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Abstract. Toremifene given in different sizes of silastic 
capsules was used to treat MCF-7 tumors in athymic mice. 
Toremifene inhibited the estradiol-stimulated growth of 
MCF-7 tumors in athymic mice. Average serum concentra- 
tions of toremifene obtained using a sustained-release 
preparation of the drug (in 0.5-, 1.0-, and 2.0-cm silastic 
capsules) increased gradually in a capsule-size-dependent 
fashion. Much higher levels of toremifene or N-demethyl- 
toremifene were detected in tumors (target tissues of estro- 
gen) as compared with muscles (non-target tissues of estro- 
gen). The concentration of toremifene in serum (i. e., 10- 
30 ng m1-1) was sufficient to inhibit the estrogen-stimu- 
lated growth of MCF-7 tumors at physiological (i. e., 200- 
400 pg ml-1) serum estradiol concentrations in pre- 
menopausal women. No significant difference in estrogen 
receptor (ER) levels was found between the estradiol-alone 
group and the toremifene-treated groups. However, the ER 
levels in the toremifene-alone group and the no-treatment 
group (no toremifene or estradiol) tended to increase as 
compared with the estradiol-alone group. Toremifene 
blocked the estradiol-induced increase in progesterone re- 
ceptor levels in a dose-dependent fashion. Insulin-like 
growth factor-1 (IGF-1) levels in the MCF-7 tumors signif- 
icantly decreased in the toremifene-alone group as com- 
pared with the estradiol-alone group. These results show 
the antiestrogenic action of toremifene on hormone-depen- 
dent MCF-7 tumors in athymic mice. 

Introduction 

Toremifene is a triphenylethylene antiestrogen with 
characteristics similar to those of tamoxifen [13, 22, 26]. 
The structure of toremifene is a modification of the tamox- 
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ifen molecule [22]. It has a high affinity for estrogen recep- 
tors (ER) and an ability to induce progesterone receptors 
(PgR) [11]. Its antitumor effect has been shown in 7,12- 
dimethylbenz[a]anthracene (DMBA)-induced rat mam- 
mary carcinomas [12, 22] and in human breast tumors 
growing in athymic mice [22, 25]. The antitumor effect of 
the drug has also been clinically investigated in advanced 
breast cancer of postmenopausal women in several phase II 
[5, 25] and phase III studies [20]. The clinical usefulness of 
toremifene has been recognized internationally as being 
equivalent to that of tamoxifen in postmenopausal women 
with advanced breast cancer [20]. However, its clinical 
effectiveness in premenopausal patients has not been con- 
firmed. One study has shown that either exogenous insulin- 
like growth factor-1 (IGF-1) or serum-free conditioned 
medium from MCF-7 cells containing IGF-1 activity was 
capable of transiently supporting the growth of these hor- 
mone-dependent cells in castrated nude mice in the ab- 
sence of estrogen supplementation [2]. In the present study, 
the antitumor activity of the drug as well as its effect on 
hormone receptors and IGF-1 were examined in MCF-7 
tumors in athymic mice so as to clarify the role of the drug 
and its similarity to or difference from tamoxifen. 

Materials and methods 

Tumors. A total of 2 • 106 cells of ER-positive MCF-7 were inoculated 
bilaterally into the thoracic mammary fat pads (1/side) of 6- to 7-week- 
old athymic mice. All animals were also implanted subcutaneously with 
a 1.0-cm silastic capsule containing 17 ]3-estradiol (described below) 
because tumors failed to grow in the absence of estrogen. Tumor 
measurements were performed weekly using slide calipers. Tumor sizes 
were obtained using the formula (length/2 • width/2) • 7t. 

After 5 weeks of estrogen treatment, tumors had reached an average 
size of 0.5 cmL Animals were then randomized into six groups, and the 
estradiol capsules were removed. All animals in each group then received 
one of the following treatments: a 1.0-cm estradiol capsule (11 animals); 
a 2.0-cm toremifene capsule (8 animals); a 1.0-cm estradiot capsule plus 
a 0.5-cm (10 animals), 1.0-cm (12 animals), or 2.0-cm toremifene cap- 
sule (11 animals); or no treatment (7 animals). The size of each tumor 
was recorded weekly as a percentage of the initial tumor size at day zero, 
and mean values ( +_ SE) for percentage changes at each time point were 
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Table 1. Concentrations of estradiol, toremifene, and N-demethyltoremifene measured in the serum, tumor, and muscle of nude mice in each 
experimental group at the 5th week after the administration of estradiol and toremifene in silastic capsules 

