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Recently published results in a NTP report of a 2-
year inhalation study with talc in rats and mice seem to
fit the category of being associated with particle over-
load quite well: Exposure concentrations of 6 and 18
mg/m3induced pulmonary inflammation and fibrosis in
male and female rats and induction of lung tumors (in
female rats only) of the high exposure group; mice of
either sex showed an inflammatory response but did not
show pulmonary fibrosisor lung tumors. Analysis of the
particle accumulation kinetics in lungs of both rats and
mice indeed shows that lung overload had been reached
at both exposure concentrations in both species result-
ing in increased talc accumulation of high lung burdens.
This and the chronic inflammatory response indicate
that the maximum tolerated dose (MTD) had been ex-
ceeded at both exposure levels. This result was predict-
able based on the outcome of a 4-week range-finding
study prior to initiation of the chronic talc study; how-
ever, the short duration of the range-finding study may
have been inadequate to give great confidence in the
prediction and therefore may have accounted for the
failure to include a concentration below the MTD in the
chronic study. Further analysis of the results of the
chronic talc study show that talc particles behave like
other low-toxicity particlessuch as Ti02and toner with
respect to effects on lung clearance and chronic pulmo-
nary inflammation. The conclusion of the NTP report
that there isclear evidence of pulmonary carcinogenic-
ity of talc in female rats should, therefore, be qualified
by a statement that this is a secondary effect due to the
high pulmonary particle load and its associated chronic
toxicity. Accordingly, the relevancy of the tumors ob-
served in the female high-exposure group for occupa-
tional human exposures may be questionable, e issa
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INTRODUCTION

Conclusions in a recently published NTP report
(1993) of a chronic inhalation study with talc were that

there was clear evidence of carcinogenic activity of talc
in female F344/N rats based on increased incidences of
alveolar/bronchiolar adenomas and carcinomas of the
lung, and that there was no evidence of carcinogenic ac-
tivity of talc in male or female B6C3F! mice.2

In this study, male and female F344/N rats were ex-
posed to aerosols of 0, 6, or 18 mg nonfibrous talc/m3
free of Si02 and asbestiform minerals, for 113 and 122
weeks, respectively; male and female B6C3F, mice were
exposed to the same talc concentrations for up to 104
weeks. This exposure resulted in concentration-related
chronic inflammation, cell proliferation, and fibrosis in
the lungs of both male and female rats, and 26%o of the
female rats of the high-exposure group (13 out of 50) de-
veloped lung tumors. The mice showed only limited
chronic inflammation and no increased cell prolifera-
tive, fibrotic, or tumorigenic responses in their lungs.
According to the report (NTP, 1993), the exposure con-
centrations for the chronic study had been selected
based on results of a 4-week talc inhalation study which
led to the following conclusion: Exposure concentrations
greater than 18 mg/m3were expected to overwhelm lung
clearance mechanisms and impair lung function.

It is precisely this aspect of overwhelming lung clear-
ance mechanisms that is of critical importance for the
interpretation of results from chronic inhalation studies
with highly insoluble particles of low cytotoxicity. These
particles were formerly categorized as “nuisance” dusts,
but are now categorized as particles not otherwise clas-
sified (PNOC; ACGIH, 1994). A number of chronic in-
halation studies in rats involving such types of particles
have resulted in pulmonary fibrosis and even lung tu-
mors at high-exposure concentrations which affect lung

Uses and Health Perspectives, NIH, Bethesda, MD, .January 31-Feb-
ruary 1, 1994.

1There was also some evidence of increased incidence of benign or
malignant pheochromocytomas of the adrenal glands in rats. Yet, this
aspect will not be considered further in this paper since these tumors
are not likely to be a direct effect of talc particles on the adrenals inas-
much as talc particles are highly unlikely to reach these glands and
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icology and Pharmacology/U.S. FDA Workshop on Talc: Consumer

233

ready high.

027:1-2300/95 $5.00
Copyright «m 1995 by Academic Press. Inc.
All rights of reproduction in any form reserved.



regulatory toxicology and pharmacology 21,244-249 (1995)

An Analysis of the National Toxicology Program’s (NTP) Technical Report
(NTP TR 421) on the Toxicology and Carcinogenesis Studies of Talcl

Jay |I. Goodman?2

Department of Pharmacology and Toxicology, Institute for Environmental Toxicology, B-440 Life Sciences Building,
Michigan State University, East Lansing, Michigan 48824

Received October 1, 1994

The NTP toxicology and carcinogenicity studies of
nonasbestiform, cosmetic-grade talc (the NTP Talc Re-
port) were conducted by exposing male and female
F344/N rats and B6C3F1 mice to target aerosol concen-
trations of 0, 6, and 18 mg/m3talc for 6 hr daily, 5 days
per week. Based on results of the high dose, the Report
concluded that talc caused lung tumors in female rats
and pheochromocytomas in male and female rats, and
there was no evidence of carcinogenic activity in mice.
A thorough evaluation of lung toxicity revealed that
talc-induced lung tumors occurred only in the group of
animals that exhibited the most profound degree of
chronic toxicity. However, these data were presented
as empirical observations rather than discussed in a
manner that would relate them to the risk assessment
implications of the bioassay, i.e., relevant data were
collected but not “used.” In addition, the evaluation of
the pheochromocytomas was inadequate because it
failed to place sufficient emphasis on the spontaneous
incidence of this tumor in rats. These deficiencies
caused the author to vote against the conclusions pre-
sented in the Talc Report when it was reviewed by the
NTP Board of Scientific Counselors. The appropriate
conclusions are (1) the data do not indicate that the
pheochromocytomas were treatment-related; (2) the
maximum tolerated dose (MTD) was exceeded in the fe-
male rats exposed to the high dose; and (3) talc is not
expected to cause lung tumors under conditions of
exposure that fail to result in marked chronic lung tox-
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INTRODUCTION

The NTP toxicology and carcinogenicity studies of
nonasbestiform, cosmetic-grade talc (the NTP Talc Re-
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port) were conducted by exposing male and female
F344/N rats and B6C3F1 mice to target aerosol concen-
trations of 0, 6, and 18 mg/m3talc for 6 hr daily, 5 days
per week (NTP, 1993). A unique aspect of these studies
was the inclusion of a very thorough evaluation of lung
toxicity, in addition to the standard gross pathology and
histopathology assessments. The NTP Talc Report was
reviewed by the NTP Board of Scientific Counselors
(The Board), Technical Reports Review Subcommittee
onJune 23-24,1992. Jay |. Goodman participated in this
review as a member of the Board and a member of the
Board’s Technical Reports Review Subcommittee. The
Board concurred with the recommendations of the NTP
staffand voted to approve (by a vote of seven yes votes to
one no vote (J. I. Goodman)) the following conclusions:
“Under conditions of these inhalation studies there was
some evidence of carcinogenic activity of talc in male
F344/N rats based on an increased incidence of benign
and malignant pheochromocytomas of the adrenal
gland. There was clear evidence of carcinogenic activity
of talc in female F344/N rats based on increased inci-
dences of alveolar/bronchiolar adenomas and carcino-
mas of the lung and benign and malignant pheochromo-
cytomas of the adrenal gland. There was no evidence of
carcinogenic activity of talc in male or female B6C3F1
mice exposed to 6 or 18 mg/m3”

The specific aims of this paper are to focus on the
studies involving rats, the species in which there was
deemed to be a carcinogenic effect, and (1) to provide
an overview of the talc bioassay (NTP, 1993) with an
emphasis on the rationale for the author’s disagreement
with the conclusions reached by the other members of
the Board regarding the carcinogenicity of talc and (2)
to provide a realistic perspective regarding the signifi-
cance of the talc bioassay.

SYNOPSIS OF THE CARCINOGENICITY
STUDY OF TALC

Groups of 50 male and 49 or 50 female F344/N rats
were exposed to aerosols containing 0, 6, or 18 mg/m3
talc, 6 hr a day 5 days per week, until mortality in any



ANALYSIS—NTP TECHNICAL REPORT 421

245

TABLE 1
Summary of the Lifetime and 2-Year Carcinogenicity Studies of Talc*

Male F344/N rats

Exposure levels
Body weights
Survival rates
Neoplastic effects

0, 6, or 18 mg/m3
High-dose group slightly lower than controls
9/50, 14/50, 16/50

(26/49, 32/48, 37/47)

Level of evidence of Some evidence

carcinogenic
activity

° National Toxicology Program, 1993.

exposure group reached 80% (113 weeks for males and
122 weeks for females). The survival of male and female
rats exposed to talc was similar to that of the controls,
and the mean body weights of the animals in the high-
dose group were only slightly lower (not more than ap-
proximately 10% lower) than those of controls after
Week 65 (NTP, 1993). The results were interpreted as
indicating some evidence of carcinogenicity based on be-
nign and malignant pheochromocytomas in male and fe-
male rats and clear evidence of carcinogenicity based on
alveolar/bronchiolar adenomas and carcinomas of the
lung in female rats. The study is summarized in Table 1

Groups of 47 to 49 male and 48 to 50 female B6C3F1
mice were exposed to aerosols containing 0, 6, or 18 mg/
m3talc, 6 hr a day 5 days per week, for up to 103 or 104
weeks. Final mean body weights and survival of the mice
exposed to talc were similar to those of the controls
(NTP, 1993). The results were interpreted as indicating
no evidence of carcinogenic activity in mice.

INTERIM EVALUATIONS IN RATS

In a parallel series of ancillary studies, additional
groups of animals were exposed to talc, as described
above, and examined for interim pathology evaluations
or pulmonary function tests after 6, 11, 18, and 24

Adrenal medulla: benign or malignant pheochromocytoma

Female F344/N rats

0, 6, 0r 18 mg/m3

High-dose group slightly lower than controls m

11/50,13/49,9/50 '

Lung: alveolar/bronchiolar adenoma or carcinoma
(1/50,0/48, 13/50)

Adrenal medulla: benign or malignant
pheochromocytoma (13/48, 14/47, 23/49)

Clear evidence

months and lung biochemistry and cytology studies after
24 months. These are outlined below.

PARAMETERS ASSESSED IN THE ANCILLARY
STUDIES

m Lung talc burden

m Pulmonary function

m Lung biochemistry; bronchoalveolar lavage fluid
was analyzed to determine:

* Cell injury—Ilactate dehydrogenase.

» Chronic inflammation—polymorphonuclear leu-
kocytes, pulmonary macrophages, alkaline phos-
phatase, and protein.

» Lysosomal activation—/3-glucuronidase and acid
phosphatase.

* Response to oxidant injury—increased glutathi-
one reductase.

m Lung collagen metabolism, protein synthesis, and
proteinase activity.

LUNG TALC BURDEN, LUNG WEIGHTS, AND
RESPIRATORY FUNCTION

The lung talc burden at the 6-, 11-, 18-, and 24-
month interim sacrifice times was similar in male and

TABLE 2
Lung Talc Burden (Normalized to Exposure Concentration) of Rats®
Male Female
6 mg/m3 18 mg/m3 6 mg/m3 18 mg/m3
6-Month interim 0.439 + 0.040* 0.602 +0.013* 0.406 + 0.032 0.464 + 0.007*

12-Month interim 0.731 +£0.098 1.165 £0.113* 0.785 + 0.043 0.787 +0.187
18-Month interim 122 +0.12 1.53 £0.05 1.28 £0.06 1.35+0.04
24-Month interim 174 +0.21 134 +0.19 152 +0.15 1.63+0.13

“Table F3, National Toxicology Program, 1993.
*Units are presented as mg talc/g control lung/mg/m3

*Significantly different (P ss0.05) from the 6 mg/m3group by Dunn's or Shirley’s test.
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TABLE 3
Total Lung Capacity of Rats"

0 mg/m3 6 mg/m3 18 mg/m3
Male

6-Month interim 19.86 £ 0.544  19.48 + 0.46 19.25+ 0.39
11-Month interim 20.06 + 0.32 18.44 + 0.39* 17.67 £ 0.45*
18-Month interim 20.30 £ 0.45 18.87 + 0.41** 16.34 + 0.52*

24-Month interim  20.50 + 0.83 20.20 £ 0.28 16.47 £ 1.53

Female

6-Month interim 14.20 £ 0.25 14.56 + 0.27 13.80 £ 0.27
11-Month interim 13.29+£0.21 12.91 £0.17 12.06 + 0.26*
18-Month interim 13.94 + 0.26 12.68 + 0.28* 11.43 £0.31*
24-Month interim 14.85 + 0.31 13.73 £ 0.34** 11.50 + 1.07*

“Table F10, National Toxicology Program, 1993.

6Units are presented as ml; ratio is (dosed group mean/control
group mean) x 100.

*P=S0.01.

** Significantly different (P « 0.05) from the control by Dunn’s and
Shirley’s test.

female rats exposed to 6 or 18 mg/m3talc, respectively
(Table 2).

The absolute and relative lung weights of male rats
exposed to 18 mg/m3 were significantly greater than
those of controls at the 6-, 11-, and 18-month interim
evaluations and at the end of the lifetime study, while
those of female rats exposed to 18 mg/m3were signifi-
cantly greater at the 11-, 18-, and 24-month interim
evaluations and at the end of the lifetime study. In both
males and females, there was a concentration-related
impairment of respiratory function which increased in
severity with increasing duration of exposure (NTP,
1993). While decreases in total lung capacity were noted
in males and females, statistically significant reduc-
tions at the 24-month interim were only seen in females
and this occurred at both the 6 and 18 mg/m3 doses
(Table 3).

BRONCHOALVEOLAR LAVAGE AND LUNG
BIOCHEMISTRY

Following the completion of the pulmonary function
tests at the 24-month interim evaluation a thorough as-
sessment of biochemical and cellular parameters that
could provide insight regarding lung toxicity was made.
Bronchoalveolar lavage was performed on the remaining
rats in these groups and the lavage fluid was evaluated
for enzymes and protein (Table 4) and cell content (Ta-
ble 5). In addition, lung collagen metabolism and protein
synthesis were assessed (Table 6) and proteinase activ-
ity in both lavage fluid and lung homogenate superna-
tant fluid was evaluated (Table 7, males; and Table 8,
females). While dose-related increases in these parame-
ters (indicative of toxicity) were noted in both males and
females, there was a larger number of parameters that
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showed statistically significant increases in the females
and, in general, the magnitude of the increases was
higher in the females.

ASSESSMENT OF THE NTP TALC REPORT

The NTP Talc Report noted that both in vitro and
in vivo studies indicate that talc is not genotoxic and it
included a thorough evaluation of lung toxicity (NTP,
1993). However, these data were presented as empirical
observations rather than discussed in a manner that
would relate them to the risk assessment implications of
the bioassay. In other words, relevant data were col-
lected but not used. In addition, the evaluation of the
pheochromocytomas was inadequate because it failed to
place sufficient emphasis on the spontaneous incidence
of this tumor in rats. These deficiencies caused the au-
thor to vote against the conclusions presented in the
Talc Report when it was reviewed by the NTP Board of
Scientific Counselors. The rationale for this decision in
the context of a more realistic perspective on the Report
is presented below.

The carcinogen bioassay is a qualitative test; it is not
a risk assessment. The use of biological information is
required in order to place results of the bioassay into
proper perspective and to take a rational approach to-
ward risk assessment (Goodman, 1990, 1994). This no-
tion was endorsed in a recent review of the NTP by the
NTP Board of Scientific Counselors where it was stated
that “Mechanistic studies should pervade the activities
ofthe NTP.. . . With this emphasis the NTP should be
able to strengthen its interpretation of test results in the
context of human health. Such interpretation should be-
come a part of reports issued by the NTP” (NTP, 1992;
Goodman, 1994). It is appropriate to consider the NTP
Talc Report in this context.

Talc-induced lung tumors were not detected in male
rats, female mice, or male mice. In rats, the principal
toxic lesions associated with inhalation exposure to talc
included chronic granulomatous inflammation, alveolar
epithelial hyperplasia, squamous metaplasia and squa-
mous cysts, and interstitial fibrosis of the lung. These
lesions were accompanied by impaired pulmonary func-
tion. While the talc burden in the lungs of males and
females was similar (Table 2), the degree of chronic tox-
icity and inflammation was substantially higher in the
females (Tables 3-8; NTP, 1993). In mice, inhalation
exposure to talc produced some chronic inflammation.
In contrast to rats, alveolar epithelial hyperplasia, squa-
mous metaplasia, and interstitial fibrosis were not ob-
served. Overall, markedly less talc-induced lung toxicity
was produced in mice than in rats (NTP, 1993). These
observations need to be juxtaposed with the findings re-
garding lung tumors. It is apparent that an increase in
lung tumors was seen only in the test animals that
clearly exhibited the highest degree of chronic lung tox-
icity, the female rats exposed to the high dose (18 mg/
m3 of talc. The amount of toxicity leads the author to
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TABLE 4
Bronchoalveolar Lavage Fluid Enzymes of Rats at the 24-Month Interim Evaluation™
0mg/m3 6 mg/m3 18 mg/m3

Male

0-Glucuronidase6 1.09 + 0.40 18.86 + 3.20* 89.24 + 14.24** .

Lactate dehydrogenase 1634 + 545 3193 + 606 8262 + 380*

Alkaline phosphatase 364.7 = 147 572.8 £ 86.8 1604.7 + 143*

Glutathione reductase 103.03 + 16.43 99.35 + 19.79 110.99 +0.55*

Total protein’ 1.78 £0.40 3.12 + 0.64 5.79 + 0.55*
Female

0-Glucuronidase6 3.33+0.97 41.05 + 4.39** 154.16+ 17.21**

Lactate dehydrogenase 1655 + 266 3906 + 444* 14E3 + 1E3**

Alkaline phosphatase 427.8 + 30.9 853.6 + 79.7** 2594.7 £221***

Glutathione reductase 100.6 + 1.7 1352 + 22.4 460.0 + 44.8*

Total protein’' 1.20 + 0.22 4.30 £ 0.36** 12.96 + 0.28**

°Table F4, National Toxicology Program, 1993.
6Units presented as mlU/g control lung.
" Units presented as mg/g control lung.

*Significantly different (P « 0.05) from the control group by Dunn's and Shirley’s test.

**Pp i 0.01.

conclude that the MTD was exceeded in the female rats
exposed to the 18 mg/m3dose.

The overall incidences of pheochromocytomas (be-
nign, malignant, or complex) of the adrenal medulla that
occurred in the 18 mg/m3exposed rats were significantly
greater than those of the controls (males, P = 0.006; fe-
males, P = 0.024) (NTP, 1993). However, the spontane-
ous incidence of these tumors was 53% in males and 27%
in females. In the author’s view, the criterion for statis-
tical significance should be P < 0.01. This is consistent
with the “guideline” indicating that a compound should
be considered carcinogenic if the highest dose produces
an increase in a common tumor that is significant at the
1% (P < 0.01) level or an increase in a rare tumor that
is significant at the 5% (P < 0.05) level; otherwise, the
compound is regarded as a noncarcinogen (Haseman,
1983; Haseman et al., 1986). A rare neoplasm was de-

fined as a neoplasm occurring with a frequency of less
than 1%. Therefore, there is no statistically significant
increase in pheochromocytomas in talc-treated female
rats and talc should not be deemed carcinogenic at this
site in these animals.

There has been a pronounced increase in the sponta-
neous occurrence of pheochromocytomas in male F344
rats, in studies conducted by the NTP, over the past 10
years (Rao etal., 1990; NTP, 1993). In addition, the high
rate of pheochromocytomas in the control female rats
in the talc bioassay (13/48, 27%0) is in sharp contrast to
reports indicating that the spontaneous incidence in
control female F344 rats, in NTP studies, has been less
than 10% (Rao et al., 1990), e.g., in the range of 5.2-7.1%
between 1980 and 1983 (Haseman and Rao, 1992). Un-
fortunately, the NTP failed to make a comparison of the
spontaneous pheochromocytomas observed in the talc

TABLE 5
Bronchoalveolar Lavage Fluid Cell Populations of Rats at the 24-Month Interim Evaluation™

6 mg/m3 18 mg/m3

0 mg/m3

Male

Polymorphonuclear cellsé 0.333 £0.167

Lymphocytes 0.000 + 0.000

Macrophages 93.67 + 3.3.72

Epithelial cells 6.00 + 3.61
Female

Polymorphonuclear cells 0.625 +0.315

Lymphocytes 0.000 + 0.000

Macrophages 91.38 £+ 1.75

Epithelial cells 8.00 + 2.01

24.417 +2.557*
0.500 £ 0.258
70.25 + 2.53*

483 + 141

25.778 + 2.673**
0.722 +0.188*
71.22 £2.95**

2.28 + 0.50*

32.50 + 3.000*

0.500 £ 0.500

62.75 + 1.75*
4.25 + 1.75

37.000+ 1.528**
1.333 + 0.667*
57.33 £ 4.67**

4.33 +2.60

“Table F5, National Toxicology Program, 1993.
6 Units presented as percentage of total cells.

*Significantly different (P i 0.05) from the control group by Dunn’s and Shirley’s test.

**P i 0.01,
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TABLE 6
Lung Collagen Metabolism and Protein Synthesis in Rats at the 24-Month Interim Evaluation*

0 mg/m3
Male
Lavage fluid collagenous peptides3 39.79 + 5.07
Total lung collagen3 13.87 + 0.60
Collagen productionB 1.58 +0.17
Collagen degradation* 31.67+ 172
Noncollagenoua protein synthesis3 1421 + 145
Female
Lavage fluid collagenous peptides 78.27+ 11.64
Total lung collagen 14.32 +0.66
Collagen production 0.982 + 0.185
Collagen degradation 14.41 +2.44
Noncollagenous protein synthesis 1739 + 345

°Table F7, National Toxicology Program, 1993.
bUnits are presented as ng/g control lung.

cUnits are presented as mg/g control lung.

dUnits are presented as percentage new protein.
*Units are presented as percentage new collagen.

3 Units are presented as dpm X 103g control lung.

6 mg/m3 18 mg/m3
46.99 + 6.51 79.21 £+ 13.73 -
15.98 + 0.39* 18.88-+3.35* o
1.60 + 0.17 1.63+£0.22
27.74 + 142 9.18 + 2.38*
199.8 +22.1* 312.2 + 10.6**

115.36 £8.61* 174.71 + 13.56**

19.95 + 1.58* 36.47 + 3.39%*
1.804 +0.144* 2.264 £ 0.347**
21.59 £4.99 9.38+ 1.63
325.8 £ 90.9 554.3 £ 107*

*Significantly different (P « 0.05) from the control group by Dunn’s and Shirley’s test.

**P«:0.01.

bioassay with the historical spontaneous incidence of
pheochromocytomas in rats. This would have been par-
ticularly appropriate (as the author indicated during the
Board’s review of the NTP Talc Report, June 23-24,
1992).

The marked increase in the spontaneous incidence of
pheochromocytomas in female rats coupled with the
lack of a statistically significant increase of this tumor
in the treated animals (when the appropriate P value is
employed) and the trend toward an increasing sponta-
neous incidence in males indicate that the data pre-

sented in the NTP Talc Report do not warrant a conclu-
sion that talc causes pheochromocytomas in rats.

CONCLUSIONS

The appropriate conclusion to be drawn from the
NTP Talc Report is that the MTD was exceeded in the
female rats exposed to the high dose and talc is not ex-
pected to cause lung tumors under conditions of
exposure that fail to result in marked chronic lung tox-
icity. Clear evidence of carcinogenic activity of talc was

TABLE 7

Proteinase Activity in Lavage Fluid and Lung Homogenate Supernatant Fluid of Male Rats
at the 24-Month Interim Evaluation*

0 mg/m3
Lavage fluid
Acid proteinase 0.994 + 0.329°
Cathepsin D 0.147 £0.147
Cathepsin B 0.924 +0.415
Homogenate supernatant fluid
Acid proteinase 10.92 = 0.64
Cathepsin D 853 +0.91
Cathepsin B 2.39 £0.41
Neutral proteinase 0.715 +0.168
PMN elastase cathepsin G 0.490 +0.218
Macrophage elastase collagenase 0.225 = 0.099

*Table F8, National Toxicology Program, 1993.

3Units are presented as mg/hr/mg control lung.

3n = 1; no statistic calculated.

* Significantly different (P « 0.05) from the control group by Dunn’s and Shirley's test.
**p< 0.0L

6 mg/ml

1.866 + 0.174
0.599 +£0.150
1.267 = 0.094

17.51 £0.90*
14.04 £0.62*
3.48 + 0.37
2.417 £ 0.304*
1.936 +£0.242*
0.482 + 0.077

18 mg/m3

4.307 = 0.218*
2.420 £0.147**
1.887 + 0.365

25.13 = 1.50**
21.03 £ 1.56**
4.10 +0.06*
4.505e
4.457 = 0.377**
0.000"
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TABLE 8

Proteinase Activity in Lavage Fluid and Lung Homogenate Supernatant Fluid of Female Rats
at the 24-Month Interim Evaluation™

0mg/m3
Lavage fluid
Acid proteinase 152 +£0.126
Cathepsin D 0.015 + 0.015
Cathepsin B 1.61 +0.26
Homogenate supernatant fluid
Acid proteinase 14.04 £ 0.95
Cathepsin D 10.05 + 0.68
Cathepsin B 3.99 £ 0.58
Neutral proteinase 0.648 + 0.087
PMN elastase cathepsin G 0.785 + 0.142
Macrophage elastase collagenase 0.054 + 0.037

“Table F8, National Toxicology Program, 1993.
bUnits are presented as mg/hr/mg control lung.

6 mg/m3 .18 mg/m3

3.46 + 0.33* 6.05+0.73** . o
1.310 £0.292* 4.043 + 0.578**

2.15 +0.22 2.01 +0.17
29.43 + 1.18** 38.61 + 1.81**
22.97 + 1.07** 30.25 + 1.60**

6.46 + 0.60* 8.37 £ 0.42**
5.040 £0.418** 12.293 + 1.598**

10.313 + 2.694**
2.012 + 1.126*

4.351 +0.261**
0.068 +£0.175*

* Significantly different (P < 0.05) from the control group by Dunn’s and Shirley’s test.

**P<0.01.

seen only in female rats exposed to the high dose of talc
and only under circumstances in which there was evi-
dence of marked chronic lung toxicity. These remarks
are not intended to connote that the talc bioassay is in-
valid. The good news is that under the conditions of this
study mice did not develop tumors, male rats did not de-
velop lung tumors, and female rats exposed to the 6 mg/
m3dose did not develop lung tumors. Furthermore, it is
doubtful that the pheochromocytomas observed in the
talc-treated rats were treatment related. Thus, at the
high dose, talc exhibited equivocal evidence of carcino-
genic activity toward the adrenal medulla of male rats.

There is a considerable debate regarding the proper
criteria for a MTD (Kociba, 1987). However, in a
practical sense the chief concern with the MTD is how
the resulting data are used in the risk assessment pro-
cess (McConnell, 1989). Any high dose, no matter how
high, that permits animals to live long enough to de-
velop tumors is not necessarily an appropriate high
dose. The recent review of the NTP addressed this is-
sue and concluded that “the implicit assumptions un-
derlying extrapolation from the MTD ... do not ap-
pear to be valid. Therefore, both the criteria for selec-
tion of the high dose used and the default criteria that
are employed for extrapolation from high dose to low
dose must be reevaluated in a critical manner” (NTP,
1992; Goodman, 1994). A consideration of the data
presented in the NTP Talc Report leads the author to
conclude that it would not be appropriate to use the
lung tumor end point in female rats as the basis for
a risk assessment involving a linear extrapolation to
estimate a theoretical risk to humans that might be
exposed to relatively low doses of talc.
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16 « The Aetiology of Ovarian Cancer

M.S. Baylis, W.J. Henderson, C.G. Pierrepoint and K. Griffiths

Introduction

The estimated number of new notifications of ovarian cancer in 1983 in the United
States will be 18200 with 11500 women dying from the disease in the same period
[1j. New registrations of ovarian cancer in England and Wales in 1974 numbered
4178 and 5 years later, 3784 women had died of the disease. Such data illustrate
the poor prognosis associated with this condition, with less than 25% of women
expecting to survive 5 years (Fig. 16.1). The risk of developing ovarian cancer is
similar to that for carcinoma of the cervix, 1in 80, yet as many women die from
ovarian cancer as from the other female genital tract malignancies combined. A
factor which gives rise for concern is the increasing incidence of the disease. From
1931 to 1970 in England and Wales the mortality rates per million women rose by
15% each decennium [2], During the period 1971-1980, however, the rate of
increase had plateaued to 6.5% (Fig. 16.2).

The diversity of the structure and functions of the ovary results in a great variety
of tumours of complex histological origin (3,4).

