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INTRODUCTION

The project's aim is to refine and evaluate practically a computer-based system
that will provide decision support to the radiologist in interpreting mammograms and
generate a standardized report of his/her findings for the referring clinician. For each
clinical case, the system will provide to the radiologist a checklist of the several
perceptual features of a mammogram that have been determined to be diagnostically most
relevant. The system will be developed to elicit from the radiologist via spoken prompts a
spoken numerical scale value for each feature (usually on a 10-point scale). It will merge
the values with optimal weights via a statistical prediction rule, to calculate a probability
of malignancy as an advisory for the radiologist. Also, from the pattern of feature values,
the planned system will automatically construct a prose report of findings for the
referring clinician; spoken recommendations and impressions will be accepted by the

system to complete the report. '

Earlier laboratory experiments have shown that the parts of the system that aid
mammogram reading and decision making -- that is, checklist and statistical prediction
rule -- produce substantial increases in accuracy for the radiologist (Getty, Pickett,
D'Orsi, and Swets, 1988; Swets, Getty, Pickett, D'Orsi, Seltzer, and McNeil, 1991).
Clinically oriented system evaluations are now to be undertaken of refined versions of
those components and, as well, of a refined and complete version of an automated-
reporting capability, which has existed to date only in a preliminary and untested form.
These evaluations will employ two groups of radiologists and cases, one representative of
a community or screening setting and the other, of a referral or diagnostic setting. A
significant difference between the two settings is the mix of different types of cases.
Another difference is that the diagnostic center has the capability to do additional work-
up (e.g., magnified views, ultrasound) while the patient is present for the mammogram,
which then affect mammogram interpretation; in contrast, call-backs are required for
additional work-up in the screening setting and are less frequent. It is possible that the
value of the final, practical system will be viewed differently in teaching hospitals and

community-oriented health maintenance organizations (HMOs).

A principal refinement of the system will be to include observed changes in
perceptual features from previous to current mammograms. (These changes, as to
direction and amount, will themselves be feature values for the statistical prediction rule.)
Further, various algorithms for merging feature values -- i.e., various algorithms for
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defining the statistical prediction rule -- will be tested. The algorithm selected, moreover,
will be designed to be able to adapt over time to the mix of cases accumulating in the
future in each clinical setting. Also, a speech-recognition capability will be incorporated
into the system for convenient entry of case data by the radiologist. Finally, software will
be developed to convert feature values into a standardized prose report of case findings;
the possibility of the system's effectively recognizing concluding sentences dictated by
the radiologist for the report will be explored.

Thirteen radiologists will participate as study readers, 5 in the diagnostic setting at
the Brigham and Women's Hospital (BWH) and 8 in the screening setting at the Harvard
Community Health Plan (HCHP). Comparison of accuracies in standard and aided
conditions for both groups will be made in terms of the relative operating characteristic
(ROC) (Swets, 1979; Swets and Pickett, 1982; Swets, 1988; Dorfman, Berbaum, and
Metz, 1992). Focus groups of clinicians at both sites will evaluate the automatically
composed reports of findings in comparison to the reports composed by the radiologist

who originally read the case.

When utilized in practice, the system is expected to promote quality assurance in
several respects (D'Orsi, Getty, Swets, Pickett, Seltzer, and McNeil, 1992). Its
accumulating database of interpretations and outcomes will provide a detailed,
quantitative, feature-by-feature basis for examining differences among multiple opinions
and for evaluating an individual's ability to detect and assess perceptual features that
distinguish malignant and benign conditions. It will provide a basis for evaluating an
individual's ability to set appropriate decision thresholds for different levels of treatment
(Swets, 1992) and for adjusting a department's average threshold, e.g., as reflected in the
department's yield of biopsy recommendations. Finally, the database will allow the
tailoring of individualized tutorials for continuing education (Greenes, Swets, Getty, and
Pickett, 1992).




BODY OF REPORT

1. General

The 13 study radiologists (5 at BWH, 8 at HCHP) had originally agreed to flag
certain mammograms among those they will be reading in their individual practices over
the next few years that they would be willing to read again with the computer-based
system. As of the beginning of the project, they generously agreed to interpret in both
standard and enhanced modes other mammograms that we can obtain, not previously
seen by them. This agreement has several desirable consequences for the project study
and no apparent drawbacks. One advantage is that a set study cases at each site can now
be accrued retrospectively as well as prospectively. Retrospective accrual allows stricter
criteria to be set for case selection (including, for example, a longer period of follow-up
to confirm normal cases and more prior mammograms) and, in general, provides better
defined case sets. Therefore, better sets of cases for evaluation purposes can be achieved
with smaller numbers of cases, thereby reducing somewhat the burden on our (volunteer)
test radiologists. Moreover, a case set common to all of the readers in each group (BWH
or HCHP) provides substantially more statistical power for a given number of verified
cases (Obuchowski, 1995). Lastly, a major advantage is that the complete sets of cases
used in evaluation will be available earlier in the project term and hence the test
radiologists can complete their standard reading before doing any enhanced reading, thus
preventing a possibly contaminating effect of enhanced-reading experiénce on standard
reading. An incentive for the radiologists to read a common case set (common within
each site) is that it permits giving each of them accuracy scores comparable across the
group (anonymous except for his/her own) so that they can see where they stand relative
to performances of their colleagues. We will continue to be able to assess the value of the

