

The other things are case reports and sort
of informally | ooking at case reports when you say
here is a baby that |ooks |ike he or she m ght have
kernicterus, and the bilirubin level is only 28,
and then you say, yes, but the baby had a urinary
tract infection or sone other infection or

sonething el se that if you | ook at the kernicterus
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cases where it occurred, say, at bilirubin |evels
| ess than about 30 or 35, children with other
probl ens are overrepresented. | think that is
about the best | can do.

DR. CHESNEY: Dr. Luban

DR LUBAN: | think we can't underestimate
the nunmber of children that have G 6 PD deficiency
or have G 6 PD deficiency conmbined with sickle cel
di sease who are FS on screen, but eventually becone
children with sickle cell disease at a rate of 1
out of 400 African-Americans, and that is a group
that | know we are not concentrating on with this
data, but we shouldn't underestimate.

DR. CHESNEY: | have a question. Dr.
Newman, | will address it to you, but maybe other
peopl e know of. W keep tal king about henol ysis as
being a high risk factor. |s there anything about
the henol ytic process per se as in |liberation of
lipid red cell envel opes that enhances bl ood-brain
barrier access for the bilirubin, do we know
anyt hing about that, are there any ani mal nodel s
where |ipids have been given along with the
bi l'irubin?

I realize this is a far-out thing, but we

just sort of accept that henmplysis is nore likely
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to give it, and we assune it is because there is
more bilirubin, but | wonder if there isn't sone
ot her issue.

DR NEWWVAN: | don't know the answer to
that because those are sorts of studies | don't
have the expertise to evaluate very well, the ones,
you know, with animals, so | defer to any of the
ot her peopl e here who know t hose studies better.

I don't think it is clear why babies with
henol ysis are at higher risk, but part of it is,
you know, they were born in the 1950s. Mostly now,
I mean our data is comng fromthe 1950s. Many of
them | abor was induced, they were electively
delivered prematurely.

You know, there are so nmany things
different between Rh babies in the 1950s and babi es
now. We don't know what the risk of kernicterus is
wi th babies with severe arch di sease or henvol ysis
now when they get a very high bilirubin because we
don't let themget a very high bilirubin.

It has beconme very, very hard to study.

O her people may know the aninmal data, | don't.

DR. CHESNEY: Yes, Dr. Freeman

DR FREEMAN. | amjust revealing ny

i gnorance, but there is a recent paper out on
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bilirubin as a cytoprotective agent, picking up as
a scavenger nolecule. 1|s there any |evel of
bilirubin in the newborn which is good?

DR. CHESNEY: W were discussing that
during the break. It is sort of like fever. |
mean fever is actually a very good thing. Maybe
bilirubin is a desirable thing in those infants who
have | ower | evels.

Dr. Stevenson, you were going to answer
t hat .

DR. STEVENSON: There is considerable data
that denonstrates conclusively that bilirubin is a
natural ly occurring antioxidant. At |levels that
occur in circulation after birth within what would
be consi dered the physiol ogic range, although we
are still debating what that range night be, it
will confer that kind of protection

You can even thing about the tel eol ogy
behi nd havi ng a naked ape exposed to sunlight and
oxygen, having a naturally occurring antioxidant in
circulation tenporarily while your other
anti oxi dant systens up-regul ate after birth.

One of the commrents that | will make |ater
is that everything is dose dependent, and if there

is alevel at which bilirubin is safe and nmay be
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essential, there is also a level which bilirubinis
toxic, there is no question about that fromthe
animal work. Cearly, fromour experience
clinically, there are conditions in which bilirubin
is associated with injury, there is no doubt about
t hat .

DR. CHESNEY: Dr. Oh.

DR OH | clearly agree with Dr.
Stevenson on that. M own gut feeling is that a
little bit of bilirubin may be okay as an
anti oxi dant, but too nuch is bad I think. That is
my own feeling.

DR. FREEMAN. What is that range, Bill?

DR OH W don't know that. That is the
question that we need to know.

DR. CHESNEY: That is conparable to fever
- alittle bit is good, too much is not so good.

O her questions? Dr. dod.

DR GLODE: | had a question for Dr.
Newran. | realize that he was ki nd enough to just
share with us his prelimnary information, but it
was really a coment and a question

The comrent would go to potential bias in
the study. You already brought up the issue that

perhaps the control families would be nore likely
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1 to enroll although | think you could al so argue
2 that the families of the children with the high
3 bilirubin mght bias the study in favor of

4 enrol | nent because they were concerned about

5 neur ol ogi ¢ devel opnent.

6 But nmy question refers to the one area,
7 neurol ogi ¢ exam area, where it was statistically

8 significantly different in prelimnary analysis,

9 favoring the children with the high bilirubin.

10 I was just interested if you knew of those
11 86 children who had been enrolled at | east, could

12 just give us sone sense of the interventions that

13 were done. Do you know what percent had

14 phot ot her apy or exchange or anything el se?

15 DR NEWVMAN: | know that for not the 60
16 who have had exans, | showed data on, but for the

17 whol e group of about 140 who had bilirubin |evels

18 over 25. | think four of them got exchange

19 transfusions, and all but one got phot ot herapy.

20 The one that didn't get phototherapy, you know, was

21 like at 25.2, and they repeated it the next day and
22 it was | ower.
23 So, not very many exchange transfusions,

24 | ot of phototherapy. |In terns of the bias, you are

25 right that fanilies of jaundiced babies who are
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worried about what effects it might have had m ght
be nore likely to participate in the study.

I am focusing on the other bias because
that would bias us in the direction of finding that
j aundi ced babies did worse, and since our trend is
that they did a little bit better, the concern |
have is that the controls selectively enroll who
are nore worri ed.

DR CHESNEY: Thank you

We have two presentations over the next
hour. The first is by Dr. Ch, who is a
neonat ol ogi st and Chair of the Departnent of
Pedi atrics at Brown Medical School. He is also the
pedi atrician and Chi ef at Rhode |sland Hospital,
and the Sylvia K Hassenfeld Professor of
Pedi atrics at Brown.

He will be discussing the safety and
ef ficacy of phototherapy for treatnment of
hyperbilirubinemia in the termand near-term

i nf ant .

Phot ot her apy

DR. OH Thank you very nuch, Dr. Chesney.

My job is to review the intervention for

hyperbi |l i rubinemi a, which is actually the standard
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of care today, in the next 35, 40 minutes or so.

[Slide.]

What | will do is just briefly discuss the
hi storical event that led to the introduction of
the phototherapy for the treatment, spend sone tinme
on the mechanism in other words, how it works, and
sone data on the efficacy and acute side effects,
as well as some |ong-term outcorme.

[Slide.]

The first paper actually was published in
1958, in Lancet, by Crener and others, show ng that
when they exposed infant with jaundice to sunlight,
it has a reduction in serumbilirubin, and actually
that was based in laboratory, in vitro observation
that when they exposed the serumto light, the
bilirubin | evel actually goes down.

So, they used this in vitro experience to
performa clinical trial that shows that in vivo,
by sunlight, it also reduced the bilirubin, as
wel | .

[Slide.]

Subsequent to that report, there were
several clinical studies including sone that were
done here and sonme in South Anerica in the '60s,

whi ch confirmed the efficacy of phototherapy in
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| owering the serumbilirubin |evel, which then nade
phot ot herapy a standard of care up to today.

There is also sone trials showi ng that the
efficacy is sonewhat nore than the full termin
terns of the low birth weight infants, and the
reason for that is actually unclear.

[Slide.]

In terms of nechanism we know that it
wor ks on the basis that bilirubin absorbs photon
fromthe light at certain spectrum |ight spectrum
which is at 400 nanoneter in vitro. Follow ng the
absorption of this photon, it results in a series
of photochemi cal reaction with the formation of
three maj or products, and these are the isomeres
that are different physical properties that allow
for elinmnation of the bilirubin w thout going
through the conjugation systemin the liver.

[Slide.]

This is the spectrum of the absorption
spectrum for the bilirubin, which is somewhere
bet ween 400 and 500, the peak being around 450.

[Slide.]

But the in vivo absorption of spectrum
light for bilirubinis actually a little different

fromthe in vitro, because the in vivo setting, the
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125
bilirubin is bound to the albumin, and the al bunmin
has some fatty acid that m ght change the spectrum
of maxi mum absorption from 450 to sonewhere around
475, 480 nm

That expl ai ns some of the reason that the
different kinds of |ight has variable results when
the infants are exposed to this light.

[Slide.]

This is the series of photochenica
reactions that are known to occur when the
bilirubin is exposed to light. Wen the photon is
absorbed by the bilirubin, it nakes the bilirubin
sort of excited. It excites the bilirubin, that
then produce photo-oxidation. That is one of the
bypr oducts.

It also has a change in the structure in
anot her reaction that will formlumrubin, a
substance called lumirubin, and then there is also
a process called configurational isonerization, in
other words, the structure is not changed, but the
i sonere was forned because the configure was
changed, the bilirubin structure was changed,
form ng three different photoi soneres - 4E, 15Z,

47, 15E and 4E, 15E, and | will get back to that in

a mnute in terns of what those nunerical nunbers

file:////[Tiffanie/daily/06 11ANTIL.TXT (125 of 401) [6/26/2003 1:10:26 PM]



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

126
mean.

[Slide.]

One of the interesting observations is
that for 20 years or so, since Crener's report of
the efficacy of light, of phototherapy introducing
bilirubin, the assunption was that the mgjor
mechani sm was t hrough phot o- oxi dati on, and not
until the early '80s, when the other mechani sm was
di scovered or described, that people began to
realize that it is not the photo-oxidation product
that accounts for the major route in the
elimnation of the bilirubin, but it is rather the
other two formation of the isoneres.

[Slide.]

One of themis the change in configuration
that | tal ked about earlier. This is a nolecular
structure of bilirubin. On your left is the native
bilirubin. You will note that the carbon 4, the
two doubl e band bridging the two pyrroles on the
left and on the right.

Just | ook at the carbon 4 on your left,
which is a Z, and the carbon 15, also Z, on the
right. Wat happens is that the change in this
particul ar nodel occurs in the carbon 15, so that

the Z, the double band, is rotated 180 degrees,
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all owing for the hydrogen ion to be essentially
"exteriorized," quote, unquote, that change the
polarity to nmake this nolecule nore water sol uble
than the native bilirubin.

The water solubility or the |ess
i pophilic characteristic of this nolecule will
then allow for the particular product to be
excreted through the bile and al so through the
urine.

[Slide.]

Now, this is a situation where the change
is occurring in the structure itself, it is not the
configurational change. There is an actual change
in the structure. Again, on the left is the native
bilirubin. You notice the 4Z and 15Z bili rubin.

In this particular case, the left pyrrole ring, the
structure is changed, so that again, the hydrogen
ion is exteriorized and allows for the bilirubin to
become water soluble and be able to be elimnated
through the bile or through the kidney.

[Slide.]

The major issue here is that the native
bilirubin, the 4Z, 157 is hydrophobi c and
lipophilic, in other words, they are not water

sol ubl e, they cannot be elimnated through the bile
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or through the kidney in the urine because of the
physi cal property of the nolecul e.

The only way that the native bilirubin can
be excreted or elimnated is by conjugation in the
liver with the glucuronyl-transferase, the enzyme
responsi bl e for glucuronide of this particular
bi I'i rubin.

But when the bilirubin is exposed to
light, the isonmeres are formed, and they are |ess
|'i pophilic and | ess hydrophobic, in other words,
they are nore water soluble, and therefore, it
enhances elimnation through the bile and the
uri ne.

[Slide.]

The studi es have shown that in terns of
formation of this various product, the fornmation of
the 4z, 15E isomere, neaning the one that occurred
t hrough configurational isonerization, is greater
than the structure change, the lunirubin, and
those, in turn, are much greater in anount than the
phot o- oxi dati on products.

But the inportant thing is that in terns
of elimnation, the rate of excretion is far
greater for the lumrubin than the photo isonere

4z, 15E, and over the photo-oxidation product, so
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that the rate-limting process in terns of
elimnation is actually the lumirubin and therefore
it is very inportant to remenber that lumrubin is
the key isonmere in terms of the elimnation of the
bi lirubin when they are exposed to |ight.

One ot her inportant phenonenon that one
needs to keep in nind is that once the baby is
exposed to the light, the formation of the various
i soneres is al nost instantaneous and they mmintain
a level that maintain a fairly good steady-state in
the bl oodstream The rate-limting state, as
said, is the elimnation process, and that is what
takes tine.

That m ght explain some of the reason why
the so-called continuous versus internmttent
phot ot herapy has no difference in terns of the
ability to reduce bilirubin, because the
rate-limting step is not the anmount of | umrubin
being forned, but the way it is being elininated
t hrough the ki dney and through the bile.

[Slide.]

Thi s cartoon summari zes what happened to
the various products of the bilirubin. The ZZ that
you see here is the native bilirubin in the center

As you can see, they are transported to the liver
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by binding to the al bumin, and because of the
nature of this nolecule being lipophilic and

hydr ophobi ¢, they cannot be elimnated unless it is
conj ugat ed by gl ucuronyl -transferase.

On the other hand, when they are exposed
to light, it forns the either ZE by configurationa
change or lumrubin by a structural change that
again are bound to the albumn, and for the ZE, it
gets excreted through bile into the intestine,
where then it's a reversible process, as well.

Once it's in the dark, once it gets into
the intestine, it reverts back to the native
bilirubin, ZZ, and recycle it to the bl ood.

On the other hand, lumrubin, or LR again
is bound to the albumn, gets to the liver,
excreted through the bile into the intestine, and
part of it is also excreted through the kidney
through urine, so there are two ways that |umrubin
can be excreted fromthe body, either through the
bile into the intestine or through the kidney
through the urine. The photo-oxidation product is
primarily excreted through the kidney.

So, | think we have a fairly good
know edge to date in ternms of the nechani smof how

light works. It involves the formation of the
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i someres and the photo-oxidation product, but the
maj or route of excretion is through the formation
of the lumrubin, the structural change, and
excreted through the bile and through the kidney.

[Slide.]

Now, what are sone of the factors that
m ght affect the efficacy of phototherapy? It al
boils down to four major factors. One is the type
of light used, either blue or green or white.
Those are the three major |ight sources that are
used clinically today. The light intensity itself,
the surface area of the skin exposed to the |ight,
and then the distance of the light to the baby.

So, all of this boils down to the
irradi ance that the baby receives, and that
irradiance is dependent on the light intensity, the
type of light used, the surface area being exposed
to, and the distance fromthe Iight to the baby.
Today, in clinical practice, although we don't use
equi prent to measure irradi ance in nost cases, the
i deal setting will be to try and achi eve an
i rradi ance of approximately 15 to 20 microwatt per
square centimeter per nanoneter.

That is the setting where the naximum

degree of reduction of the bilirubin takes place.
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[Slide.]

Let me just wal k through a few types of
phot ot her apy devi ces available clinically today.
One is generic fluorescent tubes, which can cone in
three different kinds of light - daylight or white
light, which is the usual fluorescent |ight that
you see in the household, a blue light, and then
the green light.

Then, there is hal ogen | anps al so used,
fiberoptic system and | will go through this in
detail, and then nore recently, a galliumnitride
light-emtting di odes has al so been devel oped and
used clinically. Again, as | said, | will go
t hrough each one of these in detail.

[Slide.]

Now, in terms of the fluorescent I|ight,
this is a conparison study done by KL Tan in
Si ngapore, published in 1989, conparing the percent
reduction in serum bilirubin when the infant was
exposed to either special blue or green light or
dayl i ght.

What he found is that the special blue is
more effective in reducing the serumbilirubin by
about 33 percent conpared to green and dayli ght,

whi ch is about 20 percent reduction over a period
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of time, or the duration of exposure are all
const ant .

Now, what he concluded was that it is
preferable to use either daylight, because it
provi des enhancenent of clinical observation and
adequate efficacy, or blue |ight because it has a
better efficacy, but the green light is not
recomrended by hi m because it provides neither.

[Slide.]

| have to nake a note here in terns of
what the blue and the green light ends up wi th when
you do a clinical care in this baby. The blue
Iight makes the baby cyanotic and the green |ight
makes the baby sort of, you know, sonewhere between
cyanotic and bei ng under-perfused, so it is very
difficult for the nursing staff and the physician
to eval uate these babi es when they are under bl ue
or green light.

So, today, in nopbst settings, the white
light is the most conmonly used because it produces
efficacy very simlar to the green |ight although
| ess effective than the blue light, but it has the
advantage of a better clinical assessnent conpared
with the other two |ights.

[Slide.]
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The hal ogen light, also called a
spotlight, is advantageous in the sense that it is
nore conpact, but the problemis that you cannot
bring it too close to the baby. It has sone
significant anmount of heat emtted that could
sonetinmes burn the infant if you get it too close.

[Slide.]

The fiberoptic system also called Wall aby
light, is essentially a blanket wapping around
the baby, also called a Biliblanket. It has sone
advantages in that you don't have to use eye
pat ches since the eyes are not exposed to the
light. It is nore portable, it is nbre convenient
for mother and baby in case the nomwants to
breast-feed the infant, it becones nore
advant ageous in the sense that you could sinmply
have the bl anket w apped around the baby, and the
nom can continue to breast-feed the infant while
under phot ot her apy.

It is also used quite often in the home
phot ot herapy setting. The disadvantage is that it
has much | ower spectral power.

[Slide.]

In fact, the study by Dr. Gale and Holtrop

conparing the fiberoptic versus conventional, in
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this case they used hal ogen | anp as a conventiona
therapy, showing that there is less decline in
bilirubin. The yellows are fiberoptic and the
bl ack bar are the conventional. You will see the
decline in serumbilirubin is nuch greater
particularly in the Holtrop study, which has a
p-val ue of 0.05, in the conventional therapy versus
fiberoptic system

So, one of the disadvantages of the
Wal | aby is that because of the | ower spectra
power, it has less efficacy in terms of reducing
the serumbilirubin |evel

[Slide.]

The nost recently devel oped systemis
called light emtting di odes, which enploys a
narrow band of |ight spectrum and the commercia
company in this particular setting used the
bl ue-green conbination. It is power efficient is
one of the advantages, and al so has a | ow heat
em ssion, but the one disadvantage is the fact that
it is avery eye-irritating system |In fact, we
just brought two of theminto the nursery recently,
and | have already got nurses at ny office door
sayi ng take those away because it is very

irritating for themto watch the baby under this
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LED phot ot herapy 1ight.

[Slide.]

This is the Iight spectrumof LED, and as
| said, the conpany that devel oped this particul ar
devi ce used the blue-green spectral system

[Slide.]

Again, in terns of efficacy, this is the
study by Sei dman, published in Journal of
Pedi atrics a couple of years ago, conparing the
efficacy of LED versus hal ogen | anp, and you will
see that the yellow bars are the bilirubin | evel of
entry, the black bar is bilirubin level during the
therapy, and you will see that there is no
difference in the decline of bilirubin between the
two nmet hods of treating the baby.

[Slide.]

Now, let me just say a few words about the
di fferent nodes of phototherapy.

[Slide.]

One is the continuous versus intermttent
phot ot herapy. The reason why this was studied is
the attenpt to denonstrate that there is no
difference in the ability to reduce the bilirubin
| evel and allowi ng for the caretaker or the nothers

to breast-feed the infant on an off-phot ot herapy
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setting.

So, this is a study by Cal dera where they
conpared the percent reduction in serumbilirubin
of those that were treated with continuous
phot ot herapy versus those that were intermttently
treated, two hours on, two hours off strategy, and
showed no difference in the ability of these two
modes of therapy to reduce the serum bilirubin
| evel

As | said earlier, knowi ng the kinetics of
how the bilirubin is excreted or elimnated, the
fact that the I evel of the various isonere goes up
i nstant aneously and naintains a steady state, and
that the rate-limting step is the elimnation
phase, it is not a surprising finding that there is
no difference between conti nuous versus
intermttent therapy.

[Slide.]

This is another study by Rubaltelli and
Lau showi ng that although the nunbers were small
there is no difference again in terns of the
continuous versus intermttent therapy. This is
the basis for our clinical practice of allow ng
not hers to feed infants on phot ot herapy because the

infant can be taken out of the crib or the isolette
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and be fed a certain period of time, then go back
to phot ot herapy setting.

[Slide.]

The ot her node of therapy that | woul d
like to just touch on briefly is the difference
bet ween singl e versus doubl e phototherapy. This is
three studies that are put together in one graph
showi ng that the yell ow bars are single
phot ot her apy, and t he doubl e phototherapy in bl ack
bars. You will see that in all three studies,
there is a significant difference in the decline in
serum bi li rubin between single versus double
phot ot her apy.

Again, it is not surprising to see this in
terns of a nore effectiveness in terns of double
phot ot her apy because you increase the |ight
exposure of this baby. This is actually the basis
for the AAP guideline calling for so-called
i ntensi ve phototherapy. Essentially, it is
recomrendi ng that if you have a level in the high
range, that the intensive phototherapy using either
doubl e or sonme unit even used triple phototherapy,
because of the greater efficacy in the double bank
or triple bank phototherapy setting.

[Slide.]
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| just have one slide on the hone
phot ot herapy. | noticed someone is going to speak
about this issue. For several years, the committee
of the AAP was very vague about whet her hone
phot ot herapy is desirable or should be recomended
or not until the nobst recent guideline, which was
just published a few nonths ago.

This is the statenent set in that
guideline that | essentially put together here. It
says that home phototherapy is an acceptable
alternative, but the institution for the home
phot ot her apy conpany should set up criteria for
eligible infant that will be treated with this node
of phot ot herapy, and that there should be an
appropriate followup of bilirubin |evels.

This is one issue that | think is
inmportant, and that is to make sure the serum
bilirubin level is done in the sane institution, in
the sane | aboratory to maintain a good consi stency,
and that if the bilirubin | evel does not decline
appropriately, then, it should be adnmitted for nore
i ntensi ve therapy.

So, the AAP has decided to endorse this
particul ar node of therapy, but has sone suggestion

in terms of the guideline of how this particular

file:////[Tiffanie/daily/06 11ANTIL.TXT (139 of 401) [6/26/2003 1:10:26 PM]



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

nmode of therapy be, not regul ated, but supervised
by a person within the region

[Slide.]

Now, there are a number of side effects
known of phototherapy. Many years ago | actually
did a study using fairly crude nethodol ogy to
docunent that the insensible water |oss is about 50
percent higher in the infants who receive
phototherapy. It is probably related to the heat
emtted by the phototherapy and the increased
respiratory rate, which is also a finding that we
docunented in order to maintain heat balance. In
fact, if heat balance is not maintained
appropriately, the infant may devel op fever or
el evation of body tenperature.

There is al so some docunentation that
these infants may have | oose or watery stool, and
that the mechanismis not clear, but this has been
confirmed by a coupl e other anecdotal studies
showi ng that there is a change in the
gastrointestinal tract in terms of a nore frequent
and | oose, watery stool when the infant is under
phot ot her apy.

I shoul d point out that although

insensi ble water loss is an issue, and it has been
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confirnmed by two subsequent studies, Paul Wi and Ed
Bel | have confirmed this observation, that it is
probably nore relevant in the |ow birth wei ght

i nfant because the insensible water loss is so

hi gh, the insensible water loss is indirectly
proportional to gestational age, so that an infant
who is in the 26-, 28-week range, the insensible
water | oss can be three tines higher than the
full-terminfant, so the change in the 50 percent
woul d need to be acconmodated in the fluid bal ance,
otherw se, the infant nay get dehydration

But in the terminfant, the subject that
we are tal king about today, the insensible water
loss is much lower, it's in the range of 20
m / kg/ day, so if 50 percent increase is 10 cc, all
you need to do is nmake sure that the infant has
enough fluid intake to maintain water bal ance, so
it is not a huge issue in the terminfant fromthis
particul ar standpoint.

[Slide.]

Now, there is al so some concern about
toxic effect on the optic nerve. This was
demonstrated in ani mal study, but human study
actually has not confirmed this. There was one

control trial showing very el aborate visua
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assessnent, infants who had recei ved phot ot herapy
versus those who did not, and show ng no difference
in terms of the visual performance, but since eye
patch is such a benign, non-invasive procedure, our
current practice is still to use eye patch for
babi es under phot ot her apy.

[Slide.]

Just a few words about |ow birth wei ght
infants. Although this is not the subject of our
di scussion for this particular comrittee, | just
wanted to point out the effect of phototherapy on
low birth weigh infants is probably nore, to ne, is
nmore worrisome than the full termand near-term
i nfant.

The NI CHD study done in the early '80s
suggest that there is a higher nortality anong the
infants who are enrolled in the phototherapy group,
and there is al so sonme suggestion that phototherapy
may have sone influence on the patent ductus
arteriosus, a comon problemin the low birth
wei ght infant, not in the full terminfant, and
that there is some concern about association with
i ncreased incidence of blindness due to retinopathy
of prematurity.

Again, these are all related to low birth
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wei ght infants, but |let ne show you a coupl e of
slides on the second and third bullets here.

[Slide.]

This is a study by Warren Rosenfel d
showi ng that the infants--these are low birth
wei ght infants who were subjected to
phot ot her apy--the incident patent ductus arteriosus
is |lower when they shielded the chest with al um num
foil, essentially, that is what they did, conpared
to those that were not shiel ded

They didn't quite explain why, the
i ncreased incidence of patent ductus arteriosus was
not as clear as it should be. Al so, the other
problem of this particular study is that this is
not a blinded study, obviously, because they had to
put the aluminumfoil on the baby's chest. Al so,
the assessnment of the PDA was not done by echo in
those days, it was done primarily by clinica
assessnent, and that may have sone bias involved in
terns of docunenting the incidence of PDA

Thi s had never been confirned one way or
the other, so this remains a question. To ne, it
is not as serious as it seenms to be. Also, we now
have a very good way of treating these infants

using the indomethacin in terms of PDAs. It is not
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a concern in terns of norbidity.

[Slide.]

There is al so some concern about the
ef fect of phototherapy on blindness due to ROP
retinopathy of prematurity, and this is the data
from Yeo, published in Pediatrics about three years
ago, showing that the OR, the odd ratio for greater
i nci dence of blindness due to ROP is 4.48 with a
p-val ue of 0.03 when the peak serumbilirubin | eve
is less than 160 micronole/liter, and that the sane
thing is true for the duration of phototherapy.

So, what they are saying here is that if
you are aggressively treating these infants, these
are very low birth weight infants, with a | onger
duration of phototherapy and bring the bilirubin
down to a |l ower |level, you have a higher incidence
of blindness due to ROP

[Slide.]

The problemwith this data is that it is a
retrospective analysis, this is a small sanmple
size, relatively small sanple size, and that the
eye examwas not done uniformy. Again, the
results have not been confirned. So, this is some
lingering concern that people have in the low birth

wei ght infants fromthe standpoi nt of phototherapy
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itself.

[Slide.]

Briefly, it is very difficult to assess
the effect of phototherapy per se on
neur odevel opnent al out come because you al ways have
the co-norbidity of bilirubin. You use
phot ot herapy only for bilirubin, so there is no way
you coul d compare the phototherapy in itself in
terns of outcome because by virtue of the use of
this intervention, you use it when the bilirubinis
hi gh, so you need to be able to separate out the
effect of bilirubin versus the effect of
phot ot herapy itself.

Let me just show you a study that Dr.
Scheidt did in 1990 using the cohort fromthe 1980s
NICHD trial where they enrolled a group of infants
into the group that received phototherapy when a
certain level of bilirubin is reached and those
that were not treated w th phot ot herapy.

[Slide.]

What they found is that at one year, the
MDI and PDI scores were simlar between the two
groups. These are all full terminfants.

[Slide.]

Then, when they assessed the six-year-old
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out cone, they conbined both pre- and full-term
infants, again, it shows no difference in terns of
the verbal performance between the two groups at
six years of age

[Slide.]

Again, in the low birth weight infants
under 2 kilograns, they did a separate analysis,
and agai n showi ng no difference between
phot ot herapy and the control group in both one- and
six-years of age in terns of neurol ogica
finding--they were using cerebral palsy as the
endpoi nt--and in devel opnental perfornmance.

Now, as | said, it is not clear whether
this is truly a negative outcome fromthe
st andpoi nt of phototherapy itself because you have
so many confoundi ng variables particularly with
respect to the low birth weight infants. Many of
these infants are sick, they have a certain
bilirubin |abel, and we don't know what the
bilirubin I evel dictates, | nean dictate the
neur odevel opnent outcone, in a nmuch | arger study,
it is very difficult to assess the photot herapy
itself with reference to the popul ation that
receive this treatment because of

hyperbi | i rubi nem a.
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[Slide.]

So, ny summary is as follows.
Phot ot herapy, there is no question it is an
effective treatment for jaundice. There is so many
data over the |ast 40, 45 years, showing that it is
an effective intervention and that the mechanismis
wel | defined. There is no question about how it
wor ks.

There are sone acute effects that are
known, and if you are tal king about full term
infants, it is a manageable problem in other
words, the increased insensible water |oss, the
watery stool, and the increased respiratory rate,
those are minor, to me, a mnor effect that could
be managed wi thout significant concern

At least in terminfants, at least in that
one study, there is no real significant adverse
outcone in terminfants. | went through the
Medline and | couldn't find any | ong-term
followup. It is amazing, in a therapy that has
been on-board now for al nost 45 years or 50 years,
and yet | didn't see any clear-cut outcone study
comparing directly phototherapy versus no
phot ot her apy.

But | need to point out, in the |ast
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bullet, that there are sonme |ingering concerns
about |low birth weight infants because | think, not
only that there are sone concerns about a PDA, the
bl i ndness, and the one set of data which | did not
present today because it really pertained nore to
the low birth weight infant is the data | just put
together, will be published in Pediatrics sonetine
in the next few nmonths, docunenting the association
between relatively low levels of bilirubinin
extrenely low birth weight infants--1 amtal king
about infants bel ow 1,000 grans--between serum
bilirubin, much lower |level than we are talking
about with a two-year-old neurodevel opnent al
out cone.

There is significant association. The
hi gher the bilirubin is, there is alnobst a |inear
rel ati onshi p between serum bilirubin and the numnber
of infants with neurodevel opnental inpairnent
i ncluding hearing loss. So, there is sone concern
about low birth weight infants, but probably not in
the full terminfant. That is ny conclusion

Thank you very nuch.

DR. CHESNEY: Thank you, Dr. Oh.

We do have a few m nutes if anybody has

questions for Dr. Oh before we have our | ast
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present ati on.

Dr. Freeman.

DR FREEMAN:. Bill, when you neasure
bilirubin, do you also include the neasurenent of
biliverdin? | nean are they separable by the
standard techni ques that we tal ked about earlier?

DR OH No, | think it is bilirubin that
we are neasuring although, yes, biliverdin is not
measured, it is bilirubin primarily.

DR FREEMAN. Ckay, but biliverdin doesn't
show up in those--

DR STEVENSON: No, it doesn't.

DR. FREEMAN:. The second question is do we
know anyt hi ng about the neurotoxicity of
bi liverdin?

DR OH | don't think we know. Do you?

DR. FREEMAN:  No

DR OH | don't think we know. |[|f you
don't neasure it, we wouldn't know what the effect
t hat nol ecul e woul d be.

DR CHESNEY: Dr. Newran, you had a
question?

DR. NEWMAN: You didn't present any data
on this, but fromnmy own experience, | am probably

one of the few general pediatricians here. To kind
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of paint a picture of what phototherapy is |iKke,
some of the problenms with it that you didn't
mention are that a |l ot of the babies just don't
like it because they are unw apped, they have to be
unwr apped and many babies are nuch nore calmif
they are wapped up, often this involves, you know,
the baby is in an isolette or away fromthe nom

and unw apped, which they don't like, so they start
crying, but you can't pick themup and confort them
because they are under phot ot herapy.

Then, the mothers start crying, and, you
know, the nothers, they are three or four or five
days post partum it doesn't take very nmuch to nake
themcry, and it is a very--1 think hospita
phot ot her apy, that aspect of it, which is that it
is upsetting, | would just add that to what you
ment i oned about physiol ogic effects.

DR OH California may be different, but
| don't see that often in ny nursery.

DR. CHESNEY: It is clearly a California
phenonenon.

Dr. Stevenson.

DR. STEVENSON: Well, being from
California where it is always sunny, we don't have

to worry about jaundice that nuch. One of the
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coments | wanted to make in response to what Bil
said is that light, it is a drug in the way that it
is being used for this purpose, and yet it has not
been really handled in the way that we handl e

eval uations for particular drug applications.

In other words, there are dose ranges
recomended, but no one is really nonitoring, as
Bill nentioned, the doses that are being appli ed,
so given all the different |ight sources and all
the different ways in which they can be applied in
the nurseries, the range of doses is considerable,
and it is hard to know what, in fact, is happening
in those environnents related to this particul ar
medi ci ne, and rmuch nore can be done in that regard.

I know that is not the topic of this
group's concern right now either, but the other
thing I would Iike to mention fromwork that we
have done, we have published it in the abstract
form but not published the paper yet, is that
clearly, with the cool white lights, in
applications in the range that we woul d expose
human neonates to, you can see photo-oxidation in
transl ucent small ani mals.

The expectation is that in translucent

human beings |ike these small infants that Bill was
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tal ki ng about, they al so would probably be
accessible to that light, and there could be, in
fact, photo-oxidation going on in those infants

i ndependent of the predoni nant pat hways that have
been described biochemcally, that is, the
generation of lumrubin in that nechani sm

So, | think there is considerable concern
about the use of light as a medicine particularly
inthe smaller infants, and it probably has sone
i npact on the larger infants which is just not
measurabl e with current technol ogy.

To give you a hint about the patent
ductus, again, this would be a hypothesis, but we
know fromthe work that we have done that one of
the potential alternative sources of CO carbon
nmonoxi de, is, in fact, photo-oxidation. That has
been confirmed in the absence of hene.

