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CALL TO ORDER

Acting Pand Chair Geoffrey S. Ibbott, Ph.D., caled the meeting to order a 9:06 am. He
noted for the record that the voting members present condtituted a quorum and asked the pand
members to introduce themselves.

Panel Executive Secretary Robert Doyle noted that Dr. Ibbott had been appointed
acting chair for the duration of the meeting and read the appointment to temporary char status.
He ads0 read the gppointment of Brent Blumengtein, Ph.D., Thomas Ferguson, M.D., Elizabeth
A. Krupinski, Ph.D., Stephen Solomon, M.D., and David Stark, M.D., to temporary voting satus
for the duration of the meeting. Mr. Doyle then read the conflict of interest Satement and stated
that the agency had no conflicts to report. Finaly, he noted that Radiological Devices Advisory
Panel meetings have been tentatively scheduled for May 18, August 10, and November 16 of this
year.

Nancy Brogdon thanked Ernest Stern, industry representative; Wendy Berg; and Harry

Genant for their service; they dl had completed 4-year terms on the panel a the end of January.

UPDATE ON FDA RADIOLOGY ACTIVITIES

Robert A. Phillips, Ph.D., Chief, Radiological Devices Branch, observed that few
PMAs had come before the panel or are expected to come before the panel. No PMAS have been
approved in the past year. Four new reviewers have joined the division: Nancy Wersto, Kish

Chakrabarti, Barbara Shoback, and Sophie Pagqueraullt.

OPEN PUBLIC HEARING

No one asked to speak.



OPEN COMMITTEE DISCUSSION
Robert F. Wagner, Ph.D., OST, CDRH, FDA, presented an overview of contemporary ROC
methodology in medica imaging and computer-assst moddities. ROC refersto receiver
operating characteristic or relative operating characteristic; some people prefer the terminology
operating characteristic. Theimaging fidd uses the firs meaning.

No FDA guidance has been issued on how to use the concepts of sengtivity, specificity,
and ROC andysis to assess performance of diagnostic and computer assst systems. Dr. Wagner
summarized efforts toward consensus development on the issues and outlined the fundamentas

and limitations of the ROC paradigm.

SPONSOR PRESENTATION

Kathy O’ Shaughnessy, Ph.D., vice president, regulatory affairs, R2 Technology, introduced
the R2 attendees and consultants. She noted that the ImageChecker CT is a computer-aided
detection (CAD) system designed to assist radiologists in the detection of pulmonary nodules
during review of multidetector computed tomography (MDCT) scans of the chedt. It isintended

to be used as a " second reader,” derting the radiologist after hisor her initia reading of the scan

to regions of interest that may have been initially overlooked.

Heber MacMahon, M.D., consultant to R2, noted that lung nodule detection isa
requirement for every chest CT exam, no metter whet the origind clinicd indication is. The
radiologist must first detect a nodule, then decide what action is appropriate. Nodule
management srategies require first determining whether or not anoduleis “actionable’ (a
determination based on many factors, including Sze, morphology, and clinica history), then
recommending the gppropriate action. Actions can indude additiond imaging studies, biopsy or

resection. Research findings indicate that among patients with lung disease, initid nodule miss



rates range from 24 to 39 percent. The trend toward thinner CT sections offers improved ability
to detect and characterize lesons, however, increasesin the number of images means that more
opportunities for missesexig. Visud scrutiny aone is no longer religble enough.

Ronald A. Castellino, M .D., Chief Medical Officer, R2T echnology, defined CAD as
computer agorithms that automatically identify regions of interest on amedica image for
radiologists to evauate. The god isto decrease “ observationd oversights’—i.e., fase negatives
(FNs). The Image Checker CT automatically detects regions of interest in chest CT exams with
features suggestive of solid pulmonary nodules. It isintended to be used as a supplementa
review, after an initid assessment has been made. The radiologist is responsble for the fina
interpretation of the image data.

