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Hormone replacement therapy and survival after surgery for
ovarian cancer

R A Eeles, S Tan, E Wiltshaw, I Fryatt, R P A'Hern, J H Shepherd, C L Harmer, P R Blake,
C E D Chilvers

Abstract
Objective-To evaluate whether hormone

replacement therapy affects survival in women who
have undergone bilateral salpingo-oophorectomy
because of epithelial ovarian cancer.
Design-Retrospective analysis by review of

patients' notes and questionnaires completed by
general practitioners to compare the overall survival
and disease free survival in patients with ovarian
cancer who did or did not receive hormone replace-
ment therapy after diagnosis. Data were analysed by
Cox regression, with hormone replacement therapy
as a time dependent covariate because patients who
received hormone replacement did so at different
times after diagnosis.
Setting-Gynaecological oncology unit of Royal

Marsden Hospital.
Patients-373 patients aged 50 years or younger

who attended the hospital from 1972 to 1988. Ali
of the women had undergone bilateral salpingo-
oophorectomy for epithelial ovarian cancer. In ali,
78 had received hormone replacement therapy,
starting at a median of four months after diagnosis.
Intervention-A questionnaire was sent to the

general practitioners of all patients who were not
recorded as having received hormone replacement
therapy.
Main outcome measures-Overall survival and

disease free survival.
Results-There was no significant difference in

survival between women receiving hormone replace-
ment therapy and those not receiving it after
accounting for the effects of other known prognostic
factors (stage of cancer, differentiation of tumour,
histological results, and time to relapse). The relative
risk of dying in those who received hormone replace-
ment therapy was 0-73 (95% confidence interval 0-44
to 1-20). In addition, there was no significant
difference in disease free survival (relative risk in
those receiving hormone replacement therapy was
0-90; 95% confidence interval 0-52 to 1-54).
Conclusions-This study shows that hormone

replacement therapy is unlikely to have a detrimental
effect on the prognosis of patients with ovarian
cancer, but this would be shown conclusively only by
a randomised controlled trial.

Introduction
In premenopausal women bilateral salpingo-

oophorectomy, as part of the treatment for ovarian
cancer, of necessity induces a premature menopause.
As a result the attendant unpleasant short term
symptoms of hot flushes and the long term risks of
osteoporosis and ischaemic heart disease occur in long
term survivors. 1-3

Doctors have been reluctant to give patients with

ovarian cancer hormone replacement therapy because
of fears that it would decrease survival by increasing
the chance of relapse: some ovarian cancer cells have
oestrogen and progesterone receptors within the
cytosol4 and some epidemiological studies have shown
an increased risk of ovarian cancer in women who have
received hormone replacement therapy. The overall
evidence is, however, unclear, with relative risks
ranging from 0-6 to 1-6.5-" We conducted a retrospec-
tive study ofwomen with epithelial ovarian cancer who
were 50 years old or younger at the time of diagnosis
to find out whether survival was compromised by
hormone replacement therapy.

Patients and methods
Patients with epithelial ovarian cancer referred to

our hospital between 1972 and 1988 were identified
from the Hospital Activity Analysis database. For all
cases included in the analysis the histological results
were reviewed at the hospital.
The hospital notes and drug charts were reviewed

for prescriptions for oral hormone replacement
therapy. In addition, a questionnaire was sent to the
general practitioners of all patients who were not
recorded as having received hormone replacement
therapy. The following details were noted: date of
birth, date of diagnosis, date of presentation, stage of
cancer at presentation (by International Federation of
Gynaecology and Obstetrics staging), histological
results, tumour differentiation, extent of initial surgery
("complete" surgery included omentectomy; all
patients underwent bilateral salpingo-oophorectomy
and total abdominal hysterectomy), date of relapse,
current status (alive or dead), date last seen or date of
death, cause of death if applicable, and whether or not
a second tumour had developed.

