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DR GARRA: | would like to call this neeting of
t he Radi ol ogi cal Devices Panel to order. | would like to
request everyone in attendance at this meeting to sign in on
the attendance sheet at the door. Actually, | haven't done
that nysel f.

| note for the record that the voting nenbers
present constitute a quorum as required by 21 CFR Part 14.

At this tinme, | would |ike each panel nenber at the table to
introduce himor herself and state his or her specialty,
position title, institution and status on the panel.

I will begin with nyself. | amBrian Garra. My
position is Vice Chairman of Radiology at the University of
Vermont, College of Medicine. | amthe Chairman of this
panel and a voting menber.

DR MALCOLM My nane is Arnold Mal colm Director
of Radi ation Oncol ogy at Provident St. Joseph Medi cal
Center, Burbank, California. | am a radiation oncol ogi st
and a voting nenmber on the panel.

MS. PETERS: M nane is Marilyn Peters. | amthe
patient health education coordinator for the Departnent of
Veterans Affairs, West Los Angeles Health Care Center. | am
the consumer rep, a non-voting nenber.

DR SILKAITIS: M nane is Raynond Silkaitis. |
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5
am a tenporary industry representative for this panel. | am
Vice President of Regulatory Affairs for diatech. | have
been in the nedical -device industry for about twenty years.

DR SCHULTZ: M name is Dan Schultz. | amthe
Acting Division Director for the Division of Reproductive,
Abdomi nal and Radi ol ogi cal Devices, Ofice of Device
Eval uation, Center for Devices, FDA

DR SMATHERS:  Jim Smat hers, Professor of
Radi ati on Oncol ogy at UCLA | am a voting nember of the
panel .

DR ROM LLY- HARPER: Pat Rom |1y, Medical
Director, Indianapolis Breast Center. | am a voting nenber
of the panel.

DR BERG Dr. Wendie Berg, Director of Breast
Imaging at the University of Maryland. | am a tenporary
voting menber.

DR DESTOUET: Judy Destouet. | am Chief of
Mammogr aphy for Advanced Radiology in Baltinore, Mryland,
and | am a voting nenber of the panel.

MR DOYLE: | am Bob Doyle with the FDA. | amthe

Executive Secretary of this panel.

DR HARMS: | am Steve Harms. | am Prof essor of
Radi ol ogy at the University of Arkansas. | ama voting
menber of the panel.

DR GARRA: At this point, M. Doyle would like to

Washington, D.C. 20002
(202) 546- 6666




)

N
\

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

make a few introductory commrents.
FDA Introductory Remarks

MR DOYLE: The follow ng announcement addresses
conflict of interest issues associated wth this neeting and
is made part of the record to preclude even the appearance
of any inpropriety.

To determne if any conflict existed, the agency
reviewed the submtted agenda for this nmeeting and al
financial interests reported by the commttee participants.
The conflict of interest statutes prohibit special
government enpl oyees fromparticipating in natters that
could affect their, or their enployer's, financial
I nterests.

However, the agency has determ ned that
participation of certain nenbers and consultants, the need
for whose service outweighs the potential conflict of
interest involved, is in the best interest of the
governnent. Therefore, a waiver has been granted to Dr.
Janmes Smathers for his interests in a firmthat could
potentially be affected by the panel's recomendations.

Copi es of this waiver may be obtained fromthe
Agency's Freedom of Information Ofice, Room 12a-15, of the
Parklawn Bui | di ng.

W would like to note for the record that the

agency took into consideration other matters regarding Dr.
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7

Brian Garra who reported interests in a firmat issue but in
matters that are not related to today's agenda. The agency
has determ ned, therefore, that he nmay participate fully in
all discussions.

In the event that the discussions involve any
ot her products or firnms not already on the agenda for which
an FDA participant has financial interests, the participant
shoul d excuse himor herself from such involvenent and the
exclusion will be noted for the record.

Wth respect to all other participants, we ask, in
the interest of fairness, that all persons making statenents
or presentations disclose any current or previous financia
i nvol verent with any firmwhose products they may wish to
comment upon.

If anyone has anything to discuss concerning these
matters, please advise nme now and we can | eave the roomto
discuss them | don't see any.

The FDA seeks communications with industry and the
clinical community in a nunber of different ways. First,
FDA wel comes and encour ages preneetings with sponsors prior
to all IDE and PVA subm ssions. This affords the sponsor an
opportunity to discuss issues that could inpact the review
process.

Second, the FDA conmmunicates through the use of

gui dance docunents. Towards this end, FDA devel ops two

M LLER REPCORTING COWPANY, |INC
507 C Street, NE
Washington, D.C._ 20002
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types of gui dance docunents for manufacturers to foll ow when

submtting a prenmarket application. One type is sinply a
summary of the information that has historically been
requested on devices that are well understood in order to
determ ne substantial equival ence.

The second type of guidance docunment is one that
devel ops as we |earn about new technology. FDA wel cones and
encourages the panel and industry to provide coments
concerning our guidance docunents.

| would also like to remnd you that the neetings
of the Radiological Devices Panel tentatively scheduled for
the first half of next year are February 7 and May 15. You
may wish to pencil in these dates on your cal endar but,
pl ease, recognize that these dates are tentative at this
time.

DR GARRA: Thank you.

W are ready to proceed with the first of the two
hal f - hour open public hearing sessions for this neeting.
The second session will occur this afternoon after the pane
discussion. At these times, public attendees are given an
opportunity to address the panel to present data or views
relevant to the panel's activities.

Some individuals have already indicated they would
Like to address the neeting. |If there are any others who

would like to address the panel, if you could pl ease
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identify yourselves to M. Doyle at this tine.

| don't see any others.

| would like to rem nd public observers at this
meeting, while this portion of the neeting is open to public
observation, public attendees may not participate except at
the request of the Chairnan.

| would ask, at this time, that the persons
addressing the panel cone forward to the m crophone and
speak clearly as the transcriptionist is dependent upon this
nmeans for providing an accurate transcript of the
proceedings of the meeting. |f you have hard copy of your
talk available, please provide it to the Executive Secretary
for use by the transcriptionist to help in the accurate
recording of the proceedings.

W are also requesting that all persons making
'statenents either during the open public hearings or during
the open conmm ttee discussion portions of the neeting to
disclose if they have any financial interest in any medical-
' devi ce conpany before making your presentation to the panel

In addition to stating your name and affiliation
pl ease state the nature of your financial interest and the
organi zation you represent. O course, no statement is
necessary from enpl oyees of that organization. A definition
of financial interests in the sponsor conpany include
conpensation for tinme and services of clinical

M LLER REPORTI NG COWVPANY, | NC.
507 C Street, NE
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investigators, assistants and staff in conducting the study
and appearing at the panel neeting on behalf of the
applicant.

The second is a direct stake in the product under
review such as being the inventor of the product, patent
hol der, owner of shares of stock, et cetera and, finally,
but not only, owner or part owner of the conpany, of course.

We can now begin the first open public portion of
this meeting. Each speaker will be allowed a nmaxi num of
five mnutes. We will start with M. Mrgan N elds,
Presi dent of Fischer |maging Corporation.

Open Public Hearing

MR NELDS: Thank you and good norning. M nane

Is Mrgan Nields. | am Chairman and CEO of Fischer |maging
Corporation from Denver, Colorado. | would point out that
Fischer Imaging is a public conpany. | am a significant

sharehol der in the conpany. Qur conpany is engaged in
clinical testing of digital mammography devices with the
intent of providing an application to the FDA for approva
shortly.

Secondly, | amalso a direct shareholder in the
oublicly traded conpany, Ceneral Electric, who is presenting
a PMA submi ssion today in front of this panel

My comments today on the PMA subm ssion before the
panel seek to inprove upon the FDA approval process. No

MLLERSEquQQT%ef?IﬁfEr I NC,

Washington, D.C. 20002
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matter what action is taken on the PMA it may not
facilitate our ability to bring appropriate technology to
the public service unless we address elenents of the process
which are, clearly, defective.

The marginal gain froma PMA approach may be | ost
in the sea of related process problens. To clarify this
point, | will offer a brief case study of what has actually
' been happening wi th the key advancenent in diagnostic
“imagi ng technol ogy digital namrography systens.
| [Slide.]

I would like to show a couple of slides of what we
"are talking about. Just to orient some of the menbers of
the panel, the image on the left, this is the sane contrast
detail phantominmaging with digital mamography on the |eft
allowing one to see clearly small objects at very | ow
contrast with approxinmately the same dose as a filmscreen
ACR-accredited system on the right.

[Slide.]

Just a couple of images of what digital nmammograns
|l ook like printed on laser film for those of you who are
mammogr aphers.

[Slide.]

In Novenber, 1994, over five years ago, we first
visited FDA to present information supporting a 510(k)

cl earance pathway citing both zero manmography and Fuji
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12
conput ed radi ography as predicate systens, particularly

since they already cleared Fuji CR 510(k) cited breast
imaging as one of its intended uses.

From then until now, this process has been
ni ghtmari sh for our conpany as well as for the other
conpanies and, in ny opinion, contrary to the intent of the
1997 Food and Drug Adm nistration Mdernization Act.

[Slide.]

Section 205 of FDAMA directed the agency to
consi der the |east burdensone neans of approval for new
devices, in this section right here. The PMA process
selected by FDA in Septenmber of this year essentially nakes
di gi t al - mammogr aphy systens class Il devices. dass Il
devi ces are the highest-risk devices regulated by FDA and
include, for exanple, inplantable devices where a failure or
mal function could cause death.

Si xteen months ago, this sane advisory pane
concluded that clinical trials were not necessary to clear
the technology. The panel and the agency recognized that
studies to neasure the accuracy of mamography are very
difficult to perform due to the high intra-observer
variability of the readers.

The panel, including several invited namrography
experts, concluded that a sinple features analysis would

suffice to establish equivalency to film manmmography. The
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panel's conclusions were ignored by FDA and, as inportantly,
sixteen nonths later, FDA has been unable to provide draft
gui dance to the public regarding the requirenent for
determ ning substantial equivalence.

[Slide.]

FDA has mandated that the 510(k) review should be
[imted to the mninum necessary to show substantia
equi val ence but industry and the agency have not reached
agreenent on this with respect to digital mammography. The
FDA has, however, issued two policy letters to only four
manuf act urers. Because | believe these policy letters
shoul d be nade available as a matter of public record, |
have included these letters in the record of these neeting.

These letters are dated February 9 and
Septenber 13, 1999 and were sent to four manufacturers
attenpting to bring digital-nmanmography systens to the
mar ket . | am aware of at least five additional conpanies
interested in this field who have no idea what types of
requirenents may be necessary for premarket clearance.
Perhaps these policy statenents will be of help to them

| also have included two letters our conpany sent
to FDA, a proposed clinical-trial design of May 20, 1999 and
a followup letter of Septenber 20 pleading for a response
to the May 20 letter. The last letter includes a Decenber 7

letter fromFDA a belated response to our letter of My 20.

M LLER REPORTI NG COWPANY, |NC
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14
Both the February and Septenber policy letters

from FDA make it clear that any submtted studies nust
include ground truth, sensitivity, specificity or RCC
receiver operator characteristics analysis. The Septenber
letter further indicates a PVA pathway woul d essentially
required in that a postmarket approval screening study would
been to be conducted.

[Slide.]

FDAMA directed FDA to consider the benefits and
risks of new life-saving technology and to utilize
post mar ket approval studies as a nmeans of gathering crucial
patient data for high-risk devices. FDA refers to this
section of FDAMA in the Septenber 13 letter regarding the
imposition of a new requirenent for postmarket approva
st udi es.

| submt Congress never intended these types of
expensi ve postnmarket approval studies were to be used for
class-11 510 (k)-type devices. This regulatory quagnire
could be avoided if the agency were to follow the mandate of
FDAMA whi ch directs FDA to consider outside scientific
expertise and to devel op a workable scientific dispute-
resolution procedure for matters of scientific controversy.

[Slide.]

These sections here cover some of those thoughts.
G ven that there is unanimty anong manufacturers, expert

MLLERSEETgQ;T%eSOﬁyﬁ?, I NC,

Washington, D.C. 20002
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radi ol ogi sts and patient-advocacy groups the |arge-scale
clinical trials are not necessary, | suggest digital-
manmogr aphy cl earance is an issue of "scientific
controversy."

Requesting help, for exanple, from the Nationa
Cancer Institute or the RSNA to determ ne an appropriate
premar ket cl earance pat hway woul d nmeet the Congressiona
intent of FDAMA. W all know it is easy to be a critic but
harder to solve the actual problem There are severa
reasonabl e approaches to solve this regulatory conundrum

In the Decenber 7 letter, FDA stated that
di agnostic and screeni ng manmogr aphy are essentially the
same procedure but, in fact, screening manmography is coded
under CPT code 76092 and is reinbursed at a |ower |evel than
di agnosti ¢ mammography which has its own set of CPT codes.

HCFA rei mburses based on FDA cl earance and | abel ed
indications for use and, therefore, is unlikely to reinburse
a screeni ng mammogram performed on a systemthat is cleared
only for diagnostic manmogram In addition, the Anerican
Col | ege of Radiol ogy standards differentiate clearly between
a screening manmmogram and a diagnostic manmogram

It would appear reasonable for manufacturers to
| abel only for diagnostic manmography and even, at their
choice, contraindicate screening in the |abeling. Anot her

approach to solve this problemis to use existing M®BA

M LLER REPORTING COWPANY, [|NC
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regul ations to neasure the perfornmance of digital-
manmogr aphy systens.

[Slide.]

MXA regul ati ons require that mamography centers
submt inage quality and dose neasurenents to an accrediting
body by neans of specially designed breast phantons and
dosi meters. In addition, two sets of clinical filns are
submtted for scoring by a review panel of radiologists. If
di gi t al - mammogr aphy systens neet these criteria, and | am
quite certain they do, it would be self-evident they are
substantially equivalent to existing filmscreen systens.

MXA regul ati ons already contain training
requirenents of at |east eight hours each for radiol ogists,
radi ol ogi ¢ technol ogi sts and physicists for new nodalities
l'i ke digital manmography. This training goes beyond the
applications training manufacturers would provide.

In addition, MXA audit regul ations require
physicians to keep detailed outcone records for all
nanmogr aphi ¢ procedures. A sinple conparison of data wl
establish whet her digital nmammography finds nore or |ess
cancers per thousand wonen screened.

Cal | -back and fal se-positive rates and a host of
>ther variables currently neasured under MBSA will allow a
continuous benchnark of digital mammography's perfornmance.

MQSA regul ations provide an al ready designed franmework for

M LLER REPORTING COWPANY, [|NC
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the agency to nonitor the relative performance of digital-
manmogr aphy syst ens.

Requesting that radiol ogists and manufacturers
provi de access to FDA for this data woul d provide oversi ght
to the agency. Wile large NCl-funded trials are expected
to provide good outcomes data on the accuracy of both film-
screen and digital manmography, at |east four years will be
required before results are known. | don't believe that
these trials should be made part of a PMA post market
approval study requiremnent.

CDRH i s responsible for assuring that exposure to
manmade sources of radiation is mnimzed as a matter of
public health. Mandating the double exposure of thousands
of healthy wonmen is sinply not justified given the nany
other alternatives available to clear this technol ogy.

Regarding the application before the panel today,
if the data presented comply with the February and Septenber
policy letters from FDA which detail requirenents for
statistically significant studies including ground truth,
sensitivity and specificity or ROC analysis, then the
application for clearance should be approved not as a PVA
but as a 510(K).

Thank you for your attention.

DR GARRA: Thank you very much. Some interesting

points were brought up there.
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M. Doyle has an announcenent.

MR, DOYLE: | have been advised that Dr. Kopans
woul d like to make a statenent.

DR GARRA: Pl ease cone forward, Dr. Kopans.

DR. KOPANS:  Good nor ni ng.

DR GARRA:  Whul d you pl ease state your
affiliation and any financial interests.

DR.  KOPANS: | am Dr. Daniel Kopans. | amthe
Director of the Breast |Imaging Division at the Massachusetts
Ceneral Hospital in Boston and a Professor of Radiol ogy at
the Harvard Medical School.

| would like to read this and then | wll be happy
to submt it in witing. As an expert in breast-cancer
detection and diagnosis, | am very concerned about the FDA's
decision to require a postnmarket approval for digital
manmogr aphy. | believe that this will not only delay access
to this inportant devel opnent in mamrography but it wll
make it very difficult and expensive to inprove our ability
to detect and di agnose breast cancer.

This will be detrinental to American women. New
filmscreen technologies only require a 510(k) process for
approval and digital detectors are nerely electronic film-
screen conbi nati ons.

FDA enpl oyees have suggested that digital

manmogr aphy wi || provide radiol ogists with such new

M LLER REPORTING COWPANY, | NC.
507 C Street, NE
Washington, D.C. 20002
(202) 546- 6666




“)

at

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

19
information that they will not know what they are seeing and
this will lead to unnecessary biopsies. There are
absolutely no data to support this belief. | am unaware of
any expert in breast imaging who would support this concern

D gital manmmography is nothing nore than an X-ray
image of the breast. Al radiologists who are involved in
the interpretation of conventional filmscreen manmograns
can interpret digital manmographies. The adoption of
digital chest radiography only required the subm ssion of a
few cases to denonstrate conparability.

The requirenment of the FDA for a | arge screening
trial for digital mammography is not warranted and would be
a great waste of noney. The efficacy of mammography has
al ready been established. The only thing that large trials
wll do is to denonstrate well-established variation between
observers.

This does not detect the detector systems but,
rather, the individual radiologists. Direct inage
conmpari sons and physics evaluation should suffice to
denonstrate that digital detectors are conparable to £ilm-
screen comnbi nations.

Ot her observer studies will be m sleading and an
unnecessary expense. The postmarket approval process is
unnecessarily onerous. Perhaps, of even greater concern, is
that its use will mean that any future alteration in the

M LLER REPORTING COMPANY, | NC
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equipnment will require a detailed resubmssion. This will
drastically slow and may curtail the future devel opnent of
digital mammography to the detrinent of wonmen's health.

Al of the experts in breast inmaging that | know
t hat have experience wth digital nmammography have supported
a 510(k) process. It is unclear who, therefore, is advising
the FDA. Dr. Henney and the FDA shoul d expl ain why they
have failed to respond to legitimate queries submtted by
myself and Dr. Carl Dorsey from the University of
Massachusetts and ot her queries submtted by the
International D gital Mnmography Devel opnent G oup.

The failure of the FDA to respond to legitimate
questions raised by international experts suggests that the
FDA's notivation may be driven by politics. This is
I nappropriate and not acceptable when the health of Anerican
wonen is at stake.

G ven the significance of this approval process,
FDA shoul d di scl ose all who have been involved in the
agency's decision including any political pressures that
have been enpl oyed to cause this major inpedinment to
inproving the healthcare of wonen. Approval for digita
manmogr aphy shoul d be acconplished through a 510(k) process.

DR GARRA:  Thank you

Open Comm ttee Discussion

DR GARRA: M. Doyle has a quick announcement to make.

M LLER REPORTI NG COVPANY, |NC
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MR DOYLE: For the record, | would like to read

an appointnment to tenporary voting status that has been
signed by Dr. David W Feigal, the Director of the Center of
Devi ces and Radi ol ogi cal Health

Pursuant to the authority granted under the
Medi cal Devices Advisory Committee Charter dated October 27,
1990 and as amended August 18, 1999, | appoint Wendie A
Berg, MD., Ph.D., as a voting nmenber of the Radiol ogica
Devi ces Panel for the meeting on Decenber 16, 1999.

For the record, she is a special governnent
enpl oyee and a consultant to this panel under the Medica
Devi ces Advisory Commttee. She has undergone the custonmary
conflict of interest review and has reviewed the material to
be considered at this neeting.

DR GARRA:  Thank you.

We are going to go back and proceed to the open
conmm ttee discussion on PMA 990066 for a manmography system
that uses as its detector a solid-state X-ray inaging
device. However, before we get to the particulars of the
PMA, | would like to ask Dr. David Feigal, Director of the
Center for Devices and Radiological Health, to come forward
to make a pair of special presentations.

Dr. Feigal.

Speci al Presentation

DR FEIGAL:  Thanks very much. Actually, in the
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spirit of disclosure, | should nention that ny first contact

with the FDA was when | was asked to come and maeke a
presentation to an advisory panel. Later, | served on a
panel and one thing led to another. So | think this is just
as a fair warning to those of you on the conmttee that
there sonetinmes are adverse--1 don't know of they are
adverse, but there are unpredictable career effects of
getting involved with the FDA

Let ne begin with a task which is both pleasant
but one which also reflects our deep appreciation of the
service of two outgoing nenbers of the conmttee. \Wat |
would like to present this norning is a letter and a plaque
recogni zing the contributions of Dr. Smathers and Dr.

Dest ouet .

Let ne just read the letter signed by Dr. Henney.
nTwould like to express ny deepest appreciation for your
efforts and guidance during your term as a nenber of the
Radi ol ogi ¢ Devi ces Panel of the Medical Devices Advisory
Cormittee. The success of this commttee's work reinforces
our conviction that responsible regulation of consumer
products depends greatly on the participation and advice of
the nongovernnental health community.

"In recognition of your distinguished service to
the Food and Drug Administration, | am pleased to present
you with the enclosed certificate."
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Let me present these to you right now.
[ Appl ause. |
Introductory Renarks

DR FEIGAL: Let ne just nake a coupl e of
I ntroductory comments to say how nmuch | appreciate the
conmttee's grappling with this issue with us. Today's
focus wll really be on one particular application and
whet her or not that application nmeets the standards which
are required and whether your recommendation on whether the
approach suggesting in this application should be
successful .

As you know, it has not been entirely
straightforward to identify a regulatory path for approva
for this technology. There are relatively few screening
t echnol ogi es used in healthy people that have paid their
dues and have shown that there is actual clinical benefit.
Pap snear is an exanple of that.

Recently, there was an approval of an automated
Pap- snear reader and the sane types of issues arose which is
how nmuch could we rely on smal|l datasets and detail ed
techni cal anal yses of the performance of such equi pnment and
at what level did we need assurance that it would produce
the same kinds of sensitivity and specificity and predictive
accuracy that the Pap snmear read by the human reader, al
the same issues of inter-reader variability.
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That was a technol ogy that was approved with a
dataset of about 33,000 slides. It was one where we were
able to establish the relative sensitivity and specificity.
The points that are made about changes in this technol ogy
being evolutionary are quite correct. That is one of the
great difficulties in deciding when you ask for nore data
than sone of the physics data or small datasets.

D fferent approaches have been suggested for this
technology. As you are well aware, an initial approach was
suggested that these technologies mght be simlar enough
that it would be straightforward to denonstrate that there
was agreenent between two technologies in study designs that
woul dn't even tell you why there was disagreement and, in
fact, if there was high enough agreement, if the two
results, if the two side-by-side technologies always led to
the same result, you really couldn't argue about substantia
equi val ence.

But if one of the technol ogies was superior, all
you Wwoul d know was that there was a discrepancy between the
two. vyou Would not have any information unless you nodified
the study in sone way as to which technol ogy even had better
sensitivity, and then the factors that lead to the
variability which have already been alluded to, would be
factors that would make it difficult to even know how much
agreenent there was because of the technol ogy and where the
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di sagreenent cones from

There are other approaches. There are approaches
whi ch do not answer the question of whether or not this
technology wll identify cancers that screen film m sses.
Those types of technologies are where you identify patients
who have already been referred because of a suspicious
screen film and are now being evaluated in a nore diagnostic
setting.

Mamrogr aphy devices that are on the nmarket now are
not separately |abeled for diagnosis and screening but,
clearly, that is a population. That type of study design,
while it is a very good source for abnormal exams, it does
not provide any insight into what is seen as one of the
great promses of techniques with greater resolution which
Is the ability to inprove the detection rate. It is a rea
question about when it is that we should forego this kind of
I nformation.

The final approach, and one that is, obviously,
the nost challenging and difficult, is to evaluate a new
technology in a screening setting where you have the ability
to assess the technology where it wll be used.

In our regulatory letters, the initial approach of
the agency to suggest agreement studies was realized to be
too narrow an approach. There still remain manufacturers

who are interested in pursuing agreenent studies, in
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pursuing the 510(k) route of approval. And there are other
ways to get a 510(k) approval than an agreenent study. You
also could do that with a ground-truth study.

The reason that we proposed the PMA as an
alternative to the 510(k) was because we felt that the
substantial experience that nmany of the manufacturers
already had could be put together in a PMA application which
does not require that the application be conplete because
there is flexibility to extend some of the study
requirenments, sonme of the things you would like to know
about the technology, into the postmarketing period with
post marketing conm tments.

