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Time Trends in Breast Cancer Screening Rates in the OECD Countries

Cancer screening rates were reported by the Organization for Economic Co-operation and Development (OECD) in Health
Data 2010, which presents the existing set of quality of care indicators considered suitable for international comparison. We
used mammography screening rates of breast cancer from 12 OECD countries. The screening rates were reported during the
period 2000—09. The selected OECD countries, which had sufficient information, were Japan and the Republic of Korea
(Asia); the United States of America (USA) and Canada (America); Australia and New Zealand (Oceania); Finland, Norway,
the United Kingdom (UK), the Czech Republic, Belgium and Netherlands (Europe).

The mammography screening rates reported by OECD were based on ‘programme data’ or ‘survey data’ for women aged
50—69 years. The ‘programme data’, which has national coverage, were used for the all European and Oceanian countries
studied; the ‘survey data’ based on a national representative sample, were used for the Asian countries and the USA and
Canada. The screening rates were based on women aged 50—69 years who have completed the survey on mammography
(survey data) or were eligible for organized screening programme (programme data) and reported having received a bilateral
mammography according to the specific screening frequency recommended in each country.

Women were recommended to receive mammography screening every 2 years in their screening programme, with the
exception of Canada and the USA which recommended screening every 1 or 2 years.
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Figure 1. Trends in mammography screening rates (age 50—69 years) during 2600—09 in 12 OECD countries.

Note: M h ing rates, ab d from the OECD Health Data 2010, were available from a CD-ROM provided by the Organization for
E ic Co-operation and Devel (OECD) (www.oecd.org/health). Data were tabulated by the authors of this article. Responsibility for this presen-
tation and interpretation lies with the authors of this article.

© The Author (2011). Published by Oxford University Press. All rights reserved.
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Mammography screening rates among women aged 50—69 years in the 12 selected countries between 2000 and 2009 are
shown in Fig. 1. Mammography screening rates were highest in Finland, Norway, the UK and Netherlands, which have been
consistently >70% during this period. In Canada, the USA, Australia and New Zealand, the screening rates were stable
ranging from 50 to 70%. The screening rates in Korea and the Czech Republic rapidly increased reaching 60 and 50%,
respectively. The screening rate in Japan was the lowest among these countries with rates below 25% and stable over the
observation period.
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Cancer Incidence and Incidence Rates in Japan in 2005: Based
on Data from 12 Population-based Cancer Registries in the
Monitoring of Cancer Incidence in Japan (MCIJ) Project
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The Japan Cancer Surveillance Research Group estimated the cancer incidence in 2005 as
part of the Monitoring of Cancer Incidence in Japan (MCIJ) project, on the basis of data col-
lected from 12 of 30 population-based cancer registries. The total number of incidences in
Japan for 2005 was estimated as 646 802 (C00—-C96). The leading cancer site was the
stomach for men and the breast for women. Age-standardized incidence rates remained
almost the same level as the previous 2 years.

Key words: cancer incidence — incidence estimates — cancer registry — Japan

The Japan Cancer Surveillance Research Group is involved in
cancer monitoring in Japan since 2000 (1—5). This group esti-
mated the cancer incidence in 2005 as part of the Monitoring
of Cancer Incidence in Japan (MCLJ) project, on the basis of
data collected from 12 of 30 population-based cancer regis-
tries: Miyagi, Yamagata, Chiba, Kanagawa, Niigata,
Fukui, Shiga, Tottori, Okayama, Hiroshima, Nagasaki and
Kumamoto. If data from all 30 registries were used, this would
have led to a large underestimation of national cancer inci-
dence because of under-registration. The methods of registry
selection, estimation of incidence and the limitations of these
methods have been explained in previous studies (6—8). We
maintained the same methodology since the MCIJ2003: (i) we
invited all 30 population-based cancer registries in Japan to
participate, and from these, we selected the 12 cancer regis-
tries with high-quality data in order to estimate the national
incidence, and (ii) we used 2005 data alone for the national
estimation. For this year, data from Osaka and Saga prefec-
tures, regularly considered as one of the registries with high
quality, were not available for the MCIJ project. The other
registries remained since the previous estimation in 2004.

The number of incidences, crude rates, age-standardized
rates and quality indicators of registration in 2005 are shown
in Table 1, and the age-specific number of incidences and
the rates according to sex and primary site are shown in
Tables 2 and 3. The total number of incidences in Japan for
2005 was estimated as 646 802 (C00—C96). The time trends
of age-standardized incidence rates for the five major sites
and male- and female-specific sites in 1975—-2005 are shown
in Fig. 1 (standard population: the world population) and in
Fig. 2 (standard population: the 1985 Japanese model popu-
lation). The leading cancer site according to the crude and
age-standardized incidence rates was the stomach for men
and the breast for women since the research group took over
national estimation of incidence, as shown in Figs 1 and 2.
Age-standardized incidence rates remained almost the same
level as the previous 2 years. It is thought to be partly due to
that the development of hospital-based cancer registry in
designated cancer care hospitals was calmed down in 2005.
The estimated cancer incidence data in Japan by sex, site,
5-year age group and calendar year during the period 1975—
2005 are available as a booklet and as an electronic database

© The Author (2010). Published by Oxford University Press. All rights reserved.
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to sex and primary site, 2005

z

Table 1. Incidence, completeness of reporting and accuracy of diagnosis in Japan accordin;

Accuracy of
diagnosis

Completencss of
reporting

Age-standardized rate”

Crude
rate”

Number of
incidence

1CD-10th

Primary sites

™ MV (%)

DCO/ (%)

Japanese

World

1985 model
population

population

Male

74.8

1.99
1.93
1.79

408.4 14.9

288.5
279.7

626.9

390 835

C00-C96, DO0-DOY

C00-C96
C00-Cl4

All sites (incl. CIS)

All sites

743

15.2
12.8

396.1

608.6

379 436

Cancer incidence in Japan in 2005

80.6

6.0

119
238

7417
14 818
80 102
37126
22344
59470
28729

Lip, oral cavity and pharynx

80.0
84.0

1.57
245
2.76
2.57
2.69

84.1

853

84.6

155
839

[N
593

©%

38.7

27.1

59.5

~
o

17.5

35.8

44.6

954

Stomach

Colon

Rectum

Colon and rectum

313

3.5

1.4 30.1

6.1

46.1

Liver

48.8

1.18

1.07
3.88

9.1

14.8

9237
13 108

€23-C24

c25
32

Gallbladder ete.
Pancreas

359

26.5

9.5

21.0

89.3

6.1
217

4.0
585

3903
58264

Larynx

68.8

9.4
35

93.4

C33-C34
C43-C44

Cc6l

and lung

Trachea, bronchus

92.5

7.64
4.64

50
42.0

7.7
69.0

4798
42997
12619

Melanoma of skin ete.

83.5

10.3

Prostate

83.2

103

8.8

202

ce67

Bladder

76.1

243
2.71

132
4.

10.6

7.7

157

9758

C64—C66, C68
C70~-C72
C73

Kidney, renal pelvis, ureter cte.

682

33
2.6
10.9

28

4.0
34

2496

Brain and nervous system

91.0

77

4.5

2.0
8.0

Thyroid

86.1

1.99
14

121

12.4

v

9667

C81-C85, C96
88, C90

Malignant lymphoma

67.4

o
o
o

23

15
53

3.6
8.3

2242

plc mycloma

859

63

5200

C91-C95

All leukaemias
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Female
All sites (incl. C1S)
All sites
Lip, oral cavity and pharynx
Esophagus
Stomach
Colon
Rectum
Colon and rectum
Liver
Gallbladder etc.
Pancreas
Larynx
Trachea, bronchus and lung
Melanoma of skin etc.
Breast (incl. CIS)
Breast (only invasive)
Uterus (incl. CIS)
Uterus (only invasive)
Cervix uteri
Corpus uteri
Ovary
Bladder

Kidney, renal pelvis, ureter etc.

Brain and nervous system
Thyroid

Malignant lymphoma
Multiple myeloma

All leukaemias

C00—-C96, DOO-D0OY

C€00-C96
Coo-C14
C15
C16
Ci8
C19-C20
C18-C20
C22
C23-C24
C25
€32
€33--C34
C43-C44
€50, DOS
C50

C53-C55, D06

C53-Cs5
Cs3
C54
Cs6
C67

C64—-C66, C68

C70-C72
C73

C81-85 C96
€88 C90
C91-C9s

285240
267366
3498
2678
37035
31069
13517
44536
13 465
9399
11691
214
25617
4342
50695
47583
25424
17476
8474
3189
8304
3858
4884
2567
7093
7324
2171
3832

¢0¢

436.0
408.7
53
4.1
56.6
475
207
68.2
20.6
14.4
179
03
392
6.6
715
727
389
26.7
13.0
12.5
12.7
59
75
39
108
11.2
33
59

202.6
183.8
23
L5
218
179
8.9
268
6.9
4.0
5.8
0.1
14.3
23
475
444
275
16.4
8.7
73
74
1.8
3.1
23
6.7
5.0
1.2
34

2711
2477
31
2.1
307
25.1
12.1
372
10.1
6.1
8.4
0.2
20.2
32
61.4
574
343
211
11.0
9.5
9.4
2.7
4.2
27
8.5
6.6
1.7
4.0

15.0
15.8
14.6
209
15.6
14.3
1L0
133
21.6
309
28.8
16.2
233
82
5.0
53
5.5
74
6.1
32
134
19.8
16.8
282
7.5
13.7
26.3
226

221
2.07
229
1.56
2.10
227
270
239
122
1.08
110
255
152
7.50
473
444
473
325
3.44
561
1.86
2.04
231
349
693
197
L13
1.29

74.9
737
80.4
716
80.2
79.5
83.8
80.7
26.7
384
30.7
73.7
68.0
90.1
90.4
89.9
89.9
87.2
88.6
92.1
77.7
717
714
64.6
88.5
83.7
66.8
83.5

1CD-10th, International Classification of Discase, 10th Revision; DCO/I, proportion of cases with the death certificate only to incident cases; I/M, number of incidence/number of deaths; MV/I, proportion
of microscopically verified cases to incident cases; CIS, carcinoma in situ.