Group Serum Tumor Muscle 

E2 TORE TORE- 1 TORE TORE- 1 TORE TORE- 1 
(pg/ml) (ng/ml) (ng/ml) (ng/g tissue) (ng/g tissue) (ng/g tissue) (ng/g tissue) 

E2 a alone 372 • 247 b . . . . . . . .  
(n = 6) 

E2a+TORE, 0.5 cm 311 + 235 b,d 6.8 + 2.1 e,f 3.4 + 3.0 278 _+ 42",g ,h 111 • 28",i,J 73 + 44 k 7 + 11 
(n = 10) 

E2~+TORE, 1.0cm 241 • 84 b 12.9 _+ 10.5e, f 4.0 _+ 2.7 426 _+ 276",g, h 196 • 125',i,J 82 _+ 33 k,1 26 + 24 m 
(n = 12) 

Eza+ TORE, 2.0 cm 182 + 79 b 24.5 _+ 15.0 5.8 _+ 3.6 918 +_ 315" 423 + 189' 148 + 56 77 + 68 re,n,~ 
(n = 11) 

TORE 2.0 cm alone 33 + 39 24.6 + 9.3 5.6 _+ 2.7 1104 + 739* 352 + 209* 120 _+ 51 26 -- 25 m 

No treatment . . . . . . .  
(n = 7) 

Data represent mean values +SD. E2, Estradiol; TORE, toremifene; 
TORE- 1, N-demethyltoremifene 
a E2 1.0-cm silastic capsule; the TORE or TORE-I concentration de- 
tected in the tumor was significantly higher than that found in the muscle 
in each TORE-treated group (*P <0.01) 
b Significantly different from TORE, 2.0 cm alone (P <0.01) 
c Significantly different from E2 + TORE, 2.0 cm (P <0.05) 
d Significantly different from E2 + TORE, 2.0 cm (P <0.01) 
e Significantly different from TORE, 2.0 cm alone (P <0.01) 
f Significantly different from E2 + TORE, 2.0 cm (P <0.01) 

g Significantly different from TORE, 2.0 cm alone (P <0.01) 
h Significantly different from E2 + TORE, 2.0 cm (P <0.01) 
i Significantly different from TORE, 2.0 cm alone (P <0.01) 
J Significantly different from E2 + TORE, 2.0 cm (P <0.01) 
k Significantly different from E2 + TORE, 2.0 cm (P <0.01) 
1 Significantly different from TORE, 2.0 cm alone (P <0.05) 
m Significantly different from E2 + TORE, 0.5 cm (P <0.05) 
n Significantly different from E2 + TORE, 1.0 cm (P <0.05) 
o Significantly different from TORE, 2.0 cm alone (P <0.01) 

calculated for each group. Tumors were measured for 5 weeks, after 
which all animals were killed and tissues were taken for determination of 
toremifene, for ER and PgR assays, and for IGF-1 measurement. Levels 
of ER and PgR in the cytosol of MCF-7 tumors were determined by 
enzyme-immunoassay using ER-EIA and PgR-EIA kits (Abbot Labora- 
tories, Chicago, Ill.). Hormone-receptor assays were performed follow- 
ing the standard kit protocol. IGF-1 in the MCF-1 tumors was measured 
by radioimmunoassay using a supernatant of the homogenized MCF-7 
tumor and somatomedin C (Ciba Corning) kits. Athymic mice were 
obtained from the Institute of Experimental Animal Research, Gunma 
University. Sterilized water and diet (MF; Oriental Yeast Co., Ltd., 
Tokyo) were given ad libitum. 

Drug administration. Estradiol or toremifene was given by subcutaneous 
implantation of the respective silastic capsule. Silastic capsuies were 
prepared by plugging one end of pieces of medical-grade silastic tubing 
of various lengths (inside diameter, 0.078 cm; outside diameter 
0.125 cm; Dow Coming, Midland, Mich.) with silastic silicone type A 
medical adhesive (Dow Coming) and then filling them with either crys- 
talline toremifene-free base (supplied by Nippon Kayaku Co., Ltd., 
Tokyo) or 17 ~3-estradiol (Sigma Chemical Co., St.Louis, Mo.) mixed 
1:3 (w/w) with silastic 382 medical-grade elastomer (Dow Coming) 
without a catalyst. Capsules were completed by filling the open end of 
the pieces of tubing with adhesive and sterilizing them with radiation. 

