





































































































estrogens. This result was found in four case-control
studies [7-10] in which the risk of endometrial cancer
was analyzed according to the time elapsed since the date
of latest use of estrogens. An elevated risk was found for
both the distant and recent use of estrogens in three
studies [7-9]. In the fourth study [ 10], the risk was elevat-
ed only among patients who used estrogen at some time
within the year before diagnosis. In all four studies, estro-
gens were regarded as having a causal role in endometrial
cancer, but no attention was given to a distinctive time
gradient in risk, and to the possible role of detection bias
in producing the gradient.

If estrogens have a truly causal association with endo-
metrial cancer, the risk should not differ substantially for
recent users and for women who discontinued estrogens
more than a year before diagnosis. Contrary to this expec-
tation, the odds ratio in all four studies was substantially
lower in women with distant use than in women with
recent use, whose cancer was more likely to be detected
because of estrogen-related bleeding. For example, in
one study [7], the odds ratio was 6.5 if less than one year
had elapsed since the latest use of estrogens, but it was
only 1.9 for women who had last used estrogens more
than a year before the diagnosis of endometrial cancer.
The corresponding values for this same disparity were 3.7
versus 1.4 in a second study [8], and 8.7 versus 3.8 ina
third study. In the fourth study [10], the odds ratio for
women using estrogens for less than five years was 7.2
when the interval between last use and diagnosis was one
year or less, but it was 1.0 when the interval was greater
than one year.
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tionship noted between changes in estrogen sales (or
prescriptions) and changes in the incidence of endometri-
al cancer. When the incidence of endometrial cancer
from 1969 to 1979 in the San Francisco region was
compared with concomitant changes in estrogen sales
and prescriptions [ 12], the results showed parallel trends.
The incidence of endometrial cancer reported in that
region for postmenopausal women rose from 25 per
10,000 in 1969 to a peak of 43 per 10,000 in 1975, and
then dropped to 24 per 10,000 in 1979. At the same
time, prescriptions of conjugated estrogens increased
throughout the first half of the decade, peaked in 1976,
and then decreased in 1977 and 1978.

The sharp drop in incidence with a concomitant reduc-
tion in estrogen usage is inconsistent with the accepted
idea that carcinogens have a long latency period. The
investigators therefore suggested that estrogens must act
as a tumor promoter rather than a tumor initiator. Regard-
less of the role ascribed to estrogen therapy, the relation-
ship can readily be explained by the detection bias hy-
pothesis. As the number of estrogen prescriptions in-
creased, the number of women with estrogen-related
uterine bleeding would also increase, leading to the un-
masking of many otherwise symptomless endometrial
cancers.

ESTROGENS AND STAGE OF ENDOMETRIAL
CANCER
If the detection bias hypothesis is true—that otherwise

asymptomatic cancers are particularly likely to be detect-
ed in estrogen-using women—then the estrogen-cancer
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rence of abnormal endometrial bleeding, the progester-
one component of the therapy reduces the opportunity for
symptomless cancers to receive increased diagnostic
attention.

VALIDITY OF THE “ALTERNATIVE”
CASE-CONTROL STUDIES

Although detection bias is generally acknowledged as a
problem, no attempts were made to deal with the problem
in conventional case-control studies of the estrogen-en-
dometrial cancer relationship. The case groups consisted
of women with endometrial cancer, and the control
groups were chosen with standard conventional methods
that do not address the detection bias problem. When the
problem was directly approached with an alternative sam-
pling method [ 1], however, the validity of the new method
was doubted because it allegedly produced a control
group containing an excess of patients with estrogen-
related disorders.

The new “‘alternative” method we proposed uses a
“‘diagnostic sampling’’ strategy, in which both case and
conirol groups are chosen from among patients who
received the appropriate diagnostic examination (hyster-
ectomy or dilatation and curettage). The argument against
this method is that it might produce a spurious enrichment
of estrogen-users in the control group, which would con-
tain many patients undergoing testing to evaluate bieeding
produced by benign, estrogen-induced endometrial prolif-
eration. In response to these criticisms, which were of-
fered by reviewers before our paper was published, we
presented [1] two separate analyses of the data—one
with the original control group and the other with subjects
with proliferative disorders excluded from the control
group. The odds ratio was 2.3 (95 percent confidence
interval, 1.3 to 4.2) in the first analysis and 2.7 (95
percent confidence interval, 1.5 to 4.9) in the second. In
the second set of analyses, proliferative disorders were
removed from the control group as required by the re-
viewers, so that the manuscript could be accepted for
publication. In the published paper, however, we stated
(and we still believe) that such an analysis is improper.
Since the case group is already biased by the effects of
estrogen-induced bleeding, a statistical adjustment that
removes endometrial proliferation from the control group
but not from the case group is unfair.