system for individuals on cases they themselves read in a standard mode.

This refinement in study design entails some adjustments in the work schedule,
which are detailed where appropriate in subsections of the report that follow.




2. Case Acquisition

Case accrual was begun at BWH early in the project and, after experience gained
there, was begun a few months later at HCHP. A major part of the case-accrual process
is setting the requirements for cases to be selected. A second major aspect is design and
compilation of the databases of selected cases, in a manner that allows facile querying of

those databases to sort groups of cases meeting certain requirements.

The data form designed to analyze and select cases at BWH is shown in the
Appendix as Figure 1. The form is organized and divided into five major sections,
delimited by horizontal lines. At the top, demographic information and data about the
number of mammograms available are summarized. The next section lists the surgical
procedures performed (for pathology proven cases) and itemizes up to 3 specific
pathological diagnoses for each patient. Third from the top is a synopsis of mammogram
findings from up to 6 examinations -- at the time a suspicious lesion is detected as well as
for the studies before and after (for "suspicious normals"). Finally, at the bottom are two
fields relating the existence of additional mammographic views or the performance of
additional breast imaging studies along with their dates and findings.

The database is also kept in electronic form using the FileMaker Pro application
for the Macintosh. This database software allows the user to easily search and retrieve

eligible cases according to any desired criterion.

Care has been taken to assure the confidentiality of paper and electronic medical
records. As can be seen from the database form, each patient has been assigned an
anonymous "study number" to be used in the project. Our working database will identify
patients by this study number. Only the project's research assistant will have access to
the password-protected "master database" that contains patient names and medical record
numbers. We will use the name and medical record numbers only to facilitate quality
assurance and internal consistency within the database (e.g., ensuring that the proper
pathology report is matched to the proper mammogram). The research assistant keeps all
paper and electronic files containing identifiable patient information in a secure area; the

rest of the project personnel and expert readers will see only the study number.




The list of minimum requirements on cases for study eligibility that was prepared
to guide HCHP staff, but summarizes the inclusion criteria for the entire study, is shown
in the Appendix as Figure 2. It shows the requirements for pathology-proven malignant
and benign cases, and for suspicious normal cases. It indicates that for pathology-proven
cases at least 2 mammograms (malignant cases) or 3 mammograms (benign cases) must
be available spanning at least 1 year (malignant) or 2 years (benign). This requirement
allows us to evaluate the changes in lesions over time. The more liberal criterion for
malignant cases is due to the smaller number of such cases available -- a wider net needs
to be cast to retrieve a sufficient number of cases for the study. For 'suspicious normal
~ cases that do not undergo a biopsy, 2 years worth of studies are needed both before the
identification of a suspicious lesion (to assess change over time) and after the lesion is
discovered (to assure no change and eliminate the possibility that the lesion was actually
malignant). Figure 2 also enumerates the clinical and pathology data required for all
study cases.

Given our strong interest in temporal change over successive mammograms
(which has a large impact on diagnosis), a requirement for all cases was at least one, and
preferably two or more, prior mammograms. The suspicious normals were required
additionally to have two years of imaging follow-up, to confirm normality, after first

qualifying as suspicious.

At BWH, we have collected cases from the years 1992 through June, 1995, a time
during which imaging technology has been constant. To date, 127 malignant cases have
been identified along with 145 benign cases meeting the pathology requirement. (This
number of malignant cases was available when the requirement on prior mammograms
was relaxed to one; however, about 80% of the 127 cases have 2 or more prior
mammograms.) Suspicious normals are cases recommended for accelerated follow-up,
and at BWH 32 have been identified so far. These latter cases have met the requirements
of either asymmetric density, focal lesion but seen in only one view, or focal lesion seen
in two views but with residual uncertainty, e.g., about risk or from inconclusive
ultrasound results. The numbers of cases identified to date at HCHP are 43 malignant, 43
pathology-proven benign, and 40 suspicious normals. We will continue to accrue cases at
BWH over the final six months of 1995 and hence increase all BWH totals by about 12%.
Case accrual is only partial and continues at HCHP, where we expect a greater increase
over present totals.




