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from screening mammography for women under age 50 at entryg
Eight randomized controlled trials (RCTs) of screening The Gothenburg trial demonstrates a statistically significants
mammography have been conducted involving women aged 449 mortality reduction among women 39—49 invited to screen=
40-49 at entry. Current data are now available from these ing mammography1). The Malniotrial shows a statistically
trials at 10.5 to 18 years of follow-up (average follow-up significant 36% mortality reduction among women aged 45—4
time: 12.7 years). Meta-analysis has been performed using ainvited to screening mammographg)( Of these eight RCTSs,
Mantel-Haenszel estimator method to combine current fol- only the Canadian National Breast Screening Study (CNBSS-1
low-up data from the eight RCTs of mammography that was specifically designed to study women 40-49 at eritfy, (
included women aged 40-49 at entry, including new follow- and that trial now shows a slight mortality increase amongo
up data presented at the NIH Consensus Development Con-women 40-49 invited to screening mammography plus cI|n|caID
ference held January 21-23, 1997. Combining the most re- preast exam,8).
cent follow-up data on women aged 40-49 at entry into all A previous meta-analysis of RCTs involving women 40-49, 2.
eight RCTs yields a statistically significant 18% mortality published in 1995%2,13, included follow-up data ranging from
reduction among women invited to screening mammography 7 to 18 years since randomization (weighted average follow- ups
(relative risk: 0.82; 95% confidence interval: 0.71-0.95). time: 10.4 years). That meta-analysis yielded a 16% mortalitys
Combining all current follow-up data on women aged 40-49 reduction, statistically nonsignificant at the 95% conﬁdenceo
at entry into the five Swedish RCTs yields a statistically |evel, among women 40-49 invited to screening when all eight
significant 29% mortality reduction among women invited RCTs were combined. A 24% mortality reduction, statlstlcallyio,
to screening (relative risk: 0.71; 95% confidence interval: significant at the 95% confidence level, was found amongi
0.57-0.89). Meta-analysis including the most recent follow- women aged 40-49 when all seven population-based trials Wer§
up data from all eight RCTs involving women aged 40-49 at combined.
entry demonstrates for the first time a statistically signifi-  Just as the statistical power of an individual RCT mcreaseg
cant mortality reduction due to regular screening mammog- with more participants and longer-term follow-up, the stausucalg
raphy in women of this age group. [Monogr Natl Cancer Inst  power of a meta-analysis combining different trials also in-Z
1997,22:87-92] creases due to longer-term follow-up of individual trials. This »
point was noted in the Fletcher repoitd), which acknowledged ¥
the limitations of available studies and summary analyses, statingg

At the National Institutes of Health (NIH) Consensus Devel- A second meta-analysis of the data from all available trials of

opment Conference on Breast Cancer Screening for WomenCreenln in women aged 40-49 may be useful. especiall
Ages 40-49, new longer-term follow-up data were presenteé g g y P y

. : . when longer follow-up is available and when the effect of

{;?/Evisrwegigrg;rmeg I,er:gmr;ig?;&';?:Vggr?]téauzgeg'zgs_gizzreclassmcatlon is clarified in the combined Swedish studies.
%uch a meta-analysis should use the raw data from each of the

at entry (7). These data updated previous results presented e}r als
the Falun Meeting in Sweden in March 1998).(All trials '
presented additional years of follow-up on women aged 40-49This paper presents a new meta-analysis that includes the latests;
except the Health Insurance Plan of New York (HIP) trial, whicfollow-up data from each RCT of screening mammography in-
had previously published 18-year follow-up data on women 40—
49 at entry 9,10. All trials now have follow-up data on women
aged 40-49 with at least 10.5 years average follow-up since

randomization. *Affiliations of authors:R. E. Hendrick, Department of Radiology, University
Table 1 lists the updated subgroup data from each RCT rgll Colorado Health Sciences Center, Denver, Colorado; R. A. Smith, Cancer

evant to screening mammography in women aged 40-49, #8rol Department, American Cancer Society, Atlanta, Georgia; J. H. Rutledge

screening regimen, the number of women in the 40—-49 subgraupDepartment of Mathematical Sciences, United States Air Force Academy,

who were entered into each arm of the trial, and the most feelorado; C. R. Smart, Salt Lake City, Utah.

