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Second Primary Cancers Following Colon and Rectal Cancer in Osaka, Japan
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The frequencies of second primary cancers following colon and rectal cancers were estimated using
the Osaka Cancer Registry’s population-based data for Osaka, Japan. A series of 7,312 colon and
6,923 rectal cancer cases newly diagnosed in the period of 19661986 were followed up until the end
of 1986. The average follow-up period was 3.6 years for colon cancer and 3.7 years for rectal cancer.
Significantly elevated risks of second primary cancers following colon cancer were observed for
cancers of the rectum (O/E= 2.0; 95% confidence interval (CI)=1.1-3.4 among males, O/E=4.3;
959, CI=2.4-7.2 among females), corpus uteri (O/E=8.2; 95% CI=3.3-16.9), ovary (O/E=4.3;
95% CI=1.0-5.0), and female thyroid gland (O/E=4.7; 95% CI=1.7-8.8). These findings were -
more notable among right-sided colon cancer patients than left-sided colon cancer patients. The
elevated risks of second primary cancers were particularly evident among patients younger than 50
years of age at the time of diagnosis of the initial cancer (colon cancer: O/E=3.1 among males, 3.4
among females, rectal cancer: O/E=1.7 among males, 1.3 among females), These findings suggest
that younger colorectal cancer patients should undergo more careful checkups throughout their lives.
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In recent years, the incidence rate of colorectal cancer
in Japan has been increasing remarkably: it was esti-
mated at 10.6 per 100,000 population in 1970, and 27.2
in 1985." At the same time, the prognosis of colorectal
cancer patients has been improving steadily in Japan.”
These trends provide increased opportunities of develop-
ing second primary cancers among these cancer patients.

Several studies on second primary cancers among
colon and rectal cancer cases have been conducted in
western countries where these cancers are prevalent.
These studies have shown increased risks of second pri-
mary cancers for the sites of colon,” rectum,” * gallblad-
der and bile ducts,” skin,® breast,>® corpus uteri,”™
ovary,”*® kidney and bladder,® brain,” and thyroid
gland.¥ No population-based study results concerning
this issue are yet available in Japan.

This study was conducted using the population-based
data accumulated in the Osaka Cancer Registry in order
to 1) estimate the risks of second primary cancers follow-
ing colon and rectal cancers, 2} to present the necessary
data for planning the medical follow-up of colorectal
cancer patients, and 3) to obtain clues to clarify the
etiological factors of colorectal cancer.

SUBJECTS AND METHODS

The Osaka Cancer Registry has been operating since
December 1962 with the cooperation of the Osaka Med-
ical Association, the Osaka Prefectural Health Depari-
ment and the Center for Adult Diseases, Osaka. It covers
all of Osaka, whose population was 8.7 million in 1985. It
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registers cancer cases using cancer reports notified by
doctors in hospitals and clinics, and death certificates of
Osaka residents collected from health centers in Osaka.
Registered cases have been followed up year by year by
using these two sources of information. Most of the
registered cases were reported as invasive cases. The
proportion of carcinoma in situ among 22,577 cases
registered in 1987 was very low (1.2%, 265 cases).”

A series of 8,476 colon and 7,649 rectal cancer cases
who had been diagnosed between January 1, 1966 and
September 30, 1986 were identified from the Osaka
Cancer Registry’s files. Registered cases based on the
death certificate only were not included in the study. To
reduce possible errors in differentiating development of a
new second primary cancer from a metastatic growth,
and to avoid detection bias (as cancer patients are under
detailed medical examination there is an increased
chance for detection of new latent cancers), simultane-
ous primary cancers, defined as those occurring within
three months from the date of diagnosis of the initial
cancer, were excluded. The following cases were conse-
quently excluded from further analysis; 1,164 colon
cancer cases (1,128 died within three months from the
date of diagnosis of the initial cancer, and 36 with
simultaneous primary cancers within the same period),
and 726 recial cancer cases (695 died within three
months from the date of diagnosis of the initial cancer,
and 31 with simultaneous primary cancers within the
same period). The remaining 7,312 colon and 6,923
rectal cancer cases were studied as the final cohort
(Table I).



