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a b s t r a c t

From its inception, screening mammography has enjoyed a perceived level of sensitivity that is incon-
sistent with available evidence. The original data that imparted erroneous beliefs about sensitivity were
based on a variety of misleading definitions and approaches, such as the inclusion of palpable tumors,
using the inverse of interval cancer rates (often tied to an arbitrary 12 month interval), and quoting
prevalence screen sensitivity wherein tumors are larger than those found on incidence screens. This
review addresses the background for the overestimation of mammographic sensitivity, and how a major
adjustment in our thinking is overdue now that multi-modality imaging allows us to determine real time
mammographic sensitivity. Although a single value for mammographic sensitivity is disingenuous, given
the wide range based on background density, it is important to realize that a sensitivity gap between
belief and reality still exists in the early detection of breast cancer using mammography alone, in spite of
technologic advances. Failure to recognize this gap diminishes the acceptance of adjunct methods of
breast imaging that greatly complement detection rates.

© 2019 Elsevier Inc. All rights reserved.
Introduction

When screening mammography was being integrated into
clinical practice in the late 1970s and early 1980s, a pervasive
notion of 90e95% sensitivity accompanied the new test. Confidence
in mammography was so high that clinicians began to dismiss
lumps they would have previously sent for biopsy. This led to a
surge in medical malpractice where Kern's “Triad of Error” was the
most common scenario: 1) young patient, 2) self-discovered mass,
and 3) negative mammograms.1 Risk management courses and
educational efforts became commonplace for many years before a
healthy skepticism about the 90e95% sensitivity took hold. The
origins of the 90e95% belief are discussed herein, along with the
gradual adjustments downward for mammographic sensitivity that
are still in progress due to the impact of real time determinations
now possible through multi-modality imaging.

Specificity of various imaging modalities, critical for cost and
feasibility analyses, is an inherent component of those analyses
intended to justify asymptomatic screening for breast cancer.
However, this overview is not intended to address the benefit or
harms of screening. The focus is exclusively on redefining
mammographic sensitivity levels in order to accommodate the
introduction of supplemental imaging methods, which are
becoming key components of high-risk and high-density screening
guidelines. Much of the resistance to accepting supplemental
screening is likely based in outdated e and inflated e sensitivity
values ascribed to mammography. This review is intended to create
a more realistic approximation of the cancer detection rate when
relying on mammograms alone.

Origins of quoted mammographic sensitivity

Little distinction was made in the early days of mammography
between studies that included palpable tumors and those limited
to asymptomatic screening. In fact, there was not a consensus at
that time as to the exact definition of screening, some wanting to
include lumps palpated through expert clinical exam that were not
apparent to the patient. Yet, Dr. Robert L. Egan, mammography
pioneer at what was then called The University of Texas M.D.
AndersonHospital and Tumor Institute at Houston, set the standard
in 1962 for today's definition by stating that the occult cancers
identified by screeningmammography are the ones that are “totally
unsuspected following examination by the usual methods used to
diagnose breast cancer, including an examination of the breast by
an experienced and competent physician. To qualify for this defi-
nition, no symptoms or signs should be present.“2

In spite of this working definition, the first prospective ran-
domized trial to determine if a mortality reduction could be ach-
ieved through breast cancer screening included clinical exam along
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with mammography. Begun in 1963, the Health Insurance Plan of
Greater New York3 culminated with enough ambiguity and design
flaws that the study is often excluded from modern meta-analyses.
Subsequent investigators have been challenged in determining
howmany cancers were discovered by mammography alone in the
HIP study, but an accepted figure for mammographic sensitivity is
39%,4 a sharp contrast to what eventually emerged as the
commonly believed 90e95%.

The international screening trials that followed were mixed
with regard to inclusion of the clinical exam. The Canadian National
Breast Screening Study (CNBSS) emphasized clinical exams (and
self-exam instruction) not only in themammography limbs but also
in control groups.5 While organizers of the trial have long main-
tained that expert clinical exam and self-exam are as useful as
screening mammography, critics point out that the CNBSS cannot
be included as a pure study of mammographic screening due to the
confounding imparted by clinical exams, and of great concern, the
enrollment of patients into the trial subsequent to the detection of
suspicious palpable masses.6

The definition of mammographic screening as being applicable
only to asymptomatic women was gradually accepted, in line with
the original description by Dr. Egan. To that end, the remaining
international trials employed that definition, generating mortality
reduction data based on mammography as the sole screening
modality. And while sensitivity in those trials is often referenced as
a range, e.g. from 71% to 98%,7 a closer look at published analyses
reveals those numbers are applicable to the first screen only, that is,
the prevalence screen where tumors are larger.

