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<ABSTRACT>
Zoomed image of contact mammaogr aphy ver sus magnification
mammogr aphy in the diagnosis of microcalcifications with soft-

copy full field digital mammography
Min Jung Kim

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Eun-Kyung Kim)

PURPOSE: The purpose of this study was to determine whether
diagnostic accuracy and image quality of microdalafions of zoomed
images from contact mammograms (1.3 of zoomingofacbf digital
mammography were equivalent to those of soft-coijgjtal magnification
mammography. And this study was also designed mapaoe the diagnostic
accuracy and image quality of microcalcificationken different zooming
factors (2.0 of zooming factor) are used in contaammograms with digital

magnification mammography.

MATERIALSAND METHODS:

I. Comparison of x1.3 zooming method (ZOOM-1.3) and digital
magnification view (magnification factor 1.8;MAG) in full-field digital
mammography: image quality and diagnostic performance for
characterization of microcalcifications

Three radiologists with different levels of expade in mammography
reviewed 120 microcalcification clusters in 111ligats with a full field
digital mammography (FFDM) system using digital migigation
mammogram (MAG) images and zoomed images from cobnta

mammography (ZOOM) with commercially available zdognsystems on



monitors. Each of three radiologists estimatedpfubability of malignancy
and rated the image quality and confidence levetfoPmance was evaluated
by sensitivity, specificity, positive predictive lua, negative predictive value,
and receiver operating characteristic (ROC) anglysi

1. Comparison of x 2.0 zooming method (ZOOM-2.0) with MAG in
FFDM: image quality and diagnostic performance for microcalcifications

Three radiologists with different levels of expede in mammography
reviewed each FFDM reader set for 185 patients péthologically-proven
microcalcification clusters, which consisted of MA@th a magnification
factor of 1.8 and ZOOM with a zoom factor of 2.GacE radiologist rated
their suspicion of breast cancer in microcalcifisibns using a 6-point scale
and used a 5-point scale to rate image quality amdidence level in their
decisions. Results were analyzed according to ajspiethods using areas
under the ROC curves {Avalue) for ZOOM and MAG to interpret
microcalcifications. DBM MRMC and Wilcoxon matchedirs signed rank

test were used for statistical analysis.

RESULTS:

I. All three radiologists rated MAG images higherrtt2DOM-1.3 images for
sensitivity (average value, 92% vs. 87%, P<0.0%) performance by ROC
analysis improved with MAG imaging. The confidenlexel of diagnosis
decision and the assessment of lesion charaotsrisgére also better in MAG
images than those in ZOOM images with statisticaliBcance (P<0.0001).

Il1. A, value for ZOOM-2.0 were 0.8680 and were similathat of MAG
(0.8682, 95% confidence interval for a mean difiese (Cl): -0.02973 to
0.02934; p=0.9897). However, MAG images were sigaiftly better than
ZOOM images in terms of visual imaging quality (p3@l), and the
confidence level with MAG was better than ZOOM (B@@L).



CONCLUSIONS:
I. MAG can enhance diagnostic performance when chaiaiclg
microcalcifications. ZOOM-1.3 cannot serve as aerahtive to MAG.
Il. Radiologist performance in the diagnosis of miafoifications using
ZOOM -2.0 was comparable to MAG. Thus, ZOOM-2.0 mige an
alternative tool for MAG in the diagnosis of micadcifications although

image quality and confidence levels were not asigaoMAG.

Key words: Digital Mammography, Magnification, Zoami



Zoomed image of contact mammography ver sus magnification
mammography in the diagnosis of microcalcifications with soft-

copy full field digital mammography
Min Jung Kim

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Eun-Kyung Kim)

[. INTRODUCTION

Magnification mammography supplies higher spatidotution and
signal-to-noise ratio (SNR). It is well establishasl a valuable adjunct to
contact mammography, especially for the diagnosisnafrocalcifications
despite additional radiation exposure with incrdasaliation dose due to the
shorter distance between breast and X-ray soundegiexaminatiofi®.

However, with respect of full-field digital mammagrhy (FFDM),
several investigations have indicated that digitelmmography may have
equivalent or improved object detection compared doreen-film
mammography”’. Skaane et al. suggested that digital mammograytty
soft-copy interpretation was better at detectirgabt cancers than screen-film
mammography. They strongly recommended the postegsing of images,
including adjustment of window level and zoom, dgri soft-copy
interpretatiorf' °. Obenauer et al. reported that further studig®ait in soft-
copy reading were needed for its potential benéfits Moreover, a few
studies using zoomed images from contact mammoghavis recently been
reported and brought a debate whether a digitahiugp system of FFDM can



replace the magnification view of digital mammodrap" ** With regard to
post-processing tools, Fisher et al. reported i@titor zooming of a digital
contact mammogram is equivalent to direct magrtifica FFDM in the
interpretation of microcalcification's. However, they used hard-copy reading
with a small number of subjects.

The purpose of this study was to determine whether diagnostic
accuracy and image quality of microcalcificatiorfszoomed images from
contact mammograms (1.3 of zooming factor) of diglhammography were
equivalent to those of soft-copy digital magnifioatmammography. And this
study was also designed to compare the diagnasticacy and image quality
of microcalcifications when different zooming fatd2.0 of zooming factor)
are used in contact mammograms with digital maggiion mammography.

[I. MATERIALSAND METHODS
Institutional Review Board approval was obtained fiois retrospective

study and informed patient consent was not requiféd authors have no

declared conflicts of interest.

[1-1. Comparison of x1.3 zooming method (ZOOM-1.3) and digital
magnification view (magnification factor 1.8;MAG) in FFDM: image
quality and diagnostic performance for characterization of

microcalcifications

Case Sdlection
From May 2005 to October 2006, 917 MAG were perfeainat my
institution, and the data were retrieved from thdiglogical database files.

Subjects’ medical and radiologic records were sgteatively reviewed by a



radiologist (MJK). Exclusion criteria were as fallono available contact
mammogram of FFDM performed no earlier than onetmepnor to when the
magnification mammogram was taken (n=409), subjestth Cclinical
symptoms (n=108), probably benign microcalcificaiothat were not
surgically proven and were not followed up for animium of 2 years after
initial diagnosis (n=221), and lesions of microdfadations associated with a
mass (n=31).

120 mammograms in 111 patients were selected totamai the
expected rate of malignancy among lesions refdoetiopsy. Twenty-eight
cases of cancer were observed, representing 23#eofesions. Fifty-one
benign lesions were surgically proven and 41 lesigrere found in 39
patients who underwent at least 2 years of mamrmbigafollow-up for
probable benign microcalcifications. Among those ld&ions, 28 lesions
underwent mammogrphic follow up for more than thyears. Surgically-
proven benign lesions included three atypical dustperplasia.

