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ABSTRACT
The mammography screening trials have shown varying re-
sults. This could be because screening was better in some
trials than in others at advancing the time of diagnosis. If so, 
more cancers would be identified in such trials relative to 
the control group, and fewer of the cancers would have 
reached an advanced stage. I performed a systematic 
 review of the mammography screening trials using meta-
 regression. Finding many cancers was not related to the size
of the reduction in breast cancer mortality (p = 0.19 after 
seven and p = 0.73 after 13 years of follow-up). In contrast, 
finding few cancers in stage II and above predicted a larger 
reduction in breast cancer mortality (p = 0.04 and p =
0.006). This expected association was also found for node-
positive cancers (p = 0.008 and p = 0.04). However, a
screening effectiveness of zero (same proportion of node-
positive cancers in the screened group as in the control 
group) predicted a significant 16% reduction in breast
 cancer mortality after 13 years (95% confidence interval,
9% to 23% reduction). This can only occur if there is bias. 
Further analyses uncovered bias in both assessment of the
cause of death and of the number of cancers in advanced
stages. Consequently, the differences in the reported re-
ductions in breast cancer mortality cannot be explained by 
differences in screening effectiveness. Given that the size
of the bias was similar to the estimated screening effect, 
screening appeared ineffective.

The randomised mammography screening trials have 
shown varying results. After 13 years of follow-up, the
results range from a 42% decrease to a 2% increase in
breast cancer mortality [1]. Debates about how these 
differences are best explained have mainly focused on
trial quality, as some trials appear to be more reliable
than others [1-3]. The most straightforward explanation
– differences in screening effectiveness – has received 
little attention. Screening effectiveness can be perceived 
as the ability to advance the time of diagnosis, which 
leads to identification of more cancers than in an un-
screened control group [3]. A screening programme that 
finds many cancers, e.g. owing to a high sensitivity, 
should therefore lead to a larger reduction in breast

 cancer mortality relative to a control group than a pro-
gramme that identifies fewer cancers. 

One would also expect trials that were more effect-
ive in identifying cancers before they had metastasised 
to yield larger effects [3]. An indication that this may be
the case was provided in a Letter to the Editor in The 
Lancet [4]. The authors found an association between
the risk ratio for detecting node-positive cancers and
the risk ratio for breast cancer mortality [4], but they 
 included only women in the age-group 40-49 years and 
did not describe their methods. 

The objective of this systematic review of the ran-
domised mammography screening trials was to examine
whether there is a relation between screening effective-
ness and breast cancer mortality.

MATERIAL AND METHODS
The primary analysis was a linear regression (meta-re-
gression) analysis weighted by the inverse variance for 
breast cancer mortality in the trials. This analysis related
the screening effectiveness, defined as the log risk ratio 
(RR) of being diagnosed with cancer (including carcin-
oma in situ) within the first seven years to the log RR of 
breast cancer mortality after seven and 13 years, re-
spectively, as the outcome. 

In additional regression analyses, the RRs of stage
II+ cancers (those that are either node-positive or at 
least 2 cm in size) and of node-positive cancers were
used as explanatory variables.

Comprehensive Meta Analysis version 2.2.030, July
2006, was used (random effects model, unrestricted
maximum likelihood).

Searches
The literature search was extensive. I searched PubMed 
with (breast neoplasms [MeSH] OR “breast cancer” OR
mammography [MeSH] OR mammograph*) AND (mass 
screening [MeSH] OR screen*) and combined this search 
with a search on author names [1]. The latest search was
performed in November 2008, and 24,479 records were
imported into ProCite and searched for author names, 
cities and trial eponyms. Reference lists were scanned
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and letters, abstracts, grey literature and unpublished
data were included. 

A total of nine trials were found. They were per-
formed in New York, Canada (two trials), the UK (two
 trials) and Sweden (four trials: Two-County (sometimes
reported separately for the two counties, Kopparberg
and Östergötland), Malmö, Stockholm and Göteborg 
(divided in two sub-trials by age)). The age range 45-64 
years was covered by most trials [1], but the UK Age
Trial only included women between 39 and 41 years 
of age [5]. 