In the Registry, colon cancer cases have been classified
into subsites according to the 9th revision of the Interna-
tional Classification of Diseases.” In our analysis, colon
was categorized as all colon (153.0-153.9), right-sided
(appendix, cecum, ascending colon, hepatic flexure and
transverse colon: ICD=153.01+153.1+153.44+153.5+
153.6), and left-sided (splenic flexure, descending colon
and sigmoid colon: ICD=153.2+153.3+153.7). All
colon includes colon multiple and subsite unknown (ICD
=153.8, 153.9).

Person-years at risk were calculated from the date of
diagnosis of the initial cancer until the date of diagnosis
of the second primary cancer, date of death, or the
closing date, December 31, 1986, whichever occurred
first. The patients for whom there were no matching
death certificates were assumed to be alive at the closing
date. The observed numbers of second primary cancers
were compared with the expected numbers calculated
using a computer program developed by Monson,”
applying the 5-year age-, 5-year calendar period-, sex-,
and site-specific incidence rates for Osaka residents.

The risks for new primary cancers were expressed as
the ratios of the observed (O) number to the expected
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(E) number (O/E ratio). The statistical significance of
differences between the observed and expected figures
was tested under the assumption that the observed
number followed a Poisson distribution.

RESULTS

Characteristics of study subjects Table I presents the
descriptive characteristics of the study subjects by sex.
The number of study subjects for colon cancer was 3,862
for males and 3,450 for females, and for rectal cancer
was 4,045 for males and 2,878 for females. Average
length of follow-up was 3.6-3.8 years on each site for
both sexes. Of these, 86% of colon cancer cases and 87%
of rectal cancer cases were diagnosed histologically.

Table II shows the descriptive characteristics of the
study subjects according to age category at the date of
diagnosis of the first cancer; less than 50 years (younger-
age group), 51 to 69 years (elder-age group) and more
than 70 years (old-age group). The number of study
subjects for the elder-age group was the largest of the
three groups. Average follow-up periods became shorter
with advancing age.

Table . Characteristics of Study Subjects
Colon Rectum®
Male Female Mal Femal
[ €
Colon®  RSC®  LSC® Colon®  RSC"  LSC? ? e
No. of subjects 3,862 1,180 1,828 3,450 1,195 1,485 4,045 2,878
Average follow-up period {yr) 3.64 156 342 3.65 3.57 3.50 3.65 3.83
Average age at 60.6 59.8 61.5 60.9 62.0 60.2 59.7 59.2
initial diagnosis (yr)

Histological diag.? (%) 87.2 88.1 90.5 85.6 86.3 89.4 87.4 87.6

a) ICD 9=153.0-153.9.

b) Right-sided colon; ICD 9=153.0, 153.1, 153.4, 153.5, 153.6.

¢) Lefi-sided colon; ICD 9=153.2, 153.3, 153.7.
d) ICD 9=154.0-134.9.
e) Percentage of subjects diagnosed histologically.

Table II.  Characteristics of Study Subjects by Age
Colon Rectum
Male Female Male Female
Age <50 5169 >70yr Age <50 5169 >70yr Age <50 5169 =70yr Age <50 5169 =70 yr
No. of subjects 897 1,896 1,069 783 1,724 943 1,028 2,031 986 803 1,373 702
Average follow-up  4.68 361 232 4.56 3.82 2.58 4.26 372 2.87 4.09 4,16 2.89

period (yr)

Average age at 42.1 60.9 756 42.4 61.0

intial diagnosis (yr)

76.1 42.2 60.8 75.7 41.5 60.8 76.3
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Table ITI-A. Observed (O) and Expected {E) Numbers of Second Primary Cancers among Colon Cancer Patients, Male

