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Purpose: To compare radiologists’ performance during interpreta-
tion of screening mammograms in the clinic with their
performance when reading the same mammograms in a
retrospective laboratory study.

Materials and
Methods:

This study was conducted under an institutional review
board–approved, HIPAA-compliant protocol; the need for
informed consent was waived. Nine experienced radiolo-
gists rated an enriched set of mammograms that they had
personally read in the clinic (the “reader-specific” set)
mixed with an enriched “common” set of mammograms
that none of the participants had previously read in the
clinic by using a screening Breast Imaging Reporting and
Data System (BI-RADS) rating scale. The original clinical
recommendations to recall the women for a diagnostic
work-up, for both reader-specific and common sets, were
compared with their recommendations during the retro-
spective experiment. The results are presented in terms of
reader-specific and group-averaged sensitivity and speci-
ficity levels and the dispersion (spread) of reader-specific
performance estimates.

Results: On average, the radiologists’ performance was signifi-
cantly better in the clinic than in the laboratory (P � .035).
Interreader dispersion of the computed performance lev-
els was significantly lower during the clinical interpreta-
tions (P � .01).

Conclusion: Retrospective laboratory experiments may not represent
either expected performance levels or interreader vari-
ability during clinical interpretations of the same set of
mammograms in the clinical environment well.
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Important progress has been made in
our understanding of the use of ret-
rospective observer performance

studies in the evaluation of diagnostic
imaging technologies and clinical prac-
tices as well as the methods needed for
the analysis of such studies (1–8). A
frequently used approach is a receiver
operating characteristic (ROC)–type
study that provides information about
how sensitivity varies as specificity
changes while accounting for reader
and case variability (9–12).

The most relevant question of inter-
est in all of these studies is not whether
the results can be generalized to cases,
readers, abnormalities, and modalities
under the study conditions, but rather
whether the results of a given study lead
to valid inferences on the potential ef-
fect of different technologies or prac-
tices in the actual clinical environment.
Experimental conditions that are re-
quired in the vast majority of observer
performance studies could affect human
behavior in a manner that would limit
the clinical relevance of inferences
made (13). Data have been collected in
the attempt to assess the possibility of a
“laboratory effect” in observer perfor-
mance studies and how it could affect
the generalizeability of results (14).

Because large observer variability
has been reported in many studies, in
particular during the interpretation of
mammograms (15–19), we performed a
comprehensive, large observer study
designed to compare radiologists’ per-
formance during the interpretation of
screening mammograms in the clinic to
their performance when reading the

same images in a retrospective labora-
tory study.

Materials and Methods

General Study Design
Nine board-certified, Mammography
Quality Standards Act–qualified radiol-
ogists (with 6–32 years of experience in
interpreting breast imaging studies and
who perform more than 3000 breast ex-
aminations per year) were selected to
participate in the study on the basis of
the number of screening mammograms
read during the period from which we
selected the images. Each reader inter-
preted 276–300 screen-film mammo-
grams, which were obtained under an
institutional review board–approved,
Health Insurance Portability and Ac-
countability Act–compliant protocol.
The need for informed consent was
waived.

Radiologists read mammograms three
times during a 20-month period (Sep-
tember, 2005 to May, 2007). Images
were read in a mode we termed clinic–
Breast Imaging Reporting and Data Sys-
tem (BI-RADS) (20), a mode rated un-
der the ROC paradigm with an abnor-
mality presence probability rating scale
of 0–100, and a free-response ROC
mode (21). The study was “mode bal-
anced” in that three radiologists read
mammograms with each of the modes
first, three radiologists read each of the
modes second, and three radiologists
read each of the modes third (last) by
using a block randomization scheme.
The results of the clinic-BI-RADS mode
are the focus of this article because it is
most similar to clinical practice. In the
future, we plan to report the results
with the two other modes (ROC and
free-response ROC) and their relation-

ship to the results from the clinic-BI-
RADS mode.

