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CHAPTER 1

INTRODUCTION



One of the stated purposes of descriptive epidemiology is to generate
hypotheses for analytical epidemiologic studies. However, some descriptive
observations generate more hypotheses than others, and occasionally an observation is
made that captures the interest of the public as well as the scientific community and
evokes a large number of testable hypotheses. The studies in this dissertation were
conducted to test hypotheses relating to two such seminal observations, one relating to
geographic variation in cancer incidence and the other to racial variation in cancer
survival. All of the studies represent collaborative work, with Dr. Robbins serving as
the lead investigator and other members of the Stanford academic community serving
as coinvestigators.

The first observation, reported in 1994, was that white women in the San
Francisco Bay Area had the highest incidence rate of breast cancer in the world. This
finding was reported in Cancer Incidence in Five Continents (1), an international
comparison of cancer incidence rates for many anatomic sites, which contrasted
incidence rates from six US regions with incidence rates from over a dozen countries
throughout the world. Almbst immediately, three hypotheses emerged as the leading
candidates to explain the higher incidence of breast cancer in the Bay Area: 1) better
early detection and reporting of breast cancer in the Bay Area; 2) higher prevalence of
known risk factors (e.g., lower parity, higher age at first birth) in the Bay Area; and 3)
environmental exposures (e.g., toxic chemicals) unique to the Bay Area, or occurring
at uniquely high levels in the Bay Area.

In 1994, researchers from the Northern California Cancer Center (NCCC)

published findings (2) which were consistent with hypothesis 1), although the NCCC



study was not designed to directly test this hypothesis. The NCCC study found that
the dramatic rise in breast cancer incidence in the Bay Area in the 1980s appeared to
be largely due to an increase in the use of screening mammography. However, the
study did not present data comparing patterns of mammography use in the Bay Area
with other regions of the US.

Hypothesis 3) is very difficult to test, primarily because of the nearly unlimited
number of environmental exposures that could be tested, and also because of the
difficulty in obtaining accurate long-term measures of specific exposures. However,
we reasoned that if hypothesis 2) could be shown to be true, and that if the regional
risk factor differences could be shown to entirely account for the regional variation in |
incidence, this would essentially eliminate the need to posit hypothesis 3). If regional
risk factor differences could be demonstrated, but found to explain only a minority of
the regional variation in incidence, this would leave room for hypothesis 3) as a partial
explanation for the higher incidence of breast cancer in the Bay Area.

At Stanford, we were in a position to test hypothesis 2), using existing data
sources and a new statistical technique (3) developed in part by Dr. Alice Whittemore,
‘ a faculty member in the Division of Epidemiology. We used Bay Area cancer registry

data from the period around 1980 (provided by the NCCC), as well as data from the
| Cancer and Steroid Hormone Study (4), a large case-control study of risk factors for
breast and other hormone-related cancers, conducted in eight regions of the US in the
early 1980s. A strategic advantage of using data from the early 1980s was that during
this time, only a small proportion — approximately 10 percent — of women reported

ever having had a mémmogram, and estimates of this proportion did not materially
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differ between the Bay Area and the other regions of the US. Thus, regional variation
in incidence rates in the early 1980s appeared to be unrelated to differences in use of
screening mammography, in contrast to the findings from the later periods. The
technique which Dr. Whittemore helped develop presented us with a method for
quantitatively assessing the proportion of the regional variation in incidence which
could be explained by regional variation in known risk factors. Our study testing
hypothesis 2) is presented in Chapter 2.

The second observation, reported for many years, was that black men with
‘prostate cancer have substantially poorer survival than white men, even when
diagnosed at the same age and cancer stage (5). Three major hypotheses have been
proposed to explain this observation: 1) black men have poorer access to medical care,’
and therefore, black men with prostate cancer receive lower quality medical care than
their white counterparts; 2) black men with prostate cancer have lower socioeconomic
status (SES) than their white counterparts, and the lower SES in black men explains
the survival disadvantage; 3) the racial survival differences are due to biologic factors,
e.g., increased tumor virulence in blacks.

Hypothesis 3) is very difficult to test, analogous to the difficulties in testing
environmental hypotheses in breast cancer, bdth because of the large number of
hypotheses which could be tested, and because of the technical problems in measuring
biologic factors. However, we reasoned that if hypotheses 1) and 2) were rejected, this
would strengthen confidence in hypothesis 3).

We were in a position to test hypothesis 1) by comparing racial differences in

outcomes among men with prostate cancer who were and were not members of the



Kaiser Permanente health plan in the Bay Area. Kaiser is a very large integrated
health maintenance organization, with approximately 2.5 million members in
Northern California, most of whom reside in the Bay Area. While no human
institution is perfectly “color blind,” the Kaiser system is undoubtedly one of the best
available settings in which to test hypothesis 1). This study is presented in Chapter 3.
Using ecologic data collected by the US Bureau of the Census on
socioeconomic status in Bay Area neighborhoods, we also conducted a study to test
hypothesis 2) among prostate cancer patients in the Bay Area. We had a large amount
of data to perfofm this study: follow-up data collected over a 20 year period on over
23,000 men with prostate cancer, who resided in over 1,000 uniqué census tracts at the
time of diagnosis. Another strength of the study is that the data on prostate cancer
were obtained from a population-based registry, and thus, it is not surprising that the
socioeconomic status of these men (as measured by the census-based variables)

spanned the full range of values. This study is presented in Chapter 4.
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ABSTRACT

Background. The age-adjusted incidence of breast cancer in the San Francisco
Bay Area has consistently been higher than that in other regions of the United States.
The distribution of established risk factors for breast cancer (i.e., parity, age at first
full-term pregnancy, breast-feeding, age at menarche, and age at menopause) and
probable risk factors (e.g., alcohol consumption) also differs across geographic regions.

Purpose. A study was planned to explore the extent to which differences in the
regional distribution of established and probable risk factors could explain the increased
incidence of breast cancer in the San Francisco Bay Area.

Methods. Age-adjusted breast cancer incidence rates for January 1978 through
December 1982 were obtained for the San Francisco Bay Area and other regions from the
Surveillance, Epidemiology, and End Results (SEER) Program. Risk factor data from
January 1980 through December 1982 were computed frO{n the Cancer and Steroid
Hormone Study, a population-based, case-control study of women 22-55 years of age who
resided in eight SEER regions. Two different statistical methods were used to compute
the relative risk (RR) of breast cancer associated with residence in the San Francisco Bay
Area vs. other regions, after adjusting for regional differences in known risk factors.

Results. Substantial differences in the distribution of breast cancer risk factors
were found between the San Francisco Bay Area and other regions. Nearly all of these
differences would be expected to lead to an elevated incidence of breast cancer in the San
Francisco Bay Area. With the use of incidence rates adjusted only for age, the RR for
San Francisco Bay Area residence from January 1978 through December 1982 compared

with residence in seven other SEER areas was 1.14 for white women and 1.10 for black
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women. Depending on the statistical method used, the RR was reduced to approximately
0.96-0.99 for white women and 0.75-0.83 for black women, after further adjusting for
established and probable risk factors (parity, age at first full-term pregnancy, breast
feeding, age at menarche, age at menopause, and alcohol consumption). Without
adjustment for alcohol consumption, the corresponding results were 0.97-1.02 for white
women and 0.77-0.88 for black women.

Conclusions. Among both white women and black women, the elevated breast
cancer incidence rate in the San Francisco Bay Area can be completely accounted for by

regional differences in known risk factors.
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The incidence of breast cancer in the San Francisco Bay Area is somewhat
higher than in the rest of the United States and substantially higher than in other areas
of the world. International comparisons with the use of data from the 1980s led to the
often-quoted conclusion that white women in the San Francisco Bay Area have the
highest incidence of breast cancer in the world (1). In some summaries (2) from the
Surveillance, Epidemiology, and End Results (SEER) Program of the National
Cancer Institute, the San Francisco Bay Area showed the highest incidence of any
SEER region. From January 1978 through December 1982, the ratio of the
age-adjusted breast cancer incidence in the San Francisco Bay Area to that in the
other SEER regions was 1.09 ((3); B. Topol: personal communication). The most
recent data from the SEER Prograrﬁ (3) indicate that from January 1988 through
December 1992, this ratio was still elevated at 1.06, decreasing slightly (from 1.09)
because the incidence in the San Francisco Bay Area did not increase as rapidly as in
other SEER regions during the 1980s. The most recent SEER estimate of the
age-adjusted incidence in the San Francisco Bay Area, 114.6 per 100,000 person-years,
is approximately 25 percent higher than the rate for the lowest incidence region (New
Mexico).

