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Abstract
Purpose of Review  Breast cancer screening is highly controversial and different agencies have widely varying guidelines. Yet 
it is currently used extensively in the USA and frequently the thought is “the more, the better.” The purpose of this review 
is to objectively assess the risks and benefits of screening mammography and consider whether there may be areas where 
it could be de-escalated.
Recent Findings  Over the past few years, there have been several meta-analyses that are concordant, and it is now agreed 
that the main benefit of screening mammography is about a 20% reduction in breast cancer mortality. This actually benefits 
about 5% of patients with mammographically detected tumors. We now appreciate that the main harm of screening is over-
diagnosis, i.e. detection of a cancer that will not cause the patient any harm and would not have ever been detected without 
the screening. This currently represents about 20 to 30% of screening detected cancers. Finding extra cancers with more 
intense screening is not always good, because in this situation, the risk of overdiagnosis increases and the benefit decreases. 
In some groups, the risk of overdiagnosis approaches 75%.
Summary  Our goal should be not only to find more cancers, but to avoid finding cancers that would never have caused the 
patient any harm and lead to unnecessary treatment. The authors suggest some situations where it may be reasonable to 
de-escalate screening.

Keywords  Breast cancer screening · Overdiagnosis · Harms of breast cancer screening · De-escalation of breast cancer 
screening

Introduction

According to the American Cancer Society, roughly 287,500 
women will be diagnosed with invasive breast cancer, and 
43,250 women will die from it in 2022 in the USA [1]. As 
the most common non-skin cancer in women in the USA, 
breast cancer is diagnosed in 1 in 8 women. Due to its 
substantial health risk, population-based screening mam-
mography programs have been widely introduced since the 
1980s, and many studies have shown a reduction in breast 

cancer-related mortality ranging from 0 to 40% [2]. Accord-
ing to a systematic review by Myers et al., women of all ages 
at average risk experience a 20% reduction in breast cancer 
mortality thanks to screening mammography [3•].

Although screening mammography has improved the 
lives of countless women worldwide, it is not a perfect 
tool and has associated risks including overdiagnosis, false 
positive results, overtreatment, radiation exposure, and psy-
chosocial burdens of stress and anxiety [4–6]. As a result, 
this topic has become heavily controversial and become the 
center for many recent debates in both the medical field and 
public media. Therefore, these risks pose the question of 
whether patients would benefit from the de-escalation of 
screening mammography and subsequent treatment. The 
purpose of this review is to discuss the major benefits and 
harms associated with screening mammograms, and to iden-
tify potential areas where de-escalation might be possible.
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Epidemiologic Methodology Used 
for Evaluation of Screening Mammography

The epidemiologic methodology appropriate to evaluation 
of screening mammography has been extensively described 
and is widely accepted [7, 8]. In almost every hospital in the 
world with a mammography screening program, breast can-
cer patients diagnosed by mammography have a much better 
survival and require less treatment compared to patients who 
are diagnosed because of clinical breast symptoms. There-
fore, the everyday experience of both physicians and patients 
is that mammography leads to earlier diagnosis and improved 
cure rates. But does this prove that screening mammography 
is beneficial? The answer, surprisingly, is no. There are a 
number of large biases that account for the majority of the 
perceived improvement in survival. The first is lead time 
bias. The lead time is the time between when a cancer can 
be detected mammographically and the time when it would 
otherwise be discovered clinically. We now know that this 
varies tremendously in different tumors from less than a 
year to over 30 years. However, if the average lead time in 
a group of patients diagnosed by mammography is 5 years, 
those patients will live 5 years longer than a group detected 
clinically without any change in the natural history of the 
disease. The second large bias is length time bias. Screening 
mammography is much more likely to detect slowly grow-
ing tumors with a long lead time than faster growing tumors 
[9, 10]. Thus, even when matched for tumor size, mammo-
graphically detected tumors will have more favorable biology 
and better survival [11]. In addition, there are other selection 
biases because patients who are healthy or have better socio-
economic resources are much more likely to have screening 
mammography and also independently more likely to receive 
better care and be cured.

The only way to get around these biases is to change the 
denominator in the survival curves from the individual can-
cer patient to the population from which the patient is drawn. 
Figure 1 illustrates this concept. Screening always results in an 
increased number of cancers detected, both because of the lead 
time discussed above and also because of overdiagnosis which 
will be discussed below. As seen in the figure, even if there is 
no actual reduction in deaths within the population, the deaths 
per cancer patient will always be reduced with screening. The 
real question we want to know, however, is whether the deaths 
per patient in the population is reduced by screening. This ben-
efit, if it exists, will be smaller and harder to detect. It requires 
large population-based studies, and there have only been about 
eight of these ever performed, all in the 1960s to 1980s. Much 
of the controversy, therefore, revolves around how to interpret 
these old studies. Yet, because screening mammography is 
now so engrained in our medical practice, there will probably 
never be another similar study performed.