Four-view screen-film mammograms
(ie, “current” mammograms) as well as a
comparison mammogram (obtained at
least 2 years before the study, when
available, or 1 year before the study
when it was the only available mammo-
gram) as used during the original clini-
cal interpretation were made available
to the radiologists during the readings.
Radiologists interpreted each mammo-
gram as they would in the clinic and
rated the right and left breast sepa-
rately. The set read by each radiologist
included a “common” set of 155 screen-
film mammograms originally read in the
clinic by other radiologists not partici-
pating in the study and a “reader-spe-
cific” set of mammograms that the
reader had read clinically 2–6 years
earlier. Common and reader-specific
mammograms were mixed, and radiolo-
gists read all cases in one mode before
moving to the next in the mode-bal-
anced, case-randomized study that was
managed by a comprehensive computer
program. All ratings were recorded
electronically and saved in a database.

Selection of Mammograms
The distribution of mammograms in the
different categories was designed so
that approximately 25% depicted posi-
tive findings (associated with verified
cancers), approximately 10% depicted
verified benign findings, and approxi-
mately two-thirds were either rated as
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Advances in Knowledge

� Radiologists’ performance in the
clinical environment was signifi-
cantly different than that in labo-
ratory retrospective studies (P �
.035).

� Interreader dispersion of the
computed performance levels was
significantly lower during the clini-
cal interpretations than in the lab-
oratory retrospective study (P �
.01).

Implication for Patient Care

� Inferences regarding the perfor-
mance of new technologies and
clinical practices made as a result
of retrospective laboratory ob-
server studies may not always be
valid or applicable.
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negative during screening or recalled
for a suspected abnormality but rated as
negative during the diagnostic work-up
that followed. Actually negative mam-
mograms included (a) those originally
given a BI-RADS rating of 1 or 2 (not
recalled at screening) and verified as
not showing cancer at least 1 year
thereafter and (b) those originally given
a BI-RADS rating of 0 and later found to
be negative during a subsequent diag-
nostic work-up. Actually positive mam-
mograms included (a) all available
mammograms depicting pathologically
confirmed cancers detected as a result
of the diagnostic follow-up of a recall
and (b) all false-negative mammograms—
namely those mammograms that actually
depict an abnormality that had been
originally rated as negative (BI-RADS
category 1) or benign (BI-RADS cate-
gory 2) but later verified as positive for
cancer within 1 year. Negative mammo-
grams were selected in a manner that
approximately one-third of the cases did
not have a previous examination during
the original interpretation to reflect our
approximate clinical distribution.
Therefore, 63% (635 of 1013) of the
actually negative and 83% (293 of 354)
of the actually positive mammograms
had a previously obtained mammogram
available for comparison.

Actually positive and negative mam-
mograms were obtained from databases
of the total screening population that are
carefully maintained for quality assurance
purposes and from our tumor registry.
Actually negative mammograms were se-
lected consecutively from our total
screening population beginning with the
first day of each calendar quarter from
2000 and continuing through 2003 (when
the inclusion criteria and verification con-
ditions were met) until the required pre-
determined number of cases in each cat-
egory was reached. The time frame for
searching for actually positive mammo-
grams included all screening examina-
tions performed between 2000 and 2004
to ensure the inclusion of as many consec-
utive screening-detected cancers by each
of the nine participants as possible. Ex-
aminations were rejected if (a) any of the
current or previous images were missing,
(b) if “wires” marking scars of previous

biopsies were visible or there was any
indication (marking) of a palpable finding
at the time of the screening that was
placed during the examination (eg, BB)
and, hence, was visible on the images, or
(c) if a screening examination had been
converted to a diagnostic examination
during the same visit because of symp-
toms reported or discovered at screen-
ing. As a result of the selection protocol, a
total of 354 “positive” mammograms
(showing both screening-detected or
missed but proved cancers) depicting
the abnormalities in question were in-
cluded in the study; 107 mammograms
were rejected (45 with BB markings for
palpable masses and 62 with wires
marking scars and/or previous biop-
sies). The distributions of negative and
positive mammograms with depicted ab-
normalities that were ultimately included
in the study are summarized in Table 1.
The average age of women whose mam-
mograms were selected was 53.96 years
(range, 32–93 years).

