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INTRODUCTION

mortality from breast cancer in the target population,
and breast cancer mortality is, therefore, the key
outcome variable in any evaluation. Breast cancers diag-
nosed prior to screening cannot benefit from screening, so
the potential effect of a breast cancer screening programme
should be based only on mortality occurring from breast
cancer diagnosed after the first invitation to screening (i.e.
‘refined” or ‘incidence-based mortality, IBM’).
Mammography screening has been implemented in many
European countries, based on the results of the randomized
controlled trials.! However, the effect of screening on breast
cancer mortality might differ between clinical trials and
routine service screening programme where, for example,
screening may be undertaken by initially less experienced
personnel and there are differences between the populations
screened. It is therefore important that the outcome of
screening in routine health care, usually referred to as
service screening, is monitored.> We aimed to provide an 4). Twenty publications were identified in tota
overview of IBM studies of service mammography screening
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Obijectives To estimate the impact of service mammography screening on breast cancer mortality
using European incidence-based mortality (IBM) studies (or refined mortality studies). IBM studies
include only breast cancer deaths occurring in women with breast cancer diagnosed after their first
invitation to screening.

Methods We conducted a literature review and identified 20 publications based on IBM studies.
They were classified according to the method used for estimating the expected breast cancer
mortality in the absence of screening: (1) women not yet invited; (2) historical data from the
same region as well as from historical and current data from a region without screening; and
(3) historical comparison group combined with data for non-participants.

Results The estimated effect of mammography screening on breast cancer mortality varied across
studies. The relative risks were 0.76-0.81 in group 1; 0.75-0.90 in group 2; and 0.52-0.89 in
group 3. Study databases overlapped in both Swedish and Finnish studies, adjustment for lead
time was not optimal in all studies, and some studies had other methodological limitations. There
was less variability in the relative risks after allowing for the methodological shortcomings.
Conclusions Based on evidence from the most methodologically sound IBM studies, the most likely
impact of European service mammography screening programmes was a breast cancer mortality
reduction of 26% (95% confidence interval 13-36%) among women invited for screening and
followed up for 6-11 years.

METHODS

We defined IBM studies as studies including only breast
cancer deaths occurring in women targeted for screening,
with breast cancer diagnosed after their first invitation to
screening. We restricted our analysis to studies covering at
least some of the age groups 50-69.

We conducted a literature review of service mammography
screening and breast cancer mortality using PubMed
(Appendix A). From 5009 abstracts, 122 were considered rel-
evant by a documentalist (C Bellisario, CPO Torino) and an
epidemiologist (P Armaroli, CPO Torino). Criteria for inclu-
sion in the review were: (a) the study provided original data
on a population-based screening programme in Europe; (b)
a study outcome was breast cancer mortality; (c) the analysis
included at least some of the age groups between 50 and 69;
and (d) the study used IBM. In addition to the literature
search, the Working Group added publications fulfilling the
inclusion criteria but not identified by the search and new
publications that became available after March 2011 (n =
1>7%% one
from Denmark, seven from Finland, two from Italy, one
from Norway, one from Spain and eight from Sweden.
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Four studies reported on data already used in other
studies. Chen et al.*' used some of the data reported by
the Swedish Organised Service Screening Evaluation
Group (SOSSEG),'® and reported similar results, while the
study by Baker et al?? used data presented by Duffy
et al.'® also with similar results. We therefore only con-
sidered the studies by SOSSEG and Duffy et al.'®'® The
data reported by Parvinen et al.'> were used also by Wu
et al.*® and the resulting estimates were similar. We therefore
included only Parvinen et al'’> The two studies by Paci
et al.>® reported on the same data, but there was a difference
in accrual versus follow-up period in Paci ef al.> which might
have caused a bias in that analysis. Therefore we only con-
sidered Paci et al.® in our review.

