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PREFACE

This work was performed at the University of North Carolina as part of
a subcontract between the University of North Carolina Sthool of Public
Health and the Oak Ridge Associated Universities Medical and Science
Division. This contract is funded by the Department of Energy through
the Oak Ridge Associated Universities, Contract No. DE-AC05-760R00033.

An earlier version was partially supported by a grant from Ayerst
Laboratories.

Pisclaimer; Although extensive quality cortrol testing has been
performed, the authors do not accept responsibilities for results from
the use or misuse of this program.

This program was written specifically for case-control studies of the
cumulative incidence type and prevalence type but may be used for incidence
density and prospective studies as well.

Exact confidence intervals for strata are soon to be incorporated into
the program. Test based and Taylor series based stfata specific and summary

confidence intervals are currently calculated,



CONTENTS

PART I: The program,

PART II: Analysis of case~control data.

A: The risk of breast cancer in relation to parity - the analysis
of trend over multiple exposure levels.
B: Risk factors of non-melanoma skin cancer,

REFERENCES

APPENDIX: CASCNTRL output for the breast cancer and skin cancer analyses,

Page

16
18

24



A COMPUTER PROGRAM FOR THE ANALYSIS OF
CASE-CONTROL STUDIES (CASCNTRL)

PART I: The program

The computer program CASCNTRL was written specifically for the analysis
of data resulting from epidemiologic case-control studies., It is intended
to provide the majority of commonly required measures of risk, as well as
some of the less familiar ones. The program can be run with simple input
consisting of the cell totals of each stratum-specific 2 x 2 table, the
number of tables to be read, and the appropriate JCL (given below).

The output provides the stratum—-specific tables as well as the overall
2 x 2 table, summed over all strata. Accompanying the stratum-specific
tables are:

1) the odds ratio (OR’

2) 95% confidence limits of the OR

3) the chi-square test of association

4) the Mantel-Haenszel weighting factor (MWGHT)

5) the inverse of the variance
The summary information associated with the combined data includes;

1) the crude odds ratio

2) adjusted odds ratios
(a) Mantel-Haenszel OR (MOR)
(b) Inverse variance weighted OR (VOR)
(c) Internally standardized OR (ISRR)
(d) Externally standardized OR (ESRR)
(e) an adjusted standardized OR (DSRR)
(f) an adjusted standardized OR (TSRR)

3) 95% confidence intervals for
(a) Crude OR
(b) Mantel-Haenszel OR

(¢c) Inverse variance weighted OR
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4) the Mantel-Haenzel chi-square statistic
5) measures of confounding based on each of the adjusted ORs

6) the standard error of the inverse variance weighted OR

A second portion of the output is headed "OTHER MEASURES OF EFFECT".

This section contains 23 entries that are enumerated and defined below.
The section includes a variety of useful measures which have been
broken down as follows;

1) General measures

2) Attributable risks (%)

3) Prevented fractions (%)

4) Etiologic fractions (%)
The measures of effect in categories 2, 3, and 4 may be thought of as
two measures in one. Depending on whether the value is positive or
negative the interpretation may vary conceptually, as well as
quantitatively. This is also discussed below.
Output

The following is a brief explanation of each part of the output.
It is first necessary, though, to develop some notation which will be

used to provide the associated formulations.

Stratum-specific notation

Case |Control : Case {Control
E a b m, E P1 P2
E| ¢ d |m, E|1-P |1-P,
1’11 n2 n 1 1
E = exposed

E =not exposed
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Summary table notation

Case {Control Case [Control
E A B E P1 P2
E|! C D E|1-P1 {1-P2
N1 N2 N 1 1

Equational notation

P(D)

P(D|E)

P(D|E)

n

sum over all strata = ) where j represents the j-th stratum

probability of an
time-frame of the

probability of an

time-frame of the

j

individual acquiring the disease within the

study.

individual having become a case (within the

study) given that the individual was exposed

to the risk factor.

probability of an

time-frame of the

individual having become a case (within the

study) given that the individual was not

exposed to the risk factor.

The following sample printout resulted from the statements given

in the section entitled Running CASCNTRL. Notice that example one was a

stratified analysis where the strata were 'males and "females",

respectively.

run.

A second stratified analysis was done in the same computer
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To the right of the stratum-specific tables the following informa-

tion is given;

0dds Ratio = A principal measure of effect in case-control studies.

CHI SQ

MWGHT

INV VAR

H

E@ -2? EG®) »? | E© -0’ 6@ -0’

The odds of exposure among the cases, divided by the odds
of exposure among the controls. This is equivalent to the
ratio of the odds of being a case among the exposed to the
odds of being a case among the unexposed. Under the rare
disease assumption this is an estimate of relative risk.

ad
be

The 95% confidence limits of the odds ratio. Confidence statement

that 95 out of 100 random samples produce intervals which
include the true value of the OR. If the interval contains
unity the OR was not significantly different from unity at

the o =.05 level.

Y
1.1.1 1%
OR*exP(tl.ng[E+B—+E_+a—) ]

1
OR » exp(¥1.96 x (VAR) ).

Single degree of freedom chi-squared statistic for test
of association. A test for whether there is an association

between disease status and exposure status.

E(a) E(B) E(S) E@ > “here

E(X) =expected value of X.

Mantel -Haenszel weighting factor, used to construct the

summary Mantel Haenszel OR from the stratum-specific ORs.

(Mantel and Haenszel, 1959).

bc

n

The inverse variance may be interpreted as an indicator of the

preciseness of an estimate. In this usage, the smaller the
stratum specific variance, the more precise the estimate
of the OR. The greater the precision of the estimate, the
larger the inverse variance. Hence, precise estimates are

weighted heavily in obtaining a summary measure.



-6-

To the right of the overall table is a table of several odds

ratios, crude and adjusted, and associated statistics. The adjusted

odds ratios are weighted by different factors, as described below, and

therefore differ slightly in their conceptual foundations. Differences

or similarities among the odds ratios provide information as to the

relationships between the stratum-specific data and the pooled data.

For example, if the crude and adjusted ORs are approximately equal,

confounding did not occur (see measures of confounding below).