The use of computer-aided detec-
tion (CAD) was introduced into our
clinical practice in mid-2001. There-
fore, 752 of 1367 cases (55%) resulting
from 671 of 1212 (55%) cases in the
reader-specific set and 81 of 155 cases
(52%) in the common set had been orig-
inally read in the clinic with CAD. We
did not supply CAD results, however,
because we previously determined that
the effect of CAD on recall and detec-
tion rates in our practice, including with
these very radiologists, was small (22),
and CAD results had not been consis-

tently kept throughout the period of in-
terest.

Each mammogram was assigned a
random identification number and
cleaned; all identifying information, in-
cluding time marks, was covered with
black photographic tape. Study identifi-
cation labels were affixed to all mammo-
grams. Previously obtained images
were identified and specifically marked
with the number of months between the
previous and current examination.

Study Performance
Observers were unaware of the specific
aims of the study (ie, they were not told
that they had previously read either all
or some of the mammograms in the
clinic) and received a general and a
mode-specific “Instruction to Observ-
ers” document (23). The document in-
cluded a general overview of the study
setup and the process for reviewing and
rating mammograms during a session
and informed the reader that previous
mammograms labeled with the approxi-
mate number of months between the
relevant (current and previous) mam-
mograms would be provided, if applica-
ble. The document also described in de-
tail how certain abnormalities (eg,
asymmetric densities) should be scored
and noted that the set of mammograms
was enriched without any specific num-
bers or proportions. The instructions
for the clinic-BI-RADS mode specifically
stated that the reader was expected “to
read and rate (interpret) the examina-
tions as though they are being read in a

Table 1

Distribution of Mammograms with Specific Abnormalities Depicted

Abnormality
Mammogram Type Mass Microcalcifications Both Total

Negative* 0 0 0 492
Benign† 64 62 20 146
Recall‡ 277 75 23 375
Positive§ 181 139 34 354

Total 522 276 77 1367

* Rated BI-RADS 1 at screening and verified to be actually negative at follow-up.
† Rated BI-RADS 2 at screening and verified to be actually negative at follow-up.
‡ Rated BI-RADS 0 at screening and verified to be actually negative during diagnostic work-up.
§ All examinations depicting verified cancers.
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screening environment.” The readers
were not made aware of the specifics of
each mode until the time they were
scheduled to start that mode. A training
and discussion session was imple-
mented before the interpretations were
begun. The training and discussion in-
cluded a clear definition of abnormali-
ties of interest and how these should be
rated, as well as the protocol for using
the computerized rating forms.

Mammograms to be read within
each session included a randomized mix
of images from the reader-specific and
common sets. For example, as shown in
Table 2, reader 1 read a total of 297
mammograms (155 common and 142
reader-specific) and reader 2 read 295
mammograms (155 common and 140
reader-specific). Note that each reader
evaluated a different number of reader-
specific mammograms because the set

of mammograms included reader-spe-
cific images unique only to that particu-
lar reader. For each reading session, a
randomized examination list was gener-
ated by a computer program that as-
signed a mammogram number to a spe-
cific slot number on the viewing alterna-
tor. All mammograms to be read during
the specific session were loaded onto
the film alternator according to the ex-
amination list generated by the comput-
erized scheme. After matching the case
number, observers reported their rec-
ommendations for each mammogram
on a computerized scoring form. The
number of mammograms interpreted
during each reading session varied from
20 to 60, depending on what each par-
ticipant’s schedule would allow and
their own pace of reading; however, on
average, about 15% of the mammo-
grams were read per session. Answers

could be changed while viewing an im-
age until the “done” command was en-
tered and final ratings were recorded.

