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Case-Control Study of
Canine Malignant Lymphoma:
Positive Association With Dog
Owner's Use of
2,4-Dichlorophenoxyacetic Acid
Herbicides

Howard M. Hayes* Robert E.
Tar one, Kenneth P. Cantor, Carl
R. Jessen, Dennis M. McCurnin,
Ralph C. Richardson

A hospital-based case-control study of
companion dogs examined the risk of
developing canine malignant lymphoma
associated with the use of chemicals in
and about the home. Information from
a self-administered owner questionnaire
and/or a telephone interview of about
491 cases, 466 nontumor controls, and
479 tumor controls indicated that
owners in households with dogs that
developed malignant lymphoma applied
2,4-dichlorophenoxyacetic acid (2,4-D)
herbicides to their lawn and/or employed
commercial lawn care companies to
treat their yard significantly more fre-
quently than control owners (odds
ratio = 13). In addition, the risk of
canine malignant lymphoma rose to a
twofold excess with four or more year-
ly owner applications of 2,4-D. The
findings in this study are consistent
with occupational studies in humans,
which have reported modest associa-
tions between agricultural exposure to
2,4-D and increased risk of non-Hodgkin's
lymphoma, the histology and epidemiol-
ogy of which are similar to those of canine
malignant lymphoma. The present study
suggests that human health implications
of 2,4-D exposure in the home environ-

ment should receive further investigation.
[J Nat! Cancer Inst 83:1226-1231,1991]

Non-Hodgkin's lymphoma has had the
second fastest increase in cancer in-
cidence rates of all human cancers in the
United States over the last 15 years (/).
The etiology of non-Hodgkin's lym-
phoma is unclear, although there are
several well-established risk factors.
Known risk factors include age, male
gender (2), congenital immunodeficiency
states, infection with the human im-
munodeficiency virus (5), other immune-
altering conditions [e.g., transplant
recipients (4)], chemotherapy for Hodg-
kin's disease (5), and being a member of
a lymphoma-prone family (6).

Evidence continues to accumulate im-
plicating phenoxyacetic acid herbicides,
in particular 2,4-dichlorophenoxyacetic
acid (2,4-D), with risk of non-Hodgkin's
lymphoma in fanners (7). A population-
based case-control study of non-
Hodgkin's lymphoma in Kansas farmers
reported a 2.2-fold excess risk for those
who frequently mixed or applied her-
bicides (specifically 2,4-D) that rose to
over sixfold among frequent users (8). A
mortality study of 70 000 Saskatchewan
farmers, age 35 years and older, showed a
significant positive association between
non-Hodgkin's lymphoma and the num-
ber of acres sprayed with herbicides,
predominantly (i.e., 75%-90% by weight)
2,4-D (9). A recent case-control study of
non-Hodgkin's lymphoma in Nebraska
found a significant threefold excess in
farmers who mixed or applied 2,4-D
more than 20 days per year (JO). With the
extensive use of phenoxyacetic acid her-
bicides in the United States since the mid-
1960s (77) and the frequent use of 2,4-D
on public park lands, golf courses, and
private lawns (72), particularly by com-
mercial lawn care companies (75), the
potential exposure opportunities to people

and farm and companion animals con-
tinue to be substantial.

Malignant lymphoma, the canine
equivalent of non-Hodgkin's lymphoma,
is the most frequently diagnosed hema-
tolymphopoietic cancer in dogs (14). Ap-
proximately one in seven companion
dogs brought to medical attention at U.S.
university veterinary teaching facilities
and diagnosed with any type of malignancy
will have malignant lymphoma Presently,
seven new cases of malignant lymphoma
are diagnosed per 1000 canine patient
years-at-risk at U.S. university veterinary
medical teaching hospitals (Hayes HM:
unpublished results).

Although canine malignant lymphoma
has been extensively studied, its etiology
is obscure. The disease occurs at all ages,
but it is more frequently diagnosed as the
dog grows older (75); as in humans, there
is a male excess. Several breeds have
been identified at increased risk (14), in-
cluding the boxer (76), bull mastiff (77),
and Scottish terrier (75). Unlike malig-
nant lymphoma in other laboratory and
domestic animal species, no canine
retrovirus has been associated unequivo-
cally with the disease, although virus-like
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particles in affected tissue have been
reported (79-27). Naturally occurring
canine malignant lymphomas are similar
to human non-Hodgkin's lymphoma in
histologic type, biological behavior, and
cell responses to the same chemo-
therapeutic agents (22-24). These malig-
nancies have occurred in companion pets
and their owners in the same household
(2526).

