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Summary.—Data from the Los Angeles County Cancer Surveillance Program
(GSP) from 1972 to 1975 were used to study the descriptive epidemiology of testicular
cancer and prostatic cancer. The very high black/white ratio and late age peak of
cancer of the prostate contrasted sharply with the very low ratio and early age
peak of testicular cancer. However, both sites had higher rates among upper occupa-
tional and social class groupings. Available descriptive and analytical research
suggests that the etiology of prostatic cancer is most probably related to hormonal
influences rather than to a horizontally transmitted agent, while the etiology of
testicular cancer is most probably related to endogenous or exogenous hormonal
influences in utero or in infancy, or to in utero exposure to other exogenous agents.

THERE IS A LARGE BODY of medical
literature on the epidemiology of female
genital cancer, and many risk factors for
these diseases are carefully defined. Studies
of male genital cancer, particularly of
the testis and prostate, have been less
frequent, despite the fact that testicular
cancer rates have substantially increased
in recent years (Clemmesen, 1968 ; Petersen
& Lee, 1972) and that in the United
States the prostate is already the second
commonest site of cancer in the male
(Cutler & Young, 1975). Prostatic cancer
rates have also been reported to be rising
in various populations (Wynder et al.,
1971; Krain, 1973). In fact, age-adjusted
prostatic cancer rates for black males in
Los Angeles County are higher than the
rates for any other site for either sex or
any racial-ethnic group.

Descriptive epidemiological data from
a population-based Cancer Surveillance
Program can be readily used as an initial
approach in forming and testing hypo-
theses. With the aid of census data to
provide denominators when available, we

have begun to explore such variables as
occupation, marital status, social class,
histological type, age, sex, race, and
secular trend on a site-by-site basis in
Los Angeles County. We report here our
current findings of 2 sites, prostate and
testis, remarkable for their contrasts,
yet possessing several common charac-
teristics. Since the black and white
populations are larger than the other
racial-ethnic groups, much of the dis-
cussion will be limited to these 2 groups.

MATERIALS AND METHODS

The Cancer Surveillance Program (CSP),
a comprehensive population-based cancer
registry of Los Angeles County, has now
accumulated 4 years’ incidence data (1972-
1975). The methodology has been discussed
elsewhere (Hisserich et al., 1975). The CSP
demographic data, including occupation and
industry, age, race, sex, and marital status,
are abstracted by trained medical record
technicians from hospital admission sheets
and from medical records. As in the 1970
census, whites are divided into ‘Mexican-
Americans” and “other white”’ (non-Spanish)
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categories using the detailed Spanish surname
list, including optional name endings (U.S.
Bureau of the Census, 1969). Occupation and
industry are coded into one of 417 occupa-
tional codes and one of 215 industry codes,
using the 1970 U.S. Census classification
system (U.S. Bureau of the Census, 1972a).
Populations-at-risk for computing expected
number of cases by occupation and industry
are calculated from Public Use Samples of
Basic Records from the 1970 Census for Los
Angeles County: a 1-in-50 sampling of the
7 million Los Angeles County residents (U.S.
Bureau of the Census, 1972b). Denominator
data for calculating expected numbers by
marital status are likewise obtained from
1970 Census data for Los Angeles County
(U.S. Bureau of the Census, 1972¢).

Unlike other variables collected by the
CSP, social class (SC) is assigned on a
geographical not an individual basis, as
determined by census tract of residence at
the time of diagnosis, using the two-factor
Hollingshead Index (Henderson ef al., 1975).
Since other cancer sites with well-known
social-class patterns (e.g. breast and cervix)
show the expected social-class distributions,
we feel it is unlikely that this method intro-
duces systematic errors in studying broad
social-class categories. However, efforts to
study the social-class distribution in blacks
by this method have proved more difficult,
apparently owing to upward social-class
mobility by segments of the black population
since the 1970 Census; ¢.e., black populations
in the upper social-class census tracts are
substantially underestimated.

The CSP makes adjustments of census data
to allow for intercensal growth and under-
counting (Siegel, 1973). Zero growth is
assumed for whites (Los Angeles Regional
Planning Commission, 1972) whilst the
average annual age-specific rates of popula-
tion change for Mexican-Americans and
blacks, 1960 (U.S. Bureau of the Census,
1962) to 1970 (U.S. Bureau of the Census,
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1972d) are applied for the interval between
the 1970 Census and January 1, 1974, to
adjust for postcensal growth within these
groups.

Age-adjusted incidence rates are calculated
by the direct method using 10-year age
groupings from the U.S. 1970 population as
the standard. A summary x2? test (Mantel &
Haenszel, 1959) is used to measure statistical
significance.

