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Abstract

Data from the Nebraska Cancer Registry for the years 1990 and 1991 are examined in this report.
Because prostate cancer rarely occurs in young men, we considered only males aged 45 and older. The
purpose of this study was to determine whether there were counties whose rates differed substantially
enough from the state average to warrant further investigation.  During the early 1990s in Nebraska,
deaths from prostate cancer had been increasing on an annual basis. This trend paralleled a national
pattern of increase in those same years.  The five-year prostate cancer incidence rate for 1989-1993 was
144.1 cases per 100,000 population in Nebraska. This exceeded the national rate for that time, 128.9
cases per 100,000 population. The Nebraska Year 2000 objective is to lower the incidence of  death due
to this disease to an age-adjusted rate of no more than 20 deaths per 100,000 men.  At the time this study
was undertaken, prostate cancer claimed 23.4 deaths per 100,000 men annually, based upon 1989-
1993 data).  In sum, this is a health condition worthy of further examination so that appropriate steps
can be taken to achieve or exceed the Nebraska Year 2000 objective.

This study found that two counties appeared to have significantly higher prostate incidence rates than
Nebraska as a whole, while several had lower than average rates. Further investigation is needed to
explain why this is so.   More recent data should be studied to see whether these trends continue. In
addition, further inquiry, particularly into physician referral patterns to prostate-specific antigen
(PSA) testing, may be appropriate to attempt to explain these differences.
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PURPOSE
Death from prostate cancer had been increasing, on an
annual basis in Nebraska during the early 1990s, the years
from which data are analyzed in this report.  This paral-
leled a national pattern of increase in those same years
(Potosky, et al., 1995).  Through 1993, the rate of prostate
cancer in Nebraska had increased; the five-year rate 1989-
1993 was 144.1 cases per 100,000 population, exceeding
the national rate for that time, 128.9 cases per 100,000
population.  The number of deaths from this disease fluc-
tuated, from 226 in 1992 to 232 in 1995, before declining to
174 in 1996 (Nebraska Vital Statistics Reports, 1992-1996).
The Nebraska objective for the year 2000 is an age-ad-
justed rate of no more than 20 deaths per 100,000 men;
the rate between 1989 and 1993 was 23.4 deaths per
100,000 men.  In sum, this is a health condition worthy of
further examination so that appropriate steps can be taken
to achieve or exceed the year 2000 objective (Nebraska
Year  2000 Objectives:  A MidCourse Review, 1996).

To improve our understanding of the incidence of prostate
cancer in Nebraska, we are publishing this report of differ-
ences among the 93 counties in the state.  Differences
among the counties can indicate one of two phenomena,
both of which are important to recognize with respect to
the year 2000 objective:

* The true incidence of prostate cancer could vary across
counties, leading to examination of different causes in the
counties (Meade, Florin and Gesler, 1988).

* The availability and use of health services could vary
across counties, affecting detection of the disease (Rick-
ets, et al., 1994).

Once any variation in the incidence in prostate cancer is
verified, both explanations can be explored and addressed
with policy interventions.  A true variation in rates would
indicate the need for epidemiological study to identify
causes specific to certain regions of the state (which could
include the population demographics), and interventions
could be designed to address those causes. For example,
variation related to the intensity of screening could lead to
the study of the reasons for and appropriateness of re-
gional variation in screening rates.

DATA
Data for this report are taken from the Nebraska Cancer
Registry for the years 1990 and 1991. The purpose of
the Nebraska Cancer Registry (NCR) is to gather data
which can be used to describe cancer incidence, mor-
tality, treatment and survival in Nebraska.  Registry data
are gathered from every hospital in the state of Nebraska,
and include Nebraska residents diagnosed and/or treated
at hospitals in the states of Colorado, Missouri, Wyo-
ming, Iowa, and South Dakota.  Additionally, data in-
clude cases diagnosed and treated at Nebraska outpa-
tient facilities.   Cancer mortality rates are obtained from
death certificate data, for every deceased Nebraska resi-
dent who died from cancer.  In order to assure quality
and completeness, data are screened extensively for
inconsistencies using a computerized editing process.

