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

a randomised controlled trial
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(15)00774-6/abstract
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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

Noriaki Ohuchi, Akihiko Suzuki, Tomotaka Sobue, Masaaki Kawai, Seiichiro Yamamoto, Ying-Fang Zheng, Yoko Narikawa Shiono, Hiroshi Saito,
Shinichi Kuriyama, Erika Tohno, Tokiko Endo, Akira Fukao, Ichiro Tsuji, Takuhiro Yamaguchi, Yasuo Ohashi, Mamoru Fukuda, Takanori Ishida,
for the |-START investigator groups

Lancet 2016; 387: 341-48
PMID: 26547101
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Trained clinical research coordinators or research staff
obtained written informed consent from all women at each
study site.” The study protocol was developed in accordance
with the principles of the Declaration of Helsinki. We
adhered strictly to the ethics guidelines for clinical studies
issued by the Ministry of Education, Culture, Sports,
Science and Technology and the Ministry of Health, Labour
and Welfare of Japan. Ethics approval was obtained from
Tohoku University School of Medicine Research Ethics
Committee and the Japan Anticancer Society.”
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Statistical analysis

ultrasonography. We calculated that 130 confirmed cases

of breast cancer would be needed to show this difference
with 5% significance (two-sided) and 80% power and,
therefore, that 42 500 women would need to be assigned
to each group, based on prevalence of 0-003% among
women aged 4049 years." We recruited 76196 women,
which, on the basis of the original calculation, would
provide 75% statistical power to test the hypothesis.

- | TTHEAT & 3218

- 40-49m LMD HIEERE0.003% & L, mHI80%, a LT —0.05THKRE
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16196 AR EETZKSANL, £DHH
12998 AN Z v X Lk = =T 7=,

INAEE 1 36859 ES T
74 LBERREERIS. KR
ICXRETE > T=DIF36752 A,

Control& : 36139 AT £
ZT7 4 DIHEZIT, ERICTHER
757D 1E£35965 A,

76196 wamen enralled

4

720998 wornmen randamised

.

36859 assigned to undergo
marmmography plus
ultrasonography®

107 excluded

g had breast cancer
9 history of cancer {non-
. breast) within 5 years
70withdrew
19 did not receive
mammaography
hJ
16752 screenedt

-

3158 excluded
3101 not randomised
g double enrclment
ad other reasons

36139 assigned to undergo
marmmograpiy

alanet

174 excluded
6 had breast cancer
11 history of cancer (non-

L breast) within 5 years
124 withdrew
33did not receive
mammagraphy
v

315965 screened§




Baseline

Characteristics

All participants  Intervention Control group
{n=72717) group (n=36752) (n=35965)
Age at randomisation (vears) FHp 44 (3.0} 44 (30} 44 (3.0
Ever undergone breast cancer screening
No 16867 (23-29¢) 8432 (22.9%) 8435 (23.5%)
Yiesg COE3R(76-8%) 2B310(77-0) 27528 (76.5%)
Unknown or data missing 12 [=01%) 10 [=0-1%) 2 (=0-1%)
Time since mast recent bréast cancer sueeningﬂg:munths}
<12 BRI DILIERZITHA 11 460 (15-B%) 5882 (16-0%) 5578 (15-5%)
12-24 18213 (251%) 9184 (25.0%) 9029 (25-1%)
25-36 14096 (19-4%) 7128 (19-43%) BO6E (15-4%)
=36 10802 (14-9%) 0531 (15:1%) G271 {14-7%)
Unknown or data missing 18146 (25:0%) Q027 (24-6%) 0119 (25.4%)
Method of rmost recent mealst cancer screening .
vammogaphy R DIEIRZ DT}
No 16303 (22.4%) 8285 (22.5%) BO18 (22.3%)
Yes 39525(54.4%) 20023 (545%) 10502 (54-2%)
Unknown or data missing 16889 (23.2%) B4d4 (230%) B445 (235%)
Ultrascnography
Mo 45264 (62.3%) 22849 (62.2%) 22415 (62-3%)
Yo 10564 (14-5%) 5459 (14-9%) 5105 (14-2%)
Unknown or data missing 16889 (23-2%) 8444 (23.0%) 8445 (235%)
Clinical breast examination
Mo 5247 (7-2%) 2635 (7-2%) 2612 (7-3%)
Yes 50581 (69-6%) 25673(69-9%) 24908 (69.3%)
Unknown or data missing 16889 (23-2%) 8444 (23.0%) 8445 (23.5%)

