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Background: Results from five Swedish randomized trials
may provide the most conclusive evidence on the effect of
mammographic screening and have been used to forecast
the expected reduction in breast cancer mortality in other
programs. However, those trials demonstrated different
degrees of reduction. The interpretation of observed mor-
tality reduction after long follow-up for women aged 40-49
years at trial entry is both important and controversial, Pur-
pose: We estimated what percentage of the observed mor-
tality reduction for women aged 40-49 years at entry into the
five Swedish screening trials might be attributable to screen-
ing these women at 50 years of age or older. Moreover, we
calculated the most likely percentage mortality reduction for
specific screening programs if the Swedish results were
generalized and analyzed whether characteristics of each
trial might at least partly explain the observed differences in
reductions among the trials. Methods: Each Swedish trial
was simulated with one underlying computer simulation
model (MISCAN—MIcrosimulation SCreening ANalysis) of
the natural history of the disease and the performance of
screening, taking into account nine important trial charac-
teristics. Improvement in prognosis for screen-detected case
patients was estimated with age-specific reduction for all tri-
als and each trial design as a reference. Resuits: An expected
7% reduction in breast cancer mortality for women aged 40-
49 years at trial entry (relative risk [RR] = 0.93) was deter-
mined by computer modeling, assuming no improvement in
prognosis for cancers that are screen detected before 50
years of age. This result indicates that, of the overall 10%
observed reduction (RR = 0.90) in the five Swedish trials
analyzed, most (70%) of this reduction might be attributable
to screening these women in later rounds after their 50th
birthday. Using additional trial information, predictions of
breast cancer mortality reduction in women 50 years or
older might be 11% larger than previously expected, assum-
ing that high-quality mammographic screening can he
achieved in nationwide programs. For women aged 50-69
years at trial entry, the differences in expected versus ob-
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served mortality reduction among the trials are estimated to
be relatively small. (Expected mortality reductions range
from 24% to 32%.) Conclusions: Results from the Swedish
randomized breast cancer-screening trials should be seen as
more favorable regarding the effect of mammographic
screening in reducing breast cancer mortality for women
aged 50-69 years than was estimated earlier. Our analyses
also suggest that the improvement in prognosis due to
screening for women aged 40-49 years is much smaller than
that for women aged 50 years or older. Approximately, 70 %
of the 10% obhserved reduction in breast cancer mortality
(i.e., 7%) for women aged 40-49 years at trial entry might be
attributable to a reduction due to screening these women
after they reach age 50. Implications: Detailed screening
data for the 40- to 49-year age group of all Swedish trials
should be analyzed to specifically estimate the natural his-
tory and performance of screening in this age group. [J Natl
Cancer Inst 87:1217-1223, 1995]

Tt is still uncertain whether breast cancer screening for women
under 50 years of age is effective in reducing breast cancer mor-
tality (7,2). After eight rounds of biennial screening in a pro-
gram generally considered to have reached good quality, the
Nijmegen screening project recently showed no positive effect
{3). According to some investigators, the results from the five
Swedish randomized breast cancer-screening trials (Malmd,
Kopparberg, Ostergotland, Stockholm, and Géteborg) (4-6) can
be considered to give the most conclusive evidence on the effect
of mammographic screening. The published 109%-13% breast
cancer mortality reduction rates for Swedish women under 50
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years of age entered in a randomized study may seem encourag-
ing. However, some women in this age group were also
screened when they were 50 years old or older. Part of the ob-
served mortality reduction in these women is likely to have been
a result of detecting the cancer earlier in Iater rounds when the
women were 50 years old or older, as was seen in the Health In-
surance Plan (HIP) trial (7). .
Furthermore, any trial is specific in its design, quality, and
background situation. Consequently, different screening trials
will result in different breast cancer mortality reductions in the
study group as compared with the control group, even for the

same age categories. The new and more detailed results from all

five Swedish randemized trials, specified per age category (4.5),
again show that the estimates of reduction vary widely between
the trials. It is important to analyze to what extent differences in
the characteristics of the five trials are likely to have caused
these variations. The earlier publication of the seemingly less
favorabie results from the randomized trial conducted in Malmd
led to a discussion of the efficacy of mammographic screening
(8). The 21% reduction rate achieved for women in the invited
age group inclusive of those aged 55-69 years seemed to be in
contrast to the earlier published 39% rate in the group aged 50-
74 years from the randomized trial in Kopparberg and
Ostergétland (9). Important characteristics of the trials, such as
screening interval, attendance rate, follow-up period, and age
groups, should be considered, however (J0).