RESULTS

Perhaps the most striking finding in
examining the 2 diseases simultaneously
is the virtual absence of testicular cancer
among blacks in Los Angeles County,
while prostatic cancer among blacks is
twice as frequent as among the other racial—-
ethnic groups (Table I). The large rate
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Fie. 1—Average annual prostatic (P) and
testicular (T) cancer age-specific incidence
rates by race, Los Angeles County,
1972-1975.

TABLE 1.—Prostatic and testicular cancer: average annual age-adjusted incidence rates
per 100,000 by race, Los Angeles County, 1972-1975 (No. of cases in parentheses)

Testis x2 Prostate x2
Black 0-69 (11) 36-3** 117-45 (792) 354-T**
Other white
(Non-Spanish surnamed) 3-37 (360) — 59-29 (56357) —
Mexican-American 2:16 (56) 8-1%* 58-62 (477) 0-6

** P <<0-01 compared to other whites
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differences between racial groups hold
at all age groups for both sites. The
characteristic rapid increase in prostatic
cancer rates begins at age 40, in sharp
contrast to the 25-35 peak age for testicu-
lar cancer (Fig. 1, testicular cancer in
blacks omitted since there were only 11
cases).

We continue to see increasing rates in
Los Angeles County in the 1970s for
cancer of the testis in whites (Fig. 2).
Mexican-Americans and blacks show large
variations between periods, owing to
small numbers, but there is yet no
evidence that the testicular-cancer rates
in these groups are also increasing.
Prostatic cancer rates are more stable,
and trends are therefore clearer. Black
prostatic cancer rates have shown a
modest but steady increase. Mexican-
American rates, on the other hand, have
increased more substantially and appear
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F16. 2—Prostatic (P) and testicular (T) cancer
age-adjusted incidence rates by race and
year, Los Angeles County, 1972-1975
(number of cases annually in parentheses).
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to have caught up with and surpassed
those of whites, whose rates have shown a
slight but steady decline (Fig. 2).
Although the results of previous studies
of cancer of the prostate by social class
(SC) have been inconsistent (King et al.,
1963; Office of Population Census Surveys,
1971) we find a higher risk among higher
social classes with overall age-adjusted
rates in whites in SCI (high social class),
239, higher than in SCV (low social
class) (Table IIa). Table Ila also shows
the social-class distribution for cancer
of the testis in whites, and an even greater
gradient is apparent. Although numbers

TaBLE ITa.—Average annual age-adjusted
incidence rates of prostatic and testicular
cancer by social class, Los Angeles County,
1972-1975 (No. of cases in parentheses)

Whites
Social class ’ Prostate Testis )
I (highest) 72-80 (397) 5-10 (49)
11 64-10 (1221) 3-34 (88)
111 58-68 (1323) 3-83 (105)
v 54-92 (1884) 3:15 (103)
V (lowest) 59-10 (496) 2-02 (12)
Total 59-29 3-37
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Los Angeles County, 1972-1975.
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are very small, all social-class groups for
testicular cancer except I and V are
bimodal by age, with peaks in the 25-35
age interval and again after the age of 75.
Social Class I does not have a second peak,
and Social Class V has a single peak in the
interval 45-55 (Fig. 3). The significanee
of this delayed peak in the lowest social
class is unclear, but has been previously
reported (Petersen et al., 1977).

Given the problem of estimating de-
nominators in the higher social classes
of the black population and in the absence
of data on incidence before 1972, we looked
at prostatic cancer mortality using the
same social-class criteria for blacks and
whites in Los Angeles County from 1969
to 1971 (Table IIb). Neither a positive

TABLE IIb.—Age-adjusted prostatic cancer
mortality rates by social class and race,
Los Angeles County, 1969-1971* (No. of
deaths in parentheses)

Social class Whites Blacks
I (highest) 19-3 (69) — (0
II 17-7 (242) 352 (5)
111 18-8 (310) 37.7 (11)
v 18-8 (482) 29-5 (61)
V (lowest) 15-7 (105) 33-2 (72)
Unknown (30) (7)

*From Los Angeles County death certificates
provided by Mr Martin Donabedian of the Los
Angeles County Department of Health.

nor negative social-class trend is apparent
for either blacks or whites. It seems
unlikely from these results that much of
the racial differences in prostatic cancer
rates is explained by social-class differ-
ences between the races. Failure to find
a positive social-class trend in whites
(and blacks) could be related to different
survival rates among the different classes.

