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Overdiagnosis of breast cancer in population screening: does
it make breast screening worthless?
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ABSTRACT

KEYWORDS

The risk of breast cancer (BC) overdiagnosis attributed to mammography screening is an unresolved issue, complicated by
heterogeneity in the methodology of quantifying its magnitude, and both political and scientific elements surrounding
interpretation of the evidence on this phenomenon. Evidence from randomized trials and also from observational studies shows
that mammography screening reduces the risk of BC death; similarly, these studies provide sufficient evidence that overdiagnosis
represents a serious harm from population breast screening. For both these outcomes of screening, BC mortality reduction and
overdiagnosis, estimates of magnitude vary between studies however overdiagnosis estimates are associated with substantial
uncertainty. The trade-off between the benefit and the collective harms of BC screening, including false-positives and
overdiagnosis, is more finely balanced than initially recognized, however the snapshot of evidence presented on overdiagnosis does
not mean that breast screening is worthless. Future efforts should be directed towards (a) ensuring that any changes in the
implementation of BC screening optimize the balance between benefit and harms, including assessing how planned or actual
changes modify the risk of overdiagnosis; (b) informing women of all the outcomes that may affect them when they participate in
screening using well-crafted and balanced information; and (c) investing in research that will help define and reduce the ensuing
overtreatment of screen-detected BC.
Breast cancer; mammography; overdiagnosis; population screening

Introduction
The history of population mammography screening for
breast cancer (BC) spans roughly five decades. Mammography screening efficacy has been demonstrated in
randomized controlled trials (RCTs)1-5, and subsequently
broadly implemented in many health systems for nearly three
decades. Yet, the past decade has witnessed accelerated debate
on the ‘invisible’ risk of mammography screening6, overdiagnosis of BC attributed to population breast screening7-12.
Overdiagnosis, or overdetection, refers to screen-detected
malignancy that would not have progressed to clinical or
symptomatic presentation during the individual’s lifetime,
and would not have been diagnosed nor caused the
individual any harm in the absence of screening. This
somewhat contested harm of cancer screening, one that is
inherently difficult to quantify, adds to the complexity of the
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outcomes associated with mammography screening. This
review will draw on evidence to address the question forming
the title of this paper, namely whether BC overdiagnosis
attributed to mammography screening renders population
screening worthless. A concise overview of the outcomes of
mammography screening introduces relevant context to
discuss and understand the implications of overdiagnosis for
current and future breast screening practice.

Mammography screening benefit
RCTs of mammography screening
The efficacy of screening mammography, measured as a
reduction in BC mortality, has been established in RCTs1-5. A
meta-analysis of the RCTs (based on 13-year follow-up)
reported by the UK’s Independent Panel showed a relative
risk (RR) of 0.80 (95%CI 0.73–0.89) in those invited to
screening compared to controls, representing a 20%
reduction in BC mortality3. The most recent and comprehensive meta-analyses of the RCTs has been reported by
Nelson and colleagues1,13 by age-strata to inform the US
Preventive Services Task Force recommendations on breast
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screening. It showed that screening conferred significant
reductions in the relative risk of BC death in women aged
50–59 years (RR 0.86; 95%CI 0.68–0.97) and 60-69 years (RR
0.67; 95%CI 0.54–0.83)1; however screening did not
significantly reduce the risk of BC death in women aged
40–49 years (RR 0.92; 95%CI 0.75–1.02) or in those aged
70–74 years (RR 0.80; 95%CI 0.51–1.28) although trial data
were relatively sparse for the estimated effect in the 70–74
years age-group1. In absolute terms, these pooled estimates
translate to prevention of 2.9 (40–49 years), 7.7 (50–59
years), 21.3 (60–69 years), and 12.5 (70–74 years) BC deaths,
per 10, 000 women screened for 10 years1,13. The metaanalysis from Nelson also reported that screening reduced the
risk of advanced-stage BC in women aged ≥50 years (RR
0.62; 95%CI 0.46–0.83), but not in those aged 39–49 years
(RR 0.86; 95%CI 0.68–0.97) based on a subgroup of the
screening RCTs1,13.