So, if you apply light to small
transl ucent aninmals, you can generate carbon
monoxi de, not only at the surface |evel of skin,
but probably in tissues, in sufficient anounts that
you could actually influence the vascul ar behavi or
of a vascular tissue. CO works through the sane

pat hways.

So, that is a hypothesis, but it shows you
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that light, in fact, does have an inpact and
probably needs to be considered is not entirely
understood with respect to all of its effects in
certain categories of infants.

DR. CHESNEY: Very interesting. Any other
questions?

Al right. W wll nove on to our |ast
speaker before lunch. Connie Schomann is a nurse
supervisor with the Medstar Visiting Nurses
Associ ation, and she is going to denonstrate for us
how phot ot herapy is administered in the hone, and
she will review how hone visiting nurses instruct
parents in the proper use of this therapy.

Qut pat i ent Phot ot her apy

MB. SCHOVANN: Good nmobrning. My nane is
Connie. | ama registered nurse with Medstar and
have been doi ng pediatric hone care for seven years
now. A large part of our pediatric popul ation
consi sts of babies that are being foll owed for
hyperbi li .

Cccasionally, we get babies that are
di scharged fromthe hospital with phototherapy.
Maybe they have had photot herapy for a coupl e days
and they are sent home with a blanket to continue

their therapy at hone, but the greatest portion of
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them are babi es that were discharged fromthe
hospital between 24 and 48 hours of age w thout any
evi dence of significant jaundice and the jaundice
is picked up after they were hone.

It mght have been an initial pediatric
visit, maybe if they had risk factors and the
doctor wanted to see themin a day or two, and then
they woul d pick up the jaundice, or maybe when the
visiting nurse would go for an early maternity
di scharge visit, | knowin Maryland, a |ot of
insurers provide for a hone health visit froma
nurse their first day or two at home, and we pretty
often pick up jaundice at that tine.

The inportant thing here | think is that
nost parents do not recognize jaundice in their
i nfant unl ess they have experienced it before. |
had had parents tell ne, oh, gee, | just thought he
had a little suntan goi ng, thought he had good
col or.

| have wal ked into some honmes and could
tell fromacross the roomthat the baby was
jaundi ced and started thinking about where is the
cl osest STAT lab, and the parents didn't have a
clue. So, you can't always depend on their

assessnent of the baby's skin color because they
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just don't have the experience with that.

So, typically, what happens once the baby
gets a blood level drawn for serumbilirubin, it
m ght have been at the doctor's office or in a
morning visit, hopefully, in the norning. It takes
several hours before the report conmes back fromthe
| ab, and a decision nmght be nade that the baby
needs phot ot herapy at horne.

Then, you have to contact the DME conpany,
sonetines several of them to find an available
bl anket, and you al so have to talk to the insurance
conpany and get authorization for the hone
phot ot herapy, so it can be day | ong process just
getting this started.

It usually ends up with a phot ot herapy
bl anket being delivered to the honme 9:00, 10
o' clock at night, so the parents are generally
exhaust ed anyway.

Most conpani es--this bl anket here cane
from Medstar Medi cal Services--npst compani es
manage their Vallaby equi prent or phot ot her apy
equi prent along with their oxygen supplies and
equi prent, so that the delivery to the home is
actually nade by a respiratory therapist, who wll

give the parents some instruction on how to set up
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t he bl anket and then | eave themon their own for

overnight until the visiting nurse arrives in the

nor ni ng.

| have Baby Billy here. | had alittle
girl who very willingly let me borrow her baby for
denonstrati on purposes. He is kind of small, he is

not very jaundiced, but he is a very willing
partici pant, and he doesn't conplain too nuch, so
wi Il show you how it gets set up and what sone of
the limtations are.

There are sonme linitations and probl ens
wi th phototherapy in the home, but generally,
parents are very happy to |l earn that they can have
this treatment at home and not have to go back into
the hospital. That is not what they want to do and
especially when they realize that readnmi ssion to
the hospital neans the pediatric unit, and not that
nice, big famly centered care roomwth the TV and
the VCR and the separate sl eeping accommpdati ons,
but it mght be a roomfor two with a | ounger for
momto sleep in or sonething like that. So, they
are very willing to do whatever it takes to be able
to stay at hone with their baby.

When they get the bl anket delivered, this

is what it looks like. This is called a bl anket.
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It is not very soft, it is alittle pliable, but
this is your fiberoptic pad and it's a light, a
light source if it works, the |light cones right
fromthis pad.

It needs to be applied with the correct
side to the baby. It needs to be applied to the
baby's skin, not on top of their clothing. It is
wr apped around the baby's mddle, so that as nuch
of the baby's abdonen is in contact with the light.

They send these pieces of tape that are
absolutely worthless to tape it together, so
usually tell parents to use nasking tape,
el ectrical type, or duct tape. Everybody has duct
tape these days, right? It works very well to help
hold these in place. They tape it around the baby
with just enough space that the fingers can go in,
so that it is not too tight and constricting.

The baby needs to be dressed over top of
that. Normally, you wouldn't turn the light on
until they were dressed, which neans that a T-shirt
can over top or they can be wapped in their
bl anket .

The fiberoptic pad itself does not produce
heat, it is cool, so that parents need to be

instructed that they still need to dress their
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babi es or they are going to get cold if they don't
dress them appropriately.

Once they are wapped, then, you have your
baby receiving phototherapy. It |ooks pretty easy,
right? But this baby is tethered to this machine,
it is not very portable. The directions will tell
you it needs to stay on a firm flat surface, so
you have got this much roomto nove

It can be awkward, if the nomis |earning
how to breast-feed, she is not very good at it, and
then all of a sudden she has got all this to dea
with, too. It nmakes it a little bit nore
difficult.

Basically, they are just tethered to one
spot for a few days. | usually instruct parents to
expect three to five days of phototherapy in the
honme. It does take a little bit |onger than when
they are in a hospital under lights. That way, if
it's less than five days, they are happy.

Basically, that's it. Then, when the
nurse arrives the next norning, her visits consists
of head to toe assessnent, she wei ghs the baby, and
the bi ggest part about assessnent has to do with
feeding issues. As Dr. Ch tal ked about, a | ot of

t hese babies are breast-fed, and when the nurse
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gets in there and assesses the baby, may find out
that the baby has lost a | ot of weight, maybe 10
percent or nore.

If the baby's urine output is not very
good, maybe the baby hasn't had any stool s since
they have been hone or |ast stool was stil
meconi um then, feeding issues have to be
addressed. So, a lot of tines the pediatrician
will order supplenmentation with fornmula or even
wi t hhol di ng breast-feeding for 24 hours and using
fornul a i nst ead.

It sounds really easy, but when you have a
mom who has been prepping herself for
breast-feedi ng her baby for the |last six nonths,
and you tell her to stop, that can be pretty
upsetting. It also can be difficult for themto
manage because they are usually not prepared for
f or mul a.

Lactation consultants, they do a great job
in the hospital preparing their patients, but one
of the inplenentations that they have nade in
recent years is they have stopped giving fornula
sampl es to breast-feeding nothers because they fee
that it encourages themor sets themup for

failure, "Here, you are going to need this when you
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can't breast-feed."

So, they no longer send this hone with
them so that means that sonebody has got to go out
and get fornula for the baby, they have got to get
bottles for the baby. They have got to figure out
how to make the fornul a.

Then, on top of all that, the nother has
got to get a breast punp and hook herself up to
anot her machi ne for 24 hours, every two to three
hours, to maintain her mlk supply So, the
visiting nurse plays a very large role in hel ping
the parents with that process, to get through that,
so they can maintain good |actation and neet their
goals with the baby, and continue to care for their
baby at hone.

General ly, they are very successful
Cccasionally, a baby will turn around and have to
be admtted because the bilirubin is just not
respondi ng. Usually, it's because of ABO or sone
other factor, but for the nost part, we have very
successful outconmes with this, but a major part of
that success, it's not just the nachine.

I think, if I can put in a plug for
visiting nurses, the support and teachi ng and

education that the nurses provide are really a
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maj or factor in the success of this treatnent.

Thank you very much for having mne.

DR CHESNEY: Thank you

M5. SCHOVANN:  Any questions?

DR. CHESNEY: Dr. Fost.

DR FOST: | amtrying to get a ballpark
i dea of the total annual cost of hone and hospita
phot ot herapy. Can anyone tell nme what a typica
charge for hospital/hone phototherapy is, and the
appr oxi mat e nunber of babies a year that get
phot ot her apy.

MB. SCHOVANN: | can tell you that this
machi ne, the rental costs about $100 a day. The
visiting nurse, the initial visit for my company is
$150 for the initial visit and then $115 for
revisits. They usually do visit on a daily basis.
And then the lab costs. The nurses usually draw a
| ab each tinme and transport it. There is usually
STAT fees at the outpatient |ab, usually run around
35 to $40 for a total bilirubin.

DR FOST: Does anyone have an estinmate of
the total nunber of babies a year?

DR. NEWMAN: For hospital phototherapy, it
is a few percent, it varies a lot fromplace to

pl ace, but | don't know for hone phot ot her apy.
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DR. FOST: So, like 3 percent of 4
mllion, so 120,000 a year roughly.

DR. NEWVAN. Yes. It mght be higher than
that. It is 2 percent at Kaiser, but they do
think quite a bit |ess phototherapy maybe than sone
ot her pl aces.

DR FOST: And the charge for a hospital's
phot ot her apy?

DR. NEWVAN. Figure a few thousand dollars
a day, a couple of thousand dollars a day probably.
But at |east when we do a hospital phototherapy, it
is short, it is about a day. W use three lights,
we figure just get it over with quick, so it is
typically about a day. It is much shorter in the
hospital, it is not three to five days. It is
usually a day or two in the hospital

DR. FOST: Thank you

DR CHESNEY: Dr. Nel son

DR NELSON: | guess this is for Dr. Oh.

Have there been any studies on the
intermttent versus continuous issue using the hone
bl anket phot ot her apy?

DR. OH | was going to conment that | am
not aware of --the studies that have been done were

all using the fluorescent |lanp, the white | anp--1I
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am not aware of any conparative study between the
Biliblanket with intermttent versus continuous
exposur e.

It is probably not an issue because as she
demonstrated, the nom can breast-feed the baby, so
there is no need to discontinue the phototherapy.

DR. NELSON. Well, there nay not be a
need, but fromthe inconveni ence | suspect that

intermttent therapy is probably the norm

DR. OH | suspect if sonmebody does a
comparative study, it will probably show the sane
result as the others, | nean the principle is the

sane. The mechani sm of excretion and the
elimnation is very sinlar.

DR CHESNEY: Dr. Stevenson and then Dr.
Ebert.

DR. STEVENSON: The mechanismis the sane,
but I think one of the points that Bill rmade woul d
make you suspect that the differences would hardly
be noticeable, the reason being is the dose that
you are receiving is quite limted, so it is not a
very potent way to treat hyperbilirubinen a.

So, nost of us who believe that
phototherapy is required as an intervention woul d

be nore inclined to use it intensively in the
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rating flux range where you are going to have
demonstrated efficacy.

The difficulty here is not so nmuch that
fiberoptic blankets can't generate an intense
light, it's the surface area of application, which
you could see is quite limted, and if you think
about the total surface area, you are only dealing
with part of it, so you are going to have a very
limted i npact on the person

Al so, you say, well, why not get a |onger
and nore convenient tether, but then you are
farther fromyour |ight source and once again you
are going to lose your power, so thereis a limt
to how long that tether can be, and there is also a
limt with respect to surface area as to how you
can actually apply it.

So, there is going to be not much
advantage or difference between either having it on
or having it off, and that |eads sone people to say
i f you need phot ot herapy, use photot herapy and not
hone phot ot her apy.

I amnot being critical of these options.
These are only the only technical options right now
availabl e in a uniformway.

DR CHESNEY: Dr. Onh, could you clarify
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for the uninitiated, when you tal k about doubl e and
triple therapy, is that two and three banks of
lights or two or three colors?

DR. OH Double is typically what you do
is you have an overhead and then you put two side,
you know, sort of exposing the baby to three. |Is
that what you do in California?

DR. NEWWMAN: We just use the hal ogen
spotlight. It makes a circle of light on the baby,
and the nore of themyou have, the nore of the
baby's surface area you can get covered by one of
those circles fromthe spotlight.

DR. OH There are nmany ways you coul d do
it, but we use overhead and two sides, and
soneti mes one over one side and one spotlight, so
any conbi nati on woul d work fi ne.

DR CHESNEY: | read sonmewhere about
havi ng the baby lie on this kind of bed and the do
it over. Would that be called double?

DR. NEWWAN: We typically will have a
bl anket underneath the baby and two spotlights up
above.

DR. CHESNEY: Triple?

DR. NEWMAN. We call that triple, yes

DR OH The problemw th the bl anket and
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then the light is that you already covered the
surface, so the light on the top is not going to
work.  You know what | mean?

DR. NEWWVAN: We have the blanket. The
baby is lying flat on top of the bl anket.

DR CHESNEY: Dr. Stevenson

DR. STEVENSON: One quick comrent. You
can begin to see the complexity of the application
of this medicine. You can inagine the shadow ng
wi th nunbers of hal ogen | anps and al so these
di fferent devices.

So, if you look critically at the light
exposure and the shadowi ng on a particul ar infant
when peopl e are doing their intensive phototherapy,
trenmendous variation across the surface of the
i ndi vi dual and differences between institutions in
terns of where the lights are relative to the
i ndi vi dual

So, dose is very hard to control unless
you are neasuring precisely, and then it is only
good for where you neasure it.

DR CHESNEY: Dr. Nel son

DR. NELSON: Just a follow up question.
Have t here been no head-to-head conpari sons

controlled for starting bilirubin level in the
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absence of any other condition that would increase
production of |ooking at in-hospital intensive
phot ot herapy short of duration agai nst hone |ess

i ntense, |onger duration, had there been any

head-t o- head conparison at all?

DR OH | don't think so. That would be
a good study to look at, | nean a good issue to
address, hone versus hospital setting. | had the

sanme kind of strategy in our place, and | don't use
hone phototherapy a lot. Once the kid needs the
phot ot herapy, they get adm tted for phototherapy,
very intense, and they stay one to two days and go
home.

DR. CHESNEY: Dr. Ch, would you conment on
the rebound? | think | read in our materials that
there has been a question of rebound in bilirubin.
If you do just a one day intense, do you get any
rebound or nore than you mght with a prol onged?

DR OH Typically, what we do with the
rebound i ssue is once we stop the phototherapy, we
generally keep the baby in the hospital for another
6 hours and do a rebound bilirubin, and if that
doesn't go up, then, we send the kid honme, or if
there is a good foll owup system we would do a

rebound 12 hours, 24 hours | ater
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DR CHESNEY: How significant is the
r ebound?

DR OH Actually, not very nmuch. Most of
the kids will be down to between 12 to 15, 10 to
15, and then once you get the rebound, to maybe
15's. Usually, the age also is much ol der and we
have | ess concern on the kid who is two days old
versus 6 days ol d.

So, even if the kid rebound to the 15's,
we are not as concerned as if it were to be two
days ol d.

DR. CHESNEY: |s doing a rebound |eve
standard of care?

DR. OH | don't think so. David?

DR CHESNEY: Dr. Stevenson

DR STEVENSON: Just Maisels has actually
done recent work on this and made the case that for
the otherwise well terminfant who has this
application, it is not required because it's such
an i nfrequent event.

The one caveat that | would suggest is
that if you have a henolytic condition where you
need to reduce the pignent at a very high rate,
it's in those contexts where you nmight see a

rebound i f your conjugating capacity is not

file:////[Tiffanie/daily/06 11ANTIL.TXT (168 of 401) [6/26/2003 1:10:26 PM]



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

i mproved. That is typically what you see

If you make the nistake of doing an
exchange transfusion on a child who has been
breast-feeding, that is really the cause of their
jaundice, you will not see any rebound what soever.
If you do an exchange transfusion on a baby that
has been producing bilirubin at a high rate with
this large amount, not only in circulation, but
also in the body, you will see a rebound that can
be quite dramatic in that context.

So, | would say in the context of
i ncreased production, you are nore likely to have a
rebound, but for the general population that is not
henol yzi ng, which is nost everybody, then, it
shoul d not be a probl em

DR. CHESNEY: Thank you

It's 12:15 and | amcollecting a list here
if any of you would like to add to it of
i nteresting phrases, so this norning we have
"wel l er" babies and we have "excited" bilirubin,
and we have another use for duct tape.

I think we could break for |unch now and
i f everybody could pl ease be back at 1 o'clock, we
are going to hear fromthe nother of a child who

has kernicterus on behal f of her organization
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1 Thank you
2 [ Wher eupon, at 12:20 p.m, the proceedi ngs

3 were recessed, to be resuned at 1: 00 p. m]
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AFTERNOON PROCEEDI NGS
[1: 00 p. m]

DR CHESNEY: Qur first speaker this
afternoon is Sue Sheridan, who is president of
PI CK, the Parents of Infants and Children with
Kernicterus. Susan is the current president and
the co-founder of PICK  She is going to present
the perspectives of her organization and of a
parent of a child with kernicterus. | understand
she is going to have a short video, as well as a
Power Poi nt presentati on.

A Parent's Perspective

MS. SHERI DAN:  Thank you. | am David
Stevenson. | amglad to see you nmade it back
because | notice you have 45 minutes, and | have
20, so | would like to ask if | could borrow 5
m nutes of yours. Thank you

Al so, Tom Perez, when | was coning up
here, asked nme if | was nervous about today, and
typically, | really don't get nervous when | speak
about this because | am so passi onate about
preventing kernicterus, but if | am nervous today,
it is because | want to make a difference, | want
every word that | say today to influence you on

hel pi ng prevent Kkernicterus.
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| amvery grateful and honored to be
included in this and to be quite honest, | am
relieved that this dialogue is taking place today.
I have been followi ng this debate for al nost a
decade.

I look at kernicterus and, well, the
prevention of kernicterus as actually a patient
safety initiative rather than how to nmanage
jaundice. | am passionate about patient safety,
not only because ny little boy suffered brain
damage from kernicterus, but | also |ost a husband
| ast year because of a nedical error.

He had a cancer that was di agnosed
properly as a sarcoma, but it was conmunicated to
us as a benign tunor, so while the pathol ogy was
lost for six nonths in the mail, the tunor grew
into nmy husband's spine and it eventually killed
hi m

So, | hope that ny words today can

reorient you to a patient safety focus because

there are a lot of things that we can do to prevent

harm to babi es and daddi es.
As you know, ny name is Susan Sheridan
am from Eagl e, ldaho. | have two children. W

little girl MKenzie, is 5. She had severe

file:////[Tiffanie/daily/06 11ANTIL.TXT (172 of 401) [6/26/2003 1:10:27 PM]

172



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

173
hyperbi |l i rubinemia from AO i nconpatibility. She
got a TSB, she was tested, she was di agnosed, she
was treated, and she is fine today.

I have a little boy Cal, Cal Patrick, who
is 8 He was born a well baby--somebody asked a
question about well baby--al nost 38 weeks
gestation. He was visually assessed at 16 hours to
be jaundiced, at 23 hours to be jaundiced, at 33
hours to be jaundiced with no TSB taken. He was
di scharged head-to-toe jaundice, no TSB with the
words that jaundice is normal, don't worry, put him
in the sunlight if you are worried about it.

I took Cal back two days later to the
pedi atrician. He was becom ng lethargic and his
suck becane weak with breast-feeding. | took him
to the pediatrician. He was board certified, he's
an AAP fellow, was famliar with the AAP
gui delines. He sent us hone to wait 24 hours.

Again, no worry, no indication that
anyt hi ng abnormal was going on. Well, we chose not
to wait those 24 hours because our son was
deteriorating, and we took himto the hospital
When Cal was adnmitted, his bilirubin was 34.6.

Again, there was no concern. W were told

that kernicterus did not happen anynore in the
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United States, and they chose not to do a bl ood
exchange transfusion because he was cl ose enough to
30, they recalled, which was the new benchmark t hat
the AAP had indicated for an exchange transfusion
This was their interpretation of the AAP
gui del i nes

So, we watched Cal. Twenty-four hours
after readmtting Cal--and this was a hospital that
delivers 5,500 babies a year, this is a
JCAHO accredited, Level 3 NICU hospital, so this
was not a country hospital--we sat there for 24
hours. At 24 hours, Cal began arching his neck
backwards, and he devel oped a high-pitch cry that
sounded kind of like a cat, it was very disturbing.

I indicated to the doctor sonething was
happening to nmy son, and the nurses of 20 years
experience on the pediatric floor, neurol ogists,
ENT, and pediatrician, we all watched Cal suffer
brai n damage before our eyes, and we didn't know
it. Nobody knew that these were the classic
i ndi cations, these are the classic synptons of the
onset of bilirubin encephal opat hy.

They used phot ot herapy, a doubl e
phototherapy for Cal's treatnent, and it failed

him Like 25 other babies in the pilot registry
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that | think Tom was tal king about earlier today,
Cal has kernicterus.

Actually, Cal likes to be a part of ny
presentation sonetines and he was hel pi ng ne
prepare a presentation a couple weeks ago, and he
knew his sister when she was born, when she had
severe hyperbilirubinenia and was treated, and he
asked ne, "Mom why doesn't MKenzie have
kerni cterus?"

| thought that was an excellent question,
and that is precisely why | amhere today. | am
al so here today, as they nentioned, as co-founder
and president of PICK PICK stands for Parents of
Infants and Children with Kernicterus.

We fornmed about two and a half years ago,
right after I was invited to testify at the AHRQ
First National Summit on Patient Safety and Medica
Errors. M son Cal was highlighted in a USA Today
feature article, and then that day | received al
day phone calls from parents throughout the United
St at es.

So, we got together and we forned PlICK
and PICK's mssion is to eradicate this preventable
devastating condition by partnering with the

heal thcare system by inplenmenting a universa
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syst ens- based approach. W believe that by

i mpl ementing a universal bilirubin screen with the
use of the Bhutani nonmbgram we can significantly
reduce kernicterus.

To denonstrate our partnership, PICK s
partnership, | want to show you a video that we
produced just this past January with a generous
grant from Partnership for Patient Safety. This
wi || show eight nons who have children with
kernicterus, two kids with kernicterus are on this
tape, and then what we refer to as our dreamteam
These are all the governnment agencies that have
joined PICK, partnered with PICK, to eradicate this
condi ti on.

[ Vi deot ape shown]

MS. SHERIDAN: In preparing ny remarks for
today, | was inspired by the m ssion of the Health
and Human Servi ces Departnent, which reads, "To
protect the health of all Anmericans and provide
essential human services especially for those who
are | east able to help thenselves."

I think newborns would fall under that
cat egory.

Much of the debate today has been about

preval ence on kernicterus, and | guess it al
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depends on perspective - is the glass half enpty or
is the glass half full.

Frankly, the answer to what is the
preval ence of kernicterus is we have no idea how
much kernicterus is out there. Anybody who is
guessing is doing just that, you are guessing. W
know of 125 children in the pilot kernicterus
registry that has been shared voluntarily by
doctors, famlies, and attorneys.

That is like I think Tomsaid the tip of
the iceberg. These are kids that are so severely
affected that they are hard to nmiss although ny son
wasn't diagnosed until he was 18 nonths ol d because
either the doctors wouldn't or they couldn't. It's
a tough diagnosis to give.

But, you know, | was actually sonewhat
di sturbed that in the binder, it referenced
preval ence at 1 in 250,000 because that is a guess.
What about the rest of the kids in that spectrun®
No one will argue with ne that when there is any
ki nd of disorder, you have got the very severe down
to the very nmld. W are not capturing the rest of
that popul ation. W have got the very severe in
this pilot registry.

But even if we accept the guess at 1 in
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250, 000, | ask you, is that acceptable? You knhow,

I ask you, what is rare, what is rare? It is not
acceptable in other industries. It conpares to the
nunmber of children that choke and died on toys in
1998. Twel ve ki ds di ed because of choking on toys.
Yet, mllions of dollars were spent on recalls,

| abel i ng, and the reengi neering of toys because of
t hose deat hs.

It conpares to the nunber of children that
died annually from strangul ation from veneti an
blinds, yet 800 million of those were recalled
because of that.

There was a popul ar toy made by Pl ayschoo
that was called the Kl ackeroo. | actually saw a
big poster in ny pediatrician's office about the
recal |, how dangerous this was for children, that
we call this 1-800 and we coul d get reinmbursed for
this toy, so | called the nunber, and it was the
Nati onal Product Safety Conmi ssion

| asked about the history of this toy, and
there was a web site for me to go to, everything
about this Klackeroo, nmllions were being recalled,
and | asked about the deaths and injuries. They
had 12 reported conplaints fromparents, no deaths,

on injuries, 2 pieces were found in babies' nouths.
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So, 12 in the other industries is
intolerable. MIllions of dollars are spent to
protect our babies. Wy are our babies and our
children safer in other industries than they are in
the healthcare industry? It doesn't nake sense to
ne.

So, when we tal k about rare, even though 1
in 250,000 kids, | think it tragically
underestimated. In other industries, it would be
out r ageous.

Action by our regul atory agencies, the
FDA, the National Consuner Product Safety
Commi ssion, their actions, their bans, and even
their fines on industry is not due to preval ence,
it is due to the perceived risk. It is due to the
potential harmto Americans.

So, nobody knows the preval ence, but
let's, instead of trying to nake the nunber 1 in
500, 000, 1 in 700,000, why aren't we |ooking at the
ot her way around? | nstead of saying of those 125
kids in the pilot registry, you know, sonme of them
may not be, well, sone of them may be, and what
about these other kids that have mild auditory
neuropathy and mld cerebral palsy, instead of

saying well, it is probably not due to kernicterus,
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why don't we turn that around and say, gosh, that
could be due to kernicterus, and the reason is
because bilirubin is a toxin.

Bilirubin, like Tomsaid, is a brain
poison. It's a naturally occurring neurotoxin.
Sure, there m ght be sone antioxi dant benefit, but,
you know, a glass of red wine to end the day is
al so good for you, but two bottles a day is too
much. So, you know, bilirubin hurts babies.

This nmorning | heard the AHRQ
evi dence- based report, and | read that report, and
sonething in that report, it talks about that the
preponderance of kernicterus cases occurred in
infants with serumbilirubin | evels over 20. This
is evidence. This was in the AHRQ report.

Yet, the AAP reconmends exchange
transfusion at 25 and even 30. | nust ask this
committee, why is the healthcare system conpl acent
about the dangers of hyperbilirubinema, the
docunent ed dangers of a neurotoxin? How can we
knowi ngly and willingly take these babies into a
known and docunent ed danger zone?

And like it was expressed earlier, how do
we know what the long-termeffects of this exposure

of hyperbilirubinema is now that kids in the 1990s
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to present, they have been exposed to
hyperbi i rubi nem a at hi gher | evels for |onger
periods of time? We do not know the effect of this
on their |ong-term devel opnent.

As a matter of fact, | feel that Cal, Ca
was born in '95, the AAP guidelines came out in
'94, the kinder, gentler approach, and, of course,
the AAP had no intention of the reenergence of
kerni ct erus.

But how did this conplacency, how did this
compl acency happen, and now, fromthis, | have
always felt that Cal was an in an undi scl osed
clinical trial, nobody knew what was going to
happen to our children with these | onger duration
and hi gher bilirubin val ues.

| don't believe there is evidence of
safety at the level of 25 and 30. Sure, sone kids
don't get kernicterus, but there are a lot of kids
who do get kernicterus

As a nom the conpl acency about
hyperbilirubinema is very concerning. 1In
conpari son, other toxins, such as |lead, get a |ot
of attention, financial support, and vigilance.

I | ooked at the conparison with | ead

because | wanted to see what industry does with

file:////[Tiffanie/daily/06 11ANTIL.TXT (181 of 401) [6/26/2003 1:10:27 PM]



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

other toxins. They are both not good for children,
they are preventable types of brain damage, and
there is no known threshold for the toxic effects
of either.

Right nowin the United States, it is
estimated that 800,000 children have el evated, what
they call BLLs, blood |lead | evels over 10 ng/dl.

By contrast, 2.3 million children devel op el evated
bilirubin | evels each year, and 1 in 700 devel op
bilirubin over 25, which is well into the danger
zone.

There has been 1 death from | ead poisoning
in the past decade. That was issued in a MWR put
out by the CDC. There have been 6 docunented deaths
that we know of fromkernicterus. As we know, they
don't do routine autopsies on newborns, so we don't
really know the full nunber, but we do know that 6
have died in that sane period of tine.

So, why is it nore inmportant to focus on
| ead, and not kernicterus? | think we need to
raise the I evel of awareness on the toxicity of
kernicterus, it hurts babies. A so, the CDC has
announced or they have determ ned that BLLs over 80
can cause hearing | oss and brai n danmage.

So, as a response to that, the HHS s
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Heal t hy People 2010 Initiative has set a nationa
goal of elimnating BLLs in excess of 10, a |leve
far bel ow t he danger zone.

This illustrates the need to institute a
goal for elimnating bilirubin |Ievels over 20 when
exchange transfusions and vigilance in testing were
used and kept bilirubins below 20 historically,
kernicterus effectively di sappear ed.

I want to tell you a little bit about ny
son Cal. He is a bright and happy little boy. He
| oves Pokenobn. He loves playing with his sister.
When asked what he would like to do when he grows
up, his answer is to be the best daddy in the whol e
wi de wor | d.

He al so aspires to be a fil m naker.
Sadly, however, Cal is trapped in a body that
simply doesn't work. He has athetoid cerebra
pal sy. He has uncontrolled novenents of his arns
and legs. He can't walk. Hi s speech is very
i mpaired. He has neurosensory hearing loss. His
eyes crossed when he was 10 nonths old that were
surgically repaired. H's front teeth have enanel
dyspl asi a problenms. He drools. Wen he gets sick,
he is reduced to the functional |evel of a

6- nont h- ol d.
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Cal can't go potty by himself. He is not
invited to birthday parties. He can't tie his
shoes. As a matter of fact, | don't think he can
even itch his head.

I have titled my presentati on Warning,
Bilirubin is a Toxin: Wwo is Keeping Newborns Safe
From the Hazards of Jaundice? | chose this title
because, like the visiting nurse was saying,
parents have no clue that bilirubin is a toxin and
that parents are totally unaware that this could
hurt their baby.

Wen we get a toy, when we get a package,
when we get wappi ng paper, when we get tape, when
we get househol d products, when we get shanpoo,
they all say warning, this could harm your baby.
Why babies don't come with this warning tattooed on
t hen??

I ask you who is going to keep our babies
safe fromthe neurotoxic effects of jaundice. | am
afraid that the answer right now is nobody.

I nmentioned that after the AHRQ testinony,
USA Today did an article on primarily nmy son, but
how two nedical errors had affected our famly. It
was that day that | was called by several famlies

t hroughout the United States thinking they had the
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only child with kernicterus. As a matter of fact,
I got a call froma daddy froma N CU in Al abana.
It was 9:00 a.m in the norning, | had just got
this paper out, and his daughter was in the N CU
with a bilirubin of 33.

USA Today got such read response that they
issued this within 10 days, and they intervi ewed
ot her nons about their children and their brain
injury. As a matter of fact, the day that this
cane out in USA Today, 6 of us nmons were on a pl ane
headed to Chicago to neet each other, and we
actual |y attended an AAP preconference workshop on
hyperbi | i rubi nemi a and ker ni ct erus.

When we were there, we decided this was an
energency. We nmet two other families with children
with kernicterus while we were there. So, we
formed PICK, Parents of Infants and Children with
Kerni ct er us.

We recruited the nation's top bilirubin
researchers. W devel oped a m ssion objective, a
timeline. W actually kind of launched it |ike you
woul d a small business. This is our web site which
is being updated actually today. That filmthat
you saw wi Il be on our web site. There is going to

be an interactive nonbgram and stories about
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children who suffer brain damage from kernicterus
We hosted the first parent health care
wor kshop that sone of you in this roomwere at.
The nons invited all of the HHS agencies that we
could think of along with researchers, Boston
Children's Hospital, Harvard School of Public
Health. W showed themthe problem W showed

t hem vi deos of our kids and their nedical records.

We proposed a solution by the researchers,

that was a universal systemm de approach to nake
sure all babies received the same | evel of safety.
We thought by the inplenentation of a universa
bilirubin screen, the use of the nonogram was the
first step.

The Joint Conmission within two nonths
i ssued a sentinel of an alert. USA Today again

i ssued another article. CDC, a nonth after the

Joint Comm ssion issued their alert, issued an MWR

on the return of kernicterus, and the Nationa
Quality Forum if you are familiar with them they
issued a list of 27 adverse outcones that shoul d
never happen in the United States, and Pl CK

campai gned for kernicterus being one of them and
it is the only pediatric issue that nade the list.

They defined kernicterus as danage frombilirubin
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or bilirubins above 30.

The Boston G obe covered this, as well,
and several other periodicals and magazi nes and
newspapers.

I wish | could tell you that Cal's story
is unique. | wish |l could tell you that he has the
only case of kernicterus in the United States, but
the tragedy is that Cal's story is not, as you
know.

Wien | net the nons all in Chicago when we
formed PICK, we realized that our stories were al
the sane. Qur newborns |eft the hospital well
babies without a bilirubin test, just |ike 80
percent of the babies in the pilot registry.

W were told not to worry, we were told
that this was normal. The parent education
consi sted of a handout put in the diaper bag. Al
of our children of the original six PICK nons were
born in large, accredited JCAHO accredited
hospitals with NICUs. Mst of the pediatricians
that managed our children's bilirubin were AAP
fellow and board certified.

The nons that | know, we all questioned
our babies' synptons - the |ethargy, the poor suck

We even took our babies to pediatricians and to the
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hospital. W categori zed unfortunately as
over-concerned first-time nothers.

