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PROCEEDIL NGS

DR HARVEY: W'd like to call the neeting to
order.

CHAl RVAN EGLI NTON: W do have an audi ence sign-in
sheet. 1'd like to nake sure that everyone does sign in.
I f nmenbers of the audi ence have any comments, please
remenber you nust be recogni zed before assumng the podi um
You rnust use m crophones, give your full nane and your
affiliations and who sponsored your trip here today,
including any travel or per diemfees or involvenent with
any ot her conpani es.

VW'd |i ke to have the panel nenbers introduce
thenselves now. W wll start this way starting with Dr.
Kat z, pl ease.

DR KATZ: |1'mDavid Katz from Duke University
where |'ma professor in the Departnments of Bi onedi cal
Engi neering and Cbstetrics & Gynecol ogy.

DR O LEARY: Tinothy O Leary, Armed Forces
Institute of Pathol ogy.

DR LEVY: |I'mBarbara Levy. 1'ma gynecol ogi st
practicing in Federal Wy, Washington, and clinical
assi stant professor of CB-GYN at the University of

Washi ngt on.
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DR DAMOND: M/ nane is Mchael Danond. |I'ma
prof essor of obstetrics and gynecol ogy and director of the
D vision of Reproductive Endocrinology and Infertility at
Wayne State University in Detroit, M chigan.

M5. DOMECUS: d ndy Domecus, senior vice president
of dinical Research, Regulatory Affairs, and Quality
Assurance for Conceptus. |'mthe industry rep to the panel.

DR YIN Lillian Yin. I'mthe director of the
D vision of Reproductive, Abdom nal, Ear, Nose, and Throat,
and Radi ol ogi cal Devices, CDRH

M5. YONG |'mDony Young from Geneseo, New
York, and I'meditor of the journal Birth-Issues in
Perinatal Care.

DR NEUVANN  |'m M chael Neumann from Case
Western Reserve University in devel and.

DR SCLOMON D ane Sol onon, National Cancer
Institute, Bethesda, Maryl and.

CHAl RVAN EGLI NTON Gary Eglinton, director of
Mat ernal and Fetal Medicine, Georgetown University.

DR HARVEY: Hisa Harvey, B-GYN Devices branch,
executive secretary for the OB-GYN Devices Advisory Panel.

CHAl RVAN EGLI NTON Thank you.

The FDA press contact for today is Dr. Yin. W do
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have a full agenda. W'd like to keep pressing on. |If
there are any comments, please keep thembrief and conci se,
and, again, no outbursts fromthe audi ence, please, but cone
to the podium Thank you.

DR HARVEY: |'d like to start by acknow edgi ng
that we have several tenporary voting nenbers with us today,
and I would like to read a statement which is their
appoi ntnent to tenporary voting status, which has been
signed by Dr. Burlington, Center D rector.

Pursuant to the authority granted under the
Medi cal Devices Advisory Commttee Charter, dated Qctober
27, 1990, as amended April 20, 1995, | appoint the follow ng
peopl e as voting nmenbers of the Cbstetrics and Gynecol ogy
Devi ces Panel for the duration of the panel neeting on July
14-15, 1997: D ane Davey, MD., David F. Katz, Ph.D.,

M chael R Neurmann, Ph.D., MD., Tinothy J. O Leary, MD.,
Ph.D., and D ane Sol onon, M D.

For the record, these individuals are speci al
governnent enpl oyees and are either a consultant to this
panel or voting nmenber of another panel under the Medica
Devi ces Advisory Commttee. They have undergone the
customary conflict-of-interest review, and they have

reviewed the naterial to be considered at this nmeeting. And
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as | said, it's signed by Dr. Burlington

| would now like to introduce the panel to our new
consuner representative, whose termbegan in January of this
year. It is a four-year term Dony Young is her nane, and
she has an extensive background and | ong experience worki ng
as a consuner advocate, particularly in the areas of
prenatal and perinatal care and childbirth education. She
has published extensively in these areas and has previously
served on advisory panels at NNH As you heard her say, she
is also currently the editor of the peer-reviewed journa
Birth-1ssues in Perinatal Care. |'msure she's going to
bring an i nportant consuner perspective to the panel, and |
woul d ask that you give Ms. Young a warmwel cone to the
panel .

| would now like to read the conflict-of-interest
statenent and waivers which apply to this neeting. The
fol | owi ng announcenent addresses conflict-of-interest issues
associated with this neeting and is nade part of the record
to preclude even the appearance of an inpropriety.

To determne if any conflict existed, the agency
reviewed the submtted agenda and all financial interests
reported by the coomttee participants. The

conflict-of-interest statutes prohibit special government
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enpl oyees fromparticipating in matters that coul d affect
their or their enployer's financial interests. However, the
agency has determned that participation of certain nenbers
and consul tants, the need for whose services outweighs the
potential conflict of interest involved is in the best
interest of the governnent.

A wai ver has been granted to Dr. Mchael D anond
for his interest ina firmat issue that could potentially
be affected by the panel's deliberation. The waiver permts
this individual to participate in all matters before the
panel. Copies of this waiver nmay be obtained fromthe
agency's Freedomof Information Ofice, Room 12A-15 of the
Par kl awn Bui | di ng.

VW would like to note for the record that the
agency took into consideration certain matters regardi ng
Drs. Mchael D anond, M chael Neunmann, and D ane Sol onon.

Dr. Dianond reported that departnent coll eagues
have had relationships with fetal nonitor firns and have
been or are involved in research relating to fetal
nmoni toring and cervical cancer screening. However, he has
no personal involverent nor any managerial responsibilities
for these colleagues. |In the absence of any financi al

interests, the agency has determned that Dr. D anond nay
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participate fully in these deliberations.

Dr. Neunmann reported a relationship with an
electronic fetal nmonitor firmon natters not related to what
is being discussed at this neeting. Since this matter is
unrel ated to the specific issues before the panel, the
agency has determned that he may participate fully in the
panel ' s deli berati ons.

Dr. Solonon reported an NIH study for which firns
at issue provide materials and equi pnrent at their own cost.

I n the absence of any personal or inputed financial
interest, the agency has determ ned that she may participate
fully in panel deliberations.

In the event that the discussions involve any
ot her products or firns not already on the agenda for which
an FDA participant has a financial interest, the
participants shoul d excl ude thensel ves from such
i nvol venent, and their exclusion will be noted for the
record.

Wth respect to all other participants, we ask in
the interest of fairness that all persons naking statenents
or presentations disclose any current or previous financial
i nvol venent with any firmwhose products they may wish to

comment upon. W would like to note for the record that
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Rebecca Kortum who is a guest speaker with us today, has
acknow edged that her enployer has an interest ina firmto
devel op nmethods for in vivo detection of cervical cancer.

That's the conflict-of-interest statenment. |
wanted to al so note for the record that transcripts or
videos are avail able of the neeting, if so desired.
Transcripts are available through the MIler Reporting
Conpany, and that phone nunber is (202) 546-6666. Wi deos
are avail abl e through Video Visions, and that phone nunber
is (301) 438-8726.

| believe we have--nost of the presentations today
have al ready been given to us, but those presenters to the
panel who have not al ready done so should provide FDA with a
hard copy of their remarks, including overheads. And if
there i s anybody who needs to give FDA copies, M. Yung Pak,
if he could stand, he will collect these fromyou at the
podi um Thank you, Yung.

Dr. Eglinton?

CHAIRVAN EGQINTON M. Colin Pollard will now
give a brief overview of the purpose of this neeting and
update the panel on recent activities of the devices branch.

MR PCQLLARD. Thank you, Dr. Eglinton.

Before we get into the first agenda itemto | ook
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at the gui dance docunent on new intrapartumnonitors, |
wanted to nmake a few announcenents of sone recent FDA
activities.

The first thing I'd like to tell you is back on
February 14th of this year, FDA approved its first
humani tari an devi ce exenption application, and this was for
a fetal bladder stent. |If you will recall, back last July
we spent an arduous day struggling with the PVA in that
regard. At that tinme, the regulation for the humanitarian
devi ce exenption had just been published but was not
effective. The conpany applied for and received
qualification for this status, and | have copies of the
summary of safety and probabl e benefit for any of the panel
who are interested. But for us it was a breakthrough
experience, and | suspect that over the comng years for
devi ces that have very limted target population in a given
year in the U S that this is sonething that will be nade
avai | abl e.

| would also like to nention, just sort of
following up fromour |ast panel net, that we had j ust
i ssued some policy changes regardi ng a nunber of products.
(ne was in the area of falloposcopy, where we had noved it

froma PVA track to the 510(k) tract. W approved the first
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two fall oposcopes earlier this year, and we hope that that
is going to be of use to wonen who are trying to becone
pr egnant .

Anot her docunent that we just rel eased for conment
a couple of nmonths ago and is available in your folder is a
medi cal devi ce | abel i ng suggested format and content, and
this is a docunment that was a result of a center-w de effort
to gain sone consistency across the board on nedi cal devices
and the labeling for them You have a copy, and if you have
any comments, there is a nmechanismfor letting us know what
you t hi nk.

Finally, we have asked Dr. Deborah Smth from our
Gfice of Winen's Health to talk to you about a |long-tine
ongoi ng project of FDA to gain consistency across devices
and drugs in the area of contraceptive effectiveness
| abel i ng.

DR SMTH Thank you, Colin. Good norning,
ever yone.

As Colin said, over the last five years there have
been a nunber of PHS initiatives focusing on wonen's heal th
i ssues and contraceptive issues in particular. In 1993, the
agency announced that the | abeling for contraceptives woul d

be strengthened by making it uniform There were different
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presentation formats as well as data in oral contraceptive
| abel s as conpared to devices and OIC products. Drs. Lisa
Rehrich(?) and Susan A pert representing COER Center for
Devi ce Eval uati on and Research, Reproductive Health Drugs
D vision, and CDRH, respectively, began working on a uniform
| abel for contraceptive products.

The tabl e published annual |y by Trussell (?) et al.
in contraceptive technol ogy was agreed to be the best
avail abl e data source. A draft table was devel oped, and
menbers of the CORH Ofice of Health and Industry Prograns,
al so known as CH P, proposed focus group testing as an
appropriate way of determning the presentation format for
this information that woul d be nost useful to the consuner.

This was formulate into a qualitative research
proposal which was submtted to ny office, the Ofice of
VWnen's Health, by Paula Silverberg of CH P and was funded
in FY96. After an initial round of focus groups and
internal review, additional nonies were awarded in FY97 to
evaluate a revised table. Colin, if you wll put up the
first overhead?

What you see before you, first, are exanpl es of
current contraceptive efficacy information, including the

| abeling of one oral contraceptive; and, second, one of the
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currently marketed | UDs.

Now, if we go, what you now see before you--and
you have a copy of this in your packet--is a sanple of the
recently approved contraceptive efficacy table to be used in
the labeling for virtually all contraceptive products that
was devel oped as a result of this project.

In ny opinion, the result is obviously an
i nprovenent and quite comrendable. W all hope that you
agree. |I'mpleased that | was able to participate in this
project as the Ofice of Wonen's Health project officer and
pl eased to have the opportunity to present this
acconpl i shnent to you. It represents not only a | ong
effort, as Colin alluded to, but I think a superb effort on
the part of two centers and the multiple divisions within.

Does anyone have any qui ck questions or comrents?

[ No response. ]

DR SMTH Qherw se, thank you.

MR PQLLARD. Thank you, Dr. Smth. For the
audi ence, there are copies of that table on the table
out si de the room

The next agenda itemwe wanted to brief the panel
onis anewinitiative within the center for an alternative

tothe PMA It's called the Product Devel opnent Protocol.
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Dr. Harvey is going to tell you all about it.

DR HARVEY: Thank you, Colin.

Good norning. W would like to informyou of a
new initiative which is being proposed as part of FDA' s
re-engineering efforts called the Product Devel opnment
Protocol, or PDP, as | wll refer toit.

Al the panel nenbers have in your "day-of"
folders a copy of the PDP information which is currently
posted on FDA's Wb site at ww. fda. gov for public comrent.
| would like to enphasize that the devel opnent and
i npl ement ati on of the PDP process, of the PDP alternative is
an ongoi ng process which is updated nearly weekly. W
encourage any input fromyou as well.

| will provide a brief introduction to the
el enents and process of PDP. |f you have any questions, Dr.
Yin, who heads up the center's PDP re-engi neering team can
al so help to address those for us afterwards.

PDP is intended to provide an alternative pat hway
to market for conpani es devel oping class Il devices which
woul d ot herwi se be required to go through the prenarket
approval, or PMA, process. Actually, it's not a new idea.
The statutory authority for PDP was originally granted as

part of the nedical device anendnents to the Federal Food,
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Drug, and Cosnetic Act of 1976. However, this alternative
process was not inplenmented at that tinme because it was
consi dered potentially conplex and there was a need to focus
attention on inplenenting the other core provisions of the
nmedi cal devi ce anendnents of 1976, such as PVA and 510(k).

The intent of inplenenting PDP nowis to reduce
both the resources required by FDA to reviewclass |11
devices, as well as the total tinme to get one of these new
devices to narket. However, | should stress that the
requirenents for safety and effectiveness will be no |ess
stringent under PDP than they are for PMAA. Only the way in
whi ch these requirenments are satisfied differs.

Here is a sinplified tine line of the process of
devel opnent of a nedical device. On the right, | have noted
where FDA involvenent is in the process. As you can see,
PDP requires extensive interaction between the sponsor and
FDA nuch earlier in the process than has been done in the
past. This is to the benefit of both the sponsor and FDA
because it decreases the probability that there will be
surprised which may slow or prevent the approval of the
devi ce for narketing.

The el ements of PDP are the follow ng: Frst,

candi dates for PDP are those devices whi ch woul d ot herw se
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be subject to premarket approval, as | previously nentioned;
two, advisory panel review, still a required part of the
process, although panel input will obviously cone at a nmuch
earlier stage in the time line | just showed you than it has
in the past for PMA, and I'msure we'll probably get sone
questions fromour panel on that aspect of PDP, finally, the
proposed PDP nust include descriptions of the device and any
antici pated changes, all preclinical and clinical protocols,
manuf acturing nethods, facilities and controls, and proposed
| abel ing for the device.

The following is a sunmmary of the PDP process. An
approval or disapproval decision of the proposed PDP nust be
made by FDA within 120 days of receipt of the PDP. Wen al
prot ocol s have been conpl eted by the sponsor, they are to
send a notice of conpletion formto FDA including any |ast
results which have not yet been reviewed. FDA then has up
to 90 days to declare the protocol either conpleted or not
conpleted. If it's declared conpleted, then the device nmay
go to narket.

The follow ng are the different phases of PDP,
each of which | wll briefly discuss: presubmssion, filing
review, FDA review, preclinical phase, clinical phase,

noti ce of conpletion, and FDA' s decl aration of the conpl et ed
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PDP.

PDP can be thought of as a criteria-based research
tenplate in which a kind of contract between FDA and the
sponsor is agreed upon. As for presubmssion, at this stage
the applicant should consult with FDA and, | mght add, any
other outside parties, consultants, et cetera, to devel op
t he proposed PDP.

The devel opnment of the PDP will require very early
and extensive interaction with FDA and possi bly consultants
to provide in adequate detail all of the required
i nformation.

The applicant may the submt a summary outline of
the proposed PDP. FDA will have 30 days to determne from
the summary outline whether the proposed PDP appears to be
an appropriate candidate for this alternative process.

If it is determned that a PDP is an appropri ate
route for the device, then upon subm ssion of the conplete
PDP, FDA perforns a substantive review It is at this stage
that panel input wll be sought. There will be a total
review time of 120 days by which tinme FDA nust approve or
di sapprove the PDP, or Product Devel opnent Protocol. You
can see we're not actually review ng data. W' re review ng

pr ot ocol s.
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FDA is currently working on the details of how
panel input wll be acconplished, given that the
presentations of sponsors' PDPs nust occur in a closed
session to allay concerns over the release of proprietary
information in an open public forum

Fol | owi ng approval of the PDP, the applicant
conducts their preclinical protocols and devel ops their
bench and aninal data as described in their PDP. They al so
report to FDA in the formof regular progress reports as
stipulated in the PDP

As the PDP will again stipulate, the clinical
phase of the PDP can comrence follow ng conpletion and
subm ssion of the appropriate preclinical data, and, again,
regul ar progress reports as defined in the conditions of
that conpany's PDP will be submtted to FDA for review As
t he conpany progresses toward conpl etion of the clinica
protocol s, inspections for conformance to good nmanufacturing
practices or the new quality assurance regul ations, as well
as bioresearch nonitoring regulations, wll take place.

It is, of course, anticipated that sonetines not
everything laid out in the original PDP will work out as
pl anned, and nodifications of device design or testing

protocols or results may be necessary. These wll be
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reviewed as either substantive or non-substantive changes,
which will require notification to FDA, and these may occur
t hrough neetings or progress reports. FDA review of these
nodi fications will be acconplished within either 30 or 60
days, dependi ng on whether the change is substantive or not
substanti ve.

Wen all trials have been conpl eted and al
progress reports submtted, the applicant submts a notice
of conpletion to FDA, and this nust be reviewed by FDA
within 90 days. At this time, if FDA concurs with the
conpany that all protocols have been conpl eted and the
results are as specified in the PDP, FDA will declare the
PDP conpl ete and the product may go to market as if a PVA
had been approved.

In conclusion, it is anticipated that PDP may work
best, at least in the beginning, for class IIl devices which
are not first of a kind and for those for which FDA gui dance
has been devel oped. However, it is intended that eventual ly
PDP will be of great assistance to the rapid devel opnent of
i nnovati ve devi ces because it shoul d be | ess expensive than
t he conventional two-step investigation and prenarket
approval procedure.

The phoeni X you see here represents the efforts of
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FDA to review this | ong dormant provision of the Food and
Drug Act. Again, | remnd you that PDP is still a work in
progress and that all comrents fromyou are wel conme. And
for your information, there is a PDP workshop which FDA is
pl anni ng now, which will be on Cctober 22nd, to inform
interested nenbers of industry and our advi sory panels on
this initiative.

Thank you very much. Also, you nmay be interested
to know that there are T-shirts and hats with the PDP | ogo
on sale out in the | obby.

[ Laught er. ]

DR HARVEY: W woul d be happy to entertain any
questions, Dr. Yin or nyself.

DR LEVY: HEisa, where during this process is
| abel i ng addressed or revi ewed?

DR HARVEY: It should be at the point of the
120-day review tine where all the protocols and ultinate
| abeling are submtted. QGanted, there will--we recognize
that it may not be the final ultinate version, and that's
why there are provisions in the systemfor nodifications.

DR LEVY: It just seens |like froma review
standpoint, to review the | abeling before any data has been

collected is a difficult task to ask us to do.

M LLER REPCRTI NG COVPANY, | NC.
507 C Street, NE
Washi ngton, D.C 20002
(202) 546- 6666



[--- Unable To Translate G aphic ---]

DR HARVEY: Dr. Yin, would you like to add to
t hat ?

DR YIN | think the nost inportant part in the
early days is the intended use or indication for us and with
the patient population. You are right. W wll not be able
to put out adverse effect or precaution or warnings. You
are absolutely correct. But during the clinical trial,
that's the tine that they can send in to us progress
reports. | think you are absolutely correct. W may not
dermand a ful |l -bl own proposed labeling in the early stage in
the protocol. That's a very good point. Thank you.

DR LEVY: But then the panel never really |ooks
at it again after that initial--

DR YIN The panel would set the criteria, pass
and fail the criteria. So if you are not confortable--and
you nmay say that you' d like to look at it--you are able to
address that.

DR DAMOND: Hisa, as | understand it, both the
conpany and the panel will be asked to review basically a
concept and come up with a clinical study design, including
i ncl usi ons and excl usi ons, before any aninmal data or any in
vitro data is available. 1s that correct?

DR HARVEY: It's possible that it could be that
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way. Inreality, of course, we realize that nost conpanies
have a certain anount of data before they nove forward as
they would with a PDP, so that they may wel |l have ani nal
data and be sonewhere along that tine line that we | ooked at
before they actually submt a PDP, so that there nmay be data
there that gives theminformation to know how t hey may want
to nove forward with their clinical studies when they apply.

DR YIN The inportant part is the concept. You
are right. If when they are devel opi ng the proposed
clinical study they would say that in this aninmal study, if
it passed, then we would anticipate that. However, we woul d
entertain feasibility study early in the gane so they can
nodi fy the protocol accordingly.

DR D AVMOND Wuld FDA--1 woul d think that
conpani es woul d want to have sone idea of how likely
sonething is to be successful before they want to bring it
to FDA, because they don't want to be enbarrassed tine and
tinme again, bringing things to FDA when it's in the concept
form and then as soon as they go to the lab or to the
bench, they find out it doesn't work. So | would think they
woul d probably want to do sonme sorts of prelimnary studies
to have sone idea that, yes, this has a chance of working

before they bring it forward.
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If that were to happen, does that put them outside
of the PDP process if they have al ready done sone
prelimnary work to have a little greater confidence in what
they are hoping to acconplish?

DR YIN No. See, right nowwe are even willing
to entertain the PDP process even though the idea is going
on now. There is--a great advantage is that if we do the
review pi eceneal, we get it done earlier. So by the time
they conpl eted the whol e study, as you see, they only have
90 days to review, so there is a great advantage.
course, there are disadvantages al so. Let's not underline
there are only pros. There are cons, too.

If the product turns out not as good and they did
not nmeet the contract or the binding protocol, they nmay not
get approved. But now they are in PMA they will cone in
and talk to you guys and show you the data and try to
negotiate. So this one hereis a little bit harder, but
there are certain advant ages.

| think you are absolutely correct. This type of
process you require a conpany to think it through, all the
way through fromthe beginning to the end. And the
advant age of getting the clinical protocol in mnd that

early is that to get in with the clinical people to
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determ ne what shoul d be the endpoi nt, or sonetinmes you nmay
want to pick certain surrogate endpoints, so then you could
decide that and then bring it to FDA rather than conme to
FDA and say, Wiat do | do now? So they nay engage sone of
the clinical people in the nedical school or wherever to
advi se them ahead of time, because the nost inportant part
is what should be the endpoint.

If you know the indication for use, you' ve got to
know what should we | ook for for the clinical endpoint, and
that will be so helpful if they worked it out and bring in
t he protocol ahead of tine.

DR HARVEY: Thank you.

CHAl RVAN EGLINTON And we' d like to point out Dr.
Davey has joined us since the rest of the panel nenbers have
al ready introduced thenselves. Dr. Davey, could you
i ntroduce yourself to the group here?

DR DAVEY: D ane Davey. |'mfrom Lexi ngton,
Kentucky. |'mon the Pat hol ogy- Hemat ol ogy Devi ces Panel .

CHAl RVAN EGLI NTON Thank you.

Col i n?

MR PCQLLARD. Thank you, Dr. Eglinton.

Good norning again. W' re going to now nove to

the main agenda itemfor this norning, which is the gui dance
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docunment for the new types of intrapartumnonitors.

| know sone of you, anyhow, recall a year ago | ast
July we convened the panel to help us | ook at a new
t echnol ogy application, nanely, intrapartumnonitoring using
fetal pulse oxinetry or continuous fetal tissue pH As you
know, these devices are on an | DE-PVA regul atory track

V¢ invited three guest speakers, and we had i nput
fromseveral manufacturers and researchers active in this
area. The panel was augnented so that there were five
perinatol ogi sts working with us together with the three
peri nat ol ogy guest speakers. Al though a great deal of
information was presented that day, we had a rather
formdabl e task of analyzing that information and sorting it
into a gui dance docunent that woul d be useful to sponsors
who were devel opi ng this technol ogy.

Fol l owi ng that neeting, we forned a snmall working
group within the center and added one inportant partici pant
fromFDA's Ofice of Wnen's Health, Dr. Smth, whom you
have just heard fromon another, unrelated matter. And we
devel oped an initial draft guidance docunent, circulated it
for comrent fromthe panel perinatologists and our guest
speakers last fall, and a new draft was fornulated. This

time we have gone nore formally public. A copy of it is
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available at FDA's hearing clerk, and you can get it also
fromFDA s hone page on the Internet as well.

VW have sent copies to everyone who participated
inlast year's neeting. Technically speaking, it is
avai |l abl e for comrent, with the 90-day comment period that
began June 14th.

Today, two nenbers of the working group wll give
you a qui ck once-through of the docunent, highlighting what
we believe are key aspects. Kathy Daws- Kopp, an el ectri cal
engi neer in the branch, will capsulize the pre-clinical
portions of the docunent. After that, Debbie Smth, an
obstetrician-gynecol ogi st fromour O fice of Wnen's Heal th,
w Il go through the clinical study requirenents that we have
proposed for this new technol ogy application.

You will have a brief opportunity for questions
and comments this norning. You may al so send your comments
to us later after you have had a chance to thoroughly
consider its inplications. W wll hear from-there al so
will be a short opportunity for affected conpanies to
comment as well. W hope to finalize the docunent before
the end of the year.

Kat hy?

M5. DAWS-KOPP:  Good norning. |'mhere to present
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the preclinical portion of the intrapartum continuous
monitors for fetal oxygen saturation and fetal pH guide, as
Col i n said.

| would like to remnd everyone again at this tine
that we will be entertaining comrents and suggestions for
this docunent until md-Septenber. Pl ease provide your
comments in witing.

First, I would like to nention the peopl e who have
worked on this docunent. Dr. Smth wote the first draft of
t he docurnent last fall, and Dr. \Wininger provided a | ot of
the preclinical text and format and has been instrunental in
getting this docunent to its current state. M. Kotz and |
as well as other nenbers of the OB-GYN Devices Branch, have
al so contri but ed.

Thi s docunent covers the follow ng general areas:
| nasmuch as possi bl e, we have defined what we expect for the
| DE- PMA process for these types of devices.

As stated in the introduction of the guide, the
purpose of fetal surveillance includes tinely recognition of
the risk for or presence of fetal acidema. Thus,
appropriate intervention can be initiated. In the United
States, fetal heart rate nonitoring is used al nost

universally as the standard for fetal assessnent. However
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while a normal fetal heart rate pattern is a good predictor
of a nornmal fetus, an abnormal pattern has |imted
predictability of fetal outcone. This |eads the way for
devel opnment of other technol ogies to inprove clinical
managenent of patients. Such technol ogi es that have cone
forward to us are fetal oxygen saturation and conti nuous
tissue pH W have tried to address both of these devices
in this docunent, but we concentrate nore on oxygen
saturati on.

As | have said, I wll be discussing the
preclinical portions of the guide, while Dr. Smth wll
cover the clinical portions. As such, | wll address device
description, theory of operation, validation, and the
non-clinical portion of the perfornmance requirenents
secti on.

I n device description, which starts on page 2 of
t he gui de, we have outlined what we believe to be the basic
areas of description that will provide a conplete picture of
a particular device. As shown here, we expect that that
woul d include identification of major external interfaces,
by whi ch we nean clinical human interfaces such as those
whi ch are patient contacting, power requirenents,

communi cation interfaces, by which we nean comuni cati on
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with other pieces of hardware or other devices such as
maternal nonitors, and assenbly draw ngs.