cently presented relative risks and 95% confidence interva|§Z0respondence toR. Edward Hendrick, Ph.D., Department of Radiology,

from each trial. Two Swedish trials, Gothenburg and Ma,ImC278 University of Colorado Health Sciences Center, 4200 East Ninth Avenue,
9 (E)enver Colorado 80262.

demonstrate for the first time a statistically significant benefit see«Note” following “References.”
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Table 1. Summary of RCT results for women 40-49

Number of women

Study Screening Frequency Yrs RR
(Dates) Regimen No. Rounds F/U Invited Control 95% ClI
HIP Study 2V MM Annually 18 14,432 14,701 0.77
(1963-69) + CBE 4 rounds 0.53-1.11
Edinburglf lor2V 24 mos 12.6 11,755* 10,641* 0.81*
(1979-88) MM 4 rounds 0.54-1.20
Kopparberg 1V MM 24 mos 15.2 9,650 5,009 0.67
. (1977-85) 4 rounds 0.37-1.22
Ostergdland® 1VMM 24 mos 14.2 10,240 10,411 1.02
(1977-85) 4 rounds 0.59-1.77
Malm? lor2V 18-24 mos 12.7 13,528* 12,242** 0.64**
(1976-90) MM 5 rounds 0.45-0.89
Stockholnt 1V MM 28 mos 11.4 14,185 7,985 1.01
(1981-85) 2 rounds 0.51-2.02
Gothenburg 2V MM 18 mos 12 11,724% 14,217 0.56
(1982-88) 5 rounds 0.32-0.98
CNBSS-T 2V MM 12 mos 10.5 25,214 25,216 1.14
(1980-87) + CBE 4-5 rounds 0.83-1.56

1V MM = one-view mammography of each bregadty MM = two-view mammography of each breast; CBEclinical breast exam.

*The Edinburgh trial included three separate groups of women 45-49 at entry: the first had 5,949 women in the invited group and 5,818 in the gofutitii grou
14 years’ follow-up); the next had 2,545 in the invited group and 2,482 in the control group (12 years’ follow-up); and the third had 3,261 in tlygoopitecdd
2,341 in the control group (10 years’ follow-ug)( Only the first group’s results had been reported previowd)y (

**The Malmo trial included two groups of women aged 45-49 at entry: one group (MMST-I) received first-round screening in 1977-8 and had 3,954 womgn in
the invited group, 4,030 women in the control group; the second group (MMST-II) received first-round screening from 1978-90 and had 9,574 wametech the
group, 8,212 women in the control group).(Only the first group’s results had been reported previous|§) (

TThe Gothenburg trial includes women aged 39-49 at edjry (
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volving women aged 40-49 to assess the benefit of screeningence intervals using the Mantel-Haenszel estimator method
mammography in women of this age group. have been based on the formalism of Breslow and 0&ay. (
In cases where multiple follow-up data were available from

Methods the same trial, the data with the longest follow-up were se-

A new meta-analysis of current RCT data for women agedlected for inclusion in this meta-analysis. This was determined
40-49 at entry has been performed using a Mantel-Haenszdly selecting the follow-up data that had the greatest number of
estimator method to combine data from different tridl$)( breast cancer deaths among women in the invited and control
The Mantel-Haenszel estimator method approximates th@roups combined.
maximum likelihood method of data pooling, with the added Meta-analysis of current RCT data on mammography in
advantage of computational eadé)( The input data used for women aged 40-49 were conducted under two different con-
this meta-analysis are the numbers of deaths from breast caslitions:

cer in both invited and control groups @n each trial and the1) inclusion of the most current follow-up data from all eight
ngmbers of women-years of follow-up in each arm of each RCTs of mammography in women aged 40-49 at entry, and
trial. Table 2 lists input data to the RCT meta-analysis and thez) inclusion of the most current follow-up data from the five

references from which the most recent. follow-up d@ta Were * gyedish RCTs of mammography in women aged 40—49 at
taken. The Mantel-Haenszel method weighs each trial accord- entry.

