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Sensitivity and specificity of mammography and adjunctive
ultrasonography to screen for breast cancer in the Japan
Strategic Anti-cancer Randomized Trial (J-START):

a randomised controlled trial

MNoriaki Ohuchi Akihiko Suzuki, Tomot aka Sobue, Masaaki Kawai, Seiichiro Yamamot o, Ying-Fang Zheng, Yoko Narikawa Shiono, Hiroshi Saito,
Shinichi Kuriyama, Eriko Tohno, Tokiko Endo, Akira Fukao, Ichiro Tsuji, Takwhiro Yamaguchi, Yasuo Ohashi, Mamoru Fukuda, Takanori [shida,
forthe |-START investigator groups

Summary

Background Mammography is the only proven method for breast cancer screening that reduces mortality, although
it is inaccurate in young women or women with dense breasts. We investigated the efficacy of adjunctive
ultrasonography.

Methods Between July, 2007, and March, 2011, we enrolled asymptomatic women aged 40-49 years at 42 study sites
in 23 prefectures into the Japan Strategic Anti-cancer Randomized Trial (J-START). Eligible women had no history of
any cancer in the previous 5 vears and were expected to live for more than 5 years. Randomisation was done centrally
by the Japan Clinical Research Support Unit. Participants were randomly assigned in 1:1 ratio to undergo
mammography and ultrasonography (intervention group) or mammeography alone (control group) twice in 2 years.
The primary outcome was sensitivity, specificity, cancer detection rate, and stage distribution at the first round of
screening. Analysis was by intention to treat. This study is registered, number UMIN000000757.

Findings Of 72998 women enrolled, 36859 were assigned to the intervention group and 36139 to the control group.
Sensitivity was significantly higher in the intervention group than in the control group (91-1%, 95% CI 87.2-95.0 vs
77.0%, 70-3-83.7; p=0.0004), whereas specificity was significantly lower (87.7%, 87-3-88.0 vs 91-4%, 91.1-91.7;
p<0-0001). More cancers were detected in the intervention group than in the control group (184 [0-50%] vs117 [0- 329%)],
p=0-0003) and were more frequently stage 0 and I (144 [71-3%)] vs 79 [52.0%], p=0-0194). 18 (0.05%) interval cancers
were detected in the intervention group compared with 35 (0-10%¢) in the control group (p=0-034).

Interpretation Adjunctive ultrasonography increases sensitivity and detection rate of early cancers.
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“Adjunctive ultrasonography was
associated with a significantly
higher detection rate of breast
cancer than mammaography alone.
Thus, ultrasonography could offera
low-cost way to increase sensitivity
and detection rates of early cancers
in women with dense breast tissue.”
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Participants Registered

(September 2007 — March 2011) 06.1% RCT

*71.1% Individual RCT

Sep 2007-Mar | Apr 2008-Mar Apr 2009-Mar Apr 2010-Mar Total
2008 2009 2010 2011 ota
T dividual | 2:23% 8,274 11,572 4,512 27,050
(26.8%) | (28.7%) | (39.0%) (48.1%) | (35.5%)
1.770 5,645 2,902 217 9,863
Stud : ’ ’ ’
Grou}’) RCT-Clustered | 51306y | (19.6%) | (9.8%) 2.3%) | (13.0%)
52 667 471 0 1,400
+ _ 1
(US*MG) | Non-RCT (0.6%) (2.3%) (1.6%) (0.0%) (1.8%)
Subtota 4,056 14,586 14,945 4,729 38,313
(48.3%) | (50.6%) | (50.4%) (50.4%) | (50.3%)
T idividual | 2-242 8,295 11,711 4,514 27,065
(26.9%) | (28.8%) | (39.5%) 48.2%) | (35.5%)
1.584 5,290 2777 134 9,219
Control - ’ ’ ’
Group RCT-Clustered | 19.000) | (18.4%) (9.4%) (1.4%) (12.1%)
444 645 220 0 1,599
(MG) Non-RCT (5.3%) (2.2%) (0.7%) (0.0%) (2.1%)
bt 4,270 14,230 14,708 4,648 37,883
(51.3%) | (49.4%) | (49.6%) (49.6%) | (49.7%)
o 8,326 28,816 29,653 9,377 76,196
(100%) (100%) (100%) (100%) (100%)




2"d Screening 2 years on and Follow-up

(Follow-up Rate)

