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Abstract

The Singapore Breast Screening Project (1993-1996) showed that mammographic screening in Singaporean women shiftsthe size and
stage of screen-detected breast cancersdownwardsand markedly increasestherate of detection of ductal carcinomain situ, with acceptable
recall, needle biopsy and interval cancer rates. Breast cancer isthe leading cause of death in Singaporean women. Singapore has one of
the highest age-adjusted breast cancer incidencesin Asia. Although thisismuch lower than in the West, for women aged 45-49 years, the
breast cancer incidence in Singapore is the same as for women in Australia, Canada or the United States. The latest Singapore Cancer
Registry data shows that the age of peak incidence of breast cancer in Singaporean women hasrisen from 45-49 yearsin the period 1993-
1997 to 50-55 yearsin the period 1998-1999. This suggeststhat the age-specificincidence of breast cancer in Singaporean women isshifting
moreto a pattern usually seen in Western nations. Thesefactors, together with reconfirmed evidence of mortality benefit from breast cancer
screeningtrials, led the Singapore government to establish thefirst population-based mammaographic breast screening programmein Asia,
the Singapore National Breast Screening Programme (BreastScreen Singapore). It usesadistributed model of mammography service, with
centralised reading and assessment, co-ordinated by the Singapore Health Promotion Board. I tisuniquein that women co-pay at each step
of the screening and assessment process. The programme, launched in January 2002, has adopted international standards of breast
screening practice and breast cancer detection. To date, theinitial targetsfor thefirst year have been met. Several key policies and issues
over the programme’s implementation are presented.
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Introduction » Age-specific incidence (or crude incidence rate). The
In January 2002, the first population-based national occurrence rate of new cancers per 100,000 women
mammographic breast screening programme in Asia, the within a specific age range over a_specn‘lc p(_erlod. It
Singapore National Breast Screening Programme does not correct for differences in population age
(BreastScreen Singapore), was |launched. The programme distributions.
aimsto achieveinternational standards of breast screening e Age-adjusted incidence. The rate of new cancers per
practice and breast cancer detection, aswell asto reduceor 100,000 women per year (“women-years') over a
stabilise the mortality from breast cancer in the country. specific time period adjusted for a reference age
Inthefirst year, over 34,000 women were screened, witha distribution (such as the 1970 world population
cancer detection rate of almost 0.4%; 40% of the statistics). It permits meaningful comparisons between
malignancies detected were ductal carcinoma in situ differing national or regional cancer occurrence rates.
(BreastScreen Singapore data, unpublished). « Massor population-based breast screening. Structured
Thisarticle providesabrief overview of therationalefor screeningwithacentralised administration, accreditation
theestablishment of BreastScreen Singapore and describes and audit system; systematic recruitment and re-screen
theoverall structureandimplementation of theprogramme. processes; explicit quality assurance and performance
Inaddition, theuniquefinancial structureof thisprogramme measuresand documentation; and systematicandregul ar
and its implications are discussed. reviewsand audit processes, with central datacollation
_ and analysis. Thegoal of population-based screeningis
Terminology to increase the detection rate of early breast cancers,
Definitions of thetechnical termsused inthisarticle are thus improving the overall population survival from
provided below: breast cancer.
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e Opportunistic or sporadic breast screening. Voluntary
screening initiated by the woman, with the goal of
excluding carcinomaby all reasonable means. It is not
audited or systematically reviewed, has no explicit
performance criteria and has not been shown to reduce
cancer mortality. Table | lists the differences between
mass and sporadic screening.

e Prevalent round. The initial round of screening. This
will aways detect a much higher number of cancers
than the baseline incidence rate, because many
malignancies which are detectable, but not yet
symptomatic, are found. New candidates to the
programme are technically in their prevalent round,
though in fact many will have had prior screening
mammograms.

* Incident round. The second and subsequent screening
roundsof aprogramme, wherewomen areinvitedtore-
attend. Apart from interval cancers, incident rounds
should detect most cancers at the baseline age-specific
incidence rate for that population.

Why Breast Screening in Singapor e?
Breast Cancer in Sngapore

Breast cancer istheleading cause of death for womenin
Singapore. From an age-adjusted incidence of 20 per
100,000in 1968-1972, it hasdoubled in thelast 30 yearsto
46.1 per 100,000 in 1993-1997, arise of 3.4% per annum.*

