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Summary

The Alberta Clinical Practice Guideline Program, as part of its process for
updating its clinical practice guidelines (CPGs) on breast cancer screening,
requested a review of the current evidence.  The objectives of this assessment
were to focus on the evidence regarding the appropriate screening interval for
asymptomatic women aged 50 to 69 years and asymptomatic women aged 40 to
49 years; and the efficacy of mammography screening in asymptomatic women
aged 40 to 49 years.

•  In Canadian women, breast cancer is the most frequently diagnosed cancer,
accounting for about 30% of all new cancer cases each year.  In Alberta, the
estimated number of new cases for the year 2000 is 1,650 and 430 women
will die of the disease.

•  None of the 8 randomized control trials (RCTs) launched between 1963 and
1983 directly addressed the issue of appropriate screening intervals.  The
screening intervals chosen for the RCTs range from 12 months to 33 months
for asymptomatic women aged 40 to 74 years at time of entry.

•  Two uncontrolled, retrospective studies were located that attempted to
determine the appropriate screening intervals for the different age groups.
These studies were of weak design and therefore would fail to exclude
chance or bias as alternative explanations for their findings.
Methodological sound studies have not assessed the appropriate screening
intervals for asymptomatic women aged 50 to 69 years and women aged 40
to 49 years.

•  All RCTs were designed to address the question of the efficacy of screening
in asymptomatic women.  Only the Canadian National Breast Screening
Study specifically studied the efficacy of mammography screening in
younger women aged 40 to 49 years and failed to show any benefit.

•  None of the RCTs had sufficient power to study the efficacy of
mammography screening for women aged 40 to 49 years.

•  Several meta analyses have been done to address the efficacy of screening
women aged 40 to 49 years.  The evidence is inconclusive for screening
asymptomatic women in this age group.  There is general agreement on
two findings from the meta analyses: first, mortality reduction is smaller for
younger women compared to older women and, second, the interval
between the initiation of mammography screening and the finding of
mortality benefit is longer for younger women.

•  The current multicentre RCT in the U.K. attempts to address the efficacy of
commencing annual mammography screening in asymptomatic women at
the age of 40 and 41 years. It will not provide an answer about the
appropriate screening intervals for this age group.
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•  In assessing the Alberta CPGs, Guidelines for the Early Detection of Breast
Cancer, released in April 1999 and the current scientific evidence, the CPGs
seem to reflect the published research to date.



Alberta Heritage Foundation for Medical Research 1

Objectives

The Alberta Clinical Practice Guidelines Program, as part of its process for
updating the clinical practice guidelines (CPG) on breast cancer screening,
requested a review of the current evidence (2) .  The three objectives of this
assessment are to determine the available scientific evidence on:

•  the effective time interval for mammography screening in asymptomatic
women aged 50 to 69 years;

•  the effective screening interval in asymptomatic women between the ages
of 40 and 49 years; and

•  the mortality rate reduction of mammography screening in asymptomatic
women aged 40 to 49 years.

Only studies or updates of randomized controlled trials, meta-analyses and
practice guidelines that have been published since 1997 were analyzed.  Further
details of the methodology are provided in Appendix A.
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Introduction

Mammography, as a diagnostic tool, was developed shortly after Roentgen’s
discovery of radiography in the late 1800s (58).  However, it has only been over
the last two decades that mammography screening has become one of the
principal techniques for detecting breast cancer (58).  Screening procedures may
include clinical breast examination (CBE), breast self-examination and
mammography.  This report focuses on mammography screening.

In Canadian women, breast cancer is the most frequently diagnosed cancer,
accounting for about 30% of all new cancer cases each year (28).  Over a lifetime,
one out of nine Canadian women is expected to develop breast cancer and one
out of every 25 is expected to die from it (28).  The longer a woman lives without
cancer, the lower is her risk over the rest of her life (6).  For the year 2000, it is
estimated that 19,200 new cases will be diagnosed and 5,500 women will die of
the disease.  In Alberta, the estimated number of new cases for the year 2000 is
1,650 and 430 women will die of the disease (10).

Reported breast cancer incidence and mortality rates vary between the provinces
and territories.  There are several reasons for this, such as the characteristics of
women living in these jurisdictions and differences in the way the disease is
reported (28).  For the year 2000 estimated age standardized incidence rate for
breast cancer in Alberta is 105/100,000 women, which is slightly lower than the
national rate of 106/100,000 while the estimated age standardized mortality rate
for breast cancer in Alberta is 27/100,000 women, which is the same as the
average national rate (10).

The Canadian Breast Cancer Screening Program was established following the
1988 National Workshop on the Early Detection of Breast Cancer (51).  Organized
provincial screening programs were initiated across Canada beginning in 1988
with the establishment of a program in British Columbia, and the most recent
one being set up in Quebec in 1997 (13, 14, 24).  The recruitment goals for the
programs were to screen 70% to 80% of the target population; women aged 50 to
69 years (51).  However, by 1992 none of the provincial screening programs in
British Columbia, Alberta, Saskatchewan, Ontario and Nova Scotia, had
sufficient capacity to screen their target populations (51).  The 1998/99 National
Population Health Survey found that 66% of Canadian women aged 50 to 69
years had a mammogram within the last two years (11).

Each province has developed its own guidelines and recommendations which
differ somewhat, perhaps reflecting the continued uncertainty about the
appropriate screening interval and the age at which screening should commence.
The Alberta Program for the Early Detection of Breast Cancer was launched in
October 1990, following the 1988 Canadian consensus conference on breast
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cancer screening.  The recommendation from this conference was for biennial
mammography screening in asymptomatic women aged 50 to 69 years (24).

In April 1999 the Alberta Clinical Practice Guideline Program released the
Guideline for the Early Detection of Breast Cancer (2) which recommends that:

•  “Women aged 40 to 49 should have the opportunity to access screening
mammography.  Physicians should discuss with patients, the benefits and
risks of screening. ……… If a woman chooses to participate in screening
mammography, the recommended interval between screens in this age
group is one year.”

•  “Women between 50 to 69 years should have a mammogram screening at
least every two years…….”

The goal of the Alberta program is to reduce breast cancer mortality by 30%
within 15 years of full provincial implementation of the program for women
aged 50 to 69 years (1).
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Early detection of breast cancer

The rates of death from breast cancer have declined slightly in the U.S. and
Canada since 1990 (53).  This change has been attributed to early detection by
mammography screening and the use of adjuvant systemic therapy for early-
stage disease (53).  However, others suggest that there is no evidence that
decreases in mortality can be attributed to mammography screening (41).

The ultimate aim of early detection through screening is to prevent or delay the
development of a disease or to delay or alleviate the consequences of that disease
by distinguishing those individuals who are likely from those who are not likely
to have breast cancer (54, 58).  The advantage of screening an asymptomatic
population of women is the benefit of identifying pre-clinical disease with
sufficient lead time to potentially alter the natural and more adverse course of
breast cancer (60).