There was some overlap in the study populations in
Finland and in Sweden. In Finland, approximately 50% of
the study population in Hakama et al.®> overlapped with
Parvinen et al.'? but in the latter study, the population was
followed for nine years longer. In the 2002 Anttila et al.*
study, 40% of the study population was also included in
Hakama et al.”> but followed up for five years longer in
Anttila ef al. In Sarkeala ef al.® 50% of the study population
was also included in another article by the same researchers’
and vice versa, both with follow up until the end of 2003.
Most of the study population in Anttila et al.'® was included
in Sarkeala ef al.® An overlap similar of that seen in Finland
was found for the six Swedish publications, with the 13-area
study'® giving the best coverage of the Swedish data.

Statistical analysis

To evaluate the impact of screening, data for a non-screened
comparison group are needed. For this purpose data from a
geographic and/or historical comparison group are typically
used. To avoid selection bias, we used invitation to screening
instead of participation in screening as the primary exposure.
With this intention-to-screen approach, the incidence-based
breast cancer mortality in a population targeted by screening
was compared with the incidence-based breast cancer mor-
tality expected in the absence of screening, to produce the
relative risk (RR) and 95% confidence interval (CI).

Estimation of expected breast cancer mortality in
absence of screening

A key issue for each study was how the breast cancer mor-
tality expected in the absence of screening was estimated.
This had been done in three different ways:

(1) Expected breast cancer mortality estimated from a
cohort of women not yet invited to screening;

(2) Expected breast cancer mortality estimated from his-
torical data from the same region as well as from
historical and present data from a region without
screening;

(3) Expected breast cancer mortality estimated from his-
torical data from the same region, and if deemed
necessary adjusted for changes in breast cancer mor-
tality over time, based on changes in breast cancer
mortality in non-participants.
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By design, the study by Sarkeala et al.® belonged to group
3. However, when a comparison was made between women
screened aged 50-69 with women screened at age 50—59 it
was possible to include this study in group 2 as well. Part of
Kalager et al.'® had a very short and unbalanced follow-up
period (with regards to calendar year). To report results for
a long and balanced follow-up period, we used data avail-
able in the appendix of the article to reanalyse this
study,'® dividing the data into areas with long and balanced
follow-up (area I versus areas V and VI) and areas with short
and unbalanced follow-up (areas II-VI versus areas I-1V).

Adjustment for lead time

Breast cancer cases are diagnosed earlier in screened women
than in non-screened women, as shown in the Figure 1. In
studies where the follow-up period continued after the end
of the accrual period (the period in which breast cancer cases
are identified), more cases and thereby more breast cancer
deaths will be included in the study group compared with
the control group. The reduction in breast cancer mortality
due to screening will therefore be underestimated.
Adjustment for this often overlooked lead time bias was
undertaken in most of these studies. Studies which include
breast cancer cases for a certain age group (e.g. 50-69
years) and also breast cancer deaths for older age groups
(e.g. 50-74) will similarly underestimate the reduction in
breast cancer mortality due to this form of bias.

When the most reliable studies were identified, a pooled
estimate based on these studies was calculated using a
fixed effects weighted average of the RRs on a logarithmic
scale.”

RESULTS

Of the 20 publications, 16 were considered in the analy-
sis,>*¢1? with re-analysis of two.>'° All of the studies
focused on measuring the effect of an organized screening
programme, that is, a screening service with a well-defined
target population contacted by personal invitation.

Of the three studies in group 1, where expected breast
cancer mortality was estimated from women not yet
invited (Table 1), two were from Finland>* and one from
Italy.® In Hakama ef al.” selected birth cohorts were invited
before others to allow a subsequent comparison of death
rates, and in this study all women were followed up indivi-
dually. All three showed a reduction in breast cancer mor-
tality, with RRs ranging from 0.76 to 0.81, each at
borderline statistical significance. No adjustment for lead
time was made in the Italian study.