Tumours of epithelial origin constitute 58% of all ovarian neoplasms and
80-90% of all ovarian carcinomas [5,6]. There is an age specificity for the various
histological sub-groups of ovarian malignancy. Sex cord tumours are very rare
before the third decade but increase in frequency to the fifth, when their incidence
remains constant. Germ cell tumours occur in the 10-50 year old age group, while
epithelial tumours rarely appear before the age of 10. They then increase expo-
nentially until 40 years of age and have their highest incidence in women in their
early sixties. Varying nomenclature and different histological classifications have
made comparative histopathological and epidemiological studies virtually impos-
sible. The fact that more than 70different types of neoplasms have been described
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Time since registrohon (y)

Fig. 16.1. The percentage survival rate over a 5-year period of women registering with ovarian cancer
in England and Wales

Death rate/106 women

Fig. 16.2. The death rate of women from ovarian cancer from 1931 to I19W) in England and Wales.

highlights the difficulties. The World Health Organisation classification of
ovarian tumours j7) should, in future, permit more meaningful comparisons to be
undertaken.

Possible Causal Factors

Environmental

Analysis of international mortality rates shows that Northern Europe has four
times the incidence rate of Asia [8|. Studies of Japanese migrants living in the
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United States [9j show that these Asiatic people exhibit rates of ovarian cancer
incidence intermediate between those of their country of origin and their country
of adoption. A number of reports have appeared in the literature indicating that
certain families show a susceptibility to ovarian malignancy (10J with serous
cystadenocarcinomas the most common histological type observed Prophylactic
bilateral oophorectormy has been advocated for these women as soon as they
have completed their families, although such an aggressive approach does not
guarantee immunity to the development of pelvic cancer, which may exhibit a
histological picture similar to that of the ovary and therefore supports the concept
of ‘generalised instability” of coelomic epithelium. It has been reported that
5%~14% of women with the Peutz-Jeghers syndrome develop ovarian tumours
[11,12,13]. Similarly, the basal cell naevus syndrome is associated with the
development of ovarian fibromas, although other cell types also occur (14). The
high incidence of ovarian malignancy in the industrialised countries of Northern
Europe and North America points strongly to environmental factors playing a
significant role in the initiation of the malignant process. A number of studies
have shown an association between smoking and the early, spontaneous onset of
the menopause [15,16], There was also a relationship with the level of smoking
[17] . Studies of the rodent ovary demonstrated the presence of a non-specific
microsomal mono-oxygenase, which metabolises polycyclic aromatic hydrocar-
bons, present in cigarette smoke and industrial pollutant, to active carcinogenic
compounds. Benzo(a)pyrene, also a constituent of cigarette smoke, was found to
be toxic to the primordial follicles of rodents and to initial ovarian tumours in mice
[18] . Mattison and Thorgeirsson found evidence of a similar microsomal mono-
oxygenase system in the human ovary and proposed an association between
polycyclic aromatic hydrocarbons and the occurrence of an early menopause in
smokers and also a possible carcinogenic role for the induction of ovarian cancer
[19] . It is said that the menopause in women occurs when the oocytes are
depleted, which normally occurs by the process of atresia [20]. Early ovarian
failure may therefore occur if the rate of oocyte loss is accelerated. There is no
evidence at present, however, to suggest those women who smoke are more
susceptible to ovarian malignancy than non-smokers.

Infectious Diseases

Infectious diseases have been considered as a possible aetiological factor in the
causation of ovarian cancer. A higher incidence of rubella infection between the
ages of 12 and 18 years in ovarian cancer patients than in controls has been
reported [21], whilst there was a lower frequency of mumps [22] and of pneu-
monia and influenza [23],

Hormonal

It is considered that endogenous hormones play a role in the aetiology of ovarian
cancer as, in all international reviews of cancer rates, a strong relationship is
known to exist between the incidence of ovarian and breast cancer. Women who
develop primary carcinoma of the breast have twice the expected risk of develop-
ing a primary ovarian cancer and, vice versa, women with primary ovarian cancer
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run 3 10 4 limes the risk of developing a primary breast malignancy. One
hypothesis lo explain ovarian epithelial cancer relates growth regulating hormone
excess involving the gonadotrophins which act indirectly on the epithelial cells,
causing them to replicate following ovulation and cover the denuded surface of
the ovary. The epithelium may he incorporated into the stroma of the ovary
during the formation of the corpus luteum [24], resulting in inclusion cysts which,
because of the multipotcntiality of the surface epithelium, may give rise to
malignant tumours exhibiting Mullerian cell types |25). This hypothesis also
suggests that the interruption of the normal cyclical control of the ovary by
gonadotrophin would he protective and reduce (he number of inclusion cysts |26).
This would also account for the rarity of ovarian epithelial neoplasia prior to
puberty. A number of case control studies support this concept, showing that
pregnancy and lactation have a protective role [23,27,28,29). Furthermore, in
women under 50. incomplete pregnancies were found to be protective, as was the
use of oral contraceptives. Bcral inversely correlated death from ovarian cancer
with the number of children born [30). It would seem that nulliparous Caucasian
women of northern European descent, who live in an industrialised country and
who also have a family history of cancer, are at greatest risk of developing
epithelial neoplasia of (he ovary.

The incidence of breast, endometrial and ovarian cancer was noted by Stadel
[31Lto be inversely correlated with the dietary intake of iodine, a deficiency which
may lead to primary hypothyroidism. Primary hyperthyroidism is associated with
elevated prolactin levels [32) and also a ‘potentiation' of the effects of
gonadotrophins [33J. asituation which might lead to excessive oestrogen synthesis
and secretion and a possible overall increased risk of ovarian, endometrial and
breast malignancy. Biskind and Biskind [34) demonstrated that ovarian tumours
of granulosa cell origin could be induced in the rat, probably as a result of
excessive gonadotrophin release brought about by castration of the animal and
transplantation of part or whole of one ovary into the spleen. As the blood leaving
the spleen drains directly to the liver the steroids produced by the transplanted
ovary are immediately metabolised and rendered ineffective in the normal feed-
back of hypothalamus and pituitary. Studies from this Institute [351confirmed the
elevated levels of follicle-stimulating hormone (FSH) and luteinising hormone
(1.I'1) following this transplantation procedure. This is an interesting model but is
of limited value as granulosa cell tumours are rare in women

Excessive gonadotrophin stimulation in the rat may also be achieved by immu-
nising with testosterone 3-fO-carboxymethyl imino-bovine serum albumin)-T-3-
HSA) [36]. This leads to a grossly elevated, total serum testosterone con-
centration. with a decrease in free circulating, biologically-active testosterone
which is bound by the anti-testosterone antibodies. Exogenous hormones have
also been implicated in the aetiology of ovarian cancer [37) in a follow-up survey
of 908 women who had received conjugated equine oestrogen postmenopausally.
It was also stated that there was a greater risk of developing ovarian cancer in
those women who had. in addition, taken stilboestrol.

Talc and Asbestos

It is of interest that those women employed in the rubber, electrical and textile
industries are at greater risk of developing ovarian malignancy than those
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involved in other manufacturing industries [38,39]. The association between
asbestos exposure and lung cancer in man was first suggested by Lynch and Smith
in 1935 [40]. Further studies confirmed that certain types of asbestos, in addition
to their fibrogenic properties, also possessed carcinogenic potential [41]. In 1960,
32 cases of pleural mesothelioma in persons exposed to crocidolite in South Africa
were described [42]. Eleven cases of peritoneal tumours associated with asbestos
exposure were also reported by Real [43] and a further nine by Entiknap and
Smither [44). Moreover, Graham and Graham [45] reported the presence of
birefringent crystals in human ovarian cancers and related them to asbestos but
they were unable to characterise them. Certain ovarian tumours show histological
similarity to pleural and peritoneal mesotheliomas. This may be explained by the
fact that the ovarian surface epithelium is of mesothelial origin, which confers
upon it its unique ability to produce ovarian tumours of multiple ceil types
including combinations of serous, mucinous, endometrioid, mesonephroid and
mesothelial cell types [46).

An extraction replication technique was developed in the Tenovus Institute to
investigate foreign particulate material present in biological tissues [47]. This
technique was used to investigate and identify various types of contaminating
particles in sections of tissue from, for example, the lung and ovaries [48]. It failed
to demonstrate the presence of asbestos in human ovaries, as suggested by
Graham and Graham, but did establish the presence of talc particles in both
normal and neoplastic tissue [49|. Unequivocal identification of individual par-
ticles was achieved by using an electron microscope microanalyser (EMMA).
There is good evidence that talc may reach the ovary by traversing the female
genital tract. Egli and Newton [50] instilled carbon black particles suspended in a
30% dextran solution into the posterior fornix of vaginas of three women under-
going hysterectomy. At laparotomy, in two of the three patients, carbon par-
ticules could be found at the fimbrial ostia of the fallopian tube within 40 min of
the vaginal instillation. Further confirmation of the migration of particulate
material from the vagina to the peritoneal cavity, with uptake into the ovary, was
provided by studies using technetium-99 labelled human albumin spheres instilled
into the vagina for the purpose of hysterosalpingography by radionuclide scin-
tigraphy [51,52]. Work from this laboratory [53] has shown that when a suspen-
sion of talc is introduced either into the posterior aspect of the uterus or even into
the vagina of rats, the material can be located in the ovaries within 4 days of the
instillation.

Talc is widely used in the pharmaceutical and cosmetic industries and has been
used in association with certain types of contraceptive. Many women dust their
perinea with talc and some apply it to their sanitary wear [54], Furthermore, talc
particles have been shown to embed in both cultured human lung fibroblasts and
in rat ovarian epithelial cells, probably by the process of pinocytosis. Oxygen
incineration studies of human ovarian tissue indicated that the amount of talc
present could be of the order of 2 x 105particles per mm3[55], Reports that
commercial talcs are contaminated with particles of asbestos [10] have not been
substantiated in this Institute, where nearly all forms of natural talc produced
from various countries around the world have been analysed. It is well established
that talc can induce granulomata in the peritoneal cavity [56] and contamination
of the ovary may result in disturbances in the ovarian stroma leading to altered
steroid biosynthesis.

In this laboratory, a suspension of asbestos-free Italian 00000 talc in phosphate-
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buffered saline w;is injected below the rat ovarian bursa |57|. Within 6 weeks of
injection many animals demonstrated cystic changes which, by | year, had
developed into ovarian bursal cysts. 5cm or more in diameter (Fig. 16.3). Histo-

Fig. 16.3. Bilateral ovarian bursal cysts from a rat 12 months after the sub-bursal injection of a
MiNpciiMoii of talc.

Fig. 16.4. Rat ovarian surface germinal epithelium subsequent to the sub-bursal injection of a
suspension of talc. Note papillary formation and the multilayering of the surface epithelium. Stained

with Il & E. (x 200)
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logical examination of these talc-treated ovaries showed multilayering of the
surface germinal epithelium (Fig. 16.4) with papillary outgrowths, a pathology not
inconsistent with preneoplasia and which resembled the histological findings in
the ovaries of guinea pigs treated with intraperitoneal asbestos [4SJ. The pos-
sibility that contaminating talc particles may play a role in initiating ovarian
dysfunction, which could lead to neoplasia, requires careful consideration. The
possible adverse affects of presence of talc in the ovary are being intensively
investigated in this Institute. Several different animal species are being used,
including the chicken, which is known to have a high incidence of ovarian
adenocarcinoma when kept in artificial light |2J. The possibility that talc may act
as a co-carcinogen is being examined. Its adsorptive properties are well known
and, once located in the ovary, may retain circulating carcinogens for longer
periods than normal. Equivalent studies are being carried out in vitro since it has
been shown that talc will penetrate epithelial cells in culture and, although
transformation of the cells has not been shown, the addition of a chemical such as
dimethylbenzanthracene, which does not usually induce ovarian cancer, may well
induce such changes.

It certainly cannot be said at present that talc causes ovarian cancer. Its
presence in such tumours was unexpected and unwarranted. It is because the
cause of ovarian carcinoma is unknown and that talc has a chemical similarity with
asbestos that these investigations were instigated.
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The deiHlopmetif aml progression of epithelial ovarian
earner can he correlated with iwarns biologic and mole-
cular factors. Tumor growth has been associated with
aberrant and dpsfunctional expression and mutation of
various genes. These genetic defects include oncogene
overexpression, amplification or mutation, aberrant
tumor suppressor gene expression or mutation, and the
inappropriate expression of cytokines anil growth factors
and/or the cellular receptors for these molecules. Dysrég-
ulation of host immune responses may also play a per-
missive role in the pathogenesis of the disease. Since
ovarian cancer has been associated with the frequency of
ovulation, the related proliferation of epithelial cells
may increase the chance of a genetic accident that could
contribute to the activation of an oncogene or inactiva-
tion of a suppressor gene. These events, combined with
the inherent ability of ovarian epithelial cells to respond
to and produce various cytokines and growth factors,
could promote oncogenesis. (J Reprod Mod 39:241-246,
1944)
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Introduction

Ovarian cancer, which results in a higher mortality
rate than any other gynecologic malignancy, is the
fourth leading cause of cancer death in women in
the United States.** A major factor in this high mor-
tality rate is that at the time of diagnosis most
patients already have advanced disease. Early
detection of ovarian cancer is hampered by a lack of
appropriate tumor markers, and clinically, most
ovarian cancer patients fail to develop significant
symptoms until they reach advanced disease. Ovar-
ian cancer has a high frequency of metastasis yet
generally remains localized within the peritoneal
cavity. 1l

Tumor development has been associated with the
aberrant, dysfunctional expression and/or muta-
tion of various genes. This can include oncogene
overexpression, amplification or mutation, aberrant
tumor suppressor (antioncogene) expression or
mutation, and the inappropriate expression of
cytokines and growth factors and/or the cellular
receptors for these molecules. Also, subversion of
host antitumor immune responses may play a role
in the pathogenesis of cancer.t >

Most ovarian cancers appear to arise from the
ovarian epithelium, a single layer of cells found on
the surface of the ovary. While several factors have
been implicated in the genesis and growth of ovar-
ian cancer, several studies have shown that the fre-
quency of ovulation is associated with an increased
risk of the development of ovArian cnncer/4VIMAS
Because ovulation is associated with disruption of
the surface epithelium of the ovary, the ovarian
epithelium must proliferate to heal this ovulation-
associated wound. Therefore, ovulation must be
associated with the production of growth factors
that enhance the growth and/or differentiation of
ovarian epithelial cells. Certainly, various cytokines
and growth factors, including transforming growth
factors a (TCF-a) and IL-6, have been seen in ovari-
an follicular fluid.205356 Perhaps the repeated pro-
liferation of ovarian epithelial cells associated with
ovulation contributes to the development of ovari-
an cancer by increasing the chance of a genetic acci-
dent (error in DNA replication) that could con-
tribute to activation of an oncogene or inactivation
of a tumor suppressor gene. Such an event or
events, combined with the inherent ability of ovari-
an epithelial cells to respond to and produce
cytokines and growth factors, could explain, in
part, the high frequency of ovarian cancer and its
association with ovulation.

0024-7758/44/3404 0241/$! 50/0 ©Tho journal of Reproductive Medicine. Inc.
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Oncogenes

Hu- aberrant expression of various oncogenes in
ovarian tamer has been described They include
HIiR-2/nrn, nr-, nrifc. (ms, jun and mi/).'1  75"*i-/
The many oncogenes that have been characterized
can be divided into a lew major groups based on
their biologic role and cellular location.4,s For
instance, several oncogenes, including HER-2/ ham
and /ms. appear to enctnle for transmembrane
receptor molecules involved in ligand binding.
Other oncogenes, including ras, represent inner
membrane proteins involved in signal transduc-
tion. Finally, some oncogenes, including wye. my/1
and inn. represent nut tear transcriptional regulato-
ry proteins. Therefore, protooncogenes represent
various tcllular proteins with normal physiologic
tolis in various cellular processes involved in the
induction oi tcllular growth and differentiation.
These activities are subverted by mutation or over-
expression. resulting, in part, in generation of the
transtormod phenotype.

Recently, the role of I IHR-2/ncif in ovarian cancer
has received much attention.”""***1 IEK-2/ucu is an
oncogene product that was seen to be overex-
pressed in breast cancer; overexpression of HER-
2/hcu in breast cancer was seen to be associated
with a poor prognosis.“* Normal ovarian epitheli-
um expresses low-moderate levels of HER-2/m’i/."""
11HR-2/mu is overexpressed in about 30% of ovari-
an malignancies and appears to be indicative of a
poor prognosis and survival.8 ""**“ Therefore, HER-
2/licit lias the potential to be clinically useful as a
marker tor ovarian cancer

Lichtenstein and co-workers have shown that
IHR-2/mii overexpressing ovarian tumor cell lines
were more resistant to tumor necrosis factor (TNF)
or Ilvmphokinc'.ii‘tivaied killer cell-mediated lysis
than cells that expressed lower levels of HER-
2/ucit. suggesting that overexpression of this onco-
gene might impart a biologic advantage to tumor
cells bv enhancing their resistance to cytotoxicity.41

1In 11ER-2/ii«’il oncogene* fits into both the cat-
egory of oncogene and that of growth factor recep-
tor since the 11LR-2/wit gene both is a protoonco-
gene and appears to code for an epidermal growth
factor (F.GF) receptor-like molecule.Recently, a
ligand (growth factor?) that binds to this putative
growth factor receptor has been described and par-
tially ch.iracteri/etl ~ Another oncogene that has
been seen to be overexpressed in ovarian cancer is
i fm>. which also encodes for a growth factor recep-
tor. in thistase lor the receptor for M-CSF.1"Ovari-
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an cancer cells also have been seen to produce M-
CSIv*

Since the HER-2/ nowgene product appears to be
a growth factor receptor, antibodies directed to the
extracellular portion of this molecule might be able
to down-regulate its growth-promoting activity.
Bast and co-workers have found that anti-HER-
2/ lieu monoclonal antibodies to cells that overex-
press I1IER-2/ wm can inhibit their growth.“*"

Antioncogenes

Another genetic lesion that has been implicated in
the genesis and development of ovarian cancer
involves the p53 tumor suppressor gene: the p53
gene has been seen to be overexpressed (and mutat-
ed) in 30-50% of ovarian cancers.4* * 7 The p53
gene, on chromosome |7p, is a tumor suppressor
gene, and mutations or loss of p53 have been seen in
many human cancers. The product of the p53 gene
is a nuclear phosphoprotein that can be expressed
by normal cells and plays a role in the regulation of
cellular growth and development but that is over-
expressed when mutated. ,‘4,4HThe loss of normal
p53 function, due to mutation and overexpression
or to deletion of the normal p53 gene, is often asso-
ciated with a malignant phenotype. Mutation of
p53 results in the dominant transformed phenotype
since the expression of a mutant form of this tumor
suppressor gene leads to the dysfunction of normal
p53 by preventing the association of p53 to form a
functional DNA-binding, regulatory complex.

In recent studies we have seen that p53 tumor
suppressor gene expression can be induced in an
ovarian cancer cell line by TNF-« together with the
induction of cell death by apoptosis.2vTherefore, a
mechanism by which TNF induces tumor cell death
may involve the op-regulation of tumor cell p53
gene expression.

Another tumor suppressor gene that has been
suggested to play a role in the development of ovar-
ian cancer is the retinoblastoma (RIi) locus: a signif-
icantly high frequency of allelic deletion of RB has
been seen in ovarian cancer tissue.42

Growth Factors and Cytokines

Growth factors and cytokines have been seen to
play important roles in the development and
growth of cancer,12 including ovarian can-
cer.4*4“4***" In fact, it has been proposed that
epithelial ovarian cancer may be a cytokine-
propelled disease.4"*1

Among the several growth factors that have been
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examined in ovarian cancer are transforming
growth factor-fl (TGF-p) and EGF and related fac-
tors, including TGF-a.7953 TGF-0 is a 24-kd glyco-
protein that can inhibit the growth of many epithe-
lial cells.** EGF is a 6-kd glycoprotein, with a struc-
ture similar to that of TGF-a, that can stimulate the
proliferation of normal ovarian epithelial cells; both
HGF and TGF-a bind to the same receptor.79 The
response of ovarian cancer cell lines to EGF and
TGF-a appears variable.53 In fact. Bast and co-
workers have seen that malignant epithelial ovarian
cells are less responsive to EGF than are their non-
malignant counterparts.7 TGF-3. which can act as
an autocrine growth-inhibitory factor for normal
ovarian epithelial cells, may act in a similar fashion
for some ovarian cancer cells.7 Therefore, loss of the
ability to produce active TGF-p or to respond to this
factor may have occurred in some ovarian cancers.
Various cytokines, including tumor necrosis fac-
tor-a (TNF-a), interleukin-1 (IL-1), macrophage/
monocyte colony-stimulating factor (M-CSF) and
interleukin 6 (IL-6), may also play important roles
in ovarian cancer pathogenesis.7-1421'344549
Cytokines, including IL-1 and IL-6, have been seen
to enhance the proliferation of some ovarian cancer
cell lines,7-3and various cytokines have been seen
to be produced by ovarian cancer cells, including
M-CSF, CM-CSF, IL-1, TNF-a and IL-6.1421'3%
Many ovarian cancer cells express both M-CSF
and fms, the M-CSF receptor.7 21 343561 M-CSF is a
homodimeric, 90-kd glycoprotein. Levels of fms
transcripts were seen to correlate strongly with
ovarian tumors of high histologic grade and
advanced clinical stage and were associated with a
poor outcome.34 Also, elevated plasma levels of M-
CSF were seen in 70-80% of patients with ovarian
cancer.7-3%3 It has been postulated that M-
CSF-stimulated macrophages might produce other
cytokines, such as IL-1 and IL-6, that can further
stimulate tumor cell growth.3 Therefore, M-CSF
could potentially act as both an autocrine-panacrine
tumor stimulatory factor and a factor that can mod-
ify the tumor cell environment, resulting in
enhanced tumor cell growth.
IL-6
IL-6 is a growlhand-differentiation-inducing fac-
tor that is potentially relevant to the development
and/or progression of ovarian cancer. IL-6 has been
shown to act as an autocrine-paracrine growth fac-
tor for several types of human tumors, including
multiple myeloma cells33and renal cancer cells.3.

—
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In our own recent work we found IL-6 to act as an
autocrine growth factor for acquired immunodefi-
ciency syndrome-associated Kaposi's sarcoma.52
Also, IL-6 has been shown to act as a programmed
cell death-preventing factor in B-cell tumors.64Our
studies indicate that many epithelial ovarian cancer
cells produce 1L-6.70

IL-6 is a pleiotropic cytokine with a wide range of
biologic effects.3037 The gene for IL-6 has been
cloned and sequenced and the structure of the IL-6
gene described. IL-6 is a 26-kd glycoprotein consist-
ing of 212 amino acids, based on a sequence
deduced from cloned IL-6 cDNA, with some
sequence homology with human G-CSF as well as
several recently described cytokines, including
oncostatin M, ciliary neurotrophic growth factor
and leukemia inhibitory factor. The gene for IL-6 in
humans is on chromosome 7 and consists of 5exons
and 4 introns. The IL-6 biologic activities that have
been described are induction of differentiation of
activated B cells, support of plasmacytoma and
myeloma growth, induction of acute phase reac-
tants and stimulation of hepatocytes, nerve growth
factor-like activity, induction of cytotoxic T cells
and support of hematopoietic differentiation.30
Clearly, IL-6 is a pleiotropic factor, with both
growth- and differentiation-inducing properties.
IL-6 can be produced by several types of cells,
including T lymphocytes, monocyte/macrophages,
fibroblasts, certain tumor cells, epithelial cells and
endometrial cells.

The receptor for IL-6 (IL-6R) has been cloned.74 It
is composed of two polypeptides: an 80-kd IL-
6-binding protein, which isassociated on IL-6 bind-
ing with a dimer composed of a second, 130-kd,
signal-transducing molecule. We have detected IL-
6R (80 kd) expression in ovarian cancer cells.7L
Recently the gene for NF-IL6, a nuclear transcrip-
tion factor that binds to a cytokine-responsive (IL-1)
element in the IL-6 regulatory region, was cloned.2
The NF-IL6 protein has some homology with the fos
and myc oncogene products and interacts with the
NF-1L6-binding motif within the IL-6 gene regula-
tory region, inducing IL-6 gene expression. Nor-
mally, NF-IL6 is not expressed, but its expression is
induced by exposure of IL-6-produdng cells to var-
ious inducers of IL-6 gene expression, including
LPS and cytokines.

We have seen that ovarian cancer cells of epithe-
lial origin (which constitute 90% of ovarian cancers)
produce and secrete IL-6.70Several epithelial ovari-
an cancer cell tines, including SKOV-3, OVCAR-3
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«ml L\l 3. priHluc«* Mibskmli.il amounts of bio-
logiiulU active Il -6." Ov.iri.m cancer ».0il lints of

nonepithi’lial origin (I’A-1 and 222) do no! secrete .

11r% although cytoplasmic Il -6 was detected in t’A-
1 &~ well as in all the other epithelial ovarian cancer
voil lines tested.'0 Primary ovarian tumor cell cul-
tures also produce substantial levels of 11.-6/“ with
primal v isolates oi ovarian tumor cells displaying
intracellular Il-r> bv itnmunoporoxidase stain-
ing. lhe Il. o prinluivd by ovarian cancer cells
was examined bv rndioimimmoprecipitation and
found to correspond in molecular weight to mono-

to/lvmphoid-derived 11-6'* Also, 11.-6 mKNA
expression indicated that most epithelial ovarian
tumor «ell lines display delectable levels of 11.-6
gene expression. " Several cytokines (inlerferon-y,
I11S-Y H lamt INI) were seen to up-regulate IL-6
production bv ovarian tumor cell lines.7* Primary
i niliirk’s> ol normal human ovarian epithelium also
were seen to produce |1.m6*1 lhese results indicate
that ovarian cancer cells— both established ovarian
iamor cell lines, primary tumor isolates and nor-
mal ovarian epithelial «ells—proiluce biological-
ly aclive 11.-6 that is iiulisliuguish.iblc from the
Il -0 prodiueil bv peripheral blood mononuclear
«ells

Ovarian earner cells also express the IL-6 recep-
tor. Ina nvent study wo delected expression of the
NU-kd Mibunil «r the 11.-6 receptor in most «lvarian
cancer «ell lines teste«! bv Northern blot analysis.71
Naturally, it 11.-6 is an aiilx»xcrme positive «r nega-
live growth (actor, ovarian cancer cells n«l only
should be proilucingiletectnblc «|uantitiesot s<*cret-
ed 11-6 anil 11.-6 mKNA but also should express
detectable ijuantitiles ol 1L-6 roieptiir. Therefore,
the observation that ovarian cancer cells express the
Il 6 reieptor allows the possibility that 1L-6 might
play a role as a growth/diiloreniiation/viability
lador tor lhese «'ells.

I le\ ati-il li'vels ol IL-6 wen* ili,ticlid in as«ilic
fluil-"and serum1llrom wonu*n with ovarian can-
«er. Ascitic IIniit isolated Irom patients with ovari-
an cancer had very high levels «1 IL-6 (3.2-42
ng/ml.). while those from controls without cancer
were iiunh hover (Lb 2.6 ng/ml.).7 Elevated
serum Il -6 levels were soil to correlate with the
pri'seiue <1 more exU-nsive disease: elevated levels
(0.2 U/ml )1 IL-6 were seen in 16/21 (76%) of
ovarian «n«*r patients with macros««*pic «tisease
hut m only I3 ol patii‘iits with microscopic dis-
ease or in 17'; ol healthy control donors.1 The
mean serum 11-6 ««»Hentration in the group of

ml
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ovarian caiuvr patients with macroscopic disease
(n = 21) was 0.26 i 0.04 (SEM); serum levels ol IL-6
in healthy adult donors were 0.12 t 0.03 U/mL IL-6
(maximum < 0.020).11Serum IL-b reached very ele-
vated levels (> | U/m1.) in some patients.

Recently we examined the in niltwbiologic effects
of IL-6 by correlating levels of IL-6, acute phase pro-
teins (C-reactive protein |( RI’|, haptoglobin and
a2macroglobulin) and IgM/A/Ci in ovarian cancer
patients' ascitic fluid or serum (unpublisheil obser-
vations). Significantly elevated levels of IL-6, CKI\
haptoglobin and IgA and decreased levels «f IgM
were sivn in ovarian cancer ascites (n - 36) when
compared to peritonea) fluids from a control group
(donors with nonmalignant gynecologic condi-
tions, n =20). Again, in this study elevated serum
IL-6 levels (6.5 r 5.2vs. 0.2 r 0.02 U/mL) were seen
in ovarian cancer (n - 7) as was increase«! serum
CKP when compared to controls (n 7) Ascites
CRI* Ciirrelated with IL-6 in both ovarian cancer
(P < .01) and controls (P < .001). These results sug-
gest that the increased levels of I1.-6 m vivo in
patients with «»variait cancer are associated with
increased lev«4s of acute phase proteins and IgA.
This is particularly interesting since IL-6 can act
both as a 0-cell stimulating factor, inducing the dif-
ferentiation of activated B cells to Ig-secreting cells,
and as a potent indun-r for the production of acute-
phase répétants."47,7-'M

Another recent observation suggests that I1L-6 can
play a role as a growth factor for ovarian cancer
cells: activate«! monocytes produce factors that
enhance ovarian tumor cell growth Working with
Robert Bast and colleagues at Duke University, we
have seen that culture supernatants from activated
human monocytes, which support ovarian tumor
growth, contained significant amounts ixf IL-6.71
Furthermore, ¢inti—L 6 serum inhibited part of this
monocyte-produced growth-supporting activity.
Therefore, IL-6 has tlu* potential to act as a
paracrine growth tactor for ovarian cancer cells.
Also, wo have seen that ovarian cancer cells cul-
tured in serum-free comblions, which result in
greatly «Kvreased endogenous IL-6 production,
reijuire exogenous 11.-6 for optimal proliferation
(unpublished observation).