These characteristics of the trials are especially important
with regard to screening in younger women, No individual trial
has had the power to show a statistically significant mortality
reduction in younger women. Much effort is being put into new
trials for women under age 50, e.g., the UK. trial, for which
these issues are highly relevant. By using one underlying model
that incorporates both the natural history of breast cancer and
the performance of mammographic screening, we have analyzed
all five trials and have taken into account nine important charac-
teristics within each trial. The different policies for women aged
50 and above or under age 50 at entry are distinguished, as are
characteristics in screening practice regarding intervention in
the control groups. The goal is to adjust for as many relevant
characteristics in screening policy as possible in each trial that
may have influenced the outcome and estimate the improvement
in prognosis for screen-detected cases. Although each trial may
then be unique, the five Swedish trials should help in quantify-
ing the breast cancer mortality reduction expected in other
screening programs. Our analysis addressed three questions: 1)
Which percentage of the observed mortality reduction for
women aged 40-49 years at entry into the trial was likely 1o
have been due to screening these women when they were 50
years or older? 2) What is the extent of breast cancer mortality
reduction to be expected for present and future screening
programs, if the Swedish results are generalized to, for example,
those from The Netherlands and the United Kingdom? 3) Does
the information (more details available} from the five wials at
least partly explain the differences in observed mortality reduc-
tion and predict differences in efficacy between the five trials?
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Methods

Underlying Model of Natural History of Breast Cancer and
Performance of Sereening

The computer simulation package MISCAN (Mlcrosimulation 5Creening
ANaulysis), developed at our institute, was used to evaluate the five screening tri-
als, in which the natural history of the disease, the epidemiology, the design of
the screening program, and the performance of screening are incorporated
(11,12). The natural history of breast cancer is modeled as a progression through
a number of stages. The first stage is no breasl cancer; women are included in
this stage until a transition occurs to ane of the preclinical stages when z tumor
becomes detectable by sereening. There are one duclal carcinoma in situ (DCIS)
stage and four invasive stages in the model, according to T-status (Tla, TIb,
Tle, and T2+). The duration in the different stages follows an exponential dis-
tribution. The transition to the clinically diagnosed stages (with the same sub-
division) is govemed by the data on incidence and clinical stage distribution, In
the case of early detection, women will enter the screen-detected stages (again
with the same subdivision). The two end stages of the model are death from
breast cancer and death from other causes, based on mortality data.

Key parameters in the model of the performance of screening are mean dura-
tion of screen-detectable preclinical disease, sensitivily, and improvement in
prognosis for screen-detected cancers. Age-specific assumptions with regard to
the mean duration of the five preceding screen-detectable preclinical stages of
breast cancer and the sensitivity of screening had been validated with the use of
all data from the Durch screening projects (including women aged 35 years or
over in the Nijmegen project and women aged 40 years or over in the Utreclut
project) covering different periods and screening intervals (70,73). Sensitivity is
stage dependent: 40%, 65%, 80%, 90% and 95% (aged 50 years or older) for
DCIS, Tla, Tlb, Tle, and T2+, respectively. The sensitivity for screening
women under age 50 was estimated in the mode! to be 60% (ages 40-44 years )
or 80% (ages 4549 years) of the sensitivity for screening women clder than 50
years. The mean duration of the preclinical screen-detectable period was ap-
proximately 1.8 years al age 35 and 6.2 yews at age 70, These assumptions
resulted in a good fit between model predictions and observed detection rates
and interval cancers (both by age, siage, screening round, and interval) in the
Dutch screening projects. (Detailed analyses of fit ¢can be obtained from the in-
vestigatars.) Other epidemiologic parameters (e.g., incidence, stage distribution,
and mortality) were based on the Dutch data.

