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Summary

The risks and benefits of prophylactic bilateral oophorectomy (BO) accompanying hysterectomy are
reviewed. The potential reduction in the risk of subsequent ovarian cancer is quantified using literature
data and a mathematical model. The risks of subsequent breast cancer from low-dose ERT are estimated
using a comprehensive mathematical model. It is hypothesized that BO may have a substantial protective
effect on breast cancer risk despite subsequent low-dose or non-low-dose ERT, when BO is performed at
an early age. In women with a family history of ovarian cancer or breast cancer, the individual risks must
be assessed on the basis of a pedigree analysis. In conclusion, a decision on BO must be based on
weighing the potential benefits of reduced ovarian and breast cancer risks against the psychological
importance of retaining the ovaries and the risk of osteoporosis and cardiovascular disease when
compliance with ERT is less than perfect. The provided quantitative data may help in making the right
decision.

Oophorectomy; Hysterectomy; Breast cancer

Introduction

There is an ongoing debate on the value of
prophylactic bilateral oophorectomy (BO) [28,31],
but the disavantages and benefits of prophylactic
oophorectomy have not been well established.
Opinions differ. It is obvious that a prophylactic
BO should only be performed or omitted after
adequate information, understanding and of
course consent. The woman has the ultimate
choice. For a rational choice, there must be a
reliable estimate of the potential risks and bene-
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fits of BO. The present article is aimed at quanti-
fying the potential benefits of prophylactic BO in
preventing ovarian and breast cancer by combin-
ing existing knowledge and using mathematical
models.

Risks of ovarian cancer

The lifetime risks of ovarian cancer in the
general population at various ages are given in
Table I (kindly provided by R. Damhuis, Com-
prehensive Cancer Centre, Rotterdam). These
prospective lifetime risks (cumulative risks) of
acquiring ovarian cancer were computed by life
table analysis using the data on age-specific inci-
dence from the Comprehensive Cancer Centre,
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TABLE 1

Estimated lifetime risk of ovarian cancer (%) in the general
population and in women after hysterectomy

Age General After
population hysterectomy

25-29 1.70 0.64-1.70
30-34 1.69 0.64-1.69
35-39 1.66 0.63-1.66
40-44 1.62 0.62-1.62
45-49 1.57 0.60-1.57
50-54 1.48 0.56-1.48
55-59 1.36 0.55-1.36
60-64 1.20 0.52-1.20
65-69 1.02 0.39-1.02
70-74 0.81 0.31-0.81
75-79 0.51 0.19-0.51
80-84 0.26 0.10-0.26
85+ unknown unknown

and on age-specific mortality from the Central
Bureau of Statistics (Centraal Bureau voor de
Statistick, CBS) of The Netherlands. The method
of calculation is illustrated by Table II: it is
shown that in a cohort of 1000 40-year old women,
16.2 will acquire ovarian cancer in the course of
their lives. Thus, the lifetime risk of ovarian can-
cer in a 40-year-old woman is 1.62%.

TABLE II

The calculation of the number of incident cases in a cohort of
1000 women from age 40 through lifetime (the incidence is
16.2 yielding an average lifetime risk of 1.62% for a 40-year-old
woman)

Age Age-specific Person-years  Incident cases

period  incidence per  of cohort in of cohort in
100000 age period age period
person-years  (approxi-
mation)
40-44 110 4985 0.6
45-49 173 4940 0.9
50-54 240 4870 1.2
55-59  36.4 4760 1.7
60-64 44.8 4600 2.1
65-69 514 4355 22
70-74  65.1 3975 2.6
75-79 878 3375 3.0
80-84 497 2435 1.2
85+ 28.7 2400 0.7
Total 16.2

From these risks, the lifetime risks of ovarian
cancer in women after hysterectomy were esti-
mated (Table I). Hysterectomy (with preservation
of the ovaries) is reported to have a protective
effect on ovarian cancer risks (relative risk of
ovarian cancer by hysterectomy was 0.36 (95% CI
0.10-0.73) in one study [1] and 0.56 (95% CI
0.38-0.81) in another study [11] This protective
effect may be explained by the fact that hysterec-
tomy provides the opportunity to screen for visi-
ble ovarian pathology that may be premalignant
[11]. It is not known if this protection persists
after 20 years after hysterectomy [11], so perhaps
at a later age, by development of late ovarian
pathology, this protective effect is reduced or
neutralized (which would yield a relative risk of
1). Thus, using the most precise estimate [11], the
risks in the general population were adjusted for
hysterectomy by using a correction factor with
range between (.38 and 1.

