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NEW ENDOCRINE DRUGS FOR TREATMENT OF 

ADVANCED BREAST CANCER 

P. E. L ~ I N G  

Abstract 
Current status of endocrine treatment for breast cancer is 

reviewed. Several new aromatase inhibitors as well as antiestro- 
gens are being introduced for clinical trials. As different drugs 
within the same drug group may possess different biochemical 
actions, apart from being useful drugs for treatment of breast 
cancer, these drugs may also extend our knowledge about the 
endocrinology of breast cancer. 
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Endocrine treatment of postmenopausal breast cancer 
has improved during the last two decades due to the 
introduction of tamoxifen and aminoglutethimide. More 
recently, treatment with progestins in high doses has been 
successfully applied to postmenopausal patients, and ta- 
moxifen as well as medical castration by LH-RH agonists 
have become feasible treatment alternatives to castration 
in premenopausal women. 

Tamoxifen and aminoglutethimide have been interpreted 
as prototypes of two classes of drugs, antioestrogens and 
aromatase inhibitors. Aminoglutethimide blocks the main 
oestrogen production pathway in postmenopausal women 
(peripheral conversion of androstenedione into estrone), 
tamoxifen is thought to act by binding to the oestrogen 
receptor inside the tumour cell blocking oestrogen stimula- 
tion. Aromatase inhibitors and antioestrogens are cur- 
rently the main new drugs for endocrine treatment of 
postmenopausal breast cancer, initiated by the successful 
use of aminoglutethimide and tamoxifen. 

However, the picture may be more complicated than 
that. Tamoxifen is not a pure antioestrogen, but it also 
possesses certain oestrogenic activities, shown in vivo to 
stimulate the synthesis of certain plasma proteins as SHBG 
and CBG in an oestrogen-like manner (1). Also, tamoxifen 

has been shown to bind to components other than the 
oestrogen receptor inside the tumour cell (2) and recent 
works suggest tamoxifen could interact with cellular 
oestrogen uptake and intracellular oestrogen metabolism 
(3). Aminoglutethmide, apart from being an aromatase 
inhibitor also inhibits several adrenal enzymes. This is 
probably of little importance for its mechanism of action 
(4). However, aminoglutethimide stimulates estrone sulfate 
metabolism, and this effect may be beneficial (5 ,6 ) ,  as it 
aggravates plasma estrone sulfate (E, S) suppression [A. 
Thus, it may be feasible to group different endocrine drugs 
into drugs acting by modifying oestrogen disposition (syn- 
thesis and/or metabolism) and drugs thought to act di- 
rectly on endocrine mechanisms inside the tumour cell. 

Drugs acting on breast cancer by modifying 
oestrogen disposition 

Before discussing drug influence on oestrogen disposi- 
tion, different oestrogen production pathways that may be 
targets of drug influence are reviewed. 

Oestrogen production. In premenopausal women, except 
for the first days of the menstrual cycle, the ovary is the 
major source of circulating oestrogens. In postmenopausal 
women, most oestrogens are produced in peripheral tissue 
by so-called aromatization of circulating androgens (Fig. 
1). Plasma androstenedione ( A4-A) and testosterone (T) 
levels are about 2-4nmol/l and 1 nmol/l respectively in 
postmenopausal women (8,9). About 2/3 of circulating 
A4-A seems to have an adrenal origin, the rest is secreted 
by the ovary (10). Fifty per cent of plasma testosterone 

Presented at the 1989 Nordic Post Graduate Oncology Seminar, 

Accepted for publication 7 January 1990. 
April 23-26, 1989, Riksgransen, Sweden. 

379 



380 P. E. LQNNING 

A d r d  m t c x  

h4 steroids 

Pregnonolone -* Progesterone - Aldosterone 

I r-on pr:gnenolone -I J-OH-progesterone - Cort isoI  
I 

I +  2 
DHEA * Androstenedlone - Testosteroni 

I I 
I 
I 
I 
I 
I 
I 

\ 

\ 
\ 
\ 
\ 

’\ Androstenedlone - Testosterone 

4 
bri@krdLiaaue \ 

I 
I 

7 

I 
I 

7 

Fig. 1.  Pathways of postmenopausal oestrogen synthesis. While a 
detailed outline of glandular synthesis of oestrogen precursors is 
given for the adrenals only, steroid synthesis occurs by similar 
pathways in the ovaries. 1 = cholesterol side chain cleavage en- 
zyme (desmolase), 2 = 3/?-ol-dehydrogenase-As- to A4-isomerase, 
3 = 17-hydroxylase, 4 = C,,,,-lyase, 5 = aromatase, 6 = 178- 
hydroxysteroid dehydrogenase, 7 = estrone sulfotransferase and 
8 = estrone sulfate sulfatase. The ‘?’ illustrates the possibility of 
yet unknown pathways of oestrogen synthesis. 

