
183

© Turkish Society of Radiology 2007

Clinical outcome assessment in mammography: 
an audit of 7,506 screening and diagnostic 
mammography examinations

Işıl Tunçbilek, Ayşegül Özdemir, Serap Gültekin, Törel Oğur, Rabia Erman, Cemal Yüce

A medical audit is a compilation of patient outcomes over a certain 
period of time, generally 1 year. Mammographic auditing pro-
vides an objective criterion of the appropriateness and accuracy 

in image interpretation, and is the best measure of a mammographer’s 
performance (1–3). Regular auditing is a teaching activity to promote 
the mammographer and the mammography unit’s progress, so that cor-
rect interpretations are more likely and the compliance of patients and 
clinicians to screening mammography is increased (1, 4).

The audit assesses 3 important outcomes: i) detection of a high per-
centage of cancers in a population, ii) finding these cancers while they 
are still curable (small and node negative), iii) finding these cancers 
through an acceptably low number of recalls and biopsies (5, 6).

Outcomes for mammography have been extensively reported in 
many countries (2, 4, 5, 7–12) and several performance benchmarks 
have been published (13, 14). The largest data come from the Breast 
Cancer Surveillance Consortium-US (BCSC), which is a research group 
consisting of 7 population-based research centers and a statistical 
coordinating center that collects and analyzes mammographic and 
pathological data in defined populations (15). The data of 3,020,471 
screening and 448,225 diagnostic mammographic examinations are 
published (13, 14) and updated on the official website (http://breast-
screening.cancer.gov/data/benchmarks.2006), serving as a reference 
for performance benchmarks. Interest in mammographic auditing is 
more recent in Turkey, and there’s only one published article from 
Turkey concerning the subject (16). 

This study presents detailed audit data involving 7506 consecutive ex-
aminations performed in 1 year. Screening and diagnostic cases were 
separated and a thorough benchmarking was performed.  

Materials and methods
Data collection and study group definitions

The data in our breast imaging unit were collected from January 3, 
2005 to December 31, 2005. The study was approved by our institutional 
review board, and it was performed according to the Declaration of Hel-
sinki principles. 

The patients were referred from several clinics (mainly surgery, gyne-
cology, and check-up) by physicians who were asked to report a detailed 
clinical breast examination (CBE). Every patient was asked to complete 
a questionnaire that collected medical history and demographic data, 
including personal or family history of breast cancer, previous biopsies, 
and the presence of recent breast symptoms. Personal history of breast 
cancer, previous biopsy with atypical and lobular intraepithelial neo-
plasia, and family history of breast cancer were recorded as specific risk 
factors.
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PURPOSE
To perform an audit of our routine mammographic 
practice and to compare our results to performance 
benchmarks.

MATERIALS AND METHODS
We analyzed the outcomes of 7,506 consecutive ex-
aminations performed in 1 year. Screening and di-
agnostic cases were evaluated separately and mam-
mographic assessments were based on the Breast 
Imaging Reporting and Data System (BI-RADS) clas-
sification.

RESULTS
In 6,858 (91%) screening and 648 (9%) diagnostic 
cases, outcomes varied substantially. The recall rate 
was 10.9%. Estimated sensitivity and specificity were 
similar (100% vs. 98% and 88% vs. 94%) in the 
screening and diagnostic groups. Positive predictive 
values (PPV1, PPV2, and PPV3) were higher in the 
diagnostic group compared to the screening group 
(64%, 65%, and 68% vs. 4.9%, 33%, and 39%, re-
spectively). Cancer outcomes in the screening and 
diagnostic groups were, respectively, as follows: can-
cer detection rate, 6.1‰ vs. 86.4‰; mean invasive 
cancer size, 15.7 mm vs. 24.5 mm; minimal cancers, 
38% vs. 19%; stage 0–1 cancers, 50% vs. 21%; and 
lymph node negativity, 76% vs. 29%.

CONCLUSION
The measures of our screening outcomes were con-
cordant with the literature and the performance 
benchmarks for screening mammography; however, 
in our diagnostic group, the reasons for the higher 
PPV, higher cancer detection rate, and the diagno-
sis of cancer in a more advanced stage compared to 
the performance benchmarks should be investigated 
with more detailed periodic audits.
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Screening mammographies were de-
fined as those performed in asympto-
matic women with a negative CBE. A 
standard screening examination con-
sisted of a mediolateral oblique (MLO) 
view and a craniocaudal (CC) view of 
each breast. 