These case-accrual results ensure adequate case samples for (1) establishing (or
"training") a statistical prediction rule as a decision aid, based on the case set (and
readers) from BWH, (2) standard and enhanced evaluation readings (different sets from
the referral and screening sites), (3) the control condition of re-reading in the standard
mode, at HCHP, and (4) pilot readings, at both sites.

3. A Note on Study Design

As just indicated, the BWH cases and readers will be used to train the statistical
prediction rule. Both BWH and HCHP cases will be used to evaluate the rule. Hence,
the HCHP group will provide an "experimental” cross-validation of the rule and the
BWH group will give a "statistical" cross-validation (the latter requiring a jackknifing
procedure to reduce optimistic bias). The "baseline" readings for the BWH radiologists
will therefore be aided by a (master) checklist, but not an advisory diagnostic probability
as calculated by the statistical prediction rule. Baseline readings of HCHP radiologists
better justify the term: they are readings without any aid, either checklist or diagnostic
probability.

4. Definition of Perceptual Features

We have made substantial progress in improving the master checklist of
perceptual features. Later scaling by BWH radiologists of features on this master list for
a set of proven cases, and subsequent statistical analyses, will provide the final, reduced
list of features that serves as a reading aid and a specification of the features that enter
the statistical prediction rule.

To date, we have placed special emphasis on features involved in "temporal
change" -- on noticeable or measurable changes from one mammogram to a later one.
Perhaps the greatest lack of our previous work was that it did not include temporal
factors. In this connection, the project leaders have had extensive individual and joint
discussions with expert mammographers and project consultants, Drs. Carl D'Orsi,
Thomas Frenna, and Jack Meyer, and have reviewed typical cases with them in great
detail.
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Additionally, we have successfully mapped the descriptions of all perceptual
features considered into the standard lexicon of the American College of Radiology. (As
indicated in our proposal, our earlier work helped to define that lexicon.) We have also
improved the format and logic of the questionnaire that the radiologist follows in scaling
the perceptual features relevant to a case. The questionnaire now makes provision for all
lesions noticed in a mammogram, not just the most worrisome one as in our preliminary
work. This inclusion is required for completeness of the verbal report of findings. And
we have incorporated a capability for the radiologist to indicate feature values on both
current and prior mammograms, from which the system can calculate direction and

amount of change from prior mammograms.

A close-to-final version of the comprehensive master checklist is shown as Figure
3 of the Appendix, titled "Response Form -- X-ray Mammography." This hard-copy
version of the response form cannot adequately represent the way it will look and feel in
its on-line/interactive form. The best that can be accomplished in hard copy is to show
the basic components and indicate how the pieces work together. The response form
consists first of a section that guides the reader through an overview of the breast images.
This section is filled out first and for every case. It begins by asking for a rating of
overall, technical image quality. This rating is used for study quality control and can
condition the judgments on other features. Next, the form asks for a general evaluation of
the entire breast parenchyma, including an assessment of overall tissue density,
symmetry, and nodularity, and for reports on secondary signs, scattered calcifications,
and asymmetric densities. It then prompts the reader to make a detailed inventory of all
focal abnormalities and to list them in order of importance, beginning with those most
worrisome with respect to cancer and continuing through to lesions, even if benign, that
require at least passing comment in the report. The remaining components of the
response form are sub-questionnaires aimed at each of the types of focal abnormality
relevant to cancer diagnosis: mass, clustered calcifications, and architectural distortion.
These sub-questionnaires are activated in the on-line version as required. The on-line
version will start at the top of the inventory list and prompt the reader with the sub-
questionnaire appropriate to that lesion type. In each component of the response form,
we capture information on interval changes by asking that ratings be made for both the
current and the immediately previous mammogram. We conclude the running of each
sub-questionnaire by asking, with regard to each abnormality, for an overall, summary,
diagnostic judgment of the probability of malignancy on a 100-point scale (Swets,
Feehrer, Greenes, and Bynum, 1986).
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This response form will be used to capture the feature ratings that will train the
statistical prediction rule. It will also collect the BWH radiologist's summary diagnostic
judgment for each case in a baseline condition. Only the features selected for the
statistical prediction rule will compose the ultimate response form for the aided readings
by HCHP radiologists.

Our work on perceptual feature analysis in radiology grew out of earlier work in
our laboratories in which we studied visual representations of sounds, and some idealized
visual stimuli, with support from the Office of Naval Research (e.g., Getty, Swets, and
Green, 1979; Getty, Swets, and Swets, 1980, 1981; Getty and Swets, 1982).

