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Abstract—Two hundred and fifty patients were entered into a randomized clinical study to
compare the effectiveness of goserelin (Zoladex) in depot formulation with diethyl stilboestrol in
locally advanced or metastatic prostate cancer. In 22 patients from the two arms of the study regular
assessments were made of the effect of these hormone treatments on the haemostatic system. Selection
of those patients with no recent surgical intervention and those on no drugs liable to interfere with
the haemostatic mechanism was done at entry, in order to remove bias and achieve comparable
groups. Baseline comparison of the two treatment groups showed no difference in clinical or
biochemical measures of disease extent or activity, including serum prostate specific antigen (PSA)
levels. There was a significant fall in plasma antithrombin-III (AT-III) activity in the DES
treated group both from baseline and compared with the goserelin group. This effect commenced
within 1 month and was maintained until monitoring ceased at 12 months. There was also a
significant increase of fibrinolytic activity in the DES treated patients compared with those on
goserelin. No divergence between the two treatment groups was seen in any other haematological
parameters at baseline or on_follow-up. A single AT-I11 estimation was also performed on a larger
group of 74 patients at median follow-up time of 17 months (range 3-24). This confirmed the
difference noted in the original study group. In the main study thrombatic episodes were noted in
13/126 patients treated with DES and 0/124 treated with goserelin (P < 0.001). These findings
suggest that lowered AT-III is the major factor through which DES affects the coagulation
mechanism, and that no such effect is seen with goserelin treatment despite an equivalent therapeutic

efficacy.

INTRODUCTION

THE INcIDENCE of thrombotic complications in pa-
tients with advanced prostate cancer is increased by
the use of oestrogen therapy [2-4]. Decreased AT-
III levels are associated with an inceased risk of
thromboembolic events {5, 6] and oestrogen ther-
apy has been reported to decrease AT-III levels
[7]. We have studied the effects of depot goserelin
(Zoladex) 3.6 mg monthly and diethyl stilboestrol
(DES) 3 mg/day on several aspects of platelet func-
tion, fibrinolysis and coagulation in patients selec-
ted at random from a larger trial of advanced
prostate cancer comparing the two forms of hor-
mone manipulation.
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PATIENTS AND METHODS

Twenty-two patients entering a multicentre ran-
domized trial comparing goserelin 3.6 mg depot
with DES 3 mg/day were selected for further study
(see below) after randomization to the main trial.
All cases had biopsy proven, locally advanced or
metastatic prostate cancer, and the main exclusions
were other neoplastic disease or serious pre-existing
cardiovascular disease. These patients were not on
any form of regular analgesia or beta blockade, and
all but three had been allowed to recover from a
surgical procedure, usually transurethral prostatic
resection, for at least 2 weeks prior to testing (Table
1). These three had their first assessment 6, 7 and
8 days following surgery respectively, and as their
trial entry data showed no difference from the rest
of the group, they have been included in the analysis.
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Table 1. Patient characteristics () = Y% unless stated otherwise

Goserelin DES

Median age (and range) 71 (57-81) 75 (53-86)
Current smoker 5/11 (45.5) 4/11 (36)
Performance score normal 10/11 (91) 11/11 (100)
Cardiovascular disease 4/11 (36) 3/11 (27)
Tumour area (mean and confidence intervals)* 22.9 (15.8-29.9) 22 (14.8-29.3)
Primary tumour stage T4 4/11 (36) 3/11 (27)
Primary tumour stage T3 or less/MO 1/10 (10) 2/11 (18)
High acid phosphatase 8/11 (72.7) 4/11 (36.4)
High alkaline phosphatase 4/11 (36.4) 7/11 (63.6)
PSA greater than 100 pg/1 5/11 (45.5) 8/11 (72.7)
Histology

Good 2 1

Moderate 5 6

Poor 3 3

Median time from TUR prostate to first test
n = 17 (five cases were diagnosed by needle biopsy).
Median 32 days (range 6-709).

*Tumour area = the product of width X length of the prostate as assessed by digital rectal examination.

