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INTRODUCTION

This report summarizes the work performed in year two of a three-year study
to evaluate full-field digital mammography (FFDM) as a screening tool for breast
cancer. The goal of this project is to evaluate FFDM as a screening tool for breast
cancer. The study began December 30, 1996, and is being conducted at two
institutions: the University of Colorado Health Sciences Center (UCHSC) and
University of Massachusetts Medical Center (UMMC).

The first year's work on this project was devoted to acquisition and technical
evaluation of two prototype full-field digital mammography systems, comparison of
low-contrast lesion detection using FFDM with that of screen-film mammography
(SFM), and implementation of a clinical study comparing screen-film and FFDM in
screening for breast cancer. Year 1 technical evaluation results indicated that with
the current GE- FFDM prototype systems, 100 micron mode had superior low-
contrast detection to 50 the micron mode. In addition, we found that for
compressed breasts greater than 2-4 cm thickness, grid use gave superior low-
contrast detection to non-grid systems using the same technique factors. We also
found that FFDM using 100 micron pixels with a grid, and with techniques matched
to those of SFM, demonstrated slightly better detection of simulated low-contrast
lesions than SFM with optimized optical densities (also with a grid) across the
entire spectrum of breast thicknesses and compositions.

The work performed during year two of this project included: 1) additional
technical evaluation directed toward optimizing clinical technique factors on the GE
full-field digital detector system, and 2) continued progress on the clinical
comparison of full-field digital mammography to screen-film mammography.
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BODY OF REPORT

The body of this report contains Methods and Results of the second year's
progress in this project on full-field digital mammography. The Methods for each
experiment are listed first, then the corresponding Results.

I. Methods

Technical Evaluation of FFDM

To optimize technique factors for FFDM, we began by studying the relationship
among low-contrast lesion detection, signal-to-noise ratios (SNR), compressed breast
thickness, and digital technique factors. First, for a range of simulated breast thicknesses
(2-6 cm) we varied mAs at a fixed target-filter and kVp using a contrast detail phantom
that allowed quantitation of low-contrast detection and signal-to-noise ratios under each
imaging condition. The contrast-detail (CD) phantom was developed previously at
UCHSC and consists of a 9 by 9 array of low-contrast circular test objects milled into a D-
shaped 1 cm thick section of breast equivalent material, to which additional 1 cm thick
sections of D-shaped breast materials are added to give the total thicknesses of 2, 4, and
6 cm. Each row of the CD pattern contained 9 low-contrast targets at a fixed level of
contrast with different object diameters ranging from 0.25 mm to 4 mm. Each column
contained a fixed size object, with subject contrast ranging from 0.29% to 3.95%. In the
first experiment, digital images were acquired for 2, 4, and 6 cm breast thicknesses at
fixed target-filter (Mo/Mo) and kVp (25) over the full allowable range of mAs values (4
mAs to 600 mAs). Signal-to-noise ratios were measured using ROI software on a uniform
portion of the phantom for each exposure. CD scores were independently determined for
each exposure by four medical physicists assessing detected low-contrast objects in each
image under standardized viewing conditions using a standardized scoring method
previously developed. CD scores represent the area of detected objects in contrast-detail
space from zero (no objects detected) to 17.34 (all 81 objects detected). Signal, SNR,
and CD scores were plotted versus mAs for each breast thickness to display results. CD
scores also were plotted versus SNR for all breast thicknesses.