The calculated lifetime prospective risks of
ovarian cancer (Table I) are much higher than
the estimate of 0.2% which was generally used
until recently. This estimate of 0.2% was based
on studies with incomplete long-lasting follow-up
of the patients [31]. By using data from popula-
tion based cancer registries, the more reliable
figures in Table I were obtained.

The estimates of the lifetime risks of ovarian
cancer risks after hysterectomy (Table I) have a
considerable uncertainty range because it is not
known by how much exactly the protective effect
of hysterectomy reduces cancer risk in the pre-
served ovaries, and if such an effect persists even
after the first 20 years after hysterectomy.

Women with a family history of ovarian cancer
are at increased risk for acquiring this disease.

In families with two or more affected close
relatives, evidence suggests autosomal dominant
inheritance with high penetrance. Thus, in such a
high risk family, the daughter or sister of a pa-
tient with ovarian cancer has the high ovarian
cancer lifetime risk of 10% at age 40, 20% at age
50, 30% at age 60 and 40% at age 70 [23].
Prophylactic BO must be considered in these
women, it becomes the major clinical modality
after the age of 35 [16]. Unfortunately, in these
women from high risk families, BO cannot pro-



tect against the development of intra-abdominal
carcinomatosis. In one study prophylactic BO was
performed on 28 members of 16 high risk fami-
lies; three of these women subsequently devel-
oped disseminated intra-abdominal malignancy
[32]. The authors concluded that in these high
risk families the genetic susceptibility is not lim-
ited to ovarian carcinoma but extends to cancers
arising in tissues embryologically related to the
ovary. The small numbers in this study preclude
an estimation of the frequency at which intra-ab-
dominal carcinomatosis occurs in oophorec-
tomized women from ovarian cancer-prone fami-
lies. In our view it is plausible that, despite this
tragic occurrence of intra-abdominal carcino-
matosis, removal of a substantial amount of tis-
sue-at-risk (the ovaries) prevents or delays cancer
in such women. Clearly, further research is neces-
sary to establish the effect of prophylactic BO on
ovarian cancer risk in these women. Such BO
may also have a protective effect on breast can-
cer, which is important because breast cancer risk
is elevated in these families with high ovarian
cancer risk.

The risk of ovarian cancer is also increased for
a woman who has only one affected first degree
relative. In these women, the average cumulative
risk of death from ovarian cancer by age 70 is
2.5% [23]. However, there is heterogeneity in
individual risks and therefore, in the individual
woman her risk of ovarian cancer can be esti-
mated only by genetic advice with pedigree analy-
sis {17].

Risks of breast cancer

In a meticulous meta-analysis Steinberg et al.
calculated the mean proportional increase in
breast cancer risk for each year of estrogen use
(various dosages), after bilateral oophorectomy
[30]. The resulting relative risk of breast cancer
for each year of estrogen use was 1.028 (95%
confidence interval (CI) 1.010-1.047, or 0.028,
95% CI 0.010-0.047, when expressed on a log-
scale with base e). This estimate is the basis of
our calculations of the breast cancer risk from
ERT in oophorectomized women. In our calcula-
tions, we combine existing knowledge, using a
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TABLE III

Estimated lifetime risks of breast cancer (%) after elective
hysterectomy, and after natural menopause at age S0

Age at After BO No BO

hyster- U OERT  ERTunul  Menopause

ectomy 50 years before or at
age 50 and no
ERT

30 2.2 31 2.2-10.1

35 3.7 4.8 3.7-10.0

40 6.0 7.1 6.0~ 9.7

45 8.0 8.7 8.0- 9.2

comprehensive mathematical model which was
developed by Pike et al. (see Appendix for fur-
ther details).