Age at menarche (years) REER
11
12-13
zld
Unknown or data missing
Menopausal status FARRIRI
Premenopausal
Perimenopausal
Postmenopausal
Unknowsm or data missing
Mumber of preganancies §E YR [E] 24
0
1
2
34
5-10
Unknowim or data missing
Mumber of pregnancies deliverad H 2 [B] 2%
Mulliparous
1
2
3
4-8

Unknown or data missing

15269 (21.0%)

41682 (57.3%)

15671 (21-6%)
95 [01%)

55007 (757%)
13394 (18-4%)
4272 (5-8%)

44(01%)

8749 (12.0%)
BB14 (12.1%)
25225 (34:7%)
24091(331%)
3422 (4-7%)
2416 (3-3%)

9506 (13-1%)
11020 (15-2%)
322432 (44-2%)
14973 (20-6%)

2155 (3-0%)

2921 (4-0%)

7661 (20-9%)

21090 (57-4%)

7950 (21-6%)
51(0-1%)

27742 [755%)
6775 (18-4%)
2208 (6.0%)

27 (041%)

4429 (12.0%)
4507 (12.0%)
12659 (34-9%)
12237 (330%)
1752 (4-6%)
1168 (3.5%)

4858 (13-2%)
5564 (15:1%)
16174 (44-0%)
7638 (20-8%)
1090 (3-0%)
1428 (3-9%)

7608 (212%)

20592 (57-3%)

7721{215%)
44 (0-1%)

27 265 (75-8%)
G610 (18-4%)
2064 (57%)

17 (01%)

4320 (12:1%)
4307 (12-3%)
12566 (34-4%)
11854 (33:3%)
1670 (4-8%)
1248 (3-2%)

4648 (12-9%)
5456 (15-2%)
15968 (444%)
7335 (20-4%)
1065 (30%)
1493 (4-2%)

{Table 1 continues on next page)



Baseline Characteristics

All participants  Intervention Control group
(n=72717) group (n=36752) (n=35965) ~T7 J1— 1EA

(Continued from previous page) © o1 j:/;j —— lil-p 4 4 ﬁ
Age at first birth (years) #][2] HH 2 S i

<20 675 (0-9%) 354 (1-0%) 321 (0-9%)

20-24 Q186 (12.6%) 4717 (12-8%) 44609 (12-4%) . ﬁﬁ' /:I/L_\— @ fL 75 §\ /\/ ﬁ- 'l‘ $ 75 §\ 1 A

25-29 23365(321%) 11817(322%) 11548 (321%) AL ~F aé

30-39 15 441 (21:2%) 7702 (21-0%) 7730 (21-5%) 0

40-49 430 (0-6%) 222 (046%) 208 (0-6%) 3 3 4- 4- A (4 . 6 A))

Unknown or data missing 23620(325%) 11940(325%)  11680(325%)
Ever breastfed children ?&?Lﬁ%ﬁﬁ@ B

Yis 56215 (77.3%)  2B432 (77-4%) 27783 (773%) . _ —

M 14974 (20-6%) 7587 (20-6%) FIET (20-5%) i E ! |\$ #L H ? JE == yﬁf’ Tb j:l\_ﬁ']

' KNE78TH

Unkrown or data missing 1528 {21%) A3 (2-0m) 705 (2-2%)
Mumber of first-degres female relatives with bregst cancer 9 1 7 A ( 1 . 3 %)

0 —HREDIIEL A 69304(953%) 34988(952%) 34316 (954%)

1 3344 (4-6%) 1727 (4-7%) 1617 (4:5%)

»1 69 {0-1%) 37 (0-1%) 32 (01%) . L
Ever had breast surgery 2| AR FHTEEE 14632 {2.0%) 754 [2:1%) 708 (2.0%) ° 2 Ei FIEﬁ L: ﬁ = ;lli L j: fd: 75\ ) 7"——
Ever had benign neoplasm REZLRRIEHEE 917 {1:3%) 480 [1.3%) 428 (1.2%) /N /[T —
Ever had breast inflammation 2,15 26 BL1E 538 (0-7%) 264 (0-7%) 274 (0-8%)

Data are maan (50) or numbser {%).

