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Most endometriosis research has peen of a cohort com-
parison design. Very few randomized clinical trials have
heen done with endometriosis patients cue to Timitations of
cosT ana the general under-funding of women's nealth
jesyes in this country as well as others. Comparison
between cohort stugies relies on standardized methodology-
whether the study aesign 1s cohort or randomized trial.
Certainly, before a discussion of statistical methods for
final analysis, a plea for improved methods of cohort
selaction, standaraized performance of maneuvers under
comparison, and validation of prognostically relevant
classification systems must be made. Oniy by improving
the information availabie for stattstical analysis will
valid comparison between studies be possiole.

The purpose ot this presentation at the International
Symposium is twofoid:
- tp review current statistical methods in
presenting outcome data in endometriosis
research, and
- to describe methods currently under eval-
uation for improving analysis.
The outcomes involved in endométr10sis research are sev-
eral: improvement 1n ¢lassification score, improvement of
symptoms , recurrence, anda pregnancy rate. because most of
the endometriosis research literature centers upon preg-
nancy as the main outcome under study, and most statistical
work deals with pregnancy, this presentation will similarly
focus on the outcome of Dregnancy.
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CURRENT STATISTICAL METHODS
"pregnancy rates": crude and adjusted

The most common calculation used in studies past and
present is the crude predgnancy rate, defined as that pro-
portion of women conceiving out of all patients treated.
The advantages or crude pregnancy rates are s1mpyicity
of calculation, historical 1inkage to tne concept of a
surcical case serisg, and tne conceptual ease with which
physicians and patients can deal with 'success rates”.

The disadvantages of crude pregnancy rates far gutweighs
the advantages of simplicity, however. Crude retes are
dependent upon the assumption of similar and Tike follow-
up between the treatment groups. Crude rates do not control
for confounding factors at baseline state--factors such as
concomitant anovutation or male factor. Today, crude
pregnancy rates are appropriate for any trig] or cohort
study in which a(l patients enrolied are ftollowed similar-
1y and completely. this is, of course, an unusual ¢ircum-
stance in the performance of ¢linical research.

"Acjusted" or “"corrected" pregnancy rates are an
attempt to control for confounaing co-variables such as
anovutation or male factor that are likely to affect
results of pregnancy. Corrected rates do not offer any
advantage over crude rates in terms of tneir dependence
upon longitudinal follow-up.

Monthly Fecundity

Fecundity takes into account the unit of time of
longitudinal follow-up. Whereas crude and adjusted preg-
nancy rates assume uniform rate of tikelingoa of pregnan-
¢y over time, monthly fecundity atlows us to look at
outcome by each reproductive cycle. ATso, the monthly
fecundity of large, normal populations is well known: the
value is approximateiy .20 1n coupies that will ultimately
become parents.

One disadvantage of monthly fecunaity is that it 1s
conceptually difficuit for pnysician and patient; this
could be helped with education. A more significant theory-
based disadvantage 15 its statistical assumption that eacn
time period is separate fromthe other.
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Especlally because recurrent endometriosis is 1ikely to be
of different {ikelincod month-by-month, and because con-
comitant factors change over time, this assumption may not
be met for evaluating endometriosis research.

Currently, the advantages of presentation of data in
a usefui way month-by-month, and the ab1lity to compare
popuiations, makes monthly fecunaity a very aesirable way
of presenting the results of endometriosis research.

Life Table Analysis

Life tabje analysis is bpecoming more and more popular
in the literature. Nagt a new technique, insurance company
actuaries have used 11fe tablie methods to determine 17fe
nsurance premium rates for gecades. In meaicine, lite
table analysis has been used primarily in oncology, thus
the synonym “survival angiysis". The major advantage of
1ife table analysis ts that eacn patient contributes to
the database for exactly that period of time for which she
is clinically tollowed post-treatment. Tnus, this is the
first method discussad within this essay that controls tor
variable Jength of foilow-up between patients. Unfortun-
ately, 1ife tables are not a substitute for the quality of
follow-up between study subjects.

Regarding the statistical assumptions underiying Tife
tabie analysis, many studfies of endometriosis-associated
Infertility satisfy the tour requirements: specific entry
point (e.g. surgery datej, specific outcome date (e.q. date
pregnancy detected), variable lengths of follow-up, ana
some subjects under follow-up when the report is made.