I amgoing to go off on a tangent because
peopl e earlier were asking question about
cost-benefit, and I want to share some nunbers with
you. When we nmet with the governnent agencies, we
did our own analysis, and actually we did an
anal ysis on the cost-benefit of testing all babies,
doing a bilirubin test that costs around a doll ar.
It may vary per institution.

The cost of kernicterus is staggering, as
you heard. My son's |life care plan--and this is
without fluff--this is without powered chairs and
renodel i ng ny home to accommodate these, is $10
mllion, and that is because nmy son needs attendant
care. Al of these kids will need attendant care
for their lifetine.

In 1998 dollars, for attendant care for a
certified nurse assistant, that was $7 mllion
right there. Now, sone of those kids you saw up
there are on feeding tubes, they are on bacl of en
punps. They aspirate, they have to be suctioned.
They are on massive doses of drugs. They need R N
care, and those kids' |life care plans are $25

mllion.
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The cost of phototherapy to our nation, if
you go to the AHRQ Hospital Care Utilization
Project, HCUP, or is it the Health Care Uilization
Project, they can give rough nunbers. It is not
perfect data. But the anmount is what is billed to
patients. Phototherapy, they showed | think it was
'98 or '99 nunbers, around 100,000 kids, primary
diagnosis, this is primary diagnosis, so other kids
are comng in septic or other problens, primary
di agnosi s was hyperbilirubi nem a, around 100, 000
kids at a cost of approximately $700 mllion a
year. That is not cheap

Qur children, the public school system
Cal, in ldaho, instead of $50,000 for his education
for 12 years, will cost the education program half
a mllion. So, you can do the math, because they
have to use special bus transportation, specia
ed., physical ed., there is therapists,
assessnents, they are very expensive children. As a
matter of fact, they rate, | think the highest that
the CDC does on the econonic burden of disability,
our kids are the npbst expensive.

You saw the partnerships that we have
formed. NH, March of Dines, Healthy Mot hers,

Heal t hy Babi es have joined us. O course, our
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mssion is to prevent kernicterus. |n analyzing
and just knowing all the nons and kids with
kerni cterus, we are concerned that this is not
goi ng to di sappear with the status quo.

The AAP still recommends visual assessnent
of jaundice. This is guesswork. And their
gui delines unfortunately are not followed. | nean
Tom nentioned that study he did I think on
phot ot herapy, that of the kids that the AAP
recomrended phot ot herapy, 55 percent didn't even
get it.

So, although the guidelines went through a
very |l ong thought process, pediatricians sinply do
not follow them and to change doctor behavior wll
take decades. Bilirubins are not routinely taken
Neonat al bl ood type and Coonbs are no | onger done
or they are no |longer the standard of care.

Hone Health, to be honest, is disappearing
because of financial constraints. Tinely
post -di scharge foll ow up doesn't happen in the rea
wor |l d, and kernicterus cases are not being reported
because of gag clauses, like it was alluded earlier
that kernicterus unfortunately ends up in
litigation, and parents and doctors are gagged

quite often to cone to a settlenent.
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Qur littlest citizens are being harnmed by
the subjective and unscientific approach to
j aundi ce managenent. Guesswork nust be elim nated.
Qur systens-based approach nmust be inpl emented.
Right nowin the United States, any newborn is
still at risk of devel oping kernicterus. Newborns
are not safe.

Who is responsible for that? Nothing has
happened since ny son was injured. A reporter
asked ne, well, what did | expect. | expected al
hospitals to stop everything they did, inplenent a
uni versal screen, inplenent sonething like an
aircraft would do if a 12-inch screw was found
faulty, they ground all planes, they change it, the
public is safe. Eight years later, nothing has
happened.

Al 50 states routinely screen for PKU and
hypot hyroi dism Babies are screened now for their
hearing. Wiy aren't we screening babies, why isn't
there a universal screen for bilirubin? How many
tests nust be done to prevent that one case of
kernicterus as sone of the data showed? | think
it's a disturbing way to | ook at how we need to
prevent kernicterus, to be honest. Al of themis

the answer. W need to screen all of them
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| recently read an article in Public
Health entitled "A Conversation on Medical Injury."
It said that to trigger the level of reformthat is
so clearly mandated here, we cannot rely on the
heal t hcar e prof essional or stakehol der
organi zations. W, the public, nust demand it.

As parents of infants and children with
kerni cterus, we accept this responsibility. W
accept this responsibility to partner with you and
to trigger the reforns necessary to eradicate this.
We ask the sane of you

We, the parents, unite to prevent
kernicterus. W unite to demand nati ona
i mpl ement ati on of effective understand nmanagenent
standards, policies, and interventions to prevent
what has happened to our babies, and we unite for
a call to action to keep our newborns safe fromthe
toxi ¢ hazards of bilirubin.

| amgoing to start showing you a list of
children in the pilot kernicterus registry. They
are not anecdotes, they are our children. | cannot
say with any certainty how nmany nore suffer in
darkness because their condition was never
di agnosed.

| speak for the parents of the 125
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identified in the pilot registry at Pennsyl vani a
Hospital. | speak for the parents of the countless
chil dren who have remai ned undi agnosed and for
parents of unborn infants who will soon be

di agnosed with kernicterus, but nost of all, I
speak for the children with kernicterus, who are
prisoners of their disabled bodies and cannot

speak.

As you deliberate tonorrow, | hope you
will be inspired by the nission of HHS
particularly the part about protecting those unable
to protect thenselves. You and your sister
agenci es have a renmarkable history of protecting
children from other hazardous products and
subst ances.

The tine has conme to apply that sane
commitnent to protecting our babies fromthe
hazards of jaundice. As you read this list, |
appeal to you please do not attenpt to mininize the
occurrence of kernicterus. W do not know.

Pl ease do not attenpt to mininze the
human devastati on or the financial inpact that
kerni cterus has on babies, famlies, and society.

Pl ease provide the sane | evel of safety and

protection that you would with other toxins and
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hazar dous substances and conmmit to putting
kerni cterus back in the history book where it
bel ongs.

I chall enge you to ask yourself when you
meet tonorrow would you all ow your own newborn's
bilirubin to exceed 20? Tonorrow will be a big
day. You will be making significant choices
regardi ng jaundi ce managenent. | ask that you put
the newborns' safety at the top of your I|ist,

di smi ssing the status quo, personal agendas,
pr of essi onal aspirations, and cost-cutting nandates
from enpl oyers

Statistically speaking, what is
statistically significant when it comes to a human
life? What is nore inportant than the safety of a
newbor n?

I close ny remarks with a reflection of
the wi sdomof a child. But who knows you have the
power to protect others, he said, quite sinply,
like you saw on the film prevent this. | have to
tell you that | was there during the filmng, and
the producers sinply asked Jess if he had anyt hing
to say to the world, what would you say, and that
was his remark. It was totally unsolicited,

totally unpl anned, but straight fromhis heart.
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So, in looking at these nanes and these
nunbers, or not the names, numbers, | ask you how
many nore nanes do we need before we take i medi ate
sweepi ng dramatic action.

Thank you.

DR. CHESNEY: Thank you very, very nuch.
You nade nany, many points for all of us to
consi der and reconsi der.

Qur next speaker is Dr. Marshallyn
Yeargi n-Al | sop, who is a nmedical epidem ol ogi st
with the Center on Birth Defects and Devel opnent a
Disabilities at the CDC. She is going to describe
for us the CDC s kernicterus surveillance
activities.

Kerni cterus Surveillance

DR. YEARG N- ALLSOP: Thank you very nuch
for the opportunity to update you on CDC s
activities in the area of kernicterus surveillance.
I have heard Sue speak a nunber of times, and she
is a tough act to foll ow

[Slide.]

I would Iike to just present an overview,
a framework, a public health framework for
devel opnmental disability surveill ance because

surveillance of kernicterus is put into that

file:////[Tiffanie/daily/06 11ANTIL.TXT (195 of 401) [6/26/2003 1:10:27 PM]

195



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

196
framework of what we do in the area of
devel opmental disabilities.

The first step in this process for us is
to devel op popul ati on-based surveillance systens,
and t he purpose of those systens is to nonitor
preval ence rates, trends, and prevention prograns.

The surveillance systens can al so provide
a registry of cases, and these cases can be used
for the purposes of service provision or provision
of treatnment. The cases fromthe surveillance
system can be used, as well, to create
epi dem ol ogi ¢ studi es, studies where the cases are
conpared to non-affected children or controls in
order to identify risk and protective factors and
the results fromthe epidem ol ogi c studi es can
address public concerns.

An exanpl e woul d be | ooki ng at whet her
there is an associ ati on between nmaternal snoking
and nmental retardation or cognitive inmpairnent in
the children.

The third step in this process is to
desi gn prevention prograns, and these prograns
pronot e health educati on and prevention strategies
and al so inform public policy.

[Slide.]
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I like to conpare the conplexities of
surveill ance of kernicterus with the conplexities
of surveillance of devel opnental disabilities, and
we have about a 20-year history at CDC beginning in
the early '80s. W were |ooking at the
establ i shment of surveillance for a nunber of
devel opnmental disabilities, so based on our 20-year
experience, we think that we can speak well to the
conplexities, as well as the chall enges of
devel opnmental disability surveillance

The first point is our surveillance is
based on outcones that describe functioning in
children. However the case definitions and the
conditions are attributable to an inpairnent in
physical, cognitive, speech or |anguage,
psychol ogi cal or self-care areas. So, we have this
compari son of functioning with a | evel of
i mpai r nent .

The second point related to the conplexity
i s measurenent issues. For exanple, we | ook at
surveill ance of mental retardation, and our case
definition for nental retardation is an I Q test
score based on a standardi zed test.

Now, that is objective criteria that we

used, but we also do surveillance for autism and

file:////[Tiffanie/daily/06 11ANTIL.TXT (197 of 401) [6/26/2003 1:10:27 PM]



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

when we | ook at autism we are |ooking at a range
of behaviors, so we have nore subjective criteria
that may be inplenented in order to | ook at
surveillance of autism The behaviors are based on
the DSM IV criteria fromthe American Psychiatric
Associ ati on.

So, the point is that neasurenent issues
are not straightforward when we are | ooking at
outcones related to devel opnental disabilities

Qur surveillance in metropolitan Atlanta
i s popul ati on based, and we have tried to inplenent
this in other areas of the country, as well. That
means that we define a geographic area and we try
to count every case within that geographic area.

Al t hough there may be sone linitations of
that, we feel that our popul ati on-based
surveil l ance has been informative, such as the
preval ence rates of autismthat we just reported,
and it is viewed as a | andnmark study because we
don't have any ot her popul ati on-based data fromthe
United States.

In summary, all of these issues can nake
generalizing results from our popul ation-based
surveillance systemdifficult or inpossible to

interpret, so we always issue some caution we are
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trying to generalize fromlimted popul ati on-based
data to say national figures related to preval ence

[Slide.]

Let's |l ook at the conplexities of
kerni cterus surveillance and how they m ght be
simlar to surveillance for devel opnenta
disabilities. Kernicterus presents as a range of
i mpai rment and associ ated conditions. Kernicterus
is defined as brain damage that is associated with
athetoid CP, hearing |oss, vision inpairnment,
dental dysplasia, and sonetimes nental retardation

As we have heard and as we are probably
aware, there have been changes in the |evel of
awar eness and the use of the diagnosis over tine.
We believe that sone of the younger physicians may
not have ever seen a case of kernicterus and may
not be aware of the dangers of high |evels of
bilirubin in terns of causing brain damage.

There is also variability in how cases of
kerni cterus are diagnosed. W don't have a gold
standard in terns of the nunber of physica
findings or the number of behaviors, the nunber and
the pattern that are necessary to establish a
di agnosi s of kernicterus, and that neans a clinical

di agnosi s of kernicterus.
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O course, there is early onset, but often
the di agnosis is del ayed because these features
appear over tine.

[Slide.]

From a historical perspective, there has
never been any systenatic popul ati on-based
surveillance of kernicterus in place to nonitor
kernicterus or hyperbilirubinema. Sue said it
best. W don't know the preval ence of kernicterus
in this country.

We do have sone case reports from
conveni ence sanpl es or select popul ations, such as
fromselect hospitals, self-reported cases. W
have i nformation from nmedi cal insurance records,
but these do not represent a systematic approach to
| ooki ng at the preval ence, and there is no accepted
standard for surveillance definition, such as what
woul d the cutoff be for surveillance of
kerni cterus.

[Slide.]

Therefore, a true popul ation estinmates are
not known to date. W do have | believe nowit is
more than 100 cases reported from 1984 to | think
January of 2002, and these are case reports froma

conveni ence sanple. They have been very
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informative. These are nunmerators, they do not
have denomi nators because these are children of
different ages fromdifferent geographic areas, and
therefore, we can't really attach a rate to the
cases that have been identified. So, we can't
really answer the question of whether kernicterus
is on the rise.

[Slide.]

In summary, we have issues related to the
case definition of kernicterus. There is debate
about what an appropriate cutoff would be froman
epi dem ol ogi ¢ standpoint. It is a |ow preval ence
condition, however, it would require a substantia
popul ation in order to detect cases.

There is a lack of recognition because
it's an acute event with specific features, but the
per manent danmage and the |long-termclinica
features do not appear until sonetinmes even years
after the insult, and also the litigation may be a
possi bl e deterrent for clinicians identifying
cases.

[Slide.]

So, what has CDC done in this area? Well,
as Sue pointed out, there was a call to action from

PICK. In early 2001, there was a neeting and CDC
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was invited to participate, and we becane aware of
the probl em of the reenmergence of kernicterus.

When we | eft the neeting, we thought that
we coul d go back and establish the preval ence of
kerni cterus | ooking at sone existing datasets. So,
our first | ook was |ooking at the national hospita
di scharge data, and we | ooked at years 1989 to
1997, and al though there were many children with
codes of hyperbilirubinema, there was no way to
di stingui sh between those children who had severe
hyperbi li rubi nema fromthose mlder cases. W
al so found that kernicterus codes were not readily
used in that we found no cases of kernicterus when
we did our initial ook at data fromthe nationa
hospi tal discharge data.

W have an existing surveillance systemin
metropolitan Atlanta. I1t's the Metropolitan
Atlanta Devel opnental Disabilities Surveillance
Program W | ooked at our data, and we | ooked at
cases of athetoid CP. | think we identified eight
cases, and none of them seened to have an
association with high bilirubin levels from our
record review.

We explored the opportunity to make

kernicterus a reportable condition. W found out
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203
it is the Council of State and Territorial
Epi dem ol ogi sts that is responsible at the state
public health level for determ ning what conditions
are reported to CDC and therefore that we get
nati onal dat a.

We think that maybe our approach to them
was a little premature because we didn't have a
case definition, so since there is not agreenent
anong the experts as to what an appropriate cutoff
woul d be for reporting cases, we were not able to
make kernicterus a reportable condition, and that
is something we hope to do in the future.

Qur last attenpt was to go to an
organi zati on of managed care organi zations and to
say that if we devel oped a cooperative agreenent,
per haps sone of the HMOs would be interested in
| ooking at the rate of kernicterus within those
HMOs. | will just say that there was a linmted
i nterest.

[Slide.]

But the good news is we have a nechani sm
at CDC that allows for extranural opportunities for
research, and through that announcenent |ast year,
we are able to | ook at kernicterus in two areas of

the country.
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The objectives of the announcenent were
that: applicants should seek to review cases of
extrene jaundice in otherwise healthy full-term
i nfants; provide a body of evidence to informwhy
cases of extrene jaundice may | ead to kernicterus
and why kernicterus may be re-energing; to provide
a forum of concerned scientists and heal thcare
prof essionals to convene and develop a strategic
plan for a national kernicterus prevention program

[Slide.]

Qur awards went to the University of
Medi cine and Dentistry in New Jersey, the Robert
Wod Johnson Medi cal School, and their objectives
are to look at infant nortality and nmorbidity
related to kernicterus, to design a surveillance
system for kernicterus, to identify risk factors
for kernicterus using a case control nethodol ogy,
and using this to focus on early identification and
managenent of hyperbilirubinema, and to provide a
support network for famlies affected by
kerni cterus.

[Slide.]

To date, they have submtted requests for
I RB approval for their activities. There has been

initial discussion and a process for
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popul ati on-based surveillance with the New Jersey
Department of Health, and they have anal yzed sone
data on infant norbidity and nortality due to
kerni cterus.

They are allowing me to share with you
sonme prelimnary results fromtheir | ook at
kernicterus norbidity. They used New Jersey
hospital discharge data for 1992 to 2001. They
identified 82 cases of kernicterus. The
denoninator is the entire State of New Jersey, so
this is popul ation based, and their rate is 7.5 per
100,000 live births. That is their cumulative
i nci dence.

They noted that there was significant
variation by race and ethnicity with the | owest
rate being anpbng Hi spanics and the highest rate
anong Asi ans.

[Slide.]

Qur second award went to Pennsyl vani a
Hospital, the University of Pennsylvania, and they
are partnering with PICK, and their objectives are
to establish surveillance, and their surveillance
activity is related to analysis of the pilot study
data that you have all heard a | ot about today, to

identify risk factors for kernicterus, to establish
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a Prevention Task Force or Steering Conmittee that
woul d advi se on the managenent of
hyperbi |l i rubi nem a and to | aunch a nationa
prevention canpai gn.

[Slide.]

To date, Pennsylvania Hospital has had a
tel econference of their Advisory Board. They net
along with our other grantee and with CDC to begin
to devel op a consensus on the definition of

kernicterus for public health purposes.

They are current establishing the database

that would allow themto systematically report
results fromthe pilot study, and with PICK, they
have col | aborated on the educational video, and you
saw part of the video just a few m nutes ago.

[Slide.]

In terms of future direction fromthe CDC
perspective, we are always |ooking to partner with
others in our goal on elimnation of kernicterus
and rai sing awareness of this as a public health
probl em

We are planning a forum for devel opi ng
consensus on a surveillance case definition, and
the goal of that is to identify a nechanismfor

popul ati on-based surveillance at the state |evel,
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as well as at the national |evel.

[Slide.]

I would Iike to thank Dr. Rachel Afgen,
who is our point of contact for our Kkernicterus
activities at CDC, for our collaborative partners,
as well as our other partners, and for all of the
children and famlies that have been affected by
kerni cterus.

Thank you.

DR. CHESNEY: Thank you very nuch.

Qur next speaker is Dr. David Stevenson,
who is the Harol d Faber Professor of Pediatrics and
Seni or Associ ate Dean for Academic Affairs at
Stanford University Medical School. He is going to
review for us the metabolismof bilirubin and the
met al | opor phyri n heme oxygenase i nhibitor drug
cl ass.

Met al | opor phyrin Heme Oxygenase I nhibitors

DR STEVENSON:. Thank you very rmuch.

It is a pleasure to address you, a little
bit different than the last two presentations, but
hopefully, this will add to the information that
will be of use to people this afternoon and
t onor r ow.

[Slide.]
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Let ne begin by giving a quick prinmer on
neonatal jaundice. This is a favorite slide of
m ne and sone of ny coll eagues in the room have
seen this many times, but it is a very useful way
to begin this kind of discussion

Neonat al jaundi ce can be understood by
analogy to a sink. |If you let the processes of
bi lirubin production be represented by the turned
on spigot and the processes of bilirubin
elimnation be represented by the drain, then, you
can understand the problem of transitional jaundice
as a problemof an inbalance, and if the rate at
which bilirubin is produced exceeds the rate at
which bilirubin is elimnated, then, the level in
the sink begins to rise.

This is exactly what happens in period of
time after birth. |If there are relative increases
in bilirubin production or relative decreases in
the ability to elinminate bilirubin, then, you can
exacerbate that normal transition, and it is just
about that sinple in terns of the physiol ogy
al though the biology is fairly conplex controlling
these processes. So, neonatal jaundice is a norma
transitional phenonenon.

[Slide.]
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The turned-on spigot can be represented by
this cartoon of the reactions that are invol ved
with hene catabolism Sone of the npbst inportant
early work on this biochenistry was done by
i ndividuals |i ke Dr. Kappas, many ot hers before mne.

But this is a very ancient systemin
nature. It is present in both plants and animal s.
It is a process which is probably essential to life
on this planet, that is, Iife naking use of oxygen
and exposed to |ight.

It's a two-step process. This is a
cartoon because there are many nore oxidations and
reductions that take place than represented in this
sli de.

The first step is the rate-limting step
in the process. It is catalyzed by hene oxygenase
and invol ves absolute requirenments for oxygen and
for NADPH, which is donated fromthe cytochrone
p450 system

In this first step, the al pha-nethene
bridge is broken, carbon nonoxide, a trace volatile
mol ecul e is produced equal nolar amounts with
biliverdin and iron, the latter of which is
recycl ed.

Biliverdin is reduced in the cytosol. The
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other reaction takes place at the mcrosonmal |evel
Biliverdin is reduced in the cytosol again with
absol ute requirenments for NADPH and biliverdin
reductase to bilirubin, so there are actually equa
mol ar anounts of bilirubin and carbon nonoxi de

whi ch are produced.

Hi storically, carbon nmonoxi de and
bi l'irubin have been thought of as waste products,
but as it turns out, every part of this reaction
probably has sone rel evance in normal biology, just
to put it in context.

[Slide.]

The point that | would like to nmake is
that all substances are poi sonous. Only the dose
differentiates a poison froma renmedy, and we have
had sonme of this discussion earlier today, but it
is an inportant point to nmake. |t does not |essen
the inportance of understanding, but a conpound can
be toxic under certain conditions that we encounter
clinically.

But it is also inportant to renenber that
sonme of these conpounds |ike carbon nonoxi de, which
I have used as you will see as an index for
production of a pignment because it is produced in

equal nolar amounts, bound to henpgl obi n,
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circulates in the bloodstream and is continuously
excreted in your breath, so it is a w ndow on
endogenous CO production which mrrors bilirubin
producti on.

We have to renenber that COis also an
i mportant biol ogical signaling nolecule, and a | ot
of people are now investigating its role in
neur osci ences and vascul ar sci ences.

[Slide.]

They are doing that because of the fact
that, just like NO it can interact with guanylyl
cycl ase and activate CGP to cyclic GW and have a
whol e host of inportant cellular functions.

The rel ative potency of CO for doing that
is much less, but the potential for the body to
make CO is nuch nmore, and | will make a coment
about that later, as well. So, even this part of
the biological systemis inportant to understand in
terns of the spigot which produces carbon nonoxi de,
biliverdin, and then when the second step goes to
bi |'i rubin.

Al'so, it needs to be understood that
carbon nmonoxi de may be involved in the inhibition
of other enzymes with iron/sul fur centers, so its

i npact on other aspects of netabolismneeds to be
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under stood, so even the COthat is produced and is
excreted at a cellular level, it may have a very
important role biologically, just like bilirubin
whi ch can serve as an antioxidant in the
intracellular environment may be involved with
mai ntai ning the redox state of the cell and even in
regul ati on of gene expression

[Slide.]

So, ny world has gotten nore conpl ex
Most people think of me in terms of bilirubin, but
I have become increasingly interested in carbon
nmonoxi de, and you will see the reason for naking
these coments at the begi nning because it has
rel evance to what | will be tal king about
primarily, which will be the netall oporphyrins.

The main reaction we have been talking
about is this one right here, down in the mddle,
where hene is catabolized by hene oxygenase. As
you can see already there, there is an indication
that the metall oporphyrins have the potential for
acting as conpetitive inhibitors and can bl ock that
first step, thus putting our hand on the handl e of
that biochenmistry, and they can do that very
ef ficaci ously.

The CO is produced, bound in blood, and
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then excreted in the breath, and you can neasure
either as a continuous excretion rate or as an
end-tidal carbon nonoxide concentration, corrected
for the anbient exposure. This is all quantitative
and mathematically related, so they are good
i ndi ces of what is going on.

But you can see all the other possible
sources. The two | will bring to your attention,
one is light, light actually can cause
phot o- oxi dati on as you have heard, and one of the
products is carbon nonoxide. Also, lipid
peroxi dation i s another source of carbon nonoxi de.
Both of these can occur in the absence of hene.

So, that would be a confounding event for sone of
the things that | might be interested in nmeasuring
in the newborn period.

[Slide.]

Fortunately, the endogenous sources of CO
are well understood, and this goes back nmany years,
and many peopl e besides nme have | ooked at this, but
henme degradation in the newborn period under nost
of the conditions that we encounter, particularly
in the kinds of babies we have been tal king about
today, nost of the sources of CO conmes from hene

degr adat i on.

file:////[Tiffanie/daily/06 11ANTIL.TXT (213 of 401) [6/26/2003 1:10:27 PM]



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

So, fromthe senescent red cells, it is
about 70 percent of that 86 percent, or from
i neffective erythropoi esis approaching 10 percent,
t hen, other henoproteins around 21 percent.

You can inmagi ne what henpol ysis does to
these rel ative percentages, because if you have an
increased rate at which the red cell nmass is
breaki ng down, you will have marked increases in
bi lirubin and carbon nonoxi de production. You can
see that quite nicely.

There are non-henme sources of carbon
nmonoxi de, as | nentioned, but they are not really
of great consequence for these estinmates that we
are maki ng. Remenber, the COin the breath is an
i ndex of bilirubin production, it is not a direct
measure of the production because it includes these

ot her sources.

Li pi d peroxi dation and phot o-oxi dation are

variable in their contributions, but on the average
contribute roughly that anmpbunt, and they are really
important in conditions that we encounter in
smal l er infants where proportions mght becone
greater, and this would become a nore inportant
source to consider under those circunstances.

We were the first really to denpnstrate
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t hose i ndependent sources of COin these henme-free
environments in vivo and in vitro.

[Slide.]

We have been neasuring carbon nonoxi de
excretion rates in animals for literally the |ast
two and a half decades, and this shows you sone of
the systens that we currently use for rats, mce,
and nonkeys, so we do |arger animals, as well,
again mainly for the purpose of |ooking at
bilirubin production under a variety of conditions.

[Slide.]

This is a typical diagramof a systemthat
we would use. This is arat in a collection system
attached to a reduction gas detector which can
measure CO in parts per trillion, and this
technol ogy actually allows us to adapt these
measurenents to devel opnent of a new hempbxygenase
assay which is now used by many people, a gas
chr omat ogr aphi ¢ assay using that kind of detection
system Also, we can nmeasure over snall nunbers of
cells and tissues, which allows us to extend the
work into those nodel systens, as well.

[Slide.]

We will point out sonething which is

important for the presentation this afternoon
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This is one of the earlier experiments that | did
literally alnost 20 years ago. It is the percent
recovery of injected hene over tine as carbon
monoxi de. Percent of recovery of hene is along the
y axis and the time is on the horizontal axis.

You can see that when you give a known
anount of hene as damaged red bl ood cells and then
sampl e the breath over an interval of tine, which
in this case was about 8 to 12 hours, you can
coll ect 100 percent of that hene as CO produced.
This is the nost valid and accurate way of
assessing in vivo henolysis that exists.

This is alittle bit of history here.
That gap in the data is just because we used to
have hand cranks and | had to run down the hall to
a bathroom and | didn't get back in tinme for that
crank. Now it is all automated, so we don't have
to worry about those kinds of things. But this
validated this approach in this system

[Slide.]

We al so devised systens early on for
studyi ng human neonates. This is a big systemfor
a baby, so babies were in the sane kind of systens
as the smaller animals, and we were able to do

| arge nunmbers of studies. So, this is the way the
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worl d has | ooked to ne for over two decades.

This world can be seen even before soneone
becones jaundiced, and the points | will nake here
are sone inportant ones in the context of this
di scussi on and about the conpounds that we are
going to be tal king about.

This is the adult. This is the term
infant. This is the excretion rate of carbon
nmonoxi de on a per kilogrambasis. You can see that
all term babies on the average produce about 2 to 3
times as much bilirubin on a body weight basis
conpared to an adult.

So, increased bilirubin production is in
the background of all the different patterns of
jaundi ce that we see including pathol ogic jaundice
in the newborn period. That is an inportant
concept to remenber.

It doesn't nmean that everybody who has
i ncreased production, relatively speaking, is going
to becone jaundiced, in fact, many people are able
to conjugate well, so they avoid that circunstance
So, it is not the best predictor, as you have heard
Dr. Ip talk about when you use it in isolation, but
it is the best way to understand what is happening

with respect to an individual's biology.
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1 This is what a hemat ona does,
2 pol ycythem a, so a larger red cell mass breaking

3 down at a nornmal rate. Smaller preterminfants,

4 they have shorter red cell life spans and have

5 i ncreased production rates, so increased production
6 is a part of the near-terminfant problemwth

7 jaundice. Here is your infant of a diabetic

8 mot her. That is probably ineffective

9 eryt hropoi esis nost of the tinme, sonetines

10 pol ycyt hem a.

11 Here is your ABO henpolytic di sease and

12 your Rh disease in which you see the nost brisk

13 henol ysi s.

14 So, you can see all these things even

15 bef ore soneone becones jaundi ced, usually by about
16 12 hours of age with this current technol ogy, or in
17 a jaundi ced infant, you can know whet her an

18 i ncreased production is a contributing cause to

19 that probl em beyond what is nornmally the case in

20 every baby.

21 [Slide.]

22 We have sinplified the technol ogy and have
23 shown that rather than having to do things in those
24 bi g chanbers, which were quite cunbersonme and had

25 to have drills to get the kids out and things |ike
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that, which was pretty challenging, but you can now
do automatic end-tidal sanmpling corrected for the
anbi ent, and you can see a very good correl ation
with the standard i ndex, which is the
car boxyhenogl obi n | evel measured by GC

[Slide.]

This just shows you in a recent
publication that we did, and this a part of a
mul tinational, nultiethnic study in which sone
people in here also participated. This is what the
di stribution of carbon nmonoxi de production | ooks
like as indexed by the level in breath, so it is a
mrror of bilirubin production, which is what you
are |l ooking at, at about 30 hours plus or mnus 6
hour s.

You can | ook at a group of individuals,
and this included children with henolytic
di sease--there they are out there--you can identify
the high producers of the pignent quite easily. |If
you wanted to, you could arbitrarily say, well, the
part of the population that is of interest to ne,
if they are having trouble with bilirubin, is the
part of the population that is, let's say, 3
standard devi ati ons above the nean or sonethi ng of

that sort, so you can actually |look at production
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as a way of targeting your popul ation, but
renmenbering that all babies have increased
production to a certain extent.

[Slide.]

Then, you can look at this in the context
of the nonbgramthat you have heard so nuch about.
We were recently | ooking at the sane nultiethic,
mul tinati onal study, and we have now | earned t hat
on the average, since there is general inpairnent
and conjugation in the period after birth, that
these percentiles in the nonogramare, in fact,
informed in part by production rates.

So, if you look at the average end-tida
carbon monoxi de concentrations in the different
percentiles, you will see that they go up as you go
up in the nombgram The babies that we haven't
tal ked a | ot about are the ones who are already
outsi de the nonbgram early on, and they have
i ncreased production.

In other children who are still within the
nonogram and you have a hard tine figuring out what
is going to happen with them you can identify sone
of themwho may or may not have probl ens, but you
will at |east know who is henolyzing, and they will

go out sonetines |ater.
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Then, you have ki ds who have nor nal
production rates and tend to go out nuch |ater, and
those are your poor conjugators, those are your
G |l berts and your G7/1R nutations in the Japanese
and ot her Asi ans.

So, conbining the information about
production, which reflects what is happening with
t he henoxygenase in a person's body and the
relative breakdown of hene, with how a baby is
actually performng with respect to that chall enge,
can provide you with a |l ot of inportant
i nformation.

[Slide.]

That is the background which establishes
the rationale for what Dr. Kappas and Dr. Drunmond
and Dr. Val aes, who helped himlater in that series
of investigations ultimately involving human
neonates, that was the rationale for getting a
handl e on that spigot.

There has been no question that over the
| ast two decades with a trenendous ampunt of
systemati c and exhaustive and very thoughtful work
done at Rockefeller and al so over the sane period
of time after we were introduced to this area of

bi ochemi stry at Stanford, we have been able to
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clearly establish the efficacy, and nuch credit
goes to Dr. Kappas and his group for nmaking that
ori gi nal observation and confirmng it over many,
many studies, in vitro animl studies and
ultimately human investigation

What you are doi ng when you bl ock the step
here is you are inhibiting the production of carbon
nmonoxi de and bilirubin, and that is what we need to
remenber .

[Slide.]

If efficacy is easy to establish, choosing
the right drug has been a part of that chall enge.

O course, the choice has been nade, and it has
been made for a |l ot of good reasons, and sone of
those, Dr. Kappas and others nay want to comment
on. It is clearly the npbst potent of the potentia
drugs, and thereby can avoid perhaps many of the
other potential side effects of these drugs by
usi ng a much | ower dose.

But the thing to see here is there are
many options. Mst of these are inhibitors of
henoxygenase, and they differ by virtue of their
substitutions on the porphyrin macrocycle and the
different netals in that ring, and it is hard to

predi ct how they are going to behave with respect
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to their various properties, but w thout actually
eval uati ng each of them there is no easy way to
get a relationship between the structure and their
activity at |east chenically.

[Slide.]

One of the first things, of course, you
have to ask, and | will just show this again. The
Rockefel l er group showed this, as well, and we did
it after them This was cannulation of a bile duct
in an infant treated with one of the first drugs
that was tried clinically, tin protoporphyrin,
whi ch was much | ess potent than tin nmesoporphyrin,
and the thing that | have been asked over and over
again, and Dr. Kappas has probably been asked this,
as well, don't you just accunul ate | arge anmounts of
here.

What happens is you convert to a
circunmstance where hene is excreted in bile in
approxi mate proportion to the degree of inhibition
that you get, so you are not going to accunul ate
heme in the body, at least in the aggregate.

There may be transient elevations in
specific tissues, but overall, this is not a hene
accunul ation problem This is, in fact, a way to

elimnate hene fromthe systemand also iron if you
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were to give dosing over a long period of tineg,
but, of course, what is being proposed in this
circunstance is single, |owdose intervention, so
iron | oss woul d not be a consequence of that kind
of approach.

