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The standards for accuracy and efficiency of a screening
test are higher than those of most medical tests be-
cause they are applied to asymptomatic healthy people,
with the expectation of long-term benefit. Poor qual-
ity is harmful and costly, while overregulation or un-
reasonable requirements are burdensome, limit access,
and, therefore, need rigorous justification. Demand-
ing image quality requirements for mammography are
similar across Europe and the United States. However,
the annual volume requirements and recommendations
vary widely, from 960 mammograms within the past 2
years under the Mammography Quality Standards Act
(1) to 3000-5000 mammograms per year required or
recommended in European screening programs (2).
In addition, the required initial experience under the
Mammography Quality Standards Act is just 240 mam-
mograms within a 6-month period. Precisely how an-
nual interpretation, initial and overall cumulative ex-
perience, and program structure affect breast cancer
screening program quality remain open questions de-
spite decades of effort.

The recent study by Hoff and colleagues in this issue
of Radiology (3) has three important findings concerning
optimal interpretation volumes. First, radiologists’ false-
positive rates, and therefore specificity, are greatly impacted
by experience and annual volumes. False-positive rates are
high for the first 20000 career mammograms and with a
low annual volume of less than 2000 mammograms. Sec-
ond, a radiologist’s cancer detection rate is less associated
with experience or annual volume and is optimal with
4000-10000 annual mammograms. The few radiologists
with annual volumes of more than 10000 mammograms
had the lowest cancer detection rates. Finally, double read-
ing all mammograms with consensus review of discordant
interpretations reduces false-positive rates and increases
cancer detection.

Thus, optimal interpretation accuracy is improved with
adequate initial experience, ongoing practice, and internal
review. The screening environment in Norway with bien-
nial mammography and double reading with consensus is
different from that in single-reader systems, so the incre-
mental benefits of suggested program changes must be val-
idated cautiously as they are applied to existing practices.

Research in the United States by the Breast Cancer Sur-
veillance Consortium (4—6) and in Canada (7) in single-
reading screen-film environments showed results similar to

those shown in Norway. There is improvement in perfor-
mance associated with both higher initial experience and
higher annual interpretation volumes. Specifically, per-
forming work-up studies of recall cases (6), greater than 3
years of experience, and higher annual interpretation vol-
umes are associated with improvement in the false-positive
rate. Associations with sensitivity or cancer detection im-
provement were more difficult to identify (4,6,7).

What remains to be determined is which specific aspect
of experience leads to improvement and how this can be
targeted to reduce the time needed to acquire the needed
skills. There may be two processes involved—one for cancer
detection sensitivity and one for specificity improvement.

It seems that the consensus process, or review of the
work-up process (7), provides useful feedback on false-pos-
itive cases because the overwhelming majority of diagnos-
tic mammograms are negative. Cancer detection, however,
requires adequate initial training and adequate interpre-
tation time (3). Any research on sensitivity is limited by
the relative scarcity of three to five cancers per 1000 in the
screening environment and resultant poor statistical power
of most research studies. This particularly limits the assess-
ment of low-volume radiologists, as they will never achieve
adequate cancer case volumes.

One important issue is the diversity in false-positive
rates in different systems. Typical false-positive rates or re-
call rates in the United States and Canada are 9%—-10%
(4,6,7), compared with 4% in the study by Hoff et al. This
is undoubtedly multifactorial. A mix of the medical-legal
environments, habits, peer modeling, training customs,
and societal differences contribute to this variation. There
are no concrete incentives in the United States to reduce
recall. Breast Cancer Surveillance Consortium work on op-
timizing recall in the screen-film environment suggests that
a recall rate of 6%—8% is achievable at similar sensitivity
for many radiologists. Recall may also decrease with use
of multiple prior mammograms and avoidance of findings
unlikely to be clinically important (8).

Several specific approaches for the improvement of
overall accuracy are implied by Hoff and colleagues and
the body of literature they build upon. However, these so-
lutions may add new barriers to access or have other unin-
tended consequences.

The first approach is to increase the minimal reader vol-
ume in screening while monitoring the screening detection
rate in very high-volume readers.
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The second approach is to minimize the medical-legal fears
associated with low false-positive rates. General double reading
may be optimal but is impractical in many systems. A first step
could be double reading and consensus for any initially recalled
and discordant cases. This should produce a diminished liability
risk because at least two radiologists agreed at the time of screen-
ing that further work-up was not indicated. Careful monitoring
of recall and cancer detection rates would be required during a
transition period. Although any double reading would increase
the radiologist time in screening mammography, the burden
would be at least partly recouped through savings in the time-
and resource-intensive diagnostic imaging process.

'The third approach is to address the problem of the low rate
of cancers in the screening environment and decrease the train-
ing time needed for new readers. There are methods to either add
known cancers to the screening environment (9,10) or provide
access to cancer-enriched screening mammography case sets.
Any current requirement of ongoing or initial minimal screen-
ing volumes should also include minimal numbers of cancers
detected, including those in enriched environments, since can-
cer detection is the immediate screening goal. Availability of en-
riched case sets or enriched screening also allows for ongoing
assessment of cancer detection ability.

Incentives in payment structures that reward high cancer de-
tection and lower recall rates are needed. Replacement of the
procedure-based, atomized fee-for-service payment structure
with payment for the annual screening episode, appropriately
priced to include all services related to screening mammography,
would accomplish this goal and would be administratively fea-
sible. A single payment for the annual screening episode would
include relevant professional and technical services through the
initial biopsy. This type of plan would incentivize cancer diag-
nosis and disincentivize false-positive recall while permitting lo-
cal decision making by each practice. Certain very rare patient
populations may not be appropriate for this approach, but the
majority of screening systems service typical populations. Medi-
care would be an ideal testing ground for this model of care due
to the national scope and consistent enrollment of beneficiaries.

Finally, technology has changed our work environment, so we
should use its benefits. Digital imaging permits easy implemen-
tation and testing of cancer detection improvement strategies
as original images may be shared. Tomosynthesis has reduced

recall compared with digital mammography, and we anticipate
further technology improvements (eg, computer-aided detection
and/or artificial intelligence and screening MRI and breast US).
However, for the foreseeable future the greatest gains are likely
to be achieved by optimizing the most precious resources in
breast cancer screening: the radiologists’ time and our patients’
well-being.

In conclusion, sufficient data exist to recommend structural
changes in screening mammography programs. Treating the
whole patient and the system of care will lead us toward opti-
mally performing systems.
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