0dds Ratio

Crude

MOR

VOR

ISRR

ESRR

Crude odds ratio. An estimate of relative risk under the

- rare disease assumption. Does not take strata into account.

AD

BC

Mantel -Haenszel adjusted summary odds ratio - with weights %%

(Mantel and Haenszel, 1959; Dayal, 1978).
ad
L3 JMWGHT xOR

) ‘_;9. JMWGHT

Adjusted summary odds ratio. Weights are the inverses of the

strata variances (Fleiss, 1973).

Yw £n (OR) ]
— where w=————= = [NV VAR .

exp ,
Zw 1-+ +=
a

o=
Q)

o'l

Internally standardized risk ratio. Adjusted summary odds ratio
with weights °f (Miettinenm, 1973, 1974).

A Ja
E(A* zbc
T

Externally standardized risk ratio. Adjusted summary odds ratio
with weights ¢ (Miettinen, 1973, 1974).
yad
EC)* _ &b
C EC

*E(X) = Expected value of X.



DSRR

TSRR

Note:

adjusted standardized odds ratio with the controls serving
as the reference group. As weighted averages of odds ratios

over strata, the weights are b,

ad
E(B) _%c¢
B b

adjusted standardized odds ratio with the unexposed controls
serving as the reference group. As weighted averages of

odds ratios over strata, the weights are bc/a.

D _I
E(D) I

mlc o
[e]

ESRR may be used to compare the risks of a disease over
different exposure levels. DSRR may be used to compare
different diseases or disease levels for a given exposure.
TSRR may be used to compare the risk of a disease associated
with one exposure level to another disease or disease

state associated with a different exposure level. Great
care must be taken in implementing such comparisons.

Some discussion of these indexes is provided in Part II.
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95% C.I. = The top entry is the test based 95% confidence interval .

associated with the Mantel-Haenszel odds ratio (MOR).
1
2
yog L1+ 196/ (CHISQ) 7] . .

The lower entry is the 95% confidence interval of the

inverse variance odds ratio (VOR). .
1
= VOR xexp[t1.96/ (] (INVVAR)) ?].

CHI SQ

Mantel-Haenszel chi-square statistic, with one degree of
freedom (Mantel and Haenszel, 1959).
Jh(ad -be))?
™M M,

(n -l)n2

Measures of

Confounding = Each of these represents the ratio of the crude OR to the
adjusted OR and is printed at the left of the table. The
measure of confounding indicates the extent to which the
crude OR is larger or smaller than the adjusted OR.
Values near unity indicate that the crude OR and adjusted . .
OR are similar, therefore there is no confounding. Values
very different from one indicate that confounding exists .
and that the adjustment is important. (The crude OR isof
questionable value in that case.)
_ _Crude OR
Adjusted OR °
S.E. = Approximate standard error of the inverse variance

adjusted odds ratio (Fleiss, 1973).
1
= VOR/ () (INV VAR))* .

Other Measures of Effect

Pl = Probability that an individual was exposed to the risk factor,
given that the person has the disease, i.e., fraction of exposed
cases.
= P(E|D) = ﬁ‘—;— . y



P2

XRR

DIFF

PHI

YULE

COLE

-9~

Probability that an individual was exposed to the risk factor,
given that the person does not have the disease. Fraction of

exposed controls.
PEID) =g~
2

Exposure risk ratio. Ratio of the risk of exposure among cases with
the risk of exposure among controls.

P(E|D) _P1

p(Elﬁ) P2

Berkson’s simple difference. Difference in the prevalence of the
risk factor among exposed and non-exposed. This summary measure
sums over strata and weights each by its inverse variance

(Berkson, 1958, Cochran, 1954, Fleiss, 1973).

Iw(P; -Py) . ) 1
» Where WE3% a+by(1l 1

I n [1 "Tn ][H—+i—)

1 2

Phi coefficient. A measure of association interpretable as a

correlation coefficient, values range between 0 and 1 (Fleiss,
1973, Nunnally, 1967).

XH

N
Yule’s Q (Fleiss, 1973, Yule, 1900), (or the Goodman-Kruskall
gamma) . A measure similar to the odds ratio but scaled to lie

between -1 and 1.

Crude OR -1
Crude OR +1

Cole and MacMahon’s excess relative risk, based on the MOR (Cole
MacMahon, 1971).

MOR -1.

% Attributable Risks

CPAR

_ P(D) -P(D|E) Pl - P2

Crude population attributable risk percent. Also called the
population based etiologic'fraction by Miettinen. The proportion
of incidence in the population that is attributable to exposure.
(Cole and MacMahon, 1971, Levin, 1978, Miettinen, 1973, 1974).

x100 = x100.

P(D) 1-P2
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TPAR
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Adjusted summary population attributable risk percent. Weights .
are the stratum-specific numbers of cases (Miettinen, 1973, 1974).
n P1 P .
11-P
x 100 .
an .

Adjusted summary population attributable risk percent. Weights
are the numbers of observations per stratum.
n PP

1-P

z 2 x 100.
n

In the present context E is a risk factor. If E is a benefit

such as that offered by an intervention, then the PAR (crude or

adjusted) will be negative. In such a situation a new interpretation

is offered by ignoring the negative sign; it is 100 x (P(D|E) -P(D))/P(D)

(The percent increase in risk from removing a protection (E) from a .

population is one possible interpretation.)

BACK =

Estimate of disease attributable to background risk factors. .
Total risk minus the adjusted population attributable risk

percent.

100 - APAR.

If this quantity is greater than 100 it suggests the exposure
has a protective effect. The background risk factors are those
factors to which each individual in the population is normally

exposed.

% Prevented Fraction (E is now a beneficial exposure, or intervention)

CPF

_ P(D|E) -P(D)

Crude prevented fraction percent. A measure of the protective
effectiveness of a beneficial exposure E. The proportion of
incidence among the non-exposed that could be prevented by

intervention.

P2 -P1

x100 = ————x100.
P(D|B 1-P1 . -
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APF = Adjusted summary prevented fraction percent. Weights are the
numbers of unexposed cases per stratum.
e P2 P
1-P
= ______——L)(loo,
Jc
TPF = Adjusted summary prevented fraction percent. Weights are the

stratum totals.

. P, -P,
i-p
-1 100 .