TABLEI: DIFFERENCES BETWEEN POPULATION AND
OPPORTUNISTICSCREENING

Factor Population Opportunistic
Goal of screening Reduce mortality Detect cancer
Two-view mammograms Yes Yes
Quality assurance programme National Site-specific
Site accreditation Yes No
Co-ordinated invitation process Yes No
Specific entry criteria Yes No
Standardised re-screen interval Yes No
Subsidised or free screening Yes No
Subsidised or free recall Yes No
Number of readers 2 with consensus 3rd 1
Formal reader accreditation Yes No
Audited reader performance Yes No
Audited cancer detection rate Yes No
Audited cancer miss rate Yes No
Multidisciplinary review and

routine radiological-pathological

concordance checks Yes No
Regular case review and CME Yes Sometimes
Evidence-based use of ultrasound Yes No
Proven mortality reduction Yes No
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Since then, it has increased further to 53.1 per 100,000 in
1998-1999.2 Although this is the highest nationa age-
adjusted incidence of breast cancer in Asia, itishalf of that
seen in Australian or Canadian women. It is, however,
similar to the rate for Chinese women in the United States
(US), which in turn is much higher than that for Chinese
women in China. Breast cancer incidence statistics for
various Asian and Western nations are shown in Figure 1.
Overal, Singaporean women have the same breast cancer
incidence as their US Chinese counterparts, increased
greatly from traditionally low values such as are seen in
China today. Japanese and Filipina women have a much
higher breast cancer incidencethanwomenintheir countries
of ethnic origin.

The age-specific rate of breast cancer in Singapore rises
sharply from <20 per 100,000 women at 30 years of ageto
aplateauthat startsat 166 per 100,000 between 45-49 years
old, which peaksat 185 per 100,000 women at 50-55 years
of age and levels off to arate of 158 per 100,000 at the age
of 80.2 Theshapeof thiscurve, up totheage of 45-49 years
old, followsthat seeninWesternwomen and then diverges;
inthe US, Canada and Australia, progressively increasing
cancer incidence up to about 80 years of age is the norm,
whilefor older Singaporean women theincidence peaks at
55 years old. Nevertheless, for Singaporean women aged
45-49 years old, the breast cancer incidence is similar to
that inthe same age cohort in Australia(1992-1996, 187.5
per 100,000),* Canada (1992, 170 per 100,000),° and the
USA (1992-1996, 198.6 per 100,000).* It should be noted
that the peak incidence of 185 per 100,000 was previously
seen in the 45-49 years old cohort; it has shifted as these
women have aged since the previous analysis.

ThesecurvesarecomparedinFigure2. It should benoted
from this figure that for the age range 45-49 years,
Singaporean women have an age-specific breast cancer
incidence as high as women of the same age from any
Westerncountry. Wherethey differisthat older Singaporean
women have a much lower incidence than in Western
nations. Hence, after the age of 60, the incidence of breast
cancer actually declines. This is similar to the pattern in
Korea, though the incidence is much greater in Singapore
at every age. Note that the US Asian age-specific curveis
intermediate between the Singapore incidence curve and
the curves seen in Australia, Canada and US Whites; it is
not inconceivableto specul atethat theoverall breast cancer
incidence curve in Singapore will approximate the US
Asian curve in the coming decades as these women age.

While the cause of this sharp peak in breast cancer
incidence in Singaporean women is unknown, it is likely
that the environmental, lifestyle, reproductive and dietary
factorsthat accompanied Singapore’ srapid modernisation
over the last 35 years have had some part to play. It is
conceivablethat the breast cancer i ncidenceinwomenwho
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Fig. 1. Age-adjusted incidence of breast cancer in women from various populations up
t0 1999. World data unless listed below, 1988-1992.2 US data, 1992-1999 for Whites,
Blacks and all races. Canada data, 1992-1995.5 Australian data, 1992-1996.°
Singapore data, Sngapore Cancer Registry. Hong Kong Data, Hong Kong Cancer
Registry. Taiwan data, 1996.” Malaysia data, 1997.% Korean data, 1993-1997.°
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Fig. 2. Age-specific incidence of breast cancer in Sngaporean women in 1998-1999?
compared to Singaporean women 1993-1997, US Whites and Asians,* Canadian,®
Australian® and Korean women.®

grew up during this period of rapid modernisation will
continue to rise as this cohort ages; the age of peak breast
cancer incidence and its magnitude are expected to rise
progressively in the coming decades.

Breast Screening in Sngapore-Before the Programme

In Singapore, sporadic screening has been the norm for
the last 20 years. In our centre, women undergoing such
screening typically have about a 20% chance of having
additional viewsand/or ultrasound of thebreast performed,
usually at additional cost. The motivationfor such practice
isnot to miss any cancer, regardless of the cost. Y et there
is no evidence that improved survival will be the result of
such practices.

Onejustificationfor thisimaging usageisthewidely held
belief that mammaography isnot effective for breast cancer
detectionin Asianwomen. Y et thereisgood evidencefrom
the SingaporeBreast Screening Project that mammography
isjust aseffectiveat early cancer detectionin Asianwomen

asit isin Western women.**

There are severa alternatives to mammography for
detection of breast cancer. However, none of them hasany
provenimpactonsurvival. Intensiveand well-taught breast
self-examination has recently been shown to confer no
mortality benefit.2 Similarly, though ultrasound, magnetic
resonance (MR) imaging and scintimammography can all
detect mammographically occult cancers, none has been
shown to affect survival.

