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Effect of Using True Variability for Baseline Cancer Rates

1.0 Introduction

Statistics is the cornerstone of many aspects of life but is mistrusted by many people. It is easy
to see how statistics gets a bad rap ... because it is complicated, so few people really
understand it, and it is easy to unintentionally or intentionally misinterpret data. One example
of misinterpretation is investigated below. Most of us are familiar with the concept of
calculating the average (mean or expectation value) and the standard deviation of a set of data.
But what is done if there is only one data point. One approximation is to use the Poisson
distribution which approximates the normal distribution for large numbers. The mean of a
single data point, x, is x. And the standard deviation of the single data point, x, is the square
root of x, Vx. This approximation should only be used if there is only one estimate or
measurement (theoretical method). If there is a set of measured values, then conventional
parametric statistics should be used to calculate a mean and standard deviation of the
distribution (empirical method). Unfortunately, this requirement is often overlooked in
community health studies where census tract data is compared to county data. The theoretical
method is usually used to calculate county (baseline) parametric statistics. The empirical
method should be used, since the larger variability of all individual county census tracts is
known.

Before investigating this problem, we will discuss polling statistics to illustrate concepts of
confidence intervals and variability.

2.0 Polling Statistics

The U.S. has just survived another 18-month election, and was daily inundated with polling
results. The TV pundits who show these polls will (sometimes) point out that most polls have a
margin of error of +/- 3%. What does +/- 3% mean?

If candidate A receives 43% in a poll, then the true result is 43% +/- 3% or between 40% and
46%. The more correct statistical explanation is that ... there is a 95% probability that the true
result will be somewhere between 40% and 46%. This range is also known as the 95%
confidence interval (CI)!. So, what does “true result” mean? It means that ... if 100 similar polls
were taken, then 95 out of 100 results would lie between 40% and 46%. That seems like lot,
but it is the same as saying that 1 in 20 poll results would lie outside that range. The
implication is that, all things being equal (and that is an important caveat), the ultimate result
of a national vote will also give candidate A between 40% and 46% of the vote.

! For a normal distribution, the 95% confidence interval is defined as +/- 1.96c;, where o; is the standard
deviation
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If the same poll results in candidate B receiving 46%, this likewise means, 46% +/- 3% or
between 43% and 49%. At first glance, candidate B would appear to be leading by 3%, however
the two confidence intervals also overlap by 3%. See Figure 1 for the two normal distributions
for each candidate.

Figure 1. Candidate Poll
03

0.25
0.2
0.15

0.1

Probability Density Function

0.05

35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55
Percent Vote

Candidate A Candidate B

The two probability density functions (pdf) of each candidate overlap at 44.5%. The probability
that candidate A would win in a sample poll is half the area under both curves or 32.2%/2 =
16.1%. Extrapolating to a national vote, and presuming that the sample poll was correctly
representative of a national vote, there is an 83.9% chance that candidate B would win and a
16.1% chance that candidate A would win. These poll results and predicted probability of
winning the election (rounded up) closely mirrored those of Donald Trump (candidate A) and
Hillary Clinton (candidate B) before the polls closed on November 8. The ultimate election
result clearly demonstrated that the polls were not representative of the national vote and that
the electoral college system complicates election predictions.

In order that a candidate “win” a poll, he/she should lead by more than twice the margin of
error, or 2 x 3 =6%. This would ensure a greater than 95% probability of winning the ultimate
vote. The reason for the uncertainty or variability is that the poll is usually a very small sample
(usually 1,000 voters) of the much larger population (over 100 million). The larger the sample
size, the smaller the margin of error or confidence interval becomes.

Similar problems with statistical variability is seen in the interpretation of cancer registry data.
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3.0 Cancer Statistics

The relative standard deviation (also called coefficient of variation) of a region’s cancer rate
(or/r) is equal to the inverse square root of the number of cancer cases. Table 1 illustrates a
variety of regions with increasing populations from 100 to 3,000. Assume the cancer rate
remains the same at 0.1, and therefore the number of cancers in each region increases from 10

to 300.

