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Abstract

The field of Breast Imaging evolved because a fairly small number of dedicated individuals real-
ized the lifesaving potential of detecting breast cancer earlier. They persevered despite persis-
tent efforts to curtail screening. From the first attempts to produce X-ray images of the breast to
magnetic resonance and digital breast tomosynthesis, investigators have worked continuously to
develop better ways to detect breast cancer at a time when cure is possible, while working con-
tinuously to preserve access for women to screening. Consequently, the death rate from breast
cancer has declined by more than 40%.Therapy has improved, but therapy saves lives when breast

cancers are treated early.
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Introduction

Much of what follows is based on the history of breast imaging in
the United States (U.S.), and even this is constricted. There have
been major contributions from other countries. Lungren in Sweden
first described the mediolateral oblique projection (1) that permit-
ted the inclusion of more breast tissue. The benefits from screening
mammography were proven in Sweden by the enormous efforts of
Andersen et al. (2) and Bjurstam et al. (3), whose randomized, con-
trolled trials proved that screening saved lives, including for women
in their forties; and, especially, Laszlo Tabar (4), who not only per-
formed one of the major randomized, controlled trials that pro-
vided conclusive proof that earlier detection saves lives (5) but also
taught us all how to perform high-quality mammography screen-
ing. Without their efforts, there would be little reason to image the
breast, and the major decline in breast cancer deaths that we have
seen would never have happened. Tabdr’s most recent analysis shows
therapy has probably reduced deaths among women who did not
participate in screening, but it is clearly much more effective among
women who participated in screening, whose death rate declined by
60% at 10 years and 47% at 20 years compared to those who did
not participate (6).

Breast imaging as a discipline did not exist in the 1970s. At that
time, the handful of radiologists who drew the “short straw” and
had to read the mammograms, were often the newest and youngest

members of a department. Mammography was often in the base-
ment. No one cared about what we were doing as long as the hand-
ful of mammograms was read each day. We were the “Rodney
Dangerfields” of radiology (7). Most of our patients had “signs or
symptoms.” We performed a clinical breast examination, as well
as the mammogram, with an occasional needle localization, tak-
ing a whole day to provide care for 8 to 10 women. We hoped and
thought that a cure for breast cancer would be discovered soon, but
while we waited, we recognized the important potential of what we
were doing as we began to find small, clinically occult cancers. The
American College of Radiology’s (ACR) “Breast Task Force” was
a subcommittee of a subcommittee. It was not until the ACR real-
ized that we were far ahead of the rest of radiology (actually, all
of medicine), having developed a systematic approach to our work
(Breast Imaging Reporting and Data System [BI-RADS]) along with
an auditing system that required us to follow-up on our findings
and monitor outcomes, that the College, in 20035, finally accorded us
“commission” status under Carol Lee.

Saving Lives

Not long after Roentgen discovered X-rays, investigators thought
of looking for breast cancer (8). They imaged mastectomies. Later
Gershon Cohen began imaging patients and developing diagnostic
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Key Messages

e Breast imaging and, specifically mammography screening,
is the main reason that the death rate from breast cancer,
unchanged for the 50 years before screening, has declined by
over 40%.

* The history of breast imaging has been a continuous effort to
develop scientific evidence to refute misinformation designed
to reduce access to screening.

e The foundation of breast imaging is solid, with a firm emphasis
on innovation. We need to improve on advances from the past
to continue to drive down the death rate from breast cancer.

criteria (9). Egan described standard and reproducible methods for
X-ray imaging the breast using industrial film (10), making it pos-
sible to detect preclinical breast cancer. Recognizing that the only
way to prove screening could save lives was through a randomized,
controlled trial (RCT), radiologist Phillip Strax and biostatistician
Sam Shapiro performed the first RCT in the 1960s, within the Health
Insurance Plan of New York (HIP). In the HIP they randomly invited
32,000 women to annual mammography and a clinical breast exam-
ination, and compared them to 32,000 unscreened (find your lump
and see your doctor) women ages 40 to 64 years, proving that ear-
lier detection could reduce deaths from breast cancer (11). This was
followed by other RCT, primarily in Sweden (the Edinburgh Trial
and the Canadian National Breast Screening Studies were compro-
mised by biased allocation) that proved that mammography screen-
ing could reduce deaths by 20% to 30% among women “invited to
be screened” (12), with even greater reduction in deaths for women
who actually participated in screening. Numerous observational
studies have shown that women in the general population who have
access to screening have many fewer deaths than those who do not
(13-29), despite theoretically all women having access to modern
therapy. This was dramatically confirmed by the recent study by
Tabar et al., showing that the major decline in breast cancer deaths
is linked to participation in screening (6). In the Harvard hospitals,
71% of women who died from breast cancer, despite having access
to modern therapy, were among the 20% of women who were not
participating in screening (30).