In assessing the effects of a screening program for breast cancer, several issues
must be addressed (14).  The main scientific issue has to do with the prevention or
delay of death from breast cancer by the provision of mammography screening.
This relation of mortality reduction to screening is complex, with many
determinants.  Studies providing epidemiological evidence on the effects of
screening for breast cancer must provide evidence that is relevant, valid and
reasonably precise.  The studies need to be based on the experience of screened
and not screened populations that are comparable in all ways except for the
intervention of mammography screening.  For the effects of the screening
program to be realized, enough time must have elapsed to allow for the tumours
that could be affected by screening to have run their unscreened clinical
course (14).

Breast cancer is a heterogeneous disease with different tumour types
demonstrating variation in tumour growth rates and metastatic potential (58).
Some tumours grow relatively quickly, others so slowly that they may never
cause symptoms, and a number of tumours grow at a rate somewhere in
between.  Fast growing breast tumours may grow within a year from
undetectably small to large enough to cause symptoms (33).  Slow growing breast
cancers are more likely to be detected by screening because they exist longer in
an asymptomatic state (33).  Potentially, these slow growing tumours may have
little or no impact on life expectancy (38, 43).

Another consideration is that certain small tumours detected by mammography
screening, metastasize early, resulting in advanced stage disease at initial
diagnosis.  In these cases, early detection may not be beneficial even though the
breast tumour was detected when it was relatively small (33).
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One also has to take into account the risks of screening asymptomatic women.
These risks described as false negatives (related to sensitivity of the test) and
false positives (related to the specificity) apply equally to other screening
programs such as cervical cancer screening.  For women who do not develop
breast cancer, but who are screened, will be subjected to the same risks and
consequences of mammography screening as those who have breast cancer.
Risks include additional diagnostic evaluation and the associated morbidity and
anxiety, the potential for detecting and surgically treating clinically insignificant
breast lesions and the potential false reassurance resulting from having a normal
examination (33).

The extent to which women participate is a key determinant of the effectiveness
of a screening program (14, 51).  According to Statistics Canada’s 1994/95 National
Population Health Survey, several factors predicted if a woman in the age range
of 50 to 69 years received a mammogram (24).  Such factors as marital status,
economic status, education, recent contact with a physician, and place of birth
were shown to influence attendance for screening.  Other factors mentioned in
the literature that influence the decision to participate include: attitudes towards
health care in general, knowledge of breast cancer, family history, perceived risk,
fear of finding a breast cancer, fear of radiation, perception of benefits and
physician’s attitude (14).

Overall, in order to control breast cancer from a public health perspective,
complex strategies are needed.  These include not only secondary prevention by
earlier detection through mammography screening but also primary prevention
by identification of risk factors and if possible their modification, and tertiary
prevention by improving treatment outcomes (54).
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Differences between younger and older women

Studies have shown that the duration of the tumours’ pre-clinical detectable
phase (sojourn time), and therefore the rate of progression from the pre-clinical
to the clinical phase, varies considerably not only by the tumours’ histological
type but also by patient age (61).  The pre-clinical screen detectable period is
shorter for younger women since the sojourn time is shorter than it is for older
women (34, 62).  The Canadian National Breast Screening Study indicated that the
lead time (the average time between detection at screening and clinical finding in
the absence of screening) in women aged 40 to 49 years is 2.3 years (95%
confidence interval (CI) 1.5 - 3.2 years) compared to 3.6 years (95% CI 2.7 - 5.5
years) for women aged 50 to 59 years (42).

Age is the most significant risk factor besides family history, for breast cancer
(6, 28).  In Canada, the likelihood of a woman developing breast cancer during the
next five years increases rapidly with age (1.5 breast cancers per 1,000 at age 30,
4.8/1,000 at age 40, 9.2/1,000 at age 50, 12.9/1,000 at age 60, 15.4/1,000 at age 70)
(28).  The age at which breast cancer screening should begin should be based in
part on the age related breast cancer incidence (21).

Biological and hormonal changes related to age impact the effectiveness of
mammography screening.  However, changes related to age are gradual and
there are no abrupt changes at the age of 50 years in terms of the benefits or
harms associated with mammography screening (37).  The main determinants of
the effect of mammography screening that differ by age include: the incidence of
breast cancer in the population, the prognosis, the accuracy of mammography
screening, tumour growth rate and speed of progression, and participation rate
of invited women (14, 62).

The rate of progression of breast cancer in relation to tumour size and lymph
node status in pre menopausal women is faster than in menopausal women (55,

62).  Researchers have found that the tumour growth rate measured as doubling
time (the time it takes for a tumour to double its volume) was 80 days (95% CI
44 - 147 days) for women under the age of 50 years, 157 days (95% CI 121 - 204
days) for women aged 50 to 70 years and 188 days (95% CI 120 - 295) for women
over 70 years of age (40).  Although clearly the tumour growth rate is more rapid
among younger women, it is of note that the confidence intervals overlap
showing that there is no abrupt change between these age groupings (37).  Also a
greater proportion of the small tumours, detected by screening, in younger
women compared to older women, are associated with positive lymph nodes
(33, 62).
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False positives and false negatives
The sensitivity (detection of disease when present) of mammography screening
depends on age and breast tissue density (49).  The positive predictive value and
the cancer detection rate increase steadily with advancing age because of the
parallel increase in breast cancer incidence (21).  Sensitivity for the detection of
invasive cancer at first screen has been estimated at 75% (95% CI 52.9%-89.4%)
for women aged 40 to 49 years and 92.3% (95% CI 78%-98%) for women aged 50
to 59 years (31, 45, 55).  Therefore, about 25% of women aged 40 to 49 years but only
7% to 8% of women over the age of 50 years who have invasive cancer will be
incorrectly classified as normal (false negatives) (31, 55).  False negatives are
associated with the risk of false reassurances and the potential to delay
evaluation if symptoms occur (54).

Specificity of mammography screening is the likelihood of the test being normal
when disease is absent and affects the number of additional procedures
performed.  There is a higher false positive rate among younger women (55).
Irwig et al. (31) estimated that the mammograms of about 5% of women aged 40 to
49 years will be reported as abnormal.  About 95% of these women will not have
breast cancer but will be exposed to various degrees of inconvenience, cost and
discomfort.  Elmore and colleagues (19) estimated, using ten years of data, a false
positive rate of 7.8% for women aged 40 to 49 years.  This rate decreased to 4.4%
for women aged 70 to 79 years.

Women with abnormal mammograms but without breast cancer (false positives)
will be subjected to further investigations such as diagnostic mammography,
ultrasound, needle aspiration, core biopsy or surgical biopsy (54, 49).  Using
computerized clinical records from an HMO in the U.S., researchers estimated
the cumulative risk of having at least one false positive after 10 mammography
screenings as 49.1% (95% CI 40.3% - 64.1%) (19).  The Screening Mammography
Program in British Columbia (50) used the Bayesian modeling approach presented
by Elmore et al. (19).  They found the estimated cumulative risk of having at least
one false positive result in ten screenings was 38.0% for women aged 40 to 49
years old, 35.1% for women aged 50 to 59 years and 29.2% for women aged 60 to
69 years at time of entry into the program (50).