While it is clear that IL-6 can act as an
autocrine/p.iracriiie growth factor for human
tumors, the l'ompletc role of IL-6 in the host
response to cancer or as atumor growth-promoting
or -suppressing factor is not clear.4*Certainly, 1L-6
has the potential to modulate antitumor immune
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responses and may thereby act as an inhibitory fac-
tor for tumor cell growth.

Recently we examined the possibility that 1L6
acts as an autocrine growth factor for ovarian can-
cer cells by inhibiting IL-6 gene expression by expo-
sure to IL-6 antisense oligonucleotides. This was
seen to result in greatly decreased cellular prolifer-
ation: exposure of ovarian cancer cell lines (CAOV-
3, OVCAR-3 and OC-436) to various concentrations
of a single-stranded antisense 11-6 oligodeoxynu-
cleotide, specific to a sequence in the second coding
exon of the IL-6 gene, resulted in decreased IL-6
production and a >80-85% inhibition of cellular
proliferation.7L However, the addition of exoge-
nous IL-6 failed to restore the proliferation of the
antisense-treated cells. Also, antibodies to IL-6 did
not consistently inhibit cell growth, nor did rIL-6
enhance growth at low cell concentrations. These
results suggest that exogenous IL-6 does not direct-
ly induce the proliferation of ovarian cancer cells,
although endogenous IL-6 production is needed for
optimal cell growth. Since the majority of epithelial
ovarian cancers produce IL-6, the direct specific
inhibition of IL-6 gene expression may be of poten-
tial therapeutic value.

Preliminary studies indicate that various tu-
mor cells can be protected from natural Killer
(NK) cell-mediated killing by IL-6 (unpublished
observations).*-1 Cells (CAOV-3 ovarian cancer
cells) treated with dexamethasone, which results
in greatly decreased IL-6 production,& showed
greatly increased sensitivity to NK cell-mediated
lysis. Addition of exogenous recombinant IL-6
to dexamethasone-treated cells restored resistance
to NK lysis. These preliminary results suggest
that IL-6 (endogenously produced or exogenous)
can protect tumor cells from NK-mediated Kill-
ing
IIl. 10

Epithelial malignancies of the ovary remain con-
fined to the peritoneal cavity even in advanced
stages of the disease. It has been suggested that the
growth of ovarian cancer intraperitoneally could be
related to the local deficiency of antitumor immune
effector mechanisms, allowing tumor growth with-
in the peritoneal cavity.22The presence of immuno-
suppressive factors in the ascites from ovarian
epithelial tumor-bearing patients has been de-
scribed previously.3® In recent studies we
observed that ascitic fluid from patients with ovari-
an cancer contains significantly elevated levels of
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IL-10,28 a cytokine with various immunosuppres-
sive activities.

IL-10 was originally identified as cytokine syn-
thesis inhibitory factor because of its activity as an
inhibitor of cytokine production.25The gene for IL-
10 has been cloned.54 This 35- to 40-kd cytokine is
produced by the “type 2" CD4-positive helper T cell
clones (TH2) and inhibits cytokine production of
the "type 1" subset (TH1) in murine systems TH1
and TH2 are two subpopulations of T helper cells,
initially defined in mice, that control the nature of
an immune response by secreting characteristic and
mutually antagonistic sets of cytokines:3 TH1
clones specifically produce IL-2 and IFN-y, whereas
TH2 clones produce IL-4, -5, -6 and -10. IL-10
inhibits the production of IL-2 and IFN-y by TH1
cells.27 While T cells corresponding strictly to TH1
and TH2 subsets have not been found in humans,
increasing evidence points to the existence of TH1-
and TH2-type responses in humans; a similar
dichotomy between TH1- and TH2-type responses
has recently been reported for the human.2360
Human IL-10 also inhibits the synthesis of IFN-y
and other cytokines by human peripheral blood
mononuclear cells.76 Furthermore, I1L-10 is exceed-
ingly potent at suppressing the release of such
cytokines as IL-1, IL-6, IL-8 and TNF-a by activated
monocytes.162426 1L-10 further down-regulates
class Il major histocompatibility complex molecule
expression on monocytes, resulting in a strong
reduction in antigen-presenting capacity of these
cell9.24 Together, these observations support the
concept that IL-10 plays an important role not only
in the regulation of T cell responses but also as an
antiinflammatory mediator. IL-10 is produced by T
cells, Bcells and monocytes.® Among T cells, CD4-
positive cells appear to be the main producers of IL-
10, whereas CD8-positive cells appear to be poor
producers of this cytokine.

Very recently we measured levels of various
cytokines, in collaboration with John Abrams,
DNAX, Inc., in ascites obtained from women with
ovarian cancer and found that levels of various
cytokines, measured by enzyme-linked immuno-
sorbent assay, were significantly elevated when
compared to levels in peritoneal fluid from women
who did not have ovarian cancer. In particular, lev-
els of IL-10 and, as expected, IL6 were particularly
elevated in ovarian cancer ascites.28 Our prelimi-

x nary results indicate that ovarian cancer cells do not
m produce IL-10; ovarian cancer cell lines and prima-
ry tumor cells cultured in vitro did not produce



246

detectable levels of Il -10, while several of these
lines did produce Il.-tv F.levnted levels of IL-10 were
seen in nearly all ascites samples from women with
ovarian cancer. Because peritoneal immunosup-
pression is characteristically seen in thisdisease, we
are currently examining the role of 1L-10 as a poten-
tial peritoneal immunosuppressive factor in ovari-
an cancer.

1\ tjtoiniJ Cytokine* in Pifiihin Cumer

Since the development o! ovarian cancer may
involve cytokine dysrégulation, we recently deter-
mined. in collaboration with John Abrams, the lev-
els ol various cytokines in ascites collected Irom
women with ovarian cancer. As mentioned above,
high levels ol ascites IL-h and -10 are seen in the
great majority of ovarian cancer cases. Of those
cases, SO-h0'i. were seen to also contain significant
ascites levelsof IL 2, TNI n, IFN->,C-CSF and CM-
CSF.7- Levels of varii>us cytokines, including 11.-6,
IL-10, TNF-u. C-CSF and CM-CSF, were signifi-
cantly elevated as compared to levels of these same
cytokines seen in peritoneal fluids from normal
women. A similar pattern was seen in sera from
women with ovarian cancer, with 1l.-band IL-10the
serum cytokines detected most frequently. A signif-
icant correlation wa> seen between Il.-f> (and I1L-10)
and acute phase proteins and immunoglobulins
as well as the immunosuppressive activity of as-
citic lluids and tumor histologic stage. Studies to
determine whether a specific cvlokine/tumor
marker/acutc phase reactant pattern could be use-
ful in monitoring the progress ot patients with ovar-
ian cancer are under way.

Certainly it is possible that certain cytokine pat-
terns. in particular high levels of IL-10, could result
in a peritoneal environment characterized by
immune unresponsiveness and promotion of tumor
growth.

Conclusion

The dysrégulation of various biologic and molecu-
lar lactors may play important roles in the develop-
ment and progression of ovarian cancer. These
include oncogene overexpression, mutation or loss
of antioncogenes, growth factor and cytokine stim-
ulation, and modification of the host environment
and host antitumor immune response. Understand-
ing the specific mechanisms involved in ovarian
cancer development and growth will allow oppor-
tunities tor the design of effective antitumor treat-
ments.

. tu tmiéai
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Insulinlike Growth

Factors

Their Regulation of Glucose
and Amino Acid Transport in
Placental Trophoblasts Isolated
from First-Trimester Chorionic
Villi

Douglas A. Kniss, Ph.D.
Phillip J. Shubert, M.D.
Peter D. Zimmerman, B.S.
Mark B. Landon, M.D.
Steven G. Gabbe, M.D.

The transjwrt of glucose and amino acids from the mater-
nal tofetid circulation through the placenta is critical to
the delivery of fuel for normal fetal growth and develop-
ment | ittle information indicates that transplacental
glucose or amino acid transport is influenced by hor-
mones or jfolypeptide growth factors. We developed a
continuous cell line of cytotrophoblastlike cells derived
fromfirst-trimester human chorionic villi asa model sys-
tem to stiuly the regulation of glucose and amino acid
transport by insulinlike growth factors (IGFs). Using
immunocy/ochcmical and biochemical criteria, the cells
were shown to manifest a troplioblastlikc f>henotype. The
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cells were maintained in serum-supplemented medium
until confluent, at which time they uwe shifted to serum-
free medium for one day. Experiments were initiated by
transferring the cells to glucose-free assay buffer and
incubating them with IGF-I, IGF-II or insulin. Glucose
uptake was measured by the transport of2-deoxy-D-t 1.2-
3Hjglucose (2I3HIDG) in the presence or absence of
cytochalasin B, which has been shoum to competitively
inhibit glucose uptake. IGF-I. IGF-Il and insulin each
enhanced 2I13HIDG transport in a dose dqvndent fash-
ion. Amino acid transport was measured by incubation of
the cells with IGF-I for 60 minutes, followed by a 5
minute challenge with a-Imethyl-3Hlaminoisobutyric
acid. IGF-1 caused a dose-dependent increase in uptake of
the amino acid analog. Radioreceptor assays using
1,251linsulinlike growth factor | (1125111GF-1) demon-
strated that the trophoblast-derii>ed cells contained high-
affinity, saturable receptors for IGF-I that also bound
IGF-11. Insulin bound to this binding site with very low
affinity These data indicate that in contrast to previous
reports that glucose and amino acid transport in the pla-
centa are unregulateil processes, IGFs may exert hxal
modulation of acute metabolic actions in trophoblast-
derived cells via IGF-1 receptors. (J Reprod Med
39:249-256,1994)

Keywords: growth substances, chorionic villi, tro-
phoblast.

Introduction

The human placenta must meet the metabolic
demands of the developing fetus through the deliv-
ery of important fuels, such as glucose, amino acids
and fatty acids. Glucose is the major carbohydrate
source for oxidative metabolism in the fetus and is
transferred across the placenta via an energy-
independent, carrier-mediated process that appears
to be unregulated and determined solely by mater-
nal blood glucose levels * 1Derangements in mater-
nal carbohydrate utilization (i.e., diabetes mellitus)
that result in maternal hyperglycemia are known to
have profound effects on fetal development, well-
being, or both, including structural malformations
and fetal macrosomia.4 According to the Pedersen
hypothesis, fetal macrosomia in the diabetic preg-
nancy derives from the delivery of excess glucose to
the fetus by the placenta and a compensatory
increase in insulin release by the fetal pancreas.9
Insulin serves as a growth factor to drive cellular
hyperplasia and hypertrophy, resulting in an
Increased risk of diabetic fetopathy.

Controversy exists, however, as to whether
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Risk factors for ovarian cancer: a case-control study
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A liospil.ilhascij case ««»ntM inis
I‘IRI Menstrual characterisiics. reproductive and contraceptive history

@ nv.injn i.inecr wav cntkliiticil in l.omlon and Oxlotd

ami ItiMurs > exposure to various environmental factors were compared between J35 women with his-
tologically diagnosed epithelial ovarian cancer and 451 controls High gravidity. hysterectomy, female sterilisa-
tion ami oral contraceptive use were associated with a reduced risk of ovarian cancer. Infertility and late age
at menopause were associated with an increase in risk While these factors were related, they were each found
to be uidcpciiJenily associated with ovarian cancer risk alter adjusting lor the cliccl of the other factors.

Whilc restili* Imiti icccni case control simhcs Nave con-
sistenti) shown ih.n tiuiliip.ini) and orai contracepttve use
are associateti wnli a rcducctl risk of ovaii.m cancer. the
.issi>si.iitoti ol thé e.ilicer wnh odici rcprodiiciixc. liormon.il
aiti! telateci laciois sudi as age al menopause, hisiory ol
liystciectoinv oi use ol* oestrogen rcpiaccinctii therapy is lcs*
cletr We h.i\c contincicil a hospil.il-hasetl case control
stud\ in lond,ut .ind Oxloid whkh was desiglieli lo inves-
tiiv.ite ilu- tndcpeiiileni cotitrthiiiions ol rcproductivc history
.uiil tonii.icepme use io ov.trtan cancer risk In parttcuhir. il
was pl.iiincil io adempi in segregate «ini thé elicci un risk ol
lillcltlilts Nau dLIl ol volutilal) [ILIMMI ol Lltntl) S|/C.
lite .issoti.iitoit Kiweeti ovari.ut cancer and tnlter po**ible

Subjects and nuthiids

Between October Iv7s and Icbniarv 19*3 live interviewer*
identified and ifticstioned women with a diagnosis ol*ovarian
cancer and women selected as controls al H hospitals in
London ami two m Oxiord A standard questionnaire was
used to obtain tnioiin.ilton on rcpriHlucmc and menstrual
history and on exposure to various substances such as
exogenous ivsirogcn*. cigarette* and talc A month by month
record was made of the specific contraceptive methods used
bx each woman between the age* of 16 and 45 years, or. if
under 4" years, up to the tune of diagnosis teases! or inter-
view icoiKiols) Ilie methods were elassilied .is sheaths,
diaphragms, iiiifanictinc devices, oral contraceptives or
‘other methods® (spcnmcklcs rhythm and coitus mierriipius).
Women who reported using a contraceptive diaphragm were
asked if they had stored n in talc Also recorded were
months duiing which a woman was not using contraception
due to sexual abstinence, pregnancy, menopause or because
she or her partner haJ been sterilised. I'hc other months
when a woman reported using no method of contraception
although sexually active have been classified as months of
unprotected intercourse I'hc total duration of use of each
contraceptive method, of any contraceptive method, of unp-
rotected intercourse and of pregnancy were computed tor
each woman

flic study w.is lonlincd to women aged less than 65 years
whose diagnosis of ovarian cancer had been made within iwo
years of interview A total of 2M) eases were interviewed and
palhi‘logical specimens were histologically elassilied by Pro-
fessor C Hudson and Dr M Curling from St Bartholomews
Hospital A total of 235 women with epithelial ovarian
cancer were included in ihe analyses. For these women, the
tumour type was described as serous in 101 (43%) cases,
mucinous in 3H il570) cases, endometrioid in 52 (22%) cases
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and clear cell in 12 (5%) cases. Mixed and undifferentiated
types of epithelial tumours accounted for the remaining 32
(14%) cases. Fxcludcd from the analyses were nine women
with a non-epilhcliul ovarian neoplasm. 11 with a primary
tumour in an unknown site outside the ovary. 21 with a
primary tumour in an unknown site although one consistent
with an ovarian origin, one with a benign tumour and three
for whom pathology material could not be obtained.

lor each case it was planned to select two age-matched
controls from women being treated m the same hospital
Women with bilateral oophorectomy were excluded from the
conliol group as were women admitted with conditions that
have been related lo reproductive history or oral contracep-
tive use tall circulatory and gynaecological diseases, gallblad-
der and thyroid diseases, rheumatoid arthritis, malignant
disease of the breast, ulcrus and bladder, and melanoma)

It proved logistical!) impossible to select iwo uge-maichcd
controls for each case from the same hospital and it was
decided merely to ensure (hat the age distribution of the
controls was approximately the same as that of the eases.
For 63 eases recruited from a London hospital where only
cancer patient* arc treated, control* were selected from other
London hospitals. For these reasons, the data were analysed
using an unmatched approach with adjustments being made
to relative risk estimates for age and socio-economic status.
A total of 451 controls have been included in the analyses.
lhe admission diagnose* for these patients were gastrointes-
tinal disease (105). bone or joint disease (70). respiratory
disease (39). renal or other urinary disease (35). neurological
disease (30). fracture* or other nijunc* (2K). skin or sub-
cutaneous tissue disease (17). malignant neoplasms of the
digestive organs (15) and bone or skin (2). benign neoplasms
of the digestive organs (4) respiratory system (4) and other
sites (K) and various other conditions and symptoms (94).
1 his linul category included patients with haemorrhoids (15)
and those with symptoms relating to the respiratory system
(10). gastrointestinal tract |2U) and urinary system (10)

Maximum likelihood estimates of relative risk (HR)
together with their 95%“. confidence interval (95% CIl) and
lest* for trend where appropriate were computed by multiple
logistic regression technique* (Brcslow & Day. 19gt)) using
the (iLIM statistical package (Baker & Nelder. 197H). All
relative risks have been adjured for age in 5-year strata
(20 24. 25 29. 60 64) and for social class m six
categories (I.I1.11I non-inanuai. Il manual. 1V and V). Age
of (lie cases was taken as age ai diagnosis of ovarian cancer
and of (he controls as age at interview Social class was based
on occupation (Olticc of Population Censuses and Surveys.
1970) using husband's occupation for ever married women
and own occupation for those who had never married Olhcr
relative risk adjustments and tests lor trend have been made
with the exposures as continuous variables When (he data
were examined by place of interview (London or Oxford),
there were no notable differences in the risk estimates



associated with the major variables of interest. The relative
risks have not, therefore, been stratified by place of interview.
The terms nulligravid and gravid have been used to denote,
respectively, women who have never knowingly conceived
and women who have had at least one pregnancy. Parity has
been defined as number of live and still births.

Results

Ihe age distributions of the cases and controls are shown in
lable 1. The average age of the eases was slightly higher than
that of the controls There was an excess of eases in social
classes I. Il. and 111 non-manual (5K%) as compared to
controls (43%) (H =0.05) and. because of this, all relative
risks have been adjusted for social class as well as age. Table
Il shows ihc relative risks lor ovarian cancer associated with
various aspects of pregnancy history. Nulligravid women had
a higher risk of ovarian cancer than gravid women
(KK 17.95% (‘111 26). The relative risks were elevated
both in nulligravid women who had been sexually active and
m those who had not. although significantly so only for the
sexually active Among those who had ever been pregnant,
the relative risks decreased as the number of pregnancies
mcuMsed. (/' (trend) =4 3. /’<.005) Similarly, among
parous women, the higher the parity the lower the relative
»isks (/*’ (trend) = 3,9. /” <.005) Alter adjusting for parity,
the relative risks associated with successive numbers of
incomplete pregnancies (spontaneous and induced abortions)
also decreased although the trend was mu statistically
significant <X' (trend) = 0.5) Women having their first preg-
nancy after the age of 35 years had a significantly higher risk
ul ovarian cancer limn women wuh a first pregnancy before
ihc age of 20 years. lheir risk was also higher than that for
nulligravid women. There was, however, no marked nor
significant trend of increasing risk the later the age at first
pregnancy (X: (trend) = 1.0). Analyses by age ji first livcbirth
gave similar findings. Alter adjustment for number of livebir-
ih\. women who had breastfed for more than two years in
mini had over three limes the risk of ovarian cancer com-
pared to women who had never breastfed <0.05) but
overall there was no significant trend the longer the duration
of lactation.

Analyses of infertility and subtertility as risk factors for
ovarian cancer were restricted to the 213 (91%) cases and 240
(93%) controls who reported that they had ever been sexually
active. Aumng these women. 30 (14°..,) with ovarian cancer and
»4 (X“«) controls reported, when so questioned, that they had
had problems in becoming pregnant and. of these. 16 cases and
12 controls had never conceived Analysis of the data on
contraceptive use suggested that there were otliei women who
rnighi have been infertile or sublet tile Although sexually active,
they had used contraception mfrcijuemly or not at all and had
had few or no pregnancies. I'or all women who had ever been
sexually active, the risk of ovarian cancer increased with
increasing duration of unprotected intercourse after adjustment
lor gi.ividity (X: (trend) = 10 2. 1* < 0 01). The effect was most
marked among nulligravid women who reported more than 10
vears i»f unprotected intercourse. Their risk was over six times
that of nulligravid women who reported less than three months
of unprotected intercourse (Table 111). Among gravid women,
those reporting over 10 years of unprotected intercourse had a
higher risk than other gravid women There was no significant
(icnd in risk associated with the duration of use of any

lable I Age distribution ,nul average age of eases ami coiUiok
(<* iu-irx| CHu» i% ) Control* r»)
» U n |55 3BT
& W 270l 15 75 (166)
&< 54 87 (3701 156 (34 6)
s M 108 (-16 It) 1X7 (11 5)
1eMal 235 51
Vciagc age (years) 2 4 514

RISK I AC KIRS 10K OV .\k , \WN( 1K 593

lutile It Relative risks lor ov.man iamci alS.Mated nuli pugnami
history
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sexually active g 44 19 (ii th
Nulligravid and noci
sexually aelive 22 hi 15 MX 2to
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1 41 7| X 104 11l
: 6" 107 i 7 @4 1
3 37 9X ts ntox
4 It 41 04 (02 ox1
5 20 59 04 02 08)
[+ lor trend - 4 ir< ouS
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I mmialed reduction m relative nsk 1 X( (1 7x U94|
associated with each piegnaney
larily"
| 66 X7 r
1 4X 84 u7z 14 121
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t 40 XK lif. ©11m
4 12 to 0s m2 10)
S X t4 0\ 101 «7
/ hu trend - te /s IS
(parous Vc.smen only )
| Mini.iled reducinm in lel.mve iisk 1) X4 pi 7S n'Mi
associated wilh cavil bulli
N>i ul iiicoiiipleic picg-
ILIICICs*!
« IKS Itd Lir
1 39 83 19 (06 14)
2 7 IX 7 10t 1%
) 4 19 16 02 17
| fui trend = u5
1summed fcdnciion in relative 092 )75 I11)
risk associated with Cai h incomplete pregnancy
Age ul tirsi pregnancy
tyeais)'
IS 19 26 65 1o
20 24 Tt X2 e (0s 19|
25 29 49 9 12 07 22
til 34 1w 29 12 HI X 27)
r's 9 4 41 e s
Nulligravid S9 74 20 nr 7
/ot iiend 1.0 tgiav id VI.1)cn utili)
Moniliv of Liel.ilion’
None 44 in; lir
~0 (& 124 1i WK 22»
7 12 29 Kl n9 (15 16)
It K 13 29 12 05 21
19 24 s 7 21 (07 67)
5?25 12 IS t4 th 1 IHM
/ lor tremi m >8
All relative risks adjusted for age ami vociail daw 'Refercine

category “Data missing lor 1control 'Relative risk'. adpisit:d lor parili
“l)ala musing lor 2 cum and 1coiitrol *Women muh Irvi.hirilis onlv
Relative risks adjusted for number of live hifllis

contraception (X’ (trend) = 1 2) although sexually active milli-

gravid women who lud never used any method ofconiraccpnon
had about twice the risk of ovarian cancer compared to all other
sexually active women (Table 1V).

Of the specific methods of com raception studied, ever having
used oral contraception ami having been sterilised were
associated with a statistically significantly reduced risk of
ovarian cancer, while no method was associated wuh a
significantly elevated risk (Table V). As only three cases had
been sterilised it was not possible to assess whether age at
sterilisation influenced the risk of ovarian cancer, fable VI
shows detailed analyses of the relative risks associated with oral
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Relative fisi." Mi ouri.tn cancer associated wah duration ol
tnipiouMcd intercourse h> gr.tviviuy

I »Me 111

(irvi  <«nrrofs RR fV.5% CI)
Au/luiram/ hes/q-«
Duration of un-
pluteildi imcfiOUI'C Ill:i.>mhsf
$3
4 M 12 2ft 10+ (0.4 65)
M 12 4 €~ 15  (Ori- 7Kf
>im 1 4 07 (21 204)
20 X 65
Iéiortrend » 1 2/«>H1
Duration ol un-
protested micrcouisc miondisi"
st t
4 M x 176 11 (05 24)
M 120 51 M3 11 (05 26)
> IM 10 27 11 (04 32
37 M 16 (0.7 40)

/s lor trend -*2 6
Sevually active women only Relative risk» adjusted for age and social
class ‘Reference category. “Time when sexually active arul at risk ol
pregnant.> but using no contraception

lable IV Relative risks lor ovarian cancer associated with duration of
use ol contraception by graviduy

(.usti  Controls ~ RR 1V5r. <7i
Whbtr'tiiii/ nic«!n
Djiir.ili<m ol use &1 >
liuicplion
Never used 15 Hr 1ir*
s Hiyeais 14 2 05 (01 17
H 2n years 6 9 D5 (01 25
"> 20 years i 4 14 (01 32)

! for (rend «09

Duration ol use ol «oil-

tr.neplion
Never used 32 47 04 (02 1It)
< 10 years 25 56 03 (01 10
10 2d seals 55 147 04 (01 12»
> 20 years 64 J26 05 (02 15)

/+ Mi trend » 03

Sexually active women only Relative risks adjijsicd for age. social
class anJ Juration ol unprotected intercourse ‘Reference category

ruble V  Relative risks lor ovarian cancer associated with the use of
ditlercnt methods of coniraccpnon

Mfthml of ouurth.fptton Cu\t\ (unirol» RR (V5U Ch
Sheath Ncvci used 10H 205 10*

F.ver used 105 215 11 [0X 17)
Diaphragm Never used 178 329 1(r

hver used 35 91 0.7 04 11
liur.iuierine  Ncvci used 201 3X3 1(r
devuc Hver used 12 37 08 04 17)
Oral Never used 178 306 Lir
contraception  fcver used 35 114 05 (03 09
Parmer with No M1 404 10°
vasectomy Vex 10 16 s 09 49
lcmalc No 210 375 10*
sienlisaikdi Yes | 45 0.2 (01 06)
Other Never 1.\cd 156 292 10
methods™ Lver used 57 12X ti 07 17

Sexually active women only Relative risks adjusicd for age. social
class, gravidity and duration of unproiecicd intercourse ‘Reference
category ‘Use of spermicides, rhythm or conus interruptus.

contraceptive use. The rifles decreas’d as duraiton of use
increased allhough, among those who had ever used such
contraceptives, the trend was not significant (Z: (trend) = 1.2).
Whatever their age at first use. women who used oral contracep-
tives had a lower risk ol ovarian cancer lhan those who had
never used them, ihe risk being lowest in those who had first
used oral contraceptives under the age of 25 years. The risk of
developing ovarian cancer did not increase as lime since
discontinuing use increased Women who had stopped using
or.il contraceptives' morc iha« ten-ye;its__prcvioully had a
statistically significant reduced risk of 0.3 compared to women
who had never used them. Women both under the age and over
(he age of 40 years had a reduced risk of ovarian cancer
associated with oral contraceptive use. but (he reduction was
greater in the younger women. Ciravid and nulhgravid women
who had used oral contraceptives had a reduced risk of ovarian
cancer.

Table VII shows the relative risks associated with age at
menarche and age at natural menopause. There was no (rend in
risk with age at menarche (X; (trend) * 0.03). In contrast, risk
increased the later the age at natural menopause (X: (trend) «
7.1./* < 0.01). Women having their menopause at the age of 50
years or later had nearly three times the risk of women who were
menopausal before ihe age of 45 years. The risks and trend
associated with age at menopause were similar irrespective of
whether they were adjusted for age in live year or one year strata.

lable VI Relative risks l'or ov.in.in caiwer associaled with oral
contraceptive 10 O use
(lists  ( lllinois RR rv5",C/l
Duration of OC use
(years)
Never used 17x IIf. 10*
s25 24 70 06 (©i \0)
5 to 10 29 06 (»2 t4)
.l 1 15 01 (00l 10)

/7 lor Irend within users « 12

Age ,i( first OC use

Never used 17X 306 Lir
<25 6 19 01 (004 05
2' 29 6 7 06 <02 20)
30 4 I 27 07 (03 16)
35 12 1 07 (04 15)
| o trend wiihm users -5 9 /' < 1)05
June since
discontinuing OC use
(years)
Never used 17K 106 10*
Current users 6 19 05 (02 15)
<5 12 24 0X (04 »v)
5 10 9 25 0X (01 1v)
10 X 46 01 (107
c lot (rend within users - 26
Age (years)
< 40
OC use
Never used 1 il 10*
Fvcr used 9 35 02 <01 009)
~ 40
(K use
Never used 167 295 1IF
hver used 26 79 07 (04 12
(irusuliti
(iravid women™
OC use
Never used 149 2X0 10*
Hver used 27 96 05 (03 0.9)
Nulhgravid women
(X “ use
Never used 29 26 10*
Hver used X IX 03 (005 28)

Sexually active women only Relative risks adjusted for age. social
class, graviduy and duration of unproiecicd intercourse ‘Reference
Category "Relative risks ad|usicd for graviduy



Tabi* VII Relative nsk» l'or osarian cancer associated wnli age al

mendiche jnd age ai naturai menopause

i’fliMs  ('nliirah Rii <W.-CD
Age al menarche
(years)“
>14 97 197 10
12 13 K9 IK5 09 <06 13)
<12 46 66 13 (0K 2.1)
X' for trend —0 03
Agc.at_nal.ural
menopause (year»)’
<45 ID 14 10*
45 av 47 7 20 (19 47,
>5U x4 99 25 (I.1 58

I lor irend - 7 11* <0111
Relative risk» adjusted for age and social class ‘Reference category

“Data on age at mendiche missing lor 1cases and lcontrols. 'Data on
age at menopause missing lor 2 eases and | control.