Evidence for Mammographic Screening Stage Shift

A key concept that underpinspopul ation-based screening
with mammography isthat the detection of smaller and pre-
invasive breast cancer is highly desirable, as it greatly
improvesthelikelihood of long-term survival. Eveninthe
absence of mammographic screening, women with stage 0
or stage| diseasehavean almost 100% 5-year survival rate,
while those with stage II, Il and IV cancers have
progressively lower 5-year survival rates.** Thus, oneof the
goalsof apopulation-based programmeisto shift the stage
of diagnosis, as thisis a surrogate for eventual mortality
reduction. Indeed, without this stage shift, any reductionin
mortality is highly unlikely.

There is no dispute that screening leads to a significant
downward shift in the size and stage of screen-detected
breast cancers compared to unscreened women,; this has
been repeatedly shown by various breast screening
programmes, whether randomised or case-controlled.
Furthermore, screening markedly increases the rate of
detection of DCIS**1415which hasextremely high curative
rates with appropriate treatment. The Singapore Breast
Screening Project showed this “left-shift” in cancer size
and stage for Singaporean women undergoing mammo-

graphy.**

Mortality Reduction

Mammographic breast screening has been shown
to reduce breast cancer mortality in a number of trias.
The Swedish Two-County trial of mammographic
screening® has shown a significant reduction in breast
cancer mortality in the group invited to screening
[relative risk (RR), 0.71] up to 31 December 1996. The
Edinburgh breast screening trial also showed arelativerisk
reduction in death of 0.71 [95% confidence interval (Cl),
0.53t00.95] for women enrolled inthe screeningarm at 14
years follow-up.r” Similar mortality reductions have been
reported in the Stockholm trial*® and the United Kingdom
(UK) Trial of Early Detection of Breast Cancer.*®

A 1996 review of the Swedish screening trials estimated
the reduction of breast cancer-related mortality to be 24%
for thewholegroup (40to 74 yearsold at randomi sation).?
Another 1996 review of 4 of the Swedish breast screening
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trials found that there was no significant difference in
mortality betweenthescreened and unscreened popul ations,
except for breast cancer mortality,? implyingthat screening
mammography was the main cause of improvement in
breast cancer-related survival for the screened women.

Controversies

Thenear universal acceptanceof thebenefitsof screening
mammography was dealt a blow in 2000. Ggtzsche and
Olsen® concluded that all the Scandinavian trials (except
the Mamo trial) were biased because of dight imbalances
in the baseline population. This review regarded the fact
that national mortality rates had not significantly changed
over the trial periods to be evidence of lack of effect of
breast cancer screening. It rejected breast cancer specific
mortality as a valid outcome measure because of possible
assignment bias, and rejected all data from these trias
despite a relative RR of 0.75 (95% CI, 0.67 to 0.83) for
breast cancer specific mortality seeninthe screened group.
Thetwotrial sassessed to be unbiased (the Canadian NBSS
and Mamo trials) showed no effect of screening on breast
cancer or total mortality.

There were various contrasting and strongly worded
responses to this review:

1. It was supported by a few naysayers, who have
consistently opposed breast screening because of the
resources that have to be devoted to it,2% and who
wanted breast screening programmes to either be
terminated® or to never start in the first place.?

2. The conclusions of this review were strongly rebutted
in letters from several international experts.?3 They
pointed out that mass screening trials using a regional
randomisation methodol ogy cannot perfectly matchthe
control and screening groups, that breast cancer mortality
should not be discarded as an outcome measure, and
that Gatzsche and Olsen dismissed the relevant trials
without sufficient grounds.

3. In 2002, a detailed re-analysis of the Swedish trials*®
directly addressed most of theissuesraised by Getszche
and Olsen, including analysis of some of the origina
trial datawhich had not been availablepreviously. This
review also added data from the continuation of the
Mamo trial (MMST I1). At the median follow-up time
of 15.8 years after enrollment, there was a significant
reductionin breast cancer mortality (RR, 0.79; 95%Cl,
0.70 to 0.89) in the screened women. The authors
concluded that the recent criticism against the Swedish
randomised controlled trials (RCTs) was misleading
and unfounded, and that screening did confer asurvival
advantage.

