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It’s tough to make predictions, espe-
cially about the future.

—Yogi Berra

Ibelieve that mammography is going
to be replaced by magnetic reso-
nance (MR) imaging as the standard

for breast screening, not only in high-
risk women but increasingly in those at
average risk. Breast MR imaging is al-
ready widely used as a diagnostic exam-
ination, but its emergence as a screen-
ing study is recent. In this perspectives
article I will discuss why I think this
change is going to occur and many of its
downstream ramifications. The latter
will include a presumed reduction in
breast cancer mortality and an alter-
ation in behavior and thinking for a gen-
eration of women and their physicians
for whom screening mammography has
become an annual staple. Breast MR
imaging is also going to reinvigorate
breast imaging, much as it did for other
organ-based subspecialties such as neu-
roradiology and musculoskeletal imag-
ing.

Screening mammography is the mo-
dality that literally created the subspe-
cialty of breast imaging, with reduced
mortality from breast cancer of approx-
imate 25%, ranging from 15% to 35%
depending primarily on age (1). Of
course, most man-made entities rise
and fall, including civilizations. I was
taught in medical school 50 years ago
that half of what I learned and practiced
would be nonapplicable, or simply in-
correct, in a decade. That time interval
is currently far shorter, and screening
mammography, introduced a quarter of
a century ago amid great controversy as
to its cost, benefit, and possible harm,
has endured far longer than most of us
predicted.

Unfortunately, a mammogram, like
other radiographs, is a two-dimensional
planar image with inherent limitations

in identifying three-dimensional lesions,
particularly in the relatively homoge-
neous soft tissues of the breast. It can-
not compete in sensitivity with MR im-
aging, which provides not only volumet-
ric assessment of morphology by using a
variety of pulse sequences, but also con-
trast material–enhanced kinetic mea-
surements of the vascular perfusion of
individual voxels (2–4). Tumor angio-
genesis, as measured by using contrast
material enhancement and washout, is
closely associated with invasive cancer
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and with high-grade ductal carcinoma in
situ (5–7). For me, interpreting a mam-
mogram in a dense breast is painfully
analogous to looking at an abdominal
radiograph rather than the correspond-
ing contrast-enhanced computed tomo-
graphic (CT) or MR image. Kudos to
mammographers who, despite the in-
herent limitations of this modality, have
accomplished so much in their efforts at
earlier detection and mortality reduc-
tion of breast cancer. Imagine how
much more we might be able to accom-
plish with an inherently more sensitive
examination.

In 2007, the American Cancer So-
ciety recommended annual breast can-
cer screening with MR imaging for
women with an “approximately 20%–
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25% or greater lifetime risk of breast
cancer” (8,9). This report was based
on a comprehensive study of the liter-
ature by a distinguished group of in-
ternational experts and, “where evi-
dence was insufficient or lacking, the
final recommendations incorporated
the expert opinions of the panel mem-
bers” (8). Eligibility figures were
based on BRCAPRO or other risk
models available at the time, which
were determined largely by using fam-
ily history. It is noteworthy that most
of these models did not incorporate
such important factors as mammo-
graphic density and density relative to
age, ethnicity, and the number of fe-
male relatives available for assess-
ment (10–14).

The American Cancer Society is al-
most certainly correct that screening
breast MR imaging in high-risk women,
however that risk is defined, will help
identify more breast cancers at an ear-
lier stage and presumably reduce mor-
tality. Results of multiple studies
(15,16) have shown that breast MR im-
aging helps identify three to four unsus-
pected cancers per 100 examinations in
higher-risk women, which is approxi-
mately 10 times the four to five cancers
per 1000 sensitivity of screening mam-
mography. And recall that the Ameri-
can Cancer Society was prescient in its
similarly controversial recommenda-
tions for screening mammography at a
time when mammographic false-posi-
tive findings and interobserver variation
in interpretations were very high and
that most of us were skeptical of both
the practicality and cost of such a pro-
gram. I believe that screening breast
MR imaging will someday be recom-
mended for many women at only a 14%
(one in seven) lifetime risk of breast
cancer. Since this is the risk of the av-
erage American woman, I am suggest-
ing that MR imaging will gradually re-
place screening mammography, albeit
with many exceptions. This transition
will be abetted by improved risk mod-
els, with women at low risk and with
fatty parenchyma probably continuing
to undergo annual mammography.