During the clinic-BI-RADS mode,
observers were first presented with a
choice of rating the mammogram and
each breast as “negative” (score, 1),
“definitely benign” (score, 2), or “rec-
ommended for recall” (score, 0). If a
benign or a recall rating was entered,
observers were asked to identify the
type of abnormality in question (ie,
“mass,” “microcalcifications,” “other”)
and could list more than one abnormal-
ity. If recall was recommended, a list of
recommended follow-up procedures ap-
peared and observers had to select at
least one recommended procedure (eg,
spot craniocaudal view/spot 90, spot
craniocaudal view/whole breast, magni-
fication craniocaudal view/90°, exag-
gerated craniocaudal view, tangential
for calcifications, and/or ultrasonogra-
phy).

Data Analyses
We focused our analysis on an examina-
tion-based rating, namely an examination
in which only one breast containing can-
cer is treated as a “true positive” finding if
a recall rating was given to either breast.
For the purpose of this analysis, the pri-
mary sensitivity (or true-positive fraction)
was estimated as a proportion of the
“positive” mammograms out of all mam-
mograms depicting verified cancers, and
specificity (or 1 � false-positive fraction)
was estimated as a proportion of the
“negative” mammograms out of all veri-
fied “cancer-free” cases. In our primary
analysis, we summarized performance
over readers as a simple average.

We conducted a statistical analysis
that accounts for both the correlations
between ratings on the same mammo-
grams and for heterogeneity between
observers’ levels of performance. The
difference between performance lev-
els in the clinic, namely the actual rat-
ings (score of 0, 1, or 2) during the
prospective clinical interpretation of
each mammogram and the laboratory
retrospective observer study was con-
ducted by using hypotheses testing in
the framework of a generalized linear
mixed model with proc GLIMMIX SAS

Table 2

Performance Levels in Terms of Recall Rates of Actually Positive and Actually
Negative Cases in the Clinic and during a Retrospective Laboratory Observer
Performance Study

Actual Clinical Data Laboratory Rating Results
Reader No. Actually Negative Actually Positive Actually Negative Actually Positive

Reader-specific

1 36/100 (0.360) 40/42 (0.952) 54/100 (0.540) 41/42 (0.976)
2 43/107 (0.402) 29/33 (0.879) 91/107 (0.850) 32/33 (0.970)
3 38/96 (0.396) 47/49 (0.959) 41/96 (0.427) 39/49 (0.796)
4 36/99 (0.364) 37/40 (0.925) 26/99 (0.263) 34/40 (0.850)
5 39/97 (0.402) 40/44 (0.909) 60/97 (0.619) 38/44 (0.864)
6 38/103 (0.369) 17/18 (0.944) 45/103 (0.437) 18/18 (1.00)
7 37/96 (0.385) 23/24 (0.958) 55/96 (0.573) 24/24 (1.00)
8 35/108 (0.324) 12/14 (0.857) 24/108 (0.222) 10/14 (0.714)
9 42/116 (0.362) 23/26 (0.885) 37/116 (0.319) 23/26 (0.885)
Total* 344/922 (0.374) 268/290 (0.919) 433/922 (0.472) 259/290 (0.895)

Common
Other† 31/91 (0.341) 58/64 (0.906) . . . . . .
1 . . . . . . 50/91 (0.549) 58/64 (0.906)
2 . . . . . . 74/91 (0.813) 60/64 (0.938)
3 . . . . . . 35/91 (0.385) 49/64 (0.766)
4 . . . . . . 21/91 (0.231) 47/64 (0.734)
5 . . . . . . 41/91 (0.451) 56/64 (0.875)
6 . . . . . . 39/91 (0.429) 49/64 (0.766)
7 . . . . . . 60/91 (0.659) 60/64 (0.938)
8 . . . . . . 24/91 (0.264) 37/64 (0.578)
9 . . . . . . 30/91 (0.330) 53/64 (0.828)
Total (0.341) (0.906) (0.457) (0.814)

Note.—Data are given as numbers of mammograms rather than numbers of breasts.