Table 1. Relative Standard Deviation as Function of Inverse Square Root of No. of Cancers

Standard Standard Relative Standard Coefficient of
No. of Cancers | Population Cancer Rate | Deviation of | Deviation of Deviation Variation
Region No. of Cancers | CancerRate | (st.dev. /rate) (%)
c p r=c/p o =c"? c,=c./p o /r=c? 100 * o, /r
A 10 100 0.1 3.2 0.032 0.32 32%
B 30 300 0.1 5.5 0.018 0.18 18%
¢ 100 1,000 0.1 10.0 0.010 0.10 10%
D 300 3,000 0.1 17.3 0.006 0.06 5.8%

The effect of reducing standard deviations and relative standard deviations as the number of
cancers increases. Figure 2 visually shows the shrinking standard deviation for the four regions
as the number of cancers increases.
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Figure 2. Cancer Rate of 0.1 with Decreasing Confidence Intervals
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The U.S. National Cancer Institute (NCI) publishes cancer statistics for the U.S., states and
counties. Tables 2a and 2b show, as an example, bladder cancer incidence data extracted from
NCI’s web site for the U.S., all U.S. states, and all California counties, for the 5-year period, 2009
to 2013. Data columns show ...

e State or California county

e Central estimate (CE) and 1o, confidence interval (Cl)? of the age-adjusted bladder
cancer incidence rate per year per 100,000 population. The confidence interval is
provided in parentheses as a binary pair representing the lower and upper confidence
limits (CL) of the central estimate

e Average number of incidence cases per year

e Population

The cancer rate data is given to three significant figures. The rate for the United States is 20.7
per year per 100,000. The confidence interval is (20.6, 20.7). This is an extremely narrow Cl
and implies that the rate for the U.S. is known with extreme accuracy. This is very misleading
and untrue. The small Cl is purely a function of the large population of the U.S., and the
corresponding relatively large number of cancer incidence cases.

The effect of population on the confidence interval can be seen be inspecting the various state
data in Table 2a. The most populous state, California, with a population of over 37 million, has
a relatively small Cl of 18.2 (18.0, 18.4). In contrast, Wyoming with the lowest population of
563,858, has a larger Cl of 22.6 (20.9, 24,4).

Turning to Table 2b, the low populous California county of Mariposa has a population of 18,216
and an even larger Cl of 23.9 (16.8, 34.0). Inspection of the remaining Cis for states and
counties show a similar inverse functional dependence of Cl to population.

Another interesting comparison is the U.S., Indiana and Santa Barbara County.

Cohort Population Central Estimate (Cl)
us 309,266,000 20.7 (20.6, 20.7)
Indiana 6,488,511 20.7 (20.2, 21.2)
Santa Barbara County 423,620 20.7 (18.9, 22.7)

All three areas have the same best estimate of bladder cancer incidence rate of 20.7. However,
as the population decreases, the Cl increases.

2 For a normal distribution, the 68% confidence interval is defined as +/- 1o, where o; is the standard
deviation
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4.0 Theoretical Calculation of Standard Deviation and Confidence Intervals

A simple theoretical method of calculating the standard deviation of a number of counts, in this
case number of bladder cancer incidence cases, is the Poisson approximation ...

Gc=cl/2
Gr=0_c/p

where o= standard deviation of number of cancers
or = standard deviation of cancer rate
¢ = number of cancers
p = population

Confidence intervals can be calculated for 1o, as is done here or any other multiple of .. For
instance, the +/- 95% Cl is simply +/- 1.96c,. The Poison is a good approximation for large
numbers, otherwise other methods can be employed, for instance the gamma distribution
approximation.

Calculation of lower and upper CL is illustrated below for several states and counties, to
demonstrate agreement with NCI data. Surprisingly, the calculations above for a 16+ Cl match
exactly, to 3 significant figures, to the Cls that the NCI claims to represent the 95% Cl based on
the 1.96c;. This has been communicated to NCI.

New York
raw rate = cases * 100,000 / population = 5,176 * 100,000 / 19,402,641 = 26.677
age factor = central estimate / raw rate = 23.5 / 26.677 = 0.88091

standard deviation (or) = ( age factor * 100,000 * (cases)'/2 ) / population
=(0.88091 * 100,000 * 5,176Y/2) / 19,402,641 = 0.32664

lower 1o CL = central estimate - or = 23.5 - 0.32664 = 23.2

upper 1lor CL = central estimate + or = 23.5 + 0.32664 = 23.8

Indiana

raw rate = cases * 100,000 / population = 1,473 * 100,000 / 6,488,511 = 22.702
age factor = central estimate / raw rate = 20.7 / 22.702 = 0.91181

standard deviation (o;) = ( age factor * 100,000 * (cases)'/2 ) / population
=(0.91181 * 100,000 * 1,473Y/2) / 6,488,511 = 0.53934

lower 1oy CL = central estimate - 6, = 20.7 - 0.53934 = 20.2
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upper 1lor CL = central estimate + oy = 20.7 + 0.53934 = 21.2