The pet dog is normally fastidious
about its grooming habits. It is common
for a dog to clean itself by licking its
paws, thereby ingesting any substances it
has walked in or that have been applied to
its body accidentally or intentionally as
therapy or prevention. The companion
dog is not generally subjected to direct
occupational exposures experienced by
its owners, although it may have contact
with paniculate matter or residues
brought into the home on its owner's
clothing and shoes (27). Thus, environ-
mentally related cancer in the pet dog
may be considered primarily the result of
local exposures in and around the
owner's home.

To investigate canine malignant lym-
phoma and its relationship to chemical
exposures, particularly the herbicide 2,4-
D, we conducted a case-control study of
dogs diagnosed with malignant lym-
phoma at three university veterinary
medical teaching hospitals. We used a
questionnaire to obtain information from
dog owners on demographics, lifestyle,
and household and lawn chemical ex-
posure.

Materials and Methods

Subjects

Dogs with histopathologically con-
firmed malignant lymphoma, newly diag-
nosed from January 1984 through
February 1988, were identified using
computerized medical record abstracts
from three veterinary medical teaching
hospitals that participate in the Veterinary
Medical Data Program (28). The col-
laborating veterinary medical teaching
hospitals were the University of Min-
nesota at St. Paul, Purdue University at
West Lafayette, Ind., and Colorado State
University at Ft. Collins.

Two comparison groups of hospital-
based control animals, matched by age
group, but not by sex, were chosen from

dogs seen at the same veterinary medical
teaching hospital in the same year as the
identified case, with one-to-one matching
for each control group. Age was reported
in range values on the Veterinary Medical
Data Program medical record abstract
(i.e., 1, 2-3, 4-6, 7-9, 10-14, and 15+
years). The first control group was
selected from all other tumor cases diag-
nosed at the veterinary medical teaching
hospital, excluding transitional cell car-
cinomas of the lower urinary tract be-
cause of a potential etiology related to
chemical exposures. Twenty percent of
these tumor controls had bone cancer,
19% skin tumors (excluding melanoma),
13% oral and/or nasal tumors, 7% mast
cell tumors, and 41% other neoplasms.
The second control group was selected
from dogs seen for any other diagnostic
reason, excluding those with conditions
possibly related to chemical exposures
(e.g., nonspecific dermatitis, neuro-
pathies). Twenty-six percent had degen-
erative diseases, 18% broken bones or
soft tissue trauma, 14% diagnostic ex-
aminations or elective surgery, 14% in-
fections, and 28% other conditions.

Written Questionnaire/Telephone
Interview

Owners of selected case and control
animals were identified by the participat-
ing veterinary medical teaching hospital.
A standardized questionnaire was sent to
the last known address of each owner.
The cover letter to the questionnaire
noted that the dog in question had been
seen at the veterinary medical teaching
hospital on a particular date and was
selected to be part of a study being con-
ducted by the National Institutes of
Health. No mention was made of the
animal's diagnosis at that time or of the
disease of interest in the study. The ques-
tionnaire requested information about
demographic characteristics of all people
living in their home, basic information
about the pet's life history, household use
of chemicals (in and about the home) in-
cluding those directly applied to the pet,
and personal use of and/or the employ-
ment of commercial companies applying
chemicals of whatever kind on the lawn
and garden. In addition, owners were
asked about opportunities for exposure of
their pets to lawn and garden chemicals,
including frequency and seasonality of

access to the yard. The questionnaire did
not provide a list of chemicals which the
owner could consult in responding to the
various questions regarding home, lawn,
and gardening chemicals.

After 2 weeks, owners who did not
respond were sent another letter request-
ing participation. U.S. Postal Service for-
warding addresses were used when
available. If there was no subsequent
response, an attempt was made to conduct
a telephone interview using the stand-
ardized questionnaire. Trained inter-
viewers were not told the name of the
disease or exposures of interest or which
households had case subjects.

