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Abstract

If either chance or environmental exposure was the dominant carcinogen,
cancer risk would increase continuously with age, but it doesn’t. For all can-
cers studied, risk exhibits three phases: 1) Low risk at young ages, followed by
2) an increase in risk to a maximum at some later age, followed by 3) a plateau
or decline in risk at advanced ages. Only a genetically-determined disconti-
nuous process can explain this pattern. We analyzed differences in risk be-
tween tissues of tumor origin and between geographic locations, genders, rac-
es, and ethnicities for clues. Our analyses suggest that normal tissue differen-
tiation is safe, but inadequate. At some critical age, regeneration or dediffe-
rentiation is required and this is an invitation to carcinogenesis. Upon reach-
ing this critical age, risk varies with the size of a target, which may correspond
to the number of regenerating or dedifferentiating stem cells. Cancer inci-
dence rates were analyzed for melanoma and cancers of the mouth, esopha-
gus, stomach, small intestine, colon, rectum, liver, pancreas, larynx, bronchus,
breast, and kidney in populations distributed worldwide and within the Unit-
ed States in two time eras. Over all cancers, in all populations, and both eras,
the difference in age-specific rates between ages 50 and 40, d50 - 40, correlated
strongly with age-standardized rates. Differences in d50 - 40 correlated
strongly with differences in age-standardized rates between genders, races,
and ethnicities. We suggest that, for the cancers studied, the critical age occurs
between 40 and 50. If environmental exposure or segregating genes was the
dominant carcinogen, the rank order of cancer risk between tissues of tumor
origin would vary from one geographic location to another, because environ-
ment and segregating genes vary between geographic locations. Such variation
was observed between rank order in Japan and rank order in other countries,
but not between rank orders in the other countries. We suspect, therefore,
that environment or segregating genes play an important role in determining
the difference in rank order of risk for the tissues of tumor origin between Ja-
pan and other countries. If chance or environmental exposure was the domi-
nant carcinogen, cancer risk would correlate strongly between pairs of cancers
across populations, but it doesn’t. Coefficients of risk between pairs of cancers
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are, typically, moderate at best. Only mouth, larynx, bronchus, and kidney
show strong coefficients. By our measures, cancer risk from aging exceeds
cancer risk from other-than-aging causes in all populations in both eras. We
suspect that the aging risk is determined by genes that are common to all
members of our species, and we suggest that inhibiting tissue injury and un-
necessary growth will reduce cancer risk.
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1. Introduction

The pathway to cancer remains elusive. Tomasetti and Vogelstein concluded
that chance was dominant [1]. But critics objected [2]. Wu, ef al. concluded that
exposure to environmental agents was dominant [3]. But both chance and ex-
posure act continuously. If either was dominant, risk of a cancer diagnosis would
increase continuously, but it doesn’t. For all cancers studied, risk exhibits three
phases: an early period of negligible risk, followed by an increase in risk to a
maximum, followed by a plateau or decline in risk with further advance in sub-
ject age [4] [5]. For most common cancers, risk of a diagnosis is minimal below
age 30. For these cancers, something about aging beyond 30 seems essential.

But aging doesn’t occur by chance, and is only modestly influenced by the en-
vironment. Life expectancy is species specific, suggesting that aging is genetically
programmed [4]. Genes were dismissed as dominant carcinogens because twin
studies showed concordance among monozygotic twins to be only slightly
greater than that among dizygotic twins [6] [7]. Twin studies, however, only re-
veal segregating genes. If species-specific genes dominated carcinogenesis, they
would be invisible in twin studies [8]. To be consistent with the age-distribution
of risk, such genes must code for a discontinuous process.

For the common cancers, cross-sectional plots of cancer incidence rates versus
age display an upward curvature that was initially interpreted as exponential [9]
[10] [11]. This leads some to suggest that the less common cancers that exhibit a
rise and fall in incidence rate over age, resulted from a different carcinogenic
process [12]. But careful analyses demonstrated that age-distributions for all
cancers studied display the same general shape [4] [5]. This commonality sug-
gests that one explanation may apply to all or most cancers. What happens after
age 30 for most common cancers may happen at younger ages for those cancers
with a peak risk in youth or middle-age.