California

raw rate = cases * 100,000 / population = 6,684 * 100,000 / 37,326,524 = 17.907
age factor = central estimate / raw rate = 18.2 / 17.907 = 1.0164

standard deviation (or) = ( age factor * 100,000 * (cases)'/2 ) / population
=(1.0164 * 100,000 * 6,684%2) / 37,326,524 = 0.22262

lower 1or CL = central estimate - @, = 18.2 - 0.22262 = 18.0

upper 1lor CL = central estimate + B, = 18.2 + 0.22262 = 18.4

Los Angeles County

raw rate = cases * 100,000 / population = 1,521 * 100,000 / 9,834,062 = 15.467
age factor = central estimate / raw rate = 16.4 / 15.467 = 1.0603

standard deviation (o) = ( age factor * 100,000 * (cases)'/? ) / population
=(1.0603 * 100,000 * 1,5121/2 ) /9,834,062 = 0.41925

lower 1o, CL = central estimate - or = 16.4 - 0.41925 = 16.0
upper 1or CL = central estimate + or = 16.4 + 0.41925 = 16.8

5.0 Empirical Calculation of Standard Deviation and Confidence Intervals

Use of theoretical approximations, like the Poisson approximation, to estimate standard
deviation and confidence intervals should only be done when empirical data is unavailable.
Empirical Cls can be calculated using conventional parametric statistics of individual US states
and state counties, as shown in the lower portions of Tables 1a and 1b.

Using the US state data in Table 1a, the theoretical US bladder cancer incidence rate is 20.7
(20.6, 20.7). The narrow confidence interval implies that most Americans can expect a rate
between 20.6 and 20.7. However, inspection of the state rates shows that this is patently
untrue. State rates range from 13.7 (12.9, 14.5) to 29.3 (28.1, 30.6). The empirical US rate is
20.3 (16.3, 24.3) using a +/- 15 Cl (68%), and 20.3 (12.4, 28.1) using a +/- 1.966,Cl (95%).

Using the California County data in Table 1b, the theoretical California state bladder cancer
incidence rate is 18.2 (18.0, 18.4). The narrow confidence interval implies that most
Californians can expect a rate between 18.0 and 18.4. However, inspection of the county rates
shows that this is patently untrue. County rates range from 10.7 (8.6, 13.3) to 34.1 (21.3, 52.9).
The empirical California rate is 20.3 (16.3, 24.3) using a +/- 16, Cl (68%), and 20.3 (12.4, 28.1)
using a +/- 1.966:Cl (95%).
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Clearly empirical confidence intervals are always much larger, and more representative of
contributing states or counties, than theoretical confidence intervals.

Cancer registry data is also available at the census tract level. Thus, for instance, Los Angeles
County is comprised of approximately 1,300 census tracts. Populations of these census tracts
are obviously much smaller that their corresponding counties and therefore the census tract
confidence intervals are correspondingly larger.

6.0 Community Health Studies

Community health studies are often performed in communities surrounding industrial facilities
including refineries, hazardous waste site, landfills, nuclear plants, and other facilities where
there is a concern for off-site health effects. Frequently, these studies will calculate cancer
rates in a small number of census tracts surrounding the facility and compare those rates to the
county rates. If the confidence interval of the census tract is greater than, and does not
overlap, the county confidence interval, then the census tract is claimed to have a higher cancer
rate than the county average.

An alternate comparison method is to divide the census tract rate (and Cl) by the county
average rate (and Cl), to give a “rate ratio” (and associated Cl). Depending on the investigator,
census tract rate ratios exceeding 1.5 or 2.0 will be indicative of increased cancer rates. Some
investigators may (or may not) acknowledge that if the confidence interval includes the null
value, 1.0, then results are statistically inconclusive.

The county average and Cl would be designated the “baseline cancer rate” with the implication
that every census tract in the county should have a rate consistent with the county rate and Cl,
unless impacted adversely by environmental releases from the facility under investigation. If
environmental releases and subsequent exposures from the facility are either non-existent or
too small to be measured, the investigators may be obliged to add a waiver to their conclusions
saying that “there is no evidence that increased cancer rates are a result of operations at the
facility.” But nevertheless, the implication remains.

The previous review of state and county cancer rates illustrates the wide disparity between
theoretical and empirical (real) cancer rate confidence intervals. The size of cancer rate
confidence intervals is extremely important in community health studies and resulting implied
community health impacts. This is illustrated below in the form of a hypothetical health study.