Diagnostic mammographies were 
defined as those performed in sympto-
matic women with one or more signs 
or symptoms related to breast disease, 
such as a lump, focal breast pain, nip-
ple discharge, or palpable breast thick-
ening. It is a problem-solving examina-
tion using additional mammographic 
projections and ultrasonography (US) 
when necessary. 

Assessment of the mammograms 
was performed by the same 2 mam-
mography fellows conjointly, using 
the Breast Imaging Reporting and Data 
System (BI-RADS) (17). When there 
was more than one lesion in a breast, 
only the highest BI-RADS assessment 

category was recorded. The breast den-
sity, assessment category, and specific 
recommendations for each lesion were 
noted. All necessary cases were con-
sulted to one breast imaging specialist 
for a final decision. 

Mammographic outcome evaluation 
was based on comparisons of the above-
mentioned data to the final pathology 
reports in cases that were biopsied. In 
cases that were not biopsied, the records 
were maintained for the following year’s 
screening mammography evaluation, 
or for short interval follow-up. 

Management recommendations ac-
cording to the final BI-RADS categories 
are: annual mammography for negative 
(category 1) and benign (category 2) 
findings, 6-month follow-up for prob-
ably benign (category 3) findings, and 
biopsy for suspicious (category 4) and 
highly suggestive of malignancy (cat-
egory 5) findings (17). Incomplete as-
sessment (category 0) was used only for 
screening examinations, and additional 
imaging work-up by mammography 
and/or US was completed the same day, 
although these cases were still referred 
to as recalls. Biopsy-proven cases (cate-
gory 6) in the diagnostic group were in-
cluded in the patient list, but were not 
included in statistical analysis.

Mammograms assessed as BI-RADS 
1, 2, and 3 were considered negative. 
Mammograms assessed as BI-RADS 4 
and 5, and BI-RADS 0 in the screening 
group, were considered positive. Data 
for both screening and diagnostic ex-

aminations were recorded daily on a 
Microsoft Excel worksheet, and weekly 
on a computer database. 

Histopathological and/or cytologi-
cal diagnoses of the lesions categorized 
as BI-RADS 4 or 5 were obtained from 
the pathology database or from patient 
files. Patients who did not follow rec-
ommendations for biopsy or follow-up 
were determined with telephone calls 
and reminders were left.

Histopathological tumor type, sono-
graphic tumor size (mammographic 
size was recorded if the lesion was not 
visible sonographically), lymph node 
status, and cancer stage were record-
ed. Staging was based on tumor size, 
lymph node status, and metastases, 
according to the Manual of the Ameri-
can Joint Committee on Cancer (18). 
Invasive cancers ≤10 mm and ductal 
carcinomas in situ were considered as 
minimal cancers. 

The cancer detection rate was calcu-
lated as the overall number of cancers 
detected per 1000 patients examined 
with mammography.

Outcome measurements 
True-positive and false-positive re-

sults were defined as positive mam-
mographic interpretations  with (true-
positive result) or without (false-posi-
tive result) a cancer diagnosis reported 
within 12 months. A false-negative 

result was defined as a negative mam-
mographic interpretation with cancer 
diagnosed within the next 12 months 
(interval cancer). A true-negative result 
was a negative mammographic inter-
pretation with no diagnosis of cancer 

within the next 12 months. We used 
these data to calculate the following 
statistics:
 i. Sensitivity = true positive/true 

positive + false negative. It 
is impossible to know all the 
interval cancers constituting 
the false negatives and the real 
sensitivity can be measured only 
after a performance assessment 
of several years. Therefore, our 
sensitivity in this medical audit 
based on a 1-year evaluation is 
actually referred to as estimated 
sensitivity. 

 ii. Specificity = true negative/true 
negative + false positive. 

 iii. Positive Predictive Value (PPV) 
= true positive/true positive + 
false positive. The PPV is the 
percentage of requested biopsies 

that result in a diagnosis of breast 
cancer. However, 3 separate 
PPV calculations actually exist: 
PPV1 is the ratio of cancers in 
all abnormal examinations, 
PPV2 is the ratio of cancers in 
all recommended biopsies, and 
PPV3 is the ratio of cancers in 
all performed biopsies. PPV1 is, 
in particular, more relevant in 
screening mammography, and it 
is considered a measure of one’s 
perceptive skills at screening, 
whereas PPV2 and PPV3 are 
measures of analytical skills used 
in diagnostic mammography (6). 
All 3 types of PPV can be used in 
facilities performing screening 
and diagnostic mammography 
simultaneously, and were 
calculated in this audit.