Zn

If a negative sign is present for the crude and adjusted PFs, then

by ignoring the sign the following interpretation is offered: It is
100 x (P(D) -P(D|E))/P(D|E), the percent increase in risk from offering
an exposure to a population (not exposing each individual) in which the
exposure is previously (or hypothetically) absent.

CF5 = Another type of prevented fraction percent. The percent improve-
ment in disease rate that could be realized by the unexposed

population if the intervention E is given to all members of the

population.
P(D|E) - P(D|E) 1 [pz -Pl]
= 100 = — x100 .
POID) P2 1- P

AF5 = Summary adjusted F5. Weights are the numbers of unexposed cases
per stratum.
ke
P2 1-P

- 17 100 .

Ye

If a negative sign is present for the crude and adjusted F5s, then

by ignoring the sign the following interpretation is offered: It is
100 x (P(D|E) -P(D|E))/P(D|E), the percent increase in risk from exposing
each individual in a population to E where it was previously (or

hypothetically) absent.
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CF6 = Population F5 - type prevented fraction percent. Percent

improvement in disease rate if intervention is given to all
members of the population.
P(D) -P(D|E) _P2 -P1

P (D) x 100 -——55——-x100 .

AF6 = Adjusted summary F6. Weights are the numbers of cases per stratum.

Py -P

In—5—
P
= _._...-——Z—-X 100 .

Iny
If a negative sign is present for the crude and adjusted F6’s, then
by ignoring the sign the following interpretation is offered: It is
100 X((P(D|E) -P(D))/P(D), the percent increase in risk from exposing
everyone in a population to E whereas previously only some individuals
were exposed.

% Etiologic Fraction

CEF = Crude etiologic fraction percent. Also called the attributable
risk percent among the exposed. It is the percentage of disease
among the exposed that is attributable to exposure.

P(DIE) -POIE) , 100 =L PL-P2,00.

P(D[E) P1 1-7P2
AEF = Adjusted summary etiologic fraction percent. Weights are the
numbers of exposed cases per stratum.
fal Py -P
P, 1-P,
x 100
Ya
TEF = Adjusted summary etiologic fraction percent. Weights are the

stratum-specific totals.
P, -P
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If a negative sign is present for the crude and adjusted EF,
then by ignoring the sign the following interpretation is offered: It
is 100 X(P(Dlﬁ) —P(D|E))/P(D|E), the increase in risk from removing

a protection that everyone had.

CF3 = Percent change in disease rate among the exposed, if the exposure

becomes selective rather than mandatory.

P(D|E) -P(D) _ P1 -P2
POIE) pPL °

AF3

]

Adjusted summary F3.

P.-P

1 2
Ja —5——
Py

Ja
If a negative sign is present for the crude and adjusted F3’s then
by ignoring the sign the following interpretation is offered: It is
iOO x (P(D) -P(D|E))/P(D|E), the percent increase in risk by removing
the condition that each individual is exposed.
Further discussion of many of these measures of risk may be found

in the papers by Grimson and Morgenstern (unpublished) and Hamilton (1979).

Running CASCNTRL

The sample output of both analyses on page 4 was produced from a
run of CASCNTRL using a job deck similar to the one below. The input
statements have been broken down into conceptual units I - IV, which
are discussed in this section.

//jobname JOB UNC.X.XXXX,username

//«PW=XXXX (if account password protected)
I // EXEC PGM=CASCNTRL

//STEPLIB DD DSN=UNC .N.F224D.FLETCHER .LMOD,

!/ VOL=SER=UEPD{2,DISP=SHR,UNIT=DISK

//G.PARM DD «

I #TABLES=2,LABEL=:xxxxxx§xxx’;
#TABLES=3,LABEL="XXXXXX";

//G.INPUT DD =



“14=-

6 5 10 11°"MALES” FIRST STUDY ’
10 14 15 20 “FEMALES” FIRST STUDY

II1{26 50 10 58 “HYPER~ SECOND STUDY
22 32 13 56 "HYPO” SECOND STUDY
15 42 6 48 “NORMAL~ SECOND STUDY .

//G.OUTPUT DD SYSOUT=A,DCB=(RECFM=VBA,LRECL=137,BLKSIZE=141)
IV{//G.SYSPRINT DD SYSOUT=A
// )

I. ACCESSING THE PROGRAM
CASCNTRL is stored on a disk data set at UNC and can be

accessed with the following JCL cards:

// EXEC PGM=CASCNTRL

//STEPLIB DD DSN=UNC.N.F224D.FLETCHER.LMOD,

// VOL=SER=UEPDP2,DISP=SHR,UNIT=DISK
These statements will differ for users at other facilities.
II. PARAMETER CARD

CASCNTRL processes one or more groups of 2 x2 tables. The
number of 2 x2 tables in each group must be gi\}en to the program on a ' .
parameter card. This parameter card must also include a heading or
title which is printed at the beginning of the group on the output. '
A parameter card should be punched as follows:
#TABLES=n, LABEL="XXXXXXXXXX";

where “n” equals the number of consecutive tables to be processed as
one group, and “XXX” is the heading or title information describing
the group of tables. The maximum length of the heading is sixty
characters. A parameter card must be present for every group of 2 x2
tables. For several distinct analyses,as many groups of tables may
be input to the program in one run as is desired. All parameter cards
are placed in the run deck after the JCL card:

//G.PARM DD =«
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III. INPUT OF DATA (2 x2 tables and descriptions)

A single 2 x2 table of the form

c [
C=case
E 2 b T=control
- E = exposed
E ¢ d E =not exposed

is punched on one data card, beginning in column one, with a space
separating each number from the next, in the following order:

abcd
Each 2 x2 table may have up to twelve characters to describe it. These
characters are printed on the output. The user is free to devise any
code to help describe each table. This descriptive information is
punched on the data card after the four numbers from a table. It must
be surrounded by single quotes and separated from the last number by at
least one space. Any keypunchable character may be used (except the
single quote). Examples:

6 10 12 “NON-WHITE FEMALES”
7 14 20 “WHITE FEMALES~

2

4
If no descriptive information is desired, simply punch two consecutive
single quotes separated from the last number by at least one space, as
follows:

2468 ™"

Fach data card must have either one to twelve characters surrounded by
single quotes or two consecutive single quotes with nothing punched
between them. Optionally each data card may contain additional informa-

tion punched after the quoted table description. This optional informa-

tion is not read or processed by the program. The user may desire to



-16-

to number the data deck or otherwise identify the data cardé, All data
cards are placed in the run deck after the JCL card:
//G.INPUT DD *
IV. To output the results the following cards are necessary after the
last data card:
//G.OUTPUT DD SYSOUT=A,DCB=(RECFM=VBA,LRECL=137 ,BLKSIZE=141)

//G.SYSPRINT DD SYSOUT=A
!/

In the event that a stratum cell frequency is zero, the program
will automatically add 0.5 to each cell of the stratum so that the odds
ratio can be calculated. This will not be carried over to the summary

table.