At the time of our original publication, however, the
occurrence of benign endometrial proliferation could not
be determined in the case group, because the original
pathologists had not described any lesions other than the
cancer. Lacking the necessary data, we could not attempt
to perform an unbiased adjustment by removing subjects
with proliferative lesions from both the case group and the
control group. We have now had the opportunity to per-
form the appropriate analysis, and we are herein reporting
those results for the first time. In a *'blind”" histologic

review of all available specimens, examined without clini-
cal or other information, a gynecologic pathologist
checked the available tissue slides for 233 of the 298
women who had constituted 112 case subjects and 121
controi subjects in our original study. For each slide, the
pathologist was asked to describe not only any neoplastic
tissue but also any other endometrial abnormalities that
might be present. As reported elsewhere [2], the results
demonstrated that proliferative lesions often accompa-
nied endometrial cancers and were found most frequently
in patients with grade 1 (well-differentiated) cancers.

The results could also be used to perform the desired
unbiased adjustment of our case-control data. The pathol-
ogist had identified hyperplastic or proliferative endome-
trium as a principal diagnosis in 90 of the 121 control
subjects and as an additional diagnosis in 40 of the 112
case subjects. With these patients removed from the
analysis, so that no proliferative lesions were contained in
either the case or control group, the remaining patients
showed the following results: case subjects with estrogen
use, 19; case subjects without estrogen use, 53; control
subjects with estrogen use, six; control subjects without
estrogen use, 25. The odds ratio of 1.5 (95 percent
confidence interval, 0.50 to 4.53) that emerges from
these figures is considerably lower than the odds ratios of
2.7 and 2.1 obtained in our previous analyses.

COMMENTS

After this paper was accepted for publication, a report
was published of yet another case-control study that used
conventional methods and that claimed to disprove the
detection bias hypothesis [19]. However, this study was
nearly identical to a previous report [7] that we have
already discussed. The main distinction of the new report
was in the expanded size of the case and control groups.
As in the earlier report, the more recent paper described
higher odds ratios for stage | or Il cancer than for stage il
or IV, and the odds ratio was considerably higher if less
than one year had elapsed since the latest use of estro-
gens than if estrogens had last been used more than a
year before the diagnosis of endometrial cancer. As noted
in our earlier comments, both sets of observations are
consistent with the detection bias hypothesis.

The authors of the recent case-control study [19] also
suggested that the elevated odds ratios for ‘advanced-
stage disease and for distant estrogen use confirm the
validity of the estrogen-endometrial cancer relationship.
The basis for this contention is that estrogen-related de-
tection bias should have its greatest effect on recent users
of estrogen and early-stage disease. Although we agree
with the theoretic basis for this argument, the evidence
obtained in the recent study [19] is flawed by two impor-
tant methodologic problems. First, much of the new in-
vestigation was carried out after the hypothesis that estro-
gens cause endometrial cancer had already received
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enormous publicity in the lay press. Thus, it is possible
that women with endometrial cancer were more likely to
recall and report estrogen use than women without endo-
metrial cancer. Second, the control subjects for this study
were limited to women *‘who were admitted for conditions
judged not to be related to estrogen use.” If women who
are likely to have used estrogens are deliberately and
unilaterally excluded as potential control subjects, the
prevalence of estrogen usage will be artificially low in the
selected control group. This methodologic problem,
which is known as exclusion bias, has already been
shown [20] to be a source of major bias in the celebrated
epidemiologic error, about 12 years ago, that incorrectly
linked reserpine to the risk of breast cancer.

After considering all of the pertinent data, we have no
reason to modify our conclusions in 1978 [1], “that the
strength of the much-publicized association between es-
trogens and endometrial cancer has doubtlessly been
exaggerated and needs re-evaluation.” The evaluations
performed in subsequent epidemiologic studies have not
addressed the crux of the detection bias argument and
have presented analyses that do not deal with the main
point. Since the new sampling technique we proposed
has not been accepted by conventional epidemiologists,
and since their conventional sampling techniques do not
deal with the cogent bias, the controversy currently stands
at an impasse. It cannot be resolved until an accepted
alternative sampling method is established to correct the
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bias in conventional case-control studies, or until data
become available from cohort studies that arrange for
equal diagnostic examinations in both the treated and
untreated patients.

Perhaps the greatest scientific virtue of the current
controversy is its demonstration of major problems in
conventional epidemiologic case-control methods for
dealing with the clinicopathologic realities of human can-
cers and other chronic diseases. Because so many in-
stances of cancer and other chronic diseases can escape
detection during life, the cases studied in epidemiologic
research are only a part of the true occurrence of the
disease. Since an agent that leads to increased diagnostic
testing will also be suspected of causing the increased
occurrence, the problems of detection bias must be rec-
ognized and suitably managed.

