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Abstract-The endocrine effects of replacement doses of hydrocortisone in 
postmenopausal women with advanced breast cancer were compared with the same 
doses of hydrocortisone plus aminoglutethimide. Fifteen patients received 
aminoglutethimide (AC) 250 mg three times a day plus hydrocortisone (HC) 20 mg 
twice a day for 2 weeks, then AG was increased to 250 mg four times a day. Another 
13 patients receiued HC alone for 2 weeks, then AG was added. NC alone 
szgnificantly suppressed oestrone (75% of baseline) and oestradiol (50% of 

baseline). Addition of AG to these patients produced further oestrone suppression 
(50% of baseljne) .significantly greater than HC alone. HC alone suppressed 
dehydroepiandrosterone sulphate as much as AG + HC. A4-androstenedione (A4A) 
and dehydroepiandrosterone (DHA) were suppressed by HC alone. Addition of AG 
produced a rise of A4A to basal levels. These results show that 3-p-01 dehydrogenase 
is not induced by AG. AG plus HC together from day 1 produced significantly 
greater oestrone suppression (50% of baseline) than HC alone. Because high-dose 
steroids may induce aromatase and replacement doses produced marked peripheral 
endocrine effects, the use of replacement hydrocortisone should be reassessed in 
adzlanced breast cancer. 

INTRODUCTION 

AMINOGL~JTETHIMIDE in combination with 
hydrocortisone is an effective endocrine therapy 
in advanced postmenopausal breast cancer [l]. 
Aminoglutethimide inhibits an early step in 
adrenal steroid biosynthesis, the conversion of 
cholesterol to pregnenolone by desmolase [Z]. 
Hydrocortisone in replacement dosage is usually 
given to prevent a reflex rise in ACTH that may 
overcome the block [3]. The peripheral con- 
version of n4-androstenedione to oestrone by 
aromatase is the main source of oestrogens in 
postmenopausal women, and this enzyme system 
is also inhibited by aminoglutethimide [4, 51. 

Earlier reports showed that replacement doses 
of hydrocortisone alone suppressed urine 
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oestrone in postmenopausal women [S] and that 
objective tumour responses occurred with re- 
placement doses of corticosterone or hydro- 
cortisone [7-91. The response rates were lower 
than reported for aminoglutethimide plus 
hydrocortisone, but the two therapies have not 
been compared directly. Aminoglutethimide 
with hydrocortisone is as effrctive as adrena- 
lectomy [lo], but the only randomised study of 
adrenalectomy vs replacement hydrocortisone 
was discontinued when none out of 19 patients 
responded to the latter treatment [ll]. Thegeneral 
consensus is that response to glucocorticoids is 
infrequent and of short duration [12-151. The 
contribution of hydrocortisone to the therapeutic 
effect of aminoglutethimide is unknown, and the 
endocrine effects of replacement doses of hydro- 
cortisone in postmenopausal breast cancer are 
poorly defined. We have therefore compared the 
endocrine effects of 2 weeks therapy with 
hydrocortisone followed by thr addition of 
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aminoglutethimide with the effects of starting 
treatment with aminoglutethimide plus hydro- 
cortisone together. 

MATERIALS AND METHODS 
All patients had advanced progressing post- 

menopausal breast cancer. Fifteen patients were 
started on treatment with aminoglutethimide 
250 mg three times a day plus hydrocortisone 
20 mg twice a day at 8 a.m. and 8 p.m. for 2 weeks. 
After 2 weeks the aminoglutethimide dose was 
increased to 250 mg four times a day. 

The next 13 patients were started on treatment 
with hydrocortisone 20 mg twice a day at 8 a.m. 
and 8 p.m. for 2 weeks. Aminoglutethimide 
250 mg twice a day was then added. The 
aminoglutethimide dose was then increased by 
250 mg at Z-week intervals to the maximum dose 
of 250 mg four times a day. 

Response was assessed by standard UICC 
criteria [16]. 