*Per 100 000 population.
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Table 2. Age-specific incidence in Japan according to sex and primary site, 2005

Primary sites ICD-10th Age group (years)
0-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 70~74 75-79 80-84 85+
Male
All sites (incl. CIS) C00—-C96, DOO-D09 411 251 264 325 694 915 1592 2633 4640 7543 17618 34039 47157 60310 73404 69067 40247 29725
All sites C00-C96 411 247 264 320 694 895 1577 2540 4422 7221 16847 32892 45627 58269 71267 67234 39392 29297
Lip, oral cavity and pharynx C00-Cl4 I 7 14 2 36 39 58 71 123 261 543 1125 1157 1040 1060 1054 494 332
Esophagus Cls 0 2 0 0 0 0 0 22 61 304 717 1779 2364 2846 2604 2304 1196 619
Stomach Cl6 4 0 0 6 46 66 168 435 1060 1708 4174 7786 10330 12802 14933 13373 7552 5659
Colon Cc18 0 0 0 6 1 62 s 31 456 658 1786 3257 4635 5947 6828 6253 3979 2832
Rectum C19-C20 0 ¢ 0 5 4 20 120 171 406 734 1437 2830 3320 3508 3825 3184 1640 1140
Colon and rectum C18-C20 0 0 0 11 5 82 235 482 862 1392 3223 6087 7955 9455 10653 9437 5619 3972
Liver c22 15 0 0 0 6 22 56 160 271 501 1523 2795 4111 4824 5840 4716 2448 1441
Gallbladder etc. C23-C24 0 [ 0 0 1t 1 0 41 24 77 282 481 877 1241 1541 1908 1481 1272
Pancreas C25 0 0 1 0 0 10 7 59 114 181 698 1216 1625 2214 2301 2049 1503 1130
Larynx C32 0 0 0 0 0 0 0 12 23 28 160 454 723 690 550 721 343 199
Trachea, bronchus and lung C33-C34 0o 05 0 0 46 7205 388 802 1889 4084 6049 7396 11080 12646 7755 5848
Melanoma of skin etc. C43--C44 [N ] 1 6 8 16 28 83 103 75 169 330 338 737 86 701 602 735
Prostate C6! o 0 0 0 0 0 8 0 7 66 487 1844 4333 7797 10615 9458 4869 3513
Bladder C67 5 0 0 0 0 10 46 49 188 254 402 1051 1286 1506 2280 2461 1687 1394
Kidney, renal pelvis, urcter ete.  C64—C66 C68 16 23 0 0 1 23 29 85 262 306 649 1149 984 1565 1903 1462 765 536
Brain and nervous system C70-C72 31 44 89 48 129 63 85 59 114 100 126 194 269 293 285 2%4 178 95
Thyroid cn3 0 0 0 18 36 58 81 105 65 123 215 361 247 245 221 217 106 28
Malignant lymphoma C81-85 C96 9 43 22 77 48 69 141 228 264 381 597 674 1046 1302 1604 1521 892 749
Multiple myeloma €88 C90 0o 0 0 0 3 0 2 5 5 44 75 160 239 270 478 421 297 243
All leukaemias C91-C95 162 84 48 64 112 82 156 149 17 164 275 365 439 671 777 750 478 307

Z10T ‘7 Arenuqa uo J9ua)) 1oue)) jeuone N 18 /810 s[euinofpioyxo ool :dny woly papeofusocy

(DI#1102 10040 WD  udr

Irr

b444

$007 Ut undop w1 20uspIOUL 4POUDD



€0¢

Female
All sites (incl. CIS) C00-C96 DOO-DOY 248 178 209 298 972 2407 4945 6920 10446 14101 18686 26896 28609 30500 35638 36211 31284 36692
All sites C00-C96 248 178 209 285 596 1372 3149 5140 8819 12773 17301 25607 27125 29124 34121 34887 30392 36040
Lip, oral cavity and pharynx Coo-C14 0 2 14 4 2t 28 80 30 53 144 124 280 362 440 520 508 346 542
Esophagus Cis 0 0 0 0 0 0 4 2 10 81 147 258 279 328 329 378 395 467
Stomach Ci6 0 0 0 4 0 41 281 399 781 1087 1644 2922 3333 4238 5397 5993 5080 5835
Colon Ci8 0 o 17 0 7 25 117 173 356 703 1560 2313 3030 4278 4351 4720 4273 5146
Rectum C19-C20 0 0 0 0 0 6 63 189 324 474 926 1361 1635 1773 1764 1761 1408 1833
Colon and rectum Ci8-C20 0 0 17 0 7 31 180 362 630 1177 2486 3674 4665 6051 6115 6481 5681 6979
Liver c22 23 0 0 0 4 5 30 18 81 62 250 707 1122 1806 2569 2787 2060 1941
Gallbladder ete. C23-C24 0 0 0 0 5 0 6 24 30 68 209 262 512 801 1265 1553 1987 2677
Pancreas C25 0 0 0 0 2 8 12 20 73 160 295 762 891 1171 1734 2006 1873 2084
Larynx 32 0 0 0 0 0 0 0 0 7 14 4 14 3t 1 23 10 43 57
Trachea, bronchus and lung €33-C34 0 0 ] 0 0 47 93 73 261 449 978 2186 2686 3021 3871 4159 3418 4375
Melanoma of skin etc. C43-C44 0 0 17 7 26 17 7 22 81 99 91 193 290 303 492 689 755 1189
Breast (incl. CIS) C50 DOs 0 0 0 7 19 159 805 2092 4374 6139 6244 7245 6667 4930 4573 3352 2336 1753
Breast (only invasive) €50 0 0 0 7 9 146 761 1973 4038 5732 5751 6903 6246 4629 4275 3179 2218 1706
Uterus (incl. CIS) C53~C55 DO6 0 0 6 28 413 1397 2412 2697 2455 2156 2446 3031 2157 1566 1589 1338 836 897
Uterus (only invasive) C53-C35 0 0 6 19 64 402 726 1142 1309 1439 1966 2676 1915 1378 1464 1286 804 880
Cervix uteri Cs3 0 0 0 19 50 334 553 908 920 704 857 1018 566 562 625 590 357 411
Corpus uteri C54 0 0 6 0 14 67 17t 226 361 709 1088 1579 1298 764 797 585 313 21
Ovary C56 0 122 45 it 166 203 289 348 663 969 1186 985 805 757 629 513 602
Bladder Co67 0 0 0 0 0 13 9 23 17 55 143 156 242 293 553 621 748 985
Kidney, renal pelvis, ureter ete.  C64—C66 C68 15 35 2 10 9 29 17 32 83 93 281 433 474 521 812 725 662 651
Brain and nervous system C70-C72 46 32 51 17 28 21 88 56 76 96 191 177 258 317 258 247 279 329
Thyroid C73 0 0 4 22 110 200 279 313 451 626 672 935 857 767 663 522 361 31
Malignant lymphoma C81-85 C96 5 14 14 84 32 125 58 94 158 217 382 724 676 812 1076 981 895 977
Multiple mycloma €88 C90 0 0 0 0 0 0 0 4 13 55 44 183 224 269 330 293 400 356
All leukaemias C91-C95 60 66 37 35 58 47 174 77 93 180 196 343 388 387 393 498 388 412
T10T ‘7 A1enuqo 4 uo 1ojua)) Joue)) [euohen je /Sxspumolpioyvo odfldiy woy papeojuasog
Table 3. Age-specific incidence rate per 100 000 population in Japan according to sex and primary site, 2005
Primary sites 1CD-10th Age group (ycars)
0—4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40—44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 8§0-84 854
Male
All sites (incl. CIS) C00-C96, DO0-D0Y 144 83 8.6 9.6 185 218 323 598 1141 1950 4019 670.4 11351 17013 2414.8 3061.1 3291.8 3665.7
All sites C00-C96 144 8.1 86 9.5 185 213 320 577 1088 1867 3844 6478 10982 1643.7 23445 2980.7 32219 36129
Lip, oral cavity and pharynx Co0-C14 00 02 05 0.1 1.0 09 1.2 1.6 3.0 6.7 124 222 27.8 293 349 467 404 409
Esophagus Ci5 00 01 00 0.0 0.0 0.0 0.0 0.5 L5 79 164 350 569 803 857 1021 978 763
Stomach Ci6 0.1 0.0 0.0 0.2 1.2 L6 34 99 261 442 952 1533 2486 3611 4913 5927 6177 6979
Colon Ci8 0.0 0.0 00 0.2 0.0 L5 23 7.1 112 170 407 641 i1Le  167.8 2246 277.1 3254 3492
Rectum C19-C20 0.0 0.0 0.0 0.1 0.1 0.5 2.4 3.9 100 190 328 557 799 99.0 1258 1411 1341 1406
Colon and rectum C18-C20 0.0 00 00 03 0.1 20 48 109 212 360 735 1199 1915 266.7 3505 4182 4596 489.8
Liver c22 05 00 00 0.0 0.2 0.5 11 3.6 8.7 130 347 550 99.0  136.1 1921 2090 2002 1777
Gallbladder etc. C23-C24 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.9 0.6 20 6.4 9.5 21.1 350 507 84.6 121.1 1569
Pancreas C25 0.0 00 00 0.0 0.0 0.2 0.1 13 2.8 4.7 159 239 39.1 62.5 757 908 1229 1394
Larynx C32 00 00 00 0.0 0.0 0.0 0.0 0.3 0.6 0.7 37 8.9 174 19.5 18.1 320 281 245
Trachea, bronchus and lung C33-C34 0.0 00 02 0.0 0.0 1.1 14 4.7 95 207 431 80.4 1456 208.6 3645 560.5 6343 7212
Meclanoma of skin etc. C43-C44 00 00 0.0 0.2 0.2 0.4 0.6 19 25 1.9 39 6.5 8.1 208 285 311 492 90,6
Prostate C61 0.0 00 00 0.0 0.0 0.0 02 0.0 02 1.7 11 363 1043 2199 3492 4192 3982 4332
Bladder C67 02 00 0.0 0.0 0.0 02 0.9 [ 4.6 6.6 92 207 310 425 75.0  109.1 1380 1719
Kidney, renal pelvis, ureter ete.  C64~C66, C68 0.6 08 00 0.0 0.0 0.5 0.6 1.9 6.4 79 148 226 237 441 626 648 626  66.1
Brain and nervous system C70-C72 Lt 14 29 1.4 3.4 15 L7 1.3 28 2.6 29 38 6.5 83 9.4 13.0 14.6 1.7
Thyroid <73 0.0 00 0.0 0.5 1.0 1.4 1.6 24 1.6 32 4.9 7.1 59 6.9 73 9.6 8.7 35
Malignant lymphoma C81-85, €% 03 14 07 23 13 1.6 29 52 6.5 99 136 133 252 367 528 674 730 924
Multiple myeloma €88, €90 0.0 0.0 00 0.0 0.1 0.0 0.0 0.1 0.1 11 17 32 58 7.6 15.7 187 243 300
All leukacmias C91-C95 57 28 16 1.9 3.0 2.0 32 34 29 4.2 6.3 7.2 10.6 189 256 332 391 379
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Objective: The purpose of the present study was to collect data from population-based
cancer registries and to calculate relative 5-year survival of cancer patients in Japan. We also
sought to determine time trends and to compare the results with international studies.
Methods: We asked 11 population-based cancer registries to submit individual data for
patients diagnosed from 1993 to 1999, together with data on outcome after 5 years. Although
all these registries submitted data (491 772 cases), only six met the required standards for
the quality of registration data and follow-up investigation. The relative 5-year survival calcu-
lated by pooling data from 151 061 cases from six registries was taken as the survival for
cancer patients in Japan.