Matching Breast Doses Between SFM and FFDM for Various Techniques

A second phase of the optimization of FFDM technique factors is to determine the
constraints under which low-contrast detection capabilities will be compared
experimentally. For this task, we have chosen to match digital techniques to screen-film
techniques for a given breast thickness and to compare different digital techniques under
the constraint of equal breast doses for a given breast thickness. All SFM image
acquisition was done on a GE-DMR mammography unit using automatic optimization of
parameters (AOP) mode. Kodak Min R-2000 film was used Kodak Min R- 2000
cassettes. Films were processed on a Kodak M8 processor with Kodak chemistry and
autoloading. SFM phantom images were obtained with a narrow range of background film
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optical densities yielding maximum low-contrast detection (1.60-1.70). To equalize
breast dose to SFM techniques, we measured half-value layers (HVLs) and X-ray output
values at each target-filter and kVp setting on both the screen-film DMR and the FFDM
system. This, along with the accepted method of calculating average glandular breast
dose [1-3], allowed us to determine the FFDM techniques (in particular, mAs values) that
matched breast dose to SFM for each breast thickness (2-8 cm). In addition, we have
constructed an Excel software program that automatically calculates the mAs needed at
each target-filter and kVp available on the FFDM system to precisely match the average
glandular dose of FFDM to that of SFM. We used the parametrization of normalized
average glandular dose tables by Sobol and Wu to determine technique factors that
provide equal average glandular doses for different digital techniques. [4].

Clinical Evaluation of FFDM

The project is designed to compare FFDM to SFM in a large group of
women being screened for breast cancer. The study population for the clinical
comparison of FFDM and SFM is defined as all women who enter a participating
facility (UCHSC or UMMC) for 2-view mammography of both breasts. Women
excluded from the study include women under the age of 40 years, women with
breast implants, and women with breasts too large to be adequately positioned on
the 24x30 cm screen-film image receptor. To eliminate entry bias, all women
meeting entry criteria at each participating facility are asked to participate in the
study and are informed of the study design and potential risks. Those women who
meet entry criteria, who sign an informed consent form, and who successfully
undergo both SFM and FFDM of both breasts at the study site are included in the
study population.

For women consenting to the study, cranio-caudal (CC) view and medio-
lateral oblique (MLO) view FFDM images are acquired of each breast at the same
technique factors and breast radiation doses as for SFM. Images from each
modality are read independently by board certified, MQSA-qualified radiologists
with the same information (patient history and prior mammograms when available)
for interpretation of each modality. To avoid reader bias, each radiologist reads an
equal number of screen-film and digital mammograms. Any discrepancies
between outcome recommendations are resolved by two radiologists reviewing
both the images and interpretations from FFDM and SFM simultaneously and
jointly making a single recommendation for follow-up. To eliminate bias due to
follow-up on one modality over another, findings suggestive of malignancy seen on
either modality are worked up. Interpretation results are entered on computer and
maintained at each facility. Results have been merged between facilities and
analyzed collectively in an interim analysis for this report.

Women participating in the study are examined by screen-film
mammography using phototimed techniques (AOP Mode on a GE-DMR) prior to
examination by FFDM. Technique factors (target material, filtration material, kVp,
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and mAs), compression force, and compressed breast thickness are recorded for
each view of each breast in screen-film mammography. FFDM is then performed
using technique factors that produce the same or slightly lower average glandular
breast doses for each view of each breast. Technique factors for FFDM, including
compression force and compressed breast thickness, are also recorded for each
view of each breast. All FFDM image acquisitions employ a grid (as do all screen-
film images) and 100 micron pixel sizes.

For each case, screen-film and digital mammograms are independently
interpreted by different MQSA-qualified radiologists. Each interpreting physician
has the same prior knowledge of the case, which includes a patient history form
and any prior mammograms available for the woman. To minimize reader bias,
each interpreting physician reads an approximately equal number of screen-film
mammograms and digital mammograms.

ACR BIRADS categories are used to assess findings for each modality.
These ACR BIRADS categories are:

ACR BIRADS Category Finding

0 Additional evaluation needed
1 Normal
2 Abnormal - benign
3 Abnormal - probably benign
4 Suspicious for cancer
5 Highly suspicious for cancer

Digital mammograms are interpreted using soft-copy display on a GE-FFDM
Advantage Workstation with two high resolution, high luminance monitors,
controlled by a SUN UltraSPARC computer. This is done to take advantage of the
ability to manipulate digital data in a manner that permits visualization of the entire
breast or enhanced visualization of possible suspicious findings within a region of
the breast.

