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Oestrogenic Effects of Adjuvant Tamoxifen in 
Postmenopausal Breast Cancer 

Tommy Fornander, Lars E. Rutqvist, Nils Wilking, Kjell Carlstrtm 
and Bo von Schoultz 

Oestrogenic influence of the non-steroidal anti-oestrogen tamoxifen may have consequences for the morbidity 
pattern among women on long-term adjuvant treatment. Subclinical oestrogenic effects of adjuvant tamoxifen on 
the tissue level was studied among 16 postmenopausal women in three different organ systems: the pituitary, the 
fiver and bone. After 3 months of adjuvant tamoxifen prolactin levels decreased 66% (P<0.001) in comparison 
with pretreatment levels. There was an 80% increase in basal growth hormone after 3 months of treatment in 
comparison with pretreatment levels, which did not reach statistical significance (P = 0.07). Sex hormone binding 
globulin levels increased 39% (P<0.01) and IGF-1 (somatomedin C) levels decreased 20% (P<0.05). The levels 
of bone GLA protein (BGP; osteocalcin), a marker of bone osteoblastic activity, decreased 28% (P<0.01). In 13 
of the patients bone mineral density (BMD) was measured before treatment and after 1 year. No significant 
change in BMD was observed. The results thus suggest a clear oestrogenic effect of tamoxifen on the pituitary, 
fiver and bone in postmenopausal women. 
E u r J  Cancer, Vol.  29A,  N o .  4, pp .  497 -500 ,  1993. 

I N T R O D U C T I O N  
TAMOXIFEN is widely used as an adjunct to surgery in the 
treatment of  primary breast cancer. There are few acute side- 
effects and the substance is generally well tolerated [1-4]. The 
effect in human breast cancer is thought to be predominantly 
anti-oestrogenic through a blockade ofoestrogen receptors (ER) 
in the cancer cells [5, 6]. Other mechanisms have been suggested 
to explain effects observed in tumours with a low ER content 
[7]. Although the anti-oestrogenic action of tamoxifen is well 
established in breast cancer, effects in other human tissues are 
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not fully known. Tamoxifen is one of several triphenylethylene 
substances all of which are partial oestrogenic agonists/antagon- 
ists. The  oestrogenic and anti-oestrogen effects of tamoxifen 
have been shown to be both species- and organ-specific. In the 
uterus of immature and ovariectomized mice, tamoxifen acts as 
a pure oestrogen agonist during short-term treatment, but in 
the immature rat uterus the substance is a partial oestrogenic 
agonist/antagonist [8-11]. In the chick, tamoxifen is a pure 
antagonist of oestrogen-stimulated growth of the oviduct [12]. 
This task seems to be even more complicated considering also 
the duration of treatment, e.g. long-term tamoxifen therapy to 
mice has been reported to produce anti-oestrogenic actions [ 13]. 
It is obviously not possible to extrapolate results from one system 
to another and firm conclusions about tamoxifen effects on 
different tissues in man cannot be drawn from animal results. 
Although data on tamoxifen effects on several biochemical 
markers have been published, the information is incomplete and 
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in some cases conflicting [14-20]. Here we report further 
biochemical evidence for subclinical oestrogenicity at the tissue 
level in certain organ systems known to be influenced by 
oestrogens, i.e. the pituitary, the liver and bone. The pituitary 
response to oestrogenic stimulation was assessed by analysis of 
basal levels of prolactin (PRL) and growth hormone (hGH). 
Serum levels of sex hormone-binding globulin (SHBG) and 
insulin-like growth factor 1 (IGF-1; somatomedin C), were used 
as markers for liver metabolic influence. Changes in serum levels 
of bone GLA protein (BGP; osteocalcin), were used as a measure 
of oestrogenicity in bone. The mentioned variables are all well 
established markers for oestrogenic influence in the respective 
organs. 

PATIENTS AND METHODS 
The patients included were 16 post-menopausal women with 

a mean age of 63 years (range 51-75 years) who all were about to 
begin adjuvant tamoxifen treatment 40 mg daily as an adjunct 
to surgery for early breast cancer. A total of 6 patients were in 
stage I, the rest in stage II. All women were more than 6 months 
post menopausal and free from known metabolic diseases, or 
diseases of the liver or skeleton. 1 patient had a constant about 
40% increase in creatinine. With this exception, routine analyses 
of haemoglobin, platelets, white blood cell count, albumin, 
alanine aspartate aminotransferase, alkaline phosphatase and 
creatinine were within the normal range. The study was 
approved by the Karolinska Institute Ethics Committee. Infor- 
med consent was obtained from all participants. 

Basal blood samples were collected 1-10 days before the start 
of adjuvant tamoxifen, i.e. about 6 weeks after surgery for breast 
cancer. Samples were also collected 12 weeks from the start of 
tamoxifen therapy. At both occasions, the blood samples were 
drawn intravenously (i.v.) between 8.00 and 8.30 a.m after an 
overnight fast. Serum was separated after centrifugation and 
stored at -70°C until assayed. Each single analysis was deter- 
mined for all women together in a single assay. 