Full-Field Digital Mammograms and Wor kstation

Mammograms were obtained using FFDM system (Loraldic,
Danbury, CT). The system, based on a amorphousigeledetector, used a
direct-capture device of 74dm pixel size and yielded an image size of 2560 x
3328 matrix with 18 x 24 cm paddle. The system wsgisto allocate 16-bit
images and store them at 12 bits. Standard cramdataand mediolateral
obligue views were obtained during routine mammplya(focal spot size
0.3 mm).

MAG with magnification factor 1.8 was obtained ugigeometric
maghnification digital mammography (focal spot sife0.1 mm). The breast
was elevated from the detector and moved closénaoX-ray source of the
mediolateral and craniocaudal projections. An IBlxm as the active image

receptor was used for these projections. With msjpethe paddles used for



maghnification, the 7.5cm coned-down spot compressdievice was used. If
the extent of microcalcifications was regional oiffuse on contact

mammograph and the evaluation of microcalcificagjam 10-cm rectangular
paddle was used instead by decision of the supegvisadiologist. The

effective pixel size of MAG was approximately gt with a magnification

factor of 1.8.

These images were displayed on a pair of high wéeal 5 megapixel
(MP) LCD monitors (MFGD 5621HD, Barco, NV) that wepart of the
review workstation (Selenia Softcopy Workstatioonydd/Hologic) with soft-
copy reading software (MeVis BreastCare, MeVis BrajnThe pixel pitch of
the LCD monitors was 16pm and the matrix size was 2048 x 2560. The
monitor system was set to accept 8-bit gray imagessdisplay them as such.

The hanging protocol of contact mammogram incluged-view
mammograms that were shown on a monitor. So thiewey could check the
areas of interest with an annotation marker, amgh timarked mediolateral
oblique and craniocaudal views that were shown kameously on the right
and left monitors (single tilting mode). Reviewenere allowed to use
commercially available zooming methods on the adm@ammogram and a
square digital zooming frame with a zooming faatbrabout 1.3, that was
calculated by dividing image pixel matrix by scrggrel matrix. ZOOM is
always displayed in full resolution where one asiian pixel on the digital
detector matches one display pixel on the monisotha default option. The
size of commercially available zooming frames amplivith medium-sized
settings (matrix size, 850 x 850 pixel size, 70romg was 5.95 x 5.95 cm
with a zoomed ruler that supplied by the workstatim a zoomed area. This
zooming frame was also allowed to review MAG tourasthat the results
would reflect the accuracy of routine diagnosticrikvtbecause this frame

would be also available on the reading of a MAGriactice.



Image Review

The study group was evaluated independently byetradiologists who
were specialists in breast imaging and who hactolié¢cted data of the study
populations. The reviewers were not given the naddexcords or pathological
results of the subjects nor the ratio of maligrtartbenign lesions included in
the study. The reviewers had an average of 6.3ydar2, and 10 years) of
experience in interpreting mammogram and 1-3 ofs/experience in soft-
copy review of digital mammography at the same agad institution.

The radiologists assigned scores to the imagesdrsessions that were
5weeks apart such that the same case was notisedrvany session; session
A (60 ZOOM-1.3 and 60 MAG) and session B (the otterMAG and 60
ZOOM-1.3). The cases were reviewed in order of eitipn date order so
that they were random with respect to density efttheast parenchyma and
lesion type. Reviewers were allowed to review ZOQMirst at the odd-row
cases on the list of the study population arraragetrding to acquisition date
order and evaluate MAG at the even-row cases inAtlsession. In the B
session, reviewers looked at the other mammogra®©{2-1.3 vs.MAG) of
patients. The cases were interpreted in a standsidwing room without
ambient light. To avoid the possibility of inadwant evaluation of the wrong
lesion, the radiologists were directed to the awdainterest with a
commercially available marker of annotation on eshtmammogram. If a
reviewer reviewed briefly a contact mammogram witheooming method
and clicked on an annotation marker at the uppemnecoof the monitor, a
circle was designed to appear on the monitor. & idantical to the area that
was taken by MAG and was previously described an rfonitor by the
radiologist who had collected the cases of thidystlihe reviewer could then
interpret the visible microcalcifications limited the circle with zooming
display. The annotation marker was commerciallyilaibe at the workstation

used.



Prior to a review of MAG, a reviewer was allowedr&view briefly a
contact mammogram without zooming method and tonopAG that
corresponded to the contact mammogram. No priorsfibr patient history
were provided.

Each radiologist was given a questionnaire (SeeeAgix). They were
instructed to check whether the reviewed mammogras ZOOM or MAG
in the questionnaire and fill out the columns ia tjuestionnaire.

Questionnaire: The microcalcification features dpQM-1.3 or MAG
were analyzed according to shape, distribution, &mel probability of
malignancy. The probability for malignancy based a®-point scale were
used to classify the likelihood of cancer; 1, diédily not malignant, similar to
BI-RADS category 2 2, probably not malignant, similar to category33;
low-possibly malignant, similar to category 4a; idtermediate-probably
malignant, similar to category 4b; 5, probably maéint, similar to category
4c; and 6, definitely malignant, similar to categér The BI-RADS standard
scale for the likelihood of cancer classificatioasanot used because it does
not readily lend itself to receiver operating cluéedstic (ROC) analysis since
it is not a continuous scal¥. The quality of ZOOM-1.3 or MAG was
evaluated, and one of the following five grades ewgiven: “Excellent,”
“Good,” “Moderate,” “Intermediate,” or “Not-accejitke.” Each reviewer was
allowed to pick the most worrisome shape of miclmieations when there
were several types in an interesting area. Theswearis were also asked to
choose the most appropriate confidence level fromtol5 for each
questionnaire item except for imaging quality; 5 ameag “Absolutely
confident,” 4 meaning “Very confident,” 3 meanin§dmewhat confident,” 2

meaning “Not too confident,” and 1 meaning “Nog#tconfident.”