derives from adrenal secretion, with a similar amount 
produced by the ovaries (10). Between 1-2.5% of circulat- 
ing A4-A and 0.4-0.5% of circulating T are aromatized 
into estrone (El )  and estradiol (E,) respectively (Lanning 
et al. Unpublished data). While there is general agreement 
that aromatization of A4-A to E, is the major oestrogen 
production pathway in postmenopausal women, it is not 
clear whether aromatization of A4-A to El and T to E, 
together may account for the total amount of oestrogens 
produced in postmenopausal women or whether alterna- 
tive production pathways may exist. One study suggested a 
direct production pathway of El from DHEA without 
plasma A4-A as an intermediate, this pathway was sug- 
gested to account for 20-25% of circulating El (1  1). This 
hypothesis has not been explored by others. The finding of 
persistent oestrogens in patients receiving treatment with 
aminoglutethimide despite a 95-98% aromatase inhibition 
in vivo ( 12) indirectly suggests alternative production 
pathways to exist. No direct evidence supports hypothesis 
of dietary oestrogen contribution. Findings support a hy- 

pothesis that reduced plasma estrogen levels in patients on 
special diets may be explained by alterations in entero- 
hepatic cycling of endogenous steroids (13). Further, as 
ingested oestrogens will mainly undergo first-pass metab- 
olism and thus appear as urinary metabolities but not 
unconjugated El or E, in plasma (14), a high intake of 
dietary oestrogens might be expected to result in a higher 
total body oestrogen production rate when this parameter 
is measured in urine instead of plasma. This is not the 
case. If alternative oestrogen production pathways occurs, 
this could have important therapeutic implications. 

It is not clear to what extent different plasma oestrogens 
as E,, El and E,S each may contribute to the intratumour 
oestrogens. Nor is it clear to what extent local oestrogen 
production in tumour-surrounding tissue ( 15) or inside the 
tumour itself (16) may be of biological importance. 

Drugs suppressing plasma oestrogens in premenopausal 
women. LH-RH analogues have recently been introduced 
as a ‘medical castration’ of premenopausal women. Hor- 
mone suppression as well as clinical response rates seem to 
be similar to what may be achieved by radiological or 
surgical castration (17, 18). 

Drugs suppressing plasma oestrogens in postmenopausal 
women. Drugs known to suppress postmenopausal plasma 
oestrogen levels act by a) reducing substrates (androgens) 
available for aromatization to oestrogens, b) inhibiting 
aromatization of androgens to oestrogens, and/or c) stim- 
ulating oestrogen metabolism (Table 1). 

Administration of LH-RH-analogues to postmeno- 
pausal women was recently shown to suppress plasma T 
with a slight effect on plasma E, (19). This finding may 
contrast with previous findings of similar plasma E, and 
E, levels in castrated and normal postmenopausal women 
(10,20), but it may be due to recent improvement in 
sensitivity for estradiol measurements. Noteworthily, 
ovarian irradiation was shown 25 years ago to cause a 
slight reduction in urinary oestrogen excretion also in 
postmenopausal women (2 1). Summarizing different stud- 
ies with LH-RH analogues in postmenopausal women with 
advanced breast cancer, a poor response rate of 8% (8/95) 
is found (17,22-24). However, while use of LH-RH ana- 
logues as single drug treatment for postmenopausal breast 
cancer women is not warranted, this treatment causes few 
side effects, and the question whether it might improve the 
response rate to other endocrine treatment modalities if 
added in concert, has yet to be addressed. 

Ketoconazole and trilostane are known inhibitors of 
adrenal 17a-hydroxylase and the 38-01-dehydrogenase-As- 
to A4-isomerase respectively (Table 1). Both drugs have 
been suggested to be aromatase inhibitors (25,26), but this 
hypothesis has not been explored in vivo by tracer studies. 
Ketoconazole has been found to inhibit placental aro- 
matase in vitro, although studies of its potency compared 
to other aromatase inhibitors have yielded somewhat con- 
flicting results (26-28). Studies in breast cancer patients 
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Table 1 
Oestrogen production inhibitors used for treatment of breast cancer 

LH-RH analogues 
Glucocorticoids 
Trilostane 

Ketoconazole 

Testololactone 
Aminoglutethimide 

4-Hydroxyandrostenedione 
CGS 16949A 
Pyridoglutethimide 
R76713 

(only tested on normal volunteers so far) 