The reasons for the higher San Francisco Bay Area incidence are unknown, but
possible explanations are that the difference is due to 1) known risk factors (e.g., lower
parity), 2) unknown risk factors (e.g., environmental chemical exposures unique to the
San Francisco Bay Area), or 3) a combination of known and unknown risk factors. In
this study, we explored the extent to which differences in January 1978 through

December 1982 SEER incidence rates for women residing in the San Francisco Bay
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Area and non-San Francisco Bay Area regions 'could be explained by geographic
differences in the prevalence of known breast cancer risk factors. To do so, we used
risk factor data from the same time period (January 1980 through December 1982)
from women participating in a contemporaneous study conducted in eight SEER

regions (the Cancer and Steroid Hormone (CASH) Study).

METHODS
Study Population

The CASH Study was a population-based, case-control study of the relation
between oral contraceptive use and breast, endometrial, and ovarian cancer in US
women aged 20-55 years (4, 5). Briefly, with regard to breast cancer, the study
attempted to identify all histologically confirmed cases of breast cancer diagnosed
from January 1980 through December 1982 in women aged 20-55 years residing in
eight SEER regions (the metropolitan areas of Atlanfa, GA, Detroit, MI, San
Francisco, CA, and Seattle, WA, the states of Connecticut, Iowa, and New Mexico;
and the four urban counties of Utah). The San Francisco area included the five
counties of San Francisco, Alameda, Contra Costa, Marin, and San Mateo. Control
subjects were selected by use of random-digit dialing (67)&‘and were women aged 20-55
years who were residents of the same geographic areas as the case patients. In_this

study, data were also collected on many known or suspected breast cancer risk factors.
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(Note: In the present study, the term “breast cancer” refers strictly to invasive breast

cancer in females.)

Statistical Analysis

We compared the age-adjusted distributions of a number of established,
probable, and possible breast cancer risk factors in the San Francisco Bay Area with
those in non-San Francisco Bay Area regions. Age adjusfment was performed by use
of the direct method, with all control women in the CASH Study from all eight SEER
regions (including the San Francisco Bay Area) as the standard population.
Distributions of the following risk factors were examined: years of education
completed, parity, number of spontaneous and induced abortions, months of
breast-feeding, age at first full-term pregnancy, months of oral contraceptive use,
months of estrogen-replacement therapy use, age at menarche, age at menopause,
menopausal status, history of hysterectomy, number of ovaries present, history of
infertility, body mass index, weight, height, alcohol consumption, lifetime pack-years
of cigarettes smoked, family history of breast and ovarian cancer in a female
first-degree relative, history of benign breast disease, frequency of breast
self-examination, and frequency of mammography. Unlike many of these risk factors,
alcohol consumption was not found to be a risk factor for breast cancer in the CASH
Study. However, the CASH Study results for alcohol are at variance with a number of

other epidemiologic studies, and so we included alcohol as a risk factor.
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To evaluate whether geographic differences in risk factor distributions could

~ account for the higher incidence in the San Francisco Bay Area, we used two

complementary statistical approaches. The first method, developed by Dean et al. (7),
addresses the question, “If all of the women in the San Francisco Bay Area and the
other seven SEER regions had baseline levels (levels with relative risk = 1.00) of the
known risk factors, what would the breast cancer risk be for residing in the San
Francisco Bay Area relative to residing in the other seven SEER areas?” This method
provides an answer in the form of the adjusted morbidity ratio (AMR), which is the
relative risk (RR) for breast cancer among residents of the San Francisco Bay Area
relative to the other SEER areas, after adjusting for known risk factors. If the
elevation in risk in the San Francisco Bay Area were completely due to differences in
these risk factors, the AMR would be 1.00 (or possibly lower).

The second method, developed by Lele and Whittemore (8), answers the
question, “If the women in the San Francisco Bay Area had the same distribution of
known risk factors as women in the other seven SEER areas, what would the relative
risk be for residing in the San Francisco Bay Area?” This method provides the
adjusted relative risk (ARR), which, like the AMR above, can be interpreted as the
RR associated with San Francisco Bay Area residence, after adjusting for known risk
factors. The methods of Dean et al. (7) and Lele and Whittemore (8) differ in how the
adjustments for known risk factors are performed. This difference leads to the
distinction in how the AMR and ARR are interpreted. As with the AMR, when the
ARR = 1.00 (or lower), all of the excess risk associated with residing in the San

Francisco Bay Area is attributable to differences in known risk factors.
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For each of the two methods, we assumed a multiplicative model of RR, in
which an RR is computed for each woman as the product of the RRs for each of the
risk factors. RRs for all factors other than age at menopause and alcohol use were
estimated from the CASH data with the use of multivariate logistic regression
analyses. In the CASH Study, questions on alcohol use were added after the study
began, and therefore data were not available for many study subjects. The age group
included in the CASH Study was not optimal for determining RR by age at
menopause. The RRs for late age at menopause and alcohol use were conservative
estimates based on a review of existing studies (7, 9-12). The formula for the first

statistical method (of Dean et al. (7)) is

X
1 & 1
L —Y —
1X1§RR
AMR= X )
1 &1
L =Y —
°X2=1:RR

where I, and ], are the age-adjusted incidence rates in the San Francisco Bay Area and
the other seven SEER areas, respectively, and X, and X, are the number of cases in
the San Francisco Bay Area and the other seven SEER areas (in the CASH data set).
RR; is the RR for the ith case in each area. The formula for the second method (of

Lele and Whittemore (8)) is

~ |=
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where

Y

> RR,
=1

1)1
Y

RR,

M

rR=|L
X5

-
n
-

and r is the ratio of the age-adjusted breast cancer incidence rate in the other seven
SEER areas to that in the San Francisco Bay Area (note that r is less than one). Xis
the number of cases in the San Francisco Bay Area and Y is the number of control

subjects in the other seven SEER areas (in the CASH data set).

Evaluation of Effect of Using Risk Factor Data Obtained From Younger Women

It should be noted that woinen participating in the CASH Study were 20-55
years of age. However, the January 1978 through December 1982 SEER incidence
rates that form the basis for our study were derived from population-based cancer
registries that included women of all ages. Therefore, we explored whether any
change in our results might be expected if our data had also included women at older
ages, rather fhan only women aged 55 years and younger.

For most of the risk factors used in this study (parity, age at first full-term
pregnancy, months of breast-feeding, and age at menarche), women’s values of these
risk factors would not change if the women were over the age of 55 years because
these events can no longer occur once women are past their reproductive years. Thus,
adding data on these risk factors from women over age 55 years would not materially

affect our results. However, the distributions of two of the risk factors we considered,
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alcohol consumption and menopausal status/age at menopause, would be affected by
including risk factor data from women over age 55 years.

Reported current use of alcohol declines dramatically with age. In 1985, fhe
National Health Interview Survey (NHIS) found that the prevalence of current use of
alcohol was 64.5 percent in women aged 18-24 years, compared with 34.7 percent in
women ages 65 and over (13). The prevalence of current alcohol use was
approximately 61.5 percent in women under age 55 years, whereas for women of all
ages, it was 55.9 percent. Thus, if the 1985 NHIS had surveyed only women younger
than age 55 years, current alcohol use in women of all ages would have been
overestimated by approximately 10 percent. On the basis of these data, we judged
that the alcohol prevalence estimates obtained from the CASH data were
overestimating the recent alcohol use in women of all ages by 10 percent in relative
terms.

In a prospective study, Bromberger et al. (14) have recently reported on the
prevalence of the postmenopausal state by age. In their representative sample, 100
percent of the women had become postmenopausal by age 55 years. Thus, if women
older than age 55 years were added to our study, this would increase the prevalence of
the postmenopausal state. To assess the magnitude of this increase, we first noted that
our prevalence estimates were derived from women in the CASH Study aged 20—55
years, whereas data from the US Bureau of the Census indicate that in 1980,
approximately 79.1 percent of the US population was younger than 55 years of age and
20.9 percent was 55 years of age or older (15). Thus, to estimate the prevalence of the

postmenopausal state if the age structure of our risk factor data set had been that of
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the 1980 US population, we computed a weighted average, using the CASH
prevalence‘l estimates and a hypothetic population of women over 55 years of age with'
a 100 percent prevalence of the postmenopausal state. On the basis of these data, we
judged that the prevalence of the postmenopausal state among women of all ages was
approximately 31.2 percent higher in relative terms than our estimates using the
CASH data. While the CASH data were not ideal for estimating the proportion of
women who were postmenopausal, the data were adequate for estimating the ratios of
postmenopausal women in the San Francisco Bay Area and non-San Francisco Bay
Area undergoing menopause at ages less than 50 and 50 years or higher, since these
determinations were made using data from postmenopausal women only.

