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 Purpose: To estimate the long-term (29-year) effect of mammographic 
screening on breast cancer mortality in terms of both rel-
ative and absolute effects.

 Materials and 
Methods: 

This study was carried out under the auspices of the Swedish 
National Board of Health and Welfare. The board deter-
mined that, because randomization was at a community 
level and was to invitation to screening, informed verbal 
consent could be given by the participants when they at-
tended the screening examination. A total of 133 065 women 
aged 40–74 years residing in two Swedish counties were 
randomized into a group invited to mammographic screen-
ing and a control group receiving usual care  . Case status 
and cause of death were determined by the local trial end 
point committees and, independently, by an external com-
mittee. Mortality analysis was performed by using negative 
binomial regression.

 Results: There was a highly signifi cant reduction in breast cancer 
mortality in women invited to screening according to both 
local end point committee data (relative risk [RR] = 0.69; 
95% confi dence interval: 0.56, 0.84;  P   ,  .0001) and con-
sensus data (RR = 0.73; 95% confi dence interval: 0.59, 0.89; 
 P  = .002). At 29 years of follow-up, the number of women 
needed to undergo screening for 7 years to prevent one 
breast cancer death was 414 according to local data and 
519 according to consensus data. Most prevented breast 
cancer deaths would have occurred (in the absence of 
screening) after the fi rst 10 years of follow-up.

 Conclusion: Invitation to mammographic screening results in a highly 
signifi cant decrease in breast cancer–specifi c mortality. Eval-
uation of the full impact of screening, in particular esti-
mates of absolute benefi t and number needed to screen, 
requires follow-up times exceeding 20 years because the 
observed number of breast cancer deaths prevented in-
creases with increasing time of follow-up.

 q  RSNA, 2011

   1   From the Departments of Mammography (L.T.), Surgery 
(A.C.), and Pathology (T.T.), Falun Central Hospital, Falun, 
Sweden; Department of Mammography, University of 
Linköping, Linköping, Sweden (B.V.); Graduate Institute of 
Epidemiology and Preventive Medicine, National Taiwan 
University, Taipei, Taiwan (T.H.H.C.); School of Oral Hygiene, 
Taipei Medical University, Taipei, Taiwan (A.M.F.Y., S.L.S.C.); 
Department and Graduate Institute of Health Care Manage-
ment, Chang Gung University, Taoyuan, Taiwan (S.Y.H.C.); 
Department of Nutrition and Health Sciences, Kainan 
University, Taoyuan, Taiwan (J.C.Y.F.); Regional Cancer 
Center, Southeast Sweden, University Hospital, Linköping, 
Sweden (J.R., H.F.); American Cancer Society, Atlanta, Ga 
(R.A.S.); and Cancer Research UK Centre for Epidemiology, 
Mathematics and Statistics, Wolfson Institute of Preventive 
Medicine, Barts and the London School of Medicine and 
Dentistry, Queen Mary University of London, Charterhouse 
Square, London EC1M 6BQ, England (S.W.D.). Received 
March 22, 2011; revision requested April 14; revision 
received May 2; accepted May 3; fi nal version accepted 
May 5. Supported by the County Councils of Kopparberg 
(now Dalarna) and Östergötland and the American Cancer 
Society through a gift from the Longaberger Company’s 
Horizon of Hope Campaign.  Address correspondence to  
S.W.D. (e-mail:  s.w.duffy@qmul.ac.uk    ). 

  q  RSNA, 2011 



Radiology: Volume 260: Number 3—September 2011 n radiology.rsna.org 659

 BREAST IMAGING:  Impact of Mammographic Screening on Breast Cancer Mortality Tabár et al

was compared with breast cancer mor-
tality among cases diagnosed in the PSP 
(symptomatic cancers and those detected 
at the closure screening examination) 
during the trial period ( 1 ). Although all 
women in the trial have been followed 
up to calculate the person-years at risk, 
the breast cancer deaths reported per-
tain to follow-up of women with cancers 
diagnosed during the screening phase 
of the trial. Follow-up was to December 
31, 2005, in Dalarna and to December 
31, 2006, in Östergötland (ie, 28 and 
29 years after the start of the trial). 

