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Abstract

Screening mammography was assessed in 9 randomized trials initiated between 1963 and 1990, with breast cancer-specific
mortality as the primary endpoint. In contrast, breast cancer detection has been the primary endpoint in most screening tri-
als initiated during the past decade. These trials have evaluated digital breast tomosynthesis, magnetic resonance imaging,
and ultrasound, and novel screening strategies have been recommended solely on the basis of improvements in breast can-
cer detection rates. Yet, the assumption that increases in tumor detection produce reductions in cancer mortality has not
been validated, and tumor-detection endpoints may exacerbate the problem of overdiagnosis. Indeed, the detection of greater
numbers of early stage breast cancers in the absence of a subsequent decline in rates of metastatic cancers and cancer-
related mortality is the hallmark of overdiagnosis. There is now evidence to suggest that both ductal carcinoma in situ and
invasive cancers are overdiagnosed as a consequence of screening. For each patient who is overdiagnosed with breast cancer,
the adverse consequences include unnecessary anxiety, financial hardships, and a small risk of morbidity and mortality from
unnecessary treatments. Moreover, the overtreatment of breast cancer, as a consequence of overdiagnosis, is costly and con-
tributes to waste in health-care spending. In this article, we argue that there is a need to establish better endpoints in breast
cancer screening trials, including quality of life and composite endpoints. Tumor-detection endpoints should be abandoned,
because they may lead to the implementation of screening strategies that increase the risk of overdiagnosis.

Screening mammography was assessed in 9 randomized trials
initiated between 1963 and 1990, with breast cancer-specific
mortality as the primary endpoint (1). In contrast, breast cancer
detection (ie, cancer detection rates, sensitivity, or area under
the receiver operating characteristic curve) has been the pri-
mary endpoint in most screening trials (Table 1) and observa-
tional studies initiated during the past decade (2–7). These trials
have evaluated newer breast screening modalities, including
digital breast tomosynthesis (DBT), magnetic resonance imag-
ing (MRI), and ultrasound, and the results provided impetus for
implementation of these newer modalities into clinical practice.
None of these trials have yet provided mortality data, and novel
screening strategies have been recommended solely on the ba-
sis of their abilities to detect greater numbers of early stage
breast cancers, consistent with the long-held belief that cancers
are generally curable if detected early (1).

However, the detection of greater numbers of early stage
breast cancers can also lead to overdiagnosis, which refers to
the detection of cancers that pose no threat to life and would
never have been detected in the absence of screening (8).

Indeed, the detection of greater numbers of early stage cancers
in the absence of a subsequent decline in rates of metastatic
cancers and cancer deaths is the hallmark of overdiagnosis.
Adoption of novel screening strategies solely on the basis of im-
proved tumor-detection endpoints (and the absence of mortal-
ity data) may therefore exacerbate the problem of overdiagnosis
and do more harm than good.

Evidence for Overdiagnosis

Breast cancer overdiagnosis is a major public health concern,
and there is indirect as well as direct evidence to suggest that
both ductal carcinoma in situ (DCIS) and invasive cancers are
overdiagnosed as a consequence of screening (9, 10). DCIS is
rarely palpable, almost always screen detected, and generally
regarded as a nonobligate precursor of invasive breast cancer
(11). Rates of DCIS detection and extirpation surged nearly 6-
fold in the United States between 1975 and 2004, with the wide-
spread implementation of mammography screening (12).
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Substantial declines in the incidence of invasive breast cancer
were expected as a result of this surge, and yet, invasive breast
cancer incidence gradually increased from about 100.0 to 124.3
cases per 100 000 women during this same time period, provid-
ing indirect evidence that most cases of screen-detected DCIS
would likely have never progressed to invasive disease (12).
Moreover, an autopsy study in Denmark demonstrated that oc-
cult DCIS was evident in 15% of a random sampling of women
aged 20-44 years with no previous history of cancer who had
died of accidents, a prevalence 4 times greater than the number
of invasive breast cancers expected to develop over a 20-year
period (13). Thus, occult DCIS seems to be highly prevalent in
the general population, and most lesions would not be expected
to have an adverse effect on mortality.

Observational studies also provide indirect evidence for the
overdiagnosis of invasive breast cancer. These population-
based studies show that screening may substantially increase
the detection rates of early stage invasive breast cancers, but it
has only a marginal effect in reducing the incidence of ad-
vanced disease (14, 15). Moreover, even though age-specific inci-
dence rates of invasive breast cancer invariably increase among
younger women in the age group that undergoes screening, in-
cidence rates of invasive cancer do not ultimately drop below
baseline for the elderly population not being screened, thereby
providing further indirect evidence for the overdiagnosis of in-
vasive cancers in the screened population (16).