Table 1: Baseline characteristics



Primary Outcome

Confirmed breast cancer Mo breast cancer Status Total
unknown

Mumberof  Sensitivity (95% CI)* MNumbeer of Specificity (35% CIJT

parbicpants E = participants !!;_:!:: 2 ',-2-—
Intervention group (n=36752)
MG, US-, CBE+ /- 41 1876 - 1 1928 (5-2%)
MG+, Us+, CBE+(- 76 - 424 - 5 505 (1-4%)
MG, US+, CBE+/- a7 “ 1865 - 18 1950 (5-3%)
Total MG+ 117 57-9%{51-0-64.8) 0 117 {<0-01%)
Total LS+ 143 70-8% {64-0-77-0) 0 143 [<0-01%)
Total CBE+ 48 12-8%{17:2-25.2) 0 46 { =0-01%)
Only MG+ 34 16-8% {11.7-22.0) - 0 34 (<0-01%)
Only US+ A1 30-2% (23-5-36-9) 1765 0 B {<0-01%)
Only CBE+ 0 M 262 2 264(07%)
Arry positive 1841 91.1% (B7.2-05.0) 44376 36 4647 {12-6%)
All negative 189 31420 B77% (87-3-88.0) 647 32 105 (B7-4%)
Control group (n=35 965)
MG, CBE+/- 109 717%(63-8-787) 2576 17 2702 {7-5%)
MG, (BE+ B 53%(2:3-10-1) 439 451(13%)
Only MG+ 72 47-4% (39-4-55-3) 0 72 (<0-01%)
latal CBE+ 45 29.6% (22.4-16.9) - 0 45 {<0-01%)
Either positive 1174 TT0% (703-837) 30154 21 3153 (8.B%)
Both negative 359 31563 91-4% (91-1-917) 814 312812 (91-2%)

Percentages might not total 100% due to rounding. MG=mammography. US=ultrasonography. CBE=clinical breast examination. MA=not applicable. *p=0-0004 for

proportion difference between groups. tp<0-0001 for propartion differance between groups. $5creaning-detected breast cancers. §Falsa positive. Tinterval breast cancers.

|| True negative.

Table 2: Results of first round of screening

)ﬂ

=)
700

7 )\Ei
Control&f
p=0.0004

- FPRE

I AEE
ControlZ#
0<0.0001

R

AN =
Control&f
p=0.0003

91.1%(95% CI 87.2-95.0)
77.0%(95% CI 70.3-83.7)

87.7%(95% Cl 87.3-88.0)
91.4%(95% Cl 91.1-91.7)

184(0.50%)
117(0.32%)
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Intervention arm

Control arm

Proportion difference %{%55%
P Value
MN=2752 N=35905 cn
Sensttivity — 5% {95% CI}
All subjeets 91.1% (B7.2-05.00 TTO0% (T0.3-85.T) Lol (6.4 10 21.9) 0.0004
Individual randomisation 90.1% (B5.1-85.00 T6.6% (68.6-84.5) 134 (4010 22.9) 0.0052
Cluster randomisation 93.5% (B7.R-00.2) B (60.9-00.0) 15817 1029.8) 0LOZR3
Specificity — % (95% CO)
All subjects 87.7% (B7.3-88.00 9145 (91.1-91.7) A7 (42w -33) <0001
Individual randomisation A7.4% (B7.0-87.8) 9155 {91.1-91.8) -b 1 (46w -5.6) < (001
Cluster randomisation B6.7% (B63-R8.00 9105 (S0.0-92.0) 54 0-5.1 0w -1.8) < (001
Screen-detecied cancers rate — % (95% CI)
All subjects S0 (042057 0.32% (0.26-0.38) 00T (D8 0 0.27) 0.0003
Individual randomisation QA% (D40-0.56) 0.31% 0.23-0.38) 0.7 (0,07 o 0.27) 0.001
Cluster randomisation 0.55% (0.38-0.73) 0.365 0.24-0.49) 0.19 {-0.03 o D40} 008
Interval cancers rate — % (05% CI}
I:IJ Fﬁ Hﬁli‘tﬁn % g All subjects 0.05% (0.03-0.07) 0105 (0.07-0.13) 005 (0,09 o 0 034
Individual randomisation e (0030008 0105 (0U05-0.15) 000 -1 0 o 0L00) 012
Cluster randomisation QUM% (0.01-007) 0.10% {0.04-0.17) 0006 (014 o 0.01) 009