An interim analysis of all women screened with the two modalities between
the start of the clinical study (August 1997) and December 31, 1998, was
performed. In cases where there was a discrepancy between SFM and FFDM, the
discrepancies were also analyzed to gain greater insight into the causes of
discrepancies between the two modalities.

Results were based on the evaluation of radiologist's follow-up
recommendations. Radiologist's results in ACR BIRADS categories 0 (needs
further diagnostic evaluation), 4 (suspicious for malignancy), and 5 (highly
suspicious for malignancy) were considered positive. Radiologist's results in ACR
categories 1 (normal), 2 (benign), or 3 (probably benign) were considered negative.
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Agreement between FFDM and SFM was assessed in a two-by-two table of
positive and negative outcomes, as shown below:

Screen-film Assessment

Digital Totals

Digital + a b ND+ = a + b

Assessment
c d ND-= c+d

Screen-Film NSF+ NSF-
Totals = a + c = b + d

Truth about positivity and negativity of breast cancer, and therefore truth
about FFDM and SFM assessment is established through follow-up data.
Relatively immediate follow-up results are available for cases that are SFM
positive, FFDM positive, or both (categories a, b, or c in the chart above). The
truth about cases assessed to be negative by both modalities is determined only by
long-term follow-up and by linkage with cancer registries in Colorado and
Massachusetts to determine false negative results. A more detailed analysis is
presented on cases where disagreement exists between FFDM and SFM
(categories a and b above).
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II. Results

Technical Evaluation of FFDM

Figure 1 shows the behavior of measured mean detector signal as a
function of mAs for 2, 4, and 6 cm thick simulated compressed breasts of 50%
glandular/50% fatty composition. The figure shows that for each breast thickness,
measured signal is linearly proportional to mAs and that for a given mAs, signal is
attenuated by approximately a factor of 4 for each 2 cm increase in simulated
breast thickness.

Figure 2 shows the behavior of measured SNR as a function of mAs for 2,
4, and 6 cm thick simulated compressed breasts. The figure shows that for each
breast thickness, measured SNR increases approximately as the square root of
mAs, as expected for a quantum-noise limited system. For a given mAs, SNR is
approximately a factor of 2 lower for each 2 cm increase in simulated breast
thickness.

Figure 3 shows the behavior of contrast-detail (CD) scores as a function of
mAs for each breast thickness. Error bars on CD scores extend plus and minus
one standard deviation about the mean, based on four independent reader's CD
scores. These results demonstrate the consistency of CD scores among the four
readers. They also demonstrate the clear trend of CD scores to increase rapidly
for low mAs, to display decreasing improvement as mAs is increased, and to reach
a plateau at high mAs. While breast dose increases linearly with mAs, these
results indicate that gains in low-contrast detection are minimal above a certain
mAs value, which depends critically on breast thickness. For example, little
improvement is achieved at this target-filter and kVp for mAs values beyond 50 for
2 cm breasts, 100 for 4 cm breasts, and 160 for 6 cm breasts. Moreover, these
results indicate that increasing technique (in this case increasing mAs) cannot be
used to overcome some of the fundamental limitations of increased breast
thickness, in particular the increase in scatter-to-primary ratio, unless the system is
operated at very low CD score levels. That is, for reasonable mAs settings, lesion
detection in 2 cm thick breasts is going to superior to lesion detection in 4 cm thick
breasts, and, lesion detection in 4 cm thick breasts is going to superior to lesion
detection in 6 cm thick breasts.