Women who reported hysterectomy, with or without unilateral
oophorectomy, had a much reduced risk (Table VIII). Since
there were only 10 women with ovarian cancer who had hud a
hysterectomy it was not possible to assess ihe effect of age at
hysterectomy on ovarian cancer risk

Total duration ofovulation was estimated as the months from
menarche to diagnosis (cases) or interview (controls), or to
menopause, whichever came first, minus the total months of
anovulation due to pregnancy and oral contraceptive use.
Women who reported a hysterectomy were excluded from these
analyses as it was unknown if or when they had stopped
ovulating. For all women combined, there was a strong trend of
increasing risk the longer the duration of ovulation (X’ (trend)
=17.X /'<t).(K)I) liable [IX). In separate analyses by
menopausal status, there was no significant effect of duration of
ovulation alter adjustment lor the ‘anovulatory" factors used to
estimate that exposure, namely, months of pregnancy and oral
contraceptive use and age at menopause for post-menopausal
women and months of pregnancy and oral contraceptive use for
premenopausal women. Duration of ovulation is very sensitive
to age hut the risks and trends were virtually unaffected when
adjusted for age in one year rather than live year strata.

| ive (2%) cases and 29 (6%) controls reported having taken
hormone pills as a pregnancy lest and live (2%) eases and 13
(3%) controls had been given hormones to prevent miscarriage.
For all post-menopausal women, there was a small but non-

sigmlicanily increased risk of ovarian c wiciatcd with
ever having recicved hormone rcplaceinei. .apy (Table X)
The excess was confined to women who had reported a
hysterectomy who had an 11-fold risk. 1he cases did not report
more severe menopausal symptoms. Among the hormone
treated women with ovarian cancer. 23°'» had endometrioid or
clear cell tumours compared to 3h™» in the untreated women.

The reproductive and related factors found to be statistically
significantly relaied to ovarian cancer risk (gravidity, duration
of unprotected intercourse, use of oral contraception, having
been sterilised, age at natural menopause and having had a
hysterectomy) arc not independent and we also compuieCnTie-
relalive risks associated with each factor alter adjusting lot the
others (Table XI) Assterilisation is often aconsequence of high
parity, the risks associated with gravidity wore not adjusted lor
sterilisation as this was considered to be overadjustment. In this
study. 40% of the sterilised women had live or more children
compared with 9% of the unsierdised women Each of the
variables remained s'tatisiically .significantly related to ovarian
cancer risk, suggesting that each may be independently
associated with the risk of developing ovarian cancer.

There was no significant difference between the percentage of
cases (53%) and controls (57%) who had ever smoked cigaret-
tes. No cases or controls reported having worked with asbestos.
No cases but three controls reported a radiation-induced
menopause

Women who reported using talc more than once a week or
daily had higher risks of Ovarian cancer than women who
reported less frequent use (Table XI1). Although the relative risk
of 2.0 associated with weekly use was statistically significant

Table Vili Relative risks lor manan cancer jsmei.ilcil wiih icpoilol
history of hysterectomy uiui/or unilateral cophoiocioi»)

(x> (onirof*  HIi  (viT. (1l
Reponed womb miaci 220 170 11f
Reported unilateral 9 09 (04 21
oophorectomy hy no
hysterectomy
Reponed hysterectomy X 62 H2 (01 14
hut conserved ««varies
Reported hysterectomy 2 m 04 (1 ID

and unilateral
oophorectomy

Relative risks adjusted for age ami social class ‘Reference category

Table IX Relame risks lor ovarian cancer associaled wait Juration of ovulation

Heléme n\k »
ml/iifieil for ajee,
«m lai «Ai».
ijurolion of

fa-lullii*m b
tubimeli for tier.

fa'li fur risk» »&tul t An» mnl

PHfII/IH/ of uilittili-,1 for une  ihiriiiu>n of anovulation ami one
oriih»u»i i rew»; < (oniroh anil >xin/ Miw  anovulation al rnenofHiu’e
All women*
<30 59 163 Itr
10 14 71 106 20
15 39 6K 92 20
>40 19 13 43
X; for trend = 7 K> <0 001
Post-menopausal women
< 30 14 53 lar 1If 1tr
30 34 54 hi 24 21 09
35 19 5X 72 24 19 06
>40 14 10 50 4.0 07
X’ for trend = 23 P < 0 (Mil 77/'<0 01 05
Premenopausal women
< 30 45 110 10% 1(r
30 A4 19 25 15 ii
35 39 10 20 13 09
>40 s 3 32 19
Xé fur trend - 44 /°V.005 0.6

Women reporting a hysi reeiomy excluded. 'Reference caiegory
contraceptive use

IXiia missing lor 6 cases and 4 «»nirols. ’Total months «if pregnancy and
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lablr \  Kclalisc inks lor osari.ii) cahier ass«H.ulcJ «ilh the use ol
hoimonc icpl.ucmcm therapy lor menopausal symptoms
i Contro  Kfi i« Cil
Ail post-menopausal
women
IV ol hormone
repl-ucreni ihciapy
Ses M 4 15 ()9 .Hi
Ww.HICH u ponmg
h>>ictcu.'in>
I'sc of hormone
feplicen.eni Ihciapv
No ' tl 10
5 10 me (|7 ftotl)
«..men other lh.in
il...sc icportuig
lis-icicvt»>nt)
1sc .a hormone
icpUcmein i»uiij>s
No 1 187 itr
yvs 4 >4 10 7 23

1, *t-nwii>ip.uis.il «.»men only Relative n'ks adjiisled lor age and
«.vial JasN eRclcferuc «.alcgoiy

lahir M Relative ii'U associated with ilie lici>f* lound lo he
sigiiilik.illlle 1clilcil 1» Os.ULini earner

HK , lest for ifend (1d 1)
h 1w
1 Os K4 19
Ms (114 14|
t lie e 1y
4 4 inz 1u
o [ m2 10 4S8/ «»ils
| MHK-UI
4 F» 1» IMS 'H
fl L'u 1 H5 29
*l'n I <12 <2 78 /"< 1105
t>iil v.mii.uepiivi ,is-
Ncs. i ,sed 1lo*
S s seals 1If. H3 1
f. l«seals xe H' 14
eI sclls ni Un2 1h 41 r % onv
1\a oclIt/Cl n; (Itos OO0«
“\ge .u nmit.il
ineu. mpause’
< 45 seals 1n
4> 49 seals 19 ma 4s| 82r <oul
> /i sears 20 il 61
»see,h,led d2 m1l 05r
iisNiefCki.um’

1lie lel.iiise fok" .iss.ikiaied skuh eaill laei..r l.ase been adlusted lor
age. social ..lass ail.1 all ihe ulher taeiors m llie table ‘Kclerenee
category "Nevlillls avine women only Relalise risks not adjusted lor
siefili/aii.in sec test ' details "Women rep-«fling n.iiur.il menopause
only «/”v.iimil

lable M1 Relative iisks lor osjrun cancer associa led wiih reported
Ircqiki»cy id tale use in the girmi.il area

(iiwi  Contiid\ tip iV.<% <7/

Reported IrcqueikS
ol laic use

Nesci 76 178 1t
Karels 3 16 U9 03 24)
Mon this 7 24 07 (0.7 18)
WeekK 57 7 20 (17 34
Dads 7 159 17 (08 19

X*for irend = 780. P =005

Relative risks admsied lor age and social elass ‘Referenee category
Ixia missing loi 18 Ih*«leases and 17 (4LD) controls as questions on
talk use iiilfosluee.l ‘lhree monihs alief stud) began

{P =0.007). (here was no consistent trend ol increasing risk
wiili increasing frequency of talc use (X: (trend)= 3.HQ
P =0.05). There was no significant difference between ihc
percentages of cases (86%) and controls (81%) who had used
and kepi their diaphragm in talc

Discussion

As in most previously reported studies (Booth & Bcrat. 1985)
we found that nulligravid women had an increased risk of
ovarian cancer and that risk decreased as the number of
pregnancies increased. We also found that the greater ihc
number of incomplete pregnancies the lower the rtsk.
although the irend was not significant. Most other studies
have not investigated if women of low gravidity have an
increased risk of ovarian cancer because of reduced Zlerlilily
or because of voluntary limitation of family size, although
July cl ut. (197-4). McGowan »7 at. (1979) and Nasca cl at.
(1*484) found a higher risk in women who had tried to
conceive but had failed. Our findings also suggest that infer-
tility is a risk factor for ovarian cancer Women who had not
conceived but had been sexually active for more than It
years without using contraception had about six tunes ihe
risk of all other women. Approximately hall these women
had undergone investigations for infertility, | or only live
cases and one control was the cause of their infertility deter-
mined. Thus, it is not possible to assess whether this high risk
group had normal or impaired ovarian function. Subfcrtility
may also be associated with ovarian cancer Gravid women
icpornng over 10 years of unprotected intercourse had a
51)"o higher risk than other gravid women, but this increase
was not statistically significant

Age at first pregnancy was not found to be associated with
ovarian cancer risk although women having a first pregnancy
alter the age of 35 years had a higher risk compared to
women having a iirsi pregnancy at earlier ages and to millig-
ravid women. Since subfcrtility might he a risk factor lor
ovarian cancer, the relative risks associated with age at lirst
pregnancy were also adlusted lor duration ol unprotected
intercourse. The raised risk for women with a lirst pregnancy
alter 35 years persisted (RR = 3.9. 95% CI Il 14 2) Results
from other studies regarding the risk for women having a
lirst child at relatively older ages are inconclusive, some
Imdmg no association (Ncwhouse a at. 1977; Casagrande ct
ul.. 1979. Cramer <7 at.. 1983; |esher </ at.. 1985). others an
increased risk (July <7 tit. 1974, McGowan <7 at. 1979;
Hildreth a at. I9KI, hranccschi a <//.. 1982). Only Tranees-
chi <7 ul (1982) found the increased risk to be statistically
significant and independent of parity

Overall, there was no association between use of any con-
traception and ovarian cancer. Of the specific methods
studied, female sterilisation and use of oral contraception
were associated with a significant reduction in risk and no
method was associated with a signilicant increase in risk. The
associations remained alter adjusting lor gravidity and dur-
ation of unprotected intercourse, ihe measure used to
indicate infertility. While few studies have examined ihc
association between female sterilisation and ovarian cancer,
the relation between oral contraceptives and ovarian cancer
has been demonstrated in many studies (Booth & Beral,
1985). | ike others, we dcmonsiiatcd that the longer oral
contraceptives had been used, the lower ihe risk Our findings
also suggested that the earlier the age at lirst use ihe lower
the risk and lhai the protective died of oral contraceptives
persists after their use is stopped

It has been suggested that inhibition of ovulation, as
induced by pregnancy and oral contraceptives, is the factor
which protects againsi ovarian cancer (Fathalla. 1971> If so.
postpartum anovulation associated with lactation might also
be expected to be protective. We found no evidence that ihe
longer a woman had breastfed the lower her risk of ovarian
cancer Indeed, the highest risk was found in those who had
breastfed longest Results from other studies arc contradic-



lory (Cramer el ai. 19K3; Mori et at, 1984. Risch et ui.
19X3; Cancer and Steroid Hormone Study. 19X7).

Our finding that age at incnarchc was not associated with
risk is consistent with results from most other studies (Casa-
grande ft ui, 1979; McGowan ct at, 1979; Hildreth ft at..
19X1; I'ranceschi el at., 19X2). Age at natural menopause,
however, was strongly related to risk. While Hildreth et at.
(19X1), I-ranceschi «/ ut (19X2) and T/onou et at. (19X4) also
demonstrated ITiat the laler the agca(menopause the greater
the risk, other studies have found no association (West. 1966;
Newhousc ft at. 1977; Annegers cl at.. 1979; Mc(rowan el
at.. 1979; Cramer el at. 19X3).

A lower frequency of hysterectomy, of unilateral oophorec-
tomy. or of both among cases compared to controls has also
been reported from several other studies (Wynder et at.
1969; Joly cl at.. 1974; Annegers et ut. 1979, McGowan el
at. 1979; Kranceschi cl at. 19X2. Cramer et at.. 19X3). As
these studies were case control in design, there may have
been some misclassilicalion of controls who. rather than
having a hysterectomy with ovarian conservation, actually
had a hysterectomy with bilateral oophorectomy. Another
explanation lor the findings might be that if at hysterectomy
a woman's ovaries look diseased, n is likely ihal they ate
removed. If the diseased ovaries were precaiicerous. those
women who might otherwise have developed ovarian cancer
do not. hollowing hysterectomy with ovarian conservation,
reduced ovarian function or ovarian failure occurs in a pro-
portion of women, due possibly to the blood supply to the
ovaries being compromised (Reavis et at. 1969. Hlsworlh el
at. 19X3). hefifale sterilisation was also associated with a low
risk of ovarian cancer. Neil el at. (1975) have suggested that
the menstrual disturbance that many women experience after
sterilisation may reflect changed ovarian function due to
damage to the vascular supply to the ovaries. If both
hysterectomy and female sterilisation can indirectly alicet
ovarian function then both procedures could also influence
the risk of ovarian cancer.

Kecicul investigators have shown that the longer a woman
ovulates the greater her risk of ovanati cancer (Cusagr.iiklc
at. 1979; Hildreth cl at.. 19X1; f raiiccschi etal.. 19X2; Wu et at..
19XX). We also found that risk increased the longer the duration
«l ovulation. Duration of ovulation is. however, highly cor*
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related wuh (he ‘anovulatory' factors used to estimate the
exposure. In an attempt to determine whether duration ol
ovulation had an clTcct over and above (hat expressed by its
relation with these factors, the risks and trends were adjusted for
duration of anovulation due to pregnancy and oral contracep-
tive use and. where appropriate, for age at menopause. The
significance oft he ellcet disappeared. We conclude that it is not
possible to determine from these data whether u. is the above
factors which inhibit ovulation that prevent ovarian cancer,
whether repeated ovulations promote it. or whether a combina-
tion of both is acting.

Our finding of no overall relationship between hormone
replacement therapy and ovarian cancer supports those o fother
investigators (Newhousc et at.. 1977; Hildreth etui. 19X1. Weiss
et at.. 19X2). An increased risk associated with the therapy was
found among women who reported hysterectomy, but the
finding was based on very few eases and may have been due to
chance. We did not find an increased risk associated with
oestrogen therapy for any particular tumour types as suggested
by Cramer cl at. (19X1) and Weiss et at. (19X2).

The evidence linking talc with ovarian cancer is controversial
(Anonymous. 1977. Roe. 1979; Longo & Young 1979. Ci.uiicr
cl at.. 19X2: Hartgc cl at. 19H3) In ilus study, women who
reported talc use m the genital area more than once a week oi
daily had higher risks o f ovarian cancer than women who used
talc less frequently. Tile women were not asked how long they
had been using talc, it is possible that because of their symptoms
or disease-related pelvic examinations, the frequency ofcurrent
talc use by the cases may not have reflected their frequency of
past use. Since these ami other results (Cramer ct at.. 19x2;
llartgc ct at.. 19X3) are msutlieieni to rcicci an association,
furl her work is needed on the relation between genital use of talc
and ovarian cancer.
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Pulmonary giant cell carcinoma: the relation to smoking

R 1l Depuel& B R Ballard-

V612 Bunnell Dr.. Potomac. MD 20X54: !Department of Pathology. Université of Mississippi School ol Medicine. Jock.son. MS

JV2/6. USA

The relation of smoking to the occurrence of the most com-
mon types of lung cancer has been examined and found
positive in epidemiological studies. Types that have been
causally ascribed lo smoking in such studies have included
squamous cell, small and large cell, and adenocarcinomas
(US Dept of Health & Human Services. 1982, International
Agency for Research on Cancer. 19X6). However, rarer types,
such as gianl and alveolar cell carcinomas, have not been
subject to separate study, not only because of their rarity, but
because some pathologic classification systems for lung
ciiwer include these types with other histologies (Yesner A
Carter. 19K2). While all histological types of lung cancer
studied thus far have been related to tobacco use and no type
has yet been found to be unrelated, there have been questions
raised about the relationship of smoking to these rarer types.

Giant cell carcinoma of the lung was first described by
Nash and Stout in 195K. Some investigators classify it us a
separate entity (Shin et al.. 19X6). On the other hand, some
have included it as a sub type of adenocarcinoma of the lung,
while both the World Health Organization and the Armed
forces Institute of Pathology include it with large cell
undifferentiated carcinoma (Raz/uk et uf. 1970). These
several schemes lead to non-uniform criteria in the literature
for diagnosis of pulmonary giant cell carcinoma. A survey
such as ours cannot resolve this difficulty and. therefore, we
musi accept the cases reported as genuine for our purpose.

Tins survey is an attempt to provide some information
hearing on the aetiological relationship of gianl cell car-
cinoma of the lung to smoking We searched the literature, as
indexed by Medline through 19X6. for case reports of pul-
monary giant cell carcinoma which included smoking his-
IMI ICS.

We found reports of 119 cases of pulmonary giant cell
carcinoma with smoking histories of the patients. Only eight
of these cases were female, live smokers and three non-
smokers. which are loo few to analyse separately Therefore,
we confined our analysis to males. The 111 male cases with
smoking data were found in 23 independent studies (Bcndel
& Ishak. 1961; Broderick et al . 1975; Dailey & Marcuse.
1969; DeAngelis et al., 1961; Flanagan & Roeckel. 1964;
Inedberg. 1965; Gajarai et of, 1971; (rutilai) S Zclman.
1966; Hathaway et of. 1969; I(clistron) S Fisher. 1963; llone
& Ohla. 1981; Kallcnberg S Jaque. 1979; Kennedy. 1969;
Lerner. 1967; Naib. 1961; Matsuo et al., 19X6. Nash Sc Stout.
195X; PfefTer S Sloven. 1978. Pfuzer & Knoblich, 1975; Shin
it ul, 19X6, Thomas. 1962; Wang et uf. 1976). (Although not
reported as such in the publication, one woman in the study
of Shin et al. (1986) was a smoker, as were 8 of the 13 men.
Shin, personal communication.) Wc also found 99 other
cases. 81 male and 18 female, in other studies which did not
con'ain smoking information (12 references not cited)
therefore, the male: female sex ratio for pulmonary gianl cell
carcinoma is 7.4:1

0! the 111 men with giant cell carcinoma of the lung, only
fight (7.2%) had been non-smokers. This 0 93 proportion of

Correspondence. B Ballard. Department of Pathology. University of
leva* Medical Branch, Galveston. TX 77550. USA.
Received 3 March 1989; and in revised form 9 May I9XM

smokers among men with gianl cell carcinoma of the lung
has a 95% confidence interval of 11.86 0 96 (Rothman &
Uoicc. 1979). This confidence interval docs not come near to
overlapping any of the estimates of the prevalence of smok-
ing among US males and. therefore, is highly statistically
significant (Table 1). Most reports did not include inform-
ation on the years or amount smoked, so wc could mu
examine the dose rcponsc.

Smoking prevalence data, based on a US national health
survey (US Dept of Health A Human Services. 19X3). show
that 52%. 42% and 3K% of all males were current smokers
in 1965. 1976 and 19X0 respectively, while 21)%. 30% ami
31% were former smokers. Therefore. 72%. 72% and 69“u
of US males had a positive smoking history in those years
The prevalence of a history of smoking in males is then
about 71% over the period 1965 19X0. Using that rate, one-
can calculate a relative risk of 5.3 for pulmonary giant cell
carcinoma due to ever having smoked. Many of our 23 studies
did not distinguish between current and former smokers.
Therefore, the risk estimate of 5.3 is loo low if the smoking
status in some of these studies included only current smokers.
To obtain an upper limit to this estimated risk, wc can
compare our tabulation to the 44% mean prevalence of
current smoking in the US data from those three years. Such
calculation yields a risk ratio of 16. This range of risk
(5 3 16) is equal to or higher than the relative risks pub
Ished for other histological types of lung cancer (US Dept ol
Health A Human Services. 19X2; International Agency for
Research on (‘inicer. 19X6). Our wuse of US smoking
prevalence for the years 1965 19X0 as a population com-
parison is jsutilied by the fact that the reports we used were
from 195X to 19X6. essentially the same period, ami (hat X.1%
of our reported cases were from the US

There is a possibility that the authors of the case histones
may have mentioned a positive history of smoking more
readily than a negative one. This hias cannot be completely
excluded. However, in order to have the 95% confidence
limits (Rothman Sc Hotce, 1979) of our observed proportion
overlap the expected 71% prevalence of a positive history ol
smoking, at least 20 non-smokers must have been
unreporicd. This would mean that the non-smokers would
have to have been at least 70% under-reported lor our result
to become non-significant, winch is an unreasonably high
proportion

In summary, we abstracted smoking data from 23 pub-
lished clinical reports of giant cell carcinoma of the lung in
111 men. of whom 9.3% were or had been smokers. This
proportion is significantly higher than the 71% prevciance of
a history of smoking among US men in the corresponding

Table | Prevalence of smoker* among males
Smokerx Odds ratio P rulin'
Gum cell lung cancer cases 93% (98/111)
US population 1965 KQ
Current smokers 44% 53 <(ioo]
Tver smokers 2% 16 < 0001
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CANCER OK THE OVARY

Stkpmp.n A. C annistka, M I).

PITHELIAL cancer »r the ovary is ilie Hlih most
Ecommon malignant Condi(ion among women in
the United Slates, with an annual incidence of 22,1100
new cases.' litis disease predominantly alireis post-
menopausal women in their sixth decade, accounting
lor approximately 13,100 deaths each year and tor
over half of all deaths from genital cancer. The highly
lethal nature of this tumor is related to the absence of
symptoms in the majority of women with early stages
of the disease Seventy jierreiil of women present with
advanced disease in which the tumor has spread to the
peritoneal surfaces of the upper abdomen Extensive
iniraabdoininal disease is difficult to eradicate com-
pletely by surgery, and many patients have only a
partial response to postoperative chemotherapy. This
review will discuss selected issues concerning the risk
factors for and diagnosis of ovarian caneer, followed
by a detailed discussion of treatment options lor pa-
tients with newly diagnosed disease and those with
persistent disease.

Risk Factious for O varian Canccm

The average lifetime risk for the development of
ovarian cancer in women in the United States is 1in
70 Women with uninterrupted ovulation appear to be
at higher risk lor malignant transformation of the
ovarian surface epithelium. For instance, a higher risk
of ovarian cancer is associated with nulliparity or a
first birth alter the age of 35.2Conversely, a lowei risk
is associated with childbirth, especially at age 25 or
younger, or with the use of oral contraceptives.v How-
ever, a family history of ovarian cancer, especially if
two or more first-degree relatives have been affected, is
the most important risk factor.** At least two well-
described familial ovarian cancer syndromes exist,
known as the hereditary breast-ovarian cancer syn-
drome and the Lynch syndrome 1.4 The hereditary
breast-ovarian cancer syndrome is characterized by a
familial predisposition to breast and ovarian cancer,
with an autosomal dominant pattern of inheritance
derived from either maternal or paternal genes The
f.ynch syndrome 11 is characterized by a similar mode
of inheritance and a familial predisposition to ovarian

Fr\*ii ihe Divixun «f Mutual Oncok”y. Dana Kurber Cancel liuliiulc. ami
llarvan) Medical Sihoul. Boaion AJJrcu repnm icquc»» in Or CannikUa mi (he
Dana Fait)« Cancer Inxitvic. ** Binncy Si . MA 021 IS.

tamer, endometrial cancer, and colon cancer without
polyposis. Familial ovarian cancer accounts lor less
than 5 percent of »ll ovarian cancers and lends to
occur m women at a youngrr age than its sporadic
counterpart. Although the res|>oiisible gene (or genes)
has not yet been identified, linkage analysis suggrsts
that a candidate gene referred to as HRCA-! is located
<i the long arm of chromosome 17 at site 17ql2-q23.J

For women with a strong family history of ovar-
ian earner, management typically includes frequent
screening and consideration of prophylactic oophorec-
tomy after age 35 and when childhearing is complete.4
It is not yet known whether currently available screen-
ing methods will permit the efficient detection of dis-
ease at an early siage or improve survival. A screening
method that uses the UA-125 serum tumor marker
(see below), followed by confirmatory pelvic ultraso-
nography lor women with elevated levels, lias a speci-
ficity of 99.9 peiccnt in postmenopausal women, al-
though the sensitivity of this eomhiued approach is
still only approximately 50 percent.oVFurther investi-
gation of such screening strategies will be required
before firm recommendations can be made regarding
their general use.

CLINICAi. PmIISKNTATION

The most common symptoms of ovarian cancer arc
related to extension of the disease outside the pelvis.
Many women present with abdominal fullness and
early satiety due to ascites and omental tumor im-
plants (Fig. 1). Occasionally, a woman will undergo
an extensive gastrointestinal evaluation for presumed
hiatal hernia or gallbladder disease before the true
cause of these nonspecific symptoms is identified. Ab-
dominal examination may reveal ascites, upper ab-
dominal fullness from omental involvement, umbilical
hernia due to increased abdominal pressure, or um-
bilical lymph-node involvement (Sister Mary Joseph’s
node). A minority of patients (30 percent) with dis-
ease still conlined to the pelvis present with occasional
pelvic pain due to intermittent ovarian torsion, but
most patients with limited disease are asymptomatic
and are identified by routine pelvic examination. Pel-
vic examination may reveal an ovarian mass in a pre-
menopausal woman or a palpable ovary in a postmen-
opausal woman. Although ovarian cancer is a disease
(hat initially spreads throughout the alidominal cav-
ity, examination may sometimes reveal a pleural effu-
sion or involvement of the axillary or inguinal lymph
ncKfes."1In addition, patients with abdominal disease
frequently have asymptomatic involvement of the pel-
vic and retroperitoneal nodes, usually documented at
the time of surgery.” Patients with ovarian cancer
may occasionallwprcsent with various types of para-
neoplastic coudidlryis, such as humorally mediated hy-
percalcemia (clear-cell histologic feature's),,7n cere-
IX'llar degeneration (associated with antibodies to
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Figure 1 Intraoperative Appearance ol Stage Ill Ovarian Cancer Involving the Upper

Abdomen.

The exploratory laparotomy is performed through a vertical, mkJime incision to permit

adequate visualization ol the upper abdomen. Several serosal implanis are shown ina

patient with stage 1lldisease (Photograph courtesy ot Dr. Jonathan Nilofl, Department
ol Gynecologic Oncology, Beth Israel Hospital, Boston.)

Purkinje’s cells),th e sudden appearance of sclw>r-
rheic keratosis (sign of Leser-Trelat),bor chronic in-
travascular coagulation leading to arterial and venous
thrombi (Trousseau's syndrome), (n rare cases, pa-
tients have presented with brain metastasis as the first
sign of disease.T/

Once a pelvic mass has been detected, confirmatory
studies include a pelvic ultrasound examination and a
CA-125 determination. Pelvic ultrasonography, espe-
cially when performed Iransvaginally, ¥ is a more
sensitive technique than computed tomography (CT)
for imaging the ovary, and it provides information that
is predictive of the presence of cancer. Specifically,
benign cysts usually appear as single, simple struc-
tures without internal echoes, whereas an ovarian tu-
mor may appear as a niullicyslic complex mass. The
CA-125 antigen is a serum tumor marker that is ele-
vated in 80 percent of patients with advanced ovarian
cancer.Consequently, this tumor marker often
provides confirmatory evidence of ovarian cancer in a
woman with a pelvic mass and suspicious findings on
ultrasound evaluation. In one study of 158 patients
with pelvic masses, a CA-125 level above 65 U per
milliliter was highly suggestive of cancer, with a jK»si-
live predictive value of 98 percent in postmenopausal
women.*1However, the CA-125 antigen is not a specif-
ic marker for ovarian cancer. Elevated levels of the
antigen may also be associated with several other tu-
mors, such as breast, lung, and gastrointestinal can-
cers; with norinialignant conditions, such as benign
cysts and endometriosis; and with menstruation and
pregnancy. In addition, the results of this test are nor-
mal in up to 50 percent of patients with early-slage
ovarian cancer.v30 Thus, an elevated CA-125 level
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dries not guarantee ihr presence >|
ovarian camrr, and a normal (i.V
I'¢5level does nui preclude ihr nm |
for »uirny il ihr pelvic ex.imiiia-
iiou and ultrasound study surrst
cancer.

