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Cancer survivors are at excess risk of developing second primary
cancers, but the precise level of risk in Japanese patients is not
known. To investigate the risk of survivors developing second
primary cancers, we conducted a retrospective cohort study using
data from the Osaka Cancer Registry. The study subjects com-
prised all reported patients aged 0–79 years who were first diag-
nosed with cancer between 1985 and 2004 in Osaka and who
survived for at least 3 months, followed-up through to December
2005. A metachronous second primary cancer was defined as any
invasive second cancer that was diagnosed between 3 months
and 10 years after the first cancer diagnosis. The main outcome
measures were incidence rates per 100 000 person-years, cumula-
tive risk and standardized incidence ratios (SIR) of second primary
cancer. Metachronous second primary cancers developed in
13 385 of 355 966 survivors (3.8%) after a median follow-up of
2.5 years. Sex-specific incidence rates of metachronous second
primary cancer per 100 000 person-years increased with age, and
were higher among men than women (except for the 0–49 years
age group), but these rates did not differ over the study period.
The 10-year cumulative risk was estimated as 13.0% for those
who first developed cancer at 60–69 years of age (16.2% for
men, 8.6% for women). The SIR among those with first cancer
diagnosed at 0–39 and 40–49 years of age were 2.13 and 1.52,
respectively, in both sexes, whereas the SIR among cancers of
the mouth/pharynx, esophagus and larynx were much higher
than one as for site relationships. We showed that cancer survi-
vors in Osaka, Japan, were at higher risk of second primary can-
cers compared with the general population. Our findings indicate
that second primary cancers should be considered as a commonly
encountered major medical problem. Further investigations are
required to advance our understanding to enable the develop-
ment of effective measures against multiple primary cancers.
(Cancer Sci 2012; 103: 1111–1120)

A pproximately 50% of men and 40% of women will
develop a cancer during their lifetime,(1) and half of all

cancer patients in Japan will survive for at least 5 years.(2)

Because of the longer survival times for several forms of can-
cer and the aging of the population, it is estimated that 5–10%
of all cancer patients develop a further, independent primary
cancer.(3,4) A better understanding of multiple primary cancers
should yield greater insights into the shared etiological factors
and basic mechanisms of carcinogenesis and could thus pro-
vide a more sound basis for the management of cancer
patients, including the development of protective measures.(5)

In a previous study using data from the Osaka Cancer Registry
(2000 Census population; 8.8 million), one of the largest popu-
lation-based cancer registries in the world, we reported that
2.0% of cancer patients developed metachronous second primary
cancer between 1966 and 1986.(4) We also calculated the 10-
year cumulative risk for metachronous second primaries to be

approximately 10% for those who developed their first cancer at
60–69 years of age between 1978 and 1983.(4) However, investi-
gations into trends or site combinations could not be completed
owing to the short cancer registration period. In the present
study, we updated the data for the incidence of metachronous
second primary cancers in Osaka, Japan, according to sex, age
groups, calendar year at diagnosis, primary cancer sites, and fol-
low-up interval. This was done not only to provide an insight
into the etiology of cancer, but also to provide information for
effective medical care by clinical oncologists.

Materials and Methods

Study subjects and definition of metachronous second primary
cancer. The present study was designed as a retrospective
cohort study. Individual case records were obtained from the
Osaka Cancer Registry, which was founded in 1962 for the
purpose of registering all malignant tumors and benign intra-
cranial tumors arising in Osaka Prefecture.(6) The study sub-
jects were all reported patients aged 0–79 years in Osaka who
were initially diagnosed as having a first primary cancer
between 1985 and 2004 and had survived for at least
3 months. The incidence of second primary cancers among the
study subjects was examined through to the end of 2005 for a
maximum of 10 years after the first cancer diagnosis.
Metachronous second primary cancer was defined as any

invasive second cancer that was diagnosed between 3 months
and 10 years after diagnosis of the first cancer. In situ carcino-
mas, benign intracranial tumors, and any third or fourth (or
more) primaries were excluded. Each cancer site was catego-
rized into 16 selected major groups according to International
Classification of Diseases Tenth Revision (ICD-10)(7), to
analyze the cancer site relationships between first and second
cancer. The ICD-10 codes used in the present study are given
as mouth ⁄pharynx (C00-14), esophagus (C15), stomach (C16),
colorectum (C18-20), liver (C22), gallbladder (C23, C24), pan-
creas (C25), larynx (C32), lung (C33, C34), breast (female)
(C50), uterus (C53-55), ovary (C56), prostate (C61), kidney ⁄
urinary tract/bladder (C64-68), thyroid (C73) and blood
(C81-85, C88, C90, C91-96).