Observational studies
Numerous non-randomized studies of various designs have
been published to evaluate the effect of mammography
screening, supplementing evidence from the RCTs, and
potentially having more relevance to contemporary ‘realworld’ population screening. Evidence reviews of
observational studies on BC screening14-16 generally arrive to
similar ‘overall’ conclusions, including that: (1) although
some studies did not show significant reduction in BC deaths
in association with screening, the data from observational
studies considered together provide evidence that population
mammography screening confers benefit generally in keeping
with that expected from the pivotal RCTs; (2) the estimated
impact of population breast screening varies substantially,
partly due to study methodology and partly reflecting true
variability in magnitude of effect across countries and
programs, but can be summed up as frequently within the
range of a 12%–36% relative risk reduction in BC mortality
(considering extreme estimates, from no effect to risk
reduction exceeding 50%); and (3) studies varied in design,
methods (including selection of comparison group),
precision and analytic methods, and almost all studies
suffered from limitations. Harris17 reported that
observational studies quantifying the effect of breast
screening generally did not adequately adjust for differences
in BC risk, screening technology, or treatments, amongst
compared groups. Given that around 50% of the observed
reduction in BC mortality is attributed to screening with 50%
attributed to therapy18, Harris17 suggests that the estimated
effect of breast screening from observational studies is
around a 10%–12.5% reduction in mortality.

Mammography screening harms
False-positive recall
False-positive recall, leading to unnecessary testing and
biopsy, is the most frequent outcome of mammography
screening. Overall recall to assessment, and the frequency of
false-positive recall, are highly variable across screening
practice and influenced by many factors including the
organization of screening delivery and screen-reader
experience. False-positive recall is generally higher in younger
(than older) women and in women with dense breasts, and is
more frequent in annual (than biennial) screening, and in
first (than subsequent) rounds of screening. Although falsepositive recall is a major harm of screening and has been
shown to cause undue anxiety and cancer-specific worry for
some women12, it is considered a transient (short-term)
psychological harm for falsely recalled women2. However,
there may also be considerable financial costs to recalled
women where assessment is not funded within organized
screening programs. Each time a woman has a screening
mammogram, she has roughly around a 3%–12% chance of
being recalled for further assessment (depending on the
above-described factors) hence repeated regular screening
confers a cumulative risk of experiencing a false-positive
screen - representative estimates are reported in Table 1.

Interval cancers
Interval BCs are cancers that emerge subsequent to a
‘negative’ screening mammogram and before the next
scheduled screen19,20 (and are usually diagnosed when the
woman presents with symptoms). Although interval cases are
considered as false-negative screens when determining
interval cancer rates, retrospective radiological audits classify
around 25%–40% of interval BCs as false-negative screens on
imaging review19. Whereas some would consider interval
cases a ‘harm’ of mammography screening (in that women
are falsely reassured), it may be more appropriate to consider
these false-negative screens a limitation inherent in any form
of testing and not a harm unique to population BC screening.
However interval cancers represent a failure of mammography screening to detect biologically-relevant disease.

Radiation exposure
The risk of radiation-induced cancer from mammography is
not negligible, however the potential for mortality benefit is
generally considered to outweigh the risk of death from
radiation-induced BC attributed to mammography screening2.
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Table 1 Estimates of cumulative false-positive screening outcomes
Study (source or setting)

Cumulative false-positive screening mammography outcome

Hubbard et al.37 (US Breast Cancer
Surveillance Consortium mammography
registries)

Cumulative probability of false-positive screen for 10 years of annual screening
Age 40: 61.3% (95%CI: 59.4–63.1)
Age 50: 61.3% (95%CI: 58.0–64.7)
Cumulative probability of false-positive screen for 10 years of biennial screening
Age 40: 41.6% (95%CI: 40.6–42.5)
Age 50: 42.0% (95%CI: 40.4–43.7)
Cumulative probability of false-positive biopsy for 10 years of annual screening
Age 40: 7.0% (95%CI: 6.1–7.8)
Age 50: 9.4% (95%CI: 7.4–11.5
Cumulative probability of false-positive biopsy for 10 years of biennial screening
Age 40: 4.8% (95%CI: 4.4–5.2)
Age 50: 6.4% (95%CI: 5.6–7.2)

Paci et al.27 (Euroscreen review of service
screening, European programs)

Cumulative probability of false-positive screen for 10 biennial screens (in women aged 50-69
years)
Pooled estimate 17% (range 8% to 21%) without invasive procedure and 3% with invasive
assessment (needle and/or surgical biopsy).