Radiation dose
Mammography utilizes ionizing radiation to image breast tissue.  Age at the time
of exposure and dose are predictors of risk (49).  The concern for starting
screening at a younger age would be the cumulative effect of radiation exposure
over a lifetime due to mammography screening.  The risk of contracting breast
cancer by radiation exposure due to mammography screening is very low (22).
The average glandular dose during mammography is less than 300 mGy (0.3 rad)
per single view exposure (49).  Nonetheless, most experts agree that radiation
exposure as a result of mammography is a risk that cannot be ignored (4, 40, 45, 54).
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The 1997 U.S. National Institutes of Health consensus panel reported an
estimated occurrence of one additional breast cancer death secondary to ionizing
radiation per 10,000 women screened annually.  Feig and Hendrick (22) estimated
that an annual two view mammography over 10 consecutive years of 100,000
women aged 40 years should result in no more than eight breast cancers during
the lifetime of these women.  They also stress that the benefits need to be taken
into account to balance the discussion of risks.  Targeting mammography to
women at higher risk of breast cancer can improve the balance of risks and
benefits (6).

Radiation risk could theoretically be increased in women with breast cancer and
in women with an inherited predisposition to breast cancer (55).  Two breast
cancer susceptibility genes have been identified.  Women with either of these
genes have a lifetime risk of breast cancer of 60% to 85% (6).

Andersson and Janzon (4) suggest that the total ionizing radiation dose has
tended to increase with the way mammography screening is practiced today,
even if modern film screen techniques have reduced the dose per image.  The
practice today is with two views instead of one, the use of a grid, and a shorter
screening interval.

Ductal Carcinoma In Situ (DCIS)
The increased use of mammography screening has resulted in a marked increase
in detected cases of DCIS since the early 1980s (20, 52).  DCIS is usually found by
mammography screening and is clinically undetectable (49).  Studies have shown
that 15% to 20% of the cancers detected by mammography are DCIS (12).  For
women aged 40 to 49 years, DCIS is responsible for a higher proportion of breast
cancer diagnosis than in older women (52, 58).

The natural history of DCIS is not well known and the optimal treatment is
unknown (31).  It is unknown whether its detection is harmful or beneficial (31) as
DCIS progresses in some, but not all women, to invasive cancer.  It is not possible
to predict when DCIS will progress (20).  One study indicated that at autopsy, 10%
to 30% of women aged 40 to 70 years without a premorbid diagnosis of breast
cancer, were found to have DCIS (58).

There is the opportunity to overtreat DCIS (50).  Of women diagnosed with DCIS
in the U.S. in 1992, 44% were treated with mastectomy, 23% with lumpectomy
and radiation and 30% by lumpectomy alone (31).

There is a need to better understand the relationship of DCIS to invasive and
potentially life threatening breast cancer, as an unknown fraction of DCIS cases
will progress to invasive cancer (20, 31).
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Current evidence

Screening interval
The basis for establishing screening intervals is the sojourn time, the estimated
maximum duration of the detectable pre-clinical phase of breast cancer within
which beneficial lead times are attainable.  Sojourn time must be of sufficient
length, firstly, to assure a reasonable level of prevalence so that the disease will
be detectable and, secondly, to offer the opportunity for detection at a point
when medical intervention can make a difference in the disease’s natural
history (60).  Hence, screening intervals need to be less than the estimated sojourn
time (60).

From the Swedish two county trial (62) the following mean sojourn times (MST)
(including the first prevalence screen) have been calculated:

•  for age 40 to 49 years MST 1.7 years (95% CI 1.4 - 2.1);

•  for age 50 to 59 years MST 3.3 years (95% CI 2.9 - 3.7);

•  for age 60 to 69 years MST 3.8 years (95% CI 2.6 - 4.2); and

•  for age 70 to 79 years MST 2.6 years (95% CI 2.5 - 2.7).

Again, age overlaps in the 95% confidence intervals indicate that there is no
sudden change that occurs among these age groupings.  These MSTs are quoted
frequently by other researchers (40, 58).

None of the eight randomized control trials (RCTs) launched between 1963 and
1983 directly addressed the issue of appropriate screening interval and a paucity
of studies assess differences in clinical outcome measures for various screening
intervals (30, 34, 58).  The screening intervals chosen for the RCTs range from 12
months to 33 months.  The optimal lengths of screening intervals have been
estimated using detection of interval cancers (cancers detected clinically in
between mammography screenings) and tumour growth rate.

In a hypothesis generating study, Tabar and colleagues (62) used estimated
mortality reductions for different regimens to propose screening intervals for
different age groups and, from a policy perspective, the likely benefit from
adopting these intervals.  With an approximate 90% attendance for screening and
using sensitivity estimates of 83% in women 40 to 49 years of age and 100% in
women aged 50 to 69 years, annual, biennial and triennial screening mortality
reductions were calculated.  In women aged 40 to 49 years, mortality reduction of
36%, 18% and 4% respectively were projected for the three interval values.  The
corresponding figures for women aged 50 to 59 years were 46%, 39% and 34%
and for women aged 60 to 69 years they were 44%, 39% and 34%.
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They concluded that the screening interval is more crucial for women aged 40 to
49 years and suggested that a reasonable compromise may be an 18 month
screening interval for women aged 40 to 54 years and biennial screening for
women over the age of 55 years.  The authors suggested that, with these
intervals, it would be possible to achieve a mortality reduction of 25% in women
aged 40 to 54 years and 32% in women aged 55 years and over.

Michaelson and colleagues (40) developed a computer simulated method, which is
based on biological data from the literature on the rates of tumour growth and
spread.  This model is used to calculate the course of breast cancer and
metastasis.  However, the authors note that it will be necessary to add several
additional features before practical estimates of the influence of breast cancer
screening on the reduction in distant metastatic disease can be determined.  The
preliminary results suggest that a screening interval of two years would result in
a 22% reduction in the rate of distant metastatic disease and an interval of one
year would result in a 51% reduction.  According to their simulation results,
screening at more frequent intervals may be a more effective way to improve the
outcome of screening rather than the development of improved screening
technology.

Two uncontrolled, retrospective studies were located that attempted to
determine the appropriate screening intervals for the different age groups (30, 34).
These studies are detailed in Table 1.
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Table 1: Screening intervals

Study Sample Unit of analysis Outcomes measured Study conclusion

Hunt et al.
1999 (30)

Retrospective
subgroup
analysis of
24,211
examinations out
of 88,346
consecutive
screening
examinations

Age range:
40 – 79 y
(distribution by
decade varied <5%
between groups)
Time period: April
1985 – August
1997
Previous normal
mammogram
Univ. of California
Medical Center

Two groups:
(A) Annual (10 –
14 m) 19,905
examinations
(B) Biennial (22 –
26 m) 4,306
examinations

Recall rate: A 2.6%; B 3.7% (SS 30%
change)
Biopsy rate: A 0.75%; B 1.0% (NSS 28%
change)
Detection rate: A 0.36%; B 0.44% (NSS
19% change)
Interval invasive cancer cases: A
10/1000 (0.7%); B 5/1000 (1.5%) (NSS
56% change)
Mean tumour size (screen + interval): A
13.3mm+/-0.95; B 18mm +/-2.19 (SS 27%
change)

Recall rate and (invasive) tumour
size were lower with annual
screening.