Si Af.INi. AND SIIMtiCAL
TKfcATMfc.NI

An exploratory lapamtnmy is
(slien necessary in diagnose nv.ui.in
cancer, since ovarian masses may
also he caused by henigu cysts; by
other primary ovai luu Illinois, such
as germ-cell nr stromal-cell neo-
plasms; or hy metastasis to tin- ova
ry Iroin a primary gasiiumicsiiii.il
or hreasl i.lli<rf.i7,i,, T lie pathologi-
cal distinction between epithelial
ovarian cancer and these other |m>s-
sibililies is usually straightloiwaid;
the common histologic features aie
shown hi Table I.

Once epithelial ovaiiaii cam ei
has hern confirmed, a total iilmlo
ilia! hysterectomy, bilateral sal-
pingo-oophorcctoiuy, and niiicnleciomv .tie usnall)
performed, along with a careful examination ol all
serosal surfaces, biopsies of giossly involved aicas,
and collection ol ascites or peritoneal washings loi
cytologic studies, if ihe disease appears to he lim-
ited to (hr ovary, the letropetitoiiraf nodes are also
examined, since evidence of lymphatic involvement
alters the postoperative iiealiuenl approach (see hr
low). Occurrence ol iuliaopeiaiive inplm* ol the
primary-ovarian mass is also noted [“inally. .m at-
tempt is made to dclmlk all gross disease, and the
amount ol residual peiiioneal or serosal implanis ir-
maining at die completion of surgery is noted The
staging system defined hy the International Krdci-
aiion of (iynet(»logic Oncologists (see Table 7) as-
sumes that an adequate staging operation has been
perfi»nurd.

Adverse prognostic lactors in ovarian cancer in-
clude an advanced stage ol disease, a high iinnoi
grade, the presence of residual disease alter initial sur-
gery, older age, clear-cell or mucinous histologic Jra-
turcs, overexpression of die epidci mal-growili lactor

Table 1 Common Histologic Fealuies and Clinical Correlates ol
Epithelial Ovarian Cancer

The nwM oMii»i»ffl »ypc «f ivanan cancel
OcCavi.Mialy «w»ncialea) will) jaimajy cm S.iKliial i¢ikci
im ciMi.MTKinio.il. bUaicial peeveutaim i in up in 1 pci

centoi cue»

Oiieu uwiialCil will) uuniial m unljf minimally clcvairO
C'A 125 level»

Slajtc 1M »lage, lhe wiaa [M>kimku . te*aiive
wiiKruiiivily hi itkiluMlierapy. aw>cialcil will» civh>
incinim» and huiinxally mediated hypercalcemia

leUlive
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Table 2. FIGO Staging System lor Epithelial Cancer
ot the Ovary.*
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receptor, and amplification ol the c-iieu proto-oitco-
gene Xr>Paticnls with stage 1(1 disrasr and residual
peritoneal or serosal implants under U5 cm in diame-
ter have a median survival of 40 months, and those
with residual implants ol 0.5 to 2 ent have a median
survival of Ib months. Patients with bulky residual
tumors lhai are over 2 cm in diameter have a median
survival in the ran”r of 6 to 12 months, and overall
long-term survival is less than 10 percent.*111 The
strong correlation between ihe amount of residual dis-
ease and survival in patients with stage 111 disease has
been used as dir main justification for delmlkiug, al-
though it is possible dial this correlation simply repre-
sents a selection phenomenon whereby patients with
on tile basis of (heir ability lo undergo successful dr.-
bulking, which is partly a function of the volume and
location of the disease.,d Not surprisingly, (he ability
to debulk tumors in patients with stage 1V disease is
not necessarily associated with prolonged survival.ll
although selected patients may still iieuelit from the
relief of imminent bowel obstruction before chemo-
therapy is started.

Postoperative T reatment

Combination chemotherapy that includes a plati-
num analogue — either ei.splaiin or carlx>plntiu — is
(he standard postoperative dieiapy lor patients wiili
residual disease or those at high risk On recurrent dis-
ease alter initial surgery. Although alkylating agents
such as melphalan induce responses in al>ou( 30 per-
cent of patients wiih advanced disease,” platinum-
based chemotherapy has resulted in a substantially
improved response rate of approximately (I percent
and prolongation of median survival by alxmt six
months.1' 16

LImiltd Omam (Stag*» land If)

Patients with stage 1A or Ili tumors (Table 2) lli.it
are well or nuxleraiely well diflereuliatrd have a live-
year disease-free survival of 91 to i)H percent, which is
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not improved by adjuvant (iraiment.17 In selected pa-
tients with stage IA tumors dial arc well or moderate-
ly well differentiated who wish lo remain fertile, a
unilateral salpingo-nophorecioiily may be performed,
without evidence of compromised survival.“ Patients
with either stage 10 (e g., capsular involvement or
positive washings), ptrorly differentiated stage 1, or
any stage Il disease have a higher risk of relapse, and
these patients arc often considered for postoperative
adjuvant tlierapy.:,,iv In a trial by the Ovarian Cancer
Study Croup, such higher-risk patients were random-
ly assigned to receive cither 12 months of oral ntelpha-
lau or one dose of intraperitoneal chromic phosphate
IMP, resulting in equivalent 5-year disease-free survival
rates in the HO percent range.*7 However, prolonged
melphalan treatment is associated with an increased
risk of leukemia, and the distribution of intraperitone-
al WP may not be uniform in patients who have under-
gone surgery and in whom intraabdominal adhesions
subsequently develop, in acurrent study by the Ciyne-
cologic Oncology Croup, such patients arc randomly
assigned to receive either one dose of intraperitoneal
**P or three cycles of intravenous cyclophosphamide
and cispiatin. Patients with stage 1C, poorly dillcrenti-
ated stage I, or any stage Il ovarian cancer who are
not enrolled in clinical studies are often treated with
adjuvant platinum-based chemotherapy as described
below.

Advanced Dlaeaaa (Stagaa lll and 1V)

‘The majority of women with ovarian cancer present
with stage 111 or IV disease. The treatment of ad-
vanced disease with platinum-based chemotherapy
has resulted in an improved response rate and longer
median survival, but the overall survival rate is still
only al>oui 20 percent. Since this is a heterogeneous
group of patients, overall survival is a function of both
the stage and the amount of residual disease after ini-
tial dehulking. Patients with stage 11l disease who
have undergone optional dehulking (<I to 2 cm of
residual tumor) have a four-year survival rate of ap-
proximately 30 percent*"; those with stage IV disease
or stage 111 disease and sulxiptimal dehulking (>2 cm
of residual tumor) have less than a 10 percent chance
of long-term survival.*1*?

Although many types of platinum-based combina-
tion chemotherapy have been investigated lor the
treatment of advanced ovarian cancer, the regimen
of cispiatin plus cyclophosphamide is just as effec-
tive as more complicated and toxic regimens, such as
those containing altrctamine or doxorubicin hydro-
cliloridc. **#However, the loxit effects of cispiatin,
including renal insufficiency, peripheral neuropathy,
ototoxicity, and nausea, have prompted the investiga-
tion of less toxic platinum analogues such as carbo-
platin In two reccuL randomized trials comparing cis-
piatin plus cyclopLffisphamide with rarboplatin plus
cydophosphainidiAa,treat advanced ovarian cancer,
the carboplatin regimen was better tolerated, with less
nausea, less renal toxicity, and less neurotoxicity.** *5
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Thr primary toxic effect of cartxiplaiin is bom* mar-
row suppression, willi cumulaiive thrombocytopenia
that occasionally interferes with the chemotherapy
dosage. Nevertheless, the two regimens have been
shown to he equally effective,”” and combination
therapy consisting of carlx»plaiin plus cyclophospha-
mide lor six cycles (which can he given on an outpa-
tient basis) is now a widely accepted regimen for the
treatment of advanced-stage ovarian cancer. Continu-
ing chemotherapy beyond six cycles does not extend
survival.4l

The majority of patients with advanced-stage ovar-
ian cancer have a complete clinical rcsjxmse (as de-
fined by a normal physical examination, CT scan,

Figure 2 Representative Outcome In 100
Patients with Advanced-Stage Ovarian
Cancer.

Exploratory laparotomy with debulking is
appropriate for patients with stage Il dis-
ease Debulking should be used selectively
in stage IVdisease for specific indications
such as imminent bowel obstruction. The
most common regimen is standard-dose
cyclophosphamide with carboplatin or cus-
pidiin. Taxoi pius cisplatin is a more active
regimen for selected patients with bulky re-
sidual disease, although the effect of this
treatment on overall survival is not yet
known. Several Investigational regimens
containing taxoi, high-dose carboplatin. or
both are also available for patients with ap-
propriate 6tage Ill or IV disease. A com-
plete clinical response is defined as a nor-
mal physical examination. CT scan, end
CA-125 level Second-look aurgery ia per-
formed if the finding of residual disease
would make the patient eligible for innova-
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and CA-12S level) to siirgic.il dcimlinng and postop-
erative chcmmlui apy (Tig. 2). llowevi-r, olii) M |nfim
rent of these patients have a compiete pathological
response (as defined hy negative biopsv speeiincns
obtained during a s<voml-l<»ok laparotomy).4 The
high false negative rale of cium al evaluation jcl.iic.s
to the fact that jwisistrnt disease is usually mam test-
ed hy either small-volume gross de[x»siis or micro-
scopic disease, both being below the level of detec-
tion hy CT scanning or CA-125 testing. Tims, the
second-hxik laparotomy is the most sensitive way ol
detecting persistent disease alter platinum chemo-
therapy, although there are currently no Mamlaid
second-line salvage regimens that .tie curative Im this

Advanced Disease

(stage Il or IV)
(n = 100)

Surgery for Diagnosis and
Debulking, if Appropriate

Platinum Dose
intensification or
Taxol-Containing

Regimens

I (Alternative Option)

Standard Chemotherapy

tive second-tine treatment programs. The Complete Clinical . Persistent
relapse rate tor patients with a complete Response Disease

pathological response is about 50 percent.

Persistent clinical disease is usuelly (n =80) (n- 20)

manifested by an elevated CA-125 level or

an abnormal physical examination or

CT scan. Symptomatic residual disease is

usually treated with second-line chemo- |
therapy regimens such as laxol Patients
are occasionally considered lor secondary
debulking. after which they may be eligible
tor investigational intraperitoneal therapy,
if appropriate. Persistent, minimal disease
at second-look surgery may be treated with
second-line chemotherapy regimens, intra-
pentoneal chemotherapy, or autologous
transplantation. A rapid recurrence (within
six months) 16 often treated with agents
that are potentially not cross-resistant to
platinum, such as taxoi. A late recurrence
(after six months) may respond to addition-
al standard doses of platinum-based che-
motherapy. Like patients with persistent
disease, those with recurrent disease are
occasionally considered for secondary de-
bulking, followed by investigational Intra-
peritoneal chemotherapy. Appropriate pa-
tients who have an excellent response to
second-line chemotherapy may also be
considered for autologous transplantation.

Second-Line Systemic
Chemotherapy

Second-Look Surgery, if Indicated
for Investigational Purposes

Second-Line Systemic
Chemotherapy

Intraperitoneal
Therapy

Autologous
Transplantation
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paliffit group. In addition, patinas who do have
a complete pathological response as determined by
second-look surgery still have a .80 percent chance
of relapse.” *Thus, even though laparotomy is more
sensitive than clinical evaluation, the detection of ac-
tive disease has little cllrci on survival, and thr surgi-
cal procedure has a high lalsr negative rate. ()n (hr
basis of these considerations, second-look laparotomy
is no longer j>erformed routinely, unless thr detection
of disease would make the patient eligible ioi inno-
vative treatment approaches such as those outlined
below.

Meimoos to Obtain a Complete Pathological

Response in Advanced O varian Cancer

lhe inability to obtain a complete pathological re-
sponse with standard doses ol rarlxiplaiiti and cyclo-
phosphamide is the chief obstacle to cure in advauerd
ovarian ranerr (Kig. 2)- Strategies to increase the late
ol complete pathological responses include the use
of new drugs with unique mechanisms ol action,
such as taxol, ami dose intensification to improve the
activity ol platinum analogues. Taxol is a ditcipeue
plant product isolated from the haik ol the Pacilic
yew trrr, Tutus brevijoha. It exerts cytotoxic elicits
through a unique tnrcliaiiism of action involving mi-
crotubule pjlyuirri/.ation, rendering the mitotic spin-
dle dysfunctional and resulting in an arrest between
(he second gap ((») phase and the initotie (M)
phase of the cell cycle. As discussed below, this
drug was originally noted to he eliective in platinum-
refractory ovarian cancer, suggesting that taxol and
eisplatin do not share common mechanisms ol drug
resistance. In a recent trial by (hr Gynecologic Oncol-
ogy (»roup, the two drugs were combined to treat pa-
tients with newly diagnosed, advanced disease.” A
total of :m patients with residual tumors over | cm
in diameter were randomly assigned to receive either
cyclophosphamide plus rispl.itm or taxol plus «ispla-
titi rvrry three weeks for a total of six cycles. Al-
though the patients receiving taxol hail a greater
degree of neutropenia, the incidence of documented
episodes of sepsis was similar lor the two groups, and
the taxol-cisplaiin regimen was griirrallv well loierat-
rd. The overall response rale of the taxol-eisplatin
group was signiiicanlly higher than that of the cyclo-
phosphamicle-cisplatin group (79 percent vs 03 per-
cent, PCO.OI), and the median periods of survival
without progression of disease were 17.9 and 13.8
months, respectively. The rates of complete pathologi-
cal responses for thr taxol-eisplatin group and lire
ryclophosphamide-risplaiin group were not signifi-
cantly dilVercnt (20 percent vs. 19 percent, respective-
ly; P - 0.07), suggesting that (he increased response
rate with taxol may not necessarily result in improved
long-term survival. A longer period of Ihllow-iip will
he required to address this issue. Nevertheless, this
study has shown that taxol combined with eisplatin is
a highly active regimen that represents a reasonable
alternative to standard chemotherapy lor selected pa-
tients with newly diagnosed, advanced disease.

Nnv 18 1933

Dose intensilu atiou is another strategy for improv-
ing the response rate in ovarian cancer. The theory
underlying a higher platinum dose is that many tu-
mors exhibit a strep dose-respinse curve to this drug
in vitro, meaning that a relatively small increase in the
dose may result in a large increase in the number of
tumor cells killed. Support for this concept comes from
a retrospective study by larvili and Hryniuk demon-
strating that a higher platinum dose is associated with
a superior outcome in patients with ovarian cancer.'l
A recent randomized study compared two doses of
eisplatin — 50 versus 1M mg per square meter of
body-surliicc area — administered with cyclophos-
phamide every three weeks lor a total of six cycles.”
The median survival was significantly improved in the
higher-dose group, with die elicci being most promi-
nent in patients with residual tumors under 2 cm in
diameter alter initial surgery (median survival, three
years). Since this study used doses of eisplatin that are
still within the standard range, the results do not ad-
dress the value of using even higher chemotherapy
doses to neat advanced ovarian canter. Regimens of
systemic high-dose eisplatin or earliopl.ifm may in-
duce additional respinse* in 20 to 30 percent of pa-
tients with residual disease after standard doses of
platinum chemotherapy (usually in those with a previ-
ous rrspmsr to standard-dose platinum), providing
further support lor the concept of a steep dose-
response curve.” ”

Among newly diagnosed patients, however, con-
vincing improvements in the rate of complete patho-
logical respmses or survival have not yet been ob-
served with systemic dose intensification of platinum
analogues.” M Asjodrrl! et al. suggest, this lack of
improvement may reflect a plateau in the dose-
respmse curve, so that higher platinum doses may not
necessarily yield improved respinse rates.10 in addi-
tion, some patients an* unable io tolerate sequential
cycles of high-dose eisplatin because of nonlienialo-
logic toxicity, .such as nephrotoxicity and neuropathy,
which may he severe at doses as high as 200 mg per
square meter of body-surface area per cycle. Likewise,
many patients are unable to tolerate sequential cycles
of high-dose carboplatin because of cumulative bone
marrow toxicity, usually in the lorin of persistent
thrombocytopenia, which is often unresponsive to
treatment with hematopiieiic growth factor.*163 Re-
cently, several groups have begun to treat newly diag-
nosed, advanced-stage ovarian cancer with high-dose
carboplatin followed by an infusion of autologous pe-
riphrral-hlood progenitor cells in an attempt to in-
crease the dose without incurring excessive hone mar-
row toxicity.*41*The effect of this strategy on the rate
of completr pathological responses among patients
with newly diagnosed, advanced disease will require
further investigation.

Treatment CnriONs kor Persistent or
R""H Rent Disease

Patients who have persistent or recurrent disease
after initial chemotherapy are generally not curable.
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Persistent disease is often heralded by a CA-12.S level
that docs not return to normal alter three cycles ol
platinum treatmeni,” or that remains elevated alter
completion of chemotherapy.7"ASimilarly, a new ele-
vation in the CA-125 level is often the lirst sign of
relapse and inay occur before a clinically apparent
tumor (as detected by physical examination or CT
scanning), with a median lead time of three months.7
However, since second-line treatment approaches are
[xiWti(ially toxic and generally palliative in nature, the
decision to treat patients with persistent or recurrent
disease is often based on either the presence of symp-
toms, such as abdominal discomfort resulting front a
documented mass or ascites, or the eligibility of
patients for innovative treatment approaches (see
below).

Patients with disease that persists after initial che-
motherapy or recurs within six months after treatment
are unlikely to benefit from additional standard-dose
platinum.7 In contrast, patients with disease that re-
curs more than six months after their initial treatment
may have a good chance of brnrliting from second-
line cisplatin or carlxiplatin (27 to 5°) percent response
rate),7Lalthough such responses arc generally not as-
sociated with long-term survival. A description of
treatment options for the management of persistent or
recurrent disease is presented below and summarized
in Figure 2.

Secondary Defcuiking Surgary

Patients with persistent or recurrent disease are
sometimes treated with another debulking procedure
in an attempt to improve (heir survival. Pro]K>neuts of
this procedure have reported an improved median
survival rate for patients in whom secondary debulk-
ing resulted in minimal residual disease, although
most patients treated in this way have been carefully
selected and arc nevertheless destined to die of their
disease.O MMASs with initial debulking, it is difficult to
know whether the secondary debulking itself lias a
therapeutic elTrct or even a durable palliative efleci, or
whether the patients in whom the procedure is suc-
cessful are those who have more indolent disease.
.Since secondary debulking is not curative and may be
associated with considerable morbidity in patients
who may otherwise be asymptomatic at the time,
its routine use cannot be recommended. However,
there are patients who may benefit from secondary
debulking, including those with imminent bowel ob-
struction due to a single dominant pelvic mass and
those who have a relapse many years after the initial
diagnosis, in whom an exploratory laparotomy to ver-
ify the diagnosis and dehulk the tumor may lie fol-
lowed by several more years of disease-free survi-
val. Finally, secondary debulking of gross disease may
be appropriate for patients who arc eligible ibr irrat-
ment programs involving imrapcritoneal chemothera-
py, since it is known that this form of treatment
induces res|»onses only if there is minimal disease,
as discussed below. In a uoninvcstigatioiial setting,
howevrr, secondary debulking should have a limited
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role in the palliative eaie ol patients wuh ovaiiau can-
cer, and its use should be individualized.

Intraparllonaal Chemotherapy

Iniraperiioucal ebeinolher.ipy eonsists of adminis-
tering dings such as cisplatin and etoposide through
an indwelling catheter inserted into the peritoneal
cavity. Although this procedure has been used lor sev-
eral years io treat patients with residual disease alter
initial systemic platinum ihei.ipy, its uupaei on sm-
vival in these patients is still unknown owing in the
lack of randomized (rials in ihis area uniil recently.
Appropriate drugs lor iiiiraperiione.il therapy air
those that have a favorable ratio of peritoneal io plas-
ma drug concentration, those that are nouiiliuting
when instilled, and those in which a small increment
in thr dose concentration may result in an additional
cytotoxic rcs|X»use (i.c., drugs with a steep dose-
rrsponse curve.). Cisplatin and taxnl display such
characteristics, and dose scheduh's have been estab-
lished that provide a pliamiacologic advantage with
acceptable toxicity./7WSince uitraperiiuiiral chemo-
therapy is a limn of topical treatment, drug diffusion
into tissue is limited to the lust several iiiilliiueleis ol
tumor at best, suggesting that bulky tumor masses
cannot be expected to respond (although icspouscs
can still be imbued with sy.sieniically absotbed ding)
Several phase I and phase Il studies using platinum-
based inlrapcriloiie.il regimens have reportrd an ac-
ceptable level of toxicity and a complete surgical re-
sponse rate as high as 20 to "id percent in patients with
residual small-volume disease who have previously
had a res|muse to systemic platinum ™ 11 Neverthe-
less, the importance ol these «espouses, in terms ol
both palliation and cure, remains uncertain, and most
patients eventually die ol progressive disease. Addi-
tional studies have shown that the patients who .in-
most likely m benefit from intiapeiitoneal liraiment
arc those with minimal Illinois (<| to 2 cm) who do
not have diflusc carcinomatosis, evidence of progres-
sive disease during therapy with systemic platinum,
extensive iiitraalxlominal adhesions dial would pre-
vent homogeneous drug distribution, or disease in
inaccessible sites such as the lymph nixies or livn pa-
renchyma.HH These restrictions suggest ilc.it imi.i-
perilonral therapy may be appropriate for only a small
subgroup of patients with persistent or rapidly irt Hi-
ring disease.

It is (Xissible dial a dosc-imensilii ation strategy
such as inuaperitoneal therapy will hr most effective
early in the treatment of thr disease, when a substan-
tial fraction ol tumor ceils air still cliriimsrnsilive
There aie ai least two randomized nials undei wav
that should drtriniiue the value, il any, ol inliaprn-
toncal eliriiiodicrapy as a means of dose uuensi
fication in this selling. The <jyui-cologic Ontology
Group is conducting a randomized trial ol mua-
peritonral versus intravenous cisplatin (with a stand-
ard dose of intravenous cyclophosphamide in huili
arms) in patients with newly diagnosed stage 111 dis-
ease that has been optimally debuikrd Ilie f'.tinipr.ui
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Organization for the Research and Treatment of Can-
cer is conducting a randomized trial comparing intra-
peritoneal platinum-based therapy with no further
treatment as a means of improving the complete
pathological response in patients with advanced-stage
disease.

Radiotherapy

There is no convincing evidence that whole-aUio-
men radiotherapy can improve survival in patients
who have persistent residual disease alirr platinum
chemotherapy.Patients with macroscopic resid-
ual disease, csj>ecially if poorly dillerrntiatrd, clearly
do not benefit from whole-aUlomen radiotherapy,*’
and the toxic effects of (his treatment include small-
bowel obstruction, radiation enteritis, and myelo-
supprrssion. Methods to overcome mechanisms of re-
sistance to radiotherapy after failure ol platinum
therapy or to decrease toxicity through hyperfraction-
aiimt techniques are currently under investigation."*
Although radiotherapy cannot be routinely recom-
mended as a salvage treatment in ovarian cancer, it
occasionally provides palliation lor patients with re-
current pelvic disease who are not candidates for sys-
temic chemotherapy.

$y«t«mic. Non-CroM-Raslaiant Chamotharapy

Systemic treatment with agents that are not cross-
resistant to platinum represents (he mainstay of treat-
ment lor patients with platinum-refractory disease, as
defined above. Although several drugs exhibit activity
in this patient population, response rates are low (10
to 1) percent), and most responses arc partial and
short-lived.

Potentially useful drugs in treating platinum-refrac-
tory disease include altretamine,*1:9* mclphalan, ilbs-
famide,91 tamoxifen,*4 and taxol.9%5'97 As stated above,
the most active agent in this category is laxol, which
induces response rates of approximately 25 percent
in patients with platinum-refractory disease. In con-
trast to most other chemotherapy agents, taxol may
require at least three or four cycles of administra-
tion before a response is evident. The drug is generally
administered intravenously over a period of 24 hours
on an inpatient basis, with drxaineihasonc, cimeii-
dine, and diphenhydramine prophylaxis to prevent
the hypersensitivity reactions frequently observed
in the past, thought to he due to either taxol itself
or its Cremophor vehicle.9* The main toxic effect of
taxol is neutropenia, often without suppression of
red-cell or platelet counts, as well as cardiac-con-
duction disturbances and peripheral neuropathy. The
dose of taxol can be escalated through the use
of hematopoietic growth factor,” although it is un-
clear whether higher doses of taxol result in im-
proved rrs|>oiise rates for patients with platinum-
refractory disease, 'laxol, which is now available
commercially for the treatment of platinum-refractory
ovarian canerr, has recently been shown to produce
asubstantial improvement in the overall response rate
when used in conjunction with cisplatin to treat
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patients with newly diagnosed disease who have re-
sidual tumors over 1cm in diameter.5l

Autologous Bono Marrow Transplantation

Techniques to administer very-high-dose, myeloab-
lative chemotherapy lollowed by hone marrow rescue
are now well established in many treatment centers.
This strategy is potentially curative for patients with
tumors such as lymphoma, in whom both chcmosensi-
tivicy and a minimal volume of disease before trans-
plantation are prerequisites for obtaining an optimal
response. “uwl Most ablative regimens used in ovar-
ian-cancer transplantation programs include (Kiten-
lially active agents such as an alkylating agent (i.e.,
melphaluu, cyclophosphamide, or ifosfamide), a plati-
num analogue such as c.arlioplatiu, and other drugs
such as eio|M>sidr.

The benefits of transplantation in ovarian cancer
are dilhculi to assess owing to both the relatively small
numbers of patients who have undergone this proce-
dure and selection hias."<I<* Transplantation has
generally been reserved lor patients with persistent
residual disease after standard chemotherapy, and re-
sjxmse rates as high as 75 percent have been report-
ed 1> Some researchers have even rrjxjrtrd small
numbers of long-term survivors, although many of
these patients received transplants for persistent mi-
croscopic disease, a group that may have had an indo-
lent clinical course regardless of the treatment.*6IU7
However, much of the early transplantation experi-
ence involved patients who had received extensive pri-
or chemotherapy, resulting iri a level of drug resist-
ance (hat could not be surmounted by dose escalation
alone. These patients tended to have either no re-
sponse or a short-lived partial response to transplanta-
tion, at the expense of considerable toxicity (due to a
relatively small marrow reserve) Therefore, the most
appropriate patients for transplantation are those who
have had a clear response to initial platinum-based
therapy hut nevertheless have persistent, nonbulky
disease; who are otherwise young and healthy; and
who understand (he risks of autologous transplanta-
tion (including a 5 to 10 percent chance of treatment-
related death).

Summary and Future Directions

Treatment of ovarian cancer is both frustrating
and encouraging. In view of its propensity to remain
in the abdominal cavity and its responsiveness to
chemotherapy, ovarian cancer would appear to be a
curable disease. In reality, however, by the time
most patients are given a diagnosis, the tumor has
progressed to a stage in its natural history at which
it is partially resistant to drug therapy. It is pos-
sible that the recognition of familial cancer syndromes
and the use of iinpuived methods of early detec-
tion will eventually Jifrniit diagnosis at an earlier,
more limited stagrapjf the disease, when drug re-
sistance has not yet developed and the majority
of patients can be cured by surgery and standard-
dose adjuvant chemolhera|>y.



Voi.

329 No. 21

For paiienfs with advanced disease, (he inahilily to

achieve and maintain a complete pathological re-
sponse with platinum-based therapy is the chief ob-
stacle to cure. Ongoing efforts to improve the rate of
complete pathological response include intensification
of the platinum dose and the use of new drugs with
novel mechanisms of action, such as taxol. Treatment
of persistent residual or rapidly recurrent disease con-
tinues to be a major problem, but there is a promising
role for non-cross-resistant drugs such as taxol, a pos-
sible role for intraperitoneal therapy, and an evolving
role for autologous bone marrow transplantation. Sev-
eral other innovative approaches (hat may eventually
benefit patients with advanced disease include rever-
sal of platinum resistance with huthionine sulloxi-

miue,

intraperitoneal administration of autologous

lymphokine-activated killer cells,,wor iniraperitonral
administration of tumor-directed aniilxKlies conjugat-
ed 10 toxins or radioisotopes.l,w,m

Thus, although ovarian cancer can be a particularly
difficult disease to treat, we now have several promis-
ing drugs and strategies that may eventually result in
improved survival for patients with this disease. How-
ever, it is likely that cure will result only from a combi-
nation of treatment strategies tailored to the needs of
individual patients. For example, it is possible that in
the future patients with advanced-stage disease may
best be treated hy surgery, followed by postoperative
chemotherapy with taxol and high-dose carboplatin,
with immediate consolidation of an excellent response
hy autologous hone marrow transplantation or by
inira|>eri(oiieal administration of antilxxly-toxin con-
jugates. The impact of these new treatment ap-
proaches on survival will be determined only through
the continued enrollment of patients in well-designed

clinical trials.
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LACTASE PERSISTENCE AND MILK CONSUMPTION AS
DETERMINANTS OK OVARIAN CANCER RISK

DANIKI. \V. CItAMKH

Cramer, D. W. (Brigham and Women's Hospital, Boston, MA 02115). Lactase
persistence and milk consumption as determinants of ovarian cancer risk. Am J
Epidemiol 1989;130:904-10.