There is nore under device description, including
sone standard PMA-type required el enents: |abeling, design
process, nmanufacturing, sterilization, and system
effectiveness. This |last one would include any system
ef fectiveness studi es that have been done, such as
reliability, life expectancy, maintainability, et cetera.

Qur theory of operation section on page 4 of the
gui de addresses how the device works and testing that is
done to verify that it operates correctly. Signa
acqui sition and interpretation are about how the devices
gets the signal, converts it into something usabl e,
determnes the value of the signal as well as what the
devi ce expects to see in a signal

Under verification plan and test results, we have
included testing with both animal nodel s and on the bench.
The information provided here shoul d show that the device
perforns as intended. This can be done with a conparison of
ani ral and bench testing that shows a correl ati on between
oxygen saturation as nmeasured by the study devi ce and oxygen
saturation as nmeasured with a co-oxineter as the gold

st andar d.
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Validation, on page 6 of the guide, is the fina
testing of the systemand occurs prior to use of the device
in human study subjects. This testing addresses the
operation of the systemas a whole, and it can al so address
effecti ve design changes and interaction wth external
i nterfaces.

Non-clinical performance requirenents address the
following itens: the description of the intended use
envi ronnment s includes such things as tenperature, humdity,
el ectromagnetic conpatibility, and electric safety. Hunman
factors analysis and naterials/toxicity analysis are al so
required.

Section 812.20 of the regulation outlines I|IDE
application requirenents. The conpany nust submt an |DE as
use of this device in human subjects constitutes a
significant-risk study.

Now | would like to turn the floor over to Dr.
Smth, who wll discuss the remai nder of the docunent.

DR SMTH Thank you, again. It has been an
education as well as a pleasure for ne to participate with
t he OB- GYN devices group on the preparation of this
docunent. W definitely anticipate your comrents and

al ready have sone nodifications of our own in mnd.
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The presentations and di scussion at the panel
nmeeting of a year ago that Colin alluded to have proved very
useful in the devel opnent of the clinical studies portion of
this gui dance docunent. For the intrapartum hunman
observational studies, | would like to sumarize the prinary
assunptions that underlie the draft document.

There are two clinical assunptions. The first is
that the physiologic stress of |abor is such that
intermttent relative fetal hypoxia is the normand that it
is associated with a progressive reduction in fetal pH PQ2,
bi carbonate, and an increase in PC®2 and base excess. Mst
fetuses have adequate reserve and are born w thout any acute
or | ong-term sequel ae.

The second clinical assunption characterizes the
significance of fetal distress as an indication for delivery
by cesarean section. Fetal distress has been reported as
the indication for operative intervention at a rate as high
as 45 percent. Fetal distress is typically defined as sone
significant and persistent abnormality of the fetal heart
rate. As previously noted, these abnornmalities have a | ow
specificity for hypoxia and acidema in the fetus, which are
t he physi ol ogi cal problens that the intervention is seeking

to contravene or prevent.
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There is a regul atory assunption to our gui dance
document construction, and that is that diagnostic devices
nmust provi de nore than physiol ogical information as a
denonstration of clinical utility.

It should be further stated at the outset, again,
as Kathy noted, that this docunment is nmeant to apply to both
continuous fetal tissue pHnonitoring as well as fetal
oxygen saturation nonitoring, although the latter is
primarily referenced.

The first series of clinical studies in humans
anticipated by the gui dance docunent are clinical
reliability and accuracy studies. These studies are for the
pur poses of profiling the range of values of SpQ2 or tissue
pHin normal |abor in termsingleton fetuses and to
establish the accuracy of the systemduring the conditions
of | abor.

dinical performance studies to assess the
performance of the device in discrimnating, non-reassuring
fetal heart rate patterns logically follow Protocols for
t hese studi es should include an appropriately referenced
standard for interpretation of fetal heart rate patterns.
They shoul d al so i ncl ude a conpari son net hodol ogy for

aci d-base determnation. It is expected that newborn
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assessnents will be obtained as part of the database for the
anal ysis of these studies.

Denonstration of clinical utility is required of
all devices subjected to a PMA review. 1In the case of the
conti nuous fetal oxygen saturation devices and fetal tissue
pH devi ces, we believe that an intervention study is
required. The intended use of these devices is to inprove
t he diagnostic value of current intrapartumfetal assessnent
using electronic fetal nonitoring.

Since the identification of the particul ar
condition of fetal distress due to significant hypoxia or
acidema represents a conti nuumof intrapartum eval uation
clinical action, and neonatal outcone, a study that
addresses an inpact on intrapartumcare is deened
appropriate. W feel it cannot be assuned that the
adj unctive use of the devices will have a better
di scrimnatory function.

Assessnent of preenptive obstetric interventions,
as woul d be subjected by the second bullet in the slide, are
not tenable at this point intine due to the limtations of
t he know edge base for antepartumand early intrapartum
abnornmalities and the length of tine required for follow up

for devel opnental inpact. These were issues that were
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di scussed very extensively | ast year at the panel neeting.

Therefore, in this guidance docunent, we
anticipate the submssion of the results of clinical trials
utilizing these new nonitoring techniques in conbination
with fetal heart rate pattern nonitoring and the inpact on
the rates of obstetrical interventions, specifically
G section, and inpact on early neonatal outcones.

I'd like to close after this brief description by
t hanki ng you in advance for what we know will be thoughtf ul
and useful comments on this gui dance docunent.

CHAl RVAN EGLI NTON: Thank you.

Now we will have time for industry coments. W
have on the agenda Dr. Mchael Ross from Heal t hdyne or
representing Heal t hdyne.

DR RCSS: @od norning. I'mMchael Ross. [|I'm

the Chair of (bstetrics and Gynecol ogy at Harbor(?) UCLA

' mhere representing Heal thdyne Technol ogies. | don't know
if Colin nmade copies of--yes, okay. | amjust going to
basically read fromthat, and | will |leave tine, if people

want to find the section that I'mreferring to.
VW& have reviewed the draft docunment and appreci ate
the careful thought and expertise which contributed to this

document devel opnent. W appreciate that the docunent
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details both suggested requirenents and additional possible
study considerations for the PVA approval of fetal oxygen
saturation or fetal pH nonitors. However, our review of the
docunent resulted in several itens for which we request
clarification.

(h page 5, C1.c).(1).a., which took me nore tine
to figure out than the rest of ny preparation here, under
t he headi ng of threshold oxygen saturati on which correl ates
wi th onset of netabolic acidosis: Assumng that the
proposed oxygen saturation device is denonstrated to
accurately neasure 2 saturation in both ani mal and human
studi es throughout a range of saturation val ues, including
bot h nornoxi a and hypoxi a, we propose that previously
publ i shed ani mal studies, which include direct fetal
arterial blood sanpling, with or w thout pul se oxineter
saturation studies, be utilized to establish the threshol d
oxygen saturation which correlates with the onset of
nmetabolic acidosis. In effect, they are asking that in
order to determne the threshold for aninmal studies that we
use established animal study protocols with direct bl ood
sanpling rather than repeating another series of aninal
st udi es usi ng non-i nvasi ve technol ogy, although we woul d

denonstrate that the non-invasive technol ogy correlates with
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t he direct readings.

Item No. 2 on page 8.1, under Neonatal hunan
observational data: As neonatal transm ssion oxygen
saturation devices are al ready FDA-approved, woul d the panel
accept a study of the validation of scalp (2 saturation
devices in neonates utilizing approved transm ssion oxi netry
devi ces as the conparison standard rather than invasive
bl ood sanpling in these neonates? That is, in effect, part
of the validation of the scalp oxinetry would require
neasurenents in human neonates, but we wanted to m nimze
t he exposure of the neonates to repetitive bl ood sanpling,
and so use anot her established standard.

Al so on page 8.2.--this is ItemNo. 3 on
mne--Ainical reliability: 1s the panel requiring studies
of the effect of maternal -inspired Q2 suppl enentati on and
regi onal anal gesia or only requesting consideration of these
effects?

Item No. 4, once again, on page 8.2.B)., the
Ainical accuracy: Wuld the panel accept dual sensor
studies in animals rather than humans for denonstration of
reproduci bility?

ltem No. 5, page 10, Qinical efficacy: 1In the

control group of a clinical random zed study--1'I1 wait
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until you get to that. Once again, in the control group
that being the fetal heart nonitor w thout oxygen
saturation, of a clinical random zed study, does the pane
have an opinion as to required or optional use of fetal

eval uation techni ques such as scal p bl ood sanpling, acoustic
stimulation, scalp stinulation, and bi ophysical profile? As
t he proposed use of the oxygen saturation device is in part
to avoid scal p blood sanpling and the alternative

t echni ques--those being the acoustic stim scalp

stimul ation, biophysical profile--remain controversial, we
propose that the control group be eval uated by the fetal
heart nonitor only.

If not, if the panel suggests that an alternative
techni que be used in the control group, what are the
requirenents for that? Is it any technique? Is it at the
judgnent of the physician? Is it option or elective?

Page 10--once again, ny Item6--again, under
dinical efficacy: In the utility of a threshold val ue--and
arbitrarily defined here as a 30 percent saturation--wl|
t he panel accept the use of physician judgnent and
interpretation, simlar to our interpretation of fetal heart
rate nonitors, in a sense--so sone art in this

interpretation--as to the tine and degree of fetal oxygen
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saturation values below the threshold as conpared to the
time and degree above the threshold for decisions requiring
intervention? O wll the panel require an absol ute
definition that could be used by a physician? And | |ist
here just an arbitrary definition, 5 seconds bel ow a 30
percent threshold follow ng greater than 50 percent of
contractions. So is the panel saying that there nust be an
absol ute definition, or is there sone physician judgnent
alsointhe interpretation of these threshold val ues that
will be permtted, just as there is judgment in the
interpretation of a fetal heart tracing?

M/ ItemNo. 7, on page 10.3.B),(1): Wy did the
panel suggest a gestational age greater than 36 weeks? 1Is
there any suggestion not to consider this in pre-term
i nfants?

Then, finally, ny Item8, on page 12.J),(8), in
regard to Receiver Qperator Qurves: W propose that the
Recei ver (perator CQurves may be useful n aninal studies for
the prediction of the devel opnent of acidosis but nay have
[imted utility in human clinical studies. W propose that
a single threshold value be utilized in human clinical
studies for intervention decisions rather than a series of

val ues which would be required to obtain an ROC curve.

M LLER REPCRTI NG COVPANY, | NC.
507 C Street, NE
Washi ngton, D.C 20002
(202) 546- 6666



[--- Unable To Translate G aphic ---]

Thank you once again for your tinme.

CHAl RVAN EGLI NTON: Are there any ot her comrent s?
VW' re shuffling papers. Hold on a second.

I's there any further general discussion,
guestions, comments fromthe panel, discussion points?

M chael ?

DR D AMOND:  Yes, | have several issues, in going
t hrough the docunent, that | wanted to clear up in ny mnd
as to what it was that FDA was suggesting. | guess I'l
just start at the begi nning and go forward.

If you |l ook at starting on page 8, the very bottom
of that page is the inclusion criteria for who shoul d be
included in the studies, and I, too, was wondering why this
was going to be limted to fetuses 36 weeks or greater.
would think in the long run the OB comunity would like to
utilize these devices in premature infants as well. And if
we only accunulate data on terminfants, we will have no
idea as to what the value is earlier, where perhaps even
nore cruci al decisions sonetines have to be nade. So |
woul d have thought that we would want to extend the age
[imts and not have that limtation

Going on to (b) at the top of page 9, | guess |

began to conme up with some technical problens for conducting

M LLER REPCRTI NG COVPANY, | NC.
507 C Street, NE
Washi ngton, D.C 20002
(202) 546- 6666



[--- Unable To Translate G aphic ---]

these studies in that there are all sorts of non-reassuring
fetal heart rate tracings that are listed, | guess it's
eight different types. And to have a study that is going to
allow to have--you are either going to have to |unp them al
together, or you are going to have to have a | arge nunber of
wonen in order to have enough nunbers in any one of those
categories to nake your eval uations.

| al so have the problemthat in order to get
informed consent to participate in the study, whatever the
ultimate design turns out to be, you are probably going to
have to enroll these wonen at the initiation of their |abor
as opposed to when all of a sudden you have soneone with
severe variable decelerations. It's not a very good tine to
be getting informed consent froma patient to be
participating in a study.

| al so was unsure why there were certain nedi ca
conditions that were going t be excluded. Again, | think in
the long run you are going to want to utilize this technique
in wonen with diabetes nellitus or sickle cell anema, and
to say fromthe beginning that they are going to have be
excluded fromthe protocol of anyone that woul d want to cone
up with these devices | think is excluding a patient

popul ati on which you really want to study.
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I'I'l stop there for a second and see if anybody
has. . .

CHAI RVAN EGLI NTON:  |'s there anybody who has been
i nvol ved in the devel opnent of the docunment who would Iike
to comrent on any of these? A simlar comrent woul d be
excl usion of those with omnous or abnormal fetal heart rate
tracings since that is so subjective. That mght be an
ideal candidate to be studied with this other ultinate
t echnol ogy.

DR D AMOND. Actually, how does that differ from
what's above in (b)? Being a reproductive endocri nol ogi st,
primarily, | guess | can ask that question. But | seemto
remenber fromyears ago that a lot of those things above may
be in this omnous or abnornal fetal heart rate tracing
category. So | think they're nmutually contradictory.

DR SMTH | could nake a couple of prelimnary
comments that may not be specific to every single issue but
refl ect some of our thinking and sone of our consideration
of what we thought was the discussion on this a year ago and
the interval comments that we have received fromvarious
menbers of the panel as well as consultants.

| think that we would all generally understand and

accept that there would be over tine interest in the use of
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t hese devices in your high-risk obstetrical situations,
whet her that's maternal high risk, a certain nedica
conplication |ike diabetes, or, for exanple, in the
premature infant.

| think what our prelimnary response to that
would be is that in the course of then planning to bring
this type of device to market, if those, in fact, were to be
sonme of the intended uses, the kinds of clinical situations
that were thought to be of value, that we would clearly then
have to see those things represented--represented
systematically and represented in a significant way with a
significant nunber of patients in the clinical studies, in
the pre-approval studies. And | think that some of your
comrents and those of Dr. Ross certainly confirmwhy we
think that pre-marketing intervention studies are necessary.

In terns of an issue |like the nunbers of
categories of non-reassuring fetal heart rate patterns, the
alternative to having so many would be to try to devel op
consensus on one or two to be the only ones that woul d be
the circunstances in which one would actually utilize the
device in an adjunctive way, and that probably woul d def eat
t he purpose of expanding the variety of clinical situations,

both either for the fetus or for the nother, that one woul d
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be- -

DR LEVY: But our point here was to have one
category that we studied that was call ed non-reassuring
rather than dividing it up into eight different--

DR SMTH \Well, these were giving exanpl es
of --not necessarily to constitute separate arns of the study
per se.

DR LEVY: R ght.

DR SMTH But to give exanples of what woul d be
inthis category. Qoviously, as we identified the protocol,
el enents have to include appropriately referenced standard,
institutionally based or otherwi se, for interpretation and
characterization of these types of abnormalities or any
ot hers.

| think we definitely appreciate the sentinent
that you expressed about the timng of informed consent, and
certainly in any clinical studies that require--that have an
intervention related to clinical utility and certainly
intrapartumones, we are confronted with this issue all the
time. And the decision that we cone up with is never
satisfactory to all, but we certainly have, as a natter of
policy, that the appropriate--the inforned consent, the

timng of it, and the nature of the inforned consent should
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nmeet all standards and requirenments and shoul d be
appropriate. And so if, in fact, the docunent needs to
speak nore specifically to that, then we certainly would
take that under advi senent and be happy to receive nore
i nput on that.

CHAl RVAN EGLINTON Dr. Yin?

DR YIN | do appreciate all the comments that
cone in, and, Dr. D anond, your conment iS very apropos.
However, we are thinking of the conpanies, what they'd |ike
for the indication for use. Because if we do require those
subset of patients, you know that the nunbers will be very
large. So it is very difficult for the study. But if that
is what the conpany would like to claim that is reasonable.
But then to denmand that, that will really delay nmaybe the
marketing of this product. That is what we are thinking in
terns of in generalities; rather, it's that you nust do
ever yt hi ng. And | like what Dr. Ross suggested of
pre-term However, if that's not what the conpany wants to
do, you know that, again, is a big set of patients, and the
criteria would be rather difficult and different. So maybe
that is why we are proposing it in a cleaner study at this
tinme.

But | think you are right. 1In the long run, that
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woul d be good for it. But sonetinmes the conpany would Iike
to go on stage, so | |ike your comment.

DR DAMOND: | guess if | could nake a suggestion
regardi ng those issues, it would be that I think you are
very right to separate termfrompre-termand fetuses with
certain nmedical conditions. But rather than saying, as is
stated now in the docunent, that they have to be over 36
weeks or they have to have--or you are specifically
excl uding certain nedical characteristics, nmaybe the
gui dance docunent shoul d say that the conpany shoul d specify
the age range or the nmaturity of the fetuses they want to
| ook at, and specify whether to include or exclude certain
co-exi sting medical conditions as opposed to a prior
placing into the inclusion or exclusion criteria and then,
as you say, giving the conpany the option as to which to
i ncl ude, which to exclude, giving themthe maxi num
flexibility.

DR YIN (Good point. Thank you.

CHAl RVAN EGLINTON Along that line, if thereis
no good physiological justification for discrimnating, for
segregating the population, if none of us, nobody in the
FDA, none of the panel nenbers, if nobody has any good

justification for segregating the popul ation, we really
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should not try to segregate the popul ati on.

DR SMTH | think the question we would ask is
for you to then give us input further, as has conme from al
the perinatol ogists thus far, is whether or not, for
exanpl e, there is physiologic discrimnation between a
32-week fetus and a 38-weeks fetus in terns of the acid-base
physiology in | abor. Does the 32-week fetus have the sane,
quot es, nornal aci d-base experience during | abor as does the
37-week fetus? If, in fact, that is the case and if, in
fact, we know that and can conpare baseline information,
profile information on the normal physiol ogi c experience of
a 32-week fetus as conpared--then clearly there would not be
a need to segregate or disaggregate in the clinical tria
setting.

If, in fact, we don't know that yet or if, in
fact, there is information to suggest a difference, then it
woul d seemreasonabl e at the outset to have definition, not
necessarily an ultinmate exclusion or an ultimate bias
against, but to have this initial definition. So we would
be happy to review all that data again with you and work on
that particul ar question.

CHAI RVAN EGLINTON: | am al so thinking a coupl e of

steps downstream If a study is proposed that is severely

M LLER REPCRTI NG COVPANY, | NC.
507 C Street, NE
Washi ngton, D.C 20002
(202) 546- 6666



[--- Unable To Translate G aphic ---]

limted, it has only a very tightly defined, very nornal
popul ation to denonstrate clinical safety and efficacy for a
device. But the device is going to show up in |abor and
delivery after it's approved, it's going to show up in |abor
and delivery units all across Anerica, |like fetal heart rate
monitors; it's going to find its way on to the scal p of
every baby in [ abor and delivery, every fetus in |abor and
delivery, once it's there, just like the fetal heart rate
monitor. It won't be | abeled as such, but that's the
reality. That's what's going to happen

|'s there any ot her comrentary?

DR DAMOND: [I'Il let Mchael go. | don't want
t o nonopol i ze things.

DR NEUVANN | want to go to a different area,
nanely, sonme of the issues that Kathy brought up. ne
concern that | think is between the Iines, but perhaps not
as clearly stated as it could be, is the issue of the
interface between the device, whatever it is, and the fetus.
As we know fromfetal scalp electrodes, there is sone
nmorbidity associated with it, and I would think that this
shoul d be indicated, especially in the case of the pH
sensors, which | believe are also skin penetrating. And I'm

just wondering if it is clearly enough stated that we need
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that kind of data as well in the docunent.

M5. DAWS-KOPP:  Yes, | think we would agree with
that, and we'll note to add sonme nore informati on on that.

DR VEINNGER 1'd just liked to add briefly
t hat - -

CHAI RVAN EGLI NTON:  Can you pl ease identify
your sel f when you cone to the m crophone, just for the
transcriptionist, who isn't |ooking at the videotape.

DR VEIN NGER  Sandy Wininger, FDA. | woul d
like to add that being that nost of us are engi neers who
tried to contribute to develop this docunment and tried to
| earn as much as we can about the clinical applications,
we're not clinicians and we really need your help, as Dr.
Neumann has said, to identify what are the areas where the
maj or risks are occurring, so that we can include them and
we have the manufacturers address those issues in this
docunent. In fact, when you read the docunent--or you've
already read it--you read the entire docunent as if you were
trying to identify where the major risks are concerned, and
pl ease tell wus.

DR LEVY: kay. So along the lines of Dr.
Neumann's comment, one of the exclusions should be

contraindication to invasive nonitoring, and that just has
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to be specifically stated there as an excl usion.

CHAl RVAN EGLI NTON: Dr. D anond?

DR DAMOND: | have | guess what cones down to a
fundanental question to pose as well, which is that the
docurent, if you |l ook at page 11, tal ks about a study design
with two arns and with controls. And | guess the question |
woul d have is in a situation like this, where you have
endpoi nts that you can | ook at, which would be other than
bi ochem cal type endpoints but which will be fetuses which
w || have physical conditions and Apgar scores and ot her
nore accurate ways of assessing well-being, why you cannot
utilize--you have your standard fetal heart rate tracing,
what ever you nornally do in |labor, and then you are adding
to it whichever one of these technol ogi es you have. And at
such a point, going along with your standard technol ogy and
that tells you you want to go ahead and i ntervene, and now
you go ahead and you add in, whether it's your continuous pH
nmonitoring or oxygen saturation, and then | ook at the
fetuses that conme out as a consequence--why that is not a
possibility, not necessarily the only potential design, but
why that is not also a potential possible design for these
studies. And that way you woul d get around sone of the

probl ens that were alluded to earlier, with having all the
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different types of non-reassuring heart rate tracings that
you can have to nake sure you have equal distributions of
t hose or equal om nousness of tracings in the control and
the treatnent groups. And | would think that would be a
paral |l el design that woul d have value to be allowed to be
i ncl uded.

MR PQOLLARD: Mke, maybe | mght address this. |
t hought one of Debbie's overheads kind of captured it, but
if I understand your question, you are saying a parallel
approach woul d be essentially | ooking at fetal outcone.

DR D AMOND  Yes.

MR POLLARD: R ght, and | think we recognize
that. It may not be com ng out adequately in the guidance
docunent, in which case we certainly can beef that up to be
an option. | think you haven't seen nmuch of the enphasis of
the discussion go in that direction because basically from
the neeting last July, | thought there was a fairly
general i zed sense that it would take rather profound study
sizes to be able to show those kinds of effects, and that a
much nore practical, if youwill, froma clinica
perspective, a nuch nore practical approach woul d be to | ook
at the effect on intervention. But the approach you are

proposing is sonething that is there, that is valid. |
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think Debbie referred to it briefly this nmorning, and we can
build that up alittle bit.

DR DAMOND: |'msorry. | thought | understood
her to say that that second option on her |ast overhead was
not tenabl e.

MR PQLLARD: Well, when she said not tenable, |
presune she really neant that woul d have been a very, very
| ar ge st udy.

DR D AMOND:  Ckay.

DR SMTH There we are tal king about, as, again
was di scussed very extensively |last year, the issue being
rai sed that what we see acutely intrapartumor even in the
acut e neonatal period does not represent--and we have a | ot
of lack of specificity and a ot of lack of predictability
to whether or not that actually affects |ong-term
devel opnent al outcones, and that--but that's what everybody
agrees is really the nost inportant thing to understand,
that if one makes an intervention and, for exanple, subjects
a nother to an intervention that brings with it its own
norbidity, that one ought to know over--not only acutely but
over the long termthat it was worth it.

That | ed to the whol e di scussion about what the

antecedents really are, what we really nean by asphyxi a,
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what the antecedents really are to it, what the long-term
effects are, the cerebral palsy question, et cetera. That
woul d be where the gold would be. But | think what we heard
and what we understand is that we don't yet have adequate
characterization of the manifestations of that altered
physiology in the fetus, either in the antepartum late

ant epartum period, such as with bi ophysical nonitoring, and
then in the early antepartum period such that one woul d
actually intervene at a point where you could--it would be a
preenptive strike and, therefore, you woul d prevent
6-year-ol ds not being able to color with their crayons and
things |ike that.

So we focused on the issue of the intervention,
whi ch is the contraveni ng--what we use to contravene insult,
as well as the early and acute neonatal assessnent. And the
docunent definitely calls for having infornmation on neonat al
aci d- base assessnment and various clinical paranmeters. But
we have stopped there in terns of what we see as an
essential requirement. W certainly, again, as Lillian
suggested, we woul d entertain any expansions beyond that for
expanded i ndi cations or intended use.

DR DAMOND: | very much would agree with all

your initial coments, but I'mnot sure that they in and of
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t hensel ves, as far as really what our |ong-termgoals are,
speak to the issue of a one-armor a two-arm study.

Regar dl ess of whether you have a one-arm or two-arm study,
the intrapartumevent nmay not be the inciting event which

determnes what a 6-year-old is going to be able to do or

not do.

DR SMTH Exactly.

DR D AMOND: And so that does not address the
issue of one armor two arns. The questionis: Is it

possible to get the information that you hope to get froma
two-armstudy, the way this is put together, out of a
one-armdesign? And if so, then would a one-arm design be
appropri at e?

If, for exanple, you were going to initially blind
the clinician to the results of whatever the new device you
were utilizing until they make a decision, yes, | am going
to do a cesarean section, no, I'mnot, and at the time they
woul d decide they were going to, then at that tinme all ow
viewing of this data to see if this alters clinica
managenent, and then just |ooking at outconme as a result of
that, that may be a potential alternative design.

DR SMTH \Well, these are certainly the kinds of

considerations that we'd be happy to ook at further. And
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that type of comrent was not one that we received in prior
circulation of the docunment, both industry and within. Any
and all comments and suggestions are worthy of
consideration, and if you' d like to--1 mean, we certainly
take note of that now, but would be certainly interested to
discuss it further and have it go around again for comrent
and revi ew.

CHAl RVAN EGLI NTON: One problemw th such a design
woul d be that had that design been used in the Dublin study
or random zed fetal heart rate nonitoring study, they would
not have been able to detect a doubling of the neonatal
seizure rate in the non-nonitored group. That is really the
reason to have a two-armstudy for sonething like this. And
to look at fetal or neonatal or childhood outcones, | nean,
remenber the col |l aborative perinatal project of 50,000
not her-infant pairs trying to discover the etiol ogi es of
chi | dhood neurol ogi ¢ dysfunction. Such a study will
probably never be repeated again. It just can't. Nobody
has that--CGod doesn't have that nuch noney. So we are
probably never going to have the opportunity to validate
this technology in a way that we all know that we shoul d
because it's just not feasible. But that's why we argued

| ast sunmer about, well, if anybody could at |east cone up
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with sonething that would cut the cesarean rate for "feta

distress," that would be useful to the public.
DR DAMOND: | amnot famliar enough with the
Dublin study to discuss that at all. But with the sort of

design | just described, if the use of a device at the time
a clinician was otherw se going to performa cesarean
section would allow themto decide half the tinme or a
quarter of the time or three-quarters of the tinme not to do
that procedure, you could still |ook at the surrogate
endpoi nt of G section rate as an endpoint, and be able to

| ook at those infants in whomyou went ahead and did
cesarean section when this device also said the fetus was in
troubl e as opposed to those in which you were able to hold
off and go for a vaginal delivery and see if those fetuses
have a good outcome. But you could still use Gsection rate
as an endpoi nt .