Thi s shows you how quantitative these
ki nds of approaches can be. It was done in a rat
model in the systemthat | showed you earlier. So,
this can be nolar accounting for these two
conmpounds.

[Slide.]

There are sone other effects of the
met al | oporphyrins. | amnot going to review these
inalot of detail, but I will mention them W
have been able to show that some of these
met al | opor phyrins can inhibit |ipid peroxidation
Dependi ng upon the dose, many of them can inhibit
nitric oxide synthase and cyclic guanylyl cyclase,
but if the dose is | ow enough for sone of them
then, you can avoid that and they can becone nuch
nore selective with respect to their inpact on
henoxygenase.

Phot o- oxi dati on has been somet hing t hat
has challenged all of us, and | think led to the

decision to use the nore potent tin mesoporphyrin
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conpound conpared to the tin protoporphyrin
compound because you can get it down to a |leve
where it will not have those kinds of reactions or
at | east the chances for anything like that
happening will be m nim zed.

[Slide.]

So, this is what we are tal king about. A
| ot of these porphyrins can be excited by |ight
interacting with oxygen to generate singlet oxygen,
and singlet oxygen, of course, is very reactive.

It can cause cytotoxicity and damaged cel

menbranes. No one wants that to happen in this
circunstance. These conpounds can be used in other
circunstances to take advantage of this part of
their electrical behavior.

[Slide.]

So, we have established criteria for
potential antihyperbilirubinemc drugs in this
class, and the approach that we have taken is that
we can't fulfill all of these, no drug does that,
but the idea would be that you would identify a
conmpound with a bioconpatible central netal, potent
henoxygenase inhibition, that is the primary
feature, negligible degradation, which sort of goes

with that, negligible photoreactivity, and
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negligible HO-1, which is the inducible form
up-regul ati on of that gene.

[Slide.]

So, our approach has been in a four-step
approach. My intent here in this is not to go over
a lot of the systematic and exhaustive anpunts of
data that we have produced for these many different
compounds, but just to give you a sense of how this
approach is undertaken and then sort of give you a
summary at the end of where | think we are.

The first is in vitro screening in two
parts and then followed by in vivo screening. So,
the first part is really the screening for HO
i nhi bition, degradation to CO that is, how do
these things serve at all as a substrate for the
enzyne, which you woul d not expect if they were
good inhibitors since this is a conpetitive
reaction, and then their photoreactivity.

[Slide.]

So, here is just an exanple of the kinds
of data that we can get. Again, in some of these
slides, the conpounds are not always the sane
because we were doing themin different batches,
but here is the natural substrate hene, and you can

see the anpbunt of HO activity when you adnini ster
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the substrate, and you can see that for tin
mesopor phyrin here, the second one in, it has
mar ked i nhi bition.

This is a single high dose, so you aren't
able to discern anpbng the different conpounds at a
hi gh dose like this. A later part of the testing
will allow you to | ook at a range of dosing, but
just to screen for their potential as inhibitors.

You can see the naturally occurring zinc
pr ot opor phyrin, which is probably the | east potent
of these conpounds, but naturally occurring, and
then another exanple which we will track through in
a few things, chronmi um nmesoporphyrin, because it
has some interesting properties, but you can see
that we can easily see if they are serving as
conpetitive inhibitors in this assay.

[Slide.]

We can al so then quickly | ook to see
whet her they can be degraded by the enzynatic
system and again, these are slightly different
met al | opor phyrins, but sone of the sanme ones are
i ncluded here, and you can see that we can quite
definitively demonstrate that they are not
degraded, which neans the ring is not broken and

the metal is not escaping.
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[Slide.]

Then, our photoreactivity determnation is
done using this assay. It uses cool white |ight at
around 30 microwatts per centineter. W take
advant age of the fact that carbon nonoxide is a
product of photo-oxidation and we can actual ly | ook
at the different netal |l oporphyrins in that context.

[Slide.]

The system | ooks sonething like this with
the vials being on top of that, and then you can
get a picture of how these conpounds | ook

[Slide.]

You can see here now i nportant features
whi ch were a chall enge for the Rockefeller group,
but potency won out and they can avoid this kind of
a problem You can see the trenmendous
photoreactivity of the tin conmpounds with zinc
mesopor phyrin being in this assay, nore
phot oreactive, but the potency allows the drug to
be used at such a very |low dose that in vivo, that
is not going to be of any consequence.

In this assay, zinc protoporphyrin also
appears to have sonme photoreactivity in vivo, that
has not been denonstrated, but there are sone

conpounds that appear to be photo-inert, like the
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chromi um conmpounds, for exanple.

[Slide.]

Here is zinc bis glycol. This is a
derivative of the naturally occurring zinc
pr ot oporphyrin since it's a synthetic nolecule, and
I show this just to show you how paying attention
to these properties is inportant for picking a
drug.

This is a very potent netall oporphyrin, as
well, and like the tin conpounds, it is also
phot oreactive, and you can see that in this in vivo
testing with different concentrations of the drug
exposed to light, you can see the nortality caused
by these exposures, and you will see at these | ower
| evels, there is no nortality whatsoever, then,
there a sudden increase, and then over here on the
end, this is in the dark, so it is the light
impacting the interaction of this nolecule in the
presence of oxygen that can cause this kind of a
probl em

Thi s conmpound can al so be used in the |ess
than 5 range, so you can avoid that kind of
toxicity in vivo. This conpound has not been used
in humans and is still being investigated in

animals, but it has sone other interesting
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properties, which I will nention at the end.

[Slide.]

The second kind of testing is HO
inhibition in a range of netalloporphyrins. Again,
I know Dr. Kappas is going to say sonethi ng about
the tin nesoporphyrin itself, so |l will show you
anot her one.

[Slide.]

This is chrom um protoporphyrin and
chroni um nesopor phyrin. You can see howin this
assay, by looking at different doses, we can
characterize the relative inhibitory potency of
t hese conpounds.

[Slide.]

We can al so | ook at the potency of their
i nhibition against the two isoforns. The HO 2
isoformis the constitutive form is not inducible
by nost of the ways in which we induce this enzyne,
and then HO 1, the one that would be regul ated by
exposure to hene, and things of that sort.

You can see that tin nesoporphyrin is the
nmost potent conpound for both HO 1 and HO 2
i nhibition, but there are some other ones that are
right up near the top. Just for people's

i nformati on, chrom um nmesoporphyrin and zinc bis
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gl ycol are very inportant inhibitors.
Then, as you go down the list, they vary
in their rankings dependi ng upon the conpounds.

You can see zinc protoporphyrin, the naturally

occurring metall oporphyrin, at the very bottom It
still is an inhibitor, but it is one of the |east
pot ent .

[Slide.]

The next thing we do is we test themin
vivo, and this is an exanple of those kinds of
experinents. This is the VeCO over tine, the
control animals at the top, chrom um protoporphyrin
and chrom um nesoporphyrin. Both of these are done
at 4 mcronol es/ kg, so very | ow dose, and you can
see the relative increased potency of the
mesopor phyrin, chrom um netal | opor phyrin here to
inhibit bilirubin production as measured in the
l'iving ani mal .

So, for each of the netall oporphyrins, you
can do studies like this and see in vivo that they
are, in fact, doing what you want themto do. W
al so checked their tissues, and we can confirmthe
patterns that we saw in vivo in the tissues.

You can al so do inportant things to | ook,

like in this case, as it has been done by Dr.
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Kappas at least for the tin conpounds, we don't see
any effect in brain, so brain stays out of the
ci rcunstance here.

[Slide.]

The last thing | want to show you is how
we take it to nonkeys. This was done for zinc
pr ot opor phyrin, which is the first one we worked
on, the least potent of the conpounds. Mnkeys are
just |ike people, they have relative increased
production rates as babies. That is in the left
sort of bar graphs. They have transient
hyperbi i rubi nem a, and their henopgl obins are
roughly the same as the adults, they aren't quite
so different as they are in the human circunstance.

[Slide.]

This is what their pattern | ooks like. It
is lower and it is shorter, but it is roughly the
sanme kind of pattern, so they are a good nodel. |If
you gi ve them undamaged red cells, you can | ook at
a nodel which is alnmost identical to the child with
i ncreased bilirubin production from henolysis, and
then see how t hese conpounds worKk.

[Slide.]

This just shows you how the | east potent

conpound works. This is carboxyhenogl obin, an

file:////[Tiffanie/daily/06 11ANTIL.TXT (232 of 401) [6/26/2003 1:10:27 PM]

232



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

i ndex of bilirubin production on the left, saline
in the yellow, erythrocytes that are damaged pl us
the solvent in the mddle, and then erythrocytes
pl us the solvent and then 40 mcronol es of zZnPP
that is 10 tines the dose you would have to use
conpared to these nore potent netall oporphyrins.
You can see the marked reduction in
bi l'irubin production.

[Slide.]

Then, of course, bilirubin | evels are not

directly related to production rates, it involves
conjugation, so it is not exactly as dramatic, but
you can still see the overall inpact on bilirubin
in circulation in these animals in the henolytic

condition, so it is alnbst exactly |ike you would

be encountering in the clinical circunstance.

So, this is a very good nodel for what you

get when you use a drug like this to treat a human
neonate who m ght have increased production of the
pi gment as a cause of their jaundice.

So, the efficacy has been very well
establ i shed, and the potency of the current drug

that has been picked is well established and very

good, and it can keep you out of the range where it

is going to cause other kinds of problens.
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There are other options, other
foll owthrough drugs if people were interested in
devel opi ng such conpounds.

[Slide.]

The final thing that we do is we do in
vivo side effect testing for HO 1 regul ation
because we want to see if this inpacts gene
expressi on of henpbxygenase. Again, there are
different ways to do this, but we decided to take
advant age of a new technol ogy which is in vivo
bi ol um nescent i magi ng.

[Slide.]

Because |ight penetrates tissue and it can
come out of tissues, this is an exanple of an
internal light source, a firefly there on the right
box in the upper part, but you can also take a
pronmoter of interest, in this case, it was the HO 1
pronoter, and basically create a transgene, the
HO 1 luciferase transgene, and then under the right
conditi ons have these animals report to you when
their gene expression occurs. So, you can see the
i mpact of these drugs on gene expression in living
animals. It was one |last check to | ook at safety
i ssues.

[Slide.]
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The way this works is you can either tag a
cell or tag a gene, and you can image them You
can digitize, quantify, and archive, and people are
usi ng these kinds of things now for all kinds of
devel opmental biology. It is perfect for gene
expression, pick your gene of choice, and then
build your transgene, build your transgenic nodel,
and you can then | ook at gene expression in rea
time basically.

[Slide.]

The way this works is you get a reference
i mge grayscale, collect in lowlight. You get a
low light inmage with a pseudocol or generated by
your conputer, collected in a dark box. You can
superinpose them and you can see where the |ight
then emanates fromthe animal. There are now
bencht op ani mal i magi ng systenms for that purpose.

We use this system because | was
interested in jaundice and the effect of these
met al | opor phyrins on the system | used this
system because there is tight regulation due to
toxicity of carbon nonoxide, iron, and bilirubin,
there is tissue-specific expression, it is
devel opnmental ly regulated, it is a key nol ecul ar

target for therapy, and ex vivo assays are slow and
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provide only a snapshot, so it's a better way to
| ook at the biol ogy.

[Slide.]

We built our HO luc fusion and created our
transgenic animals. This allows us then to also do
an anal ysis of about how, in fact, up-regulation
occurs mechanistically. You can | ook at the
different things that m ght cause induction of that
gene, and you can easily see your animals in these
syst ens.

[Slide.]

This is froma honbzygous mating. That is
a heterozygous mating. You can identify your
transgeni c ani mal s who make light in response to
activation of their henbxygenase gene.

[Slide.]

Then, we are able to study inportant
phenonmena like this one, this is an exanple. HO1
transcription early inlife in the brain. W can
see that it has a devel opnental pattern. That is
sonet hing i nportant that we need to understand. W
need to make sure that nedicines like this don't
alter those patterns in adverse ways.

We can confirmthese reporting systens,

these optical reporting systens with nore

file:////[Tiffanie/daily/06 11ANTIL.TXT (236 of 401) [6/26/2003 1:10:27 PM]



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

tradi tional approaches |ooking at protein levels in
the brain just to confirmthat that is happening.
We can look at any tissue. | amjust giving brain
as an exanpl e here.

[Slide.]

Here is where we use it to | ook at the
met al | opor phyrins. So, there is zinc
met al | opor phyrin, tin nmesoporphyrin, zinc bis
glycol. You can see that there are differences in
the activation or up-regulation of the gene in
response to these conpounds.

None of them are persistent. The tin
mesopor phyrin response is slightly nore protracted
than, say, the naturally occurring zinc
pr ot opor phyrin, probably because it is a nore
potent inhibitor, but it is not protracted, and the
zinc bis glycol has essentially no perturbation
what soever in this gene regulation. Just to give
you sone exanples of how this tool works for
| ooki ng at the response of this.

[Slide.]

Using this kind of technol ogy, you can
begin to see the differences in enhancer
i nvol venent for that up-regulation, so you can see

the di fferences between the conpounds. There is
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zi nc protoporphyrin, the naturally occurring one,
which is distinct and very different fromthe

el ements that are inportant for regulation of the
gene in response to tin nesoporphyrin. There is
cadm um chl oride on the right side as sort of a
positive control

So, the gene activation by different

met al | oporphyrins differs in magnitude and invol ves

different HO-1 pronoter regul atory el enents, which
again mght help you with some drug sel ection
i ssues as nore drugs are devel oped.

[Slide.]

The other thing we were worried about

initially was that there m ght be an effect on gene

programm ng. This is what cadm um had done. W
had seen nassive responses and up-regul ati on
response to cadmium and then it woul d di ssipate
and di sappear |ike we saw with the drugs. Then,
when we retested the aninmals, they had an
attenuat ed response, so there was sonme ki nd of
programm ng that was going on that the mechani sm
needs to be fully explicated for cadm um

The prelimnary work that we have done
does not denonstrate, at least to this point in

time, for the conpounds that are being considered
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for human use to have that kind of a progranm ng
effect, which I think is inmportant informtion
That work is still in progress, but at |east the
prelimnary information | ooks good in that regard.
Anot her exanpl e of how we use this technol ogy.

[Slide.]

So, here is ny summary and ny |ast slide
Ti n mesopor phyrin, after a lot of very systematic
and exhaustive studies conducted in vitro in
animals and later in humans, is the drug of choice
currently. It is very potent and at the dose that
is being used can still achieve that kind of
efficacy, and | ooks also that it can be used in a
way to avoid a | ot of potential problens.

It is a synthetic conmpound, it is
non- bi oconpatible with respect to the centra
metal. It has very high potency which allows it to
be used at a very low dose, and it is nost likely
not going to affect other enzymatic systens.

It has high phototoxicity, but that can
al so be avoided for the sanme reason. It is not
oral ly absorbabl e al though nore recent information
we have suggests that if you can bypass the
stomach, it may be absorbable directly fromthe

intestine, which would be a handy thing if you
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package it the right way, and it is currently being
used in clinical studies.

Just for sone other reference points in
terns of the things we have studied, and none of
these have been used in humans yet, and haven't
done anywhere near the anmpbunt of work that has been
done on tin nmesoporphyrin by the Rockefeller group,
but there is a lot of information avail abl e.

Zinc bis glycol is a synthetic conpound.
It has a bioconpatible central netal. It's a
derivative of the naturally occurring zinc
protoporphyrin. It has very high potency
conparable to tin nesoporphyrin, very high
phot ot oxi city comnparabl e to nesoporphyrin, but it
can al so be used at a | ower dose, and al so can be
shown not to affect the enzymatic systens except
the one of interest, which is henbxygenase.

Thi s one happens to be orally absorbabl e,
so just a small drop could acconplish what you want
to do in the oral feeding.

Chrom um nesopor phyrin is synthetic, has a
bi oconpatible central netal. It is very high
potency again, it has no phototoxicity, it is
photo-inert, it is orally absorbable, and al so may

not affect the NOS or guanylyl cyclase systens.
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Finally, the naturally occurring conmpound,
not the greatest potency, but it does work and it
also is nmetabolized. It has a naturally occurring
and trace essential nmetal, noderate potency, very
| ow phototoxicity to none in vivo, it is not orally
absor babl e however.

So, there are a |l ot of other conmpounds
that | could talk about, but it gives you a good
sense of how | |l ook at this biochemstry, this
devel opnmental biology, and how it translates in
terns of applicability to the kinds of choices that
have been made by ny col | eagues and what ot her
potential conpounds m ght be avail able for what
appears to be very powerful agents for controlling
henoxygenase and doing pretty nmuch what they were
designed to do, which is to get a handle on that
spi got and control the production rate of the
pi gnent .

I will just stop at that point and see if
you have any questi ons.

DR. CHESNEY: Thank you very mnuch, Dr.

St evenson.

| have been cautioned about the inportance

of a break, which | was willing to have you al

work right through the break, but | have been
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cauti oned agai nst that.

As | have to go upstairs and build a
transgenic nodel, so | can give you a reporting
systemwhen | return, | think we should all take a
10-m nute break. | hope this doesn't inconvenience
any of those of you here for the open public
session, but if everybody could be back in 10
m nutes, we will pick up then. Thank you

[ Break. ]

DR CHESNEY: For the next hour we have
our open public hearing. W have nine people who
have indicated an interest in speaking. Just two
issues. First of all, as Tomread at the beginning
of the session, and | quote, we ask in the interest
of fairness that any of you who are speaking in the
open public hearing, disclose any current or
previous financial involvement with any firm whose
product they may wi sh to coment on

The second point is that people in the
open public hearing have been given different
intervals of tine to speak, and we would really
appreciate it if you could do everything possible
to stay within your time limt. W absolutely want
to hear from everybody, and we want to get as nuch

i nformati on out of today as possible, but if you
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1 could stay as close to your tine limt as possible,
2 we woul d be appreciative.

3 Qur first speaker is Dr. Attall ah Kappas.
4 He is the Sherman Fairchild Professor and

5 Physi ci an-in-Chi ef emeritus at the Rockefeller

6 University. He is a leading authority in metabolic
7 and genetic disorders, and | understand won the

8 NIlH s first annual award for excellence in clinical

9 r esear ch.

10 Dr. Kappas.
11 Open Public Hearing
12 DR KAPPAS: Thank you, Dr. Chesney, and |

13 thank David for the elegant, extrenely full and
14 really beautiful review of the subject. 1t has,
15 however, put ne in a spot. He has covered the

16 bi ochemi stry of it frombottomto top, |eaving the
17 clinical part of it to me, and since | amnot a
18 pedi atrician, that is not so easy a task.

19 | have had to cut and paste ny

20 presentation froma | onger |ecture because |I had
21 not been scheduled for this neeting until

22 yest er day.

23 [Slide.]

24 For those who need addresses and so on,

25 this slide.
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My | aboratory group has for 35 years
focused its research on the biochem stry of heme
and hene-dependent processes and on rel ated
clinical and pharnacol ogi cal issues. Twenty-two
years ago, we discovered the potentability of
certain synthetic heme anal ogues to inhibit hene
catabolism and we have intensively exanined the
bi ol ogi cal and phar macol ogi cal properties of those
conpounds si nce.

In the course of this work, ny coll eagues,
principally Dr. Drumond, Dr. Val aes, and Dr.
Martinez, and | devel oped an inhibitor which can
effectively resolve, we believe, many of the
anbi guities surroundi ng the probl em of newborn
j aundi ce.

[Slide.]

Henme conversion to bilirubin is catal yzed
by two enzynes, the rate-controlling enzyne is
henoxygenase. Newborns tenporarily produce
bilirubin faster than they can dispose of it. The
jaundice, which is mld and transient, which they
experience, peaks at about 96 hours, well after
they have left the hospital

In sone babies, however, the jaundice may

become severe, unrecognized, and then unmanageabl e,
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and naj or brain damage can occur. Mre subtle
neur ol ogi cal inmpairments are now being identified.
It could hardly be otherwise in the fragile,

i mature, and devel opi ng bi ol ogi cal system which
the newborn brain represents.

Central issues in this problemare the
unpredi ctabl e nature, unpredictable course of
jaundice in some babies, the undefined
susceptibility of individual babies to bilirubin
toxicity, and the uncertain blood | evels at which
bilirubin is toxic to the brain.

Phot ot herapy is quite successful as you
all know from personal experience. Its side
ef fects and drawbacks are al so acknow edged.

Its underlying nedical logic in particular
seenms to us presents a problem Light treatment is
initiated only after the bl ood bilirubin has
reached a | evel perceived to threaten the brain.
This exact level is not known for certainty, and
whatever it is, it may be reached after the baby is
beyond nedi cal care.

[Slide.]

We focused our research on the enzyme
whi ch controls bilirubin production and we

ultimately devel oped an inhibitor of its activity.
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We naned this inhibitor, a synthetic hene anal ogue
anong the group that David presented to you,

St anni c- nesopor phyrin or SnWP for short. It is now
known as Stannsoporfi n.

It acts, as shown on this slide, to
prevent henme frombinding to the enzyne site at
which bilirubin production is initiated. |Its
phar macol ogi cal and toxicol ogi cal properties have
been intensively exam ned over a nunber of years.

[Slide.]

In the studies along these lines which we
have conducted, the inhibitor was shown to rapidly
and effectively suppress bilirubin production in
all of the nodels of jaundice in experinmenta
ani mal s, shown on the left. In clinical studies,
in adult, a single snmall dose reduced bl ood
bilirubin Ievels by 30 to 50 percent for a period
of 10 days.

The inhibitor acted sinmilarly in adults
with liver disease associated with jaundice and
ultimately was shown to suppress hyperbilirubi nem a
in children and to interdict devel opnent of severe
newborn jaundi ce in the popul ati on shown on the
right.

[Slide.]
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The overall results in five controll ed,
random zed, blinded where possible, clinical trials
i nvol ving nore than 400 newborns are sunmari zed
here. W had earlier deternined the appropriate
dose of inhibitor in careful dose-arrangi ng studies
in several hundred additional newborns. These
studi es were funded for a very long period of tine
by the National Institute of Child Health and Human
Devel opnent, nonitored by the FDA regularly, and
cl osely supervised by senior neonatol ogist, in
particul ar Professor Val aes.

Treated babies in these studi es have had
medi cal foll ow ups for periods up to five years.

No side effects of treatnment have ever been
observed. There were 279 conbined control infants
in these trials, 129, or 46 percent, needed |ight
treatment to suppress progressive jaundice. A
total of 443 infants received a single snall dose
of the inhibitor at a suitable tine after birth.
In these infants, blood bilirubin | evels were
significantly reduced and in 97 percent, the need
for light treatnment was elininated, and there were
not cutaneous reactions to treatnment in these

babi es.

In a group of 80 newborns in whom
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bilirubin levels had reached 15 to 18 times nornal,
that is, close to the level, 19.5 ng/dl, requiring
phot ot herapy, the inhibitor rapidly blocked further
progressi on of jaundice, and none of the babies
needed |ight treatnent.

In contrast, of 86 controls who did not
receive the inhibitor, 22 percent required
phot ot herapy. A direct conparison of the inhibitor
ver sus phot ot herapy was nade in other newborns in
whom bl ood bilirubins had al ready reached the
critical level requiring light treatnent.

Forty-four babies received the inhibitor
alone. In all 44, jaundice receded and none
required light treatnent. These babies left the
hospital about 30 hours earlier than the 42 infants
who did not receive the inhibitor, and they
required considerably | ess nmedical resources to
nonitor their status

The inhibitor entirely elimnated the need
for light treatment in newborns with GS5PD
deficiency, a gene defect predisposing themto
severe, unpredictable jaundice. Qut of 58 babies in
the control group, 31 percent becane seriously
jaundiced and required lights. None of the 225

babi es receiving the single dose of inhibitor
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devel oped jaundi ce requiring phototherapy.

The interdiction of severe jaundice in
these infants sinplified and greatly reduced the
cost of their nedical care.

[Slide.]

I nhibitor effects in these GGPD-defi ci ent
newborns are graphically shown in this figure. The
58 babi es who did not receive the inhibitor
continued to accurulate bilirubin in their bl ood
during the second day after birth, as shown in the
top line, and ultimately, many required |ight
treat ment.

The bilirubin accunul ati on process was
bl ocked in the 225 babi es who received the
i nhi bitor, and none needed phot ot her apy.

[Slide.]

A nore severe hereditary disorder in
children results in jaundice which is nearly al ways
fatal. Affected children are unable to di spose of
bilirubin and survive for a time with bilirubin
| evels of 20 or nore tines normal as in this
4-year-old girl. They ultimately die of brain
damage unless they are able to secure a liver
transpl ant.

These children are being studied
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Rockef el | er-Cornell joint program of research
i nvol ving pedi atric pharmacol ogy.

A single dose of inhibitor can, as shown
on the left of this slide, nmarkedly reduce bl ood
bilirubin I evels for about 10 days. The effects is
entirely anal ogous to what is observed in newborns.

Several doses, as shown on the right, in
the sane child can noderate the jaundice for many
weeks. In these children, the inhibitor can offer,
while they wait for a liver transplant, protection
agai nst the acute, severe exacerbations of jaundice
whi ch prove fatal to them

[Slide.]

The inhibitor can al so replace the ful
bl ood exchange transfusion, a light, last resort
procedure when |lights do not control severe
jaundi ce. Seventy-five hours of intense
phot ot herapy coul d not stop the relentless
progression of jaundice in this infant. Bl ood
exchange was rejected on religious grounds by the
parents.

Wth energency FDA approval, the inhibitor
was flown to the physician caring for the baby in
Sout h Dakota, and a single dose was adm nistered as

shown by the arrow. Blood bilirubin |evels declined
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rapidly and the threat of brain damage was
elimnated as was the matter of taking |legal action
agai nst the parents.

This experience is well known now in the
Jehovah's Wtness community and has been repeated a
nunber of times over

[Slide.]

Peri odi c reappraisal of clinica
interventions is essential if science is to advance
medi cal care. Phototherapy in use for 40 years
coul d not be reappraised properly because there
sinmply was no serious alternative to which its
advantages and its drawbacks coul d be conpared,
thus, pediatricians have becone bound to a single
therapeutic option, and to the |logic that newborn
jaundice can only be treated when the bilirubin
|l evel directly threatens the brain. What this
exact level is remains elusive. This is an
unsatisfying and, as you know, sonetinmes dangerous
| ogi c.

The use of an inhibitor to tenporarily
reduce bilirubin over production, a key source of
this problem while the bilirubin disposa
mechani smmatures in the infant, has a nore secure

basis in science. It also now has a firm
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foundation in a clinical experience conprising
mul tiple successful trials for nore than a decade
in which nmore than 800 newborns to date have been
treated and studi ed.

The inhibitor can be used early to contro
jaundice in select popul ations, such as
G5PD- def i ci ent newborns, or it will interdict
jaundice at any tine point in the evolution of this
process as the physician chooses.

Finally, | think we need to renenber that
there are underprivil eged societal settings in this
country and abroad in which prol onged unrecogni zed
or untreated newborn jaundi ce can, because of its
preval ence and the paucity of nedical resources,
constitute a serious public health problem

The nethod we have devel oped provi des a
simple and rapidly effective means for resolving
this probl em

Thank you.

DR. CHESNEY: Thank you, Dr. Kappas

Qur next speaker is Dr. Bhutani, who is a
neonat ol ogi st in the Departnent of Pediatrics at
the University of Pennsylvania School of Medicine.
He is a nenber of the current AAP Committee on the

Managenent of Neonatal Hyperbilirubinema. He has
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been an investigator of the Bili Chek transcutaneous
bi l'irubin nmonitor and the author of the nonmogram
for detecting severe hyperbilirubinem a.

DR. BHUTANI: Wiile we get started,
would Iike to wi sh everybody a good afternoon. My
nane is Vinod Bhutani. | ama baby doctor from
Phi | adel phia. | amalso an investigator and a
rookie in the area of bilirubin for the |ast decade
or so, and as a part of that, | received nmentorship
fromDr. Lois Johnson, who has been a great
instrument of teaching to me personally.

In addition, we have a grant fromthe CDC
to l ook at the database for the kernicterus
registry, and | amunsal aried investigator for the
Wel |l Spring clinical trial. | amnot going to be
mentioning those things in this brief kind of set
of coments.

[Slide.]

The issue of saving babies frombrain
damage is sonething that is inherent to al
pedi atrici ans and neonatol ogi sts and to ensure that
a baby has a full safe week, we protect babies from
si x-year, from hypoglycem a, fromsepsis, from
intracranial bleeding as a vitanmin K injection, as

well as fromtrauns.
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Ever since a concern has been raised
whet her bilirubin causes brain damage, we now know
fromour kernicterus registry based on the year of
birth of the child the nunber of cases that have
been reported to the registry have increased
11-fold fromthis day in 1990, and that is in the
handout that is avail able.

The handout is detailed, but I wll just
stick to a few slides and a few points.

[Slide.]

The question that Susan Sheridan asked,
and we have asked ourselves, is in trying to
prevent adverse outcones and concerns for patient
safety with newborn jaundice, what is the |level of
bilirubin that is high. The one that | get stuck
at is the one which is how sure are we that serum
bilirubin levels are actually safe or will be safe.

In an attenpt to answer that question,
many of our studies have focused on a structured
approach to the managenent of jaundice, so that we
can nake it easier for the practicing pediatricians
who have to inplenent the various guidelines that
are passed down to them

[Slide.]

As we review the cases of kernicterus in
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our registry, we have used the Institute of

Medi cine matrix to anal yze the care that these
babi es have received as their fanmlies and at al
levels related to patient safety, patient

cent eredness, effectiveness of care, and nore
inmportantly, on the tineliness of care. There have
been significant | apses, as you will see in the
handout .

[Slide.]

The primary root cause analysis tell us
and shows us the there has been an underlyi ng major
| oss of concern for the neurotoxic potential of
bilirubin, linmtation on the visual recognition of
jaundice, and the failure to recognize the severity
of hyperbilirubinem a corrected for age in hours.

In that respect, a nombgram was neant to
be of help. Many have attenpted to read nore into
the nonogramthan there may actually is. This
nonmogram represents, in the sinplest form the rate
of bilirubin rise that occurs in the first 72
hours. 1t provides at the nmagnitude of the
severity of bilirubin and then it can be al so used
as a predictive strategy, but the rate of rise is
i mportant.

If one looks at the 95th percentile track,
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the rate of rise if 0.2 ng/dl/hr, which conpares at
the 75th percentile to 0.15 ng/dl/hr, and at the
40th percentile to 0.1 ng/dl/hr.

As you review the cases that were reported
to us in the kernicterus registry, the readm ssion
bilirubin values, once the babies were di scharged,
sone being admitted within the third day, fourth
or the fifth day, the ranges of bilirubin on
adm ssion ranged from21.5 to 50 nyg/dl.

Clearly, these babies had high bilirubins
before they were discharged. In these babies, the
estimated rate of bilirubin rise ranges fromO0. 25
mg to 0.6 ng/dl/hr.

If you conpare the rate of rise of 0.25
nmg/ dl /hr for the 95th percentile track, and margin
of safety is extrenely small given all the issues
that we know about bilirubin neasurenents.

[Slide.]

This is a baby with a high bilirubin val ue
as one can see. The babies that we worry about are
the babi es between the 75th and the 95th percentile
track, who have a 1 in 5 chance or a probability of
havi ng a severe hyperbilirubi nem a once they have
been di scharged. The other 87 percent generally do

wel |, but we do not yet have better predictive
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strategies to differentiate these 13 percent babies
fromthe remai nder 87 percent babies.

[Slide.]

To this end, we look at the limtations of
the visual recognition of jaundice, and we have
conpared with a pool ed anal ysis of data, babies who
were screened by the jaundi ce-based screening
techni ques and those by bilirubin-based screening
techni ques, and these are again in the handout in
detail .

[Slide.]

The pool ed anal ysis shows that with
bilirubin screening, you can reduce by 50 percent
the peak bilirubin values of 20 and above, as
reported in the literature. You can reduce by 50
fold, the occurrence of bilirubin above a | evel of
25, and you can potentially have a zero occurrence
of the never [?] event of bilirubin value above 13
g/ dl .

[Slide.]

We view jaundice in two sinple forns for
pedi atricians. One, the early onset of severe
hyperbi | i rubi nem a, a val ue above the 75th
percentile track before 72 hours of age when the

bilirubin binding to albunin is inpaired, so these
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babi es are vulnerable to lower levels of bilirubin
and toxicity, and then the |late onset that Dr.
St evenson nentioned, the conjugation defects, who
are above the 95th percentile track and are nore
than 72 hours of age.

The concern is of the baby before they go

horme, those who are above the 75th percentile

track.

[Slide.]

If you follow these guidelines and this
| evel of concern, | think we can neet the goals of

all the stakehol ders and bilirubin, those of the
clinicians, those of the public health officials,
those of the society, and those of the famly for a
saf e experience with newborn jaundice.

Thank you very much for this tine.

DR. CHESNEY: Thank you very much, Dr.
Bhutani, and for giving us the extra slides that we
can peruse tonight.

The next speaker is Dr. Murray Col dstein.

DR HATLIE: Madam Chair, | am actually
not Murray Goldstein. | am Martin Hatlie. Mirray
Col dstein's chair was enpty next to ne for the
whol e neeting, so | stepped up in the interest of

tine.
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DR CHESNEY: Do you want me to introduce
you?

MR HATLIE: That woul d be nice, unless
Murray is here and we just don't know who he is.

DR. CHESNEY: | am so sorry.

Martin Hatlie, Esquire, is President of
the Partnership for Patient Safety and a nationally
recogni zed authority on patient safety and medi ca
professional liability issues. He founded the
Partnership in 2000, which is dedicated to
advancing the reliability of healthcare systens,
and he is a nenber of the Harvard University
Kennedy School of Governnent's Executive Session on
Medi cal Errors.