Second primary Colon® Right-sided colon® Left-sided colon®

cancer sites ¢ E O/E 0 E O/E o] E O/E
All sites 156 161.93 1.0 53 45.70 1.2 67 76.48 0.9
All sites except 148 154.07 1.0 50 43.49 1.2 62 72.74 0.9

initial sites

Stomach 67 53.06 1.3 16 15.01 1.1 29 24.93 1.2
Colon 8 7.86 1.0 3 2.21 1.4 5 3.74 1.3
Rectum 14 6.92 2.0% 11 1.96 5.6™ 1 3.28 0.3
Liver 16 18.27 0.9 5 5.24 1.0 9 8.60 1.1
Gall bladder, bile ducts 3 3.30 0.9 1 0.92 1.1 2 1.57 1.3
Pancreas 2 5.11 0.4 1 1.44 0.7 1 2.41 0.4
Larynx 1 2.99 0.3 0 0.85 0.0 0 1.41 0.0
Lung, bronchus 17 28.05 0.6* 7 7.82 0.9 g 13.35 0.6
Prostate gland 6 4.72 1.3 2 1.30 1.5 1 2.29 0.4
Bladder 6 5.78 1.0 1 1.62 0.6 2 2.76 0.7
Thyroid gland 0 0.53 0.0 0 0.15 0.0 0 0.25 0.0
Malignant lymphoma 3 291 1.0 2 0.83 2.4 0 1.36 0.0
Leukemia 0 1.73 0.0 0 0.50 0.0 0 0.80 0.0

*; P<0.05. %%; P<001,
a), b) and ¢) Refer to the footnotes in Table 1.

Table III-B. Observed (O) and Expected (E) Numbers of Second Primary Cancers among Colon Cancer Patients,

Femaie
Second primary Colon® Right-sided colon® Left-sided colon®

cancer sites (8] E O/E 0 E O/E QO E O/E
All sites 106 76.12 1.4%* 39 26.89 1.5 42 31.02 1.4
All sites except 101 71.42 1.4%* 35 25.23 1.4 41 29.20 1.4*

initial sites

Stomach 26 20.14 1.3 7 7.24 1.0 11 8.07 1.4
Colon 5 4.70 i.1 4 1.66 2.4 1 1.93 0.5
Rectum 14 325 4.3% 9 1.15 7.8** 5 1.32 3.8
Liver 5 5.04 1.0 1 1.79 0.6 2 2.05 1.0
Gall bladder, bile ducts 3 2.91 1.0 1 1.03 1.0 1 1.19 0.8
Pancreas 4 2,71 1.5 0 0.96 0.0 3 1.11 2.7
Lung, bronchus 11 6.84 1.6 3 2.44 1.2 4 2.78 1.4
Breast 5 6.28 0.8 2 2.10 1.0 2 2.67 0.8
Cervix uteri 4 6.75 0.6 0 2.28 0.0 2 2.82 0.7
Corpus uteri 7 0.85 8.2%* 3 0.28 10.7* 2 0.37 5.4
Ovary 7 1.64 4.3 3 0.55 5.4% 2 0.69 2.9
Bladder 2 1.34 1.5 0 0.49 0.0 1 0.54 1.9
Thyroid gland 5 1.07 4.7% 2 0.37 5.4 1 0.45 2.2
Malignant lymphoma 0 1.22 0.0 0 0.43 0.0 0 0.50 0.0
Leukemia 1 0.88 1.1 1 0.30 3.3 0 0.37 0.0

*; P<0.05. %%; P<0.01.
@), b) and ¢) Refer to the footnotes in Table L.

Qccurrence of second primary cancers by first primary  risks according to the site of second primary cancers,
site Overall, 156 second primary cancers were observed the risk for rectal cancer was high (O/E=2.0; 95%
among male colon cancer patients (O/E=1.0; 95% con-  CI=1.1-3.4) for males. Elevated risk was observed
fidence interval=0.8-1.1) (Table III-A). Observing the  among the right-sided colon cancer patients (O/E=5.6;
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Table IV. Observed (O) and Expected (E) Numbers of Second Primary Cancers among Rectal Cancer