QOur estimates of breast cancer risk from ERT
in oophorectomized women relate to non-low-
dose ERT. Low-dose ERT (0.625 mg of conju-
gated estrogens or less) is unlikely to increase
breast cancer risk [4] and therefore, the increase
in breast cancer risk, which was found in the
meta-analysis by Steinberg et al., probably re-
flects the effect of non-low-dose ERT in the
various studies.

The estimates of the breast cancer risks from
ERT which result from our calculations have a
large range of uncertainty, since the underlying
estimate of the yearly proportional increase in
risk has a wide confidence interval (relative risk
1.028, 95% CI 1.010-1.047); thus the calculated
estimates only serve to give a general idea of the
potential size of the effect of non-low-dose ERT
after BO.

The lifetime risks. of breast cancer after elec-
tive hysterectomy are shown in Table III. In the
category “no BO” (ovaries preserved) the upper
values correspond with natural menopause at age
50 (identical to the general population). The lower
values correspond with immediate loss of ovarian
function after hysterectomy.

A premature loss of ovarian function was found
in a subgroup of women who had previously
undergone abdominal hysterectomy with bilateral
ovarian conservation: in 34% of the 90 studied
women, ovarian failure occurred within two years
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TABLE IV

Estimated difference in lifetime breast cancer risk in a hys-
terectomized woman with BO and ERT, relative to natural
menopause without ERT

Age at Absolute reduction

hysterectomy of lifetime breast
cancer risk (%)

30 0-7.9

35 0-6.3

40 0-3.7

45 0-1.2

(possibly the combined effect of reduced vascular
supply to the ovary and impairment of the en-
docrine contribution of the uterus to normal
ovarian function [27]. Such an induced early
menopause will reduce breast cancer risk in the
hysterectomized, nonoophorectomized woman
(according to Pike’s model, see Appendix). In the
extreme case, hysterectomy with ovarian conser-
vation is immediately followed by loss of ovarian
function, which reduces breast cancer risk to the
values equal to oophorectomized women (see Ap-
pendix).

Table IV presents the resulting (absolute) re-
duction of lifetime breast cancer risk. The lower
values (zero) correspond with the one extreme in
which hysterectomy with ovarian conservation is
immediately followed by loss of ovarian function,
which nullifies the protective effect of BO on
breast cancer risk. The upper values represent
the situation in which in a patient (e.g. age 40
years) BO was performed (minimal lifetime breast
cancer risk 6.0%) whereas after ovarian conserva-
tion her lifetime breast cancer risk would have
been 9.7% (natural menopause), resulting in a
protective effect of 3.7% lifetime breast cancer
risk. These estimates (table IV) relate to women
who do not have one or more first degree rela-
tives with breast cancer.

It appears from Table IV that the potential
reduction in risk strongly depend on the age ‘of
hysterectomy. The upper limit of preventable
breast cancer risk drops from 7.9% (at hysterec-

tomy a age 30) and 6.3% (hysterectomy at age 35)
to 3.7% (hysterectomy at age 40) and 1.2% (hy-
sterectomy at age 45). Thus, the results from our
theoretical calculations suggest that in women
who were relatively young at BO, the protective
effect of BO will be partly retained despite subse-
quent ERT. This conclusion is at variance with
the general view that in all (subgroups of)
oophorectomized women the protective effect of
BO on breast cancer risk is neutralized by ERT
[34]. However, in the reported study [34] the
study groups consisted mainly of women with BO
after age 40, who had used a varying dose of ERT
with varying durations. As can be seen from Table
III, the expected lifetime risks of breast cancer
depend strongly on the age of BO, and the dura-
tion of ERT. With older age of BO and longer
duration of ERT the expected lifetime risk of
breast cancer increases and even exceeds the risk
in women with natural menopause. Thus, in these
studies the relatively high breast cancer risk in
this predominant subgroup (women with BO af-
ter age 40, and mixed durations of ERT) may
have dominated the effect of BO in the small
subgroup of women with early age of BO.

