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Preface

Public Comment

Comments and suggestions may be submitted at any time for Agency consderation to Dockets
Management Branch, Divison of Management Systems and Policy, Office of Human Resources and
Management Services, Food and Drug Administration, 5630 Fishers Lane, Room 1061, (HFA-305),
Rockville, MD, 20852. When submitting comments, please refer to the exact title of this guidance
document. Comments may not be acted upon by the Agency until the document is next revised or
updated.

For questions regarding the use or interpretation of this guidance contact John C. Monahan at (301)
594-1212 or email jcm@cdrh.fda.gov.

Additional Copies

Additiona copies are available from the Internet &t:
http://Amww.fda.gov/cdrh/ode/guidance/983.pdf or CDRH Facts-On-Demand. In order to
recaive this document via your fax machine, cdl the CDRH Facts-On-Demand system at 800
899-0381 or 301-827-0111 from atouch-tone telephone. Press 1 to enter the system. At the
second voice prompt, press 1 to order adocument. Enter the document number 983 followed
by the pound sign (#). Follow the remaining voice prompts to complete your request.
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Premarket Applicationsfor Digital
Mammography Systems; Final Guidance for
Industry and FDA

This document isintended to provide guidance. It representsthe Agency’s current
thinking on thistopic. It doesnot create or confer any rightsfor or on any person and
does not operate to bind the Food and Drug Administration (FDA) or the public. An
alternative approach may be used if such approach satisfies the requirements of the
applicable statute and regulations.

Purpose

This document is intended to provide guidance to industry on the type of information needed by the
Center for Devices and Radiological Hedth (CDRH) to evauate a marketing gpplication for afull-fied
digital mammographic (FFDM) system.

I ntroduction

The primary use of mammography is in the screening and diagnosis of breast cancer. Digitd
mammography systems are intended as a replacement for andog (film-screen) systems for dl
mammographic uses, i.e., screening as well as diagnodtic including problem solving (See Appendix | for
definitions of terms used in this document.). As such, market entry for digital mammography systems
requires more extendve testing than does market entry for digita imaging syssemsfor purely diagnostic
radiographic devices, e.g., for chest, bone, etc.

Thedinica impact of any screening moddity liesin the saverity of the condition being screened for, the
impact of early detection, and the number of people affected. Unlike a diagnostic moddity, which
affects only those who are suspected of having the particular disease in question, screening is applied to
all those persons who are deemed to be &t risk of developing the disease, the vast mgjority of whom,
however, are not suspected of having it. For alow prevaence disease such as breast cancer, in which
only about half a percent of those screened annualy will be found to have the disease, the number of
those not expected to haveit isvery large. Furthermore, because of the number of women at risk, the
number of those who do actualy develop the disease, though afew orders of magnitude smaller, isdso
quite large. Inthe case of breast cancer, the number of new cases each year is estimated to be
gpproximately 180,000. Therefore, smal increases or decreases in the performance of screening
moddities will affect large numbers of individuas.

Given the minimd radiation risk of modern mammography, the main concerns regarding digital
mammography relate to its ability to permit detection of abnormdities of the breast and accurate
discrimination between madignant and benign findings. In particular, the parameters of interest are
sengtivity (or its complement, false negative rate, i.e., how many cancers are delayed in their detection
and diagnosis?) and specificity (or its complement, false poditive rate, i.e., how many women are
subjected to surgical procedures who turn out not to have cancer?).



A sgnificant amount can be learned about the capabilities of digital mammography systems through
assessment of the technica or physical characteristics of those systems; however, a clear correlaion
between design/bench parameters and clinica performance has yet to be established. The key eement
of clinica performance is the radiologist’ s report. The linkages between the bench performance of the
acquisition component and the radiologist’ s report congst of display (hard- or soft-copy) and
perception and interpretation by the radiologist. The combined effect of al these aspectsis best
evauated through gppropriate clinicd trids.

The L east Burdensome Approach

Theissues identified in this guidance document represent those that we believe need to be addressed
before your device can be gpproved/cleared for marketing. In developing the guidance, we carefully
considered the rdlevant statutory criteriafor Agency decison-making. We aso considered the burden
that may beincurred in your attempt to comply with the guidance and address the issues we have
identified. We bdlieve that we have consdered the least burdensome approach to resolving the issues
presented in the guidance document. If, however, you believe that information is being requested that is
not relevant to the regulatory decison for your pending application or that there is aless burdensome
way to address the issues, you should follow the procedures outlined in the “ A Suggested Approach to
Resolving Least Burdensome Issues’ document. It isavailable on our Center web page at:
http://www.fda.gov/cdrh/modact/l eastburdensome.html

Background

In 1996, based on consultation with industry, NIH, and the clinica community, including input from a
meseting of the Radiologica Devices Advisory Pand the year before, the FDA issued a guidance on the
preparation of marketing submissions for digitd mammography sysems. The guidance suggested that
an “agreement approach” to study design might result in the development of data that could be used to
support a substantia equiva ence determination and market entry through the 510(k) premarket
notification pathway. The “agreement gpproach” represented an attempt to minimize the dinica data
requirements that would have been necessitated by a controlled clinica study in a screening population
requiring the enrollment of tens of thousands of women. A study designed to show agreement would
involve asmall fraction of that number and would have, therefore, been less burdensome.

However, subsequent attempts by manufacturers to demonstrate agreement between each woman's
digital and anadlog mammograms (as outlined in the guidance) suggested that this approach was
impracticd, primarily due to the magnitude of inter- and intra-observer variability inherent in
mammographic interpretation, and secondarily due to the intra-patient variability associated with
repositioning necessary when the same breast was imaged on two separate mammographic devices.
The data from the first 510(k) submitted demonstrated that the inter- and intra-reader variability was so
great that agreement as defined in the 1996 guidance was not possible, for this or any other digita
mammography device. The agency determined that the data was inadequate to determine equivaence
and therefore a“ not-substantidly-equivdent” decison was made. As areault, thisand dl other devices
within this category were automaticaly classfied in Class 1.