Patients
Second primary Male Female
cancer sites (e} E O/E O E O/E
All sites 104 163.92 0.6™ 50 04.87 0.8
All sites except 104 156.95 0.7 50 62.09 0.8
initial sites
Stomach 32 54.37 0.6 8 17.53 0.5*
Colon 8 7.82 1.0 6 3.90 1.5
Rectom 0 6.96 0.0 0 2.77 0.0
Liver 11 18.61 0.6 4 4.24 0.9
Gall bladder, bile ducts 3 3.27 0.9 1 2.38 0.4
Pancreas 3 5.16 0.6 1 2.24 0.5
Larynx 3 3.07 1.0 1 0.23 43
Lung, bronchus 17 28.00 0.6* 4 571 0.7
Breast 0 0.10 0.0 6 5.34 1.1
Cervix uteri — — — 4 5.79 0.7
Corpus uteri — — — 0 0.71 0.0
Ovary — — — 1 1.37 0.7
Prostate gland 4 4.59 0.9 — — —
Bladder 2 5.75 0.4 1 1.15 0.9
Thyroid gland 1 0.53 0.9 0 0.90 0.0
Malignant lymphoma i 2.95 0.3 0 1.01 0.0
Leukemia 2 1.74 1.2 3 0.74 4.1

*; P<0.05. kk; P<0.01.

95% CI1=2.80-10.07). The risk of developing lung
cancer was significantly low (O/E=0.6; 95% CI=0.4—
1.0) for males.

Among females, 106 second primary cancers were
observed. The risk was significantly high (O/E=1.4,
95% CI=1.1-1.7) (Table III-B). Observing the risks
according to the site of second primary cancers,
significantly increased risks were found for cancers of
the rectum (O/E=4.3; 95% CI=2.4-7.2), corpus uteri
{(C/E=8.2; 95% CI=3.3-16.9), ovary (O/E=4.3; 95%
CI=1.0-5.0), and thyroid gland (O/E=4.7; 95%
CI=1.7-8.8). These risks were higher among right-
sided colon cancer patients than left-sided colon cancer
patients.

Table IV shows that 104 male rectal cancer patients
developed second primary cancers, corresponding to an
O/E ratio significantly lower than unity (O/E=0.7; 95%
CI=0.5-0.8). Significantly decreased risks were also
found for cancers of the stomach (O/E=0.6; 95% CI=
0.4-0.8) and lung (O/E=0.6; 95% CI=0.4-1.0).

Fifty female patients with rectal cancer developed
second primary cancers (Table IV). The risk of develop-
ing stomach cancer was significantly lower than unity
(O/E=0.5; 95% CI=0.2-0.9).

Analysis according to the length of follow-up In order to
clarify the risks according to the length of follow-up, the

period was divided into four categories: less than 1 year
(excluding the first 3 months), 1-4 years, 5-9 years, and
10 or more years (Tables V and VI).

As shown in Table V, the risks of developing rectal
cancer were consistently high in the periods 14 years,
5-9 years, and 10+ years for both males (O/E=2.6, 1.3,
3.5) and females (O/E=35.9, 5.4, 4.5). A similar trend
was observed in the development of endometrial cancer
(O/E=5.4, 15.8, 9.9). The greatest risks for cancers of
the ovary and female thyroid gland were found in the 1-
4 year period (O/E=8.4, 8.7, respectively}. In the devel-
opment of stomach cancer, a significantly elevated risk
{O/E=2.0) was observed in the 5-9 year period among
males.

Table VI shows risks of developing second primary
cancers among rectal cancer cases according fo the
tength of follow-up. The risks of developing stomach or
lung cancer following male rectal cancer were con-
sistently low throughout the follow-up periods (stomach,
0.4-0.7; lung, 0.3-0.8).