7.0 Hypothetical Humboldt Bay Nuclear Power Plant Community Cancer Study

Humboldt Bay Nuclear Power Plant (HBNPP) was a 63 MWe nuclear reactor owned by Pacific
Gas and Electric Company. It was the seventh commercial nuclear power plant to be licensed in
the U.S. and operated from August 1963 to July 1976. Decommissioning is progressing.
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A hypothetical community cancer study cancer study could be performed using the data in
Table 2b. Four different outcomes are possible using combinations of theoretical and empirical
California cancer rates and Cls, and +/- 1or (+/- 68%) and +/- 1.966 (+/- 95%) Cls. See Tables
33, 3b, 4a and 4b.

Theoretical California +/- 1o (+/- 68%) - See Table 3a
Method 1.

Humboldt County 28.5(24.7, 32.8)

California 18.2 (18.0, 18.4)

Humboldt County rate exceeds California rate by more than 50%
Humboldt County Cl does not overlap California Cl

Method 2.

Rate ratio of Humboldt /CA 1.57 (1.32, 1.81)
Rate ratio exceeds 1.5
Rate ratio Cl does not include 1.0

Empirical California +/- 1o: (+/- 68%) - See Table 3b
Method 1.

Humboldt County 28.5(24.7, 32.8)

California 20.3 (16.3, 24.3)

Humboldt County rate exceeds California rate by less than 50%
Humboldt County Cl does not overlap California Cl

Method 2.

Rate ratio of Humboldt / CA 1.40 (1.05, 1.76)
Rate ratio does not exceed 1.5
Rate ratio Cl does not include 1.0

Theoretical California +/- 1.96c; (+/- 95%) - See Table 4a
Method 1.

Humboldt County 28.5(19.9, 37.1)

California 18.2 (17.8, 18.6)

Humboldt County rate exceeds California rate by more than 50%
Humboldt County Cl does not overlap California ClI
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Method 2.

Rate ratio of Humboldt / CA 1.57 (1.09, 2.04)
Rate ratio exceeds 1.5
Rate ratio Cl does not include 1.0

Empirical California +/- 1.96c; (+/- 95%) - See Table 4b
Method 1.

Humboldt County 28.5(19.9, 37.1)

California 20.3(12.4, 28.2)

Humboldt County rate exceeds California rate by less than 50%
Humboldt County Cl overlaps California Cl

Method 2.

Rate ratio of Humboldt / CA 1.40 (0.71, 2.09)
Rate ratio does not exceed 1.5
Rate ratio Cl includes 1.0

Clearly, use of the correct empirical California cancer rate and +/- 1.96c; (+/- 95%) Cl produce a
very different conclusion than using the theoretical California cancer rate and +/- 1o (+/- 68%)
Cl. See Figures 3 and 4 illustrating comparison of the two distributions for California and
Humboldt County, one using the theoretical confidence interval and one using the empirical
confidence interval. The distributions on Figure 3 appear vastly different and it would be
understandable to conclude that Humboldt County has elevated bladder cancer rates.
However, using the more correct empirical confidence interval in Figure 4, we see a very
different picture with distributions with a large overlap of distributions. It would be harder to
credibly conclude that Humboldt County has statistically significant increased bladder cancer
rates.

See also Figure 5, illustrating comparison of the theoretical and empirical rate ratios. The
theoretical confidence interval significantly exceeds the null value of 1.0 with very little overlap.
In contrast, the empirical confidence interval is not only closer to the null value with a mean
that is less than 1.5, but the there is considerable overlap of the null value. Indeed, the lower
95% confidence limit of 0.71 is well below the null value.

8.0 Conclusions

Many, if not most, community health studies incorrectly use the theoretical Cl for the baseline
cancer rate which tends to exaggerate differences between local and baseline cancer rates, and
therefore potentially reach incorrect conclusions.
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Figure 3. Cancer Rates for Humboldt County and California
Using the Theoretical California Confidence Interval
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Figure 4. Cancer Rates for Humboldt County and California
Using the Empirical California Confidence Interval
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Figure 5. Bladder Cancer Rate Ratio for Humboldt County and California
Using Theoretical and Empirical California Confidence Intervals
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Table 2. US State and California County Age-Adjusted Bladder Cancer Rates

Table 2a. Bladder Cancer Incidence Rates in US States’

Table 2b. Bladder Cancer Incidence Rates in California Counties’