- suppress ovarian steroid production 
- suppress adrenal steroid production 
- ihibits A5d4 steroid conversion in adrenals 
- aromatase inhibition??? 
- inhibits the adrenal 17-hydroxylase 
- aromatase inhibitor in vitro 
- aromatase inhibitor 
- aromatase inhibitor 
- increases estrone sulfate metabolism 
- aromatase inhibitor 
- aromatase inhibitor 
- aromatase inhibitor 
- aromatase inhibitor 

have revealed a significant suppression of plasma andro- 
gens, a slight suppression of plasma E,, but no significant 
effect on plasma El (29,30); thus, there is no evidence of 
any significant aromatase inhibition in vivo. One study 
reported trilostane treatment to cause oestrogen suppres- 
sion despite elevation of plasma androstenedione (29 ,  but 
the results presented in this study do not allow conclusions 
about aromatase inhibition. An insufficient suppression of 
adrenal androgen output in patients on trilostane as well as 
ketoconazole treatment may be explained by the fact that 
the adrenal enzymes blocked are involved in cortisol 
biosynthesis; inhibition of cortisol biosynthesis may in turn 
stimulate pituitary ACTH excretion. 

Ketoconazole given as sole drug treatment was reported 
to cause a low response rate (0/12) among postmenopausal 
breast cancer patients (30). Trilostane given with glucocor- 
ticoids provoked an objective response in 25/161 patients 
(16%) (31 -33), this might well be caused by the glucocorti- 
coids alone. Due to a high frequency of side effects (mainly 
gastrointestinal), neither ketoconazole nor trilostane may 
be suitable for combined drug therapy. 

Glucocorticoids suppress adrenal steroidogenesis. Re- 
sults from different studies suggest glucocorticoid adminis- 
tration may cause a more efficient suppression of plasma 
oestrogens than treatment with adrenal enzyme inhibitors 
as ketoconazole and trilostane when these drugs are given 
as single drug treatment (25, 30, 34). Noteworthily, admin- 
istration of glucocorticoids will suppress adrenal secretion 
of DHEA as well as A4-A and T (35-37), DHEA is 
produced mainly by adrenal secretion with little contribu- 
tion from the postmenopausal ovaries (10, 38). If a direct 
production pathway from DHEA to E, exists, possibly 
suppression of adrenal DHEA secretion could explain why 
addition of glucocorticoids to aminoglutethimide 250 mg/ 
day seems to enhance oestrogen suppression compared 
to treatment with aminoglutethimide alone (39). Gluco- 
corticoid administration has been shown to cause less 
suppression of plasma oestrogens than that seen during 
aminoglutethimide treatment (34), and a response rate of 

about 10-20% (40) is clearly inferior to a response rate of 
about 30% to aminoglutethimide treatment. Why surgical 
adrenalectomy, on the other hand, causes a significant 
better response rate than glucocorticoids (41) with oestro- 
gen suppression and clinical response rates similar to 
aminoglutethimide (42), is not clear. 

If the magnitude of oestrogen suppression and clinical 
response rates among postmenopausl women treated with 
LH-RH analogues, trilostane, ketoconazole, glucocorti- 
coids and the aromatase inhibitor aminoglutethimide are 
compared, a dose-response relationship between oestro- 
gen suppression and response rate to the different treat- 
ments is suggested. However, such a comparison should 
be carefully interpreted. One investigation comparing 
oestrogen suppression among responders and non-respon- 
ders to aminoglutethimide treatment showed no signifi- 
cant difference in hormone suppression in the two groups 
(43), and different drugs may have a different influence 
on local tissue and intra-tumour oestrogen disposition 
which might not be reflected in alterations in plasma 
steroid levels. 

It is not clear whether combined treatment with different 
drugs acting on oestrogen production may be beneficial. 
Adding glucocorticoids to aminoglutethimide treatment 
obviously reduces adrenal A4-A as well as DHEA secretion 
and it seems to cause a better suppression of plasma 
oestrogens (39). However, there is no direct evidence to 
suggest that glucocorticoids improve the response rate to 
aminoglutethimide among patients with relapsing disease 
(Table 2). On the other hand, recent results, suggesting 
that prednisone might improve the response rate to tamox- 
ifen in breast cancer, raise new and interesting questions 
about the mechanism of action of glucocorticoids in breast 
cancer (44). 