Using published data, largely from the 1970s, the author compared ovarian
cancer incidence, per capita milk consumption, and population estimates of
lactase persistence (the ability to digest lactose after infancy) in 27 countries.
Significant positive correlations were noted between ovarian cancer incidence,
per capita milk consumption, and lactase persistence. Lactase persistence
showed a stronger association than milk consumption or animal fat consumption
in multiple regression models. The author speculates that toxicity from the lactose
component of milk and, more specifically, galactose, the digestion of which is
facilitated by lactase persistence, may provide a biologic basis for the correlation.

galactosidase; lactose; milk; ovarian neoplasms
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A correlation between ovarian cancer
mnrlaliiy and per capita consumption of
milk has been described and lias been at-
;ributttlto ihe Ini content of dairy products
il). A nutrient which distinguishes milk
eroducts is lactose, a disaccharide com-
msed ol'galactose and glucose. The ability
lo digest lactose alter childhood, called Inc-
ase persistence, varies widely geogrnphi-
allyand racially. Its correlation wit h ovar-
un cancer might suggest the importance of
actose or its component sugars in ovarian
inicer etiology. This brief report describes
eorrelations between ovarian cancer inci-
lence, milk consumption, and lactase per-
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sistence and speculates on their possibly
biologic basis.

M atkkiai.s and MKTIIODS

Estimates, by country, for the following
variables were sought; ovarian cancer inci-
dence, percentage of adults who are lactase-
persistent, and per capita consumption of
milk (estimated in fluid weight) and animal
fat (from nondairy sources). Data on the
incidence of ovarian cancer came from Can-
cer Incidence in Fire Continents (2) or from
National dancer Institute data (3) for the
period 1970 1980 and are staled in terms
of cumulative incidence, estimated by sum-
ming age-specific incidences from birth to
age 7> years. Information on population
frequencies of lactase persistence came
from reports based upon jejunal biopsies in
hospitalized patients, serial blood galactose
or glucose determinations alter an oral lac-
tose load, or hydrogen breath determina-
tions after an oral lactose load (4-2(5). In-
formation on consumption of various food-
stuffs was obtained from the food balance
sheets published by the United Nations
(27). Food balance sheets show, for primary
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food commodities, the amount potentially
available for human consumption by total-
ling quantities produced and imported; sub-
tracting exports, feed to livestock, and
other nonfood uses; and then dividing by
the total population. Statistical correla-
tions on the above data were performed
using standard linear or multiple regression
techniques (2ft).

Rksui.ts

Table 1shows estimates for the cumula-
tive incidence of ovarian cancer, per capita

905

supply of milk (in grams per day), and
proportion of the population who have lac-
tase persistence. The cumulative (lifetime)
risk for ovarian cancer varies from 0.4 per-
cent in Japan und Senegal to 2.2 percent in
Sweden. The per capita supply of milk var-
ies from 13 g/day in China to 857 g/day in
New Zealand. The estimated proportion of
the population who hove lactase persis-
tence varies from 0 percent in Singapore
and the Netherlands Antilles to 99 percent
in Sweden. A significant correlation (/¢a =
0.29) was noted between the cumulative

Tabi.k 1

Cumulative incidence of ovarian cancer, /x*r capita supply of milk, and /tercenta’e of populatiim with lactase
persistence in .32 countries

Cumulative
(abg?:vr;.ta?on) incidence™

%)
Australia (AUS) 121
Brazil (BKA) 0.94
Canada (CAN) 1.58
Colombia (COL) 1.22
Culis (CUB) 0.58
Czechoslovakia (CZE) 1.02
Denmark (DEN) 2.03
Finland (KIN) 144
France (KitA) 0.75
German Democratic Republic (GDR) 1.63
Federal Republic of Germany (FRO) 181
Hong Kong (HK) 0.68
Hungary (HUN) 0.84
India (IND) 0.85
Isroel (ISR) 1.66
Italy (1TA) 1.47
Jamaica (JAM) 0.91
Japan (JAB) 0.43
Netherlands Antilles (NEA) 0.55
New Zealand (Maori) (NZ) 1.37
Norway (NOR) 1.87
Poland (POL) 1.00
Romania (ROM) 0.79
Senegal (SEN) 0.38
China (Shanghai) (SHA) 0.47
Singapore (ethnic Chinese) (SIN) 0.69
Spain (SPA) 0.63
Sweden (SWK) 212
Switzerland (SW1) 191
United Kingdom (Scotland) (UK) 1.50
United States (lowa) (USA) 1.64
Yugoslavia (YUG) 1.40

Per capita Percentage
milk su?)ply with _Iacte?se fo?if:{jrgcr:e 3
(g/day)t persistence
331 82 4
183 31 5
468 NA*
168 46 6
422 NA
426 88 7
432 97 8
711 83 9
347 58 10
389 78 7
329 88 7
95 NA
316 63 n
105 36 12
315 34 13
300 49 14
78 41 15
135 10 16
421 0 17
as7 36 18
693 NA
437 62 19
404 44 u
97 65 20
13 8 21
113 0 22
329 72 23
502 99 9
461 84 24
455 9b 25
462 81 26
298 NA

* Based upon age-specific incidence rate» in the mid-1970s (2, i1 For countries with more than one regtatry
«ite, the registry closest to the site for the survey of lactase insistence wan »elected,
t From United Nations food balance sheets (1979-1981) averages (27).

t NA, not available.
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incidence <41 ovarian cancer and the per
capita supply of milk (p —0.004) (table 2L
Linear regression indicates that tor each
100-J4 increase in the daily per capita supply
of fluid milk, there is a net increase of 0.14
percent in the cumulative incidence of
ovarian cancer (figure 1). A stronger cor-
relation (R' = 0.44) was noted between the
cumulative incidence of ovarian cancer and
lactase persistence tp = 0.0002) (table 2).
Linear regression indicates that for each
10-percent increase in the population fre-
iluency of lactase persistence, there is a net
increase of 0.1 percent in the cumulative
risk of ovarian cancer (figure 2).

Some countries which appear to he out-
liers in the model between milk consump-
tion and ovarian cancer are not outliers in
the lactase persistence and ovarian cancer
model (e.g, New Zealand) and vice versa
(e.g., Senegal). This suggests that ovarian
cancer occurrence might he better ex-
plained liv considering both laetase persis-
tence and milk consumption in a multiple
regression model. For this two-parameter
model, (he overall R: was 0.50, some im-
provement over the linear models, with lac-
tase persistence showing a stronger associ-
ation (table 2). Lactase persistence also
exerted a greater effect on ovarian cancer
incidence than per capita nondairy animal
fats in a regression model including these
two variables (table 2).

Discussion

The ability to digest lactose from the
jejunum after infancy, called lactase per-
sistence, arose as a selective advantage
sometime around 4,000 B.C. in certain pop-
ulations practicing dairying (29). It is
transmitted as an autosomal dominant
trait and remains a characteristic of people
with dairying ancestry (30). However, the
majority of the world’s population, along
with most mammuls, do not possess this
characteristic and are described as having
primary adult lactase deficiency. Surpris-
ingly little has been written about the pos-
sible relation between lactase persistence
and chronic disease patterns (31, 32). This
report has confirmed, using incidence, a
previous report correlating mortality rates
for ovarian cancer with per capita milk
consumption (1) and has described a
stronger correlation between lactase per-
sistence and ovarian cancer incidence. Lac-
tase persistence does not appear to be
merely a surrogate variable for milk con-
sumption or fat consumption, since it
showed a stronger association than either
of these variables in multiple regression
models; and a model containing both lac-
tase persistence and milk consumption bet-
ter explained the geographic variation of
ovarian cancer than simple linear models
involving each variable separately.

T aiii.k 2

Correlations mid jmrarneters for regression rootlets of oennon cancer, milk supply, and lactase persistence, with
the ineidenee of urariim ctmecr as the dependent uariablc*

Intercept
H* lor mod»*! (p) P

Milk supply

I -iitiase

. Animal fat
persistence

parameter parameter (/») parameter (p) parametert (p)
0.25# (0.004) (U)7;i 0.0014 (0.004)
0.44 (00002) 0524 0.011 (0.0002)
0..w «1.00n 0.510 0.0008 (0.20) 0.008 (0.10)
0.9 (0.000;0 0] 0.008 (0.009) I.OOA (0.13)
0.50 (0.0002] 0 :<H 0.0008 (0.01) 0.009 (0.004)
*«See (aide 1lor source ul iiicidefit'gytiid mil rienl informalion.

t Animal Oil from nondairy smircf*iT»¥lis m Icnlaled I»y sohlrm ting animal fat from milk products from total

animal lai vising data [>rovided in rt-rrrenro 27.
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Figure 1, Correlation between ovarian caneer incidence and per capita milk consumption in 12 countries

See table | for country abbrevialiona.

Readers will be aware of the limitations
of ecologic studies such as this one, includ-
ing inaccuracies of the data and potential
confounding factors. Data on the per capita
supply of foodstuffs are limited by the ac-
curacy of the gross data provided by the
countries. Estimates of lactase persistence
vary because of differences in techniques
used and the specific population sampled
(33). Jejunal biopsy is a precise technique
but is limited to a select group of hospital-
ized patients. A preferred test is the hydro-
gen breath test after oral lactose, which is
based upon the observation that undigested
lactose is fermented by colonic bacteria,
releasing hydrogen which is absorbed in the
blood and exhaled. Probably most reliable
are the data on ovarian cancer occurrence,

because they come from established regis-
tries using standardized age and disease
categories. Other factors associated with
both lactase persistence and ovarian cancer
could account for the correlations observed,
and it must be conceded that not all poten-
tial confounding factors have been consid-
ered. Despite these limitations, the author
believes that these data provide descriptive
support for a model of ovarian cancer as a
consequence of galactose toxicity.

A population with high levels of both
lactose consumption and lactase persis-
tence is a population that will be exposed
togalaetose -the carbohydrate that is com-
bined with glucose in the disnccharide lac-
tose and whose digestion is facilitated by
lactase persistence. There is evidence that



01SR

01ITA

08NA 0JAM

5 L sin

us 06N L«
u. osn A

0iN[)
~ROM

oSW I

C»DRO O0USA
.k 0UK
o FIN 1

0AUS +

0RO 0CZE +

0OmuN

nriiA

nSPA

0SE N

60 70 80 90

PERCENT LACTASE PERSISTENT

F16UKK 2. (‘orrelalion between ovarian cHnrer incidence and lactase [»ersistence in 27 countries. See table 1

ir country abbreviations.

alactose may lie toxic to ovarian germ cells
rom animal studies showing that female
odents fed high-galactose diets produced
ffspring with reduced oocyte numbers (34)
nd that nonpregnanl females developed
vulatory dysfunction (35). (ialactosemic
tomen who are unable to metabolize galac-
ose develop premature menopause (36),
nd this investigator has recently reported
hat carriers for galactosemia also have an
arlier menopause (37).

Experimental evidence supports ovarian
nilure (hypogonadism) as a predisposing
actor to ovarian cancer. Rodents receiving
varian irradiation or oocyte toxins such as
olvcyclic hydrocarbons or having congeli
al deficiency of oocytes develojjea ovarian
umors, primarily of stromal types (38).

That gonadotropin stimulation was a nec-
essary component of the model (hypergo-
nadotropic hypogonadism) was inferred
from the ability of pituitary ablation to
block tumor development. But the rele-
vance of the rodent models has been
doubted, because rodents develop stromal
tumors of the ovary and humans most com-
monly develop epithelial tumors of the
ovary. However, humans have much
greater stromal epithelial admixture in
their ovaries (inclusion cysts), leading to
the possibility that, under the same stimu-
lus, humans may develop different tumor
types than rodents. This model is discussed
in more detail elsewhere (39).

In conclusion, the author believes that
these descriptive data on lactase persis-



ACT'ASK I’KUSISTKNCK AND OVAIIIAN CANCKIt RISK

tence and milk consumption in relation to
ovarian cancer are pertinent to its etiology
and that additional studies regarding the
consumption, absorption, and metabolism
of galactose in relation to ovarian cancer
are warranted.
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RELATION OF BODY FATNESS AND ITS DISTRIBUTION TO
CARDIOVASCULAR RISK FACTORS IN YOUNG BLACKS AND
WHITES

THE ROLE OF INSULIN

AARON R. FOIJSOM." GREGORY L. BURKE," CAROL BALI.EW.-
DAVID R. JACOBS, Jit.,,1 WILLIAM L. HASKELL," RICHARD > DONAIHIE*
KIANG LIU,1 anda JOAN E. HILNEK"

Folsom, A. R. (Div. of Epidemiology, U. of Minnesota School of Public Health,
Minneapolis, MN 55455), G. L. Burke, C. Ballew, 0. R. Jacobs, Jr., W. L. Haskell,
R. P. Donahue, K. Liu, and J. E. Hilner. Relation of body fatness and its distribution
to cardiovascular risk factors in young b.'«:ks and whites: the role of insulin. Am
J Epidemiol 1989;130:911-24.

Persons whose body fat is distributed predominantly in the abdomen compared
with the hips are at increased risk of several chronic diseases. This study
examined the cross-sectional relation of percent body fat, computed from skinfold
thickness, and fat distribution, measured by the waist-to-hip girth ratio, to phys-
iologic cardiovascular risk factors in a biracial sample (blacks and whites) of
young adults aged 18-30 years. The subjects were persons who were examined
at baseline (1984-1986) in the Coronary Artery Risk Development in Young Adults
Study in four US metropolitan areas. The two hypotheses tested were that 1)
after adjusting for percent body fat, waist-to-hip girth ratio is associated with
several physiologic risk factors, and 2) fasting concentrations of serum insulin
partly explain such associations. Percent body fat was significantly associated
with all measured blood lipids, lipoproteins, apolipoproteins, uric acid, and blood
pressure. Waist-to-hip girth ratio was significantly, although more weakly, asso-
ciated in multivariate models with blood concentrations of triglycerides, high
density lipoprotein (HDL) cholesterol, HDL, cholesterol, apolipoproteins A-l and
B, low density lipoprotein cholesterol (in women only), uric acid, and systolic
blood pressure, but was not associated in either sex with total cholesterol, HDL,
cholesterol, or diastolic blood pressure. Fasting serum insulin concentrations
were significantly associated with percent body fat (Pearson r = 0.45-0.53),
waist-to-hip girth ratio (Pearson r = 0.18-0.27), and most of the physiologic risk
factors. Inclusion of fasting insulin in multivariate models reduced, but rarely
eliminated, associations between waist-to-hip girth ratio and the physiologic risk
factors. These findings suggest that obese young adults, especially those with
abdominal fat preponderance, carry a physiologic profile that places them at
higher risk of cardiovascular disease, and that tasting Insulin concentrations are
only partly explanatory.

adipose tissue; apolipoproteins; blood pressure; insulin; lipids; lipoproteins;
obesity

The relations of blood lipids, glucose, uric  well established. Several investigators have
acid, and blood pressure to body fatness are  recently hypothesized that these relations

Received for publication July 14, 19K8, and in final 1.DL. low density lipoprotein,
form February 13, 19B9. 1Division of Epidemiology, University of Mimic
Abbreviations: HDL, high density lipoprotein: sola School of Public Health. Minneapolis. MN
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In a case-cuntrol srudy, assumption of
dairy foods by 235 while women with
epithelial ovanan cancer and by 239 control women, and
activity of red blood cell galactose-1-phosphate uridyl
transferase (transferase) in a subset of 145 cases and 127
controls were determined. Yogun was consumed at least
monthly by 49% ofcases and 36% of controls. The mean
transferase activity of cases was significantly lower than that
of controls. When a ratio of Lactose consumption to
transferase (L/T) was calculated, cases had a mean L/T of
117 compared with U-98 for amirols; there was a highly
significant trend for increasing ovarian cancer risk with
increasing |. T ratio. lactose consumption may be adietary
nsk factor and transferase a genetic risk factor for ovarian
cancer.

Summary

Introduction

For py yean ago, Gardner' pmp«»cd that ovarian cancer
was caused by hypergonadotropic hypogonadism—ie, high
secretions of gonadotropins due to ovarian failure or lack of
feedback control on the pituitary. In 1983 wc2restated that
theory and began a case-control srudy to examine novel
exposures that might be associated with ovarian cancer
through this mechanism. Because dietary galactose
consumption and a key enzyme involved in its metabolism,
galactose-1 phosphate uridyltransfcrasc, have also been
linked with hypergonadotropic hypogonadism, we have
»inducted a ease-control study to investigate the relation
between ovanan cancer and galactose consumption and
metabolism

Mil. TANUI- 1.|U1 Yb, 1989

Subjects and Methods
Subjects

The study w u restricted io Hnglith-speakmg while resident» of
Massachusetts within an 80 km radius ol Boston who were aged
between 18 and 76. Gases were women with ovarian ameer
diagnosed ai ten participating hospitals ui the greater Boston area
between July, 1983, and September, 1987. and uicniilicd through
rumour boards, pathology registers, or the Massachusetts State
Cancer Registry During the srudy penod, 394 potential cases were
identified; 42 women (11%) could not he interviewed because the
physician denied contact, 43(11%) refused, and 37 <9%) had died
or had moved before contact. For each of the 272 interviewed cases,
slides uf surgical specimen* weir reviewed. 10 cases were excluded
as rumours metastanc to the ovaries, and ilic remaining caw» were
classified according to histotognal criteria of the World Health
Organisation ciaskificanun of ovarian tumours." ["he present
analysis is restneted io the 2 M women with epithelial ovarian cancer
including tumours of borderline malignancy.

Control women were identified through the Massachusetts
Town Books—annual publications that list residents by name, age,
and Kidrcu. For each interviewed case a list of 5 potential control*
was prepared by random selection from those women with listed
phone numbers who matched case* by area of residence, nee, and
age within two yean. These potential controls were contacted until
an eligible control was identified who agreed to participate. Women
who said that they had had bilateral uophorcciomy were excluded.
O f526 potential control names on our lists, 129 (25%) could not be
contacted because they had moved, died, or were otherwise
unreachable, 54 (10%) were ineligible because of cophorectomy or
incorrect age or race match, and 102 (19%) declined io participate.
‘lhus, 239 controls were included m ihis study.

Dietary History

The women were interviewed io assess reproductive, medical,
and family history. Dietary history was obtained with a aclf-
adminisured  semiquanutauve  116-iicm  food  frequency
questionnaire developed and validated for the Nurses' Health
Study.*' Cases and timings were asked to fvicus tm their dietary
patterns of the previous five year*. Case* were reminded nut to show
changes in food preference* since the diagnosis of their cancer.
Questionnaires were checked for completeness and open-ended
questions were coded by a nutritionist; questionnaire* were then
read by an optical scanner. Nutrient summary score* were prepared
with computer algorithms based on nutrient value* for standard
food portions.' Galactose consumption was measured indirectly: it
is equivalent to lactose consumption since lactose is virtually the
only source of dietary galactose 236 ml of milk contains about 11 g
of lactose and 5 5 g of galactose. We estimated lactose consumption
from the frequency of use of eleven dairy products including whole
milk, skimmed milk, ice cream, various cheexes, and yogun but it
was not feasible to estimate lactose intake from fillers in food
products or in medications.
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Tram/trust Aanity

213 (91*/*) ciki and 17f»(71%) controls provided a blond
specimen fur anal)ni of galactose-1 -phosphate uridyltramfcra«
(transferase). Initially finger-prick specimens were obtained to
manure transferase hy the Rcutkr lew, a qualitative technique
developed for newhom screening for galaclnuemia: in ihi* teat a
fluorescent reaction is «lelaycd in subject» with reduced enzyme
activity* These analyse* were «lone at the newborn screening
laboratory of the Massachusetts Department of IHiblic Health.
latcr in the study venepuncture specimen* were obtained for more
precise quantitative measurements «if transferase activity with a
carbon-U (**<1) labelling method.” Transferase activity is reotrded
in micromoles of uridine diphr*phaic galactose formed from
*H'.-labelled galactose-1-phosphate precursor per hour per gram of
haemoglobin (pmol/h per g Hh). Ihcsc analyses were «lone at the
Children’s Hospital nf 14« Angeles on hepannised blood shipped
by ur expressat mom temperature within 1 or 2 day* of collection.
Samples were analysed within an average of | b «lays of shipment in
cases and | 5 «lays in cummis. Blood collection was delayed for at
least 3 months in any patient who had had a transfusion.
Finger-prick specimens only were available inert 68 cases and -13
coo.roh, venepuncture specimens only were available from ‘7 eases
and 79 amtrob, and both were available from HD cases and 48
controls. Analyses of trznslcnse activity focused on the 1-15 eases
and 127 onntmts who gave venepuncture samples.

Statistical Analyses

Differences between cases and controls in die distribution of
quantitative variables such as lactose consumption or transferase
activity were measured hy t tests or hy Wilooww rank sum tests
depending on the normality of the distribution.” Relative risks for
any particular an*Hint of lactose consumption «wtransferase activity
were determined with multivariate togislic regression for non-
paired data to cuntml lor jioicntial confounding factors * A
ram-patred technique was used because eases and atntmls were
matched only lunsely lor demographic factors and because bkxiJ
results were not always availahk fur both ease and control members
of a pair. In these analyses, nsks were adjusted for potential
confounding factors includingage (< 5 2 50), pariry (0,1-2, 's2),
religion (Jewish, non-Jewish), education (1 2 years, > 12), and
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RR relativerid :all n ili arcrelative in never eating the product or eating it
on« leu than monthly bwsti and are adjusted fur age (« 50. t V), paniy (0,
1-2. >2), education (n 12. « 12), cej oxiiracepiive» u>e (ever, nevei), i«dal
calorie Intake, and rrligmn

*p-0 W»p-(»0l.

ontl contraceptive use (never or ever). Also, total cak'nc intake was
included in the inodch to try to adjust for any general over-
reporting or under-reporting of quantities unturned.

Keaulfa

Table Ishow* clinical tuul demographic characteristics ol
all eases and commit and of those in whom quantitative
transferase was measured Age, a key matching charac-
teristic, did not differ between cases and controls. Cdses
were more likely to be Jewish, college educated, never
married, nulliparous, and never users of oral contraceptives
than controls. CCharacteristics «if the subgroup of eases and
controls in whom quantitative transferase was measured,
reflected general differences between eases and controls:
thus, there was no major bias in the selection of the group
from whom specimens were taken by venepuncture.

Table Il shows risk lor ovanan cancer associated with
regular coosumpnon of various types of dairy products
relative to never use or use less than once a momh of each
product. Risks for regular use of these products were
generally more than 1; yogurt and cottage cheese were the
only products whose regular use especially distinguished
cases from controls, Bating yogurt at lcumom e amonth was
asstxiatcd with a relative risk for ovarian cancer of 17
(p «(HII): for collage cheese tins risk was | 1 (p 0 OH)

Total lactose consumption hy all cast's and controls was
skewed right and not normally distributed ‘Hie median iutd
mean lactose- consumption for case's were 11 H und 14 H
g/day, respectively, and for controls were 110 and 133
g/day. lhesc differences were not significant. In the uj*|Hr
range of lactose consumption, 51 (22%) isises consumed
A 22 g <if lactose a day compared with 17 (Ib”..) controls
(adjusted relative risk for ovarian cancer | tp 0 (Hi, »5";,
confidence interval (1| 10-2 7).

According to the Beuiler test, 51 ()3%)«tf 15b cases h;ul a
50% reduction of transferase- activity compared with IH
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(20“0) of 91 controls (p*003). This observation,
suggesting that there was lower transferase activity in
ovarian cancer eases, prompted further srudy with the
quantitative technique for analysis of transferase activity in
145 cases and 127 controls. Transferase activity was
normally distributed in case» and conrrols: mean transferase
activity fi>rcases (21 8 jimol/h pcig 1!b) was lower than that
(22 Hjunol/h per g Mb) for control» (p - 0-0)). Ai the lower
end of the transferase disiribution, there were SH (40%)

CASES (n=)45)

35
X .
30
25
o« % .
R VA
. o o

R R

15 20 25 30

GALACTOSE

transferase

K- AlISt=RISKS It WOVARIAN «<AW K HI | At [ilM -
I"A»NSI*MI'I ION ANI> I KANSI I-RAM*ACIIV] IV

IAIUI-1V
(Vvvnbmaimn No nt \uhievii <e

1Act@» 1raitiloree
cnniumpnun activity (am KR*

(e=day) sivima bper gHb) (n- 141) in- 127i  (91V.Cl)
Nil ?22v 2¢i201  36,2* 101
sl v229 MIill 3,24 11001 22)
*1 >229 33,2i< 2« (2i> 13(06-2 71
| * 22« 111fan 27,21, 22|l 1-41)

*AU niki Me rvUluc io reference caic-gury
IRiftin» tciicfiiy
Ip = (VOS

eases compared with T5 (28%) control» with transferase
measurements below 21 pmol/h per g 1lb (adjusted relative
risk 17; p =0 04,95% CI 10-2-9). Further adjustment for
interval between specimen shipment and analysis or for year
ofanalysis did not alter this association.

Table ill shows median lactose consumption for all cases
and controls and mean transferase activity for the subset of
subjects with venepuncture specimens by various
characteristics. More lactose was consumed by controls
under 50 years old than by those older than 50 (p =0 04).
Possibly related to this age difference was the observation
that more lactose was consumed by those controls who had
used oral contraceptives than by those: who had not
[(s] 007). Other non-significant differences included
greater lactose consumption by non-Jewish compared with
Jewish controls, more educated compared with less
educated controls, and never married compared with ever
married controls. Case subjects older than 50 consumed
more lactose than older controls (p * 0 05): likewise, ease
subjects who had never used oral contraceptives consumed
more lactose than controls who had never used them
(p=-001). There were tv* significant differences in
transferase activity by demographic characteristics within
the control group fas«.» had lower transferase activity than

CONTROLS 1«'-127)

25

20

activity

{ fimol /hr/g hgb )

hi| 1—Correlation berwern Ikiom coniumption and (ranaferaM activity In ovarian cancer ca*c* and control».
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controls: this was most striking among subjects younger
than 50, among those with 3 or more children, among
non-Jewish subjects, and among ever married subjects.
There was no correlation between transferase activiry and
lactose consumption. In lig I the quadrants defined by the
control medians for transferase activity ami lactose
consumption contain dissimilar ratios of cases to controls
with an excess of cases in the quadrant itcfincil by higlu-r
lactose coiisumption and kiwer transferase aaivity. Women
with lactose consumption of >11 g/day and transferase
activiry of @22 V»nnnl/h per g Mb had a risk for ovanan
cancer of 22 (p »(HD, V&"/» ("1 1n-4-5) relative to women
with transferase activity of >22 pmol/h per g Ilb and
lactose consumption of £ 11g/day (table IV). This finding
suggested that lactose consumption and transferase aaivity,
combined as asingle variable, might be a good predictor of
risk for ovarian cancer Fig 2 shows the distribution of cases
and controls by |./T, a variable we define as the natural log
of lactose consumption by an individual <* 10) divided by
their transferase activiry When the log of laaose intake was
used, the distribution in cases and controls became normal

<0?0?040608i0t?<4 16 18 2022*

KI| i—Diairihwilon *f ih« ratio of Uclow consumption lu
transferase activity In ovarian cancer eases and controls.
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The mean (SFM) | ./T ratio loreaseswas | 17 (OlHiaiul for
cofumlswasl) QH(0 04), indioiimg that women with ovarian
ameer tended to have consumed more lactose relative to
their transferase activity than control women (p 1) iNKi5).
In table v this finding is expressed in icmis ol relative risks
adjusted for potentialumfounders. ‘1lie trend in risk by 1,/T
categories was highly significant (p <0-001).

‘fable vi shows transferase activity and 1./T ratios in
ovanan cancer cases according it» histological type or grade
of ovarian cancer. Wumcn with tumoursol’a puriiculnr cell
type or grade did not have kiwer transferase activity tw
higher I./T ratios, although the deviation from control
means for tra/tsferase and |./T was least for the
endometrioid tumours.