Results
Patient population

Of the 7,506 examinations, 6,858 
(91%) were performed for screening 
and 648 (9%) were performed for diag-
nostic purposes, with a ratio of 91:9. 

The mean age of diagnostic mam-
mography patients (49.7 years) was 
1.1 years younger than the mean age 
of screening mammography patients 
(50.8 years), although the differ-
ence was not statistically significant 
(P>0.005). 

The difference in risk factor positiv-
ity was not statistically significant be-
tween the 2 groups (22% in the screen-
ing vs. 23% in the diagnostic group) 
(P>0.005). 

American College of Radiology (ACR) 
breast patterns were not statistically 
different and were mostly type 2 or 3 
(76% in the screening group and 79% 
in the diagnostic group) (P>0.005).

Mammography outcomes
Mammography assessments in the 

screening and diagnostic groups are 
shown in Table 1. Most examinations 
ended with a negative or benign assess-
ment (86.1% in the screening group vs. 
72.7% in the diagnostic group) (Table 
1).

The recall rate (BI-RADS 0 assess-
ment) in the screening group was 
10.9% (n = 754);  the final assessment 
was based on US in 80% of the cases, 
on additional mammographic views 
in 6%, and on both additional mam-
mography and US examinations in 
14% of the cases. US, with or without 
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mammographic additional views, was 
the method of final decision-making 
in 94% of the patients.

Clinical outcomes and performance 
measurements

Clinical outcomes in the screening 
and diagnostic groups are shown in Ta-
ble 2. The number of performed biop-
sies in the diagnostic group was about 
8 times more than in the screening 
group. The cancer rate in biopsies in 
the diagnostic group was nearly twice 
that in the screening group (Table 2).

The estimated sensitivity, specificity, 
and PPV are outlined in Table 3. We 
had one false-negative case in the diag-
nostic group. This lesion was classified 
as BI-RADS 3 and was biopsied due to a 
high level of patient anxiety (resultant 
histopathological diagnosis: ductal car-
cinoma in situ [DCIS] of 7 mm).  

PPV1, PPV2, and PPV3 were higher in 
the diagnostic group when compared 
to that of the screening group; how-
ever, the difference was significant for 
PPV1 (64% compared to 4.9%) (Table 
3).

Cancer outcomes
Cancer outcomes in the screening 

and diagnostic groups are summarized 
in Table 4. The cancer diagnosis rate 
for diagnostic mammography was 14 
times higher than for screening mam-
mography (6.1‰ vs. 86.4‰) (Table 
4). The mean size of invasive tumors 
was significantly higher in diagnostic 
mammography (24.5 mm and 15.7 
mm, respectively). 

The rate of minimal cancers (38% 
vs. 19%), stage 0 and 1 cancers (50% 
vs. 21%), and lymph node negativ-
ity (76% vs. 29%), which define early-
stage breast cancer, were about twice as 
common in the screening group. Data 
were missing for 15 screening and 17 
diagnostic mammographically-detect-
ed cancers. 

Discussion 
The most important function of the 

audit is to evaluate the mammogra-
pher’s success in detecting very small 
cancers, which is the main goal of 
mammography practice (1–4). If the 
outcome results are within the expect-
ed limits, the mammographer’s con-
fidence is increased, improving diag-
nostic accuracy. This also increases the 
compliance of patients and referring 
physicians with screening mammogra-

Table 1. Comparative assessments in the screening and diagnostic mammography groups 

BI-RADS category
Screening mammography 

n (%)
Diagnostic mammography

n (%)

0. Incomplete 754 (10.9) -

1. Negative 5,070 (74.0) 324 (50.0)

2. Benign 821 (12.1) 147 (22.7)

3. Probably benign 91 (1.3) 72 (11.0)

4. Suspicious 85 (1.2) 35 (5.4)

5. Suggestive of malignancy 37 (0.5) 51 (7.9)

6. Biopsy-proven malignancya - 19 (3.0)

BI-RADS: Breast Imaging Reporting and Data System
a Cases not included in statistical analysis

Table 2. Clinical outcomes in the screening and diagnostic mammography groups

Screening mammography   
n (%)        

Diagnostic mammography   
n (%)        

Positive mammography 876 (12.6) 86 (13.3)

Performed biopsies 103 (11.7) 77 (89.5)

Detected cancers in biopsies 42 (40.7) 56 (72.7)