Furthermore, previously reported evidence of
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contamination(i.e., theuseof mammaography) inthecontrol
groups in the Canadian® and Mamé trials* were ignored
by Getzscheand Olsen. A recent review by Demissieet al*®
performed stati stical adjustment for thiseffect. They showed
that the reported summary risk estimates of RCTs (RR,
0.76; 95% Cl, 0.69 to 0.83) were similar to that from case-
control studies (RR, 0.44; 95% ClI, 0.38 to 0.50) after the
adjustment. In other words, the efficacy of mammography
in women >50 years old is probably greater than the
effectiveness reported by RCTs.*®

The trialists from the Swedish Two-County trial have
recently used an aternative approach to determine the
surviva benefitfromservice(asdistinct fromtrial) screening
in two Swedish counties.® Breast carcinoma-specific
mortality was compared across three periods: 1968-1977,
prior to screening mammography; 1978-1987, the period
of the Two-County RCT; and servicescreening from 1988-
1996, with a correction for self-selection bias to prevent
overestimation of the benefit of screening. The breast
carcinoma mortality for women aged 40 to 69 years who
wereactually screened during the service screening period,
adjusted for selection bias, wasreduced by 48% (RR, 0.52;
95% ClI, 0.43 to 0.63) compared to the period when no
screening was performed. Again, thisimplies that service
screening should actually haveahigher survival benefit for
screened women than has been reported in RCTs. Finally,
a recent report from the Malmo trialists using a similar
approachdirectly contradictstheassessment that theMamo
trial shows no benefit from screening; the age-adjusted
breast cancer mortality for Malmé trial participants was
significantly decreased by 43%, compared to 12% for the
rest of Sweden (P <0.001).%

While the effect of screening on mortality in Western
populationshasbeen confirmed, it remainscontroversial in
Asiaasthereis no comparabletrial data. A recent review
from Hong Kong confirms the validity of the mortality
reduction shown by previoustrials, but argues, using only
estimates of recall and biopsy rates, that the false positive
ratesfor screening in Asian women would betoo high and
that the cost would be unacceptable for the anticipated
yield.t Surprisingly, the authors claim that the sensitivity
and specificity of screening mammography in Chinese
women would be less than in Western women. This was
despitethefact that the Singapore Breast Screening Project
had already debunked this myth and that a recent study of
mammographic screening from Hong Kong had shown
figures for cancer detection comparable to the Singapore
Project.*

After careful consideration of the controversial reviews
and their replies, all the existing breast screening
programmes have continued unabated. In this climate,
BreastScreen Singapore was launched in January 2002.



470  Singapore Breast Screening Programme—S C Wang

A Breast Screening Programme for Singapore
Plan to Control Breast Cancer

In September 1998, the Workgroup On Breast Cancer
was set up to study the feasibility of a Breast Cancer
Screening Programme, to work out apublic education plan
on breast cancer education and to regularly update the
government’s Committee on Women’'s Health. This
workgroup achieved a number of goals:

» Development of astandardised breast “ health message”
for Singaporean women.

» Strengthening of public education about breast cancer
and screening to Singaporewomenin thetarget groups.

* Publication of Guidelines for Quality Control in
Mammography through the Academy of Medicine,
Singapore. These became the foundation for
BreastScreen Singapore’ smammography accreditation
guidelines.

TheWorkgroup also drafted “ The Plan to Reduce Breast
Cancer in Singapore”, which proposed 3 major initiatives,
all of which were accepted and announced by the Ministry
of Health:

e Mammography units would be installed in all
government polyclinics in Singapore.

» All women aged 50 to 64 years would be €eligible for
50% subsidised funding for screening mammography
at these units.

e Improved community awareness of breast cancer
screening would be raised through an intensive health
education programme.

There were 2 mgjor deficienciesin this proposal. First,
there was no explicit mechanism to ensure consistent and
high quality breast assessment. Second, there were no
recommendations for professional training and
development, accreditation standards, audits, review of
processes or data collection crucia to the delivery of a
high-quality screening service. In short, the proposal could
deliver more and cheaper mammography without any
processes to ensure that this was of a high quality, or any
way of determining whether it was beneficial in the long
run.

The accuracy of screening mammography is highly
dependent on the quality and consistency of the screening
mammograms, for which there are stringent technical
requirements. Thisareareceived the greatest blamefor the
poor results of the Canadian Breast Screening Study: most
mammograms were performed at general radiology
practicesaround thecountry without formal training, quality
assurance and audited feedback.®

The various trials of breast screening have shown that
accurate detection and diagnosis also requires more than
just the provision of mammography. Accurate assessment

usingexplicitandwell-established criteriafor needlebiopsy
can markedly reduce the rate of negative open surgical
breast biopsies. Historically, theratio of benigntomalignant
breast lesions at open biopsy in Singapore is estimated to
be between 10:1 and 16:1 (T S lau, G S Hong, 2002,
personal communication). However, through expert and
structured breast assessment, dedi cated assessment centres
canreducethebenign-to-malignant surgical biopsy ratioto
about 1:1 in the prevalent round,* and can reach aslow as
1:3*®or 1.5 (M Rickard, 2002, personal communication) in
the incident rounds.