Prevalence screens reflect the proportion of breast cancers in a
population at a particular point in time. While it takes several
screening rounds to reach a steady state, by convention, the term
“prevalence screen” describes the first round of screening. Subse-
quent rounds of screening are referred to as “incidence screens,”
which reflect the rate of occurrence of new cases (disease inci-
dence). Long-term analysis when analyzing incidence screens only
will generate sensitivity levels 15e30% lower than the first round of
screening.7 Yet, these lower sensitivity levels for long-term inci-
dence screening are seldom referenced, even though incidence
screens comprise the bulk of screening activity.

Prevalence screens introduce the same bias as when palpable
cancers are included in reporting performance characteristics e

that is, the tumors are larger and therefore more easily detectable
by mammography. Sensitivity calculations are therefore higher. In
recommending a screening strategy to women, it is misleading to
quote a sensitivity rate that applies to the first screen only when the
patient is asking, “If I develop breast cancer at some point in my life,
what are the chances it will appear on my mammogram before I
can feel it?” The answer to that question comes from sensitivity
calculations based on long-term incidence screens, not the studies
that include palpable cancers or quotes applicable to prevalence
screens.

Even though the international trials have confirmed a breast
cancer mortality reduction in meta-analyses,7 they did so under
remarkable disadvantages. Long intervals between screenings,
single view mammography, nascent technology from 40 years ago
that preceded quality standards e all conspired to hinder sensi-
tivity, and thus muted the measurable effect on mortality reduc-
tion. The fact that lives were saved at all is testimony to the
vulnerability of breast cancer biology to early detection. Yet, while
these international trials were underway, the United States would
take a different approach, one that secured the mistaken belief that
mammograms had 90e95% sensitivity in the setting of asymp-
tomatic screening.

Given the confusion and controversy generated by the HIP
as the first screening study, the recommendation by many
epidemiologists was for the United States to conduct its own pro-
spective, randomized trial with a focus on the controversial age
group for screening, 40 to 49. Instead, the National Cancer Institute,
with its generous budget provided by the Cancer Control Act of
1971, and with full support by the American Cancer Society, made
the decision to launch an observational study to see if it would be
feasible to screen the general female population in the U.S. as a
routine part of health care, as had been successful with the Pap
smear starting in the 1950s.

From 1973 to 1980, over 280,000 women at 29 sites underwent
5 screens using both clinical exam and mammography (and ther-
mography until 1977) in what was called the Breast Cancer
Detection Demonstration Project (BCDDP).8 In the under 50 group,
mammography alone detected 44% of the cancers, while both
mammography and clinical exam detected 46%, for a 90% combined
sensitivity. Only 10% were detected on exam alone. In the over-50
group, 95% sensitivity was recorded. Thereafter, the 90e95%
sensitivity for mammography became a presumed fact, manifest
most commonly in radiology disclaimers at the bottom of
mammography reports, stating the inverse: “5e10% of breast can-
cers are not visible on mammography.”

Lost in the enthusiasm for the new screening tool, few noticed
that the cohort was heavily populatedwith palpable cancers, nearly
one-half of all cases, in conflict with the definition of screening as
articulated by Dr. Egan years earlier. Indirect evidence that the
BCDDP was heavily weighted with palpable cancers is the fact that
there were more Stage II patients (n¼ 1375) diagnosed than Stage
0 and Stage I combined (n¼ 1306). The shaky origins of the oft-
quoted 90e95% sensitivity would go unchallenged for decades, in
spite of themuch lower sensitivity figures that had been seen in the
HIP and the international trials.

However, in an undercurrent of concern, there were questions
raised about the true sensitivity of mammography. Studies
emerged noting the negative impact of density,9 the dispropor-
tionate incidence of mammographically occult lobular carcinoma,10

and then the appreciation that diffuse growth patterns were
sometimes undetectable on mammography regardless as to
whether the histology was lobular or ductal.11

Using interval cancer rates to define sensitivity

Interval cancer rates vary widely in a 7-fold range,12 based on a
variety of factors including age, breast density, cohort risk levels,
and radiologic expertise. When the concept was introduced to cli-
nicians, it carried a fatalistic connotatione that is, nothing could be
done about the underlying biology of a fixed number of breast
cancers. If these aggressive tumors began growing after a true
negative mammogram, they were going to emerge between
screenings nomatter what we do. Rather than focusing on thewide
range of interval cancer rates, a truism emerged that 20e25% of
breast cancers would become clinically evident after a negative
mammogram and before the next screening round.

And while this 20e25% might be a pragmatic performance
characteristic (stated in the inverse as 75e80% sensitivity), interval
cancer rates were not an accurate measure of true sensitivity for
screeningmammography. A tumor not clinically present at the time
of screening cannot be counted as a false-negative, in spite of the
fact that it is a screening failure. And while aggressive biology for
interval cancers, in general, can be documented from a variety of
angles,13 it became apparent that many of these so-called interval
cancers were actually present on the prior film but missed by faulty
interpretation,14 or detectable cancers that were simply buried in a
zone of mammographic density,15 without any real difference in
biology from screen-detected cancers.