Barratt et al.31 (data from Australian
breast screening program)

Cumulative number of false-positive screen* out of 1000 over 10 years of biennial screens (five
screens)
Age 50: 209 per 1000 (20.9%)
Age 60: 147 per 1000 (14.7%)

* Number has been approximated from the report by Barratt et al31 (calculated from number recalled minus number diagnosed with BC).

Modelling estimates that the number of deaths due to
radiation-induced cancer ranges from 2/100, 000 in women
aged 50–59 receiving biennial screening to 11/100, 000 in
women aged 40–59 having annual screening12.

Overdiagnosis (overdetection) of BC
from population screening
As the evidence on overdiagnosis has accumulated
considerably, it is now recognized as the most serious downside of population breast screening. Because screening
effectiveness is realized through detecting cancers at a
sufficiently early stage (including detection of in situ
malignancy) to confer benefit, and given the well-established
biological heterogeneity of BC, it is not surprising that
screening yields malignancies that may not have progressed
during the individual’s lifetime. The extent that screening
causes overdiagnosis is an ‘unresolved’ issue plagued by
heterogeneity in many of the elements, both political and
scientific, that define and measure and interpret the evidence
on this harmful outcome of mammography screening. It may
well be that at the present time quantifying the magnitude of
BC overdiagnosis is secondary to establishing its implications
to real-life health practice and how to address the
consequences of overdiagnosis. For this reason, this review
provides representative estimates of overdiagnosis from
published reviews without attempting to dissect the

epidemiological and methodological challenges inherent in
estimating screening-related BC overdiagnosis which has
been detailed by others3,12,21-25. Put simply, many factors
contribute to the variability in reported estimates of BC
overdiagnosis attributed to mammography screening3,12,21-25,
including but not limited to: the definition of overdiagnosis
(what exactly is the rate or proportion being measured) and
in particular what constitutes the denominator (for example,
whether measured in screened women in long-term followup or as a proportion of the cancers diagnosed during the
screening phase); whether quantifying overdiagnosis of
ductal carcinoma in situ (DCIS) or invasive cancer, or both;
basic study methodology for measuring overdiagnosis, for
example whether based on methods that directly measure the
numerator and denominator, or whether based on models of
disease progression; differences in study populations
including demographics and differences in underlying BC
risk (differences between studies; and differences between
groups being compared within each study); timing of
measuring overdiagnosis and duration of follow-up postscreening; real differences in screening practice such as
screening technology, screening policy and frequency,
population coverage and uptake; statistical methods and
adjustments and assumptions relating to lead time and
disease progression (the latter are not limited to modelling
studies); and framing of the extent of overdiagnosis (relative
or absolute estimates).

4

Houssami N. Does overdiagnosis make population breast cancer screening worthless?