W realize that each conpany had a slightly
different approach to the way they were collecting data and
studying their equipment. \What we were attenpting to
communi cate, and | don't think we entirely succeeded, was
that, in fact, the 510(k) nechanismis still open if soneone
w shes to conplete enough of their studies to denonstrate it
substantially equivalent, or they can use a PMA route if
they wish to come in wth data with a postmarketing
coonmtnent and, if that bring the technology to the narket
nmore quickly, then they have to weigh the business decision
about the relative long-term and business effects of being
in the 510(k) or the PMA stream

As you may be aware, even those types of decisions
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are not forever because there are tines when PMAs are
downcl assified and technologies are used in different ways.

W essentially attenpted to make this an option
for the conpanies, to look at the information that they had
and to choose the regulatory pathway that they w shed to
come forward with. As you look at this single application
today, and as the conpany and as the FDA scientists present
their perspectives on this, pay relatively less attention to
whether this is setting a paradigm for how all conpanies
shoul d proceed because | can guarantee you we wll be back
with different types of information trying to acconplish the
same end with other applications.

Qur goal is to get these products into the
mar ket pl ace as quickly as possible and to allow regulatory
flexibility to allow conpanies to choose the pathway that
they wish to choose.

Wthout any further comments, | think we should
begin with the nmorning. Qur first speaker this norning on
introductory matters is the capable Dan Schultz.

PMA Background

DR SCHULTZ: Wl come nenbers of the panel and
menbers of the audience.

[Slide.]

Wuld like to take this opportunity, once again,

to wel cone you here and, again, thank you for helping us
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t hrough what has obviously been a sonewhat difficult and
convol uted problem

As you can see fromthe title of ny introductory
slide, what | intend to talk about very briefly is where we
are today and how we got there. The fact that the fonts are
different is not necessarily an accident. | think the
important thing, really, is for us to nove forward. | think
that is inportant both to the agency and to the wonen of
Aneri ca.

W can spend sone tine going over how we got
there, but | think that will be the brief part of this
presentation.

| would like to say that, nornally, as Division
Director, | don't get to nake these kinds of sort of
detail ed renmarks. It is nornmally that | get to get up and
give a couple of sort of perfunctory introductory renarks,
but when we were deciding on who was going to give this talk
today, for sone strange reason, there were not a |ot of
volunteers so here | am

[Slide.]

Briefly, and | think everybody in this room knows
this probably as well as | do, and Dr. Feigal just went over
some of it, the history of this product dates back to the
early '90s. In 1995 we had our first panel neeting

regarding digital namography. The panel recomended
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agreenment as an alternative to large screening trials for

the very reasons that have been tal ked about previously,
that those trials are tine consumng. They are costly.

There was a feeling at that tine that, since this
was, in fact, manmography, that that agreenent paradigm
woul d have a chance to show enough infornation to be able to
determne that the two technol ogies were, in fact,
substantially equival ent.

In 1996, the agency incorporated that paradi gm
into its guidance document. Between 1996 and 1998, we
actually had the opportunity to look at data, to talk to
conpanies, to look at different protocol ideas and,
basically, came to the conclusion that, whether we liked it
or not and, in fact, this is not sonething that we |ooked at
nwith great gl ee because, in fact, the agreenent paradi gm
~sould have been the sinplest albeit not providing as nuch
information as could be obtained in other ways, 5 pr.

Fei gal nentioned.

But, the bottom line was that the agreenent
baradigm, at |east as we proposed it in the guidance
locument, doesn't work.

In 1998, we asked you back here to discuss, gnce
igain, whether there were alternative clinical-study
>ptions. Again, as has been previously discussed, there
vere a number of opinions that were provided. There was a
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| ot of good information and, in fact, one thing I would Iike

to correct is that the agency did not ignore those ideas and
t hose recommendati ons.

W | ooked at all of themextrenely carefully and,
infact, | think if you look closely at what we are
suggesting today, there are elenents of all of those
opi ni ons.

[Slide.]

Septenber, 1999, FDA issued a letter to sponsors,
again, as Dr. Feigal nentioned, trying to be specific to and
requesting that each sponsor conme in to discuss their
I ndi vidual applications given the fact that sponsors were
and are in different points on the devel opnental curve.

So the letter was, in fact, directed at the
sponsors that we had had discussions with regarding digital
mammogr aphy and the |etter suggested that there might be an
alternative pathway to the market through the PMA process.

Decenber 16, 1999 is where we are today and we are
having the third digital panel. But this tine, | think,
there is a big difference. We, today, are actually going to
be | ooking at an individual marketing application. For the
first time, the panel will be asked not to tal k about
theories, not to talk about regulatory paradigns, not to
talk about a variety of different approaches, but actually

to ook at data. W believe that that is a significant step
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f orward

Where do we go fromhere? It has been nentioned
that the revised guidance has not yet been issued. Al
can tell you, at this point, is that we are working on it.
[t will come out in the next mllennium hopefully early in
the next mllenniumbut it will, | guarantee--and you can
quote me on this--1 guarantee that there will be a revised
guidance in the next millennium  Thank you

[Slide.]

A nunber of issues, again, wthout belaboring the
point, one of the questions that has been raised is why is
manmography different. It is, in fact, the only inmaging
technol ogy currently indicated for both diagnosis and
screening. Wiile not a significant risk in the traditiona
sense of high-risk devices, | think the risk of this device
I's based upon the fact that it is, in fact, relied upon by
mllions in the United States for the early detection of
breast cancer.

As Dr. Feigal nentioned, we know that this
technol ogy saves lives and we know that it leads to
i ncreased breast conservation, both of which we consider to
be extrenely inportant issues for American women.

[Slide.]

QG her issues that have already been touched upon,
why ground truth versus agreement. Again, our idea

MR 7 € sireet, NE.

Washington, D.C. 20002
(202) 546- 6666




at

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

32
somewhat, | agree, sinplistically, a few years ago, was that

I f you got perfect agreement you would, in essence, be

m m cking ground truth. Unfortunately, what we have

di scovered since then is that anything |ess than perfect
agreenent does raise questions and, in fact, the poorer the
agreenent, and we all know the reasons why that agreement
has not been as good as what we would have like to have
seen, the poorer the agreenent, the nore questions are

rai sed

[Slide.]

Anot her issue that has been brought up on severa
occasions is the issue of enriched trials versus screening
trials. Wat we think is that enriched trials do provide
adequate information, at least for the diagnostic conponent
of mammography and do, in fact, provide sone inportant
information on screening. However, we still believe that
the screening trial is, in fact, a nore sensitive nmeasure of
the ability to detect the earliest lesions and that that is,
in fact, probably the nost inportant aspect of nmanmmography
and, therefore, one that needs to be |ooked at in sone form
at sone point in the devel opnental process.

[Slide.]

Finally, last but not |east, PMA versus 510(K).
Very sinmply, they answer different questions. They ask
different questions and they are nmeant to answer different
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questions. The PMA process |ooks at each individual device
and the determnation is nmade as to whether that device is,
in fact, based on its own nerits, safe and effective whereas
the 510(k) process essentially lunps the technol ogy together
and | ooks at whether or not products are substantially
equi val ent .

How substantial that equival ence needs to be is
basically dependent on the device itself and how critica
those differences between devices really are. W feel that
the PMA process provides us with sonme increased flexibility.
We think that the labeling for and individual PVMA can be
tailored to reflect the data for that individual device. W
think that the PVA lends itself to a regulatory paradi gm
whi ch includes both a premarket conponent with gives us
enough reassurance to put this device on the market as well
as a postmarket conponent which answers sonme of the nore
difficult, harder-to-answer questions over a |onger period
of tine once the device has actually been put on the narket.

[Slide.]

We also think that, as counterintiutive as it
m ght seem in fact, for this and for some other
technol ogies, that the PVMA process may, in fact, provide a
faster route to market while still maintaining the contro
and the data requirenents that are necessary to assure the

| American public that these devices will do what they say
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they wil.

As Dr. Feigal has nentioned previously, again, and
| just reiterate this one nore tine, we are not conpletely
closing the door to 510(k). W think it is going to be
difficult. W don't want that to be swept under the rug.
Based on our experience over the last few years show ng that
these two products could be equivalent is not going to be an
easy task, but the 510(k) process does renain open and does
remain an option for those conpanies that wish to pursue it
and we would be nore than happy to discuss with any conpany,
the ones that we have talked to so far, the ones that we
haven't talked to, what those options mght be and listen to
their ideas on how to get their product to market.

[Slide.]

Finally, while all this may be very interesting
and we could have |ong discussions and | ong debates on
whet her or not some of the ideas that have been presented
today are right or wong, in essence, the discussion and the
comrents that | have nade so far are somewhat irrelevant for
t oday' s purpose.

Today, we are here to discuss an individual PMA
and the questions that we are going to be asking you are not
| ooking at whether the FDA is right or wong. Today's
questions are, in fact, and these will be read to you in a

slightly different formlater on, but, basically, | tried to
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summari ze them does the data for this PMS provide

reasonabl e assurance of the safety and effectiveness of this
device; does the labeling for this PVA clearly and
accurately reflect what is known and unknown about this
device; and does the developnental plan, in its totality for
this PMA provide wonen and caregivers the data necessary to
make inforned decisions.

We |ook forward to your deliberations. W | ook
forward to your recommendations. And, once again, we thank
you for being here and helping us wwth this very difficult
probl em

Thank you.

DR GARRA: Thank you, Dr. Schultz.

W are now going to proceed with the sponsor's
presentation of the PMA, itself. The first speaker will be
Scott Donnelly, General Electric's Vice President for @ obal
Technol ogy Operations. He will be followed by Dr. Edward
Hendrick, the principle investigator from Northwestern
Uni versity.

M. Donnelly?

G E. MEDI CAL SYSTEMS PRESENTATI ON OF P990066
I ntroduction, Device Description, Non-dinical Studies

MR DONNELLY:  Good norning. | would like to
thank the panel for their tine.

[Slide.]
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This morning, we are going to present the
3enographe 2000D which is G.E.’s digital - manmography

[Slide.]

My nane is Scott Donnelly. | amthe Vice
President of G.E.’s Medical Systems G obal Technol ogy
dperation. As such, | am an enpl oyee and shareholder in the
3eneral El ectric Conpany.

Wiat | will be presenting this norning is an
overview of the device and the technology as we have
implemented it in our full-field digital-mnmography nachine
at which point I will turn over the presentation to Dr. Ed
Hendrick who will present the results from our clinica
trials and studies.

[Slide.]

This is a very brief overview GE Medical
Systens in addition to being a devel oper of mamography,
ooth in conventional as well as, now, digital systens also
is in the business of the design and devel opnent of other Xx-
ray equi pnent, both fluoroscopic and radi ographic including
other digital X-ray technol ogy.

W also are a mgjor devel oper, manufacturer, of
CT, mRr, ultrasound, PET and nucl ear-nedici ne machi nes.
Additionally, we provide solutions for managing that
di agnostic information in terms of picture archival systens

and radiological information systens.
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[Side. ]

| will do an introduction and overview of the
product and a device description as inplenmented in the
technol ogy that we have selected and a brief overview of the
performance of the product in ternms of its physics and
engi neering, and then Dr. Hendrick will cover the clinica
data and al so the postapproval study which we are proposing.

[Slide. 1

| think it is inportant when you [ ook at our full-
field digital-mamography product that it is really based on
our current platform for anal ogues, filmscreen manmmography.
The gantry, patient position and acquisition systemis
actually quite simlar to what we do today in anal ogue £ilm-
screen mammography. Once you go into the digital world, we
are actually levering quite heavily a product we call our
G E. Advantage Wndows Platform which currently is used for
out CT and mR product as well as in our other digital X-ray
product s.

[Slide.]

It is inportant to note, as indicated in the PMA
that the indications-for-use statement is for both
di agnostic and for screening applications, so we are seeking
approval for both diagnostic and screening use of this
machi ne.

[Slide.]
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The device description, on the |eft-hand side of
the chart, shows the acquisition platform |f you | ook at
the gantry, it is actually very, very simlar to our current
filmscreen manmography product. The gantry, and,
therefore, the patient positioning and the way the
technician would use the equipnment is the same, the only
difference, really, being that, in place of a filmscreen
buckey, you now have a digital detector that is used in
place of the film | wll go into sone details later that
explain how we have inplemented the digital detector

[Slide.]

New to the systemis the acquisition work station
The acquisition work station is used to collect all the
electronic data that is generated by the detector to do the
i mage mani pul ation and image processing to generate the
image. It is also used as a link to the rest of the
i nformation system

Additionally, what you have, and one of the
advant ages of the technology, is the ability to do an
i mredi ate review of the exam to do basic quality-assurance
checking to nake sure the positioning was done properly and
that the paranmeters were such that you received a good-
quality film

After that is done, you use the acquisition work

station to then send the data over to a |laser canera to
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generate, for purposes of our clinical trials, hard copy
review which is then reviewed on a conventional viewbox as
you would with filmscreen nmammography.

[Slide.]

The acquisition process is actually very simlar
to filmscreen. The patient positioning and exam setting,
denographic data, is entered in a very simlar fashion.
‘V%ere the difference is is because the acquisition process
is very fast. In a very short tine, you can acquire a
series of acquisitions with the patient and then go over and
review each of those acquisitions to insure quality is
there.

In a post process, you will be able to send that

data to a laser canera to generate the hard-copy review in

the same formas a filmscreen. So one of the advantages of
the technology is that it does dramatically increase the
speed at which you can do the acquisition and it also
provides you imredi ate feedback in terns of quality

' assurance, hopefully reduci ng the nunber of retakes based on
later film processing which would show a gross positioning
“error or that sonething went wong during the acquisition
"that resulted in a poor-quality image.

| Those retakes can be taken immediately upon review

of the QA
[Slide.]
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The detector is the new technol ogy involved in

this digital mammography. Effectively, you have photons
comng into the detector the same as you would in a £ilm-
screen system  But, instead of a film screen, you have a
solid-state digital detector that has a cesiumiodide |ayer
across the top which brings the photons in and, through a
crystalline structure, converts those into |ight.

That |ight then conmes out and is placed directly
onto an anorphous silicon panel which | wll describe in the
next chart in nore detail which basically takes and converts
the light to an electronic charge. And then you have read-
out electronics which take the charge and scan across the
panel and, therefore, take all the digital charge out of the
panel, convert that to digital data and send that to the
anal ysis work station where it is processed and the inmage is
generated from that data.

[Slide.]

The detector is manufactured with sem -conductor
technology. W start with a basic glass substrate. It is
inportant that there are a nunber of digital technol ogies.
This is unique to the GE detector.

After you take the glass substrate, you use
conventional sem -conductor manufacturing processes to |ay
down an anor phous silicon array wth 100-micron pi xel sizes

across the entire field of the array. You then have
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el ectronics which scan from the individual rays. The charge
woul d be stored here after it is converted fromphotons to
l'ight.

The signals are extracted on three panels. They
are not extracted on the fourth panel in order to mnimze
the distance and how close you can get to the chest wall so
there are no electronics or connector across the front
al lowing perfect access in against the chest wall.

On top of that is deposited the cesiumiodide
scintillator which, again, is a crystalline structure that
converts the X-ray photons into light. And then, as you
scan out, there is actually an electronics assenbly that
mounts to the back side of the glass substrate so all the
el ectrons are swept out and converted to digital data to be
transmtted to the acquisition work station

[Slide.]

If you ook at the nonclinical data on the system
our intent was to take what was avail able today in screen-
fil m mammography and inprove the nost inportant
characteristics that are necessary to get good inage quality
when doi ng a mammogr aphy screening or diagnostic exam And
so the critical functions of dynam c range, nodul ation
transfer function or the spatial resolution of the inage,
the contrast and the signal-to-noise ratio | wll address in
this presentation.
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In the end, the detective quantum efficiency which
isreally the overall neasure of how effectively you convert
from X-ray to an inmage is discussed in sone detail

[Slide.]

This chart shows the conparison between how a
digital detector responds versus what you see in a
conventional film screen. On the right-hand side is the
sensor-netric response that you would see in a typical film-
screen manmography system  There is actually a considerable
differentiation with very small changes in dose that is here
in this region which is where normal tissue would be. A
filmscreen performs quite well in this region

Wiere you don't see as great a differentiation
between the anount of exposure and, therefore, the
sensitivity to different absorption of X-ray turning into a
very significant change in optical density with a relatively
flat line is in this area which would be a very dense area,
ei ther against the chest wall or glandular region of the
breast or, at the other end of the spectrum at the very
high end, which mght be typical of a very |ow contrast
area, let's say, against the skin line.

One of the advantages of the digital detector
response is if you look at the digital detector response
through that same dose region, it is very linear from very

| ow dose areas that would be typical of a high-density
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breast or chest wall all the way up to very |ow density on

the skin |ine.

O course, in terms of optical density, the
equivalent is the nunber of electrons that are converted as
a function of that dose. So what you see is a very, very
| i near response across the whole range which gives you sone
superior physics to what you see in a filmscreen system

[Slide.]

In the end, the nost inportant thing for us, of
course, is detectability. Detectability is a function of
s>oth the spatial resolution--so this is a very high spati al
resolution noving to the |ower spatial resolution and we
start t0 see sone blur but, also, and very inportantly, the
amount Of noise that is in wth the inage.

So, if you see a very, very high-noise
:nvironment, even though you nay have very high spatia
resolution, it is very difficult to extract the signal you
tre interested in fromthe noise environment on the display.
As Yyou nove to a | ower noi se environnent, sonetinmes even a
Lower spatial resolutions may be nore detectable in ternms of
-he radi ographer's ability to extract a signal fromthe
| mage.

The measurenments which we used, which quantifies
-he overall performance in ternms of detectability is what we

;all the detective quantumefficiency. This takes into
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consi deration both the balance between spatial resolution

or MIF, or the amount of noise that is in the inmage.

[Slide.]

So the nost inportant thing, in terns of
mai ntai ning and achieving a very high DQE is that,
regardl ess of whether you have a digital detector or screen-
film system the amount of signal to noise that inpinges
upon that detector is the same. This is the system now x-
rayed that is propagated from the tube through the patient
and is received at the detector.

So the really inportant thing to optim ze the
i mage quality and/or patient dose is a function of how
efficiently you convert the signal and to do that in such a
fashion that you do not induce noise into the imge. g jt
Is a very good nmeasure of both signal and noise.

One of the things that having high DQE gives you
Is also the tradeoff now to decide do you want to have the
same image quality with a |ower dose or do you want to have
i nproved image quality by the sanme dose because they are
relative, since really what you are talking about is a ratio
of the signal to the noise in the system

[Slide.]

This chart takes nmeasurenents which we have made
on the Senographe 2000D di gital system versus published data

on an existing and typical film screening. So what you see
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on the left-hand side is the percentage of detectable

quantum efficiency or how efficient is the detector at
converting signal into either electrons or, in the case of
digital, sensornmetric response.

So you see that, in a digital system you have a
much hi gher DQE across the entire range of line pairs in
ternms of spatial frequency. This is the region of interest
in terms of clinical benefit for mammgraphy. 5o you can
see, across that whol e region, you have substantially
i nproved DQE as conpared to a typical film screen

[Slide.]

This chart has simlar information except instead
>f selecting two of the same dose, you | ook across the
entire range of dose fromvery, very |ow dose to high dose,
sou see the response of the digital detector is actually
rery linear and quite flat across the whole range until you
yet to extrenely | ow dose down in this end.

In ternms of noise conversion, what you want to
ave IS to not contribute additional noise. There is sone
10ise call ed quantum noi se which is inherent in the X-ray
jeneration. Wat you don't want to do is contribute any
1ore Noi se to that inage through the conversion process.

If you look at--even in extrenely |ow doses, you
\ave the noise of the X-ray and you don't have any
ontribution Of additional noise in a digital detector until
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you are down, approxinately--the quantum and the detector-

contributed noi se becone equival ent down at about a dosage
of 0.8 mrR which is alnost an order of magnitude bel ow the
region of clinical interest because you are not going to see
dosages down to 0.8 to be clinically inportant in a

manmogr aphy machi ne.

[Slide.]

So that is kind of a sunmary of the data that we
have for you in terns of the physics and the engineering
that we have incorporated in the full-field digital-
manmmogr aphy machi ne. | think it leverages quite well our
long history in mammography taking advantage of a system
that is already out in clinical use on a w despread basis.

W have invested and generated a |lot of tine and
:ried to come up with a digital detector that has superior
ohysics and to make sure that we | everage our signal-
srocessing expertise both in other digital radi ography as
vell as CT and mR to try to optim ze and take advant age of
-hat digital -conversion technol ogy.

The end results, of course, are to be proven in
he clinical studies. | will introduce Dr. Hendrick who
vill take you through the results of the clinical trials
rsing the G E F50M machi ne.

Thank you.

Cinical Studies
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DR HENDRICK: It is a pleasure to be here. |t js

also a pleasure to follow the person presenting the physics
and to get the clinical results for a change.

My nane is Ed Hendrick. | want to do the public-
di sclosure thing so | want to let you know | own a few
shares of GE., unfortunately not a significant fraction of
the conpany. M wife owns some shares of GE as well

| have had research agreenents with GE at the
Uni versity of Colorado Health Sciences Center where | was a
professor prior to Cctober and | hope to have a research
agreement with GE at Northwestern University but that
hasn't been executed yet. |t night be in the nillenniumif
we can keep it out of the hands of the lawers fromthe two
i nstitutions.

[Slide.]

| want to present the clinical results that have
come about fromthe trial that we have conducted. The goa
of this is establish the noninferiority of digital conpared
to screen film Based on the neetings that we had with the
FDA and the public neeting in August of 1998, we adopted a
noninferiority approach rather than an equival ence approach.
That is what | want to discuss.

So we are following the guidelines that were laid
out by Dr. Schultz in addressing the pma approach which is
to establish the safety and effectiveness of full-field
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di gi tal mammography both for screening and di agnosi s of

breast cancer.

[Slide.]

The presentation will first talk about the study
cohort, the people that were enrolled, the wonen that were
enrolled in the study. And then | will talk about the
results of two reader studies and the results of a side-by-
side analysis conparing features on digital to features on
filmscreen side by side and then I wll give sone
concl usi ons.

[Slide.]

For the enrollnment of clinical subjects, all of
these were consented by IRB and they were enrolled at four
Institutions consisting of wonen over the age of 40
attending for diagnostic manmography. The four institutions
were ny former institution, the University of Colorado
Jealth Sciences Center, the University of Mssachusetts
Medical Center, Mass General Hospital and the University of
Pennsyl vani a Hospital.

[Slide.]

The exclusion criteria for wonmen in the study were
vomen under the age of 40, wormen who were pregnant or
suspicious of being pregnant, women with breast inplants,
vomen W th breasts too large to fit on a 24-by-30 CMi mage

receptor wWhich is the larger inmage receptor used for film-
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screen mammography, wormen who didn't qualify for diagnostic
manmogr aphy because they had non-focal or bilateral breast
pain, and wonen who were unable or unwilling to execute the
consent form

[Slide.]

The study cohort for the diagnostic study
consisted of 641 wonen enrolled as diagnostic subjects at
those four institutions. There were an additional 21 wonen,
and it was the first 21 wonen with cancer out of a total of
about 4,000 wonen who had been screened at that time in an
addi tional study of digital mammography conparing it to film
screen which was being conducted at the University of
Col orado Health Sciences Center and the University of
Massachusetts Medical Center, and that was a screening-based
study so there were an additional 21 wormen with cancer who
were additionally consented to have their inmages included in
the reading studies that took place for this PMA

[Slide.]

The patient denographics of the diagnostic study
popul ation are given here. The nean age was 55 and the
range from40 to 86. The ethnicity is given in the table
here as well. 34 percent reported a history of breast
di sease and 33 percent reported a history of hormone-
repl acenent t herapy.

[Side. 1
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The inmagi ng techni ques that were used were to

views of each breast, the standard CC and MLO views, in both
filmscreen mammography and digital mamography. They were
performed on each study volunteer. 59 percent were

bilateral exams, 41 percent unilateral diagnostic exans.

[Slide. 1

The sane target filter kvp and approxi mately the
same mAs were used on both the full-field digital system as
were used on the filmscreen system \Wen the mas couldn't
be matched exactly, the full-field digital used a slightly
| oner mas to insure that we had equal or slightly | ower
doses in full-field digital conpared to screen-film
manmogr aphy.

The technol ogi sts, in nost cases, was the same
person performng screen filmand full-field digital and
they used the sane basic X-ray design for the conpression of
the breast and the positioning of the breast is the GED mR
system for film screen and the prototype digital systens
based on the GED mR so that positioning and conpression
forces were simlar in the two nodalities.

[Slide.]

