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Characteristics Relating to Ovarian Cancer Risk: Collaborative
Analysis of 12 US Case-Control Studies

I. Methods

Alice S. Whittemore, _ Robin Harris, 1Jacqueline Itnyre, 1 Jerry Halpern, 2 and
the Collaborative Ovarian Cancer Group 3

Data from 12 US case-control studies of ovarian cancer, conducted during the period
1956-1986 and representing some 3,000 cases and 10,000 controls, were pooled and
reanalyzed. Separate analyses were conducted for four subgroups of the pooled data:
invasive epithelial ovarian cancers in white women; epithelial ovarian cancers of low
malignant potential in white women, epithelial ovarian cancers in black women, and
nonepithelial ovarian cancers. This paper gives a brief description of the participating
studies and describes the methods used in the collaborative analysis. Am J Epidemiol
1992; 136:1175-83.
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This is the first in a series of articles de- of data from 12 case-control studies of ovar-
scribing a collaborative combined analysis ian cancer conducted in the United States
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during the period 1956-1986 (1-12). The own studies, to determine feasibility of a
major goals of the analysis were examination combined analysis, and, if the analysis was
of 1) relations between specific types of ovar- deemed feasible, to determine resources
ian cancer and certain reproductive and hor- needed to conduct it. This meeting was
monal characteristics, taken singly and in funded by the Small Grants Program of the
combination; and 2) variation in these rela- Division of Etiology of the US National
tions with age and race. This paper describes Cancer Institute. Further National Cancer
the methods used for the analysis. Part II Institute funding allowed the collaborators
(13) presents results for invasive epithelial to meet annually three more times.
ovarian cancers in white women, and part

III (14) gives results for epithelial tumors of Subjects
low malignant potential in white women.
Part IV (15) relates these results to current The 12 studies differed in their eligibility
hypotheses for the pathogenesis of epithelial criteria for subjects. For example, some stud-
ovarian cancer. Part V, with results for epi- ies in table 1 excluded nonwhite cases or
thelial ovarian cancer in blacks, and part VI, cases outside a certain age range; some ex-
with results for nonepithelial ovarian cancer, cluded cases with a prior cancer diagnosis;
are reported elsewhere (16, 17). others excluded cases with nonepithelial

ovarian cancer or with tumors of low malig-
DATA nant potential. The studies in table 1 also

differed in their procedures for control selec-
Studies tion. Those studies using hospital controls

Studies included in the analysis satisfied varied in their eligibility criteria for the con-
the following criteria: l) they must have trois; most excluded women admitted for
included women newly diagnosed with epi- obstetric, gynecologic, psychiatric, or malig-
thelial ovarian cancer at a US hospital; 2) nant conditions. One study (6) excluded
control women must have resided in the US women admitted with myocardial infarc-

during the period of case ascertainment and, tion, stroke, thromboembolism, osteopo-
if they were hospital controls, could not have rosis, or gallbladder disease; another (l) ex-
been hospitalized for gynecological condi- cluded women admitted with diabetes or
tions; 3) characteristics of study subjects gastrointestinal conditions, while yet an-
must have been ascertained through per- other (4) excluded women (both cases and
sonal interviews using a structured question- controls) with a prior hysterectomy. Most,
naire; 4) questionnaire data must have been but not all, studies excluded controls with a
coded and stored electronically, and 5) vari- prior bilateral oophorectomy. Another
able definitions must have been docu- source of variation among the studies is the
mented, closeness with which controls were matched

Table 1 lists the 12 studies that met these to cases on characteristics such as age and

criteria. Other published US case-control race. Some used a matched design, some
studies of ovarian cancer either did not in- used frequency matching, and others used

volve personal interviews (18-20) or did not an unmatched design and instead stratified
store their data in machine-readable form in the analysis.

