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ABSTRACT
Breast cancer screening by mammography has been practised in many countries on the basis of the results of
published randomised controlled trials. Recently, there has been a lot of discussion about the validity of these
trials. This review presents a history of the controversies surrounding mammography screening. The protocols
in breast cancer screening in various countries are discussed, and limitations and risks of mammography
screening are listed. Finally, several modalities that have the potential to improve the efficiency of breast
cancer screening are highlighted. All told, mammography with or without clinical breast examination
remains the gold standard for breast cancer screening, and mammography screening will reduce breast
cancer mortality. However, its benefit decreases and harm increases as the incidence of breast cancer decreases.
It is important that women be informed about the potential benefits, risks, and limitations when they undergo
breast cancer screening.
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INTRODUCTION
Breast cancer is the most common cancer and leading
cause of cancer deaths among women worldwide.
The incidence varies in different countries but shows a
rising trend.1 Screening for breast cancer is based on the
assumption that early detection of cancer improves
survival. Treatment of breast cancer at a less advanced
stage will also reduce the adverse effects of treatment.
The decision of whether to screen or not rests heavily
on the evidence from randomised controlled trials
(RCTs). There are altogether 7 major RCTs (some au-
thors may split the Malmo Trials, the Canadian Trials,
or the Two-county Swedish Trial into 2 trials each).
All except the Canadian Trials showed a significant re-
duction in mortality in the screened group (Table 1).2-10

THE MAMMOGRAPHY DEBATE
A heated debate about the value of mammography
screening started after Gotzsche and Olsen (a pair of
Danish investigators who are part of the Nordic Center
for the Cochrane Collaboration, or Cochrane Library)
published a paper that challenged the validity of the

results from published RCTs. The sequence of events
is described below.

January 2000
Gotzsche and Olsen published their paper in The
Lancet in January 2000.11 They stressed that the bias
caused by suboptimal randomisation methods could be
larger than the treatment effects that might be detected
if a screening programme was beneficial. They reviewed
the methodological quality of each RCT and reported
that “baseline imbalances” were present in 6 of the 8
trials, and that inconsistencies existed in 4 trials in the
number of women who were randomised. Furthermore,
they highlighted an imbalance in age at baseline in
the Swedish trials, and they criticised the methods of
determination of mortality in the 6 “poor” trials, argu-
ing that assessment of the cause of death was unreliable
and biased in favour of screening. In the 2 “adequate”
RCTs (the Canadian Trial and the Malmo I Trial), they
found no effect of screening on breast cancer mortality.
Hence, they concluded, screening for breast cancer with
mammography was unjustified.

Nevertheless, all the trials that Gotzsche and Olsen
had rejected showed a reduction in mortality, which
ranged from 13% to 46%. In addition, they did not
include the Malmo II Trial12 (an extension of the
Malmo I Trial), which reported a mortality reduction of
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36%. Their article aroused numerous responses in
The Lancet.13

October 2001
In October 2001, the same 2 authors published a Cochrane
review14 and a research letter in The Lancet.15 They stated
that “a Cochrane review has now confirmed and strength-
ened our previous findings. The review also shows that
breast cancer mortality is a misleading outcome measure.
We use data supplemental to those in the Cochrane
review to show that screening leads to more aggressive
treatment.” The editor of The Lancet, Richard Horton,
supported the authors’ argument in a commentary.16

The same commentary, however, also noted that there
were differences in view between the Cochrane Breast
Group (which favoured screening) and the 2 authors.

December 2001
The issue on the usefulness of breast cancer screening
was brought to the public’s attention when Gina Kolata
published a article about the work of Gotzche and Olsen
on the front page of The New York Times in December
2001.17

January 2002
More doubt was raised about the value of mammo-
graphy screening as the Patient Data Query (PDQ) Edi-
torial Board, after evaluating the RCTs, concluded that
“screening for breast cancer does not affect overall
mortality, and the absolute benefit for breast cancer
mortality appears to be small”. The PDQ Editorial Board
is an independent panel of cancer experts that is respon-
sible for producing and maintaining evidence-based,
peer-reviewed cancer information summaries for the
United States (US) National Cancer Institute (NCI).
The PDQ Editorial Boards, however, are not formal
advisory or policy-making boards of the NCI. The view
of the PDQ Editorial Boards was reported by Gina
Kolata in The New York Times in January 2002.18