PART II: Analysis of case-control data

A. The risk of breast cancer in relation to parity - the analysis

of trend over multiple exposure levels

Some case-control studies involve multiple exposure or risk factors, or
exposures of several levels. CASCNTRL may be used to analyze these more
complex types of studies.

| Within each strata, the unexposed group is associated with each of k

exposure level groups. Thus in each strata one may compute an odds
ratio for each level, using the same unexposed individuals for each
level. 1In practice this is often done. Miettinen (1973) shows that k
ESRRs are appropriately adjusted odds ratios whenever odds ratios are to
be compared across k exposure levels. The k exposure-nonexposure
levels share the same unexposed individuals, These odds ratios are
adjusted for the covariables comprising the strata and they are standardized
to a common reference group in a way that corresponds to direct

adjustments of rates. The reference or standard group is the group of
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unexposed individuals,

The main point is that an ESRR from any exposure level can be
compared with the ESRR from any other exposure level, That is, the ESRRs
provide valid dose-response relationships between risk and exposure.

Technically, it is not appropriate to use inverse variance weighted
odds ratios or the Mantel-Haenszel odds ratios in comparing the effects of
different levels of exposures in case-control data of the kind described
here because they are not "adjusted" to a common standard. However,
numerical differences between the results obtained from different kinds
of summary odds ratios often are slight. Also, ESRR could be less
stable than other summary odds ratios so judgment is required in order
to properly analyze the data.

Table 2 contains data from a case-control study on the possible
effects of parity on the risk of breast cancer, See Sabler et. al.
(1969) for the details of the study. Miettinen (1973) analyzed the
data with regard to a '"dose-response' relationship using ESRRs.

TABLE 2
Risk of breast cancer in relation to parity.*

age strata | risk factor cases controls
parity 4-9 10 50
< 20 parity 2-3 6 47
parity 1 2 24
parity 4-9 68 312
20-29 parity 2-3 144 428
parity 1l 36 129
parity 4-9 22 32
> 30 parity 2-3 47 144
parity 1 39 80

* Data from Salber et al. (1969). Adiitional analyses appears in
Miettinen (1973).



-18-

The output is displayed on pages Al and A2 of the Appendix.
An odds ratio of unity is assigned to the reference group
(parity = 1), Then using ESRER to examine trend, the values of ESRR
for the groups parityj= 1, parity = 2-3, and parity = 4-9 are,
respectively,
1.00, 0.94, 1.14
The crude odds ratios depict an almost opposite trend
1.00, 0.96, 0.77
For comparison, the other odds ratios in the printout are:
MOR: 1.00 0.97 1.00
VOR: 1.00 0.97 0.99

B. Risk factors of non-melanoma skin cancer

Table 3 contains data on basal cancer and squamous cancer from a
study by Urbach et al. (1972). The table is reproduced from a
subsequent analysis of the data, Vitaliane (1978). Exposure is given
as the subjects lifetime solar exposure. Covariables are age, tannability
(burns or tans) and complex ion (pale or dark). The above two
references should be examined for details of the study design and
definitions. Vitaliano used the data to illustrate the use of logistic
regression for modeling risk factors.

CASCNTRL may easily be applied to the data in a variety of ways.

Trends of risk over exposure and comparisons between the squamous cancers

and the basal cancers may be studied according to the procedures outlined

in Part I.
The present analysis, however, is concerned only with the squamous
cancers. Also, exposure is treated as a binary variable (0-19999 hours =

low exposure, 20000 or more hours = high exposure).
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TABLE 3

Multiway disease — exposure table with three covariates

Exposure Groups*

Confounding

Factors Disease

(Strata)t Groups No or Little Exposure Low Exposure High Exposure
Controls 11 0 2

BYD Basal 9 2 1
Squamous 1 0 0
Controls 24 3 0

BYP Basal 40 8 5
Squamous 1 2 0
Controls 9 0 1

BOD Basal 16 1 2
Squamous 3 0 2
Controls 39 3 1

BOP Basal 76 12 7
Squamous 11 3 10
Controls 65 2 5

TYD Basal 26 4 0
Squamous 1 1 1
Controls 23 4 1

TYP Basal 19 2 0
Squamous 0 0 2
Controls 55 6 8

TOD Basal 44 11 17
Squamous 9 1 3
Controls 23 6 3

TOP Basal 33 6 12
Squamous 1 2 4

% No or little exposure, low exposure and high exposure are defined as

< 9999, 10000-19999, = 20000

respectively.

cumulative hours of solar exposure

+ B = burns, T = tans, Y = < 59 years of age, 0 = > 59 years of age,

D = dark, P = pale.
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Tables 4 and 5 are derived from CASCNTRL output displayed on pages
A3-A9 of the Appendix. Pages Al0-Al7 contain further analyses of this data
wherein three exposure groups are defined: 'No' exposure is less than
10000 hours of lifetime solar exposure, low exposure (L) is 10000-19999 hours
"of lifetime solar exposure, high exposure (H) is 20000 or more hours. The
latter analysis (A10-Al7) suggests a dose response relationship and suggests
that solar exposure provides a greater risk for squamous cancer than for
basal cancer., The use of ESRR, DSRR and TSRR are not informative bécause
of a high degree of effect modification; the risks vary greatly among the
strata of confounders and these indexes, interpreted as weighted averages
of odds ratios over the strata, have as weights single cell counts which
provide unstable estimates. See Table 6. However the stratum specific

results confirm these trends.