5. Development of Automated Report Writer

Refining our prototype report writer has begun in discussions of project leaders
with mammographer Carl D'Orsi and BBN Scientist Marie Meteer. The challenge here is
to convert the radiologist's assignments of numerical scale values to the several
perceptual features into sentences in a prose report of findings to the referring physician
and surgeon. The report must flow in a natural way, must reflect interactions that arise
among the particular values assigned particular features, and must be consistent with the
report lexicon devised by the American College of Radiology (ACR). Dr. Meteer is
expert in the generation of text from non-text data (Meteer and McDonald, 1988; Meteer,
1991; Meteer, 1991; Meteer, 1991; Meteer, 1992; Meteer, 1994). Dr. D'Orsi was co-
chairman of the ACR committee that defined the lexicon (Kopans and D'Orsi, 1992).

There are two major goals in developing the automated report writer: first, to
automate the process of writing the report, freeing the radiologist from that task, and
second, to standardize radiology reports so that they contain the same information and
that similar judgments from different radiologists are described in similar terms. Toward
the first goal, we plan to use a computer-based text-generation program that can take care
of the grammatical constraints, so the report is in readable English. Also, the system will
be portable to new domains because the basic competence is in the generator. The
Spokesman text generator was developed at BBN for use in automatic report writing in
" the military domain and has since been used in several different applications, including

database query and narration of simulations. It will provide a base on which we can add a
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domain-specific content selection and organization component. Toward the second goal,
the project has already adopted a standard lexicon and completed a mapping of the
perceptual features into that lexicon. The lexicon must be extended to include ways of
expressing relative importance and the changes in perceptual features from previous to

current mammograms.

In order for the automated report writer to be successful, the reports must be both
readable and accepted by radiologists. Simple methods of text generation that build
simple sentences from templates and produce stilted text with only a single piece of
information in each sentence will not meet these goals. The generation system must
combine related information and use linguistic means for foregrounding important
information and backgrounding less important information. It must also select how much

information is relevant to a particular case.

The first step in this procéss will be to work with radiologists to determine a set of
“targets,” that is, reports that both express the information from the questionnaire
succinctly in the correct terms and lie within the linguistic competence of the Spokesman
text generator. We need to determine how the language in the reports is used to indicate
relative importance, such as through the order of the items described and the use of
adjectives and other descriptive phrases, and how the different degrees represented by
numbers in the questionnaire are expressed with words in the reports. For example, on a
scale of -5 to 5, if 0 is “moderately dense” and 5 is “extremely dense,” is 3 “somewhat

2 &

dense,” “a bit dense,” or just “dense”?

The next phase will be to design and irhplement a content-selection component
for the mammography domain. Working from the targets and the questionnaire, a
domain model will be created to represent the kinds of objects and relations among them
that are part of the mammography domain. This model will provide the basis for the
content generation. An algorithm will be developed for scanning a questionnaire,
selecting the features that should be included in the report, and determining how they
should be organized. An additional mechanism that would enhance the usability of the
system is a switch to set the level of detail to be included in the report. For some cases,
only a brief summary of the information is necessary, as when there are no apparent
abnormalities. If problems for such patients occur later, the system should be able to

regenerate reports with more detail.
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As mentioned, the Spokesman text generator has worked in a variety of
applications and thus has a fairly wide linguistic competence. However, whenever the
domain is changed there are inevitably new syntactic constructs that need to be added to
the system. This work will be done in conjunction with the initial step of creating target

reports, so that where possible we will use constructs already in the system.

Because the usefulness of the system will depend in a large part on the acceptance
of the output by the experts, it is essential to have a final evaluation stage. We will run
the generator on a selected set of data and work with focus groups of radiologists to
compare the questionnaires with the generated reports and tune the output where

necessary.

6. Data-Entry Modes

Concerning modes of data entry by radiologist to computer, our emphasis has
been on the most desirable and challenging one, that of automatic speech recognition (in
contrast to data entry by keyboard or mouse). According to our design, the radiologist in
interpreting a mammogram gives vocally first the necessary case-identification
information, then the various numerical scale values of the checklist's perceptual features
(from both prior and current mammograms), and then treatment recommendations. Thé
system will provide spoken prompts to guide the radiologist through the items on the
checklist. A few sentences may be dictated at the end to include in the report any
summary, impressions, or qualifying opinions. The prose report is to be generated

immediately, on-line, for review, transmittal, and storage as desired.