Statistical analysis. To estimate the risk for second primary
cancer, person-years at risk were calculated as the time from
3 months after diagnosis of the first cancer until whichever of the
following came first: (i) December 31, 2005; (ii) the date of diag-
nosis of the metachronous second primary cancer; (iii) the date of
death; (iv) the date when a patient reached 80 years of age; or (v)
the date 10 years after the diagnosis of the first cancer.(8)

The incidence rate per 100 000 person-years and cumulative
risk(9) for metachronous second primary cancer were estimated
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according to sex, age group and calendar year at the time of
diagnosis of the first cancer.
The observed number of metachronous second primary can-

cers was compared with the expected number according to
sex, age group, selected site of the first and second cancer, and
follow-up interval. A standardized incidence ratio (SIR) was
then obtained by dividing the observed number of cases of a
second primary cancer by the expected number. Thus, the SIR
is used to estimate the risk of a cancer patient developing a
second primary malignancy compared with the incidence of
cancer among the general population. In the analyses for site
relationship between the first and second cancer, we report
only the cancer site combinations where more than 10 eligible
metachronous second primary cancers were obtained. The
significance and 95% confidence intervals (CI) for the SIR
were tested by Poisson distribution analysis.
In Osaka, we used the rules suggested by the International

Agency for Research on Cancer (IARC)(10) and the third edition
of the ICD-O(11) to define the circumstance under which an
individual is considered to have more than one cancer. The
IARC’s definition does not accept any tumors in the same site
as a second primary cancer unless their major histological type
differs from that of the first primary cancer. Therefore, the SIR
for all sites will be underestimated, particularly in the case of
first cancers with high person-years, such as cancer of the stom-
ach, colorectum, liver, lung, and breast. To avoid such underes-
timations, we excluded both the observed and expected numbers
of second primary cancer in the same site as the first cancer
from the SIR calculations for all sites. Therefore, in the present
study a second primary cancer of the same site (as defined by
the three-digit rubric of the ICD with some exceptions accord-
ing to the rules) was excluded even if its histological type dif-
fered from that of the first primary cancer when we used the
variable of cancer site in the analyses.(8)

Probability values for statistical tests were two-tailed and
P < 0.05 was considered significant. All statistical analyses
were performed using SAS version 9.2 (SAS Institute, Cary,
NC, USA).

Results

The total number of study subjects was 355 966, of whom
79.7% were histologically verified. During the follow-up per-

iod (median follow-up duration 2.5 years; mean 3.9 years),
metachronous second primary cancers developed in 13 385
subjects (3.8%). Figure 1 shows age- and sex-specific inci-
dence rates of metachronous second primary cancers per
100 000 person-years, in which study subjects were classified
into four groups according to calendar year at diagnosis of the
first cancer. The incidence rates increased remarkably with an
increase in age and were higher among men than women,
except in the 0–39 and 40–49 years age groups. In terms
of calendar year at the time of diagnosis of the first cancer,
age-specific incidence rates did not differ within either sex.
Table 1 shows the cumulative risks of metachronous second

primary cancers according to age and calendar year at diagno-
sis of the first cancer. The 10-year cumulative risk was esti-
mated as 13.0% for those who developed their first cancer at
60–69 years of age (16.2% for men, 8.6% for women). No dif-
ference or increasing trend was observed during the study per-
iod.
Table 2 shows the SIR according to sex, age at diagnosis of