Klemi et al.
1997 (34)

Retrospective
analysis of 639
cases out of
129,731
screening
examinations

Age range:
40 – 74 y
Time period:
1987 – 1994
Population based
screening program
Turku, Finland
Study population:
385 cases detected
by population
screening;100
interval
cancers;154 cases
outside screening

Three groups:
Age 40 – 49 y
with even
numbered YOB
annual invitation
Age 40 –49 y
with odd
numbered YOB
triennial invitation
Age 50+y
invitation biennial
screening

Screen detected: Age 40–49y Stage l
35(50%) Stage ll 35 (50%)
Age 50+y Stage I 215(71%) Stage ll
88(29%)
Interval cancer: Age 40 – 49y 33(32%)
(Stage I 42%; Stage ll 58%) No statistically
significant difference between those
screened annually and triennially.
Age 40-49y screen detected cancers were
smaller than interval cancers with less
lymph-node involvement.
Age 50+y 67(18%) (Stage I 47%; Stage ll
53%)

Cancers in the age group 50+years
were smaller and interval cancers
were less common than in the
younger age group.
Statistical power did not allow
demonstration of a benefit for
annual versus triennial screening
interval in the age group 40 to 49
years.
Authors conclude that
mammography screening is
somewhat less effective in the
younger age group.

A – annual B – biennial m – months
NSS – not statistically significant SS – statistically significant YOB – year of birth
y - years
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Hunt et al. (30), in a retrospective analysis of registry data, addressed specifically
the outcome of annual and biennial screening rates.  Among a series of statistical
tests, only two indicated a statistically significant difference between these two
groups.  The recall rate was lower in the annual screening group (30% change)
and when combining invasive interval cancers and those detected by screening,
the tumour size was 27% smaller in the annual screening group (13.3mm+/-
0.95mm versus 18mm+/-2.29mm).  The trend of lower cancer detection rates for
annual screening (3.6/1,000 cases) compared to biennial screening (4.4/1,000) for
women aged 40 to 79 years was not statistically significant.  Comparisons by age
group between annual and biennial screening cohorts were not conducted due to
the small number of events in each cohort (71 cancers detected/19,905 annual
examinations compared with 19 cancers detected/4,306 biennial examinations).

Klemi et al. (34) analyzed population-based data (1987 to 1994) retrospectively by
age group and screening interval.  Women over the age of 50 years were
screened biennially and women aged 40 to 49 years were screened either
annually or triennially depending on the calendar year of their birth.
Comparisons were made between women over the age of 50 years and the
women aged 40 to 49 years screened annually or triennially.

Out of 129,731 examinations, there were 315 screen detected cancers and 67
interval cancers in women aged 50 to 74 years.  For women aged 40 to 49 years
screened annually, there were 43 screen detected cancers and 16 interval cancers
and for those women screened triennially there were 27 screen detected cancers
and 17 interval cancers.  Invasive interval cancer was found in 18% (67/382) of
the women over the age of 50 years with screen detected breast cancer compared
to 32% (33/103) of the women aged 40 to 49 years with screen detected breast
cancer.  This finding was statistically significant.  Of the 33 invasive interval
cancer cases found in women aged 40 to 49, 27% (16/59) were detected in women
who had been screened annually compared to 39% (17/44) of those who had
been screened triennially.  The study sample lacked statistical power to
demonstrate a significant difference between both groups.

Both of these recent studies addressed the research question regarding screening
intervals.  However, they are of weak design and therefore would fail to exclude
chance or bias as alternative explanations for their findings.

Screening at age 40 to 49 years
From 1997 onwards five additional meta analyses (Table 2) have been conducted
that focus on women aged 40 to 49 years and long term surveillance results on
the eight RCTs (Table 3) have been published.

None of the RCTs had sufficient power to study the efficacy of mammography
screening for women aged 40 to 49 years.  Several meta analyses have been done
to address this question with greater statistical power (55, 58).  Statistical power
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depends on the number of outcome events, which are measured as number of
deaths due to breast cancer.  Since the annual incidence rate is low in women
aged 40 to 49 years, a large number of participants are required to have enough
outcome events to demonstrate a difference.
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Table 2: Meta analysis of studies for women aged 40 to 49 years

Study Trials and follow
up (yrs)

RR (95% CI) Overall RR
(95% CI)

Study’s conclusion

Larsson et al.
1997 (38)

Weighted
RRs

Malmo 15.5
Kopparberg 15.21
Ostergotland 14.2
Stockholm 11.9
Gothenburg 9.9

0.67 (0.35-1.27)
0.67 (0.37-1.22)
1.02 (0.59-1.77)
1.34 (0.64-2.80)
0.59 (0.33-1.06)

0.77 (0.59-1.01)
medium follow up
of 12.8 years

Not statistically
significant reduction of
mortality rate. Most of
effect due to screening
before 50 years of age

Cox
1997 (15)

Fixed Effects

Malmo
Kopparberg
Ostergotland
Stockholm
Gothenburg
Canadian
Edinburgh
HIP

Not available 0.93 (0.77-1.11)
10 years of follow
up

Not statistically
significant reduction in
breast cancer mortality

Glasziou,
Irwig
1997 (25)

Absolute risk
differences
weighted by
inverse of
variances

Malmo15
Kopparberg 15
Ostergotland 15
Stockholm 12
Gothenburg 10
Canadian 10
Edinburgh 10
HIP 18

0.67 (0.35-1.27)
0.67 (0.37–1.22)
1.02 (0.59-1.77)
1.08 (0.54-2.17)
0.59 (0.33-1.06)
1.10 (0.79-1.54)
0.73 (0.43-1.25)
0.77 (0.53-1.11)

0.85 (0.71-1.01)
13.13 years of
follow up

The overall absolute
risk difference between
those screened and
those not was 0.0004
95% CI (0 – 0.0009)
If 10,000 women are
screened regularly,
then after a decade
there would be about 4
less deaths

Hendrick et
al. 1997 (29)

Fixed effects

Malmo12.7
Kopparberg 15.2
Ostergotland 14.2
Stockholm 11.2
Gothenburg 12
Canadian 10.5
Edinburgh 12.6
HIP 18

0.64 (0.45-0.89)*
0.67 (0.37–1.22)
1.02 (0.59-1.77)
1.01 (0.51-2.02)
0.56 (0.32-0.98)
1.14 (0.83-1.56)
0.81 (0.54-1.20)
0.77 (0.53-1.11)

0.82 (0.71-0.95)
12.7 years of follow
up

A statistically significant
18% mortality reduction
among women invited
to screen

Kerlikowske
1997 (33)

Fixed effects

Malmo I  14
Malmo II 12
Kopparberg 13
Ostergotland 13
Stockholm 11.4
Gothenburg 12
Canadian 10.5
Edinburgh 10 – 14
HIP 10

0.67 (0.35-1.27)
0.69 (0.44-1.09)
0.73 (0.37–1.41)
1.02 (0.52-1.99)
1.08 (0.54-2.17)
0.56 (0.32-0.98)
1.14 (0.83-1.56)
0.73 (0.43-1.25)
0.77 (0.50-1.16)