 The county councils appointed local 
trial end point committees consisting of 
physicians (chiefs of the departments 
of mammography, surgery, and pathol-
ogy and, in Östergötland, the chief of 
oncology). Case status and cause of death 
were determined by these committees 
after detailed review of patient records 
and autopsy data (where the latter were 
available). The cause of death was de-
termined according to strict guidelines 
( 2 ). In 1987, the Swedish Cancer So-
ciety set up an overview committee to 
review all of the randomized mammog-
raphy trials in Sweden, including the 
Dalarna-Östergötland trial. The over-
view com mittee performed two over-
views by collecting data from all four 
Swedish mammography trials ( 9,10 ). 
Although the fi rst overview used an end 

within 19 socioeconomically homoge-
neous strata into either the active study 
population (ASP), which was invited to 
undergo one-view screening mammog-
raphy, or the control group, the passive 
study population (PSP), which received 
usual care. The ASP/PSP randomization 
ratio was approximately 1:1 in Östergöt-
land and 2:1 in Dalarna. After exclusion 
of women with previously diagnosed 
breast cancer, there were 77 080 women 
in the ASP and 55 985 in the PSP. The 
trial began in 1977 in Dalarna and in 
1978 in Östergötland. The trial was grad-
ually built up by successively random-
izing the matched ASP and PSP geo-
graphic clusters step-by-step during a 
31-month period in Dalarna and during 
a 34-month-period in Östergötland ( 8 ). 

 The screening phase of the trial lasted 
approximately 7 years. Women aged 40–
49 years at randomization were invited 
to screening every 24 months on aver-
age, and women aged 50–74 years were 
invited to screening every 33 months on 
average. The screening method was one-
view screen-fi lm mammography with sin-
gle reading—without physical examina-
tion. In Dalarna, screening ceased in 
women aged 70–74 years after the second 
round of invitations, although cancers 
diagnosed thereafter and breast can-
cer deaths from these cases were still 
included in the results. The screening 
phase of the trial ended with the PSP 
cluster in each matching ASP-PSP pair 
being invited to screening in the same 
order as their initiation into the trial 
( 8 ). The fi rst mortality results of the trial 
were published in 1985 ( 1 ), showing a 
signifi cant 30% reduction in mortality 
from breast cancer among women in-
vited to screening. Breast cancer mor-
tality among all cancer cases diagnosed 
in the ASP (cancers detected during 
screening, cancers diagnosed in the in-
terval between screening examinations, 
and cancers diagnosed among nonat-
tenders [subjects who failed to attend 
one or more screening examinations]) 

             The Swedish Two-County Trial of 
mammographic screening was the 
fi rst breast screening trial to show 

a reduction in breast cancer mortality 
from screening with mammography alone, 
fi nding a 30% reduction in breast cancer 
mortality among 40–74-year-old women 
invited to screening ( 1 ). Regular updates 
of the trial data have shown that the 
relative effect of invitation to screening 
on breast cancer mortality has remained 
stable over extensive follow-up ( 2–4 ). 
The absolute benefi t in terms of lives 
saved, however, has increased with longer 
follow-up times ( 2,5,6 ). Because breast 
screening prevents deaths in the medi-
um to long term, rather than in the im-
mediate future, long-term follow-up (at 
least 15 years) is required to estimate 
the absolute number of breast cancer 
deaths prevented ( 6 ). 

 The purpose of this study was to es-
timate the long-term (29-year) effect of 
mammographic screening on breast can-
cer mortality in terms of both the rela-
tive and absolute effects. 

 Materials and Methods 

 The design of the Swedish Two-County 
Study has been described previously ( 1,7 ). 
Briefl y, the female population aged 40–
74 years in two counties—Dalarna (then 
called Kopparberg) and Östergötland—
was divided into 45 geographic clus-
ters. These clusters were randomized 
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consensus with the Swedish overview 
committee are shown in  Table 2  . The 
numbers of cases and deaths differed 
only slightly ( , 10%) from those ob-
tained by the local end point committee. 
There were 339 breast cancer deaths in 
each group according to the consensus 
determination. 