the first cancer, and follow-up interval. The SIR and 95% CI
among those (of both sexes) who developed their first cancer
at 0–39 and 40–49 years of age were 2.54 (1.43–3.66) and
1.75 (1.41–2.10), respectively, for the first year; 2.34 (1.86–
2.82) and 1.61 (1.46–1.77), respectively, for the next 4 years;
1.90 (1.51–2.29) and 1.39 (1.25–1.53), respectively, for the
next 5–10-year period; and 2.13 (1.84–2.43) and 1.52 (1.42–
1.62), respectively, for all 10 years after diagnosis of the first
cancer. These ratios were higher than those in the total and
other age groups. During the period 1–5 years after the diag-
nosis of the first cancer, 38% and 48% excess risk of meta-
chronous second primary cancers was observed among men
and women, respectively, who developed their first cancer at
50–59 years of age. Women aged 50–79 years had a tendency
for a higher SIR of metachronous second primaries than men
aged 50–79 years, whereas women aged 0–49 years had a ten-
dency for a lower SIR than men aged 0–49 years.
Table 3 lists the SIR according to selected sites of the first

cancer and the follow-up interval. There were no clear increas-
ing or decreasing trends of SIR for any site of the first cancer
for the duration of follow-up. The highest SIR (~2.0–2.5) were
observed for cancers of the mouth/pharynx, esophagus, and
larynx, followed by cancers of the lung, breast, uterus, ovary,
thyroid, and blood (~1.4–1.7). The ratios for the remaining
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Fig. 1. Age-specific incidence rates of metachronous second primary cancer per 100 000 person-years in (a) men and (b) women according to
the calendar year at diagnosis of the first cancer, Osaka, 1985–2004.
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cancer sites were approximately 1.1–1.3 and usually > 1.0
regardless of the significance.
Table 4 lists the SIR according to selected sites of the first

and second primary cancers. Some specific associations were
observed between the sites of the first and second primary can-
cers; specifically, the SIR for cancers of the mouth/pharynx,
esophagus, and larynx were much higher. That is, the SIR
between these three sites ranged between 4 and 22; however,
the SIR for lung and the three sites was estimated to be
approximately 2–3. The site relationships between breast,
uterus, and ovary were relatively high, especially after first
breast cancer (i.e. the SIR [95% CI] was 2.07 [1.71–2.43] for
first breast to second uterus; 2.16 [1.62–2.70] for first breast to
second ovary; 1.40 [1.10–1.71] for first uterus to second
breast; and 1.43 [0.82–2.04] for first ovary to second breast).
In addition, a high SIR for second thyroid cancer, but not first
thyroid cancer, was observed.

Discussion

The present study shows that in Osaka, Japan, 3.8% of study
subjects (of both sexes) developed metachronous second pri-
mary cancers within 10 years of the first primary cancer
between 1985 and 2005. Compared with our previous study, in
which we reported that 2.0% of cancer patients developed
metachronous second primary cancers between 1966 and
1986,(4) the proportion of multiple primary cancers has approx-

imately doubled in the past 20 years. Although constantly ele-
vated SIR was not observed in the first decade in our previous
study,(4) elevated SIR for metachronous second primary can-
cers was observed among almost all sex and age groups over
the study period in the present study. Almost all cancer
patients were more likely to develop metachronous second pri-
mary cancers than the general population, as also found in
another recent study in Australia.(12) A possible explanation
for this finding could be the accumulation or concentration of
cancer risk factors, such as smoking, alcohol drinking, radio-
therapy treatment, and other potential factors, including genetic
factors, within an individual. It may be difficult to improve can-
cer patients’ lifestyle. For example, smoking cessation is chal-
lenging even for patients recovering from lung cancer with
curative treatment because a significant proportion of smokers
with cancer do not receive formal assistance to quit.(13) However,
detection or surveillance bias may also play a part in the results,
as evidenced in the elevated SIR of second thyroid cancer.(14)

We also found that the 10-year cumulative risk for second
primaries was 13.0% for those who developed their first cancer
at 60–69 years of age. Although this finding was slightly
higher than our previous results, with an approximate 10% 10-
year cumulative risk for second primaries for those who devel-
oped their first cancer at 60–69 years of age in 1978–1983,(4)

we added sex-stratified information on cumulative risk for sec-
ond primaries. Men with their first cancer diagnosed when they
were at 60–69 years of age had a high cumulative risk of