If a patient had received oral hormone replacement
therapy the type (oestrogens alone or progestogens
alone, or both, or testosterone) was noted, as was the
date of starting and the length of time the patient
received hormone replacement.
The effect of hormone replacement therapy on

overall survival and disease free survival was estimated
by Cox regression'2 to allow for possible differences
between the distribution of prognostic factors in those
receiving and those not receiving hormone replacement
therapy. As hormone replacement is not prescribed
immediately after oophorectomy in most patients there
are difficulties in estimating its effect. There are two
possible sources of bias in patients who do not start to
receive the treatment until after the base time for the
survival analysis (in this case base time was presentation
at the hospital). Firstly, the effect, if any, will be
present only after the date that hormone replacement
therapy was first given. Secondly, patients have to
survive long enough to develop menopausal symptoms
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and ask for hormone replacement therapy; hence those
who do not live long after diagnosis would tend not to
have received it, and this would give a spurious positive
survival effect for those receiving it. These problems
also apply to the effect of relapse on survival. To
overcome any bias due to these sources of error we
applied two different methods of survival analysis by
Cox regression to the data. The first was the classical
landmark method and the second was the use of time
dependent covariates.

LANDMARK METHOD

This method uses an arbitrary point in time (in this
case one year) after the base time of the analysis and
considers only patients who are not censored (lost to
follow up) and do not die before that time.3 Patients
receiving hormone replacement therapy or who have
relapsed are considered to be in the hormone replace-
ment therapy group or relapse group only if they start
receiving hormone replacement or relapse before the
arbitrary time point. Any patients who start to receive
hormone replacement after one year are grouped as not
receiving hormone replacement therapy. By using
stage ofcancer, differentiation oftumour, completeness
of surgery, presence of progressive disease or relapse
within the first year, and receiving hormone replace-
ment therapy within the first year as covariates in the
2L program from the biomedical data package the
relative risk for each covariate was calculated. With
these relative risks two survival curves were plotted,
assuming that the stage of cancer, histological results,
tumour differentiation distributions, and proportion
of patients with complete surgery and progressive
disease were the same in both groups-that is, in those
prescribed hormone replacement therapy in the first
year and those not prescribed it in the first year.

TABLE I- Time from diagnosis to start of hormone replacement therapy in patients who had undergone
surgery for ovarian cancer

Time before treatment (months)
No of patients

<6 - 12 - 18 -24 - 30 - 36 -42 -48 >49
46 8 5 5 3 3 4 4

TABLE II-Length of time that patients who had undergone surgery for ovarian cancer received hormone
replacement therapy

Time receiving hormone replacement
(years)

No of patients
-1 -2 -3 -4 -5 -6 -7 -8 -9 -10 -11 -12 >12
21 12 15 6 5 2 4 2 5 1 5

TABLE iiI-Characteristics ofpatients who had undergone surgery for ovarian cancer, who were or were not
receiving hormone replacement therapy. Figures are numbers (percentages) ofpatients

Those not receiving
Those receiving hormone hormone replacement

replacement (n 78) (n=295) Significance

Age (years):
<20 1 (1) I(l y-=II 74*
20-29 11 (14) 29(10) p=0-001
30-39 26 (33) 46 (16)
40-49 40 (52) 207 (70)
50 12 (4)

Stage of cancer:
I 33 (42) 87 (30) X2=2-58*
II 10(13) 52 (18) p=0-11
III 27 (35) 122 (40)
IV 8 (10) 34 (12)

Histological appearance of tumour:
Serous 26 (33) 111 (38) X2=3-55t
Mucinous 23 (30) 64 (22) p=0 47
Endometrioid 11 (14) 34 (11)
Adenocarcinoma 14 (18) 73 (25)
Clear cell 4 (5) 13 (4)

Differentiation of tumour:
Well differentiated 20 (26) 42 (14) yx2=673*
Moderate 18 (22) 64 (22) p=0 009
Poor 20 (26) 111 (38)
Unspecified 20 (26) 78 (26)

Surgerv:
Complete (omentectomy) 23 (30) 82 (28) X=0 02*
No omentectomy 55 (70) 213 (72) p=0 88

* X Test for trend, df= 1.
t X2 Test for heterogeneity, df 4.