Magnitude of overdiagnosis
In one of the earliest systematic reviews of BC overdiagnosis,
Biesheuvel and colleagues22 reported an extremely broad
range of overdiagnosis estimates (from none to 62%), and
also highlighted that source (primary) studies were prone to
biases that may over- or under-estimate the magnitude of BC
overdiagnosis. The International Agency for Research on
Cancer (IARC) Working Group2 reported that sufficient
evidence existed on overdiagnosis (‘BCs that would never
have been diagnosed or never caused harm if women had not
been screened’) and highlighted the Euroscreen Group’s
summary estimate of overdiagnosis of 6.5% (range
1%–10%)2 based on a systematic review of European studies
and incorporating adjustment for lead time26,27. The UK
Independent Panel on BC screening considered the most
reliable evidence on overdiagnosis to be derived from the
screening RCTs in which women in the control arm were not
offered screening at the end of the trial and where there was
sufficient follow-up3; using that approach, the UK Panel
noted that there were several definitions and methods to
quantify diagnosis, and highlighted two useful approaches for
quantifying overdiagnosis from breast screening:
● Population perspective: the proportion of all BCs ever
diagnosed in women invited to screening that are
overdiagnosed (estimated as ranging between 9.7% and
12.4%)3
● Woman’s perspective: the probability that a BC diagnosed
during the screening period represents an overdiagnosed BC
(estimated as ranging between 16.0% and 22.7%)3
In a commentary on BC screening guidelines, Keating and
Pace 28 noted that for a 40- or 50-year-old woman
undergoing annual screening over 10 years, 19% of the BCs
diagnosed during that period of screening would not have
become clinically apparent in the absence of screening, and
that the estimate was associated with uncertainty. In one of
the most recent reviews on this topic, Nelson and
colleagues 12 reported that observational studies using
different methods estimated overdiagnosis rates within the
range of 0% to 54%, noting both the broad range of
published estimates and also the lack of agreement on what
constitutes the most appropriate methodology to quantify
BC overdiagnosis 12 . Using a comprehensive overview of
overdiagnosis from screening for several cancer types, Carter
and colleagues21 provide key information on study quality
and the reported estimates of overdiagnosis: estimates for
studies in the breast screening context are summarized in
Table 2. Importantly, Carter’s overview21 is a step forward in
providing insightful interpretation of the evidence to inform

Table 2 Estimates of overdiagnosis attributed to population
mammography screening (percentages are summarized from
Carter et al.21)
Study design

Range of estimates of BC
overdiagnosis21

RCTs*

10% to 22%

Cohort studies

1.0% to 19.4%

Ecological studies

1.0% to 76.0%

Modelling studies

0.3% to 31.9%**

* From RCT follow-up studies allowing estimation of
overdiagnosis (reported in Carter et al.21 from Miller et al.38 and
Zackrisson et al.39).
** High end estimate of this range calculated for DCIS (reported
in Carter et al.21 from Seigneurin et al.40).

development of standards for future studies quantifying and
monitoring overdiagnosis.
A useful approach to framing the extent of overdiagnosis is
to report it in absolute numbers in relation to the main
benefit (prevention of BC death) of screening, and to also
express that as a ratio indicative of the ‘trade-off’ between
these outcomes. Mandelblatt and colleagues 2 9 used
collaborative modelling comprising 6 established simulation
models to estimate the cumulative outcomes of screening,
and reported the median value across models for each
outcome per 1,000 women screened versus no screening: for
biennial screening from age 50 to 74 years, 7 (range 4–9) BC
deaths are averted and 19 (range 11–34) cases are
overdiagnosed; for biennial screening from age 40 to 74
years, 8 (range 5–10) BC deaths are averted and 21 (range
11–34) cases are overdiagnosed29. Across various scenarios
for screening frequency and start ages, the data from
collaborative modelling consistently showed that the tradeoff was that for each BC death averted by screening around
2.5 cases are overdiagnosed29.
Similar ‘trade-off’ was estimated by the UK’s Independent
Panel on BC screening which reported that, having evaluated
all the available evidence, for each BC death prevented by
mammography screening about 3 cases will be overdiagnosed3. The ratio of 1 BC death averted to 3 overdiagnosed
cases from the UK’s Panel was calculated by applying
estimates for benefit and for overdiagnosis to 10,000 women
invited to screening for 20 years from age 50 years: 43 BC
deaths would be prevented and 129 cases (of invasive and
non-invasive BC) would be overdiagnosed and treated in the
UK screening context 3 . An Australian trial evaluating
informed decision-making30, used a similar approach applied
to published Australian data31 to estimate that for women
having biennial screening over 20 years, for each BC death
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averted around 4 to 5 cases are overdiagnosed. The Canadian
Task Force on Preventive Health Care has provided data for
average-risk women aged 50–69 years who are screened
biennially for 11 years, indicating an approximate ratio of
one BC death prevented by mammography screening to 4
overdiagnosed (and over-treated) cases32. In contrast to the
above-reported estimates, the Euroscreen Group derived
numbers from European studies to develop a balance sheet
for breast screening, reporting that for every 1,000 women
screened biennially from age 50–51 (with follow-up to age
79), 7–9 BC deaths are avoided and 4 cases are overdiagnosed27, hence an approximate ratio of 2 BC deaths avoided
to 1 overdiagnosed case.
Considering all the above data on the trade-off between
the number of averted BC deaths and overdiagnosed cases
(Table 3), it is reasonable to conclude that as many or more
women appear to be overdiagnosed (and consequently overtreated) than BC deaths avoided through mammography
screening for BC. However there remains much uncertainty
around these estimates of the trade-off and a need for more
systematic evaluation of the extent of overdiagnosis relative
to screening benefit.