The agency has continued discussions regarding digital mammography with manufacturers, the medicd
community, academics, other federa agency staff, and other interested parties. FDA recognizes both
the concern regarding trid Szes so large asto be prohibitive for individua manufacturers, and, at the
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same time, the need for adequate data to provide the reasonable assurance of safety and effectiveness
for each system, as mandated by Congress. The hedth of millions of U.S. women over 40 years of
age, who depend on mammography for early detection of breast cancer, must not be adversdly affected
if digitd mammography systems are to replace current analog systems. Taking these considerations into
account, the agency is presenting a new approach to market entry for digital mammography systems,
which, we believe, isfeasble and till provides appropriate and sufficient information to understand their
basic clinica performance characterigtics.

Given the importance of mammography to public hedth, the complexities inherent in performing avadid
comparison of andog and digital mammography, and our not-substantialy-equivaent decisons, the
PMA route to market was required. This process alows each manufacturer to establish safety and
effectiveness for their own device. We bdieve that thisisthe “least burdensome’ method for providing
the valid scientific evidence needed to bring digital mammography to market. Our recent experience
with the first PMA submitted under this paradigm which wasfiled, reviewed, taken to panel and
approved within 91 days seems to have validated this approach. While we cannot guarantee that dl
subsequent gpplications will achieve the same successful outcome in the same time frame, we have
both publicly and privately stated our commitment to work with individual manufacturers to assess ther
current Stuation, formulate a plan to maximaly leverage the data which they dready have, and require
additiondly only that information which is needed to provide a complete and potentialy approvable
PMA application.

Regulatory Requirements

Prior to marketing, a new mammographic technology must conform to regulations devel oped under
three different laws and amendments to those laws: the Radiation Control for Hedlth and Safety Act of
1968 (RCHSA); the Medical Device Amendments to the Food, Drug, and Cosmetic Act of 1976
(MDA); and the Mammography Qudity Standards Act of 1992 (MQSA).

Since the x-ray part of adigita system may be unchanged from anaog (e.g., the tube, generator,
support, grid, beam-limiting device, etc.) and only the image receptor system is dtered, conformance
with the regulations of RCHSA represents little that is new and no specid guidanceis provided here.

Under the Medicd Device Amendments, a device may be cleared for marketing viaa 510(k) premarket
notification or it can receive gpprova viathe premarket gpprova agpplication (PMA) route. When a
device cannot be shown to be substantidly equivaent to alegaly marketed device (510(Kk), the

sponsor must establish the safety and effectiveness of the device for its intended use, (PMA).

Under MQSA, awide range of quaity assurance procedures for analog mammography devices have
been devel oped to assure that the analog systems are operating at or above some base leve of
performance. The same types of tests need to be developed for digital mammography systemsto
assure that the system is operating properly and that it remains above some accepted basdine leve of
performance. Until such sysemsarein place, use of digitd sysemswill be permissble only in facilities
accredited for analog mammography.

Non-clinical | nformation

This part of the guidance describes the non-clinical content of submissions for x-ray equipment and
accessories used for digital mammography. 1t should be noted that a digital mammography system



encompasses al aspects of the imaging process from data acquisition to image display. As such, the
guidance addresses not only the x-ray system and data acquisition mechanism but dso the image
viewing device(s), whether hard- or soft-copy, aong with any image processing used to prepare the
acquired datafor display. Manufacturers who choose to seek marketing approva for soft-copy (hard-
copy) image display subsequent to approva of hard-copy (soft-copy) image display for their digita
mammography system should refer to Appendix 1.

A. Device Characteristics

The device characteristics section of the premarket submission provides the basic information needed to
give the reviewer athorough gppreciation of the technical specifications of the device and its
components. The following information should be included:

1. A complete description of the software development cycle, which should include:
adescription of agorithms used,

ahazard andysis,

the listing of software requirements;

adescription of software with structure chart,

asummary of software development process,

asummary of verification and vaidation activities, and

asummary of verification and vaidation results.

@ pooow

2. A complete description of the entire system, including pictoria representations of the layout and
interconnection of the different components.

3. A complete description of each of the functiona components of the device including the x-ray
system, the image acquisition and recording device, and the image viewing and display
device(s).

4. A complete description of the properties of the device relevant to its physica capabilities. This
description should include any appropriate technical characteristics and specifications not only
for the entire imaging system but aso for the components of the system, including:

a X-ray tube target(s) materid, x-ray filter(s) type and thickness, window materia and
thickness, focal spot Sze(s)

b. x-ray generator: type, range and accuracy of technique factors (x-ray tube voltage, x-ray
tube current, exposure time and mAs) for each foca spot sze, if applicable

C. geometry: source to image receptor distance (SID), source to patient support device

distance, dignment to chest wall

X-ray scatter grid: grid ratio, Bucky factor, stationary or reciprocating

€. X-ray detector: materid, interaction efficiency, geometrical characterigtics, optical path,
scanning rate (for systems using a dot scanning system), and decay rate of the phosphor
afterglow (for systems using a storage phosphor)

f. andogto digitd converson (ADC): hit depth, matrix sze, pixe width

g. digitd to andog converson (DAC)

h. soft-copy display system: type, screen area (active video area, raster boundary), resolution
(MTF, contrast modulation, spot Size, video bandwidth), brightness (veiling glare, dynamic
range), characteristic curve, number of addressable pixds (matrix sze) and physica
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congtruction (dispenser cathode, deflection angle, phosphor type, antireflective coating)

I. laser film recorder: type, processor, characteritic curve or sensitometric response (Iook-up
tables), measure of resolution (MTF, contrast modulation, spot Size), matrix Sze, format
Sze, artifact rgjection

j. image-processing dgorithms: description, suitability, selection

k. image processng platform: type, word length, language

| digitd archiving system and data security considerations: access by unauthorized personnd,
retention of case and patient information

Note: Technical product literature or brochures can be used to provide some or dl of the above
information.