Age range for the whole study group was 53-86
years; median 72. All patients gave informed con-
sent for both studies, and underwent haematological
analyses at baseline, 1 month, 3 months and 1 year.
At each visit the recent analgesic intake of the
patient was noted, and there were no protocol
violations.

Platelet count was estimated using a Coulter
Model S+1V analyser (Coulter Electronics, Luton).
ADP-induced platelet aggregation threshold and
spontaneous aggregation were measured as pre-
viously described using a PAP-4 platelet aggrego-
meter {Biodata Corporation, Hatboro, PA) [8, 9].
All platelet aggregation tests were performed within
two hours of venepuncture. Beta-thromboglobulin
was estimated by a radioimmunoassay kit
(Amersham International plc, Amersham). Euglo-
bulin lysis was determined by the method of Buckell
[10], with the results reported as units of fibrinolytic
activity [11]. AT-III and «, antiplasmin activity
were measured by chromogenic substrate assays
using kits supplied by Immuno Diagnostika
(Vienna) and Kabivitrum (Stockholm), respect-
ively. Immunological fibrinogen and von Wille-
brand factor antigen were estimated by the Laurell
immunoelectrophoretic technique [12] using anti-
sera supplied by Dakopatts, Copenhagen. Clottable
fibrinogen was measured by the method of Clauss
[13] using a kit supplied by Immuno Diagnostika.
Factor VIII coagulant activity (F.VIIL:.C) was
determined by a modified two-stage technique [14]
within 2 h of venepuncture. Serum FDP was meas-
ured using a latex agglutination method (Thrombo-
Welicotest, Wellcome Diagnostics, Dartford).

Some data was lost due to missed appointments
(five cases), treatment withdrawal (two cases) and

on-study death (one case). The assessment of AT-
III in a further 74 patients in the main study was
performed at median follow-up of 17 months (range
3-24 months). Statistical analyses were carried out
using the Mann—-Whitney and chi-squared tests.

RESULTS

Baseline characteristics

The two treatment groups were well matched in
terms of age, disease extent, histology, performance
status, prior history of cardiovascular disease and
smoking (Table 1). This study group also compared
well with the whole study group in terms of these
parameters. Over the study period, 13 cases showed
a partial response to therapy in terms of either
primary tumour shrinkage or lessening of the num-
ber of bone metastases on follow-up bone scans,
seven were classed as progressing and two were
unassessable as only baseline data was available.
There was no statistically significant difference in
response between the two therapy groups.

Of'the 12 haematological parameters tested, only
B-thromboglobulin showed a significant difference
at baseline in the two treatment groups (P = 0.002),
being above the normal range in 7/11 goserelin
treated cases. This difference was lost within 1
month of beginning treatment. Both patient groups
presented with slightly elevated F.VIII and
fibrinogen levels, probably reflecting the disease
process. Mean factor VIII:C levels on presentation
were 1.60 *+ 0.60 iu/ml and 1.89 = 1.01 iu/ml in
the goserelin and DES groups respectively (n.s.).
Four patients in the goserelin group and three in
the DES group had baseline F.VIIL:C levels in
excess of 2.0 iu/ml (normal range 0.5-2.0).
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Follow-up

Only two parameters showed significant changes
on DES therapy. AT-III showed a statistically
significant fall from baseline at 1 month (P = 0.03).
This effect was also noted at 1 and 3 months
(P =0.001, 0.008) (Table 2) and at 1 vyear
(P =0.027), when compared with the goserelin
group. Fibrinolytic activity, as measured by the
euglobulin lysis test, was significantly higher in the
DES group at 3 months (P = 0.01) and at | year
(P =0.03) (Table 2).

AT-III measurements in the main trial patients

A single AT-III estimation was also performed
on a larger group of 74 patients at median follow-
up time of 17 months (range 3-24). This confirmed

the difference noted in the original study group
(Fig. 1). Thrombotic episodes were noted in 13/126
patients treated with DES and 0/124 treated with
goserelin (P < 0.001). These were myocardial
infarction (2), pulmonary embolus (1), cerebro-
vascular accident (2), transient ischaemic attacks
(3), deep venous thromboses (4) and peripheral
arterial thrombosis (1).