Estradiol and toremifene. Concentrations of circulating 17 [3-estradiol, 
toremifene, and metabolites of toremifene were measured by a modifica- 
tion of the original determination method as described elsewhere [ 10, 15, 
22] in serum samples taken from tumor-bearing mice. Blood samples 
were obtained by heart puncture using light ether anaesthesia at autopsy. 
After clotting for 2 -  3 h, samples were centrifuged at 2,000 g; the serum 
was removed and stored at -80~ until analysis. Toremifene measure- 
ments in tissues were made using normal-phase high-performance liquid 
chromatography (HPLC) with fluorescent detection of the parent com- 
pound and metabolites as previously described [10, 22, 23]. Duplicate 
assays were performed in each determination. 

Statistical analyses. Statistical analyses were performed using the 
Wilcoxon test. 

Results  

Estradiol and toremifene concentrations in the serum and 
tissues of  animals 

T a b l e  1 shows  the concen t ra t ions  o f  es t radiol ,  t o remi fene ,  
and N - d e m e t h y l t o r e m i f e n e  m e a s u r e d  in the  se rum,  tumor ,  
and m u s c l e  o f  nude  m i c e  after  5 w e e k s  o f  t o r e m i f e n e  treat-  
ment .  4 - H y d r o x y t o r e m i f e n e  was  no t  de tec tab le  at the  doses  

used.  A v e r a g e  c i rcu la t ing  es t rad io l  l eve l s  in each  t r ea tmen t  
g roup  d e c r e a s e d  in a ( t o remi fene )  c a p s u l e - s i z e - d e p e n d e n t  
fashion.  A s ign i f i can t  d i f f e r ence  in s e r u m  es t rad io l  l eve l s  
was  found  b e t w e e n  the  e s t r ad io l -on ly  g roup  and the  

es t rad io l  + 2 . 0 - c m  t o r e m i f e n - c a p s u l e  group .  A v e r a g e  
t o r e m i f e n e  and N - d e m e t h y l t o r e m i f e n e  concen t r a t i ons  in 
the  s e r u m  inc reased  in a c a p s u l e - s i z e - d e p e n d e n t  f a sh ion  in 
the  t o r e m i f e n e - t r e a t e d  groups ,  and those  in the  t i ssues  
s h o w e d  a s imi la r  increase .  T o r e m i f e n e  and N - d e m e t h y l -  
t o r e m i f e n e  concen t r a t i ons  de t ec t ed  in the  t umors  ( target  
t issue)  w e r e  s ign i f i can t ly  h i g h e r  than those  f o u n d  in the 

m u s c l e s  (non- ta rge t  t issue)  in each  t rea ted  group.  

Growth-inhibitory action of  toremifene on breast tumors 
and uterine tissue 

M C F - 7  tumors  g r e w  r e m a r k a b l y  and  con t i nuous ly  in the 
1 .0 -cm es t r ad io l - capsu le  group.  P e r c e n t a g e  changes  in 
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Fig. 1. Antitumor action of toremifene on the estradiol-stimulated growth 
of MCF-7 minors in athymic mice. The tumor growth was significantly 
blocked in the no-treatment group (P <0.05-0.01) and in the toremifene 
(TORE)-alone group (P <0.01) as compared with the estradiol (E2)-alone 
group. 0 ,  1,0-cm E2-capsule group; �9 1.0-cm E2-capsule + 0.5-cm 
TORE-capsule group; ~' ,  1.0-cm E2-capsule + 1.0-cm TORE-capsule 
group; A, 1.0-cm E2-capsule + 2.0-cm TORE-capsule group; I P ,  
2.0-cm TORE-capsule group (n = 7); A, no-treatment group. 
.~ P <0.05, -~ .~ P <0.01 
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Fig. 2. Effect of toremifene on the uterine weights in athymic mice in 
each group. The uterine wet weights were significantly lower in the 
estradiol (E2) + 1.0-cm toremifene (TORE)-capsule group (P <0.05), in 
the E2 + 2.0-cm TORE-capsule group (P <0.01), in the 2.0-cm TORE- 
capsule-alone group (P <0.01) and in the no-treatment group (P <0.01) 
as compared with the E2-alone group. E2, Estradiol capsule size (cm); 
Toremifene, toremifene capsule size (cm). NS, Not significant. 
�9 ~ P <0.05, .~ .~ P <0.01 
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Fig. 3. ER levels in MCF-7 tumors in each group. Significant differences 
in ER levels were not found among the groups; however, ER levels 
tended to be elevated in the estrogen-withdrawal groups as compared 
with the estradiol (E2)-alone group. E2, Estradiol capsule size (cm); 
Toremifene, toremifene capsule size (cm). NS, Not significant 

size observed among the three groups were not significant. 
A pronounced decrease in tumor size was recognized in the 
2.0-cm toremifene-capsule group (Fig. 1). 