5. A complete description of the device's principles of operation including:

a. discusson of the methods used to select the technique factors on the x-ray system

b. raionde for usng any automatic exposure control systems for controlling the x-ray
exposure

c. method of assessing and choosing among the available image processing dgorithms

d. processfor generating the display data from the detected data, and for viewing the display
data, including:

. for soft-copy display, generd recommendations for an appropriate “ hanging protocol”
such asimege orientation and location, initid viewing conditions (e.g., display function,
views, RO, etc.), and options for image display manipulation (e.g., window leve,
window width)
for soft- or hard-copy display, generd recommendations for ambient light levels and
viewing conditions when using the display device.

B. Parformance Standards

The performance stlandards section of a premarket submisson normaly contains information concerning
performance standards that are applicable to the device. In thisregard, relevant information includes

1. catification that the device meets the requirements of the Radiation Control for Hedth and
Safety Act of 1968
The name of any other applicable standard should be provided with a complete
explanation for any deviation from the standard. Also, a clear and concise reference
should be provided for any other submission to the FDA, such as product reports and
supplemental reports, and abbreviated reports.

2. declaration of conformity to any other voluntary standards or data to demondtrate safety
associated with eectrical, mechanicd, radiation, digitd interface, software and display
characteridtics, eg., “Digitd Imaging and Communications in Medicine (DICOM) Part 14:
Grayscde Standard Display Function”

C. Technicd Data

The technica sections of a premarket submission normaly provide the information needed to evauate
the vaidity and accuracy of non-clinical laboratory studies. The natura separation of detection and



disolay in the process of image forming and viewing in adigital imaging system warrants the splitting of
non-clinicd laboratory studies into those two categories. Reevant information includes the following

1. Quadlity of Detected Data

a. quantum limited operation—

For quantum limited performance (i.e., noise added by the FFDM system does not
exceed the quantum noise when operated in the normal range of exposures),
provide data showing that the device operates in a quantum limited mode at the
exposure levels specified for itsuse. If not quantum limited, provide the range of
exposures where quantum limited operation is not achieved.

b. senstometric response--quantitative measure of the sensitometric response of the image
acquisition system (i.e, the digitd vaue versus radiation exposure curve)

c. Spdid resolution--quantitative measure of the patia resolution properties of the image
acquisition system (i.e., the modulation transfer function (MTF))

d. SNR trandfer--quantitative measure of the efficiency of SNR trandfer of the image
acquisition system as measured by the noise equivaent quanta (NEQ) and/or the detective
quantum efficiency (DQE) as afunction of spatia frequency

For systems using flat-field correction, the impact of flat-field correction on DQE
and NEQ.

e. dynamic range--quantitative measure of the dynamic range of the image acquisition system
as measured by the NEQ and/or the DQE as a function of spatial frequency and radiation
exposure leve.

f.  phantom images--description of test results using the phantom approved or accepted by
FDA and any other phantoms deemed appropriate, such as a contrast-detail (CD)
phantom.

g image erasureffading.

For systems using a delayed readout of image data such as a photostimulable
phosphor, description of test results on image fading as a function of time and
temperature, retention of image information as a function of the number of
erasures and/or exposures, and information on fogging and depletion of charge
after exposure to room light including results of fading test at 50°C, if the system
is recommended for batch processing in a mobile facility.

h. ademonstration, on the basis of at least 100 repeated exposures and erasings, that there are
no resdua trapped charges that can give false information as multiple exposures or ghost
Images

Manufacturers should also indicate the life of a cassette and the criteria for
replacement, i.e., after how many exposures a cassette must be replaced.

i. defect characteristics—

Describe the allowable types and quantities of defects, and any methods of
compensation or blanking that are utilized to compensate for them. The
description should include the methods used to correct for pixel-to-pixel
variationsin sensitivity, offset, etc.



j. noiseandyds—
Provide a quantitative measure of the noise properties of the image acquisition
system (i.e., the noise power spectrum (NPS)) as a function of spatial frequency
and exposure level. (Note: These data should form the basis for any statements
associated with DQE, quantum limited operation and dynamic range requested
elsawherein this guidance.)

2. Quadlity of Displayed Data—for soft-copy display systems or hard-copy recorder, as
appropriate

a. Soft-copy display system.
Provide quantitative measures of the maximum luminance, the minimum
luminance under recommended ambient light and viewing conditions, the
luminance dynamic range, the gray scale display function, and the luminance
uniformity and a description of the method of assuring adequate performance of
the soft-copy device with respect to resolution, veiling glare and noise, including
the basis for any specified level of performance and the type of test used to verify
the level of performance.

b. Hard-copy recorder.
Provide quantitative measures of the sensitometric response (e.g., gamma, digital
value versus brightness), a measure of spatial resolution (e.g., modulation
transfer function, limiting resolution), a measure of artifactual and electronic
noise (e.g., variance, NEQ, DQE, S\R transfer as a function of spatial frequency),
and a measure of dynamic range.

Note: All of the data provided in parts 1 and 2 of section C should be supplemented with a
complete description of dl phantoms, test protocols, and digital mammography system
Settings used to determine the stated imaging performance. If the test object is readily
available in the imaging community (e.g., the SVIPTE test pattern), asmple reference would
be sufficient. The supplementa information should aso include a statement of the uncertainty
in the stated imaging performance data.

3. Pdtient Radiation Dose

Provide a quantitative estimate of the patient radiation dose expressed as the average glandular
dose ddlivered during a single cranio-caudal view of an accepted phantom, e.g., Smulating 2,
4.2 and 6 cm thick, compressed breasts consisting of 70, 50 and 30 percent glandular and 30,
50 and 70 percent adipose tissue, respectively (9 measurements). The manufacturer should
aso provide acomplete description of the conditions of operation on the mammography
system, including but not limited to kV p, mAs, x-ray filtration, and exposure levd at the
detector. The patient radiation dose should be determined with the technique factors and
conditions that are used to produce the images of the phantom approved or accepted by the
FDA and any other phantoms deemed appropriate, such as a contrast-detail (CD) phantom.
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4. Test Results

Provide representative images associated with the measurements described in parts 1 and 2 of
this section. Theseimages may be on film recorded from the output and/or other recording
mediaincduding digital datain DICOM format on CD-ROM. Information on imaging system
set-up including technique factors, geometry, focd spot, etc. and on any image processng
gpplied to the digital data should be provided dong with any representative images. The
characterigtics of any test patterns on imaging phantoms should aso be provided, including but
not limited to physica parameters such asthe spatia frequency (Ip/mm) of each test object for
resolution gauges. In addition, provide representative data associated with the measurements
described in parts 1 and 2 of this section, including the level of uncertainty for the measurement.