Just to present one of the nore inportant results
in terns of safety, there were no adverse consequences,
serious or otherwise, reported among all the study subjects
in the study cohort in this PVA study.
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[Side. ]

Let me tal k about the different reading studies in
the side-by-side analysis that were done. These were
conducted sort of consecutively. The first reading study
used an adj udi cation process where each inage was read by
two reviewers. So full-field digital was read by two
reviewers and screen filmwas read by the same two
revi ewers.

One of the designs of this first reading study was
that the readers would not be at the institutions in which
the imges were acquired. That is actually a design of both
reader studi es. In the first reading study, we had 646
subj ects getting both full-field digital and screen-film
I mges. 47 of those were cancers. 599 were non-cancers.

Wien | say they were read by two or three, it is
because of the adjudication process. If the two initial
readers agreed on the positivity or negativity on a given
modal ity--say, for screen film-then that was the
determnation for that nodality. But if they disagreed for
screen filmon whether it was positive or negative, then it
went on to an adjudicating reader. That was the third
reader who was the tie-breaker and decided, in the
adj udi cated readings, whether it was positive or negative.

That design was elimnated in the second study
whi ch consi sted of 625 subjects getting both digital and
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screen film In that study, there were five readers reading
every image and each reader read both digital and screen-
filmimges and, in each case, those were spaced out in tine
to avoid any kind of recall effect.

So there was at | east a 30-day period between a
reader reading a woman's, say, screen film and reading their
digital image. Each reader read half the screen-film inages
first and half digital inages first.

| will talk about the side-by-side reading study a
little later.

[Slide.]

The differences between the first and second
reader studies were that, for the first reader study, each
case had two prinmary readers and if they differed in
positivity or negativity, a secondary reader, who was
actually a third reader

The data were analyzed in tw ways based on the
primary interpretations and al so anal yzed based on the
adj udi cated interpretation. In reader study No. 2, all five
readers read each case on each nodality. Part of the reason
for going on and conducting reader study No. 2 was the
analysis of data in reader study No. 1 was nade nore
difficult by the fact that not all readers read all images.

So it elimnated sonme of the possible statistica
nmet hods that could account for multiple readings of the sanme
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images or it made it nmuch nore difficult to conduct those
ki nds of anal yses.

[Slide.]

Al so, after conducting the first reader study, we
| earned some things about digital mamography that hel ped us
do a better job in the second reader study. One of the
things we learned was, in doing the side-by-side analysis
between the first and second reader study, that in a few
I mges, there were |lesion markers on sone filnms on one
modal ity that were not visible in the other nodality.

So, in preparation for the second reader study, we
elimnated any i mages where there were different markers on
one nodality than on the second. Also, we learned a |ot
about printing digital images in the course of conducting
the first study and recognized that the print quality on the
digital images wasn't always up to par.

|, personally, reviewed the digital images not
| ooking at the film screen but |ooking at the quality of
printouts on the digital imges and had sonme of those images
reprinted prior to the conduct of the second study,

The readers used in the second study were froma
single institution and they were tested and sel ected--we
tested nine people and picked six readers out of that group
or five readers out of that group, of nine. Then the

readers received uniforminstructions prior to the study.
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One of the things we didn't do in the first reader

study that we should have done was tell readers that these

I mages should have been read as a screening exam since there
weren't prior films. And we didn't do that, so, in the
first study, we |learned some readers read these as screening
cases, some read them as diagnostic cases, which led to big
di fferences anong the performance of the readers in the
first study.

In the second study, we instructed the readers to
read these as if they were screening cases since there
weren't prior films or the presence of a diagnostic workup
on those images.

[Slide.]

In both readers studies, we asked to readers to
provide a BIRADS code, 0, 1, 2, 3, 4 or 5 and the 0 was
i ncluded because we did want themto read it as a screening
study. And, in addition, for anything that had any Bl RADS
code other than 1 or 2, we asked themto provide a percent
probability of that identified |esion or breast as having
cancer. That was on an integer scale fromO to 100 percent

In the side-by-side reader study, it was a
different design with the Likert scale that | wll describe
In just a mnute.

[Slide.]

The nul | hypotheses are the key to this non-
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inferiority approach. The null hypothesis is sort of the
straw man that you set up to see if you can reject that
based on the data. The null hypotheses are in three areas
in terms of recall rates, or specificity--and just bear in
mnd, the specificity is 1 mnus the recall rate

In ternms of recall rates, the null hypothesis was
that digital had a higher recall rate than screen-film
manmogr aphy by 0.05 or nmore. One of the concerns that FDA
had with this new technol ogy was that digital would have a
higher recall rate, pronpt the recall of nore wonen, but not
find nore breast cancer. So the straw man for recall rates
Is that digital has a higher recall rate by 0.05 or nore.

For sensitivity, the null hypothesis is that
digital has a |lower sensitivity than screen filmby 0.1 or
more. And, for ROC curve areas, the null hypothesis is that
digital has a | ower ROC curve area by 0.1 or nore conpared
to screen-fil m mamrography.

W col |l ected data and anal yzed data in terns of
recall rates, sensitivity and ROC curve areas to test the
nul I hypot heses.

[Slide. 1

Here is the first set of data fromthe first
reading study. These data are for recall rates. |n this
table, there are two colums, one for all cases and then for

non-cancer cases. In each case, the recall rate for digita
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was |ower than the recall rate for screen film \en we

tested the null hypothesis wthout taking into account the
correlation that nultiple readers read the sane filnms, we
woul d get a p-value of less than 0.001 in each case.

Al'so, in the adjudicated readings, which don't
have the correlation probl em because we get a single
determ nation based on the best two out of three readings,
digital also had a lower recall rate and we were able to
reject the null hypothesis with a high degree of statistical
significance.

[Slide.]

This is where the statistics comes in. These
terns PROC M XED and PROC GENMOD are just fancy nanes for
other statistical tests that were conducted to analyze the
effect, and take out the effect, of nultiple readers reading
the sane cases. In the case of PROC M XED, it includes all
the cases that were read.

In the PROC GENMOD nethod, it only includes the
cases where the readers disagreed between the two
modalities. So it only includes the cases where digita
recal l ed the patient and filmscreen didn't, or filmscreen
recalled the patient and digital didn't.

It doesn't include the data where the two
nodal ities agree and because there are fewer data in the

di sagreenent areas, the p-values are sonewhat higher. But,
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in all cases analyzing recall rate, digital had a

statistically significantly lower recall rate in that it was
able to reject the null hypothesis regardl ess of the
specific statistical tests that were used to account for

mul tiple readers reading the sane inmages.

[Slide. 1

In terns of sensitivity in reader study No. 1,
digital had a sensitivity rate of 78 percent, just conbining
the primary readings of all the cases, and screen film had a
sensitivity rate of 74 percent. |n either case, where we
didn't take into account the correlation among the readings
by the two primary readers of each case or where we did take
that into account by the PROC M XED net hod, we get a
statistically significant rejection of the null hypothesis.
So digital doesn't have a significantly |ower sensitivity
than film screen.

Wien we | ook at the adjudicated readings, the two
nodal ities had exactly the sanme sensitivity and we were
right on the edge of being able to reject the nul
hypothesis with statistically significance.

[Slide.]

One of the concerns the FDA had in the design of
this kind of trial was that if there is some hand picking of
the cases involved that the study could use larger, easier-
to-detect, later-stage cancers that really make no
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difference in the outcone for the wonan.

What we did was took all wonmen comng for
di agnosti ¢ manmmogr aphy plus this subset of cancers fromthe
screening study w thout any selection process along the way.
| think that is reflected in the stage distribution and the
size distribution of the cancers that were detected in this
st udy.

There were 47 cancers in reader study No. 1 and,
in terms of the nunber of cancers with stage 0 or |, a tota
of 58 percent. The AHCPR gui delines recommend that, in a
good nmammography practice, you should have greater than
50 percent of your cancers be stage 0 or |I. The stage
di stribution of the study group exceeded that AHCPR
gui del i ne.

In terns of mninmal cancers--that is, stage 0 or |
cancers that are less than 1 centineter in size, it was
39 percent in this study group for reader study No. 1 and
AHCPR recomends that, in a good manmography practice, that
shoul d exceed 30 percent. So we nmet those criteria for the
kind of stage distribution and size distribution that you
woul d hope to find in a good mammography practice.

[Slide.]

Looki ng specifically at the way digital conpared
in terms of sensitivity for these earlier stage and m ni nal

cancers, digital actually did even better conpared to screen
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filmin ternms of sensitivity for stage 0 and | cancers based

on 27 in those two categories. Digital had an 85 percent
sensitivity conpared to 74 for screen film For mi ni mal
cancers, digital had a sensitivity of 83 percent conpared to
70 for screen film

So for the cancers that are probably the nost
critical in terms of making a difference in saving the
wonan's life, digital did even better than screen film

[Slide.]

Here are the ROC curve areas for digital conpared
to screen film Digital had a |ower ROC curve area. This
Is conbining all the primary readings in study No. 1.
digital had a | ower ROC curve area by 0.01, actually 0.009.
3o, for all practical purposes, the ROC curve areas were the
sane.

Wien we applied the statistical test to reject to
null hypothesis that digital had a |ower ROC curve area hy
.1 0or nore, we were able to do that with either all primary
readings conbi ned or with the adjudi cated readi ngs.

[Slide.]

In summary, for reader study No. 1, we were able
:o show that digital did not have a significantly higher
recall rate--in fact, it had a lower recall rate from screen
:ilm. We were able to show that it had very simlar
sensitivity to screen film and sonewhat better sensitivity
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for snaller earlier stage cancers, and the digital had a

conparable ROC curve area to screen film We were able to
reject the null hypotheses of the core performance of
digital in each case.

For reader study No. 2, we got very sinilar
results to reader study No. 1. Renmenber, this is based on
all the cases being read by five MXBA-qualified radiol ogists
reading both digital and film screen with the separation of
at |least 30 days between the readings of the two different
modal i ties.

Al cases analyzed had digital with a 2 percent
lower recall rate than screen filmand we were able to
reject the null hypothesis again, and, if you |ooked at just
all non-cancer cases, the same 2 percent difference with a
strong rejection of the null hypothesis.

Wien we used these statistical nethods that took
into account the correlation now anong the five different
readers in terns of recall rate, we were still getting a
2 percent lower recall rate for digital conpared to screen
filmand a highly significant rejection of the nul
hypot hesis when you included all cases and a reasonabl e
rejection, in terms of significance, of the rejection of the
nul | hypothesis when we only included the cases where there
was di sagreenent between the two nodalities by a given

reader in terns of recall.
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[Side.]

In terns of sensitivity in reader study No. 2,
digital had a 68 percent sensitivity. Screen film had a
70 percent sensitivity. But we were still able to reject
the null hypothesis when we included--did the statistica
eval uation without taking into account the correlation anong
readers or when we used all cases and took into account the
correlation anong the readers with this PROC M XED net hod.

[Slide.]

In terms of the cancer distribution in reader
study No. 2, 61 percent of the cancers in reader study No. 2
were stage 0 or | so these were even a slightly better
distribution toward earlier stage cancers and slightly
better toward m ninal cancers.

43 percent had cancers less than 1 centineter in
Size in stage 0 and | neeting the AHCPR guidelines for this
study as well.

[Slide.]

In terns of the sensitivity of digital in stage 0
and | cancers, it was about exactly the sane for digital and
screen film and for mninmal cancers, digital did slightly
better. But, again, this is a nore limted nunber of cases
on Which these nunbers are based.

[Slide.]

The ROC curves are remarkably simlar between

M LLER REPORTING COWPANY, [INC
507 C Street, NE
Washi ngton, D.C. 20002
(202) 546- 6666




)

at

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

62
digital and screen filmin reader study No. 2. This is

conbining the results of all five readers in a breast-by-
breast analysis. Not only are the areas the sane within

0. 001, the areas under the ROC curves, but the shapes of the
ROC curves are virtually identical

Wien we use these data to test to reject the nul
hypot hesis, the digital has an ROC curve area | ower than
screen filmby 0.1 or nore. Unadjusted for the correlation
between readers, we have a high degree of significance.

Even adjusted for nultiple readers, we have a high degree of
significance in rejecting the null hypothesis. The digita
has a significantly |ower ROC curve area.

So, fromthese results, we can conclude, also in
reader study No. 2, that digital is noninferior in terns of
recall rate. It doesn't recall more wormen than screen film
Digital is noninferior in ternms of sensitivity. |t has a
conparabl e sensitivity and it has virtually identical ROC
curves to screen filmas well.

W are able, statistically, to reject the nul
hypot hesis of digital being worse than screen filmin this
st udy.

[Slide.]

The side-by-side analysis was a different kind of
anal ysis to | ook at how | esions appeared in digital inages

conpared to screen-filminages. W linited the case
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el ection for the side-by-side analysis to the first
0 cancer cases that were collected in the reader studies
ncluding sone of the screening cancer cases.

So the readers sat with screen filmon the
riewboxes and the printed digital hard copy images on view
yoxes, |ooking at them side-by-side and used the Likert
scale, Which is a ranking scale with eleven points on it, to
1issess Whether | esion conspicuity was better in one nodality
:han anot her, whether there was nore inclusion of tissue at
-he chest wall in one nodality or another, or whether the
risibility of tissue at the skin line was better in one
nodal ity or another.

Qoviously, the nost inportant of these is lesion
zonspicuity between the two nodalities. But we also wanted
co make sure that, in acquiring the digital images, that
there was not a |loss of tissue at the chest wall because of
the digital detector design or some conpromse in the
appearance of tissue at the skin |ine because of the image
acqui sition.

[Slide. 1

The el even-point Likert scale is shown here
graphically. The five radiologists who did the side-by-side
analysis could pick a score from0 to 11. For exanple, on
| esion conspicuity, if they thought the lesion was equally

visible on both film screen and digital, they would give it

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




at

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

64

a score of 5.

If they saw the lesion only in digital and not in
film screen, they would give it a score of 0 and, if they
saw it only in screen filmand not in digital, they would
give it a score of 10.

W found, fromour results, that the radiol ogist
did use the full range of this scale.

[Slide.]

The null hypothesis was that screen film was
better than digital in terms of each of these assessment
areas by a score of one point or nore on the Likert scale.
Screen film being better is toward the high end of the
scale, so the null hypothesis was that, in each of these
areas, screen film the score would be greater than or equa
to 6. W tested against that.

[Slide.]

The actual results; in terns of |esion
conspicuity, the mean score was 5.17. This range is
averagi ng over the 40 cancers. Actually, two views were
scored separately for each of the 40 cancers. This is
averagi ng over the 40 cancers and | ooking at the range of
reviewers averaged over the 40 cancer cases.

The view range is |ooking at the range averaging
over the five reviewers and |ooking at the range applied

over the 40 cancer cases. So the fact that there is a 0O
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ere neans that all five radiologists gave it a score of O,
ot just one of them because this is an average over the
ive radiologists and the maxi mum score of 9.8 neans that,
n one case, four radiologists gave it a 10 and one
-adiologist gave it a 9 which would be strongly in favor of
icreen film

So this is just to show that, in these different
‘ategories, generally the full range of scores was used.
he fact that this nunber is less than 6 neets the criteria-
.the fact that each of these nunbers is less than 6. One of
-he results that were pleased about is the score being
significantly below 5.

Even when you | ook at the range over all the
reviewers, each reviewer scored at |less than 5 and al nost
svery View was scored less than 5 for the visibility of
-igssue at the skin line. One of the explanations for that
is that the inages on digital were thickness equalized.

An algorithm was applied to the digital images
chat elimnated the thickness differences of the breast and
only presented tissue consistency differences in the breast
and it made it much easier for the radiologist to see to the
skin line conpared to screen film even with hot |ighting
whi ch was available for any of the images.

[Slide.]

W also did a subgroup analysis of the side-by-
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cancers. This is looking at the nunber of views. Sone

| esions had both a mass sign and a calcification sign so
they may be double counted here, but this shows that where
calcification were present, the scores were simlar to the
mean score that we got for all |esions.

Really, there was no significant difference in the
nmeans for any particular type of lesion. The full range was
used across these different types of |esions.

[Slide.]

So, in conclusion, fromthe side-by-side analysis,
we were able to show that, in a side-by-side conparison of
screen film and hard-copy digital, that the readers saw the
conspicuity of lesions to be the same. They saw the sane
amount of tissue at the chest wall and were actually nuch
better to see skin line nore easily with the digital
presentation of the inages.

[Slide.]

So the study conclusions are that in both the
reader studies, recall rates denonstrated fewer recalls wth
digital than with screen film In both reader studies, the
sensitivity of digital was conparable to that of screen film
for the detection of breast cancer and, in both reader
studies, the ROC analysis gave virtually identical ROC

scores for the areas under the curve for digital conpared to
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screen film

In the side-by-side feature analysis, there were
conparable lesion conspicuity and visibility of tissue at
the chest wall with digital conpared to screen film
Digital actually did significantly better for visibility of
tissue at the skin line.

[Slide.]

The final conclusions are that product |abeling is
consistent with the data presented in this PVA and the PMA
we think, presents a strong case for the safety and
effectiveness of digital mamography for the detection of
breast cancer, both for screening and di agnosis.

[Slide.]

Let me just close by presenting a road map of
where we go fromhere. \Wat we have done so far is present
the PVMA data on the hard copy digital conpared to screen
film Hopefully, wth approval of hard copy digital, based
on the data that have been presented, the next step will
then be to go on and seek a soft copy--or performa PNMA
suppl ement study that would validate soft copy digital by
conparing soft copy presentation of digital imges to hard
copy presentation of digital images in a side-by-side
conparison simlar to the study that | presented here,
conparing digital hard copy to film screen

But this would be done in a side-by-side
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omparison of digital hard copy with digital soft copy. It

rould require at |east 45 cancers, a total of 100 | esions
ind woul d be done by five qualified radiologists perform ng
-he si de-by-side conparison.

Qoviously, the manufacturers want to be able to
1se either hard copy or soft copy presentation of their
ligital i nages to be read by radiol ogists. So this would
:lose the PMA, the premarket approval, step for soft copy.
ve have conferred with the FDA about the design of a
>ostmarket study and we would like to at | east present sone
I dea of what the postmarket approval study mght |ook |ike
based on those.

Those discussions, the design that has come up, is
the multiple reader, multiple case study which woul d use RCC
analysis like the multi-reader analysis presented in reader
studies here but would include nore readers, somewhere
between six and ten readers and woul d include nore cancers,
and all of them screening generated cancers.

| think the concern is how digital will performin
the screening cohort and this postmarket study would collect
cases only from a screening cohort, would collect at |east
50 cancers and then at least three to four times that nunber
of non-cancers, SO0 sonmewhere between a total of 200 and 250
| mages.

And these six to ten readers would read both the
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digital and screen-filminages with a sufficient tine

separation in between to avoid recall effects. Those
results would then be analyzed with nulti-reader ROC nethods
to elimnate the correlation among the readers and conpare
the ROC results in this nulti-reader, nulti-case approach.

| think the FDA will be talking nore about that in
their presentation as well. So | will stop here and thank
you very much for your attention.

DR GARRA:  Thank you, Dr. Hendrick.

We are running just slightly ahead of schedule so
we coul d take one or two questions from the panel about Dr.
Hendrick's presentation. Dr. Smathers?

DR SMATHERS: Ed, as | understand the sequence,
the film screen was done first and then, using the sane
radi ographi c techniques, the digital manmography was taken.

DR HENDRICK:  Yes; that is exactly right.

DR SMATHERS: Were any of the recalls in film
screen due to inadequate exposure of the film since that
woul d prejudice that cohort to sone extent.

DR HENDRI CK: No; that wasn't the reason for
recal | .

DR SMATHERS: They were subtracted out or
elimnated from the--

DR HENDRICK:  Yes; there was QC done on the

quality of the screen-film inmages prior to the radiol ogi st

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




at

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

70

aking the deci sion about whether it was a positive or a
egative case. The recalls were only because they thought
he wonmen needed further evaluation to work up the findings.

DR. GARRA:  Thank you.

Any other questions at this point?

DR. HARMS: Ed, what was the gold standard? How
lo you establish that? |s that biopsy, the size of the
.esion? How was that determ ned?

DR HENDRICK: The gold standard is the presence
>f cancer and that was determ ned by biopsy in the cases
-hat got to biopsy through the diagnostic workup. There
vere, obviously, lots of cases that were read as nornal on
>oth modalities that didn't get the biopsy. The only way
-hat we have to determ ne whether cancer occurs in those is
o follow those wonen for at |east a year after the study
and see if cancer occurs.

So the study was conducted between Cctober of '97
and January of '98, and follow up continues. But there was
intense follow up through May of 1999 when MedTrials, who
was nonitoring this study, was collecting data and sort of
hounding sites on a daily basis about, "Have there been any
nore cancers in the study group?"

That monitoring will continue but one of the
things that we find in this kind of a study is that, because

you are doing both nodalities, and if one nodality shows it
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to be suspicious, you are going to do sonething about it,
that there is better ascertainment of the presence of cancer
than in the normal just doing a single nodality in these

st udi es

The ascertainnent is not biopsy in every case, is
the sinple answer to your question, but biopsy plus follow
up.

DR. GARRA: Any other questions? Sone of us have
questions but | think we are going to hold themuntil after
we hear the FDA presentation. We wll all have an
opportunity to ask additional questions later on

Thank you.

| think, at this point, what we are going to do is
take a fifteen-mnute break. It is now10:15 and we w ||
reconvene at 10:30 in the norning here.

[ Break. ]

DR GARRA:  Thanks everyone. W are now going to
begin with the FDA presentations. The first speaker is
going to be Jack Monahan who is the |ead reviewer for this
PMA.

FDA Presentations
PMA Overvi ew
MR, MONAHAN: (Good nor ni ng.
[Slide.]

| would like to start ny presentation today by
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t hanki ng the panel for taking time out of their busy
schedules to have a look at the material that has been
submtted by GE. and to come here today to help us in our
deliberations to bring this product to market.

This, | feel, is a really inportant step along the
road that we have taken with digital nmammography that we are
here today to actually look at an application and to reach
some decision. During the course of the review, | would
like to point out that we have involved not just the Ofice
of Device Evaluation but also the Ofice of Surveillance and
Bionetrics in the Center, the Ofice of Conpliance and our
O fice of Science and Technol ogy.

[Slide.]

You will notice that the nanufacturer, when they
got up today, used soft copy for display of their slides.
FDA, on the other hand, is using hard-copy display. | don't
want to panel to read anything into this about our distrust
of technologies. But we are relying on the old technol ogy
here today.

| had the overall lead of this review but | was
assisted by nmany people fromthe Center and | would like to
thank each and every one of them for pronptly giving their
reviews and cooperating in this joint effort.

For the manufacturing review, we had Falidia

Farrar fromthe Ofice of Conpliance. There are no ngjor
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problens remaining wth the nmanufacturing aspects of the

subm ssion.  The | abeling has been reviewed by Dr. Sacks,
Phillips and M. Doyle who is the Executive Secretary for
the panel. There nay be some lingering issues relative to
the | abeling which is typical for a PMA and the agency wll
work those out as we nmove along in the process. Most of
those usually consist of editorial changes rather than
anything of substance.

[Slide.]

The clinical studies and the statistical work in
the application were reviewed by Dr. Sacks, Wagner and
Bushar.  The engineering and physics were reviewed by Robert
Gagne, Robert Jennings and Kish Chakrabarti. | forgot to
mention, Kish is with the Ofice of Mnmography Quality
Assurance and | didn't nmention them when | was talking about
of fices. | apol ogi ze for that.

The disinfection and sterilization issues
associated with the device were reviewed by Cathy Nutter.
Again, there were no significant issues with the
disinfection of the device. The information provided by the
conpany i s adequate.

[Side.]

\ We will begin this morning with Robert Gagne
| discussing t he physics. You have heard some of that
di scussed earlier. This will be fromthe FDA perspective as
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will all the other presentations given today. As you are
aware, the FDA had a slightly different perspective on
applications than manufacturers, typically, and, hopefully,
we come to agreemnent.

The clinical study and the statistics will Dbe
reviewed by Harry Bushar. Robert Wagner will give a semi-
tutorial and then discuss sone of the clinical data as it
all relates to ROC analysis. The feature analysis study,
the post-approval study design and, finally, the |abeling
w |l Dbe discussed by Dr. Sacks.

W will start now with Bob Gagne.

Physi cs Revi ew

DR GAGNE: Good norni ng.

[Slide.]

My nane is Bob Gagne. | work in the Ofice of
Sci ence and Technol ogy here at the Center. M job today is
to go ahead and try and give you a review of some of the key
aspects of the physics that are present in this particular
submttal.

[Slide.]