In total seven studies, including our re-analysis of Sarkeala
et al.® were in group 2, where the expected breast cancer
mortality was estimated from regional and historical com-
parison groups (Table 2). Three came from Sweden'''*'*
and provided estimates based on both underlying cause of
death and excess mortality. In order to provide comparable
results, we only reported the estimates based on underlying
cause of death, because this was the endpoint reported in the
other studies. Two studies were from Finland,*'* and one
each from Denmark’ and Norway.'® Individual follow-up
of all women was undertaken in the Danish study only,”
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Figure 1 Accrual and follow-up periods and possible consequences for counting of screen-detected cases

whereas the numbers of person-years at risk were estimated
from population statistics in the other studies. The two
studies”® where no adjustment for lead time was necessary
produced RRs of breast cancer mortality of 0.69 and 0.75.
Breast cancer mortality was significantly decreased in the
Danish study, RR = 0.75 (95% CI 0.63-0.89).” In the
studies where the accrual period was shorter than the
follow-up period,'°~'* the RRs not adjusted for lead time
ranged from 0.75 to 0.90. In the Kalager study'® data from
breast cancers diagnosed at age 50-69 and breast cancer
deaths at age 50-79 showed a RR of 0.88 (95% CI 0.73—
1.05). Dividing the data into areas with long and more
balanced follow-up (area I versus areas V and VI) produced
a RR of 0.81 (95% CI 0.62—-1.05) whereas data from areas
with short and unbalanced follow-up (areas II-VI versus
areas I-IV) gave a RR of 0.99 (95% CI 0.71-1.37).

There were seven studies in group 3, where the expected
breast cancer mortality was estimated from a historical com-
parison group subsequently combined with data for non-
participants. Three studies were from Sweden,'>'*'® three
from Finland®*®'? and one from Spain'” (Table 3). In this
group, all RRs were statistically significant ranging from
0.52 to 0.82. One study had an accrual period shorter than
the follow-up period and used breast cancer cases from
one age group and breast cancer deaths from an age group
including older women.'? This study reported a RR of 0.89.

The studies with the most unbiased comparisons are those
able to control for changes over time without introducing a
healthy user bias and where the accrual period is similar to
the follow-up time for breast cancer deaths (those in the top
half of Tables 1 and 2). The most reliable estimate of the
breast cancer mortality reduction among women invited to
screening is, therefore, based on these studies, i.e. Hakama
et al® Anttila et al* Olsen et al” and our re-analysis of
Sarkeala et al.® Due to overlap between Hakama ef al.> and
Anttila ef al.* both should not be included in a pooled

estimate. As Hakama ef al.? included most of the age group
50-69, we chose to include this study in the pooled esti-
mate. Our best estimate of the breast cancer mortality
reduction among women invited to screening, based on
Hakama et al.> Olsen et al.” and our re-analysis of Sarkeala
et al.® was a combined RR estimate of 0.74 (95%CI 0.64—
0.87). In Hakama ef al.> the participation rate was 88% in
the first round, in Sarkeala et al.® the proportion of person-
years among participants out of all person-years in the
cohort screened at age 50-69 was 85%, whereas in Olsen
et al.” the participation rate in the first round was 71%. As
women included in these three studies were followed for
6-11 years, this is a reliable estimate of the breast cancer
mortality reduction after 6-11 years of follow-up for
women offered screening at age 50—-69.

DISCUSSION

The effect of mammography screening on breast cancer
mortality differed between the studies. The RRs were
0.76-0.81 in group 1; 0.75-0.90 in group 2 and 0.52 to
0.89 in group 3. However, there was less variability in the
RRs after allowing for the methodological limitations of
the studies.

A 25% statistical significant reduction in breast cancer
mortality was found in the single study from Denmark.” It
included three comparison groups, incorporating both his-
torical control within the same region and geographic
control from both the historical and the screening periods.
All data were based on individuals. A similar method was
used in the single study from Norway,'® although with
person years at risk based on routine statistics rather than
individual follow-up. In the latter study, results were
reported based on breast cancer cases diagnosed at age
50-69 and subsequent breast cancer deaths among these

Journal of Medical Screening 2012 Volume 19 Suppl 1



Nijor et al.