Some mammographers and other
physicians, particularly those without

access to breast MR imaging, felt blind-
sided by the American Cancer Society
recommendation because there currently
are not enough facilities or experienced
radiologists to accomplish this proposal.
Many of us have been inundated by of-
ten unanswerable inquiries from pa-
tients and their physicians regarding
eligibility, availability, and insurance.
Some felt that a more reasonable ini-
tial American Cancer Society guide-
line might have been a higher 25%–
30% lifetime risk of breast cancer,
perhaps with MR imaging screening
performed only every 2 years, with in-
tervening mammography. Of course, if
patients or their insurers pay, then eco-
nomic incentives will ensure that these
examinations are performed. However,
given the current shortage of breast im-
agers, it will take years to develop a
cadre of radiologists trained in breast
MR imaging and MR imaging–guided in-
terventions. This is reminiscent of the
inception of screening mammography, a
similarly disruptive modality requiring
new areas of expertise and innovation in
both interpretation as well as preopera-
tive localization of nonpalpable abnor-
malities (17).

The major arguments against breast
MR imaging are that its lower specificity
(increased false-positive findings) and
higher cost make it unacceptable as a
screening modality in which there is a
low pretest probability of cancer. These
same issues were raised 25 years ago
when newly introduced screening mam-
mography was compared with the here-
tofore standard of physical examina-
tion. At that time, poor-quality mammo-
grams (by contemporary standards)
were often interpreted by inexperi-
enced radiologists (and we were all rel-
atively inexperienced), leading to many
false-positive findings. These problems
were eventually moderated by the intro-
duction of quality standards for techni-
cal performance, interpretation and
recommendations (Breast Imaging Re-
porting and Data System), and contin-
ued medical education, many of which
were federally mandated in 1994. Cur-
rently, mammography is by far the most
regulated imaging modality in radiology.
This contrasts with breast MR imaging

which lacks almost any standards (2),
although a new American College of Ra-
diology voluntary accreditation pro-
gram for breast MR imaging will be in-
troduced in 2008. Regulations, stan-
dards, and accreditation usually follow
the introduction of new examinations,
and they will, in my opinion, alleviate
many of the present concerns about the
implementation of cost-effective screen-
ing breast MR imaging.

When I interpret screening mam-
mograms I see perhaps 10 “probably
normal” lesions per day where I esti-
mate the probability of cancer to be
less than one in 100. I cannot recall
these individuals and maintain the
American College of Radiology stan-
dard of an overall callback rate of 10%
or less. However, I know that a half-
dozen times per year one of these find-
ings will subsequently be shown to be
a cancer, one that I had seen, debated,
and dismissed. This is not surprising
since approximately 50% of cancers
are retrospectively identified on the
previous annual mammogram and un-
fortunately are often evident to lay ju-
rors. The point is that mammogra-
phers must be willing to take these
“risks” in order to offer a cost-effective
product. Experienced mammographers
have learned that, in the words of Pres-
ident Harry Truman, “if you can’t take
the heat, get out of the kitchen,” that is,
stop reading mammograms. I believe
the high false-positive rates currently
seen at breast MR imaging will substan-
tially ameliorate as these studies are in-
creasingly interpreted by experienced or-
gan-based (breast) rather than modality-
based (MR imaging) radiologists and as
guidelines are developed for callbacks
and biopsies on the basis of a woman’s
risk assessment (2). In my opinion, very
low suspicion MR imaging findings, such
as the frequently encountered “con-
trast-enhancing ditzel,” should be ig-
nored.

Kuhl (2) has pointed out that
“early reports on breast MR imaging
(particularly from the morphology
camp) found poor specificity—as low
as 30%”, which “established the tech-
nique’s reputation for low predictive
value and specificity . . .more current pub-
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lications suggest that breast MR imaging
does not unduly increase the false-
positive biopsy rate and that it provides
about the same specificity as mammog-
raphy.” MR imaging callback rates and
6-month follow-ups have decreased in
almost all published series in which
women were screened for more than
one round (2,8,15). This presumably
reflects both the increased experience
of imagers and the advantage of having
previous comparison examinations. Of
course, regardless of the breast screen-
ing modality, false-positive rates will re-
main relatively high in the United States
because of our greater medical-legal
concerns, lower-volume readers, and
our affluent society’s willingness to pay
a higher price per quality life year
saved. Even today, many experienced
mammographers in the United States
have difficulty keeping their screening
callback rates at the American College
of Radiology recommended level of 10%
or less, while similar recommended re-
call rates in Europe are 5% for baseline
examinations and only 3% for all subse-
quent annual examinations.