ing to the number of deaths occurring in both the invited and . i ) i
control groups in that trial; the greater the number of deaths, '€ Second meta-analysis included the five Swedish trials,
the greater weight a trial has relative to other trials included in€2¢h Of which excluded clinical breast exam as part of its trial
the meta-analysis. Determinations of relative risks and confi-design ¢=9. The HIP, Edinburgh, and CNBSS-1 trials in-
cluded clinical breast exam as part of their study interventions
(9,10,6,7, and the CNBSS-1 trial provided a clinical breast
exam to all trial participants prior to their randomization into

study or control groupsl). The five Swedish trials studied

Table 2. Data used in the current meta-analysis of women 40-49

Number of Women-Years

220z 1snbny 9| uo Jesn soisnr Jo Juswiedeq ‘S'N Aq 2092562/28/22/266L/8101B/OUOWIOUl/WO0D

Screening (in 1,000s) Number of Breast Cancer Deathghe effect of mammography alone, without the confounding
study Invited Control Invited Control influence of clinical breast examinations.

HIP study 248 253 19 e Rgsult_s of our meta-analy5|s are stated in terms of summary
Edinburgl? 146* 135* 46* 5o* relative risks (the mortality rate among women in the invited
Kopparber 144 75 23 18 group divided by the mortality rate among women in the con-
Ostergalanc® 143 147 27 27 0 : : :
Malmi? 166¢ 144t 7+ g+ trol group) and 95% confidence intervals (a range capturing
Stockholrd 174 88 24 12 the point estimate of relative risk 95 times if the trial or col-
Gothenburg 138t 168t 18t 391 lective set of trials were repeated 100 times) determined from
CNBSS-1 283 283 82 72

the combined data; 99% confidence intervals are also deter-
mined. Two-sided confidence intervals are used in each case.
Heterogeneity tests were used to assess the statistical signifi-

*Included only women aged 45-49 at entry.
TIncluded women aged 39-49 at entry.
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cance of differences among individual RCT results. The nulljl
hypothesis was that data included in the meta-analysis are h

All Randomized Conftrolled Trials

mogeneous and therefore can be combined by meta-analygis of Women 40-—49
without correction. A correction to the Mantel-Haenszel estimate . )

of confidence interval is necessary if there is statistically signifi- Relative Risk

cant evidence to reject the null hypothesis (that is, if the data arg 2 5 1 2

significantly heterogeneous). A chi-square test was used to assgss
the statistical significance of heterogeneity of individual RCT

results. Breslow's random effects model was used to study th — HIP Study

11”2

effects of possible differences among studi#8).(The model — e—— Edinburgh
allows for variation among studies over and above Poisson sanj-
pling errors, but without attribution to any particular factor (such * Kopparberg

as cluster randomization, screening interval, inclusion of clinical

breast examination, etc.). ———— Ostergotland

—e&—— Malmo

Results

Average follow-up time among all eight RCTs, weighted by Stockholm

the number of women aged 40-49 at entry in each trial, is 12.]
years. Combining the most recent follow-up data from all eight
RCTs for women 40-49 years of age at entry yields the fol- —1*—— CNBSS5-1
lowing relative risk (RR) and 95% confidence interval (95%
CI):

Gothenburg

=0. .71-0.95 i
RR (95% Cl) = 0.82 (0.71-0.95). RR=0.82 (0.7 ) —e—| All 8 RCTs Combined

This overall 18% mortality reduction among women invited tp RR=0-71 (0.57-0.89) AltS Swedish RCTs

screening mammography is statistically significant at the 95%
confidence level and just achieves statistical significance at the
99% confidence level (99% CI: 0.673-0.999). Fig. 1. Relative risks and 95% confidence intervals of all RCTs of screening

Combining the most recent follow-up data from the fivenammography that included women ages 40-49 at entry. The last two daté

. . ints show relative risk and 95% confidence interval results of the currenty
Swedish RCTs of women aged 40-49 at entry yleIdS the f(ﬂ?eta-analysis for women ages 40-49 at entry from all eight RCTs and from th

lowing RR and 95% CI: five Swedish RCTs of screening mammography.