A theory of carcinogenesis should explain the role of aging. Why do some can-
cers occur in youth or middle-age while most occur in old age? It should explain

why some tissues are more prone to cancer than others, and why one location,
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gender, race, or ethnicity is more or less vulnerable than another. It is the pur-

pose of this paper to outline such a theory.

2. Methods and Materials

We analyzed data from reliable sources [13] [14], and included rates only from
registries recording large numbers of cancers. The data are the most recent
available, as the IARC has not published age-specific rates in print beyond 1988-
92. In the following, numbers in parentheses indicate cases registered. For the
1983-87 era, data from the following 9 worldwide registries were utilized: United
States: black males (19,491), black females (16,485), white males (188,019), and
white females (189,245); Puerto Rico: males (17,391), and females (14,405);
Canada: males (235,610), and females (216,374); England, Birmingham and
West Midlands: males (46,504), and females (44,049); Norway: males (43,252),
and females (40,130); Australia New South Wales: males (49,000), and females
(43,000); New Zealand Non-Maori: males (25,612), and females (25,305); Japan
Osaka: males (59,720), and females (44,724); Japan Hiroshima for 1981-85:
males (6579), and females (5418). For this era, Hiroshima was the largest Japa-
nese registry other than Osaka without obvious flaws.

For the 1983-87 era, the following 6 US registries reported data for blacks and
whites separately and were utilized: Alameda: white males (8120), white females
(9432), black males (2139), and black females (1794); San Francisco: white males
(29,256), white females (31,349), black males (4146), and black females (3379);
Connecticut: white males (31,919), white females (34,062), black males (1751),
and black females (1552); Atlanta: white males (10,554), white females (11,350),
black males (3226), and black females (3049); New Orleans white males (7064),
white females (6742), black males (3041), and black females (2739); Detroit:
white males (32,593), white females (33,089), black males (8997), and black fe-
males (7435). The US populations were utilized only for ASR and not age-dis-
tributions.

For the 1988-92 era, data from the following 9 worldwide registries were uti-
lized: United States: black males (23,703), black females (19,226), white males
(228,834), and white females (205,963); Puerto Rico males (17,221), and females
(13,459); Canada: males (277,113), and females (249,710); Denmark: males
(65,749), and females (69,302); Australia Victoria: males (42,147), and females
(37,245); Japan Osaka: males (71,714), and females (51,579); Japan Miyagi males
(21,167), and females (15,579); Hong Kong: males (47,477), and females
(36,291); China Tianjin: males (18,825), and females (15,649).

For the 1988-92 era, the following 7 US registries reported data for blacks and
whites and/or Hispanic and non-Hispanic whites separately, and were utilized:

Los Angeles: non-Hispanic white males (52,823), non-Hispanic white females
(50,373), Hispanic white males (10,566), Hispanic white females (11,550), black
males (9484), and black females (8013); San Francisco: non-Hispanic white
males (32,418), non-Hispanic white females (29,045), Hispanic white males
(2859), Hispanic white females (2770), black males (4848), and black females
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(3773); Connecticut; white males (37,761), white females (37,185), black males
(2128), and black females (1962); Atlanta: white males (14,305), white females
(13,236), black males (4305), and black females (3896); New Orleans: white
males (7895), white females (7270), black males (3296), and black females (3108);
Detroit: white males (38,629), white females (34,825), black males (10,525), and
black females (8362): New Mexico: non-Hispanic white males (10,380), non-
Hispanic white females (8346), Hispanic white males (3287), and Hispanic white
females (2896).

San Francisco reported separate data for Chinese (male = 1961; female =
1807) and Japanese (male = 358; female = 437) residents, as did Los Angeles:
Chinese (male = 1178; female = 1060) and Japanese (male = 1064; female =
1021). We analyzed this data.

Pearson correlation coefficients were calculated. The significance of these

coefficients was determined by a t-test, where
t = r(square root of n—2/1-r?)

Rates for deaths from all causes in the United States for 1989 were obtained

from reference [15].