7. Merging Algorithms for the Statistical Prediction Rule

Using the feature data we will obtain from our 5 BWH mammographers, we will
explore the relative advantages of different merging algorithms for the statistical
prediction rule. These algorithms will include both standard statistical classification
techniques (e.g., linear discriminant and logistic regression classifiers) and newer neural -
net techniques (e.g., back-propagation, probabilistic, and learning-vector-quantization
networks). We will take advantage of experience we will gain in the next several months

from our current project on prostate cancer staging, in which we will be comparing the
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performance of statistical and neural-net classifiers in predicting the stage of prostate
cancer using feature values generated by radiologists reading magnetic-resonance scans
(Seltzer, Getty, Tempany, Pickett, Schnall, McNeil, and Swets, 1995; Swets, Seltzer,
McNeil, Tempany, Getty, Pickett, and Schnall, 1996).

8. Hardware and Software

We have analyzed various possibilities for speech-recognition software, including
BBN's HARK recognizer and other commercially available packages. The HARK
recognizer is quite possibly the best at speaker-independent recognition of connected
discourse with relatively large vocabularies. However, it works on a SUN workstation
with UNIX software and has not been ported to a PC. We desire something compatible
with our existing PC software for controlling a reading session and have selected the
Phonetic Engine 500 package from Speech Systems Inc. for our initial purposes. The
cost of this package falls within our hardware/software budget. We have also acquired
the two budgeted systems based on Gateway computers. Resolving the
hardware/software issues for speech recognition has required enough time to delay
somewhat our production of system software and development of the automated report

writer.

9. Schedule and Level of Effort

The project ran at a level of effort and expenditure in Year 1 of about 80% of
budget. We anticipate being on budget and schedule after three to six months into
Year 2. In general, the several aspects of the project have fallen into place nicely and we

feel that it is proceeding very well.
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10. Personnel

Our first research assistant, Ms. Sue Calder, left the project at the end of the year
to begin medical school. We appreciate her diligent and competent efforts in case
accrual. A smooth transition was made to Dr. Lisa Hermann, Pharm.D., who had been
assisting Dr. Seltzer in another project at BWH. All other staff and consultants continue
with the project. A broad-based team of collaborators was identified at HCHP, led by
Ms. Leslie Finocchio and Ms. Betty Manong, to assist Dr. William Otto there. A second
mammographer at HCHP, Dr. Jeffrey Melamed, will also work with Dr. Otto.
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CONCLUSIONS

In broad summary, our major accomplishments in Year 1 have been to (1) set
criteria for study cases, locate them in hospital files, and process them into databases --
separately for the BWH and HCHP sites; (2) develop an improved master list of
perceptual features and associated response form; (3) lay additional groundwork,
conceptually and in software, for an automated report writer; (4) advance the capability
for data entry by speech recognition; and (5) acquire system hardware.

Year 2 will emphasize: (4) additional software development for data collection;
(5) training the merging algorithms of the statistical prediction rule and determination of
the final, reduced checklist of perceptual features for the reading/decision aid; (6)
completion of the automated report writer; (7) collection of pilot reading data; (8) system
integration; and (9) collection of baseline reading data from both the BWH and HCHP
clinical groups. Year 3 will include (10) collection of reading data with the computer-
based system; (11) collection of re-reading data without the decision aids; and (12)
interviews with focus groups. The reduced budgeted effort in Year 4 will be devoted to
(13) case follow-up; (14) data analysis; and (15) preparation of the final report. No
unusual difficulties are anticipated in completing these several tasks.
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Referring MD

Swdy
Nl:m:jbe: Case Status
* atien
: Test Case
. Name Total Mammos Available 6
Medical Record
Number Years Spanned 5
Date of
Birth Clinical Data
Surgical Procedure Final Pathology
Date of Surgery Pathology Diagnosis #1
Accession Number Pathology Diagnosis #2
Affected Side Pathology Diagnosis #3
Mammogram
Information
Mammo A Mammo B Mammo C Mammo D Mammo E Mammo F
Sequence 6 5 4 3 2 1
Number
Date June 20, 1995 June 19, 1995 June 18, 1995 June 17, 1995 November 4, 199C November 3, 1990
Type Bilateral Bilateral Bilateral Right Right Right
Mamm(i)lg:;; Microcalcifications  Microcalcifications Microcalcifications ~ Dense Breasts Microcalcifications  Microcalcifications
Mammogram  Asymmetry Asymmetry Arch. Distortions Microcalcifications Arch. Distortions Arch. Distortions
Findings #2
Mammogram Dense Breasts Dense Breasts No Suspicious Foci Dense Breasts Arch. Distortions No Suspicious Foci
Findings #3
Locationof R. Lower Inner R. Lower Inner R. Lower Inner R. Lower Inner R. Lower Inner R. Lower Inner
Abnormality
Single View MLO MLO Unspecified cC
Additional Views Y ES
View A View B View C View D View E ViewF
Additional June 20, 1995 June 19, 1995 June 18, 1995 January 1, 1993 January 1, 1994 November 4, 199C
View Date
Additional View Spot Compression Spot Compression Spot Compression Spot Compression Spot Compression Spot Compression
Type #1
Additional 90 Degree Lateral 90 Degree Lateral Exag. Axilla Spot Compression 90 Degree Lateral
View Type #2 g t g y po P! g 90 Degree Lateral
Add. View Microcalcifications ~ Microcalcifcations Microcalcifcations Microcalcifcations Dense Breasts Microcalcifications
Findings #1
Add. View Microcalcifications  Microcalcifcations No Suspicious Foci Arch. Distortions Arch. Distortions Nodular Density
Findings #2
Location of
Abnormality R. Lower Inner R. Lower Inner R. Lower Inner R. Upper Outer R. Upper Outer R. Upper Outer
Additional Studies  YES
Study A Study B Study C Study D Study E Study F
Additional
Studies Date January 1, 1990 February 2, 1989 March 3, 1988 April 4, 1987 May 5, 1986 June 6, 1985
Additional  Ultrasound Ultrasound Ultrasound Ultrasound Ultrasound Ultrasound
Studies Type
Add. Studies Hypoechoic het. Arch. Distortions Anechoic Structure  Microcalcifications Arch. Distortions Surg.& Rad. Changes
Findings
Location of
Abnormality ~ R. Upper Outer R. Upper Outer R. Upper Outer R. Upper Outer R. Upper Outer R. Upper Outer
THIS IS A TEST CASE ONLY 1
Comments
Figure 1. Data form for characterizing study cases.
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- MINIMUM_ REQUIREMENTS FOR MAMMOGRAPHY STUDY ELIGIBILITY