Implications of overdiagnosis for screening
practice
Reduction or avoidance of BC death is very highly valued,
both from the individual and the societal perspective - hence
the snapshot of evidence presented on overdiagnosis does not
mean that population breast screening is worthless. What it
does mean however is that the benefit of BC screening does
not necessarily outweigh the harms which are more likely to
be experienced by screening participants than avoidance of
BC death. In other words, the balance of benefit (primarily
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mortality reduction) and the various harms from BC
screening is a finer balance than initially thought. Therefore,
the implications for population breast screening practice
relate to three key themes that will underpin the provision of
an effective and ethical cancer control strategy through
mammography screening in the present and progressing into
the future.
The first theme relates to the delicate balance between
benefit and harms: efforts should be directed towards
maximizing benefit and importantly towards controlling and
reducing harms, particularly the harm from overdiagnosis.
Figure 1 presents a conceptual framework for optimizing the
balance between the benefit and harms of population breast
screening; it highlights that potential changes to population
breast screening practice, whether related to screening policy
(for example, expansion of the age-groups in screened
populations) or to screening practice (for example,
introduction of new technologies), must carefully determine
the extent that any such modification will augment benefit or
will add to the harms and specifically whether potential
changes will increase overdiagnosis.
The second theme entails that women be informed of all
the outcomes that may affect them when they participate in
population BC screening. Accurate and balanced age-group
specific information on the outcomes of mammography
screening, including that of overdiagnosis, must be provided
to women to support informed decisions. It is generally
recognized that individuals should be well informed of the
pros and cons of healthcare interventions when making
decisions on the best healthcare for them. However,
traditionally, in the context of mammography screening,
communication strategies and public health campaigns and
messages have largely advocated the importance of having
screening and have focused on promoting its benefits33. As

Table 3 Estimated trade-off shown as a ratio* of the number of BC deaths averted to cases overdiagnosed from mammography screening
Ratio of BC deaths averted
to cases overdiagnosed

Source
UK’s Independent Panel on Breast Cancer Screening3 for women invited to screening from age
50 for next 20 years
Mandelblatt et al.29
Biennial screening from 50 to 74 years
Biennial screening from 40 to 74 years

1:3

1:2.7
1:2.6

Hersch et al.30 (based on data from Barratt et al.31) for biennial screening from age 50 over 20
years)

1:4-5

Canadian Task Force32 for women aged 50-69 years screened biennially for 11 years

1:4

Paci et al.

(Euroscreen)27

for biennial screening starting at 50-51 years (with follow-up to age 79)

* Additional data provided in manuscript text.