Thank you.

MR. HATLIE: Thank you,

Madam Chai r.

I was given a sliding scale of tinme today,
5to 10 nminutes, so | will stay within the 10
m nutes and try to keep closer to 5

I ama lawer. | got to patient safety
t hrough years of being a | obbyist on litigation
issues for the AMA. | amnot really going to talk
too nmuch about that today, it is not the topic, and

frankly, many of you nmay not care, but | wanted you
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to know that about ne because you will see that |
come froma different perspective and had the
privilege of working with organi zed nedicine as
this notion of a systens approach to safety and a
safety kind of science has been devel oping really
starting in the md-1990s although I will say that
it did start in anesthesia quite a bit earlier,
probably the m d-1970s, and the CDC and the FDA
were very, very involved in partnering with the
anesthesia field to make that happen.

So, when we did start a National Patient
Saf ety Foundation out of the AMA in md-1990s, it
was really the FDA that probably had nore system
and safety know edge. This is out of the Center
for Devices and Radiol ogical Health than any other
part of government that we can find.

I amgoing to junp around in ny slides a
little bit today. You have sone nore material in
your witten materials than you are going to see up
here today, but | want to | eave you with four
points at the end of ny presentation and for the
pur poses of sort of reinforcenment and repetition, |
amgoing to start with them

One is that | ow preval ence froma system

and safety point of viewis really not a
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justification for inaction. A lot of industries
really are pursuing high reliability, and, Madam
Chair, that is a termof art for your list or
extraordi nary safety, really focus on their |ow
preval ence especially high severity injuries as
treasures, they call them They are essentially
things that tell you a | ot about your system if
you can't prevent those high severity injuries,
then, there are sone system c things that you
really need to be | ooking at, and every one of
these cases becones sonething that industries that
are serious about safety spend quite a bit of
resources on to really investigate how that could
fallen through the cracks.

The second is that an intervention that
relies on either vigilance or menory, or both,
really again from systens thinking and human
factors thinking is not optimally safe. Those are
ways in which we know human beings fail no matter
how hard they try, and no matter how conpetent, it
is not how perfect they are.

Vi gi | ance including visual assessnent,
menory includi ng know when and how to apply a
guideline are things that just are not going to get

you again to that extraordi nary safe stratosphere
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that you want to go to.

The third point is that evidence-based
medi ci ne, while a very valuable tool and really
i mportant for a nunber of reasons in nedicine, is
not a particularly sensitive safety tool. For a
nunber of reasons that have really been articul ated
best probably in the literature by two
pedi atrici ans, Don Berw ck and Luci an Leape, in an
article, a dialogue actually, in JAMA | ast sumrer,
they really focused on a nunber of reasons why
evi dence- based medicine isn't sonething that is
going to be particularly helpful to you in naking
safety happen. It's slow, it's costly, it's not
good at sort of targeting latent risk or emerging
risk in a system so you need other things to
conpl enent that certainly.

It is not that it has no value, it has
great value, but you need nore. It should not be a
rate-limting step.

The final point | want to nmake, really
based on comments this norning, that | really want
to | eave you with, although | will elaborate all of
these a bit nore, is that accidents, including the
kinds of stories that are captured in registries

like the Pilot Kernicterus Registry, are incredibly
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robust safety tools.

The avi ation industry has spent terrific
anmounts of resources in really capturing the kinds
of stories that are captured in registries |like
this one, voluntary registries that have a | ot of
narrative, a lot of richness of story telling where
you can thematically anal yze and understand why
thi ngs went wong and how t hey went w ong.

There is nuch nore enphasis froma safety
point of viewin that kind of data than in counting
nunbers and just |ooking at frequencies because
that doesn't give you the kind of narrative, the
ki nd of richness where you can really understand
why processes fail ed and what went w ong.

We really are going to nove through these
slides pretty quickly.

I also want to stress, though, by saying
that conplacency is a word that has cone up here a
couple of times, and the IOMreport that really
brought safety into the public consciousness at the
end of 1999 did charge the healthcare systemwth
bei ng conpl acent .

By that, they didn't nean carel ess, they
did not nmean callous, what they neant is that there

is a sense in sonme industries that we are doing as
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well as we can do especially where prevalence is
low, that we are sort of at the best place that we
can be at, and again, organizations that are highly
reliable are often seeing that their safety
initiatives, their big |l eaps forward in safety cone
fromorgani zations that are already |eaders in the
field, they are already at the top of the gane.
They m ght be organi zations that either thenselves
woul d say or their peers would say you don't need
to be focusing on safety because you are already
doi ng as good a job as anyone that we know of,
those organi zations that again really aimfor
perfection and they are often notivated by the

Hi ppocratic Cath. That really resonates with a | ot
of other industries, first, do no harm let's aim
for perfection. Those are the organizations that
are going further.

The best case study | can | eave you wth,
and it is not in ny slides, is the Al coa case
study. It comes out of the Harper Business Review.
It's a wonderful, wonderful story that you wll
find very applicable to what you are doi ng here,
but really focusing on first doing no harm | ooking
at your processes, aimng for perfection, and

finding a lot of cost savings along the way.
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This is Patient Safety 101. | would
recomrend Janes Reason's book which is cited in
your slides, and Charles Perrow s book which is
cited in your slides, or the IOMreport, you can
pick up all of this stuff.

These are all the different places that
safety science cones from It is not just the
medi cal literature. There is a |l ot of know edge
that is being captured fromother fields.

These are the basic nodels. If | |eave
you with nothing el se today, this will be sone of
the things that are certainly percolating through
the safety literature right now.

This is the Swiss Cheese nodel. This is
com ng from Janes Reason's work. It really | think
is applicable in many ways to the kinds of issues
that | heard you di scussing today.

One of the basic paradigmshifts that we
see in systens thinking about safety versus the
kind of thinking that |I think is driven by our
current liability system if nothing else, is that
things are constantly on the verge of happeni ng.
Accidents don't just happen when there is a breach
in the standard of care. They are constantly on

the verge of happening. You are constantly
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managi ng them and keepi ng them from happeni ng
through a series of defenses that you all have in
your systens.

The fact that the preval ence of
kernicterus is as lowas it is, and the fact that
you are managi ng hyperbilirubinema as well as you
are, suggests that your defenses have worked pretty
wel | .

What we see, though, in safety thinking is
a paradox, sort of the better that you do at
safety, the nore you | ose track of the kind of
risks that are there. Frankly, if you are trained
to look for a certain kind of risk, if you are
trai ned about the dangers of hyperbilirubinem a,
but you don't see it for 15 years, you tend to nove
it off to the side of your red error screen

So, one of the hole to one of these
defenses is just the kind of conplacency or |ack of
al ertness that conmes with not seeing something for
a broad period of time. A nunmber of organizations,
we use different kinds of sinmulation training to
really keep that forenmpbst in the mnds of the
peopl e and keep those kinds of risks alert.

The phenonenon, the hunman fact researchers

call "the conming of attention," we just don't |ook
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for things, we don't tend to see things that we
don't see frequently and aren't famliar wth.

Another thing I want to nention fromthis
slide is that certainly in Dr. Newrman's
presentation this nmorning, he went through a numnber
of things in history that have changed over the
course of our nanagenment of this disease.

One of the things that we know from
systens thinking is that any kind of change
i ntroduces different kinds of risks. So, for
exanpl e, one thing that resonated very nmuch with me
today is the novenent of the nanagenent of
hyperbilirubinem a out of acute care settings into
anbul atory care settings.

When that happened in the m d-1990s, again
wi th 20/ 20 hi ndsight, perhaps there was a need to
do different kinds of education with famlies,
different kinds of risk managenent strategies to
reflect that change in the way in which we now see
this kind of risk energing.

Frankly, it is one of the holes that PICK
is trying to fill. It is the hole inreally
bringing forward the partners, the famlies as
partners, the lay caregivers as partners, and they

have a nore active role to play if this is a fact
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sonething that is going to enmerge in outpatient
care settings.

We have talked a | ot about--this is, first
of all, the Sharp and Bl unt Ends nodel, another one
of the basic nodels from Safety Science. W have
talked quite a bit about the guidelines that are in
pl ace here and the fact that kernicterus does
continue to happen even if the preval ence may be
| ow.

The purpose of this slide is to really
show that where care is given, which is the sharp
end of this triangle, practitioners are often
bal ancing three different things, guidelines in
this case, it's their goals, what they think is
goi ng on.

Probably in this case, a good exanple
woul d be can you di agnose kernicterus, can you
di agnose hyperbilirubinema, are you trying to
bal ance it with other kinds of things that you are
differentially diagnosing, and al so the issue of
attention, and attention is really interrupted in
nmost heal thcare settings by distraction and by
fatigue

So, a lot of the work that happens in

managi ng safety invol ves nmanagi ng that attention
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that focus of attention. It is one of the reasons
why vigilance and nenory really are not good

strategies to rely on because they get interrupted
by all that action at the sharp end of the system

The sharp end, frankly, what happened to
the sharp end is shaped by the blunt, and the bl unt
end includes different kinds of systens thinking
including the legal system including the
gui delines, including the kinds of technol ogies we
have in place. Anything that we can do to minimze
vigilance, reliance on vigilance, or mnimze
reliance on nenory, or sinplify or standardi ze are
frankly things that will help people performbetter
at the sharp end, and that is really the mgjor
take-away | think fromthis slide in the tinme that
we have today.

Hi ndsight bias. | haven't heard it nuch
today, | have heard it in nobst situations where we
have tal ked about this sort of thing, and that is
the statement that if doctors only foll owed the
gui delines that they have up there, we really
woul dn't see kernicterus

In fact, it is a very, very well known
phenonmena in the literature that hindsight, that

when you | ook back on a situation, you tend to make
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judgrments like that, it's internalized bl ane that
it was the doctor that was at fault. In fact,
because of all that conplexity at the sharp end of
the system there is many things that are goi ng on
and really focusing on whether doctors should be or
shoul d not be followi ng guidelines is not going to
get you where you want to go

Agai n, you want to focus on technol ogies,
strategies, to sinplify, to standardi ze, and to
decrease reliance on vigilance and nenory.

How do we apply safety science to
optim zing the prevention of kernicterus? One of
the maj or | essons that we know from | ooki ng at many
years of experience in safety science and ot her
systens is that systenms never run perfectly, they
are prone to failure and degradati on, we shoul d not
be relying on guidelines and protocols as our najor
line of defense because that assunes optinmal system
performance, and the systemrarely perforns
optimally.

Rel i ance on vigilance and nenory, we have
tal ked about already, but there is frankly just not
strategies that are going to really get you to the
high reliability sector on this issue.

How do we apply safety science to
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optinmizing the prevention of kernicterus?

My tine is up. Lots of people have to be
involved. Sinplification and standardi zation are
i mportant tools.

Many of these other strategies are
cultural strategies, we are not going to tal k about
them here, but it really is a whole series of
training and comunication stuff.

Evi dence-based nedicine, | amgoing to
| eave you with the slides here. They include a
nunber of quotes from Berwi ck and Leape fromt hat
series of articles that | talked to you about, but
essentially, evidence-based nedicine is not
somet hing that either aviation or anesthesia has
relied on terrifically in creating safety.

It is much nore of a probl emsolving
technique. It is every story in the registry that
can be analyzed thematically and really | ooked at
with the kind of problemsolving that frankly,
commi ssions are very good at doi ng.

So, you have the steps in place to really
move forward and really getting to the next |eve
in safety and reducing the preval ence that you have
of hyperbilirubinema, whatever it is. It is

really just the approach that could be different
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than the traditional approach that is inportant
her e.

I amgoing to stop here. There is many

more things that | could say, would | ove to say.

If you have any other questions about any of this,

I will be at the cocktail bar at the end of the day
and | woul d be happy to talk to any of you

Thank you so mnuch.

DR. CHESNEY: Are you sponsoring the bar?
| don't think the FDA is.

MR. HATLIE: No, | think the hotel is,
think it is something that they are giving us for
free. Thank you very nmuch for the extra tine, |
appreciate it.

DR CHESNEY: We will be there. Thank you
very nmuch.

Many of us have beconme devout Don Berw ck
fans and for those of you who have not seen the
vi deo, Escape Fire, | think if you want to
under st and process and nedicine and errors, that
has a very profound nessage to it.

Qur next speaker is Dr. Duane Al exander
who is the Director of the NICHD and has been since
February 5th of 1986. H s own personal interests

and trai ning have been in devel oprent al
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disabilities, and | was interested to learn that in
his first position at the NICHD, he directed their
nati onal ammi ocentesis study that established the
safety and accuracy of amiocentesis for prenata

di agnosi s.

Dr. Al exander.

DR. ALEXANDER: Thank you all for the
opportunity to speak to this group on this very
i mportant topic.

The study that | organized after the
ammi ocentesi s study was a phot ot herapy study
assessing the safety and efficacy of phototherapy
for treating jaundice. | never got to finish that
one because | went on to the National Conm ssion
for Protection of Human Subjects instead, but this
is obviously an issue that has been of interest to
me for along time and to the Institute.

During its 40 years of existence, a nmjor
focus of our attention has been on inproving
pregnhancy outcone and ensuring intact survival of
newborn infants and prevention of disability. |
shoul d state for the record that | have no
financial relationships to Wll Spring or other
phar maceuti cal conpani es, nor does the Institute.

Bi Ii rubi n encephal opat hy has | ong been a
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maj or problem for newborn infants. The biggest
advance came before NI CHD was established with the
devel opment of Rhogam which elimnated a huge
proportion of neonatal jaundice and probl ens
associated with it.

Then came phototherapy. The Institute
addressed this. It took care of much of the
problemw th premature infants when our
col | aborative study denonstrated its safety and
ef ficacy in reducing the need for exchange
transfusi on and reducing the incidence of
kernicterus, and it rapidly becane standard
treat ment.

Unfortunately, it is also clunsy and
conplicated, it takes a long tine, it interferes
with access to the infant, and it is not 100
percent effective, so we really have needed a
better intervention if one could be devel oped.

Sumer Yaffe, the former Director of the
Center for Research for Mdthers and Chil dren at
NI CHD, cane to ne one day with a potenti al
solution. Based on his conversations with Attallah
Kappas, who you just heard speak, Dr. Kappas
reported on devel opnent of a new series of

conmpounds that they were working on that could
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represent a one-tinme injectable drug that woul d
interfere with the formation of bilirubin until a
baby's enzynmes matured sufficiently that it could
excrete it.

They had tested several different
formulations, tin, zinc, proto-, neso-, and settled
on tin mesoporphyrin as the nost effective and the
safest, as well. W believed, based on the
evi dence that we saw, that this could potentially
be the | ong-sought magic bullet that could finally
end t he probl em of hyperbilirubinem a and
kerni ct erus.

We worked with Dr. Kappas to organi ze sone
clinical trials. These were done by contract in
Greece and in Argentina. They included studies of
term breast-feeding infants, GBPD- defi ci ent
infants, ABO inconpatibles, terminfants with
hyper bi | i rubi nem a.

In every study, tin nmesoporphyrin
adm ni stered once resulted in | ower peak bilirubins
in the treated infants than in the controls, and
reduced or elimnated the need for phototherapy.
The only infants in any of these studies that have
been reported who required phototherapy after

receiving tin mesoporphyrin were sonme very snall
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preterminfants.

In addition to this, there was no evi dence
of any adverse effects in any of studies. Results
like this don't come along very often. So, the
nunber of patients, however, in our studies, was
not large, it nunbered in the hundreds rather than
in the thousands, so these data have to be regarded
as prelimnary certainly rather than definitive.

They al so were not reported in
sufficiently rigorous way to neet all the FDA
requirenents, so nore studies were needed. W
urged Dr. Kappas to license this conpound to a
phar maceuti cal conpany, which he did, and the
studi es have begun.

The prom se of this treatnment is so great
that it is inportant that these studies needed to
provide data for a judgnent on approval, need to be
nmovi ng ahead rapidly, so that tin mesoporphyrin can
be studied for its preventive efficacy, as well as
its therapeutic efficacy.

W, at NICHD, believe that this is one of
the nost inportant new drugs being studied for
pediatric use and that it is the only intervention
on the horizon that holds out the prospect of

conpletely elimnating the probl em of
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hyperbi | i rubi nemi a and ker ni ct erus.

We are sufficiently enthusiastic about it
that we have a protocol ready to inplenment in our
neonatal intensive care unit network to test its
addi tional applications of tin mesoporphyrin once
it is approved for use in terminfants, so that we
will knowits efficacy and safety before it gets
broader application after |icensure.

If this proves useful, we will go on to
eval uate other possible applications. W hope that
a way will be found to move current studies forward
expeditiously, so that the full pronmise of this
drug for ending the problem of kernicterus wll
finally be realized.

Thank you very nuch.

DR. CHESNEY: Thank you.

Dr. CGoldstein is here, but | think we wll
give hima chance to catch his breath and nove on
to Dr. Andrew Moosa, who is Director of Newborn
Nurseries and the Infant ICU at St. Francis Medical
Center in Linwood, California.

DR. MOOSA: Thank you, Dr. Chesney, thank
you, Tom Perez for allowi ng nme to speak today.

As an initial waiver, | want to say that I

have no rel ationship with Well Spring, | am not
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bei ng reinbursed, | amnot involved in the clinica
trials, I amnot salaried, so | have no conflict of
i nterest.

Dr. Lucey asked nme who was | representing,
so | said | was representing the practicing
pedi atrici ans who day and ni ght take care of babies
and children. | amfrom Southern California, the
Los Angeles area. Sonebody has to speak for the
South since Dr. Newran and Dr. Stevenson represent
the North, which is nore affluent, which is nore
sophi sticated, but I amfrom Southern California.

Dr. Newrman nmentioned to you the Kaiser
study in Northern California. Kaiser is a very
special place in the sense that they have very good
control of what goes on with both the physicians
and the patients, et cetera. It is a nmarvel ous
system But in those of us who practice outside
the system | practice in a hospital of 520 beds.
W have 7,000 deliveries a year

When we | ook at those nunbers, and a | ot
of our population is the working poor, who earn
$20, 000 or less a year, many of themare single
parents, they don't have vehicles to come back to
the hospital. Wth the new HMO systens, in spite

of the federal mandate that the kids will stay in
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the hospital, the newborns will stay in the
hospital for 48 hours, the nothers are sent hone
earlier by HM>s or they choose to go hone because
they have got three or four other kids at hone and
they need to go hore.

We then say, well, you had better cone
back and get a bilirubin in two days, three days,
they don't cone because they don't have
transportation. Qur systemis very difficult. It
is very different fromthe Kaiser systemor other
systens in the west side of Los Angel es as opposed
to where we practice

| practice in southeast Los Angel es.
Then, we have been tracking. One of the things
also do is | head California's programfor hospita
accreditation. |In that role, | go up and down to
California hospitals and we survey them for
accreditation.

One of the things we are | ooking at now,
and one of the things front and center, both in
Washi ngton and in Sacranento, is patient safety.
We are now | ooking at the babies who cone to the
hospital or show up in the enmergency roomfromthe
time they are discharged fromthe hospital until 21

days of life.
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In my hospital last year, | pulled the
figures out, we had close to 7,000 deliveries.

The exact nunber was 6,987 babies. CQut of that,
535 babi es canme back to the emergency roomin the
year 2002 for jaundice and poor feeding. W have
not been | ooking at those figures.

I don't have the nunbers of how many were
readmtted to the hospital. Now, that is a mgjor
probl em for us because when t hese babies go hone, a
| arge nunber of our babies belong to parents, as
said, that really can't afford to come back to the
hospital, can't afford the taxi fare, can't afford
or do not want to come and get the kids stuck two
or three tinmes when the bilirubin is up, and they
really don't want the kid in the hospital, they
want the kid to go hone.

Then, when you say to the nother, when we
call the nother say, you know, how cone you didn't
bring the baby for the blood test, they say, well,
my other two children are sick or | don't have
transportation, or ny husband is working on the
ni ght shift or day shift, whatever, it is a problem
for us.

So, | have 37 pediatricians. This year

happen to be Chairman of the Department of the
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Departnment of Pediatrics, have 37 practicing
pediatricians in ny department. You know, they are
| ooking for a better way to take care of these kids
who are jaundiced. W are now using the carbon
monoxi de studi es for the Bhutani graphs, trying to
find out which babies the bilirubinis going to go
up, et cetera, and we are having difficulty with
that, because we know these kids, it is going to go
up, we want to neasure the bilirubin in tw or
three days. They don't cone.

So, what | amsaying to you as a
practicing physician out there, the practicing
pediatrician out there, we need sone help. |If
there is a conpound avail abl e, a pharnmaceutica
agent available out there that can help us with
these kids, because they are really, in the rea
worl d, they are not going to get two and three
bl ood tests of bilirubin to come back

Sonebody said, Dr. Bhutani said it costs
one dollar to get a total bilirubin, Dr. Lucey said
it costs $35.00 in Vernont, so | don't know what it
costs where, but it is not cheap, and to get the
thing done, we are allow ng these kids to stay at a
risk that is there.

Dr. Newrman asked a very inportant question
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during his talk. He said how can we reduce the
occurrence of kernicterus. For ne, as a practicing
pedi atrician, my question would be how can we
el i m nate Kkernicterus.

Thank you for allowing me to talk to you

DR. CHESNEY: Thank you very nuch.

Qur next speaker is Dr. Jerold Lucey, who
is a Professor of Pediatrics and Neonatol ogy at the
Uni versity of Vernont, and has been a nmentor for
many of us with respect to his years of witing,
teachi ng, and advocating for infants and as the
long-tine editor of the Journal of Pediatrics.

DR LUCEY: | paid ny own way. | ama
friend of Dr. Kappas, but he doesn't have to pay ne
for that.

Bei ng al nost the |last one on this program
is sometines an advantage. You can al ways say,
wel |, everything that has been said worthwhile has
been said already, and | think |I can plead that
somewhat, but | am probably the only one in the
roomthat goes back to the Shaw, Di anbnd, and Allen
era in Boston when they invented the |evel of 20 ng
percent .

I have done hundreds, | think | stopped

counting, exchange transfused at nunber 500. So,
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| et ne say sonething about exchange transfusions.
Nobody has made clear the fact that there is about
a 1 percent nortality rate with these, and it
happens in well babies, and there have been
articles witten about it in the old days, but
nobody ever really solved the probl em of why these
babi es di ed.

I can renenber probably every single one
of the ones that died on nme because they stunned
you. You went out and talked to a nother, said we
are going to do an exchange, and there is a very
| ow risk, and then, boom the baby's heart stopped
during the thing and they couldn't get it started.
So, that is still there, and | think there aren't a
| ot of people who are very adept at doi ng exchange
transfusi ons anynor e.

So, that is an effective therapy al
right, but it has with it alittle risk

Now, the first time | nmet Dr. Kappas was
when he presented his first paper on henoxygenase
i nhibitor and right away | knew the days of
phot ot herapy were limted, because here was
somet hing that you | ook forward to, a shot that you
could give

| have been responsible for the
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i ntroduction of phototherapy in the United States,
doing a randomi zed trial in the late 1960s, and,
first of all, people didn't believe it. | started
out thinking light would never work myself, as a
matter of fact.

It was done because | had a Chil ean
research fell ow who they were doing it using it al
over in South America and lItaly and France, but |
am nonol i ngual and | never read any of these
articles. Wen ny research fellow cane to ne, he
said why aren't you doing photot herapy, | said, oh,
it doesn't work

If you look at the early papers as far as
evi dence is concerned, that first paper didn't
convi nce very nmany people. It came out in '58 and
nobody in the United States started using it unti
after we at least did a random zed trial in '68.

Then, there was 10 years, you know,
phot ot herapy woul d never pass the FDA regul ations,
I think, at this point, or take years to do it. 1In
those days, all you had to do was prove that the
therapy was effective, and people started using it
because it was a device, and obviously, the device
was safe, nobody ever got too hurt by a light bulb

unl ess they touched it or sonething.
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So, there was a therapy that came in and
then there was just an academi c debate that went on
for a decade because actually there wasn't a way of
telling where did the bilirubin go, where did the
yel l ow go. That took about 11 years to be worked
out, and there is still people who worry about
phot ot her apy.

You will be presented tonorrow, | gather,
when you are naking your deliberations on tin
mesopor phyrin about what are the |long-termeffects.
Well, to get long-termeffects, it takes a | ong
tinme. Bill Ch summuarized all the limtations of
phot ot herapy. There is certainly several of them
They can be handl ed, but if you wanted to be a
purist, you could say, well, nobody has ever
foll owed those people for 30 or 40 years.

Vel |, please renmenber that very few, |
don't know of any drugs that have been foll owed
wher e sonebody who introduced and then foll owed the
people for 30 years. That is just not possible.
So, | think you are going to have to take a chance.

When | got interested in light and
realized it worked, ny idea was that we give it to
everybody, because | had the idea that if you

wal ked around on the outside and didn't get hurt,
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and that was 10,000 tines nore radiant energy than
you got fromthe light therapy, then, this is
probably going to turn out to be safe.

So, if you read the little paper
carefully, you will see it was proposed as a way of
preventing jaundice in newborn infants. It hasn't
been used that way anynore because peopl e got
worri ed about separation from mothers and the
effect of blinders, and everything, and we backed
of f, and that nay be one of the reasons why you are
seeing nore--1 mean as phot ot herapy went down,
maybe the incidence of kernicterus went up, but we
started seeing nore anyway.

Then, | got really disenchanted with the
field because | didn't see any way out how you
coul d ever do a study in which you would allow a
level to go up to sonething that was toxic and then
have a control group, so there aren't any rea
possibilities for much of a control study with a
hi gh ri sk group out there.

I wote a thing called, The Bilirubin
Mess. There never was a |level, there never will be
a level, which | still believe. Judging the
toxicity of a certain |l evel versus the baby in the

situation, | just don't think is a practica
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appr oach.

O her peopl e have held onto the idea that
maybe you shoul d do unbound bilirubin,
scientifically, quite sound, practically, not apt
to be very practical

So, | would urge you to | ook at new
proposal before you as far as the treatnment is
concerned and that we proceed on two |levels. One
is use the new treatnent, approve the new
treatnment, use it and then start doing sonme other
studies with it, and try to selectively treat as
few babi es as you can by using sone variation of
Dr. Bhutani's graph for picking out babies.

Thank you very much.

DR CHESNEY: W have two nore speakers,
Dr. Tinos Valaes, a clinical instructor in the
Pedi atric Program at Boston University.

DR VALAES: It is an advantage and a
di sadvantage to be one of the |ast speakers. The
advantage is that you know, you have heard what
everybody el se has said. The disadvantage is that
you cannot have prepared slides of anything because
then you will repeat what sonme of nore el oquent
peopl e have al ready sai d.

First of all, | guess | have to do ny
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di sclosure part, and | am Professor Eneritus at the
Tufts University School of Medicine in Boston, and
I have been involves with the tin nesoporphyrin
studies in Geece from1988 to the year 2000.

During this 12-year period, | spent 50
percent of mny professional tinme doing the studies.
The studies were, as you heard, supported by
National Institute of Child Health and Human
Devel opnent and when the contract was over, the
Wel | Spring Pharmaceutical Corporation becane the
custodi an of the conputerized database and al so
paid for the | ast nonths the nurse practitioners
that was involved with the five-year foll ow up
So, that is ny contact with the company.

When they asked ne while | was traveling
if | aminterested in attending this neeting, they
vol unteered to pay ny travel expenses from Boston
to here.

Having said that, | nust say that | have
not yet recovered fromthe enotional inpacts on nme
fromthe speech, the presentation rather than the
speech, of Ms. Sheridan. The reason | am so
i nvol ved and i npacted by her presentation, that in
my earlier professional life, | had the bad | uck of

havi ng seen nore than 300 cases of Kkernicterus.
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This was after my training in England
where | was part of the revolution there in taking
care of the Rh di sease babies and see the nmarvel ous
di sappearance of kernicterus fromthis cause by the
timely use of exchange transfusion.

Then, in '59, | went to G eece,
est abl i shed an exchange transfusion service at the
State and University Maternity Hospital in Athens,
and we elimnated kernicterus in that institution,
but this left the rest of Greece without the help
of phot ot herapy, sending us very late, as | said,
hundreds of babi es and where we could do nothing to
save themor alleviate their condition.

Then, phot ot herapy canme and the probl em
was no |longer there, and then | decided to cone to
Bost on, not because | was | ooking for the problem
no, | was looking to get away fromit.

Having said that, | think | need to
iterate a few things. Neonatal jaundice is a
self-resolving condition and all we do with
what ever nmeasure we take is to buy tine for the
small mnority of babies that are going to devel op
ker ni ct er us.

Kerni cterus can be prevented, but cannot

be treated, and every epidem ol ogi st knows that if
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1 it is prevention, you have to treat nany nore

2 patients that will eventually devel op the

3 condition, if not for the preventive neasure.

4 It is also very well established that if
5 preventive measure succeeds in elimnating the

6 di sease, then, the nedical profession and the

7 public start questioning whether really the

8 preventive measure is necessary. This is exactly
9 what happened with kernicterus. W have been

10 trapped by our own success in elimnating

11 kerni cterus.

12 What happened, we all owed, or as

13 pedi atricians, for a drastic reduction of the

14 i n-hospital observation of babies, and we are now
15 experiencing another thing again. The safety

16 mar gi ns for exchange transfusion or for

17 phot ot herapy or for tin mesoporphyrin for

18 i nterveni ng have been conpressed, and this

19 conpression nmeans that it is not only the |evels of
20 bilirubin between these different things that are
21 reduced, but is also the time available for us to
22 make the intervention, particularly if the baby is
23 al ready home and there is no beeper in the baby's
24 systemto tell the physician when the target cal

25 for action has been reached, and there is a |ot of
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delay, and that is really what is happening
ever ywher e.

| have produced a nathematical nopdel to
show how really bilirubin level, a tine key anytine
during the first week of life has been reached. As
you see there, there is a cumulative rate of
bilirubin production involved. It is not one rate,
it is a cunul ative, because this rate changes, it
decreases throughout this period of tine.

The cunul ative intrahepatic circul ati on of
bilirubin is one side and then the cumnul ative rate
of bilirubin elimnation, and that again is not one
rate, it is a continuously changing, fortunately
increasing rate of elimnation

Phot ot herapy intervenes in this process by
increasing elimnation. Tin nmesoporphyrinis
acting on the other side by decreasing production,
and it does it very efficiently and for enough
time, at least 7 to 10 days, so that you only have
to give it once

There is an historical paradi gmavail abl e
to us, how you react to a situation like this.
There is a condition known to all the pediatricians
known as henorrhagi c di sease of the newborn. It is

a devel opnmental situation. The baby is born with a
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low | evel of vitanin K dependent clotting
factors. They go further down, particularly in
breast-fed babies, and this tendency can be
reversed by a single dose of vitamn K

In the '40s, there was a | ot of
di scussion, the commonality is, first of all, that
there is not one level of clotting--low |evel of
clotting factors that will be for certainly related
with clinical manifestations, and there is a
conti nuous change of these factors different from
one baby to another, simlar to what is happening
with bilirubin, and there was a | ot of discussion
in the '40s and '50s whether you should be giving
vitam n K, which corrected the abnormality
definitely well proven, to the nother, so that the
baby is protected during a traumatic delivery, to
the baby orally, and the problemthere was that
there was not an oral preparation, but who cares,
you open the anmpul e of the intranuscul ar
preparation and you pour it into the baby's nouth.

But then in 1961, the Anerican Acadeny of
Pedi atrics stepped in and pushed aside all this
controversy, and w thout any single sort of new
study that was reported as pushing themin this

deci sion, decided that every baby shoul d get an
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i ntranuscul ar injection of vitamn K, and this was
enough and sufficient to make the conplete

di sappearance and nake early and classical analytic
[?] decision of the newborn elinmnated, and it is a
hi storical sort of condition for nost of the
pedi atri ci ans.

Now, what | said had happened, with the
British and some other people first, questioning
why shoul d every baby get an injection. They
started saying it is not necessary and they stopped
giving it, but to cut the story short, the American
Acadeny of Pediatrics again intervened, | think it
was two or three years ago, and said no, let's
forget about all this discussion and go back to the
i ntramuscul ar injection and continue the practice
that was there.

Now, of course, this is a different
situation we are tal king about because now we have
to introduce a new practice, and not really stick
with the old one.

Thank you. | didn't see any light, sorry.

DR. CHESNEY: W don't have a light. That
woul d be an excell ent suggestion. | don't think
they anticipated quite so many people for the open

session. | thought you nade sone very excellent
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poi nt s.

Qur | ast speaker is Dr. Murray Col dstein
who is the Medical Director of the United Cerebra
Pal sy Research and Education Foundation and former
Director of the National Institutes of Neurol ogica
Di sorders and Stroke, and a forner Assistant
Sur geon Gener al

DR. GOLDSTEIN: Madam Chai r man,
apol ogi ze for being late. | apparently
m sunderstood the time frane of your agenda. You
have already introduced nme, so | shan't introduce
nmysel f.

I guess | need to say | have no persona
soci al, working, or other relationships with any
i ndustrial organization relevant to this
di scussi on.

First, | would like to take a nmoment to
congratul ate the staff of the subcommttee. The
t hor oughness of its concise staff paper of My 14,
summari zing the state of present know edge on
hyperbi | i rubi nem a of the newborn, and, two, the
significance and specificity of Dr. Cunm ns' charge
to the subcomittee

Havi ng been in governnent for a nunber of

years, | appreciate both the technical excellence
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of these documents and the sensitivity with which
they were witten. Geat staff work.

I have already submtted a brief docunent
on kernicterus for this conmittee's consideration
and on the role of hyperbilirubinem a of the
newborn as an inportant etiologic factor in
athetoid cerebral palsy. This information is in
your folder, and so | won't spend tinme repeating
it. However, | do need to point out that athetoid
cerebral palsy is one of the severest forns of
cerebral palsy and is characterized by a serious
lifelong interference with activities of daily
I'iving.