  Figure 1   shows the cumulative breast 
cancer mortality in the ASP and PSP 
groups according to the local end point 

local end point committee data. In the 
ASP, a minority of tumors ( n  = 498, 35%) 
were symptomatic; however, these can-
cers contributed to the majority of breast 
cancer deaths ( n  = 186, 53%). There were 
351 breast cancer deaths among the 
77 080 subjects in the ASP group and 
367 deaths among the 55 985 subjects 
in the PSP group. The corresponding 
results ob tained with use of the case 
status and death end points from the 

point committee similar to the ones used 
in this trial (consisting of a radiologist, 
a surgeon, a breast pathologist, and an 
oncologist—experts in the diagnosis and 
treatment of breast cancer), the second 
overview relied on data from the national 
registry, and, in each instance, the over-
view committee used slightly different in-
clusion and/or exclusion criteria. These 
differences resulted in differences in the 
numbers of cases and deaths in subse-
quent reports. In an effort to reconcile 
these differences, a third independent 
overview committee was established by 
the Swedish Cancer Society to develop a 
consensus breast cancer case status and 
cause of death ( 11 ). Results from the 
original Dalarna-Östergötland trial end 
point committee and the third overview 
committee are presented herein. 

 This study was carried out under the 
auspices of the Swedish National Board 
of Health and Welfare. The board deter-
mined that, because randomization was at 
a community level and was to invitation to 
screening, informed verbal consent could 
be given by the participants when they 
attended the screening examination. 

 Mortality analysis was performed by 
using negative binomial regression, yield-
ing conservative standard error estimates, 
and signifi cance testing to account for 
additional uncertainty introduced by the 
cluster randomization ( 12 ). Relative risks 
(RRs) of breast cancer death and 95% 
confi dence intervals were calculated and 
analyzed according to intention to treat 
(ie, breast cancer deaths in the ASP 
and PSP were compared independent of 
screening status). We converted these 
estimates to absolute numbers of breast 
cancer deaths prevented and calculated 
numbers needed to screen for different 
follow-up times, taking into account the 
different sizes of the ASP and PSP ( 5 ). 
A computer package (Stata, version 10.1; 
Stata, College Station, Tex) was used for 
statistical analysis. 

 Results 

  Table 1   shows the number of tumors 
diagnosed during the screening phase 
of the trial along with breast cancer 
deaths from these tumors over a maxi-
mum follow-up of 29 years by using the 

 Table 1 

 Local Trial End Point Committee Data: Breast Cancer Cases and Deaths during 
29 Years of Follow-up   

Group No. of Subjects
No. of Subjects Who Died 
from Breast Cancer 

ASP
 All detected cancers 1426 351
 Cancers detected before fi rst screening examination 28 (2) 9 (3)
 Cancers detected at fi rst screening examination 427 (30) 81 (23)
 Cancers detected at second (or later) screening examination 501 (35) 84 (24)
 Cancers detected between screening examinations 300 (21) 91 (26)
 Cancers detected in nonattenders   140 (10) 77 (22)
 Cancers detected after screening stopped * 30 (2) 9 (2)
PSP
 All detected cancers 1042 367
 Cancers detected before screening examination 755 (72) 332 (90)
 Cancers detected at fi rst screening examination 287 (28) 35 (10)

Note.—Numbers in parentheses are percentages.

* In subjects at least 70 years old.