Table 1. Cumulative risk of metachronous second primary cancer (%), according to sex, age and calendar year at the time of diagnosis of the

first cancer

Sex/age (years) Duration
Year of diagnosis of first cancer

1985–1989 1990–1994 1995–1999 2000–2004 Total

Male

0–39 3 months–5 years 0.4 0.9 1.0 0.9 0.8

3 months–10 years 1.5 1.4 1.8 – 1.6

40–49 3 months–5 years 2.2 2.0 2.1 2.3 2.1

3 months–10 years 5.1 4.8 4.9 – 5.0

50–59 3 months–5 years 4.9 4.1 4.6 4.5 4.5

3 months–10 years 11.4 9.8 9.5 – 10.2

60–69 3 months–5 years 7.2 7.3 7.9 7.5 7.5

3 months–10 years 16.4 16.5 15.7 – 16.2

70–79 3 months–5 years 9.2 10.1 10.8 10.2 10.2

3 months–10 years 20.8 22.5 21.7 – 21.8

Female

0–39 3 months–5 years 0.7 0.6 0.9 0.8 0.7

3 months–10 years 1.9 1.5 2.3 – 1.9

40–49 3 months–5 years 1.5 1.9 1.9 1.6 1.7

3 months–10 years 3.3 3.5 4.6 – 3.7

50–59 3 months–5 years 2.7 2.7 2.8 2.6 2.7

3 months–10 years 6.0 6.1 5.5 – 5.8

60–69 3 months–5 years 4.0 3.9 4.3 3.9 4.1

3 months–10 years 8.7 8.6 8.4 – 8.6

70–79 3 months–5 years 4.9 4.7 5.6 5.5 5.2

3 months–10 years 11.7 11.0 10.1 – 11.0

All patients

0–39 3 months–5 years 0.6 0.7 1.0 0.8 0.8

3 months–10 years 1.7 1.5 2.1 – 1.8

40–49 3 months–5 years 1.7 1.9 2.0 1.8 1.9

3 months–10 years 3.9 4.0 4.7 – 4.2

50–59 3 months–5 years 3.9 3.5 3.7 3.5 3.7

3 months–10 years 8.8 8.1 7.5 – 8.1

60–69 3 months–5 years 5.8 6.0 6.6 6.1 6.2

3 months–10 years 12.8 13.3 12.9 – 13.0

70–79 3 months–5 years 7.3 7.7 8.6 8.4 8.1

3 months–10 years 16.4 17.2 16.8 – 17.0

Tabuchi et al. Cancer Sci | June 2012 | vol. 103 | no. 6 | 1113
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Table 4. Observed numbers and standardized incidence ratios of second primary cancer according to the site of first and second primary