36

awy ppaj 1oy pajsnlpo 1ONg

HOYOD PB}IAUI-UOU PUD LOYOD PajiAul Ul peinquysip Ajjpnbe jou swy dn-mojjod,
9B Buiussioseid up eousiayip 1oy vmm:_v,‘ﬁ

wc__meJ O uswom +O LOQEDZ:

sipak ‘A ‘e|qooljddo jou ‘N

PlE
\ _k69-05 '(z002)
LO'L=¥9°0 5l8°0 SN SeA 9661-0661 16661-0661 96610661 VN 068'vS¢C aoualof4 ‘Ajoy) [P 48 190d
SY{POp 435UDd §spaiq J0oj swly dn-mojjoy>poriad [pniddy
AQ| oBoisao A (| aBoieAD A 65-06 ,(2002)
GO'L=¢90 1180 SN SeA "£661-9861 £661-9861 L661-9861 00¥7'SS 1 007’191 ‘DUIS|eH ‘pupjuly [P 48 D|IjUY
Ay9-08 clz661)
B ‘solyipdiolunw Jo o 8
60°1-€50 9/0 S9N SeA Ao>  T661-/861 T661-£861 +298'89 +£68'68 PA14i-oMm} “pupjuly PWOYPH
SY40Op J35UDd §sp3aiq 40 awiy dn-mojjo} = pouad [pPnIddY
[PAJBjUI Buiusaiods USWOM $9SDD Buiusaios poliag pouied dnoiB dnouB Apnjs dnoiB Apns oy ERIETEIEN]
90UBPHUOD) %66 O} pajiAUl  ||o UO DJOP uo pjop JO sID8) dn-mojjo4 [on1ddy  uosupdwiod ‘s10aA uOsIay dnoiB abo puo
“JsU eAD[RY  [PNPIAIPY [PNPIAIPUY ‘s10aA uosiay uoiBas ‘Ayunod)

PajiAuL JoA jou uswom woly pajpuwilse Allppow pajoadxe Yim selpnis AjiDLOW J8dUDD JSDaIq Pespg-8ousplou| | @jqel

Volume 19 Suppl 1

2012

Journal of Medical Screening



37

Review of incidence-based mortality studies

Aunoo uo Buipuadep dn-mojjoy jo Emcw.:t

[L1] (yZ o 77— [pAlejuI 8OUSPHUOD 9,G4) UOUINPaL 90| = UoHINPaI %7/ — UoHoNpal %78 AjAoadsal ‘speio Bujusaids pup Buiusaids-uou sy 10} Sysii SAHD|I By} UsBMIaq oUBISYIp 8y} so sioyno Aq papioday,.,
awyy ppa)| 1o juswisnlpo SAIDAISSUOD D sapiaid SIy] “sbig Bwi-poa) 10§ 1slpp 0} 9,7 Aq PasDaIdap ‘B|DIID BY} Ul PAQLIOSIP SD JaYDIBY I BPWISS Y] /00 ‘[P 42 UOSSUO[ ‘{7 B|qD] WOY PaO|NdD)gs

dnoiB uosupdwod [puoiBay,

EOwCUQEOU w_r_# ur swiy TCU :0_m®_ E&&EWQ uolonisul ou st m‘_w{ SO #Umtm mr___._mm‘_Uw o] +0 ajpullise hwmﬂ mr: wﬂ o} _UwE_U_U sl 0;@&:._0._. _._:\5 Tm‘_U&EOU Dv_‘_D._L.—

dnoib joiyuod sp seyunod Buuinoqybieu Buisn, .
awly o3| 10 JUBWSNIPD BAOAIBSUOD D YiIM SjoWlsT
SDIq UOIsN|oU! IO} JuawsNIpPD YA,