Clinical I nformation

The information presented in this section conssts of examples of clinica sudy methodologies that the
agency beieves could provide vaid scientific evidence to support marketing applications and should not
be viewed asinflexible requirements. Marketing gpprova (demonstration of reasonable assurance of
safety and effectiveness) could be based on successful completion of an enriched trid and comparative
feature analyss. Clinica datafrom an enriched tria would provide an estimate of the true screening
performance of the device, though performance estimates with narrower confidence intervas could only
be derived from much larger data sets. The options provided in this section are based upon certain
assumptions that will affect the study design and subject numbers. Manufacturers should establish their
own assumptions, caculate sample sizes, and be able to justify them. Manufacturers are encouraged to
conault with FDA prior to initiaing the dlinica studies they plan to use in support of marketing
goplications.

A. Trid Designs
1. Enriched Reader Study

To limit the Sze of the study to reasonable numbers (a*“least burdensome’ approach), a
manufacturer could choose to eva uate sandard mammographic views that included images from a
population enriched with known cancers. In order to perform comparisons of sengtivity, specificity,
and receiver operating characteristic (ROC) curves, ground truth about the cancer/non-cancer
dtatus of each subject must be established and known. For those women with sufficiently suspicious
lesions to warrant a recommendation for (and performance of) biopsy, pathology results will
condtitute ground truth. For dl other women, one year of follow-up without evidence of (or with
development of) cancer will be accepted as ground truth.

Since these data would congtitute a surrogate for screening sengtivity/specificity/ROC, device
labeling concerning the screening aspect would accurately communicate this to the user. ROC
curves should be constructed for both digital and analog mammography, for each trid radiologist, as
well as for the pooled group of tria radiologigts, based on either adiscrete or quasi-continuous
scaed leve of suspicion of maignancy for each 4-view mammogram. Quantitative comparison
between the ROC curvesfor digital and andog mammography requires a more elaborate andyss.
Methods for obtaining confidence intervals on the difference of ROC parameters (e.g., areaor
partiad area) between two modalities are summarized in Appendix I 11. The confidence intervas
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generated by the reader study would be reflected in labeling.

In addition to the congtruction of the entire ROC curves, comparisons of the sengitivities of digita
and andog should be made at the BI-RADS 3-and-higher as well as at the BI-RADS 4-and-higher
cut-points. For this purpose, the trid radiologists would render, in addition to a continuous scaled
levd of suspicion of maignancy, an action recommendation based on a BI-RADS rating.
Comparisons can be made ether of specificities or of tota rates of postivity, defined as biopsy
recommendation. Totd rate of pogtivity, combined with the sengtivity and the prevaence of cancer
inthetrid population, alows estimation of the fase pogitive rate and of the specificity.

True and fase positives and negatives should be defined at each of the two cut-points as follows:
At BI-RADS 3-and-higher

False pogitives should be defined as mammograms leading to recommendation for biopsy or
repest mammogram in 6 months (or other appropriate interva shorter than the screening
interva), in women either whose biopsies yield negative pathology or whose

repeat mammograms fail to change within the next year, and who fall to develop clinicad sgns of
cancer in that location within the next year.

Fa se negatives should be defined as mammograms leading to recommendation for no further
action other than return for the next screening mammogram in women who develop biopsy-
proven cancer within the next year, found ether through the development of clinical symptoms
or a subsequent pogtive screening mammogram.  This definition does not differentiate on the
basis of whether or not the cancer isvisble in retrogpect or, if visble, whether there are any
radiologists, blinded to subsequent outcome, who would prospectively work up the lesion; i.e.,
al should be included in the definition.

True negatives should be defined as mammograms leading to no further action in women who
are dill without evidence of cancer on their subsequent screening mammogram at least one year
later.

True positives should be defined as mammograms in women with biopsy-proven maignancy
leading to recommendation ether @) for repeat mammogram in 6 months (gpproximately),
which, on repest, |eads to recommendation for biopsy, or b) for immediate biopsy.

In the case of awoman who, for whatever reason, does not follow the recommendations for
either 6 month follow-up or biopsy, she will be judged to have cancer, or not, depending on
whether she develops clinica evidence of cancer in the same loceation or is still without evidence
of cancer, one year from the mammogram in question.

At BI-RADS 4-and-higher
False positives should be defined as mammograms leading to recommendation for biopsy in
women with ether negative pathology or (in the case of awoman who, for whatever reason,

does not follow the recommendation) one year of follow-up without evidence of cancer in that
location.
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Fa se negatives should be defined as mammograms leading to recommendation for either repesat
mammogram in agpproximately 6 months, or no further action other than return for the next
screening mammogram, in women who develop biopsy-proven cancer within the next year.
Note that cancer may be found through ether the development of clinical symptomsor a
subsequent positive screening mammogram. Again the definition does not differentiate on the
basis of whether or not the cancer isvisible in retrospect or whether the leson, if visble, would
be worked up prospectively by any radiologist blinded as to subsequent outcome.

True negatives should be defined as mammograms leading either to recommendations for 6
month follow-up mammogram, or return for next screening mammogram, in women who are sill
without evidence of cancer on their subsequent screening mammogram &t least one year later.
Note that atrue negative for the BI-RADS 4-and-higher cut-point could be afase pogtive for
the BI-RADS 3-and-higher cut-point, and a fase negative for the BI-RADS 4-and-higher cut-
point could be atrue pogitive for the BI-RADS 3-and-higher cut-point. True positives should
be defined as mammograms leading to the recommendation for biopsy of alesion, which proves
to be maignant on pathology.