Without a secondary form of breast imaging, the number of
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detectable cancers buried in an area of density on the prior
mammogram was completely unknown. The fast-growing tumors
would emerge as an interval cancer, but the slower-growing tumors
would be discovered on mammography at the next screen, and
thus, would not be counted as a mammographic miss. Indeed, these
latter tumors diagnosed by the next mammogram are considered
evidence for successful screening when, in fact, by using multi-
modality imaging, many would be considered a miss on the prior
mammogram.

Thus, counting interval cancers as an inverse to sensitivity is
flawed at many levels unless the next mammographic detection is
paradoxically counted as last year's miss. As improbable as that
approach might seem, we will see it used by the American College
of Radiology in a major trial, discussed below, wherein any cancer
found within 15 months after a negative mammogram is consid-
ered a prior miss, regardless of the method of detection.

Historically, while interval cancer rates seemed unavoidable,
they also prompted skepticism as to the pervasive notion of
90e95% sensitivity of mammography. If mammograms were really
so sensitive, then the only way to explain the inverse of interval
cancer rates (75e80%) was if interval cancers were nearly all classic,
aggressive cancers that begin and grow very quickly after the
negative mammogram.

But as it gradually becamemore apparent that many, if notmost,
interval cancers had an average growth rate but happened to be
buried in density, the implication was that the 90e95% sensitivity
mantra should be adjusted downward. An example of this subtle
modification was an adjustment from the widely held belief of
90e95% sensitivity to “80e90% sensitivity,“16 as quoted over many
editions of Cancer Facts and Figures, published by the American
Cancer Society. In spite of Cancer Facts and Figures being a heavily
referenced document, there was never a reference provided for this
80e90% figure. As more data emerged and the complexity of
sensitivity became appreciated, when the 2015 edition of Cancer
Facts and Figures was published, a numerical estimate of mammo-
graphic sensitivity was no longer mentioned, while noting that
“sensitivity is lower for younger women and women with dense
breasts.“17

The American College of Radiology was attuned to the sensi-
tivity issues when the lexicon was implemented for the Breast
Imaging Reporting and Data System (BI-RADS®) in 1994, long
before breast density became a cause c�el�ebre.18 The cautionary
disclaimers began, not with Level C density, but with what we
would today call Level B, that is, “scattered fibroglandular tissue.”
Radiologists were instructed to include a statement about “possible
diminished sensitivity” at this level of density. As one moved along
the density continuum toward “extremely dense” tissue, the
lexicon included stronger warnings. But without a numerical
reference that quantified the diminished sensitivity, few paid
attention to the disclaimers present on standardized mammo-
graphic reporting.

Breast density being responsible for missed cancers was
recognized early,19 and while density as an independent risk factor
was also introduced early,20 the acceptance of density as a risk
factorwould lagmore than 20 years behind the sensitivity problem.
That said, the fact that disclaimers on sensitivity originally included
patients with what we today call Level B density was even more
justified if the most likely place for cancer to begin is within a patch
of white, as has been proposed.21

The overall density pattern, after all, is only a surrogate for the
level of density immediately adjacent to the borders of the tumor. A
solitary patch of white can conceal a tumor due to the lack of X-ray
attenuation, unless tumor margins interface at some point with the
darker areas of predominantly adipose tissue. Multi-modality im-
aging later confirmed the phenomenon of missed cancers in
relatively low density breasts.22

As the history of sensitivity determinations unfolded, new
technology emerged in the form of digital mammography, and it
was the hope of many that sensitivity would improve. The imme-
diate goal, however, with digital mammography was not superior
sensitivity, but equivalency to film screen technology with respect
to general performance characteristics. All radiologic images were
being converted to digital technology at the time, and the goal of
equivalency was the requirement by the FDA for approval of digital
mammography. Still, the comparative approach of two technolo-
gies allowed yet another look at mammographic sensitivity.

DMIST and the conventional 12-month follow-up

During the era of single modality breast imaging, studies of
sensitivity were limited to a designated follow-up period, usually
12 months. Without another imaging approach to define missed
cancers, it became conventional to count any cancer as occurring
prior to the next mammogram as a miss, thus introducing the
aforementioned linkage of sensitivity to the inverse of the interval
cancer rate. An interval cancer rate of 20% translated to a sensitivity
of 80%, providing a functional sensitivity perhaps, but not a true
sensitivity of the test itself.

When it came time to compare film screen mammography to
digital technology, the American College of Radiology study orga-
nizers opted to be unconventional. In the Digital Mammographic
Imaging Screening Trial (DMIST),23 the decision was made to
monitor patients for 455 days after study entry, this 15-month
period of follow-up being every bit as arbitrary as the conven-
tional 365 days. Analysis would be performed at both 12-month
and 15-month follow-ups, subsequent to screening mammog-
raphy that utilized both techniques e film screen and digital e in
every participant, which ended up being 42,760 women in the
analysis.