Pathology Proven Cases

1. Path-proven Malignant: 2 mammograms (including the one that led to the biopsy) with 1 year interval between earliest and
most recent. Cases biopsied between 1992 and 1995.

2. Path-proven Benign: 3 mammograms ( including the one that led to the biopsy) with 2 year interval between earliest and
most recent. Cases biopsied between 1992 and 1995.

3. Patient with previous breast biopsy is acceptable as long as the current suspicious lesion is located
in a different breast or a different quadrant of the same breast.

4. The following data must be available:
a.) Mammography reports
b.) Localization reports
¢.) Pathology reports-note whether done by Wire Localization or Excisional Biopsy wo/pre-op loc.
*d.) Mammograms

5. If possible, it is helpful to have localization reports and/or pathology reports from any previous breast
biopsies.

6. Also helpful to know is the following relevant clinical information:
Personal history of breast cancer or other cancer
Family history of breast cancer
Hormone Replacement Therapy
Nipple abnormality-bloody discharge, spontaneous discharge, retraction
Palpable mass
Prior Surgery-Wire Localization, Excisional Biopsy, U/S Guided Aspiration

Suspicious Normal Cases

1. Suspicious Normal Cases (HCHP category 2 and ? category 4) have either
a.) Accelerated follow-up - often w/ single breast mammogram
b.) Ultrasound or other diagnostic study
c¢.) Additional Views

2. Suspicious normal mammogram requirements:
a.) 2 years mammographic follow-up to prove no change over time
AND
b.) 2 years of prior mammograms
¢.) The “suspicious” mammogram, with 2 years of prior mammos and 2 of follow-up mammos on either side,
should have been done in 1992. Therefore the span of years will be approximately between 1990 and 1994.

3. If possible, we’d prefer cases that do not have prior breast biopsy or surgery.
4.The following data must be available:
a.) Mammography reports
* b,) Mammograms
5. Relevant clinical information, as listed in #6 for path-proven cases, is also very helpful.
As discussed, we’d like to identify:
50 Malignant

50 Benign
50 Suspicious Normals

* Mammograms not immediately needed.

Figure 2. Minimum requirements for case inclusion in study.
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CaseNo.__

RESPONSE FORM--X-RAY MAMMOGRAPHY

This hard-copy version of the response form can not adequately represent the way it will be
structured in its on-line/interactive form. The best that can be accomplished in hard copy is to

show the basic components and to indicate how the pieces work together.

The "Overview of Breast Images" component (pages 1-6) will be filled out first and for every
case. In its "Inventory" section (pages 6-8), the reader will list all focal abnormalities in order of
importance, beginning with those most worrisome with respect to cancer and continuing through
any benign lesions or conditions that require at least passing comment in the report.

The remaining components of this hard-copy version of the response form are sub-
questionnaires aimed at each type of focal abnormality relevant to cancer diagnostics -- "Mass"
(3 pages), "Clustered Calcifications" (3 pages), and "Architectural Distortion" (1 page). These
sub-questionnaires will be activated in the on-line version as required. The on-line version will
start at the top of the inventory list and prompt the reader with the appropriate sub-questionnaire.