Discussion

lactuse, fiMind naturally t»nly in milk, is a disaccharidc
composed of galactose and glucose in equal amounts.
Infants can digest lactose hy hydrolysing it by ihc action of
the jejunal enzyme lucusc—an ability lost with age in in*isi
individuals of non T-uropcan descent  Smic aduhs retain
lactase activity and can digest lactose; but those without
lactase aaivity can still ahsorb galactose by eating products
in which the laaose has been partly hydrolysed, such as
yogurt, or by having gut bacteria that can break down
undigested lactose.™ Once absorbed, gala*, lose may be- used
in carbohydrate side chains of glycoproteins and lipids or
metabolised for ettergy hy convention k*glucose mainly by
the 1jtrikddr pathway.1l Absence or severe deficiency of
galactose-1-phosphate urjdylrransfcrasc causes galucio-
saemw." e

We huve found that women with ovarian cancer used
dairy products with a higher content of prehvdrolysed
laaose—ie, yogurt and ciritage cheese—more often than
conimr women and had k»wer conccntraiimts of a key
enzyme that converts galactose to gluc\rse. Risk lor ovarian
cancer was strongly related to (he 1JT ratio: thus, eases were
more likely to have consumed more fcictose relative I<their
ability to metabolise it than controls

These observations are compatible with the general
model of ovarian cancer as a consequence of
hypergonadotropic hypogonadism as evidenced by unimul
and cptdentKikvgieal studies.”** Ovarian tumours-
mainly stromal types—devekiped in nutoils that had
received ovarian irradiaikKm™ or oocyte toxins," *u dial had
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congenital deficiency of oocyte*.14 In mice, removal of the
piruiury gland blocks tumour development.l There is
doubt about the relevance of these animat models uftfun

However, astimulus that causes stromal tumours in rodents
may also promote a different type of ovarian neoplasm in
human beings. Human ovancs have numerous inclusion
cysts—islands of ovarian surface mcsothchum entrapped
wuhin the stroma—and most human epithelial ovarian
tumours arise from the differentlaiton and proliferation of
this entrapped epithelium.1l Hpiiitclial differentiation and
prolifrraikai depend on the presence of homologous stroma
and its hormonal receptor statu*.14 Additionally, ovarian
cancers developed in women who had received radiation for
cervical cancer or who were among atomic bomb
survivors.*-1 There is also expenmental and clinical
evidence that there is “an association of galactose
consumption and galactose metabolism with hyper-
gonadotropic hypogonadism. Female offspring of rodents
fed with a50% galactose diet are bom with fewer oocytes*
and ovulatory disturbances develop in non-pregnant
females fed on the same diet;“ hypergonadotropic
hypogonadism also occurs in gabetosaemte women or
carriers with reduced transferase.*4

We believe that the above observations provide a credible
biological basis for the associations between ovarian cancer,
increased galactose consumption, and decreased transferase
activity Nevertheless, potential hiascs must be considered.
We do not believe (hat the lower transferase activity for eases
isaccounted for by adifference in the reading or handling of
specimens: subject status was unknown to laboratory
personnel Adjustment for interval between specimen
shipment and analysis or year of specimen analysis did not
alter the risk associated with low transferase activity. It is
also noteworthy that the lower transferase activity for cases
confirmed by the quantitative test was initially suggested by
adifferent qualitative test done by a different laboratory.

Docs lower transferase activity precede ovarian cancer,
representing a possible genetic marker for increased
susceptibility, or ikxm lower transferase activity follow the
disease, representing a response to the tumour or to its
treatment? If the deficient transferase activity is a
consequence of tumour development, the lowest
measurements might be expected in cases with higher grade
tumours or perhaps in women with a particular cell type.
Neither finding was observed. Additionally, because
transferase activity is measured within the red blood cell and
not in the scrum, a tumour marker is less likely to be
identified. Our finding of lower red blood cell galactose
transferase activity should run be confused with reports of
raised scrum galactosyl transferase as a possible tumour
marker in women with ovarian cancer.’ Galactosyl
transferase, which transfers galactose to terminal
oligosaccharide chains during glycoprotein synthesis, 11 uses
the priiduct from the galactose transferase reaction: genes
that code for the two enzymes arc both located on
chromosome 9 * Thus, the possibility that raised serum
galactosyl transferase is due to the lower galactose
transferase activity and represents a related genetic marker
rather than a tumour marker should be investigated.

We do mu believe that eases preferentially recalled dairy
product use since ilsassociated with ovarian cancer has not
been previously reported. Two case-control studies of
dietary factors and ovarian cancer did not find an effect of
milk consumption on ovarian cancer risk***0 but these
studies did not examine other products such as yogurt, nor
did they calculate tolal lactose exposure. Could other factors
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associated with both ovarian cancer and lactose
consumption account for the association? The factors thai
might influence lactose consumption—ic, age, religion,
marital status, education, and oral contraceptive use—may
also be associated with risk fur ovarian cancer, and therefore
we adjusted for these factors in our analyses. Dietary factors
may also be confounders Because diets high in lactose may
also be high in animal fai, it may be difficult to state which of
these components of the diet is potentially harmful. Using
more limited dietary histories, we previously concluded that
the principal assoctaikai was with fat.” That galactose is the
harmful component rather than fat cranes from our
observation of the present study that the ability of galaciosc
consumption to predict risk for ovanan cancer is improved
when the L/T ratio is considered. Furthermore, the
principal dairy products which distinguished cases from
controls were yogurt and cottage cheese, fnbds with little fat
but high lactose Although this observation might be due to
intention to lose weight among cases, excess risk was nut
seen for use of skimmed or ice milk, which are also low fat
but lack a high content of prehydrolysed lactose.
Additionally, adjustment for weight or height did not alter
the increased risk associated with regular use of yogurt and
cottage cheese. The production of both yogurt and cottage
cheese usually starts with skimmed milk. 1-actuse is added in
the form of nonfat dried milk followed by laciobacilli which
start the fermentation process and partly hydrolyse the
lactose into its component sugars.” In yogurt, up to40% of
the lactose rs already hydrolysed so that even lactase
deficient individuals can absorb galactose.” The specific
and significant association between ovarian cancer and
yogurt consumption is noubk because its consumption in
the US has more than quadrupled since 1970.**

The issue of gastrointestinal absorption of lactose was not
addressed in this study. Generally, individuals who are
lactase deficient and cannot digest lactose have
gastrointestinal symptoms from dairy produces and avoid
them, whereas those with lactase persistence arc symptom-
free and continue to use the products throughout life. Our
observation that greater lactose consumption was most
striking for older eases may poini to a higher prevalence of
lactase persistence among women with ovarian cancer.
World wide, ovanan cancer nsk is sirungly correlated with
lactase persistence and per caput milk consumption, further
epidemiological evidence that lactose rather than fat is the
key dietary variable for ovarian cancer *

This study provides a basis for further research on
galactose consumption as an environmental factor and
galactose-1-phosphate uridyltransfcrase as a genetic factor
in the aetiology of ovanan cancer. Further human
cpidcmiokigical srudics and relevant animal experiments arc
warranted before any public health recommendations can be
made. Ifour findings arc confirmed, however, avoidance of
lactose-rich food by adults may be a way of primary
prevention of ovarian cancer, particularly in those women
with low transferase activity.
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PREIX)MINANCE OF BOKKELIA
BURGDORFERI SPECIFIC HC:ELLS IN
CEREBROSPINAL R.UID IN
NEUROBOKREUOSIS
Shahid Bau; Tomas Oisson

HansLink

Otparimrni of blturvlogy, Koritinuka jmntuiet, Hu-Llu*r
Umveruiy Hoiptnil, S-141 A6 fimUitigt, Stockholm, Suxdt’i

A niimccliukisc immuiu«poi assay that
allows the aninting of culls secreting 19G,
IgA, nr IgM antibodies to Borrtlia burgtLrrftri was used to
compare B cell response lo B burgdorferi ai the cellular level
in cerebrospinal fluid (("SK) and blood from patients with
ncuroboneliosis with that in patients with aseptic
meningoencephalitis ~ (AM)  or  non-inflammatory
neurological diseases. 13 of the 14 patients with untreated
ncuroborreliosis had CSF cells secreting 1gG antibodies to
B burgdorferi (mean 17 cells per 104CSF cells), whereas 8 of
12 pabents examined had cells secreting IgA antibodies
(mean 6 cells) and 10 of 12 had ceils secreting IgM
antibodies (mean 6 cells) per 104 CSF cell». 1gG antibody
producing cells predominated except in 2 patients with
mainly or only IgM secreting cells. Cells scctcling
antibodies to B burgdorferi were rarely found in the Mood
and then at very low numbers, which reflects preferential
compartmentalisa!ton of the specific H ceil response to the
CSF. The cells were not detectable in CSF or blood from
the two control groups. Evaluation of humoral immunity at
the cellular level is a novel approach to the detection and
localisation of immune events in neuroinnanimatory
disorders.

Summary

Introduction

Lym1 disease may cause mcningoradiculiiis, meningitis,
or neuritis of one or more cranial nerves.11 .css frequently,
there is clinical evidence of neuronal lesions in the central
nervous system (CNS).2C.crebrospinal fluid (CSF) findings
characteristically consist of mononuclear pleocytosis and
blood-brain barrier (BHB) damage (both of which may be
pronounced), and evidence of central nervous system
synthesis of 1gG, 1gA, and especially IgM *4 A history of
hefc-bite and of erythema migrans may point to the
diagnosis, which is usually verified by demonstration of 1gG
and IgM antibodies against Borrelm burgdorferi in scrum,
but sometimes in CSF’only.*

Since levels of specific antibodies present in free form in
body fluids such as the CSF may be influentcd by a variety
of factors, including binding to target antigens and altered
antibody catabolism, we have proposed that counting of
cells secreting specific antibodies of different ismypes might
reflect the B cell response.*”

Patient* and Methods

Paired »pecimen» of CiSF nod peripheral Wi»d were obtained
from 14 consecutive patients (9 females) with elimuil and CSF
findings (table 1) that suggested neuroborrcIR’kix 11 pauenis had
serological evidence in the scrum and CSF of B burgdorferi
infection, and 3had such evidence in die C.SF only. Mn>i patient*
had prorkunccd mononuclear plcoeyi<>sis m the CbF, and <«ly 1
had ac sF cell i»unt which waxborderline Albuminand 1gG were
measured in CSF and the uirresponding plasma »ample by
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Epidemiology, etiology, and fertility drugs in ovarian epithelial

carcinoma: Where are we today?

M 35

Zeev Shoham, MJD.*

Department of Obetetnc* and Gynecology, Kaplan fjoepitai, Rahovat™ Itraeft

Objective! To review studies that have examined the epidemiology and etiology of the develop-
ment of epithelial carcinoma of the ovary.

Data ldentification: Important published studies related to the topic were identified through a
computerized bibliography search.

Conclusion: A review of the literature reveals that the etiology of epithelial ovarian cancer is
probably multifactorial and that genetic, environmental, hormonal, and viral factors appear to be
directly or indirectly related to the development of the disease. An attempt to implicate specific
agents has not produced conclusive results. However, based on large epidemiologic studies, it seems
that there is a clear trend of decreasing risk with increasing number of pregnancies, deliveries, use
of oral contraceptives, and the duration of breast feeding. An increased risk was found to be asso-
ciated with ovarian dysfunction leading to infertility and exposure to asbestos and talc. The recent
observation that infertile women who used fertility drugs might experience an increased risk for the
development of epithelial ovarian cancer should be examined very carefully because of the small
number of patients in the study, lack of appropriate information about the type of infertility, drugs
used, dosage, and duration of treatment. Because there are no screening tests that are consistently
accurate enough to detect ovarian cancer at an early stage, translating the current information into
disease prevention requires careful clinical evaluation with a routine follow-up of patients at
risk. Fertil Steril 1994;62:433-43

Key Words: Epithelial ovarian cancer, infertility, oral contraceptives, breast feeding, preg-

nancy, fertility drugs, asbestos

Ovarian cancer is the sixth moat common malig-
nancy in women in the United States (1). The mor-
tality for ovarian cancer in Northwestern Europe
and the United States is approximately 7.3 to 13 per
100,000 women, making ovarian cancer the most
frequent cause of death from gynecologic malig-
nancies and the fifth leading cause of death from
cancer in women (2).

The cells of origin of ovarian epithelial cancer in
human beings, which comprises some 94% of cases
ofovarian cancer in the United States (3), are gener-
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ally agreed to be from the surface epithelium of the
"vary (4-6). Inthe adult, the ovarian surface epithe-
lium arises after invagination of the coelomic mé-
sothélium cover of the embryonic gonadal ridge and
consists of cuboidal to low columnar pseudostrati-
fled epithelium (7). This mésothélial layer is set off
from the hormonally active stroma by a basement
membrane and a thin connective tissue layer, ho-
mologous to the tunica albuginea of the testis (8).
The age-specific incidence rate increases from
2/100,000 for women in their 20s to 55/100,000 at
the age of 70 (1). From reports by Barber (9) and
Coppleson (10), it can be estimated that approxi-
mately 1 out of 424 women will experience ovarian
cancer before age 40, and, according to the Third
National Cancer Survey, it is predicted that 1 of
every 70 newborn females will eventually have this
disease (1). The reported incidence of ovarian
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cancer during pregnancy varies from 1in 6,429 (11)
to 1in 25,000 (12). In our experience the incidence
was 1in 47,115 deliveries (13) consideringthe rarity
of such events during gestation.

Ovarian cancer typically remains clinically silent
until it is far advanced; morbidity and death are
generally sequela of intraperitoneal carcinomato-
sis. Therefore, epidemiologic studies of ovarian
cancer have attempted to identify risk factors that
might help define groups of women at unusually
high risk as it has become clear that improved pre-
vention and detection ofthese groups ofwomen are
necessary.

Attempts to implicate specific agents in the etiol-
ogy of human ovarian cancer have not produced
conclusive results, and review of the literature re-
veals that there is currently no evidence to impli-
cate any single étiologie factor and that genetic, en-
vironmental, hormonal, and viral factors appear to
be directly or indirectly related to the disease.

Recently, in a series of publications by Whitte-
more et aL (14-16), the authors described findings
for invasive epithelial tumors in white women
based on a collaborative analysis of data from 12
case-control studies of ovarian cancer conducted in
the United States. Accumulating data from 3 (17-
19) out ofthe 12 studies, an increased risk for inva-
sive epithelial ovarian cancer was found in women
who used fertility drugs. By contrast, infertile
women who did not use fertility drugs experienced
no increased risk. This new epidemiologic associa-
tion between fertility drugs and ovarian cancer
raised much discussion, because, if verified, it could
have far-reaching implications for current clinical
treatment as well as public health.

As a result of the discussion and disagreement
with the results of Whittemore et aL (15), it was
found appropriate to review the current literature
regarding the different epidemiologic risk factors
and the suggested mechanisms for the development
of ovarian epithelial cancer, as well as to summarize
the new epidemiologic results and the comments to
these findings, as discussed in the literature.

EPIDEMIOLOGIC FACTORS AND
MECHANISMS OF ACTION

The events leading to malignant transformation
and progression of ovarian cells are not known. It is
likely that multiple events are necessary for trans-
formation. In the present state of knowledge, it ap-
pears that the etiology of ovarian cancer is multifac-

434 Shohmm PathoMtrmu of ovarian carterr

toriaL Attempts to implicate specific agents in thé
etiology of human ovarian cancer have not J'~
duced conclusive results. Epidemiologic and ei
logic studies have identified a group of risk factors
that appears to be directly or indirectly related to
human ovarian cancer. These factors can be
grouped into three main categories: genetic, envi-
ronmental, and hormonal.

The Genetic Hypothesis

The occurrence of familial ovarian cancer has
been increasingly recognized (20-23), emphasizing
the étiologie influence of genetic factors in a pro-
portion of cases. Familial ovarian carcinoma is
transmitted as an autosomal dominant trait (20).
After analysis of 10 families in which 25 women
developed ovarian cancer over three or four genera-
tions, Lynch et aL (24, 25) concluded that the dis-
ease is heterogeneous, with at least three genotypes
predisposing to distinctive hereditary syndromes:
[1] site-specific familial ovarian cancer syndrome,
where women in these families are at risk of devel-
oping ovarian cancer only; [2] ovarian carcinoma in
association with carcinoma of the breast (26, 27),
where a woman may have 50% risk for ovarian
cancer if her mother or sister had breast cancer
and/or ovarian cancer; and [3] cancer family
drome (Lynchsyndrome Il), characterized by her™-
itary nonpolyposis colorectal cancer with proximal
colonic cancer predominance, endometrial cancer,
and ovarian carcinoma (28, 29). Consistent with
autosomal dominant inheritance factor, the risk for
ovarian cancer among first degree relatives may be
as high as 50% in these families.

These syndromes are characterized by signifi-
cantly early age at onset and an excess of multiple
primary cancers. A review paper by Hientz et aL (2)
summarizes 140 families who have been reported
with familial ovarian cancer. Out of the 140 fami-
lies, 94 were reported by the Familial Ovarian
Cancer Registry (21). In these reported studies, in
131 families, 321 women developed ovarian cancer
the number of observed generations varies from two
to four per family. A tendency toward earlier onset,
with a mean age of 47.7 years compared with 59
years for epithelial ovarian cancer in the general
population (30), was noted. In addition, a predomi-
nance of a serous type of tumor with a trend toward
more poorly differentiated adenocarcinomas and a
high proportion of bilateral disease was described.
The hereditary phenomena in these families is con-
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sistent with an autosomal dominant gene with vari-
able penetration, transmitted through man or
woman (24, 25, 30, 31). The Familial Ovarian
Cancer Registry, which was established at Roswell
Park Cancer Institute in 1981, assessed through
December 19901,336 cases of ovarian cancer in 587
families (32), which made it clear that familial
ovarian cancer is not a ran occurrence.

The exact pathogenesis of these syndromes is not
understood. Three theoretical explanations are pos-
sible (24): [1] different genetic susceptibility of
ovarian tiseus to carcinogenic influences, [2] a ge-
netic defect that induces a hormonal imbalance
that may be potentially carcinogenic, and [3] a ge-
netic defect causing an altered immunologic re-
sponse resulting in ovarian cancer.

The most reproducible and specific structural
changes in ovarian cancer are short-arm deletions
of chromosome 3 (del[3][p21-pl3]) and long-arm
deletions of chromosome 6 (del(6][gl5-p23]) (33).
Similar abnormalities of both chromosomes have
been seen in several other malignancies, with
breakpoints clustering near the locations of some
oncogenes (33).

Variable number tandem repeat probes were used
to analyze DNA from a bank of over 50 primary
ovarian tumors and peripheral blood lymphocyte
matched control DNA. Allele loss was seen on the
long arm of chromosome 17 in over 80% of malig-
nant ovarian neoplasms (34). The finding of sub-
stantial allele loss on 17p has been confirmed by
others (35). Mapping of the short arm of chromo-
some 11 identified allele lose in 45% of patients. It
can be speculated that allele loss on chromosome 11
may represent deletion of tumor-suppressor genes
(36), which appear to inhibit cellular expression of
the transformed phenotype (37,38), contributing to
the development and progression of ovarian cancer.
Crickard et al. (39) reported two patients with bor-
derline serous tumors illustrating trisomy of chro-
mosome 2,7 and 10. Trisomy of chromosome 10 was
also found in five of six serous borderline tumors in
comparison with normal karyotypes seen in 18 be-
nign cystadenomas (40).

Epidemiologic evidence raises the possibility of
defective cellular repair after ovulation as a major
risk factor in ovarian cancer. The molecular evi-
dence suggests that this repetitive proliferation al-
lows promotion of cells already bearing allele loss,
and, by inference, those carrying inactivated tu-
mor-suppressor genes will lead to uncontrolled cell
division and malignant transformation.
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Support for the genetic hypothesis was given by
the observation of decreased serum activity of a-L-
fucosidase in the serum of ovarian cancer patients
(41). This observation, along with the report that
womenwith ovarian cancer may possess allelesthat
lead to a deficiency of a-L-fucosidaae activity (41),
suggests that the enzyme deficiency may be heredi-
tary and associated with an increased risk for the
development of ovarian cancer. If the current
knowledge of the genetic epidemiology and mecha-
nism of pathogenesis are to be translated into dis-
ease prevention, more attention and effort should
be invested into the identification of women at ge-
netic risk.

Environmental Factors and Carcinogens

The fact that the highest incidence of ovarian
cancer is found in industrialized countries suggests
a relationship between this tumor and environmen-
tal factors associated with industrial chemicals and
diet. This hypothesis has been strengthened by the
observation that the incidence of ovarian cancer in
Japanese women who were born in Japan and emi-
grated to the United States increased (1, 42, 43).
Epidemiologic, experimental, and clinical data
seem to focus on a possible relationship between
ovarian cancer and materials of the talc-asbestos
group (hydrous magnesium silicates) (44-49). The
dear relationship between asbestos exposure and
pleural and peritoneal mesotheliomas, the similar-
ity ofovarian cancer to mesotheliomas, and the abil-
ity oftalc to enter the pelvic cavity are in support of
this theory.

Graham and Graham (47) found particles similar
to talc in ovaries with ovarian carcinoma. They also
were able to induce ovarian neoplasms in Guinea
pigs with asbestos, which suggested that ovarian
cancer could be related to ashestos exposure. Ne-
whouse et al. (50) found a slightly elevated fre-
guency of ovarian carcinoma in female asbestos
workers. Cramer et al. (44) found that 42.8% of
ovarian cancer patients regularly used talc powder
in the perineal area, either as a dusting powder on
the perineum or on sanitary napkins, in contrast to
28.4% of a control, yielding a relative risk (RR) of
1.92 (P < 0.003) for developing the disease. In addi-
tion to this, women who had regularly engaged
in both practices, powdering the perineum and
sanitary napkins, had an adjusted RR of 3.28
(P <0.001) compared with women with neither ex-
posure.
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It has been suggested that cosmetic talc powder
(46) on a dusty contraceptive diaphragm can enter
the vagina and comes in contact with the ovaries
after passage through the uterus and fallopian
tubes (51). That this route ofcontamination is feasi-
ble was shown in 1961 by Egii and Newton (52)
using carbon particles and in 1981 by Venter (53)
using labeled human albumin microspheres. If ex-
posure to talc on contraceptive devices is associated
with increased risk of ovarian cancer, then observa-
tions of decreased risk among parous, lactating, or
pill-using women may somewhat reflect their non-
usage of such methods.

The *“pelvic contamination” theory proposed
that environmental carcinogens might ascend the
genital tract and act upon the surface of the ovary
(51). Talc has been proposed as one such substance
(44, 46) as it was suggested that the talc (perhaps
contaminated with asbestos) alters the responsive-
ness of the ovarian epithelium, which ultimately
proliferates autonomously.

In an experimental model, in mice, ovarian tu-
mor was induced by administering carcinogenic
polycyclicaromatic hydrocarbons, like 7,12-dimeth-
yibenzfajanthracene (54), which undergoes hor-
mone-dependent metabolism to reactive interme-
diates in the rat ovary (55). It was also shown
that monooxygenase activity in proliferating hu-
man granulosa cells caused 7,12-dimethylbenz[a]-
anthracene to metabolize under the influence of go-
nadotropins and raised steroid concentrations (56).
Uniting the above observations into a theory, it
might be suggested that when granulosa cells are
in the phase of rapid growth under gonadotropin
and estrogen stimulation, microsomal cytochrome
P450-dependent hydroxylase systems convert
7,12-dimethylbenz(aJanthracene to reactive epox-
ide intermediates, forming covalent linkages to
protein DNAthat may induce follicular cell destruc-
tion or transformation to a cancer cell (56).

One of the major dietary differences among peo-
ple in industrialized countries is the high intake of
meat and animal fat, which has been reported to be
associated with an increase ofovarian cancer in sev-
eral studies (57, 58). Using published data, largely
from the 1970s, Cramer (59) compared ovarian
cancer incidence, per capita milk consumption, and
population estimates of lactase persistence in 27
countries. (A nutrient that distinguishes milk prod-
ucts is lactose, a disaccharide composed of galac-
tose. The ability to digest lactose after childhood,
called lactase persistence, varies widely geographi-

436 9hoham Pathoittntau of ovarian cancrr

cally and racially.) Significant positive correlations .
were noted between ovarian cancer incidence, p*'
capita milk consumption, and lactase persiste!

In 1989, Cramer et al. (60) proposed that increased
dietary galactose consumption and low serum levels
of galactoee-1-phosphate uridyltransferase, which
prevents the degradation of galactose to glucose,
may be linked to an increase of ovarian cancer.

To explore the possible importance of the animal
Cat content of milk in milk-ovarian cancer associa-
tion, a case-control study of 303 ovarian cancer cases
and 606 age-matched nonmalignant-diaeaae con-
trols sean between 1982 and 1988 was performed
(61). Total frequency of usual milk intake was not
associated with increased risk. Usually drinking
more than one glass of whole milk daily relative to
never drinking whole milk was associated with a RK
0f 3.1 (96% confidence interval [Cl] 1.8 t0 5.5). Con-
sumption of reduced-fat milk was associated with
reduced RR. Among persons who reported drinking
milk regularly, persons reporting drinking only
whole milk were at increased risk (RR * 2.6,95% ClI
1.7 to 4.0) relative to persons who drank only skim
milk or 2% milk. Therefore, it.was suggested that
milk is related to ovarian cancer when it is the vehi-
cle for animal fat consumption (61).

Hor mones sad Related Condition*

Because it was noted that women with ovanan
cancer had an increased incidence of nulliparity,
lower rate of pregnancies, increased incidence of
miscarriage, and high rate of infertility, it was sug-
gestedthat malignancies ofthe ovary, especially epi-
thelial carcinoma, are caused by endocrine and
physiological disorders associated with ovulation
that impairs the ability to conceive. According to
this theory, pregnancy, oral contraception, and lac-
tation, all of which suppress ovulation, protect
against ovarian cancer. In this section, the associa-
tion between conditions that suppress ovulation are
reviewed along with other conditions associated
with infertility.

Parity

Many studies have shown that pregnancy confers
a high degree of protection against the development
of ovarian cancer compared with nulliparous
women (50, 62-68). Most of the authors agree that
protection increases with the increasing number of
term pregnancies (50, 63,66-68). A pooled analysis
ofthree European case-control studies (69), provid-
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ing a total database of 1,140 cases and 2,724 con-
trols, shows that the risk for developing ovarian
cancer decreases with increasing number of births,
and the trend in risk was significant (P <0.01). In
comparison with nulliparous women, those who re-
ported four or more births had a 40% reduction in
risk ofovarian cancer (RR 0f0.6,95% Cl0.4t0 0.8).

In each study, as well as in the overall database,
an inverse association between the number ofabor-
tions and ovarian cancer was noted. The estimated
RR for those who experienced two or more abor-
tions was 0.7 (96% CI 0.6 to 0.9). This study also
presents data regarding the protective effects of
full-term pregnancy upon the age at which ovarian
cancer occurs. An estimated RR of 1.4 (95% CI 1.1
to 1.7) was found for age 35 or more at first birth
compared with age 25 or less. The high risk of first
delivery at age 35 is comparable in this study to the
RR of nulliparous women. The influence of age at
the time of delivery and the association of ovarian
cancer received support from the study by La Vec-
chia et aL (70). In their study late age at first birth
was associated with increased risk in comparison
with those who had a child before the age of 22
years. The RR for those who first gave birth at age
22 to 24,25 to 27, and 28 or more were 2.7,3.2, and
4.0, respectively. Comparable results were found in
a large prospective study in Norway (71). The risk
for ovarian cancer decreased significantly with in-
creasing parity. A parity of one or two was found to
be linked with a risk reduction of 10% to 20%. The
estimated odd ratio for women with five or more
births compared with one was 0.46.

Lactation

There is no consensus in the literature regarding
the association between breastfeeding and ovarian
cancer, but the majority of studies observed a de-
creasing risk. Four studies found no association (18,
67, 72, 73). In another study, a 50% reduction risk
was found in association with a history of lactation
(74), and in others, lactation was found to be a pro-
tective factor (15, 17, 19, 75, 76). Based on the re-
cent studies by Whittemore et al. (15, 16), each
month of breastfeeding was associated with an
overall risk reduction 0f0.99 (P < 0.01). It was also
noted that the risk reduction per month of breast-
feeding within 6 months of delivery exceeds that for
subsequent breastfeeding.

Birth Control Pill

The hypothesis that the use of an oral contracep-
tive (OC) reduces the risk of epithelial ovarian
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cancer has been consistenly supported (50, 64, 66,
76-78). The risk of epithelial ovarian cancer in re-
lation to the uae of OCs was evaluated in several
case-control study (50, 66, 76).

Detailed analysis by Weiss et aL (76) revealed a
significantly decreased risk for ovarian cancer at
age 35 to 55, especially if OCs had been used for
more than 3 yearn. A case-control study by Cramer
et aL (79) of 144 white women under the age of 60
who had ovarian cancer and 139 white women
under 60 who were selected from the general popula-
tion revealed a decreased risk for ovarian cancer
associated with the use of OCs in subjects 40 to 59
years of age at the time of the study. The RR ad-
justed for parity waa 0.11, with 95% confidence lim-
its 0f 0.04 to 0.33 (P < 0.00001).