When grouped into large occupational
subcategories, testicular and prostatic
cancer appear remarkably similar (Table
III). These groupings offer further evi-
dence of a positive social-class distribution
for the 2 diseases, since ‘“‘white collar”
subgroupings such as professionals and
managers have more cancer than expec-
ted, while “blue collar” occupations such
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TaBLE III.—Distribution of testicular and
prostatic cancer by occupational subgroup
for whites, Los Angeles County, 1972—

1975 (under 65 only)
Testis Prostate
Occupational Obs/expt Obs/expt
subgroup* (No. of cases) (No. of cases)
Professionals 1-41 (71)** 1-51 (185)**
Managers 1-52 (44)** 1-57 (203)**
Salesmen 1-15 (22) 1-22 (96)
Clerical 0-76 (17) 0-79 (49)
Craftsmen 0-90 (51) 0-73 (156)**
Operatives 0-31 (9)** 0-60 (53)**
Transportation
workers 0-99 (12) 0-84 (30)
Labourers 0-66 (8) 0-94 (35)
Servicers 0-84 (14) 0-89 (63)

* Includes all occupations except retired and
unknown.

1 Expected based on age-specific rates for all
occupations applied to populations-at-risk.

** P <0-01.

as labourers and operatives have less than
expected. Cadmium exposure has been
suggested as an etiological agent for
prostatic cancer. Occupations involving
possible cadmium exposure such as weld-
ing, painting, metal plating and photo-
graphy (Hamilton & Hardy, 1974) do not
show significantly higher than expected
prostatic cancer rates in Los Angeles
County during the study period (Table
Iv).

TaBLE IV.—Distribution of prostatic cancer
in whites by occupations involving pos-
sible cadmium exposure, Los Angeles
County, 1972-1975 (under 65 only)

Occupation No. SIRt
Photographer 4 171-8
Painter 11 68-3
Welder/Solderer 9 95-9
Metal Plating 1 124-1

Total 25 87-3

1 Standard Incidence Ratio=(Observed number
of cases +-expected number of cases, based on overall
occupation distribution in white males in Los
Angeles County) x 100; P <0-05 for all.

The ratio of age-adjusted prostatic
cancer rates in ever-married (EM, 4898
cases) to never-married (NM, 332 cases)
white males in Los Angeles County is
1-2, in contrast to that for cancer of the
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TABLE V.—A comparison of prostatic and testicular cancer in Los Angeles County,

1972-1975
Prostate Testis
Black/white age-adjusted ratio 2-0 0-2

Age

Secular trend (whites only)
Ever married/never married
Social class (whites only)
Occupation (whites only)

testis, which is more common among
never-marrieds (EM/NM=0-7; 231 mar-
ried, 123 never married). By age, these
effects are limited to the highest-risk age
groups (for prostate, the ratio in men
less than 65 is 1:00, while for testis the
ratio is 1-51 in men under the age of 25
and 0-59 for the 25-55 age groups com-
bined).

Although overall testicular cancer rates
peak in the 25-35 age group, this is not
consistently so for all histological types.
As expected, embryonal carcinomas (389,
of all cases) and teratocarcinomas (9%,
of all cases) peak considerably earlier
than seminomas (489, of cases) in this
series (under 25 in the former, compared
to a broad peak in the 25-45 age groups
for the latter). The deficit of cancer of the
testis in blacks is present for all 3 major
histological types; however, in Mexican—
Americans the age-adjusted rates for
embryonal carcinomas are actually similar
to rates in whites. Although there is a
suggestion of a positive social-class trend
for both seminomas and embryonal car-
cinomas, the effect is stronger for the latter
histological type (ratio of highest SC to
lowest is 1-7 for seminomas but 5-7 for
embryonal carcinomas). Teratocarcinomas
could not be analysed by social class
because of the small number of cases.

Table V summarizes the similarities
and contrasts in the descriptive epidemio-
logy of prostatic and testicular cancer in
Los Angeles County.