If one applies screening to a population, the shift from diagnosing relatively
large clinical cancers toward diagnosing earlier (screen-detecied) stages of can-
cer results in a decrease in breast cancer mortality, as shown in the randomized
screening trials. In the model, wemen with screen-detected cancers can have a
reduced risk of dying of breast cancer depending on the cancer size at detection.
The degree of this improvement in proguosis after early detection had first been
estimated on the basis of survival differences between women with screen-
detected cancer and women with cancer diagnosed in the control group of the
HIP trial {category-specific estimates based on differences in lymph node metas-
lases), corrected for lead time (42,44). An additional amount of improvement
had 1o be (plausibly) assumed to achieve the reduction by the model as observed
in more modern trials, such as those conducted in Malmé, Kopparberg, and
Ostergdtiand (f4). The number | minus the ratio of the risk of dying of screen-
detected breas| cancer divided by tle risk when the cancer had been diagnosed in
the absence of screening was estimated to be 0,80, 0.73, 0.51, and 0.35, respec-
tively, for cancers screen detected in stages Tla, T1b, Tle, and T2+. Before the
Swedish overview was published, we simulated the Malmd, Kopparberg, and
Ostergéiland (rials, vsing these assumptions and taking into account the differen-
ces in desipn, The simulated reduction in the breast cancer mortality rate (given
the nawural history, perfonnance of screening, and the epidemiology as described
before) was the same as the weighted average reported from these trials for
women aged 50-69 years, under the assumption that sensitivity and mean dura-
tion of preclinical, screen-detectable disease did not differ strongly from the
Dutch situation (70.75.16). Appendices on all the variables taken into account in
the model are published in ({7,/4).

Swedish Trial Characteristics and Overview of Mortality
Reduction

For the present analysis, each of the five Swedish screening programs was
characterized, including intervention for the control group after a specific time
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(as in the follow-up model}. A review of all publications from the five trials, up-
dated with personal information from the trialists, provided nine specific charac-
teristics of all five trials: ) age distribution at entry, 2} attendance rates for first
round in the study group by age, 3) screening interval for study group by age and
period, 4) slart of intervention in control group, 5) attendance rates for first
round in (he control group by age, 6) assumed screening interval by age for
women from the study and control groups after discontinuation of the trial {start
intervention control group}, 7) mean duration of follow-up, 8) woman-years per
age and study and control category up to December 31, 1989 (Table 1). With
these characteristics, for all women who entered the tials in either arm or either
age group, both the number and timing of screens are determined on the basis of
the mean follow-up period, the screening interval, and the attendance pattern in
each trial. For example, the women in the study group of the Stockholm trial
who had an average follow-up of 8.3 years and an average screening interval of
2.3 years will have had a maximum of four screens. Women in the control group
were invited to participate in screening an average of 4.0 years after the start of
the trial for the first time and may have had two screens in this analysis (8.3 —
4.0 divided by the 2.3-year interval). The attendance rates in some subsequent
rounds are known, but the attendance rates in subsequent rounds of first at-
tenders versus first nonattenders are published for only the Kopparberg,
Ostergditland, and Stockholm trials and were assumed to be the same in the other
trials ¢characteristic 9). If no information was available, we assumed that, after
the first screening of the control group, women had been invited to participate in
screening up to December 31, 1989, according to actual age and according 10 the
jnitial screening policies, The screening policy and, therefore, the number and
timing of screens afier age 50 for women who enlered the studies at 40-49 years
of age are certainly different in the intervention and control arms of the Koppar-

berg and Ostergttland trials, since each trial had a different screening interval
according to age at entry. Information was not available for all trizls on the age-
specific percentages of women in the control group who had mammography for
nonsymptomatic reasons before being invited to participate in the screening. We
have net assumed any difference in sensitivity with regard to one-view or two-
view mammopraphy.