DISCUSSION
The main randomized open study was set up to
test the efficacy and safety of goserelin compared
with DES. We report the results of a study of a sub-
group of these patients using a range of coagulation
tests to monitor changes during treatment. The
study group was well matched in terms of baseline

Table 2. Mean (= S.D.) levels by treatment group and probability of equivalence (Mann-Whitney test)

Plasma antithrombin 111 activity (%)

Entry 1 Month 3 Months 1 Year
Goserelin 105.2 (18.8) 109.6 (16.1) 101.5 (13.4) 93.4 (16.0)
DES 91.5 (18.6) 70.6 (14.9) 78.2 (17.3) 71.4 (16.0)
Pvalue 0.107 0.001 0.008 0.027
Euglobulin lysis (units of activity)
Entry 1 Month 3 Months 1 Year
Goserelin 52.2 (26.6) 46.9 (12.9) 38.6 (11.7) 40.2 (15.7)
DES 61.5 (52.4) 82.4 (57.5) 86.7 (42.2) 77.0 (35.3)
Pvalue 0.974 0.167 0.01 0.03
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Fig. Y. Mean (% S.D.) antithrombin I11 values in the main study group.



318 L.A. Emtage et al.

characteristics, both with the main trial group and
within each treatment group. This was important,
because disease extent appeared to have some effect
on baseline values.

The chromogenic AT-111 assay used in this study
was similar to that used by Varenhorst et al. [15].
The decrease in AT-III activity was rapid and
prolonged with DES therapy at a dose of 3 mg/day.
Although no clinical thrombotic event took place in
either treatment group in this sub-population, it
was felt that the AT-III levels as low as 40% of
normal on DES were sufficiently low to predispose
to such an event. Changes in AT-III are therefore
the most probable causative factor in the thrombotic
events which caused a significant proportion of
patients to be withdrawn from DES therapy in
the main study, despite a significant increase in
fibrinolytic activity in patients on DES therapy. A
similar effect has been observed by Walther ef al.
[1] and was attributed to an increase in tissue
plasminogen activator (t-PA). We did not, however,
measure t-PA in this study. None of the other
parameters studied showed a significant change
on either treatment. The increased ADP induced
platelet aggregation reported elsewhere with
oestrogen treatment [16] was not seen in either
treatment group in this study. Prostate cancer itself
caused significant changes in several of these par-
ameters, in particular increased fibrinolytic activity
[1, 17]. It was notable that both treatments tended
to normalize these levels, with the exception of AT-
ITI and euglobulin lysis in those on DES. Baseline
AT-III and euglobulin lysis levels were not grossly
abnormal in either treatment group, and so it cannot

be said that disease related levels were further
adversely affected by DES treatment,

We conclude that of 12 haematological variables
studied, the only one to show a profound and
persistent fall on therapy was AT-III, which was
very sensitive to oestrogen therapy. Although this
relationship between oestrogen therapy and alter-
ation of AT-III levels has been reported previously
(18], it is of note that the LH-RH agonist goserelin
had no effect on the components of the coagulation
system that were measured in this study, confirming
earlier observations by Varenhorst ¢f al. [19]. These
observations suggest that the highly significant dif-
ference in thrombotic episodes seen in the main trial
(13/126 for DES and 0/124 for goserelin) can be
explained by the effect of DES on the coagulation
system.

Criticism could be levelled at the main trial that
the dose of DES was higher than necessary. Whilst
lower doses of DES might have the same antitumour
efficacy, alterations in the clotting mechanisms
would still occur. Even though the therapeutic
efficacy of the two treatments appears similar, the
absence of thrombotic complications with goserelin
and its complete lack of action on the coagulation
system would suggest that it is superior to any dose
of DES, and is thus the preferred medical treatment
for advanced prostate cancer.
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