In another unconventional vein, the decision was made to
designate any cancer arising in the 12- or 15-month period as a
miss, regardless of the method of discovery. As mentioned earlier,
this created the odd paradox of a mammographically-detected
cancer being labeled as a mammographic miss on the prior exam.
Stated alternatively, it was assumed that any cancer detected, even
on mammography, was present up to 455 days earlier, acknowl-
edging that this was probably not the case in all patients. Regard-
less, it sets the stage for lower sensitivities than if one uses only the
inverse of interval cancers as defined by palpable tumors that arise
in between screens.

The trial concluded that accuracy of digital and film mammog-
raphywas similar, but with digital having the edge on sensitivity for
women under age 50, or premenopausal, and in those with dense
breasts. While media coverage focused on the benefit of digital
technology in younger women with dense breasts, little mention
was made of the absolute calculations of sensitivity which, for
digital was 70% at the 12-month interval while film technology was
66%.23 Then, by extending the analysis an additional 3 months, the
differences between the two technologies blurred, with both
groups demonstrating 41% sensitivity overall, all density levels
combined.

While a far cry from what is routinely quoted for mammo-
graphic sensitivity, this improbable 41% will closely approximate
mammographic sensitivity as defined by multi-modality studies.

Returning to our original “90e95% sensitivity,” it is noteworthy
that, in a later analysis of DMIST subgroups (10 groups, each with 2
technologies),24 none of the 20 calculations reached 90%, including
women over 65 with non-dense tissue, and only 3 of 20 calcula-
tions reached 80% sensitivity. Most concerning was the second
largest sub-group (n¼ 7315) e age under 50 and pre- or
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perimenopausal with dense breasts ewhere film screen sensitivity
was 27.3%. This was the only subgroup that reached statistical
significance when comparing the two approaches (p¼ 0.0013),
with the sensitivity of digital mammography calculated at a much
higher 59%, albeit still below a reasonable goal in asymptomatic
screening.

While digital mammography was FDA-approved and widely
accepted, recalling that the stated goal was mere equivalence to
film screen, the much-anticipated approach of 3-D tomosynthesis
mammography promised more clear-cut improvements in
sensitivity.

The relative improvement in sensitivity with tomosynthesis

The introduction of 3-D tomosynthesis mammography was
accompanied by comparison studies, both retrospective and pro-
spective, all showing some degree of improved cancer detection
rates (CDRs) with the newer technology over 2-D digital
mammography.

In considering the prospective studies, the Oslo Breast Cancer
Screening Trial25 demonstrated a CDR for 2-D digital mammog-
raphy of 6.1 per 1000 exams, while the CDR for 3-D was 8.0 per
1000 exams. This was a 1.9 per 1000 absolute increase in the cancer
detection rate, and when expressed in relative terms, constituted a
27% increase in the sensitivity.

Slightly higher CDR differences were noted in the Screening
with Tomosynthesis or Standard Mammography (STORM) Trial26

from Italy where there was a 2.8 per 1000 increase in CDR using
3-D tomosynthesis. A comparable increase was seen in the Malm€o
Breast Tomosynthesis Screening Trial27 where single-view tomo-
synthesis generated a 2.6 per 1000 increase in CDR. When these
absolute numbers are translated to “relative improvement” in
sensitivity, one generates a 53% sensitivity improvement (5.3 CDR
to 8.1) for the STORM Trial, and 41% improvement (6.3 CDR to 8.9)
with the Malm€o Trial. Not unexpectedly, the superior performance
of 3-D with regard to CDRs was expressed preferentially in relative
terms by vendors and enthusiasts over the small increment in ab-
solute CDR.

A consistent finding in nearly all studies has been the predom-
inance of invasive cancer discoveries over DCIS using 3-D tech-
nology, lending support for acceptance of the technology under the
premise that the discovery of invasive disease is less likely than
DCIS to be categorized as overdiagnosis. The emergence of archi-
tectural distortions seen only with tomosynthesis has been the
strength of 3-D technology, rather than improvement in the
detection and analysis of calcium clusters. It is also important to
note that the above studies are only comparative, with a focus on
increased CDR. Absolute values for sensitivity have not been a
primary endpoint, so CDR serves as a surrogate for absolute
sensitivity.

The only current option to calculate absolute sensitivity for 3-D
tomosynthesis is to begin with data for 2-D digital mammography,
then adjust accordingly dependent on the relative impact of 3-D
technology. For example, using the 15-month definition for
mammographic sensitivity from DMIST of 41%, a 50% relative in-
crease in sensitivity with 3-D would generate 60% sensitivity for 3-
D tomosynthesis mammography. But if one presumes the more
conventional values for mammographic sensitivity at 80% baseline,
then the same 50% relative increase becomes the mathematical
impossibility of 120% when 40% (50% of 80%) is added to 80%. A
paradox is thus generated e the higher one calculates the incre-
mental, relative benefit of 3-D, the lower one must presume the
true sensitivity starting point of 2-D technology.