Table 3. Performance outcomes in the screening and diagnostic mammography groups

Screening mammography Diagnostic mammography

Sensitivity (%) 100 98

Specificity (%) 88 94

PPV (%)
        PPV1 
        PPV2 
        PPV3 

4.9
33
39

64
65
68

PPV: positive predictive value

Table 4. Cancer outcomes in the screening and diagnostic mammography groups

Screening mammography Diagnostic mammography

Cancer diagnosis rate (per 1000) 6.1 86.4

Invasive cancer mean size (mm) 15.7 24.5

Number of cancer types [n (%)]
        DCIS
        IDC
        ILC
        Mixed invasive cancer
        Other types
        Unknown

5 (12)
29 (69)
2 (5)
3 (7)
2 (5)
1 (2)

6 (10)
41 (73)
1 (2)
4 (7)
2 (4)
2 (4)

Minimal cancers [n (%)] 16 (38) 10 (19)

Stage 0 and 1 cancers [n (%)] 21 (50) 12 (21)

Lymph node negativity [n (%)] 32 (76) 16 (29)

DCIS: ductal carcinoma in situ
IDC: invasive ductal carcinoma
ILC: invasive lobular carcinoma
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phy guidelines, which is an important 
issue, since screening should be per-
formed at regular intervals to be effec-
tive (1, 4, 19). If the outcome results 
are not within the expected range, it is 
possible to identify the causes and to 
take corrective measures, assessing the 
results in subsequent audits (3, 4, 20).

Data collection is an important is-
sue and minimizing data collection 
is necessary to facilitate the statistical 
calculations and outcome analysis. 
Although data collection can be per-
formed manually, this is frequently 
time-consuming and tedious work (1, 
3). For this reason, special computer 
programs have been designed (1, 21). 
In our outcome analysis, we did not use 
a specially designed computer software 
for data collection, but we combined 
our manual collecting method with 
our computerized reporting system. 
The perfection of an audit can only 
be possible with the help of a software 
program especially designed for time-
saving and easy data collection (1, 22).

In published reports, clinical out-
comes for diagnostic mammography 
are different from those for screen-
ing mammography (4, 10–14, 23–25); 
therefore, we collected and analyzed 
our screening and diagnostic data sep-
arately.

The demographic characteristics of 
our patients were similar in the screen-
ing and diagnostic groups (mean age: 
50.8 vs. 49.7 years; personal/family 
history of breast cancer: 22% vs. 23%). 
In previously reported series, diagnos-
tic mammography patients were 3.0–
3.3 years younger than the screening 
patients (10–14, 23). The reason of our 
similar age populations in the 2 groups 
may have been the lack of a national 
screening program for older age groups 
in Turkey. 

The cancer detection rate, which is 
an important parameter reflecting the 
quality of mammography practice, is 
affected by several variables, including 
age, indication of mammography ex-
amination, and size of the tumor. For 
example, mammography performed 
for palpable lumps in an older popu-
lation will reveal higher cancer detec-
tion rates. Our cancer detection rates 
of 6.1‰ and 86.4‰ in the screening 
and diagnostic groups, respectively, 
were higher than the average values in 
the literature (4.8‰ and 12.3‰ in the 
screening and diagnostic groups, re-
spectively). The relatively high cancer 

detection rate in our screening group 
is probably due to the prevalence of 
cancers related to the inclusion of data 
from the first-time screened popula-
tion into the data of the subsequently-
screened population, and is actually 
expected. On the other hand, our re-
markably higher cancer detection rate 
in the diagnostic group may be prima-
rily due to the trend of late referral of 
patients in Turkey. Another factor may 
be that our breast imaging unit func-
tions as a center for patients referred by 
clinicians with suspected breast cancer 
and other breast pathologies.

Tumor size, stage, and lymph node 
status are important prognostic factors 
in breast cancer. Small tumor size, a 
high percentage of minimal cancers, 
and a high rate of lymph node nega-
tivity in a screening population audit 
indicate the ability to detect disease at 
an early stage. In our screening group, 
the mean size of invasive cancers (15.7 
mm) and lymph node negativity (76%) 
were similar to published studies and 
performance benchmarks (16.7 mm, 
and 79.8%), whereas the percentage of 
minimal cancers (38%) and stage 0–1 
cancers (50%) were moderately lower 
than the desired goals (51.9%, and 
74.1%) (2, 5, 6, 8–10, 12, 14, 25). In our 
diagnostic group, mean size of inva-
sive cancers (24.5 mm) was higher, al-
though lymph node negativity (29%), 
minimal cancers (19%), and cancers 
in stages 0 or 1 (21%) were somewhat 
lower than the published reports and 
benchmarks of 20.9 mm, 71.9%, 39%, 
and 61%, respectively (10–14). These 
results may be due to the lack of an of-
ficial breast carcinoma screening pro-
gram, low participation rate of women 
in routine screening examinations, and 
the tendency to seek medical care only 
when the disease is advanced. 