In women with a family history of breast can-
cer (especially early breast cancer), the risk of
developing breast cancer is elevated. For in-
stance, women with both a mother and a sister
who have had breast cancer have a very high risk
for the disease; the risk of breast cancer in women
with an affected mother and sister was found to
be 50% by 65 years of age. In these women, the
prophylactic effect of BO on breast cancer risk
may be substantial.

When BO with subsequent ERT is chosen,
there is the issue of the duration of the ERT. It is
feared that long lasting ERT (after age 50) in-
crease breast cancer risk. In Table V the increase
in lifetime breast cancer risks with prolonged
ERT is presented (calculated in the same way as
the above risks, see Appendix). Such an increase
in breast cancer risk is not a part of the issue of
whether or not BO should be performed in the
premenopauzal woman because it relates to hor-
mone replacement therapy after age 50 and not
to estrogen suppletion to compensate for the
premenopauzal hypoestrogenic effect of BO.



TABLE V

The estimated increase in lifetime breast cancer risk with
prolonged ERT, relative to ERT until age 50

Age at The estimated increase in lifetime
hysterectomy breast cancer risk (%)

ERT until 60 ERT lifelong
30 05 1.2
35 0.7 1.7
40 0.9 23
45 1.1 2.7
Discussion

For women who do not have one or more first
degree relatives with ovarian cancer or breast
cancer, the potential benefit of BO is the reduc-
tion of ovarian and breast cancer risks (Tables I
and IV). These benefits must be weighed against
the disadvantages of BO, namely the psycho-emo-
tional impact of losing the ovaries, the unfre-
quent complications of surgery and the risk of
cardiovascular disease and osteoporosis when
compliance with estrogen therapy is incomplete.

For the individual patients, the meaning of
these potential benefits may be illustrated by the
following information. The average life ex-
pectancy of a 40-year-old woman in the Nether-
lands is 41 years. If she belongs to the approxi-
mately 1.6% of her age group who will acquire
ovarian cancer in the course of their lives, the
onset may be at any age, but a “typical” age of
acquiring the disease might be 65-69 (see Table
II, last column) with a S-year survival rate of
approximately 35%. Likewise, if she belongs to
the approximately 10% of her age group who will
acquire breast cancer in the course of her life, the
age of onset cannot be predicted but a “typical”
age of onset could be at 65-69 years with a 5-year
survival rate of 62%.

Our theoretical calculations suggest that in
women with an early age of BO, the protective
effect of BO on breast cancer risk may be re-
tained despite subsequent non-low-dose ERT. If
this is true for non-low-dose ERT, this will even
be more so for low-dose ERT. These hypotheses
remain to be validated.
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Provided compliance is good, low-dose ERT
prevents the atherosclerotic effects and osteo-
porosis which result from BO [6,15,18,29]. How-
ever, when compliance is less than perfect, the
increased risk of coronary heart disease and os-
teoporosis outweighs the benefits of reduced
ovarian and breast cancer risk [28). Thus the
attending physician must motivate the patient
and ensure compliance by careful follow-up.

The incidence figures of ovarian and breast
cancer vary across countries. In the present arti-
cle, the data on ovarian and breast cancer risk to
the Dutch population. The age-specific and cu-
mulative lifetime incidence rates of ovarian can-
cer and breast cancer in The Netherlands are not
very different from other Western countries
[36,37). For other populations, ovarian and breast
cancer risks can be computed using the same
methods as above.