TABLE 4

Summary results for each group

COR  VOR*  LCL** X2 Confounding |
Overall 7.9 7.2 3.2 36 1.1
Burns 12.7  10.0 2.4 18 1.3
Tans 7.2 6.1 2.2 18 1.2
Pale 20.0  21.3 6.1 37 0.9
Dark 3.5 1 1.0 4 1.1
< 60 8.3 8.9 1.8 13 0.9
2 60 6.9 .7 2.6 25 1.0

* Adjusted for the effects of covariables .
*% lower confidence limit of VOR .
T Mantel-Haenszel chi square .

T+ Confounding effects of covariables .
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TABLE 5

0dds ratios and other information for the covariate

levels (strata)

Level OR RR* LCL** Notes
Y|B|P 7,9 24,1 0.1 two zero cells
D 1.5 3,0 0,0 one zero cell
TP 91.7 24,1 2,9 one zero cell
D 6.7 3.0 0.5
0|B|P 30.0 24.1 3.5
D 6.0 3.0 0.4
T(P 12.9 24.1 1.9
D 2.3 3.0 0.5

* Relative risk as defined and estimated by Vitaliano (1978)

*% LCL for OR ,

TABLE 6

Risk Comparisons for different diseases and exposures

Basal-Low" Basal-High Squamous- Squamous-
Low High
Exposure Exposure
Exposure Exposure

Control for¥*

Control for

Control for

Control for

T,A T,A,C | T,A T,A,C | T,A T,AC | T,A T,AC
ESRR(E(C)/C) | 2.0 2.2 | 2.0 3.0 | 3.9 4.7 14,47 19.9"
DSRRGE(EY/B)H 1.8 1.9 | 1.9 1.9 | 6.57 8.5T | 17.57 16.57
TSRR(D/E(D)) T 1.8 1.7 | 0.47 0.6 | 4.0 3.1 7.7 6.0
VOR 1.8 1.7 | 2.2 2,1 | 3.8 4,9 9.2 9.0

* Low exposure is 10000-19999 hours of lifetime solar exposure.
High exposure is 20000 or more hours.

%% T = tannability, A =

age, C = complexion,

+ As odds ratios, these numbers differ markedly from other odds ratios
including OR, VOR and MOR:

++ Standardized adjusted risk ratios.
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Summarizing from the CASCNTRL output (A3-A9), the following
conclusions are reached:

1, In the older age group, people with pale complexion are at a
high risk of acquiring solar induced squamous cancer (Table 3),

2, These significant risks are higher for those who burn (OR = 30.0)
than for those who tan (OR = 12,9).

3. For the younger age groups the risks appear to be higher for the
pale group also, but sparse cells prevent a firm conclusion.

4. From Table 4, whose results are less perturbed by sparse cells,
it is noted that complexion is the most critical factor in solar
induced squamous cancer. Pale people have a summary risk of
21.3 (VOR), adjusted for age and tannability, whereas dark people

have a VOR of 3.1, also adjusted for age and tahnability.

These results from CASCNTRL are consistant with the conclusions reached
by Vitaliano who used a logistic approach. The logistic model contained
an exposure-complexion interaction term and the three covariables age,
complexion, and tannability, along with exposure. From this, complexion
surfaces as the only significant effect modifier, in agreement with the
CASCNTRL results. However, the point estimates obtained by Vitaliano
(RR of Table 5) differ widely from the strata-specific odds ratios, as one
would expect with only the significant terms included in the model. Thus,
based on the model assumptions and the "smoothing" effects of fitting, one
is apt to place as much confidence on the role of complexion in the younger
group as in the older, whereas in the present analysis
some interesting differences, though not all statistically significant,
are observed (summary items 1, 2 and 3, above),

On the other hand the logistic estimates for RR (24.1 and 3.0 for pale

and dark respectively) and their counterpart VOR estimates (21.3 and 3.1)
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are comparable (see Summary item 4, above).

Other important measures of risk are given by CASCNTRL, Using either
CPAR or APAR, the adjusted population attributable risk is 34%Z, i,e., the
proportion of incidence in the population that is attributable to exposure is
approximately 34%., The etiologic fraction is 82%, i.e., the proportion
of incidence among the exposed is approximately 82%. These are not
available in the logistic analysis; adjusted PARs and EFs cannot properly
be constructed from simple algebraic manipulation on adjusted odds ratios.

However several choices of these indexes are available in CASCNTRL.
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Al4

. BAS L EXP ) - )
TARLE= 1 2.5 0,5 | 3.0 1000S RATIO! 95% CI I CHI S@ | MWGHT 1INV VAR.
AYD 1 [} 6,053 | 0,258+ 142,048 | 1,524 1 0,198 ™ 0,386

9.5 11,5 1 21.0 et ecetamrecccetndecnsesserttscse e cnurraece e neannenneteaayaen

12,0 12.0 ¢ 24,0

. . . . .- . - . .
L L T L R R e L T R T R L L L R e T ¥ YT I

TARLE= 2 8.0 3.0 1 11,0 100DS RATIOH 9%% CI I CHI S@ | MuGHT I INV VAR
BYP 1 [} 1,600 1 0,387, 60620 1 0.426 1| 1,600 | 1,90%
49,0 24,0 § 64.0 L O

P N L L T O T L T e

48,0 27.0 1 7540

v -
L LA AL L L L e L Al e L L L I L L e L P L Y T T T P L P P Y e e L L L P L e e N L L L L L L L L T Y Pyt
- - -

TARLE= 3 1.5 0.5 1 2.0 10D00S RATIOI 95% C1 I CHI S@ 1 MWGHY ! INV VAR
ROD [} ' 1,727 1 0,064, 464770 | 0,108 1 0,295 1 0,353
16.% 9,5 | 26.0 B L e T L e Lk Ly Y P PP

18,0 10,0 28,0

TARLE= 4 12,0 3.0 1 15.0 1000S RATIOI 9%% CI ! CHI S@ { MWGHT i INV VAR
ROP i ' 2,053 | 0,547, 74705 1 1,174 ) 1,754 1§ 2,196
76.0 39,0 1 115.0 | meatemcecmecccenesscccscesesseccancececenncececcnmacasnneoncecncan