Data Analysis

The relative risk, as estimated by the
maximum likelihood estimate of the odds
ratio (OR) (29), was used as the measure
of association between malignant lym-
phoma and the variables of interest. Sum-
mary ORs and 95% confidence intervals
(CIs) were calculated, stratifying to con-
trol for potential confounding factors as
judged by a change in the effect estimate.
The Haldane-Smith-Mantel procedure
was used to test for trends in proportions
(30). Logistic regressions evaluated the
effects of several factors simultaneously
(31).

Results

Malignant lymphoma was diagnosed in
588 canine patients that met eligibility
criteria. Questionnaires were returned or
telephone interviews were completed by
491 (84%) households with dogs having
malignant lymphoma (case households).
Of the 583 nontumor control households,
466 (80%) responded; of the 586 tumor
control households, 479 (82%) responded.
Forty-five percent of the total completed
responses came from telephone inter-
views. Most nonresponses were due to
the inability to contact the owner. Only
four owners (owners of one case animal
and three tumor controls) who were con-
tacted refused to participate.

There were no discernible differences
between study groups in demographic
variables, although median income was
slightly higher for case households versus
control households, as was the number of
household members supported by that in-
come (Table 1). Slightly fewer case than
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Table 1. Demographics: Lifestyle and environmental characteristics of reporting households expressed as a
percentage of the eligible study group

Malignant lymphoma
Characteristic

Median income*

Mean household members
supported by incomef

Mean No. of years dog
lived with owner

Home location
In rural area
Within 2 miles of factory

of plant that emitted gases,
fumes, or particles of some kind

Pet's diet
Commercial dog food
Drinking water from community

source

Potential for in-home chemical
exposures
Dog allowed inside home
Home had carpet/area rugs
Carpets or rugs ever commercially

cleaned
Drapes present in home
Drapes ever commercially cleaned
Cigarettes smoked in home
Insecticides used in home

(n = 491)

$43 500

2.77

9.32

29.5
12.4

97.6
69.2

95.7
93.9
12.1

88.8
45.9
47.5
37.9

Ever applied flea and tick preparations 6.3

Potential for exposures outside
of home
Owner had yard used by dog
Chemicals ever used on yard

during dog's lifetime
Dog ever in American Kennel Club

show or hunting trial
Dog ever commercially groomed

95.7
67.2

10.6

2.2

Nontumor control
(n = 466)

$40 500

2.67

9.05

32.8
13.5

97.0
72-5

95.3
93.3
12.6

86.7
46.3
46.4
38.0
7.1

94.9
67.6

11.6

3.9

Tumor control
(n = 479)

$39 500

2.68

9.75

32.6
16.9

97.7
70.4

93.3
92.5
11.1

87.5
48.0
48.2
42.2

7.6

94.8
64.9

10.6

2.5

•Percent not answering question was 8.1 % of case households, 8.4% of nontumor control households, and
9.8% of tumor control households.

tPercent not answering question was 3.5% of case households, 4.3% of nontumor control households, and
5.2% of tumor control households.

control households were located in rural
areas. However, case households were
less frequently located within 2 miles of
industrial plants or facilities reported as
emitting into the atmosphere.

Dogs studied in this investigation
usually ate commercial dog food, and
most were provided drinking water from
a community source. They were usually
allowed inside their owner's home, and
most of these homes had carpet and/or
area rugs and window drapes. Most dogs
were allowed access to their owner's
yard. Lifestyle experiences and exposures
inside and outside the home were quite
similar between the two control groups.
Because of a lack of discernible differen-
ces between tumor and nontumor control
households, subsequent analyses utilized
pooled controls (Table 1). Using mixed

breed dogs as the standard (OR = 1),
canine breeds previously identified as
having a low risk of malignant lymphoma
(14) were found to be underrepresented in
the case series (OR = 0.3); breeds ex-
pected to be at high risk had a twofold ex-
cess representation (Table 2). Approx-
imately two thirds of all households sur-
veyed had used lawn chemicals of some
type on their yards (OR = 1.1). When all
dogs who did not have access to their
owner's yard were classified as unex-
posed, the OR for owner application of
2,4-D and/or the employment of commer-
cial lawn care service was 1.3 (95% CI =
1.04-1.67). No difference in OR was
detected for owner application of 2,4-D
only (OR = 1.3) and sole use of commer-
cial lawn treatments (OR = 1.3); how-
ever, the OR for owner application plus

the employment of commercial lawn ser-
vice was 1.9 (95% CI = 0.88-4.14) (Table
3). Adjustment for age in these analyses
did not change the ORs. Liquid 2,4-D
was sprayed by fewer owners of case
animals than owners of control animals
applying 2,4-D, a difference that was not
significant.