CHAl RVAN EGLINTON R ght. But then the probl em
would be if you fail to performthe cesarean because the
SA2 | ooks good, and then you got a whole nursery full of
seizing little babies, that's not good. The only way to
know that is to have a two-arm study.

DR D AMOND:. Potentially, you'll still have that

with the double-armstudy as well. You won't have the
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conpari son, but you'll still have that with a double--wth
the two-armstudy as well in the group that gets random zed
to that device.

CHAl RVAN EGLI NTON: Maybe we're not communi cati ng.
You random ze themto standard technol ogy, which is
everybody has an electronic fetal heart rate nonitor. An
alternate is use Instrunent B as a supplenent. And you | ook
at all of themin the nursery. That's why you need two
arns. If all of themw th Instrunent B, because they
del ayed the cesarean, wind up seizing their brains out, then
you have an answer. You' ve |lowered the cesarean rate to
zero, but all the babies died. WlIlI|, you have to have a
two-armstudy. In the other arm you have standard
practice, and all the babies are fine, and the cesarean rate
is 45 percent.

Dr. Ross?

DR RCSS: Just to perhaps nmake a suggestion
towards Dr. D anond's study protocol, although |I'm not
suggesting a one-arm study, one mght consider a single-arm
study, all patients receive standard fetal heart rate
noni toring and oxygen saturation is blinded throughout the
entire protocol. Physicians manage the patients by their

routine procedures, and then one retrospectively revi ews
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whet her the @2 saturation cut-off, which would have to be a
priori determned, would have discrimnated between those
patients, anong all the patients who required a cesarean
section, which of the infants perhaps truly needed it and
which did not. And, furthernore, anong the infants who did
not require an intervention, did the @ saturation confirm
their reassuring status?

DR LEVY: But then you woul dn't have the outcones
of those patients because you woul dn't know- -had you not,
for exanpl e, done the cesarean section and the 2 sat. woul d
have said it was okay not to, you don't know how t hat baby
woul d have done had you not done the cesarean section.
think that's what Dr. Eglinton was sayi ng.

DR RCSS: Well, you woul d know whet her the--anong
the patients who woul d have a cesarean section--once again,
' mnot proposing doing this, just for Dr. D anond' s
di scussion. Anong all the patients who had a cesarean
section, you have infants that are born in perhaps a state
of sonewhat conprom se and other infants that are apparently
wel I, and one could determ ne whether the 2 saturation
woul d have predicted that differentiation.

Now, one would not know if you did not do the

G section whet her the | abor course woul d have gotten worse,
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whet her changes woul d occur in the patient or the baby. But
up until that point of time, the 2 saturation nonitor woul d
have predicted the well-being of the fetus as determ ned by
a pronpt G section.

So | think it has validity if one wanted to pursue
that course

DR LEVY: Wile you re standing up here, | wanted
to go back and address one of your other points, which was:
Do we include things |ike acoustic stimulation and ot her
things? | think it nmakes sense to include anything that
clinicians are currently using so that we have a valid
conpari son between new technol ogy and the current state of
affairs. For that reason, even though it's a little bit
less clean, | think that an arm shoul d be whatever the
clinician currently uses to nake a determ nation on fetal
wel I -being prior to nmaking a decision, and those things
shoul d be included. That's, again, the opinion of sonmeone
who hasn't practiced obstetrics in 15 years.

[ Laught er. ]

DR RCSS: | wanted to ask the panel to
specifically discuss Item5 and 6 on ny questions, and
you' re addressing Item5. | think that is a very sensitive

issue. W're trying to avoid scalp pH sanpling. The other
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nodal ities are controversial both in their
sensitivity/specificity and potential risks in regards to
acoustic stinmulation specifically. And the nore those other
techniques are utilized in the control group, it would be a
fact that the nore difficult it would be to show that the
oxygen saturation nonitoring will have a benefit over fetal
heart rate nonitoring along. So it nakes for a |larger and
nore conpl ex study.

Furthernore, if you say we shoul d use these other
t echni ques, which of them should be used? Should it be at
the discretion of the physician? It gets to be a very nessy
study design, and what are the criteria for interpretation
of these sonmewhat controversial techniques? Al though some
of them| use nyself.

So to keep the cleanest study and to show the
benefit in relation to heart rate nonitoring alone, which is
still used at many, if not nost, hospitals throughout the
country, | woul d suggest that we use nonitoring al one and
not confuse it. | would appreciate sonme di scussion on that.

CHAI RVAN EGLI NTON: Wl |, one point of discussion
m ght be, since USC has trai ned nore perinatol ogists than
any other single institution in the country and that's where

the scalp stinulation or scalp clanp test cane from | think
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probably you' d have a whole | ot of people that argue about
that. That just seens to have fairly clear predictive value
negati ve.

DR DAMOND: | think another issue nay be,

t hough, dependi ng on whether or not those ancillary
tests--using that word--are allowed will determ ne whet her
you' re going to be able to show a benefit or whether you're
going to be able to show equivalence. |If you utilize al

the other tests that are available, | doubt that you're
going to be able to show i nprovenents with new devi ces. But
the FDA may then need to be willing to accept show ng of
equi val ence between the arns as opposed to the new devi ce

I nprovi ng out cone.

DR RCSS: Rght. | would agree. |If the
peri nat ol ogi st was to use acoustic stimlation, scalp
stimul ati on, biophysical profile, and naybe a scal p pH he
or she can certainly determne fetal well-being in
conjunction with the fetal heart rate nonitor as well as
saturation. However, this device is intended for everyone
fromthe perinatol ogist to the coomunity obstetrician who
may be in the hospital or not in the hospital, as labor is
managed at the present tinme. And so we're trying to add an

objective criteria rather than a perinatol ogist's
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interpretation. And since the community standard is not to
utilize each and all of these techniques, | believe that's
what we're trying to address.

So, again, | would suggest not to confuse it with
other nodalities of testing but, rather, the indication is
that it wll add to fetal nonitoring al one.

MR PQOLLARD: Maybe | could just clarify that
point. As | understand this docunent--and it nmay be there
is sone clarity issue that we can clean up; it is a draft
docunent--1 don't think we're trying to suggest that the
study centers need to use any of those ancillary methods.
think the only thing that it does say is if you do use feta
scal p bl ood sanpling, that you follow the gui dance that was
given on page 8, you know, to make sure that you get
appropriate data pairs for conparison. But | don't think
the protocol or the suggested protocol in any way requires
any of those, so hopefully that's something that we can
clear up just by straightening up the language a little bit.

CHAl RVAN EGLI NTON Sure. Dr. Sol onon?

DR SOOMON |'d just like to comrent that |
woul d hope that such a gui dance docunent woul d have sone
sort of permanence, and we all know that there's an

evolution in the clinical standard of practice. | think the
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concept here is that you woul d conpare whatever at that

point intime is clinical standard of practice to the
addition of the device. So that in the hopes of having sone
ki nd of docunent that wouldn't need to be nodified as often
as clinical practice is nodified, | think that should be the
overridi ng concept.

CHAl RVAN EGLINTON And | think Dr. Ross' point is
very strong. The nore conplicated the protocol gets, the
nmore argument is going to result at the panel discussion.

DR SMTH Again, | think Colin read the
| anguage. It's on page 8 as the docunent is currently
constructed, and it was in ny overhead. W say a study
shoul d "provide a conparison to an appropriately
referenced...clinical standard or protocol for the
evaluation of..." So evaluation takes in your clinical
interpretation and then--we woul d just need to know what do
you do, what is it that you' re doing, and what is it--now,
this could make it conplicated, but it also does not--we are
not suggesting that you need do any of these particul ar
interventions. But, again, a la sone of the discussion that
took place last summer, if, notwithstanding its limted use,
fetal scalp pH sanpling done here or done el sewhere, is the

conparison interpretation, then we do need to receive
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information in a certain way.

DR LEVY: | think we nmay have an inforned consent
issue, too, wth thisinthat if in a certain clinica
envi ronment the physicians are using ancillary techniques in
order to determne whether they're going to do a cesarean
section or not and we have a two-armstudy to tell themthey
can't use those things for a patient, to nme, as a patient
advocate, that may be an issue. That may be a probl em

If we are going to do the one-armstudy, it's |ess
of a problem 1In other words, if we get to add in the
information fromthe nonitoring devices, that's less of a
pr obl em

CHAI RVAN EGLI NTON: Then the sponsor has to do the
study in an institution where clinical practice is such that
it permts the protocol

DR LEVY: Yes.

CHAl RVAN EGLINTON: | nean, there were severa
institutions in the country that could not participate that
could not participate in the entocin tocolytic drug studies
because when the protocol went to random zed agai nst
pl acebo, a lot of people just wouldn't participate.

(On the other hand, we all know you can go to

Par kl and and you can do tocol ytic studi es random zed agai nst
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pl acebo until the cows conme hone because that's what they
like. So you just have to do the study in the right
institution.

Dr. Ross?

DR ROSS: Perhaps | can--1 appreciate the
discussion on ny ItemNo. 5. Perhaps | could pronpt the
commttee to discuss ny ItemNo. 6, the issue of a fixed
definition for intervention. And this is an issue that I
don't know t he answer to because we have not yet done the
clinical studies.

But, once again, would the panel feel that we need
a firmthreshold that's fairly rigorously defined and
strongly suggested intervention or permtting a physician
judgnent to a significant degree, again, akin to the
interpretation of heart rate nonitoring in terns of
interpretation of the saturation, now continuous readi ng?
Many, many data points will be collected and obviously
printed out continuously or as continuously as possible,
ultimately resulting in values that progress above and bel ow
a threshold determnation, likely also with patterns of
oxygen saturation changes, simlar to what occurs in
patterns of heart rate nonitoring. Are those patterns

suitable for interpretation or does one need sone fixed
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definition akin to a | aboratory cut-of f?

CHAI RVAN EGLINTON My first thought woul d be you
al ready answered your question yourself. The nore
conplicated it is, the harder it's going to be to get
agreenent in a large group. W are in this box in part
because it has been so hard to nake interpretation of fetal
heart rate nonitor patterns objective. W all know how
subjective they are. And if we have another instrunent,
anot her piece of equipnent that's going to be applied to the
fetal scalp and wonen in | abor are going to be subjected to
interventions or not interventions on the basis of
interpretati on subjectively of the output fromthis
instrunent, that would get--I nean, we have this background
agai nst which we can argue this point now, and | don't--I
woul d be really surprised if some subjective sort of
wavef orm area under the curve pattern anal ysis woul d ever
get through this process.

Does anybody--Dr. Neumann, do you have any idea on
t hat ?

DR NEUVANN  Well, | certainly agree wth what
you are saying, but on the other hand, if we put on our
scientific hats, any scientific protocol that has the,

quote, physician interpretation in it or anyone else's
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interpretation in it becomes very soft. And sonmehow or
other, we have to find a conprom se between these two
t hi ngs.

DR DAMOND. Gary, if | can address that also, |
think if you set an absolute definition, there are al ways
going to be biological situations, just as was bei ng said,
where you can have those criteria nmet and the baby will be
fine or where the baby can be in serious trouble and wll
subsequent |y nmani fest those problens w thout having
reached--by bei ng one point above what ever guidelines you
set. And that is in part why | was tal ki ng about the
one- ar m nodel .

Now, again, |I fully agree with you, your point
that the gold standard should be a control study, but there
are problens such as this issue, such as all the different
types of changes in fetal heart rate that you mght see, and
trying to then put all of themtogether as a gamsh(?) to
make a general concl usion where your control group and your
treatnent group may end up being different would, | think
conplicate that.

| think, further, you have conplications in a
random zed conpari son bei ng chosen here with Gsection rate

as the endpoint when it is the clinician that is deciding to
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the do the G section and they know whet her the individua
has been utilizing this device or not. So does it have to
be random zed, double-blind, or looking |ater to see whether
or not this device was utilized? How do you control for al
t hose thi ngs?

So inthis situation, the control group is not, |
don't think, an ideal way to go either. That's why | throw
the other out not because it's perfect and not because it
doesn't have probl ens, but because there are problens with a

random zed control group as well for all those different

reasons.
CHAl RVAN EGLINTON Dr. Yin?
DR YIN 1'dlike to change the subject. How
about his Question 8, this ROC curve using aninmal data? 1'd

i ke to hear sone di scussion on that.

CHAl RVAN EGLINTON: | nay not be renenbering the
di scussion fromlast sumrer accurately, but | think the
point was the ROC curve will facilitate choosing the right
nunber. | nmean, it mght be 30 percent. It mght be 28
percent. But that will facilitate the choice of that
nunber. And then it would be objective. If the SAQ is
bel ow 28 percent and the heart rate pattern | ooks bad, okay,

del i ver the baby abdom nal |y, or whatever your intervention

M LLER REPCRTI NG COVPANY, | NC.
507 C Street, NE
Washi ngton, D.C 20002
(202) 546- 6666



[--- Unable To Translate G aphic ---]

| have sone nods of agreenent that that matches
sonebody el se's nenory. |Is that--1 mean, it may be
that--Dr. Ross is behind a post, so | can't really see him
But it nay be--

DR RGCSS:  |I'm hidi ng.

CHAl RVAN EGLINTON: It may be that it has to be
sonet hing nore conplicated than just a nunber, 27.6, you
know, or nmultiple of a nedian of 2.5. Maybe it's nore
conplicated than that. It's this and this and this and
this. But |I think it has to be--in the end, it has to turn
out to be sonething objective.

DR RCSS: R ght, and | appreciate that. Once
again, | don't know the answer to this. | think as sinple
as the industry can keep it and as objective. Neverthel ess,
because it's continuous val ues between contractions, during
contractions, changes over time, it's going to be a
chall enge to provide that definition rather than an absol ute
singl e threshol d.

| agree with--the Receiver Qperator Qurve, ny
intention was to clarify whether this was being requested to
be performed in human studies; rather, | think not. | think

it's more determning threshold perhaps from ani nal
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investigations with confirmation of human data and then
utilizing a definition in either a single-armor double-arm
human st udy.

CHAI RVAN EGLINTON  Dr. O Leary had a comment, and
then we have one fromthe audi ence as well.

DR O LEARY: Yes, the comment is on objective. |
think that facilitates analysis, and, you know, when you
start using fuzzy criteria for entry, you have trouble
anal yzi ng your data, the question of two-armversus one-arm
the information that you're trying to get out of your
one-arm can probably be extracted froma post hoc anal ysis
of a two-armstudy quite effectively, giving you any
advant age that you would see in the one-arm plus all of the
advant ages of the two-arm study.

So | think froma study design and anal ysi s
perspective, you get better information to nake a set of
objective criteria of determnation of what, practically
speaki ng, al nost always has to be superiority because
proving equi valence is a wonderful legal term but it's a
| ousy statistical term And you're al nost al ways | ooki ng
for something that's a little bit better to prove
equi val ence.

CHAl RVAN EALINTON I n the audi ence, sir?
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VO CE It was covered.

CHAl RVAN EGLI NTON:  Ckay. Can anybody tell any
j okes or maybe do sone tap dancing? W have an enbarrassi ng
interlude here because we can't really start the afternoon
session until the published time because there may be peopl e
comng--yes, nma'am please?

M5. YONG Being very new, | was follow ng the
tine and the agenda. | see that panel comments start at
11:30, so | was waiting.

|'mvery newto this, so | sort of preface ny
comments by saying that not having been involved in any of
t he previous di scussion on these particul ar devices, | have
got sone witten comrents which | provided a week or so ago,
and | do have copies of the articles to which | refer
because in this draft docunment the references--well, there
have been quite a lot of other articles and studies in the
literature. It just so happened that | actually had in ny
files sonme of those new studi es.

(On the whol e subject of intrapartumfetal
surveillance, it's been sonething I've been interested in
for along tine, and |'ve been involved in a lot of the
controversy about the use of electronic fetal nonitors,

about the cesarean section rate, and so on as well. And in
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| ooking at this docunent, | should say that it's interesting
to see--1 know that one doesn't necessarily consider the
standards of practice and clinical practice as conducted in
other countries. But it's been interesting to see where
Canada has gone as far as the use of electronic fetal
nmonitors are concerned. And as | nmention in ny coments,
the use of electronic fetal nonitors in intrapartumfetal
surveillance is now not necessarily considered to be the
standard of practice. And, in fact, in there, the | atest
guidelines fromthe Society of C(bstetricians and
Gynecol ogi sts of Canada, they, in fact, recommend the use of
auscul tation over electronic fetal nonitors as a standard
practice for |abor.

Looki ng down the road in terns of clinical
practice and so not thinking about the studies that we' ve
been tal king about this nmorning, if the assunption is in
this docunent, this draft docunment, that electronic feta
monitoring is still the standard practice, if, in fact, that
changes and it looks as if--in fact, | would argue that
auscul tation and electronic fetal nonitoring, at |east as
far as the Arerican Coll ege of (bstetricians and
Gynecol ogi sts is concerned and the American Acadeny of

Pediatrics is concerned, they can be considered to be
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equi val ent procedures.

So down the road, if auscultation is considered
nmore to be the standard practice and if these devices, this
new devi ce that's under considerationis, in fact, approved
by the FDA, what is going to happen when auscultation is
used nore than electronic fetal nonitoring and the clinician
pi cks up sonmething that is a conplication or a problen? 1Is
t he wonman going to be sort of rushed to the electronic feta
nmonitor, going to be hooked up to that, and then this
technology is going to be used as an adjunct just to the
electronic fetal nmonitoring, which is what | understand from
thi s docunent ?

What happens if auscultation is going to be used
nore frequently? It's used in free-standing birth centers
now. HEectronic fetal nonitors are nonitors are not used
there. So | just want to know, how this technol ogy sort of
fits into ny other sort of scenario, which we don't knowis

goi ng to happen but coul d happen, in fact?

DR RCSS: | don't know if you' re addressing that
to--

M5. YONG  pen.

CHAl RVAN EGLINTON  Dr. Ross, we'd be delighted if
you coul d- -
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[ Laught er. ]

DR RGSS: 1'll look into ny crystal ball

| think it's an excellent question. There
certainly is a controversy regarding electronic fetal
nmoni toring versus auscultation perforned intermttently.
However, the Anerican College of (bstetricians and
Gynecol ogi sts tends to viewintermttent auscultation as the
rel ati ve equi val ence only when used in a one-to-one
patient-to-nurse relationship, and that's probably not the
standard in the vast majority of institutions in the United
States. So | think we remain perhaps in a two-to-one, or
t hereabouts, ratio of patients to nurses with the standard
bei ng el ectronic fetal nonitoring.

Wre the standard to change in tine, one would
have to address how to utilize both electronic fetal
nmonitoring and pul se oxinetry, but | don't have the answer
to a very good gquestion.

CHAl RVAN EGLI NTON: Any ot her comrents on that? |
think that's accurate to say that ACOG has published for
political reasons certain statements, and in the United
States, at least in every hospital | have any famliarity
with, and everyone anybody | have ever tal ked to has any

famliarity with, electronic fetal heart rate nonitoring is
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used and, therefore, is a de facto standard. And it
revol ves basically around the fact that an RN costs around
$70, 000 per shift per year, and you need a m ni num of four
of themto staff 24 hours in | abor and delivery one | abor
room And the econony of a fetal heart rate nonitor in
conparison to that precludes using a nursing staffing ratio
inthe United States that permts auscultation as a
standard. And with current financial constraints being
appl i ed by managed care and nmanagenent consulting firns such
as APM and others visiting hospitals and sl ashi ng nanpower
costs out of hospital budgets, this is getting worse, not
better. And our staffing ratios, just |ike every other
pl ace APM has been, have declined since they went through
our manpower docurent, and that's been the history in every
over hospital they have been in. That's not a secret.
That's public information. So like it or not, the fetal
heart rate nonitors nay be here to stay for other reasons
that are not strictly nedical

| think that Ms. Young's initial comrent coul d
probably be handl ed just by dropping out that sentence,
sentence 2 in the introduction, because we don't really have
to say that it's a standard. | hope nothing that | said

makes it sound like | disagree with anything she said.
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don't disagree with anything she said. But we could just
del ete that sentence, and I don't think it would harmthe
docunent at all.

Dr. Ross?

DR RCSS:  For discussion, would the panel approve
a study conparing scalp oxinetry and el ectronic heart rate
nmoni toring versus auscultation? O is that what you woul d
be suggesting?

M5. YONG | think that we need to. | think that
the financial comments are accurate. | |anent them that
we're, in fact, practicing clinically in | ooking after wonen
in labor with in mnd things other than quality-of-care
issues. You know, there are nedical -legal issues. There
are financial concerns. ne wonders how many ot her concerns
are going to sort of knock out the quality-of-care issues
down the road. So | think we have to be--at least | am
al ways constantly aware of them

| would like to see the sort of study that you
nment i oned bei ng done, yes.

CHAl RVAN EGLI NTON: Any ot her comment ?

[ No response. ]

CHAI RVAN EGLINTON:.  I's there any reason why we

shoul d not break early for lunch and reconvene at 1:00, Dr.
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Yi n?

DR YIN Fine.

CHAl RVAN EGLI NTON:  Ckay. W are convened for
[ unch.

[ Wier eupon, a | uncheon recess was taken to

reconvene at 1:00 p.m, this same day. |
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AFTERNCON SESSI ON
[1: 03 p. m]

CHAl RVAN EGLINTON:  Let's go ahead and cone to
order for the afternoon session. W wll go through sonme of
the sanme thing. It will be alittle redundant, but to go
t hrough sone of the sane itens we did to start the norning
sessi on because we have a different audi ence here, sonme new
panel participants.

V& need to have people sign in. Renenber to sign
inout front. If you have comments fromthe audi ence,
pl ease, you nust step forward to the podium | wll
recogni ze you, and you can speak then.

Wien you speak, please identify yourself and give
tous a full conflict-of-interest statenment, who sponsored
you and whom you are representing here today.

Since we do have a new audi ence, let's go ahead
and have the panel nenbers introduce thensel ves again.
Colinis itching on the front of his chair. Are we doing
something wong, Colin? |Is this okay? Are we all right?
W are not in trouble yet. Al right.

Pl ease have the panel nenbers introduce
t hensel ves, beginning with Dr. Katz, please, and around this

way.
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DR KATZ: | amDavid Katz from Duke University
where | amon the faculty in the Departnents of Bi onedi cal
Engi neering and Cbstetrics and Gynecol ogy.

DR DAVEY: D ane Davey from Lexington, University
of Kentucky, and | amdirector of Cytopathol ogy and
co-director of Hemat ol ogy.

DR O LEARY: Tinothy O Leary, Armed Forces
Institute of Pathol ogy, Washington, D.C, chairnman of the
Departnment of Cellul ar Pathol ogy.

DR LEVY: | amBarbara Levy, a practicing
gynecol ogi st in Federal Way, Wshi ngton, and clinical
assi stant professor of (bstetrics and Gynecol ogy at the
Uni versity of Washi ngton School of Medi ci ne.

M5. DOMECUS: d ndy Domecus, senior vice president
of dinical Research, Regulatory Affairs and Quality
Assurance at Conceptus, and | amthe Industry Rep on the
panel .

DR YIN Lillian Yin, director, D vision of
Reproductive, Abdom nal, Ear, Nose, and Throat, and
Radi ol ogi cal Devices, with Center for Devices and
Radi ol ogi cal Heal t h.

M5. YONG | amDony Young, and | ama consuner

nmenber, a new consuner nenber to the panel. | amfrom
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Geneseo, New York, and | ameditor of the Journal of Birth
| ssues and Perinatal Care.

DR NEUVANN | am M chael Neunmann from Case
Wéstern Reserve University in devel and.

DR SA.OMON D ane Sol onon, National Cancer
Institute, Bethesda, Maryland, and I am a pat hol ogi st.

CHAl RVAN EGLI NTON Gary Eglinton, director of
MVat ernal Fetal Medicine, Georgetown University.

DR HARVEY: Hisa Harvey, executive secretary to
the (obstetrics and Gynecol ogy Devi ces Panel .

CHAl RVAN EGLI NTON:  The FDA press contact will be
Dr. Yin for this afternoon. W do have an agenda. V¢ would
like totry to stick toit. So, if we have comments from
t he audi ence, please be brief and conci se.

I f you cone back to the podiumon nultiple events,
mul tipl e epi sodes, please re-identify yourself each tine
because the transcriptionist may not renenber who you are,
and speak up at that point.

DR HARVEY: | have already read the
conflict-of-interest waivers fromthis norning and, as well,
i ntroduced the tenporary voting nenber status of sone of the
panel nenbers today. So | will not redo that.

| did just want to nmake a snmall correction. For
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t hose people interested in getting a video, the phone nunber
that | gave this norning is incorrect. The correct nunber
for Video Visions is (301) 438-8724, not 26.

That is all.

CHAl RVAN EGLINTON M. Pollard, again, wll
introduce this afternoon's activities.

MR PCQLLARD. Thank you, Dr. Eglinton, nenbers of
the panel. | just want to take a few mnutes to just go
over the agenda for the rest of the day and tonorrow and
explain a little bit of the thinking FDA went through to get
where we are.

Ve will be tal king about the draft gui dance
document that you had before you and that the public shoul d
have as well on this study of in vivo devices used to detect
cervical cancer and its precursors. This docunent was
essentially a response to the devel opnent of new opti cal
technology, and it is also the result in part of some
prelimnary interactions we have had w th nmanufacturers.

VW formed a working group within the Center to put
this docunent together, and the idea really being to get
sonmet hing down in black and white for the panel, for FDA
for interested researchers, and for sponsors to ook at to

essentially deal wth it early on where we have a real
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chance for genuine inpact at a meani ngful point.

| would like to nention the difference here when
we highlight in vivo. W are really tal king about devices
that are applied to the patient and pretty much
i nst ant aneousl y gives you that readout. | differentiate
that fromin vitro diagnostics, what we call |1VDs, which are
a range of clinical |aboratory-type devices reviewed by our
D vision of dinical Laboratory Devices, and | shoul d add
that there is a nmenber of that division on the working
group, and | expect that we are going to learn a lot from
t hat experience that kind of cuts across our office.

| woul d al so highlight that we have put together
| guess what | would call, a designer panel today, nade up
of nmenbers of the OB-GYN Devices Panel, but also with
participation frommenbers who are not part of the standing
panel, as well as nmenbers fromthe Henmat ol ogy Pat hol ogy
Devices Panel, and | would really like to wel come Dr. Davey,
Dr. OlLeary, and Dr. Solonon for their help today and
t onor r ow.