On the basis of these data, we performed computer simulations to estimate the
simultaneous effect of changes in the distributions of the alcohol use and menopausal
status/age at menopause variables. For alcohol use, we modeled the effect of a 10
percent relative decrease in the proportion of case patients and control subjects who
were current or recent users of alcohol. For menopausal status/age at menopause, we
modeled the effect of a 31.2 percent relative increase in the prevalence of the
postmenopausal state in case patients and control subjects: changes in the proportions
of women undergoing menopause at ages less than 50 years and 50 years or more were
determined by use of ratios for the San Francisco Bay Area and non-San Francisco

Bay Area regions.
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RESULTS

The distributions of several established or strongly suspected breast cancer risk
factors in the San Francisco Bay Area and in the other seven SEER areas are shown in
Table 2-1. Only results for variables for which the age-adjusted distributions differed
between the San Francisco Bay Area and non-San Francisco Bay Area regions are
considered here. Except for breast-feeding, for which some studies suggest a
protective effect against breast cancer, the distribution of risk factors is such that
women in the San Francisco Bay Area would be expected to be at higher risk.

The RRs for each risk factor used in this study are shown in Table 2-2. These
are the RRs that we used to compute the value of RR, for each woman in the two
statistical models. |

Table 2-3 shows the results of sequentially adjusting for a number of known
breast cancer risk factors, using the Dean et al. (7) and Lele and Whittemore (8)
statistical models. The reference point for all of these analyses is the ratio of age
adjusted January 1978 through December 1982 SEER incidence rates in the San
Francisco Bay Area to the age-adjusted January 1978 through December 1982 SEER
incidence rates in the non-San Francisco Bay Area regions. This ratio was 1.14 for
white women and 1.10 for black women.

For white women, adjustment for only parity and age at first full-term
pregnancy led to a marked decline in the San Francisco Bay Area vs. the non-San
Francisco Bay Area RR. After additional adjustment for other reproductive risk

factors, the AMR and ARR were both very close to 1.00. Further adjustment for
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alcohol use, which is believed by many,.but not all, epidemiologists to be an
established breast cancer risk factor, produced AMR and ARR values below 1.00.
For black women, adjustment for only parity and age at first full-term
pregnancy produced AMR and ARR values below 1.00. Further adjustment, first
adding other reproductive risk factors and then alcohol use, led to AMR and ARR

estimates substantially below 1.00.

Effect of Using Risk Factor Data Obtained From Younger Women

Because the risk factor déta from the CASH Study were obtained from women
aged 20-55 years, while the SEER incidence data were obtained from women of all
ages, we performed computer simulations to evaluate whether our results might differ
if we had used risk factor data from women of all ages. These simulations indicated
that if the CASH data set had included risk factor data from women of all ages, rather
than from women ages 20-55 years only, the effect on ouf main results would be
negligible. For example, the results of the method of Dean et al. (7), after adjusting
for all risk factors including alcohol, would change from 0.9907 to 0.9916 for white
women. The results of the method of Lele and Whittemore (8), after adjusting for all
risk factors including alcohol, would change from 0.9602 to 0.9737 for white women.
Analogous changes for results in black women would be as follows: for the method of
Dean et al. from 0.8345 to 0.8353 and for the method of Lele and Whittemore from
0.7463 to 0.7568. Thus, no meaningful biases resulted from our use of risk factor data

obtained from younger women.
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DISCUSSION

Although the incidence of breast cancer in the San Francisco Bay Area has
consis‘tently‘ been higher than in non-San Francisco Bay Area regions (taken as a
group), these data indicate that the elevation can be completely explained by known
risk factors. The two statistical methods we used indicated that, after adjustment for a
number of known risk factors, the RR associated with San Francisco Bay Area
residence relative to residencé in other SEER areas from J aﬁuary 1978 through
December 1982 was approximately 0.96-0.99 for white women and 0.75-0.83 for black
women. If ﬂo adjustment is performed for alcohol consumption, analogous results are
0.97-1.02 for white women and 0.77-0.88 for black women.

The two statistical methods we used answer slightly different questions, as
noted above, due to differences in how adjustment is performed for the known risk
factors. The AMR method of Dean et al. (7) provides the RR associated with San
Francisco Bay Area residence if ail women in the San Francisco Bay Area and
non-San Francisco Bay Area regions had “baseline” levels (those with RR = 1.00) of
known risk factors. Since it is impossible that all women in both regions would ever
have “baseline” levels for every risk factor considered in this study (e.g., the
“baseline” level for parity is parity = 0), the question answered by the Dean et al.
AMR method is more of a theoretic one.

On the other hand, the ARR method of Lele and Whittemore (8) provides the
RR associated with San Francisco Bay Area residence if the distribution of known risk

factors was the same in the San Francisco Bay Area population as in the non-San
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Francisco Bay Area population. Since it is at least possible that the distribution of risk
factors in the San Francisco Bay Area could change over time so that it came to match
that of the non-San Francisco Bay Area region, the question addressed by the Lele
and Whittemore method is a less abstract one.

The two statistical methods used here can be employed by public health
agencies and other investigators in responding to concerns over potentially elevated
incidence rates in particular communities. In addition to obtaining RR estimates for
each of the risk factors to be considered (often from literature review), investigators
would need to obtain information on the distribution of risk factors from a
representative sample of case patients (in the Dean et al. method) or case patients and
control subjects (in the Lele and Whittemore method) in the areas being compared.

The use of population-based incidence and risk factor data from J anuary 1980
through December 1982 is one of the major strengths of the present study. During the
1980s, the use of mammography for early detection of breast cancer increased
dramatically, and this increase may not have been uniform across the United States.
Thus, current regional differences in breast cancer incidence may reflect differences in
risk factor prevalence as well as differences in screening mammography use.
However, data from controls in the CASH Study indicate that around 1980, when data
for the present study were collected, only 8.2 percent of women in the San Francisco
Bay Area and 11.3 percent in the non-San Francisco Bay Area had ever had a
mammographic examination. This observation and the numerous regional differences
shown in Table 2-1 led us to hypothesize that the differences in the J anuary 1978

through December 1982 incidence rates investigated in the present study were
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substantially due to regional differences in risk factors, not to differences in detection.
The persistence of the San Francisco Bay Area incidence elevation led us to believe
that the difference in the January 1978 through December 1982 incidence rates was
not a “chance” finding from cancer surveillance data.

With the use of methods similar to ours, Sturgeon et al. (16) recently explored
the ability of known risk factors to explain the variation in breast cancer mortality
rates in white women across several large regions of the United States. Unlike our
study, their analyses did not compute an RR, with the use of continuous values of risk
factors (e.g., age at first full-term pregnancy) for individual women but rather assigned
an RR,; to all women in a given stratum, with strata defined by constellations of risk
factors. Because the study did not use each woman’s specific value for continuous risk
factors (e.g., age and body mass index), the analysis may not have adjusted as
completely (as the present study) for regional differences in risk factors. These
investigators found that, among younger women, all of the regional variation in
mortality could be explained by known risk factors, whereas among older women, a
substantial amount of variation remained unexplained. The use of person-level risk
factor data in their continuous form for most risk factors (except alcohol consumption
and age at menopause) was another strength of our study.

Since the CASH Study data set we used for risk factor data did not contain
women over the age of 55 years, we performed computer simulations to estimate the
impact this age restriction had on our main results. These simulations indicated that
the likely effect of including risk factor data from women over the age of 55 years in

our study would be to induce negligible changes in the AMRs and ARRs in Table 2-3.



24

While there is widespread agreement that most of the variables considered in
the present study #re indeed risk factors for breast cancer, the role of alcohol in the
etiology of breast cancer is more controversial. Therefore, we have performed
analyses adjusting for known risk factors with and without alcohol. Although we
believe the analyses including alcohol are more appropriate, it should be noted that in
the models in Table 2-3 that adjusted for all risk factors except alcohol, the AMRs and
ARRs are very near or below 1.00.

Thus, these data provide no evidence for a “residual” excess risk of breast
cancer in the San Francisco Bay Area after adjustment for known risk factors. While
the risk factors considered here appear to explain completely the difference between
the San Francisco Bay Area and the other seven SEER regions, Madigan et al. (17)
recently estimated that nationwide, only 41 percent of breast cancer incidence could
be explained by well-established factors. It should be noted that the 41 perceht figure
can only be construed as a rough estimate, since Madigan et al. did not include several
important risk factors, such as age at menarche and age at menopause, and since the
percentage will depend to some extent on the cut points used for quantitative
variables. Nevertheless, it is apparent that breast cancer is indeed an important public

health problem nationwide and that much remains to be learned about its causation.
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NOTES

SEER is a set of geographically defined, population-based central tumor registries
in the United States, operated by local nonprofit organizations under contract to the
National Cancer Institute (NCI). Each registry annually submits its cases to the NCI on a
computer tape. These computer tapes are then edited by the NCI and made available for
analysis.

The Cancer and Steroid Hormone (CASH) Study was supported by interagency
agreement 3-Y01-HD-8-1037 between the Centers for Disease Control and Prevention
and the National Institute of Child Health and Human Development, with additional
support from the National Cancer Institute.