As a start to this presentation, what | would |ike
to do is just give you and overview of where | amgoing with
the presentation. Basically, what | would like to do is to
quickly review for you what it is that we look for in terns

of physics whenever we get an application in this manner. |
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am going to spend sonme time, and this will be a little bit
redundant with the manufacturer's presentation but | think |
amgiving a little bit different view here so, hopefully, it
wi Il increase the know edge a bit. That remains to be seen

| would like to define the DQE and show you a
little bit its relation to imaging performance because we
are going to talk about DQE data that the manufacturer has
presented in their application.

| amonly going to review sonme of the key data.
The key data is defined, basically, by me in ternms of the
review of the physics- -we are not going to go over all the
physi cs aspects here from the PMA--and then give you sone

concl udi ng remarks.

[Slide.]
What do we look for in terms of physics? | am not
going to describe each itemon this slide. | just want to

say, however, that one thing that | wll be doing is that
the things that are in italics and the bol der color blue we
wll talk about sone nore as we go along in the
presentation.

There are basically three najor areas that we | ook
at when we ook at the physics for this type of device. The
breakout of two of those areas are titled "detected data"
and "display data.” It is kind of a unique circumstance for

a digital detector that, in fact, you can break those out,
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ou can get paraneters that are strictly related with
detector and you can get paranmeters that are strictly
-elated W th display.

So we itemze those kinds of paraneters and they
wre all in the sponsor's application. That is different
:han the anal ogue system film screening that incorporates,
>asically, the display in the inmaging system

[Slide. 1

Let me go on to the next viewgraph. | would like
:o take a little bit of tine here going over this slide. |
vonder if you woul d make the translation for ne here as |
-alk about DQE later on in the presentation that what | nean
oy DQE is the ability of the systemto transfer information
that is available at the input to the output.

It is defined in terns of signal-to-noise ratio,
out it really is its ability to transfer information. So
when | say that the system has a particular DQE val ue, what
| am saying is that | am naking sone val ue judgnment on how
well it is able to transfer that information.

It turns out that, if you look at the first
equation here--you saw this equation previously in the GE
presentation--its DQE is a neasure of system efficiency in
terns of how nuch signal-to-noise ratio squared you had into
the system conpared to what you get out. It has a spatial

frequency dependence. That is the (£) neans.
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You can express the DQE in a different nanner when
you look into the expression for signal-to-noise ratio. It
turns out that you can describe the DQE in a different
manner as the ratio of noi se-equival ent quanta as a function
of spatial frequency to the number of input quanta.

That is interesting because noise-equival ent
quanta is made up of, and | hope you can see the light color
bl ue there--noi se-equival ent quanta waps up three inportant
I magi ng paraneters for imaging systens and that is its gray
scale transfer, in the large G its resolution as measured
by nmodul ation transfer function and the noise in the system
as neasured through a noi se-power spectrum

What | have tried to do on the right-hand side
with a set of images that | think sone of you probably have
seen before is if you think about noise-equivalent quanta as
a neasure of the amount of detected X-ray photons by the
i magi ng system the set of black-and-white photos there
represents a set of inages where that nunber of quanta is
I ncreasing when you go to the right and it is increasing as
you go down the page.

| would like to focus a bit, just to give you sort
of a practical description of this concept, at the two
mddle pictures. |If you look at the right-hand side photo
inthe mddle row, and assume that that would be the picture

that you got if you had a perfect detector, a DQE equal to
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The image to the left of that represents what
woul d be at the output of the systemif the DQE were
sonewhere around 15 percent. So you see the differences,
then, in terns of the transfer of information and what this
quantity represents.

[Slide.]

One key piece of data that | want to bring up for
you are the values of DQE for the sponsor's imaging system
| would like to spend just a little bit of tinme talking a
little bit about the inpact of design on these DQE val ues.

You can trade off certain aspects because of
design constraints with respect to DQEE  In the fina
anal ysis, what you would like to do is you would like to
nmeet--if you | ook at the graph on the right-hand side--you
would i ke to get the DQE value to go up in magnitude and
over to the right in terns of spatial frequency. You would
like to increase its band width if you want. Those are the
t hings you would like to do.

But there may be circunstances where you m ght
trade off one versus the other. One situation where that
occurs is the choice of input phosphor. But | want to focus
more on the size of the pixel.

There have been some recommendations in the

literature, informally, about the size of the pixel. Should
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it be 0.05 mllimeter, 0.1 mllineter, or 0.15 mllineter?
That is a difficult question to answer because choosing one
of those sizes involves tradeoffs.

| The Senographe 2000D has a 0.1 millineter pixel
size. Now, the inmediate inpact of that that | think I will
show you in some of these slides is that you do get sone
tradeoff in terns of the band width of the DQE because of
the size of the pixel, but you pick up other aspects in
terms of image display because the total nunber of pixels is
smal | er.

So those kinds of tradeoffs, | think, make it
difficult to make a definitive statement about pixel size.

[Slide.]

Let's go on to the actual data. This is another
slide that | would like to spend a little bit of time
expl ai ni ng because the same notif will follow through in the
next three slides. | amgoing to start fromthe top left,
work ny way over to the right and then down to the actual
dat a.

First, let's consider the objects at the top of
the slide. | have tried to show, in a cartoon
representation, if you want, the imaging of a spiculated
mass which is at the center of the breast. |n this case,

t he exposure at the detector is close to optimumfor film

screen, about 11 mr. This results in an inmage of that
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spicul ated nass at the center of the breast.

Moving along now, | have three circles on that
spiculated nass that | amtrying to show represents a
different anmount of stress, if you want, on the imaging
systemin terns of its ability to image that particul ar
structure. Starting with the top circle, which is really
just detecting whether the mass is there or not, going down
to the next one down which is to see sonething slowy
changing in shape, and, finally, to the fast-changing end of
t he spiculation in the nass.

The arrows are intended, then, to represent this
stress, if you want, how nuch of the DQE, how nuch of the
information transfer is needed in order to picture these
particul ar pieces of this cartoon representation of a

spi cul ated mass.

Now, let's go on to the data itself. You saw this

DQE route before. What | would like to do is sunmarize a
little bit. Let nme make a statement, first of all, about
the filmscreen system The systemthat | have picked is
intended to be representative of the performance of a
typical filmscreen. | amnot intending to take the
absolute best, but it certainly is a good representation of
the performance of a filmscreen system

Now, with respect to the graph, a couple of

points. First of all, as for any digital detector, there is
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a frequency at which faithful reproduction of signal when

you are near or above that spatial frequency is no |onger
possible. That is really determned by the pixel size.

For the GE system that frequency is 5 line
pairs per mllineter related to the 0.1 mllineter pixel
si ze.

Now, let's look at the data, itself, and see what
conclusions we can draw fromthis. First of all, the
sponsor's system has a higher DQE for alnost all frequencies
up to the Nyquist. But the film screen has response,
transfer of information, DQE beyond the Nyquist frequency.

So, with respect to those particul ar imagi ng
tasks, then, | hope this gives you a bit of a feeling as to
the advantages and di sadvantages for these systens at this
particul ar operating point, 11 mR.

[Slide.]

In the next slide, | won't go back in terns of
saying what is going on with the imaging task. \Wat has
changed in this particular slide is the exposure to the
detector. W are talking, now, about a situation where we
have a mass near the skin line. The higher exposure, in
this case, 22 mr, is intended to show the conditions of the
detector at or near the skin |ine.

Now, if you look at the DQE for the sponsor's
system you see it is quite a bit higher than film screen.
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Film screen has fallen off considerably. Again, there is no
response for the digital beyond five linepair and there is a
little bit for the film screen

So, in thinking about the future analysis, | think
this particular graph, to a certain extent, explains some of
those results.

[Slide.]

At the other extreme, suppose we are in a region
of the breast which corresponds to a dense area of the

breast, now the exposure at the detector is |less than the

"typical 11 mr. It is 1 mr. Again, we see simlar

characteristics. The sponsor's system has higher DQE val ues

lon the order of two to five tines than the screen filmand

it stops at 5 linepair per mlligramper mlligram

[Slide.]

So, in summary, then, at the risk of being a
little bit repetitious here, what | amsaying is that the
DQE for this system for exposure which is close to optimm
for film screen, indicates that the DQE for the Senographe
I's higher than film screen alnost all the way up to the
Nyqui st frequency.

It is a digital detector so a faithfu
reproduction of signal is not possible near and beyond the
Nyquist. As far as conditions of exposure that are near a
skin line or in a dense area of the breast, we saw that the
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transfer of information, as measured by DQE, falls off
considerably for film screen and the digital system renains
high on the order of two to ten times higher than the film
screen.

So you get a significant increase in dynamc
range. | am talking dynamc range in terns of transfer of
information here for the applicant's imaging system

[Slide.]

Let me talk about a couple of other key conponents
associated with this type of imaging system I f you think
about the major contributors to noise in these systens,
there are two major pieces. One is the quantum noise that
cones strictly fromthe X-ray photon statistics. But then
there is also additive noise fromthe detector in the
el ectroni cs.

What you woul d like to have in an imaging system
Is you would like to have the total noise be dom nated by
the X-ray photon statistics, not by the additive noise of
the electronics. You would |ike to have this quantum-
limted operation over a range of exposures that are
appropriate for mammography.

So we are looking at this particul ar paraneter
because of this characteristic--you want this to be
dom nated by quantum noi se--and because, fornmally or
informally, there have been circunstances where sonetines
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the electronics are, in fact, quite noise.

If you have significant additive noise, it wll
have an inpact on this summary neasure, DQE.  The i npact
that will be such that it wll inpact the value of DQE at
| ow exposure val ues.

[Slide.]

So, going on to the sponsor's data, now, you saw
this graph previously. This is a different graph than what
| had before. Previously, the abscissa represented spatial
frequency. Now I am showi ng you the value of DQE at a
particular spatial frequency, 2 linepairs per nillinmeter, as
a function of exposure to the detector.

The DQE is essentially flat until you reach
exposure levels on the order of about an mR or less. g the
significance of the additive noise doesn't cone in until you
are al nost out of the range of operation for manmmography
exposures. As a conparison, | have shown you a film screen
plot for the sane exposure, the sane film screen that | was
showi ng you before.

In this particular case, what doninates the noise
on the low and high exposure for film screen is not, of
course, electronic noise but additive noise brought out by
the filmgrain. And so when the relative contribution of
filmagrain versus quantum noi se starts to be large, the film
screen's DQE or transfer of information goes down.
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As you can see, this particular system GE full-
field digital manmography, at this spatial frequency,
outperforns the film screen.

[Slide.]

Going on to a couple of other datapoints with
respect to the physics, there is image conditioning and
di splay which is going on with respect to the digital data.
Sone of this conditioning involves the thickness
conpensation so that when you |look at a laser-filmrecorded
image of a breast fromthe digital system you don't see the
w de range and optical density that you would see in a
regul ar anal ogue film

There is processing going on. There is
l'inearization associated with perceptual Iinearization for
the display device and linearization on the device, itself.
All of this is conditioning associated with getting a final
display on the laser film recorder.

[Slide.]

There is really not very much consensus or
standards on relating necessary performance |evels for these
di spl ay devices, whether it is soft copy or, in this case,
we are talking hard copy to the characteristics of the
digital data. In our view, in |ooking at the subnission,
the steps that have been taken seem reasonabl e and
appropriate.
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But, in the final analysis, at this point, we

really have to rely on the denonstrated clinical perfornmance
associated with the protocols and the algorithns that are
being used for conditioning and display.

[Slide.]

\ Lastly, one aspect that is unique to visua
'detectors is the fact that you can have artifacts on the
image that cone from bad or defective pixels. The

manuf acturer specifies limts with respect to these bad and
defective pixels. Again, there are no standards or
guidelines. There is no consensus here with respect to

pi xel s, bad pixels.

So what is reasonable is really sonewhat up in the
air. Not only is what is reasonable up in the air but there
are no requirements to provide any information in terns of
where the bad pixels reside with respect to the detector

Just to go over a couple of the criteria that are
used by the sponsor in this area, bad pixels, before you
correct them a lot of these pixels can be corrected. The
tolerance is being specified as a maxi num of 1100 i sol ated
pi xel s or pixel pairs--this is a maxi mum now -and no |arge
clusters--that is, you can't have any large clusters of
greater than, for exanple, 15 or nore adjacent pixels in the
l'i ne.

After correction of these pixels, you can't have
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nore than one bad pixel in any 2 centinmeter by 2 centineter

area. Again, as | said, there is no consensus here but it
| ooks to us, in terns of these tolerances, that these are
reasonabl e tolerances for this particular kind of device.

[Slide.]

In conclusion, the data pertaining to the physics
aspects in the pMa | think provides inportant information on
conparative inmagi ng performance between a digital system and
its anal ogue counterpart and actually between other digital
systens, if you want, also.

System paraneters |ike DQE and quantum|limted
operation provide the neans to eval uate the advantages and
di sadvantages of the different inmaging nodalities. There is
a summary of this data in the labeling and so, looking at it
in terns of adequacy and availability, this data is in the
| abeling of this particular device.

We think, and it is ny opinion, that this sort of
information is not only appropriate for the device |abeling
but can also serve in the future as a point of reference for
the community.

Thank you.

DR GARRA:  Thank you.

The next speaker for the FDA is Dr. Harry Bushar
who is going to be tal king about the statistical review of

the clinical data.
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Statistical Review of the dinical Data

DR BUSHAR  Good norni ng.

[Slide.]
M/ nane is Harry Bushar. | will be doing the
statistical review | |1 ooked at what the sponsor had

presented in their clinical trials and what | wll be
presenting is ny review of the sponsor's analysis

[Slide.]

| focussed primarily, or entirely, on the second
reader study for the sinple reason that this study was done
alittle bit better in that all five radiologists read al
of the manmmograns fromall of the wonen.  The sponsor
conpared the digital manmography to the screen-film
manmography in a clinical trial which consisted of 625
women.

There were 581 froma diagnostic series that did
not have cancer. There were 24 in the series that did have
cancer. And then there were 20 wonen wi th cancer taken from
a screening series. Each wonen received both a two-view
screen film and an equivalent two-view digital which was
serformed using technique factors that were matched. Notjce
che digital was nmatched to the screen-filmtechnique.

[Slide.]

In the second reader study, the diagnostic cohort

ronsisted of 605 consecutive wonmen who were attending for
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di agnosti c manmogr aphy at four sites, one in Col orado, one

in Pennsylvania and two in Massachusetts. The screening
cohort consists of 20 cancers--that is, the first 20
cancers--sel ected from approxi mately 4,000 wonen in an
ongoi ng screening study which was conducted at two of the
above four sites, namely Colorado and one in Mssachusetts.

[Slide.]

In the second reader study, the sponsor used five
MXBA- qual i fied radiologists to i ndependently interpret each
digital and each screen-fil m manmmography whi ch were obtai ned
froma total of 997 breasts fromthe 625 wonen enrol | ed.
Sone wonen only had mammography done on one of the breasts.

The digital images were stored digitally and | aser
printed for reading. The printing was done at the Col orado
and Massachusetts facility to provide the conparability to
screen film that is, everything was hard copy in this
particul ar reader study.

[Slide.]

What | will be |ooking at here is patient
managenent. In other words, | amgoing to look at the ACR
BIRADS categories which were defined to be negative when
they were one, nornmal, or two, benign, for breast cancer for
both the screen filmand the digital, In the other ACR
Bl RADS categories, namely 0, needs further evaluation, 3,

probably benign, 4, suspicious of breast cancer and 5,
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hi ghly suspi ci ous of breast cancer, are all considered

positive. This was done for both the screen filmand the
digital, so ny sensitivity and specificity wll be relative
to these definitions.

[Slide.]

The specificity, or 2 negative rate, was estinmated
by the sponsor for digital to be 55 percent. [t was
slightly numerically larger than the corresponding estimate
of screen film which was 53 percent, The sponsor did an
equi val ence test where he | ooked at the difference delta
between the digital specificity and the screen film
specificity. He used a nodel --he used a SAS PROCC M XED and
he was able to adjust for the fact that there were five
readers for each mammography to obtain a confidence
interval, a 95 percent confidence interval, for this
di fference which extended down as far as -0.6 percent up to
about 4 percent.

He was also able to reject his equival ence nul
hypothesis.  The equival ence null hypothesis was that the
delta would be less than -5 percent; in other words, the
digital would be worse in specificity than the screen film
oy nore than five percentage points. This was done with a
?-value of 0.001, so it was a highly statistically
significant result in terns of equivalence.

[Slide.]
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Correspondingly, he |ooked at sensitivity, or the
true positive rate, and his estimate of digital sensitivity
was 68 percent which was now slightly nunmerically snaller
than the corresponding estimte of screen film which was
70 percent. Here, | have presented the delta in the sane
formas | did for specificity, so as not to be confusing.
But the sponsor |ooked at digital sensitivity mnus screen
filmsensitivity and used the same type of nodel in the SAS
PROC M XED to take care of the correlation between the
multiple readers and obtain the 95 percent confidence
interval now that went all the way down alnost to
-10 percent and up to 7 percent.

But, still, he was able to reject the equival ence
nul | hypothesis that delta was |ess than -10 percent. In
other words, he rejected the null hypothesis that the
digital sensitivity would be worse by ten percentage points
than the screen film sensitivity, but just barely because
the p-value now is less than 0.03.

[Slide.]

So, therefore, in conclusion, the sponsor's second
reader study denonstrates that for patient nanagenent in a
di agnostic popul ati on which was enriched w th cancer
selected from a screening study that the digital specificity
is not lower than 5 percentage points bel ow the screen film
specificity and also that the digital sensitivity is not
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| ower than ten percentage points bel ow screen film

sensitivity.

W have to realize, here, that there are sone
bi ases because we are dealing with a diagnostic popul ation
and there may even have been sone bias in favor of anal ogue
because the wonen, perhaps going to the digital clinic, had
been screened previously w th anal ogue.

But the way the sponsor did this study, they tried
to mnimze, if not elininate, this bias. They took
consecutive wonen show ng up at the diagnostic center so
t hat each wormen that was selected for the popul ati on
received both an analogue and a digital. That anal ogue was
not used to select that woman for the study.

In the screening study, all wonen who entered the
study received both digital and anal ogue so there was no
obvi ous bias on that study.

That's it. Thank you.

DR GARRA:  Thank you.

The next speaker for the FDA is going to be Dr.
Robert Wagner who is going to review sone of the ROC
analysis features that are found in this study.

ROC Anal ysi s

DR WAGNER  Good norni ng, panel, sponsor and
guests.

[Slide.]
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Qur sponsor did a nultiple-reader ROC study. |

would Iike to explain to you what these words mean and ask
Dr. Toledano to indulge ne. Dr. Tol edano works at the
frontier in this field.

Here is an outline of the presentation | have this
mor ni ng. I will first talk about the ROC paradi gm and the
sources of variability that it controls for. And then
will just give you a quick flashing of two classic papers on
the variability in manmography. These papers explain a |ot
of the predicament where we were in the last few years.

Then | will define what was nmeant by multiple-
reader, nultiple-case ROC study and, in the jargon of the
| and, and many people just refer to this as a reader study,
in the interest of saving three or four words. And,
finally, we will get to the sponsor's multiple-reader and
mul tipl e-case ROC anal ysis

[Slide.]

Here is a one-page ROC tutorial. The ROC paradi gm
was invented to accommodate the situation where you have two
popul ati ons, one disease, which is here, the cancer
popul ation, and another population that is nondi seased or
t he noncancer population. You would like to be able to
separate the two populations with sonme kind of a diagnostic
test.

[f you would think in terms of prostate cancer

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




\

at

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

94
this decision axis is--for exanple, it could be PSA assay so

there would be the test neasurenent. I n diagnostic imaging,
you don't have a nice scale and so people reporting in RCC
anal yses give a scale which is considered the probability of
mal i gnancy, the probability of disease or, in the jargon

the reader's subjective judgnment of the probability or the
l'i kelihood that the case is a cancer.

So some people call this the probability of
cancer, probability of malignancy or what have you. The
idea is that you would like to separate the two popul ations
and you would |like to have a place where you could totally
separate the cancers from the noncancers. O course, as in
all real-world problems, those two popul ations overlap quite
a bit.

[f you put your cut at a certain point, then al
of those cancers to the right of your threshold woul d be
true positives but then there will always be some noncancers
that woul d |eak past that threshold so the people from the
noncancer that |eak past that threshold are the fal se
positives.

If you try to be nore aggressive and to catch nore
cancers, we all know that that neans you have to pay with
more false positives. That tradeoff was just described by
the RCC curve.

[Slide. 1
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What we don't see in the curve is the hidden
paraneter which is where you set the threshold. \pere you
set it is determned by what is called the reader's mindset
or a level of aggressiveness.

So, as the reader gets nore aggressive, you just
nove up the ROC curve and trace a figure sonething |ike |
have shown here. \Wen people start making neasurenents of
sensitivity and specificity, you realize that it going to be
very expensive to pin down the sensitivity and specificity
at every point in the curve.

So, early in the study what people frequently do
Is they summarize the ROC curve by the area underneath the
curve. \Wen you do that, you are essentially giving the
sensitivity averaged over all specificities so you are
essentially replacing the curve with a line at the level of
the area under the curve. So you have just reduced a nice
dataset to a sinple average nunber.

A test that is guessing has an area under the
curve of 0.5. A perfect test would cone up and hug the
corner and would have an area of 1.0. So that is the sinple
paradi gm of what ROC is about.

[Slide.]

Now | et nme nove on to two of the classic papers on
variability and ROC analysis. The first classic paper is
from Joanne Elmore and conpany who studied ten radiol ogists
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not randomly selected. That is the point of this overhead.

She reported on the w de range of patient managenent
deci sions on this nunber, nine cancers, and that nunber of
cancers.

If you just look at that range of performance, it

| ooks like it is all over the map, But Carl Dorsey and John

Swets came al ong and took Joanne's data and showed that, at

| east for these ten radiologists, their performance
straddl ed a nodel ROC curve. So what you were seeing in the
variability seen in her study was a rather honobgenous range
of reader skill level because a low skill is here, areally
good skill is up here.

So this is a rather honogeneous | evel of reader
skill. What we are seeing is a difference in the mindset or
the level of aggressiveness of those readers. This is one
of the problenms for agreement studies is that they would not
control for that.

Enough on the Elmore study and its interpretation.

[Slide.]

Craig Beam Peter Layde and Dan Sullivan went to
great effort not just to select sone readers but to select
over 100 readers randomy from the popul ation across the
country. \Wen you keep score in the sane way, based on the
recormendation for biopsy or not, if you were to |ook at RCC

space, you would have a true positive, false positive. If
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you look in sensitivity space, you have the conpl enent.

So Craig Beam put his data out in this way. Here
we now see that the radiologist's performance is really al

over the map. This is one of nost celebrated figures. In

fact, | have xeroxed this so many tinmes it has cone out as a
paral | el ogram as you can see. It is a very popul ation
figure.

So, here, we see anong these 108 radiol ogi sts
operating on these sanples not only quite a range of
variability of their mnd set or |evel of aggressiveness, we
also clearly see that there is a range fromlevel of reader
skill. | say "clearly;" | did not do this analysis. Craig
Beam | ater cane al ong and showed that this spread of
performance is not consistent with the finite sanple
statistics of one single ROC curve. There really is a range
of RCC curves.

[Slide.]

One nore winkle I have to put you through before
we go on to the sponsor's results. |f you had one
di agnostic test--we are here, today, to conpare two
di agnostic tests. |f you had one diagnostic tests, you
m ght get these two popul ations, schematically, and you
m ght have anot her diagnostic test in which they are
slightly different in the way the two popul ations overlap
| failed in doing that nicely.
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But, to analyze the conparison of two nodalities,

you have to put the probleminto two dinmensions. Now, the
new dinple, if you will, is that you now see the correlation

between the two tests. The egg shape of the cancer
popul ation and the egg shape of the noncancer population is
a neasure of the correlation of patients across tests.

If you just squeeze the cancer population into a
cigar, in that case, we have what we call 100 percent
correlation across nodalities. That would nean that, from
the probability of malignancy fromthe one test as this as a
cigar cloud, you could just go up fromthe probability in
the one test and get the probability in the other test.

But we know that, in the real world, that it has
been di scovered in conparing digital to conventi onal
manmmogr aphy, this correlation is not high, particularly as
Dr. Lewin suggested in the D agnostic Inaging article,
because of repositioning, at l|east for many of the
modal i ties.

Wien you take the patient out of the roomand into
another room repositioning, there is enough variability
there that these clouds are not 100 percent correlated. In
fact, you would know from following the literature and the
public discussions, at |least sonme of the ones we have had at
the National Cancer Institute, that that correlation is |ess

than 0.5.
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So that is another problem for agreenent studies.