Results: Relative 5-year survival (1997-99) was 54.3% for all cancers (males: 50.0%,
females: 59.8%). Survival figures for all sites changed slightly over the 7-year period, from
53.2% for the first 4 years of the study (1993-96) to 54.3% for the last 3 years (1997-99),
however, a major improvement was observed in several primary sites. Some overall survival
was lower in Japan than in the USA, but similar to that in European countries. Specifically,
survival for uterine cancer, prostate cancer, testis cancer, lymphoma and leukemia was much
lower in Japan than in other countries. However, survival was better in Japan mainly for
cancers of the esophagus, stomach, colon, liver and galibladder.

Conclusion: The study suggests an improvement in cancer survival in several primary sites
in Japan, which is consistent with the development of treatments and early detection.

Key words: epidemiology/public health — prognostic factors — epidemiol-prevention

socioeconomic groups or between geographic areas where

INTRODUCTION

Cancer survival, as assessed based on population-based
cancer registries, is a valuable medical indicator to evaluate
the progress of cancer control in a country or region. Precise
population-based cancer survival is a comprehensive, practi-
cal and timely index for cancer control in a country. Use of
relative 5-year survival statistics is useful to evaluate thera-
peutic effect in cancer incidence/mortality trends in real
time. Cancer survival has also been shown to be powerful
when comparing survival between sex, age groups and

incidence or death due to other causes may differ.

However, this information is not often available because
of legislative, financial and technical difficulties in
following-up patients, even in population-based cancer regis-
tries in developed nations.

Clinical research groups frequently publish hospital-based
survival rates for cancer patients at specific medical facilities
(1—3); however, these data do not provide useful information
to political planners because of inevitable recruitment bias.
Population-based survival is a thus prerequisite for designing

© The Author (2010). Published by Oxford University Press. All rights reserved.
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public health projects and evaluating the efficacy of cancer
prevention, screening and treatment.

In 1998, we proposed standard methods which required
checking of vital status of patients by inquiring to the resi-
dent registration 5 years after diagnosis (4). We reported
relative 5-year survival based on these methods for stomach,
lung and breast cancer diagnosed from 1985 to 1989, using
data from cancer registries of Yamagata, Fukui and Osaka
Prefectures (5), which had collected data satisfying the meth-
odological criteria. In 2001, we collected, from 12 registries
belonging to the study group, individual data from all cancer
patients (for all sites) diagnosed in 1993 for whom outcome
information after 5 years was available. From this data we
attempted to produce a nationwide relative 5-year survival
according to standard methods (6). This nationwide survival,
however, could not be completed because there were differ-
ences in the quality of registration and assessment methods
of outcome among the 12 registries. A population-based sur-
vival was therefore not published in Japan until 2006 (7).
This first population-based study reported that relative 5-year
survival calculated by pooling 279 000 data from 7 registries
was 49.2% for males and 59.4% for females.

The aims of the study were first to calculate the most
recent relative 5-year survival of cancer patients in Japan,
and second to observe changes in survival by comparing
the data between two observation periods, 1993—96 and
1997-99, and by comparison with the results of inter-
national studies.

PATIENTS AND METHODS

Eleven among 15 registries (Miyagi, Yamagata, Niigata,
Chiba, Kanagawa, Fukui, Aichi, Shiga, Osaka, Tottori,
Okayama, Saga, Nagasaki, Kumamoto and Okinawa) sub-
mitted individual data (a total of 491 772 cases) to the survi-
val study. These 15 registries were selected because they had
relatively high-quality data tracing the 5-year outcome of
patients diagnosed from 1993 to 1999. They had also partici-
pated in the Monitoring of Cancer Incidence in Japan
(MCL) project for 2002 incident cases (8). We requested 11
population-based cancer registries to submit patient data for
cancers at all sites, diagnosed from 1993 to 1999, including
information on outcome after 5 years. We pooled cancer reg-
istry data that met standards of data quality in terms of both
registration and outcome assessment.

QuaLiTY CRITERIA FOR AREA SELECTION

The quality criteria were based on the standards adopted in
the above-mentioned MCILJ project: DCO% (death certificate
only: proportion of patients for whom the death certificate
provides the only notification to the registry) <25% or
DCN% (death certificate notification: proportion of patients
for whom the death certificate provides the first notification
to the registry) <30%, and IM ratio (incidence to mortality

Jpn J Clin Oneol 2011;41(1) 41

ratio) less than 1.5 (8). Among the 11 registries, six (Miyagi,
Yamagata, Niigata, Fukui, Osaka and Nagasaki) met the
required standards for the quality of registration and outcome
assessment. According to the data provided by these regis-
tries, we calculated survival rates and considered them to be
a nationwide index.

As far as the quality of outcome assessment was concerned,
we set two criteria relating to follow-up methods. For regis-
tries checking survival of patients by referring to resident
registries (active follow-up; Yamagata, Fukui and Osaka), we
specified that the proportion of outcome-unknown cases 5
years after diagnosis should be <5%. For registries having no
confirmation of survival 5 years after diagnosis (passive
follow-up; Miyagi, Niigata and Nagasaki), we specified that
information on personal identification including names would
be computerized in order to collate the registered patients
with death information with high accuracy. Registries that met
these criteria were therefore guaranteed to have sufficiently
accurate information about death.

SuRVIVAL CALCULATION

Referring to other studies, since 1996 the research group has
set standardized methods of calculating survival in Japan
through the collaborative study of population-based cancer
registries. The method of calculating survival is mainly
based on the EUROCARE study (9). In concrete terms, we
excluded DCO cases, cancers in situ and mucosal cancers of
the large bowel from the analysis. In the case of multiple
cancers, only the first-diagnosed tumor was analyzed.

This study calculated the survival for cancers including
followed-back cases from DCN (Subjects 1) and excluding
these cases (Subjects 2). The former method was that used
in the EUROCARE study, and is suitable for international
comparison of survival based on population-based cancer
registries. The latter should instead be utilized for domestic
comparison of survival in Japan where some registries do
not conduct follow-back inquiries to medical institutions for
DCN cases, according to death certificate information.

Survival for Subjects 2 is generally better than that for
Subjects 1 because the latter include cases regarded as inci-
dent according to death information. Given the high pro-
portion of incident cases not reported by medical facilities
but registered on the basis of death certificates, the survival
calculated for Subjects 1 may be underestimated. In contrast,
it is also possible for survival to be overestimated in
Subjects 2. In Japan, each population-based registry decides
whether to apply active follow-up; consequently, the survival
of Subjects 2 would be better than that of Subjects 1. In this
study, we will regard the survival calculated for Subjects 2
as that of cancer patients in Japan.

Cumulative 5-year survivals were calculated starting from
the date of diagnosis. Expected survivals were calculated
using the cohort survival table based on life tables of the
Japanese population and then using the survival probability
in the general population similar to the patients in sex, birth
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year and age. The former were divided by the latter to obtain
relative 5-year survivals.

If vital status was unknown at 5 years after diagnosis,
cases were dealt with as alive at the last contact date (5).
However, for the three registries that had not checked the
survival of patients by referring to the resident registry, we
regarded all cases whose death was not confirmed as being
alive until 5 years, and survival was calculated on this basis.

RESULTS
SURVIVAL DATA QUALITY

Table 1 shows the number of incident cases, validity indices
of registration, and the number of study subjects for survival
analysis, for each registry in the two studies. In 1997—99 there
were 221 080 incident cases, and the following cases were
excluded from the survival analysis: DCO (36 939 cases,
16.7% of the total), subsequent primary tumors (17 814 cases,
8.1% of the total), non-malignant tumors (565 cases, 0.3% of
the total), and in situ cancers (3 264 cases, 1.5% of the total).
In addition, after excluding patients with unknown age at diag-
nosis and those over 100 years old, we considered the rest
(164 738 cases, 74.5% of the total) as Subjects 1. Moreover,
for DCN cases, additional cancer reports were requested in

Yamagata, Fukui and Osaka Prefectures, and the registry
records of cases originating from death information were dis-
tinguished in Miyagi Prefecture. The number of cases in
which we traced the death information to incidence was
13 677, 8.3% of the total. The number of final analysis sub-
jects (Subjects 2) excluding these cases was 151 061, corre-
sponding to 68.3% of the total.

Table 2 shows the vital status at 5 years from diagnosis. In
the Miyagi, Yamagata and Niigata Cancer Registries, in
which the vital status of patients was checked after 5 years
by referring to resident registries, the proportion of cases
with unknown vital status was 2.0% among these three regis-
tries. Survival rate varied from 38.0 to 45.8%.

SURVIVAL BY AGE AND SEX

Table 3 shows 5-year relative survival rate and standard
error according to the primary site and sex, excluding the
follow-back cases (i.e. in Subjects 2). The 5-year relative
survival was 53.2% for all cancers diagnosed in 199396
(M: 48.9%, F: 59.0%), while that for 1997—99 was 54.3%
(M: 50.0%, F: 59.8%).