88,0 42,0 § 130.0

- . . . . e e e [ R AN . . . .
L L e e L D L L L R R L L T T R R Y R

TABLE= S 4,0 2.0 ¢ 640 10DDS RATION 95% CI I CHI S@ | MHWGHT I INV VAR
YO ' 1 5,000 | 0,863, 28,983 | 3,824 | 0,536 | 1,244
26,0 6%5.0 § 91.0 O

30,0 67.0 1 97.0

R L R L L L R Y D R R R R L b Lt L T T R e Y PP i Sy

TARLE= 6 2,0 4.0 & 6.0 tODOCS RATIOHN 95% CI I CHI S@ | MWGHT I INV VAR
YYP ' ! 04605 1 0,100, 3.672 | 0.302 ! 1,583 § 1,182

19,0 23,0 ¢ 42,0 R T T T Py
21,0 27,0 | 48.0 ' _ o ‘
TABLE= 7 11.0 6.0 1 17.0 1000S RATION T 9s% €1 1 CHI S@ | MWGHT 1 INV VAR
70D ] | 2,292 1 0,785:  €.687 | 2,389 | 2,276 | 3,350

44,0 5.0 § 99,0 B et g PR

55,0 61,0 | 116.0

TABLE= 8 6.0 6,0 | 12,0 10DDS RATIOH 95% CI | CHI S@ ! MWGHT | INV VAR
T0P ' I 0,697 | 0,200,  2.43% 1 0,322 1 2,912 4 2,456
_ 33,0 23,0 | 56,0 cmetemmtcesemccamccecmmmceesecetaceacsemnseaeentienamecananaeanans

39,0 29,0 | 68,0

AR de el L D L DL L et L L el A e L DL DL L LR L L L T e e e L e L R e L R R L L Ll L L L T'% Y piiyipryiies i

c w @ w @ oo T OPe0F «~FO0ORM®ocoecooeoeas

oVERALL T 46,0 0 24,0 1 70,0 ' | ’ i R ] o | MEASURE OF |
1 10DDS RATIOH 95% C1I I CHI Sg ) CONFOUNDING | SeE,

263,0 249,0 | 512.0 B e L L L Rt LT D
cececccesmrencencneacnanenan CRUDE| 1,815 1 1,076, 3,062 4,862 V' i

309.0 273,0 | 582.0 MOR | 1,681 1 1,002, 2.819 3.879 | 1,079 |

VOR 1,665 | 0.968, 2,863 i 1,090 1

ISRR 1.5%52 ¢ 1,169 t

| 1

' |

| 0,460
1
ESRR | 2.172 0,838
!
]

DSRR 1,883 0,964
TSRR 1,667 | i | 1,089 !

sssnsnsassOTHER MEASURES OF EFFECTSsssssasgs*

X ATTRIBUTABLE RISKS % PREVENTED FRACTIONS X ETIOLOGIC FRACTIONS

0.1489 CPAR= 6.6830 CPF= ~T+1617 CEF= 44,8926
0.0879 APAR= 5.5818 APF= ~6.2721 AEF= 37,7377
1.6934 TPAR= 5.9842 TPF= -6.,8891 TEF= 39,8639
0,0629 BACK= 94.4182 CF5= =81.4639 CF3= 40,9460
0.0816 AFS= ~116,8568 AF3= 35,8598
YULE= 60,2894 CFe= ~69,43366

COLE= 0.6811 AF6= ~98,8210

x

x

x
nauwun



Al5

. SQU L EXP .
TAQLE= 1 0.5 0,5 1 1.0 1000S RATIOI 95X C1I I CHI SO | MWGHT I INV VAR
RYD | [} Te667 0.,107¢ 850,171 1,122 4 0,054 0.210
1.% 11.% 13,0 B L T e e T s

2,0 12,0 14,0

TARLEz 2 2.0 3.0 | 5.0 10DDS RATIO! 95% CI I CHI S@ | MNGHT | INV VAR
aYP I __ L. 164000 1 1,093, 234,259 | 6.000 1 0,100 | 0,533
1.0 24,0 y 28,0 S S S I

o CTeswsretTesacssspernesans

3.0 27.0 1 30.0

TARLE= 3 0.5 0,3 1 1.0 __ 1000S RaTIOl 95% CI 1 CHI S@ | MWGHT | INV VAR
g0D ) ] [} 2.714% ) 0,045, 164.930 0,242 | 0,123 | 0,228
3.5 9,85 ¢ 13.0 P T L T LD 1Y T T iy Sy I

4,0 10.0 1t 14,0

TABLEs 4 3.0 3.0 ¢ 6.0 ) 10008 RATION 95% C1 I CHI SO | MWGHT | INV VAR
goP 1 [} 3,549 1 0,626, 204091 | 2,240 | 0,589 1,217
11.0 39,0 | 90,0 et mcetarcacecamecetermmcetmmteamcncncamcesecmtseaancranecenenen

14,0 42,0 56.0

TARLE: 5 1.0 2,0 1 3.0 100DS RATION 95% C1 | CHI S@ | MWGHT 1 INV VAR
TY0 1 b 32,500 1 1,452, 727,629 1 10,322 | 0,029 t 0,398
1.0 6%5.0 1§ 6640 T Ty Y

2.0 67,0 1 6940

TABLE= 6 } 0.5 4.5 ¢ 5.0 1000S RATIOI 95% CI I CHI SO 1 MWGHY I INV VAR
' TYP [} [} 5,222 | 0.091, 299,041 | 0,779 1 0,078 | 0,234
0,5 23.5 ] 24,0 D L L R L ey gy

1,0 28,0 | 29,0

TABLE=s 7 1,0 640 | T.0 100DS RATIOI 95% C1 I CHI S@ | MWGHT 1 INV VAR
T0D ' ! 1,019 | 0.109. 9.484 0,000 ¢ 0,761 | 0,772
9.0 55,0 | 64.0 . eeemeseesemccercececccnasancetcteteecscmesssenmeccosmnansraseanna-