2:1
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Figure 1 A conceptual framework for optimizing the balance between the benefit and harms of population breast screening.

outlined earlier in this review, alongside the potential benefit
of BC screening there are harms, and both benefit and harms
should be communicated to women. Because the issue of
overdiagnosis from screening is complex and unfamiliar to
most women, it is important to craft and evaluate rigorously
developed information on mammography screening that also
explains overdiagnosis to potential screening participants.
Two Australian RCTs have examined mammography
screening decision aids for women aged 40 and 70 and
showed that these information aids improved knowledge and
reduced the number of women who remained undecided about screening, with the majority of women favoring screening33-35.
More recently, Hersch and colleagues30 conducted a RCT
whereby a decision aid containing balanced information on
the outcomes of mammography screening, including an
explanation of the risk of overdiagnosis, showing that the
decision aid increased both knowledge and informed choice
in comparison to a control decision aid which omitted the
overdiagnosis information. It is noteworthy that the decision
aid also contained information explaining to women that
once BC is found on screening, treatment is recommended
because current knowledge cannot identify which BCs will be
harmful and will progress if untreated, and which BCs may
not be harmful30. Although that study also reported that
significantly fewer women in the intervention arm intended
to screen and some were undecided about whether they will

screen, the majority of women in both arms of the RCT still
intended to have BC screening. This approach, adapted to
local screening contexts, may be a practical and appropriate
means of supporting women to make an informed choice
regarding whether or not to have mammography screening.
The third theme relates to overtreatment that is
consequent to overdiagnosis 36 . Given that we cannot yet
identify which cancers are overdiagnosed through screening,
and given that a substantial proportion of BC patients will
have screen-detected cancer, research efforts need to be
directed towards defining and addressing the burden of
overtreatment. Existing research that has deciphered tumor
behavior through molecular profiles, complemented by gene
expression testing for therapy selection, has already advanced
the era of precision medicine in BC. Future efforts will need
to be dedicated to investigating the extent that these advances
can elucidate the biological behavior of early-stage screendetected BC to minimize overtreatment in the future 36 .
Consideration of overtreatment brings about research needs
and opportunities that extend beyond screen-detected BC,
recognizing the broader implications for treatment of earlystage disease due to enhanced BC awareness and use of
adjunct technologies, all of which increasingly result in
women receiving surgery and adjuvant therapies for very
small or in situ cancer, hence the relevance of overtreatment
is not limited to screening mammography-detected BC.
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The magnitude of BC overdiagnosis attributed to mammography screening is uncertain and complicated by
heterogeneity in many of the elements, political and
scientific, that define and interpret the evidence on this
screening harm; however there is sufficient evidence to
acknowledge overdiagnosis as a serious harm from population
BC screening. Based on the available evidence, it is reasonable
to conclude that mammography screening reduces the risk of
BC death but the trade-off between this highly-valued
benefit, and the harms including false-positives and
overdiagnosis, is finely balanced. The snapshot of evidence
presented on overdiagnosis in this review, however, does not
mean that population breast screening is worthless, given
that screening reduces BC deaths. Hence efforts should be
directed towards controlling and minimizing the harmful
consequences associated with BC screening, including
ensuring that any changes in breast screening implementation optimize the balance between benefit and harms
(including assessing how changes impact the risk of
overdiagnosis), and informing women of all the outcomes
that may affect them when they participate in screening.
Future investments in BC screening and treatment research
will also be necessary to help define and reduce the ensuing
overtreatment of early-stage BC.

Conflict of interest statement
No potential conflicts of interest are disclosed.

References
1.

Nelson HD, Fu R, Cantor A, Pappas M, Daeges M, Humphrey L.
Effectiveness of breast cancer screening: systematic review and
meta-analysis to update the 2009 U. S. preventive services task force
recommendation. Ann Intern Med. 2016; 164: 244–55.

2.

Lauby-Secretan B, Scoccianti C, Loomis D, Benbrahim-Tallaa L,
Bouvard V, Bianchini F, et al. Breast-cancer screening–viewpoint of
the IARC Working Group. N Engl J Med. 2015; 372: 2353–8.

3.

Independent UK Panel on Breast Cancer Screening. The benefits
and harms of breast cancer screening: an independent review.
Lancet. 2012; 380: 1778–86.

4.

Glasziou P, Houssami N. The evidence base for breast cancer
screening. Prev Med. 2011; 53: 100–2.

5.

Nelson HD, Tyne K, Naik A, Bougatsos C, Chan BK, Humphrey L.
Screening for breast cancer: an update for the U. S. preventive
services task force. Ann Intern Med. 2009; 151: 727–37.