Age-adjusted rate Average
per year per 100,000 3
Central +/- 1, Confidence Annual Population
Cases
Estimate Interval (Cl)

United States 20.7 20.7 (20.6, 20.7) 70,418 309,266,000
New Hampshire 29.3 29.3 (28.1, 30.6) 456 1,316,917
Maine 27.5 27.5(26.4,28.7) 486 1,328,573
Connecticut 27.3 27.3 (26.6, 28.0) 1,166 3,575,046
Rhode Island 27.0 27.0(25.8,28.4) 343 1,052,353
Pennsylvania 25.1 25.1(24.7,25.4) 4,062 12,707,371
Massachusetts 24.2 24.2(23.7,24.7) 1,850 6,562,625
Delaware 24.1 24.1(22.8, 25.5) 261 899,897
New Jersey 23.8 23.8(23.3,24.2) 2,378 8,797,921
West Virginia 235 23.5 (22.6, 24.4) 569 1,852,234
New York 235 23.5(23.2,23.8) 5,176 19,402,641
Vermont 233 23.3(21.8,24.9) 180
Wisconsin 231 23.1(22.6, 23.6) 1,524 5,689,566
Michigan 22.9 22.9(22.5,23.3) 2,634 9,885,354
Kentucky 22.6 22.6(22.0,23.3) 1,103 4,343,514
Idaho 22.6 22.6(21.6,23.7) 370 1,596,655
Montana 22.6 22.6(21.4,23.8) 279 990,794
Wyoming 22.6 22.6(20.9, 24.4) 137 563,858
lowa 22.2 22.2(21.6, 22.9) 834 3,049,096
Minnesota 22.2 22.2(21.6,22.7) 1,304
Kansas 22.1 22.1(21.4,22.9) 702
Alaska 22.1 22.1(20.2,24.1) 119 723,860
Washington 22.0 22.0(21.5,22.5) 1,572 6,744,776
North Dakota 21.9 21.9(20.5,23.4) 178 674,690
Ohio 21.9 21.9(21.5,22.2) 2,981 11,536,064
Oregon 21.8 21.8(21.2,22.4) 988 3,838,347
lllinois 21.7 21.7 (21.3, 22.0) 2,968 12,832,329
Indiana 20.7 20.7 (20.2, 21.2) 1,473 6,488,511
Maryland 20.4 20.4 (19.9, 20.9) 1,250
North Carolina 20.4 20.4 (20.0, 20.7) 2,136 9,553,239
South Dakota 20.2 20.2 (18.9, 21.5) 196 815,627
Nebraska 19.9 19.9 (19.1, 20.8) 409 1,828,204
Florida 19.8 19.8 (19.5, 20.0) 5,204
Arkansas 19.6 19.6 (19.0, 20.3) 670
Tennessee 19.6 19.6 (19.1, 20.0) 1,404 6,354,159
South Carolina 19.5 19.5(18.9, 20.0) 1,024 4,633,018
Oklahoma 19.3 19.3 (18.7,19.9) 809 3,753,739
Missouri 19.3 19.3 (18.8,19.8) 1,341
Louisiana 19.2 19.2 (18.7,19.8) 919 4,536,846
Colorado 19.1 19.1(18.5, 19.7) 933
Alabama 18.9 18.9 (18.4, 19.4) 1,032 4,782,129
Arizona 189 18.9 (18.4,19.3) 1,377 6,407,093
Georgia 18.5 18.5(18.1, 18.9) 1,682 9,716,018
Virginia 18.3 18.3(17.9,18.7) 1,537 8,018,475
California 18.2 18.2 (18.0, 18.4) 6,684 37,326,524
Mississippi 17.2 17.2 (16.6, 17.9) 551 2,968,456
Utah 16.9 16.9 (16.1, 17.7) 363 2,770,953
Texas 15.7 15.7 (15.5, 16.0) 3,567 25,225,407
District of Columbia 15.6 15.6 (14.2,17.1) 93 605,412
New Mexico 14.4 14.4 (13.7,15.1) 331 2,060,081
Hawaii 13.7 13.7 (12.9, 14.5) 228 1,363,040
Number of States 50
State Average Rate 21.1
State Maximum 293
State Minimum 13.7
State St. Dev. o, 3.21
State +/- 1o, Cl 3.21 +/-95% Cl based in 1.96G, 6.28
State Upper 1o, CL 24.3 Upper 95% CL based on 1.96G, 27.4
State Lower 1o, CL 179 Lower 95% CL based on 1.96c, 14.8