Reproducibility test

For evaluation of inter-reviewer validity and inteviewer validity,



another review round with the same 120 ZOOM-1.3duisethe previous
review round and the same questionnaire was redieusng by each

radiologist seven weeks apart from the previousdsu

Satistical Analysis

The sensitivities, specificities, and positive anegative predictive
values for ZOOM-1.3 and MAG images were calculabgdeach reviewer
with histopathologic examination and follow-up datathe reference standard.
Sensitivity was defined as the percentage of cadetzcted among all 28
cancers included. Specificity was defined as theqm#age of benign result
by reviewers among the cases with final benign ribag. The positive
predictive value was defined as the percentagandars detected among the
cases positive results by reviewers. And the negatredictive value was
defined as the percentage of the cases with figaign diagnosis among the
cases negative results by reviewers. The valueg them compared to the
McNemar test. Two-tailed p values less than 0.0Bewensidered to indicate
a statistically significant difference. A cutoff theen level 2 of the
probability of malignancy and level 3 of the prolbifo of malignancy was
used to define a positive versus a negative rdsottexample, in cancer cases,
the assignment of probability of malignancy of le& or higher was
considered to be an interpretation with a truefpasresult. In addition, ROC
analysis using the probability of malignancy baseda 6-point scale was
conducted to assess and compare the radiologist$ormance for the
characterization of microcalcifications with MAG&ZOOM-1.3 images. To
analyze performance, | calculated and comparedpea estimates of the
area under the ROC curve,(alue).

The agreement between display techniques for gigers of shape of
calcifications, distribution, and the probabilitf malignancy and image

quality was calculated using kappa statistigs A kappa value of 0.20 or less

10



was considered slight; 0.21-0.40, fair; 0.41-0.60pderate; 0.61-0.80,
substantial; and 0.81-1.00, almost perf€ctThe inter-reviewer agreement
between the three radiologists was also calculfatiedach display technique
in terms of the shape, distribution, image qualdapd probability of
malignancy. And then the intra-reviewer agreementefach radiologist was
calculated in terms of the same items usirsgatistics.

For comparison of image quality of the both displagthods, the data
were evaluated using a paired t-test. A 95% confidanterval and p value
were calculated for which the reviewers did notrdte mammography as
equivalent. Two-tailed p values less than 0.05 veemsidered to indicate a
statistically significant difference.

Confidence levels for the four categories of shaglstribution of
calcifications, and the probability of malignancene also calculated for the
ZOOM and MAG using a paired t-test. | compared ¢bafidence level for
the probability of malignancy between the accugeatd inaccurate diagnosis
using unpaired t-test. An accurate diagnosis wésetewhen a reviewer had
classified a case as level 3 or higher in probighiif malignancy and the case
turned out to be malignant. When a reviewer hasgsdied a case as level one
or two and the case turned out to be benign. Otkerwan inaccurate
diagnosis was defined. All statistical analysisiuding ROC analysis, were
performed with statistical software (SAS system Wdindows, version 9.1;
SAS institute, Cary, NC).

[1-2. Comparison of x 2.0 zooming method (ZOOM-2.0) and MAG in
FFDM: image quality and diagnogtic performance for

microcalcifications:

Sudy population

11



From October 2006 to February 2008, 2648 percutandxopsy or
localization for surgical biopsy were referred gmefrformed in my breast
imaging division. 2414 biopsies or localizationsrevdor mass associated
with/without microcalcifications, and the remaining34 biopsies or
localizations were for microcalcifications. All 23datients had undergone
contact mammograms and most of them had also umdermagnification
mammogram prior to the recommendation of biopsyeiTmedical and
radiologic records were retrospectively reviewed bwye radiologist.
Exclusion criteria were as follows; cases of miatoifications associated
with possible mass such as a asymmetry or focaha®try (n=18) on a
retrospective review, cases without available nfagation mammogram or
contact mammogram of FFDM performed within onemargbh other (n=26),
cases without visible calcifications on specimenmmmagram after biopsy
(n=1), and cases with BB marker on mammograms awdirtical palpability
(n=4). Only calcifications in lesions that had urgmne FFDM with both a
contact mammogram and magnification mammogram withiemonth and
that had undergone subsequent biopsy were included.

Finally, 185 cases of calcification, histologicallyoven by needle or
surgical biopsy, from 185 patients (mean age, 42#&s old; range 27-69)
were included in this study. Forty-three cases aficer were observed,
representing 23.2% of the lesions. Patient agere@sded and breast density,
reported according to the standard Breast ImagampRing and Data System
(BIRADS) scale'®, was reviewed for each mammogram (extremely dense,
heterogeneously dense, scattered fibroglandularsitiks) and almost

completely fat) by the radiologist who collectedadaf the study population.
Workstation

Images were displayed on a pair of high-resolutidvi® LCD monitors
(SMD 21500, Siemens) that were part of the revievorkatation

12



(Senoadvantage, GE) with soft-copy reading softW&enoadvantage, GE).
The pixel pitch of the LCD monitors was 1@&, and the matrix size was
2048 x 2560. The monitor system was set to acegjpitlimages and display
10-bit output. The square digital zooming frame duse this study was
commercially available and had a zooming factoR .6f fixed as the default
mode. The size of commercially available zoomingnfes applied with

medium-sized settings was 11.5 x 11.5 cm.

Reviewersand Review round

Images were evaluated independently by three regigts who were
specialists in breast imaging at the same acadastitution and who had not
collected the original data from the study popolatiReviewers were not
given any clinical information or pathologic findje from the medical records,
pathological results, or ratios of malignant to igarlesions included in the
study. No prior films or patient history were proed. Reviewers had an
average of 7.0 years (4, 5 and 12 years) of expsien interpreting
mammograms and 4-5 years of experience in soft-cepiew of digital
mammography. Each of three reviewers worked fdewht institution when
the review for the current study was going on. @hehree reviewers has
worked for the institution in which cases were imtgd in this study for the
entire case-collection period. Another reviewer hearked for the same
institution in early 3months when the cases wecdtuded and the remaining
reviewer had not worked for the institution, whére cases included, during
case-collection period. The number of mammogrard tBaeach radiologist
in their own practice varied from 300 to 400 mamnaogs per month.

Cases were divided into 4 groups according to tiggiaition date order
of contact mammogram (Figure 1); the radiologisgtsigned scores to the
images in four sessions. Sessions were conducterbks apart, and the same

case was nhot seen twice in any one session; se8s{dé ZOOM-2.0 and

13



other 46 MAG, A in Figure 1), session B (46 ZOOM-2nd other 46 MAG, B
in Figure 1), session C (47 ZOOM-2.0 and other 483yIC in Figure 1), and
session D (46 ZOOM-2.0 and other 47 MAG, D in Fegaj. In each session,
ZOOM and MAG with print-screen images were alteedatThe cases were
reviewed in acquisition date order of contact mamram so that they were

random with respect to the density of the breastmmEnyma and lesion type.