Data
Trial data on relative risks for breast cancer mortality 
 after seven and 13 years from our 2009 Cochrane review 
were used [1]. Furthermore, I extracted data from the 
many papers included in this review on total number of 
cancers (including carcinoma in situ) and number of ad-
vanced cancers (number in stages II-IV and number that 
were node-positive).

Data on breast cancers from the majority of the
 trials vary from publication to publication, mostly be-
cause of changing cut-points for registration, different
age groups and varying numbers of women in the ana-
lyses [1]. All the retrieved data were entered into an

Excel spreadsheet and extensive validity checks were 
performed, e.g. calculation of relative risks for finding
cancers and cancers in specific stages and comparison of 
the results. Data used in the statistical analyses were
checked again by comparing them with trial report data. 
In some cases, the data on the total number of cancers
and the number of women (the denominators for the 
calculations) were slightly different from those of the
Cochrane review [1], as data divided on stage and node-
positivity were used in the present review. However,
 differences were immaterial, as the RRs for cancer de-
tection were either identical or very similar to those of 
the review, the largest difference being 0.05 (1.44 rather 
than 1.49 in the Stockholm trial).

Data were available from all trials on breast can -
cer mortality and on total number of cancers: Canada
[6-10], Malmö [11, 12], Kopparberg [13-15], Östergöt-
land [13, 14], Stockholm [12, 16, 17], Göteborg [18-21], 
New York [22, 23], Edinburgh [24, 25] and the UK Age
trial [5, 26]. Other papers provided additional informa-
tion on the type of cancers [27-33].

Specific issues in the individual trials
In New York, about the same number of cancers was de-
tected in the screened group and the control group, and 
it is therefore surprising that a large effect was reported 
[1]. However, the cause-of-death assessment seems to 
have been biased, and some cancers in the control 
group – and their associated deaths – should have been
excluded, as these patients were diagnosed with breast 
cancer prior to randomisation [1]. The Edinburgh trial 
was cluster-randomised, but this worked so poorly that
26% of the women in the control group and 53% in the
study group belonged to the highest socioeconomic
 level. This resulted in mammographic screening being 
associated with a 26% reduction in cardiovascular mor-
tality among invited women [1], a result that cannot 
have been caused by screening. Sensitivity analyses
were therefore performed that excluded the data from 
the two trials.

Apart from the Malmö trial, the Swedish trials 
 scree ned the whole control group 3-5 years after ran-
domisation [1]. Therefore, the number of cancers found
before the control group screen was used to avoid this
serious contamination. In additional analyses, however, 
the contamination was disregarded and the additional
cancers found at the control screening were included.

In Göteborg, the number of cancers detected be-
fore the control group was screened was only available 
for the youngest age group, 39-49 years [20], whereas
number of deaths after seven years was only available
for the slightly narrower age group 40-49 years [18]. 
Varying denominators have also been reported for the
other Swedish trials, and the denominators that cor-

Regression analysis
Result from the regression analysis of node-positive cancers as a predictor of the reduction in breast
cancer mortality after 13 years, as shown in Figure 2d.

Slope 0.451, SE 0.224, p = 0.045.
Intercept –0.175, SE 0.043, p = 0.00005.

Thus, lnRReffect = 0.451 × lnRRnode-pos –0.175

For RRnode-pos = 1, RReffect = e–0.175 = 0.84, i.e. a 16% reduction in breast cancer mortality.

The 95% confidence interval for this estimate is e–0.1752 × 0.043 = 0.77 to 0.91, i.e. a 9% to 23% reduction in 
breast cancer mortality.

lnRReffect = ln risk ratio for breast cancer mortality
lnRRnode-pos = ln risk ratio for node-positive cancers
SE = standard error

Unrecognized node-positive cancers in the control group
In the Canadian trial, which included women aged 40-49 years, there were 23 breast cancer deaths
among women with node-negative cancers in the study group and 34 breast cancer deaths in the control
group [37], which yields a risk ratio of 23/34 = 0.68 for breast cancer deaths among women with node-
negative cancers.

However, the risk ratio for breast cancer death for the whole trial was 1.14 at that particular point in
time, after 10.5 years of follow-up [37]. Assuming that this risk ratio applies to both node-negative and 
node-positive cancers, which seems reasonable as so many women with node-negative cancer died,
there were far too many deaths among women with node-negative cancers in the control group. We can 
calculate the expected number of deaths, x, from 23/x = 1.14, which gives x = 20.2. Thus, there were 14
deaths too many.