cancer, 1985–2004, in both sexes

First cancer site Second cancer site
No. second

primary cancers
Person-years SIR 95% CI

Mouth/pharynx Esophagus 137 32 483 13.62 11.34–15.90

Mouth/pharynx Stomach 81 32 571 1.38 1.08–1.68

Mouth/pharynx Colorectum 53 32 558 1.35 0.99–1.71

Mouth/pharynx Liver 66 32 599 1.49 1.13–1.85

Mouth/pharynx Gallbladder 11 32 684 1.52 0.62–2.41

Mouth/pharynx Pancreas 17 32 684 1.57 0.82–2.31

Mouth/pharynx Larynx 12 32 674 4.35 1.89–6.81

Mouth/pharynx Lung 113 32 562 2.45 2.00–2.90

Mouth/pharynx Prostate 18 32 657 1.73 0.93–2.53

Mouth/pharynx Kidney/urinary tract/bladder 16 32 656 1.30 0.66–1.94

Mouth/pharynx Blood 28 32 661 2.39 1.50–3.27

Esophagus Mouth/pharynx 94 19 043 21.63 17.26–26.00

Esophagus Stomach 58 19 128 1.32 0.98–1.66

Esophagus Colorectum 33 19 117 1.15 0.76–1.54

Esophagus Liver 40 19 154 1.21 0.83–1.58

Esophagus Pancreas 16 19 193 2.00 1.02–2.97

Esophagus Larynx 14 19 181 6.38 3.04–9.72

Esophagus Lung 62 19 129 1.71 1.29–2.14

Esophagus Prostate 14 19 181 1.51 0.72–2.30

Esophagus Kidney/urinary tract/bladder 19 19 173 2.00 1.10–2.90

Esophagus Blood 16 19 174 1.89 0.97–2.82

Stomach Mouth/pharynx 89 294 635 1.54 1.22–1.86

Stomach Esophagus 171 294 528 1.68 1.42–1.93

Stomach Colorectum 563 293 399 1.40 1.28–1.51

Stomach Liver 486 293 978 1.07 0.97–1.16

Stomach Gallbladder 91 294 693 1.17 0.93–1.41

Stomach Pancreas 134 294 709 1.18 0.98–1.38

Stomach Larynx 39 294 685 1.36 0.94–1.79

Stomach Lung 632 294 047 1.26 1.16–1.36

Stomach Breast (female) 126 294 397 1.63 1.34–1.91

Stomach Uterus 35 294 742 1.09 0.73–1.45

Stomach Ovary 15 294 779 1.04 0.51–1.56

Stomach Prostate 157 294 497 1.36 1.15–1.57

Stomach Kidney/urinary tract/bladder 163 294 433 1.26 1.07–1.45

Stomach Thyroid 31 294 695 1.86 1.20–2.51

Stomach Blood 137 294 653 1.14 0.95–1.33

Colorectum Mouth/pharynx 47 222 016 1.13 0.81–1.45

Colorectum Esophagus 95 221 949 1.31 1.05–1.57

Colorectum Stomach 558 220 824 1.28 1.17–1.39

Colorectum Liver 352 221 454 1.07 0.96–1.19

Colorectum Gallbladder 58 222 035 0.97 0.72–1.22

Colorectum Pancreas 109 222 020 1.28 1.04–1.52

Colorectum Larynx 29 222 010 1.50 0.96–2.05

Colorectum Lung 410 221 554 1.14 1.03–1.25

Colorectum Breast (female) 91 221 774 1.22 0.97–1.47

Colorectum Uterus 50 221 961 1.64 1.19–2.10

Colorectum Ovary 34 222 048 2.43 1.61–3.24

Colorectum Prostate 107 221 886 1.31 1.06–1.56

Colorectum Kidney/urinary tract/bladder 120 221 805 1.30 1.07–1.53

Colorectum Thyroid 42 221 956 3.00 2.09–3.91

Colorectum Blood 108 221 970 1.20 0.97–1.43

Liver Mouth/pharynx 31 91 628 1.51 0.98–2.04

Liver Esophagus 58 91 598 1.56 1.16–1.96

Liver Stomach 264 91 223 1.22 1.08–1.37

Liver Colorectum 170 91 367 1.19 1.01–1.37

Liver Gallbladder 22 91 655 0.82 0.48–1.17

Liver Pancreas 34 91 647 0.85 0.57–1.14

Liver Lung 146 91 519 0.82 0.69–0.95

Liver Breast (female) 24 91 633 1.26 0.75–1.76

Liver Ovary 12 91 658 3.23 1.40–5.06

(continued)
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Table 4. (continued)