Hormone assays 
Blood samples were taken 3 hr after the 

morning dose of aminoglutethimide and/or 
hydrocortisone. Samples were taken before 
treatment, then at Z-week intervals up to 12 weeks 
from the start of hydrocortisone. Plasma was 
stored at -20°C until assay. All samples from one 
patient were measured in one assay. The 
following hormones were measured by radio- 
immunoassay using previously described methods 
[17, 181: oestrone, oestradiol, dehydroepiandro- 
sterone sulphate (DHAS), A4-androstenedione. 
Dehydroepiandrosterone (DHA) was measured by 
radioimmunoassay using the Radioassay Systems 
Laboratories [3H]-DHA kit. For oestrone, 200 ~1 
of serum is extracted per assay tube and for 
oestradioll25 ~1 per assay tube. Extraction is with 
purified diethyl ether and buffer blanks are always 
below the sensitivity limits. Chromatography 
does not affect the oestrone or oestmdiol results. 

Results were compared by the paired t test with 
Bonferoni correction for multiple paired com- 
parisons. 

RESULTS 
Clinical effects 

Hydrocortisone first. There were no side-effects 
with hydrocortisone in the 13 patients. Amino- 
glutethimide 250 mg twice a day was then given 
and one patient developed an influenza-like 
illness and skin rash, with a progressing pleural 
effusion. Twelve patients had the amino- 
glutethimide increased to 250 mg three times a 
day. Two of these patients were withdrawn at 6 
weeks because of progressive disease. Eight of the 
10 remaining patients had the dose increased to 

250 mg four times a day. The other two remained 
on 250 mg three times a day for the duration of the 
study because of side-effects. Side-effects after the 
addition of aminoglutethimide were similar in 
type and frequency to those occurring in the 
patients started with both drugs together (Table 
1). In both groups of patients there was a similar 
response rate to the combination treatment. The 
clinical features of each group are shown in Table 
1. 

Endocrine effects 
Oestrone suppression. Hydrocortisone alone 

significantly suppressed oestrone levels at 2 weeks 
from the start of treatment (Fig. 1). The addition 
of aminoglutethimide at 2 weeks produced a 
further signficant suppression of oestrone. 

In patients starting treatment with amino- 
glutethimide plus hydrocortisone, maximal 
suppression was produced by 2 weeks with no 
further suppression after that time. 

The pretreatment levels of oestrone were higher 
in the group treated with aminoglutethimide plus 
hydrocortisone than in those starting on hydro- 
cortisone. The reasons for this do not appear to be 
related to clinical features (Table 1). The oestrone 
value as a percentage of the baseline was 
calculated to make results comparable. The 
percentage of baseline value at 2 weeks was 75% in 
the hydrocortisone alone group and 50% in the 
combination group (P = 0.0076). At 4 weeks there 
was no significant difference. Oestradiol was 
suppressed by hydrocortisone alone, and a further 
non-significant fall occurred after addition of 
aminoglutethimide (pretreatment, 35 + 6.3 pmol/ 
1; after hydrocortisone 17 f 3.4 pmol/l; after 
aminoglutethimide 250 mg twice a day 12 + 
2 pmol/l). 

DHAS suppression. There was no difference in 
pretreatment DHAS levels between the two 
groups, and at 2 weeks the suppression was the 
same in the 2 groups (Figs 1,2). There was a 
further small significant fall over the next 2 weeks 
in both groups. Thus hydrocortisone alone 
suppressed DHAS as much as the combination. 

Further endocrine studies in the hydrocortisone 
first group (Fig. 3) 

Oestrone suppression was greater after the 
addition of aminoglutethimide. However, further 
dose increments of aminoglutethimide did not 
produce further oestrone suppression. DHAS 
levels did not fall further after 1 month, with 
increasing aminoglutethimide dosage. A4- 
Androstenedione was significantly suppressed by 
hydrocortisone at 2 weeks but after addition of 
aminoglutethimide A4-androstenedione rose 
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Table 1. Clinical features and aminoglutethimide toxicity in patients 
given aminoglutethimide plus hydrocortisone or hydrocortisone alone 

before aminoglutethimide 

Aminoglutethimide 
plus hydrocortisone Hydrocortisone first 

No. 15 13 

Age (yr) 
mean 56.5 58.5 
median 57 58 

Weight (kg) 
mean 61.1 60.7 
median 62 60 

Last menstrual period (yr) 
mean 6.5 10.3 
median 5 8 

Tumor-free interval (months) 
mean 26.2 25.5 
median 17 10 

Sites of disease 
soft tissue/nodes 11 7 
pleura/lung 6 3 
bone 11 7 
liver 3 2 

Previous endocrine therapy 10 (3PR) 4 (ZPR) 

Previous chemotherapy 3 3 

Response to AC + HC 5PR 4PR 

Side-effects of AG 
rash 6 4 

(+ 1 flu-like illness) 
drowsiness 5 3 
ataxia 2 
nausea 2 2 
none 8 7 
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until at 6 weeks from start of treatment there was 
no longer significant suppression. 

