
Abstract. Background/Aim: To identify the reason for age
and gender differences in cancer risk. Patients and Methods:
Age-standardized incidence rates for 17 cancer types were
compared between genders in 50 populations. For each
cancer type, the female/male rate ratio was listed in fixed
order of population. Correlation coefficients were calculated
between these lists in all pairwise combinations. For each
population, the female/male rate ratio was listed in fixed
order of cancer. Correlation coefficients were calculated
between lists in all pairwise combinations. Results: Only
four pairwise combinations for cancer type gave a
correlation coefficient greater than 0.700. For each
population, the lowest correlation coefficient was 0.950.
Conclusion: The reason for the differences in risk of cancer
varies with each type of cancer, but remains fixed in all
populations. It is suspected that species-specific genes
control stem cell telomere dynamics in a fixed strategy at
rates that vary among tissues and between genders. 

For all cancer types that occur after infancy, incidence rates
change with age in three phases: A period of low risk
followed by a period of increasing risk followed by a plateau
or decline in risk (1-3). The final phase, ‘Clemmesen’s
hook,’ was originally suspected of being an artifact of faulty
data for the very elderly (4, 5). This is now known not to be
the case (6, 7). It was also suspected of being a cohort
phenomenon in cross-sectional data (8). But the ‘hook’
remained in cancer types with opposing temporal trends,
making this artifact unlikely (9). Careful analysis of the
second phase shows the increase in cancer risk with age to
be at a constantly decreasing rate, thus making the ‘hook’ a
necessary consequence (1-3). We are left with an inescapable
conclusion: For all cancer types studied, risk increases
beyond some critical age at a continuously decreasing rate,
and then plateaus or begins to decline. 

The critical age varies according to the tissue of tumor
origin. For some, that age is in early childhood, as in acute
lymphoblastic leukemia; for others, it is in adolescence, as
in osteogenic sarcoma, or in early adult years, as in testicular
cancer. For most tissues of tumor origin, the critical age is
over 40 years. But for all cancer types, the pattern is the
same: An increase in risk at a continuously decreasing rate
followed by a plateau or decline in risk at older ages. This
common pattern speaks volumes about the mechanism of
carcinogenesis. Firstly, it suggests that the mechanism is
fundamentally the same in all tissues. Secondly, it eliminates
chance and the environment as the principal causes of
cancer. If either chance or the environment were the
principal cause of cancer (10, 11), risk would increase with
age at a continuously increasing rate because mutations
accumulate. Thirdly, it forces us to focus on the aging
process and the normal genes that control that process as the
principal cause of cancer (12-14). 

Although mutations in proto-oncogenes and tumor-
suppressor genes are commonly recognized as principal
causes of cancer, the question remains as to what causes
these mutations. Twin studies have eliminated segregating
genes (15), which leaves only species-specific genes as
reasonable suspects. Aging genes are species-specific (16).
It is the purpose of this article to present data suggesting that
they are likely the principal causes of carcinogenic
mutations. 

Materials and Methods
Age-standardized (according to the world standard) cancer
incidence rates (ASRs: new cases/100,000 people/year) were
obtained from a reliable source for cancer diagnosed between 2008
and 2012 (17). Data were analyzed only from registries without
unusual caveats and reporting more than 100 cases of a given
cancer. The following 50 populations fulfilled these criteria for most
cancer types: Australia, Australia New South Wales, Australia
Queensland, Austria, Brazil Curitiba, Bulgaria, Canada British
Columbia, California Black, California White, China Beijing, China
Hangzhou City, China Hong Kong, China Shanghai City, Croatia,
Czech Republic, Denmark, Georgia (US) Black, Georgia (US)
White, Germany Bavaria, Germany Lower Saxony, Greater Poland,
Ireland, Israel, Italy Milan, Italy Turin, Japan Aichi, Japan
Hiroshima, Japan Osaka, New York State Black, New York State
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White, New Zealand, North Carolina Black, North Carolina White,
Norway, Poland Lower Silesia, Puerto Rico, Republic of Korea,
Republic of Korea Seoul, Slovakia, Spain Basque Country, UK, UK
England, UK Scotland, UK Wales, Ukraine, Uruguay, USA, USA
Black, USA White, US Surveillance, Epidemiology, and End
Results (SEER).