Review protocol

The radiologist who had collected data marked tlea ancluded by
MAG on each view of contact mammogram with a conuiadly available
circle-shaped marker of annotation in each casavtid the possibility of
inadvertent evaluation of the wrong lesion. Eachmmagram was then
captured with the annotation marker as a printestimage for identification
of the area of interest, not for diagnosis of miatoifications.

The hanging protocol for the review round included®-view print-
screen image of a contact mammogram with originade of the contact
mammogram or MAG of the same case. The reviewerallawed to briefly
check the areas of interest on the print-screegésiand then open either the
contact mammogram or to open the MAG directly aditgy to the given
order. When a ZOOM was reviewed, 2-view contact magrams of one
breast were hung on one monitor so that the revieaald check the area of
interest corresponding to the marked area on 2-yigmt-screen images on
the other monitor. Then mediolateral oblique andcio@audal views were
hung simultaneously on the right and left monitffitsto screen mode), and
ZOOM were reviewed using a square digital zoomiragnie. In ZOOM-2.0,
the zoomed area was always displayed with a twmemed pixel pitch
without improving spatial resolution. When a MAG sveeviewed, 2-view
magnification mammograms of one breast were humuilsineously on the

right and left monitors (fit to screen mode) andige/ed. The print-screen

14



image of contact mammogram was reviewed in limg@skes, according to the
reviewer’'s preference, to determine the lesionriistion. The zooming
frame was also used to review MAG to ensure thatrésults would reflect
the accuracy of routine diagnostic work.

Each radiologist was given a questionnaire andruns#d to check
whether the reviewed mammogram was ZOOM or MAG tnélll out the
remaining items, including probability of malignansphape and distribution
of microcalcifications, and image quality. The pabbity of malignancy
based on a 6-point scale was used to classifyikiedihlood of cancer; 1,
definitely not malignant, similar to BI-RADS categ® ** ' 2, probably not
malignant, similar to category 3; 3, low-possiblyalignant, similar to
category 4a; 4, intermediate-probably malignantjilar to category 4b; 5,
probably malignant, similar to category 4c; and d&finitely malignant,
similar to category 5. With respect to the shapeal alistribution of
microcalcifications, the reviewer was allowed tmobe one of 14 types of
shape and 6 types of distribution as follows: shajg@, vascular, popcorn
like, large rod-like, round, lucent-center, milk cdlicium, suture, dystrophic,
punctuate, coarse heterogeneous, amorphous otimetligsine pleomorphic,
fine linear/branching; distribution--clustered, dar, segmental, regional,
multiple grouped, and diffuse. The reviewers wds® asked to choose the
most appropriate confidence level from 1 to 5 fdwe tabove three
questionnaire items. The meaning of the confidengabers, in order from 5
to one, was “Absolutely confident”, “Very confidéntSomewhat confident”,
“Not too confident” and “Not at all confident”. ThHeage quality of ZOOM-
2.0 or MAG was evaluated, and one of five grades wgiven: “Not-
acceptable” was one, followed by “Intermediate,” dterate,” “Good,” and
“Excellent” in order from 2 to 5. Each reviewer walfowed to choose the

most worrisome shape of microcalcifications in @teliesting area.

15



Satistical Analysis

A, value of ROC analysis was calculated using thebaioiity of
malignancy based on a 6-point scale for ZOOM-2.6 WMAG images for
each individual reviewer and for all reviewers tinge with histopathologic
examination as the reference standard. Paramstinages of A value were
calculated and compared for reader performance tvightwo techniques by
using DBM MRMC ' *® The statistical significance of the results was
reported at 95% confidence intervals for the mefiardnces in Az values for
reader performance with use of the two technigiMesan differences were
regarded as statistically significant at the 5%elewhen the corresponding
confidence interval did not encompass zero. Irdgiewer agreement
between the three radiologists was also calculfatedach display technique
in terms of the probability of malignancy using mase comparison of ROC
curves. For descriptive purposes, estimates ofitsgtys specificity, and the
positive and negative predictive value of the twisplhy methods were
computed on the basis of the six-point malignamafesusing histopathologic
examination as the reference standard. Sensitiwias defined as the
percentage of cancer detected among all 43 camzdusled. Specificity was
defined as the percentage of benign result by werie among the cases with
final benign diagnosis. The positive predictive ualwas defined as the
percentage of cancers detected among the casdisgossults by reviewers.
And the negative predictive value was defined aspércentage of the cases
with final benign diagnosis among the cases negatisults by reviewers. For
this purpose, malignancy scores were dichotomisegegative (score of 1 or
2) or positive (score of 3,4,5, or 6). Values wéhen compared to the
McNemar test. Two-tailed p values less than 0.0&wensidered statistically
significant.

The agreement between display techniques in désgrifalcification

shape and distribution was calculated using kafaistics ). A kappa value

16



of 0.20 or less was considered slight; 0.21-0.4@; 0.41-0.60, moderate;
0.61-0.80, substantial; and 0.81-1.00, almost petfe Confidence levels for
shape, distribution, and the probability of maligoyawere also calculated for
ZOOM-2.0 and MAG images using a Wilcoxon matchettigohsigned rank
test.

To compare the image quality of the two display hods, data were
evaluated using a Wilcoxon matched paired signedk reest. A 95%
confidence interval and p value were calculateccémes where the reviewers
did not rate the methods as equivalent. Two-tgledlues less than 0.05 were
considered statistically significant.

Az values were compared between ZOOM-2.0 and MAG pie-
specified subgroups, which were defined accordingge (younger than 50
years vs. 50 years or older), breast density (bgé&sreously dense or
extremely dense vs. less dense), image qualitaigréhan 3 of image quality
of ZOOM-2.0 vs. 3 or less), probability of maligregn(greater than 3 on the
six-point malignancy scale of ZOOM-2.0 vs. 3 orslesand confidence level
of the probability of malignancy (greater than 3 tbe confidence level of
ZOOM-2.0 vs. 3 or less). A pairwise comparison oD@ curves was
performed using statistical software (Medicalc Windows’, version7.4.0.0;
Medicalc software, Belgium) to compare the radi@bgerformance with
two techniques. DBM MRMC used above was not appatgfor comparison
in the prespecified subgroups (image quality, pbiltg of malignancy and
confidence level). The number of cases include@dnh reviewer was not
identical. The statistical significance of the flesuvas reported at 95%
confidence intervals for the mean differences in ¥aues for reader
performance with use of the two techniques. Me#éferdinces were regarded
as statistically significant at the 5% level whee torresponding confidence
interval did not encompass zero.

All statistical analyses, including ROC analysigrevperformed using
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statistical software (SAS system for Windows, wamsb.1l; SAS institute,
Cary, NC).