It is hoped that the provided data may help
the woman and the attending physician in making
the right choice on whether or not prophylactic
BO should be performed.
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Appendix: The method of calculating the risks of breast
cancer

The potential impact of BO with subsequent ERT
was estimated by using a comprehensive mathematical
model which was based on epidemiological incidence
data and cell kinetic factors influencing the carcinogen-
esis of the breast [21]. In most tumours, the incidence
rate increases exponentially with age, while the rate of
increase is constant. Thus, when the logarithm of inci-
dence is plotted against the logerithm of age, the curve
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is a straight line. In contrast, in breast cancer the
incidence does not increase with a constant rate
through all ages: after menopause the rate of increase
declines. Accordingly in the descriptive mathematical
model, incidence rates of breast cancer increase by an
age-dependent factor M(T) (the incidence age is de-
noted by T). M(T) can be interpreted as the “relevant
age” of the tissue [21], resulting from the exposure of
breast cells to estrogen in the previous life years [22].
The incidence at age T is described by the equation
I(T)=a-{M(T)}*°. After menarche, in each year the
breast cells are exposed to estrogen and the effect of
this exposure (proliferative activity) during a life year is
expressed in terms of an “effective yearly mitotic rate”
m(t). (The age of exposure, in years, is denoted by ¢.)
During life, the effects of exposures in previous life
years accumulate and thus at a certain age 7T, the
combined effect of previous exposures is represented
by the sum of these effective mitotic rates. In algebraic
terms, M(T) is the sum of all the values of m(¢) in
previous life years.

An excellent description of the age-incidence curve
and the major known risk factors was realized by
assigning the following values to m(¢) [22]:
m(t)=0 from birth to menarche

=1 from menarche (taken as age 13) to first
full-term pregnancy (FFTP) (taken as oc-
curring at age 22); 2.2 is added to m(¢)
for the year in which FFTP occurs

=0.7 from FFTP to age 40

=(.105 after natural menopause (last menstrual
period, taken as occurring at age 50);
m(t) declines linearly from 40 to
menopause.

The lower values of m(t) after natural menopause
correspond with the diminished increase in the inci-
dence rate.

The prospective lifetime risk after BO with subse-
quent low dose ERT was estimated as follows. First,
the total effective mitotic rate M(T) at age T was
calculated as the sum of the effective mitotic rates
m(z) in previous life years, using the values of m(¢)
which are given above. As to the years after BO, when
ERT is used the yearly mitotic rate m(¢) was calcu-
lated as follows. After BO with subsequent ERT, the
yearly mitotic rate m(¢) has the base line value of 0.105
(no additional breast cancer risk from ERT) with a
correction term, which represents the effect of ERT on
breast cancer risk. The effect of ERT was translated
into an increase of m(¢) from 0.105 to 0.212 as follows.
For oophorectomized women, the mean proportional
increase in risk for each year of estrogen use (various

doses) was calculated as 0.028 (95% CI 0.010-0.046),
expressed on a log-scale with base e (after removal of
statistical outliers) in a meticulous meta-analysis [30] et
al., 1991), based on reported studies [7,12—14,25,34].
This estimated risk corresponds with a relative risk of
e%9%8+20 = 175 for 20 years of ERT use. Using the
above equations, this relative risk was translated by us
into an increase of the yearly mitotic rate m(¢) from
0.105 to 0.212; the method of this calculation is de-
scribed elsewhere [22]. Using this figure, M(T) was
calculated as the sum of m(¢) in previous life years.

Second, using the estimated M(T), the incidence
rate at age T [denoted as I(T)] was calculated using
the equation:

I(T) after BO = {I(T) in general population}

M(T) after BO
M(T) in general population

4.5

This equation is based on the formula I(T)=
a{M(T)Y*> where a is constant [21,22].

The values of I(T) (the age-specific incidence rates
of breast cancer) were computed using the data from
the Regional Cancer Registries of three Comprehen-
sive Cancer Centres (IKMN, IKR, IKZ); these reg-
istries cover adjacent geographically defined areas and
are virtually population-bases (3.6 million inhabitants,
25% of the whole country).

Finally, from these age-specific incidence rates I(T)
the prospective lifetime risks were calculated using
actuarial life table analysis and the data on age-specific
mortality and life expectancy from the Dutch Central
Bureau of Statistics.
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