Benefits and Harms of Mammography

Mortality Benefit

There are multiple studies discussing the benefits and harms 
of mammography, but the single most cited benefit is breast 
cancer-related mortality reduction. According to Shepardson 
and Dean, three separate meta-analyses of the eight rand-
omized controlled trials showed an 18–20% reduction in 
mortality among women who were invited to screen [2]. 
These findings were echoed by a systematic review by Myers 
et al. in 2015, who saw an overall 20% breast cancer-related 
mortality reduction in women of all ages at average risk 
based on pooled estimates of meta-analyses of RCTs: UK 
Independent Panel (RR 0.80 [95% CI, 0.73–0.89]), Canadian 
Task Force (RR 0.82 [95% CI, 0.74–0.94]), and Cochrane 
Database (RR, 0.81 [95% CI, 0.74–0.87]) [3•]. Pace and 
Keating performed a similar review and concluded that there 
was a 19% reduction in mortality [12]. Therefore, it is clear 
that early detection of breast cancer through population-
based screening has had a positive contribution to the health 
of women in the USA and worldwide. A reduction of 20%, 
however, is actually quite small; it means 80% of women 
who would die without mammography will still die with it.

Benefit of Less Aggressive Treatment

An additional benefit not commonly discussed is that breast 
cancers found by screening mammography are smaller, less 
likely to metastasize to lymph nodes, and are more likely to 
be effectively treated with breast conservation therapy and 
without chemotherapy [13, 14]. These findings have a sig-
nificant impact on a patient’s physical and mental health as 
less intensive treatments lead to less toxicity, faster recovery, 
and fewer complications. However, if the overdiagnosed can-
cers which currently are over-treated are excluded from the 
screening group, then the benefit for the remaining patients 
is much less apparent [15].

Harms

Multiple societies in the USA ranging from the US Preventa-
tive Services Task Force (USPSTF) [16•], National Compre-
hensive Cancer Network (NCCN) [17], American College of 
Obstetrics and Gynecology (ACOG) [18], American Cancer 
Society (ACS) [19], and American College of Radiology 
(ACR) [20] differ in their screening recommendations due 
to the limitations and harms of population-based screening 
mammography. Some of the most referenced harms are over-
diagnosis, radiation exposure, pain during mammography, 
false positive results, and psychosocial distress.
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Radiation Exposure

Both digital mammogram and DBT confer a low dose of 
radiation that are within FDA limits. A study conducted in 
2018 demonstrated that the average radiation dose was 2.74 
mGy for each breast in a 2-view study. There is an argument 
that the radiation from serial screenings may cause breast 
cancer. However, Miglioretti et al. modeled that screening 
women aged 40–75 annually might induce an average of 
125 breast cancers but avoid 968 breast cancer deaths due 
to early detection [21]. In other words, 1 radiation-induced 
breast cancer could avert 8 breast cancer deaths. On the same 
tone, Hendrick suggests that a single 3-mGy digital mam-
mogram has the same risk of causing cancer as 2 months of 
natural background radiation in the USA [22]. Therefore, the 
benefit-to-radiation risk is overall still in favor for screening 
mammography. However, physicians should weigh the risks 
individually with each patient when discussing screening.

False Positive Results

A second harm associated with screening mammography 
is potential for false positive test results. These lead to a 
potential cascade of additional diagnostic imaging, possible 
benign breast biopsies, psychological distress, and increased 
utilization of health care resources. In the USA, the 10-year 
false positive rate with annual screening has been reported at 
61% [23]. And unfortunately, a false positive mammogram 
could take up to 2 years for a patient to be declared cancer-
free [24]. Furthermore, research has shown that women 
experience psychological distress for at least 3 years after 
screening [25]. Luckily, there have been advances in screen-
ing technology to improve the sensitivity and specificity of 
mammography. Digital breast tomosynthesis is a 3-dimen-
sional image acquisition platform that has helped address 
this issue by reducing recall rates by 15–17% when com-
pared to conventional 2-D mammography [2, 26].