Figure 4 shows the dependence of measured CD scores on measured SNR
in each image. This figure demonstrates that the underlying reason for lower CD
scores is lower SNR, independent of compressed breast thickness. This is an
important result, as it indicates that the underlying basis for low-contrast lesion
detection is simply SNR, independent of breast thickness. This result has a
number of ramifications. It indicates that SNR in digital images (at least with this
detector system) can be used as a surrogate to low-contrast lesions detection.
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That is, to have adequate detection of low-contrast lesions in digital mammograms,
adequate SNR is required throughout the image. A simple way to assess the
adequacy of FFDM technique factors is to measure the SNR in a clinical image. If
that technique achieves a certain minimum SNR, one can be assured of a given
level of low-contrast detection capability. For example, optimization of technique
factors may be as simple as ensuring that an adequate minimum threshold of SNR
(> 40-60) is achieved. It remains to be seen if this result holds up across variations
in beam quality (target-filtration and kVp) and breast composition, which will be one
of the tasks in Year 3 of this project.

Matching Breast Doses Between SFM and FFDM for Various Techniques

Figures 5-8 present the results of matching breast average glandular doses
between screen-film techniques and digital techniques for 2, 4, 6, and 8 cm thick
compressed breasts, respectively. For example, in Figure 5, the techniques listed
under DMR - Initial Technique are the technique factors selected by the screen-
film DMR under AOP - Contrast Mode for a 2 cm thick 50% glandular-50% fatty
breast. These techniques have been set to yield a film optical density of 1.6-1.7
for a uniform 2 cm thick tissue-equivalent breast phantom. The technique factors
in the lower box are FFDM techniques that exactly match the breast dose in FFDM
to that in SFM. Note that target-filtration and kVp are identical between FFDM and
SFM; mAs is slightly different (17 versus 16 mAs) to compensate for the
differences in HVL and output of the two units. Note that the same average
gladular dose is obtained on the two modalities (38.9 mrad). The table at the right
indicates the mAs values that would be required at different target-filter and kVp
values on the digital system to yield the same breast dose as the screen-film
system. Figures 6-8 are similar results for the digital techniques that would exactly
match breast doses from SFM at 4, 6, and 8 cm breasts, respectively.

We are currently in the process of acquiring FFDM images at different
techniques (varying target-filter, kVp, and mAs in a manner that matches breast
dose) to those of SFM at each breast thickness and determining SNR and CD
scores for each of those techniques. This task will be completed during Year 3 of
this project.

Clinical Evaluation of FFDM

From August 1997 through December 31, 1998, the two study sites combined to
perform 3,961 exams, 2,183 at UCHSC (55%) and 1,778 at UMMC (45%), on 3,475
patients with both screen-film and full-field digital mammography. The 486 women who
participated twice did so with at least one year between their exams. Of these 3,961
exams, 25 are awaiting completion of follow-up; 3,936 exams were read as negative on
both modalities or have completed follow-up for positive assessment by one or both
modalities. 3,913 of the exams (99%) were performed on asymptomatic women; 23 of the
exams (1 %) were performed on women with breast symptoms.
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The following two-by-two table of outcomes compares the independent
assessment of FFDM and SFM (by different interpreting physicians) for these exams:

All cases as of 12/31/98:

Screen-film Assessment
+

Digital Totals

Digital + 215 310 ND+ = 525

Assessment
- 404 3,032 ND- = 3,436

Screen-Film NSF+ NSF- Ntotai = 3,961
Totals = 619 = 3,342

Note: ND+ = number of studies interpreted as digital positive
ND- = number of studies interpreted as digital negative
NSF+ = number of studies interpreted as screen-film positive
NSF- = number of studies interpreted as screen-film negative
Ntotai = total number of study cases

A major concern about FFDM is the concern that it may generate an excessive
number of false positive mammograms (recalls for biopsy or other procedures). This
concern does not appear to supported by the preliminary statistics. The recall rate for
screen-film mammography was 619 of 3,961 cases (15.6%) and for digital mammography
was 525 of 3,961 cases (13.3%). This represents a statistically significant difference in
recall rate (p<0.001), with digital having lower recall rates that screen-film in the study
results to date.