The National Committee on Cancer Care (NCCC) Report

In mid-2000, the NCCC formed a subcommittee to
critique the above plan, review the evidence for breast
screening and determinewhether aformal breast screening
programme within Singapore was warranted. The
subcommittee concluded that the weight of evidence was
infavour of breast screeningin Singapore, but that the costs
and resources required were significant. It recommended
establishment of dedicated breast screening and assessment
centres with dedicated staff external to the existing
institutions, with full funding of screening to the point of
final diagnosis. These recommendations were modelled
after the Australian or UK breast screening programmes.

Creating the Breast Screening Programme

Thesteering committeefor theNational Breast Screening
Programmewasformedin mid-2001, under the auspi ces of
the newly formed Heath Promotion Board (HPB), to
overseethedevel opment of theprogramme. TheCommittee
was informed that:

* Theprogranmewasto bethefirst of aseriesof cancer
screening programmes to be implemented.

e Theprogrammewasto havean accelerated timelinefor
launch by January 2002, with progressive expansion of
the programme till the end of 2008.

e Full evaluation of the success of the programmewould
occur after 2008, but interim evaluation of the
programme’ s progress would be monitored annually.

e TheMinistry had decided on adistributed model for the
screening mammograms, using the already announced
subsidised polyclinic-based mammography units,
with a few designated hospital-based reading and
assessment centres.

e Initially, there would be 2 designated breast screening
assessment centres, one for each health cluster in
Singapore. More such centres would be set up as the
demand increased.

e Therewould be no start-up government funding for the
establishment of polyclinicscreening centresor hospital
assessment centres; funding would have to be obtained
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through the existing funding mechanisms.

 Women would co-pay for breast screening, recall
assessment and any diagnostic biopsies through the
existing health system subsidies.

e The Ministry of Health's funding commitment was to
theplanning, co-ordinationandimplementation of breast
screening programme management through the HPB.

The HPB, in turn, created 3 committees for:

e Quality assurance, accreditation and training, which
became the key medical advisory and implementation
working group for the programme.

» Development of a centralised, integrated database for
screening registration, reading results and assessment
outcomes, withlinkagetotheNational Cancer Registry.

e Development of publicity and education programmes
on breast screening for the public and general
practitioners.

Key Policy Issues

Thefirst problemwasto coin an appropriate namefor the
Programme. An internal competition resulted in
“BreastScreen Singapore” being adopted, based on the
nameof the Australian programme. Other key policy issues
for the programme are discussed below:

Satus of Women

Women attending breast screening should, by definition,
be asymptomatic and well. Women with admitted breast
symptoms, such asapal pable mass, are encouraged to seek
a specialist opinion instead of attending the programme,
though not all admit to such symptomsuntil after screening
has been performed. A process to ensure such women are
recalled for assessment and clinical examinationisin place.

Thus, until a diagnosis of breast cancer is made, the
participants are not patients, but clients. If a diagnosis of
breast cancer isestablished, they |eavethe programmeuntil
they have shown at least 5 years of disease-free survival,
after which they can rejoin the programme.

However, for the purposes of billing and reimbursement
within the assessment centres, al clients are registered as
patients in order to use the existing funding mechanisms
and accounting infrastructures.

Eligibility for Screening

Pooled datafrom several trialshave suggested asurvival
benefit for women who were screened under the age of 50.
Proponents of breast screening had also argued that
screening should occur from the age of 40 onwards.”® In
1997, an analysis of women aged 40-49 yearsfrom 4 of the
Swedish trials showed a 23% reduction in breast cancer
mortality, using ascreening interval of 18 to 24 months.*
However, in a 1999 review, the Two-County Swedish
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triallists noted that the incidence of grade 3 tumoursin the
screened group aged 50-74 years was significantly lower
than that in the unscreened group, but thiswas not the case
for women aged 40-49 years.’® The authors ascribed the
lower efficacy of screening in the latter to the 2-year
screening interval and recommended that these women
should be screened annually.

Jansen and Zoetelief*” have cal cul ated that the benefits of
screeningaremoremarkedinyounger thaninolder women,
with ahigh screening frequency resulting in morelifetime
gained. However, the cost of saving yearsof lifeinthisage
group would be at least twice as much for each cancer
detected asfor women in the 50-69 years age group. After
some internal debate, a compromise was adopted for this
prognosis. Women aged 50-64 years would be actively
invited to participate, while women aged 40-49 years and
>65yearswerenot actively invited, but would be permitted
to participate. All participants would be reminded to have
repeat screening annually from the ages of 40-49, and at 2-
year intervalsif they were >50 years old.

Funding

TheMinistry of Health had determined that thiswasto be
aco-funded programme. Participantswould pay part of the
cost for screening, assessment and diagnostic biopsies
under existing subsidy rules. This meant that, with the
exceptionof subsidised mammography, theexistingfunding
mechani smsand the underlying co-payment philosophy of
the Singapore health system could remain unchanged.