Randomized trials of screening provide direct evidence of
overdiagnosis for both in situ and invasive disease. Various
methods were used to estimate rates of overdiagnosis in these
trials, such as determining the difference in cancer incidence in
the presence or absence of screening (ie, observed excess inci-
dence approach), or on the basis of inferences concerning the
natural history of breast cancer and the lead time attributable
to screening (ie, lead-time approach) (10). Estimates of overdiag-
nosis rates vary widely because of differences in methodologies
and definitions; therefore, it is not possible to give a precise fig-
ure for the breast cancer overdiagnosis rate. A recent evidence
review for the US Preventive Services Task Force concluded that
approximately 11% to 22% of all breast cancer cases (invasive

plus in situ) in the United States may be overdiagnosed (10).
However, the evidence cited for that estimate reflected only
standard mammography screening; the newer, more sensitive
modalities may have higher overdiagnosis rates.

Harms of Overdiagnosis

It is estimated that 25% of total health-care spending in the
United States is wasted, and a considerable portion of that
waste is attributable to expenditures on unnecessary treat-
ments (17). The overtreatment of breast cancer, as a conse-
quence of overdiagnosis, is costly and undoubtedly contributes
to this waste. Moreover, for each patient who is overdiagnosed
with breast cancer, there are substantial adverse consequences:
unnecessary anxiety, financial hardships, and a small risk of
morbidity and mortality from unnecessary treatments. Even for
screen-detected DCIS, almost all women receive therapies that
are costly and with potential risks; a recent study showed that
99.6% of cases from 2004 to 2015 received some form of therapy,
including combinations of different treatment modalities (sur-
gery, systemic treatment, or radiotherapy) (18). Recent advances
in breast imaging technology have improved the sensitivity of
screening and thereby potentially exacerbated the risk of over-
diagnosis and overtreatment.

Given the reality of overdiagnosis, cancer detection is an in-
sufficient and potentially harmful endpoint for a screening trial.
Instead, we must consider the full range of possible benefits
and harms associated with introducing a more sensitive screen-
ing test. A framework for conceptualizing the possible benefits
and harms of screening with a standard modality 1 (eg, mam-
mography alone) as compared with a more sensitive modality 2
(eg, mammography combined with MRI) is shown in Figure 1. If
a cancer is detected with modality 2 but would have been
missed at that time with modality 1, one can examine the po-
tential outcomes if the woman had never been screened with
modality 2 but had continued screening only with modality 1.
The following are possible outcomes: interval cancer diagnosed
later, later screen detection of cancer, and cancer would never
have been diagnosed (overdiagnosis). For the first 2 outcomes,
the cancer could have been diagnosed in the same stage (eg,
1 A) as with modality 2 or at a higher stage; presumably, it
would be more likely to be at a higher stage with an interval
than with a screen-detected cancer. For the same stage, progno-
sis and treatment can be assumed similar; therefore, earlier di-
agnosis per se can be treated as a minor harm of modality 2
(relative to 1). In the absence of clinical benefit, the earlier diag-
nosis of breast cancer may simply increase the time period that
a patient lives with the knowledge that she has cancer and
thereby possibly increase the period of anxiety. For a higher
stage diagnosis, it could make the difference between dying of
breast cancer (with modality 1) or not (with modality 2), clearly
a major benefit of modality 2. Alternatively, the woman could
survive under either modality but have more intense treatment
or disease course with modality 1, thus a minor-moderate bene-
fit of modality 2 in terms of improved quality of life. Finally, an
overdiagnosed cancer is a major harm of modality 2.

Tumor Detection Endpoints

Unfortunately, current breast cancer screening practices are of-
ten predicated on clinical studies with tumor-detection end-
points. As seen in Table 1, of the 32 breast cancer screening
trials initiated since 2010, 23 (71.8%) had the cancer detection

Table 1. Breast cancer screening trials initiated from 2010 onwarda

Breast cancer screening trials No. of trials (%)

All 32 (100)
Screening modality

2D digital mammography 24 (75.0)
Digital breast tomosynthesis 19 (59.4)
MRI/AB-MRI 7 (21.9)
Ultrasound 6 (18.8)
Other 11 (34.4)

Primary outcomeb

Cancer detection rate 10 (31.2)
Sensitivity 6 (18.8)
ROC area/accuracy 7 (21.9)
Recall rate/specificity 6 (18.8)
Advanced cancer rate 4 (12.5)
Interval cancer rate 2 (6.2)

aBased on ClinicalTrials.gov search. Search criteria: breast cancer; screening

AND imaging; interventional studies. Trials with less than 100 subjects, evaluat-

ing only a single imaging modality, or in cancer patients excluded.