DISCUSSION

Prostatic cancer

We feel that 2 major hypotheses
concerning the etiology of cancer of the

Peaks after 75
Decreasing

-+ Association
White collar

Peaks before 35
Increasing
1-2 .
-+ -+ Association
White collar

prostate have been most strongly cor-
roborated by research findings. The first
we will call the ‘“hormonal influence
theory”’, assuming an abnormal hormonal
environment as the requisite for develop-
ment of disease. Several observations
suggest that androgens and oestrogens
may be involved in the pathogenesis of
the disease. Firstly, necropsy studies show
that patients with cirrhosis of the liver
have less prostatic cancer than controls
(Glantz, 1964). Alcohol depresses testo-
sterone levels (Gordon et al., 1976) and
liver disease leads to hyperoestrogenism
(Sites & MacDonald, 1974). The studies
of Ogawa (1964, 1967) and Wynder et al.
(1971) also lend support to this hypothesis.
They found that patients with prostatic
cancer tend to have more body hair and
to be less obese than controls. Greenwald,
however, studying anthropometric in-
dices in 268 college men who eventually
developed prostatic cancer, found no
difference in such variables as somatotype,
baldness, and gynandromorphy compared
to controls (Greenwald et al., 1974). Also
both castration and oestrogen therapy
have a palliative effect on advanced
prostatic cancer (Huggins & Hodges,
1941) and prostatic cancer is seemingly
unknown in castrates (Hovenian &
Deming, 1948). Furthermore several
studies have shown an association be-
tween benign prostatic hypertrophy (BPH)
and prostatic cancer (Armenian et al.,
1974; Sommers, 1957), which suggests a
role for dihydrotestosterone (DHT) in
the pathogenesis of the disease. DHT is
the major androgen promoting growth of
prostatic tissue, having been derived from
testosterone in the endoplasmic reticulum
or nuclear membrane of prostate cells
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(Wilson, 1972; O’Malley, 1971). Both
plasma and prostatic-tissue concentra-
tions of DHT increase with age (Siiteri
& Wilson, 1970; Horton et al., 1975) and,
in persons with early hypertrophy, DHT
is specifically increased in the involved
portion of the gland (Siiteri & Wilson,
1970). Carcinoma might therefore be a
continuum of the process leading to BPH,
or BPH might be the response of the inner
fibromuscular and periurethral glandular
area, whereas carcinoma is the response
of the more peripheral glandular elements
(Franks, 1973). It was also recently shown
that s.c. implantation of testosterone
pellets in Nb rats can significantly increase
the incidence of adenocarcinomas of the
prostate (Noble, 1977).

No studies have shown that administra-
tion of androgen affects sexual drive in
normal males, but such hormones can
induce libido in eunuchoid or impotent
males (Williams, 1974). Thus, if increased
androgen levels do increase risk of pros-
tatic cancer, and if androgen levels do
control sexual behaviour, we would expect
that factors associated with increased
sexual activity might also be associated
with prostatic cancer. Much epidemio-
logical evidence may be interpreted to
support this; for example, the risk of
developing cancer of the prostate is
associated with marital status, with never-
married men at lowest risk and divorced
men at highest risk (King et al., 1963);
and an increased risk of prostatic cancer
has been found in men with increased
coital frequency (Krain, 1973).

The sexual-activity factors also support
the second hypothesis, which we will
call the “horizontal transmission theory”,
assuming sexual transmission by an in-
fective agent. Additional evidence sup-
porting a venereally transmitted agent
in the etiology of the disease comes from
animal studies, in which prostate car-
cinoma has been induced ¢n vitro by the
SV40 oncogenic virus (Paulson et al.,
1968). Findings of virus-like particles in
human prostatic cancers (Tannenbaum,
1968) and the increased incidence of
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cervical carcinoma reported in spouses of
prostatic cancer patients (Feminella &
Lattimer, 1974) lend more support to
this hypothesis.

The extremely high rates among blacks
compared to other racial-ethnic groups
might help to clarify the relative plausi-
bility of the “hormonal” and “‘horizontal
transmission” hypotheses. It seems un-
likely that these differences have an
entirely genetic basis, since in African
blacks this disease is reportedly much
less common (Wynder et al., 1971; Higgin-
son & Oettle, 1960). In Rhodesian blacks,
for example, cancer rates for all sites
combined are higher than for American
blacks, but rates for cancer of the prostate
are less than half the American rates
(Doll et al., 1970). The high rates of cervical
cancer in black females in Los Angeles
County have suggested a possible common
etiology between the 2 diseases. How-
ever, the CSP data show that, unlike
cervical cancer, prostatic cancer in whites
shows a positive association with both
social and occupational class, and cervical
cancer rates are very high in many parts
of the world where prostatic cancer is
uncommon. These findings argue against
a common cause for the 2 diseases, and
suggest that the racial differences in
cancer of the prostate observed in Los
Angeles are not related to the factors
responsible for high rates of cervical
cancer among blacks.