Al so, in the past, it was one of the nore
common mani festations of cerebral palsy. The
i mportant findings of a generation ago in early
di agnosi s and therapy essentially renoved
kernicterus fromthe screen of nedical attention

| daresay there are very few nedical house
of ficers today who have ever seen a case of
kernicterus. Al so, | would guess they probably wll
have difficulty recognizing it if it was presented.
In essence, as a nedical research and public health
conmmunity, we have assigned kernicterus and its

consequences to the category of benign neglect.
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As presented here by previous speakers,
the reasons for this benign neglect may no | onger
be appropriate. Although kernicterus is still a
rare disorder, it appears to threaten to re-energe

As ny paper indicates, there are a nunber
of clinical care, nedical research, and public
heal t h measures that now demand additiona
attention from both government and nongover nnment
sour ces.

To be specific about the role of the FDA
in this new agenda, first, | urge the subconmmittee
to advise the FDA to give targeted and priority
attention to the use of its authority to neet its
agency-desi gnated responsibilities under the O phan
Drug Act.

This Act was passed to stimulate and
support needed research devel opment on (a)

i mprovenent in the diagnostic criteria and

met hodol ogi es for early identification of
hyperbi lirubinem a in the newborn; and (b) the
devel opment of nore definitive clinica
interventions for the treatnent of this disorder

I had the privilege of being one of the
peopl e who hel ped desi gn the O phan Drug Act and

was a nenber of the Assistant Secretary of Health's
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subcommi ttee that designed the specifics of it.
Unl ess that Act has been changed, and | don't think
it has been, | believe the need for its use as an
instrument of the FDA is inperative, and it was
designed to do such.

| al so suggest that the subconmittee
recommend that the FDA use its administrative
procedures for expedited review to evaluate the
results of this research and devel opnent

activities.

These actions on the part of the FDA would

meet its unique responsibilities for addressing

this potentially serious problem of infancy.

Al t hough kernicterus is not a public health probl em

of the size of SARS or AIDS, to the parents of
infants and children with athetoid cerebral palsy,
one case of kernicterus is one case too nany.

Madam Chai rman, thank you for your
attention and | would be pleased to attenpt to
respond to any questions the subcommittee may have.

Thank you.

DR. CHESNEY: Thank you very nuch.

W need to nove on to Dr. Nelson's
presentation next and then we will be addressing

Questions 2, 3, and 4. As a personal favor, in
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order to reinstate ny credibility as sonebody who
sticks to the time, which | have lost already, | am
going to ask Skip if he could shorten his
presentation by sonme amobunt of tine.

Thank you.

Et hi cal |ssues

DR. NELSON: What | would |ike to present
today is four sets of reflections on four different
issues. It is not nmeant to be a conplete
presentation of the ethical issues in drug
devel opment in this area, but to stimulate our
conversation. | think they have been touched on at
different points in tine.

You have the complete slides, so | wll
sort of, in the interests of tinme, nove through
them rat her quickly.

[Slide.]

The first point | want to nmake is on
surrogate endpoints, but for those of you in the
audi ence, | don't have a biochemn cal pathway, but
this is a regulatory pathway which, in your
handout, is presented as a full page docunment as
the | ast page of the handout, and it shows you how
you nove through 21 CFR 50 and 56 in the case of

the FDA, or 45 CFR 46, and to orient ny renarks
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according to this regulatory pathway, the first
question bei ng sound research design

[Slide.]

The first point we need to ask, as we are
| ooki ng at drug devel opnent is sound research
design, and the issue | want to raise if the choice
of endpoint, surrogate endpoint.

[Slide.]

The primary goal for the treatnent or in
fact prevention, since | will have sone refl ections
on prevention, of hyperbilirubinema is to prevent
kerni cterus and other irreversible
neur odevel opnental inpairnent in case sone of the
concerns about other inpairnents at |ower |evels of
total bilirubin are confirmed.

The association with total bilirubin |eve
suggests that the control of this level nay be an
appropri ate surrogate endpoint, but even within
that, we still have other possible surrogate
endpoints - bilirubin above 20, bilirubin above 25,
bi lirubin above 30, naybe sonething | ower, peak or
maxi mum bi lirubin conparing two interventions or an
i ntervention agai nst a non-intervention control, or
decrease in the use of other treatnents, such as

exchange transfusion and/ or phototherapy. Al of
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those are surrogate endpoints.

[Slide.]

A set of quotations froman article by
Fl emi ng and DeMets in the 1996 Journal of Annals of
I nternal Medici ne where they | ooked at surrogate
endpoints, and these are several points they nade
about the use of surrogates:

"The surrogate must be a correlate of the
true clinical outcone and fully capture the net
effect of treatment on the clinical outcone;

"To be a valid replacenent endpoint, a
surrogate nust provide a high |evel of accuracy in
predicting the intervention's effect on the true
clinical endpoint;

"The primary goal (in these definitive
phase 3 trials that they were discussing) should be
to obtain direct evidence about the intervention's
effect on safety neasures and true clinica
out comes. "

So, | amnot going to answer the question,
but the question is what is the appropriate
endpoint to use in sone of these studies. | think
it is fairly clear it is not kernicterus. The
question then is what is it.

[Slide.]
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So, now sone reflections about the justice
of healthcare distribution, and | amgoing to
actual ly present sone data fromCalifornia. |
think it mght even be Southern California, but I
am not sure

[Slide.]

But the point is raised by this notion of
equi tabl e selection. Now, usually, equitable
sel ection neans if you have a research trial, that
you equitably select those who go into the trial,
so | amusing this, though, to raise sone nore
general questions about equitability.

[Slide.]

VWhat struck me in looking at the AAP' s
docunent on neonatal hyperbilirubinem a, which
looks like it was also reflected in the sane |ist
that Dr. Bhutani put up, is that the root causes of
kernicterus, if you look at themall, early
discharge with no early followup, failure to
check, failure to recognize, underesti mating, |ack
of concern, delay, failure to respond, all of these
are behavioral aspects, all of these are systens
i ssues that appear to be totally unrelated to
phot ot herapy, unrelated to the giving of a

medi cati on.
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Now, | am not presunming to say what the
answer is to correct the deficiencies, and | al so
agree with the comments that you don't |ook for a
behavi oral solution. Practicing in an intensive
care unit, we need systens to correct this, but
question is what is the best systemfor correcting
these root causes - is it drug developnent, is it
uni versal screening, is it some other process.

[Slide.]

Now, the issue of equitability was raised
for me in looking at an article that came out in
Pedi atrics just recently, again based on data from
the 1999 California Maternal and Infant Health
Assessnent .

In | ooking at the adjusted odds ratios for
either early discharge or for inadequate follow up
with early discharge described as | ess than two
days after vaginal delivery or |less than four days
after cesarean section, and the particul ar question
was, in spite of the fact that we had a federal |aw
stipulating that they had to be provided, who
didn't get it.

[Slide.]

At |east for early discharge, the only

variables that fell out as inportant was maternal
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i ncone, and that was the adjusted odds that you see
there in terms of predicting who got discharged
early, odds ratios for untinely follow, and | see
the formatting here didn't work quite perfectly,
but basically, maternal race or ethnicity, Latina,
mat ernal income again, Medicaid insurance, or the
primary home | anguage bei ng non-English, those were
the predictors of untinmely foll owup. So, those
infants who were born to mothers that had these
criteria were those that were at risk for not
havi ng appropriate foll ow up

Now, that may reflect a nunber of
different factors that were outlined by our speaker
from Southern California, but this is the
popul ation that, in fact, is at risk. So, it would
al so be the population that is at risk for whatever
intervention we decide to design

[Slide.]

The authors point out that this is an
i nequi tabl e pattern

[Slide.]

Now, what is interesting to ne is if you
rely on the IRB systemto help with these kind of
public policy decisions, you will be sorely

di sappoi nted because actually in the regul ations,
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the IRBs are told that they shouldn't pay attention
to the inpact of research on public policy, and
this is a direct quote fromboth FDA and it also is
mrrored in the HHS regul ati ons:

"The |1 RB shoul d not consider possible
| ong-range effects of applying know edge gained in
the research (for exanple, the possible effects of
the research on public policy) as ampong those
research risks that fall within the purview of its
responsibility."”

But the question before us is, does that
fall under the FDA's nmandate in terns of pronote
and protect the public health.

[Slide.]

Let's talk a little bit about treatment
versus prevention. |In reflecting on this, it
struck me that the paradi gm has al ways been one of
prevention. It was nentioned by a nunber of
speakers. There is no treatnment for kernicterus.

So, the choice of total bilirubin of 20,
was taught, and it was, of course, in Boston in the
early '80s that part of the reason for this nunber
of 20 was the bal ance between the risks of
kernicterus and the risks of exchange transfusion.

Now, whether or not that was ever carried out in a
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systematic way, who knows, but that at |east was
the argunent for picking 20, that if you did it at
a lower level, you are exposing an inappropriate
number of infants to the risk of nortality and
morbidity fromthe exchange transfusion.

Now, the choice of the |ower |evel for
phot ot herapy refl ects a judgnent of the greater
safety of phototherapy versus exchange transfusion,
and it had the particul ar therapeutic goal of
preventing the need for exchange transfusion,
agai n, a surrogate outcone.

The intervention then, in reflecting on
this, is designed to prevent the need for
phot ot herapy, if you chose that as a surrogate
out cone, should prove at |east as safe as
phot ot her apy, assumi ng equal efficacy in limting
peak bilirubin |evel

[Slide.]

So, the risk-benefit that we need to | ook
at depends very much on the endpoint that we
sel ect, whether we pick preventing kernicterus,
preventing the need for exchange transfusion, sone
maxi mum bilirubin | evel whether it is 20, 19, 18,
17, 16, 15, whatever nunber we pick is going to

mandate then a different bal ancing of the risks and

file:////[Tiffanie/daily/06 11ANTIL.TXT (305 of 401) [6/26/2003 1:10:27 PM]

305



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

benefits for each endpoint.

The safe and efficacy tradeoff, nothing is
ever perfectly safe and 100 percent effective.
There is going to be a bal anci ng.

The risks of devel opi ng kernicterus and/or
ot her irreversibl e neurodevel opnental i npairnent
shoul d be at least equal to the risks of an
intervention at any given bilirubin [evel, again
assuning that it's 100 percent effective. |If it's
| ess effective, then, of course, perhaps the risks
of the intervention need to be even |ess.

[Slide.]

Now, this reflects to sone extent the
noti on of equi poise, the position within which we
are truly uncertain whether we are uncertain as an
i ndividual or at |east uncertain as a comunity of
experts about the conparative nerits of the two
different interventions.

[Slide.]

In trying to take this notion of equipoise
into this setting, | tried to ask nmysel f what does
it mean to say | amin equipoise or we are in
equi poise in this setting. It is that |evel of
bilirubin at which the risks of the intervention

are conparable to the risks of irreversible
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neur odevel opnental inpairnent, what are the risks
of that bilirubin I evel again assuming effective
i ntervention.

O her ways of stating this is that the
ri sks of whatever intervention we are considering
usi ng, whet her phot ot herapy, exchange transfusions,
or nedication, to stop the rise in bilirubin needs
to be conparabl e, balanced with the risks of the
i mpairment of that bilirubin | evel, below bilirubin
at that point, the risks of the intervention exceed
the risks of the actual condition itself.

[Slide.]

Now, the treatnent paradigmis perhaps
appl i cabl e for a subpopul ati on of newborn infants
at known risk. It struck nme as interesting that
most of the early studies were done in infants with
i ncreased production, so | asked nyself whether
going forward we should begin to nmake distinctions
between, if you will, a condition of production
versus slow elimnation and begin to parse out the
popul ation of infants that are at risk for elevated
bilirubin in that manner and begin to wonder should
there be differential interventions based on that.

This, of course, if went that direction,

woul d have a big inpact on the kinds of target
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popul ati ons that we woul d sel ect for our
interventions, whether it is newborn infants with
i ncreased production or so-called healthy infants
who may have an el evated bilirubin due to slow
elimnation.

[Slide.]

Thi s has been touched on a bit. One of
the mpjor issues that we need to talk about is at
what risk for what, and, of course, the numbers
needed to treat for any given intervention at any
given bilirubin level will inpact then on the
ri sk-benefit assessment of that particular
intervention, and these are just nunbers that were
taken fromthe reports that were part of today's
docunents.

So, there are really two questions: what
is the acceptable fal se positive rate for selecting
infants at risk for an elevated bilirubin, say,
above 10 at any given bilirubin level ? Another way
of asking that, which was an earlier question by
Norm Fost is what is the acceptable fal se negative
rate, if you will, upon discharge if you are trying
to exclude infants for com ng back for follow up
for bilirubin. Al of these are questions that we

will need to struggle with, the answers of which
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are not, from hearing the discussion, obvious to
ne.

[Slide.]

Fi nal ly, what about the ethical and
regul atory issues in study design. Now, briefly,
when we | ook at pediatric research, if that child
is not going to have the possibility of direct
benefit, there is Iimts about what we can do as
far as risk, and even if the child is going to
benefit, there is Iimts about the justification
for that risk exposure

[Slide.]

| amnot going to spend a lot of tinme on
the non-therapeutic risk in the interests of
efficiency, but basically, this notion of mninal
ri sk, which is debated about how it should be
interpreted, but basically, tries to get a handle
around the risks that if there is no benefit to
that infant, we should restrict those risks to no
greater than miniml risk, of if we consider that
infant to have a condition, naybe a nminor increase
over mnimal risk.

So, when you | ook at sone of the
conponents of a study, certainly blood sanpling and

PK data, you know, regardl ess of whether or not a
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parent wants their infant to be stuck with a
needl e, that's a separate question, or would
consent to that.

I think nost I RBs would consider that if
the sanpling follows closely sort of the routine
sanpling you woul d have for the following of a
child with hyperbilirubinem a, that they woul d
consi der that sanpling either no nore than m nima
risk or even a mnor increase over minimal risk,
but either one would likely be approvable by an I RB
if it followed kind of what our standard practice
is, and generally, blood sanpling is considered
mnimal risk even if it went above that to a
reasonabl e nunmber and vol ume and frequency. So,
don't think that is the issue.

[Slide.]

The issue is going to be then judging the
intervention itself. The regul ations, although
they predate this notion of equipoise in the
literature, | think roughly try to capture this
noti on of equi poi se or balancing, and this is taken
fromthe regulations thenselves and it particularly
is 21 CFR 50.52, which is the FDA version of the
pedi atric regul ati ons.

The IRB is supposed to allow a trial to go
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forward if there is two things that that trial
satisfies under the assunption that that infant has
the prospect of direct benefit.

The first is that the risks nust be
justified by anticipated benefits. That is within
each armof the trial, so that the risk of the
intervention and the anticipated benefit of that
intervention is relatively matched for that
particular arm

So, for exanple, if there is a placebo
intervention, you are going to assume then that the
ri sks of the placebo and the benefits to that
infant are roughly bal anced, and that is what |
call internal equipoise. Each armof the study has
to have that kind of bal ance.

But then there is another relationship
that | call external equipoise or even equi poise
between the arms, which is this risk-benefit
relati onship needs to be at |east as favorable as
available alternatives, and it is sometines lost in
the discussion of this, that it is not only the two
arns of the trial itself, but it is also what that
infant may or may not be getting that they would
ot herw se receive, so that you need to have a sense

that there is balance between the interventions and
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the arms. That needs to be the balance within this
case. | could give exanmples, but | would probably
come up with ones that are not pertinent to

bi I'i rubin.

So, the question is are the risks of the
intervention justified by the anticipated benefit.
This relates as nuch on the selection of outcone -
the risk of a nmedication to avoid phototherapy, the
ri sk of phototherapy to avoid a bilirubin above 20,
the risk of a medication to avoid kernicterus.

Each one of these has a different risk-benefit

bal ance, and each one of these, depending on how
you designed a trial, to put one arm agai nst the
other, would have a different sense of whether we
woul d be nore or | ess certain about the bal ancing
bet ween those interventions.

Then, again, the risk of nedication versus
the risk of phototherapy at any bilirubin |evel,
for exanple, if you decide to treat at 17 or 16 or
15, what would you say to a nother who is asking
what is the risks of phototherapy at this | eve
versus the risks of a nmedication, and could you say
that nmedication in the trial or at least in the
trial where you are random zed perhaps to

phot ot herapy or nedication, is, in fact, in
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equi poi se

That is a question that we would need to
ask and answer in the affirmative for a trial to be
able to go forward.

[Slide.]

So, to justify a risky or |less safe
intervention requires a greater anticipated
benefit, and not sinply the ability to achieve the
benefit whether achieving that benefit is
worthwhile. So, that is a question we have to ask

I think I amleaving you with ny fina
question, which is sort of a whirlw nd tour through
my remarks, which is | think the inmportant question
that we need to ask and answer, and | suspect we
will not be able to answer it today, but whether we
end up in the sanme position both |ooking at the
i ssue of sound research design with respect to
surrogate endpoints, but also |ooking at the sort
of ethical analysis of equipoise, is that really
the key issue here is appropriate outcone sel ection
to reflect genuine benefit for the selected target
popul ation, so we need to define in the course of
answering that question, not only are outcones that
we think are appropriately selected for the design

of a trial, but what benefit we anticipate

file:////[Tiffanie/daily/06 11ANTIL.TXT (313 of 401) [6/26/2003 1:10:27 PM]

313



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

achi eving by having selected that outcome and then
what popul ation we think that is appropriate to
then target out interventions towards in order to
make a change in that outcone.

Thank you.

DR. CHESNEY: Thank you very nuch.

I think this is such an inportant issue,
are there any questions? W could probably
entertain a small nunber of questions for Dr.

Nel son before we go on with the official questions.

DR. FREEMAN: May | ask a question of Dr.
Nel son? |If the FDA is not to be involved in
policy, in social policy questions, and the |IRBs
are not to consider social policy questions, then,
if you are going to use a nedical intervention to
avoi d phot ot herapy and the consequences of
hyperbi l'i rubi nem a, and since as the probl em has
been presented to us with phototherapy, it's the
women getting discharged early and the difficulties
com ng back, how do you factor that into the
equi poi se?

DR. NELSON. Maybe | stated it too
quickly. 1 think the IRBs are directed not to | ook
at issues of public policy, but personally, | think

that al though FDA may or nmay not agree, | think is
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within the purview of this notion of pronpting the
public health, and where that comes in is trying to
deci de what's the appropriate safety and efficacy
profile since, you know, what does safe enough and
what does effective enough nean in the context.

As | recall that first slide that went up
that Di anne Murphy showed where the different
bal ancing is, where do you bal ance that relative to
the volune of individuals that a certain drug would
be targeted for and the indications. So, | do
think that is within the purview of trying to
decide froma public policy perspective what is the
appropriate intervention.

The only question | amraising is when a
|l ot of the root causes for this are systens issues
that are unrelated to the drug. Maybe a drug
devel opnment program woul d answer that, maybe it
woul dn't, maybe universal screening would answer
that, which is what | heard a nunmber of our
speakers argue for, maybe some ot her systens
approach within the healthcare setting would begin
to address that.

I was sinply raising that question for our
consi derati on.

Di scussion of Questions 2, 3, and 4
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DR CUMWNS: First, | want to thank
everyone for sitting through quite a conplex series
of presentations and al so comments during our
publ i c heari ng.

We don't have our questions available to
you as PowerPoint files, but you do have a handout
in front of you in the packet that was set out in
front of you today, that have all the questions on
themin the second page followi ng the agenda. Tom
is trying to | oad them now, but we can also start
to wal k through them

We actually decided to skip Question 1 and
go straight to Question 2, and we reordered the
agenda today because we felt it was inportant that
Dr. Nelson's talk go before Question 2, and | will
read that to you now It's a nulti-part question
and we would like you to really discuss the various
i ssues that are raised in this question

Question 2. In the context of current
medi cal practice, including phototherapy, should
drugs be devel oped for an earlier intervention to
prevent hyperbilirubinema in newborn infants?

In answering this question, we would Iike
you to please discuss the foll ow ng:

Your understandi ng of the relationship
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between bilirubin toxicity and neurodevel opnent al
out cone;

How you define the population at risk for
conplications of hyperbilirubinem ga;

The intervention sequence and what that
m ght be, should it be nobre screening--and these
are just exanples, there night be other
interventions that we have not mentioned- - but
exanpl es m ght include nore screening, additiona
moni toring and assessnents, phot ot herapy,
hydrati on, pharmacot herapy, cessation of breast
feedi ng, changes in infant nutrition, home nursing
visits, and why would you propose that intervention
sequence.

Let me just also say for those of you that
are new to this process, what we will do is we wll
di scuss each of these questions for about 15 to 20
m nutes, and then we will nopve on to the next one.
That is how the question process works.

Wth that, | will turn to Dr. Chesney and
open the commttee up for discussion

DR. CHESNEY: So, we are being asked the
question of should drugs be devel oped for an
earlier intervention and to take into consideration

our understanding of bilirubin toxicity and
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neur odevel opment al out come, who are the high risk
popul ations, and with respect to the intervention
sequence.

Conment s?

I should also tell you that it has been
suggested to ne that we do a round robin after
Questions 3 or 4, so that we hear from everybody,
so everyone will have to cone to grips with this
i ssue at sone point.

Dr. Mattison.

DR. MATTISON: | guess there is no reason

to think that therapeutic strategies including
medi cati ons shoul d be excluded from consi deration
in dealing with strategies to prevent

hyperbilirubinem a, but it seenms to ne that the

question has behind it a set of qualifiers or steps

that may need cl earer explication, for exanple, and

it has been brought up repeatedly in the
presentations, one of the areas that appears to be
mssing in terms of thinking through the issue of
hyperbilirubinema is the actual strategy for
i dentifying those kids.

So, while drugs might be a good strategy,
it seenms |like the basic public health surveillance

that we often use to identify our problem hasn't
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yet been put in place.

So, | amnot answering the question, | am
backi ng away fromit perhaps.

DR. MURPHY: | think you are giving us the
level we are trying to lay out of all the issues
that you have been presented today - what woul d be
the role of drug devel opnent in this environnent
and how do we deal with these issues of definitions
of occurrences, definitions of when we intervene,
out cones, you know, those all are things that you
have heard about in various forns today, that you
would try to synthesize that into sone thoughts
about how one woul d go about considering devel opi ng
a product in this arena when you have to address
sonme of these issues of what is the relationship
because we have to be able to know what the
endpoints are, and to be able to get to the
endpoi nts, you have got to know where you are going
to intervene.

Again, it is trying to bring back all
those issues you heard today to an approach
devel opi ng products in this present environnent.

So, you were right, it is trying to synthesize al
that into a few bullets.

DR. CHESNEY: Dr. O Fallon and then Dr.

file:////[Tiffanie/daily/06 11ANTIL.TXT (319 of 401) [6/26/2003 1:10:27 PM]



file////ITiffanie/daily/0611ANTI.TXT

320
1 Danford and Dr. Hudak
2 DR. O FALLON: The question here is really
3 a mxture of a whole lot of stuff and | think we
4 have to sort out what the najor thenmes really are.
5 I think the very first thene is a matter of, as you
6 said, identifying the patients, the babes, the
7 children that are truly at risk
8 So, there is a whol e diagnostic issue that
9 needs to be dealt with, and it has nothing to do
10 with treatnment, it has to do with diagnosi ng and
11 characterizing that.
12 The second part is okay, if we are going
13 to treat, it sounds like there are only two
14 treatnents right now, the treatnent quiver has only
15 two arrows init, and a third one sounds like it
16 woul d be very appropriate to have a third one, so,
17 yeah, go ahead and develop it for sonething, but
18 how to do that and howto test it brings up all the
19 i ssues that Dr. Nelson was bringing up, all of the
20 desi gn issues, choosing an endpoint, you know, and
21 what you are going to buy by it, and another thing
22 that was brought up earlier this norning and has
23 just been sitting there, but the negative
24 predi ctive value of these treatnents.

25 It is very inportant, it seenms to ne, when
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you have a rare disease, a rare condition, that the
testing be capable, it is very inportant to prevent
a lot of kids that don't need it fromgetting
sonet hi ng.

The other part of it is, that has to be
dealt with, are the long-termeffects. | think
those of us with nore gray hair in this room the
problemis that we have been around and we have
seen, | can nane you several treatnents that | was
told at the beginning, oh, this is wonderful, there
are no long bad effects at all to it. Yeah, sure.
They do show up and so there are issues here that
have to be dealt with.

So, it seens to me there are basically
four things going on here, and we have got to sort
them out and get answers for each one of them

DR. CHESNEY: Dr. Danford

DR DANFORD: | would like to address the
first bullet point under Question 2, ny
under st andi ng of the relationship between bilirubin
toxicity and neurodevel opnental outcone.

Despite the wonderful presentations of a
| arge volune of information today, | would
characterize ny understanding of that rel ationship

as poor. | would point to the |arge nunbers of
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children in Northern California presented to us
with bilirubin levels in the classically scary
ranges who seemto be neurodevel opnental ly fine.

I would also point to the allusions that
our speakers made to perhaps some
neur odevel opnental issues of nore mnor inportance
occurring in children whose bilirubin | evels were
well within the ranges we woul d accept as safe.

I don't know what the relationship of that
is, and the inplication of that, as | |ooked at Dr.
Nel son's slide, bilirubin | evels are not
necessarily a very good surrogate for kernicterus
as he laid out what nmakes a good surrogate. That is
a very difficult point for ne right now

DR CHESNEY: Dr. Hudak

DR HUDAK: | guess | wll nake sone
relatively sinmplistic answers here. | think the
first question about the relationship between
toxicity and bilirubin and outcome is there is
apparently a |l ot of biological variability. Some
babi es can sustain a higher bilirubin |evel than
ot hers wi thout danage, others wi nd up apparently
havi ng some toxic effects at |ower |levels, and
there is no way of know ng ahead of tine how a baby

is going to behave in that setting.
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I think the evidence is persuasive and
undeni abl e that babies don't get kernicterus
wi t hout having bilirubin |l evels that are higher
than we like to see in nost cases with the
exception of certain babies with conorbid
conditions |like sepsis where they mght get effects
that |ower |evels or the blood-brain barrier
perhaps is inpaired.

So, | think that we have to grant from all
the evidence we are not going to get any better
know edge about this issue at any tine in the
future, that, yes, there is a relationship between
hi gh bilirubins and the risk of kernicterus, and it
is very variable and it is very unpredictable.

The issue of should there be drug
devel opnment, | think the answer to that is yes.
think we are all struggling with how to sort of
phase that into testing and what are the study
designs, but the basic answer is yes. |If we had a
drug that had no side effects whatsoever, | think
that woul d be--and we knew that for a fact--that
woul d be a no-brainer. | think every baby in the
country would get a drug to prevent
hyperbilirubinema at birth, just |ike they get

vitamin K and erythronycin ointnment for the eyes,
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and things like that.

The question is understandi ng what the
| evel of acceptability of risk is with that sort of
intervention, and that's a big question. |f you
consi der we don't know how nmany cases of
kernicterus there are in this country out of 4
mllion babies every year, but if it is 1 in
200, 000, that is 20, if it is 1 in 100,000, it is
40, if it is 1 in 50,000, it is 80, so even if you
say that it is 100 babies a year, and think of
that, that is a very, very small percentage.

So, if you say all right, what happens if
there is a conplication fromyour treatnent, that
is on the order of 100 out of 4 million, you wll
never find that in a random zed pl acebo-controll ed
study. You will have to wait and hope and pray
that you do not experience that once you go to the
route of having prophylaxis in every baby. There
will be no way of knowi ng until you do that.

But we do need a treatment. Exchange
transfusions are not nice, they are conplex, the
expertise is deluded, there are neonatol ogi sts out
there practicing who have never done an exchange
transfusion, | daresay.

There is a nortality, there are other
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nmorbi dities, and exchange transfusi ons do not
necessarily prevent kernicterus either. | just
reviewed a |legal case froma very well respected
busy tertiary nursery where a baby cane back at two
or three years of age with sort of what you woul d
call | guess, not the full-blown kernicterus, but a
little bit of choreoathetoid CP and hearing
deficit, and this baby was sitting in an intensive
care nursery getting bilirubins nonitored every 4
to 6 hours, and because people were reluctant to do
exchange transfusions, the bilirubin went up to 32,
and this kid had an exchange transfusion, but then
did have the clinical sequel ae.

So, | think that certainly if there had
been a drug available to prevent kernicterus in
that baby, it might have been used at an earlier
point in time, that baby m ght have done nuch
better, and that would be a relatively limted
popul ati on.

But | think yes, we do need a drug, we do
need sone devel opnent. The real hard questions are
who do we treat, when do we treat them and what
are the ways that we can develop to sort of inprove
the system so a |lot of these babies don't slip

t hrough the cracks.
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DR CHESNEY: Yes, Dr. Oh.

DR. OH | amwlling to stick ny neck out
and say that the answer to the question should be
yes, and | tell you the followi ng reasons. One is
that although we don't know the exact incidence of
kerni cterus, the fact that we do see them
particularly with the data, in the popul ati on-based
data from New Jersey, suggests that we do have a
problem and we al so don't know what the threshold
number is for the bilirubin that will cause
kerni cterus.

On the other hand, understanding the
pat hophysi ol ogy of kernicterus, we know t hat
al t hough there is no threshold nunmber that we are
worried about in terns of producing kernicterus, we
do know that the higher it is, that mght exceed
the so-called binding capacity of al bumin for
bilirubin, the nore risk you are taking

So, anything that we can do--and we al so
know t hat phot ot herapy itself has sone problemin
terns of keeping the levels at a certain range on
the basis of perhaps, not so nuch the effect of the
therapy itself, but the behavior and system
i nvol ved that m ght cause problens in terns of

allowing the bilirubin to a certain | evel--and that
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anything that we can do to try and keep the
bilirubin level down as |low as we can will be I
think a benefit.

I think it will be a good surrogate, not
so much a surrogate for the outcome, but in terns
of keeping it |ow enough, so that we are in the
confort zone, so to speak. But | hasten to add
that any kind of drug trial, any devel opment of the
drug should be very well designed to not only | ook
at the acute, but also the |ong-term potential side
effects of a drug that may have some probl emthat
we don't know about.

R ght now we don't know what the potentia
complication is for this particular drug we are
tal ki ng about, and any drug trial should have the
safety aspect | ooked at very carefully before, you
know, so that we will come out with data will show
that, not only that it has sone benefit, but the
side effect is mininmal, going to the point about
bal ancing the risks versus benefits.

So, that is ny coment on the issue.
think the inportant thing is that despite the
gui del i ne and nmaybe because the guideline being too
gentle in ternms of managing the bilirubin, in spite

of the phototherapy that we use, we are seeing
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kernicterus in our population, and | think that we
need to devel op another intervention to try and
i mprove our ability to handle the bilirubin in the
newbor n peri od.

DR. CHESNEY: Thank you

Dr. Lau.

DR LAU. | think there is still quite a
bit of debate as to whether bilirubinis a
neurotoxin, but | think in terns of causality, but
I think the evidence for association is fairly
st rong.

Then, there is also strong evidence to
suggest that by lowering bilirubin with the
treatment of phototherapy, we would reduce the
i nci dence of kernicterus.

For the other question about defining the
popul ati on, ny perspective is often fromthe
evi dence- based approach of reviewing the literature
is backward, that is, | often end up with studies
rat her than prospectively designing trials, so the
approach that we often take in | ooking at the
validity of trials would be what is known as the
peephol e process or |ooking at a patient
popul ati on, what intervention were exam ned, and

what are the conparators, and then what are the
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out cones.

I think we have discussed a | ot of those
i ssues today, and those are not easy things to
tackle in a population, | think obviously we are
not thinking of treating mllions of babies, and
defining the population is going to be difficult,
but I think we nay have some tools fromsonme of the
wor k done by various investigators to try to define
a popul ati on.

The intervention, | think that is nore
wel | defined and there is only one drug being
considered. The conparators, that also would be
sonewhat difficult to define exactly what it is
bei ng compared with.

The outcones, this condition is not a
disease. | think there is also going to be quite a
bit of uncertainty, how best to define that.

DR CHESNEY: Thank you

Dr. Wlfond, | think was next, and then
Dr. Stevenson.

DR WLFOND: Wth regard to the question
of kernicterus, it is unclear to me what is going
on with that, however, | amnot sure, | fee
confortable w thout even know ng that maki ng sone

ot her refl ections.
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I think that the slides that were
presented, that suggest that the causes of
kerni cterus are behavi oral make sense, and in that
regard, it would seemlike having a drug woul dn't
necessarily address that problem

However, | amstill in favor of the idea
of drug devel opment conceptual |y because if we | ook
at the choices that Skip gave us for what we m ght
want to nmake as a conparison, if we believe at sone
point it is a reasonable thing to do phot ot herapy
on sone people, if we had a drug that was
sufficiently safe and sufficiently expensive to
reduce the number of individuals who had
phot ot her apy, that woul d be a good thing.

So, | think it is going to depend upon, in
the end, its safety and its ultinmate cost, but I
think the objective would be to decrease
phot ot her apy.

DR. CHESNEY: Thank you

| have Dr. Stevenson, Dr. dod, and Dr.
Fost next.

DR STEVENSON: | just want to weigh in on
the issue of bilirubin toxicity although | think
that in the human circunstance, it is hard to do an

experinent that would do prove that causative link
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definitively.

For those of us that work in the aninal
nodel , there is no question that bilirubinis
toxic, and you can create conditions of a variety
that mmc what we woul d see clinically and see the
i npacts of those factors |ike infection, and so
forth. There are biological ways in which that can
be under st ood.

We haven't spent a lot of tinme talking
about those nodels today, but there is a whole area
of biology that is focused on that, so | don't want
people to think that there is any doubt about
bilirubin as a toxin froma bi ol ogi cal standpoint
under certain conditions and at certain |evels.