Women who fdl into one category in one breast location and another category in another breast
location will be rare enough that they can be excluded from the trid, after the fact, without
ggnificantly affecting the datigtical outcome.

2. Comparative Feature Andyss Study

A compardtive feature andysisis performed by radiologists examining, side-by-sde, paired images
of each woman obtained with two different systems, in this case an andog and adigita sysem. The
radiologists can compare any number of different feetures of the images, such as conspicuity of
lesions, dynamic range, etc. Such a Sde-by-side anayss would provide alink between arigorous
evauation of the physical imaging performance of a system and a truth-based enriched reader study.
For the comparative feature anadysis, problem-solving and standard views should be used. A
representative sample of the films used in this comparison should be submitted as part of the
premarket application.

Whereas physicd measurements cannot determine whether adigital system with a DQE inferior to
that of an andog system at intermediate and high spatid frequenciesisless accurate at discriminating
between, say, cdcifications associated with maignancy and those associated with benign processes,
afeature comparison using gppropriately selected features could provide useful information about
this question.

A comparative feature analys's can be conducted using either sde-by-side or random-order
scoring. For the volume-of-tissue-imaged feature, sde-by-side ranking is appropriate. For
other features, sde-by-sde ranking alows the introduction of reader bias, snceit is unlikely that
the reader can be blinded to the source (digital or analog) of any image. On the other hand, the
reader's ability to digtinguish smal differences in feature qudity is likely to be better with Sde-
by-sde interpretation. Thus use of side-by-side scoring would likely reduce the number of
patients required to achieve a specified degree of discrimination with specified levels of error.
The choice of scoring method is left to the manufacturer and should be accompanied by sound
stientific judtification.

Either standard views, problem-solving views, or both may be used.
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Appropriate candidates for comparative features can be found in the BI-RADS™ lexicon.
Other potentia features of interest have been described by Sickles, Genant, and Doi
(Comparison of Laboratory and Clinica Evaluations of Mammographic Screen-HIim
Combinations, Proc. SPIE 127, 30-35, 1977). The feature analysis should also include an
evaudion of the volume of tissue at the chest wal included in the digita image relative to that
included in the image from a standard system.

The ability to correctly identify features of mdignant lesonsis clearly of primary interest. This
includes the ability to detect micro-cacifications, the ability to discriminate benign from
malignant micro-cacifications, and the ability to discern subtle irregularities in otherwise smooth
mass margins and thereby discriminate between benign and malignant masses. However, since
the vast mgority of screening studieswill, in fact, be negative for cancer, it isdso extremey
important to include features from non-cancer cases that serve to distinguish between systems.

A comparative feature andys's can be used to support the gpprova of changes, mgjor and
minor, to digita systems. For example, afeature andlysis can provide a significant component of
the basis for gpprova of soft-copy display subsequent to gpprova of hard-copy display or vice
versa

B. Presentation of Clinica Data

Manufacturers should provide dl avallable dinicdl trid datain aformat suitable for Setigtical anayss.
These data should include each radiologist’ s Probability of Maignancy (POM) and BI-RADS
categorization for each breast and each woman. The status with respect to malignancy or benignancy,
based on pathology or follow-up, should be reported for each breast and each woman. Manufacturers
should provide the above clinicd trid datain both EXCEL and SAS datafiles, dong with asufficiently
detailed description of each variable contained in WORD document files. In addition, manufacturers
should provide dl SAS programs required to convert the above raw clinicd datafilesinto ASCII data
filesfor input into the ROC program LABMRMC (which is available from the University of Chicago
Department of Radiology at http:/mww-radiology.uchicago.eduwkrl/toppagell.ntm). Findly, the name
and e-mail address of the manufacturer’ s statistical consultant should be provided so that any questions
concerning the clinica data can be readily addressed. The lead reviewers should be copied on such
communications.

C. Post-approva Unenriched Screening Study

There are severa reasons for performing postmarket studies. First, depending on the qudity of the
premarket data, FDA may require such studies as a condition of approva of aPMA. Second,
gpplicants may choose to perform additiona studies to address limitations in labeling, to provide
additional information for progpective users, to provide additiond information to third-party payers, etc.

Premarket studies could be followed by a post-gpprova study on an unenriched screening population,
which would provide more definitive data regarding sensitivity/specificity/ROC for screening, possibly
leading to revison of the labeling. In order to provide avdid esimate of the digitd system’s
sengtivity/specificity/ROC in the screening setting, it is necessary that the case mix of mammograms,
both with and without cancers, be representative of that which would be expected in a screening, rather
than diagnostic/problem-solving, population. Asin the premarket study, we recommend that in the post-

14


http://www-radiology.uchicago.edu/krl/toppage11.htm

gpproval study a quasi-continuous rating of probability of maignancy (POM) be used for generating the
ROC curve, and the BI-RADS categories for analysis of the patient-management decision.

The purpose of the large screening Sudly is to estimate the effectiveness of screening mammography in
actua practice. This means that readers and cases (i.e., adl women being screened) should be selected
as representative of the population. The individua case readings are pooled in the manner of the generic
reader of paradigm C of Appendix 11 on ROC Andyss. The mean results will then reflect the
performance of this generic reader and the uncertainties will reflect the case variability as seen by that
generic reader.

Since reader-sampling variation is not measured and accounted for in the paradigm of the generic

reader, amultiple-reader, multiple-case (MRMC) study according to paradigm D of Appendix 111 is
required for this purpose. Contemporary methods for analyzing MRM C data may then be used to
study the relative contributions of the sources of variability in mammographic screening (refs. 7-11 of
Appendix I11). A premarket study can serve as a pilot study for estimating the numbers of readers and
cases required to achieve the desired precison and generdizability of estimatesin the MRMC study.
Note, however, that it would be impractical for multiple readers to read al of the non-cancer casesin
the MRMC study. Thus, it is reasonable to randomly sub-sample the non-cancer cases, retaining only a
number commensurate with the number of cancer cases (e.g., three or four times).