(21). Representatives from each of the 12 Such differences mandate criteria for in-
eligible studies met initially to describe their cluding subjects in the study and analytic

methods that separate or stratify the data by
Reprint requests to Dr.AliceS. Whittemore,Stanford the study from which they arose, as dis-

University School of Medicine, Department of Health Re- cussed in the statistical section below. We
search and Policy, HRP Modular no. 2, Stanford, CA
94305-5092. excluded women whose characteristics were

Supported by National Cancer Institute grants CA reported by a surrogate, women who did not
43689,CA47427,andCA47448. know their total number of pregnancies or
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TABLE 1. Case-control studies of epithelial ovarian cancer among US white women

Authors(referenceno.) Cases Controls

Invasive Low malignant Year of Placeof diagnosis No.* Source
3otential diagnosis

Byers et al. (1) 196 1956-1963 Buffalo, NY 795 Case hospitals
Hildreth et al. (2) 59 3 1976-1979 Connecticut 1,068 Case hospitals
McGowan et al. (3) 133 33 1974-1977 Washington, DC 165 Case hospitals
Wu et al. (4) 111 1975-1977 San Francisco Bay 482 Case hospitals

Area, CA

Rosenberg et al. (5) 115 8 1976-1980 Eastern US citiest 486 Case hospitals
Hartge et al. (6) 220 41 1978-1981 Washington, DC 288 Case hospitals
Casagrande et al. (7) 133 1973-1976 Los Angeles, CA 134 Case neighbor-

hoods

Cramer et al, (8) 177 41 1978-1981 Boston, MA 229 Town directories
Nasca et al. (9) 314 27 1977-1980 New York State 694 Motor vehicle files
Weiss et al. (10) 269 23 1975-1979 Utah, Washington 700 Household and

RDD$ phone
surveys

CASH:[: group (11) 303 107 1980-1982 8 SEER:[: areas§ 3,542 RDD phone sur-
veys

Whittemore et al. 167 44 1983-1986 San Francisco Bay 310 Group 1: RDD
(12) Area, CA phone surveys

Group 2: case
hospitals

Total 2,197 327 8,893

* Number included in the present analys=s.
t Including Boston, Massachusetts; New York, New York; Philadelphia,Pennsylvania;and Baltimore,Maryland.
:_RDD, random digit dialing; CASH, Cancer and Steroid Hormone Study; SEER, Surveillance,Epidemiology, and End Results

program.
§ Atlanta, Georgia; Detroit, Michigan; Seattle, Washington; San Francisco BayArea, California; Iowa; Connecticut; New Mexico;

and Utah.

women who had or might have had a bilat- arate program to extract this information
eral oophorectomy. Table 1 shows the num- from each tape; 7) preparing descriptive sta-
bers of white women with epithelial ovarian tistics for each variable and each study in
cancer (classified by tumor behavior) and search of outlying observations and outlying
white control women included in the analy- studies; 8) merging the extracted data into a
sis. composite file containing data for all vari-

ables and all studies; 9) extracting subsets of
ANALYSIS data for separate analyses; 10) assembling a

Analysis involved the following tasks: l) list of regression models for each variable;
constructing the basic variables (e.g., race 11)conducting study-specific and combined
and subtype of disease) needed to organize regression analyses; 12) documenting and
the data into subsets for separate analysis; 2) cataloging output; and 13) discussing and
choosing the major hypotheses to be tested; interpreting results and planning further fol-
3) defining the variables needed to test these low-up regressions. These steps are discussed
hypotheses; 4) reviewing the individual below.
questionnaires and code books to determine

Data organizationthe information available on the variables of

interest; 5)using this information to identify We first copied to an IBM 3090 main-
a list of"working variables" to be used in all frame computer (IBM, Poughkeepsie, NY)
analyses; 6) identifying the positions on each original data flies from the 12 studies. This
of the data tapes of the information needed represented data for some 13,600 subjects
to assemble each variable and writing a sep- and comprised 3,900 variables, ranging from
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44 to 1,308 variables per study. Collaborat- TABLE2. Major hypotheses tested in ovarian
ing investigators had stored their original canceranalysis
data in many different formats, including Pregnancies
seven- and nine-track tapes with fixed and Riskamongthe parousdoesnot depend on the
variable-length record formats and formats numberof termpregnancies.

