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Methods
Data sources and searches

Using a broad search strategy, electronic searches were conducted of

MEDLINE/PubMed and Embase for articles published up through
January 31, 2013 (no start date). The detailed search strategy and the

number of studies produced with each strategy are provided in Table S1
and Checklist S1. Figure 1 shows the PRISMA flow diagram of the
number of searches returned, excluded and e 7 e 4 — [ ches
yielded 4,903 citations: 2,249 PubMed ang y’iﬂ‘:ff/ G
: : : FEMENEM
removing duplicates. The number of art : S
. Medline, Cochrane™® %l
previous meta-analyses. Secondary refe BN BRI
manually searching bibliographies from me_ gmpBASE
systematic reviews. Abstracts and titles were reau-—
eliminated if inclusion criteria were not clearly met. When unclear,
articles were reviewed in full. Table S2 lists the number and

reasons for abstracts that were excluded from full review.
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Meta-Analysis of Screening Mammography Studies -

EXXREE

Abstracts reviewed from searches of
PubMed, Embase and other sources =

o X sk é A E1 5 PR
. Excluded abstracts =4,787 E"J %ﬁ = E ﬁ
Full-text articles reviewed = 116 Excluded articles= 97
Language = 1
> Wrong outcome = 2
I Wrong population= 13
: — : Earlier version of paper = 14
IArncles retamet:l In review Random controlled trals = 1
(Listed by comparison type) =19 Reviews = 5
\ Short follow-up = 1
(%' Wrong intervention = 2
Birth Historical Geographical Geographical -Historical Cormelations only = 1
cohort=3 =4 =5 Hybrid =7 No monality = 2
Editorial = 4
No comparison group = 4
Simulation, modeling = 3
Wrong design = 15
Trend studies = 23
Overlapping populations 3

Figure 1. PRISMA Flow diagram. Number of articles excluded and reviewed for indusion in meta-analysis.
doi:10.1371/journal.pone.0098105.g001
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Study eligibility
Studies werd included if they reported: 1) a population-wide breast cancer
screening program (the population could be city, county, or nation) with at
least 5 years of study data postimplementation; 2) a comparison group
with equal access to breast cancer therapies; and 3) breast cancer
mortality. Studiegexcluded were: RCTs, case-control, simulation studies
or modeling studies; studies that compared trends but did not provide
mortality numbers; studies that compared only clinical breast or self-
breast exam; studies that compared self-selected participants to
nonparticipants; and studies of high risk groups or only women diagnosed
with breast cancer. Studies that compared observed deaths to expected
death the expected numbers of deaths were based
TEXENGAEE - ol
BT RRAMA | HEBR IR ; BK
ERmEFNELR?
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studies from the same country were retained as long as there
was no overlap between the population, region or time period
studied. When a study reported multiple comparisons in the same
paper, the comparison with the larger screening population was
retained.

If multiple studies compared the same region, population and
time period, typically the study with the longest follow-up period
was retained. Below are the specifics of the overlapping studies
that were removed. Hakama et al conducted birth cohort analyses
of mammography screening in Finland with follow-up at 6 and
9 years [24,25]. The six year follow-up [24] was reported because
the purpose of the 9-year follow-up [25] was to demonstrate the
effect of gradually screening women originally assigned 1o control
population (Personal communication, Matti Hakama, 10/30/12).
Three manuscripts compared similar but not exact Swedish
municipalities. The SOSSEG, 2006 paper was retained because it
reported the longest follow-up; Duffy et al., 2002 and Tabar et al.,
2003 were not included because of their significant overlap with it
[26-28]. Although Jorgensen et al., 2010 reported the longer
follow-up, Olsen et al., 2005a was retained in the primary meta-
analysis because it analyzed incidence-breast cancer mortality
[29,30]. Van Dijick et al., 1997 and Broeders et al., 2001, both
reported on screening in Nijmegen, the Netherdlands, but Van
Dijick was retained in the primary analyses because it analyzed
incident breast cancer mortality and reported relative risks without
adjustments [31,32]. Similarly, Olsen et al.,, 2012 and Kalager
et al., 2010 reported on similar geographical regions in Norway,
but Olsen et al,, 2012 was retained in the primary analyses
because 1t had a lnngu follow-up period [33,34].