MR imaging is more expensive to
perform and more time consuming to
interpret than is mammography. How-
ever, the $500 000 cost of a digital
mammographic machine performing four
examinations per hour, with its requi-
site high-resolution image storage re-
quirements, copiers, and 5-megapixel
monochrome monitors, puts cost at least
in the same ballpark as the $1.5-million
magnet performing two to three screen-
ing examinations per hour. The latter
costs and times will improve with the effi-
ciencies that come with high volume and
dedicated breast MR imaging equipment.
Likewise, the time for interpretation of
screening breast MR images should de-
crease with experience and improved
computer-aided detection software.

It is conceivable that the higher sen-
sitivity of MR imaging in identifying
small invasive cancers might mean that
screening would be necessary in some
women only every 2 years. After all, the
current yearly intervals for screening
are relatively arbitrary, as is the com-
monly recommended baseline age of 40.
The average doubling time of invasive

breast cancer is 120 days, correspond-
ing to 8 years of sojourn time prior to its
becoming recognizable on a mammo-
gram or becoming palpable. These dou-
bling times are somewhat analogous to
those for colon cancer where screening
for average-risk persons is at far longer
intervals (18), although colonic screen-
ing is benefited by these cancers devel-
oping within more discernable adeno-
matous polyps. Mammographic screen-
ing in Europe has often been performed
biannually in the past. This presumably
resulted in delayed diagnosis, although
reported reductions in breast cancer
mortality have been similar to those re-
ported in the United States.

Although the high sensitivity of
breast MR imaging in the diagnosis of
breast cancer is well documented, to my
knowledge there are no randomized
controlled studies to assess whether
this increased detection will affect dis-
ease-specific or overall mortality, as
well as cost-effectiveness. Such trials
are expensive, require large numbers
and long follow-ups, and are often con-
troversial, as illustrated by early breast
cancer screening trials and by the cur-
rent contentious debate regarding
screening chest CT for lung cancer in
high-risk smokers. It remains to be seen
how feasible or meaningful such trials
and/or studies of screening breast MR
imaging will be, particularly given the
variable risk factors in women currently
undergoing these examinations and the
inevitability of interval technologic and
interpretive improvements in the exam-
ination. In the meantime, many assump-
tions regarding screening breast MR
imaging will be based on the robust in-
ferential evidence from screening mam-
mography, the only breast screening mo-
dality with a proved mortality-reduction
benefit with an estimated cost per qual-
ity life year saved in the United States of
$25 000–$30 000. Less-affluent coun-
tries often further boost this cost-effec-
tiveness by using biannual examina-
tions, by beginning screening at later
and ending at earlier ages, or by recom-
mending fewer callbacks and biopsies.

Even without “proof” of decreased
mortality, it is difficult for me to believe
that screening breast MR imaging will

not find its way into the standard med-
ical armamentarium, particularly for
such a common and emotionally
charged disease as breast cancer. Polit-
ical lobbying resulted in Congressional
approval of payments for mammo-
graphic screening, digital mammogra-
phy, and computer-aided detection, all
with no proof and little evidence-based
verification of benefit. There will be,
and should be, legitimate questions
about whether screening breast MR im-
aging is the best use of our health care
dollars, but in affluent America, cost has
rarely been a long-term impediment to
the acceptance of a seemingly better
medical mousetrap, and certainly
breast screening is far more cost-
effective per quality life year saved than
much of what the medical profession
does. I think it will be difficult for phy-
sicians, insurers, and politicians to deny
this more sensitive diagnostic study to
knowledgeable patients, whose fear of
breast cancer often trumps their con-
cerns about false-positive findings (2).
Patient demand has become a major
driving force in medical decision mak-
ing, including medical imaging (19) and,
as noted above, nowhere has this been
more evident than in breast screening.

The higher spatial resolution of mam-
mography, permitting better assessment
of the microcalcifications associated
with ductal carcinoma in situ, had been
thought to be a drawback of breast MR
imaging. However, results of recent
work (5–7) suggest that contrast-en-
hanced MR imaging is actually more ac-
curate than mammography in diagnos-
ing ductal carcinoma in situ, particularly
the less common but clinically more im-
portant high-grade ductal carcinoma in
situ. This relates to ductal carcinoma in
situ and other proliferative lesions, such
as atypical ductal hyperplasia, appar-
ently having increased blood flow that
can be identified with contrast-en-
hanced MR imaging. This is important
because approximately one-third of bi-
opsies performed on the basis of
screening mammographic findings are
performed for calcifications, but only
20% of cancers identified at mammog-
raphy are ductal carcinoma in situ, with
the great majority of these being lower-
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grade. Thus, it appears that “the detec-
tion of DCIS [ductal carcinoma in situ]
contributes in only a minor way to the
mortality reduction gained from screen-
ing” (20).