A positive trend (P<.02) was evident
for the yearly number of owner applica-
tions of 2,4-D. This trend was significant
(P<.05) for both long-term use (>5 years'
duration prior to diagnosis) and short-
term use (<5 years' duration). No sig-
nificant association was observed
between malignant lymphoma risk and
duration of owner application of 2,4-D
(OR = 1.5 for >5 years of use; OR = 1.3
for <5 years of use). We could not distin-
guish possible latency effects from dura-
tion effects, as the questionnaire did not
ask for the date on which the owner
began 2,4-D use or the employment of
professional lawn care services. No dis-
cernible trend was observed for yearly
number of commercial lawn treatments
(Table 3).

Multivariate analyses considered the
ever-never variables of flea and tick con-
trol exposures (i.e., collars, powder,
spray, dip), in-home use of insecticides,
cigarette smoking, the presence of carpet
and window drapes (and whether they
were commercially cleaned), use of yard
insecticides and/or fertilizers, dog breed
risk group and sex, and application of
2,4-D by owner and/or commercial lawn
care service. Separate analyses con-
sidered 1) number of applications per
year of flea- and tick-control products, 2)
number of applications of household in-
secticides per year, number of cigarette
packs smoked per year by household
members, and the number of times car-
pets and drapes were commercially
cleaned per year for dogs allowed inside
the owner's home, and 3) number of ap-
plications per year of yard insecticides
and fertilizers for those yards available to
the dog. The only factors related to case
households in the multivariate analyses
were breed risk group and owner applica-
tion of 2,4-D and/or use of a commercial
lawn care service.

When the OR for owner application of
2,4-D and/or commercial lawn treatments
was evaluated for each breed risk group,
an inverse relationship with breed risk
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Table 2. ORs of canine malignant lymphoma by host

Characteristic

Breed*
Mixed breed
Low-risk breeds combined
Average-risk breeds combined
High-risk breeds combined

Sex*
Female
Male

No. of cases

128
16

228
119

237
254

No. of controls

243
94

496
112

508
437

OR

1.0
0.3
0.9
2.0

1.0
1.2

95% Cl

0.17-0.59
0.66-1.14
1.40-2.83

0.97-1.54

•Adjusted for sex in calculating breed risk group ORs and breed risk group in calculating the effect of sex.

Table 3. ORs of canine malignant lymphoma by exposure

Characteristic

Owner application of any yard
chemical and/or commercial
lawn treatment*

No
Yes

Owner application of 2,4-D and/or
commercial lawn treatment*

None or dog never allowed in yard
Yes
Commercial lawn treatment only*
Owner application of 2,4-D only*
Owner application of 2,4-D and

commercial lawn treatments*

No. of commercial lawn chemical
treatments/yt

0
1
2
3
£4

No. of owner applications of
2,4-D/yt

0 or dog never allowed in yard
1
2
3
£4

No. of cases

161
330

300
191
115
60
16

300
16
20
19
76

300
20
28
11
17

No. of controls

319
626

641
304
189
99
16

641
25
25
33

122

641
34
47
17
17

OR

1.0
1.1

.0

.3

.3

.3

.9

.0

.4

.5

.1

.3

1.0
1.3
1.3
1.3
2.0

Trend test

95% CI

0.84-1.37

1.04-1.67
0.96-1.70
0.90-1.90
0.88-4.14

0.70-2.84
0.75-2.86
0.60-2.14
0.95-1.87

0.72-2.50
0.74-2.13
0.57-3.13
0.92-4.15

P<.02

•Adjusted for sex and breed risk group.
tAdjusted for sex and breed risk group; includes 16 cases and 16 control households where the owner ap-

plied 2,4-D and also had commercial lawn treatments.

level was found, the OR being highest for
low-risk breeds (Table 4). Male dogs,
known to be at elevated risk for malig-
nant lymphoma, exhibited the same OR
(1.3) as females for owner application of
2,4-D and/or commercial lawn treatment
(Table 4).

To test recall, owners were asked if
their dog had died; if so, they were asked
if it had cancer and the cancer type was
requested. Among the owners of case
animals who reported never using 2,4-D
and/or commercial lawn care services or
never allowing their pet access to their
yard, slightly more knew that their pet

died of malignant lymphoma compared
with the case households that applied 2,4-
D or employed commercial lawn services
(Table 5).