First cancer site Second cancer site
No. second

primary cancers
Person-years SIR 95% CI

Liver Prostate 47 91 597 1.09 0.78–1.41

Liver Kidney/urinary tract/bladder 52 91 585 1.13 0.82–1.44

Liver Thyroid 11 91 647 2.14 0.88–3.41

Liver Blood 67 91 605 1.60 1.21–1.98

Gallbladder Stomach 27 12 699 1.11 0.69–1.53

Gallbladder Colorectum 33 12 669 1.92 1.26–2.57

Gallbladder Liver 13 12 696 0.74 0.34–1.14

Gallbladder Lung 27 12 705 1.37 0.85–1.89

Pancreas Stomach 14 8 994 0.83 0.39–1.26

Pancreas Colorectum 18 8 991 1.55 0.83–2.26

Pancreas Lung 18 8 998 1.33 0.72–1.94

Larynx Mouth/pharynx 26 16 492 6.03 3.71–8.35

Larynx Esophagus 45 16 471 5.56 3.94–7.19

Larynx Stomach 84 16 291 1.81 1.43–2.20

Larynx Colorectum 41 16 431 1.44 1.00–1.88

Larynx Liver 47 16 472 1.32 0.94–1.70

Larynx Gallbladder 10 16 527 1.92 0.73–3.11

Larynx Pancreas 12 16 534 1.50 0.65–2.35

Larynx Lung 136 16 336 3.48 2.90–4.07

Larynx Prostate 11 16 517 1.10 0.45–1.75

Larynx Kidney/urinary tract/bladder 20 16 490 1.98 1.11–2.85

Larynx Blood 13 16 525 1.54 0.70–2.38

Lung Mouth/pharynx 35 76 773 2.14 1.43–2.84

Lung Esophagus 60 76 748 2.04 1.52–2.55

Lung Stomach 250 76 462 1.39 1.22–1.57

Lung Colorectum 146 76 533 1.24 1.04–1.44

Lung Liver 107 76 694 0.82 0.66–0.97

Lung Gallbladder 30 76 798 1.27 0.82–1.73

Lung Pancreas 46 76 789 1.36 0.96–1.75

Lung Larynx 21 76 778 2.51 1.44–3.58

Lung Breast (female) 34 76 724 1.66 1.10–2.21

Lung Uterus 11 76 806 1.30 0.53–2.07

Lung Prostate 62 76 713 1.67 1.26–2.09

Lung Kidney/urinary tract/bladder 64 76 730 1.65 1.25–2.06

Lung Thyroid 20 76 780 4.29 2.41–6.17

Lung Blood 43 76 777 1.22 0.86–1.59

Breast (female) Mouth/pharynx 16 200 696 1.40 0.71–2.08

Breast (female) Esophagus 20 200 702 1.92 1.08–2.76

Breast (female) Stomach 180 200 292 1.40 1.20–1.61

Breast (female) Colorectum 152 200 362 1.20 1.01–1.40

Breast (female) Liver 88 200 620 1.18 0.93–1.43

Breast (female) Gallbladder 36 200 686 1.28 0.86–1.69

Breast (female) Pancreas 42 200 705 1.27 0.88–1.65

Breast (female) Lung 103 200 563 1.24 1.00–1.48

Breast (female) Uterus 126 200 389 2.07 1.71–2.43

Breast (female) Ovary 61 200 574 2.16 1.62–2.70

Breast (female) Kidney/urinary tract/bladder 26 200 631 1.24 0.77–1.72

Breast (female) Thyroid 83 200 359 5.06 3.97–6.15

Breast (female) Blood 43 200 682 1.08 0.76–1.41

Uterus Stomach 54 74 675 1.06 0.78–1.35

Uterus Colorectum 75 74 568 1.56 1.21–1.92

Uterus Liver 29 74 741 0.98 0.62–1.33

Uterus Gallbladder 19 74 751 1.62 0.89–2.35

Uterus Pancreas 21 74 753 1.63 0.93–2.32

Uterus Lung 82 74 668 2.60 2.03–3.16

Uterus Breast (female) 82 74 497 1.40 1.10–1.71

Uterus Kidney/urinary tract/bladder 15 74 735 1.86 0.92–2.80

Uterus Thyroid 13 74 711 2.12 0.97–3.27

Uterus Blood 35 74 733 2.32 1.55–3.10

Ovary Stomach 11 19 858 0.99 0.40–1.57

(continued)
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16.2%, compared with an 8.6% risk in women. These figures
clearly show that second primary cancer should be regarded as
a problem commonly encountered in routine medical practice
rather than a rare and unusual event to be described in case
reports.
The SIR for metachronous second primary cancers from the

first cancer of the mouth/pharynx, esophagus, and larynx, gen-
erally accepted as smoking and alcohol related, was higher
than those from the other first cancers, including lung cancer.
Robust site relationships of first and second primary cancers
within these three cancer sites (mouth/pharynx to esophagus,
mouth/pharynx to larynx, esophagus to larynx and each others)
were found (see Table 4). Tobacco smoking is clearly one of
the major causes of second primary cancers, as it is for first
cancers.(15) Generally, cigarette smokers had an approximate
15–30-fold higher risk of lung cancer than non-smokers,
whereas an approximate 2–10-fold higher risk of cancer of the
mouth/pharynx, esophagus, or larynx has been reported for

cigarette smokers.(16) In the present study, a lower SIR
between smoking-related lung cancer and cancers of the
mouth/pharynx, esophagus, or larynx was obtained than the
SIR between these three sites. This may be due to combined
effects of not only tobacco smoking, but also alcohol drinking,
radiotherapy, or other potential factors,(17) as well as to the rel-
atively lower relative risk of cigarette smoking for lung cancer
in Japan than in Western countries (i.e. 4.4 for men and 2.8
for women in Japan).(18) The risk of developing a tobacco- or
alcohol-related second cancer has been linked mainly to
patients’ habits before the onset of the initial cancer, although
continued smoking and drinking may enhance the risk.(5,19)