When all sites were considered together, females had a
higher survival than males (M: 50.0%, F: 59.8%). This ten-
dency was evident for lip, oral cavity and pharynx (M:

Table 1. Number of incident cases, validity indices of registration and number of study subjects for survival calculati ding to registry
diagnosed in 1993—96 (the previous study) and in 199799
Observation period Registty n DCo Subsequent Non-malignant CIS Subjects 1 Follow-back  Subjects 2
primary tumors cases
n % n % n % n % n %" n % n %"
1993-96 Miyagi 37194 5709 153 4359 117 127 03 919 25 26832 721 183 0.7 26649 716

Yamagata 24416 2546 104 1211 5.0
Niigata 44818 10843 242 1621 3.6
Fukui 13 886 515 4.1 797 57
Osaka 120040 23386 195 7488 6.2
Nagasaki 30338 2790 9.2 2663 88
Total 270692 45849 1695 18139 6.7
1997-99 Miyagi 32439 4232 13.0 4015 124
Yamagata 19248 1949 10.1 1202 6.2
Niigata 35908 8737 24.3 1958 5.5
Fukui 11559 562 49 922 8.0
Osaka 97641 19268 197 7050 7.2
Negasaki 24285 2191 9.0 2667 110
Total 221080 36939 167 17814 8.1
Total 491772 82788 168 35953 73

0 0.0 285 12 20406 836 2531 124 17875 732

5 00 495 1.1 31867 711 - 31867 71.1

3 00 153 L1 12395 893 1586 128 10809 77.8
360 03 1507 13 88551 738 13411 151 75140 626
0 00 601 2.0 24576 810 - = 24576 81.0
495 02 3960 15 204627 756 17711 87 186916 69.1
181 06 767 24 23741 732 844 3.6 22897 70.6
1 00 195 1.0 15953 829 1709 107 14244 740
18 0.1 387 11 24824 69.1 - - 24824 69.1
14 01 132 L1 9974 86.3 1016 102 8958 775
351 04 1223 13 71093 728 10108 142 60985 62.5
0 00 560 23 19153 789 - - 19153 789
565 03 3264 L5 164738 745 13677 83 151061 683
1060 02 7224 15 369365 75.1 31388 8.5 337977 68.7

DCO, Death certificate only cases; Follow-back cases: cases notified by death certificates require follow-back to obtain their clinical information.
Subjects 1: including followed-back cases from DCN; Subject 2: excluding followed-back cases.

*Proportion of total cases.
PProportion of Subject 1 cases.
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Table 2. Vital status at 5 years from diagnosis

Jpn J Clin Oncol 2011;41(1) 43

Registry Subjects | Dead Alive Unknown Survival proportion
(excl. unknown cases), %
n %"* n %* n %"
199396
Active follow-up
Yamagata 20 406 11041 54.1 9219 452 146 0.7 45.5
Fukui 12395 6905 55.7 5111 412 379 3.1 425
Osaka 88 551 54229 61.2 32447 36.6 1875 2.1 374
Total 121352 72175 59.5 46 777 385 2400 2.0 439
Passive follow-up
Niigata 31 867 15183 47.6 16 684 524 - - -
Miyagi 26832 12811 41.7 14 021 523 - - -
Nagasaki 24576 13 180 53.6 11 396 46.4 - - .
Total 204 627 113 349 55.4 88 878 43.4 - - -
199799
Active follow-up
Yamagata 15953 8563 53.7 7231 45.3 159 10 45.8
Fukui 9974 5377 539 4238 42.5 359 3.6 44.1
Osaka 71093 43 135 60.7 26399 371 1559 22 38.0
Total 97020 57075 58.8 37868 39.0 2077 2.1 44.8
Passive follow-up
Niigata 24824 11541 46.5 13283 53.5 - - -
Miyagi 23741 11256 414 12485 52.6 - - -
Nagasaki 19153 9885 516 9268 48.4 - - -
Total 164738 89757 54.5 72904 44.3 . - -
Total 369365 203 106 55.0 161782 43.8 - - -

“Proportion of total cases.

48.3% vs. F: 63.0%) and lung cancer (M: 22.4% vs. F:
33.5%). In contrast, females had a lower survival than males
in for cancers of the larynx (M: 77.0% vs. F: 64.4%) and
bladder (M: 78.6% vs. F: 69.8%).

The relative 5-year survivals for all sites decreased mark-
edly in the elderly. In males, this difference was pronounced
for cancers of the lip, oral cavity and pharynx, bladder and
thyroid, as well as in malignant lymphoma and all leuke-
mias. For women, there was a marked age-related decrease
in survival for cancers of the lip, oral cavity and pharynx
and uterus (cervix and corpus), as well as malignant lym-
phoma, multiple myeloma and all leukemias (Fig. 1).

SurVIVAL AND TIME TRENDS FOR SURVIVAL BY PRIMARY SITE

Survival probabilities for cancers of the cervix, prostate,
larynx, bladder, corpus uteri, female breast, testis and thyroid
ranged from 71.5 to 92.4%; those for ovary, mouth, oral
cavity and pharynx, stomach, rectum and anus, and colon
ranged from 52.0 to 68.9%; those for pancreas, gallbladder,

liver, lung, multiple myeloma, esophagus, all leukemias and
malignant lymphoma ranged from 6.7 to 49.9% (Table 3).

Survival figures for all sites improved significantly over
the 7-year period, increasing from 53.2% for the first obser-
vation period (1993—96) to 54.3% in the second (1997-99)
(Table 3). Proportion of localized tumor at diagnosis
increased; 43.0—-52.0% for prostate, 5.4—10.1% for multiple
myeloma, 25.0—28.6% for lung, 26.7-29.3 for malignant
lymphoma, 43.3—45.5% for lip, oral cavity and pharynx,
31.6—33.5% for esophagus, 34.5—-36.4% for ovary, 70.1—
71.7% for liver and 55.6-57.2% for female breast.
Accordingly survival also improved significantly for cancers
of the prostate (by 8.7 points), esophagus (by 4.7 points),
lung (by 3.1 points) and liver (by 1.9 points).

Survivar aND TiME TRENDS FOR SURVIVAL BY EXTENT OF
DiseASE

Table 4 shows observed and relative 5-year survival by
extent of disease at diagnosis. Relative survival for all sites
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Table 3. Relative 5-year survival by sex for selected sites of cancer diagnosed in 1993~96 and in 1997—99 (Subjects 2)

Primary sites Male Female Total
n Relative survival n Relative survival n Relative survival
rate rate rate
% SE % SE % SE
199396
All sites (C00—C96) 106 022 48.9 0.2 77473 59.0 02 183495 532 0.1
Lip, oral cavity and pharynx (C00—-C14) 2535 48.6 1l 1022 64.7 L7 3557 53.2 0.9
Esophagus (C15) 4401 25.7 0.7 843 33.1 17 5244 26.9 0.7
Stomach (C16) 29318 62.1 0.3 14817 604 0.5 44 135 61.6 03
Colon (C18) 10542 713 0.6 8609 66.1 0.6 19151 68.9 04
Rectum and anus (C19-C21) 7089 65.0 0.7 4316 63.9 08 11 405 64.6 0.5
Liver (C22) 9958 210 0.4 3619 218 0.7 13577 212 04
Gallbladder ete. (C23—-C24) 2475 19.0 0.9 2962 20.1 0.8 5437 19.6 0.6
Pancreas (C25) 2855 70 0.5 2205 5.9 0.5 5060 6.5 04
Larynx (C32) 1570 782 14 90 759 63 1660 78.1 14
Trachea, bronchus and lung (C33-C34) 15124 20.8 0.4 5618 27.1 0.6 20742 225 0.3
Female breast (C50) 14094 84.4 0.4 14094 84.4 04
Uterus (C53-C55) 5332 74.4 0.7 5332 744 0.7
Cervix uteri (C53) 3472 734 0.8 3472 734 0.8
Corpus uteri (C54) 1688 79.5 1.1 1688 79.5 1.1
Ovary (C56) 2116 49.4 11 2116 49.4 1.1
Prostate (C61) 4220 66.8 1.0 4220 66.8 1.0
Testis (C63) 505 89.6 16 505 89.6 1.6
Bladder (C67) 3481 80.0 1.0 1049 70.6 1.8 4530 718 0.8
Thyroid (C73) 541 86.3 2.1 2483 932 0.7 3024 92.0 0.7
Malignant lymphoma (C81-85, C96) 2349 46.3 1.1 1800 514 13 4149 48.5 0.9
Multiple myeloma (C88, C90) 508 29.3 22 446 309 23 954 300 1.6
All leukemias (C91-C95) 1686 317 1.2 1234 332 14 2920 323 0.9
199799
All sites (C00-C96) 84 851 50.0 024 62 860 59.8 0.24 147711 54.3 0.1 %>
Lip, oral cavity and pharynx (C00—C14) 1853 48.3 13 854 63.0 1.9 2707 52.9 11
Esophagus (C15) 3834 307 0.84%* 643 373 20 4477 316 0.8
Stomach (C16) 2190 62.6 0.4 10485 61.2 0.5 32375 62.1 03
Colon (C18) 8370 710 0.6 7106 66.4 0.7 15 476 68.9 0.5
Rectum and anus (C19-C21) 5797 65.7 0.8 3475 64.5 0.9 9272 65.2 0.6
Liver (C22) 7689 237 0.54** 3118 21.8 08 10 807 23.1 0.44%*
Gallbladder etc. (C23~C24) 1884 21.8 L1t* 2430 189 08 4314 20.2 0.7
Pancreas (C25) 2386 6.2 0.5 1900 7.3 0.6 4286 6.7 04
Larynx (C32) 1130 71.0 1.7 78 64.4 6.6 1208 76.1 16
Trachea, bronchus and lung (C33-C34) 12737 224 0.41%* 4963 335 0.74%* 17700 256 0.44**
Female breast (C50) 12334 85.5 0.4 12334 85.5 0.4
Uterus {C53—C55) 3995 7.5 0.8 3995 72.5 0.8
Cervix uteri (C53) 2244 715 11 2244 %) 1.1
Continued
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Table 3. Continued
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Primary sites Male Female Total
n Relative survival n Relative survival n Relative survival
ate rate rate
% SE % SE % SE
Corpus uteri (C54) 1571 76.8 12 1571 76.8 12
Ovary (C56) 1800 52.0 12 1800 52.0 1.2
Prostate (C61) 4508 75.5 Log** 4508 75.5 1.04**
Testis (C63) 369 92.0 1.9 369 92.0 1.9
Bladder (C67) 2824 78.6 L1 870 69.8 2.0 3694 76.5 1.0
Thyroid (C73) 437 87.6 23 1986 93.5 0.8 2423 924 0.7
Malignant lymphoma (C81-85, C96) . 1949 46.6 13 1473 54.2 14 3422 49.9 0.9
Multiple myeloma (C88, C90) 422 315 2.5 403 28.1 24 825 29.8 1.7
All leukemias (C91-C95) 1242 322 14 986 33.8 1.6 2228 329 1.0
1 mproved significantly between the two observation periods **P < 0.01, *P < 0.05.
(C00—-C96) was 85.2% for localized tumors, 43.7% for  DISCUSSION

those with regional lymph node or direct invasion to the
adjacent tissue/organ and 10.1% for those with distant
metastasis. When all sites were considered together,
improvement in survival was found only for localized
tumors; survival rate increased from 84.6 to 85.2% (P <
0.05).