* Simple average of reader-specific recall rates.
† Mammograms originally interpreted in the clinic by other radiologists not participating in the study.

BREAST IMAGING: The “Laboratory” Effect Gur et al

50 Radiology: Volume 249: Number 1—October 2008



software (version 9.13; SAS Institute,
Cary, NC).

We tested whether the average per-
formance in the clinic and laboratory
could be described with a single ROC
curve. For this purpose, reader-specific
and common sets of data were analyzed
separately. We also verified the results
of this analysis by performing an analy-
sis conditional on the examinations with
discordant ratings between the clinic
and the laboratory.

In a separate analysis, we compared
the dispersions (the average distance to
the mean performance level) of the
computed reader-specific operating
characteristics. The comparison of per-
formance dispersion was conducted
only on reader-specific subsets by using
Levene’s test for paired data (24,25).
We assessed the differences in spread
of specificities, sensitivities, and dis-
tances from reader-specific to reader-
averaged operating points.

Because a fraction of the actually
benign mammograms should have led to
a recall recommendation in the clinic
regardless of the ultimate outcome—
hence, affecting recall rates—we also
analyzed the data after excluding the
425 mammograms (388 in the reader-
specific and 37 in the common sets)
with verified benign findings. In addi-
tion, because screening BI-RADS rat-
ings were available for each breast sep-
arately, both from the actual clinical in-
terpretations and the retrospective
laboratory study, we also computed and
compared the breast-based perfor-
mance levels (sensitivity and specificity)
and dispersion in performance levels
among the nine radiologists. Namely,
each breast (left and right) was consid-
ered a diagnostic unit, rather than a
case-based analysis in which the most
suspicious finding (hence, the corre-
sponding rating) for either of the
breasts was taken into account as the
mammogram’s final recommendation
(or outcome).

We also assessed the possible ef-
fect, if any, of the use of CAD in 55%
(671 of 1212) of cases during the original
clinical interpretations of the reader-
specific set on the results of our two
primary analyses. Namely, the compar-

ison of the average performance levels
and the comparison of dispersions in
performance levels among the nine ra-
diologists. We estimated and compared
the trend of the readers for performing
on different ROC curves in the clinic
and the laboratory for the two groups of
cases initially evaluated with and with-
out CAD. We computed the dispersions
of reader-specific performance levels in
the clinic and the laboratory for each of
the groups of mammograms evaluated
with and without CAD and verified the
significance of the difference in disper-
sions adjusted for possible CAD effects.
Last, we assessed whether or not there
was an interaction between the possible
effect of using CAD and the possible
effect of the inclusion or exclusion of
actually benign mammograms in the
analysis.

Results

Table 2 provides the computed perfor-
mance levels in the clinic and the labo-
ratory for each of the nine radiologists.
Both mean sensitivity and specificity
were higher in the clinic than in the
laboratory (sensitivity, 0.919 vs 0.895,
respectively; specificity, 0.626 vs 0.528;
Figure), although the levels for either
sensitivity alone or specificity alone did

not achieve statistical significance (P �
.1). This tendency was observed in both
reader-specific and common sets. Four
readers achieved higher sensitivity in
the laboratory, albeit with a corre-
sponding lower specificity.

Although the differences between
sensitivity and specificity alone were not
statistically significant, there were sta-
tistically significant differences between
the clinic and laboratory for performing
on different ROC curves due to the si-
multaneous decreases in the laboratory
in both sensitivity and specificity levels
(P � .035). The results of the uncondi-
tional analysis of the common sets of
images agreed with the results for read-
er-specific sets (P � .027). A condi-
tional model–based test on discordant
mammograms only was significant (P �
.01), supporting the hypothesis that
combined performance was higher in
the clinic than in the laboratory.