10,0 61,0 | 71.0

e

. . . . . . . - P .
L L A el L L L L L T L L L AT Y Y L L L L P LY TR L T T el P R Ry Y L L TR P RY L L iy i U sSSP

TApLE= 8 2.0 6,0 1 8.0 10DDS RATIOI 95%% CI ! CHI S@ | MWGHT I INV VAR
TP , ' 1. T.667 1 0,591, 99,486 | 3,065 | 0,188 | 0,585
1,0 23,8 1) 24,0 B L L R R ol Ll L L oy iy U,

3.0 2900 3200

o @ e o oo T OP~0F «F O0RMS®eoaoocaes

OVERALL 9.0 24,0 |+ 33,0 ] | | | MEASURE OF |

100DS RATIO) 95% C1I | CHI S@ | CONFOUNDING | S.E.
27,0 209,0 1 276.0 T e L LSt T T SO RPN
cecsennserancsnsnemacenene CRUDE } 3,458 | 1,439, 8,196 1 7.2%3 | i

36,0 273,0 I 309.0 MOR | 4161 1 1,813, 9,548 11,316 | 0,831
VOR 4,893 | 1,888, 12,681 1 0,707 1
ISRR 3,475 0.995% |
1 1
| [

' 2377
I
ESRR | 4,739 0,730
!
!

DSRR 8,518 o 0,406
TSRR 3,074 1§ ' 1 1,125 1

*x2es8e2830THER MEASURES OF EFFECTssssssnsss

_ B X ATTRIBUTABLE RISKS X PREVENTED FRACTIONS X ETIOLOGIC FRACTIONS
P1 = 0.2500 CPAR= 17.7711 CPF= «21.6117 CEF=z 71,0843
P2 =z 0,0879 APAR= 20.2826 APF= 26,1430 AEF= 87,8913
. . XRR = 2.8438 TPARE 30,8595 TPF=  <62,8146 TEF= 67,3686
OIFF= 0.1824 BACK= 79.7174 CFS=  =»2u%,8333 CF3= 64,83%2
PHL = 0.1914% AFS= -368,3128 AF 3= 78.4291%
e L YULER 0,981 ) . CFe= «184,37%0
gomi .U eoves Be2606 . . AFGR  =254,9a38 C e -

o R P



Al6

e . -

. BAS H EXP . .

TARLEz 1 1.0 2,0 1 3.0 10DDS RATION 9%5% C1 I CHI S@ | MWGHT I INV VAR
sYD | [} 0.611 | 0,047, 7.882 | 0,144 | 0,783 | 0,588
9.0 11,0 ¢ 20,0 R e e e L R DL D P LR L Ll R el e Gt

YT T PP R L L L L T L L

10.0 13.0 1 23.0

JABLEz 2 5.5 0.5 ¢ 6.0 {1000 RATION 95% CI I CHI S@ 1 MWGHT I INV VAR
RYP L [} 6,654 | 0,352, 12%.,632 | 2,078 i 0.283 | 0,445
40,5 24,5 | 6540 cecmcenteetreremtmGsSmErReesSTeTeeTseeeneseEeESemcssscsseReaTamea.

P L L TR LY L L L L LY ]

46.0 25,0 | T1.0

~apL€s 3 2.0 1.0 4 3.0 10pDS RATION 95% c1 | CHI S@ | _MWGHT | INV VAR
ROO | 1 1.125 | 0.089, 14,202 | 0,008 | 0,571 | 0.598
16.0 9,0 1 25.0 O i b

P L L L LT PP LA L

is,0 10,0 t  28.0

TARLES & 7.0 1.0 1 8.0 " 100DS RATION 93% C1 I CHI S@& '} MWGHT = | INV VAR
ROP ] ' 3,592 | 0,427, 304205 | 1,363 | 0.618 1 0,846
76,0 39,0 1 115,0 ‘ ceeeeseemsmssmsemmmemsmameameSeeameececcesmemsssosesmmmmmooasocoes

83,0 40,0 1 123.0

TABLE= 5 0,5 5.5 1 640 100DS RATIOH 95% 1 1 CHI S@ 1| MWGHT | INV VAR
o ' 10,2251 0,012, 4,208 | 1,183 1 1,487 1 0.447

26,5 6%.% 1 92,0 eitcoumaareeresrececamatoamerreasmanseesmanseaticenmsnecoaranaan

e 27,0 71,0 1 98.0 e e e

TABLE= 6 0,5 . 1.5 1 2.0 1000S RATIO! 95% CI 1 CHI S@ | _MWGHT I INV VAR
TYP ] [} 0,402 1 0,015, 10,428 1 0,320 1 6,650 1 0,362
19,5 23,5 1 43,0 -.--.----------.--.--...-...--.------.------..-.---------..--....

20,0 23.0 | 43540

TABLE® 7 17,0 8,0 1 25.C 10DDS RATION 935% C1 | CHI S@ | MWGHT | INV VAR
10D | ! 2.6%6 | 1,049, 64727 | 4,421 1 2,839 | 4,450
44,0 55,0 1 99,0 B e LEL LT PR L L L LL LA L L L ILS

P L LT LY Y P P Y

61,0 63,0 1 124,0

TARLE= 8 12,0 3.0 1 15.0 10D0S RATION 95% C! I CHI S@ | MWGHTY | INV VAR
TOP L | . 2,788 | 0,707 11,000 ¢ 2,263 | 1,394 | 2,039
‘ 33.0 23.0 ] 56,0 P T e T P Y P L L LI L PR L L L L R L D D Ll ke dndded i it b

45,0 26,0 71.0

e e o eaweoeoTOQOPwO0OF «cFORME® «o=aoce-

' | | ! MEASURE OF |
10DDS RATION 95X C1 | CHI SO | CONFOUNDING ! SeEs
263,0 249,0 | 512.0 mcccecesememssmseammeesssmesetEememeesesesseeseasseeteesseessonos
eecmmemcwmeucsccmcasaseaca CRUDE | 1,984 1 1,147, 3,431 | 5,747 1 ]
307.0 270,0 | 5770 MOR | 2,001 1.118, 3,581 5,485 | 0,991 |
VOR 2,077 1,110, 3.888 1 0.95% 1
1SRR 2,161 0.918 (
1
1

AVERALL 44,0 21,0 t  65.0
§

0.664

ESRR 2,999 0,662

|
[ !
[ |
| §
DSRR 1§ 1,939 t 1,023
|

TSRR 0,594 ! | 3,342 1

sssenesnns0THER MEASURES OF EFFECTssssstsass

%X ATTRIBUTABLE RISKS X PREVENTED FRACTIONS %X ETIOLOGIC FRACTIONS .