Dr. Neunmann, of course, is no strange to our
panel, having served already several years. W invited him
because of his background in sensor technol ogy and

obstetrics and gynecol ogy.
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Dr. Katz is a relative newconer to our panel, but
we are very happy to have himwith us as well, with his
background in engi neering and obstetrics and gynecol ogy. We
think that is very useful as well.

For the agenda, we have three guest speakers who
are going totry tolay alittle bit of foundation for the
panel to work fromfor the rest of the nmeeting. Mark
Schiffman fromthe National Cancer Institute is going to
give us a clinical overview of cervical cancer screening.
Rebecca R chards-Kortumis going to give us sone information
about some of the technol ogi cal aspects of what we are
| ooking at, and Dr. Hrsch from George Washi ngton University
is going to be tal king about sone of the statistical
consi derations that nust be taken when we devel op clinica
protocols that try to answer the questions that we are
interested in.

After that, Dr. Midu Virmani fromour branch is
going to wal k you through the draft document. Prior to
that, we have left alittle time for a nunber of the
conpanies to give the panel their input on the draft
gui dance docunent in its current form

There will probably be a little tine at Dr.

Eglinton's discretion for questions to the speakers.
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However, everyone, including the guest speakers, has agreed
to be back tonorrow when the panel will go through the
docunent, page by page, using the discussion gquestions that
our staff prepared.

The one last thing | would like to highlight is
the docunent is a draft. It is areally the first public
draft of that, and we have al ready noted a nunber of areas,
even in preparing for the panel neeting, where we wll
probably clean certain things up and beef up other areas.

W are very nmuch interested in all of your
comments and suggestions an del etions and whatever. | woul d
just say, consider the overall objective that we want good
gui dance to nmanufacturers who are devel opi ng t hese
t echnol ogi es for designing the proper kinds of studies that
w |l show safety and effectiveness for their intended use.

After the panel neeting, we will conpile and
analyze all of the comments and conpl ete the gui dance
docurent, hopefully by the end of the year.

Thank you, Dr. Eglinton.

CHAl RVAN EGLI NTON Thank you.

Ve will nove on to the invited presentations,
then. Dr. Schiffnan?

DR SCH FFMAN  Where do | stand?
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CHAl RVAN EGLINTON: At the podi um pl ease.

DR SCH FFMAN | am Mark Schiffman of the
National Cancer Institute, and | amin charge of the group
that is studying the nmulti-stage carcinogenesis of GYN
tunors. The way we do it is through epi demol ogy, but with
nol ecul ar markers and a strong pat hol ogy conponent.

So the people in ny group are fromall three
di sci plines, epidem ol ogy, nol ecul ar biology, and pat hol ogy.
VW have worked since 1984 on cervix, which is by far the
best understood in terns of nulti-stage carcinogenesis of
t he GYN tunors.

So ny points today will be very focused because |
feel like the tineis solimted that | shoul d nmake only
points that are directly relevant to the screening issues,
but it is an interesting topic when your understanding of a
di sease is an evolution, and we are tal king about what to
detect on a carcinogenetic pathway, what are the
intermedi ates that we are | ooking for, which ones can we
ignore. | think there is a lot of very fundanmental points
rai sed by this particul ar panel.

Can we have the |ights down somewhat ?

| amnot going over this to start. | amjust

saying this is what | hope to explain, wthout |ooking at it
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to understand it. There are now sone najor pathways to
cervical cancer that are understood and that we should be
addr essi ng the screening technol ogy to our advanci ng
understanding of the process. | wll go back to that |ater

The first point as an epidemol ogist to know is
that HPV is the nmain cause of cervical cancer worldw de, as
Il will mention, and it infects the entire anogenital tract,
but it really only causes a nmaj or cancer burden in the
cervix. There is sone interaction between the
squanocol umar junction, and it is HPW.

Now, we have thought of that--1 realize that there
are not all physicians in this audi ence, so excuse ne. S0,
really, the--does this pointer work? So where the squanous
epi theliumof the vagina onto the portio neets the
endocervical epitheliumis the transformati on zone, and |
was noticing in the draft docunent that in sone case, wonen
with a hysterectony will be admtted into the protocols.

| am nmaking the comments as | go along. It mght
be a mstake in that the risk of vaginal cancer in a wonman
infective with the virus that causes cervical cancer is very
low. Post hysterectony, the risk of vaginal cancer is an
extrenely lowrisk, and if it is for benign disease, it is

extraordinarily low In other words, if the hysterectony
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was for a benign for fibroids, the native risk of vagi na
cancer anong wonen infected or not with the causal agent is
so low that screening for vagi nal cancer is not something
that as an epidemologist is going to be cost effective from
a public health point of view at |east.

So | amjust nmaking the point that it is the
transformation zone and its interaction with HPV and t hat
natural history that is fundanental to what we are tal king
about today.

Thanks to Ral ph R chard and Koss and early
investigators, we know that there is a conti nuum of changes
t hat basic cancer does not arise de novo. Instead, there
are mcroscopically evident precursor |lesions. Now, we do
not have that for every GYN tunmor. Ovary, for exanple, what
is the precursor to ovarian cancer? No one is sure. It may
be just flat epithelium but for the cervix, there is a very
wel | - defi ned--over many years, it is the fifties now-set of
precursor |esions that have been naned a whol e variety of
t hi ngs.

Now, the trouble with any of the nonmenclatures is
t hey have becone outdated as we advance in our
understanding. It became clear early on that carcinoma in

situ could not be reliably distinguished fromsevere
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dyspl asia, for exanple, and with the Bethesda system the
| ow grade changes were unified, as | ow grade squanous
intraepithelial |esions.

So there has never been an absol ute perfect way to
divide all of these precursors between conpl etely nornmal and
definitely invasive cancer. Now, that is a nmajor problem
It is also an opportunity, of course, because it represents
understanding. W know a |lot of these details, and it may
be that with ovary or sonmething as we learn nore, we will
have an equally nessy continuumuntil we figure it out, but
with cervix, as we have |earned nore, it has created all of
t hese nessy borderlines between poorly to visible changes,
to the point where | distrust this conti nuumnow. Even the
Bet hesda systemto nme is becom ng outdated, anong peopl e who
work on this all the tine.

Thank you, Diane. This is D ane Sol onon who
originated it. She is never going to be outdated, though.

DR SOOMON | will talk to you later, Mark.

DR SCH FFMAN  Now, everyone knows a nor nal
cervi x when they see it because we are tal ki ng now about
visual and optical gal vani c conbi nati ons, and peopl e nay
real i ze when sonething is very bad, but the issue with

everything fromaided visualization to the nost subtle
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techni ques of any light spectrumstill is the idea of

cont i nuum because this conti nuum between nornmal and cancer
exists on the visual level, on the mcroscopic |level, on the
nol ecul ar | evel where | work nostly with DNA assays. The
sanme areas of equivocation and uncertainty exists, and I
have tried to outline some of this inthe little thing in
the book. | don't know where the book is, but the article
that | submtted. |Is that already out? Ch, okay.

So, today, we are tal king nore on the visual
clinical level with in vivo diagnostics, and at any |evel,
there is this continuumand it is always a pyramd, meani ng
things that are evidently cancer are always rare. Things
that are high grade, bad-1ooking are nore common, but still,
very rare conpared to the | ow grade and the equi vocal | ow
grade. This is cytology, but the same concept exists that
there is a wealth of abnormal, but |ow grade or uncertain
significance of things, and in that sea of abnornmality,
there are the scary fewer things, and we have to, in terns
of cervical cancer diagnostics in the United States, find
the bad ones, but ignore as many of the | owgarde ones as we
can if they are not going to turn bad because these are so
common that to pick themall up overwhel ns col poscopy

services, |eads to unnecessary cost, so nmuch so that this
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trial which Dane is the project officer and I amthe
co-project officer, ALTRS, ASCUS-LSIL Triage Study, is
funded by the NAO for around $25 nmillion because people
recogni zed over many years of battling for that degree of
funding that this is a major problemin the United States,
over-treatnment and over-referral and over-treatnment of the
many, many mnor abnornalities that would alnost all go away
by thenselves if left along, but we do not know whi ch ones.

So, inthe United States, we cannot afford--or
anywhere where we have enough noney to try to protect
everybody, you cannot afford to ignore things that coul d be
bad soon.

Now, how do you apply that kind of continuum and
that kind of a problemto traditional screening? I|n any
kind of assay--this is an old slide now-you have got to
choose a cutpoi nt between the di sease and the non-di sease.
Most of our screening statistic are based on di chot om es,

di sease, non-disease. Wll, here, we knowthat there is a
whol e weal th of non-di sease and progressively nore seriously
diseased to really diseased. So it is not continuous. It
is sort of ordinal, in a way, and yet, we are trying to find
an assay that just cuts that perfectly.

You can think of the Pap snear no natter how
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sophi sticated, no natter how many mllions of neurons are
clicking to nake that decision on if something is disease or
not disease still as pretty nuch in its statistica

treatment as a cutpoint, a single cutpoint, and initially, |
feel this is an inportant historical perspective.

When cytol ogy was organi zed, it becane possible to
draw that cutpoint further and further back towards nore
sensitivity and pick up cancers or suspect cancers.

Peopl e started first classifying and then
referring dysplasias, then mninal dysplasias, then
equi vocal , mni mal dyspl asias, and that was pushing this bar
that way to where, all of a sudden, a lot of true nornals,
people who really are not diseased or never will really be
seriously diseased in terns of cancer, which is the disease,
are being picked up, and that is the referral problem

Now, we are trying, through introducing multiple
nmet hods now in our studies, to find a conbi nation of
cutpoints on different dinensions that work so that you can
mai ntain specificity while increasing accuracy, and | think
everything that is comng before this panel, whether it is
here or in vitro, is still talking about that kind of
discrimnate analysis. They are trying to find vari abl es,

clinical, mcroscopic, whatever, that discrimnate seriously
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di seased or about-to-be di seased, seriously diseased from
the benign, and trying to do it very effectively and | ow
cost .

Now, the understanding is aided by realizing that
behind all of these changes in the entire pyramd, there is
a famly of viruses, the papilloma viruses. W have now
worked in over 30 countries, and the story is the sane
everywhere. E ghty-five, or nore, percent of cases of
cervi cal cancer everywhere in the world are caused by
infection, plus tinme, with one of these viruses, and it is
usual Iy one of the oncogenic types.

This is just a phylogenetic tree based on the
genetic diversity of the different viruses, but the point
being that there are sone clearly cancer-associ ated ones.
Sixteen is the main type everywhere, in health and di seases,
al so the nost common type in nost popul ati ons anong
cytologically normal wonen, 18, 31.

If you add 18, 16, 31, 45, and maybe 33, somewhere
in that, you have reached the bul k of cancer cases, the
majority in every country in the world, but then you have to
add the rest of these to get to a very hi gh percentage.

The condyl oma- associated are 6, 11, 42, and a few

others, and of course, there are many other types. There
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are over 70 types of HPV and over 30 infected cervix, but
you can do wi th about 15 cancer-associ ated types in
explaining in terns of etiologic fraction, virtually al
cancers everywhere.

It is a stable virus. It does not nutate. So, in
fact, we found a nmain cause, and we should be able to
i ntroduce that know edge into diagnostics and screening in a
fairly definitive way once we recogni ze that this is
responsi ble, with sone cofactors | don't have tinme to go
into, for the entire story, fromstart to finish, the nost
m nor equi vocal lesions, fromny friends in the expert
cytol ogy panels. There are subtle changes that are often
HPV-rel ated, and of course, all the way up through cancers
are HPV-rel at ed.

| wanted to--because naybe sone peopl e do not
followthe story--say that froman epi dem ol ogi st poi nt of
view, all the five major epidemologic criteria for cause,
for saying that HPV causes cervical cancer, have been
satisfied, biologic plausibility, specificity of the
associ ation, strength of the association, consistency of the
associ ation and replication, tine sequence, and that was the
hardest to do, time sequence, the one in yellow

V& have done | ong-term perspective studi es over 10
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years now, show ng that HPV precedes and predicts the first
onset of cervical neopl asia.

| think because everybody gets tired of tal ks of
any type, | amgoing to stay to the very nost focused points
her e.

V¢ have studi ed 26,000 wonen, prospectively, so
far who are nornmal and | ooking for the origins of cervica
neopl asia, and so | feel |ike we have as nuch experience as
anyone on what does it nean to have ASCUS, or LSIL, the
first things that usually happen when soneone is infected,
the first evidence cytologically that they are infected.

What those studi es have taught us, which these are
in Portland Kai ser and Quanacaste, Costa R ca, anyone who
want s any met hodol ogi cal details, backup, wants to change
anything | said, | think that is naybe better done in
conversations, now that | see what the format is going to
be, but | have been working on this full tine for nost of ny
career.

What it shows us is this. Now | amback to the
original drawi ng now, hopefully able to explain it. Human
papi |l oma viruses are mainly sexually transmtted. There
are sone exceptions, but they are nainly sexually

transmtted, and 90 percent of invasive cancer--these are
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etiologic fraction percentages--derive fromthis pathway of
infected wonen. Uninfected wonmen may very rarely bypass
this whol e pat hway, but those are still debat ed.
Conservatively, | have just left themout, but let's talk
about the ones who have been sort of expl ai ned.

If we take infection, infection occurs quite
easily through sexual contact. Infection could be nmultiple
or single. Infection |eads to sone degree of natural
immunity follow ng resolution, but the degree is unknown.
Latency is not clearly know, yes or no, and how often. It
appears to exist, but we are not sure how often. This whol e
field is only 15 years old. So those are the key questions
of viral states like latency that are not conpletely
under st ood.

Anyway, nost of what we | earned indicates that HPV
infection is a hidden pyramd that is very, very large. It
is extrenmely common anong sexual ly active wonen. It could
be up to 50 percent easily that can be infected if you use
PCR-type techniques in a college-aged population if they are
sexual |y active.

I n one study in Berkeley, 100 percent of
22-year-olds reporting many partners were infected on a day

that we neasured a large series of them So infection
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itself is not really inportant.

Now, what is infection? Infection goes from PCR
positivity and very rapidly, over a year or two, |like any
wart di sease, can cause equi vocal, cytol ogic changes,
| ow garde changes, things called SIL, LSIL, but alnost al
of this whol e conpl ex goes back to nothing, to no disease.
It resol ves over tine.

This was first found with other wart diseases |ike
cutaneous warts or foot plantar warts, but the whole
cervical conplex of HPV infection, what is called--I call it
HPV infection--is a swirling sort of transient and then wth
re-catching of another type set of things that if we go in
and nmeasure, we may find a certain preval ence, but we know
very well that that is not the cumul ative incidence for any
wonen unl ess she enters a mutual | y nonoganous rel ati onshi p.

Many wonen have a series of infections leading to
partial or total immunity to all the different types. Qut
of that, very common sexually transmtted disease, 1.5
mllion cases reported a year and many nore really
unreported, you get for some unknown reason sone very small
per cent age progressed to hi gh grade.

VW know that of the |ow grades in long-term

foll owup, sonething like 10 to 20 percent progress, but
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this whol e conplex is nuch larger than the tip of the ice
berg or the | ow grades that you see on a given day because
that tends to be nore serious than the even nore m/l der
stuff detectable only on a nolecular level, but a day later,
this could be this. It noves around quite a bit.

H gh-grade lesions, you are on firmfooting in
terns of disease endpoi nt and precursor once you are at high
grade. These rarely regress, though they can regress. They
often progress, given enough tine, and | consider high-grade
HSIL to be the true precursor to invasive cancer, and this
to be aviral infection that is as very strong internediate
endpoint and a risk factor for the devel opnent of neopl asi a.
| no | onger consider this neoplasia, and nmany people don't.

The other thing | want to say very quickly is that
ASCUS does not exist. It has no norphol ogi c neaning. W
have done many studies trying to arrive at a cell that
everyone agrees is ASCUS, that is, does not happen. |f you
get enough experts, no one will call any cell in your
atypical repertoire ASCUS. They will either call it LSIL or
down to nornmal, reactive in sone way.

VW have tried, as D ane knows, to use the book,
the criterion book, and train people on it, and that does

not inprove the situation, and we try different kinds of
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mar kers.

What it appears to be is that ASCUS is either
normal, including reactive changes, or SIL, 90 percent LSIL,
10 percent HSIL, neaning there is a subset of ASCUS t hat
really is confused with HSIL and is very highly
HPV-positive, indicating that we will not need to triage on
that. It will just be lunped with HSIL, but | call ASCUS
now equi vocal SIL.

Wth that clarification, we avoid situations |ike
this. This was a study we did with five pathol ogi sts. W
took 200 slides. These are conventional snears that had
been call ed cytologic atypia. This was before Bethesda. W
asked every one of themif it was normal. Zero points. W
attributed zero points. 1Is it equivocal, ASCUS?

Hal f-a-point. O definitely SIL? (e point.

You coul d see that the HPV DNA preval ence in those
that are certain only in the aggregate is al nost 100
percent. Wereas, those that everybody called nornmal are
down at--this is the same rate as the normal popul ation
whi ch was 17 percent.

So all we are seeing is that this borderline
nmor phol ogi cal |y may be better expressed by DNA testing than

by eyeballing it because it is so difficult. Morphol ogic
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changes are so difficult mcroscopically that it is just
very difficult to reach agreenent on it.

So, if you agree that ASCUS is highly equivocal,
then it cannot be a gold standard for anything. 1In the
book, in the draft, it tal ks about sone kind of disease
standard, including ASCUS. | cannot accept that in ny mnd
because it does not have a gold standard. It is the gold
standard of not having a gol d standard.

| am al nost fi ni shed.

The LSIL diagnosis includes, of course, cellular
changes of HPV infection, mld dysplasia or O NL. W have
shown, | think convincingly, that this is just as
HPV- DNA- positive as HPV infection itself. These are al
just very transient or poorly defined characteristics of HPV
infection, and there is no way to reliably separate these
t wo.

Sone pat hol ogi st can di stinguish reliably by
t hensel ves sonething they see, but if you bring another
expert in, that consensus di sappears very quickly.

So | feel, as do--I don't know how nmany
peopl e--that the whole conplex of HPV infection, frommld
PCRonly to AN 1, histologically confirned, are the sane

t hi ng.
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The way | sort of have indicated that is we
studi ed 17,654 worren in Portland who had never had an
abnormal Pap snear in their life. W carefully confirmed
that they were nornal again today, and we have reviewed all
of their past Paps that we could find. This was in Kaiser
Permanente. W confirned they had al ways been normal and
then fol |l owed them

Now, those who were HPV-positive at enrol |l nment had
very | arge percentages of devel oping an abnornality for the
first time ever intheir life, every time you followed them
predicted only by the fact that they were positive at
enrol I nment. They | ooked |i ke everybody el se
nmor phol ogi cally, and if you do a cumul ative incidence rate
you find out you cannot do it because that is the point.

The nore frequently we | ooked at wonen, the nore
CNwe found. It cones and it goes quickly, and the quicker
it comes and goes, the nore likely you are to mss it.
Subtle AN could be mssed mcroscopically. It comes and
goes qui cker than nost observation periods, including Pap
snmears. | amtal king about the very bottomof the pyramd
of severity.

So you can tal k about your sensitivity in

detecting the worst | owgrade |esions, but you cannot talk
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about specificity because there is so nmuch LSIL happeni ng
all the tine that the only real gold standard of HPV
infection is PCR and no visual technique could ever find
all of that.

So | want to review ny points, the sort of talking
points to be argued about. W should as nmuch as possible
forget about LSIL as a target for screening. LSIL was
pi cked as a target of screening by cytol ogists who are
trying to increase their sensitivity by getting cl oser and
closer. They were using the norphol ogic proxy of the
underlyi ng causal infection, but now that we understand that
it is the infection itself that they were examning, there
are better ways to look for infection if you want to do
t hat .

V¢ have nmany different ways of |ooking at the
changes of the infection, but to focus on LSIL, to use the
m croscopic picture, I do not think it is valid. 1| think
HSI L and cancer are the targets for screening, now that we
are so nmuch nore accurate, and that we should try to have
very accurate detection of those higher-grade | esions, and
hopefully, if it is accurate enough, we can increase
screening interval to pay for the cost of the additiona

tests.
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This is, again--1 like this Polartechnics thing.
It is just show ng that we have to go to nmany different
dimensions, including different--1 like to conbine tests in
our studies to show how good they can be in conbination in
terns of sensitivity of detection of HSIL in cancer, while
still having very good referral characteristics, meaning
hi gh specificity, and we actually have a better slide, which
| lent down. | should not have. This is earlier, and it
has been better, but we can get 90-percent detection in a
whol e popul ation study in Costa Rca. It is a door-to-door
survey of women who have been very poorly screened. We
knock on doors, enroll people. So it is not selected in any
way. It is a valid group

By referring only to 8 to 10 percent of the
popul ati on to col poscopy, we were able to find that good
cost of benefit. That is a single screen, just using
several tests at once, and these are all nodalities,
different tests that we tried or test conbinations, thin
preps pl us cervi cography.

This is--1 don't even know-HPV DNA at the
pi cograns | evel, plus so and so. Wen you get--I amj ust
maki ng that up. | don't know which is which anynore, but

the point is, you can get a lot of themwhich are wi nners,
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not just a matter of political will, I think, and financial
resources, to basically take a high-risk population and turn
it into alowrisk population real fast.

As we fol |l ow these wonmen out, we find nobody el se
is getting new, really bad stuff. So we have cl eaned the
popul ati on for cancers.

So, before you are content with any one
conbi nation, think about projecting conbinations. This is
all ignoring LSIL, which we no |onger see as a screening
target.

Thank you very nuch.

CHAl RVAN EGLI NTON Thank you. W will have tinme
for questions |ater.

Next, we have Dr. R chards-Kortum

DR R CHARDS- KORTUM  Thank you.

This afternoon, | would like to share ny
per spective on energing optical technol ogies for detection
of cervical cancer and its precursors.

| have been involved in academc research in this
field for the past 12 years, and over the last 7 years, ny
group has col | aborated to devel op optical nethods for
detecting cervical precancer.

| will begin by overview ng the bi ophysi cal
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principals which underlie this technology. In ny opinion,
it isreally crucial to understand these principles in order
to naxi mze the performance of these techniques, and nore
inportantly, to understand the clinical situations in which
they will fail and the factors which need to be controlled
in multi-center clinical trials.

| will conclude by discussing what | feel are
i nportant considerations in evaluating the efficacy and the
ri sk associ ated with these new technol ogi es.

Al though there is a lot of excitenent about the
potential of new technol ogi es, optical nethods have already
made really inportant contributions to reducing the
i ncidence and nortality associated with cervical cancer

Physi ci ans have been able to directly visualize
the cervix since the invention of the speculumin the early
1800's. This led to a series of new di agnostic and
screening nodalities, all of which are based on optics.
These i ncl ude col poscopy which, with the use of the green
filter, really represents one of the first applications of
specul oscopy for in situ diagnosis, and al so cytol ogy-relied
absor bi ng dyes are used to indicate changes associated with
neopl asi a.

These optical nethods have provided a uni que

M LLER REPCRTI NG COVPANY, | NC.
507 C Street, NE
Washi ngton, D.C 20002
(202) 546- 6666



[--- Unable To Translate G aphic ---]

wi ndow to enable us to study the progression of cervica
cancer and its precursors.

Whi | e our understandi ng of the biology of this
process has evolved dramatically, really, the optica
met hods haven't changed nuch since the fifties.

I nnovati ons in photonic technol ogies in the |ast
decade, though, | think, have the potential for us to nmake
maj or advances i n screening and di agnosti c techni ques, and
these innovations fall into four categories.

The first is inprovenents in technol ogies,
devel opnents in |lasers and LEDs, fiberoptics, and CCD
detectors, which enable us to record optical signatures with
a very high precision, enabling us to record changes that
our eyes are not sensitive to.

As a result, researchers have begun to exam ne the
use of tissue specul oscopy. |n specul oscopy, we record the
intensity of light returning fromthe tissue as a function
of color or wavelength, and this can give us infornation
that is characteristic about both the nol ecul ar and the
cel lular conposition of tissue.

Using fiberoptics and other types of probes, we
can control the delivery and have quantitative detection,

and finally, through an inproved understanding of the |ight
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tissue interaction, we can relate these optical changes to
changes in the bi ochem cal conposition and the norphol ogi c
conposi tion of tissue.

d ven these new ways to examne the interaction of
light with tissue, we have a unique opportunity to design
opti cal methods, which can give us information directly
about nol ecul ar conposi tion, norphol ogy, and tissue
architecture.

| f successful, the potential advantages are
nunerous. Because we can nmake these optical neasurenents in
real tine, we have the possibility to decrease cost by
reducing office visits and decrease the loss to foll ow up.

Because this optical radiation penetrates the full
t hi ckness of the epithelium we can |ook at that ful
t hi ckness tissue w thout biopsy and potentially increase
both sensitivity and specificity, and because we can devel op
software algorithns to anal yze this data, either automating
or sem-automating the analysis, we can reduce the need for
operator training.

However, in order to achieve and understand these
potenti al advantages, we have to consider the biophysica
princi pl es behind the technol ogies. These essentially fall

into two categories, what we can control in terns of our
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instrunentati on and software and what the tissue controls
through its interaction with Iight.

Through appropriate design of hardware, we can try
and maxi m ze the contrast between nornmal and neopl astic
cervix, and essentially, we have control over three
paraneters, the source of light that we use to illumnate
the cervix, the conduit that we use to deliver light to the
cervix and collect the light remtted fromthe cervix, and
the detector that we use to sense this |ight.

The range of optical paraneters that we can | ook
at are nunerous. They include color or wavel engt h,
intensity, and spacial patterns which we can detect in the
formof inages or through precisely designed fiberoptic
pr obes.

VW can al so design software al gorithns to anal yze
these data, taking either an enpirical approach or a
nodel - based approach, to yield results which can be
correlated to the features of disease.

VW al so have to consider the interactions which
occur between the tissue and the light at both the nol ecul ar
and the norphologic levels. Basically, there are three
types of interactions which can occur, scattering or a

direction change in the light, absorption or a reduction in
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intensity of the light, and emssion or a conversion by the
tissue to another color of |ight.

Now, everyone is famliar with the first tw of
these interactions. The sky appears bl ue because the
at nosphere preferentially scatters blue light. Gass
appears green because chl orophyl absorbs all of the other
colors and reflects back green |light, but how do these
princi pals and processes affect the light that we neasure
fromtissue?

This cartoon illustrates the trajectory of
photons, or particles of light, within the tissue. Wen
light is incident on the cervix, it can be scattered about
by nol eculars and cells within the issue so that its
direction has changed. Wen it is incident on sonething
that is highly absorbing |ike henoglobin within a bl ood
vessel, the light is preferentially absorbed at those
wavel engths and we don't see it com ng back.

In order for us to see the light being remtted
fromthe surface of the cervix, it has to get turned around
by scattering that occurs in the tissue.