Among localized tumors, survival improvement between
the two periods was observed for the esophagus, liver, lung
and female breast; among tumors with regional lymph node
or direct invasion to the adjacent tissue/organ, improvement
was seen for the pancreas, lung, prostate and testis. No
improvement was observed in distant metastatic tumor cases.

In contrast, survival deteriorated significantly between the
two observation periods for localized bladder cancer, laryn-
geal cancer with regional lymph node or adjacent organ
metastasis, and gallbladder cancer with distant metastasis.

COMPARISON WITH INTERNATIONAL DATA

Table 5 shows relative S-year survivals in the current study,
SEER study (10) and EUROCARE4 study (11). Compared
with the American data (SEER study), overall all-age survi-
val was lower in Japan (64.9-54.3%); however,
age-standardized survival in Japan was similar to that in
European countries (53.3—51.9%). In particular, the survi-
vals for Japanese patients with uterine cancer, prostate
cancer, testicular cancer, lymphoma and leukemia were
much lower than for their American counterparts. Survival
in Japan was better than in Europe or the USA mainly for
cancers of the digestive and hepatobiliary organs, such as the
esophagus, stomach, colon, liver and gallbladder.

SURVIVAL IN JAPAN

On the basis of the data from six population-based cancer
registries in Japan that met standards for data quality in
terms of both registration and outcome assessment, we calcu-
lated the latest relative 5-year survival for major cancers.

Age differences were observed in survival when all sites
were considered together and in some specific primary sites.
Ioka et al. (12) found that advanced cervical cancers leading
to poor survival are common in older people. Otherwise, this
may be explained by histological differences or simply phys-
ical decline in older patients. Farley et al. (13) reported a
similar decreasing survival with age in their study of uterine
cancer. Studies of leukemia (14) and bladder cancer (15)
also show similar effects of age.

Sex differences in survival for cancers at two primary sites,
the larynx and lung, might be caused by biological differences
between the two sexes and diagnostic circumstances. These
differences could relate to smoking behavior in the two sexes,
even for cancers of the same histology. Nordquist et al. (16)
found differences in survival according to the smoking status of
patients with adenocarcinoma of the lung. Another study showed
that the survival of bladder cancer patients varies according to
current smoking, age and gender, in addition to a latent promoter
hypermethylation (17). Bladder cancer is often at a more
advanced tumor stage at diagnosis in women than in men.

CoMPARISON BETWEEN THE Two PERIODS AND wiTH THE RESULTS
OF INTERNATIONAL STUDIES

Overall chronological improvement of survival in several
primary sites was observed, confirming the findings of a
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Figure 1. Relative S-year survival for major sites of cancer by sex and age at diagnosis (199799, Subject 2).

regional study (18). Unfortunately, no change was seen in
survival of cancers with distant metastases.

There were particularly marked improvements in survival
for cancers of the esophagus, liver and female breast, which
might be mainly due to diffusion of organized screening

programs in the society or development of early detection
systems in cases of opportunistic screening (19-22).
Treatment has also evolved during these two observational
periods. Yamanaka et al. (23) reported, for example, that the
establishment of indication criteria for hepatectomy and the
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Table 4. Relative 5-year survival for major sites of cancer by extent of tumor at diagnosis (Subjects 2)
Primary sites Localized Regional lymph node Distant metastasis
metastases, adjacent organ
metastases
% SE % SE % SE
199396
All sites (C00-C96) 84.6 0.2 43.2 0.2 103 0.2
Lip, oral cavity and pharynx (C00~-C14) 750 15 394 14 16.5 2.8
Esophagus (C15) 552 L6 19.1 0.9 37 0.6
Stomach (C16) 94.4 03 40.2 0.5 3.1 02
Colon (C18) 96.6 0.5 64.8 0.8 8.2 0.5
Rectum and anus (C19-C21) 93.0 0.6 55.3 0.9 8.1 07
Liver (C22) 303 0.6 8.6 08 4.0 0.5
Gallbladder etc. (C23-C24) 61.5 L8 12.6 0.8 1.6 03
Pancreas (C25) 37.1 2.5 4.5 0.5 11 02
Larynx (C32) 89.3 1.6 51.8 3.2 142 54
Trachea, bronchus and lung (C33-C34) 65.8 0.9 16.0 0.5 25 0.2
Female breast (C50) 96.6 0.3 78.3 0.7 253 17
Uterus (C53-C55) 93.1 0.6 54.1 1.4 15.2 20
Cervix uteri (C53) 93.6 0.8 52.8 1.6 9.8 2.1
Corpus uteri (C54) 92.9 1.0 634 3.1 22.7 37
Ovary (C56) 89.6 1.6 40.5 2.0 154 1.6
Prostate (C61) 96.5 L7 71.0 2.9 352 17
Testis (C63) 99.5 11 86.3 6.3 60.9 6.1
Bladder (C67) 914 1o 35.1 2.7 7.6 1.9
Thyroid (C73) 98.6 0.8 94.0 0.9 40.7 43
Malignant lymphoma (C81-85, C96) 75.3 20 554 24 36.2 14
Multiple mycloma (C88, C90) 56.4 115 55.0 156 253 2.2
All leukemias (C91-C95) - - - - - -
199799
All sites (C00-C96) 852 0.21* 43.7 03 10.1 0.2
Lip, oral cavity and pharynx (C00-C14) 76.1 1.7 39.2 1.6 12.7 2.9
Esophagus (C15) 64.9 1.64** 210 1.0 4.8 0.8
Stomach (C16) 952 0.3 398 0.6 2.9 0.3
Colon (C18) 95.7 0.5 65.0 0.9 93 0.6
Rectum and anus (C19-C21) 94.0 0.7 56.4 1.0 9.7 0.8
Liver (C22) 332 0.74** 10.4 0.9 32 0.5
Gallbladder etc. (C23—-C24) 574 2.0 14.0 0.9 0.8 0.24*
Pancreas (C25) 347 27 6.1 0.64* 1.0 02
Larynx (C32) 90.0 19 375 350 57 2.7
Trachea, bronchus and lung (C33-C34) 68.7 094 18.6 0.61** 2.8 02
Female breast (C50) 91.7 031 78.4 0.7 27.6 1.8
Uterus (C53--C55) 922 0.7 524 1.6 12.8 2.0
Cervix uteri (C53) 92.3 1.1 53.1 2.0 102 2.4
Corpus uteri (C54) 924 11 537 3.14* 17.2 32
Continued
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Table 4. Continued

Primary sites Localized Regional lymph node Distant metastasis
metastases, adjacent organ
metastases
% SE Y% SE % SE
Ovary (C56) 86.0 1.8 43.6 2.1 203 2.1
Prostate (C61) 97.6 1.3 792 2.9¢* 39.6 13
Testis (C63) 97.8 1.8 100.0 0.01* 70.7 6.3
Bladder (C67) 88.1 11> 343 2.8 8.8 24
Thyroid (C73) 99.6 0.8 93.6 11 41.7 4.9
Malignant lymphoma (C81-85, C96) 79.8 2.1 58.4 2.7 34.1 1.6
Multiple myeloma (C88, C90) 51.2 102 52.7 157 244 28

All lcukemias (C91-C95) - ~

4 improved significantly between the two observation periods **P < 0.01, *P < 0.05,
} deteriorated significantly between the two observation periods ** P < 0.01, * P < 0.05.

introduction of multimodal treatment for recurrence were
contributory factors. Lung cancer patients, particularly those
with early stage disease, also benefit from improvements in
surgical technique (24). The increase in breast cancer survi-
val likely results from development of new treatments. The
breast conserving treatment with or without axillary dissec-
tion has been developed and replaced Halsted radical
mastectomy in early 1990s in Japan. At the same time, endo-
crine therapy has progressed remarkably with acceptance of
tamoxifen use in 1981. Since then LHRH agonist and aroma-
tase inhibitors were approved one after another in the
mid-1990s, and effective chemotherapy regimens in preme-
nopausal women have also been developed: the majority of
the university hospitals and clinics employed these new
treatment strategies. We have to be cautious when consider-
ing prostate cancer survival because the early detection of
micro tumors by PSA screening has been evident for more
than a decade. However, considering that survival was par-
ticularly improved for cases with metastasis to regional
lymph nodes or adjacent organs, the introduction of more
effective radiation therapy might have contributed to the sur-
vival of older patients with prostate cancer (25).

‘We found that the overall survival of cancer paticnts in
Japan is comparable with that in Europe (51.9%), although
survival for some cancer types, particularly prostate cancer,
lymphoma and leukemia, is much lower than in these
Western countries. In contrast, the overall survival in the
USA was much higher than Japan. This is probably due to
the large difference of weights on breast and prostate cancer
in cancer incidence. Survival for digestive organ and hepato-
biliary cancers was better in Japan than in Western countries.
For specific types of cancer, greater survival in a particular
country tends to be correlated with higher incidence in that
country (8). A high survival rate might result from greater
surgical volume for these primary sites (26). In other words,

compared with their Western counterparts, Japanese oncolo-
gists are usually more aware of digestive organ and hepato-
biliary cancers and have greater experience in treatment of
these cancers. Conversely, tumors that are sensitive to che-
motherapy seem to be treated less effectively by Japanese
oncologists. This slow progress in chemo-sensitive malignan-
cies may demonstrate weaknesses of the system of oncology
in Japan; serious shortage of oncologists specialized in che-
motherapy and less centralized primary cancer treatment.
Changes over time in Japan were similar to those in the
international studies examined. For example, considering
changes in lung cancer and breast cancer, the time trends
identified in Japan were very similar to those seen when
comparing EUROCARE 3 and EUROCARE 4 (27).