Riskamongthe parousis unrelatedto ageat first
produced by various types of data processing livebirth,afteradjustmentfor numberofterm
software. We used versatile tape-reading pregnancies.
software on the mainframe computer to cre- Riskis unrelatedtonumberof failedpregnancies,
ate new flat files with fixed record length, afteradjustmentforthe numberof termpregnan-
We then subdivided these files into manage- cies.
able subfiles and transferred them to an IBM Riskamongthenulliparousis unrelatedto maritalstatusandgravidity,
PS/2 mode] 70 microcomputer (IBM, Ra- Riskamongtheever-marriedis unrelatedto history
leigh, NC) containing two megabytes of ran- of physician-diagnosedinfertilityandreporteddif-
dom access memory and a 120-megabyte ficultyinconceiving.
hard disk. After displaying and checking the BreastfeedingRiskamongtheparousis unrelatedto durationof
variables of interest on these files, we merged breast feeding.
them into a composite file containing rec- Exogenousestrogens
orals for all eligible subjects and all variables RiSkisunrelatedtodurationof oralcontraceptive
of potential interest. For speed and effi- use.

Therelationbetweenriskandoralcontraceptiveciency, we stored the composite file on a
usedoesnot varyby parity.

Sun Workstation (Sun Microsystem, Milpi- Riskamongwomenaged40 yearsor moreis unre-
tas, California) which was connected to both latedto durationof estrogenreplacementther-
the mainframe computer and the micro- apy.
computer. These network connections al- Menstrualevents
lowed electronic data transfer to and from Riskis unrelatedto ageat menarche.

Riskamongnaturallymenopausalwomenaged55
the collaborating investigators at their insti- yearsor moreis unrelatedtoageat menopause.
tutions. We then extracted subsets of this Pelvicsurvery
file for the various subgroup-specific anal- Riskisunrelatedto priortuballigation.
yses. Riskisunrelatedto priorhysterectomywithovarian

conservation.
Yearsof ovulation

Hypotheses to be tested Riskisunrelatedtoestimatedyearsofovulation.

Table 2 lists the major hypotheses evalu- Riskpermonthofanovulationdoesnotdifferbysourceof anovulation,ageat anovulation,or age
ated. Other issues, such as the relation of at risk.
ovarian cancer risk to exposures to talc,
tobacco, alcohol, and coffee, were not ad-
dressed because too few of the studies had Variable definition
comparable data on the relevant variables.

Original plans for analyses specific for his- After selecting the most important hy-
tologic type of ovarian cancer were aban- potheses, we listed the working variables
doned in response to the group consensus needed for all regressions related to each
that possible lack of uniformity of the his- hypothesis. For example, all regressions re-
tological classifications made this approach quired the working variable "reference age,"
potentially less fruitful than other subdivi- defined as a subject's age at the reference
sions of the data. Instead, we separated date assigned to her for evaluation of her
women with epithelial and nonepithelial personal characteristics. The assignment of
ovarian cancers and, among those with epi- reference date varied by study and case-
thelial cancers, separated white women from control status. Usually, the reference date
black women. White women with epithelial for a case was the date of her cancer diag-
ovarian cancers were further separated by nosis, and the reference date for a control
the invasiveness of their tumor (invasive vs. was the date of her interview or the date of
low malignant potential), diagnosis for her matched case. Other ex-



Methodsof Analysis 1179

amples of working variables include a wom- all relevant regressions. Further, women
an's total number of term pregnancies, de- with unknown values of a variable were
fined as pregnancies of at least 20 weeks deleted from all regressions containing that
gestation and coded as 0, 1..... 5, _>6,and variable. Thus, total case and control num-
her total number of failed pregnancies, de- bers vary across regressions, and numbers
fined as miscarriages, induced abortions, ec- presented in the following parts vary across
topic pregnancies, and stillbirths, and coded tables.
similarly.