109k 6G—0G Pabo uswom Buiusaids yim paindwod som sivak 9—0g pabo uswom Buiusaids usym AjioHoW 182UDD ISDRI] Ul UOHINPSY |

dnoiB uosiodwod [pouojsiy—|ouoiBal puo [puoiBai ‘|ooLIOIsIY 119pIO By} Ul
ojpp papiodas uo pasbq sioyno ayy Aq pajpjndpo [ ]
sipak ‘A ‘papiodal jou ‘YN

dn-moj|o4
{oys
ko YOE'SSY'L \ sishjpun-a1
—¢ XOW 6LE L0V'L , A 69-08 S$e4unod - (o1qz)
L8110 660 ON SOA G00C~-000¢  S00C—000C G00Z—-000¢ Ggeco'9ces8 VST £06 G “AomioN .\ch 1960y
N-moj|o
m:o*_
m®0~m.VV w_w% pup-al
\Ao_ XOW '798'65Y L A 69-08 'sa|junod - lo1qz)
go'L-290 180 ON SOA G00Z—9661 G00ZT—9661 G00Z—9661 vy LLE'L 690°0€Y° L inoj ‘AomioN  jp 4o 19BDOY)
6868681
172'998°1L - A 69-06 olo102)
GO 1=€£°0] ++[88°0] ON SO\ G00C—9661 G00C—9661 G00C—9661 69V L61°C €CeLEET [|o ‘AomioN 4o 1obp|Yy
Yin3p 195uDd §spaiq o abp>sisoubpip o aby
L00Z pue A 69-05
|4un swy + AN YN ‘yiIou U1 s8|UNOD Eﬁooﬁ
dN 55780 ON SO\ 96616861 A/ poued jonisoy 96616861 '+1781'6€G TAJAVAVA OM} ‘uspems  °|p je uossuof
cly'sL9
Ay + '67€'661 \ . Aeo-gg £1(9002)
v1I'L=6V'0 11520 ON A /661-/861 A 11 pouad [pnidoy moo\mlmwo_ [RANe14% 968°70¢C M}In| "pupjuly o 48 USUIAIDY
unoo
8661 pus  uo Buipuadep 000'059'Z
6861-6£61 [Hun duwly + 6861-6£61 000'£56 Ay9-oy 21(e002)
go'L-1Z0 «2§C8°0 ON s9A  /¥861-¥/61 AQL pouad [pniddy \vwo\mlvmo_ ‘000°185°C 000’688  'BiogejApg ‘uspemg o fo uossuof
unod
uo Buipusdep  000'$9T'L A 69-0
/8610861 Ay + £861-0861 '000°9621 ., 'ynos ui sayunod 1 (1002)
IN 1£8°0 ON SOA /9861-6/61 A £ poted jpniody /9861-6261 00091v0°C 000'9€0°C UsAss ‘Uspamg [ o uossuof
SY4pop J35upd §spaiq Joj awly dn-mojjos>poriad [pPnuddy
A 69-06
AN ‘seyjodioiun 5(8002)
IN [69°0] ON SeA £002-T661  €00T-2661 £002-2661 "IN ‘8¥5'9ST  /25'8TC 1yBre ‘pupjuiy  jo 4o pjosyiDg
¥00'550'7 - _Ae9-0g
L17/96€'y \ usBoyusdos /15002)
68°0-€9°0 G0 SOA SOA 10021661 L00Z— 1661 L00Z— 1661 yveveo €¢80ey owusg P 48 Uss|O
SYnap 195upd §spaiq Joj awy dn-mojjoj = pouad |pniddy
[oAB}ul Bulusaios uSWoM [ =Neb) Buiusaios Jo sioap poued pouad |pniooy .(s)dnoiB dnouB Apnys dnoiB souslaley
20UBPYUOD) % G4 O} pajiAUl || UO DJPP uo pjop dn-moj|o4 uostpdwod ‘sipek uosiay  Apnys 1oy dnoiB ebp
sl SAlD|SY |oNpIAIPU| [PNpIAIpU| ‘sID9A uosiay pup uoibal ‘Aiuno)
(s)dnoiB uosipdwod |pouosiy pup |puoiBar woly pajpwise Ajljppow pajoadxa Yim saipnis AjlDHOW J8dUDD jsDaIq Pespg-8duspiou] g @jqeL

Volume 19 Suppl 1

2012

Journal of Medical Screening



Nijor et al.