[Slide.]

Now | will define what all those words nmeant up
front. The nultiple-reader, multiple-case, ROC paradi gm
means the following: it neans every reader reads every case
and, where possible, reads every case in both nodalities.
When you do that, you can actually start to enter a nore
conplicated world than we had up front.

Now you can start to do what is called
mul tivariate ROC analysis. What that neans is that you
start to account for the variance due to the range of case
difficulty in the patients and its finite sanpling. You can
get some feel for the variance due to the range of reader
skills and its finite sanpling.

You can get a feel for those egg shapes that |
tal ked about a nonent ago, the correlation of the case
vari ance across nodality and the correlation of reader
variance across nodality. You would do that with sone ot her
egg figures that | ook something |ike what | just showed you.

And then there is something that is called within-
reader variability or reader jitter. \WWen you ask the
reader to get the probably of malignancy and the reader
says, "Well, that is like 70 percent," and you come back a
month later, it could be 30 percent. W call this

radiologist jitter. | think Dr. El zeraki or Dr. Destouet
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last tine said that perhaps this could be called a runble.
| This iS not a subtle effect.

Most nodel s actually involve nore paraneters than
we have here but you can get a good feel fromthe ones |
just mentioned. Now what you can do is, collecting data in
this format, you can now use software that is available on
the web fromthe University of Chicago. Dr. Tol edano has
devel oped software to solve this problem and our own group
Sergie Beiden, Geg Canpbell and nyself, have an al gorithm
and a paper on that. |f anyone is interested, we can tell
you how we solved this problem

[Slide.]

Again, before we get to the sponsor's results, |
just want to give you a feel for how the various variances
play out. W are interested in conparing two nodalities and
so we will conpare the difference in ROC areas between the
two nodalities.

W saw earlier today that the ROC curves, and | am
tal ki ng about reader study 2, here, the ROC curves lie right
on top of one another essentially for the two nodalities,
digital and anal ogue in that study, but there is sonething
called sanpling statistics. Wat is the sanpling
variability? How uncertain are we about the areas under the
ROC curves

To do that, it is actually not a trivial problem
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The difference in the ROC areas between two nodalities

requires three pieces. | have it in the unexpurgated
version. The panelists have this in your notes. Yyou can
study it on the plane tonight, if you Iike.

| have translated it and | have witten "i.e., "
here. Every school child today knows that "i.e." is Latin
for "in English." In English, what contributes to your
uncertainty and your ability to see the difference between
two nodalities has three pieces.

It has a piece that is inversely proportional to
the nunber of cases. This is the piece that npst people
carry around in their gut, but that is not the whole story.
There is a second piece that is inversely proportional to
the nunber of readers, as you mght expect, if you are going
to start to average readers together.

And then there is third piece that is within-
reader jitter or any remaining |lack of experinenta
reproduci bility. That scale is inversely with the product
of the cases and the readers.

There is sonething really inportant for these
first two terns, which is the uncorrelated part of the case
variance. | am going to put you through a little exercise
for a mnute to explain what we mean by that.

Picture that you were on a shore and you have a
| aser and you are trying to measure the height of a nast on
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a ship. Suppose that ship is in very choppy waters. \g||,

you mght think, at first, it is going to be very difficult
to neasure the bottom of the mast because it is very noisy
and it is going to be very difficult to nmeasure the top of
the mast. But those two are 100 percent correl ated

So, actually, with a good enough | aser, you can
measure the height of that nmast perfectly, alnost perfectly,
until it starts to get choppy and there are other sources of
noise. That would enter, then, a random conponent. Sg what
happens in these nodels if you only generate uncertainty
fromthe uncorrelated part. The correlated part is in your
favor.

So what | amtrying to say to you is even though
the reader variability can be very great, as it is in
manmmogr aphy, if the boats that the readers are on rise
together, if the readers’ digital and anal ogue rise
together, they are pretty highly correlated and you may not
have to pay an awful lot for that term

That was the reader term  The sane thing for the
case term  But, remenmber, this is only of the order of 0.5
and this is the last termthat cones in |ike the product.

[Slide.]

Finally let's get to the sponsor's study. vyou
heard from Dr. Bushar just a few nmonents ago about this

cohort. This is the reader study No. 2. There were 44
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breasts with cancer, no known bilateral cancer. There were
five readers, five MXPA-qualified radiologists. Al cases
were imaged with both nodalities.

Here is the essence of what a multiple-reader
mul tiple-case study is. Al readers read all inages from
both nodalities. The readers in the study used what we call
the quasi-continuous scale. They used the range fromoO to
100 for the probability of malignancy. That is sort of
their test neasurenent readout scale sort of analogous to
using a diagnostic clinical test.

The readings in digital and anal ogue were
separated by 30 days to mnimze the nenmory effect and there
was a bal ance of the reading that you heard about earlier
Hal f of the cases were read digital first and half of them
anal ogue first totry to mnimze two other |earning and
menory sources of bias.

Now, | am going to give you the sponsor's results
in tw pieces; first, the easy piece that you heard about a
little while ago. W are thinking now of the individua
readers and uncertainties based on just readers one at a
time. In a mnute, we will put all the readers together.
But, one at a tinme--let me just say this again

W are going to average all five readers' ROC
areas. \Wen we do this for analogue, the areas were 0.77 on

the average. The film screen, on the average, was 0.76. It
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is actually closer than 0.01 there. | amgoing to ignore
that difference for a nonent because the readers
uncertainty was of the order of 0.1, ten tinmes that, so you
didn't see that on those average curves we showed earlier

So that is what some of the work going on here is
about; do we want to live with a 0.01 uncertainty. [|f you
took the five readers' error bars, they nove around 0.1. If
you average them together, the nean 95 percent confidence
interval about that difference is plus-or-mnus 0.11. So
that is a question for society, whether this |evel of
uncertainty--how it strikes us

Wen you go to the multiple-reader analysis, now,
the idea here is you would think you could just average all
these scores together and you ought to be able to get the
error bars for the average reader's ROC area. That turns
out not to be an easy problem That is why | went through
t hat exerci se.

Peopl e worked on that problem for a nunber of
years, including ourselves and one of our panelists. But
when you do that and, in this case, when you use the
Uni versity of Chicago software, and it is available on the
web, now the 95 percent confidence interval about the
difference has been narrowed. It is down to plus-or-mnus
0.064. Now we are starting to zero in on sone kind of

precision estimate of this difference.
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W reproduced the sponsor's study with the Chicago

software. W got the same results. W have our own
software and | have sone information on that in a paper if
people are interested in how we do it. Qur group has

devel oped an independent algorithm \Wsen we do the problem
we get plus-or-mnus 0.068, alnost the sane result.

Anot her nice feature of our treatnent is that we
can tease out all those conmponents of variance that |
mentioned before, with some uncertainly, but this is what
you do in a pilot study. You can |ook at that data and say,
what do these results and the conponents of variance say
about the size of a larger study that tried to narrow the
error bars.

For exanple, if you wanted to narrow those error
bars to plus or nminus 0.05 here are the conbinations that
you would need if the patients you are about to sanple from
look like the patients they studied in the pilot study. vygy
can see that, with 44 cancers in ten readers up to 59
cancers in five readers, with our current estimates, you
could get the error bars down to about plus-or-mnus 0.05.

Now, suppose people are unconfortable with that
Ve are talking postapproval now.  Suppose people are
mcomfortable Wth that and they said, "we would really I|ike
o get it down to 0.01 or 0.02 or 0.03." |f you tried to

;ut that to 0.03, the numbers go up very quickly. Now you
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need 78 cancers and 100 readers, or 100 cancers and 20
readers, especially when you realize that you get about five
cancers per 1000 screened.

This study, then, is 10,000; is that right? And
this study would be 20,000 people screened. So you can see
how prohibitive these studies would become. But, perhaps
this study is within reach.

[Slide.]

So, in conclusion, the individual reader studies
bring the error bars to the neighborhood of 0.1. The
mul tiple-reader study cut to about 0.06 to 0.07. W showed
what you could do to get it down to 0.05 if one would |ike
and the panelists have the references, and the last two
references have a star; one is the Chicago software and the
other is a paper witten by ny colleagues and nyself.

Thank you very much.

DR GARRA: Thank you, Bob. | am gl ad you
provided ne with sone reading for the flight home tonight.

I will have to read that, but | am going to be drinking at
the sane tinme, so | don't know.

W would like to go on to the next speaker which
is Bill Sacks. He is going to be talking about |abeling
review and the proposed postnarket study.

Labeling Review and the Proposed Postnarket Study

DR SACKS: (Good norning, everyone.
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[Slide.]

| am a radiol ogist and an ex-physicist, although I
don't know if there is such a thing as an ex-physicist, with
the Ofice of Device Evaluation in the Radiol ogy Branch.
w |l be discussing three itens.

[Slide.]

First, | wll say a little bit in addition to what
Ed Hendrick told you about the side-by-side conparison
Secondly, | will go into the error bars that we feel should
be included in the labeling. And, thirdly, | will go into
the conpany's proposal for their postapproval study.

[Slide.]

Wth regard to the side-by-side feature
conparison, as Ed explained, it was based on 40 cases with
cancer, biopsy-proven cancer, in which the radiologists had
in front of themat the sanme tinme the digital nmammography
and the filmscreen mammography on the sane wonan, and they
were asked a series of three questions to judge these with
respect to the conspicuity of the cancers which were marked
on the films; secondly, the question of inclusion of tissue
near the chest wall; and, thirdly, visibility of tissue near
the skin |line.

[Slide.]

That is a particular selection of features that

were conpared by the conpany. They are not the only ones
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that can be conpared. This is just an exanple of two

others. There are many. One mght conpare the ability to

di scrimnate between benign and nalignant calcifications.
One mght conpare the ability to detect fine margina
irregularities of masses which would also relate to the
question of whether they were benign or nalignant. And
there are others that one could come up wth.

One of the things about a side-by-side feature
analysis, of course, is anybody who has |ooked at these
knows that it is inpossible to hide which is the anal ogue
and which is the digital manmmography. There are certain
appear ances which indicate to you which is which

Since this is not a blinded study, a certain
anount of subjective bias can conme into play. Just bear
that in mnd as we talk about this.

[Slide.]

This is the Likert scale that is the sane picture
that Ed showed. | just have it filled in with the points
here. And bear in mnd that when you are |looking at this
si de-by-side pair of mammograns on the sane woman, if you
feel that the digital is better with respect to the index
that you are | ooking at, you give it a |ower nunber. If you
feel that analogue is better, you give it a higher nunber.

The extremes can either represent not visible at

all on the other filmor sinply nuch better seen. dearly,
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5, being right smack in the mddle, neans that, well, as far
as | am concerned, each one is as good as the other.

[Slide.]

This is the results in tabular form | will show
themin graphic formin a second with respect to these three
indices. The conspicuity of cancer--these are figures that
you have seen before, today. The average was about 5.17
meaning just slightly to the side of anal ogue or filmscreen
bei ng better.

As far as inclusion near the chest wall, again, it
is very close to 5. Wth visibility near the skin line, it
is actually much closer to 0 which is in digital's favor, as
you Wi ll remenber fromthat scale. | will talk about these
ranges, but it is easier on the next slide because this is
the same information in pictorial form

[Slide. 1

The range of each of these lines is the range of
readers. It has all been averaged over--each reader had had
their reading averaged over all 40 cancers so that wth
respect to conspicuity of cancer, there was one reader down
lhere.  There was one reader up here. And the other three
fell inthe mddle. That is all that neans. And the
;average cane out to be just barely above 5.

Again with inclusion of tissue within the chest

wall, there was one reader down at that extrene, another at
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that extreme, because these are ranges. These are not
standard deviations or anything. It is just the range over
the five readers.

And then with visibility near the skin line,
again, there was one that was way down here, one that was
here and, on average, they came out at 2.95, as we saw. It
is significant that all of the readers felt that, on

average, the films were better on digital wth regard to

visibility near the skin |line which would surprise nobody
who has ever |ooked at a manmmogram  They tend to be very

dark near the skin line and the dynam c range that you have

seen in both the conmpany and the FDA's presentation on the

physi cs shows the tremendous dynamc range that digital has.

That is one of its major advantages over anal ogue.

[Slide,]
This can be broken down, again data that you have

seen, wWith regard to the particular sign of cancer; that is,

whether it 1s calcifications. Here this i s broken down even

farther than you saw before. This is whether calcifications

were present or whether calcifications were the primry way

that this cancer was identified, and so on.

Again, it is striking that all of these are just

above 5 but, essentially, right in the mddle. The range--
now, this is not a range from one reader to the next but a

range from one view to the next averaged over the five
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readers--in other words, there was one mammgram at |east

and again this is a range; this is not a plus-or-mnus a
standard deviation or confidence interval

There was at | east one manmogram down here where
none of the radiologists could see it on the anal ogue film
at all. The only way you can average O is to have every one
of themessentially giving you a 0, particularly when you
are just using integral--well, naybe one may have gone as
high as 1, but basically, they all thought that the digital
was much better and, probably, that represented a case where
it wasn't visible on the anal ogue.

You have got anot her mammogram at |east one, that
was at the high end where they thought the anal ogue showed
the cancer nmuch better, or the calcifications, in this case.
Simlarly, as you go down nasses, the range goes fromfairly
low to fairly high, again architectural distortion, fairly
low to fairly high

That means that sonme nammograns were much better--
the cancer was nuch better seen by this sign on the digital
and others in which the cancer was nuch better seen on the
ot her.

Perhaps, this range can be explained by what was
found in John Lewin's article in the Novenber Diagnostic
Imaging that Dr. \Wagner nentioned in which he pointed out
that repositioning causes two-thirds of the reason for the
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variation between the way the anal ogue and the digital | ook

whi ch suggests that if you were to repeat every wonman's
anal ogue mammogram even if digital didn't exist, you would
pick up quite a bit nore cancer.

So if everybody cane in to get a mammobgram once a
year, if you did two copies of each view, the sensitivity
m ght go fromroughly 80 percent, as is said for
manmogr aphy, up to nmaybe 90 percent which is about the sane
advantage you get if you use a second reader on one set of
films, and so on.

There has been a paper in the literature recently-
-Dr.  Kopans was one of the authors--nodeling what woul d
happen if you did mammograns nore frequently |ike every six
nonths or every three nonths, and so on, and the sensitivity
goes trenendously close to 100 as you get down towards every
t hree nont hs.

One comment | would make in answer to sonething
that was said earlier today that the idea of double exposing
women in these trials may not be ethical. |f you take into
account what | just said, there is a definite benefit to
that risk of everybody having both an anal ogue and a digital
manmogram at the same time because they are read and they
do, in this kind of a trial, deternmine the woman's fol |l ow up
and care.

[Slide.]
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The second issue that | want to discuss is what
error bars should go in the I|abeling.
[Slide.]
Now I, like Dr. Bushar, am showing only the data

fromreader study No. 2. There are the three indices that
we feel are inportant here; that is, the area under the RCC
curves for FFDM which neans full-field digital mammography,
and this is screen-fil mmanmmography sensitivity and
specificity with regard to the dichotonous decision, does
this wonman need to cone back for anything based on these
four views as though, as Dr. Hendrick expl ained, being

| ooked at as though this was a screening mammogram with no
ot her information.

One can deal with sensitivity and specificity at
later stages, as we will see in a mnute. A nost half of
the manmograns were read as BIRADS 0 which nmeans "needs
further imaging" to the point where | can't even make a
decision whether to assign this a BIRADS 1, 2, 3 or 5. (nce
you do that further imaging and you nmake that determ nation
then you could do sensitivity at other cutpoints; for
example, at the Bl RADS 3 cutpoint whi ch woul d be where a
worman can either come back next year, there is nothing wong
at all, or if they are 3 or above, that nmeans, well, there
Is low probability of malignancy but | want to see here
again in six nonths and repeat the manmogram
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That is one possible cutpoint. The next
reasonabl e cutpoint would be at the BIRADS 4 | evel which
woul d make the decision between, this woman | am
recommendi ng for a biopsy, versus, she doesn't need a
biopsy. So sensitivity and specificity, in this particular
study, the only thing neasured was at the original four-view
that was treated as though it were a screening study and,
therefore, was separated just into negative and positive
with respect to, does anything else need to be done even as
m nor as having her cone back next Tuesday for a repeat,
say, spot magnification view.

Now, given that, the ROC area for digital was
0.758 and 0.767 for film screen which gives a very small
difference. W have seen these figures before. The error
bars on this--1 have highlighted the worst case. This is
what we feel needs to go into the labeling. Based on the
data here, and the nunbers of women involved, the nunmbers of
cancers, the nunbers of noncancers, this point estinate for
the difference which makes it look trivial actually could be
as bad as 0.07 less or it could be as good as 0.05 better
for digital.

A wi de range like that nmeans that, of course, a
point estimate can be very msleading. For the
nonstatistician, you would like to ignore error bars and the

rest of that conplication and just | ook at point estinates
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but the fact of the matter is that this information is
conpati ble and, even here, is an arbitrary cutpoint. Byt it
could be conpatible with the usual standard of significance
with an area under the digital ROC curve which is as nuch as
0.07 below that of the ROC curve for screen film

Wth sensitivity, if you look at the point
estimates, digital was 68.18, the screen film 69.55
sensitivity with a difference of -1.3 which looks trivia
but, again, because of small nunbers--sensitivity always
deals with the cancers and specificity always deals with the
noncancers, in this case disease or non-disease--the snall
nunber of cancers, only 44 cancers in reader study No. 2,
gives a fairly w de range.

What that means is that, while these point
estimates | ook close enough to say, "oh, well, that is no
problem they are obviously equivalent,”" the fact of the
matter is they are conpatible with a sensitivity for digital
that is as nuch as alnost 10 percent |ower than that of
screen film

Now, one has only to think about the fact that
25 mllion wonmen are screened each year in the United States
with about 180,000 cancers found in the |ast few years,
anyway, each year, and 10 percent smaller sensitivity can
mean a | ot of cancers m ssed.

On the other hand, of course, it is also

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




)

at

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

116
conpatible with digitals possibly being 7 percent higher

So anywhere in between there, the fact is, we just don't
know, based on these figures and bear that in mnd as we go
on to the next topic which will be the postnarket study.

Wth regard to specificity, again, digital and
anal ogue were very close, 1.89, although, in this case,
digital was better. They had a better specificity; that is,
they had a lower recall rate for the noncancers by a snall
amount. Here, the worst-case scenario is that it could have
had a specificity only 0.58 less than that of the anal ogue.
So this is, actually, a better range.

[Slide.]

Finally, in talking about the postapproval study
proposal, the first thing | want to talk about is, then
just to summarize, why is it that the FDA is requiring a
post approval study on a PMA such as this one?

There are two broad reasons. One is that the
nodest size of the study in this PVMA which, as | just showed
you, gives fairly broad confidence intervals on the
difference between digital and screen film in particular
wth respect to ROC area and sensitivity which are two very
I nportant issues, but, secondly, and possibly even nore
inmportant, a study that is perforned in part on a diagnostic
cohort, and this was primarily a diagnostic cohort, although

the cancers were al nost equally drawn fromthe screening
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study, a separate screening study and a diagnostic study,
introduces a potential bias, let's say, of case mx towards
| arger, nore advanced cancers.

For exanple, wonen who come to a diagnostic clinic
come for one of two broad reasons, either because they have
some synptom such as a palpable lunp which, | think, is
most of them nmaybe a nipple discharge, something like that,
but a large nunber of them have a pal pable | unp.

In order for a lunp to be palpable, it already has
to be about a |-centineter size cancer and that already
takes it out of the range of the kinds of things that
mammogr aphy can be the first to detect down at the 1 to 2
mllineter range. So there is a bias towards |larger, nore
advanced cancers.

It may not test digital's ability with respect to
the smaller, earlier, nore curable cancers, although | will
show in the data, in a mnute, that it was surprisingly well
di stri but ed.

[Slide.]

First of all, let's just talk about the
distribution of the cancers with regard to the Bl RADS
categories--not the cancers, but all of them | amjust
going to base this on the anal ogue. It would be very

simlar if I did it just on the digital readings.

This is the BIRADS category, 1, 2, 3, 4, 5, o.
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The first colum here is the distribution with regards to

t hese BI RADS cat egories of the anal ogue mammograns in the
PVA by their category. Wiat this neans is that 50 percent
of themwere in the BIRADS 1 and 2 category. 47 percent,

al nost the other half, were in the BIRADS 0 category which |
mentioned a mnute ago. And there was a scattering, a snal
nunber, in the BIRADS 3, 4 and 5 category.

Just to give you a sense in a screening popul ati on
to show the difference between what is partially a
di agnosti c popul ation and a screening popul ation, just to
get a sense of a little bias here, the kinds of figures--
there is, perhaps, a wider range than | have given here but
these is fairly representative figures from a couple of
papers that, in a screening population, you can expect that
about 90 to 93 percent, sonmewhere in that range, wll be
BIRADS 1s and 2s.

The initial assignation of BIRADS os will range,
it depends on the center--some go as far as 5 percent,
perhaps, some as high as 15 percent, but somewhere in the 8
to 12 range is what you will get in a screening popul ation
But those will, ultimately, once the woman does cone back
for further imaging, whether it be extra nammographic views
and/or ultrasound, every one of themw Il be redistributed
anong the 1, 2, 3, 4, 5 category.

So these nunbers actually represent that final
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after they have been through the added evaluation. You get

figures for BIRADS 3 that is on the order of 3 to 4 percent
of the total. For BIRADS 4, about another 3 to 4 percent
and for BIRADS 5, maybe 0.3, 0.5 percent, sonmewhere in
there. This just gives you a flavor for the figures.

You can see that the BIRADS 5 category, even in
the study as it was is fairly close to the range that you
will get. The BIRADS 1 and 2 category was only about half
and the BIRADS 3 and 4, which could be considered the nore
difficult mammographi c cases--these are the subtle ones
where, gee, you don't know quite what to do. You are always
sitting there thinking, do | need her to cone back in six
nmonths or should | recomrend a biopsy.

A | ot of wonen that you recommend a bi opsy on, you
know have a fairly | ow suspicion of probability of
mal i gnancy but it is high enough that you really don't want
to risk waiting six nonths. These are the nore difficult
cases. You can see that they are underrepresented in this
partially diagnostic cohort by a factor of maybe 3 or 4.

So this is one of the biases that is introduced by
using a partially diagnostic cohort which is why we want to
see, in a postmarketing study, a study done in a screening
popul at i on.

[Slide.]

W actually are able to break down the 44 cancers
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that were included in reader study No. 2 into those that

were derived fromthe diagnostic cohort which was 24 of them
and those that were derived fromthe screening cohort which
was 20 of themwth respect to size.

As you can see, the nunbers here are small, but
two-thirds of the diagnostic cancers were greater than a

centimeter in size and only 45 percent of the screening

cohort were over 1 centineter.

These nunbers, in fact, the difference here is not
statistically significant if you do the appropriate tests.
The error bars are very |arge because the nunbers are small.
[t just gives you a flavor of the kind of trend that one
m ght reasonably expect.

[Slide.]

Another way to break these down is by the stage of
cancer. Ed Hendrick showed you the figures that actually
combi ned these two. He gave you the sum of the second and
third row |If you break it out into the diagnostic cohort
and the screening cohort, you can see, again, and | wll
preface this by saying, again, there is no statistica
significance here in the difference between this second row
and the third, again because the figures are small, the
nunbers are small.

But you get, again, a sense of the trend one woul d
reasonably expect and that is if you | ook at stage |1l and
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'V, for exanple, you have got about 12 percent of the
cancers here and, in the screening cohort, you have only got
about 5 percent. Again, and | don't want to make too nuch
of this, | amjust trying to illustrate the fact that in a
di agnostic cohort you m ght expect that kind of trend, that
there woul d be a shift toward the higher stage cancers away
fromthe |lower stage, although if you look at the curable 0
and | stages, they are 58 percent of the diagnostic,

65 percent in the screening cohort, not very different.

As a matter of fact, there is a surprising
simlarity here. One would expect even nore of a bias in a
di agnostic cohort, but, again, the nunbers are small and,
again, this is one reason why we would like to see this in a
screeni ng popul ati on.

Now, | just want to nmake one other point. Ed
Hendrick showed you the figures. If you just |ooked at the
sensitivity, and | don't have a slide on this because |
haven't seen those figures before--if you just look at the
sensitivity on the stage 0 and |'s, he showed a sensitivity
for digital that was about twelve points, eleven or twelve
points, higher for the digital than for the anal ogue

Certainly, those are the nost inportant cancers
for mamography to find. If you are finding the os and Is,
you are able to cure. If you are finding the 111s and 1vs,

the cure rate is nmuch, nmuch | ower. So what we would like to

M LLER REPCRTING COWPANY, [|INC
507 C Street, NE
Washi ngton, D.C. 20002
(202) 546- 6666




at

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

122
see, and he pointed out, is that the AHCPR the Agency for

Heal th Care Policy Research, |ikes to recomend that you
like to see at | east 50 percent of your cancers in these two
| owest stages in any good screening study.