 Table 2 

 Swedish Overview Committee Consensus Data: Breast Cancer Cases and Deaths 
during 29 Years of Follow-up 

Group No. of Subjects
No. of Subjects Who Died 
from Breast Cancer 

ASP
 All detected cancers 1439 339
 Cancers detected before fi rst screening examination 30 (2) 12 (4)
 Cancers detected at fi rst screening examination 430 (30) 76 (22)
 Cancers detected at second (or later) screening examination 503 (35) 81 (24)
 Cancers detected between screening examinations 298 (21) 89 (26)
 Cancers detected in nonattenders 148 (10) 71 (21)
 Cancers detected after screening stopped * 30 (2) 10 (3)
PSP
 All detected cancers 1049 339
 Cancers detected before screening examination 764 (73) 308 (91)
 Cancers detected at fi rst screening examination 285 (27) 31 (9)

Note.—Numbers in parentheses are percentages.

* In subjects at least 70 years old.
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committees. There were 351 breast can-
cer deaths in the ASP group and 367 
deaths in the PSP group by the end of 
follow-up. Taking into account the dif-
ferent sizes of the ASP and PSP groups, 
there was a highly signifi cant reduction 
in breast cancer mortality in the popu-
lation invited to screening (RR = 0.69; 
95% confi dence interval: 0.56, 0.84;  P   ,  
.0001). Taking the years of life saved as 
the area between the curves, this gives 
42 years of life saved per 1000 women 
invited to screening.  Figure 2   shows the 
corresponding results obtained with data 
from the Swedish overview consensus. 
A lesser but still highly signifi cant re-
duction in mortality was observed with 
the consensus data (RR = 0.73; 95% con-
fi dence interval: 0.59, 0.89;  P  = .002). 
The estimated years of life saved from the 
consensus data was 34 per 1000 women 
invited to screening. 

  Table 3   shows the absolute numbers 
of deaths prevented and the estimated 
numbers of women needed to screen 
during the 7 years of screening to save 
one life, calculated for various periods 
of follow-up, by using the local end point 
committee data. Note that of the 158 
breast cancer deaths prevented over the 
29 years, only 71 (45%) of these were 
observed during the fi rst 10 years. Most 
prevented breast cancer deaths would 
have occurred, in the absence of screen-
ing, after the fi rst 10 years of follow-up, 
that is, more than 3 years after closure 
of the screening phase of the trial. The 

 Figure 1 

  
  Figure 1:  Graph shows cumulative mortality from breast cancer according to 
study group, as determined with local end point committee data.   

 Figure 2 

  
  Figure 2:  Graph shows cumulative mortality from breast cancer according to 
study group, as determined with Swedish overview committee consensus data.   

attendance rate at screening was 85% 
(65 518 of 77 080 subjects). An average 
of 65 518 women participated in each 
round of mammographic screening, re-
sulting in a total of 211 303 exami nations 
( 5 ). Thus, the number of women needed 
to screen for a period of 7 years to 
prevent one breast cancer death (as cal-
culated at 29-year follow-up) was 414 
(65 518  4  158). There were 1334 mam-
mographic screening examinations per 
death avoided.  Table 4   shows the cor-
responding results from the consensus 
data. There were 126 breast cancer deaths 
prevented in follow-up to 29 years. Again, 
most deaths were prevented after the 
fi rst 10 years of follow-up. To prevent one 
breast cancer death, the correspond-
ing estimates from these data were as 
follows: 519 women need to be screened 
for 7 years, 400 need to be screened for 
10 years, and 1677 mammographic ex-
aminations need to be performed. 

 Discussion 

 The Swedish Two-County Trial has the 
longest follow-up of any breast screening 
trial, with a maximum 29-year follow-up 
for breast cancer mortality. The original 
report documented a 30% reduction in 
breast cancer mortality with invitation 
to screening according to the cause of 
death determination by the local end 
point committee ( 1 ). This result has 
persisted throughout the long follow-up 
period. After a comprehensive review 

in collaboration with the Swedish Cancer 
Society’s independent overview investi-
gators, a consensus end point gave a 
smaller but still substantial and highly 
signifi cant reduction in breast cancer 
mortality. The current results confi rm 
the original fi ndings of the trial and are 
consistent with those from the most re-
cent meta-analysis ( 13 ). 

