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Abstract
Background Lack of resources and dedicated breast
radiology has forced professionals other than radiologists
to read mammography. We report a series of surgeon-read
mammography in a developing country.
Methods Data were collected prospectively form January
2003 to June 2008 for all mammography performed at a
tertiary hospital. The data acquired were demographics,
previous treatment for breast pathology, and indication for
and outcome of mammography, including diagnostic procedures and their results. The results were benchmarked
against standard performance indicators.
Results Of 8,743 mammograms performed, 1,468 were
for palpable lumps; the cancer diagnosis rate was 640 per
1,000 investigations (for 885 of these reported as compatible with malignancy, the cancer diagnosis rate was 95%;
for 183 reported as indeterminate 60%, for 400 reported as
benign/no abnormality 4%). Of 4,998 cancer follow-up
mammograms, the cancer diagnosis rate was 15 per 1,000.
For 76 of these reported as compatible with malignancy,
the cancer diagnosis rate was 67%, for 161 reported as
indeterminate, the biopsy rate was 36%, and cancer diagnosis rates of biopsy was 41%. Of 75 cancers diagnosed, 26
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were locally recurrent after breast conservation and 49 new
contralateral primaries, 84% of these were stage 0–I. Of
2,001 mammograms performed for screening, the biopsy
rate was 4.5% and the cancer diagnosis rate of biopsy was
27%; the overall cancer diagnosis rate was 11 per 1,000
examinations; 96% of these were stage 0–1.
Conclusions Dedicated breast surgeons are equally proficient at mammography interpretation as radiologists. In
resource-restricted environments, nonavailability of dedicated breast radiologists should not preclude development
of breast units.

Introduction
In developed countries, digital mammography is utilized
mainly as a screening modality [1–4], interpreted by specialized breast radiologists and performed on a cancer
aware population [5–7].
Health services in developing countries are burdened
with financial constraints, personnel shortages, and patient
overload [8–13]. In Africa, a lack of radiologists and
educational resources, especially with respect to mammography, is well documented [14]. Consequently, few
publications have researched clinical breast imaging on the
African continent [15, 16].
These restrictions forced the senior authors (KB, JA),
dedicated breast surgeons serving an indigent population in
a severely resource-restricted environment, to report
mammography at a tertiary institution.
We report one of the largest series of surgeon-read
mammography. This series establishes benchmarks for
similar environments and may assist in health care policy
formulation and planning in similarly resource restricted
environments.
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Patients and methods
All mammography performed between January 2003 to
June 2008 at a tertiary teaching hospital (Tygerberg Hospital, Cape Town, South Africa) was entered prospectively
into a commercially available database (MS Access,
Microsoft Corporation, Redmond, WA, USA). Demographic data were recorded, such as patient age and gender,
clinical data, such as hormone replacement therapy and its
duration, previous treatment for breast pathology, and the
indication and outcome of the examination. Indications
were categorized as ‘‘mass’’ for patients presenting with a
palpable lump, ‘‘follow-up’’ after completion of primary
therapy for cancer, and ‘‘screening’’ if no lump could be
palpated. Screening was only offered to women who were
perceived to be at high risk of breast cancer due to a family
history of breast cancer or other factors.
All mammography was performed by certified mammographers using film-screen technique and then batch read
on a weekly basis by one of two senior surgeons (KB and JA).
All mammography was performed initially on a General
Electric Senographe (GE Healthcare, Chalfont St. Giles,
United Kingdom) and later on a Giotto 6000 mammography system (Internazionale Medico Scientifica, Bologna,
Italy). Film used was Agfa Mamoray HDR film (Agfa
Corporation, Ridgefield Park, NJ). Films were developed
on an Agfa Classic EOS developer (Agfa Corporation).
Standard craniocaudal and mediolateral oblique views
were taken; additional views, such as ‘‘Cleopatra’’ views,
spot compression and magnification views, and ‘‘valley’’
views, were taken as indicated. Due to resource restrictions
as outlined above, breast ultrasound was not available
during the study period on a routine basis but was used
very selectively.
The outcome of the mammography was classified
according to a modified BIRADS classification [17]:

BIRADS 3 and 4 lesions were grouped as indeterminate
and patients were called back for short-term follow-up
imaging or tissue acquisition for definitive diagnosis.
Patients with BIRADS 5 lesions had tissue acquisition. The
method of further imaging and/or tissue acquisition, histology, clinical staging, and the use of neoadjuvant therapy
were recorded.
Patients who did not return for further evaluation were
contacted by surface mail to ensure compliance. If there
was no response after a second attempt in contacting the
patient, the patient was considered lost (defaulted).
The cancer diagnosis rate was defined as the number of
true cancer cases (histological proven cancer) identified at
mammography divided by the total number of examinations as per indication. The positive predictive value (PPV)
was defined as the number of pathologically confirmed
cancer cases divided by the sum of pathologically confirmed cancer cases and confirmed cases of benign
pathology. Three separate PPV calculations were performed: PPV1, probability of cancer after abnormal mammography interpretation; PPV2, probability of cancer after
recommendation for biopsy after abnormal mammography;
and PPV3, probability of cancer after biopsy after abnormal
mammography.

Results
A total number of 8,743 mammograms were performed
between January 2003 and June 2008. The mean age of
patients was 57 (range, 20–96) years.
Of the 8,743 mammograms, 1,468 were performed for
patients with palpable breast lumps, 4,998 for follow-up,
and 2,001 for screening; 276 mammograms were performed for localization procedures, specimen imaging after
localization biopsies, and postinduction therapy. These

Table 1 Summary of final diagnoses as per indication for mammography
Indication

n

Abnormal mammogram

%

Mass

1,468

1,068

73

Follow-up

4,998

237

5

Histopathology

2,001

178

9

Malignant

939

88

104

10

Defaulteda

25

2

Malignant

75

32

126

53

No further investigation

22

9

Defaulted

14

6

Malignant
Benign

a

Defaulted: patients who did not return for tissue acquisition
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%

Benign

Benign

Screening

n

24

13.5

116

65

No further investigation

28

16

Defaulted

10

5.5
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mammograms are excluded from further evaluation
(Tables 1, 2, 3, 4, 5, 6, and 7).

Discussion
Traditionally, infectious disease management is the main
goal in developing countries and cancer is not seen as a
threat. With better control of these infectious diseases [19,
20], cancer is becoming a problem as life expectancy
increases. Breast cancer is becoming an important health

problem in developing countries where incidence rates
have been increasing by up to 5% annually [19, 21]. Wellresourced countries have implemented guidelines for the
optimum management of patients with cancer. Resourcerestricted countries attempting to implement similar
guidelines have to cope with lack of infrastructure and
trained personnel, poor access to facilities, and cultural and
socioeconomic barriers [19–22].
To improve patient outcome in low-resource countries,
the Breast Health Global Initiative provides guidelines for
breast cancer management in these environments [19, 23].

Table 2 Summary of further investigations performed per mammography result and final outcome
Indication

n

Outcome

Mass

1,468

Compatible with malignancy

Indeterminate

n
885

183

Further investigations

n

Histology

885

Histology

Imaging

Benign/no abnormality

400

Histology

n

156

27

294

Malignant

845

95

Benign

24

3

Defaulted

16

2

Malignant

94

60

Benign

60

39

Defaulted

2

1

Malignant

0

0

Benign
Defaulted

20
7

74
26

Malignant

17

6

261

89

Benign
Defaulted
Unilateral mammograma
Follow-up

4,998

Compatible with malignancy

76

Histology

106
76

Normal

161

Histology

Imaging

58

103

Screening

2,001

Compatible with malignancy

Indeterminate

100

51

67

22

29

3

4

Malignant

24

41

Benign

28

48

Defaulted

6

11

Malignant

0

0

Benign

76

74

No further investigation

22

21

5

5

4,761
28

150

Histology

Histology

28

62

Malignant

15

54

Benign

11

39

Default

2

7

Malignant

9

15

Benign
Imaging

88

50

81

Defaulted

3

4

Malignant

0

0

Benign

55

63

No further investigation

28

32

5

5

Defaulted
Benign/no abnormality

5

106

Malignant

Defaulted
Benign/no abnormality

16

Benign
Default
Indeterminate

%

1,823

a

Unilateral mammograms were performed where patients had local advanced breast carcinoma not suitable for mammography or where patients
had had recent surgery
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Table 3 PPV and cancer diagnosis rate per indication

Total

Mass

Follow-up

Screening

1,468

4,998

2,001

Abnormal mammogram 1,068

237

178

Histology malignant

939

75

24

PPV1

90%

34%

14%

PPV2

92%

60%

28%

PPV3

92%

60%

28%

Cancer diagnosis rate

640 per 1,000 15 per 1,000 12 per 1,000

Table 4 Cancer diagnosis rate per age group
Age (years)