Not available Statistically significant
reduction in breast
cancer mortality –16%
(95% CI –29% to –1%)
10 - 14years after
initiating screening

*Combined results from Malmo I and Malmo II

CI   – Confidence Intervals
RR – Relative Risk



Mammography screening: mortality rate reduction and screening interval

Alberta Heritage Foundation for Medical Research 15

Despite the differences (design, recruitment, analysis of outcomes) among the
RCTs used in the meta analyses, the 95% confidence intervals for each of the
primary studies overlap.  This is an indication that the results from these studies
are not greatly dissimilar and can be combined (33).  Furthermore, this
assumption was consistent with the non-significant results for the test of
heterogeneity as conducted by the researchers.  However, trials should be
combined based on similar length of follow up time.  This is important since
trials with longer follow up time will have more breast cancer events and these
trials will be disproportionately weighted in the meta analysis, thus skewing the
results in favor of these trials (15, 33).  Also, the model used to summarize the
results in the meta analysis will affect the width of the confidence intervals which
may affect the statistical significance of the results.

Both meta analyses performed by Hendrick and colleagues (29) and
Kerlikowske (33) showed a statistically significant reduction in breast cancer
mortality.  Using subgroup data from all but one of the trials (the Canadian trial
was specific for women aged 40 to 49 years) and 10 to 15 years of long term
surveillance data after the start of the trials, they reported a statistically
significant mortality reduction of 18% and 16% in women aged 40 to 49 years
who had mammography screening.

The eight RCTs (five conducted in Sweden, one each in Canada, the United
States and Scotland) were designed to address the question of the efficacy of
screening in asymptomatic women.  They did not address the efficacy of the
most appropriate screening interval for younger and older women.

Only the Canadian National Breast Screening Study (CNBSS) specifically studied
the efficacy of mammography screening in younger women aged 40 to 49 years.
This study has received substantial criticism in the literature, mainly due to its
mode of randomization, pre-examination of all participants, and technical
deficiencies (36, 49).  Furthermore, the CNBSS was designed to evaluate the
combined efficacy of annual mammography, CBE, and teaching of breast
self-examination in reducing breast cancer mortality (42).
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Table 3: Randomised controlled trials for women aged 40 to 49 years

RCT*

(start date)

Medium
follow up

(years)

% of deaths in
the study

group

% of deaths
in the control

group

RR
(95% CI)

ARR (%)

Malmo
(1976 l)
(1978 ll)
1997 (4)**

10 – 15.5 57/13,528
(0.42)

78/12,242
(0.63)

0.64
(0.45-0.89)

0.21

HIP (1963)
(26, 55)

18 49/14,849
(0.33)

65/14,849
(0.44)

0.77
(0.53-1.11)

0.11

Edinburgh
(1978 & 1982)
1999 (3, 38)

10 - 14 47/11,479
(0.41)

53/10,267
(0.52)

0.83
(0.54-1.27)

0.11

Gothenburg***
(1983)
1997 (7)

10 - 12 18/11,724
(0.15)

39/14,217
(0.27)

0.55
(0.31-0.96)

0.12

Stockholm
(1981)
1997 (23)

11.4 24/14,842
(0.16)

12/7,103
(0.17)

1.08
(0.54-2.17)

0.01

Kopparberg
(1977)
1997 (38, 63)

15.2 23/9,650
(0.24)

18/5,009
(0.36)

0.76
(0.41-1.40)

0.12

Ostergotland
(1977)
1997 (38, 63)

14.2 27/10,240
(0.26)

27/10,411
(0.26)

1.03
(0.61-1.75)

0.00

Canada
(CNBSS)
(1980)
1997 (42)

10.5 82/25,214
(0.32)

72/25,216
(0.28)

1.14
(0.83-1.56)

-0.04

ARR – Absolute risk reduction
RR – relative risk

*    location of RCT

**   age 45 to 49 years (mean age at entry 46 years) and includes both cohorts (1927 – 1932 and
      1933 – 1945)
***  age 39 to 49 – all cohorts (average age in study 43.9 years and 43.8 years in the control
      group)
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The way in which the results from the RCTs are presented may affect the reader’s
interpretation of the size and importance of the effect (31).  Presenting the results
as risk differences takes into account the underlying risk of breast cancer death
and is a more meaningful measure of the potential benefits of screening.  The use
of relative risk and relative risk reduction as measures can exaggerate the effect
of an intervention especially when the baseline event rate is low (55).  Presenting
the results as absolute risk reduction (mathematical difference in event rate for
two groups), as in Table 3, may also be more relevant with respect to population
screening recommendations and health care resource allocation as it can easily be
converted to the number needed to screen to prevent one death (54).

The most recent results from the RCTs shown in Table 3 indicate a relative risk of
dying from breast cancer for the screening groups compared to the
non-screening groups that varies from 0.56 to 1.14.  In other words, depending
on the study’s result, at one end of the range there is a relative risk reduction of
44% of dying from breast cancer in the screened group compared to the
non-screened group.  On the other extreme there is an increased relative risk of
14% of dying from breast cancer in the screened group compared to the
non-screened group.  Based on absolute risk reduction in mortality, the results
vary from an increased risk of 4% to an absolute risk reduction of 21%.  Some of
these results were statistically significant, specifically those from the Malmo and
Gothenburg trials, the others were not.

The magnitude of absolute risk reduction should be highlighted as only a small
number of women represented by this figure potentially benefit from screening;
however, all women in the population targeted for mammography screening
bear the costs (58).  Many may suffer the adverse effects associated with breast
cancer screening.  This applies to women of all ages and can be said of other
screening programs such as cervical cancer screening.  On the benefit side, the
detection of smaller and less advanced cancers may improve the choice of
available surgical treatment options, reduce the need for axillary lymph node
dissection, and reduce the need for chemotherapy (58).  From an individual
woman’s perspective each of these benefits may be important.

Another problem in interpreting the results of screening younger women is
whether the screening benefits achieved could have been achieved if their first
screen had been delayed (3, 52, 54).  This is highlighted when evaluating the benefits
of screening in women aged 40 to 49 years at randomization and the manner in
which results are attributed to screening done in that age range (38).  For example,
a woman may have been 47 years when she entered the trial but the cancer may
be detected at age 51 years which means the benefits of screening are attributed
to the early screening at age 47 years.
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Other systematic reviews
Controversy about the methodological quality of the RCTs recently erupted
when a review by the Nordic Cochrane Centre reported that only two trials had
adequate randomization (CNBSS and Malmo I) and both of these trials found no
effect of screening on mortality from breast cancer (27).  The Nordic Cochrane
Centre was prompted to undertake a review, when a 1999 epidemiological study
found no decrease in breast cancer mortality in Sweden, which has had a
national screening program since 1985 (59).  Although this epidemiology study
has been criticized, the observed decrease in the number of deaths from breast
cancer was 0.8% (not statistically significant) which is quite different from the
expected decrease of 11%.