Once a working variable was identified, Statisticalanalysis
the individual questionnaires and code

Several pitfalls may result from poolingbooks were reviewed to determine a com-
mon definition and coding scheme. This data from separate studies with differing pro-
sometimes involved difficult trade-offs be- tocols and differing exposure prevalence.
tween coding detail and study inclusion in The variable "study" could represent both a
order to obtain data from as many studies strong confounding factor and an effect
in as much detail as possible. For example, modifier. It is a potential confounder be-
we defined failed pregnancies to include still- cause both the case:control ratio and the
births (which also are term pregnancies) in prevalence for a particular exposure may
order to use data from a study that had vary from study to study. It is a potential
aggregated stillbirths with the other types of effect modifier because odds ratios may vary
pregnancy failure. When the convention of from one study population to another.

Therefore, an analysis that pools data acrossusing the coarsest definition resulted in un-
acceptable loss of specificity or detail for too studies could yield seriously misleading re-
many studies, we conducted additional, suits.

We used several strategies to address thesemore detailed analyses using only those
studies with appropriate data. pitfalls. First, we stratified all analyses jointly

by study and reference age (<25, 25-29 .....To produce the working variables, sepa-
rate programs were written to extract the 75-79, and _>80 years). Studies 10 and l l
data from the individual study files. For were further stratified by their constituent
complex variables, such as menopausal sta- study centers. We used conditional logistic
tus or estimated age at last ovulation, flow regression (22), implemented on EGRET
charts (e.g., figure 1) helped to ensure that software (23), to estimate odds ratios and

calculate (two-tailed) significance levels andthe different studies contributed comparable
information. Once created, the working vari- confidence intervals. This approach has two
ables were edited for subtle interstudy in- advantages over an unconditional analysis

containing dummy variables for the studies,compatibilities. Descriptive statistics were
used to identify outliers and other problems, the age groups, and their interactions: It
Some of these were resolved locally; others avoids unwieldy output of regression coeffi-
required discussion with the collaborating cients for the resulting 200-plus age-study
investigators. Some investigators occasion- variables which are not of primary interest,

and it allows inspection of numbers of sub-
ally had to review their original data to jects who failed to contribute to a givenconfirm or recode questionable values or to
provide further detail. More than 90 work- analysis because their age-study stratum
ing variables were constructed, lacked cases or controls or discordant expo-

sures. However, either conditional or strati-
fied unconditional regression could be used

Data processingand management (22); we found that the two produced nearly
Once created and edited, the working vari- identical estimates for odds ratios and their

ables were used to derive categorical and standard errors when performed on the same
other variables for regressions. When ana- data. The standard errors and confidence
lyzing a topic, we included only those studies intervals produced by these regressions do
that had data for all variables occurring in not reflect variance because of interstudy
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MENOPAUSAL STATUS

I reference age > 55 yrs? [

yes I no I

other surgery? still menstruating?

,=

 °J--wnJ noIs2 s4 sl s5

l agent hysterect°my > 55yrs? I i age at last menstrualIperiOd >_reference age?

yesl no I unknown] yesl no] unk .... I

s2 s4 sl s5

I Iperiod > reference age? other surgery?

s5 s4 s2 s5

l I [ Iage at hysterectomy > age age at hysterectomy > age
at last menstrual period + at last menstrual period +
one yr? one yr?

yes] no[ unknown[ yesl nol unknownl
s2 s3 s4 s2 s3 s5

sl = PREMENOPAUSAL
s2 = POSTMENOPAUSAL NATURAL
s3 = POSTMENOPAUSAL ARTIFICIAL
s4 = POSTMENOPAUSAL REASON UNKNOWN
s5 = STATUS UNKNOWN