RR (95% Cl) = 0.71 (0.57-0.89).
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This 29% mortality reduction among women invited to screerlge five Swedish trials were combined. These results indicate3

ing mammography without clinical breast exam is also statis 1at study heterogeneity and design differences do not alter thg

cally significant at both the 95% and 99% confidence Ieve%kndmg of a ;tatist!cally significant benefit when combining all S
(99% Cl: 0.53-0.96) eight RCTs involving women aged 40-49 at entry.

Figure 1 summarizes individual RCT results and our metpyiscussion
analysis results. Bars about each relative risk point estimate in
the figure represent 95% confidence intervals for individual tri- Current follow-up data from the eight RCTs that included (9;
als and, about the two bottom points, 95% confidence interval®men aged 40-49 at entry demonstrate delayed but increasi
for the RCTs combined by meta-analysis. benefit from mammography screening. Figure 1 illustrates thatz

Tests for statistical significance of heterogeneity of the contwo individual RCTs, the Gothenburg and Malnmals, each §
bined RCT data demonstrate that heterogeneity is not significtialve demonstrated a statistically significant mortality reductions
among either all RCTs or the five Swedish RCTs. Chi-squafi®m mammography screening among women under age 50 at
tests for the heterogeneity of all eight RCTs g&ve 0.20; tests entry. The Gothenburg trial included women ages 39—-49 at entry
for the heterogeneity of the five Swedish RCTs g&ve- 0.40. (1), and the Malniatrial included women ages 45-49 at entry 2
These nonsignificant results support the combination of indR2). Three other trials (HIP, Edinburgh, and Kopparberg) sugges‘g
vidual RCT data by meta-analysis using the Mantel-Haenszabrtality benefit to women of this age group, but the findingsg
estimator method without correction (widening) of the 95% comre not statistically significant at the 95% confidence levels
fidence intervals. Differences in study designs and protocd[3,5,6,9,10, and three trials (§tergdland, Stockholm, and CN-
have raised the question of the effect of heterogeneity, des@t8S-1) show no benefit from screening mammography among
the absence of statistically significant differences among R@omen 40-493-5,7,9.
results. Breslow’s random effects model including all eight It is worth examining what the entire current world’'s RCT
RCTs combined yielded a relative risk of 0.81 and a 95% CI dfta, taken collectively, say about the benefit of the invitation to
0.68-0.98, a slightly wider 95% CI than was given by the fixescreening mammography in women aged 40-49 at entry. This
effects model reported above. Breslow’s random effects modeéta-analysis answers that question, demonstrating that all eight
yielded exactly the same results as the fixed effects model wHeEGTs collectively yield a statistically significant 18% mortality

awedaq -
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reduction among women aged 40-49 invited to screening mautions resulting from use of a wide screening interval in some
mography. RCTs:
The major changes in individual RCT data that led to thi

. . o I : 12 on average, the lead time of mammography is shorter in
collective demonstration of a statistically significant benefit ar women 40-49 than in women 50 and over:

changes in the Gothenburg and l\/!éilrtmal results. Amor,‘g 53 the sensitivity of mammography in the RCTs is known to be
women under 50, the Gothenburg trial showed a nonsignificant .. in women 40-49 than in women 50 and ovie)(