In truth, this exercise is unfair because the improvements in CDR
currently being reported are heavily weighted toward prevalence
screens where the benefit of 3-D is going to be higher than long-
term incidence screens using the same 3-D technology.

All these issues will be settled when true performance charac-
teristics of 3-D technology are achieved through direct analysis,
rather than relative improvements. This information will be
forthcoming from prospective, randomized trials, primarily the
Tomosynthesis Mammographic Imaging Screening Trial (TMIST),
sponsored by the Eastern Cooperative Oncology Group e American
College of Radiology Imaging Network (ECOG-ACRIN), with support
from the National Cancer Institute.28

The TMIST study is a massive undertaking that has a target
accrual of 165,000 by the end of year 2020.Women ages 45e74 will
be screened for 5 years after being randomized to either 2-D digital
mammography or 3-D tomosynthesis. This is in contrast to DMIST
where each participant had both film screen mammography and
digital mammography performed. And, unlike the aforementioned
non-randomized 3-D tomosynthesis studies, the analysis will go
well beyond CDRs, using comprehensive criteria that address risks
and benefits of screening in general.

In spite of the justified enthusiasm for the most significant
technologic improvement in mammography since its inception, all
current indicators suggest that multi-modality imaging will in-
crease CDRs to a degree greater than 3-D tomosynthesis.

Mutlimodality imaging (without changing the threshold of
detection) e ultrasound

Tumor size remains one of the strongest predictors of outcome
in patients with invasive breast cancer. And while “mode of
detection” further stratifies prognosis, the value of tumor size
continues as a prognostic factor independent of the method of
detection.29 And while tumor biology is emerging as a greater
predictor of outcome than size, we have little control over biology
as cancer develops and becomes clinically evident. In contrast, we
do have control over tumor size, and this depends on the meth-
odology used for screening.

When screening with a tool that is based on anatomic contrasts
e mammography or ultrasound e the underlying biology of the
tumor is not clearly reflected by the imaging. Sojourn time is the
pre-clinical phase wherein a tumor becomes “clinically detectable,”
yet remains in the breast until the next round of screening when it
is actually detected. Sojourn times and tumor biology are interre-
lated phenomena that impact whether or not a mortality reduction
will accompany earlier, or more reliable, detection.

But from the standpoint of measuring sensitivity, if two mo-
dalities have the same threshold of detection as measured by mean
invasive tumor size, sensitivity of the two modalities can be cross-
checked in real time, without changing the definition of “clinically
detectable.” This approach to measuring sensitivity is far superior
to arbitrary follow-up periods of 12, 15 or 24 months after single
modality imaging. If a 1.0 cm tumor appears on ultrasound, but not
mammography, then it is a clear miss for the latter, and vice versa.

From one of the earliest studies of screening ultrasound,30 it
became apparent that there was no significant difference in mean
tumor size whether discovered by mammographic screening or
ultrasound screening, even though different tumors were identi-
fied. Granted, there are sub-groups where mean tumor size shows
variance, such as larger tumors associated with higher density on
mammography.31 In general, however, the mean tumor sizes for
invasive disease are comparable using either ultrasound or
mammography.

In the American College of Radiology Imaging Network (ACRIN)
6666 Trial,32 comparing screening mammography to ultrasound in
patients with dense breasts and at least one additional risk factor,
the average size of tumors detected by mammography alone was
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11.5mm while those detected by ultrasound alone measured
10mm, the slightly larger size with mammography possibly
explained by the density inclusion criteria.

Sensitivity calculations were separated into the prevalence
screen and two subsequent incidence screens. For mammography
alone, incidence screening sensitivity was 52%, and ultrasound
sensitivity was 45.3%. Even using both modalities, combined
sensitivity was only 76%. Notably, only 55% of the mammography-
detected tumors were invasive, while 94% of the ultrasound-
detected tumors were invasive. Thus, given one modality or the
other, the argument can bemade that ultrasound is preferred, given
more biologically significant tumors.

Consistent with most studies, the increase in CDR with
screening ultrasound in ACRIN 6666 was 3.7 cancers per 1000
incidence screens (2nd and 3rd screens).32 The slightly higher CDR
for ultrasound screening over that seenwith 3-D tomosynthesis has
raised the question as to which of the two technologies affords a
greater improvement in detection. While 3-D tomosynthesis has
great appeal in the form of single modality imaging, only one
comparative study has reported initial results so far in which the
same patients who had 3-D added to 2-D, also underwent ultra-
sound screening.

An interim report from this prospective, comparative study, the
Adjunct Screening with Tomosynthesis or Ultrasound in Women
With Mammography-Negative Dense Breasts (ASTOUND) Trial,33

revealed a CDR for tomosynthesis of 4 per 1,000, while ultra-
sound CDR was 7.1 per 1,000, both numbers higher than what has
been observed in other studies. These higher CDRs for both mo-
dalities are likely due to the fact that the interim report was
released after a single screening session in each patient, making the
results 100% prevalence data at this point. Furthermore, enrollment
was limited to women with Level C or Level D density, thus
expanding the impact of both modalities.