TIME DEPENDENT COVARIATE METHOD

By this method'4 patients receiving hormone
replacement therapy after base time were included in
the group not receiving hormone replacement up to the
time at which hormone replacement was given, and
patients who had a relapse after base time were
included in the group who did not have a relapse until
the time of relapse. This method therefore more
realistically takes into account the fact that patients
received hormone replacement therapy at different
times from the date of diagnosis. This analysis was also
performed with the 2L program of the biomedical data
package.
The relative risk for each known prognostic factor

was calculated first, assuming that, except for
recurrence, the worst prognostic factor within each
group of factors had a relative risk of 1 00-that is, a
relative risk of <1 00 conferred a survival benefit.
Recurrence was analysed as a time dependent covariate
with no recurrence having a relative risk of 1 00. Thus
time to relapse was added to the other prognostic
factors as a time dependent covariate before the use of
hormone replacement therapy was finally added to the
analysis.

Results
In all, 408 patients with epithelial ovarian cancer

were identified from the hospital database. Thirty five
patients were excluded, 22 of these because histological
examination showed non-epithelial abnormalities when
reviewed (teratoma or sex cord tumour in 16 patients,
non-ovarian primary tumour in three, borderline
histological appearances in one patient, benign
histological appearances in one, and no histological
results were available for review in one patient). Two
patients had had breast cancer diagnosed previously
and were also excluded. The remaining 11 patients
were excluded because they still had one ovary after
surgery. This left 373 patients for analysis. Seventy
eight patients had received oral hormone replacement
therapy: 65 were given the treatment at hospital
outpatient visits, and 13 had been started on hormone
replacement therapy by their general practitioner or
gynaecologist, as ascertained from the general prac-
titioner questionnaires. Ofthe 308 general practitioners
who were sent questionnaires, 150 replied (49%).
We assumed that of those patients whose general
practitioners did not reply no more than 13 would have
received hormone replacement therapy and this would
not compromise the analysis. These patients were
therefore assumed not to have received hormone
replacement therapy.
Of the 78 patients known to be receiving hormone

replacement therapy, 32 received oestrogen alone
(Premarin 0 625 mg), 38 received oestrogen plus
progestogen (Prempak-C, which was Premarin
0 625 mg and norgestrel 0 5 mg in all cases), six
received progestogens alone, and two received
testosterone. The median time to starting hormone
replacement therapy was 135 days (range 0-4845 days),
and 74 patients (95%) had started hormone replacement
therapy within 1185 days (three years and three
months) after diagnosis (table I). Table II gives the
length of time patients were receiving the treatment. In
all, 17 (22%) had received hormone replacement for
more than six years. The median time for receiving
treatment was 28 months (range < 1-200 months). The
median follow up was 42 months (range <1 month to
18 years).
Table III gives the patients' characteristics. The

group receiving hormone replacement therapy
comprised a slightly higher percentage of younger
patients (xI trend = 11-74, p = 0-001), patients with
early stage disease (X2 trend = 2-58, p = 0-11), and
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those with well differentiated tumours (X2 trend =
6 73, p = 0-009) compared with those in the group of
patients not receiving hormone replacement. There
were no appreciable differences in the proportion of
patients with different histological results or types of
surgery between the two groups. When survival was
analysed for the whole group the known prognostic
factors of stage of disease, differentiation of tumour,
histological results," and relapse were found to be
significant.
For the landmark method of analysis 272 patients

were not censored in the first 12 months and survived
beyond the first 12 months. Of these, 42 received
hormone replacement therapy in that initial year. The
relative risk of death in those in the hormone replace-
ment therapy arm compared with those in the arm
comprising people not receiving hormone replacement
therapy was 0-63 (95% confidence interval 030 to
1-34). The figure gives the results. The upper curve
corresponds to the survival of the 42 patients who
survived to 12 months and had received hormone
replacement therapy by that time. The lower curve is
the survival that we predict these patients would have
had if they had not received hormone replacement.

a)

o Those receiving hormone
3: 80- rapy

'5

o Patients alive one year Those not receiving hormone
a) after presentation replacemernt therapy
co

40'a) 1 2 3 4 5 6 7 8' 9' i 0 1 1

Time since presentation (years)
Percentage survival in patients who had undergone surgery for ovarian
cancer who received hormone replacement therapy within a year v
correctedpercentage survival ifthese patients had not received hormone
replacement within a year according to time since presentation at
hospital

Table IV gives the results of the time dependent
analysis. As expected, patients with later stage cancers,
clear cells, and undifferentiated appearances on
histology, poorly differentiated tumours, and relapse
of their disease did less well. After correcting for all
these factors the relative risk of death when patients
received hormone replacement therapy was 0-73 (95%
confidence interval 0 44 to 1-20).