OVERVIEW OF BREAST IMAGES

(A) What is the Overall Image Quality?

0 1 2 3 4 5 6 7 8 9 10
poor excellent
(B) General Breast Background
(1) Tissue Density
Left breast:
0 1 2 3 4 5 6 7 8 9 10
fatty extremely
dense
1
Figure 3. Response form -- x-ray mammography.
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Right breast:

fatty

(2) Symmetry of overall tissue distribution

0 1 2 3 4 5 6 7 8

very
asymmetrical

(3) Nodularity? (e.g. fibrocystic changes, prominent ductal pattern)

Left breast:

0 1 2 3 4 5 6 7 8
none

Right breast:

0 1 2 3 4 5 6 7 8

none

(4) Scattered Calcifications?

Left breast:

Figure 3 (cont.)
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10
extremely
dense

10

very
symmetrical

10
extreme

10
extreme

10
diffuse

Oov3

ov4

OV5

Ove

ov7




Right breast:

few

(5) Regional Calcifications?

Confidence regarding presence of worrisome regional calcifications

Left breast:

0 1 2

definitely NOT
present

Right breast:

0 1 2

definitely NOT
present

(6) Asymmetric density?

Confidence regarding presence of asymmetric density in at least one view

Left breast:

0 1 2
definitely NOT
present

Right breast:

0 1 2
definitely NOT
present

Figure 3 (cont.)
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9

9

10
diffuse

10

definitely
present

10
definitely
present

10
definitely
present

10

definitely
present

Ov8

Oovo

Oov10

Oov11

OVi2




(C) Secondary Signs

Confidence about presence of enlarged prominent duct

Left breast:
0 1 2 3 4 5 6 7 8 9 10
definitely NOT definitely
present ' present
Right breast:
0 1 2 3 4 5 6 7 8 9 10
definitely NOT definitely
present present

Confidence regarding presence of skin thickening

Left breast:

0 1 2 3 4 5 6 7 8 9 10
definitely NO definitely some
skin thickening skin thickening

Right breast:

0 1 2 3 4 5 6 7 8 9 10
definitely NO definitely some
skin thickening skin thickening

Figure 3 (cont.)
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Confidence regarding the presence of skin retraction

Left breast:
0 1 2 3 4 5 6 7 8 9 10 ov17
definitely NOT definitely some
skin retraction skin retraction
Right breast:
0 1 2 3 4 5 6 7 8 9 10 OVvV18
definitely NOT definitely some
skin retraction skin retraction

Confidence regarding presence of axillary adenopathy

Left breast:
0 1 2 3 4 5 6 7 8 9 10 OVv1i9
definitely NO definitely some
axillary adenopathy axillary adenopathy
Right breast:
0 1 2 3 4 5 6 7 8 9 10 ov20
definitely NO definitely some
axillary adenopathy axillary adenopathy

Confidence regarding presence of trabecular thickening

Left breast:
0 1 2 3 4 5 6 7 8 9 10 ov21
definitely NO definitely some
trabecular trabecular
thickening thickening

Figure 3 (cont.)
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Right breast:

0 1 2 3 4 5 6 7 8 9 10 ov22
definitely NO definitely some
trabecular trabecular
thickening thickening

(D) FOCAL OR REGIONAL ABNORMALITY INVENTORY

Are there one or more focal abnormalities visible in two views?

Current: Yes No Previous: Yes No Oov23
ov24

If No, skip to OV25

If Yes, list in order of worrisomeness: (see page 8 for legend)

Breast (R1) Typel Frontal Locus Depth3  Visible in Previous Exam? (Y/N)
Zone2  Radial Position
(O’clock position)
1. Oov25
2. OV26
3. Oov27
6

Figure 3 (cont.)
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List any non-worrisome findings to be mentioned in the report: (see page 8 for legend)

Breast (R/L) TypeS Frontal Locus Depth3  Visible in Previous Exam? (Y/N)

Zone2  Radial Position
(O’clock position)

1. OVv28

2. Oov29

3. OV30
7

Figure 3 (cont.)
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LEGEND FOR RESPONSE FORM--X-RAY MAMMOGRAPHY

FOCAL OR REGIONAL ABNORMALITY INVENTORY (Section D, page 6, questions OV25-
ov27)

T! pe 1 Zone2 Degth3
M = mass S = subareolar A = anterior
CC = clustered calcification C = central M = middle
AD = architectural distortion AT = axillary tail P = posterior

NON-WORRISOME FINDINGS INVENTORY (Section D, page 7, questions OV28-OV30)

TypeS Zone? Depth3
TD = tubular density S = subareolar A = anterior
ILN = intramammary lymph node C = central M = middle
SC = skin calcifications AT = axillary tail P = posterior