Efforts to Curtail Screening

A detailed discussion of the screening issues is beyond this article,
but dating back to the 1970s, there has been an almost nonstop
effort to reduce access to screening through the creation of “alterna-
tive facts” (31). The main events included a radiation scare in the
mid1970s, the 1989 “Consensus Guidelines,” supporting screening
starting at the age of 40 (32), followed by the 1993 International
Workshop on Screening for Breast Cancer, in which the National
Cancer Institute (NCI) using, inappropriate, unplanned, retrospec-
tive, subgroup analysis (33) falsely claimed that there was no benefit
from screening before the age of 50 years and dropped support for
women ages 40 to 49 years (34, 35). Under pressure from the ACR
and the American Cancer Society (ACS), a Consensus Development
Conference (CDC) was held in 1997, which also falsely claimed no
benefit from screening women in their forties (36), despite direct
evidence to the contrary (37). Ignoring the CDC results, the NCI
once again supported screening women in their forties. However, in
2007, the American College of Physicians took a step backward and

(with no scientific support) recommended waiting until age 50 years
and then screening women every 2 years (38), despite admitting that
the most lives are saved by screening starting at the age of 40 years
(39). This was followed by the U.S. Preventive Services Task Force
(USPSTF) in 2009, making the same scientifically unsupported argu-
ment that women should wait until the age of 50 years to be screened
and then be screened every 2 years thereafter (40).

There are absolutely no data that support the use of the age of
50 years as a threshold, but the USPSTF reinforced these guidelines in
2016, ignoring their own results from the 6 NCI/CISNET computer
models that all agreed that the most lives would be saved by starting
annual screening at the age of 40 years (41). In 2015, the ACS, long
a supporter of annual screening starting at the age of 40 years (42),
argued for an intermediate starting point (age 45 years) and ulti-
mately longer time between screens all the while, also agreeing that
the most lives are saved by starting annual screening at the age of
40 years (43). The CISNET models show that if women now in their
thirties wait until the age of 50 years to be screened every 2 years,
as many as 100,000 lives will be lost that could have been saved by
starting annual screening at the age of 40 years (44). The American
College of Radiology and the Society of Breast Imaging, both driven
by science and evidence, have always supported annual screening
starting at the age of 40 years.

Mammography screening has been studied in more ways than
any other test and has been proven by the RCT to reduce deaths
from breast cancer for women ages 40 to 74 years. The death rate
from breast cancer had been unchanged for decades before the start
of screening in the mid1980s. In 1990, deaths began to decline.
There are now more than 40% fewer women dying from breast can-
cer each year (45), primarily because of early detection (6).

The purpose of this summary is to provide the background for
this major decline in deaths. We are certainly not declaring an end
to breast cancer deaths, but it is important to understand where we
have been in order to help direct where we are going. It is outrageous
that so little money is being spent on developing improved methods
to detect breast cancer at a time when cure is possible, in light of the
millions spent on creating what are, essentially, toxins to primarily
delay, but not eliminate deaths.

Our Origins

There were only a handful of individuals performing mammography
in the 1960s. Plain “industrial film” was replaced in the 1970s by the
Xeroradiographic technique, derived from copy machine technology,
using a semiconductor plate, electrical charge, and toner powder.
John Wolfe promoted the technology and developed the 4 catego-
ries of tissue “parenchymal patterns.” He was the first to identify a
link between dense breast tissue and risk of developing breast cancer
(46). Most (not all) modern full-field digital mammography systems
(FFDM) rely on the Xeroradiographic principles, but the charge is
read directly from the plates without using toner.