Dr. Cagtellino described the device, presented a diagram of how it works, and showed a
video clip demonstrating operation of the device. He noted that the only component under review
isthe CAD software component because the other components have dready been cleared. The
software is designed to search for solid lung nodulesthat are a least 4 mm in diameter. The
nodules should have an approximately spherical shape; a smooth, lobulated, or speculated
margin; and soft tissue dendity of a least =100 Houndfidd units (HU). Other lung parenchymd
densities, such aslinear strands and ground glass opacities, are not targeted. Each exam provides
amedian of 160 images and a median of three fase positive (FP) marks. Most FP marks can be
reedily dismissed.

Thedinica study was designed around an ROC study and produced a combined measure
of efficacy and safety; it was designed in cooperation with FDA daff. The study involved three
main components: case collection; areference truth pandl; and a multireader, multicenter

(MRMC) ROC study. MDCT is designed to help detect dl solid nodules between 4 and 30 mm.



Lung nodules are typicdly at least 10 mm in diameter when biopsied or resected. Consensus on
actionability isthe only practica standard that captures dl solid nodules of clinica concern.

Five centers contributed consecutive, nonselected MDCT chest exams. Petients consisted
of adults at least 18 years old who had a variety of clinica indications. Cases with more than 10
nodules were excluded. Contiguous dices of = 3.0 mm collimation were provided. Five Stes
contributed atotal of 63 nodule-present cases (148 dices) and 88 nodule-absent cases (176
dices). Nodule- present cases (by report) were those of patients with documented lung or
extrathoracic cancer; however, the nodules themsalves were not proven by biopsy to be cancer.
Nodule-absent cases (by report) were those of patients with or without documented cancer. The
fina “truth” was determined by the truthing pandl. Patients' demographics were comparable
across the two types of cases, athough the nodule- present cases had a median age of 66 and
nodule-absent cases had a median age of 55.

Dave Miller, Director, Statistical Analysis, Ovation Resear ch Group, presented the
clinica sudy methodology and results. The god of the reference truth panel was to fully identify
al nodulesin the case s, rate their actionability (i.e., survelllance or intervention), and define
the reference truth for the ROC study. Eight pands consisting of three board- certified
radiologists independently reviewed the cases, two passes were made to reduce observationa
overdghts. A totd of 11 radiologists participated in a least one of the panels. All participants
had a least 6 months experience in reading thin-dice chest CT images.

Each radiologist independently reviewed a set of cases. The sponsor compiled the
radiologigts findings to determine the cases for which they had a consensus. Nodules smdler
than 4 mm and greater than 30 mm were excluded. That process yielded 95 nodules on which

there was unanimity as to actionability. For casesin which the readers did not have consensus,



the reviewers reexamined the images of the areas of disagreement. That second pass yielded 47
consensus images, for atotal of 142 consensus nodules in 65 nodule-present cases. The
remaining 86 cases were categorized as nodule absent.

The god of the MRMC study was to demondtrate that review of CAD output improves
the performance of radiologists reviewing MDCT with respect to their ability to accurately find
and identify actionable nodules. The outcome measure was the difference in the number of
nodules deemed actionable before and after use of the ImageChecker (i.e., the change in the area
under the ROC curve, or A;»). The study was conduced with board-certified radiologists who
had at least 3 months experience reading chest MDCT. Fifteen readers read 90 cases (48 with at
least one actionable nodule, 42 without any actionable nodules) both pre-CAD and post-CAD.
Each case was divided into four quadrants. Ratings were evauated againg the reference truth.

Nodules were the unit of andysis. The quadrant truth was computed from the nodule
truth. The sponsor used a quadrant approach because | ocation-gpecific ROC methods have not
been developed for MRMC. Quadrants were rated by ROC readers. The case, not the quadrant, is
the unit of andysisfor p vaues and confidence intervas.

Readers practiced on three cases with atrainer present. Ambient lighting was adjusted to
radiologist preference. Readers were ingtructed to search only for 4 to 30 mm nodules; to rate
each post- CAD case immediately; and to consder age, gender, and clinica indication from the
radiology report. ROC curves were created for individua readers, and reader performance
change from pre- to post-CAD was plotted. Readers with the worst pre-CAD readings tended to
improve the most. The average reader pre and post CAD use ROC curves do not cross.