The post-gpprova non-enriched screening study could be designed such that the lower limit of the 95%
confidence intervd (Cl) for the digital minus analog difference in ROC areasis-0.05, i.e., such that
there is 95% confidence that the differenceis not as negative as -0.05.

However, even if asufficiently small difference in ROC areas (or superiority of digita over andog) is
shown, if crossing ROC curves suggest the new modality might be inferior in the critical region, the non-
inferiority hypothess must also be tested specificaly in that region. Also, any cancers missed by one
modality should be thoroughly explored to identify systematic differencesin cancer detection between
digitd and andog.

Additiondly, sengtivity and specificity should be estimated for both digita and analog, based on patient
management cut-points at BI-RADS 3 and BI-RADS 4. These sengitivity and specificity point
estimates, dong with corresponding 95% Cl's, should be included in labdling.

Manufacturers may consider the following study design options.

All women could be double exposed--to both analog and digital mammograms.

Two much larger cohorts of women could be randomized, each to receive either andog or
digital mammography.

Alternatively, to avoid the sdection bias inherent in double exposing only arandom sdlection of
and og negative women (along with dl anadog positive women), one could use the following
approach: Firg, randomize women to ether analog or digitd mammography; then double
exposedl (andog or digitd) postive women, and findly, randomly sdect additional women for
double exposure from among those women negative on therr first (analog or digita)
mammogram.

Since the diagnodtic ability of the new technology is afunction of both the device and the saff of the
mammography facility, a post-gpprova study design should address the range of actuad users. This may
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be accomplished by having each image read by radiologists with a variety of backgrounds, such as both
specidigs and generdists. There may be other radiologist characteristics that should dso be
incorporated into the strategy for their sdlection into the study. Since the premarket clinical study will
mogt likely not have included such alarge variety of radiologists, the increased variaion in parameter
estimates will need to be considered when estimating the power of the post-gpprova study.

Post-gpprova studies may be performed through participation in alarge multi-device trid with asingle
protocol designed and performed under the auspices of a designated objective third party(ies) such as
NCI or NEMA. FDA would entertain such a proposa and help to facilitate its development.
Alternatively, each manufacturer could pursue its own study or other collaboration.

Hard- and Soft-copy Display

The choice of digplay format for the initid submisson is up to the manufacturer. While hard-copy was
originaly understood to be the preferred medium to demonsirate agreement, in aground truth paradigm
this advantage does not apply. Therefore, manufacturers are encouraged to demondirate the
effectiveness of their devicesin accordance with their marketing goals.

Marketing approva of one format will not congtitute gpprova of the other. However, snce dl digita
acquisitions obtained during the course of aclinica trid will be amenable to ether display format, the
requisite data for a subsequent evauation of the aternative format may consist to a greater or lesser
degree of comparison of the soft-copy to the hard-copy displays of the same set of mammograms used
in the completed trid. In thisway the extra radiation exposure of additional subjects could be
minimized, if not diminated, even though additiond radiologists readings would be required to make
this comparison. (See Appendix I for further detail.)

Labeling

This section of the premarket submission provides the information associated with the proposed labding
for the digitd mammography sysem. InaPMA, the find marketing labeling should contain the following
basic eements (for guidance see: http://ww.fda.gov/cdrivode/l abeling.pdf).

A. Indicationsfor Use

An essentid characteridtic of dl labding isthat it accurately represents the data which has been collected
on the device, and that it describe the disease or condition that the device will diagnose and the patient
population for which the device isintended. This description should include the display mode(s) that are
being marketed.

B. Contraindications

This section should list those circumstances under which the device should never be used.

C. Warnings/Precautions
When increased risk or decreased benefit is anticipated, based on available information, or is not

adequately evduated, based on study design (e.g., incluson/exclusion criteria), such factors should be
listed in this section.
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D. Adverse Events

All adverse events recorded in dinicd trids should be clearly presented in tabular form, including
number and percent. Events should be listed in a meaningful sequence based upon incidence rates,
severity, or another relevant parameter. Deaths and other Significant adverse events should be
described in paragraph form.

E. Summary of Non-clinical Studies.

Users of digital mammography systems should be provided with objective documentation of the imaging
performance of the device. Users can employ thisinformation in their evaluation of the importance of
any trade-offs between different facets of imaging performance. This summary should include the data
(as described in the Technicad Data section of this guidance document) and should be detailed in the
user’s manua, encompassing the sensitometric response characterigtics, the spatia resolution properties,
the efficiency of SNR trandfer, the dynamic range of the image acquisition and image display systems,
the results of phantom image tests, and the patient radiation dose.

F. Summary of Clinicd Studies

Clinica studies on which safety and effectiveness determinations were based should be summarized.
This summary must include the 95% confidence limits associated with the various entities compared
between the digitd and andog systems.

G. Ingructionsfor Use

Detalled ingructions, which reflect the experience gained in preclinica and clinica studies, should be
provided. This section should include, if gpplicable, any ingtructions needed as aresult of using both
hard-copy and soft-copy display, including any recommended settings of window levels and widths.

1. User'sManud
Provide a description of methods for selection of x-ray technique factors, image-
processing algorithms, display device(s) and display parameters (e.g., window width,
window level, and gray scale transfer function) in the generation of a digital
mammogram. For systems using a delayed readout of image data such asa
photostimulable phosphor, the total number of exposures possible on a single image
receptor including the criterion for replacing the image receptor and any special
precautions on fogging due to exposure to room light should be included in the manual.

2. Traning Maerids
A set of comprehensive training materials for digital mammography systemswill help the
user to move up the "learning curve" in an efficient manner. A complete description of
all training and the materials to be used should be provided by the manufacturer as part
of the premarket submission.
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Quality Assurance Program

A submission should contain a complete description of the quality assurance program (modeled on the
requirements as Sated in 21 CFR 900.12 of the MQSA regulations) for the entire image acquisition and
digolay system that includes the following information:

A. alig of the parameters to be monitored and the frequency of monitoring;

B. adescription of the standards, criteria of quality or limits of acceptance that have been established
for each of the parameters monitored,;

C. adescription of the procedures to be used for monitoring each parameter;

D. alig of therecords, with sample forms (if gpplicable), that the facility staff must maintain to conduct
the QA program; and

E. adescription of any training materids to be provided for performing, recording and monitoring
quality assurance tests.