Of the 215 cases interpreted as positive using both SFM and FFDM, 8 were true
positives and 207 were false positives. Of the 404 cases interpreted as positive by SFM
and negative by FFDM, 7 were found to be positive at follow-up. Of the 310 cases
interpreted as positive using FFDM and negative using SFM, 5 were found to be positive
at follow-up. Of the 3,032 cases interpreted as negative using both modalities, 2
presented with palpable cancers within the following year and are considered false
negatives on both modalities. Other possible double false negative cases will be
investigated by re-contacting each patient one year after her enrollment.

Recasting these preliminary data in terms of 2 by 2 truth tables separately for SFM
and FFDM yields the following results.
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Screen-Film Mammography Results:

Truth (pending additional follow-up)
+

-.-------------.-.-.-.-------------------------. Screen-Film Totals

Screen-Film + 15 604 NSF+ = 619
-----------------------------------------

Assessment
7 3,335 NSF- = 3,342

Totals N+ = 22 N- = 3,939 Ntotai = 3,961 cases

Digital Mammography Results:

Truth (pending additional follow-up)

-----------------------------------------------. D igital Totals

Digital + 13 512 ND+ = 525

Assessment
- 9 3427 ND- = 3,436

Totals N+ = 22 N- = 3,939 Ntotai = 3,961 cases

These results yield the following 2x2 table for the 22 cancers occurring in our study
to date:
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Cancer Cases Only:

Screen-film Assessment
+

Digital Totals

Digital + 8 5 CD+ = 13

Assessment
7 2 CD-= 9

Screen-Film CSF+ CSF- CtotaI = 22
Totals =15 = 7

Note: CD+ = number of studies interpreted as digital positive
CD- = number of studies interpreted as digital negative
CSF+ = number of studies interpreted as screen-film positive
CSF- = number of studies interpreted as screen-film negative
Ctotai = total number of study cases

These results translate to the following comparative statistics between
FFDM and SFM:

Effectiveness ------------ Results------
Parameter SFM FFDM

Sensitivity 68% 59%
Specificity 85% 87%
PPV 2.4% 2.5%
NPV 99.8% 99.7%

Sensitivity to breast cancer is somewhat lower with FFDM than with SFM (59%
versus 68%), but the difference is not statistically significant due to the small number of
cancers among study participants to date (22). No significant difference has been found
between FFDM and SFM in terms of specificity, positive predictive value (PPV), or
negative predictive value (NPV).

After independent readings by different radiologists, all discrepancies between
screen-film and digital mammography interpretations were resolved by discrepancy
evaluations by both radiologists, with completion of a discrepancy evaluation form. There
have been 1034 discrepant interpretations among the 3,961 cases (26%) to date. Major
reasons for discepancies fell into the following categories: visibility/conspicuity (548 or
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53%), interpretation (388 or 38%) and appearance (98 or 9%).

The results of a slightly earlier interim analysis (as of September 15, 1998) were
presented in a Scientific Session at the 1998 Annual Meeting of the Radiological Society
of North America [5]. These results are also being written up for submission to Radiology.

Accrual of volunteers during the first 17 months of this clinical project has
been lower than that estimated in our original proposal. This has been due to a
number of factors, including difficulty in scheduling an adequately high number of
digital slots due to the time required to perform SFM and FFDM and complete all
required paperwork for the protocol, and due to cancellations and no-show
examinees. The project Executive Committee (Dr. Hendrick, Dr. Lewin, and Dr.
D'Orsi) have met concerning this issue and have developed a plan to increase the
numbers of volunteers participating in the protocol. These include altering the daily
schedule to open up more digital mammography slots at each site, including
information about the digital mammography project in patient reminder letters and
mentioning it in reminder telephone calls. Staffing is being increased at UCHSC to
support these additional activities and we are attempting to get similar staffing
increases at UMMC. Throughput of examinees will be monitored carefully on a
month-by-month basis to evaluate the effect of these changes on the number of
examinees at each site. We have arranged for two other sites where clinical
prototype GE-FFDM units have been installed (Bethesda Naval Hospital) or soon
will be installed (University of South Florida) to participate in this study through
funding separate from this grant.
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CONCLUSIONS