Two aromatase inhibitors, aminoglutethimide and A'- 
testololactone have previously been evaluated for treat- 
ment of postmenopausal breast cancer. Currently, at least 
3 new aromatase inhibitors are undergoing clinical trials 
(Fig. 2, Table 1). Before reviewing recent investigations on 
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Table 2 
Response rates among postmenopausal women with breast cancer to treatment with direrent 

aromatase inhibitors 

Schedule Response Reference Drug 

n Y O  

Aminoglutethimide 1 g/day + HC 410/1411 29% 38 
250 mg/day - HC 22/114 19% 69,70 
250 mg/day + HC 25/101 25%“ 71 

16/85 19% 71 

Testololactone 200 mg/day 5/118 4% 67 
1 OOO mg/day 18/123 14% 67 
2 OOO mg/day 15/121 12% 67 

4-OH-androstenedione 500- 1 OOO mg/week i.m. 14/52 27% 22 
500 mg/day oral 8/29 28% 9 

a All patients included. 
Patients receiving aminoglutethimide as first-line therapy excluded. 

these drugs, some ‘background controversies’ should be 
considered: 

When aminoglutethimide, the ‘classic’ aromatase in- 
hibitor, is administered as a ‘conventional dose’ of 1 g a 
day with glucocorticoids it causes a response rate about 
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Fig. 2. Chemical structure of different aromatase inhibitors 
used for treatment of breast cancer. 1 = pyridoglutethimide, 
I1 = aminoglutethimide, I11 = 4-hydroxyandrostenedione, IV = 
CGS 16949A and V = A’-testololactone. 

30% among unselected postmenopausal breast cancer pa- 
tients. About 50% of patients known to have a hormone- 
receptor positive tumour will respond (4). When 
administered as a ‘low dose’ drug treatment of 250 mg/day 
with or without glucocorticoids, a response rate of 19% 
has been achieved for patients with relapsing disease 
(Table 2). This finding is surprising, considering the fact 
that aminoglutethimide 250 mg/daily inhibits aromatase in 
vivo and suppresses plasma El and E, to the same degree 
as what may be achieved by the high-dose treatment 
(35, 37). On the other hand, aminoglutethimide was re- 
cently shown to cause a 2-fold increase of E,S clearance 
rate ( 5 6 )  As this effect seems to be dose-related (6), it 
might contribute to a different response rate between 
the two different aminoglutethimide dose schedules. New 
aromatase inhibitors should be compared with amino- 
glutethimide 1000mg/day in phase I11 trials to assure an 
optimal effect of aminoglutethimide. 

Testololactone (A’-testololactone) is a weak androgen 
previously used for treatment of advanced breast cancer. 
Later, this drug was found to be an aromatase inhibitor, 
and treatment with testololactone seems to inhibit in vivo 
aromatization by about 90% (45,46). Surprisingly, treat- 
ment with testololactone seems to cause an objective re- 
sponse in 10-15% of patients only (47). This finding 
questions the efficacy of aromatase inhibition alone as 
endocrine treatment for breast cancer. 

The steroid derivative 4-hydroxyandrostenedione (4- 
OHA) is a potent aromatase inhibitor in vitro (48), and it 
suppresses plasma El and E2 in vivo (49, 50). One study 
found 4-OHA to inhibit aromatization in primates in vivo 
(51), but no such study has been conducted in man as yet. 
4-OHA is currently the only new aromatase inhibitor that 
has undergone phase I1 trials. This drug has few side 
effects except for a tendency to local complications when 
administered by the i.m. route (52). The response rates to 
this drug when administered as i.m. or oral drug schedules 
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have been reported to be 27-28% (52, 53). Interestingly, 
4-OHA is not only a competitive aromatase inhibitor, it 
also inactivates the aromatase enzyme itself (27, 48). 

CGS 1694914 is a new, non-steroidal aromatase inhibitor 
currently undergoing phase I1 trials. The drug has been 
shown to suppress plasma El ,  E, and El S in a dose-depen- 
dent matter up to a dose of 2 mg/daily (54). This drug, 
however, does not seem to be a pure aromatase inhibitor. 
At the drug level which causes a maximum suppression of 
plasma oestrogens, it also seems to cause some inhibition of 
the adrenal 18-hydroxylase, causing a reduction in adrenal 
aldosterone output (55). CGS 16949A was claimed to sup- 
press plasma El and E, as well as E,S to a similar extent 
as previously reported with aminoglutethimide (54, 56). 
Such a direct comparison, however, should be carefully 
interpreted. The endocrine investigations on these two 
drugs were conducted 7 years apart, and mean pretreatment 
El S values were twice as high among the patients treated 
with aminoglutethimide as among the patients treated with 
CGS 16949A (54, 56). Current studies are in progress to 
assess aromatase inhibition and oestrogen production rates 
among patients receiving CGS 16949A therapy. 