! US state data taken from State Cancer Profiles, National Cancer Institute.

https://statecancerprofiles.cancer.gov/incidencerates/index.php?stateFIPS=00&

cancer=071&year=0&race=00&sex=0&age=001&type=incd&sortVariableName=r

ate&sortOrder=default#iresults

Average annual bladder cancer incidence rates for all races, both sexes and all
ages for 2009-2013

2 Includes the District of Columbia, but excludes Nevada for which no data is
available.

3 2009-2011 Population https://surveillance.cancer.gov/cirank/quen

Age-adjusted rate Average
per year per 100,000 3
Central +/- 1o, Confidence Annual Population
Cases
Estimate Interval (C1)
California 18.2 18.2 (18.0, 18.4) 6,684 37,326,524
Modoc County 34.1 34.1(21.3,52.9) 5
Humboldt County 28.5 28.5(24.7,32.8) 42 134,700
Butte County 26.2 26.2(23.5,29.2) 70 219,977
Glenn County 25.9 25.9 (18.4,35.4) 8 28,126
Tehama County 254 25.4(20.7, 30.9) 21 63,316
Tuolumne County 25.0 25.0(20.4, 30.6) 22 55,233
Lake County 25.0 25.0 (20.6, 30.2) 24 64,474
Mendocino County 24.6 24.6(20.7,29.2) 30 87,662
Siskiyou County 24.0 24.0 (18.8,30.3) 16 44,810
Mariposa County 23.9 23.9 (16.8, 34.0) 8 18,216
Napa County 23.8 23.8(20.6, 27.3) 42 136,693
El Dorado County 235 23.5(20.7, 26.6) 54 180,830
Placer County 234 23.4(21.5, 25.6) 104 350,373
Shasta County 23.1 23.1(20.3, 26.0) 55 177,544
Sonoma County 22.8 22.8(21.1,24.7) 132 484,120
Amador County 22.8 22.8(17.7,29.3) 14 37,846
Nevada County 223 22.3(19.1, 26.1) 36 98,705
San Benito County 21.7 21.7 (16.2, 28.4) 11 55,394
Santa Cruz County 21.4 21.4 (18.9,24.2) 57 262,801
San Luis Obispo County 21.1 21.1(18.9, 23.5) 72 269,814
Madera County 21.1 21.1(17.8,24.8) 30 150,832
Yolo County 20.9 20.9 (17.9, 24.2) 36 201,031
Santa Barbara County 20.7 20.7 (18.9, 22.7) 96 423,620
Riverside County 19.9 19.9 (19.1, 20.8) 433 2,195,472
Contra Costa County 19.7 19.7 (18.6, 21.0) 228 1,052,431
Sacramento County 19.6 19.6 (18.6, 20.7) 276 1,422,393
Kings County 19.6 19.6 (15.9, 23.8) 20 152,173
Lassen County 19.5 19.5(13.0, 28.2) 6 34,753
San Mateo County 19.5 19.5(18.2,20.9) 164 720,924
Inyo County 19.3 19.3(12.7, 28.6) 6 18,519
Marin County 19.2 19.2 (17.1,21.4) 68 253,108
Solano County 19.0 19.0(17.1, 21.0) 80 413,772
Stanislaus County 19.0 19.0(17.2,20.8) 89 514,939
Calaveras County 18.7 18.7 (14.6, 24.0) 15 45,509
San Joaquin County 18.5 18.5(17.0, 20.1) 114 686,959
San Diego County 183 18.3(17.6, 19.0) 566 3,101,106
Kern County 18.1 18.1(16.7,19.7) 117 840,427
Ventura County 17.9 17.9(16.6, 19.2) 150 823,878
Monterey County 17.6 17.6 (15.7, 19.6) 67 416,070
San Bernardino County 17.6 17.6 (16.7, 18.5) 285 2,040,032
Trinity County 17.4 17.4 (9.9, 29.4) 4
Orange County 17.2 17.2 (16.5, 17.9) 520 3,020,491
Santa Clara County 17.2 17.2 (16.3,18.1) 297 1,787,832
Yuba County 17.1 17.1(12.8,22.3) 11 72,173
Fresno County 17.0 17.0(15.7,18.3) 138 931,687
Sutter County 16.6 16.6 (13.2, 20.7) 16 94,732
Merced County 16.6 16.6 (14.2,19.3) 34 256,381
Alameda County 16.5 16.5 (15.6, 17.5) 245 1,514,583
Del Norte County 16.4 16.4 (10.7, 24.3) 5
Los Angeles County 16.4 16.4 (16.0, 16.8) 1,521 9,834,062
San Francisco County 15.5 15.5(14.4,16.7) 147 807,254
Tulare County 15.3 15.3 (13.6, 17.3) 55 442,707
Plumas County 12.4 12.4 (7.7, 20.0) 4
Imperial County 10.7 10.7 (8.6, 13.3) 17 174,190
Number of Counties’ 54
County Average Rate 20.3
County Maximum 34.1
County Minimum 10.7
County St. Dev. o, 4.01
County +/- 1o, Cl 4.01 +/- 95% Cl based in 1.96c, 7.86
County Upper 1o, CL 24.3 Upper 95% CL based on 1.96c, 28.1
County Lower 1o, CL 16.3 Lower 95% CL based on 1.96c, 12.4