The underlying model of the natural history of disease, the age-specific sen-
sitivity and the age-specific improvement in prognosis were assumed to be the
same for all the trials, and the expected case fatality (and breast cancer deaths
differences between the study and control groups) was compared with the ob-
served, for all trials together, taking inlo account the different designs of the five
trials, The observed number of breast cancer deaths in each trial by age group at
entry into the trial was based on the recent combined (independent) analysis of
all causes of death among breast cancer patients in the trials, using the so-called
follow-up model (4,5). By having detailed information on the number of deaths,
screening policies, and designs for younger and older women, we could estimate
the improvement in prognosis for screen-detected cases specifically per age
category in the present analysis based on the recent everview. Since we had ear-
lier estimates on improvement in prognosis based on the Malm&, Kopparberg,
and Ostergétland trials, we could compare these estimates with the new es-
timates, Finally, the expected consequences of the UK. and Dutch screening
policy were recalculated on the basis of the new information.

Statistical Analysis

Adaptation of the model was tested by using the surn of the squared differen-
ces between the observed and expected numbers of breast cancer deaths in each

Table 1. Characteristics of the five Swedish randomized breast cancer-screening trials used in predicting effect on breasl cancer mortality reduction rates with one
model of natural history of breast cancer and screening quality

Trial
Characteristic Malmd Kopparberg Ostergdtland Stockholm Giteborg
Age ateniry, ¥ 45-69 40-74 40-74 40-64 40-59
Attendance of wome invited for mammographic
screening, first round, % .
<50 7 94 93 81 85
50-59 78 93 90 80 83
60-69 o8 9N 85 81 —
270 — 3] 76 — —
Screening interval, y (age range) 1.75% 2.0(40-49) 2.5,2.0F (40-49} 23 1.5
2.8 &50%,: 2.52.81 (2500%
Attenders’ (attending previous round) attendance, %
<50 85 94 23 95 87
50-59 85 95 91 95 23
60-63 85 91 83 95 —
270 — 30 72 — —
Nonattenders’ (not attending previous round) attendance, %
<50 30 50 29 1o 40
50-5% 30 43 30 16 28
60-69 0 33 21 16 —
270 — 37 25 — —
Intervention control —_ 6.8 7.0 4.0 7.0 (40-49)
group, ¥ afler randomization (age range) 5.0(50-59)
Autendance rate, %, first-round control group
<50 — 90 90 kil 67
50-59 — 87 87 77 78
60-69 — 20 80 79 —
Assumed screening interval, y, 1.75 2.0/2.8% 1.25f2.25% 2.3 1.5
control group/study group after
stopping trials
Mean follow-up, ¥ 1.8 10.2 9.7 8.3 6.2

*Average, depending on breast density.
1First round, subsequent rounds.

$O0uly two screens 270,

$According to actual age.
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of the five trials divided by the estimated variance. The expected number of
deaths and variance were derived by assuming the total number of deaths as ob-
served.and 2 binomial distribution over the study and control groups. The out-
comes are chi-squared distributions with four degrees of freedom. We used the
Mantel-Haenszel method to calculate the average of the relative risks (RRs)
modeled for the differemt trials. The model was fitted to the observed average
values of 0.70 (ages 50-69 years) and 0.90 (ages 40-49 years). The precision of
these values was equal to what was observed.

Results

Table 2 shows the observed number of breast cancer deaths
and RRs in all study and control groups combined per age
category as well as the expected numbers and RRs obtained
from the model. In all variants, we used the same underlying
model of the natural history of disease and performance of
screening for each of the five trials (i.e., sensitivity and mean
duration of preclinical, screen-detectable disease by age and
stage). The simulation of the specific Swedish trial designs then
leads to different numbers of screen-detected cancers in the dif-
ferent stages, with a consequent reduced risk of dying of breast
cancer. Also, one identical parameter for improvement in prog-
nosis was assumed for all trials. First, this stage- and age-spe-