LiMITATIONS

To perform survival analyses in Japan, it is a priority to
improve the quality of cancer registry data, because the high
proportion of patients not registered will diminish the accu-
racy of survival estimates according to international criteria
(28). In this study, we required each registry to meet the
necessary standards for participating in nationwide estimates
of incidence (8). It would be reasonable to assume, therefore,
that the current study has been conducted on the basis of
fairly accurate data from population-based cancer registries.
In the three prefectures where the vital status of patients
was checked after 5 years from diagnosis, the proportion of
unknown cases for vital status was only 2%, which implies
that the assessment of outcome was highly accurate. The
other three prefectures did not have the resources to check
the vital status of patients in the resident registry. Table 2
shows that the survival proportion from these three registries
‘was higher than that from the other three referring resident
registries. The best way to collect more accurate survival
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Table 5. Comparison of the survival between the SEER (96-03), the EUROCARE 4 and the present study

Primary sites Present study (Subjects 2) SEER EUROCARE4
1997-99 19962003 1995-99
All ages Age standardized rate All ages Age standardized rate
All sites (C00-C96) 543 53.3 64.9 519
Lip, oral cavity and pharynx (C00—C14) 529 516 59.1 -
Esophagus (C15) 316 306 156 123
Stomach (C16) 62.1 61.4 243 24.1
Colon (C18) 68.9 68.7 63.5 53.9
Rectum and anus (C19—C21) 65.2 64.7 65.0 53.5
Liver (C22) 23.1 220 10.8 8.6
Gallbladder etc. (C23—C24) 20.2 22.1 15.1% 18.6° 14.1
Pancreas (C25) 6.7 7.2 50 55
Larynx (C32) 76.1 75.2 62.9 63.1
Trachea, bronchus and lung (C33-C34) 25.6 258 15.0 12.6
Female breast (C50) 85.5 86.1 88.6 8L.1
Cervix uteri (C53) 715 70.6 716 66.5
Corpus uteri (C54) 76.8 69.9 83.9 783
Ovary (C56) 52.0 413 44.9 41.6
Prostate (C61) 75.5 69.7 98.1 770
Testis (C63) 92.0 88.4 984 93.8
Bladder (C67) 76.5 71.5 79.5 65.8
Thyroid (C73) 92.4 91.2 93.9 86.5
Malignant lymphoma (C81--85, C96) 49.9 456 66.8 -
Hodgkin's lymphoma 68.3 71.8 84.9 83.0
Non-Hodgkin’s lymphoma 49.1 45.5 63.4 54.6
Multiple myeloma (C88, C90) 29.8 30.7 337 344
All leukemias (C91-C95) 329 20.6 49.6 -
Acute lymphocytic leukemia 50.0 253 64.0 30.0
Acute myelogenous leukemia . 26.6 171 212 19.0
Chronic myelogenous leukemia 440 32.5 47.5 39.5
“Gallbladder.
Pntrahepatic bile duct.

data are to assess patient outcome by referring to resident
registries. However, the fact that these registries do not
check the survival of patients appears to have a modest
effect on the overestimation of survival, because death infor-
mation is very precise in Japan, and collation could be done
with high accuracy in these three prefectures. Further, the
frequency of patients moving to different prefectures is con-
sidered to be relatively low.

Mucosal cancers of the large bowel should have been
excluded from the survival analysis, since they are regarded
as in situ cancers according to the agreement of the
International Union Against Cancer (UICC) (29). However,
some population-based cancer registries in Japan still do not

distinguish them. In this study, it seems that the proportions
of mucosal cancer of the large bowel and of multiple
primary cancers (except the first-diagnosed tumor) were neg-
ligible; it is therefore reasonable to think that they did not
greatly affect survival results.

FUTURE OF SURVIVAL ANALYSIS IN JAPAN

The EUROCARE study is one of the most important colla-
borative studies of the European Union (9), currently invol-
ving 67 population-based cancer registries operating in 22
European countries (11). Furthermore, the CONCORD study
extends the EUROCARE study to include North America
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(the USA and Canada), Australia and Asian countries, invol-
ving 101 population-based cancer registries in 31 countries
(39). The International Agency for Research on Cancer has
published an article on cancer survival in Africa, Asia and
Central America recently including nine Asian countries
(31), in addition, a similar international project on survival
is ongoing in the Asia region; an Asian cancer registry
network is being formed (32).

‘We confirmed the importance of calculating a comparable
population-based survival as a measure of cancer control
programs through the present study. Comparing the data
chronologically and internationally, we figured out current
situation, progress and international position of cancer
screening and treatments in Japan. Drawing up a project or
evaluating outcomes based on such a useful index is
undoubtedly the basic principle of cancer control. Currently,
it is highly recommended to analyze incidence, mortality
and survival together in order to more fully understand the
characteristics of cancer in a country (27,33). The Japanese
research group is also conducting the MCIJ to monitor inci-
dence, mortality and survival as the index of the progress of
the cancer control routinely in Japan (34), and we hope to
show the results to the world in the near future.

CONCLUSION

The study suggests an improvement in cancer survival in
Japan in several primary sites during a relatively short
period, which is consistent with the development of treat-
ments and early detection. We confirmed that the overall sur-
vival of cancer patients in Japan is comparable with that in
Europe. In contrast, the overall survival in the USA was
much higher than Japan, but this is probably due to the
difference of cancer incidence proportion.
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The association between cigarette smoking and lung cancer
was firmly established in the 1950s." The rapid increase in
incidence rates in the 20th century has led to an epidemic of
lung cancer, particularly among men in industrialized coun-
tries.>® In the United States, where serious smoking control
efforts were instituted almost 50 years ago, the incidence of
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lung cancer among men peaked in 1982 and began to decline
thereafter,” but it continues to rise in countries where smok-
ing control efforts have been less aggressive. In Japan, despite
a continuous decline in smoking rates over the last 50 years,
lung cancer incidence continues to rise.**

Lung cancer incidence patterns and trends vary by histo-
Jogical type® and have been shown to be related to smoking
patterns and exposures to other lung risk factors.> Shifts in
histologic type have been reported to accompany changes in
lung cancer incidence. Relative and absolute increases in ade-
nocarcinoma (AD) of the lung were first recognized in the
19705 and continued to be observed in the United States®”
and European countries.'® Although this trend has now
peaked in the United States,''* incidence appears to be still
increasing in certain areas of Japan,*™**

Trends in the incidence of lung cancer by histologic type
are of interest in the evaluation of the impact of changes in
cigarette facture. In particular, although low-tar, low-nic-

Chikusa-ku, Nagoya 464-8681, Japan, Tel: +81-52-762-6111; Fax:
+81 52 763 5233, E-mail: hidemi@aichi-cc.jp

Int. J. Cancer: 128, 1918-1928 (2011) © 2010 UICC

otine, filtered cigarettes appear to have contributed to the
overall decline in lung cancer, and most notably in squamous
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cell carcinoma (5Q),'® they may have simultaneously increased
the risk of certain peripheral tumors, such as AD,""® and it
has been hypothesized that the upward trend in the incidence
of AD is mainly due to the dissemination of low-tar filtered
cigarettes."*>® Smoke from low-yield filter-tipped cigarettes is
inhaled more deeply than that from earlier unfiltered ciga-
rettes*** Inhalation transports tobacco-specific carcinogens
more distally toward the bronchioalveolar junction, where
ADs often arise. The change in cigarette consumption from
nonfiltered to filtered cigarettes also reduces the yield of carci-
nogenic polycyclic aromatic hydrocarbons, which are inducers
of SQs, while simul ly i ing that of carci
tobacco-specific N-nitrosamines, which are inducers of ADs."

Here, we investigated differences in the effects of nonfilter
and filter cigarette consumption on changes in the incidence
of SQ and AD in Japan and the United States.

#Material and Methods
Lung cancer incidence data in Japan were obtained from nine of
the 36 regional registries used to estimate nationwide incidence,
namely Yamagata, Niigata, Fukui, Shiga, Osaka, Okayama, Saga,
Nagasaki and Hiroshima City, which together account for about
18% of the Japanese population. For the United States, lung can-
cer incidence data were obtained from the Surveillance and End
Results (SEER) program of the US National Cancer Institute,
which makes aggregate data available to the public. The data
cover about 10% of the US population in nine geographical
regions, namely the states of Connecticut, Hawaii, Iowa, New
Mexico and Utah, as well as the metropolitan areas of Atlanta
(GA), Detroit (Ml), San Francisco-Oakland (CA) and Seattle-
Puget Sound (WA). We selected cases diagnosed with lung or
bronchus cancer from 1973 through 2005 for the US data and
from 1975 through 2003 for the Japanese data. Morphology
codes indicating lung cancer cell type were grouped into eight
major categories according to the WHO scheme?: () $Q (Inter-
national Classification of Disease for Oncology version 3 (ICD-
O-3) codes 8050-8078, 8083-8084); (ii) AD (8140, 8211, 8230~
8231, 8250-8260, 8323, 8480-8490, 8550-8551, 8570-8574,
8576); (iii) small cell carcinoma (8041-8045, 8246); (iv) large cell
carcinoma (including giant cell, clear cell and large cell undiffer-
entiated carcinoma 8010-8012, 8014-8031, 8035, 8310); (v)
other specified carcinoma; (vi) sarcoma (8800-8811, 8830,
8840-8921, 8990-8991, 9040-9044, 9120-9133, 9150, 9540-
9581); (vii) other specified malignant neoplasm and (viii) unspe-
cified malignant neoplasm (8000-8005). The percentages of
cases with unspecified morphology in the United States and Ja-
pan differed by an order of magnitude: only 3.9% of the US cases
had morphology codes of 8000-8005, indicating “unspecified
malignant neoplasm,” whereas 33.6% of case reports in Japan
were coded 8000-8005. In accordance with Devesa ef al,'® we
proportionally allocated the cases with unspecified morphology
8 to the other seven categories on a registry-, year at diagnosis-,
sex- and age-specific basis.

US age-standardized incidence rates (ASR) were calculated
for the years 1973-2005 and Japanese ASR for the years

Int. ). Cancer: 128, 1918-1928 (2011) ©® 2010 UICC
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1975-2003, by major morphological type, namely SQ, AD
and small cell carcinoma. Age standardization incorporated
the Segi world standard.* All incidence rates were expressed
as newly diagnosed cases of malignant neoplasm per 100,000
person-years.