We acknowledge the contributors to the CASH Study: Study Design and
Coordination: Division of Reproductive Health, National Center for Chronic Disease
Prevention and Health Promotion, Centers for Disease Control and Prevention, Atlanta,
Georgia. Principal Investigator: G. L. Rubin. Project Director: P. A. Wingo. Project
Associates: N. C. Lee, M. G. Mandel, and H. B. Peterson. Data Collection Centers
Principal Investigators: R. Greenberg (Atlanta); J. W. Meigs and W. D. Thompson
(Connecticut); G. M. Swanson (Detroit, Michigan); E. Smith (Iowa); C. Key and D.
Pathak (New Mexico); D. Austin (San Francisco); D. Thomas (Seattle); J. Lyon and D.
West (Utah). Pathology Review Principal Investigators: F. Gorstein, R. McDivitt, and S.
J. Robboy. Project Consultants: L. Burnett R. Hoover, P. M. Layde, H. W. Ory, J. J.

Schlesselman, D. Schottenfeld, B. Stadel, L. A. Webster, and C. White. Pathology



Consultants: W. Bauer, W. Christopherson, D. Gersell, R. Kurman, A. Paris, and F.
Vellios.
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ABSTRACT

Background. Population-based cancer registry data have shown that black men
with prostate cancer have poorer stage-specific survival than white men, while studies in
equal-access health care systems have not found racial differences in stage-specific
survival. This study was designed to test the hypothesis that black men and white men
with prostate cancer have equal stage-specific survival in equal-access health care systems.

Methods. We conducted a cohort study using cancer registry data from all
incident cases of prostate cancer occurring in a five-county San Francisco Bay Area
region. Incident cases occurred among members (5,263 cases, from January 1973 through
June 1995) and nonmembers (16,019 cases, from January 1973 through December 1992)
of the Kaiser Permanente Medical Care Program, a large health maintenance
organization. Death rate ratios (DRRs, black men vs. white men) for Kaiser members
and nonmembers were computed for all stages combined (adjusting for age and stage)
and for each stage (adjusting for age).

Results. Among Kaiser members, adjusted DRRs comparing black men with
white men were as follows: all stages combined, 1.28 (95% confidence interval (CI)
1.14-1.44); local stage, 1.23 (95% CI 1.01-1.51); regional stage, 1.30 (95% CI 0.97-1.75);
and distant stage, 1.27 (95% CI 1.07-1.50). Corresponding DRRs for nonmembers were
as follows: all stages combined, 1.22 (95% CI 1.14-1.30); local stage, 1.24 (95% CI
1.09-1.41); regional stage, 1.48 (95% CI 1.29—1.68); and distant stage, 1.01 (95% CI

0.91-1.12).
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Conclusions. These results show poorer prostate cancer survival for black men
compared with white men in an equal-access medical care setting. The findings are most

consistent with the hypothesis of increased tumor virulence in blacks.
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Prostate cancer is the most common noncutaneous cancer in men in the United
States. During 1998, it is estimated that 184,500 new cases will be diagnosed (1). The
age-adjusted incidence rate of prostate cancer in US black men is more than 30
percent higher than in white men, and the age-adjusted mortality rate in blacks is
more than twice as high (2). Moreover, the most recent data (3-5) from the national
Surveillance, Epidemiology, and End Results (SEER) Program show that after
diagnosis with prostate cancer, black men have substantially shorter survival than
white men, even when diagnosed at the same cancer stage. Such stage-specific
comparisons indicate that the poorer survival of black men with prostate cancer is not
simply a result of diagnosis at later stages. These data have led some to hypothesize
that the survival disadvantage in blacks is due to biologic factors rather than racial
differences in access to health care. This hypothesis (hereafter called the biologic
hypothesis) predicts that black men with prostate cancer present with a less favorable
distribution of tumor stage and grade than do white men, regardless of whether the
comparisons are made among men in the general population or in populations with
equal access to health care.

As an alternative to the biologic hypothesis, some investigators have proposed
that the racial survival disadvantage for black men is due to decreased access to care,
with decreased opportunities for early diagnosis and treatment (hereafter called the
access hypothesis). This hypothesis is based on studies of equal-access health care
systems, such as those administered by the Departments of Veterans Affairs (6, 7) and

Defense (8), which have consistently found no stage-specific racial survival

differences.
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In contrast to the biologic hypothesis, the access hypothesis predicts that racial
differences in tumor stage and grade will be more similar in equal-access populations
than in the general population. Both hypotheses predict equal survival for black and
white men if the analysis adjusts for both stage and grade. However, analyses
‘adjusting for stage but not grade give different predictions for equal-access and
general population health care settings. The biologic hypothesis predicts that the
survival disadvantage for black men should be observed in both settings. The access
hypothesis, however, predicts that racial survival differences should be present in the
general population but not in populations with equal access to health care.

To test these two alternative hypotheses, we analyzed survival data for black
and white men diagnosed with prostate cancer in the San Francisco Bay Area region
of northern California. All cases occurred among men residing in five Bay Area
counties participating in the SEER program. Within this population, we analyzed data
separately for members and nonmembers of a large health maintenance organization,

the Kaiser Permanente Medical Care Plan (Northern California Region).

METHODS
Study Population and Data Sources

We used cancer registry data from two defined populations to compute
prostate cancer death rates for black and white men. The San Francisco Bay Area

region of the National Cancer Institute’s SEER Program includes the populations of
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Alameda, Contra Costa, San Francisco, San Mateo, and Marin counties (hereafter
referred to as the San Francisco Bay Area) in the state of California. Essentially all
new cancer cases occurring among residents of these counties are registered, and the
registry includes information on patient demographics, tumor characterisﬁcs, initial
course of treatment, and survival. Since SEER implemented a modification in the
rules for coding localized stage prostate cancer in 1983, we included in this study only
case patients with localized stage prostate cancer that was diagnosed in or after 1983.
However, the coding rule modification did not impact regional or distant stage cases,
and so we included all case patients with regional and distant stage cancer diagnosed
in or after 1973. SEER data regarding all new cases of prostate cancer in the San
Francisco Bay Area were available through December 1992, with follow-up
information available through December 1993 (9).

The SEER registry in the Bay Area is operated by the Northern California
Cancer Center, which provided a separate computerized file containing only new
prostate cancer cases occurring among members of the Kaiser Permanente Medical
Care Program (Northern California Region) through June 1995. Kaiser Permanente is
a large group-model health maintenance organization that provides comprehensive
medical care services to all enrolled members. The Northern California Region of
Kaiser Permanente (hereafter called Kaiser) serves more than 2.5 million enrolled
members through 15 hospitals and 30 free-standing outpatient clinics.

The present study used data regarding 5,263 incident case subjects with

prostate cancer who were San Francisco Bay Area Kaiser members and 16,019 case
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subjects who were not Kaiser members. Only data regarding cases of invasive prostate

cancer that occurred in white and black men aged 35 years and older were used.

Stage Categories

All cases of prostate cancer were coded as one of the following stages at
diagnosis: localized (cancer confined entirely to the prostate gland); regional (cancer
extends into tissues surrounding the prostate or to regional lymph nodes); or distant
(cancer extends to beyond regional lymph nodes, to bones, or to other sites) (10).
When information was insufficient to assign a stage, cases were denoted as unknown
stage. This staging scheme (10) has been used by the SEER Program since its
inception in 1973. When comparing the SEER staging scheme (10) to the American
Urological Association (AUA) System of Staging (11), localized stage corresponds
approximately to stages A, through B; regional stage is approximately equal to C

though D;; and distant stage is equivalent to D,.

Grade Categories

Prostate tumors were assigned a histopathologic grade according to the
International Classification of Disease for Oncology, Second Edition (12). Tumors
were classified as grades 1 (well differentiated), 2 (moderately differentiated), 3

(poorly differentiated), 4 (undifferentiated), or unknown.
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Statistical Analysis

We conducted the following statistical tests to compare baseline characteristics
of white and black men with prostate cancer: Student’s ¢-test comparing age at
diagnosis; chi-squared test of association between race and cancer stage; and
chi-squared test of association between race and tumor grade. We also conducted
chi-squared tests of association between race and initial prostate cancer treatment
(cancer-directed surgery and radiation therapy) within strata defined by cancer stage
and Kaiser membership status. These analyses were performed using SAS statistical
software (SAS Institute Inc, Cary, NC) (13).