In a case-control study reported by tbe Centers
for Disease Control (80) regarding cancer and ste-
roid hormones, the major finding was that women
who had ever used OCs had a significantly lower
risk of ovarian cancer. The decrease in risk was di-
rectly related to the duration of OC use. After a
minimum of 3 months, the RR declined from 1.0 to
0.6, and it declined further to 0.4 for women who
used OCs for more than 5 years.

In a report (75) that evaluated the results of data
gathered from a case-control study of 546 women 20
to 54 years of age with ovarian cancer and 4,228
controls, it was found that women who had used
OCs had a risk for epithelial ovarian cancer of 0.6
(95% CL 0.5t0 0.7) as compared with those who had
never used them. This protective effect was seen in
women who had used OCs for as little as 3 to 6
months, and it continued for 15 years after OCs
were stopped. Furthermore, the results indicated
that the use of OCs even for a few months reduced
the risk of epithelial ovarian cancer by 40% for
women 20 to 54 years of age. The effect probably
takes 5 to 10 years to become apparent, but it per-
sists long after the use of OCs ends, and protection
exists regardless of the drug combination used for
contraception. Looking at the association between
nulliparous women who usually are located in a
high risk group revealed low risk for developing the
disease after the uae of OCs. Their risk for develop-
ing the disease was even lower than that for parous
women. A protective effect of OCs among nullipa-
rous women also was found by Rosenberg et al. (77)
and Cramer et al. (79) but only in very small sam-
ples.

Gwinn et ai (81) estimated the effects of cumula-
tive months of pregnancy, breastfeeding, and OC
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use on the risk of developing epithelial ovarian
cancer, following the hypothesis that all three con*
ditions cause cessation ofovulation. They used data
from the Cancer and Steroid Hormone Study, a
multicenter case control study. Estimated RR of
epithelial ovarian cancerwas 0.6 (96% CI1 0.5t0 0.8)
for women who had been pregnant, 0.6 (96% CI1 0.5
to 0.8) for women who had breast fed, and 0.5 (95%
Cl10.5t0 0.7) forwomen who had used OCs. Logistic
regression analysis revealed a strong trend in de-
creasing risk of epithelial ovarian cancer with in*
creasing cumulative months of pregnancy. In con-
trast, a marked reduction in risk was associated
with having breast fed or used OCs, whereas the
decrease in risk from additional months of either of
these exposures was less than that for pregnancy.

Possible Mechanisms ofPathogenesis. Several hy-
potheses to explain the mechanism of this biologi-
cal action have emerged. This is based on epidemio-
logic observations that increased parity, use of
contraceptive pill, and breastfeeding, the three ma-
jor causes of anovulation during reproductive life,
and to a lesser degree repeated miscarriage, early
onset of menopause, and late menarche give some
protection (50, 67, 75, 77, 79, 82-85) against the
development of ovarian cancer.

Fathalla (86) was the first to suggest that the key
step in the pathogenesis ofepithelial ovarian cancer
is the disruption of the ovarian epithelium, occur-
ring at the time of ovulation, leading to malignant
transformation, named the “incessant ovulation”
theory. Further support for the ovulation theory
came from studies showing that in the absence of
ovulation, before puberty, and in patients with go-
nadal dysgenesis, ovarian neoplasms of surface
epithelial origin are extremely rare, whereas germ-
cell and mesenchymal tumors occasionally arise
(87, 88). Zajicek (89) have further hypothesized
that epithelial tumors of the ovary may arise as a
result of epithelial inclusions of the surface epithe-
lium of the ovary, which frequently occur after ovu-
lation. Pathologic review of the epithelial inclusion
cysts found in the ovary at autopsy suggests that,
after follicular rupture, the follicular cavity can be-
come lined with epithelium from the ovarian sur-
face, from the fallopian tubes, or from the endome-
trium (90).

Cramer and Welch (8) have tried to unite the
different etiologic factors into a model of tumoro-
genesis that attempts to reconcile the existing epi-
demiologic and pathologic data regarding ovarian
cancer. According to this model, the first step to-
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ward malignant growth is the formation of an in-
clusion cyst by entrapment or invagination of sur-
face epithelium in the ovarian stroma, disruptin.
the connective tissue that separates the surface epi-
thelium from the ovarian cortex and allowing the
cells to be in close proximity to steroid producing
cells. This most probably occurs as a sequela of
ovulationorindirectstimulation through inflamma-
tion due to chemical irritants or carcinogens.

The second step is direct or indirect stimulation
of the included epithelium by extragiandular or in-
traglandular estrogen, growth factors, follicular
fluid, or gonadotropins resulting in differentiation,
proliferation, and sometimes malignant transfor-
mation. However, the final stimulus to malignant
transformation remains unknown.

Support for the incessant ovulation hypothesis
comes from studies looking at the side of ovulation
that has been found to occur significantly more of-
ten in the right ovary (65%). In a study performed
by Potashnik et aL (91), 64% of ovulations were
detected in the right ovary (P < 0.01). Based on this
observation, Cruickshank (92) raised the hypothe-
sis that ovarian cancer should be found more fre-
quently in the right ovary. In a study of women with
epithelial ovarian cancer in Scotland, he found sig-
nificantly more tumors on the right side than on t* *
left (59% vs. 41%), the 96% CI for tumors on i
right being 51% to 67%. However, an important ob-
servation of this study is that 60% of the patients
with left-side tumors presented with disease at an
earlier stage, in contrast to 58% of those with right-
side tumor, who presented with disease at a later
stage.

Going further with the assumption that forma-
tion of inclusion cysts is the mechanism through
which frequent ovulation leads to increased risk of
ovarian cancer, one might expect to find more ger-
minal inclusion cysts in women with ovarian
cancer. However, in a study done by Westhoffet al.
(93), the authors counted the germinal inclusion
cysts in a single slide of sections from ovaries of 148
women who underwent incidental oophorectomy
and from contralateral ovaries of 37 women with
unilateral ovarian cancer. The mean number of
germinal inclusion cysts was 2.7 for cases and 3.6
for controls. Conditional logistic regression analy-
sis showed that germinal inclusion cysts were not
associated with ovarian cancer (odds ratio - 0.98,
95% C1 0.92 to 1.04). These findings do not support
the hypothesis that increased formation of inclu-
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aion cysts par se is a risk factor for the development
of ovarian cancer.

A hypergonadotropic state baa also been enter-
tained as a possible component in the etiology of
epithelial ovarian cancer (94). It is also well estab-
lished that some of the protective effects against
ovarian cancer are associated with suppressed go-
nadotropin concentration. Among these are preg-
nancy, use of OCs, and lactation. Evidence that go-
nadotropin may be involved in ovarian neoplasia is
indirect. In general, gonadotropin levels, particu-
larly FSH, increase gradually with age, peak in the
immediate postmenopausal years, and decline in
the oldest age groups (95, 96). This pattern corre-
lates with the age-specific rates of ovarian cancer
(94), although the peak in incidence is some 15to 20
years after the peak in gonadotropin levels. Support
for the gonadotropin theory can be implied from
experimental ovarian tumorogenesis. McGowan
and Davis (97) have observed that after intras-
plenic ovarian transplant, tumors developed be-
cause of increased pituitary gonadotropin secre-
tion, resulting from hepatic inactivation ofestrogen
in the venous blood before it could exert feedback
on the pituitary (98, 99). However, these tumors
generally originated from the stromal cells of the
ovary and do not duplicate the complex epithelial
patterns observed in human ovarian tumors (100).

There are several physiological conditions that
can cause hypersecretion of gonadotropins early in
life and therefore might be expected to increase the
risk of ovarian cancer. Among these are premature
ovarian failure and postradiation state. Pelvic irra-
diation sufficient to cause menopause may be
linked to ovarian cancer. However, several recent
studies have found a nonsignificant excess of
women with ovarian cancer who had prior irradia-
tion (18, 65, 101).

Viruses, particularly the mumps virus, may be a
cause of premature ovarian failure and hypergona-
dotropic state. However, a case-control study of
ovarian cancer found that patients were less likely
to recall a history of mumps parotitis than were
the controls, suggesting a protective effect of
mumps (73).

It was also observed that during lactation, FSH
rises and values remain elevated until the return of
ovarian estrogenic function. Therefore, it might be
expected that breastfeeding will increase the risk of
the disease. Yet, the data show reduced risk asso-
ciated with breast feeding (16).

In addition to the above information and along
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with the abovementioned hypothesis, women using
noncontracsptive estrogens would also be at lower
risk of ovarian cancer, because exogenous estrogen
administration is known to decrease gonadotropin
concentration (102-104). However, the available
data reveal no effect of hormone replacement ther-
apy on ovarian carcinoma risk (2, 24, 28, 29, 105).

It is postulated that gonadotropin receptors on
the surfoce oftarget cells regulate cellular processes
by transducing the binding event into the forma-
tion of the intracellular messenger, cyclic adeno-
sine monophosphate (106). This process is accom-
plished by receptor-coupled activation of adenylate
cyclase in the plasma membrane. The data of
Graves et aL (107) suggest that ovarian cancer cells
maintain*” a functional nucleotide regulatory pro-
tein-adenylate cyclase unit reminiscent of normal
cells. As such, failure of gonadotropins to stimulate
adenylate cyclase may be due to a lack ofgonadotro-
pin receptors or an error in receptor activation of
the nucleotide protein. In the Graves et aL (107)
study, none of the ovarian tumors classified as epi-
thelial, whether well differentiated or not, exhib-
ited gonadotropin-responsive adenylate cyclase.

The epithelial tumors are morphologically analo-
gous to epithelia of various portions of the muller-
ian tract, for example, the fallopian tube, endocer-
vix, and endometrium (108). It is not surprising,
therefore, that the epithelial tumors are gonadotro-
pin insensitive, because the normal tissue ana-
logues have not been considered targets for these
hormones. The absence of a gonadotropin-respon-
sive system in epithelial tumors (107) suggests that
the most common type of ovarian cancer is not a
target tissue for gonadotropin. The ability or inabil-
ity to bind gonadotropin does not establish defini-
tively that a tissue is responsive or insensitive to
these hormones. Another study (109) trying to eval-
uate the incidence and localization of specific go-
nadotropin binding in the various types of ovarian
tumors, with both the biochemical binding study
and surface-binding autoradiography, demon-
strated that none of the 11 epithelial malignant
ovarian tumors examined contained the binding
sites for gonadotropins. As such, due to the various
inconsistencies, the contribution ofpituitary gonad-
otropins to the etiology of cancer of the human
ovary remains poorly supported at present (110—
112).

Mechanism* of Protection. The proposed biologi-
cal mechanism of protective effect for pregnancy,
contraceptive pill, and lactation involves suppres-
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sion of ovulation (16, 83, 86) or alterations in the
production of pituitary gonadotropins (94). The
hypothesis has been supported by the studies of Ca-
sagrande et aL (66), Hildreth et aL (67), and Fran-
ceschi et aL (68), who showed that the index of
“ovulation years,” the total time of exposure to
ovulation, also contributed significantly to the risk
of ovarian cancer. However, this observation was
not confirmed in a study conducted by Gwinn et aL
(81), who compared the month by month effect of
pregnancy, use of contraceptive pilL and breast-
feeding on risk of ovarian cancer. These authors
noticed that equal months of exposure do not neces-
sarily result in equal periods of anovulation.

If suppression of ovulation was the single under-
lying protective mechanism, one would expect a
given period ofa particular exposure to produce the
same reduction in risk, regardless of previous expo-
sure. This was not the result in the Gwinn et aL (81)
study as it was suggested that each month of preg-
nancy was associated with a 2.6% reduction in the
estimated relative risk, each month of breastfeed-
ing reduced risk by 2.4%, whereas each month of
OC use reduced it by 0.8%. The observation that
anovulation due to pregnancy is more protective
than anovulation due to the use of OC (15,81) indi-
cates that aspects of ovarian function and suppres-
sion other than ovulation may be more relevant to
the risk of ovarian cancer. This notion is also sup-
ported by the estimation that a woman who had one
pregnahcy and breast fed may have skipped approx-
imately 3% of the ovulations that would have oc-
curred if she had never been pregnant. However, a
single pregnancy is associated with a reduction in
incidence by approximately one half (113).

Another theory involves the speculation that
pregnancy may induce changes in the pituitary
gland that in some way permanently altered the se-
cretion of gonadotropins that stimulate the ovary.
It was shown that pregnancy induces anatomical
changes in the pituitary, which seem to correlate
with the number of previous pregnancies (114). It
was also known that the protective effect increases
with increasing parity (2, 115). However, the risk
reduction among parous associated with each term
pregnancy declined with age. which contradicts the
notion that pregnancy induces permanent changes
that continue to reduce ovarian cancer risk
throughout life (16).

One other possible interpretation would be that
the endocrinologic status after pregnancy and the
use of contraceptive pill protects against ovarian
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cancer and the lack of that protection makes infer-
tile women at high risk for ovarian cancer. It was
observed that one of the hormonal effects of child
bearing is the sustained rise in the concentration of
sex hormone-binding globulin after pregnancy
(113). Hormonal contraceptive regimens induce a
similar effect. This may explain benefits extending
beyond the period of hormonal consumption.

Local Hormone Production as a Mechanism of
Proliferation. There is some evidence suggesting
that hormones can cause differentiation and prolif-
eration of the surface endometrium. Henderson et
aL (116) recently stated that “neoplasia is the con-
sequence of excessive hormonal stimulation of a
particular target organ, the normal growth of which
is under hormonal controL” Estrogen increases
granulosa cell proliferation, and hence the fre-
quency of mitotic activity may lead to malignant
phenotypes (116,117). It is known that the surface
epithelium of the ovary can differentiate into endo-
salpingeaL endometrial, and endocervical-like epi-
thelium (118). It is likely that this differentiation is
mediated through estrogen and/or progesterone
sensitivity of the ovarian surface epithelium. Cyto-
plasmic receptors for estrogen and progesterone
have been found in most benign and malignant
ovarian tumors (119-121).

Support evidence for this proposed mechanis*
was found in an animal experimental model. Thv
earliest report, in 1962, concerned eight female dogs
treated with stilbestrol (122). Within 19 months,
ovarian carcinoma had developed in six dogs. It was
also demonstrated that cell cultures from in situ
ovarian cancer tissue secreted estrogen and/or pro-
gesterone and that this secretion was regulated by
cyclic adenosine monophosphate in the majority of
cultures and by hCG and FSH in approximately
30% of the cultures (123). In addition, cultured
ovarian cancer cells from an omental metastasis
continued to produce estrogen, indicating that FSH
and hCG have time- and dose-related positive ef-
fects on cell division in ceils from metastatic ovar-
ian carcinoma (124). However, because epidemio-
logic data found a decreased risk for epithelial
ovarian cancer with the use of estrogen in the pre-
menopausal or postmenopausal period (125), it
might be possible to speculate that gonadotropins
promote ovarian cancer cell growth in vivo under
conditions where ovarian estrogen secretion is
drastically decreased or virtually niL However, the
epidemiologic observation that estrogen replace-
ment therapy reduces risk for the development of
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epithelial ovarian cancer waa not supported by
others (16).

Recently, a new family of low-molecular-weight
peptide growth factors has been described (126).
These growth factors are secreted by normal tis-
sues, and they act to regulate growth in the local
environment in which they are produced. Accord-
ing to this hypothesis, constitutive growth factor
production would permit autonomous growth of
cancer cells.

It was shown that growth of ovarian epithelial
cells, in vitro, is greatly enhanced by the presence
of hydrocortisone and epidermal growth factor
(EGF), suggesting that specific growth factors can
stimulate epithelial proliferation. It is hypothesized
that such factors may promote repair of postovula-
tory defects in the ovarian epithelium. This hy-
pothesis received some support from the observa-
tion that some virally transformed cells produced
growth factors and did not require exogenous
growth factors in culture (127-131). The observa-
tion that rabbit ovarian follicular fluid stimulates
proliferation of cultured rabbit ovarian epithelium
supports this hypothesis. Lately, in vitro studies of
cancer cells have demonstrated abnormalities of
both growth factor production and growth factor
receptor number and function (126).

In a study performed by Berchuck et al. (132), the
response of four epithelial ovarian cancer cell lines,
previously established from ascites of patients with
ovarian cancer, were tested for proliferation after
stimulation by EGF, platelet-derived growth factor
(PDGF), fibroblast growth factor (FGF), and
transforming growth factor-beta (TGF-0). All four
epithelial ovarian cancer cell lines were found to
differ in their response to the mitogenes tested.
Two of the four cell lines increased proliferation in
response to EGF. One cell line responded to FGF,
and none of the cell lines responded to PDGF.
These results are consistent with a previous report
(133). The action of each of these peptides is me-
diated by a distinct membrane receptor, which in
turn activates a postreceptor signaling mechanism
and leads eventually to a mitogenic response (127).

In another observation, EGF and TGF-a induced
in vitro growth of a wide variety of tumor types,
including human ovarian carcinoma (132, 134).
Bauknecht et al. (135) detected EGF receptors on
45% of 141 ovarian tumor specimens, and this has
been reported to correlate favorably with response
to chemotherapy and overall survival in ovarian
cancer patients (136). This correlation suggests
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that EGF, TGF-a, and/or their receptors may con-
tribute to the pathogenesis of the disease. However,
the infrequency with which autocrine growth is
seen in nonmalignant cells suggests that additional
mechanisms exist to prevent uncontrolled cell pro-
liferation.

Infertility

It ispostulated that acommon factor, probably of
gonadal nature, is responsible for both ovarian car-
cinogenesis and decreased fertility. Ovarian cancer
risk among nulliparous (but not parous) women
was positively associated with a history of unsuc-
cessful attempts to conceive (137). The finding that
married nulliparous women have a higher risk of
ovarian cancer than do single nulliparous women
(19,63) suggests that infertility may be a causative
factor rather than childbearing as a protective
factor.

Several authors have identified infertility as an
independent risk factor on top of the nulliparity
effect (19,63,74,137). It was speculated by Whitte-
more et al (137) that it is not the number of years of
uninterrupted ovulation that increases the risk of
developing cancer but the inability to conceive, due
to endocrine disorders that exposed these women to
a doubled risk of developing ovarian cancer com-
pared with women who were fertile. This group of
investigators noted that among all women, risk in-
creased with increasing years of unprotected inter-
course (P value for trend - 0.02). Risk among
women having 10 years or more of unprotected in-
tercourse was 1.8 relative to that among women
having <2 years (P = 0.01) (137).

In another observation among nulligravid
women, those with 10 years of unprotected inter-
course had a risk of over six times that of nulligra-
vid women who reported <3 months of unprotected
intercourse (138). In a study performed by Harlow
et aL (74) regarding patients with borderline tu-
mors, the results suggested that married nuilipa-
roua women who reported a history of infertility
were at a substantially greater risk, over six times
more, of being diagnosed with a borderline tumor
than married nulliparous women with no reported
infertility problem. However, a noncausal explana-
tion for this association might be that an ovarian
tumor during its early preclinical development in-
terferes with fertility in some manner.

The above findings are supported by a study of
Lais et aL (139) in which a silent ovarian carcinoma
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was found in 6 out of 571 patients undergoing mi-
crosurgery for infertility. The prevalence ofovarian
cancer in these patients was 1% (95% confidence
limits 0f0.4 to 2.3%), compared with only 10f5,806
patients undergoing nonspecific abdominal sur-
gery. Five of 6 patients were nulligravid, and only 1
patient had a previous pregnancy. This patient
spontaneously aborted one preterm infant and had
one tubal ectopic pregnancy.

Mechanism of Pathogenesis

Virus Infection. Several mechanisms of action
were suggested. It was postulated that with the abil-
ity of the rubellavirus to persist for years after the
initial infection, one could suggest a theory that a
change in ovarian function or morphology is pro-
duced that, although it does not interfere with ovu-
lation, might alter cell surfaces, making impreg-
nantation difficult or impossible (64).

Interference with Normal Process of Ovulation. It
was also hypothesized that luteinized unruptured
follicle syndrome, which represents another abnor-
mal concomitant of ovulation, may be involved in
ovarian carcinogenesis. The luteinized unruptured
follicle syndrome has been associated with endo-
crine abnormalities that may play a role in the neo-
plastic process. Luteal phase peritoneal concentra-
tions of progesterone and E, are lower in luteinized
unruptured follicle cycles than in cycles character-
ized by an ovarian stigma or by subsequent concep-
tion (140). The unruptured follicles contain high
concentrations of progesterone, estrogen, andro-
gens, and LH (140). They can form cysts that re-
main in the ovarian stroma (141), and they may be
related to the inclusion cycts found at autopsy.

Infertility Drugs. The question whether there is a
possible causal relationship between ovulation in-
duction and the development of ovarian cancer is
an intriguing one. Several cases were reported in
which an association between treatment for infertil-
ity and epithelial ovarian cancer of low-grade malig-
nancy or epithelial ovarian carcinoma have been
described.

The first report came from Bamford and Steele
in 1982 (142). They described a case in which a pa-
tient with primary infertility was treated with CC
and hMG for 11 cycles, in which 2 years were al-
lowed to pass between the first 8 cycles and the last
3. Duringthe last treatment cycle, a mass was palpa-
ble that was found to be ovarian endometroid tumor
with encroachment of the serosal coat and a well-

442 Shoham I'nthnttetuma nf ovarian cancer

differentiated endometrial adenocarcinoma. In the
same year Atlas and Menczer (143) reported a ct
of borderline serous papillary cystadenocarcinoma
aftertreatment ofone cycle with CC. Ben-Huretal
in 1986 (144) reported two cases in which papillary
serous cystadenocarcinoma were diagnosed after
treatment with CC and bromaocriptine in one pa-
tient and CC only in the second one.

Carter and Joyce (145) in 1987 reported a case of
papillary serous adenocarcinoma after treatment
with CC, hMG, and hCG for an IVF program. In
1989 Kulkami and McGarry (146) reported a case
ofserous papillary cystadenocarcinoma in a patient
8 years after several treatment cycles with CC and
cydofenil, which at that time ended with pregnancy
and normal delivery. Dietl in 1991 (147) reported a
case of papillary serous adenocarcinoma in patients
with endometriosis who received treatment for sev-
eral months with CC, hMG, hCG, and two types of
GnRH agonist (GnRH-a). Goldberg and Runowicz
(148) in 1992 reported three cases of borderline ser-
ous adenocarcinoma of the ovary associated with
infertility and ovulation induction. In two patients
treatment for two and three cycles with hMG for an
IVF program was administered. In the third patient
two treatment cycles with hMG were administered
for ovulation induction.

The last report in the literature came from N
man et ai. (149) about two patients who developed a
borderline malignancy of the ovary after treatment
with hMG, GnRH-a, and hCG in the context of an
IVF program. Even though such individual reports
do not prove a direct connection between stimula-
tion and the induction of ovarian neoplasms, it is
nevertheless possible that the stimulation or other
associated factors substantially stimulated an exis-
tent tumor, as in most cases the tumor was found
shortly after ovulation induction treatment and it
developed with remarkable rapidity.

Most recently, a series of articles published by
Whittemore et al. (14-16) has focused attention on
the association between infertility drugs and inva-
sive epithelial ovarian cancer. The authors de-
scribed findings for invasive ovarian epithelial tu-
mors in white women based on a collaborative
analysis of data from 12 case-control studies of
ovarian cancer in the United States. The original
studies were based on data collected between 1956
and 1986 and included 2.197 women with invasive
epithelial ovarian cancer, 327 women with ovarian
tumors of low malignant potential, and 8.893 con-
trols. The study involved personal interviews with
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study subjects. In general, most of the study find*
ings were consistent with the current consensus;
the risk of ovarian epithelial cancer decreased with
increasing parity, the use of OCs, and breastfeed-
ing. The risk increased with increasing duration of
unprotected intercourse regardless of parity and
gravidity.

However, the most striking newest data regard
the use of fertility drugs. Of the 12 case-control
studies, 3 studies appeared that contain data on
past use of fertility drugs (17-19). The global popu-
lation of these three studies was 2278 women, of
whom 711 women with invasive ovarian cancer and
1,211 controls were included in the analysis.
Thirty-one women were found to have some history
of previous use of fertility drugs. The specific drugs
involved are not known nor are the dosage, dura-
tion of therapy, or type of infertility treatment.

Regarding the use of fertility drugs, it was found
that the risk for invasive epithelial ovarian cancer
among women who were diagnosed as being infer-
tile and who had received fertility drugs was almost
three times that of women who had no history of
infertility (odds ratio (OR] “ 2.8,96% C| 1.3t0 6.1).
Infertile women who had not used fertility drugs
had no increased risk (OR - 0.91, 95% CI 0.66 to
1.3). Those infertile women who used fertility drugs
and became pregnant did not have significant in-
creased risk for ovarian cancer (OR ¢ 1.4, 95% CI
0.52 to 3.6). However, among infertile women who
had never become pregnant, the use of fertility
drugs was associated with significantly increased
risk of cancer (OR m 27.0, 95% CI 2.3 to 315.6).
Fertility drugs had been used by 12 of 34 nulligravid
cases compared with one of 23 nulligravid controls.
The authors proposed the hypothesis that the in-
creased risk associated with infertility may be due
to the use of fertility drugs.

The data and the hypothesis presented by Whit-
temore et aL (15) and by Harris et aL (150) have
prompted a worldwide concern for women’s health
and therefore raised an extensive discussion among
epidemiologists, endocrinologists, oncologists, and
gynecologists. It is not the purpose of this review to
argue with the methods or the statistical analysis
nor the results of the study of Whittemore et al.
(15). However, some points regarding the use of fer-
tility drugs, as raised in the Whittemore et al. (15)
paper and those published in the literature, are dis-
cussed.

The most extensive research concerning the asso-
ciation of treatment of infertility and carcinoma of
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the ovary was published by Ron et aL (151). This
study, conducted in Israel, gathered information
about 2,632 Israeli women who were treated for in-
fertility between 1964 and 1974. Analysis by infertil-
ity diagnosis demonstrated no significant excess of
total cancer incidence. The standardized incidence
ratiowas 1.3 (96% C| m 0.8 to 1.8) for infertility due
to hormonal deficiency, 0.7 (96% CI “ 0.3 to 1.4) for
mechanical infertility, 1.6 (95% CI “ 0.6-3.6) for
infertility of the male partner, and 1.1 (95% CI ”
0J5-2.2) for unclassified diagnosis. Drugs that were
evaluated in the study were hMG, CC, and hCG.
However, because women received many different
hormones during their course of treatment, it was
difficult to distinguish independent treatment ef-
fects. Among women with the diagnosis of hor-
monal infertility, neither hMG nor CC was signifi-
cantly associated with a cancer risk greater than
the risk of infertile women receiving other hor-
mones or no hormones. The authors summarized
their paper by stating that no evidence of associa-
tion between ovulation induction drugs and cancer
of the ovary should be found.

Under the auspices of the International Federa-
tion of Fertility Studies, a group of clinical and epi-
demiologic experts (152) has made several com-
ments regarding the study of Whittemore et al.
(15). One of the comments is that the new fertility
drugs were registered in the United States quite late
in relation to the study period. Clomiphene citrate
was registered in 1967, hMG was registered in 1969,
and bromocriptine in 1978; before that period,
treatment for infertility included pituitary irradia-
tion, pregnant mare serum gonadotropins, conju-
gated estrogen, and diethyl stilbestrol, none of
which is used any more (152).

In the Whittemore et aL (15) study, where infer-
tility treatments were analyzed, the average age of
women with cancer was 53 years, where the cancer
was diagnosed between 1977 and 1981. If it is as-
sumed that infertility treatment took place between
the ages of 30 and 40, those women were then
treated between 1954 and 1967 on average. These
results are not compatible with use of the new fertil-
ity drugs that were registered from 1967 and on-
ward. Caro et aL (153) raised the point that at the
time the original studies were carried out, infertility
drugs were used almost routinely in women diag-
nosed with ovulatory infertility, which represents
20% to 40% of female infertility. For example,
among 708 infertile women (154,155), 47% had an-
ovulatory infertility and 90% of those received
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drugs. Caro et aL (153) also raised the possibility
that women who received treatment for infertility
in the past who did not conceive were more liable to
remember that they had been treated than those
who did conceive (156).

It might be possible that infertility is due to a
condition that in itself could be associated with
ovarian cancer, and infertility is an expression of a
common underlying phenomenon. It cannot be to-
tally ruled out that ovulation induction might acti-
vate certain types of pre-existing ovarian cancer.

In summary, a number of potentially important
risk factors have been identified. These are a family
history of gynecologic cancer and cystic ovaries,
nulliparity or low gravidity, difficulty in conceiving
and infertility, and lack of exposure to OCs. If the
above studies of ovarian cancer are to be translated
into disease prevention, in view of the relatively
high risk for infertile women to develop ovarian car-
cinoma, there is a need for careful clinical evalua-
tion with ultrasound or other modern techniques
before and during ovulation induction treatment.
There is an urgent need for a prospective multi-
center trial in which the scientific community
would be able to confirm or refute the data regard-
ing fertility drugs. Until then, use of fertility drugs
should be handled with care, following pretreat-
ment and post-treatment monitoring of the pa-
tients.
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