We believe the adjustments proposed in our new sam-
pling method can provide a satisfactory solution for this
problem in case-control studies, particularly when data
are analytically stratified for the clinical stimuli that evoked
diagnostic testing. This new method of compensating for
bias in both the case and control groups seems more
attractive than the current epidemiologic approach, in
which the overt bias in the case group is ignored and left
unadjusted. If the new sampling method is not acceptable,
an important challenge for investigators concerned with
scientific progress in epidemiology is to develop a satis-
factory alternative.

REFERENCES

1. Horwitz Rl, Feinstein AR: Alternative analytic methods for
case-control studies of estrogens and endometrial can-
cer. N Engl J Med 1978; 299: 1089-1094.

2. Horwitz Rl, Feinstein AR, Vidone RA, Sommers SC, Robboy
SJ: Histopathologic distinctions in the relationship of es-
trogens and endometrial cancer. JAMA 1981, 246:
1425-1427.

3. Hutchison GB, Rothman KJ: Correcting a bias? N Engl J Med
1978; 299: 1129-1130.

4. Bauer FW, Robbins SL: An autopsy study of cancer patients.
JAMA 1972; 221: 1471-1474.

5. Horwitz RI, Feinstein AR, Horwitz SM, Robboy SJ: Necropsy
diagnosis of endometrial cancer and detection-bias in
case-control studies. Lancet 1981; II: 66-68.

6. Koss LG, Schreiber K, Oberlander SG, Moussouris HF, Less-
er M: Detection of endometrial carcinoma and hyperpla-

smotomatic women. Obstet ("-n.rnnr-n! 10114 B4:

ia in asy
aan ympiomalc wor oSSl [ynoeco

1-11.

7. Shapiro S, Kaufman DW, Slone D, et al: Recent and past use
of conjugated estrogens in relation to adenocarcinoma of
the endometrium. N Engi J Med 1980; 303: 485-488.

8. La Vecchia C, Franceschi S, Gallus G, et al: Oestrogens and
obesity as risk factors for endometrial cancer in ltaly. Int J
Epidemiol 1982; 11: 120-126.

9. Weiss NS, Szekely DR, English DR, Schweid Al: Endometrial
cancer in relation to patterns of menopausal estrogen
use. JAMA 1979; 242: 261-264.

10. Stavraky KM, Collins JA, Donner A, Wells GA: A comparison
of estrogen use by women with endometrial cancer, gy-
necologic disorders, and other illnesses. Am J Obstet
Gynecol 1981; 141: 547-555.

11. Hulka BS, Fowler WC, Kaufman DG, et al: Estrogen and
endometrial cancer: cases and two control groups from
North Carolina. Am J Obstet Gynecol 1980; 137: 92-101.

12. Austin DF, Roe KM: The decreasing incidence of endometri-
al cancer: public health implications. Am J Public Health
1982; 72: 65-68.

13. Mack TM, Pike MC, Henderson BE, et al: Estrogens and
endometrial cancer in a retirement community. N Engl J
Med 1976; 294: 1262-1267.

14. McDonald TW, Annegers JF, O’Fallon WM, et al: Exogenous
estrogen and endometrial carcinoma: case-control and
incidence study. Am J Obstet Gynecol 1977; 127:
572-580.

15. Antunes CM, Stolley PD, Rosenshein NB, et al: Endometrial
cancer and estrogen use. Report of a large case-control
study. N Engt J Med 1979; 300: 9-13.

18, Kelsey JL, LiVolsi VA Holford TR, et al: A case-control study
of cancer of the endometrium. Am J Epidemiol 1982; 1 16
333-342.

17. Gambrell RD: Postmenopausal bleeding. Clin Obstet Gyne-
col 1977; 4: 129-142.

18. Hammond CB, Jelovsek FR, Lee KL, Creasman WT, Parker
RT: Effects of long-term estrogen replacement therapy. Il
Neoplasia. Am J Obstet Gynecol 1979; 133: 537-547.

19. Shapiro S, Kelly JP, Rosenberg L, et al: Risk of localized and
widespread endometrial cancer in relation to recent and
discontinued use of conjugated estrogens. N Engl J Med
1985; 313: 969-972.

20. Horwitz RI, Feinstein AR: Exclusion bias and the false rela-
tionship of reserpine and breast cancer. Arch Intern Med
1985; 145: 1873-1875.

September 1986 The American Journal of Medicine Volume 81 507