DHA was significantly suppressed by hydro- 
cortisone, and remained suppressed on amino- 
glutethimide. The ratio of A4-androstenedione to 
DHA was thus increased by the addition of 
aminoglutethimide (Fig. 4). The rise in A4- 
androstenedione was not accompanied by an 
equivalent fall in DHA (Figs 3, 4). 

DISCUSSION 
This study shows that hydrocortisone alone in a 

dose of 20 mg twice a day has significant 
endocrine effects in patients with advanced 
postmenopausal breast cancer. Oestrone and 
oestradiol, DHAS, DHA and A4-androstenedione 
were all suppressed below basal levels. The study 
was undertaken to try to establish the endocrino- 
logical differences between hydrocortisone alone 
and hydrocortisone plus aminoglutethimide, and 
therefore explain the reported therapeutic 
differences of steroids alone compared with 
aminoglutethimide. There are two differences: 
oestrone is suppressed more by the combination; 

A4-androstenedione is not suppressed by the 
combination. 

Although there was a lower pretreatment 
oestrone in the group starting with hydro- 
cortisone alone, addition of aminoglutethimide 
resulted in further suppression, and percentage 
suppression was less than with the combination. 
This difference in oestrone suppression might 
account for the relatively lower efficacy of 
hydrocortisone, since it appears that only about a 
50% suppression is required for the therapeutic 
effect of adrenalectomy or aminoglutethimide 
plus hydrocortisone. Endogenous oestradiol 
levels in human breast cancer are 10 times higher 
than peripheral levels [19]. The contribution of 
peripheral oestrogens to these concentrations is 
unknown. However, A4-androstenedione is 
suppressed by hydrocortisone, and this is an 
immediate precursor of oestrone production by 
peripheral aromatase. 

There are very few studies of replacement doses 
of hydrocortisone in advanced breast cancer, but 
three out of four reports [7-9, 111 did find a 
reasonable objective response rate of 22-33% 
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Fig. 1. DHAS and oestrone supfiression by hydrocortisone 
and hydrocortisone plus aminoglutethimide. e---e, 
Patients treated initially with hydrocortisone alone and 
aminoglutethimide added after 2 weeks; O- 0, patients 
treated initially with aminoglutethimide and hydrocortisone. 
Significance values are unpaired t tests between the different 
groups of patients and paired t tests with Bonferonicorrection 
between post- and pretreatment values. Thesignificancevalue 
at the bottom of each graph is for the comparison at each time 
point of patients starting with hydrocortisone alone with 
those starting on aminoglutethimide plus hydrocortisone. 
The values above or below each point areforcomparison with 
pretreatment values. The values enclosed by arrows refer to 
comparison of Z-week with 4-weeksamplesin patientsstarting 
hydrocortisone alone (value above lines) or for patients 
starting aminoglutethimide plus hydrocortisone (value below 

lines). 

lasting for a mean of 12 months (range 3-37 
months). (In two of the reports, thyroid extract 
was also given, but this is unlikely to be of 
physiological relevance.) This contrasts with the 
short, infrequent responses found with higher- 
dose steroid therapy [12,15]. It is possible that 
endocrine effects of hydrocortisone have been 
underestimated because of the use of the high 
doses. It has been shown that high doses of 
steroids increase human aromatase in vitro 
[20,21], and they are also immunosuppressive. 
High-dose glucocorticoids would be expected to 
virtually eliminate adrenal synthesis of andro- 
stenedione, but the significant proportion that is 
derived from the post-menopausal ovary should 
be unaffected [22]. If the glucocorticoid also 
stimulates peripheral aromatization, the overall 
effect may be to increase oestrogen levels within the 
tumour. The intermediate degree of suppression 
produced by low-dose hydrocortisone is associated 
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Fig. 2. DHAS and oestrone expressed as percentage of 
baseline in patients treated with aminoglutethimtde plus 
hydrocortisone, or hydrocortisone alone. ??-0, Patients 
treated initially with hydrocortisone alone and amino- 
glutethimide added after 2 weeks; 0 -0, pattents treated 
initially with aminoglutethimide and hydrocortisone. 
Significance values arepaired t tests with Bonferonicorrection 
between post- and pretreatment values and between two sets of 
post-treatment values. The significance value at the bottom of 
each graph is for the comparison at each time point of patients 
starting with hydrocortisone alone with those starting on 
aminoglutethimtde plus hydrocortisone. The values above or 
below each point are for comparison with pretreatment values. 
The values enclosed by arrows refer to comparison of Z-week 
with 4-week samples in patients starting with hydrocortisone 
alone (value above lines) or for patients starting with 
aminoglutethimide plus hydrocortisone (value below lines). 