Analysis according to age category Table VII shows the
risks for the two age categories at the diagnosis of colon
cancer; less than 50 years (younger-age group) and 51 to
69 years (elder-age group). We excluded subjects more
than 70 years of age (old-age group). The reasons were
1) the reliability of diagnosing carcinoma would decrease
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Table V, Observed (O) Numbers and O/E Ratios of Second Primary Cancers by Years after Diagnosis of Colon Cancer

Sex Second primary <lyr 1-4 yr 5-9 yr 10+ yr
cancer sites (8] O/E 0] O/E O O/E (0] O/E
Male All sites 20 0.6™ 72 1.0 42 1.2 22 1.2
All sites except 19 0.6™ 69 1.0 40 1.2 20 1.1
initial sites
Stomach 8 0.7 27 1.2 23 2.0™ 9 1.5
Rectum 1 0.7 8 2.6 2 1.3 3 15
Lung 2 0.3 6 0.5 8 1.3 1 0.3
Female All sites 21 1.2 50 1.6™ 22 1.3 13 1.3
All sites except 20 1.3 47 L.6** 22 14 12 1.3
initial sites
Stomach 6 1.3 10 1.2 5 1.1 5 2.0
Rectum ] 0.0 8 5.9 4 5.4* 2 4.5
Lung 2 1.4 5 1.8 4 2.6 0 0.0
Corpus uteri 1 5.2 2 54 3 15.8* 1 9.9
Ovary 1 2.7 6 g.4% 0 0.0 ¢] 0.0
Thyroid gland 0 0.0 4 8.7 0 0.0 1 7.2

% P<0.05. %%; P<0.01.

Table VI. Observed (O} Numbers and O/E Ratios of Second Primary Cancers by Years after Diagnosis of Rectal
Cancer
Initial Second primary <iyr 1-4 yr 5-9yr 10+ yr
sites cancer sites 0 O/E 0 O/E 0 O/E s} 0/E
Male All sites 15 0.4™ 35 0.5 3 0.9 19 0.9
All sites except 15 0.4** 39 0.6 3 0.9 19 1.0
initial sites
Stomach 5 D.4* 16 0.7 7 0.6 4 0.6
Lung 2 0.3 7 0.6 5 0.8 3 0.8
Female All sites 9 0.7 15 0.6* 15 1.1 il 1.0
All sites except 9 0.7 15 0.6 15 i1 11
initial sites
Stomach 0 0.0 3 0.4 1 0.3 4 1.4
Lung 1 0.9 1 0.4 2 1.6 0 0.0

*; P<0.05. %*; P<0.01,

in the old-age group, and 2) as the average follow-up
period for the old-age group was shorter than those for
the younger groups (Table II), the reliability of O/E
ratios for the old-age group would be less than those for
the younger groups.

A significantly elevated risk for total second primary
cancers was observed for both sexes in the younger-age
group (O/E=3.1, 3.4). In the younger-age group, the
risks of developing second primary cancers were signifi-
cantly elevated for cancers of the stomach (O/E=4.7),
colon (O/E=35.7) and lung (O/E=3.7) for males, and
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the stomach (O/E=4.0) rectum (Q/E=13.1), corpus
uteri (O/E=15.8) and ovary (O/E=8.8) for females.

The O/E ratio for total second primary cancers in the
male elder-aged colon cancer group was 1.0. The risk of
developing rectal cancer in this group was significantly
higher than unity (O/E=2.9). Statistically increased risk
for total second primary cancers was seen in the female
elder-aged rectal cancer group (O/E=14). In this
group, elevated risks of developing cancers of the corpus
uteri (O/E==5.9) and ovary (G/E=4.2) were observed
{Table VII).
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Table VII. Observed (O) Numbers and O/E Ratios of Second Primary Cancers by Age at Diagnosis of Colon Cancer