The Nordic Cochrane Centre focused their review on the randomization process
of the eight RCTs, using age as a marker for imbalance at base line since age was
the only base line information available from the Swedish trials (27).  The
combined relative risk estimate of the two trials (CNBSS and Malmo I) with
adequate randomization methods was 1.04 (95% CI 0.84 - 1.27).  Hence the
Nordic Cochrane Centre report concluded that screening for breast cancer with
mammography is unjustified.

De Koning (17) commented that in screening trials enrolling tens of thousands of
women, very small age differences become statistically significant.  It is therefore,
in his opinion, unjustified to base judgement on whether a trial is biased, on age.
He suggested the focus should be on other variables such as screening interval,
age groups, contamination rate and duration of follow up which also have an
impact on the outcome in screening trials.

One report from a health technology assessment agency and a systematic review
of trials and meta analyses (1992 to 1996) conducted by the Australian National
Breast Cancer Centre were located (Appendix B - Table 5).  The Health
Technology Assessment Agency in New Zealand published a report in 1999 on
The Early Detection and Diagnosis of Breast Cancer: a literature review.  This report
covers a broad range of topics in the area of breast cancer (47).  The intent was to
update the evidence of a previous report published in 1996 regarding symptoms
of breast cancer, risk factors, diagnostic tests and screening tests such as
mammography.

The report of the Australian National Breast Cancer Centre focused only on the
evidence for mammography screening in women aged 40 to 49 years (31).  Their
report concluded that the benefit of biennial screening from age 40 years is
modest and the harms and costs are not inconsequential.

The Conseil d’évaluation des technologies de la santé du Québec (CETS) is
currently updating its 1993 assessment (14) on breast cancer screening in women
aged 40 to 49 years.  This report should be available by the end of this year.
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Guidelines
Details of four recently published guidelines are provided in Table 6 (Appendix
C).  Only one of the guidelines rated the quality and strength of the evidence
using a rating scheme (57).  The guidelines are not consistent in relation to age at
which mammographic screening should begin or the frequency of the screens in
the different age groups.

In Canada, the guidelines issued by The Canadian Task Force on Periodic Health
Examinations (CTFPHE) (64) in 1994 and the 1996 Canadian Cancer Society (9),
differ on their recommendation for screening interval in women aged 50 to 69
years.  The Canadian Cancer Society recommended a mammogram every two
years and CTFPHE recommended annual screening with clinical breast
examination and mammography.  In November 1998, the Task Force revised
wording for the recommendation and it now states “The best available data
support screening every 1-2 years” (44).  For women younger than 50 years of age,
the CTFPHE does not recommend screening.  This recommendation is currently
under review.

In the United States, organizations that issue guidelines include the National
Cancer Institute, the U.S. Preventive Services Task Force, the American Cancer
Society, and other groups representing health professionals (65).  Again, the
recommendations differ as can be seen from Table 6.  The U.S. National Institute
of Cancer does not recommend commencement of screening at 40 years of age,
while the American College of Radiology recommended an annual screen for
women aged 40 years.  In 1996, the U.S. Preventive Services Task Force, the
counterpart to the CTFPHE, recommended routine screening with
mammography alone or mammography and annual CBE, every one to two years
for women aged 50 to 69 years (56).  For women aged 40 to 49 years, they noted
that there was insufficient evidence to recommend for or against routine
mammography or CBE.

In 1993, the European Society of Mastology recommended against routine
mammography screening for women aged 40 to 49 years (58).  Most European
nations continue to screen only women over the age of 50 years.  In the
Netherlands and Finland, the practice is biennial beginning at age 50 years and
ending between 63 and 70 years.  Triennial screening beginning at 50 years is
recommended in the UK.  In Sweden, women aged 40 to 54 years are invited for
mammography screening every 18 months and women aged 55 to 74 years every
24 months (58).

Judging from the various guidelines’ recommendations, there is disagreement
within the individual health care systems themselves since there are many ways
in which to interpret the body of data on breast cancer screening.  This may be
related to the different processes that were used to obtain and present evidence
and reflects the distinct perspectives of the various organizations and agencies.
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Issues

Several other issues need to be considered when interpreting the results from the
RCTs in relation to the quality assurance and mammography techniques.  The
RCTs are different in many aspects.  For instance, age ranges varied
considerably; several trials used one view mammography, others used two view,
and a few used a combination; some chose biennial or longer and others annual
screening intervals; number of screening rounds generally varied from two to
five and some used double reading.  In addition, the accuracy of mammography
screening is influenced by a number of factors (46).  These factors include: disease
prevalence, characteristics of the population being screened, image quality,
number of radiographic views, interpretative skill, screening intervals and the
threshold for interventions (52, 60).

Screening technique
Table 4 provides the screening regime, frequency and number of screening
rounds, compliance and contamination for the eight RCTs.
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Table 4: Screening techniques in RCTs

RCT Age at entry
in years

Screening Regimen
(18, 29, 46, 52)

Screening Interval &
Number of Rounds

(18, 29)

Compliance (%)****
(18, 46)

Contamination (%)*****
(16, 49)

Malmo *
1997 (4)

45 - 69  2V/1V* 18-24 mo.
Ml 9 Mll 5

75% - 80% 24%

HIP
(26, 55)

40 - 64 2V + CBE Annual
4

67%

Edinburgh 1999 (3) 45 – 64 2V+CBE Biennial**
4

61% Little screening available during
study period ~ 0%

Gothenburg**
1997 (7)

39 – 59 2V/1V* 18 mo.
5

75% - 85% 19%

Stockholm 1997
(23)

40 – 64 1V 28 mo.
2

81% 25% of all women entering study
in the prior three years

Kopparberg 1997
(38)

40 – 74 1V 24 – 33 mo.***
4

89% 13%

Ostergotland 1997
(38)

40 - 74 1V 24 – 33 mo.***
4

89% 13%

Canada (CNBSS)
1997 (42)

C1 40 – 49

C2 50 - 59

2V + CBE Annual
5

100% 25% over entire five year period
of study

mo – months

*      2V/1V two views at first screening, one view subsequent screenings depending on parenchymal patterns
**    CBE clinical examination at 12 month intervals with 1-view mammography in years 3, 5 and 7
***   every 24 months for age <50 years and every 33 months for age >50 years
****  proportion of screening group attending at first screening round
***** proportion of controls screened at least once during study period
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Based on the information provided in Table 4, it can be argued that the effect of
mammography screening, particularly in women 40 to 49 years of age, has been
underestimated for the following reasons:

•  compliance varied from 61% to 100% at first round of screen,
•  up to 25% of the women in the control group reported having

mammograms outside of the study,
•  three RCTs used both CBE and mammography screening in the study

group, and
•  three studies used one view and the others used two view

mammography, or a mix of both.

Feig and colleagues (21) note that perhaps the size of the effect would be increased
in the screened group of women if the trials had been conducted using the
modern technology and techniques of today.  However, modern mammography
has of yet not been able to surpass CNBSS’s detection rates (Baines, personal
communication).

Practice standards and accreditation processes
Practice standards and accreditation processes vary across countries and hence
across trials which impacts the benefits and risks of mammography screening.
Concerns were expressed prior to the completion of the CNBSS trial about the
technical adequacy of the mammograms, standardization of the equipment and
the training of the radiologists (49).  In 1992 the Canadian Association of
Radiologists set up a program of accreditation of mammography facilities on a
voluntary basis (51).