2D¼2-dimensional; AB-MRI ¼ abbreviated breast magnetic resonance imaging;

MRI ¼magnetic resonance imaging; ROC ¼ receiver operating characteristic.
bSome trials had 2 primary outcomes.
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rate, sensitivity, or area under the receiver operating character-
istic curve as a primary endpoint. A large observational study
from 13 academic and nonacademic breast centers showed that
the addition of DBT to screening mammography decreased
false-positive rates and statistically significantly increased
breast cancer detection rates (2). The results of this and similar
single institution studies fueled the rapid implementation of
screening DBT throughout the United States (19). For women
with a familial breast cancer risk, a randomized trial from the
Netherlands showed that screening mammography combined
with MRI detects greater numbers of cancers and those at an
earlier stage when compared with screening mammography
alone (3). As a consequence of this trial and observational stud-
ies with similar findings, the addition of breast MRI screening to
mammography is generally recommended for women with a fa-
milial risk (20). Similarly, for women with dense breasts and a
negative screening mammogram, numerous studies have
shown that supplemental screening with either DBT, MRI, or ul-
trasound statistically significantly increases breast cancer de-
tection rates, and supplemental screening is now widely
recommended for women with dense breasts (4, 5). To further
elucidate the optimal screening method for women with dense
breasts, a phase II trial (ECOG-ACRIN 1141) compared abbrevi-
ated breast MRI and DBT, with rates of invasive breast cancer
detection as the primary endpoint (6). Abbreviated breast MRI
detected statistically significantly greater numbers of invasive
breast cancers, and this was interpreted as a favorable screen-
ing outcome, supporting its use as the preferred screening
method for women with dense breasts.

The Dense Tissue and Early Breast Neoplasm Screening trial
in the Netherlands compared screening with mammography
alone vs mammography combined with supplemental MRI for
women with extremely dense breasts, and the primary outcome
of interest was the interval cancer detection rate (ie, cancers
detected during the intervals between screening sessions) in
the 2 arms of the study (7). Supplemental MRI screening sub-
stantially improved sensitivity and thereby decreased the

interval cancer detection rate, but the relation between rates of
interval cancer detection and breast cancer mortality is not
clear. Although interval cancers generally have a more aggres-
sive tumor biology and worse prognosis than screen-detected
cancers, the interval cancer detection rate has not been vali-
dated as a proper surrogate outcome measure for mortality in
screening trials (21–23). Validation would require conducting a
randomized screening trial assessing the screening modalities
of interest that analyzed both breast cancer mortality (ie, the
true endpoint) and interval cancer detection rate (ie, the surro-
gate endpoint) (24). Of note, in the Dense Tissue and Early
Breast Neoplasm Screening trial, 42% of the interval cancers in
the mammography-alone arm were early stage (0 or 1) and 55%
were node-negative, and these cancers would be unlikely to
have a substantial adverse effect on mortality (7).

Today, nearly half of all women in the United States are cat-
egorized as having dense breasts, and most states have enacted
legislation requiring that women be notified of their breast den-
sity status following screening mammography (25).
Furthermore, some states require insurers to cover the cost of
supplemental screening for women with dense breasts (26).
Although supplemental screening has been shown to increase
breast cancer detection rates, its effect on mortality is not
known, and the potential for overdiagnosis is a concern.

Clinically Relevant Endpoints

The ideal primary outcome measure for any breast cancer
screening trial is all-cause mortality. It is an unambiguous end-
point not prone to assessor bias, but it generates a huge sample
size requirement. Therefore, breast cancer-specific mortality
was the surrogate endpoint for each of the 9 mammography
screening randomized trials initiated during 1963-1990, but
even so, tens of thousands of women were required for each
trial (27). In recent years, breast cancer treatments have im-
proved and mortality rates have declined substantially, so

Figure 1. Consequences of earlier detection. A) With cancer present at a given age (here, 55 years), the standard modality (1) gives a negative screen, whereas the more

sensitive modality (2) finds a screen-detected cancer. Alternative outcomes of what would have transpired if the woman had undergone only modality 1 screening are

shown. B) Downstream consequences of the alternative outcomes are shown, as well as the net effect of using modality 2. Some scenarios (in blue) are relative benefits

of modality 2 relative to 1, whereas others (in red) are potential harms. C
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larger sample sizes would be required for clinical trials to dis-
cern any incremental breast cancer mortality benefits of novel
screening methods. It is generally understood that if such large
sample sizes were required to demonstrate further mortality
benefits of screening, then these gains would likely be very
small in absolute terms. Moreover, newer breast cancer screen-
ing technologies are developing at a very rapid pace, and the
lengthy follow-up required to assess these emerging technolo-
gies with mortality endpoints is no longer feasible. Therefore, to
circumvent the problem of larger (and unattainable) sample
sizes and to reduce the time required to conduct screening tri-
als, investigators have, as noted above, resorted to other surro-
gate outcomes (ie, tumor-detection endpoints) to assess the
efficacy of novel screening strategies.