The American College of Radiology reacted by issuing
the following statement on its website19:

“The American College of Radiology strongly disagrees
with the recent announcement by the Physician Data
Query (PDQ) screening and prevention editorial board
claiming there is insufficient evidence to show that
routine screening mammograms help prevent cancer
deaths….The panel has inexplicably decided to base
much of its conclusion on last October’s contested study
by Gotzsche and Olsen published by the Nordic
Cochrane Center in Copenhagen, a study based on
flawed data and questionable statistical analysis….Not
only does the panel’s announcement conflict with
well-founded clinical trials supporting the benefits of
regular mammography screening, it contradicts the
National Cancer Institute’s long-standing position that
women have regular mammograms starting in their
40s. Although the PDQ provides material for the NCI’s
online database, Peter Greenwald, MD, NCI’s cancer
prevention chief, has indicated that women should
continue to be screened with mammography….The
ACR, along with the American Cancer Society, the
Society of Breast Imaging, the American Medical
Women’s Association and numerous other national
women’s groups, stands by its recommendation of
annual mammography screenings and yearly clinical
breast examinations beginning at age 40. This opinion
is based on accepted and rigorous scientific analysis”.

The NCI20 also gave its stand by issuing the following
statement on 31 January 2002:

“A recent report in the scientific literature has reawak-
ened debate about the value of screening mammograms.
The analysis, which appeared in The Lancet on October
20, 2001, reviewed the large, long-term mammography
trials upon which the National Cancer Institute (NCI)
and other groups have based their recommendations and

Table 1. Published randomised controlled trials on breast cancer screening.

Study Age range (y) Follow-up duration (y) % Mortality reduction

HIP,2 1963 40-64 18 29
Malmo,3 1976 45-69 12 19
Swedish Two-county Trial,4,5 1977 40-74 12 18 (Ostergotland)

32 (Kopparberg)
Edinburgh,6 1976 45-64 7 16
Stockholm,7 1981 40-64 8 20
Gothenburg,8 1982 39-59 11 14
Canada, 1980:

NBSS-19 40-49 7 -3*
NBSS-210 50-59 7 0

*The negative sign denotes an elevation.
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guidelines concerning mammography screening. This
review cited a number of possible flaws in the conduct
of the trials and the methods used to analyze the data.
The NCI has carefully considered the issues raised in
The Lancet review. It has also considered the recent
deliberations of the PDQ Screening and Prevention
Editorial Board and of the US Preventive Services Task
Force and has consulted with a variety of experts in
the field in order to determine whether a change in its
position is warranted. After due consideration, NCI
continues to recommend that:
• Women in their 40s should be screened every one to

two years with mammography.
• Women aged 50 and older should be screened every

one to two years.
• Women who are at higher than average risk of breast

cancer should seek expert medical advice about
whether they should begin screening before age 40
and the frequency of screening”.

On 31 January 2002, ‘An Open Letter to Women and
Their Physicians’ was published in The New York Times,21

reconfirming the value of mammography screening and
urging women to continue to attend screening. It was
jointly written by the following medical organisations:
• American Academy of Family Physicians,
• American Cancer Society,
• American College of Physicians-American Society of

Internal Medicine,
• American College of Obstetricians and Gynecologists,
• American College of Preventive Medicine,
• American Medical Association,
• Cancer Research Foundation of America,
• National Medical Association,
• Oncology Nursing Society, and
• Society of Gynecologic Oncologists.

February 2002
A different perspective about the Malmo study was
given by the Canadian researchers Miettinen et al in the
9 February 2002 issue of The Lancet.22 Miettinen and
colleagues examined data from the Malmo trial (1 of
the 2 studies regarded by the Danish writers as being
of acceptable quality) for women aged 55 years or
older at study entry. Miettinen et al found that com-
pared with controls, screened women had a statistically
significant reduction in breast cancer mortality that
began 6 years after entry into the trial, and breast can-
cer deaths were significantly and increasingly lower
from years 7 through 9, tapering to a 55% reduction by
year 11. Miettinen et al pointed out the important fact

that there was a time lag before any mammography
benefits could be detected.