Fig. 1   Effect of screening 
mammography. A The screened 
group always has an increased 
number of cancers due to both 
lead time and overdiagnosis. 
B This illustration assumes no 
true reduction in cancer deaths 
but nevertheless the standard 
survival curves (deaths/cancer) 
show a large benefit for screen-
ing. Only large population-
based studies (deaths/popula-
tion) can determine whether 
there is really a benefit for 
screening
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Overdiagnosis

Over the past decade, we have realized that overdiagnosis 
is the most significant harm of breast cancer screening. 
Since the intention of screening is to detect cancers early, 
inevitably some screen detected cancers will be found so 
early that they never become clinically symptomatic within 
a patient’s lifetime, and this is referred to as overdiagnosis 
[2, 27]. Cancers grow at variable rates and some progress 
slower than others, some remain static, and some may even 
regress [28]. Unfortunately, our ability to predict which 
cancers are indolent is very limited. Since we can never be 
certain which cancers are overdiagnosed, all screen detected 
cancer leads to interventions such as surgery, radiation, and 
adjuvant chemo and endocrine therapy which all contribute 
to a patient’s physical and psychosocial morbidity [29].

Estimating the frequency of overdiagnosis has turned 
out to be complicated and controversial, and studies have 
reported rates from 0 to 50% [27–29]. This wide divergence 
is due to varying methodology and whether are not DCIS is 
considered overdiagnosed. An important principle in reliably 
estimating overdiagnosis is the concept that overdiagnosis 
must be differentiated from early diagnosis by using a long 
follow-up period to accommodate for lead time [30]. There 
are two main types of evidence suggesting overdiagnosis: 
population studies and clinical trials.

The first suggestion of overdiagnosis was described by 
Esserman et al. in a 2009 study of breast cancer incidence 
in the Surveillance, Epidemiology, and End Results (SEER) 
database [31•]. With the introduction of screening mam-
mography in the 1980s, the incidence of breast cancer in 
the USA quickly increased about 40%. If this were due to 
early detection alone, we would expect that after the lead 
time of the detected cancers, the incidence would decline 
back to baseline. For the next 40 years, the incidence has not 
dropped which far surpasses the reasonable lead times and 
suggests that much of the increase was due to overdiagnosis. 
Bleyer and Welch [32••] and Welch et al. [33••] studied 
this in more detail in a couple of classic articles in the New 
England Journal of Medicine. They found that small and 
early stage cancer increased markedly whereas large or late 
stage cancer declined only slightly. This suggests that a large 
percent of small tumors are not destined to become large 
tumors. They estimated that the rate of overdiagnosis was 
22% for invasive cancers and 31% if DCIS is included. Sim-
ilarly when screening mammography was introduced into 
Norway and Sweden, the breast cancer incidence doubled 
and the authors estimated that one third of invasive cancers 
were overdiagnosed [34].

There is also important evidence from the randomized 
trials of mammography screening. According to system-
atic reviews by the Independent UK Panel [29] and Nelson 
et al. [6], the most reliable estimates for overdiagnosis are 

drawn from three commonly cited randomized control tri-
als: Malmo I (women aged 55–69) [35], and the Canadian 
National Breast Screening Study I (women aged 40–49) 
[36] and II (women aged 50–59) [37]. These three trials 
screened women for 5 years during the study and did not 
systematically invite them to screening at the end of the trial. 
At 15-year follow-up, the Malmo trial had a rate of overdi-
agnosis of 10% for invasive tumors. A recently published 
long-term follow-up of the 2 Canadian trials 25 years after 
enrollment indicated that among women age 40–49 the rate 
of overdiagnosis was 30% for invasive tumors and 40% if 
DCIS is included, and for women age 50–59 it was 20% for 
invasive tumors and 30% including DCIS [38•].

We now understand the mechanism for the overdiagnosis 
[39••]. There is much more variability in the lead time for 
different tumors than was previously appreciated; it ranges 
from <1 year to over 30 years. Overdiagnosis results when 
the lead time for a tumor exceeds the life expectancy. Two 
factors are critical: tumor biology and patient age. Figure 3 
shows an estimate of the rate of overdiagnosis for different 
age groups by a measure of tumor biology based on grade 
and hormone receptor status. Overdiagnosis is most common 
in older women with biologically favorable tumors. This 
information may point to areas where we might consider 
de-escalation of mammography screening.