Sensitivity is the most difficult infor-
mation to obtain, which requires an ex-
act number of false-negative cases (in-
terval cancers) for accurate calculation, 
necessitating the presence of a national 
tumor registry (2, 7, 8). Sensitivity de-
pends on patient age, screening inter-
val, and the scheduling of follow-up 
for negative mammograms (6, 8). Our 
sensitivity of 100% and 98% (screening 
vs. diagnostic) is higher compared to 
the reported performance benchmarks 
of 77.4% and 79.8% (screening vs. di-
agnostic) (13, 14); however, it may be 
misleading to conclude that our results 
indicate superior performance. Lack of 

a national tumor registry and the re-
quirement of a rather short follow-up 
for this first audit probably had some 
impact on our figures.

PPV1 (abnormal exam), an indicator 
of perceptual skills, was 4.9% in the 
screening group, which is in accord-
ance with the recommended range 
of 5%–10% (1, 2, 8, 25). PPV2 (biopsy 
recommended: 33%) and PPV3 (bi-
opsy performed: 39%) in the screen-
ing group, indicating analytical skills, 
were also concordant with the litera-
ture (range of 25%–40% for PPV2 and 
PPV3) (2, 5, 6, 8–10, 12, 14, 25). In the 
diagnostic group, PPV2 and PPV3 were 
65% and 68%, respectively. These val-
ues are substantially higher than the 
mean values of 30.3% and 37.3% for 
the performance benchmarks of PPV2 
and PPV3. This may be explained by 
the same factors responsible for our 
higher cancer detection rate and high-
er number of advanced cases in the di-
agnostic group.

Detecting cancers through an ac-
ceptably low rate of recall is one of the 
main goals of screening mammogra-
phy (5, 6). The recall rate is defined as 
the percentage of screening patients 
requiring additional mammographic 
views or US. Our recall rate of 10.9% is 
in accordance with the 10.3% screen-
ing performance benchmark (14). 

To the best of our knowledge, this is 
the first detailed audit in Turkey ana-
lyzing screening and diagnostic mam-
mographic examinations separately. 
In a previous mammography audit 
of 3,048 screening cases reported by 
Türk and Arıbal, the cancer detection 
rate (6.9 per 1000) and lymph node 
negativity (66.7%) were similar to 
ours; however, a higher recall rate and 
PPV1, and lower rates of PPV2, PPV3, 
minimal cancers, and stage 0–1 cancers 
were reported (16). It is not clear if they 
had implemented US into their routine 
examinations, as we did, which might 
have been the cause underlying some 
of the lower rates of detection they re-
ported. It is also impossible to know 
to what extent US might have affected 
our diagnostic mammography assess-
ments and management recommenda-
tions; however, it has already become a 
standard approach as the last edition of 
BI-RADS guidelines also recommends 
their integrated use (17). 

There are several limitations of our 
study. First, due to the lack of an in-
stitutional and national tumor regis-
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try, false-negative cases were difficult 
to identify. Second, our study period 
was short. Studies with longer time 
intervals may contribute to better and 
more complete, as well as more real-
istic, outcomes in subsequent audits. 
We assume that our continuing audit 
analyses will provide more reliable data 
compared to the past study period.  

One difficulty we experienced in this 
study was related to the method of data 
collection. We would suggest that a 
practical data collection method with a 
dedicated computer program designed 
for outcome analysis is mandatory for 
avoiding certain methodological diffi-
culties in such studies.

Our data suggest that the measures 
of our screening outcomes, primarily 
recall rate, cancer detection rate, and 
PPV, are concordant with the litera-
ture and the performance benchmarks 
for screening mammography. In our 
diagnostic group, higher PPV, higher 
cancer detection rate, but larger tu-
mor size and the higher number of 
advanced cancers compared to the lit-
erature demonstrate the need for more 
detailed outcome analysis in diagnos-
tic mammography. Efficient auditing 
systems, as well as a national tumor 
registry, are essential for confident and 
standardized data collection. We think 
that mammography facilities will ben-
efit from auditing their data regularly, 
which would help them to improve 
their outcomes and achieve greater 
success in diagnosing early-stage breast 
cancer.
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