Our technical evaluation of FFDM indicates that image SNR is a good surrogate of
the ability of the system to detect low-contrast lesions. This suggests that each FFDM
image should meet minimum SNR requirements to ensure adequate lesion detection.
Further testing is being conducted to confirm that this simple surrogate for lesion detection
applies across the entire spectrum of beam quality and breast compositions.

Our clinical evaluation of FFDM on nearly 4,000 women as of December 31, 1998,
indicates that FFDM has fewer false positive readings than SFM, but a somewhat lower
sensitivity than SFM, although the difference lacks statistical significance due to the small
number of cancer cases included in the study to date. Both modalities had similar
specificities, positive predictive values, and negative predictive values. Our clinical
evaluation will continue with an increased accrual rate during Year 3.
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,,, e- Mammography Technique and Dose Matching Program

Patient: 2 cm

Patient ID#: 2

Date: 1/29/99

Thickness (cm) 2 Mo/Mo Mo/Rh Rh/Rh

TIF (Mo/Mo, Mo/Rh, Rh/Rh) Mo/Mo kVp mAs mAs mAs

kVp 25 22 30.3 35.7

Comp.(IOOF, 50/50, 100G) 50/50 23 24.8 28.0

E X 24 20.3 22.6
25 17.0 18.6 18.3

ge Glandular Dose (mrad) 38.90 26 14.4 15.8 15.6
Density Setting 0 27 12.5 13.5 13.3

rnAs 16 28 10.9 11.8 11.6

$ 7.78 29 9.5 10.3 10.1

mA 100 30 8.4 9.2 8.9

p 'r 31 7.6 81 7.8
DgN (mrad/R) 1312.3 32 6.8 7.3 7.0

33 6.2 6.7 6.3

34 5.7 .6.1 5.8

35 5.2 5.6 5.3

36 5.2 4.9

(Cm) 37 4.8 4.5

38 4.5 4.2
39 4.2 3.9
40 3.9 3.6

;,-Ei1ira 41 3.4
42 3.2

Average Glandular Dose (mrad) 38.90 43 2.9
44 2.7

45 2.5

s 7.8 46 2.3

MA 100 47 2.1
48 1.9

"DIN (mrad/R) 3099 49 1.7

Figure 5: The upper left-hand box shows technique factors selected by the GE-
DMR screen-film unit under AOP mode for a 2 cm thick 50% glandular/50% fatty
compressed breast and resultant entrance exposure, half-value layer (HVL), and
average glandular dose. The lower left-hand box shows technique factors for the
FFDM system that match FFDM dose to SFM dose using the same target-filter and
kVp. The right hand table shows mAs values that match FFDM dose to the SFM
dose using different target-filter and kVp settings on the FFDM system.
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S,, -Mammography Technique and Dose Matching Program