We computed crude death rates in whites and blacks by dividing the total
numbers of deaths (from all causes) by the total numbers of person-years of follow-up,
with person-years calculated on the basis of the dates of diagnosis and death or
censoring. Case subjects were censored if they were lost to follow-up or if they were
alive on June 30, 1995 (Kaiser members) or December 31, 1993 (nonmembers). To
adjust for racial differences in age, we first computed age- and race-specific death
rates for six age intervals (35-44, 45-54, 55-64, 65-74, 75-84, and 85 years and older),
where men whose follow-up crossed age intervals contributed person-yeafs to each of
the appropriate intervals. Maximum likelihood estimates of the adjusted death rate
ratio and 95 percent confidence intervals (CIs) were computed using Poisson
regression methods implemented in the SAS procedure PROC GENMOD (SAS

Institute Inc, Cary, NC) (14).
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Analyses were performed for each cancer stage and for all cancer stages
combined, with separate analyses for Kaiser members and nonmembers with prostate
cancer. Information for nonmembers was obtained by subtracting — within each
race/stage/age stratum — the number of deaths and person-years of follow-up for
Kaiser members with prostate cancer from the corresponding figures for all Bay Area
cases. When computing death rates for nonmembers with prostate cancer, we
restricted our analyses to cases occurring through December 1992. This enabled us to
divide the SEER survival data (age-specific numbers of deaths and person-years of
follow-up) into those obtained from Kaiser members and nonmembers.

We also compared the death rates in San Francisco Bay Area black and white
men with prostate cancer in analyses where the underlying cause of death was
restricted to prostate cancer. Specifically, these analyses included only men whose
underlying cause of death was listed as code 185 (malignant neoplasm of the prostate),
using the coding scheme of the International Classification of Diseases (versions 8 and
9).

To estimate absolute survival time for white and black case subjects in the
Kaiser cohoft, we followed the methodology described by Kelsey et al. (15). We
began by computing — for white case subjects — the all-cause death rates for each
age/stage stratum, using the six age categories described above and the three stage
categories (local, regional, and distant). We computed p as the unweighted average of
these 18 death rates. The risk of death at time ¢, R(f), was computed as R(¢) =1 -
exp(-pt), where ¢ was in years. Médian survival was computed by finding the value of

t satisfying the relation, R(f) = 1 - exp(-pf) = 0.5. We estimated the average death
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rate for black Kaiser cases members with prostate cancer as r x ., wheré r was the

estimate of the death rate ratio (black men vs. white men, adjusted for age and stage).
With the use of the exponential risk function above, we computed median survival for
black Kaiser members with prostate cancer as the value of corresponding to R(¢) = 0.5

for black subjects.

RESULTS
Baseline Racial Differences

Black men were diagnosed with prostate cancer at younger ages than white
men in both the Kaiser member and nonmember cohorts (Table 3-1). In both cohorts,
age at diagnosis for black men was approximately 2 years earlier than for white men.
For men of both races, Kaiser members were diagnosed at younger ages than
nonmembers.

Black men were also more likely than white men to have distant stage cancer at
diagnosis, regardless of Kaiser membership. Among Kaiser members and
nonmembers, approximately one in five black men presented with metastatic cancer as
opposed to approximately one in seven white men. In both races, the proportion of
localized stage cases was higher in Kaiser members than nonmembers, although the
stage advantage for Kaiser members was larger for white men than for black men.

The proportion of patients with unknown stage was much lower in Kaiser members,

possibly indicating that cases occurring among Kaiser members received more
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thorough staging than those occurring in nonmembers. Black men had a significantly
greater proportion of higher grade tumors than white men in both Kaiser members
and nonmembers, supporting the hypothesis that prostate cancer is a more aggressive
disease in black men. Again, the proportion of patients with unknown grade was
much lower for case subjects in the Kaiser cohort, possibly indicating more qomplete

pathologic investigation of tumors in Kaiser members.

Racial Survival Differences

Among Kaiser members and nonmembers, black men had substantially poorer
survival after diagnosis wjth prostate cancer, as shown by the elevated death rate
ratios (DRRs) observed when black men are compared with white men (Table 3-2).
The DRRs were substantially elevated for all stages combined, and within nearly all
stages, among both Kaiser members and nonmembers. In six of the eight comparisons
shown, the DRR elevations were statistically significant, as indicated by 95 percent
ClIs that exclude unity.

Among Bay Area men with prostate cancer, black men had higher mortality
than white men, among both Kaiser members (black men 28 percent higher) and
nonmembers (black men 22 percent higher), even after adjusting for racial differences
in age and cancer stage. Stage-specific comparisons reveal similar DRR elevations for
localized and regional stage cancer among both Kaiser members and nonmembers.
However, findings for distant stage cancer among Kaiser members differed

dramatically from those for nonmembers. Among Kaiser members with distant stage
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cancer, we observed a DRR of 1.27 (95 percent CI 1.07-1.50), while for nonmembers
we observed a DRR of 1.01 (95 percent CI 0.91-1.12).

For Kaiser members with prostate cancer, we also carried out absolute
comparisons of survival duration. The median survival time for white Kaiser case
subjects was 4.0 years. After adjusting for racial differences in age and stage, the
median survival time for black Kaiser case subjects was 3.1 years. Thus, age- and
stage-adjusted median survival was 10.6 months shorter for black Kaiser members

with prostate cancer.

Treatment Differences by Race

We analyzed racial differences in the use of the most common therapies for
prostate cancer (cancer-directed surgery and radiation therapy) by cancer stage.
Among Kaiser members with localized stage cancer, we found a nonsignificant
tendency for black men to undergo cancer-directed sufgery and/or receive radiation
therapy slightly more frequently than white men (black men, 81.6 percent vs. white
men, 78.6 percent, p = 0.11). Among Kaiser case subjects with regional and distant
stage cancers, we observed a nonsignificant tendency for white men to have received
these therapies slightly more frequently than did black men: for regional stage, black
men, 77.2 percent vs. white men, 80.2 percent, p = 0.48; for distant stage, black men,
22.2 percent vs. white men, 25.2 percent, p = 0.44). Among Kaiser nonmembers, we
did not observe any consistent racial patterns in the use of these treatments: for local

stage, black men, 87.8 percent vs. white men, 85.2 percent, p <0.0l; for regional stage,
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white men, 94.5 percent vs. black men, 91.5 percent, p = 0.05; and for distant stage,
black men, 60.9 percent vs. white men, 54.3 percent, p = 0.02).

It must be remembered, however, that SEER only includes data on initial
therapies. Thus, we were unable to investigate racial differences in treatments given

after the initial therapy.

Causes of Death

Since the death rates in Table 3-2 are based on all causes of death, it might be
argued that the DRR elevations among black men are actually due to racial
differences in the risk of death from causes other than prostate cancer, e.g., death from
cardiovascular disease. If this were so, one would expect a disappearance of the racial
differences in Table 3-2 in analyses based only on deaths from prostate cancer. In
such analyses, for example, the DRR for all stages combined, adjusted for age and
stage, should be close to 1.00.

Prostate cancer was listed as the underlying cause of death for 51.0 percent of
case subjects in the present study. We computed death rates for all Bay Area white
and black men with prostate cancer, based only on deaths from prostate cancer. After
adjusting for racial differences in age and cancer stage, the ratio between these death
rates (black men vs. white men) was 1.26 (95 percent CI 1.16-1.38). Thus, the value of
the DRR is unchanged when the rates are based only on deaths from prostate cancer.

This provides definitive evidence that the elevated all-cause death rate in black men in
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the present study is not accounted for by increased risk of death from causes other

than prostate cancer.

DISCUSSION

While previous studiesl in equal-access medical care systems have suggested
that inequalities in access to health care might explain the poorer survival in black
men with prostate cancer, this study provides substantial evidence against that
hypothesis. Independent of Kaiser membership status, black men diagnosed with
prostate cancer in the San Francisco Bay Area had poorer survival than white men.
For all cancer stages combined, the death rate among black men was higher than
among white men: among Kaiser members, the rate in black men was 28 percent
higher; and among nonmembers, the rate in black men was 22 percent higher. In
nearly all stage-specific comparisons, death rates among black men with prostate
cancer were substantially higher than corresponding rates among white men,
demonstrating that the poorer survival in black men is not merely a result of later
stage at diagnosis.

In the report from the Department of Defense medical care system (8) and one
of the reports from the Veterans Affairs system (6), the investigators controlled for
racial differences in tumor grade when .‘testing their main hypotheses. The
investigators treated tumor grade as if it were a potential confounding variable, which
would bias results toward null findings if higher tumor virulence in black men

represented a causal explanation for the poorer prostate cancer survival in this group.
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While another report from the Veterans Affairs system (7) did not adjust for tumor
grade, the investigators used data from only 358 white men and 383 black men with
prostate cancer. Particularly in stage-stratified survival analyses, the study was
handicapped by poor statistical power to detect racial survival differences. The
present study used data from 17,241 white men and 2,823 black men with prostate
cancer. Whereas the present study was conducted among members of the general
community and a large health maintenance organization, all previous investigations in
equal-access settings were conducted among current and former members of the US
military. Equal prostate cancer survival in white and black men in the Depaftment of
Defense and Veterans Affairs studies might be related to racial similarities in selection
factors for military servtce.