The conment that | would |ike to nmake
besi des that, though, is to sort of remnd people
that there is an undeni abl e biol ogy here, and part
of that has been addressed by a drug like
phot ot herapy light, and that part of the biology is
the limted elimnation that the newborn has.

We don't use that nedicine very well, but
we can probably use it better and nore efficiently.
But the other part of the biology is really the
production of the pigment, and | told you that al

newbor n babi es have a hi gher production conpared to
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adults, about two or three times higher, and for
many of the individuals who find thensel ves on
these unfortunate lists, being near termor

i ndi vi dual s that devel op other conditions, |ike
GPD, they have very high production rates of the
pi gnent .

So, there is an undeni able logic that an
additional arrow in the quiver is required, which
addresses that part of the biology, so as a
scientist, the logic for that is undeniable.

The issue then becones one of putting that
in the context of your other arrows and when do you
shoot them and | think that sonme of you are
touchi ng upon those nore difficult questions about
how best to identify the individuals that woul d be
the target of that kind of intervention

I think that the kinds of drugs that are
represented by this new class of hene anal ogues,
that are conpetitive inhibitors, suggests that
there is a way to use themthat can target them
very precisely. They may even work in nore precise
ways than phot ot herapy works, and coul d be very,
very useful in the circunstance

So, the last thing | would say, to make

this thing cone full around for you, is that
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because of the unpredictable nature of the onset of
this condition, and the fact that when you see it,
you are deep into it, and unlikely to be able to
prevent it, because it is happening. There may be
some debate about if you get it early enough, you
may have sone reversibility.

Then, you are faced with there being the
best quiver solution, the best arrow in your
qui ver, because by that point in tine, you are
al ready dealing with sonething that is upon you
It is hard to use as a preventive tool because the
bilirubin is not there to actually undergo the
photo isonerizations.

So, the chemical approach is actually a
nore | ogi cal approach if you are interested in
prevention and avoi ding sonething that is, as you
have heard, very hard to predict.

So, | would just like to | eave you with
t hose t houghts.

DR. CHESNEY: Dr. dod

DR GLODE: | sort of have two |ines of
thinking I wanted to bring up. The first one would
be that at least fromny sense of top priority, the
question would be that the priority is prevention

of kernicterus and perhaps other subtle forns of
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neurol ogi ¢ inpairnment, and the question would be do
we currently have effective therapies that we
believe can at |east prevent the tip of the

i ceberg, the kernicterus that we recogni ze.

It seems to me fromthe di scussions today
that the phototherapy and exchange transfusion are
effective therapies. |If there were another
effective therapy that was proven to be nore
effective or equally safe to those two, then,
woul d certainly favor its devel opnent, but | would
favor that it be studied in sel ected popul ati ons of
children with henolytic anem as predom nantly.

The second issue has to do with the
paradi gm t hat was brought up today. The one we
heard nost often was the vitam n K deficiency
paradi gm and all babies get an injection of
vitamin K=~ But | would like to bring up the other
par adi gm of the newborn screening, which deals with
rare conditions, but really does not, except froma
public health point of viewthat we can't
effectively identify and track patients, so we have
systems set up.

We don't say we can't prevent cretinism
because it is inpossible to do a newborn screen and

followit up. W say we can do that, and so we

file:////[Tiffanie/daily/06 11ANTIL.TXT (334 of 401) [6/26/2003 1:10:28 PM]

334



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

335
have systens in place, at |least in Col orado,
through out state health departnent and through our
section of Pediatric Endocrinology, that we follow
up everybody with an abnormal thyroid screen. W
just don't give all babies thyroid hornone, and we
follow up all babies with abnormal PKU, et cetera,
where we are able to do that effectively and
prevent those rare but devastating conditions.

So, | just think we should be able, even
t hough again maybe it is not within the purvi ew of
the FDA, but sonmehow we should be able to devel op
public health policies that identify high risk
chil dren based on the nonbgram and they get a
letter sent home with them they are reported to
the state health departnent, they are foll owed up
on, they get another bilirubin, they get
i nterventions, and we prevent Kkernicterus.

Now, | am agai n not agai nst devel opi ng
anot her drug, but | amreally worried about giving
it to 4 mllion children and the safety profile
issue, but I amall in favor of preventing
kernicterus by identifying babies and treating them
early.

DR CHESNEY: Thank you

Dr. Fost.
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DR FOST: W are all concerned about
studying history so we don't repeat it, but the
question is which historical exanples are rel evant.
There are several exanples of newborn screening and
treatment that | worry about, that | am concerned
we don't repeat.

The first would be PKU screening, the
granddaddy of all newborn screeni ng and
intervention prograns, and there are several echoes
with this story that concern ne.

In 1960, we had a rare disease, its
bi ochem stry was very well worked out. It was very
clear by 1960 that if you reduced exposure to
phenyl al ani ne, you could aneliorate and even
prevent retardation, and there was great passion by
advocacy groups, including affected fanmlies and
Dr. Guthrie hinmself, and the president John
Kennedy.

So, we nandated PKU screening in every
state, and it was 10 years before we realized that
the screening test was too sensitive, that is, that
95 percent of the children with high bl ood
phenyl al ani nes, not just Guthrie's, but confirned
by whol e bl ood assays, did not have PKU, but had a

beni gn form of hyperphenyl al ani nem a that were
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destined to be normal .

Second, that restriction of diet could be
just as harnful as excess, that is, the toxicity
of the diet was not appropriately anticipated, so
many of these normal children were not only made
retarded by the diet, but were killed by severe
protein malnutrition.

We don't know how many. We know that it
took a decade, and it wasn't until 1972, '71, '72,
that the Institute of Medicine formed a panel, and
we now understand it perfectly, and we now know how
to identify the subset of children with el evated
bl ood phenyl al ani nes who are really destined to
becone retarded, and we now know exactly the right
dose of the diet.

Al'l this sounds very worrisonely simlar
to what we have now, that is, we have a cohort of
children who have an abnormal screen, whether it's
vi sual or biochem cal. W don't know exactly what
subset of themis destined to have anything very
bad happen. W know that kernicterus is very bad,
but | agree with Dr. Danford, it's a little unclear
whet her the vast mpjority of these children are
goi ng to have anything very bad happening to them

We have an intervention that | ooks very
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1 prom sing, whose biochenmistry is well unders

2 but we just don't have a |lot of data on the s

3 of it and nmaybe not as nuch as we would |ike on the

t ood,

afety

4 efficacy either, although that seens a little bit
5 nmore cl ear.

6 There are five other exanples. | nean
7 bi carbonate for respiratory acidosis, hyaline

8 menbr ane di sease, the biochem stry was wel |

9 understood, the kids were all dying of severe

10 aci dosis, just give them bicarbonate, the Aschner
11 [ph] reginmen, it will be fine, and it was 10, 15
12 years before M ke Simmons did a randoni zed,

13 controlled trial, and said it was killing kids, it
14 was causing intracranial henmorrhage in some, and
15 now nobody gives it, but there was no prospective,
16 careful trial for a decade

17 Oxygen. For a century we inspected the
18 ki ds, these obviously need oxygen, then, we got

19 more fancy, we neasured it, give them oxygen, it
20 can't possibly hurt, and | ook how devastating the
21 consequences of hypoxem a are.

22 Then, finally, we learned that it had a
23 dose-response curve, you could give too nuch, and
24 SO on.

25 Antibiotics. | mean sul fonam des, there
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are half a dozen exanples, and the nunmber of nornal
chil dren who have been killed by these things is
probably in the tens of thousands.

So, it is not that we don't care about the
smal | nunber of cases of kernicterus or PKU, or
what ever, the question is how to capture those and
reduce themeven further or elimnate them and not
harm a | ot of other people in the process.

So, it seens to ne doing studies that, as
Skip put it, that would nmaxinm ze the benefit-risk
ratio for each child in a study, so a child who has
a discharge bilirubin of 5, | assunme has nothing to
gain frombeing in a study of a new drug that night
prevent kernicterus. One that has a di scharge
bilirubin of whatever the nunber is, a much higher
number, 15, obviously has a lot to gain by being in
this trial, and it nmight avert something that maybe
is nore risky, | don't know if phototherapy is nore
risky than this drug or not.

It seems to me the first challenge, is
drug devel opment good, of course, it is good. |
mean it is self-evident that if we have a drug that
is equally effective as phot ot herapy or exchange
transfusion, and it is cheaper and safer, of

course, it should be preferred, but that is what we
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are trying to find out.

So, intrying to find out, it seens to me
we should be as narrow as possible in the
begi nning, so that the children who are entered
into these studies have the npost to gain and the
| east to | ose, we have the | east nunber of kids in
these studi es who are at al nost no risk of
devel opi ng a probl em

Those are just sone of thoughts about
that. | want to say a second thing, which is the
el ephant in the roomthat we are sort of not
allowed to talk, which is cost, not an FDA concern,
not an I RB concern, it is nobody's concern in this
country, so we have these expansive technol ogi es,
we have these innunerabl e exanpl es of drugs that
are devel oped for very narrow purposes, in this
case, to prevent a disorder that affects a nere
several hundred children a year, terrible for each
one obviously, but we know that that is not howit
is going to be used once it's approved, and that
the FDA is virtually powerless to stop the
expansi ve use of it.

We know how t he pharmaceutical companies
manage to influence that even though they are

| egally not supposed to be marketing of f-|abe
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uses, but it has happened so over and over and over
again that, as the background material s suggest,
the concern always is that even if we were able to
reduce the nunber of children with Kkernicterus,
what will the cost be, that is, how many mllions
of children will get this drug who have nothing to
gain fromit, and what will the toxicity be.

Now, if it's like vitamin C, we prevent
|l ots of scurvy with vitamin Cor like vitamn K, if
it's virtually riskless, then it won't matter. |f
it's free, it won't matter, like vitamn C or
virtually free, but if it costs a lot, either in
terns of toxicity or in noney, then, we have a
probl em

The cost in terns of toxicity, FDAis
authorized to pay attention to and will. The cost
in terms of noney, they are not, so we mght have
anot her, what, | don't know, billion dollar drug on
the market that does nothing for 99 percent of the
peopl e who get it? And we continue to have a
heal thcare systemin which 40 mllion people are
insured, one-third of themchildren, and we say we
can't afford to do anything about that, but we can
afford to give everybody 10 protoporphyrin.

So, those are the two things that worry
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me, the one that we can't do rmuch about. The first
one, we can do sonething about, which is to make
sure that studies that are designed are done in a
way to nmaxinize the benefit to the children who are
in the study, so that eventually, hopefully, the
use of the drug could be limted to those children
who have sonething to gain fromit.

DR. CHESNEY: Thank you

Dr. Newran and Dr. Freeman.

DR NEWWVAN: | want to comment on these
two exanpl es that have been used, the vitam n K and
the newborn screening. | appreciate Dr. Fost's PKU
exanpl e, which | hadn't heard before.

It isalittle bit msleading to conpare,
oh, all we need to do is do a bilirubin |evel that
costs a dollar or two dollars and ten dollars, it
could be |ike newborn screening. |If you picture,

i f your screen for hyperthyroidismhad a
specificity of 40 percent, because the
recomendati ons for the systenms approach to
hyperbi | i rubi nem a screening are that the top 60
percent, it is only the bottom 40 percent we are
reassured they don't need another bilirubin Ievel,
the top 60 percent, they all are |abeled as having

a bilirubin problemand need to cone back and al
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need a nandatory second bilirubin test.

So, that is sort of the problemfor ne,
which is that it would be wonderful if we could do
a test before they left the hospital, that said
yes, you have a problem you don't need to worry,
and it had anywhere near the sensitivity and
specificity of our newborn screens, but they don't.

One of the speakers said preval ence shoul d
not be an issue. Prevalence is an issue when you
have di agnhostic tests that aren't very good, and
you have high fal se positive rates, and the | ower
the preval ence, the higher the nunber of people you
are going to need to treat and the nore fal se
posi tives.

The trouble here, the AAP, in their new
gui del i nes, are not recomendi ng uni versa
bilirubin screening, and it's for this reason, the
test just does not seemto be that good, it is not
clear what to do with the result.

DR. FOST: Can | just ask you one
question? That is why asked Dr. Ip this norning
what the negative predictive--1 understood one of
his graphs to show a negative predictive val ue of
99.5 percent. That is pretty darn good.

DR NEWWAN: Again, if you are in the 40
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percent who have, you know, the bottom 40 percent.
The trouble is the positive predictive value, if
you have a bilirubin level that is in the top 60
percent, and therefore you are | abel ed, but, of
course, nost of those will be the fal se positives.

I think the vitamn Kis a really good
exanpl e because, you know, several years ago, nany
of you know t here was an al arm about whet her
vitam n K caused cancer. There were a couple of
studies in Bristol, in England, that really
suggested that intramuscular vitam n K in newborns
doubl ed the risk of childhood cancer, and the first
one, people didn't pay that much attention to, it
was a data dredging thing, and it was appropriately
believed that it should be confirned by another
study, and the drug conpany, in fact, funded
anot her study, which found the same thing, a nore
than doubling of the risk of childhood cancer after
intranuscul ar vitamin Kin Bristol

Subsequent studies nostly have not
confirmed that, but | think that is the kind of
example, that is the sort of thing that worries ne
is, you know, how are you going to find stuff |ike
that and how many years later mght it be, and how

big a study for how |l ong do you need in order to
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say, oh, yes, this is a drug that we can give to
hundreds of thousands or millions of children to
prevent sonething which is very rare

DR. CHESNEY: Dr. Freenman.

DR. FREEMAN: Dr. Norm Fost made many of
my comrents, and | agree with him As a
neurol ogist, | fail to believe that kernicterus is
an all or none thing. There nmust be toxicities of
bilirubin at | ower |evels even though we do not
detect them So, | don't know what level is toxic
or what |evel we should treat.

I am al so concerned about costs and the
cost to society. | amvery persuaded by Dr.
Moosa' s tal ki ng about the nunmber of poor wonmen who
| eave his place with no ability to follow them up
and how do we deal with that.

Yes, it would be very nice to have a
medi cal treatnment that avoi ded phot ot herapy.
think we can, by and | arge, we have avoi ded
exchange transfusion, but we need something to
avoi d phototherapy in this popul ation.

On the other hand, | amvery concerned
about the unknown toxicities of whatever nedication
we do, and would like to see any trial, carefully

monitored, in a high-risk population, so that we
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can pick up these rare toxicities of whatever drug
we devel op.

DR CHESNEY: Dr. Fuchs

DR FUCHS: | am gl ad sonebody finally
mentioned bullet point 3. | think that is the
hardest thing because as a nedical community, we
don't control a lot of that, things you nentioned
al ready, that people are not coming back as it is
for when you asked themto cone back for
bilirubins, or the other thing about going to Hone
Nursing visits, hone nurses will not go into the
inner cities to follow up these children either

So, there is a lot of issues that we, as
the medi cal community, can't control because of the
whol e system whether it's HMOs or other things,
that | think it is going to be very hard to answer
the intervention sequence when we don't have a | ot
of control over that until, |ike you nentioned, the
nmore screening, until there is a better test, the
same thing. You can ask for additional nonitoring,
but if you can't get them back, then, the system
has fail ed.

DR. CHESNEY: Dr. Smith, and then Dr. Ip.

DR SMTH. | ama chenist, so | believe

that chem cals are saving the world and will
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continue to save the world, so, of course, we need
as many arrows in our quiver as we can possibly
get, but two things | heard today have ne thinking.

One was Ms. Sheridan told us that really
the difference between her two children was a
bilirubin test, and | think it is shocking that
regul ar nmonitoring of Cal didn't happen

Then, Dr. Valaes told us that in G eece,
that as soon as they discovered phototherapy--|I
w ote the words down--the probl emwas no | onger
there. |, as a chenist, of course, as many drugs
as we can have avail able, the better, but | amkind
of wondering if there is a problem

DR. CHESNEY: Dr. Ip, and then Dr.
Aschner.

DR I P: The way | think about the issue
is, as a practicing pediatrician, wthout even
t hi nki ng about your qualifiers to your question, if
| ampresented with a drug that is as safe, as good
as photot herapy, would | use it over phototherapy,
the answer is clearly yes.

So, to answer that question, yes, we
shoul d devel op this drug. Now, | don't know if you
fol ks, some of you have the FDA background

docunent, a thick, thick book, if you turn to page
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28, there is a graph. It's at Tab 6. It is
basically an analysis of all the newborns who have
i di opat hi ¢ jaundi ce who devel op kernicterus. It's
the case reports, the reviews that we did for the
AAP report.

If you look at the distribution, actually,
91 percent of these cases had bilirubin 25 or
greater. There were three cases between 20 and 25
I am just doing sone rough calculation. So, if you
are going to try to capture that particul ar
popul ation, if you are looking at 25 as the cutoff,
you woul d be treating about 6,000 kids, but if you
are using 20 as the cutoff, you would be treating
80, 000 kids. That is something that we need to
deci de how many kids are we willing to treat and
experinment with it.

DR. CHESNEY: Thank you

Dr. Aschner.
DR. ASCHNER: | amconing froma little
bit of a different background. | guess ny first

coment woul d be that | am al nbpst not sure that |
have seen enough data to nmake a good correl ation
between the |l evel of bilirubin and kernicterus. 1In
trying to think nore about it, | would say that

there may be other issues in addition to bilirubin
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| evel s that m ght be inportant in terns of
det erm ni ng whether a neonate would go on and
devel op kernicterus at the nol ecul ar |evels,
cellular level, in terns of extrusion of bilirubin
fromthe brain and other paraneters.

Now, |ooking at a drug, | think obviously,
I would be in favor of devel oping a drug, but
t hi nki ng again about toxicity and the potenti al
that millions of children will be exposed to it, |
woul d I'ike to know nmuch nore about the safety of
the drug, and I amjust going to posit a sinple
question for everybody to think.

Let's just consider, for exanple, that a
drug has a 5-point IQreduction in the genera
popul ati on, what would that do to our society in
terns of exposure to a drug in 4 mllion children
over 10, 20 years, and | amnot exactly sure
actual |y how you woul d go about doing a random zed
study to pick up the effect.

DR CHESNEY: Dr. Gorman, Dr. Nelson, Dr.
St evenson, and then naybe we will stop at that
poi nt and ask the FDA fol ks if they have enough
information on this issue, that we can nove on

DR GORMAN: | am another one who | earns

wel |l from anal ogies or at |least | aminpressed by
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anal ogi es, and the anal ogy that noved ne the nost
today was the | ead anal ogy.

Bilirubin in the blood doesn't hurt
anybody, bilirubin in the brain hurts people. In
the procedures of any clinical testing, if there is
any way to neasure the bilirubin in the target
organ rather than the surrogate nmarker that we use
so poorly, and therefore are troubled with our
results, would be a big advantage to ongoi ng
studi es short of brain biopsies or autopsies on
clinical subjects or human subjects.

I am convinced that bilirubinis a toxin
once it gets in gets in the brain.

I will also agree as a practicing
pediatrician that if it was shown to be as
effective and as safe as phototherapy, it would
repl ace phototherapy as a terrible, you know, with
a great rapidity. The practitioners in clinica
practice would vote with their feet very rapidly
and phot ot herapy woul d di sappear if you could
replace that with a single shot of any agent, be it
this one or another agent.

Having said that, | will address the
600- pound gorilla or the 800-pound gorilla, or

however big it was, in Dr. Fost's opinion, there
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will be therapeutic creep. W will start this with
a very small group of people. |In the clinica
trials, it will get tested with children with

henol yti c di sease and then perhaps children as they
enter phototherapy as an alternative to
phot ot herapy, and then it will be used to see if it
can prevent phototherapy, and then it will be
generalized to the popul ati on.

That is the therapeutic creep as | predict
it if no untoward safety data cone out shortly, and
I would say that this is one of those times which
is exactly why we need clinical research. | would
rather know if this drug is unsafe early rather
than later, because | see this drug potentially
being used on 4 nmillion children a year, 4 mllion
i nfants.

The other thing that | think as
pedi atricians, we all see intuitively, there is a
t her apeuti ¢ wi ndow which nakes this very difficult
for this drug. It has to be used early, it can't
be used later. It is again like lead, if |
ingested lead, there will be those accusing me of
that around the table, but if | ingest |ead now, I
will be at less risk than if | ingested |lead at six

mont hs of age, so there is a therapeutic w ndow for
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this drug that is also very inportant.

Is there an adult equivalent to
kernicterus with high bilirubins? | think the
answer i s no.

So, there is another issue about and wll
that sane therapeutic wi ndow allow us to see
toxicities of this drug that we woul d not otherw se
see.

DR CHESNEY: Thank you. Actually, it was

an el ephant, Dr. Gornan.

Dr. Nel son
DR NELSON. | agree, | think it's a
toxin. | amtrying to play with some nunbers and

am not necessarily facile with them but | am
struck by the difference between the nunbers that
were presented out of California and then the
nunbers, although prelimnary, fromthe New Jersey
surveillance, having lived in New Jersey. | was
born in New York, so nmaybe | am protected from
that. But 8 per 100,000 conpared to a | ower
nunber, and the question is if you assunme that the
bilirubin was greater than 20 in all of those that
were at risk, I was trying to cal cul ate what woul d
be the incidence per 100,000 of those greater than

20 for kernicterus, and then add to that the
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question of subclinical or irreversible
neur odevel opnental changes that could be related to
bi I'i rubi n.

That woul d give you a nunber and then the
question is would you consider that an appropriate
safety profile for any intervention that woul d
prevent anyone fromgetting into that range of 20.
You end up with a nunber, such as using New Jersey
statistics, 320 per 100,000 if you assune all their
cases of kernicterus occurred in those who had a
bilirubin greater than 20.

Then, the question is what kind of tria
woul d you need to see that incidence of
neur odevel opnental inpact, and it would (a) be big,
but | suspect if we had a drug that we gave to
100, 000 newborns and we got 320 cases of what
| ooked |i ke kernicterus, we would consider that
hi ghl y unaccept abl e.

I don't really have a conclusion of these
reflections, but the debilities sort of trade off
the interventions. You nay end up just in a sinple
situation where you are talking with the parents
about the relative risks of each intervention,
whi ch i s what happens now wi th exchange

transfusi on, phototherapy, and if the trust you,
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they will let it go up into the 25 range, and if
they are risk-averse on that, they may say exchange
at 22 or 23, or 28 these days, so there is sone
variability in practice based on that conversation

DR. CHESNEY: Skip, | amsorry, maybe it
was because | was witing, | didn't quite get the
300--1 understand the first part of how you were
approaching this, but--

DR. NEWMAN. | may have the math w ong.
Part of it is comng up with assunptions here. |If
you take the New Jersey statistics, 71/2 per
100,000, round it up to 8, then, the questionis if
you assune that all of their cases occurred in
infants with bilirubins greater than 20, consistent
with the report, then, what is the incidence in
infants greater than 20 of Kkernicterus based on
their statistics, and | get 320--400, so it is
reasonably large in that popul ati on dependi ng upon
what you pi ck.

Then, you go down to 15 or down | ower,
then, you get obviously |ower nunbers, but the
safety profile of any intervention, if the risk is
400 per 100,000, | nean | suspect there is a |ot of
drugs on the market that are not considered that

saf e that m ght not have that high an incidence of
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serious adverse effects, simlar to
neur odevel opnent al changes you see in kernicterus.

So, if the New Jersey nunbers are correct
as opposed to the California nunbers--and that wll
be a debate | am sure once that comes out--that has
a big inpact on how you woul d eval uate the safety
of any given intervention

DR. CHESNEY: Dr. Stevenson, then Dr.
Newran and Dr. Hudak.

DR STEVENSON: This is a brief coment
agai n about production. | have heard people talk
about targeting, and people use categories of
i nfants, ABO i nconpatible, ABO inconpatible with a
positive Coonbs' test, and so forth, and so on.

Those are actually surrogates for actually
accurate nmeasurenents can be nade to understand
what a production rate is in an individual, so if
narrowness of targeting is what is going to all ow
sonet hing to be introduced, then, you can get that
ki nd of narrowness by actually |ooking at the
popul ation fromthe perspective of the part of the
bi ol ogy you want to control with the drug, and
that, in fact, inproves the likelihood of benefit
where productions are increased as opposed to any

ri sks that might be understood to exist or possibly
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The difficulty I have with even | guess
maki ng that statenent--com ng back to what Dr. Fost
said--and that is that if all drugs have to be
subject to this issue of the creep, which | think
is inportant to understand, it nakes it very
difficult to introduce anything because that neans
that as soon as sonething is introduced, it will be
used if it's easy to use, and there is not an
obvi ous conplication rate or it's not too
expensi ve.

So, | think you have to be careful not to
exclude things that night be of considerable val ue,
just to say with appropriate instruction and maybe
gui delines with respect to use, knowi ng that there
are limtations on how you can control behavi or

DR. CHESNEY: Just two nore. Dr. Newmran
and Dr. Hudak. Then, we will return to our FDA
col | eagues

DR. NEWWMAN: Just a quick comrent on the
data from New Jersey. Those are based on discharge
abstracts, so it is based on a code, and ICD-9 code
and a di scharge abstract, and we use those at
Kai ser as sort of a screen to see were there any

cases of kernicterus, found | think 8 or 9 of them
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and all of themwere fal se positives.

If you think about if the true frequency
of kernicterus as sonmething less than 1 in 100, 000,
even if the specificity of the coding is 99.99
percent, occasional digits being transposed, and
the 773 instead of a 776, anything like that wll
give you a very, very lowrate of false positive
di agnoses.

So, the 1CD-9 code discharge abstracts, |
think you really can't use for sonething as rare as
kernicterus. | think that actually the case for
what the toxicity of bilirubinis, is at |east |
think clearer than has been suggested so far, and
that is that really, it |ooks Iike kernicterus
nmostly occurs with bilirubin I evels over 30, maybe
very, very rarely over 25, and between 20 and 25,
if it occurs at all, it would be extraordinarily
rare, so | want to correct what one person said.

We recommend phot ot herapy for bilirubins
in the 20, 25 range. That is not because those
bilirubins are dangerous. The whol e reason for
phototherapy in that range is to keep the bilirubin
fromrising to a level where it woul d be dangerous,
wher e soneone woul d cont enpl at e exchange

transf usi on.
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So, if you are thinking about this
question, you know, should drugs be devel oped to
prevent hyperbilirubinema, it seens like there are
sort of three levels at which one night use the
drug. One would be actually to prevent Kkernicterus
in people who have hyperbilirubinem a, and that
woul d be as an alternative to an exchange
transfusion, as illustrated in the Jehovah's
Wtness child, which I thought |ooked very
prom sing, and | woul d have no trouble saying this
ei ther should be used or a randomized trial be done
i nstead of exchange.

The next step would be instead of
phot ot herapy, and still the goal here | think is to
keep the bilirubin fromrising higher, to keep it
fromrising to a dangerous | evel while the baby's
liver matures and it cones back down.

The nunber of babies in whomit would be
i ndi cated for that would be presunably a few
percent, the nunber who get phot ot herapy.

The last indication would be to prevent
the need for phototherapy, that is, to give it
ahead of time, and, of course, that is so
attractive because it deals with all the followup

i ssues that are such a headache for everybody, but
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1 then, of course, the potential nunber of people

2 bei ng treated woul d be way higher, and the nunber

3  who would be treated who otherw se woul dn't need

4 any phot ot herapy woul d be very high.

5 DR. CHESNEY: Dr. Hudak

6 DR HUDAK: Just a few comments. One is |
7 think that although we haven't really | ooked at the
8 evi dence, we have been told that there have been no
9 conplications that have been seen in babies who

10 have received this treatnent, and there have been
11 several hundred, | gather, in a variety of

12 different studies.

13 I would say right now that given that the
14 ri sk of exchange transfusion is a 1 percent

15 nortality, that the issue of whether or not to do
16 the exchange or give this drug if it were available
17 is not an issue, | would give the drug based on the
18 avail abl e evidence.

19 The other issue, comng back to Dr. Fost's
20 poi nt about screening tests, | think maybe just
21 once again to put out sonething about advocacy
22 here, we have in this country a very chaotic system
23 of infant screening. Every state goes its own
24 path. There are sone states that do a | ot of

25 screening and do it very well, and other states,
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such as Florida, where we are still back in the
prehistoric age, and do about five different
screens.

There are lots of different metabolic
conditions that are anenable to treatment in
infants that have frequencies on the order of 1 to
2,000, to 1 to 10,000, and we do not screen as a
soci ety for these conditions even though it would
require a relatively mninmal extra expense in the
schenme of things, and these are things where babies
have | ong-termdeficits because they aren't
identified.

Even if you were to grant that kernicterus
has an incidence of 10 per 100,000, | mean we have
lots of things that are very norbid to children
that are possibly preventable that we don't pay any
attention to.

The issue of conplications, | think
clearly | agree with everybody who suggests that we
need to target a population, but | also agree with
the issue of creep. |If the supposition is that one
case of kernicterus is too much, by definition, any
hi gh-ri sk group you target to treat, even if it's
only 50 percent in the population, you are going to

wi nd up reducing the incidence of kernicterus from
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whatever it is by 70 percent, 75 percent, and you
are still going to have that registry grow every
year.

So, for those reasons, | think you would
have sone creep going on

DR CHESNEY: Dr. Cummins and Dr. Murphy,
shall we nobve on to the next question, or would you
i ke nmore input?

DR MJURPHY: | would like to just take
that entire conversation and pull a few points out
that maybe | have sel ective hearing, but | want to
make sure that these are sone of the main thenes
that we heard here.

Peopl e are interested in a therapy, drug
therapy, that that therapy clearly needs studies,

t hese studi es would have to maxim ze--the word was
maxi m ze the study to those who can benefit, and to
maxi m ze the studies to define the harm in other
words, define the safety profile as a thene.

| heard al so that surrogate endpoints--I
amjust going to say it because that is really what
it is--we cannot do a random zed, controlled tria
for an endpoint for kernicterus, that we have to do
a random zed, controlled trial with a surrogate;

that the conmittee is | think trying to tell us,
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and this is why | amrepeating this, that they
think that the surrogate is preventing an increase
in bilirubin; and that the random zed trials would
be possibilities, again, | amtrying to synthesize
all this, would be prevention of exchange
transfusion as an endpoi nt, or random zation
bet ween phot ot herapy and a drug treatnent.

The definition of phototherapy
i ntervention sonewhere around--knowing all the
ot her things--around 20, but knowing there is a
whol e nonogram all that sort of stuff, but that's
what | think | have heard so far. | have heard a
concern about defining the trial design as a

prevention for hyperbilirubi nem a.

I mean we need the bilirubin there to work

basically, too, in other words, not a trial that
woul d be randoni zed to children who received a dose
when they left the nursery and those who did not.
I didn't hear a |l ot of support for that kind of a
trial, because | amnot sure what the endpoints on
that woul d be.

Bob, were there any other points that you
t hought were com ng out of this discussion? The
definitions of predictability clearly underlie the

probl em here.
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DR JUSTICE: No, | think you summarized
it well.

DR, MJURPHY: Any comments that | got that
wong, incorrectly? Yes, sir.

DR. OH | think several of us indicated
that a safety feature should be incorporated in any
drug developnent. | don't think |I heard you say
t hat .

DR. MJURPHY: Ch, absolutely, yes. | was
stunbling on it because | wote in shorthand here,
but basically, that any trial clearly needs to have
safety as a major assessnent. W do that anyway.
| guess what we don't have enough tine to discuss
is what is the definition of what |ong-term safety
is and how in the world you would do but | think
that that is a real issue that you all brought up,
and | was trying to say that, that that is
sonet hing that we will have to struggle with
because, in general, long-termsafety studies are
not usually asked for as part of an FDA approval.

You know, there are sone exceptions, but
it is a very big issue, and there is a national
study, as you know, ongoing to try to | ook at how
to do long-term safety studies.

DR. CHESNEY: Dr. Nel son.
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DR. NELSON:. A think it is a question for
Dr. Stevenson, because | heard himsay one thing
that follows on that slide you showed where you
show the three black lines going up fromthe
nonogram as to whether or not there would be any
use for trying to distinguish within
stratifications of bilirubin at different |evels,
whet her 20, 25, 30, or 15, those who are at that
| evel because they have above a certain percentile
in production versus just above a certain
percentile on bilirubin as a way of trying to nake
an additional distinction within the nonogram
itself using carbon nonoxi de or some other testing.

DR. STEVENSON: That is a good question
I don't know the definitive answer yet. Dr.
Bhutani is analyzing some of the data fromthe
large multiethnic, multinational trial that we did.

As | nentioned briefly in passing, the
nonmogram seens to be informed in part, as would be
expected, by production rate, so the higher you are
up in those percentiles, the higher the average
production for the individuals in those
percentil es.

There are al so individuals who seemto be

produci ng bilirubin excessively, and what Dr.
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Bhutani is exploring is whether that information is
sufficient for identifying or targeting these
individuals as the individuals that will also junp
tracks and proceed to | eave the nonmobgram al

t oget her.

So, | think the issue you bring up is an
i nportant one, that is, that it's a balance, it's a
matter of inpaired conjugation and production, but
i f you have excessive production and you are
al ready behaving in a certain way in terns of your
ability to handl e the pignent, then, you may be
self-identifying as a very narrow group of
i ndi vi dual s who are uni quely di sposed to being
hel ped by something to control their abnormnal
production rates.

DR NELSON: Do you think that when that
data is analyzed, that it would reduce the fal se
positives and that nunber needed to treat, that is
of concern, in other words, those infants who, in
retrospect, would not have needed an intervention,
that if you conbined bilirubin plus sone neasure of
production, that you might treat three to get one
instead of five to get one, for exanple?

DR STEVENSON:. | don't know, but ny guess

is that it would likely decrease that nunber, but |
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don't know for sure.

DR CHESNEY: Dr. Justice.

DR JUSTICE: Yes, just one thing to add
to what | heard the committee say, at |east a
coupl e of menbers of the conmttee suggested that
the popul ation be narrowed to a higher risk
popul ati on, such as henol ytic anem as.