2"Y Screening 2 Years on and Follow-up

Total
2007-2009 | 2008-2010 | 2009-2011 | 2010-2012
n % N % N % n % N %
S(CFLerea[‘e')”g 6,573 79.9|22,125 75.6 (21,090 73.8|6,353 68.8||56,141 74.5%
Questionn
aire-Full || 1,568 19.1| 6,544 22.4| 6,790 23.8|2,624 28.4||17,526 23.3%
(FU rate)
Questionn
aire-Short|| 19 02| 93 03| 72 03| 49 05[] 233 0.3%
(FU rate)
Deficit (Not
el 70 09| 505 1.7 | 631 22| 210 23]|1,416 1.9%
8,230 29,267 28,583 9,236 75,316

98% of women were followed!
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(MG+US) (MG only) Sat w5
5 >4 IMEEMS 36,859 36,139 72,998

BRI 36,841 36,122 72,963 Iﬂ%‘?ﬁ\ﬂzﬁéﬁﬂéﬁﬁﬂ

HRAFITE 2% 36,752 35,965 72,717
THEIRE 4,647 3,153 7,800

(BHEIRR) (12.6%) (8.8%) (10.7%)

P AFERE 184 117 301 ]
(REX) (0.50%) (0.33%) | (0.41%) p=0.0003
R HA 18 35 53 p=0.034

R 91.1% 77.0% p=0.004
SR 87.7% 91.4% p=0.0001

The sensitivity of 91.1% was higher than 86%, originally expected
(Q012FE Y>> ET ST+« HAREZ TOIENAFERER . £EFI 0.3%)
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3% (Cross-sectional method)
BZ (Follow-up method)

8% (Detection method)
MR 3RE (Incidence method)




@BF% (Cross-sectional method)
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2)2DDRE DX EE (Relative sensitivity)
B10ORE BRZ20D%E=A1/(A1+B1).” A2/(A2+B2)

=A1/A2
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B#iE (Follow-up method)

@ FEBX (Detection method)

BE =RERENAR(BREERVAB+PRBNAR)
=1— (PRSP AY (RERRFAR+ PRESAR))
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Interval Cancer: a primary cancer, which is diagnosed in a

woman who had a screening test, with/without further

assessment, which was negative for malignancy, either

» Before the next invitation to screening, or

« Within a time period equal to a screening interval for a woman
who has reached the upper age limit for screening



@ FEERZHRE (Incidence method)
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3.Ronco G, et al. Lancet Oncology 2006, Italy
4.Ronco G, et al. INCI 2006 Italy

5.Ratnam S, et al. CEBP 2000 Canada

" Corrected Relative Sensitivity

6.Malila N, et al. 1JC 2012, Finland

*Incidence Method

7.Naucler P, et al. JINCI 2009, Sweden

“ Detection Method

8.Mayrand MH, et al. NEJM 2007, Canada

Detection Method, sampling follow-up for test negatives
9.Kulasingam SL, et al. JAMA 2002, US

“ Corrected Sensitivity
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Sensitivity according to Modality

Detection Modality

Study arm

Control arm

N (Sensitivity:%)

N (Sensitivity:%)

MG positive 117 57.9% 109 71.7%
MG only positive 34 16.8% 72 47.4%
US positive 143 70.1% N/A
US only positive 61 30.2% N/A
CBE positive 46 22.8% 45 29.6%
CBE only positive 0 0% 8 5.3%
Screening detected 184 91.1% 117 77 0%
cancers
All negative (Interval Cancer) 18 8.9% 35 23.0%
Total detected cancers 202 152

Almost the same breast cancers detected by MG and CBE in each arm.

Significant reduction of Interval cancers increased the sensitivity by US.
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Stage Distribution

MG+US MG
Positive E\Ilr?tge?':[/i;; Total Positive E\Ilr?tge?':[/i;; Total
Stage (N=184) (N=18) (N=202) (N=117) (N=35) (N=152)

