SUMMARY OF SAFETY AND EFFECTIVENESS DATA

A. GENERAL INFORMATION

Device Generic Name: System, Image Processing, Radiological

Device Trade Name: ImageChecker® CT CAD Software
System

Applicant’s Name and Address. R2 Technology, Inc.

1195 W. Fremont Avenue
Sunnyvae, CA 94087

PMA Number: P0O30012
Date of Pand Recommendation: February 3, 2004

Date of notice of gpprova to Applicant:  TBD

B. INDICATIONS FOR USE

The ImageChecker CT CAD Software System is a Computer- Aided Detection (CAD)
system designed to asss radiologistsin the detection of solid pulmonary nodules during
review of multi-dice CT (MSCT) scans of the chest. It isintended to be used asa
“second reader,” derting the radiologist — after hisor her initid reading of the scan — to
regions of interest (ROIs) that may have been initially overlooked.

In this way, the system reduces the chance of observationa lapses by the reader due to
fatigue, digtraction, satisfaction of search, or other recognized causes of a sub-optima
review. Thus, the system increases the chances that a clinicaly significant nodule will be
not be overlooked, resulting in improved patient care (e.g., detection at an earlier, more
treatable stage).

C. CONTRAINDICATIONS

There are no contraindications for the use of this device.

D. WARNINGS AND PRECAUTIONS

Warnings and Precautions for use of the device are dated in the attached product
labding.



E. DEVICE DESCRIPTION

System Overview

The ImageChecker CT System is an image andys's and visudization syssem designed to
assid radiologigtsin the review of multi-dice CT (MSCT) exams of the chest and in the
detection of solid pulmonary nodules.

The ImageChecker CT System is acombination of dedicated computer software and
hardware. The system is comprised of the ImageChecker CT Workstation (K023003)
and the ImageChecker CT CAD software that is the subject of this PMA filing. Thetwo
components are related as indicated in Figure 1.
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Figure 1. Overview of the ImageChecker CT system illugtrating the two devices that
comprise the system and the relevant hardware and software components.

Developed by R2 Technology, Inc., the ImageChecker CT Computer-Aided Detection
(CAD) Sygtem isintended to be used as an adjunctive aid for radiologists interpreting
MSCT scans of the chest — providing detection of solid parenchymal densities that may
represent dinicaly sgnificant nodules.

The ImageChecker CT CAD software does this by applying proprietary signa processing
agorithmsto the large digita datasets generated during scanning. These dgorithms, in
effect, analyze the complete st of images and search for findings with features
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suggestive of asolid pulmonary nodule. The systemn conveys information regarding
“candidate’ nodules to the workstation for consideration by the reader.

The ImageChecker CT CAD Software System is not intended to be used principdly ina
lung-cancer screening environment, where the vast mgority of scans would be expected
to be free of dinicaly sgnificant disease. Rather, it isintended as a* back-up” nodule
identification and reporting system for radiologists reading everyday diagnostic chest
CTs—many of which will have other pathologic processes competing for thelr attention.

After theinitid study acquisition by the CT scanner, copies of the study are sent
automatically to the review workstation for the user to review as well asto the processing
server for segmentation and CAD andysis. When the processing server finishes, it sends
areport to the workstation. All image and information exchanged between the
components of the system and externa devices (such as CT acquisition devices, PACS
systems) are controlled using sandard DICOM (Digita Imaging and Communicationsin
Medicine) protocols.

The following sections give a brief overview of the individua devices that comprise the
ImageChecker CT System.

ImageChecker CT Workstation

The ImageChecker-CT Workgation is indicated for use as agenerad medica imaging
workstation, and is used to receive, Sore, transmit, and display images from aMultidice
CT scanner (MSCT). The FDA cleared the workstation for marketing on 11/4/2002
(K023003) as ImageChecker CT Model LN-500. The ImageChecker CT Workstation
combined with the ImageChecker CT CAD Software that is the subject of this PMA
submission will be distributed as the Modd LN-1000.

The ImageChecker-CT Workstation LN-1000 is comprised of two off-the-shelf persond
computers, one with a Linux-based operating system (OS) and one with a Microsoft
Windows-based OS, and a display monitor.

The processing software performs severa functions:
?? Recelves MSCT exams using the DICOM standards.

?7? Takesthe CT images and segments different anatomica structuresinto normal
sructures (e.g. vessals) and other composite features.

?? Stores the location and characteristics of the segmented composite features in
aDICOM Structured Report object.