Second primary Male Female
cancer sites Age <50 yr 51-69 yr Age =30 yr 51-69 yr

8} O/E 0 QO/E 0 O/E O O/E
All sites 33 3.1* 87 1.0 28 3.4%* 58 1.4*
All sites except 30 2.9 83 1.0 26 3.3% 55 1.4*

initial sites

Stomach 17 4.7+ 38 14 7 4.0* 15 1.4
Colon 3 5.7* 4 1.0 2 5.1 3 1.2
Rectum 2 3.7 10 2.9% 4 13.1** 5 2.9
Liver 3 1.5 10 1.0 1 3.6 4 1.4
Gall bladder, bile ducts 1 6.0 2 1.2 0 0.0 2 1.3
Pancreas 1 31 0 0.0 0 0.0 2 1.3
Lung, bronchus 4 3.7* 9 0.6 3 2.8 7 1.9
Breast — — — — 0 0.0 5 1.4
Cervix uteri e -— — - 1 0.6 2 0.5
Corpus uteri — — — — 3 15.8* 3 5.9*
Ovary — — — — 3 8.8* 4 4.2*
Prostate gland 0 0.0 1 0.5 — — — —
Bladder 1 3.8 2 0.7 0 0.0 2 29
Thyroid gland 0 0.0 0 0.0 2 12.7 2 33
Malignant lymphoma 1 3.5 1 0.7 0 0.0 0 0.0

*; P<0.05 *3%; P<0.01

Table VIII. Observed {(O) Numbers and O/E Ratios of Second Primary Cancers by Age at Diagnosis of Rectal Cancer

. Male Female
Second primary
. Age <50 yr 51-69 yr Age <50 yr 51-69 yr
cancer sites
0 Q/E 0] QO/E [0} O/E 0] Q/E
All sites 19 1.7* 59 0.7** 9 1.3 31 0.9
All sites except 19 1.8* 59 0.7* 9 1.3 3 0.9
initial sites
Stomach 5 1.4 18 0.6* 0 0.0 7 0.7
Colon 3 5.6* 1 0.2 2 6.3 4 1.8
Liver 3 1.5 8 0.7 1 4.0 3 1.2
Gall bladder, bile ducts 0 0.0 2 i.1 0 0.0 0 0.0
Pancreas 0 0.0 2 0.7 0 0.0 1 0.8
Lung, bronchus 3 2.8 11 0.7 0 0.0 2 0.6
Breast — — — — 1 0.7 3 1.0
Cervix uteri — — — — 2 1.4 2 0.6
Ovary — — — — 0 0.0 1 1.3
Prostate gland 0 0.0 2 1.0 — — — —
Leukemia 0 0.0 2 2.0 1 7.8 2 4.7

%; P<0O05. *x*; P<0.01.

The risk of contracting total second primary cancers
following rectal cancer in males was significantly high in
the younger-age group {O/E=1.7), though it was low in
the elder-age group (O/E=0.7}(Table VIII). Observing
the risks according to the site of second primary cancers,

younger-aged rectal cancer patients were more likely. to
develop colon cancer than expected (O/E=5.6). In the
male elder-aged rectal cancer group, the risk for stomach
cancer was statistically significantly lower than expected
(O/E=0.6).
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Table IX. Summary of Population-based Studies of Second Primary Cancers among Colon Cancer Patients

Sex Connecticut? Denmark” Finland® Osaka
Number of subjects M 12,324 15,442 4,461 3,862
F 14,480 11,155 5,252 3,450
Person-years at risk M 50,832 58,436 not shown 14,096
F 70,476 48,759 not shown 12,593
Second primary sites Sex O O/E 0 O/E O O/E O O/E
All sites M 1,150 1.3* 584  0.9* 87 1.00 156 1.0
F 1,078  1.3* 705 1.0 173 115 106 1.4*
All sites except M 946 1.2* 541  0.9* 86 0.87 148 1.0
initial sites F 816 1.2* 638 1.0 118 118 101 1.4*
Stomach M 61 1.2 56 0.7* 11 o077t 67 1.3
F 27 0.8 41  o07* 18 1.21 26 1.3
Colon M 244 22 43 07* - — 8 1.0
F 262 2.0% 67 08 - — 5 11
Rectum M 115 2.0* 66 1.2 g 2.07 14 2.0*
F 89 1.8* 49 1.1 14 270" 14 4.3*
Lung, bronchus M 134 0.9 94 038 17 0.58* 17  o0.6*
F 8 09 35 1.1 3 076 11 1.6
Breast F 232 1.2% 131 09 17 096 5 08
Corpus uteri F g0 1.7* 60 1.8%* 21 375 7 82™
Ovary F 77 2.4* 93  2.6* - — 7 43*
Prostate gland M 244 1.3* 93 09 15 1.01 6 1.3
Thyroid gland M 6 2.9*% 2 11 - - 0 00
F 3 06 5 1.0 - — 5 4.7

*; P<0,05, *k; P<001. *%%; P<0.001.