For each population, ASRs were analyzed in males and females
separately for melanoma, myeloma, Hodgkin’s lymphoma (HL),
non-HL, and cancer of the mouth, esophagus, stomach, colon,
liver, pancreas, breast, bronchus, kidney, brain, thyroid, larynx,
and small intestine unless fewer than 100 cases were reported for
a particular cancer type. Fewer than 100 cases were reported for
males or females for the following types of cancer in the following
populations: Laryngeal in Australia Queensland; mouth,
esophageal, breast, thyroid, myeloma, laryngeal and small
intestinal in Brazil; mouth, breast, and melanoma in California
Black; breast and HL in China Beijing; laryngeal and HL in China
Hangzhou; breast in China Hong Kong; breast, laryngeal, and HL
in China Shanghai; mouth, breast, and melanoma in Georgia
Black; breast and small intestinal in Greater Poland; breast and
laryngeal in Italy Turin; laryngeal in Japan Aichi; breast,
melanoma, laryngeal, and HL in Japan Hiroshima; breast and
melanoma in New York State Black; mouth, breast, and melanoma
in North Carolina Black; breast and small intestinal in Poland
Lower Silesia; breast in Puerto Rico; breast and laryngeal in
Republic of Korea Seoul; breast and laryngeal in Slovakia; breast
and small intestinal in Spain Basque Country; breast in UK Wales;
and breast and small intestinal in Uruguay. 

Ratios of ASRs for females to those of males along with
percentile distributions of ASRs and ratios and the Pearson
correlation coefficient (r) between rates and ratios were calculated.
The significance of correlation coefficients was calculated by the
equation: t=(r) √(n−2/1−r2). Coefficients were considered significant
when p<0.05. Variation about the median (Varmed) was estimated
by calculating the percentage of the median that was occupied by
the 5th to 95th percentile range: Varmed=95th percentile – 5th
percentile (100)/median.

Comparative statistics for females and males were obtained for
life-expectancy (LE), gross national income (GNI), suicide risk (18),
adult mortality rate (AMR) (19), infant mortality rate (IMR) and
under-five mortality rate (U5MR) (20, 21) for Australia, Austria,
Brazil, Bulgaria, Canada, China, Croatia, Czech Republic, Denmark,
Germany, Ireland, Israel, Italy, Japan, New Zealand, Norway,
Poland, Republic of Korea, Slovakia, Spain, UK, Ukraine, USA,
and Uruguay, and for smoking rates for the above populations
except Brazil, Canada, Croatia, Germany, Italy, and Poland (22).

Results

Tables I-III show percentiles and Varmed for male and female
ASR and for the ratio of female/male ASR. In each table,
cancer types are listed in order of median value of cancer
type. 

For each cancer type, ASR values were listed separately
for females and males in order of population as follows:
Puerto Rico, Uruguay, Canada British Columbia, USA, USA
White, USA Black, China Beijing, China Hong Kong, Israel,
Japan Osaka, Korea, Austria, Croatia, Czech Republic,
Denmark, Germany Bavaria, Ireland, Italy Milan, Norway,

Greater Poland, Spain Basque, Ukraine, UK, Australia, New
Zealand, Brazil Curitiba, US SEER, China Shanghai, Japan
Aichi, Korea Seoul, Bulgaria, Germany Lower Saxony,
Poland Lower Silesia, Slovakia, UK England, UK Scotland,
UK Wales, Australia New South Wales, Italy Turin,
California White, California Black, Georgia White, Georgia
Black, New York State White, New York State Black, North
Carolina White, North Carolina Black, China Hangzhou,
Japan Hiroshima, and Australia Queensland. Table IV
provides the coefficients for correlation between these lists.
Cancer types with r>0.84 for female versus male ASR had
female/male Varmed<65. Except for cancer of the larynx,
cancer types with r<0.75 for female versus male ASR had
female/male Varmed>64.

For each cancer type, the ASR values for males were listed
in order of population as described above. Correlation
coefficients were calculated for the 17 cancer types in all
pairwise combinations. Of the 136 coefficients, 64 were found
to be significant. Of these 64, only 23 were found to represent
strong correlation (>±0.500). Of these 23, 10 were greater than
±0.600, but only three were highly strongly correlated
(>±0.700): stomach versus HL=−0.747, stomach versus
liver=0.799, and small intestine versus myeloma=0.854. 

The ASR values for females were then also listed and
pairwise analyzed as described above. Of the 136
coefficients, 90 were significant. Of these 90, 47 were
strongly correlated, with 25 being greater than ±0.600, and
nine being highly strongly correlated: kidney versus
laryngeal=0.705, liver versus HL=−0.731, stomach versus
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Table I. Male age standardized rate (ASR) percentiles and variation
about the median (Varmed).