Breast, uterine, and ovarian cancers had the next highest
SIR for second primaries. Furthermore, we found that women
aged 50–79 years had a higher SIR for second primaries than
men aged 50–79 years. The site relationships between breast,
uterus, and ovary were relatively high, especially after first
breast cancer, whereas a robust site relationship between

Table 4. (continued)

First cancer site Second cancer site
No. second

primary cancers
Person-years SIR 95% CI

Ovary Colorectum 33 19 802 3.04 2.00–4.07

Ovary Lung 12 19 876 1.73 0.75–2.71

Ovary Breast (female) 21 19 844 1.43 0.82–2.04

Ovary Blood 13 19 876 3.74 1.71–5.78

Prostate Mouth/pharynx 21 26 800 2.47 1.41–3.52

Prostate Esophagus 14 26 833 0.82 0.39–1.25

Prostate Stomach 119 26 628 1.23 1.01–1.46

Prostate Colorectum 80 26 698 1.35 1.05–1.65

Prostate Liver 59 26 741 0.87 0.65–1.09

Prostate Gallbladder 16 26 825 1.41 0.72–2.09

Prostate Pancreas 21 26 824 1.21 0.69–1.73

Prostate Lung 62 26 777 0.67 0.50–0.83

Prostate Kidney/urinary tract/bladder 50 26 763 2.21 1.60–2.83

Prostate Blood 22 26 822 1.24 0.72–1.75

Kidney/urinary tract/bladder Mouth/pharynx 17 65 125 1.21 0.64–1.79

Kidney/urinary tract/bladder Esophagus 36 65 118 1.41 0.95–1.88

Kidney/urinary tract/bladder Stomach 167 64 815 1.12 0.95–1.29

Kidney/urinary tract/bladder Colorectum 122 64 847 1.26 1.04–1.49

Kidney/urinary tract/bladder Liver 111 64 975 1.00 0.81–1.19

Kidney/urinary tract/bladder Gallbladder 25 65 137 1.35 0.82–1.88

Kidney/urinary tract/bladder Pancreas 33 65 147 1.21 0.80–1.62

Kidney/urinary tract/bladder Lung 177 64 960 1.41 1.20–1.61

Kidney/urinary tract/bladder Breast (female) 12 65 136 0.97 0.42–1.52

Kidney/urinary tract/bladder Uterus 12 65 116 2.32 1.01–3.64

Kidney/urinary tract/bladder Prostate 64 65 005 2.08 1.57–2.59

Kidney/urinary tract/bladder Blood 34 65 108 1.18 0.78–1.58

Thyroid Stomach 32 30 711 1.24 0.81–1.67

Thyroid Colorectum 27 30 689 1.25 0.78–1.72

Thyroid Liver 12 30 753 0.70 0.30–1.10

Thyroid Lung 26 30 716 1.43 0.88–1.98

Thyroid Breast (female) 37 30 666 1.97 1.34–2.61

Thyroid Blood 13 30 746 1.93 0.88–2.97

Blood Mouth/pharynx 14 55 012 2.18 1.04–3.32

Blood Esophagus 17 55 027 1.61 0.84–2.37

Blood Stomach 79 54 898 1.20 0.94–1.47

Blood Colorectum 55 54 931 1.20 0.88–1.51

Blood Liver 82 54 916 1.71 1.34–2.07

Blood Lung 71 54 957 1.38 1.06–1.70

Blood Breast (female) 10 55 005 0.65 0.25–1.04

Blood Prostate 19 55 015 1.77 0.98–2.57

Blood Kidney/urinary tract/bladder 24 54 990 1.77 1.06–2.47

Blood Thyroid 14 55 017 5.54 2.64–8.43

CI, confidence interval; SIR, standardized incidence ratios.
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colorectal cancer and ovarian cancer was observed (see
Table 4). These findings are consistent with previous evidence
that women have slightly higher risk for second cancer com-
pared with men because of the good survival rates for common
female cancers.(3) Female-specific causes, such as hormonal
environment due to menopause, may affect these relation-
ships.(17) Although the constellation of multiple cancers of the
breast, uterine corpus, ovary, and colon has long intrigued
investigators, nutritional and hormonal interactions, such as
dietary habits (e.g. high fat intake) and reproductive factors
(e.g. nulliparity), may contribute to the development of multi-
ple primaries at these sites.(5)