Cl=confidence imerval. The sensitivity analysis was estimated using generalised cstimating equations basing on staristical analysis plan.

Supplementary table 1. The appropriateness of pooled analysis individual and cluster randomisation subjects
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18 A 0.05%(95% Cl 0.03-0.07)

Control&t

35N 0.10%(95% CI 0.07-0.13)



-+ E-
Y

TR IE

Intervention group (n=36752)

Control group (n=35965)

Screen-detected cancers Interval Screen-detected cancers Interval
cancers cancers
(n=18) (n=35)
Total MG+ and Only MG+  Only US+ Only CBE+ Total Only MG+  Only CBE+
(n=184) US+(n=76) (n=41) (n=67) (n=0) (n=117) (n=109) (n=8)
Time since initial screening (months)
<12 169 (92%) 70(92%) 37(90%)  62(93%) G(28%)  109(93%) 102 (94%) 7 (88%) 7 (20%)
>12 15 (8%) 6 (8%) 4(10%) 5(8%) 13 (72%) B (7%) 7 (6%) 1(13%) 28 (80%)
Histopathological cancer type*®
Non-invasivet 53(29%)  20(26%)  23(56%)  10(15%) 2 (11%) 31(27%)  30(28%)  1(13%) 8(23%)
Invasived 128 (70%) 56 (74%) 17(42%)  55(B2%) 16 (89%) B6(74%)  79(73%) 7 (8B%) 27 (77%)
Unknown or data 3(2%) 0 1(2%) 2 (3%) 0 0 0 0 0
rmissing
Size of invasive tumours on histology (mm)
Mean (SD) 153(12:6) 175(143) 114(89) 142(115) O 153(81) 151(87) 152(89) 143(59) 177 (8:0)
25th percentile 3.0 10-0 6.0 9.0 0 100 9.0 8.0 5.0 120
75th percentile 160 180 140 160 0 210 200 210 170 210
Node status of invasive cancers
Negative 101(79%)  41(73%)  13(77%)  47(86%) © 10 (63%) 54(63%)  47(60%)  7(100%) 17 (63%)
Pasitive 23 (18%) 13(23%) 2 (12%) 8 (15%) 0 6 (38%) 29(34%)  29(37%) 0 10 (37%)
Unknown or data 4(3%) 2 (4%) 2(12%) 0 0 0 3(4%) 3(4%) 0
missing

Data are number (%), unless otherwise indicated. MG=mammography. US=ultrasonography. CBE=clinical breast examination. Percentages might not total 100% due to
rounding. *Based on the International Classification of Diseases, tenth edition. tincluding ductal carcinoma in situ and lobular carcinoma in situ. $Including invasive ductal

carcinoma and special type.

Table 4: Histological findings

1}
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N E: 16 A(89%)
ControlZt 27 A(77%)
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Clinical stage® Total Stage 0-1 Stage Il or
worse