27% mortality reduction at seven years’ follow-up9(20, a gy 5 onger period of follow-up will be needed if the benefit

nearly significant 38% mortality reduction at 10 years’ follow- from screening mammography in the trials among women
up (8), and a statistically significant 44% mortality reduction at 40_49 was limited to cancers detected with good to interme-
12 years’ follow-up {). The most recent data reported by giate prognosis. Recent analyses of the Swedish two-county
Malmb investigators have included results from the so-called §5t5 have shown that the two-year screening interval used i
MMST-II group, an additi_onal 17,000 women randomized at tnese two trials (Kopparberg aridsférg"daland) was not ef- >
ages 45-48 and entered into the study between 1978 and 199Gective in detecting more aggressive tumors with poor prog-3
(2). These additional 17,000 women, added to the approximately nosis g). These findings, in conjunction with previous analy- &
7,000 women ages 45-49 randomized and reported on previ-ses estimating age-specific mean sojourn times, support thg
ously (the MMST-I group) %), have significantly boosted the  conclusion that annual screening is necessary to achieve mog
statistical power of the Malindrial results @), producing a tality reductions in women 40—49 similar to those obtained in®
statistically significant 36% mortality reduction from the com- women 50 and over with wider screening intervald)( Ny
bined Malmo(MMST-I and MMST-II) trial results.

. . Q.
Results for the subgroup of women aged 40-49 at entry fro‘{Bngse Lacto:(s mfluenczl;fhe Ioutcgmes of trials for quﬁnf_
the HIP trial ©,10, the Edinburgh trial §), and the combined #° 42 and make it more difficult to demonstrate a statisticallyg

Swedish trials 20,27 indicate that as more years of fOIIOW_up5|gn|f|cantmortahty reduction in them as gompared with womens
and older. Hence, longer follow-up is needed to manifest

are included, benefit eventually emerges and there is a steg - S . L
y 9 a gtanstlcally significant mortality reduction in women aged%

progression toward greater benefit from screening mammogr, 4
phy. Meta-analyses of the eight RCTs show this same tren_ Because of the delayed benefit of screening mammography ig

Cox's meta-analysis of RCT data on women 40_4.9 at_ aPProwr men 40-49, some have argued that the observed benefit af
mately seven years of follow-up showed no benefit, yielding

T ) . ammography among women 40-49 at randomization may bé
relative r|sk. of 1.04 (95% CI: 0'8;_1'33) when all eight RCT ue to “age migration”: the effect that women 40-49 at entry 3
were cor,nbmedZZ). At Seven to nine years of follow-up, Ker- may benefit in terms of mortality reduction only from screening §
I|I_<0\_/vske S meta-gnalyas of RCT data on women 40-49 gaven?ammography performed at or after the age of B5,26. Age N
S|m|l_ar relative risk O,f 1.02 (95% CI: 0.82-1.2773. Our migration is an inevitable consequence of randomizing a wide/
previous meta-analysis of RCT data on women 40-49, at

¢ foll 0 i _age range of women, screening them over a number of years, arﬁi
average of 10.4 years follow-up, gave a 16% mortality reductioflay atempting to perform subgroup analyses of trial resultss

from the invitation to screening to women 40-49 in all €ighl,qeq on age at entry. While it may be interesting to examine?
RCTs (2,13. The current meta-analysis, at an average of 12u{,| jata in terms of age at diagnosis rather than age at entry, i3
years of follow-up, gives an 18% mortality reduction from insg ethodologically unsound to do so. As Proedlal. point out,
wtayo.n to screening to women 40_4,9 from all eight RC_TSolge at diagnosis is a pseudovariable, since it is influenced by thg
statistically significant at the 95% confidence level for the f'rsétudy intervention (screening) during the trial, reducing the com=

time. o
) i i __parability of the study and control group87. Thus, however 3
It has been pointed out previously that the potential benefit f?jtriguing, it is not clear that any results from subgroup analyses>
screening mammography takes longer to manifest in womgp S