Discussion

We found a modest association (OR =
1.3; 95% CI = 1.04-1.67) between malig-
nant lymphoma in companion dogs and
their owners' applying 2,4-D on their
lawn and/or using commercial lawn care
services, with the risk rising with increas-
ing number of owner applications per
year. These findings are consistent with

studies suggesting that agricultural 2,4-D
use increases the risk of non-Hodgkin's
lymphoma among farmers (8-10). Also
consistent with human studies was the
lack of a significant association with dur-
ation of 2,4-D application by the owner.

Findings of case-control interview
studies may be biased because of dif-
ferential recall of cases and referents. In
the last several years, results from several
studies of this design have suggested
links between use of phenoxyacetic acid
herbicides and development of non-
Hodgkin's lymphoma in humans. Some
have suggested problems in recalling may
explain these associations (13). In the
current study, recall bias could have oc-
curred if owners of case animals were
more likely to remember using such her-
bicides on their yards and, therefore, ex-
posing their pets. The lack of any
association, among cases, of owner's
knowledge of their pet's type of cancer at
death and opportunity for exposure to
2,4-D strongly argues against such a bias
in this study (Table 5).

Any recall bias related to socio-
economic status probably did not affect
this study because case and control
households were strikingly similar in
median income, number of household
members supported by such income, use
of commercial dog food, home lifestyle
(service by municipal water supply,
presence of carpet/area rugs and drapes,
access inside the home by the dog), or the
presence of yards. Bias may also arise
from an unwillingness of certain selected
subjects to participate. The percentages of
responses from case and control
household groups, however, were nearly
the same. The major limiting factor was
the ability to locate owners, not an un-
willingness to participate. Only four of
1440 successfully contacted owners
refused to participate.

Recall may be hampered by the lapsed
time between the time period of interest
and the questionnaire/interview date. The
response data analyzed in this study were
acquired 10-58 months after the selected
animals were seen at the veterinary medi-
cal teaching hospital; however, control
dogs were matched to case dogs by age
and year of medical attention. Therefore,
the lapsed time between the period of in-
terest (the years the dog lived with its
owner until the date of university treat-
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Table 4. ORs for exposure to owner-applied 2,4-D and/or commercial lawn treatments for malignant lym-
phoma by canine breed nsk groups and by sex

Characteristic

Risk group
Mixed breed
Low-risk breeds
Average-risk breeds
High-risk breeds

Sex
Female
Male

No.

Exposed

45
8

91
47

88
103

of cases

Unexposed

83
8

137
72

149
151

No. of controls

Exposed

80
29

155
40

152
152

Unexposed

163
65

341
72

356
285

OR*

1.1
2.0
1.4
1.2

1.3
1.3

95% CI

0.69-1.78
0.60-6.89
1.03-2.03
0.67-2.10

0.94-1.87
0.93-1.84

•Adjusted for sex in calculating breed risk group ORs and breed risk group in calculating the effect of sex.

Table 5. Owner's recall of pet's malignancy at death by yard chemical use among malignant
lymphoma case households

Owner's knowledge of
Yard chemical use No. malignant lymphoma, %

Owner applied 2,4-D only 60
Commercial lawn treatment only 115
Owner applied 2,4-D and also used commercial 16

lawn care treatments
Owner neither applied 2,4-D nor used a commercial 300

lawn care company or the pet was not allowed
in the yard

61.3
60.8
58.8

64.8

merit) and the date of the questionnaire or
interview was approximately the same for
owners of case and control dogs.

It is possible that unmeasured con-
founders could explain the risk, but we
collected data on the most likely con-
comitant exposures in the household en-
vironment. Household insecticides,
contact insecticides for flea and tick con-
trol, and outdoor insecticides played no
discernible role in the association be-
tween 2,4-D exposure and development
of malignant lymphoma. We controlled
for sex and breed association in all
analyses; these two factors play a role in
the occurrence of the disease, but they did
not strongly affect the risk from 2,4-D ex-
posure. Although viruses have been as-
sociated with lymphoma development in
many animal species (52), they have not
been linked to lymphoma development in
the dog. While viral infection of some
type may be an important factor, it is un-
likely to be responsible for the significant
association between canine malignant
lymphoma development and owner use of
2,4-D and/or commercial lawn care ser-
vices.