In fact, this was exceeded in this diagnostic
cohort, a little nore so in the screening cohort, but that
is still to the good. But the point is that the nunbers
here are very small, but to see 12 percentage points higher
if we didn't see the error bars there, again, this is the
question that we have; the error bars may be very broad and
we don't know, while that point estinmate nmay be encouraging,
agai n point estinmates can al ways be m sl eadi ng unl ess you
have nuch tighter error bars.

[Slide.]

Finally, the proposed study design by the conpany
in broad outline involves a screening population, as | have
said is necessary. They do propose to doubl e expose every
subject to both anal ogue and digital mammography. This is
very inportant to avoid a selection bias. Some studies have
enri ched by exposing everybody to anal ogue and then taking
all of the say, BIRADS 4s and 5s, or even 3s, 4s and s5s, and
then doubl e expose those and only take a random subsel ection
of the 1s and 2s which, you will renmenber, was 90 to
93 percent, to sort of match that nunber.

Wien you do that, you don't give digital a chance
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to show that it can pick up the small cancers that the

anal ogue happened to mss and assigned to BIRADS 1 and 2.
So, by exposing every subject, you do avoid that kind of
sel ection bias.

Their analysis, they propose to show
noninferiority again in these three inportant indices--that
s, ROC area, sensitivity and specificity. O course, we
w Il have to discuss further with themthe question of at
whi ch cut poi nts.

Now, | have hard copy witten down here because
that was, in fact, what was proposed in the hard copy of the
PMA that we had al t hough the conpany has al ready nentioned
today and, in discussions with us a couple of weeks ago, or
| ast week, | think, we have discussed the idea that a side-
by-si de conparison analysis of hard copy to soft copy, if
that is approved ahead of time, then there is no reason not
to use soft copy in the postapproval study.

Finally, the propose to analyze all of the cancers
that they find. Again, these are ground-truth cancers,
cancers based on biopsy or a cancer turning up a year |ater
through a year of follow up and only a random sel ection of
the noncancers. Now, that does not introduce the selection
bias that | described up here because you have al ready got
the ground truth and you are selecting not on how the
anal ogue | ooked but whether the woman really has cancer or
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doesn't have cancer.

Wiile there are sonme details yet to be worked out,
in broad outline, this is an acceptable study design

Thank you.

DR. GARRA: Thank you

It is seven mnutes to 12: Q0 | guess we can
entertain--if there are any clarification points that need
to be made fromthe last several presentations, we can take
a couple of questions on those. W wll hold questions that
deal with the substantial nature of the PMA until the
di scussion session after |unch.

Ckay. Not seeing any panel nenbers that want to
ask any questions at this point, then what we will do is
break for lunch at this point. W will do an hour for |unch
and plan to be back here at about five mnutes to |: QO

Thank you very much.

[ Whereupon, at 11:55 a.m, the proceedings were

recessed to be resuned at 12:55 p.m.|
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AFTERNOON SESSI ON

[1:05 p.m]
DR GARRA: | would like to call the neeting back
to order. | would remnd the observers of the neeting that,

while this portion of the neeting is open to public
observation, public attendees may not participate unless
specifically requested by the Chair.

VW will continue the meeting with the panel's
di scussion of the PMA that will be led by Dr. Destouet.
Judy, are you all set?

Panel Discussion

DR. DESTOUET: | want to thank the nmanufacturer
and Dr. Hendrick for excellent presentations this norning as
well as the FDA. Wth that, | have a couple of questions
for you, Dr. Hendrick, if you will approach the podium

In the design of the study, the nmanufacturer chose
to select diagnostic mammography patients enriched with a
number of cancers from previous screening programs and tell
the readers that they had to read them as though they were
screening mamograns. It seens that there is, indeed,
certainly an inherent bias toward probably larger lesions in
that popul ati on because there would be a certain nunber of
patients with pal pable | esions who you woul d not expect to
have in the screening popul ation

| just wonder why did you choose that as opposed
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to having a screening population as one of the two series of

studi es?

DR HENDRICK:  Prinmarily because we set up the
patient recruitnment for this study based on the guidance the
FDA put out in ‘96 which was based on an equi val ence study
in the diagnostic cohort. So we began with that approach.
And then, when the meeting occurred in August of '98, it was
clear that an equival ence approach wasn't feasible and it
was switched to a noninferiority approach. W didn't want
to throw away all the patients that we had recruited.

In response to your mention about it being nore
bi ased toward larger lesions, that is what we would have
expected from a strictly diagnostic cohort but, in fact, the
stage and size information suggests that it was remarkably
close to a screening cohort in that distribution, probably
sonewhere in between but close to a screening cohort in
terns of stage of detected cancers, at |east.

DR DESTOUET: The recall rate of 44 percent and
hi gher clearly was significantly nuch higher than one would
see in a screening popul ation.

DR HENDRI CK:  Absol utely.

DR DESTOUET: \Where your recall rate would

approach 10 to 15 percent. Do you have any data to show
that the lesions that were recalled fromscreen filmwere

the sane |lesions that were recalled on the full-field
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digital inages?

\ DR HENDRICK: W have the data in terns of the

two-by-two tables for recall rates that are in the docunents

that you have. If | get ny docunent, | can point to the
tabl e.

DR DESTOUET:  (kay.

DR, HENDRI CK: It is table No. 24.

DR DESTOUET: \Wat page?

DR HENDRICK: It is page 0108 in the larger
lprinted nuner al s. It is table 24 in the study report. If
you |l ook at, for instance, the noncancer cases, and this is
the conposite results of five readers on 625 cases, so, out
of 3125 readings, there were 936 cases or readings that were
read positive on both and a total of about 800 that were
read positive by one but not the other.

So there was a considerable anount of disagreenent
between the two nodalities. That sort of is an indication
of why the equival ence approach, as originally formulated by
the FDA, was not achievable. There was agreenent on 1150
bei ng negative on both.

DR DESTOUET: You al so nentioned that there were
| esion markers in some cases and you had to elimnate those
cases because of "lesion markers." | didn't understand.

DR HENDRICK: Onh; it was sinply when you put the

filmscreen and digital cases side-by-side, sone
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institutions nmarked lesions with pvs on the filns if they

wer e pal pabl e | esions and sone institutions--nost
institutions do that, but what we found is, in a few cases,
there was a nmarker visible in one nodality that wasn't
visible in the other.

So we elimnated those cases where there mght be
nore of a suggestion of a finding in one nodality than
anot her. If the lesion markers were equivalent in the two,
we kept them But it was just to nake the study as pure as
possi ble in ternms of avoiding any kind of bias toward one
nodality or the other.

DR DESTOUET: Ed, as you |look at the technol ogy,
do you feel that the difference in position that has been
descri bed, that can, indeed, obscure sone |esions, whether
they be malignant or benign, s such that it would be
difficult to really conpare the two nodalities in any Kkind
of study?

DR HENDRICK: | agree with the speakers that have
gone before that have pointed to the reader variability as
being a big issue. The positioning variability, | think, is
a bigger issue than we have given it credit for, .ot so much
in that you do see a lesion clearly in one positioning and
in the same positioning with the other nodality you don't
see it clearly. It is the little signs that throw it from
being, say, a 1 or 2, usually a 2, into being sonething that
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woul d be called back, a slight sign of spiculation,
something like that that is visible in one position and not
visible on the other nodality in the corresponding position

There is no reason to believe that you woul d get
different results even if you were using a single nodality
and repositioned the patient. So |I do think that has an
effect. And, certainly, the reader variability has an
effect on not being able to exactly conpare these nodalities
wi t hout those sources of variability.

It just nakes it nuch harder to do reader studies
because of that.

DR DESTOUET: Do you believe that the flexibility
that we will have with nanipulating w ndow settings wth
full-field digital will, indeed, offset some of the problens
that we are seeing with, perhaps, changes of position? Is
there anything in this new technology that will help us to
elimnate wonen having to come back for call-back?

DR HENDRICK:  Yes; the data that we have so far
that you are |looking at are all, obviously, hard-copy
interpretations of full-field digital. The data that you
don't have in front of you are the data on soft-copy
interpretations of full-field digital. M experience with
that comes fromdata in the Arny study at Colorado and U.
Mass. There we also see a significantly lower recall rate
with digital primarily because the radiol ogi sts do have the
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flexibility of the soft-copy display to w ndow through the

| esions and they are not stuck with sort of the opaque
gl andul ar tissue that you sonmetines have on fil mscreen
manmogr ans.

You can wi ndow t hrough and better visualize the
extent of the lesion than you can on a fixed hard copy,
whether it is on digital or filmscreen. So | think that
w Il offer sonme real advantages if radiologists are able to
do soft-copy review of digital mamograns.

DR. DESTQUET: | want to open it to the panel now.
| have sone further questions but are there any questions
from the panel ?

DR BERG | have a question that is kind of a
t wo- parter. | think one of the issues, obviously, that wll
be the subject of additional discussions as we get other
applications from other manufacturers will be the issue of
the resol ution. | know GE. has shown the 0.1 nmillineter
Qoviously, there are malignant calcifications, at |east,
that mght be smaller than that [imting resolution.

So there is sort of a fundanental question out
there, at least in the mind of many of us, until we have
seen enough of these very subtle lesions on digital to
really be satisfied.

| noticed, in looking--1 will let you answer that
part, but | wanted to address the ROC curve from reader
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study No. 1. Looking at the mddle ground, if you will, in

what woul d sort of what woul d be BI RADS Category 3 and 4
type lesions, it looked like full-field digital did worse
than screen film

| guess one of the possible interpretations of
that, and | don't know that it is even was statistically
significant if you just |ooked at that subset--but one of
the interpretations could be that you are not seeing some of
the very tiniest calcifications that mght push you to be
nore concerned or that you are not seeing the border
characteristics of a mass |esion as being clearly
indistinctly marginated as opposed to being partially
obscur ed.

Sonme of these issues that are right on the fringes
where | think the only real remaining concern that sone of
us have, | was wondering if you could address. Also, then,
| didn't see that difference in reader study No. 2 so | was
wondering if the same readers learned, if you wll, or if
they were even different readers in study 2 versus study 1.

DR HENDRICK: Right. They were different readers
in study 2 versus study 1. | think you are right in seeing
that in the places when the curves do differ, it is in the
2 percent, 3 percent probability of cancer range. The | ow
probability--and there were cases where readers, | think, in
that study were reading the digital mammograns with |ess

MLLER55§MgﬂgN%eEUW$%¥, I NC,

Washington, D.C. 20002
(202) 546-6666




1 \ll

at

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

132
confidence of what they were seeing which, in some cases,
turned out to be cancer than the screen-film mamograns.

Partly, | think that was an effect of the readers

not all being trained to the sane level of famliarity with
digital. Sone of the readers started digital cold,
basically. W basically had readers at two institutions as
primary readers. Some had experience through reading Arny
cases in the Colorado/U Mss Arny Study. And then there
were two other readers who didn't have that experience.

| think a lot of the differences in the curves,
especially in that |ow probability of cancer range come from
those readers that didn't have experience in the Army study.
Wen we did study No. 2, we got everyone to the sane |evel
of experience with digital and we made sure that they were
all reading the cases as if they were screening cases.

The two readers that we had that weren't in the
Arnmy study and reader study No. 1 were really reading them
more as if they were diagnostic cases.

DR BERG | think that | certainly have concern
about that issue just because a lot of the cancers that we
see are not spiculated masses or obvious tracking branching
calcifications. Many of themare in that mddle ground.
think one of the issues that we all have to westle with a
little bit is what kind of training we are going to require

of people before they start doing this just so that we are
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not msinterpreting those subtle |esions.

DR HENDRICK:  Right. But if | could address the
first thing you brought up about were these the cases that,
for instance, m ght have had subtle calcifications that
digital didn't see and screen filmdid see. Those woul d
have showed up in the side-by-side analysis specific for
calcifications or specific for other lesion types and they
didn't.

The scores were virtually identical even for those
different lesion subtypes. So | really think, based on the
data that we have, it was a reader issue in study No. 1 and
not a shortcomng of the nodality in either study.

DR BERG Do you have any specific information
on, like, anorphous calcifications, the tiniest ones, side-
by-side, or any breakdown on future analysis including
benign lesions in terns of conspicuity, sonme of these subtle
ones? It is hard to answer, from what | have seen and hear
one way or the other.

DR HENDRICK: W don't have data on the small est
calcifications detected, put | just would want to make one
point which is that calcifications tend to be fairly high
contrast relative to rest of the breast. FEyen if they are
smel ler than 100 mcrons, they can be detected in that 100-
mcron pixel. \Were you may have a limt is in breaking it
apart into nore than one calcification, but you shoul d
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still, wth these high-contrast objects, detect things
smal [ er than 100 microns. You just nmay not be able to have
a good idea about the shape of the calcifications from when
they are that snmall.

DR BERG Right.

DR HENDRI CK | think there is another clinically
interesting question which is how small calcifications do
you really depend on detecting with screen film If you

compare Speci men radi ographs that are taken after the

"excision of the sanple, you can see nuch, nmuch smaller

calcifications in the lesion than you tend to see on the
screen-film manmmograns or the digital mamrograns.

So the question is is it nmaking any diagnostic
difference. CQur data to date support that there isn't a
difference, but | think that needs to be studied in sone
specific studies that ook at calcifications as well.

DR ROM LLY- HARPER: Excuse ny voice, but in, |
think, the last study, the laser printer--actually, the
quality of the digital mamograns for the study were
produced at one institution, as far as you ship themout to
one place and then--correct ne if | am wrong--

DR. HENDRICK:  There were actually two
institutions, Colorado and University of Mssachusetts

DR ROMLLY-HARPER  But one person was in charge

in printing out the digital studies for review, is that
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correct?

DR HENDRICK:  There was one person at University
of Massachusetts. Actually several people at Col orado
printed them out.

DR ROMLLY-HARPER  Are we going to have--if this
i's approved, how do you plan to do that for the nultiple
institutions? D you have set criteria for the copies, how
the copies are going to be made on the |aser printers?

DR. HENDRICK:  Yes; we have actually |learned a |ot
from doing these studies and printing them out on hard copy.
There will be criteria for how to print them out. For
exanple, one of the things that we have learned is that the
way |aser printers are set up, and they are based on other
modal ities, typically is that the sort of nmiddl e range of
signal --you wi ndow and level it on the nonitor and then the
medi an grey scale on the nonitor on a | aser canera gets
printed out at an optical density of around 1.0.

That nmeans that nore gl andul ar tissues woul d get
printed out at even |lower optical densities on the film W
have learned, in doing this, that that makes no sense for
digital mammograns, just |ike you wouldn't want to take a
fil mscreen mammogram and have the average optical density
of the breast be at 1.0 and have all the glandul ar tissues
be at lighter grey scales on the image.

So one of the things that we have learned is that
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you need to set the nedian density in the laser printers to
a higher level so that you have nore signal values to work
with in the nost inportant part of the breast which is in
the glandular parts of the tissue and in the grey scales
that would represent cancers in the breast.

So there are guidelines that need to be put in
pl ace for people doing this kind of printing and it al so
depends on the setup of the printer with the nonitors from
which the inages are printed. So you need to have the
printed i mages | ooking |ike they |Iook on the nonitors that
are being printed and to have advice to the people printing
t he inages.

DR ROM LLY-HARPER.  That neans that, as they
purchase the unit, they wll have dedicated |aser printers
for the digital mamography and not the typical |aser
printers that you see in a departnent. In other words, the
unit will be sold with the printers.

DR HENDRICK: In the initial digital-mamography
systens that are out there, they have to use hard copy, so
they have to be equipped with these printers.

This is Arwy Sitzler who works with G E Medical
Systens.  She has sonme comments, if she may, about the QC on
printed inages.

MS. SITZLER | am the Program Manager for the

Digital Mammography Prograns at GE  There are two printers
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which are qualified to be used with the system and only
those two so far. So we don't just allow images to be
printed anywhere.

W have been working with the same QC procedures
as you would be used to with M®BA so that you would do the
sanme qualifications with your printer for the digital system
as you would be used to doing with your screen-film system
So you shoul d have the sane daily kind of check that is on
the QC nenu |ike you would be used to in your nornmal £ilm-
screen system

DR ROM LLY-HARPER.  Thank you

DR DESTOQUET: Actually, | have a question for
you. Is it anticipated that there will be one single
setting, then, for the hard copy as opposed to what we have
now with CT where you may have a couple of different w ndow
| evel s and settings?

Can we, indeed, produce a single hard-copy image
that will give us the latitude as well as the resolution
t hat we need?

M5. SITZLER: There is the capability. Because we
have a | ot of experience with a |ot of inmages, we have tuned
the algorithm for the automatic setting of the contrast so
that the image will appear at a certain contrast setting
which is selected automatically based on that breast.

It can be printed automatically based on that
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setting. O course, the technologist always has the
opportunity to nmake her own adjustnents, but we have
actually designed an algorithm that allows the optimal
setting imediately on presentation of the image, and that
is automatically sent to the printer.

DR MALCOLM | just had a question. | |ooked
under the training program-we were tal king about, as we
always talk about in issues like this, readability and
wvariations. It was unclear to nme the QA or QC program for
the radiologist in making sure that he or she has the proper
tools to understand the digital radiography. | wasn't quite
clear. | didn't see nuch of that in this proposal

Wiat | amsaying is you are not going to sell the
units and say, okay, go out here and just start using it.
What is the plan?

DR. HENDRICK: MXA requires eight hours of
training specific for radiologists on digital manmography.
One of the ways to satisfy that is the plan to set up a
training facility actually at Northwestern to provide those
eight hours of training to the radiologist. Part of it
woul d be--a large conponent of it, actually, would be
working with the radiologists there who have experience
readi ng digital mammograns and | ooking at the presentation
of digital manmmograns with the thickness equalization

applied both on filmand on soft-copy display so that they
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are famliar wth the kind of presentation

It is not that it is that different fromfilm
screen, but they need to see an adequate nunber of cases
where there are subtle cancers presented with digital
I mages.

The artifacts are different. One of the great
things about digital is you elimnate the artifacts due to
the processor on filmscreen manmmograns, so those artifacts
are basically elimnated. There are sone other artifacts
that cone if the digital detector isn't performng properly
that need to be recognized.

There are artifacts that come if the printing
Isn't occurring properly that need to be recognized. So the
training would include recognizing those kinds of features
in the image and then understanding the process by which the
Images is created and produced.

So it is to give thema broad picture but to focus
on interpretation of both hard-copy and soft-copy digita
manmogr ans. | don't know if | have given you enough
information or not.

| don't think Northwestern will be unique in
offering the training of radiologists in this. There al so
needs to be training for the physicists and technol ogi sts
that will have to be provided as well.

DR. DESTOUET: Dr. Harms, do you have any
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questions?

DR HARMS: No; not at this tine.

DR GARRA: | have a couple. The first question |
woul d have, in study 2, you tal ked about testing nine
radi ol ogi sts and picking five of those.

DR HENDRI CK:  Yes.

DR. GARRA: Could you tell us a little bit about
what selection criteria you used for that?

DR HENDRICK: One of the things we |earned in our
first reader study was that there was a w de range of
sensitivity and specificity anmong the different readers.
Part of it, actually, had to do with this difference of two
reviewers reading the images nore as diagnostic studies and
ot hers as screening studies.

Wiat was done is to--Craig Beam has devel oped a
test set of images. In fact, the ROC data were presented
here from his test set and there were something |ike 108
datapoints. So we used his test set to test these nine
readers.

The goal was not to take the best five out of
those nine but to find readers that had a simlar sort of
range. It was really to elimnate those that were not good
readers of mammogranms at all. W actually, | think, threw
out one reader at the very top of the ROC scale and three

readers at the bottom of the ROC scale to get the five that
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we picked, in terns of ROC areas.

DR. GARRA:  Anot her question | had was you asked
the readers to rate the probability of cancer being present.
| see that on your form

DR HENDRICK: The form does not nention that they
shoul d not be rating BIRADS categories 1 and 2, yet you
mentioned that in your talk, | believe, earlier. And even
if you do elimnate BIRADS 1 and 2, what assurance do you
have--why did you elimnate BIRADS categories 1 and 2?
Because a person classifies sonmething as Bl RADS 2 does not
mean they are 100 percent certain.

So | am just wondering if you created a little bit
of a bias by excluding those people, the ratings from those
peopl e.

DR. HENDRI CK: | woul d appeal to the radiologists
on the panel. Wuld anyone give sonething, even a 1 percent
probability, of cancer if you called it a BIRADS 1 or 2?

DR DESTOUET: No.

DR HENDRICK: That was the reason for that.

DR GARRA: (Ckay. That is what | wanted to know
Did you get ratings for those categories, though, at all?

DR. HENDRI CK: In terms of probability of cancers?

DR GARRA:  Yes.

DR HENDRICK: Let ne ask Karen Wite who works

W th MedTrials to answer that because she col |l ected al
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these data and | get confused between three studies, these
i eader studies and the Arny study.

DR GARRA: Wen you tal k about asking sonebody to
make sort of a binary decision, there is a big difference
between getting himto grade on a grading scale versus a
binary deci si on. People will often nake a decision, this is
absolutely not cancer, but when you actually pin nme down, it
will probably be sonething Iike 98 percent or 99 percent.

| think a lot of radiologists, when they think in
terns of categories, 3 or 4 or 5 categories, think in terns
of binary decisions, what am| going to call this. But when
wyou ask themto really nail down percentages, they m ght
answer slightly differently.

| just wanted to see what your nunbers actually
were.

M5. WHITE:  Karen Wite. | work with MedTrials.
W were the conpany that GE asked to help with the
moni toring and project managenent for the collection of the
clinical data.

In the first study, the collection of
probabilities of cancers was sonething that, with the
changes in study design through the different neans of the
FDA that evolved. So, in the first study, we only collected
probabilities of cancers for BIRADS 3, 4, 5 and 0. [t was

an assumed, and correct me if | amwong, probability of
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cancer of 0 for BIRADS 1 and 2.

And then, in the second study, is the one where we
did collect. W asked themto give a probability of cancer
for any BIRAD. Part of the instructions to the radiol ogi st
that Dr. Hendrick and Dr. John Lewin also provided to the
radi ol ogi st was based on ACR categories of how you should
grade probabilities of cancer, so it was based on ACR Bl RADS
reconmendat i ons.

DR HENDRICK: So | guess we did collect in reader
study No. 2. | had forgotten that. s that summarized
anywher e?

M5. WHITE: Yes; on page 0165 under the clinica
study, summary No. 2. It is under tab D

DR HENDRICK: That is the form but do we have
results? But do we have results? | guess the question is
did anyone who gave it a BIRADS 1 or 2 give it anything
other than a 0 probability of cancer?

M. WVHHTE: W had a couple, | believe, that were
between 0 and 2 percent.

DR GARRA: | presune that those people did not
figure into your--were they assigned the nunber they
actually were given or were they assigned O?

DR. HENDRI CK: No. In reader study No. 2, the

anal ysis was done based on what they gave.

DR GARRA: (Ckay; great. Thank you
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DR. DESTOUET: Are there any other questions from

the panel? Dr. Tol edano?

DR. TOLEDANO  So when you set up the studies, you
made a choice that had great public-health inpact. You
chose a delta of 0.05 for your recall but a delta of 0.10
for sensitivity and ROC curve area.

Can you explain those choices, what notivated the
difference in the criteria?

DR HENDRICK: Partly, that was notivated by the
under standi ng that we don't have as good a determ nation of
sensitivity or ROC-curve area as we do of recall rate due to
the nunbers involved in those categories. The categories,
specifically, for sensitivity, you need nunber of cancer
cases, as you know. And, for ROC curve, the power depends
largely on the nunber of cancer cases as well.

So we recogni ze that, w thout doing an i nmense
study, we wouldn't have the ability to refine the delta as
well as we could for the recall rate.

DR TOLEDANO. So if you were approved and went
into your postnarket study, you would be | ooking for smaller
del t as.

DR. HENDRI CK:  Yes; the suggestion, based on what
Bob WAgner presented, is the delta on the ROC-curve area
woul d be closer to--would be; not closer to--would be 0.05.

The study design would be set up to be able to see a
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difference as small as 0.05.

DR TOLEDANO.  Thank you.

DR, HENDRI CK: In a non-inferiority approach.