Anot her interaction that we can see is when a
photon is absorbed by the tissue, the tissue can remt that

energy in the formof an inelastic scattering process, where

M LLER REPCRTI NG COVPANY, | NC.
507 C Street, NE
Washi ngton, D.C 20002
(202) 546- 6666



[--- Unable To Translate G aphic ---]

the color of light has changed, and that emtted |ight can
scatter about through the cervix and can be remtted from
the surface of the cervix so that we can see it.

Recently, many techni ques have been described in
the literature which utilize these effects for in situ
detection of cervical precancer, and this chart sumari zes
t he techni ques whi ch have been described in the literature
begi nning with col poscopy which essentially relies on the
diffuse reflectance of visible light to identify |esions for
bi opsies, and all of the other techniques that have been
described can essentially be viewed as variance of
col poscopy because they rely on the sane interaction of
[ight with the cervix.

I n cervicography, for exanple, a canera i s used
for a later review by an expert. In digital col poscopy, a
CCD canera is used to capture the inage, and software
algorithns are used to identify |esions.

I n specul oscopy, the light source is replaced with
a blue light, chem!|umnescent |ight source with peaks at
430, 540, and 580 nanoneters.

Al of these techniques that are shown in yellow
rely on fundanentally the sane principle, and that is

di ffuse refl ectance of broad-band |light fromthe cervix.
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An el astic back-scattering specul oscopy, the Pol ar
probe is one exanpl e of such technique, the conduit of I|ight
has changed, and light is delivered and reflected light is
collected with fiberoptic probes to have very precise
spaci al geonetri es.

In elastic back-scattering specul oscopy,
fl uorescent specul oscopy and Raman specul oscopy are two
exanples. Filters are used to block the detector from
seeing the color of light that the cervix is illumnated
with, and the detectors now see the light that is produced
by the cervi x which can be orders of nagnitude weaker than
the light that is reflected at the illum nating wavel engt h.

In order to understand the relative nerits of
t hese new technologies, it is inportant to understand how
the signals are produced in the tissue and how contrast
bet ween nornal and neopl astic areas are achieved, and it is
instructive to first consider the famliar techni ques based
on diffuse refl ectance, including col poscopy, cervicography,
and specul oscopy, where again a signal is produced through a
conbi nation of two effects, scattering and absorption.

Scattering, a direction change of the light, is
characterized by the scattering coefficient which gives the

probability that a scattering event will occur in a given
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path |l ength, and the phase function tells howlikely it is
to scatter light fromone direction into another direction.

Scattering in cells is produced by spaci al
fluctuations in the index over a fraction, and nost cells
are very highly forward-scattering, but as the direction of
light is not changed very rmuch in any one scattering
i nteraction.

In order for us to see |light comng back fromthe
cervix, again, it has to get turned around by these
scattering events, and that can occur through one very |arge
angl e scattering or multiple snall angle scattering events.

Absorption acts to reduce the intensity of |ight
com ng back fromthe cervix, and the absorption coefficient,
whi ch characterizes the probability of absorption, has a
strong wavel engt h dependence or col or dependence.

Henogl obin is one of the nost inportant absorbers
that is present in the cervix, and it has absorption peaks
in the blue, the green, and the orange regions of the
spectrum

So scattering and absorpti on account for the
i rages that we see through the col poscope, but how do they
interact to produce the hallnmark findings of an abnor nal

col poscopy that has abnormal vascular patterns and in situ

M LLER REPCRTI NG COVPANY, | NC.
507 C Street, NE
Washi ngton, D.C 20002
(202) 546- 6666



[--- Unable To Translate G aphic ---]

whi t eni ng?

Vell, first, consider the normal cervix which has
a diffuse pink appearance when illumnated with white |ight.
The scattering which occurs in the epitheliumessentially
random zes the light. So we do not see the individual
vessel s which are found in the stroma beneat h.

The henogl obin preferentially absorbs blue |ight
and reflects back other colors, and that is why the cervix
has this diffuse pink appearance. Wen vessels formin the
epithelium nowthere is |l ess scattering naterial overlying
them So we are able to see the individual vessels.

Wen we use the green filter in the col poscope,
the henogl obin preferentially absorbs that green |ight so
t he vessel s appear dark, and we enhance the contrast between
the vessel s and the surroundi ng tissue.

What produces aceto-whitening? The inage on the
| eft here was obtained with a confocal m croscope and shows
i mages of epithelial cells which have not been stai ned.
Areas of high signal are proportional to areas where the
index of refraction is fluctuating spatially, and you can
see that we can nmake out the nucleus and we can nmake out the
cyt opl asm ¢ nenbr ane.

Wen we apply acetic acid to these sane cells and
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i mage themthrough the confocal mcroscope, the i mage on the
right results, and then the back-scattering signal fromthe
nucleus is dranmatically increased by the application of
acetic acid.

This strong light scattering interrupts the
transmssion of light to the stronma, and so the henogl obi n
absorption never has a chance to nmake the |ight appear pink.

Neopl asti c areas appear whiter because the nuclei
are larger and there are nore back-scattering centers that
are induced by the application of acetic acid.

Vel |, let's consider what happens now when we use
these sane interactions, scattering and absorption, but now
we have becone nore quantitative in the instrunentation
first, by carefully controlling the geonetry that we
illumnate and detect with, and second, by recording the
signal at many different illumnation wavelengths in a
quantitative way.

This approach is termed "el asti c back-scattering
specul oscopy” and is illustrated in the cartoon here. The
detected |light comes through the illumnation fiber, and in
order for us to sense it with the detection fiber, it has to
tunnel through sone of the tissue and undergo scattering and

possi bly absorption events. W do not see the |ight that
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has been absorbed. W see only what scatters fromthis
fiber over to our detection fiber.

The nice thing about this geonetry is that it is
very, very sensitive to the scattering phase function of the
cells, and in particular, as the fiber separation and the
nuneri cal aperture of the fibers are reduced, we becone very
sensitive to that scattering phase function, and we det ect
t hose hi gh-angl e back-scattering events preferentially. So
the effect of acetic acid beconmes very inportant, sine it
tends to increase the back scattering.

VW can nodel this expected signal using Mnte
Carl o techni ques, which statistically track the progression
of photons through the tissue if we know the absorption and
scattering properties of the tissue.

Under standi ng the scattering properties, in
particular, the scattering phase function has been difficult
to do theoretically, but recently, electronagnetic nodel s
have been introduced which relate the scattering properties
to the three-di mensional ultrastructure of the cell.

Several group have proposed this methodol ogy for
precancer detection in both the cervix and the bl adder.

Judy Moran, at Los Al anbs National Labs, has shown

that elastic scattering specul oscopy can provi de useful
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information for detection of bladder cancer. The graphs on
the left illustrate the intensity of the back scattering as
a function of wavel ength or color, where the signal goes
from 300 nanoneters in the ultraviolet out to 800 nanoneters
inthe infrared region of the spectrum

The top graph shows spectra fromnalignant areas
of tissue, the bottomgraph fromnornmal areas of tissue. In
the slope of the spectrum fromabout 330 to 370 nanoneters
of tissue is very different in nmalignant and nornmal sanpl es.
It decrease in malignant sanples and i ncreases in nornal
sanpl es, and very accurate al gorithns have been prescribed
by this group for separating normal and nalignant tissues
with high sensitivities and specificities.

Once the wavel engths of interests have been
identified, sinpler probes and al gorithns can be designed to
t ake advantage of them The Pol arprobe is the one exanpl e
whi ch has been proposed for detection of cervical neoplasia,
and one description of this probe, tissue is elimnated with
light from4 LEDs, in the green, the red, and the infrared
regi ons of the spectrum

One algorithmthat has been presented in the
literature takes the ratio of |ight back-scattered as 660

nanoneters in the red to that in the infrared, to
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discrimnate nornmal tissues fromatypia and hi gher
pat hol ogi es, with an accuracy that ranges from85 to 99
per cent .

Under st andi ng t he preci se nor phol ogi ¢ basis of
such signals at the cellular level is a subject of a lot of
ongoi ng research. In particular, we are investigating
el ectromagnetic nodel s which can predict how the scattering
phase function or the intensity of scattering as a function
of angl e depends on the precise three-di nensional structure
of the cell

In particular, our prelimnary results show t hat
fluctuations in the chromatin density in the nucl eus
i ncreased the back scattering, and geonetries where the
fibers are very close together are sensitive to this back
scattering, but further research is needed to fully
under st and t hese mechani sns.

Consi dering next what happens when we alter
instrunmentation to take advantage of inelastic interactions
which take place in the tissue. If we nowplace a filter in
front of our detector so that it is blind to the light that
is being reflected back at the illumnating wavel ength, but
instead, is sensitive to the light that is produced by the

ti ssue at other wavel engths, we gain an inportant source of
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contrast. W are able to see nolecules in the tissue which
produce light inelastically, and fluorescence is one such
type of inelastic interaction.

Exam ni ng tissue fluorescence really gives us two
addi tional forns of contrast. Now our signals depend on the
color of light that we illumnate with, as well as the col or
of light that we detect at, and we are sensitive to
nol ecules in the tissue which produce fl uorescence, and
these are sensitive to the netabolic status of the tissue.
They include the cofactors NADH and FAD, which are rel ated
to the redox potential, the aromati c amno acids, tryptophan
and turacin, as well as nol ecul es associated with the
structural proteins, collagen and elastin in inflamatory
cells.

The downside of this technique is that it is weak.
Typically, fluorescence is three to four orders of nagnitude
weaker than the excitation light. So you cannot see it by
your eye.

There are a nunber of ways to neasure fl uorescent
spectra fromtissue. The sinplest way is to nmeasure froma
singl e pixel of tissue where you use one fiberoptic to
illumnate the tissue and one fiberoptic to collect the

resulting fl uorescence.
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You can provide spacial images of fl uorescence,
just by scaling this up in parallel and having many adj acent
fiberoptic pairs, or you can essentially nodify a col poscope
to record fluorescent images of tissue by equipping it with
the appropriate filters.

Qur group is initially concentrated on using the
si ngl e- pi xel approach, and this is a photograph of the probe
that we have used to do that. Laser light is delivered
through three excitation fibers at three different
exci tation wavel engths and coll ect the resulting
f1 uorescence.

This slide illustrates typical fluorescence
spectra fromcervical tissue. Here, | have plotted the
fluorescence intensity as a function of em ssion wavel engt h.
The excitation wavel ength was in the W at 340 nanoneters,
and the em ssion wavel ength runs fromthe W all the way out
to the red region of the spectrum and this shows data from
two different patients.

The normal cervix has the highest fluorescence
intensity, and as we go frominflamation to HPV to G N2, we
see the intensity of fluorescence drop and the peak em ssion
wavel ength shift to | onger wavel engths or toward the red

regi on of the spectrum
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Qur studies indicate that this fluorescence is due
to a conbi nati on of fluorescence produced by collagen and
NADH at this excitation wavel ength, but we see the
reabsorption signature of hem gl obi n superi nposed on top of
this fluorescent signal

In studies where we turn our patients to
col poscopy, we consistently observed a very significant
patient-to-patient variation in the overall intensity of
fluorescence and in the fluorescence |ine shape.

Furthernore, the fluorescence of col umar-nor nal
tissue is very different than that of squanous-nornal
tissue. Despite that, there are still inportant differences
bet ween the various categories of tissue that we would |ike
to discrimnate. In particular, there is a decrease in
intensity as we go fromnornmal to inflammation, all the way
t hrough cancer, and an increase in the red shift.

I n measurenents from 361 sites and 92 patients at
these three excitation wavel engths, we randony divided our
data into a training and validation set and devel oped a
multi-variate statistical algorithmto separate tissue into
the categories of normal, |ow grade, and high-grade cell.

If we conpare the diagnosis based on our

multi-variate algorithmin the validation set to that from

M LLER REPCRTI NG COVPANY, | NC.
507 C Street, NE
Washi ngton, D.C 20002
(202) 546- 6666



[--- Unable To Translate G aphic ---]

col poscopy and histology, we find that the agreenent with
col po and hi stology varies fromabout 70 percent to 85
per cent .

There are ot her met hods which you can use to
collect this fluorescence information. A nulti-pixel probe
has been desi gned by our group where each pi xel here now
represents an individual spectrumthat we are obtaining from
a precise spatial |location on the cervix, so we can scale up
this approach in parallel

G her groups have designed systens to directly
i mage the fluorescence. This is an exanple of an inage wth
the LIFE systemto image bronchial tissue, indicating a
region with AS, but the sane approach coul d be used for the
cervi Xx.

Al of these technol ogi es show promse in the
prelimnary trials that have been reported in the literature
to inprove diagnosis and potentially screening for cervical
precancers. The question renains, though, how do they
conpare to the standards of care, and given this, what is
the appropriate clinical role for these new technol ogi es.

Recent review articles have considered the
performance of the Pap snear and col poscopy in the referral

setting. This slide summari zes the perfornances of these

M LLER REPCRTI NG COVPANY, | NC.
507 C Street, NE
Washi ngton, D.C 20002
(202) 546- 6666



[--- Unable To Translate G aphic ---]

techni ques, plotting the sensitivity versus 100 m nus the
specificity in 30 studies where the Pap snmear was conpared
to biopsy and 12 studies where col po is conpared to biopsy.

The di agonal |ine represents the agreenent that
woul d be expected by chance, and perfect agreenent wth
bi opsy woul d be represented by the upper |eft-hand corner of
the graph. Jdearly, there is a trenendous variation from
one study to another, and part of this variation can be
expl ained by the tradeoff that occurs between the fal se
positive rate and the fal se negative rate.

This tradeoff actually provides a conpl ete
characterization of the performance of a technology. It is
referred to as an ROC curve. Littenberg has recently
described a nethod to estinmate the ROC curve of a technol ogy
froma nmetaanal ysis of sensitivity and specificity val ues
reported in the literature.

Here, we show the estinated ROC curve of the Pap
smear in green and col poscopy in yellow, again, in the
referral setting, and these curves represent the performance
metrics to which enmerging optical technol ogy shoul d be
conpar ed.

This slide shows estimates of the ROC curve of

fl uorescent specul oscopy with a multivariate al gorithm shown
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by the white Iine and a neural net al gorithmshown by the
white dots here, relative to the Pap snear in green and
col poscopy in yell ow

They both indicate that there is potential to
enhance the perfornmance of the Pap snear and col poscopy with
the potential to reduce the need for operator training.
Estimations like this are required fromlarger multi-center
clinical trials in the hands of operators wth varying skil
levels to establish the appropriate clinical roles of these
new t echnol ogi es.

I n conducting such clinical trials, the
bi ophysi cal bases of these interactions dictate a nunber of
inmportant factors to be controlled to achi eve reproducibl e
results that can be conpared between centers and
i nvestigators.

First, care nust be taken to appropriately
calibrate the optical devices. |In particular, these
detectors, their sensitivity, can have a strong wavel ength
dependence, and this nust be calibrated using N ST-traceabl e
st andar ds.

In addition, the interaction of light with tissue
causes the recorded signals to be very sensitive to the

preci se excitation and collection geonetries. The
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illumnation details really matter. For exanple, we
conducted a study using a single-pixel probe and a

nmul ti-pi xel probe. The detectors have been calibrated using
N ST-traceabl e standards, and an individual pixel in either
devi ce had exactly the sane geonetry. The only difference
was that in the nulti-pixel device, all pixels were

iI'lum nated simultaneously.

Wien we conpared the resulting spectra, here is
intensity versus wavel ength at three different excitation
wavel engths. Ml ti-pixel spectra are shown in white.

Singl e-pi xel spectra are shown in green. dearly, there is
a darantic difference between these data, and this can be
expl ai ned because light that is produced in one pixel can
tunnel over to a neighboring pixel. 1In this tunneling
process, it undergoes a longer path, and it is nore likely
that some of that |ight can be reabsorbed. So we see the
si gnature of henogl obin reabsorption nore strongly in that
geonetry than we do in the other geonetry.

The presence of any external agents which can
affect the optical properties of tissue also nust be
carefully controlled; for exanple, acetic acid strength
because it so strongly affects the back scattering, as well

as tinme followi ng application. The pressure that a contact
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probe places on the tissue can also distort the cells and
affect the scattering properties, and any drugs whi ch affect
t he nor phol ogy, the absorption, or the fluorescence of the
ti ssue al so can have an effect on these signals.

Final Iy, biologic and denographi c vari abl es which
af fect the norphol ogy or the tissue architecture, and
particularly the epithelial thickness, |ike age, the stage
in a menstrual cycle, whether the wonman is pre-, peri-, or
post - menopausal , can inpact the resulting optical
si gnat ur es.

Finally, the W illumnation associated with sone
of these technologies is a potential safety concern. The
col poscope has been used extensively in the United States
since the 1950s with no adverse effects reported fromthe W
illumnation. A though the illumnation fromthe col poscope
is primarily in the visible region of the spectrum there is
sonme light in the WA region of the spectrum between 320 and
400 nanoneters. So we conducted a study to conpare the
relative risk of illumnation with the col poscope and our
fl uorescence spectroscopy system

Furthernore, ANSI and ACA H provi de standards for
absolute levels of illumnation of the skin in the WA

regi on, and we have eval uated col poscopy using these
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standards. But the question remains: Are they appropriate
standards for illumnation of the cervix?

The bi ol ogi cal effectiveness of light is highly
wavel engt h- dependent and can be characterized by its action
spectrum This plot shows several different types of action
spectrum The potential for damage is plotted on the
y-axis, and note this is a logarithmc scale, versus
wavel ength on the x-axis. And here | show three action
spectra: one for cytotoxicity, one for protein DNA
crosslink formation, and anot her for skin carcinogenesis.

The rel ati ve damage potential decreases
dramatically as we go fromthe W to the visible region of
the spectrum as nuch as 5 orders of nagnitude.

W neasured the relative spectral output in joules
per square centineter per nanoneter of a col poscope and our
spect roscopy system versus wavel ength, and here | show from
320 to 500 nanoneters. The average col poscope is shown in
red here; the hi ghest power col poscope is shown in green;
and the | owest power col poscope is not really even visible
on this graph.

The spectroscopy systemis shown in yellow here,
and at the wavel engths where we're exciting fluorescence,

there's a lot nore light comng fromthat system But we
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have to take into account the biologic potential as a
function of wavel ength and wei gh this radi ant exposure by
that spectral effectiveness. And if we multiply the
spectral radi ant exposure by an action spectrum we get a
better neasure of the potential for damage. The area under
that curve really gives you the relative risk

W conpared the relative risk of illumnation by
an average power col poscope, a | ow and a hi gh power
col poscope to that of our fluorescence systemusing three
different action spectra. W arbitrarily assigned the
aver age power col poscope a relative risk of 1. The | ow
power col poscope is about a factor of 3 |ower; a high power
col poscope about a factor of 2 higher; and fl uorescence
systens are conparable to or lower than the average power
col poscope.

Now, the question renmains: Are these action
spectra appropriate for cervical epitheliun? And in
particular, we haven't taken into account the potential for
HSV, HPV, and HV activati on.

Thi s previous work has examned rel ative risk
ACA H provi des absol ute standards for broad-band
illTumnation in the W region from 320 to 400 nanoneters,

and this standard says that the spectral effectiveness
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shoul d be calculated relative to that at 270 nanoneters,
using the relative spectral effectiveness curve as a
function of wavel ength that's shown here.

The effective W radi ant exposure at 270
nanoneters, according to that standard, should not exceed 3
nmJ/cn®, and if we use that curve to calculate the effective
W radi ant exposure froma col poscope at 270 nanoneters,
it's well below that standard by two to three orders of
magni t ude.

I n conclusion, optical technol ogi es can provide
I nst ant aneous, autonmated, and accurate di agnoses whi ch can
be related to changes i n norphol ogy and chemstry. New
research i s deepeni ng our understanding of the relationships
bet ween these signals and the tissue conposition.

VW have to be careful to control the illumnation
and col l ection geonetries as well as any factors which can
influence the tissue optical properties. Data wth good
signal -to-noi se ratios can be achieved at illumnation
| evel s that have simlar relative risks conpared to
col poscopy.

And 1'd just like to acknow edge the contri butions
of ny collaborators--Dr. Mchele Mtchell, and Sharon

Thonsen at the M D. Anderson Cancer Center, Tom Wight, Dave
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Sandi son, and a host of graduate students and post-docs in
ny lab--as well as our sources of funding--the Witaker
Foundati on, the NSF, and LifeSpex.

Thank you.

CHAl RVAN EGLI NTON: Thank you.

Now, Dr. H rsch?

DR HRSCH Ckay. Now the easy stuff.

| ' m prof essor of epidem ol ogy and biostatistics at
CGeorge Washi ngton University School of Public Health and
al so professor of statistics at the graduate school at GAJ,
also, incidentally, I amalso a mnister, which neans that |
can talk for a real long tine about al nost anyt hi ng.

Actually, Dr. Harvey, if | stick to the time
[imt, could you give ne a note to take back to ny students?
|'d appreciate it.

M/ particular area of research interest is in
met hodol ogi es i n epi dem ol ogi c research, recently
concentrating on things that have to do with diagnostic
devices. And this area of research was stinmul ated
substantially by a recent sabbatical | took here at the
Center for Devices and Radiol ogical Health in the D vision
of Ainical Laboratory Devices. And the reason that | was

interested in doing that as a sabbatical is that, as a
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prof essor and teaching al so not only at the university but
also at NH wth people who have to face reality, | was
inmpressed with the kinds of things that we nornmal ly teach
not bridging the gap between what we provi de and what peopl e
need in the real world.

So what | wanted to do--and there were a nunber of
peopl e who took courses fromme here at CORH that really
stimulated ny interest inreality, and I cane here and this
isreality, folks. It really is. To be here working at the
Center for Devices and Radiol ogical Health and with the
public health inportance of the things that are worked on
and also with the financial business aspect of things that
are worked on, it's definitely reality.

As aresult, what | tried todois | try not to do
what sone other statisticians mght do, and that's to tel
you what you can think about, what you can do research on
the way that you can draw concl usi ons and anal yze dat a.
Because I'mfirmy convinced that it has very little to do
with reality. |It's not appropriate, | don't think, for
met hodol ogi sts to tell us that we can't do what we want to
doinreality.

So what 1'mgoing totry todois I'mgoing to try

to tell you about some design issues and sone anal ysi s
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i ssues that hopefully are reflecting the reality of the

ki nds of research that this gui dance docunent is addressing.
And the harder of those two is to tal k about the design
issues. Statistics is nmuch easier than design, and the
reason that it is is because statistics, we can tal k about
that in mathematical |anguage. It mght not seem an
advantage to you, but it's certainly an advantage to those
who are confortable in tal king about mat hemati cal | anguage,
allows us to talk very precisely. W can't do that, or at

| east we can only do that to a very limted degree when

we' re tal king about issues of study design. So that really
is the harder of the two subjects. The hardest course
teach is ny advanced epi dem ol ogi ¢ desi gn cl ass.

To start out, | think that something that
inmpressed nme, as | was working in DCLD, is that there are
two general approaches to | ooking at a diagnostic devi ce.
(ne of those approaches is to conpare the new device to a
reference procedure, and by reference procedure, if I'm
going to be real, | have to admt that it's not a gold
standard. But it's perhaps the best that we can find.

I n the gui dance docunent, | think that the
| nt ended Uses 2 and 3, ASCUS triage--which now mght not be

interesting anynore since ASCUS doesn't exist--and, No. 3,
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the localized biopsy sites seemto ne that these called for
the kind of study in which we're conparing the new device to
a reference procedure.

The other kind of design is to conpare a new
device to an existing device, and this mght be sonething
that you woul d expect to not find in a PVA, but in the
gui dance docunent there is definitely interest in conparing
t hese new devices to existing devices.

The first intended use is an adjunct to Pap snear.
The existing device there is Pap snear alone. So that it's
a head-to-head conpetition between those two, with the
ref erence procedure sonehow acting as the referee.

And Intended Use 4, as the prinmary screening
device, the existing screening device being Pap snmear, so
that, again, it's a head-to-head conpetition between Pap
smear and the new devi ce.

If we're interested in conparing the new device to
reference procedures, the first problemthat we run into is
that there is inprecision in the reference procedure. Wth
bi opsy especially inportant as a reference procedure in
cervical cytology and di agnosis of cervical carcinona, we
need to recogni ze, of course, that biopsy msses a | ot of

true cases. The sensitivity, therefore, is less than
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perfect. It's less than 100 percent.

Now, sonething that we coul d argue i s whether or
not the next statenment is true, and | have waffled back and
forth nyself, but | have been supported by ny clinical
col l eagues telling ne that this is probably pretty close to
true: that biopsy doesn't find fal se positives, at least if
we are tal king about really high-grade | esions. False
positives for |owgrade things, we don't know what that
nmeans. But--1 don't know what that neans.

So we perhaps can consider the specificity to be
100 percent, and that's a pretty good reference procedure
that at least is half gold.

Wat |1'd like to do is have very few nuneric
exanpl es of what's going on when we anal yze data from
different kinds of study designs. And what | have done here
is | have inmagined that we are doing a study of a new device
that actually has sensitivity and specificity both equal to
90 percent, so a pretty respectabl e diagnostic device. W
don't know t hat when we anal yze the data, but we need to
know that to see what happens.

The reference device I'"'massumng is a little bit
worse than the new device, and | think that's a realistic

way to think about things, that we're interested in
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desi gni ng di agnostic devices that aren't |ess than existing
procedures but, rather, better than. So the reference
procedure here is assuned to have a sensitivity and
specificity both equal to 80 percent. So new device, 90
percent; reference procedure, 80 percent.

This is the kind of data we woul d expect to
observe, at |east on the average, if we conpared the
perfornmance of the device to the performance of the
reference device. There are always assunptions, and | guess
an inportant assunption that | should confess at this tine
is that in order to see this, what we're assumng is we're
assum ng, as statisticians say, statistical independence of
these two procedures. Wiat that neans in nore everyday
| anguage is that there is not a correlation, there is not an
association to mstakes nade. M stakes are nade by the new
device. Mstakes are nade by the reference device. But
they're not necessarily the same m st akes.

That assunption makes it possible for ne to
cal cul ate these things. That assunption is probably not
very realistic because devices share technol ogy, they share
part of the pathology that they' re sensitive to, and when
t hat happens, we probably have correl ation of errors.

What happens when you viol ate that assunption is
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things just aren't quite as dramati c as they seem when t hey
are statistically independent. But, anyway, in this study,
we' re assum ng that we have 50 peopl e who are positive on
the reference procedure, 50 people who are negative on the
reference procedure, and in each one of these cells of this
two-by-two table, you can see that the nunber of
observations include sone peopl e who have the di sease and
sone peopl e who don't have the disease. So each one of
these cells is contamnated by sonething that we w sh wasn't
t here.

Next, Max?

This is what we get fromthat kind of study.
Renmenber, the new device has a sensitivity and specificity
equal to 90 percent. |Its apparent sensitivity and
specificity fromthe study is 72 percent. So a substanti al
underestimate of the diagnostic perfornmance of the new
devi ce.

Now, that's pretty depressing, and so peopl e have
come up with ways to fix that. They' ve cone up with
solutions to this probl emof underestinmation with an
i nperfect reference procedure. And the two nost commonly
encountered solutions are the resol ution of discrepant

results and retesting positive results.