[ll. RESULTS
[11-1. Comparison of ZOOM-1.3 and MAG in full-fied digital
mammography: image quality and diagnostic performance for

characterization of microcalcifications

Sensitivity, Specificity, ROC Analysis, and | mage quality

For all three reviewers, MAG images were bettemtioa equal to
ZOOM-1.3 images in terms of sensitivity and negatpredictive values
(Table 1). However, with regard to specificity gmolsitive predictive value,
MAG images were worse than ZOOM-1.3 images in tivtheee radiologists
although the remaining one radiologist showed imgdo specificity and
positive predictive value with MAG images. All did reviewers found that
MAG images were better than ZOOM-1.3 images in seoh A, value @
>0.05, Table 1, Figure 1). These differences weltg statistically significant
for reviewer 1 p value =0.01).
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Table 1. Performance of Three Reviewers Assessing 360 Miaificattions' with ZOOM-1.3 and MAG Images

Reader Sensitivity (%) Specificity (%) Positive Predictivalue (%)  Negative Predictive Value (%) Aalue

ZOOM-1.3 MAG ZOOM-1.3 MAG ZOOM-1.3 MAG ZOOM-1.3 MAG ZOOM-1.3 MAG

1 27/28 27/28 31/92 40/92 27/88 27179 31/32 40/41 0.822 0.864
(96) (96) (34) (43) (31) (34) 97) (98)

2 24/28 25/28 62/92 56/92 24/54 25/61 62/66 56/59 0.823 0.839
(86) (89) (67) (61) (44) (41) (94) (95)

3 22/28 25/28 79/92 61/92 22/35 25/56 79/85 61/64 0.849 0.862
(79) (89) (86) (66) (63) (45) (93) (95)

All 73/84 77/84 172/276 157/276 73/177 77/196 172/183 157/164 0.825 0.852
(87) (92) (62) (57) (41) (39) 94) (96)

Note: 'Tnumber of lesions (n=120) X number of reviewer (nZ800M-1.3 = images zoomed from digital contact mamraogwith 1.3

of zooming factor’MAG = geometric magnification digital mammogram with 1f8mmgnification factor:p<0.05
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Figure 1. ROC curves for the diagnosis of microcalcificaip@OOM-1.3
(dot line) vs MAG.-1.8 (solid line). Avalue of ZOOM-1.3 is 0.825 (95%
confidence intervals 0.771 to 0.879) and that of Gl1As 0.852 (95%
confidence intervals 0.804 to 0.900).

In terms of image quality, MAG images (mean valug34for MAG
images, 95% CI 4.05 to 4.18) were better than ZOD8/images (mean
value, 3.85 for ZOOM-1.3 images, 95% CI: 3.81 t@il3 value <0.0001).

Agreement on Imaging Findings

Between ZOOM-1.3 and MAG
The radiologists showed substantial agreement ommugraphic
findings between ZOOM -1.3 and MAG images but slowar less

agreement on image quality of mammograms (Table 2).
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Table 2 Agreement between Display Techniques for charaetion of

microcalcifications in 120 breast microcalcificat®obetween ZOOM-1.3 and

MAG

Reviewer Reviewer Reviewer

1 ) 3 Mean

Shape 0.6857 0.5052 0.5090 0.5735
(0.0602) (0.0759) (0.0720)  (0.0407)

Distribution 0.8735 0.7685 0.7894 0.8094
(0.0335) (0.0489) (0.0501)  (0.0264)

Probability of 0.6406 0.7117 0.6742 0.6839
malignancy (0.0442) (0.0519) (0.0527) (0.0279)
Image quality 0.0536 0.1031 0.0976 0.0635

(0.0498)  (0.0665) (0.0641)  (0.0349)

Note: Data ara values; numbers in parentheses are standard.errors

For the two techniques, descriptions of the shapesicrocalcifications
were the most discordant € 0.5735 + 0.0407 [standard error]), followed by
the probability of malignancyk(= 0.6839 + 0.0279) and the distribution of
microcalcifications € = 0.8094 + 0.0264). The radiologists showed jlight
agreement on image quality values of ZOOM-1.3 andlGVimages € =
0.0635 + 0.0349).

Confidencelevel
The radiologists had higher confidence in mammdg@apndings from
MAG images than from ZOOM-1.3 imagep Yalue <0.0001). The mean
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confidence level was 3.547 for ZOOM-1.3 images 4i1d2 for MAG images
for the shape of calcifications; 4.108 for ZOOM-ir8ages and 4.467 for
MAG images for the distribution of calcificationand 3.364 for ZOOM-1.3
images and 4.111 for MAG images in the probabitifymalignancy. The
mean confidence level for probability of malignanegis 3.787 in accurate
diagnosis including both ZOOM-1.3 and MAG, and ®.68 inaccurate
diagnosis. The confidence level for probability mflignancy in accurate
diagnosis was higher than that in inaccurate disignavith statistical

significance p value<0.05).

Reliability test

Inter-reviewer agreement between the three raditogfor the
probability of malignancy in microcalcifications wafair for ZOOM-1.3
images € = 0.384 + 0.067) and MAG images € 0.381 + 0.062). Table 3
showed the inter- and intra-reviewer agreement. |&Vhnter-reviewer
agreement was fair to moderate in each round,rtine-reviewer agreement
was moderate to substantial in terms of shapejlaison and probability of
malignancy. However, the agreement for the imagdityuvas fair agreement

for both inter- and intra-reviewer agreement.
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Table 3. inter- and intra-reviewer agreement on charaat®n of microcalcifications in 120 microcalcificati clusters

Inter-reviewer agreement

Intra-reviewer agreement

Items First round Second round Reviewer 1 Reviewer 2 &Reer 3
Shape 0.384+0.067 0.447+0.028 0.596+0.054 0.778+0.049 0.637+0.050
distribution 0.381+0.062 0.357+0.030 0.632+0.059 0.787+0.049 0.656+0.052
Probability of malignancy ~ 0.401+0.056 0.484+0.031 0.604+0.058 0.669+0.055 0.516+0.057
Image quality 0.224 +0.084 0.313+0.044 0.201+0.065 0.206+0.065 0.248+0.071
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[11-2. Comparison of ZOOM-20 and MAG in full-field digital
mammography: image quality and diagnostic performance for
microcalcifications:

For probability of malignancy, the diagnostic acmies of ZOOM-2.0
and MAG were similar for each individual reviewdtigure 2) and for all
reviewers together (A= 0.8644 for ZOOM-2.0 andA= 0.8667 for MAG).