Post-Approval Reguirementsfor Mammography Quality Standards Act (MQSA) of 1992

The following is intended to provide the manufacturer with information concerning statutory
requirements imposed by MQSA some of which are smilar (such as quality assurance procedures) to
material normaly included in a premarket gpplication.

The fadilities planning to use afull-field digital mammography (FFDM) system must be informed thet the
FFDM system must be certified under MQSA before non-investigationd clinical examinations can be
performed with the system. The requirements of 21 CFR 900.12 of the MQSA regulations establish the
minimum quality standards that must be met by afacility to be digible for certification to provide
screening and/or diagnostic mammography services. These requirements include standards for
personnel, equipment characteristics, aquality assurance program for equipment, and reporting and
record keeping requirements. While some of these standards focus on screen-film equipment, many of
them gpply to al mammography facilities. There are dso additiona standards that apply to the use of
FFDM sysems. The manufacturers of FFDM systems should assigt the facilities in meeting the
following additiona requirements to become certified for use of their syslems under MQSA.

Before adigitd mammography systemn can be used for non-investigetiona examinations, the facilities
must establish a qudity assurance program recommended by the digital mammography system
manufacturer. This program must include qudity control (QC) test procedures with appropriate test
frequencies. The QC manua describing the program must be considered as a regulatory document and
must include proper control and or action limits for the QC tests. The action limit for the maximum
alowable mean glandular dose shdl not exceed the maximum alowable dose for screen-film
mammography. When the test results fall outside of the action limits, corrective actions must be
successfully carried out within gppropriate time frames before the equipment can again be used for
clinicd examinations.
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If hard-copy images are used for dlinica or phantom images, the QC manua must include a detailed
description of the printer(s) with QC test criteria and test frequency with proper action limits. If the soft-
copy display isused for image displays, detailed descriptions of display monitor requirements with QC
test procedures with gppropriate frequencies and action limits must be included in the QC manud.

All personnel performing mammography services with the digital mammography systlems must have
appropriate moddity-specific training prior to using the system, as well as meeting the generd personne
requirements.

The system must be evduated by aMQSA qudified medica physcist before clinicd examinations can
be performed with the system.
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Appendix |

Appendix |
Definitions of Terms

Since there are ambiguities in anumber of terms concerning mammography, the following isa set of
definitions used in this document:

Symptomatic: Having adinicaly (as opposed to mammographically) detectable breast abnormality,
such as a pd pable mass, nipple discharge or nipple inverson, etc. For the purposes of this document
the definition of symptomatic does not differentiate between sgns and symptoms, but rather includes
both.

Asymptomatic: Having no clinicaly detectable signs or symptoms. In particular, asymptomatic women
with abnormal screening mammograms are still congdered to be asymptomatic.

Screening mammogram: Standard 4-view mammogram, i.e., medio-laterd oblique (MLO) and cranio-
cauda (CC) views of each breast, performed on asymptomatic women to detect the presence of breast
cancer. Repeat standard views done for technica reasons, such as inadequate compression, inadequate
amount of included breast tissue, or over- or underexposure, are included in this definition.

Short-term follow-up mammogram:  Repeeat standard-view mammogram of either one or both breasts
on an asymptomatic woman whose screening mammogram was assigned to the BI-RADS 3 category.
Thisis generdly done within 4 to 6 months of the screening mammogram, but dways within lessthan a
year.

Diagnogtic mammogrant  Following generd usein dinica practice, this term includes not only standard-
view mammograms on symptomatic women, aswell as sandard-view short-term follow-up
mammograms on asymptomatic women, but also al specid/problem-solving views, whether on
symptomatic women needing views in addition to a sandard-view mammogram or on asymptometic
women needing viewsin addition to a sandard-view screening or short-term follow-up mammogram
(see Table below).

Specid/problem-solving views. Mammographic views other than standard MLO or CC--such as
rolled, spot compresson, magnification, tangential, latero-medial, pinched or implant-displaced, etc.--
performed for non-technica reasons, either on asymptomatic women with incomplete (i.e., BI-RADS
0) screening or short-term follow-up mammograms, or on Ssymptomatic women with incomplete
sandard-view mammograms. In particular, in accordance with the above, repeat standard views
performed for technica reasons, are excluded from this definition.
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Table. Shaded area r epresents diagnostic mammaogr aphy.

Patients Symptomatic Asymptomatic
Views
Screening Short-term follow-up
Standard
Special/
Problem Solving
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Appendix |1
Approval of Soft-copy (Hard-copy) Display Subsequent to Har d-copy (Soft-copy)

Non-Clinical |nformation

This part of the guidance describes the non-clinica content of marketing applications for the gpprova of
image display on a soft-copy device subsequent to the gpprova of image display on a hard-copy device
or vice versafor adigita mammography system. This appendix addresses the differencesin the
physicd characterigtics and the image processing associated with the two display devices. There are
additional information requests associated with the display device, whether soft-copy or hard-copy
throughout the main body of the guidance document. The device characteristics should include the
fallowing:

acomplete description of the differences in functional components associated with the two
display devicesincluding apictorid representation of the layout and interconnection of the
different components

acomplete description of the differences in the grayscae display function associated with the
two display devices, eg., perceptud linearization

Clinical I nformation

This section presents examples of study protocols that could provide the basis for approva of soft-copy
(hard-copy) display subsequent to approval of hard-copy (soft-copy) display. A dinicd sudy should
be designed to supplement the evauation of the physicd parameters of a soft-copy (hard-copy) device
with clinicd data

Note: A representative sample of the films used in the dlinical study should be submitted as part of the
premarket application.