Inother national breast screening programmes, screening
isfreeto the clients up to the point of diagnosis. However,
one major criticism of such programmes isthat, without a
long-term self-sustaining funding strategy, the cost to the
society becomesprogressively greater. Theability toexpand
as needed, also becomes progressively more difficult.
Finally, they may divert money away from other valuable
programmes that may benefit more people.

A central tenet of the healthcare system in Singaporeis
theemphasi son personal responsibility. Hence, co-payment
is the norm for all health services. This aspect of
BreastScreen Singapore may prove to be crucial for the
long-term financia health of the programme. Financial
modelling showsthat the screening mammography should
become self-sustaining after 3 full years of operation,
provided the projected screening targetsare met. However,
at thispoint, thereisasignificant discrepancy in subsidised
reimbursement among the existing assessment centres.

Film-Screen versus Digital Mammography
Consideration was given to using digital mammography
from the beginning of the programme. In concert with a
fully computerisedregistration, readingand resultsdatabase,
digital mammogramswould permit higher speed screening
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and more efficient storage than would be possible with
film. Digital mammaography a so enablesimagedistribution
for readingtoavariety of centres, allowing balancing of the
screen reading load amongst radiologists at different
locations. Digital mammograms can aso be easily and
automatically “read” by computer-aided diagnosis (CAD)
systems, which hold the promise of replacing one of the
readers with no significant loss in accuracy, while greatly
improving the throughput of the screening system.

It should be noted that the cost of storing and retrieving
digital mammograms is dependent mainly on the cost of
disk space, which falls markedly each year. The cost of
storage of digital mammography falls as the number of
examinations increases, while the cost of film storage
increases geometrically over time. Because of the need to
review casesindetail andto comparescreening films, film-
screen mammograms must be stored at thereading centres;
inmost programmesthey arenever culled. Withthismodel,
and using the HPB projectionsfor thetarget popul ation and
screening participation, it is estimated that more than 3
million films will be stored by the end of 2008 if the
programme continues to be based solely on films (Fig. 3).

Unfortunately, thestart-up cost of digital mammography
systemsremainsvery high. It would have been necessary to
develop expensive high-speed network connections
between polyclinic sites and reading centres, aswell as a
large-scal e Picture Archiving and Communication System.
Thiswouldhavetakenat least 2 yearsto planandimplement,
which would have greatly delayed the launch of the
programme. There is only limited evidence that digital
mammography should replace film-screen mammography
in mass breast screening, or that CAD could actually
replaceasecond human screenreader. Intheshortterm, the
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Fig. 3. Projections of women to be screened in Singapore 2002-2008, compared to the
number of films to be taken and stored over this period. These figures assume the
Singapor e popul ation estimatesfor 40-49 year sand 50-59 year sare correct and that the
BreastScreen Singapor etar getsfor screening participationaremet (thescreening target
of 35,000 for the first year was met). A uniform 6% recall rate has been assumed.

benefits of digital mammography would derive from
increased daily throughput, more consistent image quality
and lower long-term costs of image storage and retrieval.

Sandards and Accreditation

Throughout the debate over the effectiveness of
population-based screening mammography, there was no
discussion about the ineffectiveness of sporadic or
opportunistic breast screening. On 27 June 2002, a new
controversy erupted over an article published in the New
Y ork Times.*® It pointed out that, despitevariousregul ations
and excellent published guidelines, even experienced
radiologists could miss up to 30% of detectable cancerson
screening mammography. It should benoted that thereisno
national breast screening programme in the US, and that
the vast mgjority of mammograms are read by a single
reader.

Reading screeningmammography isadifficult perceptual
skill with a significant learning curve. It is also prone to
human error. A single reader can miss up to 31% of
cancers,® and that asecond reader may increasethe cancer
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Fig. 4. Screening and recall assessment flowchart. This simplified diagram shows the
main stepsin breast screening workflow. Findingsafter biopsy must be concordant with
the imaging findings at Imaging-Pathology Review. Discordant findings may require
repeat biopsy or surgical excision. Ingeneral, theuse of Early Review isdiscouraged as
itisof limited value.
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detection rate over a single reader significantly.505t
Nevertheless, despite the ailmost universal use of dua
readingsin population-based programmes, it isrecogni sed
that the interval cancer rate (cancers that appear between
routine screening episodes) will be about 10% of all
cancersdetected, typically at alevel of about 10 per 10,000
screensat 2 years.>%5 Only about one-third of thesewill be
deemed detectable as suspicious lesions on retrospective
review.%® Thus, it islikely that thereisaminimum level of
interval cancerswhenmammography isusedin screening,s
which depends on the screening interval and size of the
tumours at detection.>” More effective screening would
require the use of additional tests, none of which has been
trialled using survival as an endpoint, and all of which
currently increase the cost of screening with a high false
positive rate.