M LLER REPCRTI NG COVPANY, | NC.
507 C Street, NE
Washi ngton, D.C 20002
(202) 546- 6666



[--- Unable To Translate G aphic ---]

Resol ution of discrepant results is when we take
the individuals for which the reference procedure and the
new procedure disagree. (e of thems positive, one of
them s negative. Those are discrepant results. Then
sonmehow we resol ve that. W can resol ve that perhaps using
the reference procedure again, or maybe we can resolve it
using sonething that's actually better than the reference
pr ocedur e.

This is a common approach when the met hod t hat
we're using to resolve discrepant results is expensive, and
we don't want to do it on everybody. So we want to | ook
nmore closely at those individuals for whomwe' re confused
about their diagnostic classification.

Retesting positive results is sonething that is
attractive when it's--not so much cost, but it's the ethical
aspects of applying the resolution procedure to individuals
who probably don't have the disease. And cervical carcinonma
is certainly a good exanple of that in which you are nervous
about bi opsyi ng peopl e who have no pat hol ogy to suggest that
t hey shoul d have a bi opsy.

Take both of these results and overestimati on of
the device's performance. Here's resolution of discrepant

results. Now I'm]looking at how the new devi ce perforns not
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relative to the reference procedure, but relative to the
reference procedure after the discrepant results have been
resol ved by--and I'massum ng here a perfect resolution.
Per haps clinical course would be a perfect way to resol ve
t hese.

The two discrepant cells, the ones that are on the
upper right and lower left parts of the two-by-two table,
those are the discrepant cells, and by applying this perfect
procedure to those individuals, we find that we're able to
nove sone of themto the cells in which there is not a
di sagr eenent .

Now, we can only nove things back and forth
bet ween presuned di sease positive and presuned di sease
negative. It's not fair to do the sane with a new device
because our purpose is to find out how well the new device
perforns. So all we're doing is we're getting a nore
accurate idea of who has the di sease and who doesn't have
t he di sease.

Let's see the results of that.

Renmenber, before, the apparent val ue of the
sensitivity and specificity was 72 percent. Nowit's
certainly closer to 90 percent, but it is an overestinate.

How nmuch of an overesti nate depends on a nunber of things.
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In this particular case, nuch | ess of an overestinate than
we had previously as an underesti nate.

This is kind of a surprising result, | think,
especially to clinicians who know that if you are confused
about the diagnostic classification of an individual
patient, if you have discrepant |aboratory results,
pat hol ogy results, then it's a good idea to get those
resolved. And it is a good idea.

As far as individual patients are concerned, you
can get a nore precise, nore of themcorrectly di agnosed by
resolving discrepant results. It's efficient and effective.

Unfortunately, when we're | ooking at the
perf or mance, when we're conparing perfornmance of a device,
it's not the accuracy of each individual that's inportant.
It's also inportant how those are distributed anong the
groups. And it turns out that when we're conparing
di agnostic performance, the distribution of those who are
correctly resol ved and those who aren't is such to cause an
overesti mate.

Let's take a ook at the other possibility, and
this possibility, this is what we mght do if it's very
expensi ve to use the reference device, and now we' re goi ng

to retest everybody who's positive. The only difference
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here between this and resolution of discrepancy in this
particular exanple is our ability in the group that have
positive for both the reference and the new procedure to get
rid of any contam nation of individuals who don't really
have the disease. And that gives us a closer value to the
actual value, still an overestinate.

Now, one thing | don't want to do is | don't want
to be the kind of statistician, epidemologist, who says,
so, you can't do any of these things, because that's just
not a possibility. The reality is that you need to work
with inprecise reference values, referent tests. And these
exanpl es gi ve you sone idea of the kinds of things that
m ght influence your interpretation. It's not to say that
these aren't things that you shoul d consider as part of your
study design. Just confess that if you do a conparison with
an inprecise referent procedure, you' re going to
underestimate; if you resolve discrepants or retest
positives, you' re going to overestinate the performance of
t he devi ce.

Another thing as | read the literature for
di agnostic tests and diagnostic devices, | found that | was
| ooking at two kinds of study designs. And | don't think

that--for ne, anyway, this was a relatively recent
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revelation, and |I'mnot sure whether all ny other colleagues
appreciated it and just never told ne about it or this m ght
be a surprise to themas well. Wen w are interested in
conparing two devices, when we are interested in conparing a
new devi ce to an existing diagnostic device, there are two
approaches to take. One | call the case control approach.
In the case control approach, what you do is you | ook at
each of the device's performance relative to a reference
device, and then you conpare the results of those two

anal yses.

This is the nost commonly encountered design in
the nedical literature as far as ny rather infornal but
vol um nous, perhaps, |ook at the diagnostic literature.

The advantage of this approach is that you don't
use--you don't have to use the same people to | ook at the
characteristic of the ol d device and the new device. And,
therefore, you can do the kinds of anal yses that Dr.

R chards-Kortumwas tal king about a few nmonments ago i n which
she was tal king about neta-anal ysis, exam nation of

di agnostic performance. This is the kind of infornation
that would allow you to do that.

The other design is what | called the paired

approach, and this, | think, if | recall correctly, is a
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nore conmon approach to be seen, at least in the D vision of
dinical Laboratory Devices for conparing a new and exi sting
reference procedure. But that's a nuch nore informal and

| ess vol um nous | ook at that information.

In this approach, what we do is we use the
reference procedure not to | ook at the perfornmance of each
of the devices alone but, rather, using the reference
procedure to separate people into two groups--a group that
are presuned di sease positive, reference positive, and a
group who are di sease negative, reference negative. Then in
each of those groups what we do is we conpare the
performance of the new and existing tests, devices,
directly.

There are a coupl e of advantages to this approach.
(One advantage is that there's not the same mxing of
sensitivity and specificity that we have in the case control
approach. Each one of those two-by-two tables reflected not
only the sensitivity but also the specificity of the device
here. The top two-by-two table reflects the relative, the
conparative sensitivities of the device and the |ower table
reflects the relative or conparable specificities of the
devi ce.

(ne reason this approach is really, | think, the
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better approach when one is really doing research to conpare
two devices, as in two of the intended uses, |Intended Uses 2
and 3 in the guidance docunent, because it allows us direct
conparison. Another thing that it does is it allows us to
have a paired study. This is a paired study. The previous
one was not. It would be wong to anal yze the case control
data that | showed you before as if it were paired data.
It's not. But here it is paired data. Here, each one of
these letters that stand for a certain frequency in a cel
of the two-by-two table tells us about how two tests on the
sanme person--what the results of two tests on the same
person | ook like, so that we're using the reference
procedure not just as a statenment of di sease to conpare the
performance of a particular test, but to segregate the data.
Anot her advantage of this approach is that if you
have a diagnostic--if you have a reference procedure that's
not pure gold but, say, half gold, |ike biopsy, if you have
a reference procedure in which you think the specificity may
be 100 percent, nmay be perfect--if you don't see it, then
it's not there. The neat thing about this is that the top
table, the table in which we're assumng that everyone has
the disease, if biopsies are reference procedure, everyone

on that table does have the di sease. And when you assune a
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fewthings that statisticians |like to assune, what comes out
of that is an unbi ased--not reflection of the sensitivity
and specificity, but an unbi ased reflection of how the
sensitivities conpare between the two tests. So this is a
very good approach for hal f-gold reference procedures.

Next .

Ckay. Well, that was the design stuff, and that's
the hard stuff. Now, the easier stuff is statistics. And
there are just a couple of things that | want to--don't
wite that note yet. I1'mgoing to try, but there are just a
couple of things | want to talk about as far as anal yses are
concerned. One of themis: How do we sumarize the results
of these studies in which we are | ooking either at the
performance of a new device relative to a reference device
or relative to an existing device?

Vell, at first blush, what cones out of the
statistician's mnd, anyway, is the conparison should be
made using the sensitivity and specificities of the test.

But also in ny experience, the predictive values are very
often sonet hing people like to see in package inserts as
part of a reflection of how well a device functions or to
conpare two devices and their function.

Froma statistical point of view, we have little
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to say about this distinction. You rmay be surprised that
the statistician in nme doesn't care whether you tal k about
the sensitivity and specificity or tal k about the predictive
val ues because when we think about the performance of two
tests or the perfornmance of a test relative to a reference,
it doesn't nmake any difference. Statistical procedures, the
procedures we use to take chance into account are absolutely
identical for those two. So the issue is not a statistical
one but a clinical one. It's an issue of communication
rather than an issue of statistics.

The next thing, what you see a lot in the research
literature, is the odds ratio. The odds ratio, |I'msure
that everybody is famliar with the odds ratio. It's
sonmething that we interpret as being the ratio of two risks,
and in research that has to do with diagnostic procedures,
odds ratios can tell us about the risk of being positive on
a test for people who are presuned di sease positive conpared
to peopl e who are presuned di sease negati ve.

In that application, | don't think the odds ratio
is very helpful. 1In that application, that application
cones fromthat case control kind of design in which you
calculate an odds ratio fromeach of those two-by-two

tables. And then the odds ratio reflects a conbi nati on of
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sensitivity and specificity. It blends the two, and the

particul ar bl end depends on how preval ent people with the
condition are in your sanple. So | don't think the odds

ratio is very good there.

But in the paired study, the odds ratio mght be a
very good choice. In the paired study in which we have sone
peopl e who are presuned di sease positive and anot her group
of people who are presuned di sease negative, those
t wo- by-two tables conpared the sensitivities and the
specificities of the test, respectively. There the odds
ratio can be used to tell us about how the two sensitivities
conpare or the two specificities conpare.

A very special thing about the odds ratio is that
the odds ratio and only the odds ratio, as a nethod to
conpare those paired data, will reflect not only the
rel ati onship assumng statistical independence, but it wll
also tell you whether that--how well that assunption fits
reality. The odds ratio gets bigger as errors get
correlated. That's not true of other sorts of ratios and
di ff erences.

The fourth thing I have there is an ROC curve, and
| don't remenber whether the gui dance docunent nentioned ROC

as a possible way of summarizing results. But I'd like to

M LLER REPCRTI NG COVPANY, | NC.
507 C Street, NE
Washi ngton, D.C 20002
(202) 546- 6666



[--- Unable To Translate G aphic ---]

gi ve you sone idea of ny feeling about the ROC curve. M
feeling about the ROC curve is that we expect too nmuch of
it.

The purpose of the ROC curve, the reason that RCC
curves were originally fascinating to methodol ogi sts when
they were | ooking at the performance of diagnostic tests was
that an ROC curve can help us to find an appropriate cut-off
that corresponds to a particul ar di sease preval ence,
corresponds to a particular risk/benefit ratio.

Sonehow we have gotten into the business of
conpari ng ROC curves by conparing the areas under those
curves. Statistically, that is okay because those areas
refl ect how well those two diagnostic procedures perform
t hroughout the range of possible values. Unfortunately, |
don't think that's rel evant when you're using a diagnostic
test clinically. Wat's inportant is to specify what the
conditions are for the particular application. Are you
screening? Are you ruling in disease, ruling out disease?
What is the cost/benefit ratio? And then there is going to
be either the two procedures--the two procedures that are
conpared in that way are either going to be simlar or one's
going to be better than the other in that particul ar

circunstance. And that is not to say there is going to be
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that same order for other circunstances. So | think we have
to be careful about how nmuch we try to get out of RCC
curves.

| certainly can't stop tal king about statistics
until | at least say the p-value word. Wat I'd like to do
isl"'dlike to propose that there are two approaches that we
m ght consider for analysis of data that cones fromthese
ki nds of studies that are described in the gui dance
docunment. And one of those approaches is hypothesis
testing, and it's alnost gotten, | think--I"mafraid for a
lot of us it's gotten to the point of being no | onger
cerebral, but totally spinal, that when we want to take
chance into account, we calculate a p-value. And the
advant ages of this approach are that it's famliar and al so
we're not going to have nuch argunent about a deci si onnaki ng
rule--p less than or equal to 0.05, we reject; p greater
than 0.05 we don't.

Unfortunately, the sane characteristics | think
are the di sadvantage of hypothesis testing that hypothesis
testing boils us all down to one nunber, to a p-val ue.
nean, that's basically what we get out of it. And then from
that p-value we nmake nostly a di chot onous deci si on instead

of sone sort of quantitative eval uation.
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So | think that we need to ask ourselves is it a
good idea to boil this informati on down to just one nunber,
or should we be | ooking at things that reflect separately
sensitivity and specificity, as well as other things.

Anot her bi g di sadvantage is that hypothesis
testing really doesn't provide for the concl usion of
simlarity, and that's sonmething that's very inportant in
reality. That, as a natter of fact, was one of the nain
things that struck me when | had people in ny Nl H course
fromthe Center for Devices and Radiol ogi cal Health, was
that you' re going to have times, lots of times in which
you're interested in showing simlarity, not difference.

Ckay. This looks famliar to everybody, |'msure.
This is that good old two-by-two table that is part of the
one of the first lectures in any beginning statistics course
that tells you about what can happen when you do hypot hesi s
testing using classical hypothesis testing. And what this
does is it gives us two possible conclusions. W can accept
the null hypothesis as being true, or we can reject that
nul | hypot hesi s.

The nul |l hypot hesis for our sorts of studies are
that the performance of two devices, for instance, are the

same. So we could either believe in that or stop believing
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that. Those are the two concl usions that we can draw.

There are also two versions of reality. The two
versions are that the null hypothesis is essentially true
and that the null hypothesis is inportantly fal se.

Now, there are four things that can happen wth
t hose two possi bl e concl usions and those two possi bl e
versions of reality. Two of themare fine because we've
done the right thing. W believe in the null hypothesis
when it's substantially true, or we reject it when it's
importantly false. The other two, unfortunately, are
m stakes. And statisticians, one of the things that
they' re--they' re good at math, not so good at nam ng things.
These are called Type 1 and Type 2 error, or maybe a little
bit nore descriptive is al pha error and beta error because
al pha and beta are the probabilities of nmaking these errors.
Al pha is that 0.05 we use to evaluate our p-value. Betais
that thing that we use in our sanple size calcul ation

Vell, this makes statisticians unconfortabl e,
| ooking at this two-by-two table. Part of it is okay. Part
of it is okay because if our alpha is going to be equal to
0.05, I can tell you what your chance is of nmaking a m stake
if you reject the null hypothesis and the null hypothesis is

true. It's 5 percent chance. Being a statistician is not
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trying to avoid maki ng m stakes, but being a statisticianis
trying to understand the probability of nmaking m stakes and
controlling that as nuch as possible. So I'mvery
confortable with rejecting the null hypothesis because
you're going to nake a mstake if alpha is 0.05 5 percent of
the tine. |1'mvery unconfortabl e about the other.

You know, when we do that sanple size estination
where does that beta cone fron? The beta is the probability
of making a Type 2 error. Beta is the conpl enent of
statistical power. It doesn't cone from anywhere except our
i magi nation. W never know what beta is.

In sanpl e size estimation, we estinmate sanpl e
sizes for betas that we would like to imagine, but there's
not a way that we can actually calculate the beta error, and
this makes statisticians very unconfortable.

I n classical hypothesis testing, what | amnorally
obligated to do as your statisticianis to tell you don't
accept the null hypothesis as true. Because if you don't
accept the null hypothesis as true, if you avoid that, then
you' || never nake a Type 2 error. And | don't want you to
make a Type 2 error because | can't tell you what your
chance is of nmaking that Type 2 error

So, well, that's kind of depressing, but
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statisticians over the years have devel oped sonet hi ng t hat
they teach you to say so that you don't feel like you're

W npi ng out when you can't reject the null hypothesis. Wat
you do is you fail to reject the null hypothesis.

Vell, this is not very good for our applications
in which we are often interested in showing simlarities.
So what 1'd like to propose is a different way to take
chance into account--which, of course, is not ny invention,
but just ny suggestion.

The other way that we statisticians take chance
into account is by calculating confidence intervals or, in
official statistical lingo, through interval estination.
There are a coupl e of advantages of interval estinmation.
Ohe is that how wi de that confidence interval is tells us
the informati on about how precisely we are able to estinmate
the val ue that we've cal cul ated the confidence interval for
The interval estination parallel to statistical power is
reflected in the width of that confidence interval

Anot her good t hing about a confidence interval,
instead of a p-value, is that you have a p-value, you're
pretty nuch tied i nto whoever anal yzed the data' s nul
hypot hesis. Wth interval estimation, you' re not.

If you have a different value that you' d like to
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make a deci sion about, you'd like to find out whether or not
thisis alikely or unlikely value for what it is that you
have studied in your sanple, then you can do that with a
confidence interval by taking that val ue and seeing where it
occurs in a conti nuumof values and interpret the result
fromthe confidence interval

Maj or di sadvantage, though. The di sadvantage is
that what we'd need to do at the onset--and now that | no
| onger work for the FDA, | guess | can speak for the FDA
now, right? Because | couldn't when | worked for the FDA
But ny inpression, nowin the public sector, is that this is
also atrend in the way that statisticians at the FDA are
t hi nki ng about things, that they're getting nore away from
t he hypothesis testing kind of approach and nore to the
interval estimation, confidence interval kind of approach.
But it puts a heavy burden on the FDA and al so on the
sponsor of a particular device that you have to specify what
equi val ence nmeans. Because equi val ence can't nean
absolutely the sanme. That's silly. That's hypothesis
testing.

What we have to do is we have to say that
equi val ence neans within 5 percent or within 10 percent or

sonmething like that. This is sonmething that people in CDER
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the drug side of the FDA have struggled with for generic
drugs; that they have to specify how cl ose the paraneters
that they' re nmeasuring have to be in order for a generic

drug to be considered biologically equivalent to the drug
that they're trying to develop the generic for.

This isn't sonmething that we've had--that's been
struggled with, I think, as far as diagnostic devices or
devices in general are concerned. |It's a very tough thing.
It's not that interval estimation really is creating this
problem Wiat interval estinmation is doing is it's having
to nake us confess that that null hypothesis isn't the only
thing that's inportant, that we have to think about things
that are not identical but things that are cl ose enough from
a public health point of view

Is that the |last one? Then | nust be done. kay.
M/ students are right. | couldn't doit.

CHAl RVAN EGLI NTON: Ckay. Thank you very nuch.

VW' [l be just about 15 m nutes behind schedul e,
but we have a little bit of a make-up this afternoon as
well, so we'll be all right.

Let's be back at 3 o'clock, 15 m nutes.

[ Recess. ]

CHAl RVAN EGLINTON: Al right. Let's begin again,
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and again, please, when presenters conme to the podi um
pl ease identify yourself fully and your source of funding
for today's visit.

VW have industry presentations now. First will be
Dr. Stewart Lonky.

DR LAONKY: Thank you very much

M/ nane is Dr. Stewart Lonky. | ama
board-certified specialist in internal nedicine and a fellow
of the American Coll ege of Physicians. | have been the
chief nmedical officer of the Trylon Corporation for the past
8 years. In this role, I have been in charge of prospective
research and clinical trials regarding Pap Pl us
Specul oscopy.

| would like to take this opportunity to thank the
nmenbers of this panel and FDA for allow ng ne to present
sonme of the comrents fromour conpany regarding the draft
docunent for in vivo devices now before you.

The first and nost inportant factor I wish this
panel to consider is that this draft document provides an
opportunity for FDA to address an i ssue which has been a
source of confusion in both the professional and the public
sector. Wile | believe that FDA has taken a step in the

right direction with this draft docunent and its requirenent
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that biopsies of the cervix be the "gold standard" for the
definition of cervical pathology, | amconvinced that this
panel and FDA nust evaluate this docunent and its protocols
inlight of the entire cervical cancer and precancer

mar ket pl ace and the public perception of it.

Wi le the newin vivo devices regul ation woul d
appropriately set biopsy-proven cervical pathology as the
gold standard for test performance, the in vivo devices will
be using a netric that is quite different fromthe netric
that in vitro devices cleared for Pap snear screening have
had to neasure up to.

| can guarantee that unless this situation is
acknow edged and rectified, the result will be further
publ i c confusion concerning the messages sent by FDA

To review this situation, a nunber of in vitro
devices that were ostensibly devel oped for the | aboratory
mar ket pl ace have been cl eared over the past few years.
Essentially, they are conputerized devices and slide
preparation systens designed to inprove the clarity and
interpretation of Pap snear slides.

FDA has appropriately cleared this device for
mar keting as quality assurance backup devices for

| aboratories or as systens capabl e of producing cl eaner
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slides that are easier to interpret.

Unfortunately, the public sector in the nedica
community equate the Pap snear |aboratory test with cervica
screening in general, and FDA cl earance of these devices has
led to the public belief that cervical screening is at |east
bei ng addressed by these technol ogi es.

Pronotional literature has nmade statenents such
as, and | quote, "the new conputerized testing that can find
the precancerous cells mssed by even the best regul ar Pap
smear screening,"” or "the device was cleared by the U S. FDA
in 1996 as a replacenent for the conventional Pap snear...is
significantly nore effective than the Pap snear, inproving
the detection of...lesions...in screening popul ations."

Al t hough these clains may be conpliant regarding their
cl earances, the public, the press, and physicians al
bel i eve that cervical screening is being fixed.

This panel is being asked to approve protocols for
in vivo tests designed to be done in conjunction with the
Pap snmear that will use cervical biopsy as the nmethod for
defining the presence or absence of cervical disease. The
Pap snmear devices nentioned above were never tested to this
nmetric. In their PVA applications, the experinental

protocol s | ooked at negative or nornmal Pap snears from
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mul tiple centers and had themover-read by experts and then
tested the ability of in vitro devices to find the m ssed
sl i des.

Al ternatively, experinmental protocols allowed for
the preparation of a Pap slide to be done either in the
conventional nmethod or by the newin vitro nethod. In no
case was cervical pathology used as a gold standard. In
essence, the Pap snear served as the gold standard for the
Pap snmear. Furthernore, these studies were done on nornal
archi ved Pap snears enriched w th known abnormal Pap snears.
There was no study of a screening popul ati on.

Now this panel w Il be designing, along with FDA
protocols that | ook at a study screening popul ati on and
determne the true preval ence of cervical pathol ogy by
bi opsy as best as can be done. These protocols will neasure
the ability of the Pap alone or the Pap plus an in vivo
device to find these biopsy-proven abnormalities.

Wen a simlar protocol has been followed in
studi es where all wonmen were col poscoped and then bi opsi ed,
the overall sensitivity of the Pap smear has been det erm ned
to be between 20 percent and 45 percent in screening
popul ati ons. These data have been criticized as being

i npossi bl e or as representing an aberrant popul ation of
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The nore accurate experinental design of using
cervical biopsy as the gold standard has | ed to conpani es
having to defend data that are at odds with data derived
fromstudying slides rather than cervixes. The public
sector and the nmedi cal community have been faced with
conflicting and confusing data regarding a test, the Pap
snmear, that they have al ways bel i eved was equal to cervical
screening, much the same as Kl eenex has been equated to
facial tissue. This situation will be repeated when the
experinmental protocols outlined in this proposal are put
into place for the newin vivo devices without its parallel
being put in place for in vitro devices.

Thi s panel has the opportunity to reconmend t hat
t he appl es-versus-oranges situation cone to a halt. It
nmakes sense that the public getting cervical screening, as
wel | as the medi cal providers performng cervical screening,
be presented wi th device clearances that nmeasure up to the
sane st andards.

Cervical biopsy is the correct standard for today,
since it is the condition of the cervix that we are
ultimately interested in rather than the condition of a

slide. FDA has the requirenent to provide efficacy and
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safety data to the public that will allow individuals to
make i nformed decisions regardi ng these new tests, and this
i nformation base cannot be allowed to continue to cone from
two sides of the FDA that address the sane clinical issue,
cervical screening for pathol ogy, but use different gold
standards for the identification of patients with disease.

| urge this panel on behal f of the conpanies that
are dedicating tinme and resources to sol ving these probl ens,
on behal f of the nmedical practitioners trying to deliver the
best clinical case they can, and on behal f of the wonen who
deserve to be accurately inforned about these technol ogi es
to recomrend that in vitro devices be held to the same
standards as in vivo devices so that the informati on bei ng
rel eased to the public can be accurately eval uat ed.

A second area of ny concern and the conpany's
concern is noted on page 10 of the proposed guidelines under
the Hypothesis section. Here, it is stated that the
hypot hesi s of study shoul d be, "The conbi nati on of the Pap
smear and in vivo detection device detects nore patients
with LSIL," or worse, "than the Pap snear al one, and there
is not a significant decrease in specificity.” This
requirenent will be very likely inpossible to neet, since

the requirenment, if you think about it, is that the newin
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vivo test al one have a nearly 100-percent positive
predictive val ue.

Significant increases in sensitivity are always
acconpani ed by an increase in the nunber of wonen wi t hout
t he di sease who are being identified as having an abnor nal
test result. Therefore, there should be an expected in
crease in false positive rates, and in many instances, this
can lead to a lowering of specificity that is statistically
significant.

The question that FDA and this panel should be
interested inis will this be clinically significant, and if
so, when will it becone clinically significant.

This panel has to consider that we are | ooking at
data for a screening test, designed to be used on an
asynptomati ¢ popul ati on presunmed to be free of cervica
pat hol ogy. It should al so be renenbered that we are not
tal king about starting a new testing programin a vacuum
There is already a test, the Pap snear, and its score has to
be consi dered when new screening tests are eval uat ed.

The first issue we nust address is what are we
trying to do by screening a popul ation, anyway. It is ny
contention that we are trying to correctly and reliably

identify the wonen with cervical cancer and precancer and
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t he wonen who are conpletely free of cervical disease. The
first group may require immedi ate attention, while the
second group rmay require less frequent attention. To this
end, the proposed protocol nust give reviewers and in vivo
devi ce devel opers objective guidelines regardi ng overal

test accuracy or performance that can be cal cul ated or
nmeasured for each devi ce.

V¢ proposed that in addition to sensitivity and
specificity, this panel recognize the inportance of
accurately identifying true negatives. A newin vivo test,
plus the Pap snear, when conpared with the Pap snear al one
shoul d take this dependabl e identification of true negatives
into account.

Aterm therefore, such as "overall accuracy,"”
whi ch woul d be the true positive detections, plus the true
negative detections divided by the total population is a
calculation that will answer the question that really
indicated the overall cost of adding a newtest to the Pap
snear .

dinicians can easily see that a significant
increase in sensitivity that is acconpani ed by a decrease in
specificity can be acconpani ed by either a significant drop

in accuracy or no change in accuracy. These three
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nmeasurenents woul d provide informati on regarding the safety
and efficacy of a newin vivo device that coul d be used to
describe all of the devices with the same baseline netric.

Athird area of concern that | wish to address is
al so noted on page 10. (Once again, | am addressing studies
designed for a product that will be naking clains to inprove
the screening sensitivity for identifying wonmen with
cervical pathology in the general population. In the
section titled "Sanple Ainical Study Design," it is
recommrended that in prospective studies, and | quote, "if
either the Pap or the in vivo device is positive, the
patient is scheduled for col poscopy,” and obviously,
eventual |y bi opsy.