In the 1970s, the Breast Cancer Detection Demonstration Project
recruited more than 250,000 women and proved that screening
could efficiently find small clinically occult cancers (47) and ad hoc
screening began to find cancers at curable sizes that surgeons were
unable to feel (48).

Efforts were made to block screening, particularly for women in
their forties (49). Myron “Mike” Moskowitz almost single handily
preserved access to screening (50, 51). He taught a small cadre of
radiologists how to understand the statistical issues that allowed us
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to go “toe to toe” with epidemiologists, who had limited experience
in breast care.

In 1974, the wives of the president and vice president of the
U.S. diagnosed with breast cancer led to a flurry of ad hoc screen-
ing and a jump in “incidence” in the first year of the Surveillance,
Epidemiology, and End Results database of the NCI. After 1974,
incidence fell as few women continued to participate in screening.
Fear was generated in 1976, when John Bailar claimed that mam-
mography screening would cause more breast cancers than would
be cured (52). Stephen Feig did analyses that challenged Bailar’s esti-
mates and allowed us to continue to screen more and more women
(53). Evaluations that are more recent show little if any risk for
women ages 40 years and over.

In the 1970s, it was thought that thermography could find early
cancer and as a passive measure of skin temperature, would be com-
pletely safe. However, since it is only a measure of skin temperature,
and the breast is a good insulator, only large cancers or those imme-
diately under the skin were detectable, and studies like those by Feig
et al. (54) showed the lack of efficacy for thermography.

In the 1970s, it was also claimed that shining flashlights through
the breast could find breast cancers (diaphanography), but it soon
became clear that this was of little value. Laser transillumination has
been tried in an effort to detect breast cancers by finding oxygenated
and deoxygenated hemoglobin, but even linking this with proven
technologies such as digital breast tomosynthesis (DBT) (55) has not
proven efficacious because even laser light is scattered and diffused
by the breast.

The radiation scare (56) spurred efforts to reduce radiation
dose for mammography. Fluorescent screens converted the X-rays
to light-exposing film more efficiently and provided high-quality
images at much lower doses, and screen/film combinations replaced
Xeroradiography in the 1980s.

Dedicated mammography systems allowed more breast tis-
sue to be held in the field of view, using small focal spots and the
more appropriate lower energy, “soft” X-rays for high contrast.
Rigid compression was promoted by Wendy Logan (contradictory
to the notion that men developed breast compression) to even out
the breast thickness, providing uniform exposures and high- quality
images at lower doses (57).

Tabdr took film/screen systems to their pinnacle by developing
best methods for positioning the breast and developing the images
(58). We learned how batch reading could improve efficiency and
permit the “double reading” that reduced the false negative rate (59).

Sickles developed magnification mammography (60) and princi-
ples that remain valid today. He argued in support of 2-view mam-
mography (61), and developed and provided the scientific support
for BI-RADS 3: “short-interval follow-up” (62).

In 1985, major mortality reduction in Tabir’s “Two County”
RCT (63), triggered the start of screening in the U.S. Soon after, in
1990, the death rate from breast cancer began to fall for the first time
in more than 50 years. Therapy had improved, but therapy saves
lives when breast cancer is treated early, as reflected in the observa-
tional studies. The data suggest that approximately 20% of women
participated in the mid1980s, plateauing at approximately 70% at
the end of the 1990s. Women in the U.S. have not been participat-
ing consistently likely because of all of the confusion attributable to
the misinformation that has been promulgated about screening (64).

In the 1970s, General Electric (GE) (Boston, MA) built 2 pro-
totype breast CT scanners. The Mayo clinic found no use for the
system, and GE pulled the prototypes. Chang, however, found that

breast cancer “enhanced” with IV contrast, and did studies using
chest CT to evaluate the breasts (65). We found CT useful for locat-
ing (and localizing for surgery) lesions deep in the breast (66, 67).
Chang’s work presaged the need for intravenous contrast using mag-
netic resonance imaging (MRI) since iodine and gadolinium have
similar biodistributions. Later using FFDM, Loren Niklason, in my
group (68), as well as Martin Yaffe and Roberta Jong in Canada (69),
did preliminary work on temporal subtraction using contrast mate-
rial, but these images were compromised by even small amounts of
motion. John Lewin reduced the motion problem using intravenous
iodinated contrast and dual energy subtraction to reveal the “blush”
of tumor neovascularity (70), now named contrast-enhanced spec-
tral mammography.