                                 Number of             ASR percentile               Varmed
                                 populations

Cancer                                               5%         50%          95%                
Bronchial                         50           30.5          43.8          57.4            61
Colon                               50           14.2          24.4          30.6            67
Melanoma                       45             0.50        12.1          39.8          325
Kidney                             50             6.4          11.4          16.2            86
Non-Hodgkin’s               50             4.8          11.1          15.3            95
Stomach                           50             5.3            9.7          56.5          528
Pancreatic                        50             5.6            8.5          11.1            65
Liver                                50             3.3            7.8          24.8          276
Brain                                50             2.9            6.3            7.4            71
Esophageal                      49             3.0            5.6          11.3          148
Laryngeal                        41             2.4            4.3            9.0          154
Myeloma                         49             1.4            4.0            9.7          208
Thyroid                            49             1.5            3.1            7.8          203
Hodgkin’s                        45             0.70          2.6            3.4          104
Mouth                              45             0.90          1.9            3.1           116
Small intestinal               45             0.70          1.4            2.7          143
Breast                              33             0.27          0.70          1.1           119



breast=−0.740, stomach versus HL=−0.741, small intestinal
versus laryngeal=0.751, breast versus mouth=0.775, breast
versus non-HL=0.840, small intestine versus myeloma=0.857,
and stomach versus liver=0.875.

For each cancer type, the female/male ratio of ASR values
was listed and pairwise analyzed as described above. Of the
136 coefficients, 47 were found to be significant. Of these
47, with 10 greater than ±0.600, and four being highly
strongly correlated: pancreatic versus esophageal=0.718,
pancreatic versus bronchus=0.724, pancreatic versus
laryngeal=0.768, and laryngeal versus bronchus=0.768.

For each population, the female/male ratio of ASR values
was then listed in order: Mouth, esophageal, stomach, colon,
liver, pancreatic, breast, bronchial, melanoma, kidney, brain,
thyroid, myeloma, laryngeal, HL, non-HL, and small
intestinal. Brazil was omitted from this analysis because
fewer than 100 cases were reported for seven cancer types.
Correlation coefficients were calculated for the 49
remaining populations in all pairwise combinations. Of
these 1,152 correlation coefficients, the lowest was 0.950
(Table IV). 

Table V shows percentiles for various comparative
statistics between females and males. In each of 24
populations in this study that also reported comparative
statistics, life expectancy was found to be longer, and GNI
and suicide risk smaller (18), and adult mortality rates
smaller (19) in females than males. Of the 24 nations
reporting IMR and U5MR, all but China reported lower rates
for females than males (20, 21). Male babies may receive

better care than female babies in China (21, 22). In each
reporting population, females were found to smoke less than
males (22). In general, females reportedly ate less meat and
drank less alcohol than males (23, 24). Plasma testosterone
is lower in females than males (25). It is hard to escape the
conclusion that, from birth onward, females are inherently
healthier than males (26).
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Table II. Female age standardized rate (ASR) percentiles and variation
about the median (Varmed).

Cancer                                                       ASR percentile             Varmed
                                  Number of
                                  populations        5%         50%        95%            

Breast                               33             41.6         85.1        95.6           63
Bronchial                          50                9.2         21.3        37.2         132
Colon                                50             10.8         17.0        22.7           70
Melanoma                        45                0.50       10.7        28.5         262
Thyroid                             49                4.5         10.6        24.9           52
Non-Hodgkin’s                50                3.8           7.6        10.3           86
Pancreatic                         50                4.0           6.0          8.2           70
Kidney                              50                2.6           5.7          8.9          111
Stomach                            50                2.5           5.2        20.9         354
Brain                                 50                2.2           4.6          5.7           76
Myeloma                          49                1.0           2.7          7.4         274
Liver                                 50                1.5           2.5          8.3         272
Hodgkin’s                         45                0.40         2.1          3.1         129
Esophageal                       49                0.40         1.2          3.5         258
Mouth                               45                0.50         1.0          1.4           90
Small intestinal                45                0.50         0.90        2.0         167
Laryngeal                         41                0.20         0.70        1.3         157

Table III. Ratio of female to male age standardized rate (ASR)
percentiles and variation about the median (Varmed).