Buiusauds ed1a18s 10§ pajoelqns jou sdnosB aBp pup dnoib uosLpdwod [PoLoIsIY By woly paPWST || |

dnouB uosupdwod |oouossiy eyt woy AjeAisnjoxe pajowyse Bujusaids jo eoussqp sy} ul Ajijppow pajoadxe 8y .,

s0aID ¢ | By} 4o duo Joj potiad dn-moj|oj By UDY} Jajioys SIDaK BAly sOM poliad [PNIDD By ‘uoydedxe UD Sy/gee

69—59 pabp 10 %07 PuP ¥9-09 PaBo 10 %0V ‘65 —0G S9BD o PalIAUL BIIM ||D WOYM JO 4y

s1094 /-9 pabo uswom Buown sywa(, | |

sipak $9-(0G pebo uswom Buowp sypa(,..

Buusaios o} uoypyiAul 4su1y oy Jold esouBpip Jeoupd yspaiq P poy dnoib Apnjs By} Ul SYDSP 18OUPD JSDBIY By} JO %k SP ‘Apnis Ajijppow pasog-eouspioul Ajsje|dwiod 1ONigs
Bujuseios s102A 0| > Yim SBHUNOD YSIPAMS ||V 44

dnoib uosupduwod |poLIojsIY Uo paspq pajpuwse Ajuo Ayippow _um,,ummxmt

paip Bujusaidsaid uj Bulusaios of anp jupas|al Usym swy pos| Jof paksnlpy.,

Aunod auo ul s1094 O pup Ajunod auo ul sibeA usall

Buiueeids s10ak (| < YiIm SBLUUNOD YSIPaMS ||y

2670 "4y paisnlpo 10G°( :(¥y) Y SANDJEI BPNID) “USWOM PBUSRIDS A||PNIOD UL SDIG UOYDB|BS 10} PRISNIPD USWOM PajIAUL JOf pajpwls],
sjundioipd-Uou WOl DPP UO PaSDY SID SI|DHID D|PSIDG OM} S} WO sejoWlse 8y AlUQ.

ojop pajpiodal uo pasnq sioyino sy} Aq payojndod | ]

sipak A ‘papiodal jou ‘YN

_Ay9-0g
L ‘|odiotunu ¢118002)
86'0-180 1111680 SN SeA AG xow €00C-¢661 9661-C661 dN 00z8LLE Oly 'pupjuly [0 43 DIIHUY
Y4pOp J35und §spaiq o abp>sisoubpip o abp pub syYipap J92upd §spaiq Joj awiy dn-mojjoj>pouiad [pPnidy
D3ID UO
paIb uUo Buipuedsp
Buipusdep 11 poued 41 Jo und Jo 5558 690V g1+(9002)
££0-69°0 R ALY ON soA AZZ- 11 XoW [PNI2OY L061-0861 L1¥8'S9C'L €€8'CYS L 'spaIb g | ‘uspamg RENYeN
prah 69706
A g'¢ 9Bo1eAD ‘lodiounw oﬁwoomv
£80-0£0 840 ON SeA AZ1 xoW €00C-¢661 €00C-C661 dN 89C'1€£'C OWN 'pupjuly jo 45 DJPEYIDG
69-09
E_8_0_:2: 4(8002)
£6'0-16°0 ¢/0 SN SeA A1 xoW €00C-¢661 €00C-¢661 dN £25'82C F_mw_m ‘pupjuiy o ,_on_cmv_._vom
SL0-¥70 850 ON LN ALLXOW  100Z-£661  L00Z-L66L  [000'68Z] [000'667] ~ ‘PupAON ‘uledg D 16 Soundsy
Ajunod Ajunod
Aunod uo  uo Buipuedep  uo Buipuadep A 69-01
Buipusdep i1 Jo iod i1 Jo pnd ‘soIjUN0d BHLNOONV
¥6'0=CL0  111+xC8°0 SN s9A  AQL-G XOW 10 866]-6861 10 866|-6861 £00°048°1 1162102 SAY ‘Uspamg o 4o Agnq
Ajunod uo Ajunoo Ajunoo K 69-0F
Buipuedep  uo Buipuedep  uo Buipuadep ‘BiogejAng
A Gl 86167861 86617861 L, L, \+9~:c_on_ o1(2002)
220090 111++89°0 ON SoA /0T XoW \&Q_Nw&_ /2661-8/61  /S0°'€T8’l 618'26/4'1 uspamg Jo 12 Agna
(o]}
:uostiodwor) A 69-01
‘K ¢ Apnis ) ) \ \bc:mxv.ozf_ m; 1002)
€9°0-€¥°0 1¢5°0 SN SeA A 6 xoW 96618861 9661-8861 ocL'ele’l LE600L'L uspamg o 48 1oqp|
SY4POp J35UDd §spaiq 1o swly dn-mojjoy = poriad [pnaddYy
[oAIB4UL Buiusaios UswWom ;=Neb) Buiusaios pouad  pouad |pniddy dnoiB dnoigy Apnig dnoub Apnys 1oy souslsey
80UBPHUOD) % G4 O} pajiAul  ||P UO DyPP uo pjop jo (A) sipap dn-moj|o4 uosupdwod ‘s109A uosiay dno.b ebp pun
sl aAlD[Y [PNPIAIPU]  |PNPIAIPU| ‘sIDak uosIay uoiBas ‘Aluno?)