In the early 1970s, breast biopsies for clinically occult lesions
were excisional and were performed by surgeons using general anes-
thesia in main operating rooms. Not knowing the exact location of
a nonpalpable lesion, frequently an entire quadrant was removed
for what often proved to be a benign lesion. Gerald Dodd described
putting a hypodermic needle into the area that contained the lesion
to guide the surgeon (71). Often, the needle was not very close to the
target or it would fall out in the operating room. In 1976, surgeon
Howard Frank and radiologist Ferris Hall bent a wire into a hook
at one end, passing it through a small skin incision to fix into the
tissue near a lesion (you only got one shot), with the wire protrud-
ing from the skin (72). I developed a wire localization system with
a spring hook wire that could be “after loaded” through a needle to
permit very safe and accurate positioning in or at the lesion (73-75)
it, improving guidance for surgeons (76). These allowed much safer
outpatient biopsies using local anesthesia, with much less cosmetic
damage (77), addressing the complaints being used to curtail screen-
ing. A number of other guides have been developed. All are being
challenged by radiofrequency transmitters, magnetic markers, and
radioactive seeds—which are an order of magnitude more expensive
(not to mention that your site becomes a nuclear accident if you lose
a seed!)—but may be more convenient for surgeons.

In the 1970s, Kossof and Jellins were among the first to use
ultrasound (US) to image the breast (78). Kobayshi defined the fun-
damental parameters for analyzing breast lesions (79). Black and
white, bi-stable devices were replaced by grayscale and “real- time”
high-frequency transducers, which provided improved imaging.
More radiologists used US, for cyst/solid differentiation. Experts
like Bruno Fornage developed criteria for improved analysis of solid
lesions (80). In the 1980s, US began to be used for guiding interven-
tional procedures (81).

As a response to radiation concerns, there were early efforts to
substitute US for screening. “Whole breast” scanners were built.
Others and we showed that the technology of the 1980s was not
able to routinely detect small cancers (82, 83), but the technology
continued to improve. Tom Kolb was among the first in the U.S. to
detect a large number of small cancers that were not seen on mam-
mography (84). Paula Gordon in Canada developed US-guided fine-
needle aspiration techniques (85). Ultrasound technology improved
to the point where we were able to see the needle and the lesion,
facilitating safe, accurate, and less traumatic cytological and then
confirm imaging-detected lesions histologically. Ultimately, Wendy
Berg did the randomized trial that showed US to be a viable second-
level screening test (86).

A prone table developed in Sweden to permit stereotactic-
guided biopsy of nonpalpable breast lesions was pioneered by
Robert Schmidt in the U.S. (87). Steve Parker promoted the idea of
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image-guided core needle biopsies, providing histological informa-
tion (88). To replace fine-needle aspiration and surgical biopsies in
the U.S., DBT-guided needle biopsies are now available.

In the late 1970s, US, CT, MRI, and nuclear medicine (“molec-
ular imaging”) were being used for body imaging. My institution
debated as to whether we should rename our Radiology Department
the Department of Imaging. Traditions were strong, and the idea
was tabled. However, since no one really cared what I did with
my “Xeroradiography Division,” and acknowledging the fact that
we were using multiple methods for evaluating the breast in 1978,
I renamed my division Breast Imaging. I used the name in teaching
programs and meetings (“The Team Approach to Breast Imaging”).
My talks carried the title “Breast Imaging.” More and more radi-
ologists who ran “mammography” divisions adopted the name.
I believe that the first paper to explain our nascent field was one that
we published in 1984 in the New England Journal of Medicine (89).
The new name spread, and in 1985, Mark Homer organized the
Society of Breast Imaging.