The sponsor repested the primary data analysis usng ANOV A-after-jackknife and

bootstrap methodology to demonstrate that the results were not sensitive to study design. In



addition, the sponsor repeated the analysis using different reference truth and random truth;
results were sgnificant for adl andyses. Additiond andyssfound a Sgnificant reduction in
misses post-CAD.

Mr. Miller concluded by stating that the study demonstrates that the ImageChecker CT
improves reader performance for detection of actionable lung nodules. The results are robust to
andytica methodology, choice of reference truth (i.e., consensus vs. mgority), and variation
associated with pandist sdlection.

Pablo N. Delgado, M.D., Clinical Associate Professor, University of Missouri at
K ansas City, described the betatesting of the device. The testing took place at aresident
training program &t a private practice hospital and outpatient imaging center with a“typica
Midwest community patient base.” The goas of the test were to assess the functiondity of the
CAD system, to answer R2 devel opment group questions about reading practices and workflow,
and to determine future training needs. It was not designed to assess clinical effectiveness. The
study design involved retrospective review of CT cases from the hospitd; the cases were read
with and without CAD by 3 faculty and 2 resdents. An R2 gpplications specidist was ongte for
one day and shadowed the retrospective reading session. Participants received a description of
the CAD dgorithm and reviewed sdected indtitutiona cases.

The testing found arapid learning curve for the ImageChecker CT. The system
functioned as expected without technicd errors or mafunctions; it identified missed nodules, and
fdse CAD marks were easlly dismissed by radiologists. Dr. Delgado emphasized that
radiologists mugt review dl imagesinitidly without CAD, because CAD may not identify all
nodules. He concluded by reiterating that MDCT has led to increasing numbers of detailed

diagnogtic images and that many published studies have documerted limitations in radiologists



detection of lung nodules. CAD is an effective tool in the detection of lung nodules on MDCT
chest exams.

Dr. O Shaughnessy concluded the sponsor’ s presentation by stating that the
ImageChecker CT CAD Software System significantly improves radiologists ROC performance
for detecting solid pulmonary nodules between 4 and 30 mm in size. She reviewed the proposed

indications for use and emphasized that the device isintended to be an adjunct.

Paned Questionsfor R2
Pand members asked questions about the extent to which the device would reduce radiologists
miss rate, and they expressed concern over how to factor rates of FPs and FNs into the study
results. Mr. Miller replied that the data suggest a 20 percent reduction in missrate, which is
gmilar to the experience with CAD for mammography. Fase marks are easily dismissble.
Participants were reacting to true positives. Dr. Stark asked Dr. Cagtellino to try to caculate the
net decrease in FNs achieved with the device.

Another concern was bias in case selection; most cases were people with extrathoracic
disease. Panel members aso asked for information on user reactions to the device during beta
testing and the average time spent per case, which sponsor representatives answered to their

satisaction.

FDA PRESENTATION
Dr. Phillips described the device and its components and reviewed the indications for use. He
then listed the FDA review team members. All FDA preclinica reviews found the device

satisfactory.



William Sacks, Ph.D., M.D., Medical Officer, provided clinica background on the
ImageChecker CT. The deviceisfor chest CT scans made for any indication. It detects solid lung
nodules between 4 and 30 mm using CAD, but it isnot a diagnostic tool. CAD isintended to
reduce the rate of missed lung nodules and increase the user’ s sengitivity for detecting nodules.
Dr. Sacks reviewed the ingtructions for use and emphasized that the reader must first review
films unaided. The ImageChecker CT then marks the candidate nodules, and the reader |ooks at
those marks. If CAD failsto mark a nodule judged actionable on unaided review, the reader
should retain hisor her initid judgment.

Issuesinvolving this PMA include the CAD target, which conssts of actionable nodules.
In addition, the definition of truth in the dinica study was based not on biopsy or histology but
on an expert pand. The unit of andysisis the person, broken down into lung quadrant. The
endpoints are sengitivity and specificity of action recommendation and/or ROC area. Dr. Sacks
reviewed the clinica study methodology.