A, value
1

0.9r
0.81
0.71
0.6
0.5f

0 ZOOM
0.4 B MAG
0.3f

0.2
0.1F

Reviewer 1 Reviewer 2 Reviewer 3 Reviewer all

Figure 2. Receiver operator characteristics for the diagnosif
microcalcifications; ZOOM-2.0 vs MAG. Avalues of ZOOM-2.0 were
0.8692 for reviewer 1; 0.8504 for reviewer 2; an88a@4 for reviewer 3.
Values for MAG were 0.8692 (95% confidence interf@l mean difference
for ZOOM-2.0-MAG, -0.06913 to 0.06896) for reviewér 0.8580 (95%
confidence interval for mean difference for ZOON-RIAG, -0.07396 to
0.05873) for reviewer 2; and 0.8773 (95% confidemuerval for mean
difference for ZOOM-2.0-MAG, -0.06112 to 0.0753@y freviewer 3. There
was no statistical significant difference betwe&M-2.0 and MAG for any
of the reviewers. Overall, Avalues for all 3 reviewers were 0.8680 for
ZOOM-2.0 and 0.8682 for MAG (95% confidence intérfar mean
difference for ZOOM-2.0-MAG, -0.02973 to 0.029347009897). Note:
ZOOM-2.0 = images zoomed from digital contact margraphy; MAG =

geometric magnification digital mammography;value =area under curves.
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The difference of A value for ZOOM-2.0-MAG ranged -0.0071 to
0.0076 (95% confidence interval, -0.02973 to 0.G2%3-0.9897). Avalue of
overall including ZOOM-2.0 and MAG were 0.8683 faviewer 1; 0.8497
for reviewer 2; and 0.8797 for reviewer 3. The alifince of A value for
reviewer ranged 0.001 to 0.003. The inter-reviediffierence in diagnostic
accuracy was insignificant for both overall cased aach display method
(p>0.05, respectively).

There were no statistically significant differendestween ZOOM-2.0
and MAG in diagnostic performance, including sewisit specificity, and
positive and negative predictive values (Tablex).05).

Table 5 lists the case characteristics for eachthef prespecified
subgroups.

The A value of MAG did not vary significantly from thaf ZOOM-2.0
according to age, breast density, image qualitZ@GOM-2.0, confidence
level of ZOOM-2.0, or the probability of malignan@y>0.05, Figure 3).
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Table 4. Performance of 3 Reviewers Assessing 555 Microcadtifios with ZOOM-2.0 and MAG Images

Reader Sensitivity (%) Specificity (%) Positive @itive Value (%) Negative Predictive Value (%) , Value
ZO0OM-2.0 MAG ZOOM-2.0 MAG ZOOM-2.0 MAG ZOOM-2.0 MAG ZOOM-2.0 MAG
1 40/43 (93) 40/43 (93) 70/142 (49) 82/142 (58) = 40/112 (38) 40/100 (40) 70/73 (96) 82/85 (96) 0.8692 0.8692
2 38/43 (88) 39/43 (91) = 95/142 (67) 67/142 (47)  38/85 (48) 39/114 (34) = 95/100 (95) 67/71 (94) 0. 8504 0.8580
3 41/43 (95) 40/43 (93) | 77/142 (54) 66/142 (46)  41/106(39) 40/116 (34)  77/79 (97) 66/69 (96) 0.8844 0.8773
All 119/129 (92) 119/129 (92) 242/426 (57) 215/426 (50) 119/303 (39) 119/330 (36) 242/252 (96) 215/225 (96) 0.8680 0.8682

Note: '"number of lesions (n=185) x number of reviewer (=3
’ZOOM-2.0 = images zoomed from digital contact mamgram;

MAG = geometric magnification digital mammograuymbers are percentages, and raw data are in pasest
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Table 5. Characteristics of prespecified subgroups in 555 midciications

Characteristic n A. value
2ZO0M-2.0 SMAG 95% Cl of Mean difference p value
Age at enrollment -yr
younger than 50 303 0.847 0.836 0.011 (-0.052G34). 0.735
50 or older 252 0.889 0.856 0.033 (-0.031 to 0.096) 0.310
Breast density
heterogeneously dense or extremely dense 411 0.848 0.839 0.009 (-0.045 to 0.063) 0.751
almost entirely fat or scattered fibroglandular sites 144 0.828 0.844 0.016 (-0.069 to 0.101) D.71
Confidence level of ZOOM-2.0
>3 of confidence level (4,5) 317 0.875 0.879 0.003037 to 0.046) 0.828
3 orless 238 0.717 0.734 0.017 (-0.101 to 0.135) T7®
Image quality of ZOOM-2.0
>3 of image quality (4, 5) 392 0.846 0.849 0.002¥46 to 0.051) 0.931
3orless 163 0.805 0.775 0.029 (-0.088 to 0.147) 629
probability of malignancy of ZOOM-2.0
>3 of probability of malignancy of ZOOM-2.0 (4,5,6) 110 0.736 0.772 0.036 (-0.062 to 0.135) 0.471
3 orless 445 0.717 0.748 0.031 (-0.058 to 0.121) 49

Note: 'number of lesions (n=185) X number of reviewer (})-—ZZOOM—Z.O = images zoomed from digital contact margram;sMAG = geometric

magnification digital mammogram.
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Figure 3. Receiver operator characteristics for the diaignaismicrocalcifications: ZOOM-2.0
vs. MAG in subgroups. A: Patients younger than Barg. B: Patients with heterogeneously
dense or extremely dense breasts. C: Patientshigithimage quality of ZOOM-2.0. D: patients
with a high confidence interval of ZOOM-2.0. E: ieats with a high probability of malignancy

of ZOOM-2.0.
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Between ZOOM-2.0 and MAG, the description of mieiodication shape and distribution
showed moderate agreement=@.523 + 0.042, andk=0.563+0.042, respectively). The
confidence level for MAG was, however, significgntbetter than that for ZOOM-2.0 in
describing microcalcification shape and distribatias well as in assigning the probability of
malignancy f value<0.0001, Table 6).
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Table 6. The mean confidence level for the three questionnainesi

mean difference +standard

ZOOM-2.0 MAG p
deviation
shape of microcalcifications 3.7387 4.0054 0.2667 ¥968
distribution of microcalcifications 3.9045 4.1351 0B3t 0.9293 <0.0001
probability of malignancy 3.6270 4.0468 0.4198 + 0.8360

Note: ZOOM-2.0 = images zoomed from digital contaetmmogram; MAG = geometric magnification digitsdmmmogram.
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For imaging quality, MAG images (mean value 4.28%9ClI 4.16 to
4.30) were better than ZOOM-2.0 images (mean vald8, 95% CI: 3.72 to
3.84; p value <0.001).