A breakdown of the 24 additional cancers identified beyond 2-D
digital mammography in the ASTOUND Trial reveals a remarkable
shift toward invasive disease (23/24) and a rather high rate of node
positivity (34.8%). Importantly, 12 cancers were detected on both 3-
D and ultrasound, then 11 additional cancers using ultrasound,
while only one additional tumor was detected on 3-D tomosyn-
thesis alone. Thus, using ultrasound only as a second modality to 2-
D digital mammography identified 23 of 24 additional cancers
(96%), while 3-D technology detected 13 of the 24 additional can-
cers (54%). Rarely do we have to pick one or the other, as 3-D
tomosynthesis is gradually replacing 2-D digital, providing
improved detection even before ultrasound is considered. Still, the
benefit of adding ultrasound appears, at this point, to surpass the
added benefit of 3-D tomosynthesis.

Subsequent to the comparative studies that added ultrasound to
mammography, largely in higher density patients, it became clear
that mammographic sensitivity could not be 80e90% through all
levels of density. What emerged was a split approach to describing
sensitivity, applying the 80e90% estimate once ascribed to all
women by the American Cancer Society,16 applicable today only to
density levels A& B, while admitting that sensitivity in dense breast
tissue (levels C & D) slips to 50% or below, borrowing from studies
like ACRIN 6666.32

While this is a reasonable approach, it reinforces the notion that
breast density is a sharp dichotomy when, in fact, it is a continuum
that has qualitative aspects in addition to quantitative. In truth,
each individual has her own level of mammographic sensitivity. In
this era of personalized medicine, it should be considered a worthy
goal to calculate this level of sensitivity for individuals, just as we
routinely calculate individual levels for breast cancer risk using
mathematical models.

The road from “90e95%” sensitivity to the wide range quoted
today has taken decades for the adjustment. But we are about to see
the quantification of mammographic sensitivity drop even further
when the threshold of detection is altered through those imaging
methods that employ a functional component e gadolinium for
breast MRI or a radionuclide for molecular imaging or contrast-
enhanced 3-D tomosynthesis. For purposes of general discussion
here, these contrast-enhanced approaches are considered nearly
equivalent.

Multimodality imaging that redefines the threshold of
detection e breast MRI (or equivalent)

Although ACRIN 6666 focused on adjunct screening ultrasound,
there was a secondary modality studied as well e breast MRI.
Participants in ACRIN 6666 were offered a single breast MRI to be
performed at the end of the study, with only one-fourth of partic-
ipants accepting this option up front. This generated a sub-group of
612 women in whom 7 cancers were identified over the course of
three screens at 0, 12 and 24 months, using two modalities e

mammography and ultrasound. Yet, the single MRI at the study's
conclusion identified 9 additional cancers, with 8 of the 9 invasive,
all node-negative. Mean tumor size for the invasive discoveries was
0.85 cm, which in terms of volume (V¼ 4/3p3), is less than half the
size of the usualmammographic discovery (1.15 cm diameter in this
particular study). This smaller size with MRI detection not only
extends lead time, but redefines sojourn time to an earlier point.
With this new definition of “clinical detectability,” both mammo-
graphic and ultrasound sensitivity calculations drop substantially.

And while there is general agreement that MRI is more sensitive
than mammography or ultrasound, the quantification of that dif-
ference is not straightforward as most studies are performed in
high risk and/or high density patients. In ACRIN 6666, where both
density and risk were modestly increased for enrollment, the
combined sensitivity of mammography and ultrasound without
MRI was 76%. But within the sub-group that opted for MRI, com-
bined sensitivity of mammography and ultrasound was only 44%,
while mammographic sensitivity alone was 31.3%.32

If this sounds improbably low, similar results are achieved if one
uses any of the contrast-enhanced modalities, be it molecular im-
aging,34 positron emission mammography,35 or contrast-enhanced
mammography.36 In brief, we never realized how many cancers
were truly missed with mammography until a physiologic agent
(contrast) was added to anatomic-based imaging. While these
modalities often detect occult tumors that should be large enough
to be seen on mammography or ultrasound, the additional reason
for re-calculating to lower sensitivity levels with conventional
imaging is that the threshold of detection has been lowered.

Thus, there are two ways that contrast-enhanced imaging ap-
pears to lowermammographic sensitivitye 1) simply detecting the
tumors large enough to be seen on mammography, but missed due
to density (these are the ones where we expect mortality re-
ductions, the same as if the tumor had been seen on mammog-
raphy), and 2) lowering the threshold of detection. The latter may
prove to be unnecessary as there is likely a diminishing returnwith
the discovery of smaller and smaller tumors. If an imaging method
is developed in the future with a 5mm mean tumor size with
screening, then the calculated sensitivity of breast MRI et al. will
drop accordingly. Still, it is important to make the distinction be-
tween the two effects in that improved detection rates of MRI and
comparable imaging methods can be sometimes dismissed as
based entirely on lowering the size threshold.