gn{e]
RIFHERIXE ?
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Methods

Data extraction

VI reviewed all abstracts; while RK confirmed all mcluded
abstracts and those that were undecided. Both authors reviewed all
potential  full articles,  When clarification  was needed, the
corresponding author for that study was contacted. 14 study
authors were contacted with questions and 9 responded. Two
study authors were not contacted because all necessary data were
available in their publication. Data analyses were conducted by VI
and both investigators drafted the manuscript.
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Table 1. Screening detalls, relative risks and confidence intervals for included studies by study design. I
Table 2. Sumrmary of meta-analysis reaults by detign and age seresned”.
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ik (95% Ci) BC
i e o RA (95% N BC Mertality Adjuited RR {#5% CI] BC Mosnality
Eludy dnsign: Birth cohort comsparisons Design & Age Group Screened Studies Maortality for Population Size Al justed for Persan-Years
Antifa, 3002 Firdand 18851957 18851957 19861957 2 years 2% Stucty dasigu: Eirth mharty
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Statistical analysis

Meta-analyses were conducted in Stata MP Version 12
(StataCorp, College Station, Texas) using the metan command,
random effects. Random effects model was performed because
statistical heterogeneity existed. Birth cohorts, historical, geo-
graphical and geographical-historical designs were analyzed and
reported separately. Within each design, a separate meta-analysis
was conducted for each screening age range (<30, 30-69, 70+).
Meta-analyses were conducted using the standard weighting
procedure (standard error of the studies) and then weighted by
total population or total person-vears. The resulting RR and CI
for each design, screening age and weighting strategy are reported
in Table 2. Incident and prevalent breast cancer mortality are
analyzed separately. Assessment of bias was analyzed as threats to
validity., Each study design was scored according to potential
threats to internal and external vahdity (Table 3).




Discussion (Limitations)

PQ

only identified studies of European screening programs,
with presumably primarily Caucasian samples
No studies from the United States were included because none

could compare a region or time period with an official
screening program.

All-cause mortality could not be analyzed because there
were an insufficient number of studies reporting this data

This review was not registered because we were unaware of
registration services when our effort began.

The authors re-calculated relative risks and confidence

intervals for each of the studies to include them in the
meta-analysis.

The calculations were almost always similar to the original
study outcomes.



Conclusion

Mammography screening may have modest
effects on cancer mortality between the ages of
50 and 69 and non-significant effects for women

older than age 70.

Results are consistent with meta-analyses of
RCTs.

Effects on total mortality could not be assessed

because of the limited number of studies.
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Screening for breast cancer with mammography (Review)

PLAIN LANGUAGE SUMMARY
Screening for breast cancer with mammography

Screening with mammography uses X-ray imaging to find breast cancer before a lump can be felt. The goal is to treat cancer earlier, when
a cure is more likely. The review includes seven trials that involved 600,000 women in the age range 39 to 74 years who were randomly
assigned to receive screening mammograms or not. The studies which provided the most reliable informartion showed that screening
did not reduce breast cancer mortality. Studies that were potentially more biased (less carefully done) found that screening reduced
breast cancer mortality. However, screening will result in some women getting a cancer diagnosis even though their cancer would not
have led to death or sickness. Currently, it is not possible to tell which women these are, and they are therefore likely to have breasts
or lumps removed and to receive radiotherapy unnecessarily. If we assume that screening reduces breast cancer mortality by 15% after
13 years of follow-up and that overdiagnosis and overtreatment is at 30%, it means that for every 2000 women invited for screening
throughout 10 years, one will avoid dying of breast cancer and 10 healthy women, who would not have been diagnosed if there had
not been screening, will be treated unnecessarily. Furthermore, more than 200 women will experience important psychological distress
including anxiety and uncertainty for years because of false positive findings.

Women invited to screening should be fully informed of both the benefits and harms. To help ensure that the requirements for informed
choice for women contemplating whether or not to attend a screening programme can be met, we have written an evidence-based
leaflet for lay people that is available in several languages on www.cochrane.dk. Because of substantial advances in treatment and greater
breast cancer awareness since the trials were carried out, it is likely that the absolute eftect of screening today is smaller than in the trials.
Recent observational studies show more overdiagnosis than in the trials and very little or no reduction in the incidence of advanced
cancers with screening.