V. DISCUSSION

IV-1. Comparison of ZOOM-13 and MAG in full-field digital
mammography: image quality and diagnostic performance for
characterization of microcalcifications:

Several investigations have shown that interpatativith soft-copy
display is likely to be useful with digital mammaghy and is unlikely to
change accuracy or speed compared to interpretasiog hard-copy display
of digital mammography” *°. This is the case despite the fact that the apati
resolution of a workstation monitor is lower th&att of film for printing®®%2
Moreover, workstation displays of digital mammogsanallow the
presentation of several versions of an image imsteously, such as
windowing, leveling, zooming, inversion, and conguassisted diagnosis. A
film mammogram can only be adjusted through theafisemagnifying glass
or bright light. These post-processing tools arel dbility to avoid the high
costs of film, processing, and hard-copy imageagferand retrieval, are
potential benefits of soft-copy readifig* *

Magnification mammography is used to image a paldicregion of the
breast and improve diagnostic accuracy in the atal of
microcalcifications. Magnification mammography sligp higher spatial
resolution and higher SNR. So, it is well estal@islas a valuable adjunct to
contact mammography examination despite increaadidtion dose due to
closer distance between breasts and X-ray soundegdilhe examination and
additional radiation exposur&®. However, Kuzmiak et al. reported no
statistically significant difference in the diagtios accuracy of

microcalcifications for magnified screen-flm mamgnam versus
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unmagnified soft-copy digital mammogram in a stadiyreast tissue biopsy
specimens?. This suggested the possibility that digital margraphy can
obviate the need for MAG in the diagnosis of miedodications. In 2002, the
same year when Kuzmiak et al.’s stddyvas reported, Fisher et al. reported
that ZOOM were equivalent to FFDM MAG in hard-cagading™. If MAG
could be avoided in the diagnosis of microcalctfima, the radiation exposure
to the patient could be reduced and workflow cdoddaccelerated by not
requiring additional mammography.

In this study, | compared ZOOM-1.3 and MAG in sofipy reading.
While Fisher et al. reported that MAG images did ingprove the diagnostic
accuracy of hard-copy readif§ this study with a larger series of subjects
showed that MAG images increased sensitivity by &% A value by 0.03
despite decreased specificity by 5%. One of thad@logists did not only see
improved sensitivity but also improved PPV and dpsty with MAG.
Moreover, the imaging quality of MAG was rated ageyior to that of
ZOOM-1.3, showing the agreement between the disi@elynique as 0.1 or
less than 0.1. Although the agreement of -charaetidon of
microcalcifications such as shape and distribultipreach radiologist between
display techniques was fair to substantial, MAG ak® rated as superior to
ZOOM-1.3 for confidence level in diagnosis by allr8viewers. In the
diagnosis of microcalcifications, it is importargtronly how much suspicion
for malignancy a radiologist consider for the maaieification but also how
much confidence the radiologist puts in rating phebability of malignancy. |
could consider that MAG could give a radiologistrsm@onfidence for the
diagnosis of microcalcification. In this study, amtrease of confidence was
also noted in the characterization classifying shape and distribution of
microcalcifications.

Therefore, this study suggests that digital MAG vites better

diagnostic performance, image quality, and incr@asenfidence for the
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diagnosis of microcalcifications than the ZOOM-8ich is contrary to the
results by Fisher et al’. One possible explanation for the discrepancy
between the results of Fisher et al. and theseltsemay be due to the
magnification factor itself between 1.8 times of MA&nd around 1.3 times of
ZOOM-1.3. | used the commercially available zoomiagtor with zooming
frame at the single tilting mode in the digital maography unit used in my
study. It showed the same spatial resolution witman-zoomed area of full
resolution mode where one acquisition pixel ondiugtal detector matches
one display pixel on the monitor. Furthermore, MA@rease the size of
calcification relative to the background noise @attin the image while
ZOOM-1.3 increase the size of both calcificationd dmackground noise
pattern. The same is true for film except for tluésa pattern added by film
processing. SNR on MAG images increases due tductien in both scatter-
related image degradation and noise. The lesipnoigcted over more pixels
so that it can be seen in greater defailwhile the pixel size of contact
mammography used in the current study is 70.0 mgrthat the effective
resolution of MAG is approximately 39 microns (7@)1 Based on this theory,
ZOOM in soft-copy reading may not attenuate the rol MAG. However,
higher resolution monitors are continuously beirgyvedoped and further
studies for the role of zooming in soft-copy re@dme necessary.

This study has several limitations. The resultsnfrone machine type
with one pixel size and one zooming power cannogéeeralized to those
from other machines and zooming powers. Furthediesu with other
mammographic machines and workstations with otheoning powers
should be performed to generalize this result. soaplan to repeat this
experiment shortly with other zooming powers largean 1.8 times of the
MAG °. Second, | evaluated diagnostic performance (eitgi specificity,
PPV, NPV, and Avalue of ROC analysis) in this study given tha thaders
were directed to the area of the lesion of intereboth MAG and ZOOM-1.3
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images. Although marking the area of interest itheaiew seems to
invalidate evaluation of detection accuracy, tmalidgation was inevitable in
the current study. However, that bias, from poiptout the area of concern,
could have been lessened by having the reviewlersuti either the ZOOM-
1.3 or MAG sheets first according to their odd @ere order, arranged by
acquisition date, rather than always filling oue tAOOM-1.3 sheets first.
Another, any of the parameters sensitivity, speityfi PPV or NPV does not
alone tell us about goodness of the image bechesdiagnostic criteria may
be stricter with other method. | did not sugges tbjective evidence of
goodness of the MAG but suggest only a few subjeaividences evaluated
by three reviewers. This study was reviewed bydolagists. The possibility
to generalize from the results found is reducednvbe few observers are
used. Further study with more reviewers havingotgridegrees of experience
iS necessary. In terms of the follow-up period fprobably benign
microcalcifications, | included cases that underwah least 2 years of
mammographic follow up although more than 3 yedr®kow-up could be
acceptable. However, this does not interfere whbh tain results and
conclusions of this study and is not very important

With part 1 study, we have got the result that ZOOMI could not
replace MAG in the diagnosis of microcalcificationd/e have wondered
whether there was any change in the result witdrgel zooming factor.