The debate in the US stopped as the Secretary of
Health and Human Services reaffirmed the value of
mammography screening.23 The press release of 21
February 2002 quoted the recommendation from the US
Preventive Services Task Force (USPSTF), which called
for screening mammography with or without clinical
breast examination every 1 to 2 years for women aged
40 years or older.

March 2002
The matter aroused the attention of the World Health
Organization (WHO) in March 2002. A working group
that was convened by the International Agency for
Research on Cancer of the WHO met in Lyon, France,
from 5 to 12 March 2002. This group, consisting of
24 experts from 11 countries, evaluated the available
evidence on breast cancer screening. They reached the
following conclusion24:

“The trials have provided sufficient evidence for the
efficacy of mammography screening of women between
50 and 69 years. The reduction in mortality from breast
cancer among women who chose to participate in screen-
ing programmes was estimated to be about 35%. For
women aged 40-49 years, there is only limited evidence
for a reduction. The quality of the trials that were used
to make these evaluations was carefully assessed. The
working group found that many of the earlier criticisms
were unsubstantiated, and the remaining deficiencies
were judged not to invalidate the trials’ findings….The
working group also concluded that there is insufficient
evidence that clinical breast examination or self-
examination reduces mortality from breast cancer.”

Further support for the benefit of mammography screen-
ing was given when Nystrom et al25 published an article
in The Lancet on 16 March 2002. They updated the data
of the Swedish RCTs (Malmo I, Malmo II, Ostergotland,
Stockholm, and Gothenburg) up to and including 1996,
and found a 21% reduction in breast cancer mortality.
The benefit in absolute terms increased up to 12 years
after randomisation and it was maintained thereafter.
This paper countered the criticisms made against the
Swedish trials by Gotzsche and Olsen.

June 2002
To settle the controversy regarding the efficacy of
mammographic screening, the European Institute of
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Oncology hosted a Global Summit on Mammographic
Screening in collaboration with the WHO, the Euro-
pean Commission, the American Cancer Society, the
American Italian Cancer Foundation, the European
Society for Medical Oncology, the American Society
for Clinical Oncology, the International Union Against
Cancer, and the Centers for Disease Control and Pre-
vention, in Milan, Italy, from 3 to 5 June 2002.

During that meeting, the design and recent results from
the 7 RCTs were presented and discussed in detail in
the light of each criticism put forward by Gotzsche and
Olsen. The summit reached the conclusion that the
work of Gotzsche and Olsen was unfounded and that
the reduction in breast cancer mortality seemed to be
between 21% and 23%. Women participating fully in
screening programmes could expect greater benefit.
The summit chairman concluded, “There was unanim-
ity that with the current evidence from RCTs, taking
full account of any limitations to their methodology,
there were no grounds for stopping on-going screening
programmes nor planned programmes”.26

September 2002
The USPSTF is an independent panel of experts in
primary care and prevention that systematically reviews
the evidence of effectiveness and develops recommen-
dations for clinical preventive services. The USPSTF
first released their recommendations on screening for
breast cancer on 21 February 2002.27 In September 2002,
they published further recommendations after incorpo-
rating the additional data on outcomes and methods of
4 mammography trials conducted in Sweden.28 The new
statement, however, differed minimally from those
cited earlier in the year. The USPSTF found important
methodological limitations in each trial, but rated
only 1 trial as “poor”. The USPSTF concluded that the
flaws were problematic, but unlikely to negate the rea-
sonably consistent and significant mortality reductions
observed in these trials. They made the following
statement:

“The USPSTF concluded that there was fair evidence
that mammography screening every 12 to 33 months
significantly reduces mortality from breast cancer.
Evidence is strongest for women aged 50 to 69 years.
For women aged 40 to 49 years, the evidence that
screening mammography reduces mortality from breast
cancer is weaker, and the absolute benefit of mammog-
raphy is smaller because the incidence of breast cancer
is lower. The USPSTF concluded that the evidence is

also generalisable to women aged 70 and older (who
face a higher absolute risk for breast cancer) if their life
expectancy is not compromised by comorbid disease.
The absolute probability of benefits of regular mam-
mography increases along a continuum with age,
whereas the likelihood of harms from screening (false-
positive results and unnecessary anxiety, biopsies, and
cost) diminishes from ages 40 to 70. The balance of
benefits and potential harms, therefore, grows more
favorable as women age. The precise age at which the
potential benefits of mammography justify the possible
harms is a subjective choice. The USPSTF did not find
sufficient evidence to specify the optimal screening
interval for women aged 40-49.”29

OTHER EVIDENCE
Gotzsche and Olsen had reviewed problems in the
design of the RCTs. Are there any other pieces of
evidence besides the classic RCTs, which may help
elucidate the usefulness of mammographic screening?
New evidence can be collected in the following ways:
(1) By designing new, ‘more perfect’ RCTs, although

starting a new trial is a difficult task. For example,
there are substantial implications for financial and
human resources: a large number of women have
to be screened to be statistically significant and these
women have to be followed up for many years. To
deny the controls their right to attend screening also
represents an ethical problem. Until now, there have
been no new RCTs.

(2) By conducting long-term follow-up in countries that
had started the classic RCTs and are now practising
population-wide screening. According to the view
of Miettinen et al,22 a longer follow-up duration
would yield better results, because there is a time
lag for the benefit of screening. New papers on
the long-term follow-up of screening have been
published.30-35 Their results are summarised in
Table 2. It can be seen that all RCTs, except for
the Canadian Trial, show a further reduction in
mortality. Extension of the classic RCTs, however,
has a great limitation in that it evaluates the effect
of mammography screening that was done decades
ago, when the technology and technique were less
advanced than those of today.

(3) By conducting service screening to compare the
mortality before and after the introduction of mam-
mography screening. Published work on such a topic
also compared mortality among women invited to
screening with those not screened during the screen-
ing period. The results of several large studies are
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summarised in Table 3.36-41 Research on service
screening has the advantage in comparing women
who are exposed to the same level of technology
and treatment. They can also estimate the relative
contribution of mammography screening and other
factors (e.g., breast cancer awareness and treatment)
in the reduction in mortality.

HOW TO SCREEN
Many countries are currently involved in breast cancer
screening (26 participated in the International Breast
Cancer Screening Network). The breast cancer screen-
ing protocols that are used in various countries are listed
in Tables 4, 5, and 6.42-47 These are discussed below.

Two-view Mammography
Two-view mammography is used as the screening
method in all countries. In the United Kingdom (UK), a
comparison of screening units demonstrated a 42%
increase in the detection of carcinomas measuring less

than l.5 cm in units that used this approach (compared
with 1-view). The effect was seen during subsequent
screens as well as during the first screen.48

Clinical Breast Examination
The performance characteristics of clinical breast
examination (CBE) are poorer than those of mammo-
graphy. A meta-analysis conducted by Barton et al
showed that CBE had a sensitivity of about 54%.49

Thus, CBE cannot be used as a stand-alone method of
screening. However, evidence has shown that CBE
can detect some cancers that are not detectable by
mammography.2,31 When used in combination with
mammography, CBE brings about an overall increase
in sensitivity. However, addition of CBE to the screen-
ing programme also increases the cost of the programme.
Both US and Canada, but no other countries, recom-
mend CBE. Among Asian women, whose breasts
are denser than those of women in the West, CBE is
particularly helpful as an adjuvant to mammography.

Table 3. Summary of results of service screening studies.