cific parameter was estimated to make the results of the model
for all trials together consistent with the newest observed averall
30% reduction rate for ages 50-69 years (line a). Table 2 also
shows the results from the trials and the medel for women aged
40-49 years {or 45-49 years) at the time of random assignment
(lines b-d). The observed reduction rate in the group aged 40-49
years for all trials combined was 10%, a third of that in the age
group 50 years or older. All screen-detected cases resulting from
the design and the underlying model have been given the same
improvement in prognosis (line b), equal to the one estimated
for women above 50 years of age (as in fine a). With that as-
sumption, we would have expected an overall 23% reduction in
breast cancer mortality {RR = 0.77) for all women aged 40-49
years at trial entry, given the characteristics and the follow-up
periods of all trials (ine b). Assuming no improvement in prog-
nosis for cancers that are screen detected before 50 years of age
and the same improvement as in line a for cancers that are
screen detected at age 50 years or more, a 7% mortality reduc-
tion between the invited groups and the control groups would
have been expected at the end of follow-up of these five trials
(line ¢). In other words, in a so-called pessimistic variant in
which there is no benefit in the model for women whose cancer

Table 2, Woman-years and observed numbers of breast cancer deaths in study and control groups and RRs for all five Swedish trials combined, per age category,
comparad with expected ones with the medel having different assumptions oo improvement in prognosis for screen-detected cases for women aged 40-49 years

Woman-years® Observed breast cancer deaths*

Expected breast cancer deaths

(x 100} (all 5 trials combined} {by computer model)
Study Controt Study Control Swdy Conrrol
ETOUp group group group RR graup group RRYT
{a) Women aged 50-69 years entering trial; assuming an observed overall 30% reduction (RR = 6.70) in the risk of women
aged 50-69 years dving of breast cancer, for all trials, and fitting this same reduction to the model (RR = 0.70) for consistency.
o1t 725 281 312 0.704 27533 3177 0.70%
(b) Women aged 40-49 years entering trial; assuming an improvement in breast cancer prognosis equal to the one estimared
Sfor women aged 50 years or above as int a.
428 350 84 73 0.50%,1 79.5 79.5 0.779
(c) Women aged 40-49 years entering trial; assuming no improvement in progrosis for cancers that are screen defected before
50 years of age and impravement in prognosis equal io the one estimated for women aged 50 years or above as in a.
428 350 84 75 0.90% Il 86.7 72.3 0.93#
(d) Women aged 40-49 years entering trial; assuming improvenent in prognosis for women aged 40-49 years with screen-
detected cancer to be muckh lower than that estimated for waomen with screen-detected cancer ai ages 50 years and above and the
[uting of expected RR of the model fo precisely that of the observed RR.
428 350 84 75 0.90% ) 85.3 737 0,90%*

*Qbserved number of breast cancer deaths in each trial by age at entry based on recent combined, independent analyses of all causes of death in the mials using the fol-
low-up model and trial end point of December 31, 1989 (4,5); women aged 70 years or older at trial entry were excluded and estimated from numbers of women at entry.

TCalculated by the Mantel-Haenszel method.

$Average of published RRs for ali five wials (0.72 for age group 50-39 years; 0.69 for age group 60-69 (0.72 + 0.69)/2 = 0.70).

§RR estimated to make the result of the model for all trials consistent with the most current observed overall 30% reduction (RR = 0.70; for ages 50-69 years. RR
wis eslimated using Lhe same stage and age-specific parameter for improvement in breast cancer prognosis for al! five trials.

lIObserved reduction in the risk of dying of breast cancer in women aged 40-49 years for all trials combined was 10% (RR = 0.90), one third of that for the age
group 50 years or older (RR = 0.70; 30% reduced risk of dying of breast cancer).

flExpected overal]l 23% reduction rate in breast cancer montality (RR = (0,77} for all women aged 40-49 at trial entry: 1) assuming the improvement in prognosis to
be equal to the improvement estimated for women aged 50-69 years and 2) taking into account the characteristics and the follow-up periods of all trials.