DR TOLEDANO  Correct

DR HARMS: The fal se negatives would be a patient
that you did not see a lesion on a study and then,
subsequently, found either a lesion on the other study or on
your follow up. How many cases did you have that had false
negatives on both interpretations and that you caught on the
one-year follow up?

DR HENDRICK: That is in one of the tables in the
study report. |f you | ook at, say, study No. 2--table 26 on
page 0110. This is, again, five readers reading the 44
cancer cases, so there are 220 readings. There were
36 readings and this table only includes cancers so there
were 36 readings that were negative on both nodalities.

DR HARMS: But that doesn't say that they were
fal se negatives.

DR HENDRICK:  Yes; those were fal se negatives,

In fact, if you want the false negatives for screen film
you sum the colum that was read negative on screen film

If you want the total nunber of false negatives for digital
you woul d sumthe row across the bottomas the total nunber
of false negatives for digital

MS. PETERS: This is just a little different
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focus. | notice that the device is being used in a nunber
of different countries, or other countries. Do you have any
data, or any information, from those countries about how
they are experiencing the equipnent?

DR HENDRICK: | think | need to defer to the GE
peopl e on this one because no one lets ne out of this
country.

M5. SITZLER  Could you restate your question? |
am not sure | understood exactly what--

MS. PETERS: Just is there any information or any
data from any of the other countries that are using the
devi ce.

MB. SI TZLER So far, the device is installed in
ten different sites in Europe and the data is--we haven't
done this kind of detailed analysis, but the data is
consistent with what we found already in this study.

DR SMATHERS: A follow up on that. You say it is
used in ten other sites. Are they using soft copy readout
or are they constrained to this hard copy readout that has
been proposed here?

MS. SITZLER  They are not constrained and they do

both. It seens to be a site preference and a | earning

curve. But they are very nuch using soft copy.
DR. SMATHERS: Can | pursue this? Ed, | ama
little concerned that you are essentially releasing this
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device in what | see as its least favorable light. | think
har d- copy readout puts it in the worst-case scenario as far
as its capabilities go. | guess | amtroubled by the fact
that you are not going to put soft copy wth it initially
because of the greater flexibility in w ndow ng and so forth
that would give the radiologist a ook at a given mammobgram

| would Iike to have sone insight as to why you
chose that other--and statistically what you did made it
easy for the statisticians, but actually | don't think it
makes good nedi cal sense.

DR HENDRI CK: No; that wasn't the nmain reason.
The main reason was based on earlier advice fromthe FDA
specifically the guidance docunent that, in witing, said
t hese proposal s--the digital mamograns have to be done in
hard copy. Part of the concern | think they had justifying
that point was that they wouldn't have a record of what the
radi ol ogi st | ooked at in a soft-copy display of the digital
I mages.

If hard copy were used, they would at |east have a
record that they could go back and |ook at to say, this is
the way the image was displayed to nake that interpretation

| agree with you that the true flexibility of
digital and the true benefit of digital is primarily
realized in a soft-copy display of the images. | think the
plan would be to nove very rapidly after approval of digital
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and hard copy to proceed to this conparison study of hard

copy and soft copy to nake sure that digital was avail able
to radi ologists Wth soft-copy interpretation.

Scott, do you want to--

MR, DONNELLY: | think that is exactly right, Dr.
Smat hers.  The genesis of the study originally, since it was
initially conceived as an equival ency, neant that we had to
take the digital and turn it into an the equival ent nmedi um
in order to have a fair equival ency study and not to have
the media be the difference between the studies, to
elimnate that.

But I think you are absolutely right. In fact, a
question earlier about w ndow |leveling and all the various
t echni ques which you woul d expect today in doing, say, a CR
or mR review, to |lose those degrees of freedomin a
manmogr am exam certainly takes the digital and, to sone
degree, levels the playing field, if you will, with hard-
copy review to conventional film screen

That is why we have proposed that the first thing
we want to do is do the soft-copy anmendnent to the PMA, get
that passed, before we proceed with the broader post-
clinical trials because | think, in order to really fairly
conpare and see the effectiveness of the device, it is going

to be much nore clear in a soft-copy environnent than a hard

copy.
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| think, however, what we have shown is that, in a
hard-copy environment, it is at |east reaching the sanme
levels, at least as the clinical data showi ng the same
levels, of effectiveness as a film screen. But we woul d
al so expect it to be nuch better in soft copy.

DR. TOLEDANO More on the public-health
questi ons. In the request for expedited review, GE notes
that we would expect w der patient acceptance because there
woul d be shorter examtimes. Also, | notice that there
m ght be a decreased need for additional nmagnification
Vi ews.

In light of the fact that the nachines and the
systens are being used in other countries, has that been
their experience?

MR DONNELLY: If | could conment on the other
country installations. W have ten sites. The product has
been in production in non-U S. countries for a very short
period of tinme so | think that, in all fairness, at this
point, that we would say that we have any statistically
rel evant data from those sites would be presunptuous. Spo it
is installed in other countries where they have al ready
passed the regulations, but | don't think I would use that
data for purposes for our approval at this tine.

DR ToLeEDANO: \What about anecdotal data from your

previous studies in the states? Still just anecdotal ?
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MR DONNELLY:  Again, | think, at that point, we

woul d probably prefer to call on radiologists that have
actual ly been using it, sone of whom have used it in the
soft-copy evaluation review. Anecdotally, we have certainly
had very positive feedback but | think I would have to defer
to the radiol ogists that have actually used it to make a
fair assessnent.

DR TOLEDANO: Thank you.

DR HENDRICK:  Part of your question was about the
speed of doing digital acquisitions. One of the steps that
is elimnated is that the technol ogi st taking the £film-
screen cassette after, say, four filns are taken, walking to
t he processor, putting them one-by-one, through the
processor by whatever nmeans and then waiting for themto
come out of the processor.

The acqui sitions can take place as quickly as
every ten seconds for different views on the systemand the
I mages pop up, and sonmebody is going to have to help nme
here, in less than ten seconds after the exposure is done.

So that speeds that part of the process and that is part of
the reason that it wll speed the overall acquisition of
i mages and increase the throughput.

DR BERG | have a question. You are asking for
approval for diagnosis. Fromthe data presented here, you
were presenting screening views, what anounts to screening
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views to your readers. W don't really know, with spot

magni fication views done on a digital unit or with

addi tional spot conpressions done on a digital unit, that

t he readers woul d have reached the appropriate conclusion to
biopsy the lesion. Am| wong in that statenent?

DR HENDRICK: W don't have direct data here on
the performance of digital in that spot nagnification node.
There are data collected but not in the PVA application for
that. Northwestern has done a big study of digital versus
filmscreen for workup but the expectation is that the unit,
the small focal spot, is the sane as the DMR unit which is
very good for filmscreen spot magnification.

The magnification stands are essentially the sanme
as the on GE DWMR  The only replacenent is the digita
i mge receptor replacing the filmscreen imge receptor. So
the expectation is that actually digital wll do even better
there than film screen because the only change is the change
in the image receptor and you are spreading the |esion out
or the calcifications out over nore pixels in that
si tuation.

DR BERG | think one of the other issues is that
you are also asking for approval in the |abeling at |east
for screening and, yet, we are being presented with what
anounts to data from a diagnostic trial. | don't know for
sure that these are big problens but | amjust trying to go
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 fromthe data that we are being handed today to review a

consi deration of this approval

DR HENDRICK: M only comment on the is that as
far as the evaluation of the two views of each breast, you
are doing essentially the same thing in screening or
diagnostic. The only notivation for using the diagnostic
popul ati on was so that we wouldn't have to image thousands
of women to get an adequate nunber of cancers to be able to
validate the device.

When you turn to a screening population, you can
expect 5 per 1000. So, to get 40 cancers, we are talking
8,000 wonmen at |east imaged with both nodalities.

DR BERG | guess | was a little surprised just
because we are all famliar with John Lewin's presentation
and the recent Diagnostic Imaging article. | think there is
a lot of data that G E has collected and, as part of the
Arny trial, | guess | would have appreciated seeing sonme of
that as part of this application.

But | don't know enough about the entire logic
that went into that.

DR HENDRICK:  Wll, that is not G.E.’s data.
That is an independent study that is not funded by G E. or
in any way affected by GE. | think the idea is to keep it
that way. The images are read conpletely independently of

this. It is funded independently of GE
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It was a concession to get the twenty cases that
had cancer for inclusion in this case but, going back to the
original guidance, it was to evaluate a diagnostic
popul ation. That is the course all the manufacturers had
been instructed to enbark on and that is what was done here.

DR. DESTQUET: Are there any other questions from
t he panel ?

DR GARRA: | have a couple nore.

DR. DESTOUET: Yes; go ahead, Brian.

DR. GARRA: This has to do, again, with the work
station and image processing. The first question | have is
the work station that you are supplying, the so-called non-
di agnostic work station is the Advantage Wndows platform
I just want to know if that is the system you are supplying
overseas for soft-copy reading or are you supplying a
different systenf

MS. SITZLER It is identical. It is not the
Advant age Wndows system The platformis the Advantage
Wndows platform W built a specific mammo application on
top of that.

DR. GARRA: So you are basically running that
SunSpark station, then.

M5. SITZLER It is the platformfor both work
stations.

DR. GARRA: You are talking about hardwarew se?
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MS. S| TZLER: More softwarew se than hardwarew se

use the same software tools.

DR GARRA: |f the hardware and the software the
same as the Advantage Wndows, then it sounds like it would
have to be the Advantage Wndows for the film applications.

M5. SITZLER  The manmo application includes--the
non-di agnostic review station includes the 2k by 2.5k
monitors which are specifically for mammography.

DR GARRA: So assuming that you mght get a
number of users--if you were to market this, you mght get a
nunber of users who mght use it in a so-called off-Iabe
node where they do start doing soft-copy readings. That is
the reason for asking that question, to see what the
capabilities of the system were.

The second question | have is regarding image
processing. You nentioned about the thickness correction.
Are there other inmage processing paraneters that can be
perforned on the systemand, if so--first of all, | wll let
you answer that one.

M5. SITZLER  Right now, we do the thickness
conpensation and automatic-contrast determ nation before
presenting the image.

DR GARRA:  Those are the only two currently?

MS. SITZLER Yes.

DR GARRA: No edge enhancenment or anything |ike
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t hat ?

MS. SI TZLER Not now.
| DR GARRA: What steps did you take to optimze
those paraneters? How were they optinized, in other words?
\ M5. SITZLER  How were the paraneters optinized?
DR GARRA: D d sonebody say, "Oh; this |ooks
ipretty good?" and say, "That is what we are going to use?"

| MS. SITZLER | am hesitating because the whol e

' design process is described in the |arger PMA documentation
\and is part of that whole process where we got feedback from
\users on the presentation of the inages and optim zed the
parameters based on their feedback.

DR GARRA:  The reason for asking that question is
that regardless of how it was selected, the use of inproper
paraneters or of non-optinmal paranmeters could lead to
‘conpensation in terms of higher exposure which would be a
violation of ALARA. That is the reason for asking.

DR HENDRICK:  These are all post-processing
st eps.
| DR GARRA®  Right. But if you get a poor inage,
you mght be tenpted to say, "we have to use nore
technique." For instance, if you set your brightness or
contrast settings to the wong settings, you mght be

tenpted to conpensate by reexposing at a higher dose |evel

DR HENDRICK: | think that is why we need
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training for people making those determnations on the
system

DR GARRA: | just want to be sure that you did
have a thorough process of optimzation and did arrive at
what you think are the |owest reasonably achi evabl e doses.

DR HENDRICK: Al these images were required at
the sane doses as filmscreen. The inmages that went into
their optimzation of the thickness equalization algorithm
they were images acquired in ongoing studies that equalized
the dose between film screen and digital

DR GARRA: Again, that is a matter of
interpretation as to whether--that may not be the |owest
reasonabl y achi evabl e dose.

DR HENDRI CK: No; | am not suggesting that.

DR GARRA: | will defer to the FDA on whether
they want to follow that regulation or not. Do they want to
go for |owest reasonably achievable dose or do they want to
go for what is currently achievable with film screen. That
Is a question that maybe shoul d be addressed in the follow-
on study at the end if the device is approved.

"That's it for me.

DR DESTOUET: | have one last question before we
dismss the panel. On the user end, if we, indeed, choose
to use soft copy and have to conpare with the hard-copy

i mge from previous mamograns, does G E have any advice to
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the radiologists how to elimnate the layer? How does one

have a t.v. nonitor with soft-copy display right next to a
viewbox. That is sonething else that Dr. Lewin also
addressed in his article.

It is going to be difficult to interface those
viewi ng conditions.

DR HENDRICK: One of the things we have |earned
fromthe Arny study with soft-copy display is that you have
to have the soft-copy display nonitors in a very dark room
because the brightness output isn't as high as the
bri ghtness comng through a filmto your eye on a viewbox.
So the viewing conditions are very inportant.

There will be the need, if people do soft-copy
display, to have a view ng setup where they can conpare,
say, prior filmscreen manmmograns to current soft-copy
di spl ayed mammograns. But that needs to be worked out at
each site that is going to do soft copy. That is a future

step, not in the current application.

MR DONNELLY: | don't think anybody shoul d
underestinate the need for quality control regardless of
whether it was a digital or a filmscreen read. But, to go
‘back to some of the questions, the need, in terns of nonitor
' resolutions--there has been a lot of work done with a |ot of
radi ol ogists and a lot of evaluation of different kinds of
equi prent and sone paraneter settings to optimze basically
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o the current radiologist's view so that when the hard copy
ame out, it looked equivalent to what the doctors were used
0 seeing on the piece of film screen

But all those kinds of issues, all the way back to
he printer settings to is the roomthe right darkness, have
ou selected the right nonitor, these are all things that we
ave worked through and established standards for. SO when
re conducted the trials, these were in place.

Qoviously, the right nechanisms have to be in
ylace SO that as these nachines are deployed in a |arge
wmber of settings, that that sane l[evel of quality contro
s always in place. W have guidelines, as | said, for
rinters. W have guidelines on the nonitors that must be
1sed. W have guidelines and recommendations on the room
| ar kness.

But there are things that are outside of what you
vould expect for a normal filmscreen room A lot of
oracticesthat, today, you see for people who are doing
high-res imaging in a CTRM nodality where you run into a |ot
of those sanme kinds of issues, what is the right environnent
to do reads on a live nonitor as opposed to a |ight panel

So those have to go with the product to see that
it is applied in the proper fashion.

DR DESTOUET: Any other questions from the panel?

MR DOYLE: The FDA has three discussion points
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that they would like to have the panel address. W will put

them up on the screen and | will read them

The first one is, please discuss whether or not
the PVA contains sufficient data to conclude that the
Senographe 2000D is safe and effective for nmamrography.

DR DESTOUET: Is there anyone on the panel?

DR ROMLLY-HARPER: | think that the PMA does
contain enough data to conclude that the Senographe is safe
and effective.

DR DESTQUET: Any dissenting opinions? Any
seconds?

DR GARRA: W don't need a second. This is just
di scussi on.

DR DESTOUET: W are dealing, basically, with the
sane piece of equipnent that has been on the market for many
years except for the inmage receptor. So it seems as though
the Senographe, indeed, is safe and effective and the PMA
outlines it as such.

DR GARRA: | would agree. At least, it seens
totally safe and effective to ne based on this data.

DR HARMS: | would agree. | think it is safe and

 effective and the data provided nore than validate that.

DR MALCOLM | have no additional comments. |
agree with the conments that were made; it is clear it neets
the criteria.
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MR DOYLE: | guess we can nove on to the second
di scussion point; please discuss whether the |abeling of
this device, including the indications for use, is
appropriate given the data provided in the PMA application
are the biases, errors and limtations of the clinical study
adequately described in the |abeling?

DR DESTOUET: Dr. Berg, do you have any questions
about | abeling?

DR BERG M only concern was whether we have

really established that people will be able to make the

right decisions for final diagnosis. Is it a0, an abnormal
or a normal; | think that has been very well established
with the data we have been presented. | think there is data

that supports the application but it is not necessarily
fully included in the application. That is ny only coment
on that.

DR HARMB:  There was discussion earlier in the
public forum about the 510(k) versus the PMA.  The
denonstration of equivalence to mamography is, on the basis
of the PMA, by direct clinical conparison whereas other
devices, other digital devices, have not had to do that.

The problemwth the PMA is that it doesn't fully
denonstrate equival ence to screening nanmography because of
the patient population. As Wendie nentions, there are sone

concerns about the diagnostic side as well. Perhaps a
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etter way of approaching this is on the 510(k) nmechani sm
ather than a PMA

I think the paradigm for this was the Pap
creening study where the autonated readers of Pap snears
re conpared with standard readers of Pap smears. | think
hat may be, in essence, the problem because that focusses
on the diagnostic side of things rather than how the data is
fathered whereas the data in the case of digital mammograns,
-he gathering of the data is what we are trying to neasure,
lot the interpretation.

Unfortunately, the PMA focusses on the
interpretation. Actually, the interpretation is the biggest
rariable that we have. So | have sone concerns about the
nechanism of approval and the FDA guidelines for this, but |
would agree that the indications of the device are
appropriate. But | amnot sure that the PVA actually
answers that appropriateness.

DR GARRA: | would like to make a commrent about
the labeling. Just |ooking through the proposed |abeling
section of the PMA, it is basically a slightly truncated
version of the study results and you really have to work to
tease out the neaningful differences between this study and
a pure screening study. |t took us nost of the day today to
do that.

| would suggest that the |abeling needs to be
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nodified wwth a summary paragraph that surely summarizes the

difference between the data collected here and a true
screening study and al so enphasizes the fact that, although
the patient population was a m xture of diagnostic and
screening popul ations, the study, itself, was run in
screening node rather than diagnostic node so you don't have
conplete information about either one.

It is enough to be approved, but they have to
realize those limtations. That needs to be sumarized
succinctly at the front end, | think.

DR DESTOUET: Dan, can the FDA work with the
manuf acturer to cone up with a statement to that effect?

DR SCHULTZ: Absolutely.

DR MALCOLM | agree with the comrents that Brian
just put forward. CQherwise, | think it fits the question 2
with the nodifications that were just suggested.

DR ROMLLY-HARPER: | would like to nake just one
conment. Just to the GE people, the fact that you do have
this type of equipnent in other countries, especially the
European countries, part of our problem with screening
devices in the United States is just the nature of the beast
here. Maybe you should nmake sonme effort in collecting data
from the European countries that will be applicable to
describe to this popul ation down the road.

It is very difficult to get true screening data in
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:he United States. It is alnost inpossible

DR DESTQUET: Any ot her comments about di scussion
>oint 27?

MR DOYLE: Discussion point 3, then; there are
i ssues not fully addressed in the PMA that require a
costmarket study to resolve. WII the proposed study
resol ve these issues?

DR DESTQUET: Dr. Tol edano, have you | ooked at
the proposed study by the nmanufacturer? Do you have any
comment s?

DR TOLEDANO | think | asked sone of ny nost
I mportant questions earlier. | do have one remaining issue
with the postmarket study is that | would like to see sone
plan to describe the variability across mammographers when
they are interpreting the digital mammograns.

We know that that is one of our |argest problens
wth the filmscreen. That is what waylayed the gui dance
from 1996 and we are still all trying to get back on track
So | would like to know, for digital, is everybody on the
same curve as in the Elmore study? |s everybody on
different curves as in the Beam study? How nmuch does
training affect that, and just what kinds of variability we
would see. So | would add sonething in, sone plans to
address that.

That is a huge concern for wonen going to get
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mamograns, that they don't know, depending on who you go to
and what kind of day they are having. It would be nice to
be able to quantify that for our popul ation.

DR HARMS: Unfortunately, that is probably not
device-driven. That is probably nore radiol ogist-driven.

The concern | have here is that, in screening mammography,
we are trying to provide an examnation at |ow cost. [f we
increase the cost of that examnation, then it will no

| onger be beneficial to society to screen.

| wonder what gain--the further study would be a
study of screening. Wuat is the relative gain of screening
conpared to the cost and the safety issues. W are mandated
to make this a safe device and an effectiveness device. The
safety, | think, is pretty apparent. The effectiveness for
screening is the question here.

It looks like, fromthe physics data and the data
presented so far, that it is likely to be equally effective
as standard nmammography. But the costs of doing a study to
prove that are enornous. That will probably be passed on to
the patients, ultimately, and | have a great deal of concern
of whether this is worth the effort.

DR DESTOUET: Any other comments?

DR GARRA: | also have that concern and, because
of that, | sort of hesitate to add an additional study to

the postnarket one. The postnarket one that | see proposed
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here is basically an extension of the screening protocol.

If you are labeling it for screening and diagnosis, | think
at least a small trial in the diagnostic nodes--and the
manmogr aphers here would be better able to figure out what
needs to be tested, the nmagnification nodes, things |ike
that, would be appropriate as a postmarket study.

| am concerned about the screening conponent from
the cost standpoint as well. | like the alternate proposal
where they tag onto sone of the Arny data as sort of a

generic way of increasing nunber of cases nore quickly and

more cheaply.

DR HARMB: The other issue was, again, with the
Pap snmear paradigm You could take the sane slide and have
it read two different ways. But, with this, we actually
have to expose the patients twice. That is a significant
problem a significant cost as well as X-ray exposure.
DR GARRA: | did like Dr. Sacks' comment, though
that it is not |like you are gaining nothing by doing the
doubl e exposure, as long as it is explained to the patients
and they understand that they get an additional exposure
risk but they also derive, probably, a significant benefit
fromthe extra exposure. But, again, you still have that
cost issue.
DR DESTOUET: It is going to cost a |ot of noney

and we certainly will have to radiate a | ot nore wonen. It
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seems that the data that has been presented shows t hat

digital mammography is effective in screening. | am not
sure how much nore data we need before we just give it the
go- ahead.

| think Dr. Berg has raised sonme concerns about
working up the diagnostic patient but that could certainly
be answered wth a nuch smaller study as opposed to having a
full -scal e postmarket screening study.

DR BERG | would subnit that, fromthe data we
have received, in particular, if the study was focussed on
the category 3 and 4 lesions, sort of at the threshold and
establ i shed equival ent performance which, | grant you, is
very difficult with readers, but using the same readers to
read the same studies, | think that is where the focus woul d
be nost effective in really answering the sort of questions
that loomin all nmamographers mnds about the subtle future
analysis that could be different between the two nodalities.

DR ROMLLY-HARPER | tend to agree with both
comments that were just made. | think it is easier to prove
to an individual and, as a physician, it is easier to know
that you are radiating a patient if they are gaining, if it
Is a significant gain to that individual and their
di agnosis, but | have a problem with exposing wonen in a
screening nmode who have, really, nothing to gain except for
proving that the instrunentation works.
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| think we have the data fromthis study that

shows that it is an effective tool for nmamrography.

DR HARMS: W are using digital methods quite a
bit in our departnent. W have digital chest units and
those were readily approved. | can see a difference in the
popul ation as pointed out by the FDA in mammography to ot her
radi ographi ¢ techni ques.

But there are a lot nore simlarities there than
there are differences and it is a lot closer to that than it
is to the Pap-snmear paradigm So | would like to encourage
nmore simlarity and approval nechanism to other digital
medi a.

DR GARRA: | have a question about--in |ooking at
the proposal, what access is available to the Arny data to
increase sanple sizes? | have heard that it mght be
available, that it really isn't available. Can | ask a
question to this point on that, because that is probably
critical if the data is already there. It nakes no sense to
repeat it.

DR HENDRICK: The Arny data are there to the
extent that there are now 36 cancers and about 7,000 wonen
have been screened. The 36 cancers are based on an analysis
that was back when there were just about 5,000 womnen
screened. That infornmation is being witten up for

publication right now on an interim analysis of the Arny
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dat a.

The Arny data can be made available for further
analysis in terms of the nunber of cases that would be
needed for a screening population but any further study of
that would be done with new readings, not with the readings
done supported by the Arny funds. So the cases could be
made available. Al the cancers in a subset of noncancers
coul d be nade available for a further study but all of the
readi ngs woul d have to be redone.

Based on the design the FDA presented and that we,
basically agree with, it would require many readers reading
those cases to elimnate some of the reader variability
issues. So the data could be made available for such a
study that would focus on screening-generated cancers.

Right now, we know of 36. There nmay be a few nore that have
come in since the 5, 000 wonen have been anal yzed so we nay
be up to low 40s in terns of number of cancers at this

poi nt.

DR GARRA: So, given that scenario, then, we
don't need to irradiate wonen again. | think we shoul d
explore the possibility--we are tal king about basically
money to pay readers. | think the possibility should be
expl ored of getting that data and doing a reader study to
solidify the nunbers that we have sort of large error bars

now on, and then a determnation, after that point, as to
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whet her any additional study that needs to be made coul d be
made

But | think it is premature now, W thout even
| ooking at all the data, to try to do this.