Study Summary

Malmo36 • Study period, 1961-1992; mammographic screening introduced in 1976
• Between 1977 and 1992, age-adjusted breast carcinoma mortality decreased in Malmo by 43%
• Benefit was confined to the 45- to 65-year age group for which screening was offered
• The benefit was 12% in the rest of Sweden during the same period

Two Swedish Counties37 • Study period, 1958-1997; women aged 40-69 years with mammographic screening introduced in 1978
• Mortality reduction of 16% when unscreened women were compared with women in the prescreen period
• Mortality reduction of 44% when screened women were compared with women in the prescreen period

United Kingdom National • Study period, 1990-1998; women aged 55-69 years
Health Service38 • Estimated 21.3% reduction in breast cancer mortality: 6.4% due to mammography and 14.9% due to

increased awareness and improvements in therapy
Sweden39 • Study period, 1986-1997; women aged 40-69 years

• Estimated mortality reduction consistent with other randomised controlled trials
The Florence Programme40 • Study period, 1990-1996; women aged 50-69 years

• Mortality reduction of 55% for invited and 41% for non-invited women compared with the prescreen period
in 1985-1986; mortality reduction attributed both to screening and treatment

Seven Swedish Counties41 • Study period, 1958-1998; women aged 40-69 years
• Mortality reduction of 44% for women exposed to screening compared with the prescreen period
• 39% lower mortality in women invited to attend screening (compared with those not screened) during the

screening period
• About two thirds of the observed mortality reductions were attributable to screening

Table 2. Updated results of the randomised controlled trials on breast cancer screening.

Study Age range (y) Follow-up duration (y) % Mortality reduction

HIP, 1963 40-64 18 29
Malmo, 1976 45-69 12 19
Swedish Two-county Trial,30 1977 40-74 20 32
Edinburgh,31 1976 45-64 14 21
Stockholm,32 1981 40-64 11 26
Gothenburg,33 1982 39-59 16 21
Canada, 1980:

NBSS-134 40-49 11-16 -3*
NBSS-235 50-59 13 -2*

All trials combined 39-74 — 24

*The negative sign denotes an elevation.
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When CBE is done just before mammography, it offers
a unique opportunity for the clinician to discuss with
the woman the benefits and risks of mammography
screening.

Breast Self-examination and Awareness
Breast self-examination refers to the systematic check-
ing of the breasts at a specific time each month accord-
ing to a set technique. The Shanghai trial50 provided high-
quality evidence of the lack of effect of teaching breast
self-examination and confirmed the results of the early
RCT on breast self-examination in Russia.51 The Shang-
hai trial showed that the proportion of deaths due to
breast cancer and the cumulative mortality were almost
identical in the instruction group and in the control
group, with more breast biopsies and diagnoses of
benign lesions occurring in the instruction group. Breast
self-examination is not advised by all countries.

On the other hand, breast awareness is advocated in
many countries. Women are encouraged to be familiar

with their breasts at different times of the month and
at different ages, and to be aware of their breasts in
everyday activities, such as bathing or dressing, and to
report any obvious changes promptly.

Double-reading
Double-reading increases the cancer detection rate
by 5% to 15%.52-55 Furthermore, cancers identified by a
second reader are detected at an earlier stage.53 Consen-
sus reading or reading by a super-reader will decrease
the recall rate. Without such an arrangement, the recall
rate increases by 10%. Double-reading also involves
additional cost. The cost of double-reading can be
reduced by asking a radiographer to be the second
reader, or by using a computer. Some countries practise
double-reading while others do not.

Age of Screening
The age of screening varies. Most countries screen
women from ages 50 to 69 years because this is the
age range for which the RCTs show benefit. Extending

Table 6. Quality assurance policies in various countries.

Country Quality enforcement Quality assurance Level of organisation
site visits

United States National law (Mammography Yes Medicare is national; otherwise based on state and private
Quality Standards Act) insurance provider policies

Canada Voluntary accreditation No Province-level
United Kingdom National accreditation requirements Yes National
Sweden National law Yes County (Swedish counties are similar to states in the United

States)
Netherlands National law Yes National
Australia National accreditation requirements Yes National
Singapore National accreditation requirements Yes National

Table 5. Nature of breast cancer screening protocols in various countries.