Analysis I.1. Comparison | Screening with mammography versus no

ascribed to breast cancer, 7 years follow up

Rewiew: Screening for breast cancer with mammagraphy

Comparisan:

Qutcome;

| Screening with mammography versus no screening

| Deaths ascribed to breast cancer, 7 years follow up

screening, Outcome II Deaths

Study or subgroup Screening Mo screening Risk Ratio Weight Risk Ratic
nit /M M-H Fixed 95% Cl 1M-H,Fixed,95% Cl
| Adequately randamised trials
Canada 1980a 38125214 28125216 T 4.1 % 1.36 [0.83, 221 ]
Canada 1980b 3819711 39/19694 - 5.7 % 057 [062,152]
Malmé 1976 63/21088 66/21195 —_ 9.6 % 096 [ 068, 1.35]
UK age trial 1571 105/53884 2517106956 — 244 % (.83 [ 066, 1.04]
Subtotal (95% CI) 119897 173061 - 43.7 % 0.93 [ 0.79, 1.09 |
Total events: 244 (Screening), 384 (Mo screening)
Heterogeneity: Chi? = 333, df = 3 (P = 0.34); P =10%
Test for overall effect: Z = 092 (P = 0.36)
2 Suboptimally randomised trials
Géteborg 19822 & 1082 10713101 — 1.3 % 0.73[ 026 200]
Gateborg 1982b 2119903 37715708 T 42 % 090053 154]
Kopparberg 1977 71139051 52/18846 - 102 % 0.66 [ 046, 0.4 ]
Malmé Il 1978 29/9581 33/8212 T 52% 075[ 046, 124]
Mew York 1963 81/31000 124/31000 —= 180 % 0.65 [ 049,086 ]
Stockholm 1981 53/38525 40020651 - 76 % 071 [ 047, 1.07]
Ostergdtland 1978 53139034 67137936 T 99 % 077054, 1.10]
Subtotal (95% CI) 177915 145454 - 56.3 % 0.71 [ 0.61, 0.83 ]
Total events: 314 (Screening), 363 (No screening)
Heterogeneity: Chi® = .51, df = & (P = 0.96); I =0.0%
Jest for overall effect: 7 = 437 (P = 0.000012)
Total (95% CI) 297812 318515 . 100.0 % 0.81 [ 0.72, 0.90 ]
Total events: 558 (Goreening), 747 (Mo screening)
Heterogeneity: Chi* = 1022, df = 10 (P = 0.42); I =2%
Test for overall effect: 7 = 3.81 (P = 0.00014)
Test for subgroup differences: Chi* = 5.32, df = | (P =0.02), I =81%
0.2 05 | i 5

Favours screening Favours ne screening




Analysis 1.2. Comparison | Screening with mammography versus no screening, Outcome } Deaths

ascribed to breast cancer, 13 years follow up.

Reviews  Sareening for breast cancer with mammography
Companson: | Screening with mammography versus no screening

Cuteomne: 2 Deaths ascribed to breast cancer, |3 years follow up

Study or subgroup Screening Mo screening Rusk Ratic Weight Risk: Ratio
it nit [M-H Fixed 25% CI M-H Fixed 35% CI
| Adequately randomized trals
Canada |980a 10525214 10825216 —— BE&% Q97 [Q74, 1.27]
Canada 1980b 1OA1E7T] 105/ 19694 - B3% 102 [0VE 1.33]
Malmé 1976 70695 I08/20783 -7 BS% 08I [0el, 107]
LK age trial 1991 105/53884 2517106956 - 13.3 % 083 [ D66, 104 ]
Subtotal (95% CI) 119504 172649 - 38.7 % 0.20 [ 0,79, 1.02 ]
Total events: 404 (Screening), 572 (Mo screening)
Heterogeneity, Chit = 216, df = 3 (P = 054 I* =00%
Test for overall effect £ = 164 (F = Q10)
1 Subegtimally randamised trials
Gétehorg 1982 BB 1650 162729961 - 10.8 % 075 [ 058 0397 ]
Kopparberg | 977 | 2&6/38589 104/ | 8582 - 11.0% 058 [ 045 076 ]
Mew York | 963 21831000 2631000 - 07 % 083 [ 070, 1.00]
Stockhelm 1981 £4/40318 45019943 — 408% 073 [ 050 106]
@stcrgélland 1978 135/3849 173737403 = 139 % 076 [Q&l,095]
Subtotal (95% CI) 170048 136889 - 61.3 % 0.75 [ 0.67, 0.83 ]
lotal everts: 633 (Soreening), 746 (Mo screening)
Heterogensity: Chi® = 494, df = 4 (P = 029} I =19%
Test for overall effect: £ = 534 (P < Q0000
Total (95% CI) 289552 309538 + 100.0 % 0.81 [ 0.74, 0.87 ]