Patient: 4 cm

Patient ID#: 4

Date: 1/29/99

Thickness (cm) 4 Mo/Mo Mo/Rh Rh/Rh

TIF (Mo/Mo, MoIRh, RhlRh) Mo/Mo kVp mAs rnAs mAs

kVp 25 22 166.2 189.9

Comp.(100F, 50/50, ING) 50/50 23 135.0 146.9

- 0. 24 108.9 117.4

• • ( 25 90.4 96.3 94.5

Average Glandular Dose (Mrad) 126.38 26 76.1 81.0 79.3

Density Setting 0 27 65.3 68.9 66.9

S28 56.7 60.1 57.2

,-ZR2m~s29 48.9 52.6 49.5

30 43.4 46.7 43.0
31 39.0 41.0 37.4

DN (mradR) 1179.3 32 35.0 37.2 33.3

33 31.6 33.8 29.9

34 28.8 30.7 27.3

"35 26.3 28.3 24.9

36 26.2 23.0

37 24.0 21.5

38 1 22.4 20.0

39 _ 20.8 18.8

Cr'DOF,/10 5 ~ S40 19.4 17.6

41 16.6

42 15.4

Average Glandular Dose (mrad) 126.38 43 14.3

44 13.5

45 1 12.3
46 { 11.4

47 10.5
E sr n,(e. 9048 9.6

DN (mrad/R) 17849 8.8

Figure 6: The upper left-hand box shows technique factors selected by the GE-
DMR screen-film unit under AOP mode for a 4 cm thick 50% glandular/50% fatty
compressed breast and resultant entrance exposure, half-value layer (HVL), and
average glandular dose. The lower left-hand box shows technique factors for the
FFDM system that match FFDM dose to SFM dose using the same target-filter and
kVp. The right hand table shows mAs values that match FFDM dose to the SFM
dose using different target-filter and kVp settings on the FFDM system.
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, Mammography Technique and Dose Matching Program

Patient: 6 cm

Patient ID#: 6

Date: 1/29/99

Thickness (cm) 6 Mo/Mo Mo/Rh Rh/Rh

TIF (Mo/Mo, MolRh, RhlRh) Mo/Rh kVp mAs mAs mAs

kVp 27 22 444.7 508.7

Comp.(IOOF, 50150, ING) 50/50 23 360.8 389.5

& 8'n 24 290.6 308.7

25 240.6 251.6 243.4

Average Glandular Dose mrad 234.97 26 201.8 1 210.9 202.9
Density Setting 0 27 172.7 178.4 170.2

mAs 168 28 149.4 155.5 144.9

* 29 128.4 135.5 124.8

mA 100 30 113.6 120.1 107.9

Ti e c.) 1 31 101.7 105.2 93.4
DN (mradIR) 149.1 32 90.9 95.1 83.0

33 81.9 86.3 74.3

34 74.4 78.0 67.6

35 67.7 71.7 61.5

36 65.9 56.9

37 59.9 53.0

38 55.2 49.1

39 50.7 46.2

0 ý010109G) 50/50~ 40 46.7 43.2

41 40.6

HV 42 37.8

Average Glandular bose (mrad) 234.97 43 35.1

44 1 33.2

45 30.5

46 _____ 128.5
47 100_47_ 26.3

148 24.4

gN (mradlR ) 148.7 49 22.7

Figure 7: The upper left-hand box shows technique factors selected by the GE-
DMR screen-film unit under AOP mode for a 6 cm thick 50% glandular/50% fatty
compressed breast and resultant entrance exposure, half-value layer (HVL), and
average glandular dose. The lower left-hand box shows technique factors for the
FFDM system that match FFDM dose to SFM dose using the same target-filter and
kVp. The right hand table shows mAs values that match FFDM dose to the SFM
dose using different target-filter and kVp settings on the FFDM system.
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Mammography Technique and Dose Matching Program
Patient: 8 Cm