 The trial has also demonstrated a 
substantial absolute reduction in mor-
tality from breast cancer. At 29-year 
follow-up, 34 or 42 years of life were 
saved per 1000 women screened over a 
7-year period, depending on whether the 
local or consensus cause of death end 
point was used. One breast cancer death 
was prevented for each 414 women (local 
committee data) or 519 women (con-
sensus data) screened for 7 years. Had 
the screening continued for 10 years, with 
the same benefi t per screening episode, 
the absolute benefi t would have been 
higher, with approximately 300 women 
needed to screen to save one life. 

 The absolute benefi t corresponds 
to one life saved for 1334 (local com-
mittee data) or 1677 (consensus data) 
mammographic screening examinations. 
This in turn would mean that for 1000 
women screened every 2 years from ages 
40 through 69 years, between eight and 
11 breast cancer deaths would be pre-
vented. In the United Kingdom National 
Breast Screening Program, for every 1000 
women attending three yearly screenings 
from ages 47 to 73 years (nine screen-
ing episodes), fi ve to seven breast cancer 
deaths would be prevented. The relative 
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exposure, the physical and psychologic 
effects of further investigation of suspi-
cious mammographic fi ndings in women 
who are ultimately found not to have 
breast cancer, and overdiagnosis. The 
radiation dose in this trial was consider-
ably less than that in most modern pro-
grams owing to the use of single-view 
mammography ( 7 ). Call-back rates in the 
Two-County Trial were 5.0% at prevalent 
screening and 2.5% at incident screen-
ing ( 7 ). The number of overdiagnosed 
cases in this study has been estimated 
as less than half the number of breast 
cancer deaths prevented and, thus, is a 
small fraction of all cases ( 6 ). 

 In this trial, we used single-view mam-
mography and a 24–33-month interval 
between screening examinations. After 
the trial was closed, practice changed to 
two-view mammography. Two-view mam-
mography and a shorter (usually annual) 
interval represent the standard in the 
United States. There is good reason to 

by 427 + 501 from  Table 1 ) resulted 
in the prevention of one breast cancer 
death. The corresponding fi gure from 
the consensus end point was 14%. These 
empirical estimates from a randomized 
controlled trial refute assertions of 5% 
based on modeling of assumed benefi ts 
calculated from much shorter follow-up 
than ours, unexplained assumptions of 
very high levels of overdiagnosis, and es-
timation of screening performance from 
nonexperimental data ( 14 ). 

 The reduction in breast cancer mor-
tality is also consistent with previously 
reported reductions in the incidence of 
advanced disease, whether defi ned as 
TNM stage II or worse, pathologic size 
larger than 20 mm, or node-positive can-
cer ( 1,3 ). The reductions in mortality 
observed in the breast screening trials 
closely followed the reductions in the in-
cidence of node-positive disease ( 15 ). 

 The major human costs of mam-
mographic screening are the radiation 

benefi t is an underestimate of the true ef-
fect of screening due to nonattendance in 
the ASP and contamination with screen-
ing in the PSP. The absolute estimate 
is unaffected by the former but will be 
slightly conservative owing to the latter. 

 Most of the prevented breast cancer 
deaths were those that would have oc-
curred more than 10 years after inception 
of screening. This has two major implica-
tions:  (a)  Because of the varying growth 
rates of breast cancers, some remain as-
ymptomatic for several years and would 
take some years after symptoms appear 
to lead to death, and  (b)  as in other pri-
mary and secondary prevention activities, 
long-term follow-up is necessary for con-
siderably more than 10 years to estimate 
the absolute effect on clinical outcome. 