As noted earlier, the SEER staging scheme (10) employs only three stages as
compared with the AUA system of staging (11), which uses five stages. Therefore,
within each of the three broader SEER stages used in the present stﬁdy, racial
differences in survival still could exist if white men in a given stage were diagnosed on
average at an earlier point in the history of their cancer. Systematic racial differences
in survival within stages could plausibly arise, even in equal-access health care
systems, if there were important racial differences in factors such as frequency of
contact with health care providers. An important pointﬁ is that equal-access health care
systems can only guarantee equality of covered benefits for enrolled members (16),
not equality in the frequency of use of all forms of care. While some degree of
residual confounding by stage undoubtedly exists in these data, it is unlikely that this

factor could substantially account for the findings. This is because the magnitude of
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the age- and stage-adjusted racial difference in median survival among Kaiser
members (10.6 months) is quite large relative to the median survival of 4.0 years for
white men. Thus, the degree of residual confounding within SEER stages would have
to be implausibly large to account for these findings.

The present findings lcould be explained by racial differences in either or both
of two factors: tumor aggressiveness or treatment. The observation that black men
had a significantly greater proportion of higher grade prostate tumors supports the
hypothesis that prostate tumors tend to be more virulent in black men. The
inconsistent findings with respect to treatment differences argue against this
explanation for the study results. Additionally, it must be noted that, at present, there
exists fundamental controversy over the effect of treatment on prostate cancer
survival (17).

Increased mortality among black men from causeé of death other than prostate
cancer is unlikely to explain these findings, since black men had a higher death rate,
even when the underlying cause of death was restricted to prostate cancer. In
addition, investigators from the Greater Bay Area Cancer Registry (18) have also
reported survival differences in Bay Area white and black men with localized and
regional stage prostate cancer using relative survival rates (19) to adjust for
background racial differences in mortality. Since white and black Kaiser members are
probably more homogeneous with respect to socioeconomic status — a strong
predictor of general mortality rates — than merﬁbers of the general Bay Area
population, it is less likely that the findings for Kaiser members could be due to racial

differences in death rates from causes other than prostate cancer.
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Finally, screening-related biases (lead-time bias and length bias) would not
adequately explain these findings since they affect only screen-detécted cases.
(Lead-time bias arises when cancers are diagnosed earlier but there is no change in the
date of death. Length bias refers to the propensity for screening to detect cases of
longer duration (20).) For prostate cancer, the great majority of screen-detected cases
are localized stage cancers (21). Thus, even if the findings for localized stage cancer
were the consequence of more screen-detected cancérs in whites, artifactually
lengthening their survival time, separate explanations would still have to be sought to
explain the results for regional and distant stage cancer.

In addition to experiencing poorer survival than white men with prostate
cancer, black men were diagnosed at more advanced stages than white men; this was
evident among both Kaiser members and nonmembers. Diagnosis at more advanced
stages in black men may be due to unequal tendencies for white and black men to be
screened for early stage cancer or to a tendency for tumors to spread beyond the
prostate more rapidly in black men.

Thus, black men with prostate cancer had poorer stage-specific survival than
white men, even in a large equal-access medical care system. These results argue
strongly that racial differences in prostate cancer survival are not due solely to
inequalities in access to health care. The findings are most compatible with the

hypothesis of increased tumor virulence in black men.
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NOTE

SEER is a set of geographically defined, population-based central tumor registries
in the United States, operated by local nonprofit organizations under contract to the
National Cancer Institute (NCI). Each registry annually submits its cases to the NCI on a
computer tape. These computer tapes are then edited by the NCI and made available for

analysis.
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ABSTRACT

After diagnosis with prostate cancer, black men in tﬁe US have poorer survival
than white men, even after accounting for differences in cancer stage. The extent to
which these racial survival differences are due to biologic vs. non-biologic factors is
unclear, and it has been hypothesized that differenées in socioeconomic status (SES)
might account for much of the association between race and survival in this condition. To
examine this hypothesis, the authors conducted a cohort study, using cancer registry and
US Census data for 23,334 men with incident prostate cancer who resided in 1,005 census
tracts in the San Francisco Bay Area. Separate analyses were conducted using two
endpoints: death from prostate cancer; and death from causes other than prostate cancer.
For each endpoint, separate analyses were conducted for men diagnosed under age 65 and
those diagnosed at age 65 or older. Death rate ratios (DRRs, blacks vs. whites) for death
from prosfate cancer, before and after adjustment for census-based measures of SES were
as follows: among younger men, 1.31 (95% confidence interval (CI) 1.13-1.52) and 1.41
(95% CI1.15-1.72); and among older men, 1.25 (95% CI 1.14-1.37) and 1.20 (95% CI
1.07-1.35). The analogous DRRs for death from other causes were: among younger men,
1.45 (95% CI 1.17-1.79) and 1.14 (95% CI 0.86-1.50); and among older men, 1.10 (95%
CI1.00-1.21) and 0.96 (95% CI 0.85-1.08). These data suggest that differences in SES do
not explain why black men die from prostate cancer at a higher rate when compared with
white men with this condition. However, SES differences appear to substantially explain

the racial difference in risk of death from causes other than prostate cancer.
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After diagnosis with prostate cancer, US black men have substantially shorter
survival than US white men, even when diagnosed at the same stage. This observation
has been made consistently in studies using population-based cancer registry data
(1-4), but until recently, studies based on men in equal-access health care systems
(5-7) had found no racial survival differences after adjusting for stage. The
discrepancy led some to hypothesize that the racial survival differences were due to
poorer access to health care in blacks, rather than biologic factors. However, a large
cohort study of men with prostate cancer (8), using nearly 20 years of follow-up data
from the San Francisco Bay Area region of the National Cancer Institute’s
Surveillance, Epidemiology, and End Results (SEER) Program showed poorer stage-
adjusted survival‘ in black men, regardless of whether or not they were members of a
large equal-access medical care plan.

While the results of this recent study (8) suggest that access to health care is
not solely responsible for the poorer survival in blacks, the relative contributions of
biologic factors (e.g., more virulent tumors in blacks) vs. nonbiologic factors remains
unclear. Among the nonbiologic factors, it is well known that there are considerable
racial differences in measures of socioeconomic status (SES), and it has been
hypothesized that the association between race and survival in prostate cancer may be
largely accounted for by these differences in SES (9, 10). SES is a complex construct
having both personal and environmental dimensions (11, 12). From a causal
standpoint, SES can be only a surrogate for other (largely unknown) factors affecting

survival.
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The present study was planned to assess the extent to which SES, as measured
by ecologic (census tract-level) variables, may account for racial differences in survival
among men with prostate cancer. Among these men, we assessed whether SES might
account for the association between race and two endpoints: death from prostate

cancer; and death from causes other than prostate cancer.

MATERIALS AND METHODS
Prostate Cancer Data

To compute death rates among white and black men with prostate cancer, we

used cancer registry data from the San Francisco Bay Area region of the SEER
Program (13). During the study period (1973-1993), this region included the five
counties of Alameda, Contra Costa, Marin, San Francisco, and San Mateo (hereafter
referred to as the San Francisco Bay Area). For each case, the registry data included
information on demographics, stage at diagnosis, tumor characteristics, initial course
of treatment, time from diagnosis until death or censoring, and cause of death (where
applicable). Follow-up information for all cases was available through the end of
1993. Only data from new cases of prostate cancer occurring in white and black men
aged 35 years and older were used. Data were available for 19,996 cases occurring in
white men and 3,338 cases occurring in black men.

Detailed coding schemes to capture information on surgical and radiation
treatment were only put in place in 1983, and thus, SEER advisgs that in analyses of

treatment, only data from cases diagnosed in or after 1983 be used. In 1983, SEER

O
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also implemented changes in its prostate cancer staging rules, with the result that some
cases, which would have previously been coded as localized stage, were shifted to the
“unknown stage” category. Thus, SEER advises against including localized stage
cases diagnosed before and after 1983 in a single study. In the present study we
include only localized stage cases diagnosed during 1983-1993. The 1983 change did
not‘ affect regional or distant stage cases, and thus we include all cases of regional and
distant stage prostate cancer diagnosed during 1973-1993.

All cases of prostate cancer were coded as one of the following ’stages at
diagnosis: localized (cancer confined entirely to the prostate gland); regional (cancer
extends into tissues surrounding the prostate or to lymph nodes); or distant (cancer
extends to beyond regional lymph nodes, to bones, or to other sites) (14). When
information was insufficient to assign a stage, cases were denoted as unknown stage.
The proportions of white and black study subjects with unknown stage were 11.9
percent and 11.2 percent, respecfively. When comparing the SEER staging scheme to
the American Urological Association (AUA) System of Staging (15), localized stage
corresponds approximately to stages A, through B; regional stage is approximately
equal to C through D;; and distant stage is equivalent to D,

Prostate tumors were assigned a histopathologic grade according to the
International Classification of Disease for Oncology, Second Edition (16). Tumors
were classified as grades 1 (well differentiated), 2 (moderately differentiated), 3
(poorly differentiated), or 4 (undifferentiated). When information was insufficient to
assign a grade, cases were classified as unknown grade. The proportions of white and

black study subjects with unknown grade were 14.4 percent and 16.5 percent,
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respectively. SEER advises that in analyses of histopathologic grade data, only data

from cases diagnosed in or after 1977 should be used.