Country Age of Screening % Target population Referral type Financing method
women screened interval (y) screened

United States 40-75 1-2 55-63 Doctor or self-referral Government
Canada 50-69 2 54 Doctor or self-referral Government
United Kingdom 50-70 3 76 Invitation Government
Sweden 40-64 or 74 1.5-2 89 Invitation Government
Netherlands 50-75 2 78 Invitation Government
Australia 40-79 2 54 Invitation or self-referral Government
Singapore 40-64 1-2 20 Invitation or self-referral Co payment

Table 4. Tests used in breast cancer screening protocols in various countries.

Country Screening Mammography Breast self- Clinical breast No. of Double-reading
programme started examination examination Views

United States 1988 Yes No Yes 2 Some places
Canada 1988 Yes No Yes 2 No
United Kingdom 1988 Yes No No 2 No
Sweden 1986 Yes No No 2 Yes
Netherlands 1989 Yes No No 2 Yes
Australia 1994 Yes No No 2 Yes
Singapore 2002 Yes No No 2 Yes
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the age range of screening would increase the cost of
screening. The evidence on the usefulness of screening
women older than 69 years is limited: only 1 RCT in-
cluded women older than this age. There are certain
considerations for screening older women. For example,
they have a higher absolute risk for breast cancer. The
decrease in breast density as one grows older also
makes cancer detection easier. However, this benefit is
counterbalanced by the effect of comorbidity and the
reduction in life expectancy.

The USPSTF concluded that the absolute probability
of benefits of regular mammography increase along a
continuum with age, whereas the likelihood of harms
from screening (false-positive results and unnecessary
anxiety, biopsies, and cost) diminished from ages 40 to
70 years. The balance of benefits and potential harms,
therefore, becomes more favourable as women age. The
precise age at which the potential benefits of mammog-
raphy justify the possible harms is a subjective choice.
Although most countries do not actively invite women
older than 69 years to attend screening, they do allow
them to voluntarily join the screening programme.

Regarding screening women between the ages of 40
and 49, the evidence so far is inconclusive. Altogether,
there are 7 RCTs that have included women younger
than 50 years, but these trials were not designed spe-
cifically to compare the benefit of commencing screen-
ing at 40 years with that of starting at 50 years, and they
were done using old technology and techniques. The
UK Age Trial56 is the first RCT designed to compare
the impact of commencing screening at different ages.
The results will be available soon.

Screening Interval
Tabar et al30 have estimated that ‘tumour sojourn times’
lengthen with increasing age. The mean sojourn time
estimated for women is as follows: 2.4 years for 40- to
49-year-olds, 3.7 years for 50- to 59-year-olds, 4.2 years
for 60- to 69-year-olds, and 4.0 years for 70- to 79-year-
olds. Data also show that young women are likely to
benefit more from annual screening than from screen-
ing at 2-year intervals. Shorter screening intervals would
result in the detection of tumours at smaller sizes,
thereby decreasing mortality. The cost of screening,
however, would also increase. In most countries, the
screening interval is 2 years. A RCT conducted in the
UK,57 however, showed that shortening of the 3-year
screening interval in the 50- to 62-year age group would
be likely to have a relatively small effect on breast

cancer mortality.57 The researchers suggested that
improvements to the screening programme would
be targeted more productively on areas other than the
screening interval, such as improving the screening
quality.

Percentage of Target Population Screened
It is generally accepted that a compliance rate of 70%
or more of at-risk individuals is required for an effec-
tive breast cancer screening programme. The compli-
ance in different countries varies. Countries that invite
women to attend screening have a higher compliance
rate than those that practise self-referral.

Financing Method
All screening programmes are financed by governments,
except for that of Singapore, which uses a copayment
method. The copayment method would relieve a part of
financial burden of the government.

Quality Assurance
All countries that perform population screening have
strict quality control measures. These measures include
site visits and accreditation requirements that are or-
ganised at a national level. In some countries, quality
enforcement is incorporated into national law.