When five international MRI screening trials were subjected to a
combined analysis, mammographic sensitivity was calculated at
40%, and when screening ultrasound was also performed in triple
modality studies, sensitivity was 43%.37 This created a significant
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disconnect between the “80e90%” dogma and the new reality.
Rather than redefining a more reasonable sensitivity level for
mammography, the results of the MRI trials were considered
applicable only to high-risk women. Risk levels, however, are not
part of the sensitivity equation, so the explanation for 40% sensi-
tivity of mammography lay in the presumption that the high-risk
trials were skewed toward younger women and thus, higher
levels of breast density must account for poor mammographic
sensitivity.

The combined analysis of the international MRI screening trials
also revealed sensitivity for MRI to be only 81%,37 with several is-
sues accounting for this relatively low sensitivity for MRI. Dynamic
MRI was still used at the time in some European studies where the
technology focused on improved specificity at the cost of sensi-
tivity. A typical scenario at that time would be a calcium cluster
identified on mammography, with biopsy showing DCIS, yet low
resolution, dynamic MRI being unable to detect any abnormality.38

With high spatial resolution MRI in use today, sensitivity is
routinely determined at 90% or higher.39 In fact, the true sensitivity
of the technology alone is higher still, in that interpretive errors
have been attributed to 31% of cancers missed by high-risk
screening MRI.40

Although we do not have sensitivity data for MRI when
screening the general population at baseline risk, we do have CDRs
in this group that would indicate that the low sensitivity figures for
mammography are not limited to high-risk patients.

In a unique study of 2120 average-risk women who underwent
3861 screening MRIs after negative mammograms (the majority
with negative ultrasound as well),41 the supplemental CDR was
15.5 per 1,000, with invasive cancers in a 2:1 ratio. After the
prevalence screen with MRI (CDR¼ 22.6/1000), 13 cancers were
then identified on subsequent MRI screening, with 12 of the 13
visible only on MRI. Median invasive tumor size was 8mm, node-
negative in 93.4%. Cancers were high-grade in 41.7% of cases at
prevalence screening and 46.0% of cases at incidence screening.

Remarkably, there were no interval cancers encountered during
the study, lending credence to the position that most so-called
interval cancers are present (and detectable) on the prior screen.
And by comparison to CDRs accomplished through general
mammographic screening, e.g., 5 per 1,000, one faces the troubling
conclusion that mammograms miss more cancers than they detect
in general population screening (understanding that this effect is
largely due to the lowered threshold of detection).

In spite of the striking differences in sensitivity between breast
MRI and mammography, attempts to minimize this disparity are
common. In the 2009 recommendation statement from the U.S.
Preventive Services Task Force (U.S.P.S.T.F.),42 mammography was
stated to have a sensitivity of 77%e95%, drawing from their own
2002 policy statement,7 while selectively offering the higher
numbers found with prevalence screening only, well above the
sensitivity levels found on long-term incidence screens. The rec-
ommendations go on to claim that screening MRI has a sensitivity
of 71%e100%, this range having no appreciable difference when
compared to the range provided for mammography. This 71%e
100% was, in fact, the range encountered in the international MRI
screening trials, but includes the widespread use of aforemen-
tioned dynamic (low sensitivity) technology no longer in use and
ignores the 90%-plus sensitivity that was well-established by the
time of this 2009 report.

Then, in 2015, the U.S.P.S.T.F. addressed the emerging awareness
of breast density as a predictor of lower mammographic sensi-
tivity.43 However, since a driving principle of this public health
organization is to insist on proven mortality reductions before
endorsing a breast cancer screening modality, the U.S.P.S.T.F. issued
a blanket “I” (insufficient evidence) recommendation for all
imaging modalities beyond standard 2-D mammography. As an
aside, they had previously balked on digital technology as well, but
by the time of the next update, there was essentially no film screen
technology left in the United States to endorse. The “I” designation
went on to mention specifically 3-D tomosynthesis, ultrasonogra-
phy, MRI, “or other methods in women identified to have dense
breasts on an otherwise negative screeningmammogram.”When it
comes to sensitivity, at least, the Task Force ended up endorsing
arguably the worst imaging method available to detect breast
cancer in high-density patients, especially those in the Level D
group.

It has been previously recognized that while a mortality
reduction is the ideal parameter upon which to base effective
screening, it is largely impractical to carry out costly prospective,
randomized trials to answer this question for many reasons, not the
least of which is that the technology utilized will be obsolete by the
time efficacy has been determined. In one of the most compre-
hensive studies of mammographic sensitivity,4 the authors begin
their discussion with this comment: “It is important to evaluate
early detection trials as soon as possible without waiting for long-
term mortality results. For this purpose, screening sensitivity can
be used as an early indicator to assess the screening efficacy.”