VC = vascular calcifications

PLC = “popcorn-like” or coarse
calcifications

LRC = large rod-like calcifications

RoC = round calcifications

SpC = spherical or lucent-center calcifications

EC = eggshell or rim calcifications

MCC = milk of calcium calcifications

SC = suture calcifications

DC = dystrophic calcifications

PC = punctate calcifications

Figure 3 (cont.)
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MASS

1. Density of mass relative to surrounding glandular tissue

0 1 2 3 4 5 6 7 8 9 10
mass mass
density density
much lower much higher

2. Confidence about the presence of fat within the mass

M3

M4

M5

Me6

0 1 2 3 4 5 6 7 8 9 10
definitely definitely
NO fat some fat

3. Size of mass Current Previous

a. Largest diameter in CC view mm mm

b. Smallest diameter in CC view mm mm

c. Largest diameter in oblique view mm mm

d. Smallest diameter in oblique view mm mm
4. Shape of mass

0 1 2 3 4 5 6 7 8 9 10

round / oval lobular irregular

Figure 3 (cont.)
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MASS (continued)

5. Portion of the margin that is clearly circumscribed

0 1 2 3 4 5 6 7 8 9 10
none totally
circumscribed

6. Where the margin is not circumscribed, confidence that margin is indistinct

0 1 2 3 4 5 6 7 8 9 10
margin obscured margin indistinct
by glandular tissue

7. Confidence that at least a small portion of the margin is spiculated

0 1 2 3 4 5 6 7 8 9 10
definitely NOT definitely
spiculated spiculated

8. Degree of microlobulation

0 1 2 3 4 5 6 7 8 9 10
none extensive

9. Confidence that the mass is an intramammary node

0 1 2 3 4 5 6 7 8 9 10
definitely NOT definitely an
an intramammary intramammary
node node

Figure 3 (cont.)
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MASS (continued)

10. Confidence that the mass is a skin lesion

0 1 2 3 4 5 6 7 8 9
definitely NOT
a skin lesion

11. Presence of calcium within the mass

0 1 2 3 4 5 6 7 8 9
NO calcifications benign, chunky
within the mass- calcifications

within the mass

10

definitely a
skin lesion

10

worrisome,clustered
microcalcifications

within the mass

OVERALL DIAGNOSTIC JUDGEMENT

Benign vs. malignant---Rate the likelihood (as the
number of chances in 100) that the mass is indicative of

malignancy:

Rating (O to 100)

where: 0 = certainly benign or normal
100 = certainly malignant

Figure 3 (cont.)
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CLUSTERED CALCIFICATIONS

1. Shape of the cluster--suggestive of conformance to a lobule versus duct

0 1 2 3 4 5 6 7 8 9 10
round, suggestive tubular shape,
of conformance to suggestive of
alobule conformance to
aduct

2. Shape of elements in cluster

Current Previous

o
o

punctate (<0.5 mm)

round (> 0.5 mm)

rod-like (>0.5mm)

dystrophic (>0.5 mm)

amorphous

pleomorphic (<0.5 mm)

©C O © ©0O © O
C O 0O O O O

fine-linear / branching (<0.5 mm)

3. Variability of size of elements in cluster

0 1 2 3 4 5 6 7 8 9 10
low variability high variability
of size of size

Figure 3 (cont.)
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CLUSTERED CALCIFICATIONS (continued)

4. Confidence that at least some of the elements are irregular in shape

0 1 2

all elements
are round

5. Confidence that there is at least some indication of branching

0 1 2

definitely NO
indication of
branching

6. Largest diameter of cluster in either view

current

mm

7. Number of elements in the cluster

below 5

51010

greater than 10

___mm
previous
Current Previous
0 (o)
o 0
0 0

Figure 3 (cont.)
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9

10
at least some
elements are
irregular

10
definitely
some indication
of branching
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CC11

CCl12
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CLUSTERED CALCIFICATIONS (continued)

OVERALL DIAGNOSTIC JUDGEMENT

Benign vs. malignant---Rate the likelihood (as the number of chances in 100)
that the clustered calcifications are indicative of malignancy:

Rating (0 to 100)

where: O

certainly benign or normal

100

certainly malignant

Figure 3 (cont.)
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ARCHITECTURAL DISTORTION

1. Confidence regarding presence of architectural distortion in a least one view

0 1 2 3 4 5 6 7 8 9 10
definitely NO definitely some
architectural architectural

distortion distortion

OVERALL DIAGNOSTIC JUDGEMENT

Benign vs. malignant---Rate the likelihood (as the number of chances in 100)
that the architectural distortion is indicative of malignancy:

Rating (O to 100)

where: 0 = certainly benign or normal

100

certainly malignant

Figure 3 (cont.)
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