The type of 2,4-D applied by the
owner, liquid spray or granular, had little

influence on risk. The consistency be-
tween the ORs for male and female case
animals with 2,4-D exposure also argues
against inhalation of herbicide spray as a
likely route of exposure, because the male
dog's sniff-scent marking tendencies
might place males at greater risk than
females (33). Occupational studies of her-
bicide exposures by agricultural workers
generally agree that inhalation is a minor
source of human exposure (34).

A major weakness of the current study
is the lack of precise exposure data for
herbicides. Frequency of application was
the primary measure of exposure used in
this study. The lack of a clear pattern of
association with total number of yearly
commercial lawn treatments contrasts
with the consistent application-response
relationship (f<.02 for trend) exhibited
for owner application of 2,4-D (Table 3).
The yearly number of applications of 2,4-
D by the owner is more likely to reflect
the actual 2,4-D exposure opportunity for
pet dogs than the number of lawn treat-
ments by commercial lawn care com-
panies because some commercial
treatments during each year may contain
only fertilizer and/or insecticides and,
thus, not lead to herbicide exposure.

In a laboratory carcinogenicity study,
12 male and 12 female beagles were ex-
posed to 2,4-D in their diet for 2 years
(35). No malignant tumors were reported
in any of the exposed dogs or in the three
male or three female control dogs. A re-
lated 2-year feeding study of 2,4-D in Os-
borne-Mendel rats (35) resulted in an
increased incidence of lymphosarcomas
in exposed male rats (10 of 125 exposed
male rats developed lymphosarcomas
compared with 0 of 25 control rats;
Fisher's exact test yields P = .15) but no
evidence of increased tumors in female
rats (1 of 125 exposed female rats com-
pared with 0 of 25 control rats).

Studies involving 18 male and 18
female mice from each of two strains
gave no evidence of carcinogenicity for
2,4-D fed for 18 months (56). The
isopropyl, butyl, and isooctyl esters of
2,4-D were also tested, and no significant
increases in tumor incidence were ob-
served (36). In companion studies, 2,4-D
and its esters were administered by sub-
cutaneous injection in 18-month car-
cinogenicity experiments. Although the
results of the injection studies were not
given in the initial report (56), a sig-
nificant increase in reticulum cell sar-
comas was reported for the isooctyl ester
of 2,4-D in one female mouse strain (37).
No reticulum cell sarcomas were ob-
served in the 18 male mice of the same
strain similarly exposed. Thus, although
lymphoreticular tumors have been found
in excess in two rodent studies, laboratory
animal experiments provide only weak
support for a role of 2,4-D in lymphoreticular
carcinogenicity.

The current investigation began with an
a priori hypothesis that exposure to 2,4-D
might be associated with development of
malignant lymphoma in the pet dog. Our
findings support this proposition, with a
modest statistically significant OR of 1.3
for owner application of 2,4-D and/or
commercial lawn treatments. Further sup-
port derives from the higher risk observed
for pets of owners who applied their own
2,4-D in addition to exposure to commer-
cial applications (OR = 1.9; 95% CI =
0.88-4.14) and the increase in risk to a
twofold excess with four or more owner
applications per year. In view of a sug-
gested link between non-Hodgkin's lym-
phoma in humans and farm exposures to
2,4-D, and because malignant lymphoma
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in the dog is considered the equivalent of
non-Hodgkin's lymphoma in humans, our
finding of an association between 2,4-D
exposure and development of malignant
lymphoma in companion dogs suggests
that the human health implications of 2,4-D
exposure in the home environment warrant
further investigation.
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Low-Grade, Latent Prostate
Cancer Volume: Predictor of
Clinical Cancer Incidence?

Alice S. Whittemore * Joseph B.
Keller, Rebecca Betensky

We hypothesize that each cell in low-
grade (Gleason grade 1-3) prostate
cancer tissue is at risk of transforma-
tion into a cell which produces a high-
grade (Gleason grade 4-5) clinical
cancer after a short period of growth.
As a consequence, the volume of low-
grade, latent cancer tissue in the pros-
tate glands of men at any age
determines their incidence rate for
high-grade, clinical cancer a few years
later. Autopsy and incidence data for
both white men and black men support
this conclusion, with a tumor growth
period of about 7 years. The transfor-
mation rate is similar for black men
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