FIGURE 1. Flow chart for creation of the variable "menopausal status" from data obtained in 12 case-control
studies of ovarian cancer.

differences in odds ratios. An analysis of visually. More formally, we also evaluated
variance of the log odds ratios (24) or jack- the log-likelihood of a given regression
knife procedure (25), although not per- model versus that of an expanded model.
formed for the" ovarian cancer data, would The latter includes product terms obtained
produce variance estimates that include an by multiplying the major variable of interest
interstudy variance component, by a dummy variable for each of the studies

Second, we looked for heterogeneity (22). As a simple example, when testing the
across studies in odds ratio estimates for all null hypothesis that odds ratio estimates for
major variables associated with risk of in- parity do not vary across the six hospital-
vasive epithelial ovarian cancers. To do so, based studies, we fit both a small model and
we computed individual study-specific odds an expanded model. The small model con-
ratios for the variables and inspected them tained only the parity variable PAR (coded
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one for parous women and zero for nullip- found good agreement between odds ratios
arous women), while the expanded model obtained by the two types of study; such
contained PAR and five additional dummy agreement lends support to both study de-
variables of the form PAR × STUDY j, j = signs.
1.... ,5, where STUDY j is coded one if a Finally, we included year of birth as a
woman participated in study j and 0 other- continuous variable in all regressions to con-
wise. The coefficient for PAR x STUDY j trol more precisely for reference age and to
gives the proportional amount that the odds control for any case-control differences in
ratio for parity in study j differs from that year of interview that might bias comparison
of study 6, an arbitrarily chosen referent of temporal variables such as oral contracep-
study. An overall test of the null hypothesis tive use.
of no study heterogeneity is provided by the
likelihood ratio statistic based on the maxi-

Limitationsand strengths
mized log-likelihoods of small and expanded
models. Under the null hypothesis, this sta- Combined analyses such as this share
tistic has approximately a chi-squared distri- some of the pitfalls of meta-analysis (i.e., the
bution with degrees of freedom equal to one review and synthesis of published findings).
less than the number of studies being ex- Despite the common definitions used to re-
amined (22). code variables and all efforts to ensure inter-

In addition to examining heterogeneity study comparability, the data available to a
across studies of odds ratios for all major combined analysis nevertheless derive from
variables associated with risk of invasive ep- questions whose wording varied across stud-
ithelial ovarian cancer, we also evaluated ies and thus could have elicited different
such odds ratio heterogeneity with respect responses. Interpretation of the final results
to parity, history of oral contraceptive use, also is hampered by any defects in the orig-
and 10-year strata of reference age. Other inal studies, including selection bias in the
effect modification was evaluated when mo- enrollment of cases and controls and con-

tivated by a specific biological mechanism founding by unmeasured or imprecisely
suggested by one or more of the collaborat- measured variables. Pooling data from sev-
ing investigators, eral studies that have the same types of bias

Third, we conducted two sets of combined can produce relative risk estimates that are
analyses: one for the six studies that involved statistically highly significant but neverthe-
hospital controls (studies 1-6 in table 1, less unconvincing of an underlying causal
hereafter called hospital studies (1-6)) and relation. (See reference 26 for further discus-
one for the six studies that involved random sion of the sources of bias in pooled analyses
digit dial or neighborhood controls (studies of epidemiologic data.)
7-12, hereafter called population studies (7- On the other hand, a combined analysis
12)). Study 12 used both hospital and pop- offers several benefits. It provides large sam-
ulation controls; we omitted the hospital ple sizes for examining effects of rare expo-
control data. Software limitations on the sures, interactions among established or sus-
maximum numbers of study subjects and pected risk factors, consistency of associa-
variables in a regression mandated the split tions previously suggested by some studies
into hospital and population studies, which but not confirmed by others, and effects of
fortuitously allowed us to assess the strength risk factors by subtype of disease. For ex-
and consistency of an association by corn- ample, part IV (15) in this series describes
paring two independent sets of odds ratio the finding that odds ratios relating epithelial
estimates. The split also provided an oppor- ovarian cancer risk to pregnancy and oral
tunity to compare odds ratio estimates and contraceptive use differ between younger
prevalence of characteristics between hospi- and older women, a finding that has not
tal and population controls. Overall, we emerged from any individual study and
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would not emerge from meta-analysis of 6. Hartge P, Schiffman MH, Hoover R, et al. A case-
control study of epithelial ovarian cancer. Am J