: sed on age at diagnosis are credible. Moreover, such analys;e"s
aged 40-49 than in older wometi.20. A delayed demonstra- only further subdivide original data sets that have already beer

tion of benefit is to be expected in women 40-49 years of agfy iided by age at entry, completely eliminating any possible?
compared to older women due to fewer breast cancer deathsd@fisical power of the data. Nevertheless, data in the publisheg

the following reasons: literature and presented at the NIH Consensus Conference do ngt
1) breast cancer incidence and mortality rates are lower SHpport the age migration hypothesis that benefit among womes;
women 40-49 than in women 50 and over; 40-49 at entry is due to the subset of women diagnosed after age
. . «Q
2) the number of women 40-49 included in the eight RCTs ®. Tabaret al. compared invited and control groups from the g
approximately one-third the total number of women include8wedish two-county trial based on age at diagnosis and showed
in the eight trials; a 15% mortality benefit among women both randomized and3
3) the higher rates of ductal carcinomesitu (DCIS) in women diagnosed before age 50, compared with only a 5% benefit
40-49 than in older women and the slow progression 8mong women randomized in their forties and diagnosed in their
DCIS to invasive carcinoma require a longer time to manifefifties (28). The mortality difference is actually higher among
a mortality difference between screen-detected DCIS in ti@men diagnosed in their forties than among women diagnosed

study group and undetected DCIS in the control group. in their fifties in the Swedish two-county trial.
The suggestion that much of the benefit to women invited to

A delayed demonstration of benefit in women 40—49 is also sereening within RCTs results from clinical breast exams that
be expected due to somewhat less favorable cancer stage digteire included along with screening mammography is also spe-

eog), 0|UMD(T
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cious. None of the five Swedish trials included clinical breastomen in the invited groups and mammography outside the
exams, yet previously combined results of those five trials defnials among some women in the control groups. Even greater
onstrated a 23% mortality reduction from screening, just bardbgnefits should accrue today from regular screening mammog-
lacking statistical significance at the 95% confidence level: RRphy in women ages 40—49 than has been demonstrated by the
(95% CI) = 0.77 (0.59-1.01)4,9). Including all new follow-up collective results of the eight randomized controlled trials.

data presented at the NIH Consensus Conference, combined g? E%

from the five Swedish trials yields a 29% mortality reduction fo eterences

women under 50 at entry, statistically significant at the 95%u1) Bjurstam N, Bjorneld L, Duffy SW. The Gothenburg Breast Screening

confidence level: RR (95% CI}= 0.71 (0.57-0.89). These re-
sults indicate that clinical breast exams play an insignificant role

in

the mortality reductions observed in RCTs. )
The true benefit of mammography today is likely to exceed

the benefit demonstrated in RCTs for at least two reasons:

1)

2)

RCTs test the efficacy of the invitation to screening mamys)
mography in a predefined study group compared to no invi-

tation in a predefined control group. In population-based

RCTs that measured compliance among women offered
screening, compliance rates for the first screening mammas4)
gram ranged from 61% to 89%, with lower compliance rates

in each subsequent screen. Since a statistically significant
benefit from mammography in women 40-49 has beers)
shown to exist, the true benefit to women receiving regular

screening mammography will be greater than the benefit
demonstrated among women in the RCTSs invited to screen-
ing mammography, since a reasonable fraction of womet®)
invited to screening did not comply. Likewise, women who

were assigned to the control group but who went outside the
trial to obtain regular screening mammography diluted thé?)
observed benefit of screening in the RCTSs, providing a sec-
ond reason why the true benefit of regular screening mam-

mography will be greater than the demonstrated ber2gjt ( @

The technology of mammography has improved markedly
since the time of even the most recent RCTs. Women rece|Yg)
ing regular, high-quality mammography today are more
likely to have their cancers detected at smaller sizes and ag
earlier stages than women who participated in the elg%P
RCTs, as illustrated by comparing the surrogate prognostic
indicators of mammography as practiced today in the United
States to those same indicators in any of the eight RCTgy
Sickles B0) and Linver 81) have presented prognostic indi-
cators of modern mammography in clinical practice in
women 40-49, comparing them to the results of RCTS, sugr
gesting that modern mammography in the United States
should do a better job of detecting cancers and saving lives in
women 40-49 than did the RCTs. 13

=

Conclusions

With the latest follow-up data from RCTs involving women

40-49, there is now convincing evidence of benefit from screens4)
ing mammography to women of this age group. A statistically
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