Breast MR imaging should ulti-
mately result in fewer errors of detec-
tion, versus errors of interpretation, be-
cause of its higher sensitivity compared
with mammography. These interpretive
errors can be expected to improve with
experience. As with most newly intro-
duced modalities, MR imaging screen-
ing will initially be performed as an ad-
junct to mammographic screening. The
relative contribution of mammography
in women undergoing screening MR im-
aging is unknown but probably will be
far less than the 10%–15% of palpable
cancers missed at screening mammog-
raphy. Perhaps women will initially un-
dergo mammography to assess breast
density, both as a guide to their risk of
cancer and mammographic sensitivity.
Very high-risk women might undergo
both periodic MR imaging and mam-
mography, but it is very unlikely to be
cost-effective to annually perform both
these examinations in most women. I
believe that mammography will gradu-
ally become more of a problem-solving
diagnostic examination, much as breast
MR imaging and ultrasonography are in
current use.

Screening programs are inherently
inefficient because an entire population
is subject to the test, but relatively few
individuals benefit, and some are actu-
ally harmed. Unfortunately, most breast
cancers occur in women with few if any
known risk factors. BRCA mutations ac-
count for 5%–10% of breast cancer
with an estimated equal number of as of
yet unidentified intrinsic genetic risk
factors. Ideally, predictive genetic test-
ing might allow us to better target who
undergoes screening. However, despite
the increasing commercial availability
and acceptance of personalized genetic
information, many experts believe it is
unlikely that this will play any major role
in determining breast cancer screening
strategies in the foreseeable future
(21,22).

Advantages of breast MR imaging
include lack of radiation and painful

compression. Counterbalancing this is
the necessity for contrast material injec-
tion, menstrual cycle variations, and ex-
clusion criteria such as claustrophobia,
pacemakers, renal disease, and cere-
bral aneurysm clips. The transition from
screening mammography to screening
MR imaging, with breast MR imaging
probably becoming the largest user of MR
imaging, will have many downstream
ramifications. Winners and losers would
include the manufacturers of mammo-
graphic and MR imaging hardware and
their respective computer-aided detec-
tion software. Computer-aided detec-
tion for breast MR imaging, unlike the
more controversial mammographic
computer-aided detection (23,24), is es-
sential for the expeditious interpreta-
tion of the thousands of dynamic con-
trast-enhanced breast MR images. The
place of MR spectroscopy, currently a
fringe player in diagnostic breast imag-
ing, might change. The development of
tomosynthesis and breast stereoscopic
digital mammography, which I view as
transitional volume imaging modalities
similar to traditional radiographic to-
mography, could be adversely affected.
There will certainly be political ramifi-
cations regarding insurance coverage
and payments.

As screening breast MR imaging be-
comes commonplace, one important an-
cillary winner will be the subspecialty of
breast imaging. This is the newest and
by most criteria the weakest and most
“low-tech” of all radiology subspecialties
(24). Breast cancer is the most common
basis for lawsuits in radiology. Stress
levels have further increased because
virtually all breast abnormalities are ex-
amined with core-needle biopsy with
imaging guidance prior to consideration of
surgery. Screening mammography often
loses money and is subsidized by other
sections of the radiology department. It
is heavily regulated with added adminis-
trative burdens and unfunded man-
dates. Additionally, reading screening
mammograms is, for a number of us,
intellectually relatively boring. An indi-
rect sign of this lowly status is our lack
of turf battles—no one covets the breast
imaging business. Not surprisingly, a
generation of radiology residents has

avoided breast imaging. This will almost
certainly change with the advent of MR
imaging, which has led to clinical ad-
vances and exciting research opportuni-
ties wherever it has been introduced.

In conclusion, screening breast MR
imaging, already a reality in high-risk
women, is increasingly being used to
screen those of intermediate risk. I be-
lieve this modality will eventually be
used to screen most women. How effi-
ciently this comes about will depend in
part on the lessons we have learned
from the introduction of screening mam-
mography. I am a bit saddened by this
anticipated demise of screening mam-
mography because this modality helped
launch my own academic career, and, in
my waning professional years, I am
spending a disproportionate amount of
my time interpreting these studies. The
excitement of breast MR imaging might
even encourage me to curtail any plans I
have for retirement. However, there
will be no eulogy for screening mam-
mography because, to paraphrase Gen-
eral Douglas MacArthur, old imaging
modalities never die, they just fade
away.
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