Pyridoglutethimide is a drug chemically related to 
aminoglutethimide (57, 58). A phase I trial has been un- 
dertaken. The drug was found to cause significant suppres- 
sion of plasma E2 (59). Further, pyridoglutethimide seems 
to be an enzyme inducer in man (ibid). Whether this drug 
causes stimulation of E,S metabolism similar to what is 
seen during aminoglutethimide treatment has yet to be 
assessed. 

R76713 is a new, potent, non-steroidal aromatase in- 
hibitor. When this drug was given to male volunteers, a 
significant suppression of plasma E2 was seen (60). NO 
results have so far been reported for postmenopausal 
women. 

effects (61). Randomized studies have revealed the re- 
sponse rate to tamoxifen to be similar to what may be 
achieved by aminoglutethimide (62,63). 

Currently, several new anti-oestrogens are undergoing 
phase 1/11 trials (Fig. 3, Table 3). While most patient series 
contain a small number of patients, evidence so far sug- 
gests that drugs such as trioxifene mesylate ( 8 , 6 4 )  and 
toremifene (65) induce response rates similar to tamoxifen. 
While trioxiphene mesylate was found to cause more side 
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line endocrine treatment due to its low frequency of side 
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Fig. 3. Chemical structure of different anti-oestrogens used 
for treatment of breast cancer. I = tamoxifen, I1 = droloxifene, 
I11 = toremifene, IV = trioxifene mesylate and V = zindoxifene. 

Table 3 
Response rates to new anti-oestrogens in phase II trials 

Dose Response Reference 

n % 

Trioxifene mesylate 5-20 mg b.d. 27/52 52Yoa 31 
20 mg b.d. 2/17 12Yob 31 

0.5- 100 mg/mZ/day 9/36 25% - 

Toremifene 60 mg 0.d. 25/46 54% 63 

Zindoxifene 10-100 mg 0.d. 0125 0 Yo 60 

a Patients not receiving previous TAM. 
Patients receiving previous treatment with TAM. 
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Another interesting aspect is whether resistance or lack 
of response to one drug also implies resistance to similar 
drugs within the same group; trials should be undertaken 
to address this question. Considering aromatase inhibitors, 
the possibility of combining different drugs should be 
assessed. If aminoglutethimide acts partly by inducing 
EIS metabolism, it could be beneficial to add amino- 
glutethimide to patients progressing or relapsing on treat- 
ment with other aromatase inhibitors. 

Fig. 4. Chemical structure of the new steroidal anti-oestrogens. 
Different compounds are produced by the introduction of differ- 
ent groups in the 7-position. 

effects than tamoxifen (64), toremifene as well as drolox- 
ifene (66) are currently undergoing trials. While in vitro 
investigations suggested zindoxifene to be a suitable anti- 
oestrogen for in vivo use, a first phase 1/11 trial found an 
unexpected low response rate among patients treated with 
this drug (67). 

Most anti-oestrogens possess weak oestrogen agonistic 
properties. Whether this is detrimental or not has been 
discussed; it may be of different importance for treatment 
in the advanced situation and during long-term adjuvant 
therapy. An interesting new group of steroidal anti-oestro- 
gens synthesized by substitution in the 7-position on the 
steroid nucleus have been claimed to be pure oestrogen 
antagonists in vitro ((68). Fig. 4) ;  these drugs will proba- 
bly soon go into phase I trials. 

Another aspect of new anti-oestrogens is the clinical 
importance of pharmacokinetic properties. Tamoxifen has 
an exceptionally long half-life; detectable plasma drug 
levels are found weeks following cessation of therapy (61). 
Due to the low toxicity of most anti-oestrogens it is seldom 
necessary to remove the drug quickly on account of side 
effects. Thus, during steady state therapy a slow turnover 
will have few practical implications. However, when cyclic 
drug treatment is to be given, such a slow drug turnover 
might be disadvantageous and, from a theoretical point of 
view, anti-oestrogens with a rapid turnover could be more 
feasible. 

Conclusive remarks 

In the next few years several new aromatase inhibitors as 
well as anti-oestrogens will enter phase I and phase I1 
trials, the most successful drugs will then be compared 
with aminoglutethimide and tamoxifen in phase I11 trials. 
Such trials will need a very careful planning for several 
reasons: 

The large number of patients to be included in such a 
trial should be considered. To discriminate between a 
response rate of 20 and 30% for two different drugs at a 
95% probability level and with a chance of a type I1 error 
less than lo%, several hundred patients would have to be 
included in each treatment arm. 
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