#Expecied 7% reduction rate in breasi cancer mortality (RR = 0,93} for women aged 40-49 years al the start of the trials where there is no benefit in the model for
women whose cancer wis detected by screening before age 50 (compared with no screening), This 7% benefit must be a model-derived result for women whose can-
cer was detected al age 50 or over, where a reduction in risk of dying of breast cancer was assumed. This expected 7% reduction rate (RR = 0.93) indicates that most
of the 10% observed reduction rate (RR = 0.90}, seven of 10 (70%), might be attributed to screening these women in the later rounds when they were already 50
years or elder.

*#hExpected overall RR adjusted to fit the observed mortality reduction for all rials combined (RR = 0,90), Improvement in prognosis for women aged 4{-49 years
witl screen-detected cancer was assumed to be much lower than that estimated tor women aged 50 years or older with screen-detected cancer.
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was detected by screening before age 50 (compared with no
screening), we expected in this analysis that the five trials would
have shown a 7% reduction on December 31, 1989, for women
aged 40-49 years at the start of the trials. This expected 7%
benefit, therefore, must have been derived from the model for
woemen whose cancer was detected at age 50 years or more,
where we did assume a reduction in risk of dying of breast can-
cer. This result shows that most (seven of 10 [70%]) of the ob-
served reduction might be attributed to screening these women
in fater rounds when they were already 50 years old or older. To
simulate the observed mortality reduction for all trials combined
(RR = 0.90}, the improvement in prognosis for women with
screen-detected cancer in this age group had to be assumed to be
much lower than that estimated for women above 50 years of
age with screen-detected cancer; in line d, the parameter has
been adjusted to fit the expected overall RR in this age category
precisely to the observed RR.

Earlier data published in 1988 and 1989 had shown an RR of
1.15 (Malmd, ages 45-54), 0.79 (Malmd, ages 55-69), and 0.62
(Kopparberg and Ostergétland, ages 50-69) between study and
contrel groups (8,/7). In earlier analyses when advising about
the possible introduction of screening in The Netherlands (pub-
lished in 1991}, we had found no evidence for a difference in ef-
ficacy between these trials on the basis of screening policies. If
adjustments were made for interval, attendance, follow-up

period, and age groups, these characteristics were expected to
compensate for each other (/0). The then resulting 32%

weighted (on size of confidence intervals) average reduction
rate in breast cancer mortality for women aged 50-69 years who
were invited to participate in the Malmd, Kopparberg, and

Ostergotland trials seems, however, better than the most recent
results published in 1993 from all five Swedish trials, with 28%

in the age group 50-59 years and 31% in the age group 60-69
years (average, 29.5%) used for this analysis (£). In the present
analysis, however, the Géteborg and Stockholm trials are in-

cluded with less broad age ranges, intermediate attendance rates,

and other screening intervals. Furthermore, more detailed infor-
mation with regard to the characteristics of the trials has become

available. In fact, we now would have expected a smaller over-
all reduction for all five trials with the model of 26.5%
(weighted on trial sizes) if the old estimate (/@) on improvement
in prognosis for screen-detected cases would still hold, The
newest published results from all trials are, therefore, com-
patible with an 11% (29.5/26.5 times) larger improvement in
prognosis for screen-detected case patients aged 50-69 years at
randomization than previously expected.

The predicted breast cancer mortality reduction (not trial
level) in the total population in The Netherlands with mam-
mographic screening once every 2 years for women aged 51-69
vears (Duich nationwide policy) or once every 3 years for
women aged 51.5-63.5 years {(U.K. nationwide policy) can now
be re-estimated, given the performance of screening in The
Netherlands and this interpretation from the Swedish trials. The
estimated improvement in prognosis on the basis of the five
Swedish trials is used for the analysis of mortality reduction. As
a consequence of our analysis, the predictions on reduction can
be adjusted in a more favorable direction, based on the assump-
tion that the high quality of screening can be achieved in such
nationwide programs ({8). Il The Netherlands, a 17% reduction
in the annual total female breast cancer mortality rate seems
realistic (meaning >800 breast cancer deaths prevented per
year). The expected reduction rate of 11% for the other practices
(15% in the group invited to participate in the screening) is like-
ly to be somewhat higher in the United Kingdom because of the
presumably worse clinical stage distribution compared with that
seen in The Netherlands.