The workgtation display software providestools for the radiologist that aid in the review
process. During the review, the radiologist indructs the display software by means of a
standard keyboard and mouse. The images and findings are communicated to the
radiologist by means of a color Hat-Pand disolay. When the user completes his or her
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review, the systerm makes a summary report available that lists any findings and
measurements associated with the study. The user can d<o print this summary.

Theworkdation is dso able to display the findings that are identified by the CAD
software (see next section). The radiologist usng the workgtation is able to view the
CAD findings— after aprdiminary review of the sudy — using a smple button press on
the user interface. The user can then recheck the areas that the CAD software points out
to determine if achangein hisor her interpretation of the exam is warranted.

ImageChecker CT CAD software

The ImageChecker CT CAD software is an adjunctive software package that analyzesthe
CT images after they have been pre-processed by the workstation software and identifies
regions of interest that may be solid pulmonary nodules. The regions of interest are
identified by means of the propriety Sgnd processing dgorithms that andyze the images
and search for findings with features suggestive of a solid pulmonary nodule (see Figure

2).

The location information about these identified regions of interest is sent to the
workstation using a DICOM CAD Structured Report (DICOM CAD SR).

Figure 2. Examples of CAD-marked pulmonary nodules
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F. ALTERNATIVE PRACTICES AND PROCEDURES

Currently, there is no dternative to asss radiologigts in the detection of lung nodules on
muiti-dice CT chest scans other than double reading.

G. MARKETING HISTORY

The ImageChecker CT CAD Software System was launched for commercid sde in the
European Union at the European Congress of Radiology in March 2003.

H. POTENTIAL ADVERSE EFFECTSOF DEVICE ON HEALTH

There are no known direct risks to safety or headth caused by, or related to, the use of the
devicee The indirect risks are tha the device may fal to identify and mak some
actionable lesons and will mark some lesons that do not require further action.

. NON-CLINICAL STUDIES
There are no nortclinica studies to report for this device,
J. CLINICAL STUDIES

R2 Technology, Inc. has conducted two pivotd dinica sudies to evduate the safety and
effectiveness of the ImageChecker CT CAD Software System. The studies were based
on a retrogpective case collection project involving multiple dlinical dtes in various
regions acrossthe U.S.

Objectives

The firg pivotad study was designed to generate a “truth” set of cases containing solid
pulmonary nodules, as well as cases with no nodules, to be used as a reference truth for
subsequent studies. The second pivotd sudy, conducted in two phases, was an
Obsarver/ROC  (Receiver Operating Characterigtic) Study, desgned to measure the
performance enhancement of radiologists using the System.

Sites and Cases for Case Collection Project and Subsequent Studies

Five (5) regondly diverse dtes contributed 151 cases to the study; 2 dtes in the
Northeast, and 1 Ste each from the South, the Midwest, and the West. Of these dites, 3
were private imaging centers and 2 were academic medicd centers. These stes are listed
inTable 1.
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Table 1. Stescontributing nodule and non-nodule CT chest casesin the
Case Callection Project and subsequent clinical studies
Name State Number of Number of Totd
Nodule-present Non-nodule Cases
CasesUsedin Cases
Studies Used in Studies
Atlantic Medica NJ 11 10 21
Imeging
MRI & CT VA 15 23 38
Diagnogtics
South Jersey NJ 14 35 49
Radiology
Universty of 1A 18 9 27
lowa
UC, San CA 5 11 16
Francisco
Tota 63 88 151

All cases were culled consecutivdy from the gdtes digitad archives according to the
incluson and exclusion criteriaidentified in the case collection protocols.

The nodule-present cases collected included only those in which a diagnosis of cancer,
ether primary lung cancer or an extrathoracic neoplasm, had been documented. Other co-
exiging disease processes reaulting in the formation of nodules (eg. TB, histoplasmoss,
rheumatoid lung) were dlowed, as were cases containing other “background” pathology
such aslobar pneumonia, emphysema, and heart failure.

A total of 63 nodule-present cases dating from November 2001 through December 2002
were included in the studies. The study population conssted of 56% femdes and 44%
males, with a median age of 66 and a range of 20-86. The madignancy conssted of
primary lung cacer in 24 (38%) of these cases, and documented extra-thoracic primary
cancer with suspected metastatic disease to the lung in the remaining 39 (62%0) cases.

The “normal” cases collected were those in which no nodules were deemed to be present
by the principa invedtigator at each dSte. Other disease processes could be present,
including the presence of pulmonary masses (>3cm). Higories of cancer, radiaion
therapy, or even previous thoracotomy, were dlowed. In al, 88 nodule-absent cases
dating from June 2002 through December 2002 were included in this retrospective case
collection.
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STUDY #1 — IDENTIFICATION OF REFERENCE TRUTH

The objective of this sudy was to generate a “truth” set of unanimous actionable nodules,
as identified by a panel of 3 experienced radiologists, to serve as a reference truth for dl
subsequent studies.