38

(stundiound-uou pup dnoib uospdwod [PoLIoIsIY WOl paypwilse AjlpHow pajoadxa Yim sa1pnis AllPHOW J8dUDd JsDaIq Paspg-8ouspiou] € @jqelL

Volume 19 Suppl 1

2012

Journal of Medical Screening



Review of incidence-based mortality studies

cases. Due to lead time, the mortality reduction due to
screening would be underestimated. Overall, this study
showed only a 12% statistically non-significant reduction
in breast cancer mortality. There was, however, a consider-
able difference between counties within Norway. In counties
with long and calendar year balanced observations, there
was a 19% reduction in breast cancer deaths, whereas no
material impact of screening was seen in counties with
shorter and calendar year unbalanced follow up. The
single study from Spain'” did not allow for a possible non-
screening related underlying trend because only a historical
comparison group was included. This might partly explain
the large reduction of 42%. A 19% reduction in breast
cancer mortality was observed in the Italian study,® where
the follow-up period was three years longer than the
accrual period and where no adjustment for lead time was
undertaken.

Of the overlapping Finnish studies, Hakama et al.> was the
most methodologically robust, because the comparison
group was most unlikely to be biased. However, the data
covered the period 1987-1992, and concern has been
raised about the relevance of older data for evaluating the
potential impact of mammography screening in more
recent times. Anttila et al.'® was the largest study but it
had an accrual period shorter than the follow-up and used
different age groups for breast cancer diagnoses and breast
cancer deaths. The Sarkeala et al. studies®® were the most
recent and only had minor overlap with the Hakama et al.
Sarkeala et al.’ only used a historical comparison group,
making it difficult to distinguish between a mortality re-
duction due to screening and other temporal changes,
such as improvements in treatment. In order to use both a
regional control group and a historical control group, we
made a separate comparison between the data for women
offered screening at ages 50—69 with those offered screening
only at ages 50—59, assuming that the methodology for esti-
mating the expected numbers in the absence of screening
had been the same for the two groups. Using this approach
we found a 31% reduction in breast cancer mortality among
women offered screening at age 50-69 compared with
women offered screening at age 50—-59. This was calculated
by dividing the RR for screening at 50-69, by that for
screening at 50-59 in Table 2 of Sarkeala,® giving an RR
of 0.69. One might reasonably expect that the reduction in
breast cancer mortality among women offered screening at
age 50-69 compared with women not offered screening at
all would be at least 31%, consistent with the 25% reduction
reported by Parvinen et al."?