The parallel between age-specific rates
in blacks and whites over all age groups
seems to indicate a common causative
factor, yet one that is encountered more
frequently among blacks than whites.
Nutrition (the Western diet) has been
offered as an explanation for much of the
international variation in rates of hormone-
dependent cancer sites (Berg, 1975) and
the rates for many hormone-dependent
cancer sites are highly correlated on an
international basis. For example, there is
a strong positive correlation between the
age-adjusted breast cancer and prostatic
cancer incidence rates given by Water-
house et al. (1976) for 51 non-Spanish
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Caucasian populations (r=0-80) and also
between the corresponding figures for
prostate and testis (r=0-65) and for
breast and testis (r=0-63). Unfortunately,
nutrition does not explain the large
black—white differences in prostatic-cancer
rates seen in this country, since large-
scale surveys have revealed no major
nutritional differences between racial
groups within a social class (McDonough
et al., 1965). To satisfy the “hormonal
theory”” one would have to postulate
increased ‘‘maleness” in terms of androgen—
oestrogen balance for black males in this
country, unrelated to major nutritional
differences. Unfortunately, we know of
no large-scale surveys on androgen—
oestrogen levels in black-white popula-
tions.

To differentiate fully between these
2 hypotheses more studies are clearly
needed. Studies of the incidence of cancer
of the prostate in populations of celibate
males and of hormone levels in high- and
low-risk populations would be particularly
useful.

Testicular cancer

As with prostatic cancer, the rates of
testicular cancer in blacks may provide
an important clue to etiology. African
blacks, like American blacks, have ex-
tremely low rates (Higginson & Oettle,
1960) making cancer of the testis, together
with Ewing’s sarcoma, unique among
non-melanin-related sites, in that migra-
tion has left rates essentially unchanged.
This may suggest that genetic factors are
important for susceptibility to disease
in this racial group.

Cryptorchidism is the most important
known risk factor for cancer of the testis
(Mostofi, 1973). Although there are several
theories for the high incidence of cancer
in cryptorchid testes (Morrison, 1976;
Li & Fraumeni, 1972), much of the
evidence favours hormonal imbalance;
t.e., the hormonal milieu responsible for
the maldescent may also be responsible
for the disease. This is supported by the
finding of an increased risk of testicular
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cancer in the contralateral descended
testis in patients with cryptorchidism
(Johnson et al., 1968) and by the still
increased risk of testicular cancer after
orchiopexy (Dow & Mastofi, 1967).

It is well known that hormonal factors
are responsible for normal testicular
descent, and that administration of human
chorionic gonadotrophin can induce de-
scent in young males with undescended
testicle (Goodman & Gilman, 1970). Ani-
mal experiments have shown that non-
steroidal oestrogen treatment of pregnant
mice can lead to undescended and hypo-
genetic testes (Nomura & Kanzak, 1977).
Similar abnormalities have been reported
in male offspring of women exposed to
diethylstilboestrol (Cosgrove et al., 1977)
and to oral contraceptives (Rothman and
Louik, 1978) during pregnancy. Signi-
ficantly, hypogenetic testes are also at
high risk of cancer (Haines & Grabstaldt,
1950). Additional supporting evidence of
a hormonal basis of cancer of the testis
comes from experiments which have
shown a high incidence of interstitial
testicular tumours after oestrogen implan-
tation in mice (Pugh, 1976).

Since testicular maldescent is related
to events in ulero, it is likely that maternal
hormone levels are important. This is
consistent with the positive social-class
distribution, since female cancers thought
to be related to oestrogen excess have
similar distributions (Mack et al., unpub.).
Like other endocrine cancers (Cutler et
al., 1971; Weiss et al., 1976) one might
expect to find testicular cancer rates as
well as testicular maldescent to be in-
creasing with time. The CSP data support
that expectation, whilst an increase in
cryptorchidism in army recruits over the
last 50 years has been reported in other
surveys (Campbell, 1959). In utero expo-
sure to exogenous oestrogens could also
be a factor in the increasing incidence
of the disease. If hormone levels after
birth are also important, it is tempting
to attribute the excess in never-marrieds
to a hormonal imbalance which is respon-
sible both for their failure to marry and
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their disease. This concept also fits nicely
with the “hormonal influence theory”
for prostatic cancer, i.e. higher androgen/
oestrogen levels in blacks should lead to
more prostatic and less testicular cancer.
However, others have reported that mar-
ried persons are at increased risk for
cancer of the testis (Graham et al., 1977)
and it is possible that the effect observed
here is related to the social-class distribu-
tion of the disease (higher social-class
men marrying later than the general
population).

Although exogenous and endogenous
hormones could explain many of the
important epidemiological features, the
age distribution (peaking in the late 20s
and early 30s) and the racial and social-
class distributions could also be explained
by in wutero exposure to other environ-
mental agents such as radiation or other
drugs to which higher social-class whites
may be differentially exposed.

This work was carried out under Grant No. PO
ICA 17054 of the National Institutes of Health.
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