IV-2. Comparison of ZOOM-2.0 and MAG in full-field digital
mammography: image quality and diagnostic performance for
microcalcifications:

Magnification mammography is used to improve diativoaccuracy,
especially in the evaluation of microcalcificatipnsy imaging a particular

region of the breast. Magnification increases gpagisolution and SNR. So it
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has been a valuable adjunct to contact mammograj@spite increased
radiation dose and additional radiation expostife However, a few
investigators have suggested that zoom, a posepsory method of digital
mammography, can be a potential benefit not aVaildtom film-screen
mammography™ *? ¢ Fisher et al. reported that ZOOM were equivatent
MAG of FFDM in hard-copy readintj.

However, in contrast to Fisher’s study with zoorotéa of 1.8, a prior
part 1 study documented that magnification mamnuigravas better than
ZOOM-1.3, with respect to sensitivity and ROC asaly | used a zooming
factor 2.0, higher than the magnification factor MAG (1.8), to assess
whether the discrepancy between the previous stodid have arisen from
the difference in the zooming factor. A larger stgpdpulation was also used.
The current study showed that the diagnostic pedioce of ZOOM-2.0
using a factor of 2.0 was similar to that of MAGirthermore, one of the three
reviewers (reviewer 3) obtained highey values from ZOOM-2.0 than from
MAG. However, in terms of image quality and the fidence level for
assigning a probability of malignancy from mammagrianages, MAG was
still significantly better than ZOOM-2.0. Thesedings suggest that the prior
discrepancy in diagnostic performance might be ipaine to the difference
in the zooming factor. However, further study slkiooé followed to compare
different size of zooming using the same populatmwlarify this. With the
currently available digital contact and magnificatimammography units, |
could infer, the higher spatial resolution and SKOFRMAG did not affect the
diagnostic performance, but had a significant inhgat image quality and
confidence in assigning a probability of malignancy.

For the description of microcalcification shapeerth was moderate
agreement between ZOOM-2.0 and MAG in this studwel as in the prior
study. However, for lesion distribution, while alstgerfect agreement was

reported in the prior study (= 0.8094 + 0.0264), only moderate agreement
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was noted in this study. When a MAG was reviewergvéiew of ZOOM-2.0
from the same case was not allowed. But the reviéwhe print-screen
images was just allowed according to reviewer'sgesce, not mandatory
either. A review of the print-screen images was mandatory, but was
allowed according to the reviewer’s preference.rigflreview of the contact
mammogram or print-screen images prior to integbiat of magnification
mammography could be useful for the determinatibrdistribution. With
respect to the confidence level of interpretatigrrdviewers, the confidence
level for MAG was rated to be superior to that @@M-2.0 for diagnosis by
all 3 reviewers This result is consistent with tbthe previous study with a
zooming factor of 1.3°,

In this study, A values were compared between ZOOM-2.0 and MAG
in pre-specified subgroups of cases, which werkeeddsy age, breast density,
image quality, probability of malignancy, and caigince level in probability
of malignancy. However, the ,Avalue for MAG did not differ significantly
from that of ZOOM-2.0 in any of the subgroups. Bagimammography is
known to be more useful in women under the age @f Bomen with
heterogeneously dense or extremely dense breastsummography, and pre-
or perimenopausal woméh However, | found no difference in the Ralue
between MAG and ZOOM-2.0 among women under thech@® or women
with heterogeneously dense or extremely dense tisre&as mammography.
Although | did not evaluate the difference betw@es and postmenopausal
women, it is reasonable to postulate that the efiédhose differences on
MAG and ZOOM-2.0 were reflected in the age and lirdessity subgroups.

Although my results showed the possibility thatitdigmammography
using ZOOM-2.0 could obviate the need for magnifc@ma mammography in
the diagnosis of microcalcification, further stuglishould be undertaken to
confirm my results. Furthermore, ZOOM may not atie the role of MAG

in other clinical situations, including evaluatingummographic abnormalities
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such as asymmetry and distortion, and evaluatiadebion once again under

different position *"* %8

Magnification mammography using a spot-
compression paddle would still be useful for thearelsterization of
asymmetry or distortion.

This study has some limitations. First, this stpdyulation was larger
than those of the previous studies comparing MAG 200M-2.0™ %6 but
the size of this series was still too small to aomthe similarity of diagnostic
performance between MAG and ZOOM-2.0. Further stuitly a larger series
should be undertaken. Second, this study was redédw 3 radiologists who
were qualified in the academic institution for seeyears and showed
acceptable diagnostic performance in comparisoh thiat of other previous
studies” ?®. However, the small number of observers could redhe ability
to generalize from the results found. Further stbgymore reviewers having
various degrees of experience is necessary. Anoctherstudy population
consisted of the cases, pathologically proven &#wayears ago or several
months ago. Two of three reviewers have workedHerinstitution in which
cases were included in this study, entire time anlye3 months of case-
collection period, so the diagnostic performanceld¢dave been affected by
case-recognition. However, all three reviewers swwno statistically
significant difference in diagnostic accuracy. Tfere, the effect by case-
recognition on the diagnostic performance was ngnificant on the
conclusion of this study. Another, 142 microcat@tions among the 185
patients were benign at surgical or percutaneooigskiin the current study.
The follow-up period for those pathologically-provmicrocalcifications was
not acceptable as the cases included were biogsiegtal months to a few
years ago. However, as considering the reportequémecy of missed
carcinomas averaged 2.8%% the possibility of false diagnosis could be
similar for both ZOOM-2.0 and MAG. So, this doest muterfere with the

main results and conclusions of this study andatss/ary important.
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V. CONCLUSION

V-1. The results of this study suggest that MAG imagas provide
better diagnostic performance, image quality, amchfidence level for
diagnosis than ZOOM-1.3 images during soft-copydieg Therefore,
ZOOM-1.3 cannot replace MAG in patients with miatmification

V-2. The diagnostic performance of the radiologist eatihg
microcalcifications with ZOOM-2.0 was comparablethat with MAG (X
1.8). ZOOM-2.0 might therefore be an alternativeltto MAG for the
diagnosis of microcalcifications, although the iimagquality and confidence

level were worse than with MAG.
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<APPENDIX>

Case number Contact mammography ‘Maznification mammosraphy

Ezcellent

Moderate Intermediate Mat acceptable

--Gonﬁgﬂanc @ rate

Lucent- Egz  shel
Large rod-like round
center or rim

Croarse heterogeneous

Coarse or Milk
Skin dystrophic

papcorn like calcium

Punctate Amorphous or indistinct Fine pleomorphic Fine linear/branching

Confidence rate 1 g = 4 5
Clustered ‘Segmental Regional Multiple groups Diffuse
Confidence rate il z 3 4 i
1. Definitely not malignancy 2. Probably not malizgnant 2, Low-possibly malignant
4, Intermediate —probably malignant 5. Moderate—probably maliznant 8. Definitely maliznant
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