For all trials together, we were able to make a good fit (agree-
ment) between the observed reduction and the model. Table 3
shows the expected RRs for each trial and compares them with
the observed RRs. In general, for women aged 50-69 years at
trial entry, the differences in the expected mortality reduction
rate between the (rials are estimated to be relatively small
(range, 24%-32% reduction), considering the different trial
designs. It can be seen that the mortality reduction in this age
group is expected to be the smaliest in the Stockhelm trial be-
cause of its specific characteristics. The Malmi and Géteborg

Table 3, Expecied RRs in each trial per age category if improvement in prognosis is based on all trial results (top line), but individual mial characteristics as in
Table | are taken into account, compared with observed RR (each trial assumed 10 have the same improvement in prognosis for screen-detected cases)

50-69 y 40-49 y
Woman-years*® Woman-years*
> 1000} ¢ 1000)
Observed RR* Observed RR*
Study Control Expected (deaths per study Study Control Expected {deaths per study
Trial sroup group RR group) group Zroup RR group)
All 911 725 0.70F 0.70£(281) 428 350 0.90% 0.90* (84)
Malmé 193 193 .68 086 (79 46 47 0.82 0.51 (8
Kopparberg 249 115 0.70 061 (79 107 56 0.90 0.76 (26)
Ostergitiand 224 213 0.71 0.69 (69 104 106 0.90 1.29 (24
Stockholm 180 100, 0.76 0.65 (33 107 64 095 099 (20)
Giteborg 65 104 068 S 091 2D 64 7 092 0.72 (6)

*Qbserved number of breast cancer deaths in each trial by age at entry based on recent combined, independeit anatyses of all causes of death in the trials using the
follow-up model and trial end point of December 31, 1989 (4.5); women aged 70 or older at trial entry were excluded.

{Calculated by the Maniel-Haenszel method.

TAverage of published RRs for all five trials (0.72 for age group 50-59; 0.69 for age group 60-69; [0.72 + 0.69]72 = 0,70).
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trials’ (with the shortest screening intervals} possibly could have
been expected to lower the mortality relatively more than the
other trials. In reality, the observed reductions varied more
widely (99%-39%). Both the Kopparberg and the Stockholm tri-
als have produced better RRs than expected. On the basis of our
analysis, we expected a better RR for the Goteborg trial and the
Malmé trial than was observed, The numbers, however, clearly
were small, and the variance found in outcome was not larger
than that expected from trials with the same design (chi-square
= 3.05). Random fluctyation in the trial results is the most im-
portant explanation for the remaining discrepancies. Still, one
can argue that differences in the nine important characteristics
of the screening trials that were included in our analysis do not
satisfactorily explain the observed differences in breast cancer
mortality reduction between the five trials.

For women aged under 50 years at trial entry, Table 3 shows
that the Malmd trial (which, for example, has a short screening
interval, no official intervention in the control group, and the
longest duration of the trial) would be expected to result in the
largest breast cancer mortality reduction rate (RR = 0.82). The
two most recently started trials, Goteborg and Stockholm, are
expected to show only small reductions (RR = 0.92 and RR =
0.95, respectively). It is clear that the variation between the tri-
als in the reductions (expected} is larger for this age group
(range, 5%-18% reduction), again given the different designs
and/or follow-up periods. The comparison between expected
and observed results for this age group in each trial is, of course,
strongly hampered by the small number of women invited to
participate and the number of deaths expected {chi-square =
3.20). This situation would make a favorable conclusion about
the Malmd trial for this age group still speculative. If there are
no important details found from the Ostergdtland trial, other
than those taken into account, that differ strongly from the other
four trials, these are probably the best estimates on mortality
reduction, including a strong negative effect from this specific
trial. The Kopparberg trial has better RRs than expected for both
young and older women.