Measures of SES

Only ecologic measures of SES were available for the present study. This is
because the SEER registry does not collect person-level SES data, but does collect
data on census tract of usual residence at diagnosis. These data were used to link each
study subject to census tract-level SES measures.

At diagnosis, the 23,334 cases used in the present study lived in 1,005 unique
census tracts in the San Francisco Bay Area. Information on census tract of usual
residence at diagnosis was missihg for 4.4 percent of the study subjects, who were
omitted from the present analyses. Data on SES variables were obtained from the
1990 US Census of Population and Housing Summary Tape File 3A, which includes
census tract-level averages based on a 16.6 percent sample of housing units (weighted
to represent the total population) (17).

For each of the 1,005 census tracts, we obtained estimates of two variables: the
percent of adult residents with an educational attainment of high school or higher; and
the percent of families below the poverty line. These two variables have been shown
to predict both health status and the use of health services (18-20). Moreover,
education appears to be the most important component of SES with respect to health

outcomes (21).
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Since the continuous values of the two 1990 Census variables pertain only to
the years around 1990, we used the frequency distributions of each variable, restricted
to cases diagnosed during 1988-1993, to determine cut points for six ranked categories
(1 through 6). Because there were more white than black study subjects, we used the
data from black men to compute the category cut points, to avoid inadequate numbers
of black men in stratified analyses. The cut points were chosen to give equal numbers
of black men in each category. Using census tract of usual residence at diagnosis, each
study subject was assigned to one of the six categories for each of the two SES

measures.

Statistical Analysis

The survival analyses were conducted using Cox regression (22), using the
following independent variables: race (white, black); age (in years); stage (local,
regional, distant); and the two SES variables (six SES categories for each). We used
age at death/censoring as the time scale. The six SES categories were modeled using
five dummy variables. Cause of death was taken as the underlying cause of death as
coded on the death certificate. In analyses of death from prostate cancer, study
subjects who died from other causes were treated as censored observations. Similarly,
in analyses of death from causes other than prostate cancer, study subjects with
prostate cancer as the cause of death were treated as censored observations.

Diagnosis with prostate cancer at younger ages is associated with a

substantially poorer prognosis, and it has been suggested that the poorer prognosis
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may be related to biologic factors. Analogous to female breast cancer, it has been
suggested that there may be some etiologic differences (e.g., the role of family history)
in prostate cancer presenting at younger vs. older ages. Therefore, we performed
separate analyses among men diagnosed under age 65 and those diagnosed at age 65
or older. We tested for effect modification by age by performing a chi-squared test for
improvement in goodness-of-fit. In this test, a chi-squared test statistic (with 2 degrees
of freedom) is calculated as -2 log(L, - L,), where L, and L, are the likelihoods
associated With model 1 (model without two extra terms for effect modification) and
model 2 (model with two extra terms for effect modification), respectively.
Comparisons between means were conducted using Student’s -test, and
comparisons between proportions were conductéd using the chi-squared test of
association. All statistical tests were performed at the & = 0.05 level and only two-
sided confidence intervals (CIs) were computed. All statistical testing was performed

using SAS statistical software (SAS Institute Inc, Cary, NC) (23).

RESULTS
Characteristics of Study Subjects

Table 4-1 shows characteristics of the study subjects (n = 23,334). Black men
were diagnosed at younger ages than white men, and had lower SES than whites, as
measured by the two census-based SES variables. Additionally, black men had a
greater probability of presenting at more advanced stages and with higher grade

tumors.
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Impact of Adjustment for Ecologic SES Measures

Death from prostate cancer. Prostate cancer was listed on the death certificate
as the cause of death in 46.2 percent of deaths. Table 4-2 shows racial differences in
the risk of death from prostate cancer, before and after adjustment for the two census-
based measures of SES. After adjustment for age and stage only, the DRR was 1.31
(95 percent CI 1.13-1.52) in younger men, and 1.25 (95 percent CI 1.14-1.37) in older
men. Adjustment for SES aétually produced a modest increase in the DRR among
younger men: adjusted DRR = 1.41 (95 percent CI 1.15-1.72). Adjustment for SES
resulted in a small decrease in the DRR among older men: adjusted DRR = 1.20 (95
percent CI 1.07-1.35).

After adjusting for age, stage, and SES, we did observe that the DRR for race
was larger among younger men than among older men. A formal statistical test for
effect modification by age was significant at p <0.00001.

Although we found evidence of secular trends in prostate cancer survival (with
more recently diagnosed cases having better survival), these trends did not differ by
race. Since adjustment for time period of diagnosis had no material impact on the
DRR for race, we did not include time period of diagnosis as a covariate in our final
statistical models.

Death from causes other than prostate cancer. Over half (53.8 percent) of
deaths were from causes other than prostate cancer, based on death certificate data.
Table 4-3 shows the effect of SES adjustment on racial differences in risk of death

from causes other than prostate cancer. After adjustment for age and stage only, the
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DRR was 1.45 (95 percent CI 1.17-1.79) among younger men, and 1.10 (95 percent CI

1.00-1.21) among older men. After adjustment for SES, the DRRs declined to 1.14
(95 percent CI 0.86-1.50) among younger men and 0.96 (95 percent CI 0.85-1.08)
among older men. Thus, differences in census-based measures of SES accounted for
70 percent of the excess risk of death from “other causes” in younger black men, and
100 percent of the excess risk in older black men.

Before adjustment for SES, we observed a larger DRR for race among younger
men. After adjustment for SES, however, the DRRs among both younger and older
men were not significantly different from unity. A formal test for effect modification

by age was significant at p <0.001.

Treatment Differences by Race

Using SEER treatment data, Table 4-1 shows that black study subjects
received definitive treatment, i.e., radical prostatectomy or radiation therapy, less
frequently than their white counterparts. (Limitations of SEER treatment data are
described below.) However, the absolute size of the racial treatment difference was
not large: 63.9 percent for whites vs. 56.9 percent for blacks. Detailed treatment data
on surgery and radiation therapy are only available for cases diagnosed in or after
1983 (see Materials and Methods). Using data from cases diagnosed during
1983-1993 in multivariate analyses adjusting for other prognostic factors, we found
that receipt of definitive therapy was associated with a nonsignificant DRR close to

unity (DRR = 0.92, 95 percent CI 0.84-1.00). Consequently, adjustment for receipt of
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 definitive treatment had a negligible effect on our main findings. In multivariate
models adjusting for other prognostic factors, the relative change in the DRR for
black race, before and after adjustment for definitive treatment, was 3.2 percent

among younger men and 4.0 percent among older men.

Stability of Ecologic Measures of SES

The majority of cases (54.0 percent) used in the present study were diagnosed
in or after 1988, the period for which the 1990 census data are directly relevant.
Another 36.1 percent of the cases were diagnosed during 1978-87, and only 9.9
percent of cases were diagnosed during 1973-77. An important aséumption made in
the present study is that the census tracts’ SES ranks were stable during the period
1973-93. To support this assumption, we performed a validation substudy using data -
from 100 randomly sampled census tracts which were included in the 1970, 1980, and
1990 decennial censuses. The ranks with respect to educational attainment were quite
stable. Of the sample tracts, 99.0 percent had 1980 ranks which were within +1 rank of
the 1990 ranks, and 87.0 percent of sample tracts had 1970 ranks which were within +1
rank of the 1990 ranks. The data also indicated that the ranks with respect to income
were also stable. Of the sample tracts, 80.0 percent had 1980 ranks which were within
+1 rank of their 1990 ranks. The same proportion — 80.0 percent — of sample tracts
had 1970 ranks which were within +1 rank of their 1990 ranks. For both measures of
SES, the errors introduced by using 1990 ranks were equally distributed about a mean

of zero. Thus, these data suggest that by using 1990 data to assign SES ranks to cases
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occurring during 1973-1993, we may have slightly underestimated the role of SES in

the association between race and survival (24, 25).

Continuous vs. Categorical Measures of SES

It could be argued that if continuous data on SES variables were used, rather
than ranked categories, this might impact our findings regarding the role of SES in the
race/survival relationship in prostate cancer. This is because there is some loss of
information when categorical variables are used to represent continuous data. To
investigate this possibility, we performed two parallel sets of analyses, identical to
those in Table 4-2 except usihg only data from 1988-1993 (since the continuous values
of the 1990 US Census variables pertain only to this period). In one set of analyses, we
modeled census tract-level SES differences using continuous values, while in the other,
SES differences were modeled using six ranked categories for each SES variable. The
largest difference found between the DRRs estimated by the two different adjustment

methods was a relative difference of only 3.1 percent.