As well, the number of readers, number of mammograms read per reader and
the interpretive expertise of the radiologists varied among the studies.  Australia
has a policy of double reading and two view mammography (32).  In England and
Wales the standard practice is single reading while in Scotland double reading is
the standard (66).

Williams and colleagues recently conducted a critical appraisal of the
methodologies used, single or double reading, by a comparison of cancer
detection rates (66).  None of the studies evaluated were RCTs, only retrospective
studies were located.  Based on weak evidence, they estimated the mean increase
in cancer detection due to double reading to be 11.4% and the mean increase in
recall rate to be 38%.

Olivotti and colleagues (50) noted that the false positive rate might be elevated in
the study by Elmore et al. (19) because of the number of mammograms read
annually by each of the radiologists.  In British Columbia, a radiologist reads
approximately 2,500 mammograms per year, while in the U.S. study by Elmore
et al. (19) the number of mammograms read per radiologist annually was
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considerably less (50).  Elmore et al. reported that four radiologists each read more
than 1,000 mammograms, one radiologist read 624 mammograms and others
each read fewer than 500 mammograms.

In Australia, national accreditation requires radiologists to read a minimum of
2000 cases per year whereas the U.K. national program has a standard of 5000 a
year (32).
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Discussion

When interpreting the results from these studies and applying them to the
development or updating of CPGs, some caution should be exercised.

In the RCTs the extent to which chance may either obscure an effect or lead to an
apparent effect that does not exist is influenced by several factors.  These factors
include: the size of the trial, the magnitude of the effect, duration of follow up,
compliance in the screening arm, contamination by individuals in the control
arm seeking screening outside of the study, and method of randomization
(16, 21, 52, 55, 58).

The effect of mammography screening is dependent on the number of
individuals enrolled in the trial and the magnitude of the true effect.  The more
deaths that accumulate from breast cancer, the smaller the influence of chance
causing the effect.  Therefore, the ability to demonstrate an effect is dependent on
the duration of follow up as the number of outcome events increase over time.

Compliance within the study arm and contamination within the control arm
influence the effect size.  The effect size may be only a fraction of its true size if
compliance is low in the study arm and contamination is high in the control arm.
Employing CBE alongside mammography screening may also be seen as a form
of contamination as it dilutes the effect on mortality conferred by mammography
screening when used alone.

Cluster randomization rather than individual randomization can introduce
systematic bias.  This was clearly demonstrated by follow up studies of the
Edinburgh RCT.

In relation to standard meta analysis, de Koning (17) noted that the meta analysis
does not take into account the variables that contribute to relative risks for
specific screening situations such as the attendance rate, quality of the
mammograms, accuracy in reading of the films, decision of referral, and
distribution of clinical stage.  The use of subgroup analysis for determining an
effect of mammography screening in younger women continues to be debated.

Subgroup analysis is fraught with problems, compounded with such issues as
compliance and contamination.  Uncertainty continues to surround the use of 50
years of age and up for subgroup analysis which is conducted to determine the
effect of screening in “older” women compared to “younger” women less than
50 years of age (37).  The age of 50 years was chosen in most instances as an
approximation for the age of menopause.  However, this stratification by age
groups suggests that several parameters of screening change abruptly at age 50
years rather than gradually over the decades (21, 35).  One could also argue if one
age group should be compared to the other considering the biological and
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hormonal differences.  Rather, the comparison should be screened to unscreened
and to determine the point at which the benefits outweigh the harms.

Biological and hormonal changes are gradual over the lifetime of women.  Where
the cut off age range exists, that is, the point at which benefits outweigh the
harms and risks associated with screening (false positives and false negatives),
requires further research.  Some researchers suggested that future RCTs should
stratify women according to pre and post menopause status.  In addition, with
the introduction of such drugs as tamoxifen and the increased use of hormone
replacement therapy along with evolving technologies, the scene is continually
changing and brings into question the value of RCTs conducted between 1963
and 1983.
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Ongoing and future research

A national multicentre RCT is currently underway in the U.K. and an
inter-European trial of similar design will compare women invited to annual
mammography screening beginning at age 40 to 41 years with a control group
invited to screening at age 50 years (45).  The principal method of evaluation for
the RCT will be the comparison of cumulative breast cancer mortality rates in the
study and control groups.  The first mortality analysis will be carried out after an
average of seven years of follow up.  The U.K. trial was set up by the United
Kingdom Coordinating Committee on Cancer Research in 1991.  It is expected
that preliminary data may be available by the second half of the year 2002 (45).

There are numerous research efforts ongoing to improve upon mammography’s
current performance level.  Digital mammography, which is inherently filmless,
offers improved image contrast resolution and dynamic range (55).  The expanded
dynamic range allows examination of all areas of the breast despite tissue density
variations.  Evidence to date though, does not show that digital mammography
can detect more cancers than film mammography (5).  The main disadvantage is
its cost at U.S. $500,000 per unit compared to film mammography systems which
cost between U.S. $60,000 to U.S. $70,000.  However, digital mammography will
offer efficiencies by eliminating the need and costs for film processing and
storage (5).  At a December 1999 meeting, the FDA panel recommended
pre-market approval for Senographe 2000D from General Electric Medical
Systems, which is a digital modality (5).

The American Cancer Society recommends further research into the most
effective screening interval for post menopausal women in successive decades
(39).  Such areas as the influence of hormone replacement therapy on breast cancer
risk, sojourn time, and mammographic image quality are also identified as
requiring well designed research studies.
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Conclusions
The evidence from the eight RCTs does not provide clear answers to the
questions of when to start screening, when to stop screening or how often to
screen.  These trials focused on the determination of the efficacy of
mammography screening alone or in combination with CBE in women aged 40
to 74 years of age.

Despite all of the differences in the RCTs (including screening intervals)
conducted to date, these trials have consistently demonstrated a reduction in
breast cancer mortality among screened women aged 40 to 74 years with
screening intervals from 12 to 33 months.

Even though combining and re-analyzing data in a meta analysis involves
assumptions, and disagreement persists as to the level of statistical significance
of the mortality reduction resulting from mammography screening for women
aged 40 to 49 years, there is general agreement on two findings.  First, mortality
reduction is smaller for younger women compared to older women and, second,
the interval between the initiation of mammography screening and the
appearance of any mortality benefit is considerably longer for younger women.

The current multicentre RCT in the U.K. attempts to address the efficacy of
commencing annual mammography screening in asymptomatic women at the
age of 40 and 41 years over a 10 year time period.  It will not provide an answer
about the appropriate screening intervals for this age group.  Nor has any trial
been designed to determine the appropriate screening interval for asymptomatic
women over the age of 50 years.

In assessing the Alberta CPGs, Guidelines for the Early Detection of Breast Cancer,
released in April 1999 and the current scientific evidence, they seem to reflect the
published research to date.  The current screening interval recommended for
women aged 50 to 69 years by the Alberta CPGs, reflects the screening interval
recommended by other international guidelines and national screening
programs.  Overall the evidence to date can be summarized as follows:

•  Results from RCTs and meta analyses have demonstrated a significant
reduction in breast cancer mortality among screened women aged 50
years and over with screening intervals ranging from 12 months to 33
months.