Conclusion

After many decades of heavy promotional efforts for screening
mammography, a more accurate sensitivity level has become
evident through multi-modality imaging. This redefinition of
mammographic sensitivity at lower levels than once thought now
poses a number of challenges with regard to patients, their physi-
cians, screening guidelines, researchers and third-party payors. The
recent adoption of 3-D tomosynthesis mammography certainly
affords an improvement in sensitivity, but still falls well short of the
cancer detection rates that are accomplished with contrast-
enhanced technologies.

For patients and their physicians, the promotional efforts for
mammography have imparted a false sense of security with a
negative study, such that entertaining a second modality for peri-
odic screening is believed unnecessary. Even in those states that
have passed legislation that mandate insurers cover the cost for
adjunct ultrasound screening in high density patients, the experi-
ence to date reveals that only one-fourth to one-third of eligible
patients accept this option, with no evidence so far of improved
compliance over time.44

When it comes to establishing guidelines, organizations that
endorse an expanded role for multi-modality imaging, such as the
Society of Breast Imaging, are largely discounted by insurers who
seek so-called neutral sources for their policies. But guidelines from
influential organizations can cast the issue in artificial light by
comparing apples to oranges as seen abovewith the U.S. Preventive
Services Task Force and their implication that sensitivity ranges for
mammography and MRI are basically equivalent. As always, it begs
the question: If mammograms are 80% sensitive, then how could it
be possible that in head-to-head studies, MRI will detect double, or
even triple, the number of cancers found by mammography? The
math simply doesn't work.

Screening researchers are impacted as well, where funding can
be a challenge already, given increasing skepticism about the value
of breast cancer screening in general, and where harms have
become the focal point. To propose a more sensitive tool for
screening generates concerns that the associated problems, e.g.,
overdiagnosis, will be made worse Granted, we probably do not
need new technologies to take us below the 8mm mean size of
invasive tumors discovered by MRI. At the same time, for larger
tumors in dense breasts, a sensitivity of less than 50% should not be



A.B. Hollingsworth / The American Journal of Surgery 218 (2019) 411e418 417
acceptable either. The research challenge is to match these
contrast-enhanced, physiology-based studies to the correct pa-
tients, efficiently finding those occult cancers that, today, can be
easily detected with technology already available.

While high density and high risk are our only guideposts for
multi-modality imaging at this point in time, this approach ex-
cludes many, if not most, of the patients headed toward breast
cancer. Using current guidelines for adjunct imaging can appear to
be cost-effective initially, based on the original reports where
prevalence screens have high yields. But eventually, the steady state
is reached with any modality, in which the lower-yield incidence
screens match disease incidence. Thus, when used at fixed in-
tervals, high-cost imaging loses its cost-effectiveness over time. It is
possible that more efficient utilization of MRI and similar tech-
nologies can come through blood testing (high specificity ruling in
adjunct imaging; high sensitivity tests ruling out),45 or various
approaches of artificial intelligence applied to normal screening
mammograms,46 turning fixed interval adjunct screening intomore
of a diagnostic study, as needed.

Rather than criticizing high-sensitivity imaging as an approach
that will primarily exacerbate the harms of screening, an alterna-
tive view is that the modest mortality reductions ascribed to
screening mammography have been accomplished by identifying
only half of the detectable cancers, based on 40-year-old technology
no longer in use. An obvious conclusion, after acceptance of this
lower sensitivity value, is that breast cancer has a more vulnerable
biology to early detection thanwe previously believed, and as such,
by identifying those cancers missed by screening mammography, a
major reduction in mortality could occur well above what is seen
today with routine screening. But if one is grounded in the false
belief that mammograms are “80e90 sensitive” across the board,
there would be little gained through multi-modality approaches to
close a small detection gap.

A single number to define mammographic sensitivity is mean-
ingless, given all the caveats above. Even quoting a range can be
flawed. The commonly stated, “80% sensitivity overall, with 50% or
less for young women, or women with dense breasts” is certainly
fair, but it treats the density issue as if it were an outlier. Roughly
one-half of the population undergoing mammographic screening
has a Level C or D density. Perhaps, we should be stating a specific
sensitivity for each of the four density levels. Better yet, we should
support those research efforts that attempt to individualize sensi-
tivity wherein each patient is given her personal sensitivity level
based on the quantitative and qualitative features on her
mammogram.

Once systemic therapies are capable of eradicating nearly all
breast cancers, we will no longer need to screen at all. But in the
meantime, an era that might be measured in decades, we need to
take advantage of the available adjunct imaging technologies,
continuing to study how to use them in a cost-effective manner.
There is no pressing need to find breast cancer earlier than what is
already afforded by contrast-enhanced technologies e the task at
hand is to find those cancers large enough to be detected, but are
currently missed, on routine screening mammography.
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