3. Results

1) Cancers

The median age-standardized rate, ASR, for each cancer is listed in Table 1
and Table 2. Cancer of the small intestine is rare, cancer of the mouth is un-
common, and cancers of the bronchus, colon, and rectum are common in all

populations.

Table 1. Median ASR in worldwide populations.

1983-87 1988-92
Cancer
Males Females Males Females

Bronchus 52.2 14.6 53.9 26.7
Colon 245 20.3 23.7 19.4
Rectum 15.7 9.2 139 8.9
Stomach 13.5 6.2 14.1 6.1
Pancreas 8.1 5.1 7.7 5.5
Kidney 7.9 4.1 7.6 3.7
Esophagus 5.4 2.1 9.1 2.2
Larynx 53 0.7 5.7 1.1
Melanoma 4.8 6.2 1.2 0.9
Liver 2.5 1.1 5.3 2.1
Mouth 2.4 1.1 2.5 1.2
Small Int. 0.8 0.6 0.8 0.6
Breast 0.5 61.5 0.4 56.2
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Table 2. Median ASR in the United States.

1983-87 1988-92
Cancer
Males Females Males Females
Bronchus 87.8 345 85.1 36.2
Colon 32.1 25.7 30.7 24.2
Rectum 13.6 9.6 12.8 8.8
Stomach 10.8 4.2 11.2 44
Pancreas 10.1 6.8 8.8 7.1
Kidney 10.1 4.6 12.1 6.1
Esophagus 8.7 2.7 8.5 2.1
Larynx 10.1 2.1 9.9 2.1
Melanoma 44 34 44 2.5
Liver 3.2 1.1 3.5 1.3
Mouth 4.5 1.8 4.3 1.7
Small Int. 1.1 0.7 1.4 1.1
Breast 0.7 82.7 0.9 86.1
1983-87, United States = black and white populations in Alameda,
San Francisco, Connecticut, Atlanta, New Orleans, and Detroit
1988-92, United States = black and white populations in Connecticut,
Atlanta, New Orleans, and Detroit, and Hispanic and non-Hispanic
white populations in Los Angeles, San Francisco, and New Mexico,
and black populations in Los Angeles and San Francisco
2) Gender

For cancers of the mouth, esophagus, stomach, small intestine, colon, rectum,
liver, pancreas, larynx, bronchus, and kidney, the ASR for females is generally
less than for males (Table 1 and Table 2). Cancer of the breast, is the most
common cancer in females and the least common in males.

Is the rank order of cancers by ASR similar between the genders? To answer,
we listed cancers with their ASR values in the same order in each population.
We then listed populations in the same order for each gender and calculated the
correlation coefficient for ASR values between the genders. We omitted breast
cancer to avoid confusion from random variation in the small ASRs for males.
For the worldwide populations, the correlation coefficient between the genders
minus breast cancer is .912 in 1988-92, and .852 in 1983-87. For the American
populations, the coefficient is .819 in 1988-92, and .927 in 1983-87. These coeffi-
cients are significant at p < 0.001.

3) Race

Median ASRs are listed for blacks and whites in Table 3. ASRs for blacks are
generally higher than for whites and conspicuously so for cancers of the stomach

and esophagus. Rates for melanoma and breast cancer are higher for whites than
blacks.
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Table 3. Median ASR in the United States.

1983-87 1988-92
Cancer
Black White Black White
Bronchus 61.9 50.1 64.1 51.7
Colon 29.9 27.8 29.4 25.1
Rectum 9.9 11.4 10.1 10.6
Stomach 9.7 5.1 10.1 4.5
Pancreas 11.8 6.9 9.2 6.8
Kidney 5.9 7.2 9.2 8.9
Esophagus 8.3 2.7 8.1 2.8
Larynx 6.9 4.7 6.7 4.7
Melanoma 0.6 10.3 0.8 11.2
Liver 2.5 1.6 2.8 2.2
Mouth 33 3.1 3.6 2.7
Small Int. 1.4 0.8 1.5 1.1
Breast 32.8 39.6 36.9 43.9

1983-87, United States = Alameda, San Francisco, Connecticut,
Atlanta, New Orleans, and Detroit

1988-92, United States = Connecticut, Atlanta, New Orleans, and Detroit

Is the rank order of cancers by ASR similar between blacks and whites? We
listed cancers with their ASRs in the same order in each population, and listed
populations in the same order for blacks and whites. We omitted breast cancer
as described above. The correlation coefficient between black and white ASRs is
0.960 for both 1988-92, and 1983-87.