Hormone analyses 
Serum concentrations of hGH were determined by a two-site 

immunoradiometric assay (Pharmacia hGH IRMA, Pharmacia 
Diagnostics AB, Uppsala, Sweden). PRL was measured by 
radioimmunoassay (RIA) using a commercial kit (Pharmacia 
Prolactin RIA 100, Pharmacia Diagnostics AB, Sweden). Bound 
and free 125I-PRL were separated by precipitation with poly- 
ethylene glycol. Serum SHBG was determined by a RIA using a 
commercial kit from MILAB (Maim6, Sweden). Serum levels 
of IGF-1 were determined radioimmunologically after precipi- 
tation of binding proteins with ethanol-acetic acid, using a 
commercial kit from Immunonuclear Corp. (Stillwater, MN, 
U.S.A.). Serum concentrations of BGP were determined by 
RIA using a polyclonal rabbit anti-bovine osteocalcin antibody 
(OSTK-PR, Compagnie Oris, Industrie S. A., France). The 
sensitivity of this assay is 0.35 ng/ml. The intra- and interassay 
variations for hGH were 7 and 12%, respectively, 9 and 11% for 
PRL, 4 and 8% for SHBG, 10 and 12% for IGF-1, and 7 and 
10% for BGP. 

Bone mineral measurements 
13 of the patients in this study also participated in a concomi- 

tant prospective study of bone mineral changes during tamoxifen 
treatment. Single photon absorptiometry (SPA) at two levels of 
the distal forearm was performed before treatment and after 1 
year. The method was described previously [21]. These patients 

Table 1. Serum levels (mean and range) of hormones and hormone- 
sensitive proteins before and after 3 months of tamoxifen 40 mg 

daily 

Before treatment After 3 months P value 

hGH (mU/l) 3.4 (0.5--26) 6.1 (0.5-25) 0.066 
PRL (~tg/l) 9.9 (3.5-22) 3.4 (2.0-5.9) <0.001 
SHBG(nM) 42 (14-89) 58 (24-141) 0.001 
IGF-1 (nmol/l) 16 (8.4-23) 13 (6.7-24) 0.028 
BGP (ng/ml) 8.4 (1.5-13) 6.1 (1.8-12) 0.002 

were also interviewed about factors known to be of importance 
for the rate of bone mineral loss [21]. For this subset of patients 
the mean age was 62 years (range 52-74), the mean length was 
165 cm (range 157-174), the mean weight was 68 kg (range 
58-105) and the mean age at time of menopause was 50 years 
(range 45-55). A total of 4 patients had a history of oestrogen 
replacement therapy for 2-20 years and 5 patients were smokers 
(-> 5 cigarettes/day). No patient was known for alcohol abuse. 

Statistical methods 
Wilcoxon signed rank test for paired observations was used 

to determine the level of significance of differences between zero 
and treatment values. 

RESULTS 
Mean values and range for PRL, hGH, SHBG, IGF-1 and 

BGP before and after 3 months treatment with tamoxifen 40 mg 
daily are given in Table 1 and percental changes are illustrated 
by Fig. 1. The basal serum concentration of PRL decreased 
during treatment (all 16 women; P<0.001). The mean increase 
in basal hGH was 80%, but due to individual variation this 
change did not reach statistical significance. In 15 out of 16 
women increased levels of SHBG were recorded. The mean 
increase was 39% compared to pretreatment values (P<0.01). 
Mean values for IGF-I showed a 20% decline (reduced values in 
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Fig. 1. Oestrogenic  influence of  tamoxifen treatment on different 
tissue variables expressed as per cent  change  in pretreatment  values.  
Significant difference between pretreatment  and treatment  mean  
values  are denoted by *(P<0.05) ,  **(P<0.01) ,  ***(P~0.001) .  • = 

pituitary level ,  • = fiver proteins,  [] = bone marker.  
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13 of 16 women; P<0.05).  The mean BGP level decreased with 
28% (reduced values in 13 of 16 women; P<0.01).  

No statistically significant change in bone mineral density 
(BMD) was seen either at the most distal level of the forearm 
representing mainly trabecular bone (-+0%; P=0.7)  or at the 
slightly more proximal level representing mainly cortical bone 
( -  1%; P=0 .2 )  (data not presented). The changes in BMD were 
too small to be possible to be correlated to the changes in BGP. 

DISCUSSION 
Recently a 6-fold increase in the incidence of endometrial 

cancer was observed in the Stockholm adjuvant tamoxifen trial 
[22]. This observation has not been confirmed in other trials 
using a dose of tamoxifen lower than 40 mg dally, as was the 
case in the Stockholm trial [2, 4, 23, 24]. Thus, the possibility 
of a dose-effect relationship or a threshold effect cannot be ruled 
out. Observations of oestrogenic effects in the female genital 
tract, however, have been reported also with lower doses of 
tamoxifen [25-29]. These and other observations indicate that 
this anti-oestrogen may have clearly oestrogenic effects in human 
organ systems. Our current understanding of clinical tamoxifen 
effects in different organs is far from complete. In the present 
study we found further evidence of oestrogenic effects of tamox- 
ffen on the tissue level in three different organ systems, the 
pituitary, liver and bone. 