Lite tablaes represent an estimate of uitimate cummulative
pregnancy rate, it patients could have ail peen followed to
pregnancy. Life taples can be calculated either by hana
{particutarly the actuarial method of |ife tanle calcula~
tion) or by one of several commerciaily availanle computer
statistical packages.

Lite table analysis 15 a visualty appealing, sensical
presentation of longttuainal data. Two or three different
curves can be statistically compared by using either para-
metric (z tests) or nonparametric {legged rank test)
methods. Most of tnese statistical comparisons are done
with computer based packages.
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the main statistical assumption underiying T1fe
tables that may not be satisfied by life table analysis is
one of constant hazavd. Life tzbles assume that the Tike-
lihood of outcome is constant from montn-to-month--an
assumption most clinicians wi1ll 1mmediately recoonize as
nhot True. In common use, many authars will use 1ife taples
to present their data, but rot inform the reader abcut
the quality of the follow-up nor the number of patients
foliowed for each unit of time.

More recently, several authors have moditied 1ife
table analysis to improve its "fit" to tertility studies.
The two-parameter exponential mode{ has the underlying
assumption that two populations of peopie compose the
abserved success curve--those that are cured, and those
that are not cured. As time goes on, with what we know
about endometriesis recurrence, uncured patients are a
greater proportion of tne patients--this prevents the
clinically unlikely outcome of 100% success that is
sometimes seen with unaduitered Tife table analysis. Tnis
modification of 11fe tables does have its aifficulties,
including the basic assumption of independence petween
time periods. Also, relatively large subject numbers aré
needed lest the variance around the curve prevent statiz.
tical comparisan. At tnis time, tnis method shows promise
as the "next generation” of T1fe table analysis (Qrive,
1985 .

STATISTICAL METHOUS UNDEK DEVELUPMENT

Although thess methods are well known to statisticians
and epidemiologists, they are just starting to be applied
to fertitity studies. I|hese methods nave yet to be used
on muitiple populations, or valiaateg on real subjects,
but are currently peing studied for the use 1n endometriosis
resesarch.

Metnods for categorical data do not make the assump-
tion of continuous 1inearity between data points, 1.a.
Stage ¢ endometrivsis is not assumed to be twice "as bad"
a8 3tage 1 endometriosis. Categorical metrods are avail-
abie to control #ar confounding at time of conort selec-
tion:  risk stratification ang matching of cases and
cantrols. Both tnese methous are amenable to either ran-
domized clintcat trials or cohort stumies.
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¢tatistical methoas for categoricai data includes fac-
tor analysis. Factor analysis assumes that outcomes are
11near combinations of known and unknown predictive factors;
some underlying factors are the same between successes and
tajiures, others are not shared. Factor analysis assumes
only the shared factors contripute to the relative Tkeli-
nood of success--an assumption not yet tested in real endo-
metr1osis popufations.

Another overall category for categorical analysis 1%
1og 1inear modeling, a multivariate regression technigue.
Log |inear modeling requires sophisticated computer pro-
grams, and would require concomitant education of the
reader in our tieid. 1he advantages of 109 iinear models
is tne ability to control many confounding variabies, and
the results can be presented as "odas" of success--a
statistical concept most physictans and patients will
understand.

methods for continuous data include a variety of
regression techniques, and proportional hazards techniques.
It is the view of this author that because most of our
data is not aemonstrably Jinear, that categorical methods
of analysis are preferred--at least in statistical
tneory! bBotn categorical and continuous data analysis
methods must pe applied to actual patient populations to
determine theiy utitity. Ot all the techniques discussed
in this essay, these multivariate techniques are the most
statistically “robust“--meaning, able to compensate for
less than perfect gata in terms ot satistying underlying
assumptions.

SUMMARY

There is no snortage of statistical methods available
for use in presenting the results of endometriosis research.
Those that are currently in widest use have ungerlying
statistical assumptions that may not be met by our study
populations. Those methods that are more robust and com-
pensate more for defects in satisfying these underiying
assumptions are computer-based and much less "friendly" to
physician ana patient aiike in terms of comprehensibility.
Statisticians, witn little appreciation for clinical prac-
t1ce, cannot answer these questions alone. kesearch is
neaded by ¢linician scientists comparing the validity of
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these methods of analysis.
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