The O/E ratios of total second primary cancers follow-
ing rectal cancer in females were 1.3 for the younger-age
group, and 0.9 for the elder-age group.

DISCUSSION

In this study, colon and rectal cancer patients were
passively followed up by collation of cancer reporis and
death certificates of Osaka residenis accumulated in the
Osaka Cancer Registry. Using this method, if we had no
information on their death, or on the occurrence of
second primary cancers, patients were assumed to be
alive without any second primary cancer at the closing
date (December 31, 1986). In this regard, the person-
vears at risk tend to be over-estimated. Moreover, infor-
mation on those who moved out of Osaka Prefecture and
developed setond primary cancers at another location
was not obtained using this system. These methodologi-
cal biases would influence the O/E ratio, causing them to
be lower than the actual figures.

Although the Osaka Cancer Registry has been trying
to differentiate multiple cancers carefully, the possibility
of misclassifying recurrent or metastatic cancers as inde-
pendent primary cancers cannot be entirely excluded
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{classification bias). Another bias is that cancer patients
who are under more extensive medical care have a higher
chance of having latent second cancers detected than the
general population (detection bias). These two biases
would occur in a relatively short period after the date of
initial cancer diagnosis, and the effects of the biases
would become less with the passage of time. We therefore
excluded the cases whose follow-up period was less than
three months. Furthermore, the O/E ratios were calcu-
lated according to the length of follow-up.

We calculated the risks of simultaneous cancers in
colon and rectal cancer patients. They were extremely
high (O/E=22.0 (36/1.64) and O/E=27.8 (31/1.12)
repectively). These risks include the detection and classi-
fication biases, whose magnitudes cannot be estimated
now. Simultaneous cancers are therefore not presented.

Consistently elevated risks for rectal cancer were
demonstrated after one year from the date of diagnosis of
colon cancer among both sexes. Risks for endometrial
cancer were also high in the 3 periods longer than 1 year.
The risks for cancers of the ovary and thyroid gland in
females were significantly elevated in the 1-4 year period
after colon cancer. Of the 6 ovarian cancer patients
diagnosed in this period, 5 were diagnosed histologically,
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Table X. Summary of Population-based Studies of Second Primary Cancers among Rectal Cancer Patients

Sex Connecticut® Denmark® Finland® Osaka
Number of subjects M 8,557 15,442 4,461 4,045
F 6,903 11,155 5,252 2,878
Person-years at risk M 35,008 58,436 not shown 14,764
F 33,650 48,759 not shown 11,023
Second primary sites Sex (8] O/E 0 O/E O O/E O O/E
All sites M 582 1.0 581  o.7* 99 101 104 0.6™*
F 370 1.0 387 o7t 140  1.26* 50 0.8
All sites except M 568 1.1 581 0.8* 58  0.53% 104 Q.7*
initial sites F 363 11 387 o0.8* 67 070" 50 0.8
Stomach M 17 05" 54 0.5* 8 049* 32 06"
F 17 1.1 22 05* 8 0.55 8 05*
Colon M 129 1.8* 79 1.0 4 1.05 g Lo
F 93 1.6* 53 09 6 0.87 6 1.5
Rectum M 14 04* 0 00 - — 0 00
F 7 03% 0 00 - - 0 00
Lung, bronchus M 83 08 109 0.8* 9 027 17 0.6*
F 24 1.2 18 08 1 027 4 07
Breast F 91 1.0 103 1.0 14 (.86 6 07
Corpus uteri F 22 1.0 28 11 0 o0 0 0.0
Ovary F 22 15 30 11 0 00 1 07
Prostate gland M 148  1.3* 107 0.8 8 048* 4 09
Thyroid gland M i 07 3 13 - - 1 09
F 1 04 0 00 - - 0 00

®; P<005. k#; P<0.01. *%%; P<0.001.

and 4 had different histological types from those of their
colon cancer. Colon cancer seldom metastasizes to the
thyroid gland. For these reasons, we concluded that the
influence of the misclassification of metastasis on these
risks would have been negligible.