The trends in ASR were also characterized by the widely
used joinpoint regression analysis, as described in detail else-
where.”® Briefly, joinpoint regression is a statistical technique
that describes changing trends over successive segments of
time and the magnitude of an increase or decrease within
each segment after identifying the best fitting model. Essen-
tially, within each time segment, the log of the ASR is mod-
eled as a linear function of time (calendar year), thereby
yielding annual exponential rates of change in ASR. The
technique identifies the timepoint(s), also referred to as join-
point(s), at which there is a statistically significant change in
the incidence trend. A maximum of three joinpoints in the
model was allowed in the model fitting. The resulting trend
segments, as delimited in time by joinpoints, were described
by the annual percentage change (APC), that is, the slope of
the line segment? The calculation assumes that rates
increase or decrease at a constant rate over time, although
the validity of this assumption has not been tested. APC is
calculated based on the following regression model:

log (Ry) = by + bry

where log (R,) is the natural log of the rate in year y
The APC from year y to y -+ 1

= (BB oo
RY

bortbily+) _ghthi(s)
= (""W) x 100

= (e — 1) x 100

In describing the trends, the terms “increase” or
“decrease” were used when the slope (APC) of the trend was
statistically significant (p < 0.05); otherwise, the terms “sta-
ble” or “level” were used.

Data on cigarette consumption were based on the market
share of nonfilter and filter cigarettes sale in each year. These
data were obtained from the US Federal Trade Commis-
sion,?® the Ministry of Health, Labour and Welfare, Japan,?”
the Ministry of Finance, Policy Research Institute, Japan,®
Japan Tobacco and Salt Co. and the Tobacco Institute of
Japan.

To assess whether the incidence rates of SQ and AD of
the lung were correlated to annual nonfilter and filter ciga-
rette consumption per capita, we used a multiple regression
framework.?® For a specific subpopulation (i.e., Japanese), we
let YAP(g) represent the ASR (per 100,000 person-years) of
AD at time £, and Y*P(¢M) represent the ASR of AD at one
time point ahead of time . For example:

1920

Figure 1. Japan and US nonfilter and filter cigarette consumption.
Data for annual consumptions of nonfilter (solid line) and filter
(dashed line) cigarettes per capita are presented. The shift from
nonfilter to filter cigarettes occurred in the 1960s and the 1950s in
Japan and the United States, respectively.

Y1) = [YAP(1), YAP(2), ..., YAP(T ~ 1)]
() = [YA°(2), YA°(3), ..., Y*2(T))
Likewise, we let YS%(f) represent the ASR (per 100,000

person-years) of $Q at time ¢ and Y5(t") represent the ASR
of $Q at one time point ahead of time f. Additionally, we let

Trends in lung adenocarcinoma incidence and filter cigarette

Figure 2. Joinpoint analysis of the overall age-standardized
incidence rates (ASR) of lung cancer among individuals in Japan
and the United States.

X (£ ~ 1) represent the nonfilter or filter cigarette consump-
tion at time f* - 1, where T is the appropriate time lag.
Thus, for each subpopulation, we have the following models:

YY) = B2 + BIAYSe) + BRX(ET ~ 1) + 652 (1)
YAP(e%) = Bo® + BADYAP (1) + BAPX (1 — 1) + 20 (2)

‘We set 1 from 5 to 30 years according to the epidemiolog-
ical evidence: in this regard, because the incidence of lung
cancer does not appear to be lower among ex-smokers who
quit smoking within 5 years than current smokers>**' the
sum of the induction period and latent period of lung cancer
caused by tobacco smoking is likely longer than 5 years.

We then examined the adjusted R? in the model with dif-
ferent time lags t among subpopulations and cigarette
designs to find the best fitting models (1) and (2) for nonfil-
ter and filter cigarettes among Japanese and Americans. R*
value was interpreted to mean that for every unit increase in
annual nonfilter or filter consumption per capita, we expect a
B, point increase in the ASR of AD or SQ, holding all other
variables constant.

Int. ). Cancer: 128, 1918-1928 (2011) © 2010 UICC
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. and Japanese nine areas covering about 10% of the Japanese population (Prefectures of Yamagata, Niigata, Fukui, Shiga, Osaka, Okayama, Saga and Nagasaki, Hiroshima
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,000 persons) and were age adjusted to the world population. Joinpoint analysis used the Joinpoint Regression Program,
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Figure 3. Joinpoint analysis of the age-standardized incidence rates (ASR) of lung cancer by histologic type among individuals in Japan and
the United States. () Males and females combined Joinpoi lyses of the histology-specific ASR of lung cancer among individuals in
Japan and in the United States are presented for (a) males and females combined, (b) males, (¢} females. SQ, AD and SM indicate

squamous cell carcinoma, adenocarcinoma and small cell carcinoma, respectively.

2.27 (1.9, 2.5)
1.8"(1.3,2.2)

th up to three joinpoints were based on rates (per 100,

*APC is statistically significantly different from zero (two-sided p < 0.05, calculated using a f-test.)Abbreviations: APC: annual percent change; Cl: confidence interval.

Table 1. Trends of overall age-standardized incidence rates of lung cancer with joinpoint analyses in Japan and the United States

Source: SEER-9 areas covering about 10% of the US population (States of Connecticut, Haw:

APC is based on rates that were age standardized to the world popuiation.
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. -g.A § version 3.3 (US National Cancer Institute, Bethesda, MD). tively. Compared with the United States, the shift in con-
S g bid - The Brown University Research Protections Office ruled sumption from nonfilter to filter cigarettes occurred more
T S 5545 that this study did not involve human subjects. rapidly in Japan, with the share of filter cigarettes during this
& . F : period rapidly reaching 99%. Further, the sharp increase in
i’" 2 g ha Results total consumption owed largely to increasing filter cigarette
§ § 2 S Figure 1 illustrates temporal trends in annual nonfilter and consumption. Filter cigarette consumption then generally
4 ; =5%a¢ filter cigarette consumption per capita in Japan and the continued to be flat until the late 1990s, when it began to
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Table 2, Trends of age-standardized rates of lung cancer with joinpoint analyses by sex and histological group in Japan and the United States
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decrease. In the United States, filter cigarette consumption
peaked in the late 1970s.

Figure 2 and Table 1 provide the long-term trends in
overall lung cancer incidence in Japan and the United States
using the joinpoint regression analyses. For males and
females combined, while the peak incidence has already
occurred in the United States, with a downward trend begin-
ning in 1991, the incidence for Japanese continues to be flat,
followed by an upward trend until 1993. While the peak inci-
dence for Japanese males occurred in 1992, the incidence for
Japanese females continues to increase. Rates among Japanese
males decreased by 0.6% per year from 1992 to 2003, after
increasing by 2.2% annually from 1975 to 1992, and rates
among Japanese females increased by 3.6% annually from
1975 to 1982 and by 1.1% after 1982. In the United States,
peak incidence has already occurred in females in 1988, 7
years later than that in males. Among American males, rates
decreased by 0.6% per year from 1981 to 1991 and by 2.2%
per year from 1991 to 2005, after increasing by 1.8% annually
from 1973 to 1978.

Figure 3 illustrates temporal patterns in ASR for selected
histological types of lung cancer in Japan and the United
States. For males and females combined (Fig. 3a), the peak
incidence of 8Q in Japanese occurred in 1992, 10 years later
than that in the United States. In the United States, the rate
of decline in SQ incidence significantly increased after 1992.
While the incidence of AD continues to increase in Japan,
peak incidence has already occurred in Americans, with a
downward trend beginning in 1992. The incidence of AD in
Japanese and Americans overtook the incidence of SQ in
1984 and 1976, respectively. For males (Pig. 3b), the peak
incidence of SQs has already occurred in Japanese, with a
downward trend beginning in 1994, 12 years later than that
in the United States. While the incidence of AD for Japanese
males leveled in 1998 after an upward trend, the peak inci-
dence occurred in the US males, with a downward trend be-
ginning in 1992. For females, the trends of SQ and AD in
Japanese are different to those in Americans (Fig. 3¢). In Jap-
anese, the incidence for SQ continues to decrease and that
for AD continues to increase. In contract, the peak incidences
of 8Q and AD have already occurred in 1982 and 1991 in
the United States, respectively.

Table 2 provides the long-term trends in different histo-
logical groups of lung cancer incidence using the joinpoint
regression analyses. For SQ, rates among Japanese increased
by 0.7% annually from 1975 to 1989, were stable from 1989
to 1992, and then decreased by 1.9% from 1992 to 2003.
Among Americans, rates increased by 2.1% annually from
1973 to 1982, then decreased by 1.7% from 1982 to 1992 and
by 3.6% from 1992 to 2005. For AD, rates among Japanese
increased by 2.4% annually from 1975 to 1990, were stable
from 1990 to 1993 and then increased by 1.7% from 1993 to
2003. In contrast, rates among Americans increased by 9.4%
annually from 1973 to 1978 and by 2.5% from 1978 to 1992
and then decreased by 2.2% from 1992 to 2005. In Japan,

Trends in lung adenocarcinoma incidence and filter cigarette

Table 2. Trends of age-standardized rates of lung cancer with joinpoint analyses by sex and histological group in japan and the United States (Continued)
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Small cell carcinoma
Suamous cell carcinoma
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and Seattle-Puget Sound), and Japanese nine areas covering about 10% of the Japanese population (Prefectures of Yamagata, Niigata, Fukul, Shiga, Osaka, Okayama, Saga and Nagasaki

Source: SEER-9 areas covering about 10% of the US population (States of Connecticut, Hawal
City and Nagasaski City).

APC is based on rates that were age standardized to the world
Abbreviations: APC: annual percent change; Cl: confidence interval.