us_state_county_bladder_cancer_2009-2013.xIsx

* california county data taken from State Cancer Profiles, National Cancer
Institute.
https://statecancerprofiles.cancer.gov/incidencerates/index.php?stateFIPS=06&

cancer=071&year=0&race=00&sex=0&age=001&type=incd&sortVariableName=r
ate&sortOrder=default#results

Average annual bladder cancer incidence rates for all races, both sexes and all
ages for 2009-2013

2 Exludes Alpine, Colusa, Mono and Sierra counties, for which there were 3 or
fewer cases, hampering statistical analysis.

3 2009-2011 Population https://surveillance.cancer.gov/cirank/quen
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Table 3. Effect of Using the Correct Empirical Variability for Baseline Cancer Rates

+/- 1o (+/- 68%) Confidence Interval

Table 3a. Theoretical Method

Humboldt County

California as a Single Data Set

Parameter Equation Value Equation Value

Average Annual Cases Cy 42 [ 6,684

Population p1 134,700 P2 37,326,524

Age adjustment ratio a 0.914 a 1.016

Rate (per year per 100,000) r; = 100000ac,/p; 28.5 r, = 100000ac,/p, 18.2

Theoretical St. Dev. of Cases* s, =, 6.48 Theoretical s, =c, 82

Theoretical St. Dev. of Rate o, = 100000as,/p; 4.40 Theoretical o, = 100000as,/p, 0.223

Theoretical Coefficient of Variation o/ 0.154 a,lr, 0.012

Theoretical Rate and CI r +- oy 28.5 +/- 4.40 r, +I- o, 18.2 +/- 0.22

Theoretical Rate Lower 16 CL - oy 241 r- Gy 18.0

Theoretical Rate Upper 1o CL rn+o; 32.9 r,+ o, 18.4

* Based on Poisson statistics where s = \c

Rate Ratio RR=r/r1, 1.566

Theoretical St. Dev. of Rate Ratio G(RR)ZZ 212 0.242 Theoretical means that the standard deviation of the
(ri/re)*((or/n) +(o2/12)7) observed cases is calculated as the square root of the

Theoretical Coefficient of Variation o(RR)/RR 0.155 total number .Of cases in_CaIifornia. Ui th? TEENE

- - standard deviation for this large sample set is

Theoretical Rate Ratio and ClI RR +/- 6(RR) 1.57 +/- 0.24 unrealistically small.

Theoretical Rate Ratio Lower 1c CL RR - 6(RR) 1.32

Theoretical Rate Ratio Upper 1 CL RR + o(RR) 181

Table 3b. Empirical Method

Humboldt County

California as 54 Individual Counties

Parameter Equation Value Equation Value
Average Annual Cases [ 42 N/A N/A
Population p1 134,700 N/A N/A
Age adjustment ratio a 0.914 a
Rate (per year per 100,000) r, = 100000ac,/p; 28.5 Empirical r, 20.3
Theoretical St. Dev. of Cases* s, = V¢, 6.5 N/A N/A
Theoretical St. Dev. of Rate o, = 100000as,/p, 4.40 Empirical o, 4.01
Theoretical Coefficient of Variation o1/n 0.154 G,lry 0.198
Theoretical Rate Distribution ry +- oy 28.5 +/- 4.40 r, +/- o, 20.3 +/- 4.01
Theoretical Rate Lower 16 CL r - oy 24.1 r,- G, 16.3
Theoretical Rate Upper 16 CL n+o; 32.9 rn+o, 243
* Based on Poisson statistics where s =\c
Rate Ratio RR=r/r1, 1.40