TABLE Iv-Time dependent analysis of survival in patients who had
undergone surgery for ovarian cancer who were or were not receiving
hormone replacement therapy

95% Confidence
Relative risk interval

Stage of cancer:
I 0-15 0-08to0 25
IIA plus IIB 0 11 006 toO-22
IIC 0-21 009to050
IIIA plus IIIB 051 035 to076
IIIC plus IV 1t00

Histological appearance of tumour:
Serous
Mucinous 0-44 031 to 0-62
Endometriioid
Clear cell/!100

adenocarcinoma 1
Differentiation of tumour:
Well differentiated 0-38 020 to 074
Moderate/poor 1 00

Recurrence*:
Yes 7-97 4-80to 13 2
No 100

Hormone replacement therapyt:
Yes 0-73 0-44 to 1-20
No 100

* If time to relapse is removed from analysis (analysed as a time dependent
covariate) relative risk=0 66 (95% confidence interval 0 40 to 1 10).
t Time to relapse and time to start of hormone replacement therapy were
added as time dependent variables.

Disease free survival was similarly analysed, and the
relative risk of relapse when hormone replacement
therapy was given was 0 90 (0-52 to 1-54) when
corrected for the other prognostic factors. Forty four
patient-s had to be excluded from this analysis because
they either had a relapse before presentation or had
progressive disease-that is, they never had a response
and therefore could not have a date of relapse.
A total of 164 patients died (17 of the 78 who

received hormone replacement therapy and 147 of the
295 who did not). All deaths were of ovarian cancer
except two: one patient died of a cerebrovascular
accident (she had not received hormone replacement),
and the other patient died ofsepticaemia after treatment
with high dose cyclophosphamide.

There were seven patients with secondary primary
cancers: three with breast cancers, one with squamous
cell carcinoma and one with basal cell carcinoma of the
skin, one with carcinoma of the cervix, and one with
malignant schwannoma of the forearm. None had
received hormone replacement.

Although numbers were small, hormone replace-
ment therapy improved the survival of patients with
endometrioid cancer and those with clear cell ovarian
cancer. The numbers of women receiving oestrogen
alone and combined oestrogen and progestogen were
32 and 38 respectively. When the two groups were
compared there was no apparent difference in the
effect of the two types of hormonal treatment on
survival, but only a very large effect would be detected
with such small numbers.

Discussion
Hormone replacement therapy is effective in

alleviating the unpleasant vasomotor symptoms of
the menopause, 6 and longer treatment prevents
osteoporosis.'7 The side effects of the premature
menopause induced by surgery in patients with ovarian
cancer can also be relieved by hormone replacement
therapy.
We analysed data collected retrospectively by two

methods to allow for potential bias; both give similar
results.

In the time dependent analysis (table IV) the time to
relapse was added to the other prognostic factors as a
time dependent covariate before adding the presence
or absence of hormone replacement therapy to the
analysis. This could possibly have altered the final
result because patients who had undergone a relapse
may not have been given hormone replacement
therapy. In fact, 12 of the 78 patients who received
hormone replacement did so after their first relapse.
When the date of relapse was removed from the
analysis the relative risk in patients given hormone
replacement therapy lowered slightly but not appreci-
ably (0-66 compared with 0 73).
The estimated effect of hormone replacement