Q | 1l Il or IV Drata missing
Intervention group (n=36752)
MG+, US-, CBE+ 3(1:5%) 2(1-0%) 2(1:0%) 0 ] 7 (35%) 5(2.5%) 2 [10%)
MG+, US-, CBE+/- 20{10.0%)  10(5-0%) 3 {1-5%) 0 1(0-5%) 34 (16-8%) 30 (14-9%) 3(1-5%)
MG+, US+, CBE= 5 (2.5%) 16 (7-0%) 10 {5-0%) 2 [1-0%) o 33 (16-3%) 21(10:4%)  12(5-9%)
MG+, USs, CBE- 15 (7-4%) 71(10-4%) 5 (2-5%) 2(10% O 43 (21.3%) 7N B(40%)
G-, USe, CBE+ 2 (1:0%) 3 (1:5%) 1{05%) 0 o & (3-0%) 5(2:5%) 1(0-5%)
MG-, US+, CBE- 9 {4-5%) 35(19-3%) 10 (5-0%) 1{0:5%) 2{10%) 61 (30-2%) 48(23-8%) 13 (6-4%)
MG, US-, CBE+ 0 ] 0 0 ] 0 ] 0
MG-, US-, CBE- 1{0:5%) B (4.0%) B (4.0%) 1{05%) O 18 (B.9%) g (4-5%) g (4-5%)
Onily MG+ 40(19-8%)  51(253%)  21(104%)  4(20%) 1{0:5%) 117 (57-9%) G145-1%) 25 (12-4%)
Only Us= 28 (13-8%) 81 (40-1%) 7 (13-4%) 5(2.5%) 2 (1%} 143 (70-8%) 105 (340%)  32(15-8%)
Only CBE+ 10 (4-5%) 21(10-4%) 13 (Bed) 2 [1-0%) o 46 (22-8%) A (154%]) 15 (7-4%)
Aty pasitive 51{252%)  93(46-0%) 32(158%) 5(25%)  3(15%) 184 (911%)  144(713%)  37(18-3%)
Relative sensitivity (US/MG) 070 155 1.29 125 2.00 1.22
Control group (n=35965)
MG+, CHE+ 2 (13%) 14(9-2%)  19{125%)  2(13%) o 37 (24-3%) 16 (10:5%)  21(13.8%)
MG+, CBE- 28(18-4%)  28(18.4%) 15(29%)  1(07%) O 72 (47-4%) SE(I68%)  16(103%)
MG, CBE+ 1(07%) B (40%) 1{07%) 0 o B (53%) 7 (465 1{0:7%)
Both negative B(53%) 17 (11-2%) 9 (5-9%) 1(0-7%) ] 35 (23-0%) 250(16.5%)  10(6-6%)
MG+ 30 {2.0%) 42(27.6%)  34(224%) 3(20%) O 109 (717%) FL47-4%) 37 (243%)
CBE= 3(13%) 20013.2%)  20(132%) 2 [13%) ] 45 (29-6%) 23(151%)  22(14.5%)
Either positive 31 (2.0%) 48 (31.6%) 35 (23-0%) 31(2.0%) o 137 (77-0%) 79 (520%) 38 (25-0%)
Relative sensitivity (CBE/MG) 04 48 0-59 067 o 041

[Data are number (%), unlass othenwise indicated. MG=mammography. US=ultrasonography. CBE=clinical braast examination. *Based on the Union for International Cancer

Control Tumouwr Mode Matastases classification, seventh edition.

Table 3: Distribution of dinical stages of breast cancer

=bLBEHBED S WRER
Stage0-|
AN = 144(71.3%)
Control&t 79(52.0%)
0=0.0194
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Total (n=72717) Interventiongroup Control group

(n=36752) (n=35965)

Recalled after first-round screening 7800 (10-7%) 4647 (12-6%) 3153 (8-8%)
Biopsy done* 2320 (3-2%) 1665 (4-5%) 655 (1-8%)
Fine-needle aspiration 1662 (2:3%) 1227 (3-3%) 435 (1-2%)
Core needle biopsy 583 (0-8%) 407 (1-1%) 176 (0-5%)
Vacuum-assisted biopsy 225 (0-3%) 137 (0-4%) 88 (0-2%)
Surgical biopsyt 66 (0-1%) 42 (0-1%) 24 (0-1%)

Data are number (%). *When clinically indicated, participants might have undergone two or more types of biopsy.
t14 (33%) in the intervention group and four (17%) in the control group had breast cancers diagnosed.

Table 5: Need for biopsy on the basis of first-round screening
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NNP(Number Needed to Prevention)

- IR H R =EE (ERER)
N 184 (0.50%) 128  (0.35%)
Control&f 117 (0.32%) 86 (0.24%)

- NNP=100/(0.35-0.24)=909
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