In the late 1970s and early 1980s, personal computers became
available, and Sickles, at the University of California, San Francisco,
and I, along with Richard Moore, at the Massachusetts General
Hospital, developed computer systems for our groups that organ-
ized and structured our reporting (no more stream of consciousness
reports). We tracked our results, monitored outcomes, and learned
from the expanding data. Sickles developed the “Medical Audit”
(90). My reporting system, with its final assessment categories (91,
92), became the basis for the ACR BI-RADS, while Carl D’Orsi’s
work with Bolt, Beraneck, and Newman (a think tank) led to the
selection of terms that we all now know as the BI-RADS Lexicon. We
developed structured reporting and outcomes monitoring in breast
imaging long before any others in radiology did. Ed Hendrick, who
would also develop much of the scientific support for screening,
guided the ACR in developing the criteria for quality mammogra-
phy practice. Support by Marie Zinninger and Pamela Wilcox, at
the ACR, was critical for advancing the specialty. (EEHNOIOSISS
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Although many radiologists rose to the challenge and, despite
poor reimbursement, provided screening in the 1980s, some took
advantage. In 1987, the ACR initiated a voluntary accreditation
program. However, with no mandatory national oversight, media
reports of poor-quality mammography led Congress to pass the
Mammography Quality Standards Act, introduced in 1994, assign-
ing the FDA to monitor mammography, leading to regulations
requiring accreditation and improved quality across the U.S.

In the late 1970s and early 1980s, as others and we began to
explore MRI (93), we found that without an intraveneous contrast
agent MRI had little value for detecting breast cancers. In the late
1990s, Priscilla Slanetz, at the Massachusetts General Hospital,
was the first to show that MRI with gadolinium could detect mam-
mographically occult breast cancers in the contralateral breasts of
volunteers with breast cancer (94), suggesting that MRI had the
potential to become a major second-level screening test.

Recognizing that all of us, periodically, fail to see cancers that
are visible in retrospect, screening groups in Europe introduced
“double reading” for mammographic screening, which reduced the
false negative rate (95). A few of us adopted the approach in the
U.S. A major effort was made in the 1980s and 1990s, to employ

Computer Aided Detection (CAD) to help detect breast cancers
(96). CAD, using the cues that radiologists use, had great prom-
ise (97, 98), but it never really achieved its anticipated potential.
Computing power has increased dramatically, and CAD is now
being revisited as artificial intelligence or deep learning, to see if
computers, using multilayer neural networks, can find their own
keys and detect breast cancers.

Mammography has undergone a huge evolution. Industrial film
was replaced by Xeroradiography, which itself was replaced and
improved by screen/film. In the late 1980s and 1990s, digital imaging
began to replace general X-ray imaging. The FDA required FFDM to
undergo a premarket approval (PMA) process instead of the simpler
and far less expensive 510K process that they required for imag-
ing of other organs. This greatly delayed the development of FFDM.
We used the first high-resolution FFDM prototype from American
Science and Engineering in 19835, to image volunteers, but it was
not until 2000 that GE obtained the first FDA approval for FFDM.
It was clear that FFDM was not really better than screen/film, but it
was certainly comparable and it had major logistical benefits.

In 1978, I realized that a concept called tomosynthesis (99)
would solve the major problems of superimposition of normal
structures hiding or simulating a cancer on mammograms, while
not increasing dose (100), but I had to wait for digital detectors.
In the 1990s, using GE’s prototype FFDM system, my development
group, led by Richard Moore and Loren Niklason, was able to show
that DBT could not only detect cancers that were hidden on con-
ventional 2D mammography, but could also reduce recalls, because
25% of the women we recalled had nothing but superimposed
normal tissues that disappeared on DBT (101-104). Our findings
have been confirmed in studies involving hundreds of thousands of
volunteers (105), and DBT is replacing 2D mammography for all
mammography.

We have become better and better at detecting more breast can-
cers at a curable stage. DBT is replacing conventional 2D mam-
mography, and some are even doing US screening, which detects a
few more additional cancers. MRI is clearly the most sensitive way
to detect the most cancers at an early size and stage, and abbre-
viated (“fast”) MRI, first promoted by Christian Kuhl (106), can
be used to reduce the cost of MRI screening and increase its acces-
sibility for more women. We need to understand the accumula-
tion of gadolinium in the brain better, but if this proves to be of
no consequence, MRI screening for the general population may be
the ultimate answer to eliminate most deaths from breast cancer.
Breast Imaging—and specifically breast cancer screening—has been
one of the major health advances of the past 50 years. We all want
the “magic bullet” that cures all breast cancers, but we are nowhere
near finding such a miracle cure. Early detection is the best way to
cure breast cancer, and we need to build on the sturdy foundation
that has been created.
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