DR. CHESNEY: W have a plan for the |ast
two questions, which have to do with safety and
efficacy. As you know, the FDA has a | ega
responsibility to assure both safety and efficacy,
and that is what these two questions are about.

So, | will read these briefly and then we will have
10 to 15 minutes to discuss them

Then, at the end, we will go all around
the table, so everybody can have a | ast coment
relative to whatever they feel they need to coment
about .

Question No. 3. Assuming that
hyperbi |l i rubi nem a only requires therapeutic
intervention with phototherapy 3 to 5 percent of
the tinme, what safety informati on would you require
froma sponsor for a new nol ecul ar entity before it
could it introduced into the newborn popul ati on?

Question No. 4. In today's healthcare
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setting, does the benefit of drug therapy to
prevent hyperbilirubinenma in the newborn
popul ati on as a whole outweigh the risk to
i ndi vi dual newborns, the majority of whom require
no intervention?

Comments? Dr. Freeman.

DR. FREEMAN: | am very concerned about
these two questions and about any study that you
design particularly if it's limted to a defined
popul ation being able to pick up lowrisk side
effects of your medication, and | would urge the
FDA to build in long-termstudi es after whatever
drug gets marketed presuming that it will get
mar ket ed.

DR WLFOND: | think that these two
questions bring us back to the comment before about
trying to maximnm ze benefit to mnimzing risks, and
the problemw th the questions, they are framing it
as preventing hyperbilirubinem a, whereas, if
i nstead these questions are framed as either
preventing exchange transfusions, for exanple, |
think the questions would be very different, so
unl ess we deci de what our goals are, and what our
popul ation is, these are hard questions to answer.

The answers are different, | guess.
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DR. CHESNEY: Thank you

Dr. Nel son

DR NELSON. | guess a question for those
nmor e know edgeabl e and perhaps Dr. Stevenson
whet her you think there woul d be any possible
surrogates that could be used to nmeasure risk of
certain adverse events, such as inmpact on
neur odevel opnent al out corme, whet her tagged drug
di stribution studies that show none get to the CNS
As | recall, there was sone of your slides that you
went through rather quickly showed differential
distribution of different drugs and different
targets. In other words, if it doesn't get to the
CNS, it would be | ess concerning to ne, or nmaybe
that's just being naive. So, that's a question

DR. STEVENSON:. It's a good question and
obviously a concern. | think nost of the
information is probably known about tin
mesopor phyrin, and that work has been done by
Rockefeller. | don't remenber the exact nature of
the experinments that | ooked for traces of the
conmpound in the brain, but ny recollection of the
report was that none was found.

Qur work has been primarily | ooking for

bi ol ogi cal effects. W have not done | abeling
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studies. So, comi ng back to your general question,
I amnot sure if that would be possible to do in
humans, and in trying to get to the issue,
under st andi ng what the risk might be or what
surrogate you m ght have for |ooking for that risk,
that is very difficult. W are |earning now
sonmething that | think is very frustrating to nost
of us, and that is, when we | ook at |ong-term

neur odevel opnental outcone as a primary outcone for
a lot of our large trials, in ACC network,
oftenti mes things which we think are appropriate
surrogates for | ong-term neurodevel opnent a

outcome, turn out not to be so.

The npst recent exanple is in the TIP
trial, the i ndonet haci n prophylaxis trial, where
as the smaller studies had suggested, there was a
mar ked decrease in Gade 3 and Grade 4 henorrhages
in response to that prophylactic treatnent, but
there was no difference in the long-term
neur odevel opnent al out come between the two groups.

So, when you try and pick even fairly
gross surrogates for neurodevel opnental outcone,
you may m ss the mark, and part of that is related
to the plasticity of the newborn brain, and there

are nmany other things that will inpact that brain
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over the course of the first couple of years of
life, and that is not just in terns of function,
that's in terns of its anatony, as well

DR CHESNEY: Dr. Mattison.

DR. MATTISON: In ternms of the safety
information, | guess thinking about it fromsort of
several different levels, | would be interested in
really very well conducted traditional segment one,
segnent two, segnment three FDA animal tox studied.

These are studies that are done to | ook
critically at effects on reproductive performance
and devel opnental function, pregnancy outcone, and
SO on.

The problemw th the current designs,
though, I think for the nbst nmulti-gen and the
three segnment tox studies, don't get at functiona
endpoints, so | think, you know, careful discussion
with any proposed sponsor of a nolecular entity
like this, given that there are a range of
devel opmental activities that have to go on in the
newborn, | think would be really very inportant.

Havi ng spent a lot of tine thinking about
devel opmental toxicity, | amalso troubled a little
bit by the fact that there is kind of the other

side of the question that we haven't addressed, and
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I amrem nded of the vitamin A story, which is that
no question at high levels, vitamn A produces
adverse effects, but we al so understand that
vitamin A deficiencies are al so associated with
adver se neurodevel opnment al out cones.

Dr. Stevenson alluded to the fact that he
seens a little perplexed by is there a | evel of
bilirubin bel ow which we wouldn't want to go, and
fromthat perspective, then, it is not sinply
designing a dose that lowers the | evel of
circulating bilirubin, it is understandi ng what
happens at these lower levels in terns of
neur odevel opnental out cone, they nmay not be rel ated
to the drug at all, but altered biochem stry in the
i ndividual, which I think also suggests a different
way of thinking about the traditional three-segnent
and nultigeneration tox studies in aninmals and
m ght actually suggest the need to | ook at perhaps

several different species in the devel opnental tox

st udi es.

DR CHESNEY: Thank you

I wanted to ask a question and then |I see
Dr. Luban. Dr. Stevenson, | was struck in your

slides by the contrast between the one naturally

occurring nesoporphyrin, zinc nesoporphyrin--I hope
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I have this correct--in alnpst every instance had
the | owest of the effects that you were descri bing
as sonething that we see as maybe good.

Teleologically, that gives me a little

anxi ety.

DR STEVENSON: Zinc protoporphyrin is the
natural ly occurring protoporphyrin. Its role is
still being investigated. O course, it's an

indicator of lead toxicity and probably reflects
availability of iron for incorporation into
henogl obi n, and so forth, but | think what I
describe is sinply a conpound that has noderate
effects and then has many of the other desirable
features that, in fact, the other conmpounds do
have, either at the dose they are being used or by
their unique synthetic nature.

Those woul d be besides the efficacy, which
can be established at a nuch higher dose, it has
the |l ack of photoreactivity in vivo and ot her
things of that sort. But it is a hard conmpound to
work with, and is probably at the bottom of the
list in ternms of one you mght pick froma drug
devel opment perspective because of that property
al one.

I amnot sure if | answered your question
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exactly, but | think when you engi neer the other
compounds, you can end up using them at doses where
you achi eve the other desirable features that you
see with that conpound.

DR. CHESNEY: | probably didn't express it
very well, but it just seened a contrast between a
natural ly occurring conpound and a contrived one.
In sone of the areas, it was so striking that you
just worry about toxicity issues.

Dr. Luban.

DR. LUBAN: In ny review of the two books,
there were a few things that | was struck with,
that | think we need to spend sone tine talking
about apropos of Question 3, and the two systens
that | think we need to send sone tinme |ooking at
in any kind of a long-termsafety trial are the
hemat opoi eti c systems, since this is a henoxygenase
inhibitor, and iron netabolismparticularly at the
nadir of iron absorption could be affected.

The second, from a | ong-term adverse
potential, is the RES system Sone of the data
i ndi cated | ynphocyt openia, for exanple, in sone of
the children that were studied with this class of
conpound.

So, | ambeing very specific rather than

file:////[Tiffanie/daily/06 11ANTIL.TXT (373 of 401) [6/26/2003 1:10:28 PM]

373



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

general, but | think those are two areas that we
need to concentrate on

DR. CHESNEY: Thank you. | think those
are issues that we probably will address tonorrow.

Any other? Dr. O Fallon

DR. O FALLON: | think sonebody should say
at this point the fact that we haven't--1 nean we
have been told that no bad things have been found
in certain areas--1 think it is very inportant to
poi nt out that not finding things in the nunber of
peopl e studied, it doesn't tell us anything, that
in order to find relatively rare events, which we
woul d certainly hope nost of these |long-term
toxicities would be, or any kind of toxicity, we
woul d have to study a lot in order to be finding
t hem

So, the fact that there is nothing out
there yet is somewhat conforting, but not
conpl etely conforting

The other thing is we have been |i stening,
we have been told in two or three different ways
that there are parents who sinply are not able to
even conme back for a followup bilirubin test
within a week after the baby was born. If we are

going to be putting kids into | ong-term studies
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where they are going to have to be coning back at
year 1, year 2, year 5, that type of thing, in
order to see what is happening to their
intelligence levels and their blood counts, and
that sort of thing, this is going to be difficult.

I think the drug conpani es have to be
prepared to deal with this type of thing or we are
going to have a problem Well, | think that our
results that we have already been told are already
bi ased because there was so nuch m ssing data on
some of the long term and the question is who was
m ssing, who didn't get tested, and we can't have
that happen for a good study of these new
t her api es, because if by the treatnent creep, we
are going to end up treating a whole lot nore kids
that don't need it, we have to have a darn good
i dea of what kind of adverse events that are likely
to be occurring five year hence.

DR CHESNEY: Dr. Newman.

DR. NEWMAN: | think to answer the
question about how nuch we need to know about
safety or how big the trials have to be is partly
i nformed by bi ochem stry and under standi ng t hese
drugs and the biologic plausibility that they woul d

have effects on various tissues, and | don't know
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that much about that.

My ki nd of sinple-mnded thought woul d be,
well, if we are going to use it instead of exchange
transfusi on, we should know that it's as |east as
saf e as exchange transfusion. |If we are going to
use it instead of phototherapy, we should try to
have somewhere around as nuch data that it is as
safe as we have for phototherapy. For
phot ot herapy, we at |east do have the
Col | aborati ve Phot ot herapy Study, which was a
|l ong-term study followi ng kids up to | think age
six or seven to |l ook at their neurodevel oprent al
out cone.

If we were going to try and use it to
prevent phototherapy and be treating, you know, 5
or 6 or sonme nunber of kids for each one who
ot herwi se woul d have gotten phot ot herapy, then, it
seens |ike we kind of need to know that it is at
| east five tinmes as safe as phototherapy, so that
woul d be even a bigger study just to be able to
reassure ourselves that we are not doing nore harm
t han good.

DR. CHESNEY: Dr. Hudak

DR HUDAK: | think in ternms of the

specific answer to that Question 3, | think it is
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pretty clear that whatever study is done, we need
to have a mni num of a two-year careful follow up
including the full neurodevel opmental exam and
assessnent. | think that is what is standard for
the NIH studi es where we | ooked at entities like
nitric oxide and other things. | think that would
be expect ed.

The difficulty there is, of course, that
even in the small networks where there is a | ot of
effort to getting these kids back, we take all
babi es regardl ess of |ikelihood that they are going
to be com ng back for followup, so we take the
poor and the not so poor, and so forth. W get
about an 80 percent follow up

If you wind up spreading this anbng many
centers, we are going to have fewer babies at each
center, and you don't have that sort of network to
encourage patient capture. It is going to be very
hard to get a very good followup rate, but
nonet hel ess, one has to do the best one can do.

The other issue is in terms of the actua
study design, we have tal ked about exchange
transfusion. | think I would be very worried about
limting entry to those babies who are at high risk

for getting exchange transfusion because if in the
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control armyou had a | ot of babies who had
exchange transfusion, and if there is sone
consequence to an exchange transfusion in terns of
neur odevel opnent al outcone, you nay fal sely
reassure yourself your drug intervention is
reasonable. It may even | ook better than the group
that got high incidences of exchange, so | think
there are caveats there

DR CHESNEY: | don't think any of us ever
want to do an exchange transfusi on again.

How about if we start going around the
table and letting everybody address the nobst
conmpel ling issue for themat this point. Dr.

Luban, you have the good |uck of being the first
per son.
Commi ttee Final Comments

DR. LUBAN: Do you want nme to go over
Questions 2, 3, and 4 or just make a genera
coment ?

DR CHESNEY: | think the idea is nore
that you maybe address the one or two points that
are nost inportant to you, nobst conpelling to you,
that may have to do with any one or all three of
t he questi ons.

DR LUBAN: Well, | think it would be
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wonderful if we had an absolutely safe drug that
could stop the need for doing exchange
transfusions. Since as the director of a bl ood
bank, | can tell you that | don't sleep at night
when those are being done at ny institution

On the other hand, | can also tell you
that the nunber of tines that we perform exchange
transfusions nowis lingeringly small

So, fromny perspective, much of the
treatment of Rh henolytic disease has taken away
exchange and what we are left with are the severe
G6PDs, the tiny preemies with sepsis and nultiple
conplications, nmetabolic diseases, and then the
ot her cl ass, which nobody has nentioned, which are
the kids neither with ABO nor Rh, but w th other
anti bodi es, and those are actually growing in
nunber rather than decreasing in nunmber
particularly Kell, so that is a group of henplytic
di sease of the newborn that no one has nentioned
that we need to keep in nind.

There is sonething intrinsically
gut-wrenching to consider treating a very large
nunber of babies with a treatment nodality without
a known safety record for the prevention of a very

limted nunber of severe adverse outcones.
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I will stop there.

DR CHESNEY: Dr. Stevenson

DR STEVENSON: | can be very brief. |
t hi nk exchange transfusi ons are dangerous, and that
is sonmething that needs to be avoided. It may be
avoi ded through a whole variety of different ways,
sone of which don't have to include nove
t her api es.

I guess from ny perspective, the
rationality of the approach that |ies behind this
kind of targeted therapy is best conplemented by a
targeting of the group that m ght benefit the nost.

So, | guess | would weigh in with respect
to identifying individuals who are at greatest risk
and who m ght benefit fromaltering this part of
t he biology which is contributing to the problemin
their particul ar case, understanding that not
everybody who has hi gh production has high | evels
of bilirubin, they would not self-identify as being
i ndividual s that would require treatnent.

A final thing is just that | think that it
is inportant to understand that sone increased
production is a normal part of the transitiona
period after birth, the up-regul ati on occurs

normal ly, and so it becones a powerful lever if you
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want to control sonething that you otherw se can't
control

So, | understand the interest in getting
one's hand on that handle, but | think it should be
done with appropriate respect for the conplexity of
that biochenmistry, which | think people have, and
try to maxim ze safety with that in nind.

DR. CHESNEY: Dr. Lau

DR LAU. M comrent will be brief. |
think that we need to be very preci se about our
| anguage that is nentioned earlier, that
hyperbilirubinema is not a disease, it is a
condition, and even in Question 4, it is stated as
to prevent hyperbilirubinem a treatment, so we are
not really trying to prevent hyperbilirubinem a,
because we are already doing intervention on kids
wi th hyperbilirubinema, so what we are trying to
do, we are trying to keep themfromrising. |

think we just need to be precise about our

| anguage.

DR. CHESNEY: Dr. Newnman.

DR. NEWMAN:. | have nostly said what |
want to say. | just had one other thought, which

is this whole issue of difficulty with follow up

and therefore, you know, patients getting their
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high bilirubin levels, and | totally synpathize
with that because we struggle with that, too, but |
guess it bothers ne a little bit that the direction
where this nmight head is that if you are caring for
a famly that is poor and has bad access, then, you
give themthe drug, whereas, the fanlies who are
better connected with the nedical system you can
just follow them and have a Home Heal th nurse go
out to their house.

So, | guess there is sone sort of
troubling ethical issues there about who woul d be
the people in the studies and then who would the
drug actually be given to, and naybe as a society,
we really should commit that we can do better than
just sort of throw up our hands and say we can't do
followup a day or two postpartum

DR CHESNEY: You articulate that so well.

Dr. Ch.

DR OH One final thought | have is issue
of powering any of ny control trial. Very often
what happens is particularly using this surrogate
as an endpoint. The sanple size is not powered
enough to | ook at |ong-term outcone, and that needs
to be addressed in any kind of design in a study.

The other thing that | need to point out
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is that since we are concerned about potential side
effect, any trial--1 am probably sayi ng sonet hi ng
obvi ous--shoul d have a data safety nonitoring
conmittee, independent DSMC nmonitoring the study to
make sure that the patients being enrolled are
protected during the study period.

DR CHESNEY: Dr. Smith

DR. SMTH: | amin favor of devel opnent
of a newdrug. | amnore concerned about what we
are targeting as the endpoints for it. | have

heard several people say--and | know not hi ng about
these things--but several people have said exchange
transfusion is dangerous. | don't think that
anyone has said that phototherapy is dangerous. It
i s inconvenient, but nobody said it's dangerous.

So, | think we should pay particul ar
attention to what we are addressing to repl ace
rather than injecting 4 mllion kids with this.

DR CHESNEY: Dr. WIfond.

DR. WLFOND: My comrent actually foll ows
on the prior cooment. |If we were to have as an
objective trying to prevent exchange transfusions
using a drug rather than phototherapy, we woul d not
be subjecting 4 million kids, we would be

subj ecting that very snmall nunber who currently
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get s phot ot her apy.

I think that really would be the way to go
in ternms of designing a trial that random zed
children either to phototherapy or to a drug based
upon clear criteria when we otherw se think
phot ot herapy is appropriate with the objective of
trying to avoid exchange transfusions and to
establish efficacy and safety in that
subpopul ati on.

DR OBRIEN. | guess ny first comment is
I amal so struck by the fact that our safety
systens issues, although not a part of this
del i beration here, just as a comment, that | would
hope that we could do a | ot better than we are
doing, and certainly was very struck by Ms
Sheridan's presentation of what happened w th her
son.

I also would agree that starting certainly
with the nost at-risk infants and any way that we
could sort of identify those that may have
i ncreased production where we know that the drug
woul d be nost effective presunably woul d be the way
to start.

DR CHESNEY: Dr. Aschner

DR. ASCHNER: | |ike the idea of
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devel oping a new drug especially | think I have
been convinced for those who need it nost. \Wat |
would like to see is nuch nore studies on the
distribution of the drug in different tissues.

I would like to see proper screening
studies done in terns of various toxicol ogica
endpoi nts, and to echo what Dr. Mattison said
before, | think I would Iike to know nuch nore
about what the consequences are of reducing
bilirubin levels to | evels that m ght be bel ow
optimal in the newborn.

DR CHESNEY: Dr. Freenan.

DR. FREEMAN: | think Dr. Newnan expressed
my opinions. | have concerns on two sides. One,
think a drug shoul d be devel oped, but | am
concerned about even |ow incidence of toxicity and
the need for these long-termstudies in |arge
nunbers of patients, but | also am concerned about
the way we treat the poor, the difficulties in
foll owup, and the need for something to prevent
phot ot herapy or the need for phototherapy in this
popul ation that is so at high risk

I am concerned that as we design these
studies, that we will be targeting a poor indigent

popul ati on and how do we deal with the equities
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i nvolved in that.

DR. CHESNEY: Dr. Ip.

DR IP: Aml allowed to coment on the
confidential stuff | have been reading? | wll
reserve my comrent until tonorrow.

DR CHESNEY: Dr. Mattison.

DR. MATTISON: | guess | would just
reiterate nmy concerns about functiona
devel opnment al consequences and echo sone of the
comrents that others have nade with respect to
frustration with the current systemfor screening
and identification of these infants.

That is not a drug devel opnent questi on,
it's an entirely different kind of system questi on,
but ny biggest concern is sort of |long-term
functional devel opnental inpact.

DR. CHESNEY: Dr. GCorman.

DR. GORMAN. A coupl e of random t houghts.
The pursuit of convenience is pretty obvious in our
heal thcare system W want things that are
conveni ent, but sonetines they also sinplify, those
same pursuits sinplify the systens for both us and
our parents to provide care for their children, so
I amnot sure they are always nutual ly excl usive.

It is clear to ne that healthcare is not
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the nunber one priority of a | arge nunber of our
popul ati ons, so that systens we set in place, that
seemlogical to us, don't always seemlogical to
our patients.

I have a comrent to follow up on Dr.
Luban's. | think that | would be even nore
specific in nmy long-termsafety profiling than you
were. Wio knew there were so many ways to make
carbon nonoxide in the body? Certainly not |. But
I think that at 18 and 24 nonths, carbon nonoxi de
production, since we are specifically targeting it
and changing it, should be nonitored, and the
henboxygenase system in whatever way you neasure
it, in 18- and 24-nonth- ol ds should al so be
t est ed.

I would also like to echo sonething that
Dr. Freeman said, which was that he thinks that
there is a distribution that does not include only
kernicterus with bilirubin's effect, and | would
hope that a gross devel opnental screen, such as the
one we do, would pick up a halo effect if, by
reduci ng bilirubins, we |ook at confounding or
contributing variables to other neurol ogi ca
di seases that we see and we can only poorly

expl ai n.
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DR CHESNEY: Dr. Ebert.

DR. EBERT: | amin support of the
devel opment of drugs for the managenent of
hyperbilirubinema, and | would see the role in
t herapy here bei ng sonewhat before exchange
transfusion. Were exactly that fits, | think
certainly that discussion has |led us to believe
that we are not sure exactly where that woul d be at
this point.

I think probably first and forenost, we
need to do a better job of characterizing patients
who are high risk for progression to high bilirubin
| evel s and/or kernicterus, whether that be through
more intensive history taking and sanpling of
i ndividual or ideally by devel oping a test that can
be adm ni stered prior to discharge because of the
concerns about followup of patients after they
have been di schar ged.

| don't think that we can really determne
at this point what the safety would be of this
conmpound without first testing it in a group that
is at higher risk for conplications, try to at
| east at that point get a risk versus benefit
assessnent, and perhaps then with post-marketing

assessnents, Phase IV trials, as |lower risk
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popul ations are tested, we can continue to follow
up with safety at that point.

DR CHESNEY: Mne is nore reflection.
think it is ironic that the healthcare system has
put us in this situation because pediatricians, |
think alnost uniformy, decried the nove to
di scharge at 24 or less than 48 hours, and it is
because of that that we seemto be having a problem
now, and it is al so because our processes are
i nperfect that we don't seemto be able to get
children back and to nonitor what, on the face of
it, should be a fairly sinple thing to nonitor, but
we don't have the processes in face, so it is just
a reflection.

Dr. Fost.

DR. FOST: | hate to wake anybody up at 10
after 6:00 with a new idea, and | al so regret
disagreeing | think with John Freeman, ny teacher,
and Tom Newman, whose work | admire so much in this
area, but it seems to ne there is sonething close
to consensus devel opi ng around the table on a
general principle that, first of all, that a new
drug, there seems to be wi de agreenent that a new
drug, if it were safe, effective, and reasonably

cheap, would be a great help, and that, second, it
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shoul d be tested on children who have the npst to
gain fromit.

If that is true, it seems to me that the
i deal target population is those who are nobst
underserved at the nonent, that is, childrenin a
devel opi ng country, who presently have no access to
anything and for whombeing in a trial of a
reasonably prom sing drug agai nst phot ot her apy
woul d be a boon for the children in the trial, it
woul d al nost certainly have a benefit if we take
hi gh-risk children, that is, children with
henol ytic disease or at high risk for henolytic
di sease, that the benefit-risk ratio for that
popul ati on woul d exceed anything we could do in the
Uni ted States.

it might also, if the drug were cheap
enough, lead to a treatment or a preventative for
under served popul ations since phototherapy is
extremely unlikely. | amguessing, maybe | am
wrong about that, certainly, home phot ot herapy.

So, it seens to ne the ideal place to
develop, to study this drug is in a popul ation that
presently has no access to any treatnent for
hyperbi li rubinem a and that is at high risk

DR. CHESNEY: Dr. Hudak
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DR HUDAK: That's a great idea, | just
wish it were possible to get foll owup on those
kids. That is the key. | think everyone is in
consensus that we need the drug devel opnent study.
It is just the details that are the devil, and the
power issues are critical and dependi ng upon what
you are | ooking at, the power calculation will be
different.

I think we do need to | ook at the high
risk group. | have no idea how you define that.
Anyt hi ng you do, by definition, is going to be

somewhat arbitrary because we don't know at any

gi ven point what the exact risk is for getting from

bilirubin level X to bilirubin | evel 30 w thout
intervention, we just don't know.

So, it would be reasonable to pick by the
nonogram for instance, if you wanted to get a good
nunber of patients in, you can either pick the
henol yti c di sease patients, who have a high
i nci dence of having high levels, or you can sort of
by the nonogram pick those who are at the 98th
percentile anytinme within the first 48 hours and
assune they are the ones who are going to be nost
at risk for getting the very, very high |evels,

al though we don't know that. So, there is
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sonet hi ng about the natural history we don't know.

In terms of the followup, | think the
poi nt that was nade about is there a 5-point
difference in IQthat mght result fromthis
treatment, well, you can put a nunmber on how many
babi es you need to study to reassure yoursel ves
that there in no nore than, you know, a 1-point
difference or whatever. | think that sort of study
desi gn needs to be done because a 5-point
difference in IQ | think is a significant societal
i ssue and needs to be carefully exam ned what the
i mpact on that is.

You know, other outcones, for instance,
I'i ke what happens if this drug were to double the
under | ying incidence of aplastic aneni a, how many
patients are you going to need to determnine that.
I go back to the studies that were done on the
rotazyme vaccine, and very well done studies showed
it to be very safe and effective, and within nine
months of it getting on the market, being used in a
| ot of patients, the issue of intussusception cane
up, and the drug was wi t hdrawn.

So, | think there are clearly instances
where sonething gets into wi despread use despite

the best study efforts at deternining safety and
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ef ficacy and there are problens that are detected,
and | think it is just critical as we go al ong

what ever path this goes down, that the FDA
hopefully has the authority to make sure that there
are the appropriate large registries once this drug
gets outside into open clinical use.

DR CHESNEY: Dr. O Fallon

DR. O FALLON: My comments, | keep
renenbering ny dad saying that it took a dentist to
invent the railroad couple. You know, | am outside
the medi cal community, | work wth physicians, but
I amlistening to you, and it just seens to ne in
listening today that it isn't that hard.

You guys are all talking about eligibility
criteria. As a statistician, | think that defining
the eligibility criteria very precisely is an
extrenmely inportant thing to do in each of these
studies, and you guys are all tal king about |evels
of hyper--well, | can't say it, but the |evel of
bilirubin, you are tal king about rates of bilirubin
rise. There are ways to neasure that. You talked
about that.

So, | think you already know and coul d
define a group that you could agree woul d be at

real risk and should be studied first. So, | think
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that can be done, listening to you. Then, the
comrent about the popul ation, about going to Africa
and sone places like that, cone on, guys, we have
all these Anericans sitting in our inner cities
that have no nedical care either, and | think that
we should make an effort to include those guys in
any studies, too, that the conpani es shoul d nmake
sure that they are spreading around the benefits
and the liabilities.

The endpoint definition is absolutely
crucial and again, what | am hearing you say, you
say, well, should we give exchange transfusion when
it hits 30 or 28. | think you have got to just
define your endpoint as being sone extrene val ue,
and if the bilirubin hits that level in either
group, they have failed, that treatnent has failed
I think you can do that, define it some way |ike
that, but it would not be to avoid either of these
t her api es because the physicians, you know, you are
kind of a rebellious group, and you tend to say
nobody is going to make ne do anything, and you
aren't always follow ng the guidelines.

But if it cones down to the level itself,
understanding the variability and the | aboratory

measurenents, and all that, | mean there are going
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to be problens, but that would seemto ne as close
to an objective endpoint as you coul d have.

The careful followup is so inportant and
it has go to be long term and it has to be very
vi gorous to make sure that everybody comes back
that we are not losing a | arge percentage of the
patients out on the |long-termfoll ow up, and that
is going to be hard

Then, oh, yeah, the nodeling. W keep
tal ki ng about the modeling, and | do a lot of that,
I ama statistician. Folks, a nodel is only as
good as the itens that are in the--1 call themthe
shopping lists, the independent variables, and we
are finding out it is very humliating to recognize
that we are missing a |lot of very inportant
vari abl es that nobody ever knew were inportant, and
we all know that there are genes that are
important, that we don't know anyt hi ng about.

So, the nodeling we take with a bl ock of
salt on each shoul der.

DR CHESNEY: Dr. Fuchs

DR FUCHS: | think | echo a |ot of
people's opinion that this is going to be a
|l ong-term several step process. | think the idea

about conparing drug versus phototherapy to prevent
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exchange transfusion is probably step nunber one
with long-termfollowup, and that group, it could
be the ABO group, the G6PD group, that is your
target popul ati on as one option.

Then, when that is proven as safe or as
ef fective as phot ot herapy, then, you junp back down
and then you can get into your healthy newborns
wi th whether you want to use with risk factors or
without risk factors, it is going to take a |ong
time no matter what you do.

DR CHESNEY: Dr. Danford.

DR. DANFORD: | think everybody probably
agrees that ignoring extrene hyperbilirubinema is
dangerous and there are two ways to approach that
problemto make it go away. One is to nmke the
extreme hyperbilirubinema go away, the other is to
tune the system so that we no |longer are pernitted
to ignore it.

I wonder a little bit about the risks of
devel oping a drug that could come into conmmon
practice that could be perceived as the magic
bull et that prevents extrenme hyperbilirubinem a,
you have had your shot, you go home, nobody ever
worri es about hyperbilirubinem a and kernicterus

anynore, and yet there will be systemfailures in
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either the administration of the drug or the
ef fecti veness of the drug in certain snal
popul ations yet to be identified where that drug
will be a failure and the next generation of
patients entering the kernicterus registry will be
those who have received the magic bullet and the
medi cal conmunity has given thensel ves perni ssion
to forget about them

That having been said, | really do think
that we need to investigate the devel opment of a
drug like this. | agree with the remarks that the
safety data that we need to accunulate will require
a large, long-termexpensive and difficult to
i nterpret studies.

I would Iike to be assured that the drug
that we unl eash on society is safe as photot herapy.

DR. CHESNEY: Dr. dod

DR GLODE: Just on a historical note. As
you noted, Dr. Chesney, about the change in nedica
practice with early discharge, | do now recall that
the nost common conversations | ever had with
nmot hers during ny training was the conversation
about how your baby coul d not go hone because of
the yellow jaundice, and, in fact, had that sane

statenment nmade to nme with the birth of ny first
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child, staying in the hospital because ny baby's
bi lirubin was 12 and we need to check it
tonorrow. So, it is a remarkable effect.

Back to again the priority, prevention of
kernicterus, do we currently have effective
therapies, | would say yes, we just have an
inability right nowto correctly identify and
capture who needs those therapies.

I am happy to have a new t herapy
devel oped. | think the bar for that therapy is
very high because it has to be as safe as
phot ot herapy and either equally effective because
nmore convenient or nore effective than
phot ot herapy. So, the bar is very high. | am happy
to have it be devel oped.

The last comment | would make is that |
think if you had an opportunity to read the two
statenents at the back from people who didn't
present at the open hearings, but the Joint
Commi ssion and the March of Dines both had an
interesting letter there. Perhaps again this is
outside the real mof the FDA, but on ny desert
island, if | were advising the FDA on the issue of
prevention of kernicterus, | would recomend that

they send--1 don't know if they can do this--a
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formal letter that would go to NICHD, to the CDC
to the Anerican Acadeny of Pediatrics urging
fundi ng of pilot studies concerning the efficacy of
newborn bilirubin screening to prevent bilirubins
of --and then you nane it, 22, 25, 27, | don't know,
I would Iike to see those pilot studies funded, and
that woul d be nmy recomrendati on

DR CHESNEY: Dr. Nel son

DR, NELSON:. | amstill thinking about
Norm s suggestion. | think an active contro
superiority trial wth phototherapy head to head
with a nedication to try and prevent not so much
exchange transfusion, but perhaps a bilirubin where
most peopl e m ght contenpl ate an exchange
transfusion, say, 25, so you could get it at 20 and
then you hopefully prevent 25, and then you woul d
have to have, if the phototherapy fails, some
crossover to the drug, but all those kinds of
details could be worked out.

But then I amnot sure what the control
group would be in an area of underserved, because
woul d be tenpted to want to build up the
infrastructure to provi de phototherapy, and I am
not sure that would, in fact, be doable, and it

would worry nme if we then take a drug that hasn't
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been used a lot, but we have efficacy here, and
then decide, well, let's just hand it out to a
mllion kids el sewhere and see what happens in
ternms of safety.

I will follow you a ways down that road.
I am not sure, though, on the details. W would
have to work that out.

DR. CHESNEY: Dr. Cummins and Dr. Murphy
and Dr. Justice.

DR JUSTICE: | think | hear a consistent
message that the drug should be studied in a
popul ation that is at higher risk, and there should
be long-termsafety, followup particularly
neur ol ogi cal, hematopoi etic, and that the tria
design | have heard is a random zed trial of
phot ot herapy versus the drug with perhaps an
endpoint of a bilirubin of a certain value or
per haps an exchange transf usion.

That is what | have heard the committee
suggest .

DR CUWMNS: | would add to that, that
there needs to be and | have heard very detail ed
preclinical safety testing because the bar for any
new i ntervention is high because of the safety,

known safety of phototherapy.

file:////[Tiffanie/daily/06 11ANTIL.TXT (400 of 401) [6/26/2003 1:10:28 PM]



file////ITiffanie/daily/0611ANTI.TXT

10

11

12

13

14

15

401

DR. MURPHY: | would just like to say
thank you and | think we ought to |l et you go
because we have got another |ong day for you
t onor r ow.

DR CUMNS: | could add to that thank
you very much. This has been a really productive
day and we appreciate your tinme and input.

DR. CHESNEY: Tonorrow norning we start at
8 o'clock is nmy understanding. Let ne al so thank
everybody for letting us go so far over, but I
think it has been extrenely interesting.

[ Wher eupon, the nmeeting was recessed at
6:30 p.m, to reconvene the foll ow ng day,

Thur sday, June 12, 2003, at 8:00 a.m]
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