The NCR also evaluates the accuracy of its data.  In this
context, accuracy is defined as the degree to which the
registry data represents the data from the original source,
the medical record.  In 1993, the North American Asso-
ciation of Central Cancer Registries (NAACCR) con-
ducted a reabstracting study for the NCR and the re-
sults indicated an accuracy rate of nearly 95%.  Since
1995, the registry has maintained its own program of
refinding cases and reabstracting the data from them.
Results to date show that the accuracy of the data has
consistently remained high. At the time of the 1993
NAACCR study, the completeness of case finding was
reviewed. It was determined that the registry had col-
lected 97% of the estimated number of cancer cases.

For this report, data from 1991 and 1992 are combined
into one dataset for analysis by county.  The data are
available for each of the 93 counties in the state.  After
combining these two years, only two counties (Arthur
and Grant) are shown as having no observations for the
time period studied.
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ANALYTICAL TECHNIQUE

Standard Morbidity Ratios for Prostate Cancer
Incidence

Since the incidence rate of prostate cancer increases
with increasing age, comparisons of counties must ad-
just for the differences in the distribution of the ages of
men in those counties.  We used the Standardized Mor-
bidity Ratio (SMR) to adjust for differences among coun-
ties in age distributions. The SMR for each county is
the ratio of the observed number of new cases to the
expected number given that county�s age distribution
and the age-specific incidence rates for the state.  Thus,
we computed state wide incident rates for each of eight
age groups  (45-54, 54-59, 60-64, 65-69, 70-74, 75-79,
80-84, and 85+) for 1990 and 1991 separately.  Census
data from 1990 were used to determine the number of
men in each age group in each county for both years.
The number of expected cases in each county is then
the result of multiplying the number of men in each age
group times the rate, and summing that calculation for
all ages:

To calculate the SMR we divide the number of actual
cases (observed, O) by the number of expected cases
from the previous calculation (E):

An SMR greater than 1.0 indicates that the age-ad-
justed incidence rate for that county is higher than that
for the state as a whole. Table 1 shows the observed
and expected counts of incident cases in each county
as well as the resulting SMRs, which are mapped in
Figure 1.
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Correcting for Small Numbers and Spatial Corre-
lation:  Finding the True Variation

Smoothing the SMRs Using Hierarchical Bayes Mod-
els.
Much of the variation in county rates may be due to
counties having small populations and therefore yielding
very small and very large Standardized Morbidity Ratios
(SMRs).  These extremes ought not be treated as valid
(measuring true rates) measures; some adjustment is
needed.  The variability can be reduced by using empiri-
cal Bayes methods which “borrow strength” from the full
data set (Clayton and Kaldor 1987).  As a basic model
(Gamma model), estimates of individual SMRs are
“shrunk” toward the overall mean SMR for the whole col-
lection of regions.  Estimates from areas with very un-
certain rates due to small populations are shrunk more
than those from larger counties.  The optimal approach
applying this methodology is to use fully Bayesian hier-
archical models (Bernardinelli and Monomoli 1992); in
this analysis we employ the fully Bayesian Gamma
model.

When fully Bayes models are used, the 95 percent pos-
terior credible set (similar to a 95 percent confidence in-
terval) is the range within which we are 95 percent certain
that the quantity of interest lies. In this problem, if the 95
percent credible set does not contain 1.0, then we are 95
percent certain that the true underlying SMR is different
from 1.0; that is that the age-adjusted rate for the county
is different from the expected rate based on state aver-
ages.

We used the BUGS software package (Spiegelhalter et
al., 1994) to implement a fully Bayesian Gamma model
for the Nebraska prostate cancer incidence data. The
results are presented in the "Hierarchical Bayes" col-
umn of Table 1 and in Figure 2.
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A strict interpretation of the results, allowing for variability
in the county-specific estimates, reports “significant”
differences from the state average only for those counties
whose rates remain above or below 1.0 when the 95
percent credible set is examined.  Table 2  shows
counties  which have higher rates than the state average.
Table 3 shows counties with lower rates than the state
average.