latal events: DA (Soreening), 1318 (Mo screening)

Heterogeneity, Chid = | 182, of = 8 (P = Q14 B =32%

Test for overall effect: £ = 515 (F < Q30001

Test for subgroup differences: Chi? = 455, df = | (P = 003), I* =78%

0.2 03 | 2 5
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Analysis 1.3. Comparison | Screening with mammography versus no screening, Outcome B Deaths |

ascribed to breast cancer, 7 years follow up, women below 50 years of age (Malmo 55)

Review:  Soreening for breast cancer with mammography

Companison: | Screening with mammuography versus no screening

Cutcome: 3 Deaths ascribed to breast cancer, 7 years follow up, wornen below 30 years of age (Malma 55)

Study ar subgroup Screening Mo screening Fask Ratio Wesght Risk Ratio
nfN niM [1-H,Freed 35% C M-H, Fiwed, 5% CI
| Adenquately randomised trials
Canada 1980a 38725214 2835216 T Bl % 36 [ 083 221]
Malmd 1976 287981 AhE0a: T 63 % |29 [ 074, 125
LI age trial 199 10553084 2517106958 L 485 % 083 [ 064 104]
Subtotal (95% CI) 87079 140254 - 62.8 % 0.94 [ 0.78, 1.14 ]
Tenal everits: |71 (Sereening), 301 (Mo sereening)
Heterageneity: Chi® = 455, df = 2 (P = QIO P =56%
Test for overall effect; 7 = 059 (P = 056)
2 Suboptimally randomised trials
Gateborg 19822 & 10821 10413100 I 26% 073026 200]
Kopparberg 1577 | 2/9625 B/5053 — T 0% 079 [ 032, 193]
[lalend 11 1978 299581 B2 I 10.2 % 075046 1.24]
Mew Yark 1963 3914849 48/14%1 1 — 138 % 082 [ 054 1.24]
Stockholm 198 20414842 127103 . 47 % 080039 1e3]
@stcrg&lldnd 1978 110312 10¥10625 -1 2B% 13 [ 048, 267 ]
Subrtortal (95% CI) 70030 59005 - 37.2 % 0.81 [ 0.63, 1.05 ]
lotal events: |17 (Socreening), 121 {MNe screening)
Heterogeneity: Chi* = 072, df = 5 (P = 098): I* =0.0%
Test for overall effect: £ = 15% (F =011}
Total (95% CI) 157109 199259 - 100.0 % 0.89 [0.77, 1.04 ]
T )
Heterogeneity: Chif = 6,14, df = 8 (P = 063y 12 =00%
Test for overall effect: £ = 142 (P =0.18)
Test for subgroup differences: Chi2 = 085, df = | (P = 0.3&), ¥ =00%
02 05 | 2 5
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Analysis 1.4. Comparison | Screening with mammography versus no screening, Outcome 4Deaths |

ascribed to breast cancer, 7 years follow up, women at least 50 years of age (Malmd 55)

Reviews  Screening for breast cancer with mammography

Companson; | Screening with mammography versus

NG SCreening

Cutcome: 4 Deaths asoibed to breast cancer, 7 years follow up, women at least 30 years of age (Malma 55)