published results from individual studies. Obstet Gynecol 1989;161:10-16.
In addition, a combined analysis produces 7. Casagrande JT, Louie EW, Pike MC, et al. "Inces-

variables that have a common coding across sant ovulation" and ovarian cancer. Lancet 1979;2:170-3.
studies, thus removing a major obstacle to 8. Cramer DW, Hutchison GB, Welch GR, et al.
interpretation of published results from in- Determinants of ovarian cancer risk. I, Reproduc-

dividual studies with differing variable deft- rive experiences and family history. J Natl Cancer
Inst 1983;71:711-16.

nitions. For example, part II in this series 9. Nasca PC, Greenwald P, Chorost S, et al. An epi-
(13) examines invasive epithelial ovarian demiologic case-control study of ovarian cancer
cancer risk in relation to total duration of and reproductive factors. Am J Epidemiol 1984;

119:705-13.
unprotected intercourse, an issue that could 10. Weiss NS, Lyon JL, Lift JM, et al. Incidence of
not be studied by synthesis of published ovarian cancer in relation to the use of oral contra-
results because this variable had not been ceptives. Int JCancer 1981;28:669-71.

defined and coded consistently across stud- 11. The Cancer and Steroid Hormone Study of theCenters for Disease Control and the National Insti-
ies. tute of Child Health and Human Development.

A combined analysis also provides a The reduction in risk of ovarian cancer associated
with oral contraceptive use. N Engl J Med 1987;

framework for evaluating the consistency of 316:650-5.
findings across studies conducted in differ- 12. Whittemore AS, Wu ML, Paffenbarger RS Jr, et al.

ent populations using different methodol- Personal and environmental characteristics related
to epithelial ovarian cancer. II. Exposures to talcum

ogies, powder, tobacco, alcohol, and coffee. Am J Epide-
Finally, a collaborative analysis involving miol 1988;128:1228-40.

detailed substantive oversight by the individ- 13. Whittemore AS, Harris R, Itnyre J, et al. Charac-
teristics relating to ovarian cancer risk: collabora-

ual investigators offers the opportunity for tire analysis of 12 US case-control studies. II. In-
experts in the disease under investigation to vasive epithelial ovarian cancers in white women.

Am J Epidemiol 1992; 136:1184-203.
meet regularly to discuss causal mecha- 14. Harris R, Whittemore AS, Itnyre J, et al. Charac-
nisms. Such discussions may generate new teristics relating to ovarian cancer risk: collabora-
hypotheses and provide a basis for planning rive analysis of 12 US case-control studies. IIL
further coordinated research to test such hy- Epithelial tumors of low malignant potential in

white women. Am J Epidemiol 1992;136:
potheses. The advantages of coordinated re- 1204-11.
search with common design features and 15. Whittemore AS, Harris R, ltnyre J, et al. Charac-

common questions are emphasized by the teristics relating to ovarian cancer risk: collabora-
tive analysis of 12 US case-control studies. IV. The

extensive effort needed to reanalyze data pathogenesis of epithelial ovarian cancer. Am J
from disparate studies. Epidemiol 1992;136:1212-20.

16. John EM, Whittemore AS, Harris R, et al. Char-
acteristics relating to ovarian cancer risk: collabo-
rative analysis of twelve US case-control studies. V.
Epithelial cancer among black women. J Natl Can-
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