 It is also worth considering the abso-
lute numbers of lives saved per screening-
detected case. With use of the local 
commit tee end point, 17% of screening-
detected cases (158 from  Table 3  divided 

 Table 3 

 Local End Point Committee Data: Breast Cancer Deaths Avoided and Number of Women Needed to Screen for 7 Years to Prevent One 
Death according to Follow-up Time 

Time between Randomization 
and Follow-up (y) RR * 

Deaths from Breast 
Cancer in ASP Group

Expected Deaths 
in ASP Group * 

Deaths Prevented 
in ASP Group

No. of Women Needed 
to Screen † 

10 0.74 (0.57, 0.98) 206 277 71 922 (515, 4410)
15 0.70 (0.56, 0.87) 284 408 124 526 (351, 1055)
20 0.70 (0.57, 0.85) 324 465 141 464 (316, 871)
25 0.70 (0.57, 0.85) 347 497 150 436 (297, 815)
29 0.69 (0.56, 0.84) 351 509 158 414 (286, 748)

* Expected deaths if the ASP had the same mortality rate as the PSP, calculated by dividing the observed deaths by the RR (eg, at 10 years, 206/0.7435 = 277 expected deaths).

 †  Numbers in parentheses are 95% confi dence intervals.

 Table 4 

 Swedish Overview Committee Consensus Data: Breast Cancer Deaths Avoided and Number of Women Needed to Screen for 7 Years to 
Prevent One Death according to Follow-up Time 

Time between Randomization 
and Follow-up (y) RR * 

Deaths from Breast 
Cancer in ASP Group

Expected Deaths 
in ASP Group *   

Deaths Prevented 
in ASP Group

No. of Women Needed 
to Screen † 

10 0.80 (0.62, 1.05) 207 257 50 1303 (621, 13 169)
15 0.73 (0.59, 0.92) 274 373 99 663 (412, 1695)
20 0.73 (0.60, 0.90) 311 425 114 577 (370, 1315)
25 0.73 (0.60, 0.90) 335 457 122 539 (346, 1217)
29 0.73 (0.59, 0.89) 339 465 126 519 (336, 1144)

* Expected deaths if the ASP had the same mortality rate as the PSP, calculated by dividing the observed deaths by the RR (eg, at 10 years, 207/0.8046 = 257   expected deaths).

 †  Numbers in parentheses are 95% confi dence intervals.
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one death prevented for every 414 or 519 
women screened for a 7-year period. 
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believe that had two-view mammogra-
phy and a shorter interval been used in 
our trial, the impact on breast cancer 
mortality would have been even greater. 
Studies about mean sojourn time (tumor 
progression rates according to age and 
histologic type), double reading, and the 
value of two-view versus single-view mam-
mography have resulted in the  accep-
tance of two views, 1–2-year intervals, 
and double reading as current standards 
of practice in most programs. In addi-
tion, the technical aspects of the screen-
ing in this study pertained to the era in 
which it took place, the late 1970s and 
early 1980s. Consequently, they differ from 
those prevailing now. Screen-fi lm mam-
mography has been largely replaced by 
digital methodology, which also represents 
improved technology. The application of 
the multimodality approach to screen-
ing is currently under investigation ( 16 ). 

 Cluster randomization introduces ad-
ditional uncertainty to results. As noted 
earlier, we analyzed the data by using 
a conservative method to refl ect this 
possibility. Previous detailed analyses 
taking account of prior within-cluster 
breast cancer mortality and allowing vari-
ation among clusters yielded the same 
results ( 17,18 ). 

 Questions concerning the trial de-
sign and the determination of cause of 
death ( 19,20 ) have been thoroughly ad-
dressed by the trial investigators and 
by independent reviewers ( 11,17,21 ). 
Recently, a full review of case status and 
cause of death determination, investigat-
ing all differences between the trial end 
point committee and the Swedish over-
view, was carried out in collaboration 
with the overview investigators ( 10 ); the 
trial data were found to be reliable ( 11 ). 

 In conclusion, the results of the Swed-
ish Two-County Trial of mammographic 
screening are qualitatively the same at 
29-year follow-up as when they were fi rst 
published: A substantial and signifi cant 
reduction in breast cancer mortality was 
associated with an invitation to screen-
ing. In quantitative terms, the absolute 
number of prevented breast cancer 
deaths observed increases with increas-
ing time of follow-up. Depending on the 
case status and cause of death source 
used, at 29 years of follow-up there was 