Nicholas Petrick, Ph.D., Office of Science and Technology, CDRH, reviewed the
clinica conclusons Pre- and post-CAD ROC curves do not cross, and no substantia pre- and
post-CAD crossing occurs in either averaged or individua ROC curves. A, isaddidicaly
appropriate performance measure. Pand variability in determining which nodules were
actionable is an important issue: Only one-third of cases were unanimoudy defined as
actionable.

The data set conssted of 90 cases divided into 360 quadrants. Variability, confidence
interval, and sgnificance testing consisted of ANOV A-after-jackknife and bootstrap methods.
Dr. Petrick reviewed eements of each method. Statistica analysis found significant

improvement in A; pre- to post-CAD (p = 0.003 for the ANOV A-&fter-jackknife anayss and

10



p<0.001 for the bootstrap analysis). Results of the ANOV A-after-jackknife and bootstrap
andyss are conggtent. The analysisis limited, however, because it did not take into account any
vaiation in the expert pand; this dement isimportant because the sudy relied on pand truth,
not a“gold sandard” of truth. An important question is how the results would change with a
different truthing panel.

The secondary anadysis applied bootstrapping to the pand of experts aswell. Again, the
results were consistent among panels even though a decrease in significance was expected. The
andydsfound amilar p values as before (<0.001 to 0.002). The secondary anaysis took into
account the random nature of the expert pand for defining actionable nodules. All variations
confirm agatistically sgnificant improvement in A, from pre- to post-CAD. The andlysisis
appropriate for assessment of devices when only pand truth is available.

CAD standal one performance results are important because radiologists can use the
information to weigh their confidence in the CAD markings. Such results could also be used as a
benchmark for future improvements to the system. To assess sanda one performance, the
sponsor examined the unanimous pand findings and found that many of those nodules did not
meet the criteriafor a solid discrete spherica density. A second panel of five independent
radiol ogists then reeva uated the nodules for appearance, placing each nodule in one of two
categories. classic or nonclassic. Sengtivity was about 59 percent, with a median false marker
rate of two to three per case. The median diameter was 7.9 mm. Minima bias with regard to size
was found. The sponsor concluded that the large variation in performance of the CAD was based

on physicians assessment of hodules as classic.
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Dr. Sacksreviewed the clinica conclusons. Although the results found that again in A,
of 0.02 was gatidicaly sgnificant, the clinical Sgnificanceis not dear. CAD isintended to
increase the user’ s sengitivity, and the gain in A, underdtates the relative gain in user sengitivity.
When CAD is used according to ingtructions—that is, to retain al judgments of actionability
even if unmarked by CAD, the user dways maintains or increases sendtivity and dways
maintains or increases the FP fraction. Thus, any satigticaly sgnificant improvement in A,
means an even greaier rddive gain in sengtivity; loss of sengtivity is possble only if
ingructions are not followed. Canwe infer from improved average user performance (i.e., Az,)
in this sudy that the average user will improve performance with CAD in current clinicd
practice? In actud clinica practice with CAD, the unaided A; could be lowered by failure to read
with adequate vigilance. In that case, the aided A, could be lower than current (CAD-less)
practice. Dr. Sacks asked the pand to consder the implications of such lowering of vigilance for
judging the safety and efficacy of CAD.

Turning to the issue of labeling, Dr. Sacks tated that two rules, if followed by CAD
users, will help prevent missing more nodules than in CAD-less reading: (1) Always read
unaided images firgt, and as carefully asif no CAD were available. Doing so will help keep the
A of aided reading higher than the A, of CAD-less reading. (2) Never back off from the unaided
judgment of actionability of anodule if CAD failsto mark it. Thisrule will prevent sengtivity

from faling below that of the current, CAD-less senstivity.

PANEL REVIEW
David Stark, M.D., stated that the sponsor’ s study involves enormous biologica
variation, and numerous coincidenta clinical issues comeinto play. A,» isared herring. The

device does not address issues such as reading under conditions of fatigue because the radiologist
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gill must do conventional work. Thered problem isthe FN rate, for which the device does not
produce much improvement. In one of two studies, some degradation of performance was
demondtrated. The FP rateis derived usng alarge denominator. The consequences of FPs are
serious and include unnecessary biopsies and follow-up scans. In addition, the study does not
provide data on use with contrast media.