Study or subgroup Screening Ma screening Risk Ratio Wieight Risk: Ratio
T niMd -H Fixed.95% O M-H,Fised, 35% CI
| Adequately randomised trals
Canada 1980b W97 39719694 I 1.2 % 057 [062 152]
Malmd 1576 35413107 4413113 -1 147 % 080 [ 051, 1.24]
Subtotal (95% CI) 32818 32807 - 23.9 % 0.88 [ 0.64, 1.20 ]
Total everits: 73 (Screening), 83 (Mo screening)
Heterogeneity: Chit = 0,39, df = | (P = 0.53% 1 =00%
lest for overall effect: 2 = 080 (F = 042)
2 Subegtimally randomised trals
Gateborg [982h 219903 3715708 e 82 % 020053 154]
Kopparberg | 977 59/29426 44713793 —— 7.2 % 063 [ 043 093]
Mew York 963 SH16151 8016089 - 30 % 065 [ 046, 092 ]
Stockholm 1981 3325476 28712840 N 107 % 055036 098]
Cistergtitland 1978 42728732 FET3N — |68 % Q70 [ 047, 104 ]
Subtotal (95% CI) 109678 85741 - 76.1 % 0.67 [ 0.56, 0.81 ]
lotal everts: 207 (Screening), 246 (Mo screening)
Heterogeneity: Chi* = |58, df =4 (P = Q81% I* =00%
Test for overall effect: £ = 4.13 (P = Q000037
Total (95% CI) 142496 118548 - 100.0 % 0.72 [ 0.62, 0.85 ]
otal events: B0 (Soreening), 429 (Mo screening)
Heterogeneity: Chi® = 402, df = 6 (P = 067 > =00%
Test for overall effect: £ = 335 (F = Q000077
Test for subgroup differences: Chit = 202, df = | (F = 0.18), I =50%
0.2 05 I 2 5
Favours no screening




Analysis 1.5. Comparison | Screening with mammography versus no screening, Outcome 1 Deaths |

ascribed to breast cancer, 13 years follow up, women below 50 years of age

Reviews  Soreening for breast cancer with mammographiy
Comparizorn; | Screening with mammography versus no screening

Cutcomne: 5 Deaths asorbed to breast cancer, |3 years follow up, women below 50 vears of age

Study ar subgroup Screening Mo screening Risk Ratio Wieight
nit nétd M-H,Freed 25% CI

Risk Ratio
M-H,Fiseed 35% CI

| Adequately randormised trals

Canada |980a 10525214 108725216 . 121%
Maima 1976 BI3658 |6/3769 — T 2%
LK age trial 991 105/53884 2511106954 - M5 %
Subtotal (95% CI) 82756 135941 - 59.9 %

Total everits: 218 (Screening), 375 (Mo screening)
Heterogeneity: Chi*f =229, df=2 (P =032) P =13%
Test for overall effect: £ = 166 (F = 0.096)

2 Suboptirmally randormised trials

Goteborg 19822 34111724 59414217 — 109 %
Kopparberg 1977 /9582 143031 1 43 %
Mew York | 963 64| 3740 B2 3740 - 68 %
Stockholm 1981 24714842 127103 S 13%
Ostergdtland 1978 2310262 2310573 1 47 %
Subtotal (95% CI) 60150 50664 - 40.1 %

Total everts: |67 (Soreening), 192 (Mo screening)
Heterogeneity: Chi2 = .51, df = 4 (P = Q83); I =0.0%
Test for overall effact 7 = 2.1 3 (B = 0033}

097 [ 074, 127 ]
052022 120]
083 [ 066, 104
0.87 [ 0.73, 1.03 ]

070 [046 106
072[038, 1.37]
078056 1.08]
056048, 191 ]
103 [0.58 1.84]
0.80 [ 0.64, 0.98 |

Total (95% CI) 142906 186605 - 100.0 %

0.84 [ 0.73, 0.96 ]

Total everits: 385 (Screening), 567 (Mo screening)

Heterogeneity: Chi* = 4.19, 4f = 7 (P = 07&); I =0.0%

Test. for overall effect; 2 = 263 (P = Q00835

Test for subgroup differences Chit = 038, df = | (P = 054), 12 =00%

0.2 05 | 1 5

AVOUIFS SCPEenirg Favours no sereening



Analysis 1.6. Comparison | Screening with mammography versus no screening, Outcome 1 Deaths |

ascribed to breast cancer, I3 years follow up, women at least 50 years of age

Reviews  Screening for breast cancer with mammographiy
Companson; | Screening with mammography versus no screening