In the section titled "Data Analysis,"” it is
remarked that there should be a conparison of "relative
sensitivity and positive predictive value of the two
devi ces. "

Now, it shoul d be obvious that the suggested
protocol will always result in the Pap plus device having a
relative sensitivity of 100 percent, since the requiremnent
is that only if one of these tests is positive does a col po
ever take place. Now, this will inevitably be greater than

that of the Pap snear al one, thus establishing an increase
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in sensitivity, but I would ask the panel to consider the
fact that this protocol is heavily biased to positive
results and will lead to msinformation. After all, how can
you conpare one 100-percent relative sensitivity with
anot her 100-percent relative sensitivity unless the initial
studi es of the devices are done in popul ati ons where every
singl e wonen gets a col poscopy and a biopsy? It is not
difficult to see that in order to conpare one in vivo or in
vitro device to the next, there would have to be a
neasurenent of either one test against the other or, nore
reasonably, a neasurenent of each case against the true
nunber of cases of cervical pathology in their study
popul ati on.

The panel should recomrend that initial studies
| ook at the true sensitivity of a newin vivo test or a new
invitro test, plus the Pap snear, and that the
sensitivities be conpared with the sensitivity of the Pap
snmear alone for the detection of LSIL, as proven by bi opsy.

Only when this true nunber has been established
can studi es be conducted that then | ook at the relative
sensitivities, as suggested in the current proposal. This
will allow both the nedical community and the public to

conpare one technology with the next. The panel shoul d
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choose to reduce confusion as much as possi bl e.

The last nmajor issue | wsh to bring up at this
panel is the discussion of the current proposal of the need
for newin vivo tests when conpared with the Pap snear or
when used al one to show an advant age over the Pap snear in
the detection of HSIL |esions.

In deference to Dr. Schiffman's presentation, |
woul d recomrend that although HSIL | esions are tenporally
closer to invasive nalignancies than LSIL, the panel is
urged to renmenber that these are screening protocols that we
are discussing. Wiether it is a first-level screening or
whet her these devices are designed to further enrich a
popul ation with an uncertain or ASCUS Pap snear, the |evel
of detection should not be changed because the test is
percei ved to be capabl e of higher |evels of detection or
tenporal relationship to di sease, cancer

If we are looking at devices that claimto be
adj uncts to screening, then they shoul d be asked to perform
a screening function, and | would add to ny prepared
statenent that | would urge the panel to continue to think
of a PPD or a skin test for tubercul osis as a node
screening test.

If we are | ooking at devices that claimto be
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adj uncts, then they should be asked to performa screening
function and not the detection of high-grade |esions, just
as you would not ask the PPD to be positive only in active
cases of tubercul osis.

Once again, this panel shoul d provide the gui dance
needed to ensure that we are judgi ng screening tests as
screening tests and that the public and the nedi cal
comunity is getting information that can be applied to each
technol ogy with the sane understanding of the netric
i nvol ved.

Before closing, | would like to raise a few points
that | believe do need sone attention. Many an obstetrician
woul d advi ce agai nst performng cervical biopsies on
pregnant wormen. So | woul d recomrend that pregnant wonen be
excluded fromthe above protocols.

From our own experience in prospective studies of
over 14,000 wonen using biopsy as a gold standard, it is ny
recol l ection that the panel consider that a 4-week period
bet ween screening visit and foll ow up col oscopy is much too
stringent, particularly given the current backl og of
col poscopy cases in nost nedical centers and the nornmal | ag
time for receiving Pap snmear reports.

Third, | would ask the panel and FDA to recogni ze
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that in the case of a visual adjunctive technology, it wll
be inpossible for the examner to be blinded fromthe
results of the visual examthat he or she perforns on the
patient. So you are not going to be able to blind all the
st udi es.

Finally, | believe that the panel shoul d consider
that by not letting a patient know the results of the new
test at the tine that it is done and forcing her to be
notified at the sanme tine as wonen with only an abnornal Pap
smear that she needs to return for a col oscopy, it nmay not
be advi sable. Al though such a protocol nay renove confusion
regardi ng when patients were screened and when they were
followed up, it will also renove the opportunity to measure
what effect, if any, the inclusion of the newtest has on
the conpliance of patients for followup. This natter nay
be of great concern in cervical screening protocols.

| would like to thank FDA for allowing this
presentation today, and | would |ike to thank the nmenbers of
this panel for their attention.

CHAl RVAN EGLI NTON Thank you.

Now we wi Il have Dr. Mchael H rschorn of
Pol art echni cs i ntroduce Professor Ml col m Coppl eson.

DR H RSHORN  Excuse nme while | unpack ny bag.
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It's a long way from Australi a.

M/ nane is Dr. Mke Hrshorn. | amthe Chief
Executive, Marketing, for Polartechnics. M academc
background is an MD. with an MBA

There are three of us here fromAustralia today;
nysel f, Professor Ml col m Coppl eson, whom | w Il introduce
in a nonent, and Karen Canfell, our dinical Tria
Coor di nat or .

The reason that we are here is because we have
devel oped t he Pol arprobe, and we have been havi ng
di scussions with the FDA about the best ways to put the
Pol arprobe through clinical trial to assess its safety and
ef f ecti veness.

As Australians it is really a wonderful thing to
be able to cone and work with the FDA, to go through this
process to prove safety and effectiveness for the U S.,
which is a much larger country and a nuch | arger narket than
we have in Australia. Qur products don't always turn out to
be upsi de down just because they cone fromthe other side of
t he worl d.

Pol artechnics is an Australian public conpany
founded in 1987. So we are ten years old. And our m ssion

is the detection of cancer and precancer.
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Pol art echni cs enpl oys over 35 full-tine peopl e,
i ncl udi ng engi neers, statisticians, clinicians, and
col  aborates with | eading scientists all over the world.

Pol artechnics recently entered into a
conmer ci al i zati on agreenent with Ethicon, a subsidiary of
Johnson & Johnson, to introduce the Pol arprobe to world
markets, and a nunber of people are here from Et hi con t oday
representing the scientific, clinical, and regul atory, and
rei nbursenment side. It is a pleasure to be here working
with themas well.

The field of in vivo cervical exam nation prom ses
to revol utioni ze the screening and detection of cervica
cancer by real tinme and accurate detection. The
possibilities for inprovenment are enornous.
in vivo techniques have the potential for saving both |ives
and savi ng noney.

Many of you haven't seen the Pol arprobe and the
Pol arprobe console. So | wll just showit to you to give
you an idea of the sort of size and di nensions of the kind
of thing we are talking about. In ny right hand is the
probe. It's applied to the cervix of a worman during a
gynecol ogi cal examnation. In ny left hand is the consol e

that exam nes the data and cones up with the tissue type
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cl assifications.

SO you can see it is a portable instrunment for use
inreal timeinaprimary care situation. Perhaps | wll
put it here for those of you that would like to look at it.

VW have had di scussions with the FDA since 1995,
as we brought the devel opnent of the device closer to its
conclusion. And we have recently submtted clinica
protocol s for evaluation. These cover the use of the
Pol arprobe for triage to col poscopy, as an adjunct to the
Pap snmear and as a stand al one screen.

VW have nade a witten subm ssion, which has
addressed many areas of the draft guidelines, but perhaps
the nost inportant we would like to discuss is the choice of
a reference diagnosis, and this is the area that Professor
Coppl eson will address in nost detail.

The choi ce of Reference D agnosis ultimately
determnes the validity of the clinical trial. Qur
under st andi ng of the guidelines, as we read them that, as
expressed at the nonent, the guidelines don't specify choice
of reference diagnosis, and so we wel come the opportunity
for tal king about it and sharing it with experts here from
around the world and from nmany di sciplines.

| would like to i ntroduce Professor Ml col m
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Coppl eson now. Professor Coppleson is a co-inventor of the
Pol ar probe, but is probably better known for his
contribution to the gynecol ogi c oncology field, nost notably
inthe field of col poscopy, and its contribution to the
noder n under st andi ng of precancer of the cervix.

Prof essor Coppl eson is also clinical director of
Pol ar t echni cs.

Prof essor Coppl eson's presentation will be in two
parts. He will first discuss the design and operation of
the Pol arprobe to give you a little nore background on how
it works as applied to clinical trial design, and then he
will comment on the IDE s mssion guidelines, in particular
to the choice of Reference D agnosis.

A Reference D agnosis is, of course, needed for
the feasibility study and for the trials for the four
i ntended uses defined in the guidelines on pages 7 to 13.

Pr of essor Coppl eson?

CHAI RVAN EGLI NTON: As Prof essor Coppl eson cones
to the mcrophone, point out, please, our issue here is
really the guidelines, and we are only schedul ed for 15
m nut es.

DR H RSHORN  Absol utely.

DR CCPPLESON  Thank you, M. Chairman. It is a
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pl easure to be able to tal k on these hall owed grounds, and I
appreciate it very much

M/ slides do contain a few introductory. Wuld
you prefer | pass through these? It will be a short
presentati on.

CHAI RVAN EGLINTON:  It's your choice, sir, but we
are schedul ed for 15 m nutes.

DR CCPPLESON | won't be longer than 15 m nutes.

The maj or difference between the Pap smear and
rel ated technol ogies and the new in vivo detection devices
is that the latter, including the Pol arprobe, screen the
cervix in real tinme.

The di agnosi s by the Pol arprobe represents the
recognition of what we termthe signatures of cancer,
various precancers and normal tissue by virtue of their
el ectrical properties and optical properties at various
wavel engt hs.

You have al ready seen the probe, and the consol e,
and the dedicated wire system The scanning of the cervix
t akes about one to two m nutes.

This describes briefly how the probe works. The
probe, in contact with the cervix--on the left side here,

this is the console here--the probe, in contact with the
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cervix emts a series of tiny electrical charges and three
wavel engths of light; red and green in the visible spectrum
and infrared.

Not surprisingly, the issue responds to this
stimulus, and the response signals are taken up in the
probe, carried across to the first box in the consol e and
digitized into an algorithmrepresentative of the action on
the cervix here.

Fromhere this algorithmgoes into the nenory and
deci si on- maki ng box of the console, which contains the
algorithns of 17 different cervix tissue types,
subcl assified into nornal, precancer, and cancer. The
diagnosis is made instantly, and the operator inforned, and
t he sequence is restarted.

To devel op the algorithns involved a prodigious
anmount of mathematics. Here we see the use of two
discrimnants, two different wavel engths of light, 14 tissue
types--we now have 17--and you will see the scatter here,
and the console has no difficulty in distinguishing between
t hese types here.

You note the cluster of tissue types down in this
corner of the graph. And if you notice CO.2, which is

nor mal nucus-secreting col umar epithelium Dl, a precancer,
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D2, high-grade precancer. The console is very likely to
have difficulty in distinguishing between the normal and the
abnor nal .

By the addition of a third discrimnant, in this
case an electrical paranmeter, you will notice that the D1
and the D2s, the precancers, are pulled apart fromthe CO.2
making it less likely for false positive to occur.

Now, clearly, the nore discrimnants you have the
nore accurate the diagnosis, and currently we are using 15
different discrimnants in the diagnosis, and these pul
these tissue types further apart.

This is the electronics of the handl e of the
probe. The three LEDs here emt light into the optical
fibers, which pass down through the probe to the tip, and
here is a diagrammatic representation of the tip of the
probe as it lies on the cervix tissue. You can see the
light-emtting optical probes |abeled red, green, and
infrared, and here you see the |ight detector, which picks
up the backscattered light fromthe tissue and transports it
back to the consol e.

Here are the three peripherally placed el ectrodes,
which are inportant in the electrical neasures. Al of this

data--electrical and optical--is then taken back to the
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consol e for anal ysis.

This is a brief description of the flow chart for
each single observation in terns of the Pol arprobe. The
first is a confirmation of good probe contact. |If thisis
not present, no diagnosis is nade, and the operator is
i mredi ately informed of the poor contact.

The tissue is then assigned to the nost |ikely of
the 17 tissue types within the console. A wvalidity check is
then nade. There is reclassifying for screening purposes of
these 17 types into invasive cancer, high-grade disease,
| ow grade di sease, and nornal .

The operator is signalled in real time by
indicator lights within his peripheral vision and al so
di splay on the console. The sequence is started every
fourteenth of a second.

V¢ have exam ned over 3,000 wonen in Sydney,
London, Manila, Singapore, Recife, Brasil, and Mbscow. V¢
believe that the advantages are the real tine tissue
di agnosis. Despite its sophistication these nethods are
conparatively sinple. W have proven it to be nore
acceptable to wonmen in the study performed in London. They
are not |abor intensive because it is only the woman and the

user and, for the same reason, it is cost-effective.
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| would like to recomrend that the reference
di agnosis for in vivo nethods for abnornmalities is not just
hi st opat hol ogy, but hi st opat hol ogy pl us col poscopy.

Most gynecol ogi sts and pat hol ogi sts bel i eve t hat
the opi nion of the histopathologist is definitive in
di agnosi s of cervical neoplasia. Now, while this is
undoubtedly true, and it's been known to be true for over
100 years w th unanbi guous clinically invasive disease,
there i s enough evidence around to say that this is not
necessarily the case with the precancers. The major problem
is that of subjectivity and interpretation.

The great Leopold Koss wote, "There is no
publ i cation on the subject where one couldn't reshuffle the
phot ogr aphs and substitutes pictures | abel ed dysplasia for
those | abel ed carcinoma in situ and vice versa."

There have been several studies which have shown
t hese interobserver differences. There are also
i ntraobserver differences. Cocker, Fox and Langl ey found
that there were nmajor differences in diagnosis when the same
set of slides is examned serially by the sanme pathol ogi st,
whet her the interval be hours or days.

These are the |last such studies that I can find in

literature, both from1989, and the results were identica

M LLER REPCRTI NG COVPANY, | NC.
507 C Street, NE
Washi ngton, D.C 20002
(202) 546- 6666



[--- Unable To Translate G aphic ---]

enough to nake the one slide. There was both inter- and

i ntraobserver variation and poor agreenent between observers
in the diagnosis of HPV, GO NL and A N2, and noderately good
agreenent in CN3. To ny know edge, nothing has changed
since this tine.

Col poscopy has brought about sone renarkabl e
changes in concepts concerning the natural history of
cervi cal cancer because it vests the clinician with the
powers of direct observation of those very same stages as
seen by the mcroscopist, but seen in truly in vivo
condi ti ons.

It is perhaps not the advent of col poscopy because
it has been around since the 1930s, but rather the
under standi ng of the central inportance of the nost obvious
feature of the col poscopic image, the transformati on zone.
The transformation zone is one of the major features in
under st andi ng cervi cal neopl asi a.

What col poscopy does is display inage qualities,
such as col or, such as bl ood vessel configuration, such as
surface configuration and topography, all inages in living
tissue that are not apparent in the m croscopic inage.

Thus, col poscopy conpl enents histology and it's inportant to

real i ze col poscopy has an authority in its own right.
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Col poscopy hasn't just been a sinple device for
the clinician. It has been a real value to the
hi st opat hol ogi st. The col poscopi st's transformati on zone in
vivo is the histologist's nmetaplasia in fixed tissue. That
is the transformati on of glandul ar epitheliumto col umar
epi thel i um

What col poscopy denonstrated is that, basically,
there are really only three histol ogical types. The first
is fully differentiated squanous epithelium which is not
shown here, the original type which changes little from
fetal life until senescence.

The second is the glandul ar or col umar epithelium
seen here, and the third is the netaplastic epithelium a
new squanous epithelium which is derived fromthe gl andul ar
epi thel i um

An early phase in the netaplastic process is the
devel opnent of an undifferentiated eight to ten cel
epithelium a perfectly nornal step in the netaplastic
process, but one i mMmature netapl asia, which causes great
di agnostic difficulties histologically.

Most commonly, the process is nornmal and proceeds
along a normal path. And after passing through a nyriad of

possi bl e internedi ate stages, represented by different
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hi st ol ogi cal appearances, ends up as a fully differenti ated
squanous epithelium sonetines indistinguishable fromthe
original epitheliumlaid dow during enbryo genesis.

Less commonly, the process proceeds in an abnor nal
direction and again after proceeding through a nyriad of
possi bl e hi stol ogi cal appearances, the various precancers
may eventual ly end up as invasive cancer.

So that none of these appearances histologically
are endpoints thensel ves, they all formpart of a single
pr ocess.

| share this slide to show that the nere study of
hi stol ogy does not tell all about an epithelium Here you
see an epitheliumwhich is full of what you mght term
cancer cells, a typical carcinoma in situ. This section
whi ch has been shown to the best histologists inthis
country and el sewhere in the world, and | never got an
answer other than, "This is a carcinoma in situ.”

This, in fact, is a section of a one-day-old
neonate and illustrates--this is one of Ellis Pixley's
series, of which there were several along simlar |ines--and
it illustrates the problemw th i mrature netapl asi a when
| ooked in a nonent in tinmne.

It's appropriate to preserve tissue that cytol ogy
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is matched with histopathology. It is surely appropriate
with living tissue that the in vivo devices are nmatched with
col poscopy.

The strength of histology is it measures
structural or static changes in di sease processes. The
weakness is that it is incapable of nmeasuring with the same
preci sion dynam c changes in the transformati on zone as they
proceed towards their endpoints. The strength of col poscopy
is that it displays those very dynam c changes in vivo
within the transformation zone. The weakness of col poscopy
is that, like histology, it has sone degree of subjectivity.

So, finally, | would like to suggest that the aim
intrials such as the ones under discussion of newin vivo
devi ces should be to get as close to the truth as possible
that a conbi ned hi st opat hol ogy and col poscopi c assessnent is
the preferred diagnostic nethod; and that such coll aboration
bet ween gynecol ogi sts and histologists is already in
practice, permtting proper individualization of managenent
and woul d be regarded in nost leading clinics in this
country as being best clinical practice as of today.

Thank you.

CHAl RVAN EGLI NTON: Thank you. If there are no

ot her presenters we don't know about yet, we will nove to
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Dr. Virmani, presenting for the FDA

DR VIRVAN: (ood afternoon, Dr. Eglinton, pane
menbers and t he di stingui shed audi ence.

This afternoon | would Iike to go over with you
our draft gui dance docunent on the prenarket testing of sone
new types of in vivo devices that use especially optical and
el ectrical technology for detection of cervical cancer and
its precurors.

Thi s docunent was nade available to the public on
June 14th at FDA hearing here in Rockville, as well as
through the Internet. W sent all of the panel nenbers
copi es of the docunent a few weeks back along with severa
background articles. Copies of the docunent are avail abl e
today outside on the table.

| would like to begin by acknow edgi ng the worki ng
group that devel oped this docunent. Besides nyself, Dr.
Tillman is a bionedical engineer in the Ofice of Device
Evaluation. Sharon MIler is an optical engineer fromour
Bl ectro Qptics Plant in the Ofice of Science and
Technol ogy. Dr. Robinowitz is a pathol ogist fromthe
D vision of dinical Laboratory Devices.

And, finally, D ane Sol onon, also a nmenber of our

panel today is a ctyopathol ogist fromthe National Cancer
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Institute. Dr. Solonons' extensive background, including
bei ng one of the original devel opers of Bethesda systemfor
Pap snmear classification was instrunmental in the devel opnent
of this docunent.

In addi tion, M ke Kuchinski, a mcrobiologist in
ny branch, provided i nput on device cl eaning and
disinfection, and Stan Lin, a biostatistician from our
G fice of Surveillance and Bionetrics provided overal
statistical input.

| have divided ny presentation into three parts.
First, I plan to give sone background information on the
conventional nethods used for detection of cervical cancer.
Next, | will discuss the regul atory approach that we have
proposed for guiding manufacturers on how to bring these new
devices to the market and, finally, and nost inportantly, |
would li ke to wal k the panel and the audi ence through our
draft gui dance, especially sonme of the key points.

| hope this will set the stage for tonorrow s
panel di scussi ons.

As you have already heard earlier this afternoon,
the Pap snear has been used over 50 years as the primary
screening tool for cervical cancer. |t consists of three

basic steps; first, cells are scraped fromthe cervi x using
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a spatula with or without a cervical brush. Mbst cervica
neopl asia originates at the junction of the exocervix and
endocervix. That is the transformation zone. Therefore it
is critical that this area of cervix be sanpl ed adequately.

Then the scraped cells fromthe cervix are
transferred to a mcroscope slide and cell fixative is
applied. A slide is then sent to a |aboratory and, finally,
the slide is read under the m croscope by a trained
cytotechnol ogist. Al suspicious slides are confirned by a
pat hol ogi st and appropriately classified as to their type of
abnornalities.

You have already heard that Pap snears are
classified by the Bethesda system which allows for a
standardi zed cytol ogic identification of the cell sanple
fromthe cervix. The Bethesda systemclassification for
different types of cells is, basically, as follows: nornal,
atypi cal squanous cells of undeterm ned significance, ASCUS
| ow grade squanous intraepithelial |esions, LSIL, and
hi gh-grade squanous intraepithelial |esion, HSIL.

There are additional diagnostic categories in the
Bet hesda system but this will suffice for our purpose. M
pur pose of review ng the Bethesda systemis that we will be

tal ki ng about how to conpare results fromthe new type of
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devi ce to conventional methods.

Al so, our gui dance docunent cross-referenced this
nmet hod as one of the nmain points for conparison. The
questions to be posed |ater on the panel you will see the
Question No. 3(b) about Reference D agnosis. | would like
to focus the panel on this critical point.

I n vivo diagnostic devices, |VDs, for detection of
cervical cancer and its precursors are reviewed by our
D vision of Ainical Laboratory Devices, within the (fice
of Device Eval uati on.

Besi des the conventional |aboratory devices used
for Pap snear reading; that is, slides, cover slips,
fixative, transport system mcroscopes, et cetera, there
are other new I VDs, including devices for naking cel
suspensions, for ten-layer or nono-|ayer slides and
conput er - assi sted devices for searching or interpreting
abnormal cells on the Pap snears.

Ve will not be discussing these |VDs today,
however. Qur deliberations today and tonorrow wil |
obvi ously influence how, in general, we view|VD use to
det ect cervical cancer.

M/ branch, the o/ Gyn branch, reviews the in vivo

devices for Pap snears. This means a variety of cervica
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spatul as and brushes applied directly to the cervix. Review
of these devices are very straight forward.

FDA has cleared only one in vivo device, the
speculite, that can serve as an agent to the Pap snear
Initially cleared in 1985 as an alternative |light source for
exam nation of the cervix, we cleared the sanme device in
1995 as an adjunct to Pap snmear for a generalized clai mof
i ncreased sensitivity. The claimdid not address
specificity.

During the past three years, FDA has becone aware
of the new types of in vivo devices using advanced optica
technol ogy that are also intended for cervical cancer
det ect i ons.

These new devices differ fromthe currently used
devices in that they are noni nvasive and provi de test
results virtually real tinme. This is possible because of
uni que i npl enentation of optical techniques. Earlier this
afternoon Dr. Kortumand sone of the sponsors using
published literature and their own research described how
fl uorescence spectroscopy, Ranan spectroscopy and |i ght
sket chi ng techni ques can probe the biochem stry and in sone
cases the norphol ogy of cervical tissues.

| will briefly nmention a couple of device
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exanples. Dr. Kortum al ready descri bed them and copi es of
rel evant general articles on themare included in the
background packages we sent to you. | don't think that | am
di sclosing anything that is not in the public domain.

At this point in time, we have not approved any of
t hese type of devices for cervical cancer detection. This
draft docunent was devel oped in anticipation of these
products. ne device uses both the |ight source and an
electrical energy source. It may just [inaudible] and a
sket ching of various wavel engths of |ight, and these
variabl es are processed in real time through a discrimnant
anal ysi s al gorithm based on col poscopy, cytology, and bi opsy
eval uations. The probe directly contacts the cervix and
results are given instantly.

Anot her device is a noncontact probe that uses
only a light source to elicit an auto fluorescence and
spectral backscattered response fromthe tissue. An
al gorithmdefines the detection paradigm Again, the
results are given instantly.

These are just two exanples, and you can be sure
that there will be others.

Al t hough these new devices use different types of

optical and/or electrical energy sources, they all share the
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foll owi ng common characteristics: They all use a hand-held
probe that houses the optical |ight source. The probe
either touches or is held in close proximty to the cervix.
They all enploy sone algorithmthat takes the required
signal fromthe device and processes the signal to arrive at
a tissue type identification.

Al of these devices enploy a central processing
unit with a hardware/software conponent that essentially
runs the algorithm Results are given w thin seconds of
probe application on the cervix in some kind of
discrimnating display that differentiates nornmal from
abnornmal . Because of the sinplicity of use they can easily
be used in office or outpatient setting.

| will now discuss the regul atory aspects of these
new types of cervical cancer devices. |n your package,
along with the view graphs, we have provided a 510(k)
processi ng chart, which nmay be hel pful in deciding sone of
t hese thi ngs.

In the past couple of years, FDA has been asked if
t hese new types of devices could be cleared through a 510(k)
premarket notification process or whether it is necessary to
submt a prenarket approval application known as PVA

To clear a nedical device for market through
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510(k) prenmarket notification, a nmanufacturer nust show that
their device is substantially equal to a predi cate devi ce;
that is, a device that was not on the market before 1976 or
has been found substantially equival ent since then. Devices
that cannot be found substantially equivalent to a predicate
device require a PVA

To answer this question, we need to examne the
510( k) deci sion-maki ng process to see if these new devi ces
can be found substantially equivalent to a predicate device
or devi ces.

The first question is does the new devi ces have
sane i ntended use as the predi cate devi ce chosen for
conparison? If it does, then the next question is does the
new devi ce have sane technol ogi cal characteristics as the
predi cate device. |If you believe the new devi ce has
different technol ogi cal characteristics, then we have to ask
do the new technol ogi cal characteristics raise new types of
safety and effectiveness questions.

Let's see what that nmeans for this new type of
device. For the first question we ask are the indications
for use the sane, conparing the new device to predicate
device? W wll assune for the purpose of this discussion

that the Pap snmear is a predicate device.
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As you can see, sone of these indications are
quite simlar to Pap snear, but sone, like triaging or
bi opsy site localization, are much different. That in
itself could lead to a nonsubstantially equival ent finding.

If we find the indication for use to be reasonably
simlar, we have to ask how simlar is the technology. As
you can see, we think there are several features of these
new devices that are significantly different froma
t echnol ogy viewpoi nt, including optical and/or electrica
energy sources, hardware and software, the integral
al gorithmcontained with an instantaneous di splay of the
results.

Finally, we have to ask do these technol ogi ca
differences rai se new types of safety and effectiveness
question; that is, conpared to how we woul d eval uat e devi ces
used for the cervical Pap snear. Do we now have new types
of questions? W clearly believe that is the case.

These two types of safety and effectiveness
questions include what kind of bioeffects do the optica
radi ati on and el ectrical pul ses have upon the cervi x.

Anot her type of question mght be how was the underlying
al gorit hm devel oped and how was it validated.

In turn, nore clinical type of new question, given
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the instantaneous results available fromthe technol ogy, how
does this affect acceptable sensitivity and specificity?

V& have given this new technol ogy a good deal of
consi deration. You can see that we believe these devices,
at |least the ones we have seen, will be found not
substantially equivalent. This nmeans that these newin vivo
cancer detection devices will require an approved PVA before
t hey can be nar ket ed.