= 0.1433 CPAR= 7.1073 CPF= «7.6510 CEF= 49,5893
= 0.0778 APAR= 8,108%8 APF= =8e7212 AEF= 57,1282
XRR = 1.8427 TPAR= 6.8169 TPF= “8,3534% TEF= -25,08%58
= 0.0362 BACK= 91.891% CF3= -98,370% CF3= 45,7323
= 0.0972 AFS= «199,3015 AF3= S52.1287
YULE= 0.3297 CFes= -84,2718

COLE= 1.0008 AFE= *169,0848



‘ - - : Al7
i SQU H EXP
TARLE=Z 1 0.5 2,85 1 3.0 1000S RATION 95% C1 ! CHI S@ 1 MWGHT | INV VAR
BYD ' ' 1,533 4 0,047« 49,804 I 0,059 1 0,234 | 0,317

1.5 11,5 1 13.0 Y e eceeaeteamiccceemmocsmeamaccmacomesaconammenenamannnn

'II’ _ 2.0 14,0 | 1640

- . . . . .
--_----------------------------..-----.--.----.------.----------.-------..-..--.--------------.-..-----..------------.

TARLE= 2 0.9 0.5 | 1.0 10D0S RATION 95%x C1 | CHI S@ 1 MWGHT I INV VAR
BRYP | ] 16,333 | 0,232, 1147,968 | 2,747 |} 0,028 | 0,212
1.5 24,% | 26.0 e L T e LI L LD

2,0 29,0 27.0

TABLE=z 3 2.0 1.0 1 3.0 1000S RATIOH 95% C1 I CHI S@ | MWGHT I INV VAR
800 I i 6,000 1 0,390, 92,282 1 1,875 1 0,200 0,514

3,0 9,0 1 12,0 s e Y e L L R L L LS LD L L DL Dt ikt

5.0 10.0 1 15.0

fABLE= 4 10.0 1.0 1 11,0 t0D0S RATION 95% CI I CHI SQ@ | MWGHT t INV VAR
ROP i 1 35,455 | 4,081y 307.993 | 18,966 ! 0,180 | 0,822
11,0 39,0 }§ 80,0 ceetmereseamomccsseswsesseeSsSosomesccasesessmmssoeso-semesescsmes

P L L T Y Y L AL T L g

21,0 40,0 61.0

TapLE= 3 1,0 5.0 1 6.0 10DDS RATION 9%% Cl I CHI SQ | MWGHT I INV VAR
o | t 13,000 1 0,703, 240,386 | #,675 | 0,069 | 0,451
- 1.0 6%5.0 | 66,0 [ e e L L LD R LA L LR L L DL L L L L A Rt el Lt dib bl it

e CaneptetaaceterneSseree D ’

2,0 70,0 1 T2.0

TABLE= 6 2.3 1,9 1 4,0 1000S RATIO! 95% C1 I CHI SQ@ 1 MWGHT I INV VAR
TYP 1 ] 78,333 14 2,472, 2482.536 1} 13,082 | 0,027 1 0,322
0,% 23,5 | 24,0 s TR R I TR P EE T L ER R L

e YT T T Y T P T L L L L T

3.0 25,0 | 28.0

TABLE= 7 3.0 8,0 1! 11.0 10DDS RATIO!F 95% CI B I CHI S@ | MWGHT I INV VAR
‘TOD 1 [} 2,292 | 0,510, 10296 | 1,219 | 0,960 | 1,702
L

9,0 5.0 1| 6.0 B e R EL L LI L LD DR Ll

12,0 63,0 | 75.0

TABLE= 8 4.0 3.0 1 7.0 1000S RATICH 9%% CI I CHI S@ | MWGHT § INV VAR
TP | ) 304667 | 2,517+ 373,563 | 11,243 ) 0,097 | 0,615

1.0 23,0 1 24,0 ’ i e e ST L PR DR L LR L LTSt et el St il g

P L T T Y P Y L L DL L L

5.0 26,0 | 31.0

. .
--------..-_------o------------..--------.------------—----------.-----.-—-.--.o-.-—.-o-.-.-----o—---..-------------»

“w oo e= o TOP~0F=FOQORMG®eooooenes

1 4340 | 1 i | MEASURE OF |

' 100DS RATIO! 95% €1 I CHI S@ | CONFOUNDING | S.E.
27,0 249,0 | 276,0 memmmemeesseeScesetesmemesmeSSSCeSeacaes—essesesssscmeecessecosos
cetmmmamcemmasenmamsenases CRUDE | 9,661 1 4,713, 194805 1 42,228 | 1

49,0 270.0 1| 319,0 MOR | 9,232 | 4,619, 184452 39,568 | 1,047
VOR | 8,594 | 3,863, 20,730 b 14124 '
ISRR 1§ 8,729 | ' 1.107 ]
ESRR | 19,935 | ] 0.485 )
DSRR | 16,490 | \ 0.586 1
|

OVERALL 22,0 21,0

|
| 3.86)
[}
|
t

TSRR 5,978 | 1 | 1,616 !

stesnnssss0THER MEASURES OF EFFECT##xssssnsx

% ATTRIBUTABLE RISKS X PREVENTED FRACTIONS X ETIOLOGIC FRACTIONS

= 0,4490 CPAR= 40,2508 CPF= «67,3663 CEF= 89,6498%

= 0.,0778 APAR= 4003452 APF= «72.7936 Fz 95,3616
XRR = 5.7726 TPAR= 41,3110 YPF=  «115,0904 EF= 8, 3441

= 0,3499 BACK= =~ '59.6547 ’ CFa= -86641376 T CF3= 7 82.6768

= 0,3%522 AFS= <1887,9938 AF3= 89,3376
YULE= 0.8124 CFE=  @477,2%9%
COLE= 8.,2316 AF6E  =980,3043