Oestrogen treatment is well known to enhance the hGH 
secretion in both men and women [30]. The possible influence 
of tamoxifen treatment on hGH has not been extensively studied. 
Unchanged hGH concentration with tamoxifen added to pre- 
viously unopposed oestrogen therapy has been reported [14, 
31]. We found a tendency for increases in the levels of hGH 

also with tamoxifen. A weak oestrogen is well known to cause a 
reduction in PRL levels while, on the other hand, high doses of 
a potent oestrogen have been shown to increase the PRL levels 
[15]. In this study we observed a 66% fall in basal PRL levels. 
With 2 mg 17[3-oestradiol dally only a 30% reduction was 
reported [15, 32]. With tamoxifen 40 mg daily 36 and 71% 
decreases in PRL have been observed after 1 and 3 months, 
respectively. On the other hand Paterson et al. [14] found no 
effect on PRL with 40 mg tamoxifen daily during a treatment 
period of 1-8 weeks. Thus, in this study, tamoxifen appears to 
act as a weak oestrogen on pituitary function with regard to 
hGH and PRL levels, in addition to the previously reported 
about 30-50% decrease in baseline gonadotropin levels [15, 33]. 

The serum concentrations of a great many liver-derived 
proteins are known to increase after oral oestrogen adminis- 
tration and have been used as markers for the hepatocelhilar 
impact of oral oestrogens [34, 35]. SHBG has previously been 
reported to increase significantly with long-term treatment [17]. 
In this study treatment with tamoxifen gave a 39% increase in 
SHBG. This should be compared with an increase of 25% 
following 2 mg oestradiol-17~ daily or 75% following 50 p.g 
oral ethinyl oestradiol daily [36]. IGF-1, another polypeptide 
produced by the liver, was observed to decrease by 20%. This is 
similar to an about 35% decrease reported with 10 ~g ethinyl- 
oestradiol treatment [31]. A significant decrease in IGF-1 with 
tamoxifen in lower dose (20 mg dally) has also been observed 
by others [20]. Other previously reported effects of tamoxifen 
on liver-derived proteins are, e.g. changes in pregnancy zone 
protein, transcortin and lipoproteins [15, 37-40]. The observed 
effects of tamoxifen in this study thus implies that tamoxifen 
acts as a clear oestrogen on several aspects of liver metabolism. 

Osteocalcin is a bone matrix -y-carboxyglutamate protein 
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(BGP), synthesised by proliferating osteoblasts. A small fraction 
is released to the circulation and it has been proposed as a 
useful marker for bone mineral metabolism [41]. Oestrogen 
replacement therapy, known to reduce the post-menopausal 
bone loss, has been found to reduce the circulating BGP level 
by about 50% [42]. Reports on tamoxifen treatment and BGP 
levels are scanty. Fentiman et al. who studied BGP and bone 
mineral content in premenopausal patients found no significant 
changes in osteocalcin or bone mineral content [18]. In this 
study, however, we found a significant 28% decrease in BGP 
levels with tamoxifen. There are previous but scanty animal and 
clinical indications of tamoxifen acting as an oestrogenic agonist 
also on bone tissue [43, 44]. In a recent study it was found that 
women treated with tamoxifen 40 mg daily for 5 years had 
increased BMD compared to controls and those treated for 2 
years, but the differences were not statistically significant [21]. 
13 of the patients in the present study concomitantly participated 
in a prospective study of BMD. Preliminary data showed no 
statistical significant change in BMD in cortical bone or in 
trabecular bone. The complete results from the prospective 
bone mineral measurements of these and additional tamoxifen 
patients will be presented in a coming paper including a compari- 
son with endocrinologically untreated patients. Our observation 
of decreased BGP levels is, however, clear biochemical evidence 
of an oestrogenic effect of tamoxifen in bone. Further studies 
are thus indicated to establish if tamoxifen in fact prevents post- 
menopausal bone loss. 

This study was made on a small number of patients and the 
results should therefore be judged cautiously considering the 
great variability of the hormone patterns in humans. These data, 
however, add to previous reports that tamoxifen exerts clear 
oestrogenic influence in humans on three different tissue levels, 
the pituitary, the liver and bone. Both endogenous oestrogen 
levels and oestrogen replacement therapy have been related to 
health and illness in postmenopausal women. The consequences 
of long-term tamoxifen treatment should therefore be evaluated 
through careful monitoring of the randomised trials. Other anti- 
oestrogens with more pure anti-oestrogenic effects are currently 
being developed. These agents are potentially attractive due to 
expectations of a faster and better antitumour effect. However, 
the changed balance between agonistic/antagonistic oestrogen 
effects may also have implications with regard to side-effects 
which may be different and more unfavourable than with 
tamoxifen. 
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