This suggests that 14 cancers that were labelled node-negative in the control group were actually node-
positive.

The reported number of node-positive cancers in the control group was 66 [6]. If we add the 14 cancers
to this number, we get 80 in total, or 1.21 as many (80/66) as those reported.

APPENDIX
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responded to the number of deaths may therefore be
slightly different from those that corresponded to the
number of cancers.

In Östergötland, there were no data on the number 
of cancers that included the control group screen after
about seven years, but data existed after a more ex-
tended follow-up period. The number of cancers in the
study group had increased by only 16% after this add-
itional follow-up [14]. These data were used in the
 analyses, as only the RRs of cancers were needed, and 
these ratios differed very little in the trials when the 
 total number of cancers differed as little as was the case 
in Östergötland.

Tumour data from the control group in Stockholm

had been multiplied by a factor that corresponded 
to the smaller size of this group compared with the
scree ned group [17]. The data were re-corrected for
the  analyses by dividing with this factor.

Data on breast cancer mortality and on the num -
ber of cancers are shown in Table 1 and Table 2, re-
spectively.

RESULTS
Screening effectiveness 
measured as total number of cancers
Screening effectiveness, defined as the RR for the total
number of detected cancers, was not related to the re-
duction in breast cancer mortality, p = 0.19 after seven 

TABLE 1

Study and age group (yrs)

Number of women Number of breast cancer deaths
RR for breast 
cancer mortality

SG, 7 yrs CG, 7 yrs SG, 13 yrs CG, 13 yrs SG, 7 yrs CG, 7 yrs SG, 13 yrs CG, 13 yrs 7 yrs 13 yrs

Ca1, Canada (40-49) 25,214  25,216 25,214 25,216 38  28   105   108 1.36 0.97

Ca2, Canada (50-59) 19,711  19,694 19,711 19,694 38  39   107   105 0.97 1.02

Ma, Malmö (45-70) 21,088  21,195 20,695 20,783  63  66    87   108 0.96 0.81

Ko, Kopparberg (40-74) 39,051  18,846 38,589 18,582  71  52   126   104 0.66 0.58

Ös, Östergötland (40-74) 39,034  37,936 38,491 37,403  53  67   135   173 0.77 0.76

TC, Two-County (40-74) 78,085  56,782 77,080 55,985 124 119   261   277 0.76 0.68

St, Stockholm (40-64) 38,525  20,651 40,318 19,943  53  40    66    45 0.71 0.73

G1, Göteborg (40-49) 10,821  13,101 11,724 14,217   6  10    34    59 0.73 0.70

G2, Göteborg (50-59)  9,926  15,744  9,926 15,744 NA NA    54   103 NA 0.83

NY, New York (40-64) 31,000  31,000 31,000 31,000  81 124   218   262 0.65 0.83

Ed, Edinburgh (45-64) 23,226  21,904 28,628 26,015  68  76   176   187 0.84 0.86

Age, UK Age Trial (39-41) 53,884 106,956 53,884 106,956 NA NA   105   251 NA 0.83

Total 313,714 332,387 395,260 391,538 471 502 1,213 1,505

CG = control group; NA = not available; RR = risk ratio; SG = study group.

Data on breast cancer 
mortality.

TABLE 2

Data on breast cancers; values in [ ] include the control group screen.

Study and age group (years)

Number of cancers

RR

Number of cancers in stage II+

RR

Number of node-positive cancers

RRSG CG SG CG SU SG CG SU

Ca1, Canada (40-49)  426   327 1.30 143 120 5 1.19 102  66 87 1.55

Ca2, Canada (50-59)  460   365 1.26 141 142 5 0.99  98  90 101 1.09

Ma, Malmö (45-70)  588   447 1.32 190 231 13 0.83 NA NA NA NA

Ko, Kopparberg (40-74)  694 [676]a   255 [359] 1.31 [0.91] 228 [NA] 151 [NA] NA 0.73 [NA] NA NA NA NA

Ös, Östergötland (40-74)  621 [720]   464 [682] 1.30 [1.05] 181 [NA] 225 [NA] NA 0.78 [NA] NA NA NA NA