Another concern is that the study ignored many human factors. The radiologigtsin the
study had a narrow task that did not reflect real-world conditions. The radiologist hasto protect
the patient from numerous FPs. The training and warnings that will be given to the radiologist
are limited, and the temptation to misuse the product is significant. Radiologigts in the study did
not have to dedl with artifacts such as arm placement or use of the device with contrast media

The ImageChecker CT CAD is an ambitious and complex product, but rea-world
pressures on radiologists are of concern. Effectiveness has not been demonstrated. A reread
might be just as effective as the device. A postmarketing follow-up placebo sudy is necessary.
The achieved gain in ROC performanceis not dlinicaly sgnificant, and the p values do not
judtify effectiveness for FDA gpprova. This product will help some people but will hurt othersin
direct and indirect ways, it is not gpprovable.

Brent Blumenstein, Ph.D., stated that the sponsor’s statistical methodology was adequate,
but certain aspects are problematic. For example, no measures of uncertainty were provided for
clinical measures. A,» measures device performance, not clinical performance. In addition, the
cases were atificidly sampled, and population prevaenceis likely not reflected in the data set. It
isdifficult to assess dinica impact without an assumed prevaence.

The correlation structure is related to quadrants. It is likely, however, that the correlation

between the upper and lower right quadrants is stronger than the correl ation between the two
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upper quadrants. The computations did not take that into account. Moreover, the pand’s
knowledge of patient identity contributed to additional correation structures; that possble
impact on results was not taken into account. The computationad method presumably assumes
independent assessments, but would the p vaue have been different had correlation between
assessments been taken into account?

The experiment did not measure intrareader variability, so the extent to which ameasure
of intrareader variability would modify the A, p vaueis not known. Intrareader variability
likely would be particularly important in computing the variability for clinical messures.
Artificid scaling in ROC methodology depends on assumptions about reeder consistency, but
clinical messures that depend on ROC do not take that into account. Had it been taken into
account in this study, the results might have been different.

Statigtica methods depend on a definition of truth, and the sponsor did the best that could
be done, but the results are conditiona on acceptance of that definition of truth. Truthis subject
to degeneration, however. A study of the impact of variations (or degeneration) in readings

would be useful, perhaps usng covariates, different reading times, or sample quadrants.

SPONSOR’SRESPONSES TO THE PANEL’SQUESTIONS

Heber MacMahon, M.D. provided additiona information in response to earlier pand
comments. With regard to whether prompting for a second read could improve performance; he
noted that because the reader does not reread the entire study but only examines specific marks,
the opportunity to generate additiond true positivesis smal. He dso daborated on why A, is
relativey smal: The readers were highly vigilant, they only hed to find nodules, and they

worked in an ided reading environment. They dart out a a high level, so there is not so much
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change on the second read. Case sdlection was aso afactor because the cases had ahigh
probability of nodules and were not sdected for subtle abnormdities. In aclinica environment, a
20 or 30 percent reduction in missed nodules might trandate to increase of 5 percent in caught

nodules. The sponsor is amenable to postmarket studies.

PANEL QUESTIONS

1. Please discusswhether the datain the PM A support the conclusion that the CAD can reduce
observational errorsby helping toidentify overlooked actionable lung noduleson chest CTs. In
particular, given that use of the CAD produced a statistically significant improvement in ROC
performance, please discusswhether (a) the use of an expert panel isappropriate for determining
actionable nodules, given that atissue“ gold standard” isnot feasible.

The pand concurred that the device can reduce observational errors. However, FDA
should consider ways to obtain more data; for example, were the actionable nodules indeed

actionable?

1b. [Please discuss whether] actionable nodules are areasonabletarget for alung CT CAD to bejudged safe
and effective.

The panel concurred that actionable nodules are a reasonable target, but follow-up is
needed on patients to find out whether the nodues were truly actionable. Once the product is
approved, some radiologists might not follow ingtructions, making the device unssfe. Pandl
members aso wanted to know how many true negatives turned into FPs through use of the

device

1c. [Please discuss whether] the achieved gain in ROC performance (A, demonstr ates safety and
effectiveness of the CAD.