Cancer                                         Ratio percentile                  Ratio Varmed

                                          5%              50%             95%                 

Breast                               75.1            114.4           179.3                91
Thyroid                              2.6                3.2               4.4                56
Melanoma                          0.67              0.89             1.2                60
Hodgkin’s                          0.54              0.82             1.0                56
Colon                                 0.56              0.75             0.88              43
Brain                                  0.67              0.74             0.89              30
Pancreatic                          0.58              0.74             0.83              34
Small intestinal                  0.54              0.71             0.83              41
Non-Hodgkin’s                  0.63              0.70             0.78              21
Myeloma                            0.59              0.69             0.83              35
Mouth                                 0.25              0.53             0.67              79
Bronchial                           0.23              0.50             0.83           120
Kidney                               0.38              0.50             0.57              38
Stomach                             0.37              0.48             0.55              38
Liver                                   0.27              0.33             0.48              64
Esophageal                         0.08              0.22             0.42           155
Laryngeal                           0.06              0.16             0.25              40

Table IV. Correlation coefficients between male and female age
standardized rate (ASR) values across populations in fixed order.

Cancer                                                                   r

Myeloma                                                            0.99
Stomach                                                             0.98
Liver                                                                   0.98
Thyroid                                                              0.98
Non-Hodgkin’s                                                  0.98
Melanoma                                                          0.97
Kidney                                                                0.94
Hodgkin’s                                                           0.93
Small intestinal                                                  0.93
Brain                                                                   0.92
Pancreatic                                                           0.85
Colon                                                                  0.75
Esophageal                                                         0.68
Mouth                                                                 0.54
Breast                                                                 0.51
Laryngeal                                                           0.43
Bronchial                                                            0.19



Discussion
It is suspected that females are healthier than males because
at any given chronological age, their tissues, except for
breast and thyroid, are physiologically younger than male
tissues. Four differences in cancer risk warrant discussion: i)
between genders, ii) among cancer types, iii) among
populations, and iv) across ages. 

Between genders. For non-HL, myeloma, and cancer of the
mouth, esophagus, stomach, colon, liver, pancreas,
bronchus, kidney, and larynx, the ASR was greater for
males than females in every population studied. With
minor exceptions, the same conclusion applies to HL and
cancer of the brain and small intestine. The minor
exceptions were as follows: For China Shanghai, the ASR
for cancer of the small intestine was the same for both
genders. In China Shanghai and China Hangzhou, the ASR
for cancer of the brain was greater for females. In Croatia
and Greater Poland, the ASR for HL was greater for
females, while in Poland Lower Silesia and Ukraine, it was
the same in both genders. 

For cancer of the breast and thyroid, the ASR was greater
for females than males in every population studied. This
pattern of greater risk in males than females except for breast
and thyroid cancer cannot be attributed to chance or the
lifestyle/environment because neither would yield such global
consistency. The gender pattern of risk must be attributed to
genes that are common in populations across the globe. 

Melanoma is conspicuously different, displaying a more
varied pattern of gender risk. While most populations exhibit
greater melanoma risk for males than females, the exceptions
are numerous and notable: Melanoma risk was found to be
the same for both genders in China Beijing, China Hong
Kong, Japan Osaka, Japan Aichi, and Korea Seoul, and
greater for females in Denmark, Norway, Ireland, UK, UK
England, UK Scotland, Germany Lower Saxony, Spain
Basque Country, and Ukraine. These exceptions suggest that
for melanoma, population-specific environmental, lifestyle

or genetic factors often overwhelm the cause of the normal
gender pattern of risk. 

In every population studied, LE was longer, and AMRs,
GNI, suicide rates, and age-standardized smoking rates were
lower in females than males. Of the 24 nations reporting
gender-specific IMR and U5MR, all but China reported
lower rates for females. There is a suspicion that the same
would be true in China if equal care were given to babies of
both genders (20-21). Females eat less meat and drink less
alcohol than males (22-24). Plasma testosterone is lower in
females than males (25, 26). From birth onward, females are
healthier than males (27). Any or all of these differences
might contribute to the differences in cancer risk between the
genders. But height is, arguably, the most conspicuous
difference between the genders, and cancer risk is positively
correlated with height (28). Unfortunately, reliable data on
height in populations across the world are lacking. 

The ratio for female/male height in centimeters in the United
States is non-Hispanic Black=0.927, non-Hispanic
Asian=0.922, non-Hispanic White=0.921, and Hispanic=0.920
(29). Height may be a surrogate for tissue size, which may be
a surrogate for cancer target size.