To achieve this objective, multiple panel sessons were scheduled in which 3 radiologists
independently read a varidble number of cases (min = 12, max = 25) until dl 151 $udy
cases had been interpreted by al 3 readers.

The three paneligts identified a total of 142 findings in the 151 cases that met the sze (4-
30mm) and peak densty (> -100HU) requirements, and which dl three pandigs agreed
were actionable. The presence or absence of at least one of these findings in a quadrant
was used as the reference truth for study #2 below.

The findings ranged in dze from 4-28mm. It is of note that the mgority of these findings
were between 4mm and 8mm in diameter (46%, 66/142), with the largest categories
being the 5 — 6 mm (15%, 21/142) and 6 — 7 mm (15%, 22/142) findings.

STUDY #2 — EFFECT OF CAD SYSTEM ON IMPROVING ACCURACY OF
IDENTIFICATION OF ACTIONABLE NODULES

The objective of this sudy was to demondrate that review of CAD output improves
peformance of radiologigs reviewing MSCT with respect to ther ability to accuratey
identify actionable nodules. The study employed a Receiver Operaiing Characteristic
(ROC) methodology that has become the dandard in the radiology community for
evduating imaging moddities. The study was conducted in two phases, with the firg
phase usng a smaler case set (=32 cases) and the second phase using a larger case et
(=90 cases). The study methods and andyss were the same for both phases of the

study.

For Phase | of the study, thirty-two (32) cases were randomly selected from the 151 cases
evauated in study #1. These cases were each divided into 4 quadrants, yielding a total of
128 regions for evaluation. Each of 15 radiologists independently reviewed the 128
quadrants, first without computer-aided detection (CAD) and then immediatdly with
CAD.

For Phase Il of the study, ninety (90) cases were randomly selected from the remaining
119 cases (151 — 32 used in Phase 1). Again, the cases were divided into 4 quadrants,
yielding 360 regions for evduation. Each of 15 radiologists (9 returning radiologists
from Phase |, 6 new radiologists) independently reviewed the 360 quadrants, first without
computer-aided detection (CAD) and then immediately with CAD
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For both phases, each reader rated each quadrant on a 0-100 “actionability sca€’ as to his
or her levd of confidence that the quadrant contained a least one actionable nodule.
Ratings were provided both before and after viewing the CAD marks.

For purposes of measuring reader performance, quadrants were defined as “actionable’ if
the reference truth consensus pand described in study #1 unanimoudy agreed that a least
one of the findings in the quadrant was actionable.

An area under the receiver operator curve (A;) was computed for each of the 15
radiologists before and after CAD. The average curve is shown below in Figure 3 for the
Phase | study and Figure 4 for the Phase |1 study. In both cases the area under the ROC
curve increased with the use of CAD. If the full plot is viewed as a unit square, the area
separating the two curvesin the Phase | study is 0.014 and the area separating the two
curvesin the Phase |1 study is 0.024. Although the second study shows greater
separation and adightly smoother pair of curves, the basic shape of the curvesin the two
dudiesissmilar.
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Figure 3. Average ROC curve showing pre-CAD (dashed line) and post-CAD (solid
line) for Phase | (32 case, 128 quadrant) study.
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Figure4. Average ROC curve showing pre-CAD (dashed line) and post-CAD (solid
line) performance for Phase I1 (90 case, 360 quadrant) study.

The primary andysis of satistical sgnificance was based on the Dorfman Berbaum-Metz
(DBM) ANOV A-&fter-jackknife approach® (adapted for the fact that the quadrants are
“clustered” data) and the results are presented in Table 2 below.

In the Phase Il study (Figure 4), the average reader improvement in Az (estimated using
the ANOV A-after-jackknife) was 0.0240 ? 0.0077 (p=0.0033) with a 95% confidence
interval of (0.0084, 0.0395). By comparison, in the Phase | study (Figure 3), the average
reader improvement in Az (estimated using the ANOV A-after-jackknife) was 0.0140 ?
0.0084 (p=0.1083) with a 95% confidence interva of (-0.0033, 0.0313). The combined
122 case study demonstrated that the average reader improvement in Az (estimated using
the ANOV A-after-jackknife) was 0.0209 ? 0.0062 (p=0.0013) with a 95% confidence
interval of (0.0085, 0.0333). Thus both the Phase |1 study by itself and the pooled study
results showed a gatigicdly sgnificant improvement in the area under the ROC curve
with the use of CAD.