The draft gui dance docunent before you was
devel oped to hel p manufacturers design the right kind of
principle, preclinical and clinical studies that wll
support prenarket approval.

Let's nowturn to the draft gui dance docunent.
dinical studies of nedical devices nust be conducted in
accordance with our tabul ation for investigational device
exenption called IDE. A sponsor who wi shes to conduct a
clinical trial would submt an | DEA application to ask for
perm ssion to begin.

Thi s gui dance docunent is intended to identify the
types of information that we expect to see in an | DE
application that could devel op the data needed to support
prenar ket approval of one of these in vivo devices that we

have been di scussi on.
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It is inportant to recognize that some device
types may not require all of the information specified,
while there nay be other types of devices that require
addi tional studies we haven't identified.

Let's tal k about the preclinical studies that
woul d be needed before beginning the clinical trials. This
information will be submtted in the |IDE application.

M/ own had listed all of the preclinical testing
concerns that we expect to be addressed in an IDE. | wll
hi ghlight only the first two of themthis afternoon;

t he devi ce design and description and the device
per f or mance.

Wen an | DE cones into the FDA, the | DE sponsor
shoul d fully describe the device design and particularly
this should include a thorough di scussion of principles of
operation of the device. The application should contain a
conpl ete description of design specification, such as the
i ght source or sources delivered to the patient, the basis
for al gorithm devel opment, a description of user interface,
i ncluding any paraneters that the user can set, any safety
features for patient and operator and a systeml evel hazard
anal ysis. The sponsor should fully describe all testing

nodel s, along with the details of nodel validation.
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The other area of preclinical that | want to
nmention today falls under device performance. By this |
nmean performance of the device in the laboratory and, in
particul ar, questions about optical radiation.

In our draft guide docunent, we have highlighted
several perfornmance specifications and an | DE for one of
t hese types of device should fully address all optica
radi ation issues.

As part of this, the sponsor shoul d have conduct ed
a systeml evel hazard analysis. The | DE docunent shoul d
contain a conpl ete description of all safety features.

If we turn to page 4 of the gui dance docunent, you
will see that we ask the sponsor to describe the type of
| aser or light-emtting diodes used for the |ight source as
wel | as key performance specifications such as wavel engt h,
power, exposure time, the exposure site, it's pul se size and
anatomcal site on the cervix where light is applied.

If there are nmultiple sites on the cervix where
the light is applied, this nust al so be explained. For
br oad- band |ight sources, the sponsor shoul d provide either
absol ute spectoral output or relative spectoral output and
absol ute total power.

If the new device emts short wavel engths, W
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radi ation at | evel s approaching the Cccupati onal Safety
limts, carcinogenicity studies or other types of safety
studi es may be necessary.

V¢ strongly recommend that the sponsor contact us
as early as possible in the clinical application we are
di scussing today and tonmorrow. Qptical radiation poses
several safety concerns for the patients and clinician.

| would like to briefly discuss two ways FDA m ght
deal with this.

Ootion No. 1 identifies two published references
for optical radiation exposure limts. The first addresses
exposure limts for lasers. It was devel oped by Anerican
Standard Institute, ANSI, in 1993, and it gives maxi nal
per m ssi bl e exposure | evel s or MPEs.

You have heard sone talk on these this norning
fromDr. Kortum The second fromthe Amrerican Conference of
Governnental | ndustrial Hygienists devel oped threshold |imt
val ues, TLVs, for exposure to W-emtting |anps.

ptical radiation fromthese new cervica
detecti on devi ces can be conpared to these levels, but it is
inportant to note that both MPEs and TLV |l evel s were
devel oped for the skin and not the nucosal tissues. This

hasn't been added yet to the draft, and we woul d be
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interested in the panel's viewon this.

| f conparison of these standards does not
satisfactorily address our concerns about radiation safety,
a second option would be to use a relative risk approach,

i ncludi ng a conparison of expected nutagenic effect fromthe
new device to currently accepted nutagenic risk for the

ot her di agnostic procedure; for exanple, optical radiation
on cervix froma col poscopi ¢ exam nation or ionization

radi ati on froma chest X-ray.

To acconplish this, the | DE sponsor woul d need to
performa risk analysis and there are a nunber of approaches
that can be taken. On our next draft we plan to provide
addi tional guidance on such relative risk anal ysis.

(ne last area of radiation safety concern deal s
with the special circunstances. These include possible
contraindi cations to use such as porphyria, |upus or other
phot osensi ti zi ng di sease. Patients undergoi ng phot ot her apy,
patients on prescription and nonprescription
phot osensi ti zi ng drugs, such as what is used for psoriasis.
The | DE sponsor will need to address these types of
concer ns.

As | mentioned, there are several other

preclinical areas that nust be addressed; for exanple,

M LLER REPCRTI NG COVPANY, | NC.
507 C Street, NE
Washi ngton, D.C 20002
(202) 546- 6666



[--- Unable To Translate G aphic ---]

information on software devel opnent, nmanufacturing, naterial
safety on parts of the device that contact the patient, et
cetera. Ve will be devel oping these sections in our next
draft.

Now let's turn to the clinical studies. That is
on page 7 of the draft. | would like to highlight that the
present gui dance docunment is a new approach for our
division. Previous guidance docunents, such as the one the
panel contributed to in 1995 on thermal endonetrial oblation
had fairly well-defined clinical objectives with clear-cut
clinical outconmes to be neasured.

By contrast, the draft before you today is for
det ection devices that have several possible different
i ndi cations for use.

| will get intoit norein a nonent. But, as a
result, our draft guidance |lays out the principle clinica
study design for the different indications rather than
detail ed study protocol requirenents.

Al t hough we certainly woul d appreciate panel input
on the study details, we are nore interested in how the
panel sees the proposed study design principles for each
i ndi cati on.

Wth that in mnd, we have proposed a two-phase
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study approach. First, a feasibility study or a series of
feasibility studies for safety and prelimnary effectiveness
data. Then, when sufficient data has been devel oped from
the feasibility study, the sponsor shoul d conduct the
pivotal clinical study that woul d support prenarket approval
for the specific indications for use desired for the device.

If nore than one indication is desired, additional
studi es may be needed. For all clinical studies, regardl ess
of the indications of use, the follow ng design principles
shoul d be followed. These are taken fromthe different
parts of the draft as well as general FDA gui dance on
clinical trials. It hasn't been exactly organized in this
way in the docunent, and we will be pulling it all together
|ater after we have all your points of views.

Study subject selection/exclusion criteria ensure
t he expected range of clinical presentations of the cervix.
They should reflect the indication or indications for use
ultimately clained for the device. Qiteria mght include
factors related to age, parity, nmenstrual status, pregnancy
status, previous cervical surgeries, et cetera.

| would like to hear some panel comments on how to
t est prenenopausal wonen; that is, when during the cycle and

how many cycl es, et cetera.
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The protocol nust precisely define the study
endpoi nts or endpoi nt and correspond to the intended
indication for use. For the definition of the study
endpoi nt and the study hypot hesis, the sponsor would justify
the sanpl e size enployed in the study.

Sanpl e si ze cal cul ati ons shoul d be based on
appropriate statistical techniques and result in adequate
power to detect a difference between the new nethod and the
conpari son.

And the protocol nust al so spell out the
managenent regi nen for the study subjects, again,
corresponding with the intended indications for use.

QG her common el enents to be addressed are:

A risks analysis. This would identify al
potential risks to the patient and the |ikelihood for them
to occur and how the study protocol mnimzes these risks as
much as possi bl e.

| nfornmed consent. This would be presented to the
study subject and explain these risks to her in an
under st andabl e way. Informed consent, of course, nust
conformwith 21 CF. R part 50 of the FDA regul ati ons on
this.

User training. The study protocol should validate
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t he m ni mum educati on and training necessary for the
clinician performng col poscopy and using the newin vivo
devi ces.

Let's nove on to the specifics of the feasibility
study. This starts on page 7.

The primary purpose of feasibility study is to
val i date device performance, including its ability to
reliably detect cervical cancer and its precursor |esions.
For devices that actually touch the patient, the study
shoul d al so denonstrate that such contact does not damage
the tissue.

A feasibility study al so provi des usefu
information on perfornance needed to estinmate device
ef fecti veness and, consequently, contributes through the
cal cul ation of sanple size for the pivotal effectiveness
st udy.

V¢ have proposed a prototype feasibility study of
100 subjects. The patient population for this study shoul d
be wonmen with a positive Pap smear who are referred for
col poscopy. To ensure a reasonabl e representati on of the
type of patients, the study should include at |east 25
patients fromeach ASCUS, |owgrade SIL, and hi gh-grade Sl L.

This should permt an acceptable estimate of device
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perfornmance that can, in turn, be used to devel op the
pi votal study hypot hesis and consequent sanpl e size needed
to prove the hypot hesi s.

The prototype feasibility study we have proposed
calls for aninitial test with the new opti cal device
foll owed by col poscopy. W also believe a repeat test with
the new device is recommended. This repeat test woul d
answer questions about whether the acetic wash of the
cervix, generally is col poscopy, adversely affects the
performance of the new devi ce.

It would al so provide sone basic informati on on
the clinical repeatability of tests. W would be interested
to hear panel input on these testing sequences. W would
also like to hear any recommendati ons on how to test whether
the Pap snear itself, if done only nonents before, m ght
af fect the new devi ce perfornance.

I n addition, col poscopy for these feasibility
studies will be performed to find physical effects of the
devi ce on the cervix, including traunma and bl eedi ng.

Col poscopy will also be used to validate the results from
the Pap snear and the new devi ce.

If the device is intended to | ocalize |esions,

col pography or a simlar technol ogy shoul d be used to
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docunent specific sites on the cervix. Depending upon the
results of feasibility study, the sponsor nmay proceed to the
pivotal clinical study of the safety and effectiveness or

t he sponsor may need to redesign the device or refocus the

i ndi cations for use.

VW woul d appreci ate panel's input on how to nake
t hese assessnents.

Once the appropriate feasibility studies are
conducted, the final step is to design and conduct the
pi votal effectiveness study that woul d support prenarket
approval .

Let's turn now to the section of draft on pivotal
studies of the safety and effectiveness that woul d support
prenmar ket approval. This can be found on pages 8 to 13.

As you can see, it is organi zed around the
specific indications of use selected by the sponsor. The
sponsor proposed indications for use will then determ ne
appropriate study design needed to support the PMA approval.

M/ next overheard is a |list of possible
indications for use for these kinds of detection devices.

First, adjunct to Pap snear. This would be the
use of in vivo devices together with Pap snmear at the time

of primary screening.
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Second, triage of ASCUS for col poscopy. This
woul d be the use of a device to help triage patients with a
Pap snmear finding to ASCUS to col poscopy; the prem se being
that not all of these patients really need col poscopy.

Next, used at the tine of col poscopy, this would
be the use of device as an adjunct to col poscopic
exam nation to help select biopsy sites on the cervix.

And, last, replacenent of the Pap snear as a
primary screening tool for early detection of cervical
cancer. This, obviously, is a fairly radical indication for
use, and we woul d have to study this very carefully.

There nmay be other indications for these devices
that may require other clinical study designs. W would be
interested to hear any ideas the panel may have in this
regard

Conpani es pl anning to pursue conbi ned i ndi cations
for use should include a study design for each indications
for use.

Now, let's look at how this works out indication
by indication.

First, we have the exanple of using the device as
an adjunct to Pap snear; that is, information fromthe new

optical device is added to the findings fromPap snear for
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primary screening.

The study design shoul d specify whet her the new
device is used before or after the Pap snmear is conducted.
The study hypot hesis here woul d be sonething |ike the
conbi nati on of new device with Pap snear detects nore
patients with |owgrade SIL or above than the Pap snear
al one.

There shoul d be no significant decrease in the
specificity. Details of this proposed study design are
i ncl uded i n the gui dance docunment on pages 9 through 11.
Al patients will receive Pap snear and in vivo detection
devi ce during the prinmary screeni ng exam nati on.

If either the results of Pap snear or in vivo
device is positive, the patient will be schedul ed for
col poscopy.

For this type of a study, the sponsor woul d need
to conpare sensitivity and relative specificity, as well as
positive and negative predictive values of the two devi ces
for ASCUS, |owgrade SIL, and hi gh-grade SIL.

FDA woul d not require a determ nation of absol ute
specificity for this indication because that would require
bi opsy val i dation of wonen who have a negative Pap snear,

negati ve col poscopy, and a negative result with the new
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devi ce.

| know the draft doesn't exactly read like this,
and we w |l be making sonme corrections. W haven't spelled
out how nmuch greater the sensitivity would need to be for
prenmar ket approval. W would be interested in panel's input
on this.

For the next exanple, if the new device is to be
used to triage wonen with a Pap snmear finding of ASCUS for
col poscopy or not, then the hypothesis woul d be sonet hi ng
like the new detection device will identify a subpopul ati on
of high-risk patients requiring col poscopic followup froma
| arger popul ation of ASCUS patients who don't have a
bi ol ogi ¢ reason for fol | ow up

This indication is interesting because we nay
reasonably sacrifice sone sensitivity to gain specificity.
Sone study design details are spelled out on pages 11 and
12. The study design should be able to determne the
sensitivity, specificity, and positive predictive val ue of
the new device for ASCUS and | owgrade SIL and hi gh-grade
SIL.

For this type of a study, results fromthe new
devi ce shoul d be val i dated agai nst col poscopy and directed

bi opsy.
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Al patients are examned first using the in vivo
devi ce and then by standard col poscopy procedure. |If there
IS a patient-contacting probe, evidence should be provided
that in vivo device will not interfere w th perfornance of
results of col poscopy.

Again, the draft here calls for positive
predictive value. W will be correcting this to ensure that
the study devel ops data on sensitivity, specificity, and
positive and negative predictive values. The inportant
thing at the end of the day is for us to be able to
conpl etely convey the diagnostic perfornmance
characteristics.

The next possible indication for use for these new
devices is to assist in the selection of site on the cervix
for biopsy at the time of col poscopy.

I n other words, the device nust have sone kind of
| ocalization capability. From possible study hypot hesi s,
the new devices will identify sites on the cervix for biopsy
as well as the acetic acid wash used conventional ly for
col poscopy.

Qoviously, that hypothesis will need to have
additional details built in. Sonme of the details of the

design for this indication are included in the draft on

M LLER REPCRTI NG COVPANY, | NC.
507 C Street, NE
Washi ngton, D.C 20002
(202) 546- 6666



[--- Unable To Translate G aphic ---]

pages 12 and 13.

Study subjects should present with an abnornal Pap
smear. The in vivo device is used to localize sites. Then
an acetic acid wash is performed and the col poscopi st woul d
record the area of |lesion and other areas that need to be
bi opsi ed. The results would then be conpared.

The sponsor shoul d docunent the cytologic criteria
used in clinical study for referral of patients for
col poscopy. The protocol shoul d precisely describe how the
clinician will determne and docunment that the device
readi ng and the bi opsy were taken fromthe exact sane
| ocation and to conpare in vivo device's results to the
col poscopy results.

For this kind of a study, the sponsor woul d al so
need to conpare the sites sel ected by col poscopy and the
area sel ected by device that woul d not be sel ected by
col poscopy.

Finally, our last exanple of a possible indication
for use is a primary screening tool for cervical cancer and
its precurors. That coul d nean repl acenent of Pap snear

For such a break-through application, a study nust
denonstrate safety and effectiveness in all possible

subgroups of wonen, especially ol der wonen or wonen whose
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transformation zone may be obscured or we ook at it totally
wi thin the endocervical canal

This study nust denonstrate that device is as good
as the Pap with a high degree of confidence for both
sensitivity and specificity.

I n concl usion, these study designs | just
presented represents sone possi bl e approaches for the
clinical utility of this technology. Each indication
requires its own clinical efficacy study denonstrating the
safety and effectiveness of newin vivo cervical devices.

As al ways, reasonable alternative study designs
will be considered by FDA on a case-by-case basis. W will
al so consi der other reasonabl e indications for use.

Finally, | would like to enphasize that this
gui dance docunent is still evolving as sci ence advances and
as we learn nore about the technol ogy and how it can be
appl i ed.

VW al so expect to nmake major revisions to the
draft after considering comments today and tonorrow from
panel and the public, as well as any comrents we receive
during the 90-day comrent peri od.

V¢ | ook forward to your discussion tonorrow and

for input on the various points | have highlighted when you
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address the di scussion questions we prepared, and we woul d
i ke you to go through the docunent tonorrow page by page.

Thank you very much for your attention.

CHAl RVAN EGLINTON Al right. Thank you.

Do any nenbers of the panel have questions for any
of today's presenters or for Dr. M rmani?

DR HARVEY: I1'd like tointerrupt just for a
second. There's a set of keys that has been found up at the
guard' s desk, so everyone should check to see if they've
| ost their keys.

CHAl RVAN EGLI NTON: Dr. D anond?

DR DAMOND: | was very interested by Dr.
Schiffman's presentation this nmorning in that--again, 1'ma
l[ittle bit out of ny own realm but at |east what | remenber
when | used to look at this sort of this alittle bit nore
was that the virus was a promnent part but not as prom nent
a part as his presentation and the literature that he
provided to us woul d suggest. | was just curious as to
whether | really mssed the boat and I' mway out of date,
whi ch coul d al ways be, or whether other panel nenbers felt
t he sane way.

DR SOOMN I'msorry. I'mnot really quite

sure that | understand your question
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DR DIAMOND: The question, | guess, is basically:
Is it coomonly accepted today that the true issue is viruses
as opposed to histopat hol ogy?

DR SO.OMON  Well, first of all, let ne confess
that | work with Mark on a ot of projects, and we tend to
have the sane viewpoi nt about this.

It's not really a question of the two really being
separable. Cervical neoplasia is virally induced process,
but if you view the spectrum of histopathol ogi c changes, not
all of themnecessarily represent a true pre-invasive
lesion. So that we're recognizing that there are | esser
degrees of cytologic abnornality that correlate with HPV
infection, and that if you | ook at hi gher-grade | esions that
tend to be the precursor |esion to what nay devel op into
i nvasi ve cancer, that also has a viral etiology to it, but
is what we view as a lesion different fromthe | ower-grade
lesions that tend to regress over tine.

DR DAMOND. Let me try it one other way. |
al nost took fromhis presentation this norning, rather than
| ooking at a Pap snear, we ought to be doing HPV typing on
everybody and having that be the primary determnant, wth
Pap snears and ot her endpoi nts such as what we heard about

this afternoon bei ng--
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DR SCLOMON | don't think that Mark--

DR D AMOND: That's not what you neant to say?
DR SCLOMON  No.

DR D AMOND:  Ckay.

DR SO.OMON  HPV testing woul d be extrenely

sensitive, but you would identify a huge nunber of wonmen who
woul d be HPV positive who woul d not necessarily even have a
cytol ogic abnornmality or even ever develop a cytol ogic
abnormality. But, Mark, you go ahead and answer that.

DR SCH FFMAN  What | neant to say was that high
| evel s of HPV 16, for exanple, mght be as much of a risk
marker for a true cancer precursor, neani ng high grade, than
a col poscopi ¢ appearance of a sinple aceto-white |esion or
an LSIL Pap snear. They're all parts of the same process.
The | ow grade process is the signs of viral infection, on
what ever level. You know, it's signs or mcroscopic or DNA
That neoplasia, in the sense of sonething as we recogni ze it
with genetic alterations and a real propensity for invasion
and everything starts with high grade, that's what | was
trying to say. But | neant to say that we could attack it
on any of those types of |evels, whatever conbination is the
nost cost-effective for the setting. | didn't in any way

mean to say it was just--you know, because |ooking for virus
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alone at the nolecular level by PCRis the gold standard for
sensitivity, and |'mrepeating what D ane said now, but it's
so non-specific that we're always counseli ng wonen, so you
have HPV, you know, wait a couple nonths, you probably won't
have it anynore, it goes away.

DR D AMOND: And that goes for even types |ike
167

DR SCH FFMAN | have the curves of di sappearance
innormal, initially normal wonmen, and 16 goes away sl ower,
which is probably one of the reasons it's worse, but it
still goes away.

DR LEVY: (e of ny concerns wth the guidance
docunent is that it tal ks about increasing sensitivity to
the detrinent of specificity, and we're going to get
ourselves, I'mafraid, with this kind of requirenment of the
conpanies, into the sane quagmre that we're in with the in
vitro testing devices; that is, we're going to have a huge
nunber of wonen, therefore, identified at risk, and then
where do we go fromthere?

So | think, given Mark's presentation this
norni ng--or this afternoon, that we should really be
t hi nking careful |y about how we draft this gui dance docunent

so that we get sone clinically meani ngful outcomes to these
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devi ces as opposed to just finding every possible
abnornmality on the cervix that doesn't pass the clinica
so-what test. That would be ny goal as we deliberate over
the next day or so, that we can really cone up with
sonmething that's clinically nore nmeaningful than anything we
have right now

M/ very great fear is that we'll come up with
sonmething |like some of the in vitro devices that are going
to vastly increase the nunber of wonen who are | abel ed at
risk and increase the intervention that we do w thout
changi ng the outcone as far as preventing invasive cervical
cancer .

CHAl RVAN EGLI NTON: Any ot her comrents or
guestions fromthe panel ?

M5. YONG |Is this the only opportunity to ask
questions of sponsors?

CHAl RVAN EGLINTON Vel |, we'll have--1 assune
probably nost of themalso will be here tonmorrow as we go
t hrough our discussions of the draft docunent. But you can
certainly go ahead and ask a question now. W have a few
extra mnutes.

M5. YONG Wll, in terns of the Pol arprobe,

just wondered, as far as the device is concerned, what does
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it require as far as naintenance is concerned? And what is
its life expectancy?

DR HARVEY: Don't forget to identify yourself.

DR QCOPPLESON  Prof essor Coppl eson from Sydney,
Pol artechnics. The |ife expectancy is thought to be at
| east two years. This has to be determned. As far as
mai nt enance is concerned, we have rigid sterilization
procedures that we go through. These are as for endoscopy
instruments, and there will be what is called a single-use
sheath which will be discarded after each use, is planned
for the device.

Is that really what you wanted to know?

M5. YONG As far as the sheath is concerned,
sheaths are also used, | think |atex ones, condons or
condom | i ke sheaths are used, for exanple, in transvagi na
ul trasound devices. And apparently there's quite a high
| eakage rate in those sheat hs.

DR CCPPLESON This will not be latex. This is a

rigid plastic sheath. 1t's rather high-tech in various
ways. It's not what it sounds like. It's not a |atex
sheat h.

M5. YONG Ckay. And one other question about

mai nt enance. Wen | tal k about maintenance, |I'mtal king

M LLER REPCRTI NG COVPANY, | NC.
507 C Street, NE
Washi ngton, D.C 20002
(202) 546- 6666



[--- Unable To Translate G aphic ---]

about the sort of device--it's got a nunber of different
parts to it.

DR OOPPLESON  Correct.

M5. YONG Wuld they be sort of checked on a
regul ar basis routinely, nonthly, daily, or whatever,
dependi ng on the use of a particular--one particul ar probe
in terns of whether all the parts are functioning properly?

DR CCPPLESON  There is self-calibration at the
begi nni ng of each probing session for both the electrica
measurenents and the optical measurenents. And this
calibration will be constant on a regular basis, daily
basis. Each probe can identify itself. And before the
actual probing begins, the operator will go through in the
session a sequence which will tell himthat everything is
calibrated, everything is working. There is also what is
termed an operator error device, and that has on the handl e
of the probe a series of lights. And one green light has to
be on which indicates the systemis functioning well and
everything is calibrated. Then the other systemis two
green lights, normal disorder, red |ight nmeans the device
needs to be repositioned and a series of blue lights
indicate the degree of abnornality.

CHAI RVAN EGLINTON: | think the point woul d be
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that any manufacturer woul d have to convi nce the FDA t hat
there's a standard boot-up check sequence and an ongoi ng
continuity check or whatever, there's sonme system of
guar ant eed ongoi ng safety.

Thank you, sir.

DR KATZ: | just have a quick foll owup question,
Professor. Does the self-calibration involve any materials
external to the device?

DR CCPPLESON  You're talking to a gynecol ogi ca
oncol ogi st, and for this reason, I'd like to introduce
sonebody el se from Pol artechni cs, Karen Canfell, who can
answer that question far better.

DR KATZ: M question is, does the
self-calibration--

DR HARVEY: Excuse nme. |I'msorry to interrupt.
W don't want to get too far into the specifics of each
i ndi vi dual devi ce because we're trying to keep this on a
generic level. Sorry.

CHAl RVAN EGLI NTON: | nean, we can assune fromthe
st andpoi nt of marketing expertise that nothing beyond the
console is going to require it for any particul ar inplenent.
No manufacturer is going to require that you have to buy a

$75,000 cart to cone in and plug your console into.
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DR KATZ: | was thinking nore of sone sort of
standard material that was tested with the device as part of
a self-calibration procedure rather than any physical --

CHAI RVAN EGLI NTON:  Are you tal king about a
phant on?

DR KATZ: Precisely.

DR LEVY: M. Chairnman, | had a couple nore
i ssues in the guidance docunent that | just thought we
should at |east address. One is the safety for the operator
or the clinician doing the procedure, particularly our eyes,
and that that needs to be addressed with sone of these
devi ces, nore than |ikely.

A second issue that | didn't see addressed in sone
of the papers was the potential for sone of these
applications of energy to change the natural history of the
way the virus interacts with the cell. Just given that we
are applying energy to cells that have a viral |oad, at
| east in sonme cases, | feel alittle bit unconfortable that
we rmay not be changing the natural history of the di sease by
appl ying energy and would |like to see sone reassurance on
t hat poi nt.

DR SCH FFMAN  Studies on X-ray of--you woul d

expect therapeutic X-ray of the cervix plus HPV woul d be a

M LLER REPCRTI NG COVPANY, | NC.
507 C Street, NE
Washi ngton, D.C 20002
(202) 546- 6666



[--- Unable To Translate G aphic ---]

maj or risk factor given that one's genotoxin, you know, high
| evel therapeutic radiation, and in a field that is infected
t hroughout the entire female genital tract, and yet you
really don't see nuch additional vaginal or vulvar cancer
risk in worren with irradiation versus surgery. So sonetines
peopl e are tal king about--it sounded like this was visible
light with just infrared, so--1 nean, sone of them | don't
know what the other conpany is but--

DR LEVY: | wasn't saying that there was a
problem but sinply that this is sonething, as we draft a
gui dance docunent, that should be addressed in a PVA |t
may be one paragraph that says exactly what you said. It's
just sonething that | think in our gui dance docunent shoul d
be in there. W have to assune that sonebody may cone up
with sone totally uni que sonething that we've never seen
before five years from now.

CHAI RVAN EGLINTON:  Ckay. W'l adjourn here for
today and reconvene at 8:30 in the norning. Thank you.

[ Wier eupon, at 4:35 p.m, the nmeeting was
adj ourned, to reconvene at 8:30 a.m, Tuesday, February 15,

1997. ]
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