TC, Two-County (40-74) See Ko+Ös See Ko+Ös See Ko+Ös See Ko+Ös See Ko+Ös See Ko+Ös See Ko+Ös 325 [325] 268 [323] 275 [318] 0.88 [0.73]

St, Stockholm (40-64)  371 [428]   127 [217] 1.44 [0.98] 143 [173]  74 [104] 0 0.96 [0.82] NA NA NA NA

G1, Göteborg (40-49)  144 [144]   151 [195] 1.16 [0.90] NA NA NA NA  39 [NA]  73 [NA] NA 0.65

G2, Göteborg (50-59) NA [44] NA [72] NA [0.97] NA NA NA NA  46 [NA]  71 [NA] NA 1.03

NY, New York (40-64)  426   439 0.97 162 190 31 0.86 102 121 59 0.84

Ed, Edinburgh (45-64  395   268 1.39 228 221 6 0.97 145 144 227 0.95

Age, UK Age Trial (39-41)  482   821 1.17 NA NA NA NA 124 276 248 0.89

Total 4,607 3,664

CG = control group; NA = not available; RR = risk ratio; SG = study group; SU = stage unknown.
a) Fewer cancers than without control group screen, as these data come from another paper and data for this trial were not consistently reported.
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years (Figure 1a) and p = 0.73 after 13 years of follow-up 
(Figure 1b). Figure 1a shows a clustering of widely vary-
ing mortality estimates for approximately the same 
screening effectiveness. Furthermore, the New York 
trial is an outlier that unduly influences the analysis,
shifting the regression line upwards, although a down-
ward trend is expected, as detection of more cancers
in the screened group should decrease breast cancer 
mortality. Regression analysis after exclusion of the
 trials from New York and Edinburgh (see Material and 
methods) is more appropriate, but did not change the
findings (p = 0.43 after seven years and p = 0.61 after 
13 years).

When the cancers detected at the control group
screen were included, there was a significant relation-
ship between screening efficiency and the reduction in 
breast cancer mortality with good fits to the regression
lines (Figures 1c and 1d). However, this relationship was
the opposite of that which was expected. The more simi-
lar the number of cancers in the screening and the con-
trol groups, the larger the effect (p = 0.02, both after
seven and 13 years). This relationship remained after 

 exclusion of the New York and Edinburgh trials (p = 0.02
and p = 0.005, respectively).

Screening effectiveness 
measured as advanced stage cancers
For cancers in stage II and above, a significant relation-
ship in the expected direction was found, i.e. fewer ad-
vanced cancers in the screened group than in the con-
trol group predicted a larger reduction in breast cancer 
mortality, both after seven years (p = 0.04) and 13 years 
(p = 0.006) (Figures 2a and 2b). This relationship re-
mained after exclusion of the New York and Edinburgh 
trials (p = 0.04 and p = 0.006, respectively).

Also for node-positive cancers, the expected trends
were significant (p = 0.008 after seven years and p = 
0.04 after 13 years) (Figures 2c and 2d). This relationship 
persisted also after exclusion of the New York and
Edinburgh trials (p = 0.03 and p = 0.02, respectively).

Evidence of bias
The four regression lines for advanced cancers predicted
a relative risk in breast cancer mortality ranging from

RR = risk ra�o
Age = UK Age Trial, 39-41 years;  Ca1 = Canada, 40-49 years;  Ca2 = Canada, 50-59 years;  Ed = Edinburgh, 45-64 years:  G1 = Göteborg, 40-49 years;
G2 = Göteborg, 50-59 years;  Ko = Kopparberg, 40-74 years;  Ma = Malmö, 45-70 years:  NY = New York, 40-64 years;  St = Stockholm, 40-64 years;
Ös = Östergötland, 40-74 years.
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0.84 to 0.91 for zero screening effectiveness (same pro-
portion of advanced cancers in the screened group as
in the control group, i.e. RR = 1 for number of cancers, 
and log RR = 0). In the most powerful analysis, which
was after 13 years for node-positive cancers (Figure 2d), 
a screening effectiveness of zero predicted a relative
risk of 0.84 for breast cancer mortality. This 16% reduc-
tion in breast cancer mortality was highly significant
(p < 0.001; 95% confidence interval, 9% to 23% reduc-
tion, see appendix for details). This can only occur if 
there is bias, as it is not possible to obtain an effect with 
a screening effectiveness of zero.