Cutcome: & Deaths asorbed to breast cancer, |3 years follow up. women at least 30 years of age

Study or subgroup Screening Mo screening Rk Ratio Wieight Risk: Ratio
nit niM M1-H,Fred 355 C M-H, Fixed 55% Cl

| Adequately randomised trals
Canada |980b 107571 10519694 - 145 % [O2 (078 1L33]
Malmd 1576 FRT430 T T4 T |27 % &6 [ 064, Llg )
Subtotal (95% CI) 37141 37120 - 27.2 % 0.94[0.77, 1.15 ]

Total events: |86 (Soreening), 197 (Mo screening)
Heterogeneity, Chid = 062, df = | (P =041y 12 =00%
lest for overall effect: £ = Q57 (F = 057)

2 Subeptimally randomised trals

Gotebarg 1982b 5419925 10315744 — 110%
Kopparberg 1977 | Q29007 B&/13551 —— 6.6 %
Mew York 1963 10116505 | 30616505 - 179 %
Stockholm 1981 4425478 33012840 ] 6.l %
C}stcrgélldnd 1578 | 1228229 |50V 26830 - 212 %
Subtotal (95% CI) 109143 85470 - 72.8 %

Total everts: 413 (Screening), 504 (Mo screening)
Heterogensity: Chi® = 454, df = 4 (F = 034) P =12%
Test for overall effect: £ = 5.28 (P < Q00001

083 [ 080, 1.15]
055 [ 042 073]
078 [ 060, 101 ]
064 [ 041, 101 ]
071[056 091 ]

0.70 [ 0.62, 0.80 ]

Total (95% CI) 146284 122590 hd 100.0 %

0.77 [ 0.69, 0.86 ]

Total events: 559 (Soreening), /G (Mo screening)

Heterogeneity, Chid = | 122, df = & (P = Q.08% B =47%

lest for overall effect: &£ = 473 (P =< Q000001

Test for subgroup differences: Chi* = 583, df = | (F = 00Z), I* =83%

02 05 | 2 5
Favours o screening




Analysis 1.7. Comparison | Screening with mammeography versus no screening, Qutcome 7|Deaths

ascribed to any cancer, all women.

Reyiens:  Screening for breast cancer with mammography

Compansor; | Screening with mammography versus

NG SCrEening

Cutcome: 7 Deaths ascribed to any cancer; all warmen

Study or subgroup Screening Mo screening Rk Ratio Wimight Fisk Ratio
nik it f1-H,Frced, 2 5% C -H, Fised 55% Cl
| Adequately randormised tnals
Canada 1980a 28025214 2BEI5215 —— 200 % 0968 [ 083, 11&]
Canada 19800 48411571 | 403 | 9e94 —— 287 LIST 1O 131
Malma 1975 JOFE 1088 T3 195 ‘T 517 % 096 [ 087, 104 ]
Subtotal (95% CI) 66013 66105 100.0 %o 1.02 [ 0.95, 1.10 ]
lotal everits: 1451 (Soreening), 1427 (Mo soreening)
Heterogeneity: Chi® = 469, df = 2 (P = 0.10); I* =57%
Test for overall effect: £ = 052 (F =041)
2 Suboptimally randomised trials (unreliable estimates)
kopparberg | 977 BaE3F05 319/ 8844 6% 1O (088 115]
Mesw Tark | 263 TRI023% 823730765 466 % 078 [ 087, 108 ]
Ostergdtland 1978 SI03%034 49837536 28.8 % 1oo[o8ea 113]
Subtotal (95% CI) 108324 87547 - 100.0 % 0.99 [ 0.93, 1.06 |

Total events: 1967 (Screening), [640 (Mo screening)

Heterogeneity: Chi?® = 0.14, df = 2 (P = Q93); I =0.0%

Test for overall effect: £ = 029 (P = 0.77)

05 o7 | 15 1

Favours soreening Favours no screenng
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