Cancer types. Cancer of the bronchus and colon is common,
while those of the mouth and small intestine are rare, in both
genders in all populations studied (Tables I and II). This is
an interesting pattern because essentially every carcinogen
that enters the bronchus passes first through the mouth and
every carcinogen that enters the colon passes first through
the small intestine. What can explain the disparity in risk of
cancer between these neighboring tissues? It cannot be
chance because the disparity is large and consistent. It cannot
be population-specific environment, lifestyle or genes
because the disparity is invariant across all populations
studied. The disparity must be due to genes that are common
across our species but differ in expression between tissues
of high and low cancer risk. It is these genes that are the
principal cause of cancer.
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Table V. Comparison of male and female statistics.

Parameter                                                                                                                                                                       Percentile

                                                                                                                                                        5%                               50%                            95%

Life expectancy (in years)                                                   F/M                                                   1.04                             1.07                             1.17
Infant mortality rate (deaths per thousand births)             F/M                                                   0.72                             0.82                             1.23
Under 5 mortality rate (deaths per thousand births)          F/M                                                   0.747                           0.818                           1.17
Adult mortality rate (deaths per thousand)                        F/M                                                   0.375                           0.527                           0.653
Gross national income (PPP dollars)                                  F/M                                                   0.415                           0.624                           0.794
Suicide rate (deaths per thousand)                                      F/M                                                   0.153                           0.280                           0.518

F: Female; M: male. 



In both genders in all populations studied, non-HL as well
as cancer of the pancreas, brain, and kidney are less common
than cancer of the bronchus and colon, and more common
than cancer of the mouth and small intestine, again
suggesting that relative cancer risk among tissues is caused
by genes that are common across the world but vary in
expression among tissues of tumor origin.

Melanoma, again, demonstrates an unusual pattern of
relative risk. In both genders in the Asian populations and
U.S. Blacks, melanoma is less common than cancer of the
mouth and small intestine, and in Australia and New
Zealand, more common than cancer of the bronchus and
colon. Some other cancer types also demonstrate unusual
patterns of relative risk. Stomach cancer is more common
than cancer of the bronchus and colon in Japan and Korea,
but less common than those types of cancer everywhere
else. HL is less common than cancer of the mouth and small
intestine in Japan and Korea, and more common than these
everywhere else. Thyroid cancer is conspicuously common
in Korea, as is myeloma in U.S. Blacks. These unusual
patterns suggest that population-specific factors can
overwhelm the common cause of relative cancer risk among
tissues. But unusual patterns are unusual because in the vast
majority of cases there is no evidence for population-
specific carcinogenesis. 

In all populations, male breast cancer is rare. In most
populations, male breast cancer is rarer than mouth and small
intestine cancer. In all populations, female breast cancer is
more common than cancer of the bronchus and colon. Size
is one obvious explanation, as larger breasts carry higher
cancer risk (30). Patients with Klinefelter syndrome have
larger breasts and higher breast cancer risk than normal
males, but smaller breasts and lower breast cancer risk than
normal females (31). Breast cancer risk among populations
may correlate with breast size. Unfortunately, reliable data
on breast size across populations are lacking. 

Thyroid cancer, like breast cancer, was found to be more
common in females than males in all populations studied.
Again, size is a possible explanation, as the female thyroid
grows with the menstrual cycle (32). At the age when risk of
female thyroid cancer begins to increase, i.e. 15 years (33),
thyroid volume is larger in females than males (34). 

Of the cancer types studied, laryngeal cancer is rarest in
females, and the ratio of female/male ASR smallest. Again,
size is an obvious explanation as laryngeal length and
volume are larger for males than females (35).

Except for cancer of the bronchus, esophagus, and breast,
Varmed for the ratio of female/male ASR was substantially
less than for the individual gender rates (Tables I-III),
suggesting that population-specific influence on ASR is the
same for both genders except for this group of cancer types.
Correlation coefficients for ASR values between genders
across the populations studied confirm this suggestion, i.e.

they were high except for cancer of the bronchus, esophagus,
and breast (Table IV). Ratios of female/male ASR values for
breast cancer are unreliable because male breast cancer rates
are so low as to be heavily affected by noise. Risks of
bronchial and esophageal cancer are, undoubtedly, related to
smoking, and smoking rates vary between genders and
among populations (5). 