Of the overlapping Swedish studies, the SOSSEG study
covering 13 Swedish areas was the most comprehensive.'®
It showed a 27% highly statistically significant reduction
in breast cancer mortality. However, it would have been
useful if allowance were made for the underlying trend
in the absence of screening, as in some other Swedish
studies.' %1% All of these studies did, however, have an
accrual period shorter than the follow-up period, and the
adjustment used for lead time bias was probably
conservative.

There are several potential limitations to IBM studies. The
incidence-based breast cancer deaths were in all studies
identified from linkages between screening registers,
cancer registers and cause of death registers. Data on

39

person years at risk should in principle also be derived
from a linkage of incidence and population data, as only
women at risk of breast cancer at the time of first invitation
to screening can contribute person years at risk. The person
years at risk were, however, estimated based on routine stat-
istics data in all but the Hakama et al.> and Olsen et al.”
studies. This should be taken into account in the interpret-
ation of the results, as the outcome of this type of study
can be sensitive to relatively minor compromises in the
methodology.**

Another limitation is that although the studies by Jonsson
et al."'*'* used both regional and historical comparison
groups, we did not emphasize these results in the
summary due to concerns that the lead time adjustments
might be too small. Furthermore, breast cancer screening
in Europe is normally undertaken in organized programmes.
In the reported studies, the estimated breast cancer mortality
in the absence of screening represented the breast cancer
mortality in the absence of an organized programme. Only
limited opportunistic screening took place in countries
and/or regions where organized breast cancer screening
started early. This was the case in Denmark, Spain,
Finland and Sweden. In Norway, however, organized
screening started only in 1996, and opportunistic screening
was widespread before this point in time.>> This may have
affected the Norwegian data even in the counties with a
relatively long follow up and balanced data.

CONCLUSION

Although data from observational studies should be inter-
preted with caution, the outcomes of the reported IBM
studies were compatible when differences in methodology
and local circumstances were taken into account. Based on
evidence from the most reliable studies, a breast cancer mor-
tality reduction of 26% after 6-11 years of follow-up
seems to be the likely impact of the European service
mammography screening programmes offered to women
aged 50-69.
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Appendix A
SEARCH STRATEGY

We performed the following search strategies on Pubmed:

(1) (‘Breast Neoplasms/mortality*’ [MeSH Terms] OR breast
cancer mortality OR ‘Mortality’[MeSH Terms]) AND (‘mass
screening’[MeSH Terms] OR screening) AND (‘mammo-
graphy’[MeSH Terms] OR mammography)

The search strategy retrieved a total of 2432 papers. After
inspection of titles and abstract, according to the criteria’s
described in the article, we judged 98 papers as relevant.

(2) (effect* OR evaluation OR impact OR trend) AND
(service screening OR programme screening OR mass
screening) AND breast cancer AND (mortality OR survival)

The search strategy retrieved a total of 1649 papers.
After inspection of titles and abstract, according to the cri-
teria’s described in the article, we judged 16 papers as
relevant.
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(3) ‘Breast Neoplasms/mortality*’[MeSH Terms] AND ‘mass
screening’[MeSH Terms] AND (‘Mortality/trends’[MeSH
Terms] OR ‘Survival Analysis’[MeSH Terms] OR ‘Survival
Rate/trends’[MeSH Terms])

The search strategy retrieved a total of 187 papers. After
inspection of titles and abstract, according to the criteria’s
described in the article, we judged two papers as relevant.

(4) Function ‘Related articles” of this model study

Otten JDM, Broeders MIJM, Fracheboud J, Otto SJ,
de Koning HJ, Verbeek ALM. Impressive time-related influ-
ence of the Dutch screening programme on breast cancer
incidence and mortality, 1975-2006. Int J Cancer
2008;123:1929-34.

A total of 741 papers were retrieved. After inspection of titles
and abstract, according to the criteria’s described in the
article, we judged eight papers as relevant.
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