Table 4 lists median ASRs by race and ethnicity. For cancers of the breast,
bronchus, mouth, and larynx, the Chinese, Japanese, and Hispanic-white rates
are lower than the black and non-Hispanic-white rates. For liver cancer, the op-
posite is true. The Chinese and Japanese rates for kidney cancer are low. The
non-Hispanic-white rate for stomach cancer is low, and, for melanoma, high.
The black rate for esophagus cancer is high. For cancers of the colon, rectum,
and pancreas, Chinese and Hispanic-white rates are lower than the Japanese,
black, and non-Hispanic-white rates.

For Chinese and Japanese, the risk for stomach, esophagus, and liver cancer is
lower, and the risk for breast and colon cancer, higher in California than Asia.

4) Correlations among populations

Is the rank order of cancer ASRs similar in the different populations? We
listed the cancers with their ASRs in the same order in each population and then
calculated correlation coefficients between the populations in pair-wise combi-
nations. Table 5 shows all such correlation coefficients are positive in 1983-87
era. Coefficients greater than 0.45 are significant (p < 0.05). Of the 45 coefficients
in each era for the worldwide populations, 37 in 1988-92 and 33 in 1983-87 are
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Table 4. Median ASR in Los Angeles and San Francisco, 1988-92.

Cancer non-Hisp. Hispanic W Black Chinese Japanese
Bronchus 49.5 27.1 66.5 30.3 23.2
Colon 24.5 16.3 314 19.2 26.4
Rectum 114 8.3 11.6 9.2 12.9
Stomach 5.4 9.4 10.6 9.3 16.6
Pancreas 7.1 5.8 10.8 4.4 7.1
Kidney 7.4 7.4 8.2 3.1 3.4
Esophagus 2.7 2.1 6.5 2.4 34
Larynx 3.7 2.1 5.8 0.9 0.8
Melanoma 114 2.7 0.7 0.3 0.8
Liver 2.1 4.5 3.7 11.1 4.5
Mouth 2.6 1.2 3.1 0.4 1.2
Small Int. 1.1 0.6 1.5 0.4 0.1
Breast 52.1 29.1 41.1 18.6 31.8

Table 5. Correlation coefficients between world populations, 1983-87, for cancers in fixed
order with ASR values.

USB PR Osak Nor NSwW Can Eng Hiro NZ

USW 0925 0.889 0.305 0.953 0.936 0.985 0.936 0.283 0.95

USB - 0.799 0.414 0.843 0.859 0.968 0.97 0.351 0.867

PR - - 0.483 0.915 0.812 0.871 0.851 0.51 0.846
Osak - - - 0.396 0.308 0.384 0.502 0.968 0.316
Nor - - - - 0.954 0.943 0.906 0.414 0.971
NSW - - - - - 0.935 0.898 0.298 0.986
Can - - - - - - 0.977 0.352 0.949
Eng - - - - - - - 0.464 0.903
Hiro - - - - - - - - 0.317

US W = United States white; US B = United States black; PR = Puerto Rico; Osak = Osaka; Nor = Norway;
NSW = New South Wales; Can = Canada; Eng = England, Birmingham; Hiro = Hiroshima; NZ = New
Zealand, non-Maori

significant. The correlation between the two Japanese populations is high (r =
0.968), but between the Japanese populations and the non-Japanese populations
are moderate or low. For the 1988-92 era, the correlations between the two Chi-
nese populations and between the two Japanese populations are high (>0.90),
but the correlations between the Chinese and Japanese populations (r < 0.752)
are only moderate. Among the 45 coefficients in each table, the median r, with
5 - 95 percentile range in parentheses, is 0.722 (0.383 - 0.985) for 1988-92,
and .867 (0.306 - 0.976) for 1983-87.
5) Correlations among cancer ASRs

For the worldwide populations in each era, we calculated correlation coeffi-
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cients between ASRs for cancers of the mouth, esophagus, stomach, small intes-
tine, colon, rectum, liver, pancreas, larynx, bronchus, and kidney as well as me-
lanoma in all pair-wise combinations. Values less than 0.45 are insignificant. Of
the 66 correlation coefficients in each era, 34 from 1988-92, and 30 from 1983-87
are significant. Of these significant coefficients, the median is .688 for 1988-92,
and 0.665 for 1983-87.