- ) o(RR) =
Empirical St. Dev. of Rate Ratio (16)* ((oy /1, )2+ (011, )2 0.352 Empirical means that the standard deviation of the

observed rates is calculated using the individual rates in

Empirical Coefficient of Variation o(RR)/ RR 0.251 each county in California. Thus the standard deviation
Empirical Rate Ratio and CI RR +- 6(RR) 1.40 +/- 0.35 reflects the true variability among all counties.
Empirical Rate Ratio Lower 1c CL RR - o(RR) 1.05
Empirical Rate Ratio Upper 1c CL RR + o(RR) 1.76

Input into grey cells

empirical_vs_poisson_variability_1s.xIsx
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Table 4. Effect of Using the Correct Empirical Variability for Baseline Cancer Rates
+/- 1.966 (+/- 95%) Confidence Interval

Table 4a. Theoretical Method

Humboldt County

California as a Single Data Set

Parameter Equation Value Equation Value

Average Annual Cases Cy 42 [ 6,684

Population p1 134,700 P2 37,326,524

Age adjustment ratio a 0.914 a 1.016

Rate (per year per 100,000) r; = 100000ac,/p; 28.5 r, = 100000ac,/p, 18.2

Theoretical St. Dev. of Cases* s, =, 6.48 Theoretical s, =c, 82

Theoretical St. Dev. of Rate o, = 100000as,/p; 4.40 Theoretical o, = 100000as,/p, 0.223

Theoretical Coefficient of Variation o/ 0.154 a,lr, 0.012

Theoretical Rate and CI r, +/- 1.96c, 28.5 +/- 8.62 r, +/- 1.96c, 18.2 +/- 0.44

Theoretical Rate Lower 16 CL r - 1.960; 19.9 r, - 1.960, 17.8

Theoretical Rate Upper 1o CL r, + 1.960; 37.1 r, + 1.96c, 18.6

* Based on Poisson statistics where s = \c |

Rate Ratio RR=r/r1, 1.566

Theoretical St. Dev. of Rate Ratio G(RR)ZZ 212 0.242 Theoretical means that the standard deviation of the
(ri/re)*((or/n) +(o2/12)7) observed cases is calculated as the square root of the

Theoretical Coefficient of Variation o(RR)/RR 0.155 total number .Of cases in_CaIifornia. Ui th? TEENE

- standard deviation for this large sample set is

Theoretical Rate Ratio and ClI RR +/- 1.960(RR) 1.57 +/- 0.48 unrealistically small.

Theoretical Rate Ratio Lower 1c CL RR - 1.966(RR) 1.09

Theoretical Rate Ratio Upper 1 CL RR + 1.966(RR) 2.04

Table 4b. Empirical Method

Humboldt County

California as 54 Individual Counties

Parameter Equation Value Equation Value
Average Annual Cases [ 42 N/A N/A
Population p1 134,700 N/A N/A
Age adjustment ratio a 0.914 a
Rate (per year per 100,000) r, = 100000ac,/p; 28.5 Empirical r, 20.3
Theoretical St. Dev. of Cases* s, = V¢, 6.5 N/A N/A
Theoretical St. Dev. of Rate o, = 100000as,/p, 4.40 Empirical o, 4.01
Theoretical Coefficient of Variation o1/n 0.154 G,lry 0.198
Theoretical Rate Distribution r, +/- 1.96c, 28.5 +/- 8.62 r, +/- 1.960, 20.3 +/- 7.86
Theoretical Rate Lower 1c CL r, - 1.96c; 19.9 r, - 1.960, 12.4
Theoretical Rate Upper 1o CL r, + 1.960; 37.1 r, + 1.96c, 28.2
* Based on Poisson statistics where s =\c |
Rate Ratio RR=r/r1, 1.40

- ) o(RR) =
Empirical St. Dev. of Rate Ratio (16)* ((oy /1, )2+ (011, )2 0.352 Empirical means that the standard deviation of the

observed rates is calculated using the individual rates in

Empirical Coefficient of Variation o(RR)/ RR 0.251 each county in California. Thus the standard deviation
Empirical Rate Ratio and CI RR +/- 1.965(RR) 1.40 +- 0.69 reflects the true variability among all counties.
Empirical Rate Ratio Lower 16 CL RR - 1.966(RR) 0.71
Empirical Rate Ratio Upper 1c CL RR + 1.966(RR) 2.09

Input into grey cells

empirical_vs_poisson_variability_1.96s.xIsx
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