Patient ID#: 8

Date: 1/29/99

Thickness (cm) 8 Mo/Mo Mo/Rh Rh/Rh

TIF (MolMo, MoIRh, RhIRh) Rh/Rh kVp mAs mAs mAs

kVp 28 22 920.8 10620

23 745.5 807.5

24 599.9 636.9

25 496.5 517.5 500.3

AvageGlandularDose(mrad) 384.77 26 416.1 432.8 414.9

Density Setting 0 27 355.7 365.9 347.0

mAs 283 28 307.3 318.7 294.9

S29 263.8 277.8 253.8

30 233.0 246.3 219.1

q 31 208.4 215.8 189.6
DN (mrad/R) 1225 32 186.0 195.1 168.3

33 167.3 177.0 150.4

34 151.9 159.8 136.4

35 138.1 146.6 123.7

36 134.5 114.1

37 121.6 105.8

38 111.6 97.8

39 101.6 91.5

p F ý5/ ING 5/040 92.7 85.3

ne 41 79.9
42 74.3

Average Glandular Dose (mrad) 384.77 43 69.0
44 65.3

45 60.1

46 56.2

47 52.1

spre T ( 48 48.4

D9N (mradlR) 121 49 45.1

Figure 8: The upper left-hand box shows technique factors selected by the GE-

DMR screen-film unit under AOP mode for a 8 cm thick 50% glandular/50% fatty

compressed breast and resultant entrance exposure, half-value layer (HVL), and

average glandular dose. The lower left-hand box shows technique factors for the

FFDM system that match FFDM dose to SFM dose using the same target-filter and

kVp. The right hand table shows mAs values that match FFDM dose to the SFM

dose using different target-filter and kVp settings on the FFDM system.
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Figure Captions

Figure 1: Detector signal measured on the GE-FFDM system versus mAs for 2, 4,

and 6 cm thicknesses of 50% glandular/50% fatty compressed breasts.

Figure 2: Signal-to-noise ratios (SNR) measured on the GE-FFDM system versus

mAs for 2, 4, and 6 cm thicknesses of 50% glandular/50% fatty compressed

breasts.

Figure 3: Contrast-detail (CD) scores measured on the GE-FFDM system versus

mAs for 2, 4, and 6 cm thicknesses of 50% glandular/50% fatty compressed

breasts. Point values represent mean CD scores from 4 independent readers;

error bars represent + one standard deviation among the four independent readers.

Figure 4: CD scores versus SNR for 2, 4, and 6 cm thicknesses of 50%

glandular/50% fatty compressed breasts.

Figure 5: The upper left-hand box shows technique factors selected by the GE-

DMR screen-film unit under AOP mode for a 2 cm thick 50% glandular/50% fatty

compressed breast and resultant entrance exposure, half-value layer (HVL), and

average glandular dose. The lower left-hand box shows technique factors for the

FFDM system that match FFDM dose to SFM dose using the same target-filter and

kVp. The right hand table shows mAs values that match FFDM dose to the SFM

dose using different target-filter and kVp settings on the FFDM system.

Figure 6: The upper left-hand box shows technique factors selected by the GE-

DMR screen-film unit under AOP mode for a 4 cm thick 50% glandular/50% fatty

compressed breast and resultant entrance exposure, half-value layer (HVL), and

average glandular dose. The lower left-hand box shows technique factors for the

FFDM system that match FFDM dose to SFM dose using the same target-filter and

kVp. The right hand table shows mAs values that match FFDM dose to the SFM

dose using different target-filter and kVp settings on the FFDM system.
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Figure 7: The upper left-hand box shows technique factors selected by the GE-

DMR screen-film unit under AOP mode for a 6 cm thick 50% glandular/50% fatty

compressed breast and resultant entrance exposure, half-value layer (HVL), and

average glandular dose. The lower left-hand box shows technique factors for the

FFDM system that match FFDM dose to SFM dose using the same target-filter and

kVp. The right hand table shows mAs values that match FFDM dose to the SFM

dose using different target-filter and kVp settings on the FFDM system.

Figure 8: The upper left-hand box shows technique factors selected by the GE-

DMR screen-film unit under AOP mode for a 8 cm thick 50% glandular/50% fatty

compressed breast and resultant entrance exposure, half-value layer (HVL), and

average glandular dose. The lower left-hand box shows technique factors for the

FFDM system that match FFDM dose to SFM dose using the same target-filter and

kVp. The right hand table shows mAs values that match FFDM dose to the SFM

dose using different target-filter and kVp settings on the FFDM system.
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