The secondary andysis of satistical sgnificance was conducted to determine the
dependence of the study results on the use of the consensus reference truth from study #1
asthe gold standard for the ROC study. In generd, areference truth based on a
consensus pand assessment of actionability is weaker than one based on a more invariant

! Dorfman DD, Berbaum KS and Metz, CE. Receiver Operating Characteristic Rating Analysis. Invest
Radiol 1992; 27: 723-731.
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gold standard such as biopsy. To examine the effect of variahility in the unanimous three-
pandist reference truth, two-pandigt reference truths and single-pandist reference truths
were congiructed from the data collected in study #1.

Implementing this varigble truth is difficult within the framework of the ANOV A-after-
jackknife analysis, therefore the secondary andlysis employs a bootstrap analysis®. The
bootstrap is a computationaly-intensive non parametric method that alows complex
analyses to be repeated many times using different randomly generated datasets (all based
on the origindl data) to gpproximate the variability that would occur if the entire study
were repeated many times. Asatest of the vdidity of the bootstrap mechanism, the
andydswas performed firgt using the unanimous reference truth. As shown in Table 2,
the results of the ANOV A-after-jackknife analyss and the bootstrgp andysis using the
unanimous reference truth are very smilar for the Phase |, Phase |1 and pooled data.

Table2. Study analyses of the significance of the Improvement in Area under ROC
curvefor the Phasel, Phase Il and pooled study data.
Andyds Study Edimated | p-vdue 95% ClI Statistical
Method Improvement Sgnificance
in Az

Primary: Phase | 0.0140 0.108 | (-0.0033, .0313) No
ANOVA-é&fter- | Phasell 0.0240 0.003 | (0.0084, .0395) Yes
jackknife, with Pooled 0.0209 0.001 | (0.0085, .0313) Yes
unanimous
reference truth
Secondary: Phase | 0.0139 0.126 | (-0.0041, .0354) No
Bootstrap with | Phasell 0.0246 | <0.001| (0.0089, .0446) Yes
unanimous Pooled 0.0192| <0.001| (0.0074,.0345) Yes
reference truth
Secondary: Phase | 0.0168 0.058 | (-0.0004, .0396) No
Bootstrap with | Phasell 0.0216 0.002 | (10.0077, .0387) Yes
random 2-panel | Pooled 0.0186| <0.001| (0.0073,.0314) Yes
reference truth

Findly, severa approaches were used, based on the bootstrap re-sampling approach, to
incorporate random reference truths for the random cases againgt which the random
readers performance could be estimated. All methods showed similar results; therefore a
representative approach that selected two panelists at random is shown here. Based on
varying the reference truth in thisway, in the Phase |l study, the average reader
improvement in Az (estimated using the 1000 bootstrap samples with variability in the
reference truth) was 0.0216 (p=0.002) with a 95% confidence interva of (0.0077,
0.0387). By comparison, in the Phase | study, the average reader improvement in Az

2 Rutter, C. Bootstrap Estimation of Diagnostic Accuracy with Patient-clustered Data. Acad Radiol 2000;
7. 413-419.
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(estimated using the 1000 bootstrap samples with variability in the reference truth) was
0.0168 (p=0.058) with a 95% confidence interva of (-0.0004, 0.0396). The combined
(pooled) data demonstrated that the average reader improvement in Az (estimated using
the 1000 bootstrap samples with variability in the reference truth) was 0.0186 (p<0.001)
with a 95% confidence interval of (0.0073, 0.0314). Thus again, the results with the
varied reference truth show that both the Phase Il study by itself and the pooled study
results showed a datisticaly sgnificant improvement in the area under the ROC curve
with the use of CAD. The Phase | study by itsef demongtrated a consistent trend, but 32
cases were insufficient to achieve datistical sgnificance.

The primary and secondary analysis from the Phase | study done or the two studies
combined shows that the ImageChecker CT CAD Software System significantly
improves radiologists ROC performance for detecting solid pulmonary nodules between

4 and 30 mm in diameter. Also, thisresult is robust when different reference truth
definitions are used in the andyss.

K. CONCLUSIONSDRAWN FROM STUDIES
For multi-dice CT exams of the chest:
The ImageChecker CT CAD Software System significantly (p=0.003) improves
radiologists ROC performance for detecting solid pulmonary nodules between 4 and
Ommingze
L. PANEL RECOMMENDATIONS
(To be added by FDA)
M. CDRH DECISION
(To be added by FDA)

N. APPROVAL SPECIFICATIONS

(To be added by FDA)
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