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The criteria for an effective screening program are
well established: the disease should pose a substan-
tial burden, it should have an understood latency

period, and there should be acceptable screening tests and
therapeutic interventions available. Few would dispute the
appropriateness of breast cancer screening (at least for
women aged 50–69 years). In most scientific forums, the
discussion about breast cancer screening has progressed
beyond “whether” to “how.” In this issue (see page 195)
Théberge and colleagues seek to maximize the operating
characteristics of screening mammography by investigating
whether the sensitivity and specificity of the test are associ-
ated with the volume of mammograms read by individual
radiologists or the volume performed by individual health
care facilities.1 They conclude that radiologists who work in
larger facilities and who read more screening mammo-
grams are more likely to have higher breast cancer detec-
tion rates and lower false-positive rates.

But before taking these results at face value and reorga-
nizing breast cancer screening systems toward more cen-
tralized, high-volume models, we should pause to con-
sider the implications and understand just how breast
cancer detection and diagnosis have changed. The con-
clusions drawn by Théberge and colleagues must be tem-
pered by context and pragmatics. The implications of
extracting and extrapolating these conclusions to the per-
formance of decentralized breast cancer screening sys-
tems, such as those provided in the United States, where
individual facilities and radiologists may encounter rela-
tively small numbers of patients, could result in a gross
reduction in the number of radiologists and sites provid-
ing screening and, consequently, reduced patient access to
breast cancer screening services.

The impact of such changes would not be trivial. Breast
cancer is the most common noncutaneous cancer affecting
women in North America, with more than 237 000 new
cases of invasive disease detected each year.2,3 It is second
only to lung cancer as a cause of death: in 2004 an esti-
mated 45 000 women will die of breast cancer, as compared
with 76 510 women who will die of lung cancer. In the
1970s and 1980s, there was a steady, low increase in the
age-adjusted breast cancer mortality, by about 1.5% per
year. Since 1991, there has been a sustained reduction in
the age-adjusted breast cancer mortality, by about 2% per
year.2,3 This is likely related to awareness, clinical breast ex-

amination, screening, biopsy, improved therapies and inter-
dependent social factors.

Historically, breast cancer was diagnosed after a woman
sought medical attention for a palpable mass or soreness in
her breast. This delayed approach is associated with a high
risk of death from breast cancer.4,5 Over the past 2 decades,
it has been shown that mammography can identify breast
cancers that are too small to palpate on physical examina-
tion. It can also find ductal carcinoma in situ and diagnose
small, early-stage breast cancers, including those that have
a favourable clinical course. The operating characteristics
of screening mammography, influenced by a number of
factors, are less than ideal. Although better screening meth-
ods are being developed, mammography is currently con-
sidered the “gold standard” for breast cancer screening for
women over 50.

The sensitivity of mammography in detecting breast
cancer depends on the patient’s age, the size and conspicu-
ity of the lesion, the hormone status of the tumour, the
overall image quality and the interpretative skills of the ra-
diologist. It also depends on the density of a woman’s
breasts, which is affected by her genetic predisposition,
hormone status and diet. Retrospective correlations of
mammographic findings with population-based cancer reg-
istries show that the sensitivity of screening mammography
is 70%–90% overall, and ranges from 54%–58% among
women under age 40, who tend to have more dense breasts,
to 81%–94% among those over 65.6 Even though only a
small fraction of women (0.1%–0.5%, depending on age)
actually have breast cancer when they are screened, the
overall specificity of mammography is about 90%.6 The
number of unnecessary follow-up examinations and proce-
dures illustrates the importance of specificity for breast
cancer detection. In the United States, the cost of poten-
tially unwarranted biopsies is more than $1 billion annu-
ally.7 In addition, undergoing biopsy for benign disease
causes great emotional distress.

A radiologist’s ability to interpret mammograms is criti-
cal for the efficacy of screening mammography programs.
Previous studies have shown substantial variation in inter-
pretation and reading accuracy among radiologists. Some
studies have suggested that sensitivity and specificity are as-
sociated with the volume of mammograms read by a radiol-
ogist. Others have shown that this factor may not be im-
portant.8–14 The study by Théberge and colleagues in this
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issue1 shows that the operating characteristics of screening
mammography improve with the increasing size of the fa-
cility and volume of mammograms read by individual radi-
ologists. This finding is based on a comparative analysis of
data of facility and radiologist characteristics associated
with 1709 cases of screening-detected breast cancer and
3159 cases of false-positive readings in a 10% random sam-
ple of women without screening-detected breast cancer
(n = 30 560) obtained from the population-based Quebec
Breast Cancer Screening Program. The authors report that
the adjusted breast cancer detection rate ratio for facilities
performing 4000 or more screenings per year, compared
with the rate ratio for facilities performing fewer than
2000, was 1.28 (95% confidence interval [CI] 1.07–1.52).
They also report that the adjusted false-positive rate ratio
for radiologists who read 1500 or more screening mammo-
grams a year, compared with radiologists who read fewer
than 250, was 0.53 (95% CI 0.35–0.79).

These results should be interpreted cautiously. The au-
thors compare the performance of radiologists who inter-
pret at least 1500 screening mammograms per year against a
baseline of radiologists who read fewer than 250. Perhaps a
more appropriate, clinically relevant, annual baseline vol-
ume for individual radiologists would have been 480 mam-
mograms, the minimum annual volume recommended in
Canada.15 Also, the analysis of Théberge and colleagues fails
to account for potential confounders such as the practice of
double reading as a quality-control measure. These limita-
tions must be acknowledged to avoid overinterpretation of
the influence that mere volume of screening mammograms
has on the overall performance of screening mammography
programs, particularly since the organization of such pro-
grams varies dramatically between countries and continents.
In general, countries with socialized medicine (the United
Kingdom, Sweden and Canada) have centrally organized
systems with high-volume facilities delivering screening
mammography services. Other countries, such as the
United States, have decentralized systems that are less fo-
cused on and are not set up to perform a high volume of
procedures and readings. Since the centralized system has
resulted in low-cost programs with higher specificity, the
attractive information collected from these programs has of-
ten been used to implement proscriptive, cost-efficient
health care policies for screening mammography.12,16

But comparisons between centralized and decentralized
health care systems may be confounded by social, cultural,
legal or economic factors that also influence the perfor-
mance of screening mammography programs. We have to
be careful in stating and phrasing our local, regional,
provincial and national findings. For example, in the
United States, the implementation of centralized screening
programs to increase the accuracy of mammography by
10%, by increasing the required volume of services pro-
vided by individual sites and radiologists, would result in
prohibiting more than 11 000 radiologists from performing
this service. The national service capacity would be cut by

50%, and patients would have to travel to specialized, high-
volume mammography centres.16

The most reliable predictor of the success of a screening
mammography program is a direct reduction in the rate of
advanced-stage breast cancers and an increase in life ex-
pectancy among women participating in annual screening
mammography. Therefore, the ultimate goal is to decrease
the rate of death from breast cancer. To achieve this goal, a
responsible health care policy that implements screening
mammography programs must find a careful balance be-
tween service provision and availability, qualification of ra-
diologists, achievable standards for mammography quality
and population demographics.
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