Histology malignant

\40

110

13 per 1,000

40–65

598

68 per 1,000

330

38 per 1,000

[65
Total

1,038

119 per 1,000

Table 5 Positive predictive value (PPV3) per age group for patients
with a palpable lump
Age (years)

Histological carcinoma

PPV3

\40

104 of 116

90%

40–65

562 of 627

90%

[65

273 of 280

97%

Table 6 Staging of cancers as per mammogram indication
Indication

Stage

n

Mass

I

39

6

n = 654a

IIA

134

20

IIB

168

26

IIIA

92

14

IIIB

141

22

80

12

IV

%

Indication
Follow-up (n = 75)

New contralateral primaryb

49 (63%)

Local recurrence after
breast conservation

26 (37%)

Indication

Stage

n

%

Screening (n = 24)

0
I

18
5

75
21

II

1

4

a

285 of 939 records of patients with masses were unavailable for
clinical staging

b

84% of new primaries were stage 0-I
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Breast units need to evaluate their management with the
goal of improving protocols for a better outcome in their
specific environment. A control group, with similar environments, is needed to compare effectiveness. Mammography has been extensively audited and performance
benchmarks have been published from various countries
[24–30]. The largest data are from the Breast Cancer
Surveillance Consortium-US (BCSC). Data of screening
and diagnostic mammography are published and updated
on the official website serving as a reference for performance benchmarks [31, 32].
The cancer diagnosis rate is one of the most important
factors reflecting the quality of a mammography service
[27, 31, 33–36]. Many factors influence the diagnosis rate,
including age of the patient, indication for the investigation, and size of the tumor.
Dense breast tissue in the younger patient resulted in
decreased sensitivity and diagnostic yield for mammography in some series [37–40] but has been disputed by others
[38, 41]. In our series the sensitivity for patients younger
than aged 40 years is 90%, which is similar to the older
population group. In comparison, Wang et al. [42] (Taiwan) describe a sensitivity of 84% for patients younger
than aged 40 years presenting with a palpable lump. Microcalcifications were detected in 40% of cases and were
given as the reason for the high sensitivity because these
are more easily detected in dense breasts. In the current
series, patients presented with mostly advanced disease,
which can explain the high sensitivity. Spiculated masses
were described in more than 80% of cases.
The cancer diagnosis rate for patients presenting with a
mass differs widely, which makes comparison difficult.
Tuncbilek et al. [31] (Turkey) explained that their high
values (86.4 per 1,000) can be due to late referral of
patients with advanced disease and that they are a center
for referral of patients with suspected breast cancer. Sickles
et al. (USA) illustrated a cancer diagnosis rate of 49 per
1,000 for patients with palpable lumps. These patients
present with small palpable lumps, average 20 mm [31, 36,
43]. The high value in the present series is explained as a
result of that we serve as a referral center for patients with
breast carcinoma and some referring institutions have the
ability to make a pathologic diagnosis, thereby introducing
a selection bias. The majority of our patients present with
local advanced carcinoma; more than 74% present with at
least stage 2b breast carcinoma. Reasons for late presentation can be attributed to the same factors that prevent
implementation of developed world guidelines for breast
cancer management [20–22].
Resource restrictions prevent us from implementing
mammographic screening on a population level, therefore,
we target a high-risk group of women. Comparatively,
screening elsewhere is performed routinely on the general
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Table 7 Histopathological staging per mammography indication
Indication

Tumor size (mm)

Mass (n = 330)a

0–19

76

20–49

176
63

19

C50
Follow-up (n = 26)c

Screening (n = 22)d

n

%

Lymph node infiltration

Neoadjuvant therapy

23

53%

32%

54

143 of 271b

208 of 654

0

DCIS

15

4

0–19

18

69

27%

20–49

3

12

3 of 11

C50

0

DCIS

5

19

0–19

14

64

20–49

2

9

C50
DCIS

0
6

27

25%

0

3 of 12

Age protocol: patients older than 70 years with early breast carcinoma are treated with lumpectomy or simple mastectomy and either adjuvant or
neoadjuvant Tamoxifen only in a resource-restricted environment [18]
a