All negative coefficients are insignificant. For the worldwide populations
across both eras, all coefficients with melanoma are insignificant, with one mod-
est exception.

We calculated the same correlation coefficients for the American populations.
Of the 66 American coefficients in each era, 51 from 1988-92 and 50 from
1983-87 are positive. No negative correlations are significant. Of the 7 positive
correlations with melanoma in the American populations across both eras, only
one is significant.

Only three correlation coefficients are strong (r > 0.700) in both eras and in
both the worldwide and American populations: larynx vs bronchus, larynx vs
mouth, and larynx vs kidney.

The correlation coefficient between the distribution of cancer X cancer corre-
lation coefficients between the two era is 0.887 (p < 0.001) for the worldwide
populations and 0.636 (p < 0.001) for the American populations.

6) Comparing the risk of aging with other-than-aging processes

For each cancer, the difference in ASR (dASR) between populations measures
risk from other-than-aging causes. For each cancer, the difference in age-specific
rates between ages 70 and 30 (d70 - 30) measures risk from aging causes. Age-
specific rates are reported in 5-year age-intervals, e.g., 30 - 34, 35 - 39, 40 - 44,
etc. For simplicity, we identified intervals by their first number: age 30 - 34 = age
30. Table 6 shows the comparison between the two risks. Except for melanoma
and liver cancer, the maximum dASR is less than the median d70 - 30. For me-
lanoma and liver cancer, the maximum dASR is less than the 90" percentile
d70 - 30. The percentage of median d70 - 30 equal to maximum dASR is listed
for each cancer in Table 6. The correlation coefficient between the lists of per-
cent median between the two eras is .887 (p < 0.001).

7) The Critical Age

For each cancer in each of the worldwide populations, the age-specific inci-
dence rates were listed at ages 30, 40, 50, 60, 70, and 80. For each era, the differ-
ences were calculated between adjacent rates: d40 - 30, d50 - 40, d60 - 50, d70 -
60, and d80 - 70. In the 1988-92 era, Puerto Rico did not report rates beyond age
75. For each cancer, these differences were listed with the respective ASR values.
Correlation coefficients were calculated between the lists of adjacent differences
and ASR values. Table 7 shows these coefficients along with the median age-
specific rates. In both eras, the highest coefficient, .900 in 1983-87, and .886 in
1988-92, is between d50 - 40 and ASR despite the fact that cancer incidence is
rare at ages 40 and 50.

For each cancer in each of the worldwide populations, the male-female
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Table 6. Comparison of Median d70-30 and Maximum dASR, 1983-87.

Cancer d70 - 30 Median dASR Maximum Percent Median
Males
Colon 198.5 18.8 9.5
Pancreas 65.5 6.3 9.6
Rectum 109.7 13.1 11.9
Kidney 51.3 6.6 12.9
Breast 34 0.5 14.7
Larynx 36.9 5.6 15.2
Bronchus 440.1 72.2 16.4
Esophagus 45.9 11.3 24.6
Small Intest. 3.9 1.2 30.8
Mouth 12.2 5.1 41.8
Stomach 114.6 77.8 67.9
Melanoma 12.7 25.7 202.4
Liver 17.5 39.9 228.1
Females
Colon 141.6 20.4 144
Pancreas 45.9 8.2 17.9
Rectum 67.3 6.7 10.1
Kidney 20.8 3.6 17.3
Breast 223.3 67.3 30.1
Larynx 3.3 1.8 54.5
Bronchus 113.4 24.1 21.3
Esophagus 16.8 2.8 16.7
Small Intest. 44 0.5 114
Mouth 4.6 1.2 26.1
Stomach 45.2 354 78.3
Melanoma 7.3 23.6 3233
Liver 6.8 9.1 133.8

Percent Median = Maximum dASR (100)/Median d70 - 30

Table 7. Correlation coefficients between adjacent age-specific rate differences and ASR,
world populations.