APC is statisti
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Table 3. The relati ip b cigarette c

ion and lung cancer incidence by histologic type in Japan and the United States
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0.319, 0.591) (-0.020 to 0.757)

*v is defined as the lag betwzen lung cancer incidence and cigarette consumption; CI, confidence interval. 'B, is the coefficient for cigarette
consumption in the model of Y(t*) = By + B Y(0 +BXE ~ 9 + ¢ *Statistically significantly different from zero (two-sided p < 0.05, calculated

using a t-test).

rates for small cell carcinoma increased by 6.7% annually
from 1975 to 1984, then leveled off thereafter. In contrast,
rates in the United States increased by 6.4% annually from
1973 to 1981 and by 1.8% from 1981 to 1988, and then
began to decrease thereafter.

decrease in the incidence of $Q. To our knowledge, these em-
pirical observations, using population-based data from two
distinct countries, are the first to support the long-held hy-
pothesis that smoking filtered vs. nonfiltered cigarettes leads
to separate presentations of lung cancer. These results are

Because sex-specific data on cigarette cc ption by cig-
arette design were not available on public, we examined the
relationship between cigarette consumption and lung cancer
incidence by histologic type in males and females combined.
Table 3 summarizes the statistical relationship between them
using multiple regression analyses. The models in Table 3 did
not violate assumptions of normality and uncorrelatedness.
Among Japanese, the trend in nonfilter consumption was
positively associated with the incidence of SQ (f}gQ, 0.464 x
1073, 95% confidence interval (CI), [0.164 x 1073, 0.764 x
107?), p = 0.006) with the appropriate time lag of 30 years,
and the trend in filter cigarette consumption was positively
associated with AD incidence ([33“’, 1.946 x 1073 95%ClI,
[1.297 x 107, 2.594 x 1072}, p < 0.001) with the appropri-
ate time lag of 25 years. Similarly, among Americans, the
trend in nonfilter consumption was positively associated with
SQ incidence (B2, 0364 x 1073 95%CL [0.109 x 1072
0.619 x 107%}, p = 0.008) with the appropriate time lag of
20 years, while the trend in filter consumption was positively
associated with AD incidence (B2°, 3.142 x 1073, 95%CI,
[1.923 x 107, 4361 x 107°], p < 0.001) with the appropri-
ate time lag of 15 years. The negative association between
trends in nonfilter cigarette consumption and AD and
between trends in filter consumption and SQ among Japanese
and Americans reflect the shift in market share from nonfil-
ter to filter cigarettes.

Discussion

AD has replaced SQ as the most frequent histologic type of
lung cancer in both Japan and the United States. This
increase in AD incidence in both the countries is also associ-
ated with the introduction of filtered cigarettes and the sub-
stantial increase in filter cigarette consumption. The decrease
in nonfilter cigarette consumption due to the shift in market
share from nonfilter to filter cigarette is associated with the

Int. . Cancer: 128, 1918-1928 (2011) ® 2010 UICC

consi with previous epidemiological study obtained using
data at the individual level

Another possible explanation for the change in trends for
AD of the lung is changes in exposure to air pollution. Long-
term exposure to some components of polluted air, particu-
larly NOx, might play a role in the development of AD."?
Given that air pollution can be considered a general phenom-
enon, this possibility is not contradicted by the similarity in
trends in AD incidence in US males and females but is con-
tradicted by the difference in gender-specific trends in Japa-
nese males and females. In addition, compared with current
smokers, the lung cancer rate is very low among never smok-
ers.®® A prospective cohort study in Norway suggested that
although air pollution is one of the causes of lung cancer, it
may still much less than cigarette smoking that causes lung
cancer.?®*” A second possible explanation for this AD trend
might be related to underlying trends in exposure to environ-
mental tobacco smoke (ETS). Recent regulations have strictly
reduced ETS exposure in the United States.®® The consequent
decrease in exposure to ETS might explain the recent
decrease in incidence of ADs of the lung in the United States,
at least, in part. Although this point should be examined in
the future with more detailed exposure and outcome evalua-
tion, it is clear that ETS has much less impact on the risk
than active smoking.

Reflecting the wide-scale adoption of filter cigarettes be-
ginning in the 1960s, the United States observed a sharp
increase in ADs in the early 1970s, with 9.4% increases annu-
ally from 1973 to 1979. Interestingly, although filter cigarettes
penetrated the Japanese market more rapidly in the 1970s,
the increase in ADs in Japan has not been as sharp as in the
United States. There are two explanations for this. First, the
greater use of charcoal-containing cigarette filters in Japan
(70 vs. 1% in the United States) may have had a beneficial
effect, perhaps by trapping a greater load of fine particulates
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than other filters or by removing a greater load of volatile
toxic agents, such as hydrogen cyanide, N-nitrosamines and
volatile aldehydes known to act as inhibitors of lung clear-
ance.’” In this regard, Muscat et gl. found no association
between charcoal filters and an attenuated risk of lung cancer
in a Japanese population.®® Second, it is of course also possi-
ble that the differences between the Japanese and US experi-
ence may have been affected by the assumptions used in allo-
cating specific morphologies to cases of unknown
morphology. Additional analyses focused on this issue may
clarify the observed differences.

It is considered paradoxical that a proportion of Japanese
who smoke is higher than American males but have a lower
incidence of lung cancer.® Several factors acting either alone
or in combination may explain this lower rate in Japan,'®*®
including age at onset of cigarette smoking, specific personal
smoking (i.e., manner of smoking, particularly shallow inha-
lation), and the contents and construction of cigarettes. De-
spite the higher smoking prevalence in Japan, total cigarette
consumption per capita was lower than in the United States
until 1987, suggesting that japanese smokers smoked fewer
cigarettes per day than their American counterparts. Other
differences may explain the lower lung cancer rates in Japan:
e.g., because consumption of filter cigarettes increased rapidly
around the same time that smoking became popular in Ja-
pan, Japanese smokers were less exposed to unfiltered ciga-
rettes. Additionally, the Japanese diet may have a protective
effect against lung cancer, owing to its relatively high con-
sumption of soybeans,** which contain the strong tumor
inhibitor genistein, and fish*' and relatively low intake of die-
tary fat.*® Frequent consumption of green tea™ may also
have a protective effect. Finally, Americans may have a
greater genetic susceptibility to tobacco carcinogens than Jap-
anese. In this regard, the lower relative risks by smoking in
epidemiological studies conducted in Japan versus the United
States is well known.'>* In this study, we found a shorter
lag time of T in Americans than in Japanese, which repre-
sents the shorter sum of induction and latent period in
Americans than in Japanese (e.g, lag times for AD after the
advent of filter cigarettes were 25 years in Japan vs. 15 years
in the United States). This might be a reflection of a differ-
ence in patterns of smoking behavior, life styles and suscepti-
bility to lung cancer between Japan and the United States.

Our findings suggest that the trends of incidence of lung
cancer by histologic type differ in males and females as well
as the associations between changes in the incidences and in
filter/nonfilter cigarettes differ among males and females, in
both Japan and in the United States. That may be due to the
differences in patterns of smoking behavior and the suscepti-
bility to lung cancer in cigarette smokers among males and
females. Smoking rate is significantly lower for females than
for males in both the countries (11.0 and 39.4% in males and
females in Japan, respectively, and 17.4 and 23.4% in the
United States).*”*® Females were more likely than men to
smoke filter cigarettes (89.0-90.6% vs. 75.0-79.3% in the
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197057 and 92.9-94.6% vs. 87.0-90% in the 1980s).
Females with lung cancer are more likely to be never smokers
or less intense smoking history, and have AD subtypes.*
Therefore, the sex-specific analysis for cigarette types and
incidence patterns by histology subtype would sharpen the
findings. However, unfortunately, the data on filter/nonfilter
cigarette consumption are not available both in Japan and
the United States so that we could not analyze the sex spe-
cific relationships between the trend in lung cancer incidence
by histologic type and consumptions of filter or nonfilter
cigarettes. Therefore, the analyses in males and females
combined may weaken a true relationship between the
increased trend in AD and filter cigarette consumption.
Nevertheless, we could obtain the statistically significant rela-
tionship between them using the data for males and females
combined.

Molecular examinations of lung cancer might give us an
insight to interpret different patterns of change in histology-
specific incidence by sex and ethnicities discussed above. 1t
has been reported that epidermal growth factor receptor
(EGFR) mutations commonly present in female, never-
smoker and Asian ethnicity.” Potential differences in several
risk factors including smoking by EGFR mutational status
have been reported to date.>**

Several limitations of this study warrant mention. First,
as an ecological study, it possesses all the limitations inher-
ent to ecological analyses. Aggregate data on exposure and
disease—data obtained from population aggregates—cannot
be linked to individuals. Although estimated consumption
of cigarettes was based on nationally averaged levels for
the respective countries, consumption may in fact vary by
area (rural vs. metropolitan), race/ethnicity, sex, age and
education. The increased consumption of filter cigarettes
may have played different roles in the increase in AD inci-
dence in males and females, but the present data lacked
the sensitivity to detect changes at this level. Second, the
data collected from Japanese prefectural population-based
cancer registries have major quality issues and fail to meet
international data quality standards for the proportion of
death-certificate-only cases, incidence-to-mortality ratio and
proportion of histologically verified cases.’® Based on math-
ematical modeling, true incidence may be underestimated
by as much as 20%.* Moreover, because one-third of the
Japanese cases in this study were of unknown morphology,
the data may not adequately reflect the true changes in
lung cancer incidence by histologic type. Nevertheless, we
do not consider that our allocation methodology biased the
results, and reanalysis of the data without the proportional
reallocation of cases with unspecified morphology returned
virtually identical results. Finally, another limitation may
be change over time in the definition of AD*® or in diag-
nostic practice,” although we consider that these them-
selves cannot account for the increase in AD incidence.
For example, major diagnostic advances such as bronchos-
copy, thin-needle aspiration, computed tomography scans
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and improved stains for mucin were all introduced in the
19805, after the increases in the incidence of AD were

observed.

‘While the decreased incidence of SQ among Japanese and
Americans is encouraging in terms of cancer prevention and
control, it is counterbalanced by the increases in AD, espe-
cially among Japanese. As realization of the detrimental
health effects of cigarette smoking initially grew, the tobacco
industry strove to develop filtered cigarettes as less harmful
cigarettes, but subsequent scientific evidence has failed to
demonstrate any benefit from changes in cigarette design or

1927

ing strategies of filtered/low-tar cigarettes might be related to
the rising incidence of ADs of the lung.

The present results suggest that the shift from nonfilter to

cer incidence.*®®

manufacturing” Despite the tobacco industry became well

aware of the fact that filtered cigarettes were not less harmful,
it has been advertised filtered or low-tar cigarettes to intend
to reassure smokers and were meant to prevent smokers
form quitting since the early 1950s in the United States®® and
later in Japan.® The false reassurances provided by market-
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