There was a substantial difference
in the spreads of the actual operating
points in the clinic and laboratory on the
reader-specific sets (Figure). The sam-
ple standard deviations of reader-spe-
cific specificities differed by a factor of
7.8 (0.0253 vs 0.1976), and the stan-
dard deviations of reader-specific sensi-
tivities differed by a factor of 2.6
(0.0382 vs 0.0999). There was a signifi-

Graph shows measured performance levels (sensitivity [true-positive fraction, TPF ] and 1 � specificity
[false-positive fraction, FPF]) and overall average performance (center points) for reader-specific sets of
mammograms in the clinic (C) and laboratory (L). The differences in performance levels and dispersion
(spread) among the nine radiologists in the clinic and in the laboratory are demonstrated.
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cant difference (P � .01) between the
dispersions (average distance to the
mean performance levels) of the com-
puted reader-specific operating points
in the clinic and laboratory (0.0395 and
0.1870, respectively).

After benign mammograms were
excluded, the differences between spec-
ificity levels in the clinic and laboratory
increased as compared with the com-
plete dataset, and the test for perform-
ing on different ROC curves was statis-
tically significant (P � .01) for both
reader-specific and common sets. The
difference in spreads on reader-specific
sets remained significant (P � .01) after
the exclusion of actually benign mam-
mograms.

The breast-based analyses demon-
strated the same trend as the examina-
tion-based results. Both average sensi-
tivity and average specificity levels in
the clinic were higher than those in the
laboratory (sensitivity, 0.901 vs 0.847,
respectively; specificity, 0.792 vs
0.730). The sample standard deviations
of reader-specific specificities differed
by a factor of 4.3 (0.0254 vs 0.1096),
and the standard deviations of reader-
specific sensitivities differed by a factor
of 1.8 (0.0473 vs 0.0867).

The use of CAD (or not) did not
significantly (P � .61) affect the obser-
vation that performance levels in the
clinic were superior to those in the lab-
oratory. As related to the possible effect
of the use of CAD on variability, the
spread in performance levels (average
distance from the mean performance
level) in the clinic for the set interpreted
with CAD was not smaller than that for
the set interpreted without CAD
(0.1252 and 0.0986, respectively). The
ratios of performance dispersions be-
tween the clinic and the retrospective
laboratory experiment were similar for
the set of mammograms read in the
clinic with CAD and the set of mammo-
grams read in the clinic without CAD.
The adjusted difference in dispersions
of performance levels in the clinic and
laboratory was statistically significant
(P � .025). We note, however, that our
study did not allow for an efficient, un-
biased assessment of the possible effect
of CAD on performance levels of indi-

vidual readers or the dispersion in per-
formance levels among readers as in
studies when the same cases are read
either prospectively or retrospectively
with and without CAD by the same
readers. There were no interactions
(P � .31) between the effect of using
CAD and the effect of including actually
benign mammograms in that the inclu-
sion or exclusion of mammograms de-
picting benign findings was similar
whether CAD was used or not.

Discussion

Several retrospective studies demon-
strated that radiologists’ performance is
relatively poor when interpreting
screening mammograms and that radi-
ologists’ interreader variability is sub-
stantial (15–19,26). Inferences gener-
ated from these studies have been
quoted numerous times and used as one
of the primary reasons for the need for
corrective measures (27). However,
there are no substantial data about the
“laboratory effect” or the correlation
between performance in the clinic and
laboratory experiments. This type of
study is difficult to design because, in
most areas, we do not have adequate
quantifiable estimates of performance
levels in the clinic. This is not the case in
screening mammography, where the BI-
RADS ratings can be used to estimate
radiologists’ performance levels in re-
calling (or not) women who ultimately
are found to have breast cancer (or
not). Hence, images from screening
mammography were used in this study
because the endpoint is typically binary
(ie, recommendation to recall the women
for additional work-up or not) and the
outcome for most of those women who
were not recalled can be verified with
periodic follow-up.