N Median Age Correlation Coefficients

ge Rate Difference 1983-87 1988-92
30 0.5 40 - 30 0.771 0.665
40 2.7 50 - 40 0.899 0.886
50 9.6 60 - 70 0.865 0.854
60 22.4 70 - 60 0.789 0.779
70 39.6 80-70 0.458 0.339
80 47.5
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difference in d50 - 40 was calculated along with the male-female difference in
ASR. The correlation coefficient between these two gender differences over all
cancers is 0.897 in 1983-87, and 0.944 in 1988-92.

For each cancer in American black and white populations, the black-white
difference in d50 - 40 was calculated along with the black-white difference in
ASR. The correlation coefficient between these two racial differences over all
cancers is 0.946 in 1983-88, and 0.921 in 1988-92.

For each cancer in the Los Angeles, San Francisco, and New Mexico popula-
tions in the 1988-92 era, the Hispanic white-non-Hispanic white difference in
d50 - 40 was calculated along with the Hispanic white-non-Hispanic white dif-
ference in ASR. The correlation coefficient between these ethnic differences over
all cancers is 0.974.

For each cancer in Osaka, Miyagi, Hong Kong, and Tianjin in the 1988-92 era,
the Osaka-Tianjin, Osaka-Hong Kong, Miyagi-Tianjin, and Miyagi-Hong Kong
differences in d50 - 40 were calculated along with the respective differences in
ASR. The correlation coefficients between these ethnic differences over all can-
cers are, respectively, 0.900, 0.900, 0.946, and 0.842.

8) Risk of cancer and death from all causes

The all-sites ASRs for Chinese, Japanese, blacks, Hispanic whites, and non-
Hispanic whites of each gender were averaged between Los Angeles and San
Francisco for 1988-92. Correlation coefficients were calculated between the lists
of all-sites ASRs and all-cause death rates for Asians, blacks, Hispanics, and
whites in America in 1989 (Elo and Preston, 1997) [15]. When the Chinese all-
site ASR is paired with the Asian all-cause death rate, the correlation coefficients
between all-site ASR and all-cause death rate for ages 60, 70, and 80 are 0.886,
0.924, and 0.917, respectively. When Japanese all-site ASR is paired with the
Asian all-cause death rate, the coefficients are 0.894, 0.934, and 0.941, respec-
tively.

4. Discussion

Except for the unusual risk for stomach, esophagus, and liver cancer in China
and Japan, the populations studied exhibit similar rank order of cancer ASRs
suggesting a similar carcinogenic process in all populations.

The consistently strong positive correlation coefficients (r > 0.700) between
cancers of the larynx and bronchus, larynx and mouth, and larynx and kidney
suggest a common carcinogen, e.g., tobacco or alcohol, for these tissues.

The insignificant, and often negative, coefficients between melanoma and the
other cancers suggest that melanoma responds to a unique carcinogen, e.g., sun-
light, which may offer weak protection against other cancers.

The modest or weak correlation coefficients among cancers of the esophagus,
stomach, small intestine, colon, rectum, liver, and pancreas suggest that less than
half the ASRs for these cancers is caused by common carcinogens. But the strong
or moderate coefficients between distributions of the cancer X cancer correlation

coefficients between eras argue against a random distribution of r-values. Cancers
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are common or rare for a reason, and more than half that reason tends to be
unique to each cancer.

For cancers of the mouth, esophagus, small intestine, colon, rectum, pancreas,
larynx, bronchus, breast, and kidney, the maximum dASR is less than 55% of the
median d70 - 30. For melanoma and cancers of the stomach and liver, maximum
dASR is less than 90% of d70 - 30.

The high correlation coefficient between d50 - 40 and ASR suggests that the
transition, over these years, from minimal to increasing risk can explain some
80% of ASR. That same transition can also explain the differences in ASR be-
tween genders, races, and ethnicities.