There have been three reports of second primary
cancers following colon and rectal cancer using the data
of population-based cancer registries. These three find-
ings and our results are summarized in Tables IX and X.
Though there would exist some differences of registration
methods among the four registries, the methods used
to estimate the risks of multiple cancers are technically
the same.

The elevated risks which were observed in our study
are substantially consistent with those of the three other
population-based studies (Table IX). The Connecticut®
and the Finnish® Cancer Registries reported that
significantly elevated risks following colon cancer were
found for cancer of the rectum. Statistically significantly
increased risk of developing endometrial cancer follow-
ing colon cancer was demonstrated at all 4 regisiries
(Connecticut,” Danish,” Finnish® and Osaka). The
Connecticut” and the Danish Cancer Resistries also
observed increased risks of developing ovarian cancer

foltowing colon cancer. The risk of developing thyroid
gland cancer among male colon cancer patients was
statistically significantly higher in the Connecticut®
study.

In this study, female colon cancer patients developed
cancer of the endometrium and ovary more frequently
than expected. Previous studies suggest that nulliparity
is associated with an increased risk of endometrial
cancer'® and ovarian cancer.'® ' On the other hand,
nulliparity was reported to be associated with an in-
creased risk of colon cancer in a number of studies using
a variety of epidemiological designs.” 7?9 Several of
these studies have shown that the risk decreased with an
increase in the number of live births™ **?% or the number
of pregnancies.”” These findings indicate that nulliparity
is likely to be a common risk factor for these three
cancers. Potter and McMichael suggested that the high
risk of contracting colon cancer among nulliparous
women was associated with endogenous estrogen which
would increase bile acid production.? 2V

Contrary to our expectation, elevated risk of breast
cancer following female colon cancer was not demon-
strated in this study. Several studies carried out in western
countries have indicated that nulliparity and fewer live
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births were associated with risk of breast cancer.'”
We assume the reason for this discrepancy is that the
etiological factors of breast cancer are different between
Japanese women and western women. It has been re-
ported that the proportion of estrogen-receptor-positive
breast cancers among Japanese patients was lower than
that among western patients.”””® The age distribution
of breast cancer patients in Japan tends to be younger
than that in wéstern countries,”® while postmenopausal
breast cancer patients are more likely to have estrogen-
positive cancers than premenopausal patients.’””? If
endogenous estrogen is supposed to be associated with
a particular etiology of colon cancer, and if postmeno-
pausal breast cancer patients are more likely to have
estrogen-positive cancers than premenopausal breast
cancer patients, the risk of contracting breast cancer
following colon cancer will be higher for elder-aged cases
than younger-aged cases. Indeed, the risk of contracting
subsequent breast cancer in female colon cancer patients
was higher among the elder-age group (O/E=1.4} than
the younger-age group (O/E=0.0) (Table II).

The risk of developing thyroid gland cancer following
female colon cancer was statistically significanily higher
than expected. The etiological factors relating these two
cancers are unknown.

A significantly increased risk of developing rectal
cancer was observed among colon cancer patients of both
genders. One plausible explanation for this elevated risk
is that the epithelium of the colon and rectum have a
similar susceptibility to the same carcinogens, and that
both of them are in contact with feces containing car-
cinogens.

The risk of contracting lung cancer following colon
and rectal cancers in males was lower than unity. Similar
findings were seen in other population-based studies
(Tables IX and X). We compared the obseved (Q)
numbers of current smokers among the male colon and
rectal cancer patients admitted to the Center for Adult
Diseases, Osaka, in 1981-1987, with the expected (E)
numbers calculated using the 10-year age-specific current
smoking rates for Japanese males in 1983.”* The propor-
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