6.

Rosenbaum L. Invisible risks, emotional choices–mammography
and medical decision making. N Engl J Med. 2014; 371: 1549–52.

156: 536–7.

8.

Barratt A. Overdiagnosis in mammography screening: a 45 year
journey from shadowy idea to acknowledged reality. BMJ. 2015;
350: h867.

9.

Etzioni R, Xia J, Hubbard R, Weiss NS, Gulati R. A reality check for
overdiagnosis estimates associated with breast cancer screening. J

Natl Cancer Inst. 2014; 106: pii:dju315. DOI: 10.1093/jnci/dju315.
10. Kerlikowske K. Progress toward consensus on breast cancer
screening guidelines and reducing screening harms. JAMA Intern
Med. 2015; 175: 1970–1.
11. Hubbard RA. US counties with higher rates of breast cancer
screening have higher rates of incidence with no concomitant
decrease in breast cancer mortality suggesting overdiagnosis. Evid
Based Med. 2015; 20: 201.
12. Nelson HD, Pappas M, Cantor A, Griffin J, Daeges M, Humphrey
L. Harms of breast cancer screening: systematic review to update
the 2009 U. S. preventive services task force recommendation. Ann
Intern Med. 2016; 164: 256–67.
13. Nelson HD, Humphrey L, Fu RW. Estimates of screening benefit:
The randomized trials of breast cancer screening. In: Houssami N,
Miglioretti DL, eds. Breast Cancer Screening: An Examination of
Scientific Evidence. London, UK: Elsevier; 2016.
14. Harris R, Yeatts J, Kinsinger L. Breast cancer screening for women
ages 50 to 69 years a systematic review of observational evidence.
Prev Med. 2011; 53: 108–14.
15. Coldman A, Phillips N. Population studies of the effectiveness of
mammographic screening. Prev Med. 2011; 53: 115–7.
16. Schopper D, de Wolf C. How effective are breast cancer screening
programmes by mammography? Review of the current evidence.
Eur J Cancer. 2009; 45: 1916–23.
17. Harris RP. The importance of observational evidence to estimate
and monitor mortality reduction from current breast cancer
screening. In: Houssami N, Miglioretti DL, eds. Breast Cancer
Screening: An Examination of Scientific Evidence. London, UK:
Elsevier; 2016.
18. Berry DA, Cronin KA, Plevritis SK, Fryback DG, Clarke L, Zelen M,
et al. Effect of screening and adjuvant therapy on mortality from
breast cancer. N Engl J Med. 2005; 353: 1784–92.
19. Houssami N, Irwig L, Ciatto S. Radiological surveillance of interval
breast cancers in screening programmes. Lancet Oncol. 2006; 7:
259–65.
20. Nederend J, Duijm LE, Voogd AC, Groenewoud JH, Jansen FH,
Louwman MWJ. Trends in incidence and detection of advanced
breast cancer at biennial screening mammography in The
Netherlands: a population based study. Breast Cancer Res. 2012; 14:
R10.
21. Carter JL, Coletti RJ, Harris RP. Quantifying and monitoring
overdiagnosis in cancer screening: a systematic review of methods.
BMJ. 2015; 350: g7773.
22. Biesheuvel C, Barratt A, Howard K, Houssami N, Irwig L. Effects of
study methods and biases on estimates of invasive breast cancer

8

Houssami N. Does overdiagnosis make population breast cancer screening worthless?

overdetection with mammography screening: a systematic review.

making in breast screening. In: Houssami N, Miglioretti DL, eds.

Lancet Oncol. 2007; 8: 1129–38.

Breast Cancer Screening: An Examination of Scientific Evidence.