Natural History of Current Invasive Cancers 
Found on Mammography

Figure 2 summarizes the natural history of current cancers 
found by mammography. The figure starts with current 
SEER data that have shown that over the past decade the 
mortality for invasive breast cancers has remained sta-
ble at about 20%. Then the data for mortality reduction 
from mammography and the data for overdiagnosis are 
overlayed on the 80% who currently survive. The results 
show that about half of current patients will have their 
tumor cured but would also be cured if they waited a few 
years until it became clinically apparent. These data match 
nicely the mortality from prior to the introduction of mam-
mography in the 1980s [40]. Another 25%, the overdiag-
nosed cancers, will be cured but would never have even 
known they had cancer if it were not for mammography. 
About 20% will die of their cancer either with or without 
mammography; only 5% (a 20% reduction from 25%) will 
have their life actually saved by the mammogram. This 
5% amounts to about 10,000 women in the USA annually, 
so it is clearly important. However, all 80% who are cured 
(about 200,000 women annually in the USA) think they 
have been cured because of the mammogram and it just 
is not so. Furthermore, treatments for breast cancer are 
improving dramatically and as the treatments get better, 
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the value of early detection is reduced. In the future, at 
some point, the treatments may be good enough that we 
will no longer need screening.

Potential Areas for De‑escalation

De‑escalating Screening Intervals

The US Preventive Services Task Force [16•] recommends 
biennial screening for women over 50, and the Ameri-
can Cancer Society [19] recommends biennial screening 
for women over 55. Nevertheless, many physicians still 
perform annual mammography. This would seem to be a 
possible area of de-escalation.

According to multiple systematic reviews, there are 
reasonable estimates gathered from observational studies, 
examining the association of screening intervals on the 
10-year cumulative false-positive probability in women 
undergoing mammography screening starting at age 40 
or 50 [3•, 6]. Based on the Breast Cancer Surveillance 
Consortium, the cumulative 10-year probability of receiv-
ing at least 1 false positive mammogram was 61% (95% 
CI, 59 to 63%) with annual screening and 42% (CI, 41 to 
43%) with biennial screening starting at age 40. These 

rates were similar when beginning annual and biennial 
screening at age 50 [23].

Furthermore, they found the cumulative probability of 
receiving a biopsy due to a FPM after 10 years of screen-
ing starting at age 40 was higher with annual than biennial 
screening (7% vs 5%). Similarly, if screening began at age 
50, then the cumulative probability for biopsy was 9.4% 
with annual and 6.4% with biennial screening. Overall, we 
see that increased frequency intervals lead to higher cumu-
lative probabilities of unnecessary biopsy regardless of 
when screening begins. Furthermore, statistical modeling 
studies have found that biennial screening achieves 81% 
of the benefit of annual screening with only half of the 
number of false positive results [41]. It seems likely that 
many of the extra 19% of cancers found by annual screen-
ing are probably overdiagnosed cancers. Therefore, phy-
sicians should have a discussion with individual patients 
regarding whether to de-escalate from annual to biennial 
screening.

Stopping Mammography at Age 70

Much uncertainty exists regarding the benefits of screen-
ing mammogram in older women. Although data shows 

Fig. 2   Natural history of current mammography detected invasive 
cancers. Recent SEER data showing 20% mortality for invasive 
tumors were overlayed with the mammography mortality reduction 

of 20% and the overdiagnosis rate of 25%. Only 5% had a cancer 
that was cured because of the mammography. This represents a 20% 
(5/25) reduction in mortality
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that increasing age is a risk factor for breast cancer, 
there are no randomized control trials investigating 
the mortality benefit of screening patients older than 
74 years of age [29, 42–44]. As patients age, there are 
other competing causes of morbidity and mortality such 
as heart failure, hypertension, and diabetes to consider. 
Furthermore, a closer look at the small subset of women 
aged 70 to 74 years of age in the only RCT where they 
were included did not demonstrate a significant reduc-
tion in breast cancer mortality (relative risk = 1.12; 95% 
confidence interval, 0.73 to 1.72) [45]. Due to this lack 
of data, studies have used statistical modeling to assess 
benefits in screening women aged 70 to 79 as opposed to 
stopping at age 69 [41, 46, 47]. These statistical models 
suggest that screening women aged greater than 70 result 
in only 2 fewer deaths per 1000 women when compared 
to stopping at age 69 (6 vs 8 deaths per 1000 women). 
Unfortunately, the rates of false positives and overdiag-
nosis are particularly high in the oldest age groups [41]. 
As seen in Fig. 3, for women diagnosed with favorable 
tumors in their 70s, the chances are over 60% that it is 
an overdiagnosed tumor, and in the 80s it is over 75%. 
According to a meta-analysis by Lee et al., there is a sig-
nificant lag-time to benefit time frame of 10 years after 
screening to even see a mortality benefit [48]. Therefore, 
screening is most appropriate in patients who are less 
than 70 years of age. Recommending screening beyond 
this age seems to put patients at a greater risk of harm 
without an added tangible benefit.