0 51 27.7% 1 56% 52 25.7% 31 26.5% 7 20.0% 38 25.0%
I I 93 50.5% 8 44.4% 101 50.0% 48 41.0% 18 51.4% 66 43.4%
l Il 32 174% 8 444% 40 19.8% 35 299% 9 25.7% 44 28.9%

miv 5 2.7% 1 56% 6 297% 3 26% 1 29% 4 2.6%

Missing 3 1.6% 0 O 3 1.5% 0 0.0 0 O 0 0.0%

184 18 202 117 35 152




Stage (J"HEA) D#HE

Modality Study arm (MG+US) Control arm (MG)
MG usS CBE 0 I [+ 0 I [+
+ - +/- 23 12 6
DCIS by MG
+ + +/- 17 39 20
_ + +/_ 11 42 14 Early IDC by US
+ N/A +/- 30 42 37
- - + 0 0 0 1 6 1
None by CBE
All Negative . . . ° b1y7CBE »
(FREHHNA)
Total Screened 91 93 40 31 48 38
Total cancers 202 152
40K DD AIRES
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2. 85 KT, BHDRBEDA(IDC, Stage I) ZRDIFTL\S
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AMNARZICETHRTEAVEBEIZEORES
Independent UK Panel on Breast Cancer Screening. The benefits and harms of breast
cancer screening: an independent review. Lancet 2012; 380: 1778-86.

RR (95% Cl) Weight (%)
New York (1963) L% 0-83(0.70-1.00) 16-9%
Malmé | (1976) % 0-81(0-61-1.07)  95%
Kopparberg (1977) - ' 0-58 (0-45-0.76)  10.7%
Ostergotland (1978) — 076(0-61-0.95)  13.0%
Canada | (1980) ; . 0-97 (074-1.27)  102%
Canada Il (1980) 5 . 1.02 (0.78-133)  102%
Stockholm (1981) -— 073 (0-50-1-06) 6-0%
Giteborg (1982) — 075(058-0.98) 107%
UK Age Trial (1991) = 0-83(0-66-1.04) 12-8%
Overall (I’=31-7%, p=0-164) <> 0-80(0-73-0-89)
u-|5 0.8 1 1-'15 p! 5
RR (95% Cl)

Figure 1: Meta-analysis of breast cancer mortality after 13 years of follow-up in breast cancer screening trials
Adapted from the Cochrane Review.* RR=relative risk. Malma Il is excluded because follow-up of about 13 years
was not available; the Swedish Two County (Kopparberg and Osterg6tland) and Canada | and Il trials are split into
their component parts; the Edinburgh trial is excluded because of severe imbalances between randomised groups.
Weights are from random-effects analysis.



AMNARZICETHRTEAVEBEIZEORES
Independent UK Panel on Breast Cancer Screening. The benefits and harms of breast
cancer screening: an independent review. Lancet 2012; 380: 1778-86.

A
Percentage (95% Cl) Weight (%)
Malmé (55-69 years) —-— 105 (8-4-127) 36-3%
Canadall — B 12-4 (9-9-14.9) 28-6%
Canadall B 97 (7:5-11-9) 351%
Overall (2=22-3%, p=0-276) /\J/?;> 107 (9:3-12-2)
| — T |
5 10 15 20
B
Percentage (95% Cl) Weight (%)
Malmé (55-69 years) - 18.7 (15-1-22-4) 34.4%
Canada | i B 22.7 (18.4-27.0) 30:3%
Canada Il —l— 16.0 (12.5-19.5) 35.3%
Overall (’=64-8%, p=0.-058) @ 19.0 (15-2-22.7)
10 15 20 25 20
Overdiagnosis (%)

Figure 2: Meta-analysis of estimates of overdiagnosis from trials without systematic end-of-study screening
of the control group

(A) Excess cancers as a proportion of cancers diagnosed over long-term follow-up in women invited for screening.
(B) Excess cancers as a proportion of cancers diagnosed during the screening period in women invited for
screening. Weights are from random-effects analysis.



IDARZICEITHBFRIZHOKRES
Independent UK Panel on Breast Cancer Screening. The benefits and harms of
breast cancer screening: an independent review. Lancet 2012; 380: 1778-86.

RTERDTIE FAAFETND20%
1BE(ZE ELNABREDI9%

When these data are combined to assess benefit and overdiagnosis, the Panel
estimates that for 10 000 UK women invited to screening from the age of 50
years for 20 years, about 681 cancers will be discovered, of which 129 will
represent overdiagnosis, and 43 deaths from breast cancer will be prevented.
Therefore, for every breast cancer death prevented, about three overdiagnosed
cases will be identified and treated. Of the approximately 307 000 women aged
50-52 years who are invited to screening every year, just over 1% would have an
overdiagnosed cancer during the next 20 years.

In view of the uncertainties that surround the estimates, the figures cited give a
false impression of accuracy.
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