therapy would therefore be a 27% reduction in
mortality. However, as the 95% confidence intervals
include unity no effect or even a small harmful effect
cannot be ruled out. It is unlikely that hormone
replacement therapy is extremely detrimental to
survival as the upper confidence limit is 1-20. Also,
there was no apparent effect of hormone replacement
on disease free survival, although the confidence
intervals again are wide. There is thus no evidence
from this study that would indicate that patients who
have had a hysterectomy and bilateral salpingo-
oophorectomy for carcinoma of the ovary should
be denied hormone replacement therapy. This is
particularly important in women aged 50 years or
younger at the time ofdiagnosis as these women, if they
survive their ovarian cancer, will live long enough
to develop osteoporosis caused by a premature
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menopause. Such patients constitute 24% of all those
with ovarian cancer seen at our centre. The other group
to whom this applies is women with stage I disease,
who have an overall five year survival of 61%' and a
five year survival of 88% when aged 50 or under at
diagnosis (figures obtained from our hospital).

In this study roughly equal numbers ofwomen were
treated with oestrogen plus progestogen as with
unopposed oestrogen. Hormone replacement therapy
with oestrogen alone has been associated with an
increased risk of endometrial cancers but is to be
preferred to combination therapy for women who have
had a hysterectomy.'8 Henderson et al estimated that
the overall benefit of unopposed oestrogen compared
with oestrogen plus progestogen in such women is
substantial in terms of a greater reduction in the
incidence of ischaemic heart disease, with only a
marginal loss of benefit in terms of hip fractures due to
osteoporosis.'9 The relative effects on the breast are,
however, at present unclear.8 20

In conclusion, there is no evidence from our study
that hormone replacement therapy is detrimental to
disease free survival and overall survival in patients
with ovarian cancer. Whether there is a beneficial
effect would have to be investigated in a large random-
ised controlled trial, and one is currently being
proposed. Meanwhile, hormone replacement therapy
in these patients will substantially improve their quality
of life, particularly in those who prove to be long term
survivors.
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Spontaneous pneumothorax: marker gas technique for predicting
outcome of manual aspiration

Douglas Seaton, Kathir Yoganathan, Thomas Coady, Richard Barker

Abstract
Objective-To determine whether in a patient

with spontaneous pneumothorax the presence or
absence of a pleural leak can be shown at the time of
manual aspiration by use of a marker gas. Also,
to find out if the technique can predict whether
manual aspiration wili be successful, hence avoiding
the need for intercostal tube drainage.
Design-Prospective study of 25 episodes of

pneumothorax during which patients breathed air
from a Douglas bag that contained chlorofluorocarbon
gases from a metered dose inhaler while the pneumo-
thorax was aspirated.
Setting-Medical unit of a district general hospital.
Patients-22 patients who presented over nine

months with acute pneumothorax.
Main outcome measures-Presence or absence of

chlorofluorocarbon marker gases in the aspirate.
Presence or absence of sustained re-expansion ofthe
affected lung in the chest radiograph.

Results -Marker gas was detected in the aspirate
from 16 out of 25 pneumothoraces. Of these,
13 required intercostal tube drainage because of
failure of the the lung to re-expand. Marker gas was
not detected in nine cases, and in all of these cases
manual aspiration resulted in sustained re-expansion
of the lung.
Conclusions-The presence or absence of a

pleural leak during manual aspiration ofspontaneous
pneumothorax can be shown by using this technique.
The absence of marker gas in the aspirate implies
that manual aspiration will be successful, whereas its
presence predicts, in most cases, either failure of
manual aspiration to expand the lung or early re-
coliapse of the lung.

Introduction
Spontaneous pneumothorax is usually treated

actively with an intercostal tube and underwater seal
drain on the grounds of size or if there is underlying
lung disease.' Simple manual aspiration is an alternative
procedure that spares the patient discomfort and is
easier to perform.25 A disadvantage of aspiration is that
it has been impossible to predict which lungs will
recollapse within the next 24 hours as a result of a small
persisting pleural leak. Such patients require further
treatment, often with an intercostal drain, resulting in
a longer hospital stay, whereas those in whom the
pleural leak seals off spontaneously might benefit from
simple aspiration and earlier discharge.
We have previously described a flame ionisation

technique for detecting the chlorofluorocarbon
propellants present in pressurised metered dose
inhalers.6 We have now adapted this method to detect
pleural leaks during manual aspiration of spontaneous
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