Atypical Ductal Hyperplasia

Atypical ductal hyperplasia (ADH) is considered a benign 
epithelial lesion and nonobligate precursor to invasive can-
cer that is found in 1.2 to 16% of breast biopsies [49]. Due 
to the risk for a simultaneous undiagnosed cancer, multiple 
studies have examined the upgrade rate to DCIS or invasive 
carcinoma with excision and results have varied widely from 
4 to 54% [50, 51]. As a result, the NCCN guidelines have 
recommended complete surgical excision of all ADH lesions 
found on biopsy as the standard of care [52].

More recent studies have found lower upgrade rates of 
5 to 20% thanks to advances in imaging and biopsy tech-
niques. Therefore, efforts have been made to try and identify 
risk factors associated with upgrading ADH to identify a 
favorable subgroup that is potentially suited for observation 
rather than surgical excision. Racz and Degnim summarized 
their data suggesting that women who meet the following 
criteria have less than 5% chance of a missed invasive car-
cinoma: no mass lesion or discordance, removal of greater 
than or equal to 90% of calcifications at the time of core 
needle biopsy, involvement of ≤2 terminal duct lobules, and 
absence of necrosis [50].

More importantly, however, ADH is low grade by defi-
nition and when it is upgraded it is almost always to a low 
grade invasive or in situ cancer [49]. These are exactly the 
cancers most likely to be overdiagnosed. The important out-
come in this situation should not be finding the cancer but 
determining whether there is any clinical benefit to finding 
it at the time of diagnosing ADH. More than likely, many of 
these small cancers would not progress, and if they do, they 

Fig. 3   Percent overdiagnosis by 
patient age and tumor biology. 
Favorable tumors were low 
grade and ER and PR positive. 
(From New England Journal 
Medicine, Lannin DR and Wang 
S. Are small breast cancers 
good because they are small or 
small because they are good? 
376(23):2286–2291.  Copyright 
© 2017 Massachusetts Medical 
Society. Reprinted with permis-
sion.)
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would have the same cure rate when they are diagnosed a 
few years later. We currently have very reasonable trials of 
observation for low grade DCIS and it does not make sense 
to excise all ADH.

Auxiliary Screening Modalities

Mammography has been the gold standard imaging tool for 
breast cancer screening due to its widespread availability, 
relatively low cost, and cancer detection capabilities. How-
ever, it is well known that mammographic sensitivity and 
specificity are reduced with increasing breast density, mak-
ing it an imperfect tool [53]. Breast density not only hides 
underlying tumors from mammography but also increases 
breast cancer risk for women compared to women with fatty 
breasts [54]. Therefore, recent efforts have been made to 
study supplemental screening tools such as ultrasound and 
MRI.

In a systematic review by Melnikow et al., researchers 
examined the performance of supplemental breast ultra-
sound and MRI [55]. They found that supplemental US was 
able to detect additional cancers at a rate of 4.4 per 1000 
examinations but at the cost of increased recall rates of 14%. 
Similarly, breast MRI detected 3.5 to 28.6 additional cancers 
per 1000 cases but recall rates were also elevated at 12–24%. 
No studies examined breast cancer outcomes. The authors 
were able to conclude that supplemental screening can find 
additional breast cancers but at the risk of increasing false 
positive results and the benefit is unclear. The USPSTF 
gave it a recommendation of “I” meaning current evidence 
is insufficient to assess the balance of benefits and harms.

This was a very valid conclusion. Finding extra cancers, 
in and of itself, is not necessarily a good thing. Some evi-
dence suggests that the biological characteristics of cancers 
found by screening ultrasound are more compatible with 
overdiagnosis [56]. It is also possible that, even if not over-
diagnosed, they may be found at subsequent routine mam-
mography with equivalent survival rates. Certainly, we 
should remain skeptical and not be too enthusiastic about 
cancers picked up by supplemental screening until evidence 
shows actual patient benefit. The benefits and harms should 
be weighed carefully and discussed individually between 
patient and provider.

Conclusion

The optimum algorithm for breast cancer screening is some-
what controversial with varying recommendations by organ-
izations such as the USPSTF, ACOG, and ACS. Although 
there is clearly a modest mortality benefit to screening 
mammography, there are many potential negative effects 
that should not be overlooked. The most serious of these is 

overdiagnosis which occurs in 20 to 25% of invasive cancers 
and 30 to 35% if DCIS is included. Overdiagnosis is most 
common in older women and those with low grade, biologi-
cally favorable tumors. Some de-escalation of mammogra-
phy should be considered in situations where the risk of 
overdiagnosis is especially high or the tumors are especially 
likely to be favorable. Supplemental tests such as screen-
ing ultrasound and MRI will detect additional cancers but 
there is no data suggesting a mortality benefit and the risk 
of overdiagnosis is high.
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