The quality assurance subcommittee decided to model
the standards and processes of BreastScreen Singapore on
the Australian and UK national breast cancer programmes,
aswell asto learn from the Scandinavian programmes and
the extensive documentation produced by the American
College of Radiology and the US Mammography Quality
Standards Act (1994). In doing so, the Singapore national
programme explicitly embraced the best international
standards of practice. Members of the HPB visited breast
screening programmesin Australiaandthe UK. Theformer
Director of the most established breast screening centrein
Australia, Dr. Mary Rickard, was engaged to advise the
HPB and the quality assurance subcommittee on the
development of the programme and its processes.

The quality assurance subcommittee established
documented standards for al the polyclinic and private
screening centres. Accreditationteamswereal so created to
perform site accreditation visits for each centre. Dua
readings were adopted as the screening paradigm to
maximise cancer detection and to minimise unnecessary
assessment recalls. A scoring system with 5 categories
adapted from the American College of Radiology Breast
Imaging Reporting and DataSystem (BI-RADS) wasused.
The scores signify the level of suspicion for cancer and
indicate a specific course of action (Tablell). Thissystem
issimilar to that used by BreastScreen Australia.

Discrepancies are “super-read” by a third breast
radiologist. TheresultingformsaresenttotheHPB for data
collationandto generaterecall | etters, explicitly requesting
clients to return to a designated assessment centre for
assessment. Eachreader must satisfy theexperiencecriteria
inordertoreadfor theprogramme, attend regul ar continuing
medical education (CME) on breast imaging each year,
attend regular feedback sessions on biopsy results and
imaging, and read a minimum number of examinationsin
ayear for the programme, with recall, miss and diagnosis
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rates for cancers lying within the target ranges for the
programme.

Recently, one reading centre in Singapore has adopted
the same criteria and methodology to read all screening
mammograms, regardless of whether the women are
enrolled in BreastScreen Singapore. It was illogical and
impractical to perform breast screening with 2 differing
sets of standards and principles. Thisis an example of a
maj or benefit of structured screening mammography thatis
largely not discussed in the literature: it raises the general
standard of practice for breast cancer detection and
management.

Target Standards

As discussed above, breast screening without
any explicit performancetargetsfor individual sand centres,
as well as without any audited detection and miss rates,
cannot ensure a consistently high standard of mammo-
graphic screening. Open and transparent targets allow the
detection of poor performance and to take the necessary
corrective actions.

Ina1992 review of the Swedish Two-County trial, Tabar
et al® noted that in order to achieve significant mortality
reduction, certain targets should be met by screening
mammography:

» Fifty per cent of screen-detectedinvasivecancersshould
be <15 mmin size.

e Thirty per cent of screen-detected grade 3 tumours
should be <15 mm.

e Seventy per cent of screen-detected tumours should not
have lymph node metastases.

e Breast cancer prevalence at thefirst screen should be 3
times the expected incidence rate in the absence of
screening.

» Therecall rate for further examination should be 9%.

TheAustralianexperiencehasshownthat thesestandards
can generally be exceeded under appropriate conditions.
The HPB has adopted similar targets for the Singapore
programme. Radiologists and centres under BreastScreen

TABLEIl: BREASTSCREEN SINGAPORE MODIFIED BI-RADS
SCORING SYSTEM

Score Interpretation Risk of CA Action

1 Normal <0.1% Routine re-screen

2 Benign lesion <0.1% Routine re-screen

3 Indeterminate 2% Recall for assessment
4 Suspicious 30% Recall for assessment
5 Malignant 97% Recall for assessment

BI-RADS: Breast Imaging Reporting and Data System; CA: carcinoma
Statistics adapted from Orel et al.%
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Singapore receive regular reports on individual and centre
recall and cancer diagnosis rates.

Standardisation of Pathologic Reporting

A key component of accurate diagnosis and optimal
management, particularly for borderline and early breast
malignancy, wasstandardisation of criteriaandterminology
for pathology reporting for the various centres. The
pathol ogists are key membersof the quality assurance sub-
committee and have been very active in developing the
reporting standards, pathol ogicreportingfieldsfor collation
and analysis, and educational programmesfor pathol ogists
involved in the programme. It is to be expected that these
measures to publicise the requirements and improved
pathology reporting standards for patients with breast
cancer will result in better data collection and the ability to
monitor the efficacy of the programme before mortality
data become available.

Practical |ssues
Participation

It is generally accepted that high participation and
compliance rates are necessary for a breast screening
programme to achieve significant mortality reduction,
though there is no agreement on the precise level needed.
A rate of over 70% has been reported by the Stockholm
programme.® Whilethe SingaporeBreast Cancer Screening
Project had aresponserateof only 42%,** thiswas obtained
through electoral roll-generated letters of invitation only,
with no general practitioner involvement, mass education
campaign or community recruitment programme.
BreastScreen Singapore has adopted a target of 70%
participation rate for women aged 50-64 years by the end
of 2008.