with responses in between those reported for 
aminoglutethimide and hydrocortisone and high- 
dose steroids. There may be a dose-response 
relationship for hormone suppression and 
response to endocrine therapy. 

The mechanism for the rise in A4-andro- 
stenedione on addition of aminoglutethimide is 
unknown. Santen et al. previously suggested that 
there is increased activity of the enzyme 
converting DHA to A4-androstenedione (3-p-01 
dehydrogenase) [23]. Our study shows that this is 
unlikely to be the case, since DHA levels did not 
change significantly, although A4-androstene- 
dione rose markedly. Our previous suggestion 
that increasing doses of aminoglutethimide block 
11 -p hydroxylase and cause metabolite accumula- 
tion behind the block is more likely [24]. Bird et al. 
[25] have shown there is no increase in conversion 
of A5 to A4 metabolites in postmenopausal 
breast cancer patients treated with amino- 
glutethimide. 
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Fig. 3. Serial oestrone, oestradiol, DHAS, DHA and A’- 
androstenedione levels in patients starting with hydro- 
cortisone alone. E,, oestradiol; A4, A4-androstenedione. P 
ualues are for paired t tests with pretreatment samples, using 

the Bonferoni correction. 

This study also shows that increasing amino- 
glutethimide dosage above 250 mg twice a day 
does not produce further oestrone or oestradiol 
suppression, a confirmation of our previous study 
but carried out over a longer time course (2 
months) [18]. 

Increasing the aminoglutethimide dosage 
slowly did not reduce the severity of side-effects 
compared to increasing the dosage over 1 month. 
This may be because aminoglutethimide induces 
its own metabolism within a week of the start of 
therapy and therefore more prolonged dose build- 
up does not affect the plasma levels [26]. 

Borkowski et al. examined the effects of 
3 mg/day dexamethasone in six patients with 
advanced postmenopausal breast cancer (dose 
equivalent to 100 mg cortisone/day) [27]. They 
found oestrone and oestradiol suppression were 
slower in onset than in normal women, and 
suggested that peripheral aromatization of 
adrenal precursors within the tumour may be a 
site of oestrogen production. Par&ens et al. [28] 
found in four patients that oestradiol was not 
suppressed with 40 mg hydrocortisone, in contrast 
to our study. 

It is possible that had the hydrocortisone been 
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Fig. 4. Comparison of effects of hydrocortisone alone and 
hydrocortisone plus aminoglutethimide on DHA and A4- 
androstenedione (A4A). Results are for the same patients 
before hydrocortisone, 2 weeks after starting hydrocortisone 
and 2 weeks after the addition of aminoglutethimide to the 

hydrocortzsone. 

continued longer, further oestrogen suppression 
may have occurred. Borkowski et al. [27] found 
that suppression took several weeks. The present 
study cannot assess this, but because of the marked 
hormone effects of hydrocortisone, investigation 
of the endocrine effects of longer courses may be 
worthwhile. 

The present studies show that hydrocortisone 
20 mg twice a day has marked effects on the 
peripheral endocrine environment and suggests 
that, in view of its excellent tolerance, it should be 
reassessed in advanced breast cancer. Higher doses 
may have adverse effects and no greater oestrone 
suppression. Aminoglutethimide in combination 
with hydrocortisone produces a greater and more 
rapid fall in oestrone than hydrocortisone alone. 
We have previously shown that aminoglute- 
thimide alone produced equivalent oestrone 
suppression to aminoglutethimide plus hydro- 
cortisone [24], and so it is unlikely that 
hydrocortisone contributes to the therapeutic 
effect of aminoglutethimide via oestrone sup- 
pression. However, the role of hydrocortisone in 
preventing. the rise in A4-androstenedione 
produced by aminoglutethimide alone may be 
important in depriving peripheral tissues of a 
substrate for aromatase. 
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