The laboratory results in our study
are similar to and consistent with those
reported by Beam et al (16,19). How-
ever, on average, radiologists per-
formed better in the clinic than in a
retrospective laboratory experiment
when interpreting the mammograms
they themselves had read in the clinic.
Reading “order effect,” if any, would in-
crease the observed differences in that

all clinical readings were done first.
These seemingly surprising results can
be explained if one accepts that in the
laboratory radiologists are aware that
there is no effect on patient care; hence,
the reporting pattern of at least some
readers may change substantially. In ad-
dition, in the laboratory, radiologists
are not affected by the pressure to re-
duce recommendations for recall per
practice guidelines; hence, on average,
their recall rate is higher (27). It is in-
teresting that their average perfor-
mance for mammograms they had actu-
ally read in the clinic was better than
that for mammograms other radiolo-
gists had read in the clinic. Although
this could be because they remembered
some of the images, it is unlikely be-
cause, in addition to mixing these mam-
mograms with others that they did not
read, there was a long delay between
the two readings (28) and they inter-
preted a very large number of images in
between. It is quite possible that there is
a “self-selection” bias; namely, if a radi-
ologist is better at detecting certain
types of depictions of cancers, then,
over time, the type and distribution of
cancers he or she detects is affected.
Hence, when all cancers actually de-
tected by a particular radiologist are
used in a retrospective study, this set
will be different than the type and dis-
tribution of cancers detected by other
radiologists. Therefore, he or she will
also be better at detecting “their own”
type of cancers in a retrospective
study. This finding suggests that con-
tinuous training (feedback) on cases
missed by the individual radiologist
rather that those missed by others
may prove to be a better approach to
continuing improvements in perfor-
mance. Other clinical information (eg,
patient or family history) may also
have an effect on clinical decisions;
however, it is not expected to be an
important factor in the screening en-
vironment evaluated herein.

We note that we define “sensitivity”
differently from other studies (29) in
that here it is radiologists’ sensitivity to
actually depicted abnormalities. In addi-
tion, we do not have a full account of all
false-negative findings and examina-
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tions “lost to the system” because some
women with cancer may have relocated
or decided to be treated elsewhere.
These cases are not accounted for.
Hence, our results are conditional on
the dataset and readers in this study,
and our conclusions must be indepen-
dently validated. Our observations may
be applicable solely to experienced radi-
ologists who evaluate a high volume of
mammograms (19).

Finally, the significantly higher per-
formance in the clinic observed herein
may have contributed to the difficulty in
demonstrating actual significant im-
provements due to the use of CAD in
some observational studies (22,30).

The mammograms used in this
study were sampled in a manner that
could have improved apparent esti-
mates of sensitivity in the clinic because
of the possible incomplete sampling of
false-negative cases, making them po-
tentially not representative of the true
performance levels. However, we ex-
pect that on a relative scale the ob-
served relationship between clinical
and laboratory performance levels is
similar in a true representative ran-
domly selected sample set of examina-
tions. This study may have implica-
tions on the clinical relevance of ret-
rospective observer studies designed
to assess and compare different tech-
nologies and practices.

In conclusion, when deciding whether
to recall a woman for additional diag-
nostic examinations, experienced radi-
ologists performed significantly better
on average and, as important, more
consistently in the clinic than in the
laboratory when interpreting the same
mammograms. Radiologists’ interreader
spread in performance levels was sig-
nificantly lower during prospective
clinical interpretations when the same
clinical rating scale was used.

Acknowledgments: We thank Glenn Maitz, Jill
King, Amy Klym, and Jennifer Stalder for their
diligent and meticulous effort on this project.
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