Why is cancer more common in one tissue than another, or in one gender or
race or ethnicity than the other(s)? Because the difference in age-specific rates
between ages 50 and 40 is greater for the more common than the less common
tissue, gender, race, or ethnicity.

What happens between ages 40 and 50? We suspect the carcinogenic target is
created, and that the size of the target determines the size of the risk.

Height correlates with cancer risk [16]. We suspect height is a surrogate for
target size. Men get more cancer than women because they harbor bigger targets.
The larynx is an example. It’s bigger in men than in women [17]. And we think
that’s why larynx cancer is 6-fold more common in men than women.

The breast is a dramatic exception to the rule that men are more prone to
cancer. But women have bigger breasts and, therefore, bigger cancer targets than
men, and the bigger a woman’s breast, the bigger the risk of cancer [18] [19].
Kleinfelter’s patients have larger breasts and larger breast cancer risk than nor-
mal men, but smaller breasts and breast cancer risks than normal women [20].

The thyroid, like the breast, is more vulnerable to cancer in women than men.
The female thyroid grows with the menstrual cycle [21] [22]. We suspect this
growth presents a bigger target for carcinogenesis.

The smallest difference in cancer risk between the genders is for small intes-
tine, followed by pancreas. No correlation, or only a weak correlation, exists be-
tween body height and size of the small intestine and pancreas [23] [24].

Why is cancer of the small intestine rare while cancers of the stomach and co-
lon are common? Only the small intestine is coated with villi and we suspect
they conceal the targets of carcinogenesis.

Why is cancer of the mouth less common that cancer of the esophagus, sto-
mach, colon, and rectum? Oral stem cells age slower than other stem cells, and
we suspect the mouth target emerges more slowly than do the targets in other
tissues.

Carcinogenesis is a stem cell phenomenon [25]. And each tissue has a unique
strategy for stem cells tailored to the regenerative needs of that tissue [26]. We
suspect this strategy is key to target formation.

Why don’t hearts get cancer? Cardiomyocytes don’t regenerate [27]. Why are
sarcomas rare relative to carcinomas? Regeneration is rare in the tissues of sar-

coma origin relative to those of carcinoma origin. Tissue generation is safe, but
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both regeneration and delayed differentiation are risky.

Male germ cells [28] breast glandular cells [29] [30], and colonic crypt cells
[31] that fail to mature are prone to cancer. So are melanocytes that fail to make
melanin [32]. The black-white difference in melanoma risk has been attributed
to protection from UV-radiation [33]. But lightly-pigmented Chinese and Japa-
nese offer the same protection as blacks. Even Hispanic whites are at a quarter
risk of non-Hispanic whites, and even non-Hispanic whites, who tan well in re-
sponse to UV exposure, are at low risk compared to non-Hispanic whites who
fail to tan [34]. It may be more the making of melanin than the blocking of UV
that protects from melanoma.

Once tissue differentiation has occurred, the stem cells that remain seem re-
fractory to carcinogenesis [35]. Normal testes, thoroughly utilized breasts, and
pigmented skin are at low cancer risk. We speculate that regeneration becomes
dangerous when it becomes excessive, causing refractory stem cells to be re-
placed by pluripotential stem cells from tissue dedifferentiation [36]. Perhaps the
target of carcinogenesis consists of the number of such dangerous stem cells,
and, perhaps, d50 - 40 reflects this number.

Excessive regeneration would follow from excessive tissue injury. But exces-
sive tissue injury is always the cause of death. If excessive regeneration were the
principal cause of cancer, the all-site ASR should correlate with the rate of death
from all causes. We have found that correlation to be greater than 0.90 at ages 70
and 80.

Cells become senescent at old ages and the regeneration that is the essence of
wound healing declines [37]. This would explain the decline in cancer risk at old
ages [38].

If target size contributes to risk, inhibiting growth, perhaps, with somatosta-
tin, might be beneficial. If excessive injury contributes to risk, adopting womanly
behavior, particularly in the manner of Hispanic and Asian woman, might be
beneficial [39].
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