LIMITATIONS AND RISKS OF
SCREENING
Apart from its financial implications, mammography
screening has limitations and risks. False-negative re-
sults occur in 10% to 15% of cases, which results in
missed cancers. False-positive results also occur, requir-
ing patients to undergo additional breast imaging (e.g.,
mammography views, ultrasonography) or breast biopsy
examinations. This additional testing would also cause
anxiety to the patient. Christiansen et al58 found that the
cumulative risk of a false-positive mammogram over
time varies substantially. The risk of false-positives
decreased with increasing age and increased with the
number of breast biopsies, a positive family history of
breast cancer, oestrogen use, time between screenings,
a lack of comparison with previous mammograms,
and the radiologist’s tendency to call mammograms
abnormal. By the ninth mammogram, the risk can be as
low as 5% for women with low-risk variables and as
high as 100% for women with multiple high-risk factors.

Another concern is overtreatment. Mammography
screening leads to increased diagnosis of ductal carci-
noma in situ (DCIS). Although DCIS is a significant
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risk factor for invasive breast cancer and is believed to
precede its development, a substantial proportion of
DCIS cases will remain non-invasive and may never
become life-threatening. Still, all cases of DCIS require
full diagnostic investigation and treatment. The prob-
lem is not with mammographic screening itself, but with
our ignorance to distinguish cases of DCIS that will
become invasive and those that will not. With a better
understanding about DCIS, we should be able to man-
age DCIS more appropriately.

There is also a risk of radiation, although with advances
in technology, the risk of radiation-induced cancer is
small compared with the benefit of breast screening.
It should be noted that the health risk from screening
increases and its benefit decreases as the incidence of
breast cancer in the population concerned decreases. One
should bear this in mind in the screening of Asian
women, who have a lower incidence of breast cancer
than western women.

NEWER MODALITIES IN SCREENING
New modalities in breast imaging emerge as technol-
ogy advances. Can these add to the efficacy of mam-
mogram in the screening of breast cancer? Can these
new modalities replace mammogram in breast cancer
screening?

Digital Mammography
Digital mammography can offer several potential
advantages. The images can be stored and transferred
electronically, and the method has a wider latitude than
film-screen mammography and can be manipulated to
correct for problems in exposure without producing
another mammogram. Also, it can be used in combina-
tion with computer-aided detection (CAD). The differ-
ence in cancer detection rate between full-field digital
mammography and screen-film mammography is not
significant, but full-field digital mammography has a
significantly lower recall rate.59 A digital mammogra-
phy machine is much more expensive than a conven-
tional screen film mammography machine. This will
limit its use in population screening.

Computer-aided Detection
It had been reported that the use of CAD in screening
mammograms leads to as much as a 19.5% higher can-
cer detection than a single reading.60,61 This method can
therefore be used in place of a second reader to improve
the sensitivity in screening. However, not all CAD sys-
tems have the same efficacy, and not all radiologists

will benefit from CAD. General radiologists will find
more benefit from CAD than breast specialists. In
addition, CAD may also slow down the workflow be-
cause of extra steps needed to digitise films.

Ultrasonography
Ultrasound examination can detect lesions not seen in
mammograms. It is especially useful for dense breasts.
Ultrasonography has the advantage of not involving
radiation. But it has high operator variability and is poor
in detecting microcalcification. Furthermore, it demands
too much of physicians’ time and is thus expensive as
a screening tool. Ultrasonography, however, is a useful
adjuvant in the evaluation of clinically or mammo-
graphically detected breast lesions.

Magnetic Resonance Imaging
A recent report showed that magnetic resonance imaging
(MRI) is useful in screening high-risk women.62 Al-
though it is more sensitive than mammography, MRI
is less specific. It is also expensive — more expensive
if one considers the generation of more false-positive
results compared with mammography. In addition, MRI
examination techniques are not yet standardised. As with
ultrasonography, MRI does not involve radiation. But,
also like ultrasonography, it is poor in the detecting
microcalcification. Lesions that are solely detected by
MRI can be followed up or undergo biopsy examina-
tion only with the use of MRI. The cost of MRI makes
it unsuitable for population screening.

CONCLUSION
Mammography with or without clinical breast exami-
nation remains the gold standard for breast cancer
screening. Mammography screening will reduce breast
cancer mortality. However, its benefit decreases and
harm increases as the incidence of breast cancer
decreases. It is important that women be informed about
the potential benefits, risks, and limitations when they
undergo breast cancer screening.
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