However, the assumption that increases in breast cancer de-
tection rates invariably result in reductions in mortality has not
been validated. For example, after 15 years of follow-up in the
Canadian National Breast Cancer Screening Study, there was a
residual excess of 106 breast cancers among women randomly
assigned to mammography screening when compared with the
unscreened control group, and yet there was no difference in
mortality between the 2 arms of the trial (28).

Clearly, we need to be wary of tumor-detection endpoints
for screening studies, because increased and earlier detection
does not necessarily result in increased net benefit (benefits mi-
nus harms). The detection of large numbers of nonlethal can-
cers may result in an unnecessary excess in treatment-related
morbidity and mortality. Rates of distant metastases capture
the mortality effects of screening and are therefore better surro-
gate outcome measures. In the ongoing Tomosynthesis
Mammographic Imaging Screening Trial, women are randomly
assigned to standard digital breast mammography vs DBT, and
the primary outcome is the rate of advanced cancers, an aggre-
gate endpoint that includes distant metastases (29). The trial
was designed this way, instead of with a cancer detection end-
point, precisely because the investigators understood that find-
ing more cancers does not necessarily lead to preventing more
breast cancer deaths. However, this trial still required the very
large sample size of 165 000 women, indicating that the antici-
pated effect size is very small and raising concerns that a statis-
tically significant benefit of DBT might not be clinically
meaningful. Therefore, there is a need to identify endpoints
that are more clinically relevant to the average woman who is
screened. Specifically, composite endpoints that incorporate
both the benefits and harms of screening should be considered
for screening trials.

Quality-of-life outcome measures should be considered as
part of an overall composite endpoint (30). After all, screening
programs target large numbers of healthy, asymptomatic
women, and screening would be expected to have a far greater
impact on quality of life than on mortality for most women.
Patient-reported quality-of-life outcomes, such as pain and dis-
comfort from the screening procedure, as well as recall rates (ie,
false-positive results), could potentially be included as part of a
composite endpoint. A general issue with composite endpoints
is how to apportion the weights, especially when very disparate
outcomes are included in the composite (eg, anxiety due to a
false-positive vs diagnosis of a metastatic cancer). Clearly, the
latter would carry a much greater weight, but determining the
exact choice of weights needs careful thought. Thus, the
patient-reported quality-of-life outcomes and mortality surro-
gate outcomes would need to be appropriately weighted with
input from potential participants of screening programs, and
sample sizes determined accordingly.

Observational Studies and Modeling

Given that newer screening modalities have already been intro-
duced into clinical practice on the basis of studies demonstrat-
ing improvements in breast cancer detection rates, it is unlikely
that they will be further assessed in randomized trials with
mortality or advanced cancer endpoints. Nonetheless, it is im-
portant to learn as much as possible about the impact of these
newer screening modalities through well-conducted observa-
tional studies. Assessing the effects of screening in large inte-
grated health-care systems using data from electronic health
records can be performed relatively quickly and efficiently, as,
for example, was done in a recent study on colonoscopy (31).
Although proving causality is always problematic in observa-
tional studies because of unmeasured confounders and other
issues, such studies can still provide insight into harms and
costs and give some idea of potential magnitude of benefit.
Additionally, simulation modeling may help quantify the short-
and long-term benefits and harms of novel screening methods
(32). Modeling can assess a wide range of screening outcomes,
including death, quality of life, and costs, without necessitating
long-term patient follow-up. However, the major disadvantage
of any modeling study is that it is based on important assump-
tions, such as the natural history of breast cancer and the effect
of earlier diagnosis on mortality. The general framework for ex-
amining intermediate and longer-term outcomes with alternate
methods of cancer detection is depicted in Figure 1 and may be
useful in assessing relative net benefit.

Conclusion

In summary, we believe that more attention should be paid to
establishing better endpoints, including composite endpoints,
for breast cancer screening trials. Cancer detection as primary
endpoints in randomized trials and observational studies
should be abandoned, because they may lead to the implemen-
tation of breast cancer screening strategies that increase the
risk of overdiagnosis.

Notes
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