DISCUSSION
Screening advances the time of diagnosis, and the total
number of cancers detected in a screened group relative
to the number detected in a control group is therefore
an unbiased measure of screening effectiveness [3].
Some of the screening-detected cancers were not des-
tined to cause symptoms or death in the women’s re-
maining lifetime [34], but the extent of this overdiagno-
sis is rather closely related to the ability to advance the

time of diagnosis because when the lead-time is longer, 
more women will die from other causes before their 
cancers become symptomatic.

The better screening is at advancing the time of 
 diagnosis, the more cancers will be found in a screened
group compared with a control group. Furthermore, 
fewer of these cancers will be advanced, which is the 
objective of screening. Thus, an effective screening pro-
gramme would be expected to yield a relatively large RR 
for the total number of cancers detected and a relatively
low RR for the number of advanced cancers. It wasw
therefore surprising that there was no relation between
breast cancer mortality and screening effectiveness cal-
culated on the basis of the total number of cancers, 
given that – in the same trials – breast cancer mortality 
was clearly more reduced in those trials that had fewer 
advanced cancers in the screened group.d

This discrepancy and the fact that zero screening
 effectiveness was associated with a 16% reduction in 
breast cancer mortality suggest that the number of ad-
vanced cancers or the number of breast cancer deaths, 
or both, is biased in favour of screening. For simplicity, 

FIGURE 2

Meta-regressions of the
risk ratio for detecting 
breast cancer and the risk 
ratio for dying from breast
cancer. The circle areas
are proportional in size to
the weights. The x-axis
shows screening effective-
ness and the y-axis shows
the effect of the screen-
ing. 
A. Number of cancers in
stage II and above, breast 
cancer mortality after
7 years.
B. Number of cancers in
stage II and above, breast 
cancer mortality after
13 years.
C. Number of node-
 positive cancers, breast 
cancer mortality after
7 years.
D. Number of node-
 positive cancers, breast 
cancer mortality after
13 years. The hatched line
represents an unbiased 
regression line that
crosses (0.0) and has 
the same slope as the
 calculated regression line.

RR = risk ra�o
Age = UK Age Trial, 39-41 years;  Ca1 = Canada, 40-49 years;  Ca2 = Canada, 50-59 years;  Ed = Edinburgh, 45-64 years;  G1 = Göteborg, 40-49 years;
G2 = Göteborg, 50-59 years;  Ko = Kopparberg, 40-74 years;  Ma = Malmö, 45-70 years;  NY = New York, 40-64 years;  St = Stockholm, 40-64 years;
TC = Two-County, 40-74 years;  Ös = Östergötland, 40-74 years.
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the influence of each potential bias will be explored sep-
arately below under the assumption that the other bias
does not exist and using data on node-positive cancers
and mortality after 13 years.

Bias in number of node-positive cancers
Many values were missing. The number of node-positive
cases was only twice that of cases with unknown nodal
status (Table 2). Node-negative cancers are not relevant,
as many of these are overdiagnosed. Metastatic disease
is considered the best proxy for breast cancer mortality,
but more women with positive nodes failed to be iden-
tified in the control group than in the study group, as
control group women were more likely to be treated 
in centres where careful nodal dissection was not the 
norm. This problem has been acknowledged for the
Two-County and Canadian trials [35, 36] and is sup-
ported by the finding that in the Canadian trial covering
women in the age group 40-49 years, 47% of those who
died of breast cancer in the control group had node-
 negative cancer compared with only 28% in the mam-
mography group [1, 37]. 

An estimate of the size of this bias can be obtained
from the Canadian trial [6, 37]. Based on the RR for 
breast cancer mortality and assuming that this risk ap-
plies to both node-negative and node-positive cancers, 
which seems reasonable, as so many women with node-
negative cancer died, there should be 1.2 times more
node-positive cancers in the control group than actually 
reported (see appendix for details). If we multiply the
number of node-positive cancers in the control groups
of each trial in Table 2 by 1.2, the regression analysis 
shows a reduction in breast cancer mortality of 9% for
zero screening effectiveness. Thus, if the Canadian find-
ings can be generalized, about half of the 16% observed 
bias can be explained by underreporting of node-posi-
tive cancers in the control group.