DISCUSSION

In analyses restricted to death from prostate cancer, adjustment for census-
based measures of SES resulted in a modest worsening of the black survival
disadvantage among younger men, and only a small decrease in the black survival
disadvantage among older men. In contrast, differences in ecologic SES measures

accounted for nearly 70 percent of the racial difference in risk of death from causes -
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other than prostate cancer among younger men, and 100 percent of the difference
among older men. Thus, to the extent that SES may account for the black survival
disadvantage in prostate cancer, it would appear to do so not by influencing the risk of
death from prostate cancer itself, but instead by influencing the risk of death from
other causes. Along with the observation that that our main findings were not
explained by differences in treatment (as measured by SEER), these results suggest
that racial differences in risk of death from prostate cancer may be due to biologic
factors, such as possible racial differences in tumor virulence.

Prostate cancer presenting at younger ages has a poorer prognosis and this may
be related to biologic factors. Thus, we performed separate analyses among men
diagnosed at younger and older ages. While we found significant effects of race on the
risk of death from prostate cancer in both groups, the adjusted DRR for race was
larger among younger men. This observation is consistent with the hypothesis that
racial differences in rates of death from prostate cancer are due to biologic factors,
since biologic factors appear to contribute more to the risk of death from prostate
cancer among younger men. For death from causes other than prostate cancer, the
larger DRR among younger men may be a result of the the increased risk of death
from traumatic causes among younger black men. Adjusting for SES substantially
reduced the difference in DRRs between younger and older men, as would be
expected.

Two earlier studies had indicated that SES differences might account for the
racial survival difference in prostate cancer. In the first study, Dayal and Chiu (9)

analyzed survival data from 99 white and 292 black men with prostate cancer and
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found that while race was a statistically significant predictor of survival after
adjustment for age, stage, or grade, it became non-significant (p = 0.13) after
adjustment for an index of SES based on census tract-level measures of educational
attainment, income, rent, and home values. The authors concluded, “[s]ocioeconomic
status is associated with race and explains the racial difference in survival.”
Unfortunately, no point estimates of the DRRs were provided. Given that this earlier
study was based solely on death from prostate cancer, its conclusions are markedly
different from those of the present study. Dayal et al. (10) later conducted a similar
study using data from 1,481 white and 1,032 black prostate cancer cases. SES was
assessed by a zip code-level measurement of educational attainment. After
adjustment for age, race remained a significant predictor of survival (DRR =1.19, p =
0.02), but this association was reduced, and became non-significant, after adjustment
for SES (DRR = 1.13, p = 0.14). Since this later study was based on all causes of
death, these results appear to bé consistent with the a weighted average of the DRRs
for death from prostate cancer and death from other causes estimated from the
present study.

The present study used census-based SES measures exclusively, since the
cancer registry does not collect person-level SES data. Qeronimus and Bound have
recently demonstrated that ecologic SES variables show unsatisfactory performance
when their purpose is only to proxy for person-level SES variables (27). However,
ecologic SES measures have effects on health which are independent of person-level
SES effects, and thus it is necessary for health researchers to use these ecologic

measures in some form to avoid what has been termed “individualistic fallacy” (26).

O
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Individualistic fallacy is the erroneous presumption that differences in population
outcomes can be entirely explained by differences in individual-level characteristics.
In the present study, the census-based variables are intended to capture neighborhood
or “contextual” effects of SES, and not to stand as proxies for person-level SES
variables. Krieger et al. have argued that the use of ecologic SES measures “may be
especially important in studies involving people from diverse racial/ethnic groups,
given the greater likelihood, at each socioeconomic level, of white individuals to live
in more affluent, safer, and less polluted neighborhoods than individuals of color”
(12).

While ecologic and individual SES measures are moderately correlated with
each other (28, 29) they are conceptually different (12, 30). It has been argued that,
compared to individual SES, ecologic measures of SES more directly capture the
environmental milieu shared by individuals in geographic area, such as air pollution,
crime, housing, water quality, and the availability of fresh foods (12). A study by
Hahn et al. (30) supports the contention that ecologic and individual SES measures
are distinct. This study found that persons living in a federally designated poverty
area in Oakland, California experienced a statistically significant 1.7-fold increased
risk of death when compared with other Oakland residents in non-poverty areas. This
finding persisted in multivariate models which also adjusted for a large number of
person-level variables. A number of other studies of health outcomes have shown that
ecologic measures of SES have predictive value beyond individual SES (18, 19, 28).

We cannot preclude the possibility that further adjustment for individual SES

in the current study, if possible, could further attenuate the association between race
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and survival. While it has been shown that ecologic SES provides important
additional information beyond individual SES, the data have not been analyzed to
answer to the converse question, “What is the additional value of individual SES
beyond ecologic SES?” This is an important issue for future research, since many US
studies of health and SES are forced to rely solely on ecologic data due to the
unavailability of individual SES measures in most data sets, While it would appear that
a more ideal approach to measuring SES would utilize both person-level and ecologic
SES measures.

While differences in available measures of definitive treatment had a negligible
effect on our main findings, it must be pointed out that there are substantial
limitations to the treatment data collected by SEER. The most important is that only
data on the initjal course of treatment are collected. Moreover, only data on cancer-
directed surgery or radiation therapy are collected, which is problematic givén the
extensive use of pharmacologic therapy for metastatic prostate cancer. Two other
factors, 1) measurement error induced by using 1990 Census data, and 2) use of
categorical rather than continuous SES variables in our statistical models, may have
led us to slightly underestimate the role of SES in prostate cancer survival. Despite
these sources of error, it should be noted that adjustment for these census-based SES
measures totally eliminated the excess risk of death from causes other than prostate
cancer in older black men, and eliminated all but 30 percent of excess risk in younger
black men.

Pamies and Woodward (31) have listed four general mechanisms through

which lower SES cbuld lead to poorer survival in persons with cancer: 1) lower SES is
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associated with later stage at diagnosis; 2) lower SES is associated with less frequent

use of curative therapies; 3) lower SES is associated with higher risk of death from
causes of death other than cancer; and 4) lower SES may be associated with a less
favorable profile of both known and unknown prognostic factors for cancer survival,
such as nutritional status, immunologic function, etc. Mechanism 3) would appear
most consistent with the findings of the present study, although due to limitations in
the data, mechanism 2) cannot be ruled out.

Thus, using data from over 23,000 men, the present study suggests that racial
differences in census-based measures of SES do not explain why black men die from‘
prostate cancer at a higher rate when compared with white men with this condition.
This observation, along with the finding that our main study results were unchanged
| after adjusting for available measures of treatment, suggests that racial differences in
risk of death from prostate cancer may be due to biologic factors. Future research
should attempt to identify biologic mechanisms for the association between race and

survival in prostate cancer, such as possible racial differences in tumor virulence.
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NOTE

SEER is a set of geographically defined, population-based central tumor registries
in the United States, operated by local nonprofit organizations under contract to the
National Cancer Institute (NCI). Each registry annually submits its cases to the NCI on a

- computer tape. These computer tapes are then edited by the NCI and made available for

|
i
\
|
|
\
analysis.
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TABLE 4-1. Characteristics of white and black men with prostate cancer, San
Francisco Bay Area, 1973-1993 (n = 23,334)

Characteristic Whites Blacks p value*

Cases (n) 19,996 3,338
Mean age at diagnosis (years) 721 70.0 <0.0001
Percent of adult census tract? residents not

graduating from high school (mean)3 13.7 28.0 <0.0001
Percent of census tractt households below

the poverty line (mean)# 47 16.5 <0.0001
Stage (%)+

Local 55.3 51.2

Regional 19.5 17.4

Distant 133 202 0.001

Unknown 11.9 11.2
Grade (%)%

1 18.9 18.7

2 42.8 38.8

3 22.3 24.2 0.001

4 1.6 1.9

Unknown 14.4 16.5
Receipt of definitive treatment (%)%,§ 63.9 56.9 0.001

* For unadjusted comparison of whites and blacks. Means were compared using Student’s

t-test. Proportions were compared using chi-squared test of association.

T “Census tract” refers to study subjects’ census tract of usual residence at diagnosis.

i Data on census tract-level variables are from 1988-1993. Stage data are for cases

diagnosed during 1983-1993. Grade data are for cases diagnosed during 1977-1993.
Treatment data are for cases diagnosed during 1983-1993. (See Materials and Methods.)

§ Includes radical prostatectomy and radiation therapy. SEER only collects data on initial
treatment, and only collects data on surgery and radiation therapy.
|
|
|
|
|
|
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