208 patients with masses had neoadjuvant therapy; 116 did not have surgery either due to defaulting treatment or progression of disease before
surgery. These patients were not included in the histological staging
b
271 patients had regional surgical management; 59 were excluded from regional management with the aged protocol or due to advanced
disease at time of surgery
c

26 of the 49 new contralateral breast carcinoma patients had surgical therapy and 23 defaulted surgery; 11 had regional management and 12
were excluded with the aged protocol

d

22 of 24 screening breast carcinoma patients had surgical management and only 12 had regional management with the age protocol

population [31, 32, 35, 44, 45]. This explains our higher
diagnosis rate of 12 per 1,000 screening mammograms. We
do not see this as a misallocation of resources. Detection of
early breast carcinoma in the target population improves
patient outcome and reduces the cost of management
compared with patients who present with advanced disease
[19, 22, 46].
There is a paucity of data on the results of mammography after an initial diagnosis of breast cancer. The
American Society of Clinical Oncology recommends
annual mammography in this setting [47]. Various series
have shown that relapses occur more often in the first few
years after treatment, recently the ATAC trial [48], and
then decline steadily. Freedman and Montgomery report
that the incidence of ipsilateral breast tumor recurrence
declines with time, but the incidence of new contralateral
carcinoma incidence increases with time, so that the total
overall relapse rate in 15 years remains largely constant
[49, 50]. Clinical follow-up does little to increase yield for
detection of relapse, but mammography contributes significantly to early relapse detection. This holds true for new
primary carcinomas as well as for local recurrences [50–
52]. The current series follow-up mammography has a
cancer detection rate of 15 per 1,000 (65% of which are
new primary carcinomas). Montgomery et al. [50] (Edinburgh) reported that mammography detected 5.37 relapses
per 1,000.

Two series have examined the proficiency of surgeons
versus radiologists in mammography interpretation. Vidya
and Dixon [53] found a nonsignificant difference in the
sensitivity between surgeons and radiologists, but specificity and positive predictive values were identical. Rao
et al. [54] showed that surgeons could read mammograms
of symptomatic patients. Both series found a higher sensitivity of surgeons in the diagnosis of calcifications [53,
54]. In contrast to the present series, this may lead to a
higher recall rate, but a low PPV1.
In comparison, the PPV2?3 in the current series for
patients with a palpable mass is greater than 90%, much
higher than international benchmarks with mean value of
30.3 and 37.3% respectively [31, 35, 36, 55, 56]. This may
be explained by the same factors contributing to a high
cancer diagnosis rate and high number of advanced cancer
cases.
In the current series, the PPV1 for screening mammography was 14% and in the follow-up group 34%—both
higher than international benchmarks of 5–10% for
screening mammography [27, 31, 34, 57]. This is attributed
to the fact that we perform selective screening and followup mammography for cancer patients, both with a higher
incidence of cancer. The PPV2?3 for screening mammography is comparable with international benchmark values
set by specialist radiologists ranging from 25–40% [24, 26,
27, 30, 45, 56, 57]. We were unable to find PPV2?3 values
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to compare to the current series follow-up mammography.
Of note is that it is remarkably high with values greater
than benchmarks set for patients with palpable lumps,
illustrating the effective service.
The grouping of BIRADSÒ 3 and 4 lesions in a single
‘‘indeterminate’’ category was a pragmatic decision.
Overlap between these categories, intra- and inter-observer
variations in category assignment and variations in recommendation for further workup are well documented and
have been the subject of reviews [58, 59]. In the clinical
reporting setting, a decision on how to manage the patient
is modified by the availability of previous imaging and
clinical information. This—in our experience—often renders the differentiation between these categories and
notably the further subdivision of BIRADS 4 lesions as
proposed in the latest BIRADS classification often
irrelevant.
Despite the performance reported here for a surgical
team, we wish to emphasize that the two senior authors
responsible for the mammography reading had extensive
clinical experience gained in managing more than 400 new
cases of breast cancer annually and attended internationally
recognized courses in mammography interpretation before
they embarked on the interpretation of mammography.
Both typically read approximately 4,000 mammograms
annually, and their performance is monitored on an ongoing basis. We suggest that colleagues who wish to embark
on mammography reporting should do a similar effort.

Conclusions
Dedicated breast surgeons with an interest and specific
training are equally proficient at mammography interpretation as radiologists. In resource-restricted environments,
nonavailability of dedicated breast radiologists should not
preclude the development of breast units.
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