FIGURE 1
Nebraska Prostate Cancer Incidence:

Standard Morbidity Ratio ( SMR)* 1990-1991

Unadjusted
SMR

Table 2
Smoothing the SMRs-Hierarchical Bayes Models
Counties with Above Average Rates

Counties Average 95% Credible Set
Dodge 1.636 1.367-1.905
Lancaster 1.136 1.011-1.133
McPherson 1.337 1.071-1.631
Platte 1.269 1.002-1.555

Table 3
Smoothing the SMRs-Hierarchical Bayes Models
Counties with Below Average Rates

Counties Average 95% Credible Set
Butler 0.6777 0.429-0.986
Hall 0.7780 0.612-0.969
Sherman 0.0628 0.349-0.953

*Observed/Expected

0.00 to 0.75 of state ratio
0.75 to 1.00 of state ratio
1.01 to 1.25 of state ratio
1.26 to 2.50 of state ratio

Source:  The Nebraska Cancer Registry, 1990-1991.
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FIGURE 2
Nebraska Prostate Cancer Incidence:  Hierarchical Bayes 1990-1991

0.00 to 0.75 of state ratio
0.75 to 1.00 of state ratio
1.01 to 1.25 of state ratio
1.26 to 2.50 of state ratio

Hierarchical
Bayes

FIGURE 3
Nebraska Prostate Cancer Incidence:  Spatial Correlation 1990-1991

Spatial
Correlation

0.00 to 0.75 of state ratio
0.75 to 1.00 of state ratio
1.01 to 1.25 of state ratio
1.26 to 2.50 of state ratio

Source:  The Nebraska Cancer Registry, 1990-1991.

Source:  The Nebraska Cancer Registry, 1990-1991.
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Accommodating Spatial Correlation
Figure 2  shows that there are several clusters of con-
tiguous counties with SMRs greater than 1.25 in east
and central Nebraska, and that the counties with SMRs
lower than 0.76 also tend to be clustered. This visual
evidence of spatial correlation is confirmed by use of the
rank adjacency statistic, for which Walter (1994) approxi-
mated a Z statistic. For the Nebraska raw SMRs, the
value of Walter's statistic for the hypothesis of no spatial
correlation is -2.42, with a p-value of .016. Thus, a model
incorporating spatial correlation would be more appropri-
ate than the simple independent Gamma model.

To model spatial correlation we used the so-called "con-
ditional autoregressive" or "CAR" model, in which indi-
vidual SMRs are shrunk toward the mean of their adja-
cent neighbor counties, instead of toward the overall mean.
For details of this model, see section 2.2 of Clayton and
Kaldor (1987) and the "Method" section of  Mollie and
Richardson (1991). Results are shown in the "Spatial
Correlation" column of Table 1  and in Figure 3.   The
counties with higher than average rates (again using the
95 percent credible set) are summarized in Table 4 .
Table 5 shows counties with lower than average rates.

Table 4
Accomodating Spatial Correlation:
Counties with Above Average Rates

Counties Average 95% Credible Set
Dodge 1.624 1.326-1.942
McPherson 1.286 1.011-1.571

Table 5
Accomodating Spatial Correlation:
Counties with Below Average Rates

Counties Average 95% Credible Set
Buffalo 0.771 0.4870 - 0.9750
Frontier 0.723 0.0498 - 0.9990
Hall 0.784 0.0617 - 0.9690
Hitchcock 0.622 0.3730 - 0.9470
Red Willow 0.654 0.4410 - 0.9130
Sherman 0.649 0.4020 - 0.9550

DISCUSSION
We found differences in the incidence of prostate cancer
among the 93 counties in Nebraska.  We adjusted the
Standardized Morbidity Ratios (SMRs) (observed divided
by expected) to account for variation due to small num-
bers, and for spatial correlation.  After doing so and ap-
plying a standard of reporting as “statistically significant,”
only those counties whose 95 percent credible set for
the true SMR excluded the value 1.0, we found two coun-
ties with elevated ratios (greater than the state average)
and 6 with lower ratios than the state average.   Differ-
ences in referral for prostate cancer screening (for in-
stance the intensity of prostate specific antigen [PSA]
screening) could be an explanation for all of the differ-
ences found.

The data presented in this report are suggestive of im-
portant variation in prostate cancer incidence within Ne-
braska.  Further investigation is needed to verify the dif-
ferences with more years of data, and to identify other
differences across counties that might explain these dif-
ferences incidence rates.
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