A. Reader Study

One gpproach is to use a truth-based reader study design Smilar to that originally used for the
premarket approva of the digital mammography system. In this case, the comparison would be
between the display of the same digita image on a soft-copy (hard-copy) display device versuson a
hard-copy (soft-copy) device. Assuch, theclinical study would not be subject to some of the
variability associated with the physical positioning of the breast. 1t should be noted, however, that
concerns regarding intra- and inter-reader variability would still gpply.

B. Comparative Feature Analysis Study

Another approach would be use of the compardtive feature andyss modd usng problem-solving and
gandard views. This gpproach is attractive snce it may lend itsdf to the comparison between display
systems with a much smaler number of images than is required for a truth-based reader sudy. The
same caveats described under Comparative Feature Analysis Study (Clinica Information section A2,
p.12-13) would apply.
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Labdling

A. Summary of Non-dlinicd Studies

The labeling should include a summary of the data as requested in the Non-clinica Information section
of the guidance,

B. Summary of Clinicd Studies

The labding should incdude a summary of the data resulting from the clinica study as requested in the
Clinica Information section of the guidance.

C. Indgructionsfor Use

Detailed indructions and training materias which reflect the experience gained in non-clinical and clinical
studies should be provided, including any ingtructions needed, as a result of using the soft-copy device,
to fulfill the indications Satement.

Anticipated MOSA Requirementsfor Soft-copy (Har d-copy) Devices

Reevant information includes a complete description of the quality assurance program for the soft-copy
(hard-copy) device asfollows:

a description of the standards, criteria of quality or limits of acceptance that have been
established for each of the parameters monitored

adescription of the procedures to be used for monitoring each parameter

alig of the records, with sample forms (if gpplicable), thet the facility staff must maintain to
conduct the QA program

a description of any training materias to be provided for performing, recording and monitoring
quality assurance tests
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Appendix I 1
ROC Methodology

The receiver (or relaive) operating characteristic (ROC) curveisthe plot of the true-positive fraction
(TPF) vs. the false-poditive fraction (FPF), both of which vary with the level of aggressiveness of the
resder of adiagnogtic test. Inimaging studies an entire ROC curve is usualy measured on asingle pass
from the graded responses provided by an image reader for a sample of cases drawn from a specified
population (refs. 1, 2).  Until recent years a five-category rating scale, or level of suspicion of disease,
was commonly used. A number of contemporary investigators (ref. 3 and their followers) favor the use
of aquasi-continuous 100-point probability-rating scale as amore natural gpproach. Others prefer a
verson of thisthat retains ten bins, namely, 0-10%, 11-20%, . . ., 91-100% probability of disease,
here, breast cancer. (Some investigatorsin mammography use 0-2%, 2-20%, 20-30%, €tc.)
Softwareis avallable over the Internet for dl of these gpproaches (refs. 4, 5).

Over and above the probability-rating report used for ROC anadysis, the ACR BI-RADS scdeis used
for reporting and ng the patient-management decison in sudies of mammography. Thishas
aready been referred to exlier. (Note that the inclusion of the probability rating that is required for
ROC andlysisis dso within the spirit of the BI-RADS recommendations, in particular, the annotation
under Category 4 in that document.)

Andysis of uncertainties in estimates of ROC parameters and differences in these parameters between
imaging modditiesis an essentid part of asubmission of aclinica sudy. The particular gpproach to
uncertainty analysis selected by a manufacturer will determine the leve of the effectiveness daim and
labeling that can be congdered for gpprova. There are severa experimenta and andytica paradigms
that have been used for uncertainty analysisin ROC studies (refs. 6 — 11):

A. Thesmplest paradigm isthat of asingle reader reading a sample of cases from a pecified
population. Egtimates of mean performance of amodaity and mean differences between modalities,
together with uncertainties derived from measurements on a Sngle reader and afinite case sample, are
said to be “generdizable to the population of cases and that particular reader.”

B. An daboration of the previous paradigm is to study a number of readers, each independently
reading the same cases, and to present separately theindividua ROCsfor dl of the readers.  Although
rating-data sets from such studies may be pooled or the resulting curves combined, there is no method
for obtaining ameaningful estimate of uncertainty from such a pooling or combination. However, the
individua-reader ROC curves for a given diagnostic modality and the corresponding results for a
second modality obtained in this way are subject to tests of the significance of the difference ona
reader-by-reader basis, and reporting of reader-by-reader results. Asin paradigm A above, the results
for each reader are only “generdizable to the population of cases and that particular reader.”

An dternative approach isto test the significance of the difference of ROC summary measures (e.g.,
ROC area or partial area) between two modadlities based on alist of such individua-reader sample
results; in this case the result is said to be “generaizable to a population of readers and the particular
case sample of the sudy.” Case-sample variation is not accounted for in this dternative approach.

C. A different gpproach has been to combine al image probability ratings from a set of readers or

ingtitutions, each independently reading their own local collection of images just once, into a pool that
represents the performance of a*“generic reader” (ref. 12). One may then use traditiona approaches to
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edimate the uncertainty due to an effective case variahility as seen by that genericreader.  This
uncertainty, however, is generdizable neither to a population of generic readers (snce only one such
reader has been sampled) nor to a population of readers in generd (since reader-sampling variaion is
not accounted for in such an analyss). Nevertheless, such an gpproach may be a practica expedient
for very large studies, including the possibility of a number of generic readers reading the same cases.

D. Contemporary approaches to ROC methodology include the multiple-reader, multiple-case
(MRMC) paradigm (or “reader study”), in which every reader reads every case, and random-effects
models are used to account for both case variability and reader variability (refs. 7 —11). The MRMC
gpproach requires eaborate andysis of the reported levels of suspicion of disease rather than pooling of
data or averaging of ROC curves. ROC parameter estimates and uncertainties derived from this
gpproach are said to be “ generalizabl e to the population of cases and population of readers’ that were
sampled in the study.  When two moddlities are compared, satistical power is gained when the same
patients are used for both modalities, and when the same (or well-matched) readers are used for both
modadities, in both cases due to the corrdation that isintroduced across modalities. (When this
commonality or matching is absent, it is necessary to consder so-cdled “ plit-plot” designs and andysis
(ref. 12).)
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