•  Effectiveness of screening asymptomatic women aged 40 to 49 years
remains unresolved.

•  Uncontrolled, retrospective studies, considered to be ‘low level’ of
evidence, were available to determine the appropriate screening intervals
for different age groups.  These studies provided inconclusive evidence.

•  Efficacy of annual mammography screening in asymptomatic women
commencing at ages 40 and 41 years will be addressed by the UK RCT.
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Appendix A: Methodology

A systematic literature search was conducted on the following databases:
MEDLINE, EMBASE, HealthSTAR, CancerLit, Best Evidence, PubMed,
PreMEDLINE, CMA CPG Infobase, U.S. National Guideline Clearinghouse, MD
Consult practice guidelines section, DARE, Cochrane library and the HTA
database.  Both a broad search and a restricted search were conducted.

The restricted search was limited to the time period, 1997 to June 2000,
randomized controlled trials, systematic reviews, comparative studies (only for
screening interval) and meta analyses.  The keywords used include one or a
combination of the following: mammography OR breast neoplasm OR cancer
screening OR breast tumour OR breast cancer OR breast cancer screening AND
mass screening or screening OR sensitivity and specificity OR program
evaluation OR quality assurance OR interval OR interval screening.

A National Institutes of Health consensus conference1 provided a number of
references relevant to this study.  Further relevant articles were found by
examination of the references listed in the retrieved papers.  Published
discussions of the issues related to the selected studies were also retrieved for
review.

Meta analyses, randomized controlled trials, systematic reviews, controlled
studies and comparative studies and guidelines were selected by reading the
abstracts (when available) and were included for analysis if they met one or more
of the following selection criteria:

•  published in 1997 and onwards since this was an update of CPGs
published in April 1999;

•  mammography screening in asymptomatic women not the use of
mammography for the diagnosis of breast cancer;

•  studies that addressed effectiveness of mammography screening in
asymtomatic women aged 40 years and 49 years;

•  any studies that evaluated mammography screening intervals for any age
group of asymptomatic women; and

•  studies that focused on the risks and benefits of mammography screening.

Other articles were retrieved that provided data on the epidemiology of breast
cancer, Canadian statistics on breast cancer and information about screening
programs in Canada.

                                               
1 NIH Consensus conference on Breast Cancer Screening for Women Ages 40-49. J Natl Cancer
Inst Monograph 1997;22.



Alberta Heritage Foundation for Medical Research 29

Appendix B

Table 5: Other critical appraisal reports

Report Focus Methodology Conclusions

New Zealand
Health Technology
Assessment Report
#10
1999 (47)

To update a previous
report issued in 1996,
The Early detection and
Diagnosis of Breast
Cancer: a literature
review.  To update the
evidence regarding:
symptoms of breast
cancer; risk factors;
diagnostic tests;
mammography & breast
cancer screening

Structured literature
review of published
studies from January
1996 to October 1998.

*mammography screening has high
sensitivity (80%-90%) & specificity
(93%-95%); these measures
generally increase with age
*mammography screening for women
ages 50 to 65 years appears effective
in reducing breast cancer mortality
rate by about 20%.  Significant false
positive rate, which contributes to
costs associated with the
intervention.
*mammography screening is effective
at reducing mortality for women up to
age 74 years
*mammography screening may
improve survival in women <50 years
of age but the benefit appears smaller
and less certain than in women >50
years of age. Negative effects must
be weighed against uncertain benefits
*guidelines for mammography
screening in women <50 years are
inconsistent in their recommendations

National Breast
Cancer Centre
1997 (31)

To review evidence on
impact of screening on
breast cancer mortality
among women aged 40
to 49 years; assess the
incremental benefit of
screening at 40 years
rather than 50 years
Estimate RR reduction,
absolute risk reduction
and NNT; estimate cost
per life year gained

Systematic review of
published trials and 7
meta-analyses 1992 to
1996

*evidence to date shows a modest
benefit, after 8 years, of commencing
screening from 40 years rather than
50 years of age
*benefits must be considered against
increased rate of false positives and
false negatives.  About 5% of women
will be reported as abnormal at each
screening.  About 25% of women
aged 40 to 49 years, with invasive
breast cancer will be incorrectly
diagnosed as normal.
*overall the benefit of biennial
screening commencing at 40 years of
age is modest and the harms and
costs are not inconsequential

NNT – number needed to treat
RR – Relative Risk
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Appendix C

Table 6: Breast cancer screening guidelines

Developers Objective Target
population

Outcomes
considered

Assessment of
Quality & Strength

of Evidence

Methods to
Analyse Evidence

Major
Recommendations

Scottish
Intercollegiate
Guidelines
Network
National
Government
1998 (57)

Evidence based
recommendation
s about best
clinical practice
for the production
of local
guidelines

Ages 35 years
to 64+years
depending on
risk factors

*Survival rates
*Recurrence of
disease
*Treatment
morbidity
*Psychological
morbidity

Weighting according
to rating scheme

Systematic review Women aged 40 to 49
efficacy of mammography
under review
Women aged 50 to 64
invited for triennial screen
Women at increased
risk based on level IV
evidence*
*40 yrs biennial
mammography & annual
clinical examination
*40 – 50 yrs annual
mammography & clinical
examination

U.S. Federal
Government
Office of
Medical
Applications of
Research
1997 (48)

Assessment of
current data on
effectiveness of
mammography
screening

Ages 40 to 49
years

*Mortality and
morbidity
* Incidence

Expert consensus Systematic review At present the available
data do not warrant a
single recommendation
for mammography for all
women in their forties.

*Evidence obtained from expert committee reports or opinions and/or clinical experiences of respected authorities.
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Table 6: Breast cancer screening guidelines (cont’d)

Developers Objective Target
population

Outcomes
considered

Assessment of
Quality & Strength

of Evidence

Methods to
Analyse Evidence

Major
Recommendations

American
College of
Radiology –
Medical
Specialty
Society
1997 (21)

Revise guidelines
due to evidence
that women
under 50 years of
age have a
shorter lead time
for
mammographic
detection of
breast cancer

Age 40 years
or older who
are
asymptomatic;
any age at
high risk but
without signs
or symptoms

*Mortality rate
reduction
*Cost
effectiveness

Expert consensus Review Meta
analysis of RCTs

Asymptomatic women 40
years and older should
have an annual
mammographic screen;
and monthly breast self
examination and annual
breast examinations be
performed although their
benefit is scientifically
unproven

College des
Medecins du
Québec
1997 (13)

To reduce
mortality

Age 50 to 69
years

*increased
survival
*morbidity &
mortality

Not available Not available All women ages 50 to 69
years are encouraged to
undergo biennial
mammographic screening
Asymptomatic women
aged 40 to 49 years are
not recommended to be
part of screening program
Women aged 70 years
and over, attending
physician to decide on
screening every 2 years
All ages: yearly breast
examinations
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