The pand did not reach consensus on the question. Severa members noted that the safety
question is partly dependent on radiologists' following the ingructions for use. Others were
unconvinced that effectiveness had been demonstrated: The device performs adequately, but the

sponsor provided no measures of confidence bounds or clinica efficacy. FPs are of concern. In
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addition, the sponsor did not provide data from Europe, where the device is currently marketed.
Data on reproducibility in aclinical context are needed. Severd pand membersfelt that despite

the device slimitations, any increase in nodule detection is of benefit.

2. Please discuss whether the labeling of thisdevice, including theindicationsfor use, isappropriate
based on the data provided in the PMA.

Panel members suggested severd modifications to the labeling. Because it isinaccurate,
the language concerning significance and the language referring to * high sengtivity and low
fase positive CAD marker rates’ should be removed. The phrase “automatic CAD processing
requires no user interaction” is not true because the radiologist must deal with FPs. Other pand
members were not so concerned about the FP rate and noted that it compared favorably with that
of mammography. The pand agreed that the labeling should include the two rules described by
Dr. Sacks: (1) Always read unaided images first, and as carefully asif no CAD were available.
(2) Never back off from the unaided judgment of actionability of anodule if CAD falsto mark
it. The labeling should aso emphasize that certain types of nodules, such as ground glass

nodules, were excluded from the andyss.

3. Please discuss whether the sponsor’s proposed training plan for radiologistsis adequate. If not,
what other training would you recommend?

Panel members suggested that at each location where the device is used, the sponsor
should train a* super user” who would have additiond training. In addition, the sponsor should
provide atraining CD-ROM that would provide guidance on discerning FPs and other

demonstration cases.

4.1f the PM A wereto be approved, please discusswhether the above, or any other issuesnot fully addr essed
in the PMA () require post-market surveillance measuresin addition to the customary M edical Device
Reporting (MDR), etc. or (b) suggest the need for a post-approval study.
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Panel members agreed that prospective data that will test the system in red conditions are
needed. The follow-up aso should evauate the clinica impact of the device and its efficacy in
less common situations (e.g., with patients who cannot put their arms over their head) and with

pediatric cases.

OPEN PUBLIC HEARING

No one asked to speak.

VOTE

Executive Secretary Doyle read the voting options. Dr. Mehta stated that he would abstain from
voting due to poor telephone transmission quality. A motion was made to recommend that the
device not be approved, but it was defeated in a 5-2 vote with 1 abstention. The pand voted
unanimoudly to gpprove the device with the following conditions

1. The sponsor must provide results of the clinical study by patient; in other words, what did
CAD find, and what was the actua outcome?

2. Thelabding must gate (1) thet the radiologist must aways read the CT films unaided by the
devicefirg, as carefully as though there were no CAD device, and (2) that the radiologst
should never back off from unaided judgment of actionability of anodule if CAD falsto
marK it. In addition, the labeling should delete the second paragraph in the ingtructions for
use, which refersto fatigue and lapses.

3. Traning should be required, and the sponsor should provide a CD-ROM resource. In
addition, the sponsor should consider some sort of remote review.

4. The sponsor should work with FDA to design and conduct a postmarketing study to collect
case data. The study should evaluate the impact of CAD on other disease detection, and
exclusion criteria should not be as drict as those for the study on which the PMA is based.
The postmarket study should include children.

POLL
Panel members stated that the conditions should ensure the safety and efficacy of the

device. They urged collection of additiona data and reandysis of existing data to help clarify the
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efficacy issue. Pand members aso expressed disgppointment that the sponsor did not provide a

clinicd andyds and that the agency did not requireit. It was noted that the viewpoints of both

lead panel reviewer were overridden by the rest of the committee. Other pand members

suggested that any improvement in diagnosiswill lead to improvement in patient care.

ADJOURNMENT

Dr. Ibbott thanked the participants and adjourned the mesting at 5:20 p.m.

| approve the minutes of the February 3,
2004, mesting as recorded in this summary.
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