DR SCHULTZ: Could | make a brief comment. |
sort of am going back on ny promse not to get into the
policy issues, but maybe a couple of small statements m ght
be helpful. W did believe, and we still believe, that
there are some major questions wth regard--as was discussed
in the earlier presentations, not regarding the point
estimates but regarding the wdth of the confidence
i nterval s about those nunbers.

And we agree with some of the comrents that were
made that there are questions, not only with the screening
but, also, sone questions as far as the diagnostic
popul ations. W also understand that what was presented
here was essentially a hybrid and gave us a fair anount of
information, obviously information that you have already
told us that you think it denonstrates safety and
ef fectiveness.

So, | think, from that standpoint, we have gotten
a lot of information out of the study that has been
presented here today. But there are some unanswered
questions and we would like to do as nuch as we can to try

to get those questions answered, not tonmorrow, not the day
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after, but in sone reasonable interval in the postmarket
peri od.

Wth regard to the cost and with regard to how
that data is procured by individual conpanies, we have
di scussed with conpany, as well as other conpanies, the fact
that if there are ways that those costs could be defrayed in
a variety of different ways, we would be willing to explore
those options with them

We are also willing to look at ways to cut down on
the nunber of normal studies that need to be nmultiple read
which, | think, is also a large part of the additional cost.
There are ways to do these types of studies to get the kind
of information with the kind of data and there are ways to
do those studies in snmart ways.

| think some of those smart ways, and Dr. Tol edano
can help ne here and Dr. \Wagner--but there are smart ways to
do this to get information that we believe is necessary to
ultimately have a better understanding of how these devices
are going to function.

But, again, | think there are different ways,
nunber one, to do the studies and, nunber two, pay for them
that would allow these studies to be done over a reasonable
l ength of tine.

| hope that answers that question.

DR HARVE: | have another concern and that iIs
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that this is rapidly evolving technology with a Iot of new
i nnovat i on. M/ famliarity with the PMA is that it is a
relatively rigid process. |s there a nmechanism here for
I ncorporating new innovations that would be beneficial to
patients wthout |ocking the conpanies into sone rigid
mechani snf

DR. SCHULTZ: | think you are right. Let ne not
use the word "rigid" so nuch as a nore involved process. W
recogni ze that. That is, again, sonething that we have
heard |oud and clear and that we understand. Depending on
the changes that are made, We have a nunber of different
mechanisns within the PVMA process which allow for mnor
changes to be nade with relatively mnor levels of scrutiny
and maj or changes requiring larger levels of scrutiny.

So, for instance, an addition of soft copy to hard
copy which, | think, we would all consider a fairly
substantial change, would require that the sponsor cone in
with a supplenent which showed the fact that the hard copy
and the soft copy were equival ent.

Sone of the changes less apt to directly affect
the safety and effectiveness of the product could be made
with less conplete, |ess burdensorme, if you will, types of
submi ssions. W are going to look very hard at that because
we do understand that this technology is not going to be

static. It is going to evolve over tinmne.
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In fact, most of the technologies that we are
approving today fall into that category. There are very few
t echnol ogi es that we approve through 510(k) or PMA and, in
fact, the nobst cutting-edge technologies are the ones that
go through PVA and those are the very technol ogies that we
know are going to evolve rapidly over tine,

So | think the new regul ations, sone of the new
internal changes that we have nade, do recognize that and
provide us with a nunmber of different ways of evaluating
these different changes depending on the magnitude of those
changes.

DR. SMATHERS: | amtroubled by that |ast

statenent about soft copy being a major change because |
think the true benefit to the patient is going to conme when
digital radiography cones out with soft copy and all the
flexibility that it offers.

| would relate to Dr. Harns' comments in that you
have digital radiography and chest filnms right now and you
have soft copy there. There have been conparisons of soft
copy and hard copy there. | really don't, in ny view, see
that as being a major hurdle to cross in manmography.

So | would encourage the FDA to nove soft copy
along as fast as possible. M gut feeling is that | really
woul dn't release it until you had soft copy because | think

that is the true benefit of the system It is marginally
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the same right now, the way you are going to release it.
Wiy incur the costs on the nedical-care systemif you have
sonething that is just as good but not better?

The "better™ is going to come in the ability to
mani pul ate the soft copy and have fewer recalls because you
can do that manipul ati on.

DR DESTOUET: There is actually existing soft-
copy display of digital inmges now with stereotactic biopsy
machines so | am not sure why that should be a hurdle at
all. W are already accustoned to using soft-copy display.

DR, GARRA: | would like to suggest that | think
that the study that is proposed here is |ooking backwards
and | agree with Dr. Snathers and Dr. Harms that we need to
| ook forward. |If there is going to be a postmarket approva
study, you mght as well go ahead and just do it with soft-
copy and conpare it. You will get the hard-copy data anyway
but it will also give you the soft-copy information and you
wll save a step, at |east.

If you are going to incur any costs, then | think
it makes no sense to stay on hard copy. Go to soft copy and
do them both at the sane tine.

DR SCHULTZ: Does the conpany want to conment?
If | understood your proposal, the idea of incorporating

soft copy into the postnmarket study is already being |ooked

at.
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MR DONNELLY: | think you are right, Dan. The

:onsideration that we have in terns of a postmarket study
jould be--to Dr. Smathers' turn, would be to very quickly
jet soft copy included in this PVMA, be able to do the PMA as
ve Stand today but very quickly do an amendnent to include
soft copy as well and for whatever postmarket studies, be it
-hose that we have proposed or nodifications, be conducted
in a soft-copy environnent. W agree with that 100 percent.

DR GARRA: | wouldn't even spend a dollar on
sostmarket studies that don't include soft copy. | would
sait until you got it and then just do it all at once and
save the noney.

DR. DESTOUET: Are there any other coments?

DR GARRA: W have finished with the discussion
and now we are ready to open the second half hour of open
public hearing. You are rem nded that the sane
i dentification process--in other words, your nane,
affiliation, financial disclosure information and a five-
mnute maximumtine limt still apply.

There is one individual that we know would like to
speak. If there are any other individuals at this tine,
woul d you please raise your hands or please identify
yourself to Bob Doyl e.

The first speaker is Dr. Earl Steinberg of Covans.

Open Publ i ¢ Hearing
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DR STEINBERG  Thank you, M. Chairman. As you

aid, | am Vice President of Covans Health Econom cs and
mtcome Services which is a contract research organi zati on

al so am an adjunct professor of medicine, radiology and
iealth policy and managenent at Johns Hopkins University
rhere | was the Director of Technol ogy Assessnent for eight
rears.

| would like to congratulate the investigators on
vhat | believe is a creative study design for a very
-hallenging net hodol ogy problem nanmely denonstrating the
1oninferiority of the conparability of digital and screen-
Eilm mamography. | also am pleased with the FDA's positive
reaction to the studies that were presented.

The issue that | would like to address is what
conclusions can be drawn from these studies regarding the
performance of digital mammography or, for that matter,
screeni ng mammography, in a diagnostic versus a screening
popul ation and what the inplications of those concl usions
m ght be for the issue of whether this is judged to be
substantially equivalent or whether it is judged to be
effective in a PMA sense.

Dr. Sacks and other FDA officials have indicated
today their concern that diagnostic performance may be
different in a screening than in a diagnostic popul ation

For exanple, digital mammography m ght perform conparably in
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a di agnostic population but less well than screen filmin a
screeni ng popul ati on.

This, in fact, was one of several reasons that Dr.
Sacks offered for wanting to have a postnarketing study.
If, as the FDA has suggested, digital and filmscreen
mammogr aphy may perform differently in these two
popul ations, then there is not enough statistical power in
these studies that were presented today to assess the
performance of digital mamography in either diagnostic or
in a screening population.

The reason for that is that the analysis is based,
as was indicated by Dr. Byrd, on a mxed or a hybrid
popul ation and, hence, the only conclusion that can be drawn
fromthe data that was presented today is that safety and
digital nmammography are, in essence, substantially
equi val ent i n nmanmogr aphy.

We do not have enough data to conclude with any
confidence that digital manmography is non-inferior in
di agnosis or non-inferior in screening as, | believe, would
be required for a PMA

I would like to ask what we know from the
application about the width of the 95 percent confidence
intervals around the deltas for sensitivity, specificity and
the areas under the curve when the two popul ations are

separated and | ooked at individually.
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My suspicion is that they at |east double and,
hence, they would not satisfy the criterion in either case.
1, therefore, would urge you to approve this technol ogy but
as being substantially equivalent to screen film wthout
making any reference to separate performance in diagnosis
and screening separately.

DR. GARRA: Thank you. You didn't nention
financial interests. Could you please nention that for the
group?

DR. STEINBERG | apologize. | have been a
consultant for over two years to Fuji.

DR. GARRA:  Thank you.

Dr. Kopans?

DR. KOPANS: Dr. Daniel Kopans, again, Drector of
the Breast Imaging Division at the Massachusetts Genera
Hospital, Professor of Radiology at Harvard Medical School
| should also point out, as you heard today, we provided a
nunber of the CGeneral Electric imges and received sone
support for that.

To those of us, | think, sitting in the audience,
it was pretty clear that CGeneral Electric has clearly
establ i shed equival ency between digital nmanmography and
filmscreen mamrography. | think to those of us who have
used the technol ogy, digital nmamography, that was obvi ous.

| am concerned that the FDA has |ocked itself into
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a pMAa process and | am concerned about the requirenent for
post mar ket approval studies. | think Dr. Harnms has pointed
out some of the inportant issues which | would just, again,
summarize. | think that the rationale, at |east one of the
rationales, that FDA gave this nmorning for wanting a PMA
approval was based on the cervical Pap smear automated
Interpretation system

As Dr. Harnms has pointed out, that has absolutely
nothing to do with the digital acquisition of a nmanmogram
if you were tal king about computerated detection and
di agnosis, then you would have conparability. So the fact
that FDA is using that as a rationale, to nme seens
i 11 ogical.

| think it is also of concern, especially to us
who have used the technol ogy and have seen how well it
perforns, that a study that would require double exposure of
i ndividual again, as was pointed out by the panel, would
rai se sone major ethical concerns.

Dr. Sacks pointed out, and he actually cited sone
of our work, that getting extra mammograns increases the
yi el ds of cancers. This is nothing new, actually. There
were studies back in the 1980s that show that the nore
projections you obtain, the nore cancers you find.

If you wanted to back a study to show that again,

maybe we should be getting three projections on every
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individual. That | think is ethically supportable. But to

use that as a rationale for double-exposing wonen to prove
what is already shown to be equivalent | think is a najor

problemand | think doing any of these |arge studies woul d

rai se ethical concerns.

So, in sunmary, | would again, as | said at the
begi nning but, again, having heard now General El ectric's
presentation, | would urge the panel--I know FDA doesn't
have to do what the panel suggests, but | would urge the
panel to strongly support approval with a 510(k) nechani sm
| think that, again, equivalency has been clearly shown and
| would like to see us now nove ahead to inproving this
technol ogy as well as others and not waste scant resources
on just showi ng that nmamography is equivalent to
manmogr aphy.

DR GARRA:  Thank you

What we are going to do at this point--we don't
have any nore people who have asked to speak. V& are going
to take a fifteen-mnute break at this point and then we
will reconvene at ten mnutes of 3:00 and then we wll have
final votes and everything.

Thank you very nuch.

[Break. 1

DR GARRA: | would like to begin the fina

session of this panel neeting. Before we nove to the pane
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recommendati ons and vote, 1S there any additional naterial
the FDA would like to address?

DR CHAKRABARTI: | am Kish Chakrabarti. | am
with the Division of Mammographic Quality and Radiation
Per formance, DCRH, FDA. | have one point to clear, that,
under MJSA, FDA required that for any nodality, any
manmogr aphi ¢ nodal ity, naxi mum allowed dose per image is
3o0mllirad. That is under the final regulation.

DR GARRA: Any other coments by the FDA?

Now t he sponsor, General Electric, has a chance to
make any final conments they would |ike to make.

MR, DONNELLY: Thank you, Dr. Garra

| don't have any nore substantive comments.
want to take the panel. W appreciate the tine today and
your thoughtful consideration. Based on the questions,
obviously there was a great deal of review tinme that went
into preparing for today's session on your part.

| also thank you for the insight relative to the
post approval studies. It is clear this has been a much-
di scussed item between ourselves and the FDA in terns of a
meani ngful study. | think we all are nore or less in
agreenment relative to the issue of soft copy and | think
those coments will help us considerably in terns of trying

to go forward to determne an appropriate postnarket

approval study.
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| also want to thank the FDA. It has been a |long
several years in working on trying to seek approval for this
technology to get it into the marketplace. The interest on
G.E.’s behalf has been to try to do this and do this as
qui ckly as possible based on what we think is the strength
of the clinical studies.

Wil e there have been a nunber of changes and what
not along the way, | would have to say that in the last few
months after the neetings and concurrence to pursue a PMA
path that there has been a |ot of cooperation on the part of
the FDA and | think we have worked very closely and
appreciably with themto make sure that we can get the new
technology to the market as soon as possible.

So thank you very much.

DR GARRA: Thank you.

‘ Panel Recommendati ons and Vote

DR GARRA: W are now ready to nove to the
panel 's recommendati on concerning PVA P990066. The Medica
Devi ce Amendnents to the Federal Food, Drug and Cosnetic Act
as anended by the Safe Medical Devices Act of 1990 allows
the Food and Drug Admnistration to obtain a recomrendati on
from an expert advisory panel on designated nedical -device
premar ket approval applications, PMAs, that are filed with
t he agency.

The pMA nust stand on its own nerits and your

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




at

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

182

ecommendation nmust be supported by safety and effectiveness
ata in the application or applicable publicly available
ublic information

[Slide.]

There are several things we consider. Safety is
defined in the Act as reasonable assurance based on valid
icientific evidence that the probable benefits to health

inder conditions of intended use outwei gh any probable

risks.

[Slide. 1

The effectiveness is defined as reasonable
issurance that, in a significant proportion of the

sopulation, the use of the device for its intended uses and
sonditions of use, when |abeled, would provide clinically
significant results.

[Slide.]

W have several possible options for our vote.
The first is approve with no conditions. The second is
spprovable with conditions. The panel may recommend that
the pMA be found approvable subject to specified conditions
such as physician or patient education, |abeling changes or
further analysis of existing data. Prior to voting, all of
the conditions should be discussed by the panel

The third choice is not-approvable. The panel may

recommend that the PMA is not-approvable if the data do not
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provi de a reasonabl e assurance that the device is safe or,
if a reasonabl e assurance has not been given, that the
device is effective under the conditions of us prescribed,
recommended or suggested in the proposed |abeling.

At this point, the Chair will entertain any
notions regarding approval or disapproval of this PMA

DR DESTQUET: M. Chairman, | reconmmend approva
of PMA P990066 without conditions. | recommend that the
manuf act urer deploy the soft-copy work station to serve as
an adjunct and/or to replace the hard-copy inmages for
eval uati on of mammography.

DR SVMATHERS: | would like to second that.

DR GaARRA: Thank you. Dr. Smathers has seconded
that. Did sonebody wite that down? Bob, could you read
that back to us again, please?

MR DOYLE: Yes. The notion is to approve the PNVA
Wi thout conditions with a recommendation that the
manuf act urer deploy soft-copy work stations to serve as an
adj unct to hard copy.

DR GARRA: This notion has been noved and
seconded. Is there any discussion on this? W should
probably go around the table and everybody sort of has to
gi ve di scussion.

DR HARMS: | agree. | feel that further studies

woul d not be warranted at this tinme and woul d be a not-
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ssential use of resources of both the FDA and industry.
DR MALCOLM | agree with the coments. Cearly,

think it has been denonstrated that at least this
echnology, as we know it today, is equal, at |least on hard
opy as Wwe see, for the studies as conpared to film
lammography. | think there is also additional data that is
wut there that, perhaps, Wwas not presented that shows that
e are actually beyond that point and | amnot sure if we
ieed this additional postmarket studies which, | think,
>erhaps IS not cost effective.

DR GARRA: |, nyself, agree with the notion. |
voul d ask the panel to please consider if we do need to make
any M nor suggestions regarding the | abeling section of
-hat. Sonetines, that gets lost in the shuffle, but | also
jon’t feel that, given the other data that is out there that
is publicly available, so if we could use it in our
determ nation, that a postmarket study is absolutely
necessary.

| woul d suggest, however, that if one is done that
it definitely include the soft-copy conponent.

DR. BERG | would agree with your comments
Brian. | think that there is data already fromthe Army-
sponsored study that would answer the issues that were
raised by the FDA for postmarket surveillance. | think that

data needs to be made available to the FDA. It is already
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part of public record, ultimtely.

DR ROMLLY-HARPER: | agree with nost of the
comments that have al ready been made.

DR. SMATHERS: | concur.

DR, TOLEDANO Ditto.

DR GARRA: Any other further points specifically
regarding the l|abeling issues or anything that anybody woul d
like to bring up? Dr. Smathers?

DR SMATHERS: Your conment about an executive
summary in the front of that, | think, is very germane.
This is so long that no one is going to read it. | think a
clear synopsis has to be put together.

DR. GARRA: Wuld you like to anmend the notion to
i nclude that?

DR SMATHERS:  Yes.

DR GARRA: Do we have a second to that?

[Second. 1

DR. GARRA: W are anmending the conditions section
to say that we would |ike a change to the |abeling.

MR DOYLE: You are approving it with conditions.

DR GARRA:  Yes.

MR DOYLE: To include an executive section in the
front of |abeling.

DR GARRA: O sonething equivalent to that that

enphasi zes the difference between this study and a true

M LLER REPORTI NG COWPANY, |NC
507 C Street, NE
Washington, D.C. 20002
(202) 546- 6666




)

at

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

186

screening or di agnostic study.

DR SCHULTZ: W are talking about the clinica
section of the labeling? |Is that what we are discussing?

DR SMATHERS:  Yes.

DR SCHULTZ: Not the summary of safety and
sffectiveness. You are tal king about the |abeling, the way
:he clinical data is presented in the labeling, that you
vould |ike it done nore succinctly enphasizing the
jifferences between--or the way that the studies were done?
Is that it? O study popul ations?

DR GARRA: | think instead of deleting all the
stuff that is in there, what the idea was was to add one
paragraph that summarized it in a few sentences figuring
that that is--

DR SCHULTZ: Sunmmarizes where the study
popul ations were drawn fron? |Is that the major--

DR GARRA: How they differ froma true screening

and a--

DR SCHULTZ: And a true diagnostic popul ation
kay.

Could | ask for one nore clarification wth regard
to the hard-copy/soft-copy issue? | am assum ng, and maybe

this is not a good thing to assume, but | am assum ng that
you don't want to wait for the soft copy to be available to

have this device approved. |s that true? Because the way
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the recomendation is worded, it is a little confusing as
far as | can tell.

Right now, the submssion that is before you is
for hard copy. | think the proposal that has been nade,
both by the conpany and by the agency, is that we woul d work
together to try to achieve a soft-copy approval within a
very, very short period of tinme following the origina
approval .

But, currently, we do not have a subm ssion before
us for soft copy so we--

DR GARRA: W are not recomendi ng an approval of
a soft copy. Ve are recommending that it be deployed for
eval uati on.

DR SCHULTZ: That the studies be done to get it
approved as quickly as possible; is that what you are
sayi ng?

DR. GARRA:  Yes, essentially.

DR HARMS: M opinion is that you would expedite
that integration of soft copy and the final product. W
realize we do not have soft copy to review at this tine.

DR SCHULTZ:  Ckay.

DR GARRA: W just wanted to enphasize the
I nportance of going to soft copy in that reconmendation

DR SCHULTZ: W hear you loud and clear.

MR DOYLE. The way | see this now, we have
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approvable with conditions. There are three conditions and
we have to vote on each one of these conditions separately.
This is how we conduct our business.

So first we want to take a vote on approvable with
conditions as a general notion.

DR SMATHERS: What are your three conditions?

DR GARRA:  Judy?

DR DESTQUET: Do | have to resubmt the notion?

MR, DOYLE: You have to w thdraw the notion

DR GARRA: W have to withdraw that motion in
favor of the one with the anmendnent.

DR. DESTOUET: | withdraw nmy original notion

MR DOYLE: And put a notion forward to approve it
with conditions and we will see if that gets seconded.

DR DESTOUET: | recommend that we approve the PNVA
with conditions.

DR. SMATHERS: | will second that.

MR DOYLE: Al in favor?

[ Show of hands. ]

DR. GARRA: W shouldn't have to do that until we
hear what the conditions are.

MR. DOYLE: No; this is the process.

DR HARMS: Wiy can't we approve w thout
conditions? W were not privy to this discussion here.

DR GARRA: The condition was the nodification of
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the labeling to include a short summary.

MR. DOYLE: And the expediting of the soft copy
and the recomrending that the manufacturer deploy soft copy.
| have witten down three conditions.

DR GARRA: That's fine. Al those in favor of
approval with conditions, please raise your hands.

[ Show of hands. 1

MR. DOYLE: It is unaninous. Now, Wwe are going to
take each one of these conditions. | wll read them The
first condition is recomending that the nmanufacturer deploy
soft-copy work stations to serve as an adjunct to hard copy.

DR GARRA: Al those in favor of that suggestion
rai se your hands?

[ Show of hands. ]

MR DOYLE: It is unaninous.

DR GARRA: Please read the second one.

MR DOYLE: The second one is, have an executive
section in front of the labeling that enphasizes the
differences between the study population and a true
screening and/or diagnostic popul ation.

DR GARRA: Al those in favor raise your hands?

[ Show of hands. ]

MR DOYLE: It is unaninous.

DR GARRA: And the final one?

MR DOYLE: The final one is expedite the approval
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>f the soft-copy nodality.

DR GARRA: Al those in favor

[ Show of hands. ]

MR. DOYLE: Now we have three. Now we just go
sack and approve the notion with those three conditions. So
>ne Nore vote.

DR GARRA: W will certainly have this
docunent ed.

MR. DOYLE: Does soneone want to second that
mot i on?

[ Second. ]

MR DOYLE: Al in favor of approving with those
three conditions that have been approved.

[ Show of hands. ]

MR. DOYLE: Unani mous again. Now we would like to
go around and just--

DR GARRA: Let's just quickly go around. W have
al ready discussed this a little bit. Let's quickly go
around and recap the reasons why each of you voted the way
that you did.

DR HARMS. | believe the device and the data that
Is submtted is safe and effective and that it represents a
significant advance for the diagnosis of breast cancer and
should be integrated into clinical practice as well as

possi bl e.
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DR MALCOLM  Agree.

DR GARRA: | voted this way because | feel that
these recomrendations will best expedite the integration of
digital mamography into clinical practice and puts the
enphasis on noving towards soft copy in an expedited
fashi on.

DR. DESTOUET: The manufacturer has shown that the
equi pnent is safe and effective.

DR BERG | agree and | would add that | think
that there has been the denonstration of substantia
equi val ence although | know that is a controversial issue.

DR. ROM LLY- HARPER: | agree that the
manuf acturers have proven that the device is safe and
effective and this technology wll certainly inprove the
di agnosi s of breast cancer and availability, hopefully,
eventual ly to women.

DR SMATHERS. | concur with the earlier comments
and, in ny parting piece of wisdomto the FDA, woul d suggest
that, as you look at different detectors that come in, there
will be slight differences. | woul d ask that you grant
thema bit of latitude, that the net effect of the
differences in the detectors isn't going to be that great
and that, perhaps, they won't have to junp as many hurdles
as Ceneral Electric had to.

DR TOLEDANO | agree with ny esteened col | eagues
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on the panel

DR GARRA: M. Doyle, would you like to make a
final conment?

MR DOYLE: Yes; all | would [ike to do is thank
the panel, certainly, for comng here to this unschedul ed
nmeeting and | appreciate every one of you getting--100
percent attendance was really fantastic. Al | need back
fromyou, and if you don't have it here today, you can send
it tone, is the orange book. Al the rest of the materials
that you were given today, you are welcome to take hone.

DR GARRA: Before we adjourn, | would like to
thank the speakers, the nenbers of the panel for their
preparation for this meeting which | think, as neetings go,
is sort of historic. | would also like to extend thanks to
the people fromthe audience, the public, who commented. |
think your comments are very helpful and will be given
careful consideration.

I would like to extend special thanks to Judy
Destouet for |eading the discussion segnent of today's
meet i ng.

If there is no further business, | would like to
adjourn this neeting. Thank you.

[ Whereupon, at 3:20 p.m, the neeting was

adj our ned. |
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