The risk of second primary cancer can be modified ostensi-
bly by improving medical scrutiny and notification of cancer
patients.(5) In our previous study, underestimation of the risk
of second primary cancer may have been possible, with the
incidence of second primaries differing substantially between
1966 and 1986. This may be due to the reliability of the regis-
tration indices because the number of cases registered by death
certificate only and the number of cases verified histologically
were not so favorable in Osaka during in the 1960s–1970s.(4)

The present study shows that the incidence rates per 100 000
person-years for metachronous second primary cancers were
approximately the same across all study periods (1985–2005)
among both sexes in Osaka. This finding seems partly attribut-
able to soundness of medical scrutiny and notification of can-
cer patients, as well as to stability in the registration indices.
One of the interesting relationships that emerged from the

present analysis was that between hematological tumors and
cancer of the mouth/pharynx, esophagus, uterus, ovary, and
liver. Although there is evidence that hepatocellular carcinoma
and lymphoma share a common risk factor, namely the hepati-
tis virus,(20) the relationships between hematological tumors
and cancer of the mouth/pharynx, esophagus, uterus, and ovary
have been relatively unclear. Because of the age distribution or
potential etiologies of hematological tumors, analyses using
disease types (lymphoma, leukemia, and myeloma) and spe-
cific age categories, such as childhood, adolescence, and young
adults, should be considered in future research.(21) Although
multiple primary cancers in some individuals provide a clue to
understanding cancer etiology, including genetics,(5,22) a num-
ber of associations remain without apparent explanation.(5)

Because it is possible that other factors, such as socioeconomic
status, genetics, lifestyle, or social network, may vary between
people who have been diagnosed with cancer and those who
have not,(23) further investigations are required to identify the
mechanisms underlying these relationships in the incidence of
multiple primary cancers for specific interventions.
There are several limitations to the present study. First, we

should keep in mind the changes in the completeness of cancer
registration in Osaka when we evaluate incidence. The per-

centage of cases registered by death certificate only, which is
often regarded as an index of completeness, was approximately
10–15% and registration has been stable in the Osaka Cancer
Registry for the most recent two decades.(24) Therefore, we
considered that the effects of changes in completeness on
incidence rates over the study periods are likely to be small.
Second, some misclassifications for second primaries will be
unavoidable in cancer registries, especially in cases registered
by death certificate only. The IARC rules for second primaries
are rather conservative compared with clinical practice; there-
fore, the risk for second primaries may be underestimated.
Third, patients with second primary cancers may be followed-
up in hospitals where the completeness of registration of
cancer cases is higher than average compared with other hospi-
tals in Osaka. This could result in an overestimation for second
primaries to some degree. Fourth, patients with cancer differ
in many respects from the general population, and these
characteristics may affect the risk of subsequent cancer. For
example, women with cervical cancer tend to smoke more,
bear children at an earlier age, and are of lower socioeconomic
status than women in the general population.(5) Because of the
nature of cancer registries, these potential risk factors were not
included in the data collection.
In conclusion, we have shown that cancer survivors in

Osaka, Japan, are at higher risk of second primary cancer com-
pared with the general population, in accordance with previous
studies.(11,25–27) More than one-tenth of cancer survivors aged
over 60 years (specifically men over 50 years of age) will
develop metachronous second primary cancer within 10 years
of diagnosis of the first cancer. This clearly shows that second
primary cancer should be considered as a commonly encoun-
tered major medical problem. The evaluation of second
primary cancer identifies groups of cancer patients in need of
increased surveillance for early cancer detection and manage-
ment. Preventive measures are needed to reduce the occurrence
of subsequent cancer and mortality.(5) Because we obtained
acceptably stable statistics for second primary cancer in Osaka,
further studies are required to advance our understanding of
effective measures against multiple primary cancers.
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