Bias in assessment of cause of death
Assessment of the cause of death is inevitably biased
in favour of screening, even when data from official
cause-of-death registers are used [1]. One reason for
this is that women who are screened are more likely to 
receive radiation treatment than controls, leading to an 
increa sed mortality from other causes and also to a re-
duction in local breast cancer recurrence. This makes it
more likely that screened women with breast cancer will 
be assigned another cause of death [1].

The 16% bias in the regression analysis would dis-
appear if we multiplied the number of breast cancer
deaths in Table 1 in the screened group by 1.2, which 
would lead to zero effect for zero screening effective-
ness. The factor 1.2 means that an additional 20% breast 
cancer deaths were missed in the screened groups. This 

may seem unrealistic, but the Östergötland trial shows 
that it can occur. The Östergötland investigators, who 
were not blinded when they assessed the cause of 
death, reported a 24% reduction in breast cancer mor-
tality, whereas the official cause-of-death register
showed only a 10% reduction [1]. The difference be-
tween 24% and 10% corresponds to an additional 19% 
of breast cancer deaths in the screened group.

Data to facilitate an estimate of this bias are lacking
from other trials, apart from the New York Health In-
surance Plan (HIP) trial. In the New York HIP trial, differ-
ential misclassification may be responsible for about half 
of the reported breast cancer mortality reduction since
a similar number of dubious cases were selected for 
blinded review from each group, while a much smaller 
proportion of the screened group was finally classified 
as having died from breast cancer [38]. 

Limitations
The assumption of linearity appears reasonable. Al-
though the trials spanned almost 30 years, the data 
points for advanced cancers (Figure 2) were nicely dis-
tributed around the regression lines. Furthermore, the
choice of statistical model was immaterial. A fixed effect
model is usually not recommended for meta-regression,
but it gave the same result for the most powerful ana-
lysis as the random effects model. I did not incorporate
the variance in the number of cancers in the analyses, 
but that would not have made any material difference
either. The greatest uncertainty stems from the mor-
tality estimates because of the relatively small number 
of events.

The sensitivity and specificity of mammographic
readings in the trials seem not to have changed since the
New York trial [1]. It is therefore difficult to understand
why the trials from Kopparberg, Östergötland, Stock-
holm and Göteborg, which screened the whole control
group 3-5 years after randomisation and therefore had
small intervention contrasts, were those that reported
the largest reductions in breast cancer mortality after 13
years [1]. I included all trials, also the two flawed trials 
from New York and Edinburgh, to avoid accusations of 
selective reporting, and to facilitate a comparison with 
the smaller study of node-positive cancers in women 
aged 40 to 49 years [4], but it made no difference to the 
results whether or not these trials were included.

It could be argued that it is an oversimplification to
suggest that a screening effectiveness of zero should 
lead to zero effect on breast cancer mortality. Screening 
brings forward the diagnosis of both localised and ad-
vanced cancers, and one might therefore theoretically
see more advanced cases in a screened group than in a
control group and still reduce breast cancer mortality. 
However, such a possibility is of minor relevance com-
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pared with the biases identified in the present study, 
and, more importantly, it cannot explain them because 
most trials have fewer advanced cancers in the screened r
groups than in the control groups (see Figures 2a-d).

Implications for observational studies
The biases I identified were substantial. Furthermore, 
surgical and pathological expertise is likely to vary con-
siderably between regions and over time. This suggests
that comparative observational studies across regions,
countries or time periods may be unreliable if cancer
stages are used as measures of screening effectiveness 
or as surrogate markers for predicting an effect on
breast cancer mortality.

What is the effect of screening?
Comprehensive systematic reviews have suggested that 
mammography screening reduces breast cancer mor-
tality by 15-16% [1, 2]. This estimate is of the same size 
as the bias in the regression analysis of node-positive 
cancers.

Considering also the substantial bias related to
 determination of cause of death, the many flaws in the
design and execution of the trials [1, 2] and the lack of 
an effect on all-cancer mortality, it seems reasonable 
to question whether screening has any life-extending 
 effect [1, 2]. The present study and recent observational 
studies [39] support this concern.

CONCLUSION
The differences in the reported reductions in breast
 cancer mortality in the screening trials cannot be ex-
plained by differences in screening effectiveness. It is
not clear what the effect of screening is, as the size of 
the bias was similar to the estimated effect. 
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