Discussion

This analysis shows that the newest results from the Swedish
randomized breast cancer-screening trials should be seen as
more favorable with regard to the effect of beast cancer screen-
ing for women aged 50-69 years than earlier estimated (only
from the reports from Malmd, Kopparberg, and Ostergdtland).
Although the weighted average observed reduction reported
presently is smaller than the earlier published average, our
analysis shows that specific characteristics of all five trials are
responsible for this. The longer follow-up, the additional details
about the programs, and especially the information about dilu-
tion of the effect due to intervention in the control groups have
been important. It is difficult to say whether the blind and
unifornm ascertainment of the deaths from breast cancer by an in-
dependent panel has influenced results, but for women aged 70
years or older and for women under age 50 years in the
Ostergotland trial, the absolute numbers now classified do differ
strongly from the earlier published numbers (4,5,77). Our
analysis also led to the assumption that the improvement in
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prognosis due to screening for women aged 40-49 years is much
smaller than for women 50 years old or older. About 70% of the
reduction observed in the trials’ resuits for women aged 40-49
years at entry into the trial might be attributed to a reduction due
‘to screening these women when they were 50 vears or older.
This fact should be borne in mind in the expectations for any
trial on women under age 50 years. These results are important
for a correct interpretation of the possible achievement of
screening in present or future programs (/9). Although any trial
or program is unique, we think that a 25% reduction rate for the
invited group aged 50-64 years in the U.K. screening program as
estimated by other investigators (20) seems high, even if this
overview analysis would have been based on the Kopparberg
and Ostergttland trials only. We believe that the present method
provides a good (and maybe the last) opportunity for predictions
to be made on mortality reduction at a2 nationwide level, The
conclusion of the trials and the screening of the control groups
will influence the differences in breast cancer death rates in both
groups with longer follow-up. Also, to interpret the cbserved
mortality differences in the future, analyses including the effect
of intervention in the control groups will be required.

One should be cauticus in interpreting the differences in this
analysis between the observed and expected RRs in each trial.
Without modeling, clearly, the numbers are so small that the
variance in outcome found is not larger than expected from trials
that have the same design. Random fluctuation in the trial
results is the most important explanation for the discrepancies,
but two other possible explanations are important. On the one
hand, certainly a number of details from the trials or the base-
line situation in the populations studied have not been available
to us: regional epidemiclogy (population structure, incidence by
age, stage distribution and treatment, and survival), details about
the influence of the type of random assignment, and especially
details about the sitvation after the first screening of the control
group. Still, given the important details taken inte account for
each trial, this information is unlikely to strongly influence the
present results and conclusions concerning women aged 50-69
years. On the other hand, other factors might have influenced
the outcome of screening. Further research should be injtiated to
quantify the quality of screening, especially in younger women.

Such detailed information is not available in the literature on
all five trials (27). Although it seems appropriate to base this
analysis with respect to the natural history of breast cancer and
age-specific sensitivity partly on Dutch data, where there are no
data available to assume a reasonable difference between both
countries (/3,15), detailed information on detection rates, inter-
val cancers, stage distributions, and the background situation in
each Swedish trial are needed. It would then be possible to es-
timate whether our assumptions with regard to either natural his-
tory or sensitivity might have to be adjusted. The especially
interesting question is whether it is indeed correct to attribute
most of the published mortality reduction for women less than
30 years of age who were invited to screening above this age
group. A standard meta-analysis does not account for the under-
lying parameters causing a possibly different RR in a particular
screening situation.

A further analysis is needed with detailed Swedish screening

data on women aged 40-49 years, Analysis of the other ran-
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domized trials could be performed as shown in this article.
Although such an analysis as ours could never replace actual
data from the different randomized, controlled trials, it wouid be
very meaningful. With longer follow-up, the Swedish trials will
likely show a higher or statistically significant breast cancer
mortality reduction for the women aged 40-49 years at trial
entry, but the analysis shows it will be crucial to get a
reascnable estimate with regard to the amount of reduction
achieved for these women on the basis of screening in later
rounds.
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