23. de Gelder R, Heijnsdijk EAM, van Ravesteyn NT, Fracheboud J,
Draisma G, de Koning HJ. Interpreting overdiagnosis estimates in
population-based mammography screening. Epidemiol Rev. 2011;
33: 111–21.
24. Morrell S, Barratt A, Irwig L, Howard K, Biesheuvel C, Armstrong
B. Estimates of overdiagnosis of invasive breast cancer associated
with screening mammography. Cancer Causes Control. 2010; 21:
275–82.
25. Puliti D, Miccinesi G, Paci E. Overdiagnosis in breast cancer: design
and methods of estimation in observational studies. Prev Med.
2011; 53: 131–3.
26. Puliti D, Duffy SW, Miccinesi G, de Koning H, Lynge E, Zappa M,
et al. Overdiagnosis in mammographic screening for breast cancer
in Europe: a literature review. J Med Screen 2012; 19 Suppl 1:
42–56.
27. Paci E, Broeders M, Hofvind S, Puliti D, Duffy SW, EUROSCREEN
Working Group. European breast cancer service screening
outcomes: a first balance sheet of the benefits and harms. Cancer
Epidemiol Biomarkers Prev. 2014; 23: 1159–63.
28. Keating NL, Pace LE. New guidelines for breast cancer screening in
US women. JAMA. 2015; 314: 1569–71.
29. Mandelblatt JS, Stout NK, Schechter CB, van den Broek JJ,
Miglioretti DL, Krapcho M, et al. Collaborative modeling of the
benefits and harms associated with different U. S. breast cancer
screening strategies. Ann Intern Med. 2016; 164: 215–25.
30. Hersch J, Barratt A, Jansen J, Irwig L, McGeechan K, Jacklyn G, et
al. Use of a decision aid including information on overdetection to
support informed choice about breast cancer screening: a
randomised controlled trial. Lancet. 2015; 385: 1642–52.
31. Barratt A, Howard K, Irwig L, Salkeld G, Houssami N. Model of
outcomes of screening mammography: information to support
informed choices. BMJ. 2005; 330: 936.
32. Canadian Task Force on Preventive Health Care. 2011. Accessed
from: http://canadiantaskforce.ca/ctfphc-guidelines/2011-breastcancer/risks-and-benefits-age-50–69/.
33. Hersch J, Jansen J, McCaffery K. Informed and shared decision

London, UK: Elsevier; 2016.
34. Mathieu E, Barratt A, Davey HM, McGeechan K, Howard K,
Houssami N. Informed choice in mammography screening: a
randomized trial of a decision aid for 70-year-old women. Arch
Intern Med. 2007; 167: 2039–46.
35. Mathieu E, Barratt AL, McGeechan K, Davey HM, Howard K,
Houssami N. Helping women make choices about mammography
screening: an online randomized trial of a decision aid for 40-yearold women. Patient Educ Couns. 2010; 81: 63–72.
36. Dixon JM, Cameron D. Treatment of screen-detected breast cancer:
Can we avoid or minimize overtreatment? In: Houssami N,
Miglioretti DL, eds. Breast Cancer Screening: An Examination of
Scientific Evidence. London, UK: Elsevier; 2016.
37. Hubbard RA, Kerlikowske K, Flowers CI, Yankaskas BC, Zhu W,
Miglioretti DL. Cumulative probability of false-positive recall or
biopsy recommendation after 10 years of screening mammography:
a cohort study. Ann Intern Med. 2011; 155: 481–92.
38. Miller AB, Wall C, Baines CJ, Sun P, To T, Narod SA. Twenty five
year follow-up for breast cancer incidence and mortality of the
Canadian National Breast Screening Study: randomised screening
trial. BMJ. 2014; 348: g366.
39. Zackrisson S, Andersson I, Janzon L, Manjer J, Garne JP. Rate of
over-diagnosis of breast cancer 15 years after end of Malmo
mammographic screening trial: follow-up study. BMJ. 2006; 332:
689–92.
40. Seigneurin A, François O, Labarère J, Oudeville P, Monlong J,
Colonna M. Overdiagnosis from non-progressive cancer detected
by screening mammography: stochastic simulation study with
calibration to population based registry data. BMJ. 2011; 343:
d7017.

Cite this article as: Houssami N. Overdiagnosis of breast cancer in
population screening: does it make breast screening worthless? Cancer Biol
Med. 2017; 14: 1-8. doi: 10.20892/j.issn.2095-3941.2016.0050