The weak or moderate correlation coefficients suggest a
unique cause for each cancer type. The correlation between
stomach and liver cancer, and the inverse correlation
between stomach cancer and HL may be coincident of Asian
culture. That for female breast cancer and non-HL, and for
myeloma with cancer of the small intestine are interesting.
But even a correlation coefficient of 0.8 can only explain
64% of the relationship between variables. The conspicuous
conclusion is that the vast majority of cancer types do not
appear to share a common cause. Except for a slight
indication that smoking is related to cancer of the pancreas,
bronchus, and larynx, the conspicuous conclusion is that, in
the vast majority of cases, ratios of female/male risk do not
share a common cause because the correlation coefficients
are consistently low or moderate at best.

Population. For each population, the female/male ratio of
ASR values was listed in order of cancer: Mouth,
esophagus, stomach, colon, liver, pancreas, breast, bronchus,
melanoma, kidney, brain, thyroid, myeloma, larynx, HL,
non-HL, and small intestine. Correlation coefficients were
calculated for the 49 populations in all pairwise
combinations. Of these 1152 correlation coefficients, the
lowest was 0.950. From this it could be concluded that the
reason for the differences in ratio of gender risk among the
cancer types studied is the same in all populations. This
reason must be intrinsic to the tissues of tumor origin and
not to anything population-specific.

Age. For each cancer type, the difference in ASR between
populations measures risk from causes other than aging. For
each cancer, the difference in age-specific rates between ages
70 and 30 years measures risk from aging. For melanoma
and cancer of the bronchus, colon, rectum, stomach,
pancreas, kidney, esophagus, larynx, liver, mouth, small
intestine, and breast in populations across the world, the
maximum difference in ASR between populations is less
than the 90th percentile difference between age-specific rates
at ages 70 and 30 years (3). By this measure, aging is more
important than the collection of non-aging processes.

For melanoma, and cancer of the bronchus, colon, rectum,
stomach, pancreatic, kidney, esophageal, laryngeal, liver, mouth,
small intestine, and breast in populations across the world,
differences were calculated in age-specific incidence rates
between ages 40 and 30, 50 and 40, 60 and 50, 70 and 60, and
80 and 70 years. The difference between ages 50 and 40 years
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correlated best (r>0.88) with ASR (3). This high correlation
coefficient suggests that the transition between ages 40 and 50
from minimal to increasing risk can explain most of the ASR.
The differences in age-specific rates between ages 50 and 40
years also correlated, with coefficients greater than 0.88, with
the differences in ASR between genders, races, and ethnicities
(3). The magnitude of the initial acceleration of risk predicts total
risk. This suggests that the mechanism of initial acceleration of
risk is the principal cause of cancer, and the differences in cancer
risk between tissues, genders, races, and ethnicities. 

Why is cancer more common in one tissue than another,
or in one gender or race or ethnicity than another? Because
the difference in age-specific rates between ages 50 and 40
years is greater for the tissue, gender, race, or ethnicity
where cancer is more common than in the tissue, gender,
race, or ethnicity where cancer is less common. What
happens between ages 40 and 50 years? Perhaps the cancer
target is created, and the size of this target determines the
size of the risk. Height is correlated with cancer risk (30).
Perhaps height is a surrogate for target size. The incidence
of cancer may be higher in men than in women because, in
part, they harbor larger targets. The larynx is a good
example. The breast and thyroid are exceptions, because they
are larger in women than men. 

Theory. For all cancer types that originate after infancy, risk
changes in three phases: Early phase of low risk at young age,
followed by a phase of increasing risk with increasing age,
followed by a phase of constant or declining risk with
increasing age. The phases might be attributed to species-
specific genes that control telomere dynamics in stem cells that
obey a fixed strategy at rates that vary among tissues and
between genders, races, and ethnicities, and that can fluctuate
in response to environmental and lifestyle factors (36). In the
early low-risk phase, tumor-suppressor genes and proto-
oncogenes are protected from mutation, perhaps by the absence
of stem cell renewal. In the subsequent phase of growing risk,
they become vulnerable to mutation, perhaps due to stem cell
renewal. The rate of renewal varies among tissues and between
genders, races, and ethnicities, and in response to
environmental and lifestyle agents. For any given tissue type,
the larger the size, the greater the chance of a carcinogenic
mutation. Beyond some tissue-specific age, senescence
diminishes renewal and this causes risk to plateau or decline. 
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