It has been shown that 2 factors are much more effective
at ensuring participation than mass media promotion:
community or grass-roots participation,®® and family
practitioner encouragement.5! BreastScreen Singaporeand
the2 healthmanagement clustersin Singaporehavetargetted
general practitioners as key partners to involve women in
breast screening. The development of a community
education and participation system will taketime, but it is
much cheaper than mass media campaigns, and may well
bethemost successful recruitment and participation strategy
in the long term.

Training and Continuing Education

Severa strategies have been taken to try to increase
training and raise the level of skills of existing and new
staff, particularly during this initial and rapid expansion
phase of the programme. Accreditation guidelines for
centres explicitly state the minimum requirements for

various medical personnel to participate and to remain in
the programme. An annual BreastScreen educational
seminar for all medical personnel has been established,
which invites international and local experts to teach staff
both at the seminar and in their institutions. The HPB has
provided partial funding for doctors in the programme to
attend overseascoursesin breast screening and assessment.
BreastScreen Singaporehasengaged expertsfromAustralia
to spend some weeksin Singaporeto review our processes
and to provide advice based on hard-won experience. In
addition, astructured programmewill bedevelopedtotrain
radiographers in mammography.

Recall Assessment Process

Once awoman has had 2 readers decide that she should
berecalledfor further assessment, BreastScreen Singapore
generates letters to the client and her nominated general
practitioner to inform them that she should make an
appointment to attend adesignated assessment centre. The
overall process for recall and assessment is outlined in
Figure 4. BreastScreen Singapore's recall assessment
process operates on an intention-to-diagnose basis. Oncea
woman isrecalled, the assessment processis not complete
until either the mammographic findings are shown to be
benign or a diagnosis of malignancy is made. Short-term
follow-up imaging at 6 months is optional, but has been
shown to have an extremely low cancer diagnosisrate for
lesions designated as being “probably benign” ;% therefore
it is discouraged.

An assessment clinic requires several dedicated staff to
evaluate up to 25 women a day who have been recalled
based ontheir mammographic or symptomaticfindings. As
such, additional mammographic views, ultrasound and
clinical examination may be performed. It should be
emphasised that the majority of women recalled will not
havebreast cancer; their initial mammogramssimply suggest
thereis afinding which requires more investigation.

Comments and Conclusions

Despite the strong evidence that mammographic breast
screening is effective in reducing breast cancer mortality,
thetroubling fact isthat avery high number of women have
to be screened in order to save alife. Thisisinfluenced by
thebaselineincidenceand estimated RR reduction afforded
by a particular programme. The number that needs to be
screened has been estimated to be as high as 1300 women
for 10 yearsin Hong Kong* and 666 women for 10 years
inthe US.®

It has been argued that this represents too high acost in
terms of dollars per life-year saved, and too great acost in
terms of psychological trauma associated with recall and
assessment, even when the outcomeis negative. However,
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breast cancer isan emotive and politically charged area of
healthcare. There are strong social and political pressures
on ahealthcare system and government to act, or be seento
act, to reduce mortality from breast cancer, particularly
when it is the most common cancer in women, when the
incidence is increasing progressively over time and early
detection using a proven technology is a highly visible
objective. Ultimately, the decision to implement a breast
screening programme is not purely financia or evidence-
based, but must haveastrong combination of social demand
and pressure, financial and technical capability to provide
therequisitehigh standards, and administrativeorganisation
to co-ordinate and audit the programme. Finally, a strong
political will to make this decision is needed; once it is
made, it is difficult to reverse.

The Singapore National Breast Screening Programme
hascomeinto being because of all thesefactors. Itisunique
asbeing theonly massbreast screening programmeinAsia,
and the only co-payment, centrally co-ordinated breast
screening programme in the world. Though not a trial, it
nevertheless aspires to the best of international standard
practicefor service breast screening, with its ultimate goal
to reduce the breast cancer-specific mortality rate. The
financial system adopted acts to ensure that costs are
minimised, service standards are optimised and there is
progressive expansion of the service as screening volume
growsover time. Thismodel permitsacalibrated growth of
screening mammography as recruitment becomes more
intensive, yet ensures a reasonable fee for screen reading
that will keep radiologists interested in being involved as
the workload increases.

The programme is now over 12 months old. Since its
launch, international standards of accreditation,
mammography, screen reading, education, training and
review have been put in place, thoughin practice standards
arestill risingand moreeducationandtraining arerequired.
Theinitial targets set for the number of screens, recall rate
and cancer detection have been met. It is hoped that the
programme’s results for cancer detection in Singaporean
womenwill justify all the planning and effort toimplement
it.
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