Toremifene partially blocked the estrogen action; how- 
ever, it did not completely stop the estrogen-stimulated 
MCF-7 tumor growth at physiological estradiol concentra- 
tions (i.e. 200-400 pg ml-]). Toremifene did not 
completely block MCF-7 tumor growth in the toremifene- 
alone group, which showed low levels of serum estradiol. 
Uterine wet weights were also measured in all animals at 
the end of the experiment. Toremifene partially reversed 
the uterine growth induced by estrogen (Fig. 2). 

Effect of an increased dose of toremifene on the steroid 
receptor content and IGF-1 levels in MCF-7 tumors 

No significant difference in the ER levels in MCF-7 tumors 
was found among the estradiol-alone group, the 
toremifene-treated groups, and the no-treatment group 
(Fig. 3). Toremifene blocked the estradiol-induced in- 
crease in PgR in the tumors in a dose-dependent fashion 
(Fig. 4). The IGF-1 levels in the tumors were lower in the 
toremifene-alone group (P <0.05) and the no-treatment 
group (P <0.05) as compared with the estradiol-alone 
group (Fig. 5). 

Discussion 

tumor size at the 5th week were 190% in the 1.0-cm 
estradiol-capsule + 0.5-cm toremifene-capsule group, 
180% in the 1.0-cm estradiol-capsule + 1.0-cm 
toremifene-capsule group, and 163% in the 1.0-cm 
estradiol-capsule + 2.0-cm toremifene-capsule group. 
Toremifene showed an augmented antitumor effect on the 
estradiol-stimulated growth of MCF-7 tumors in a capsule- 
size-dependent fashion. However, the differences in tumor 

The effectiveness of tamoxifen has been reported in many 
experimental studies [4, 8, 9, 19, 21] and clinical trials [3, 
16]. Tamoxifen has provided benefits to premenopausal as 
well as postmenopausal patients [17, 24]. Robinson et al. 
[22] have reported that toremifene is effective in inhibiting 
the growth of human breast cancer cells grown either in 
culture or in athymic mice. Toremifene (10-10-10-6 M) 
inhibited the growth of MCF-7 breast cancer cells in vitro 
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Fig. 4. PgR levels in MCF-7 tumors in each group. Significant differ- 
ences in PgR levels were seen in the estradiol (Ea) + toremifene (TORE), 
1.0 cm, group (P <0.05), the E2 + TORE, 2.0 cm group (P <0.01), the 
TORE-alone group (P <0.01) and the no-treatment group (P <0.01) as 
compared with the E2-alone group. E2, Estradiol capsule size (cm); 
Toremifene, toremifene capsule size (cm). NS, Not significant. 
�9 x P <0.05, ~ -x P <0.01 
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Fig.  5. IGF-1 concentrations in MCF-7 tumors in each group. The IGF-I 
concentrations were significantly lower in the 2.0-cm toremifene-cap- 
sule-alone group (P <0.05) and in the no-treatment group (P <0.05) as 
compared with the estradiol (E2)-alone group. NS, Not significant. 
.x P <0.05 

but was ineffective against hormone-independent MDA- 
MB-231 cells. This activity was reproduced in vivo using 
the athymic mouse model. Maximal MCF-7 tumor growth 
was produced in athymic mice by circulating estradiol 
levels of approximately 200 pg/ml (from a 0.5-cm silastic 
capsule implanted s.c.). Toremifene (77 • 44 gg/day 
from a 2-cm silastic capsule) inhibited estradiol (0.5-cm 
capsule)-stimulated growth by more than 70%. No tumor 
growth was observed in mice treated with toremifene 
alone, although toremifene acted as a weak partial agonist 
and a potent antagonist on the mouse uterus. 

The uterine wet weight of ovariectomized mice was 
ordered into estradiol (0.5-cm silastic capsule), toremifene 
(2-cm silastic capsule), estradiol plus toremifene, and con- 
trol groups, respectively. Prolonged toremifene treatment 
of athymic mice (3 months) with the same type of time-re- 
lease preparation produced a change in the uteri, making 

them refractory to subsequent prolonged estrogen stimula- 
tion. The growth of MDA-MB-231 tumors was not in- 
fluenced by either estradiol or toremifene. Toremifene 
(200 gg/day) was effective in preventing the development 
of 7,12-dimethylbenzanthracene-induced rat mammary 
tumors when it was given p.o. beginning on day 28 after 
carcinogen administration. The antitumor activity was re- 
versed when the toremifene treatment was stopped. These 
findings indicate that toremifene is a tumoristatic agent 
rather than a tumoricidal agent. 

In the present study, toremifene inhibited the estradiol- 
stimulated growth of MCF-7 tumors in athymic mice to the 
same extent reported by Robinson et al. [22]. Maximal 
MCF-7 tumor growth was produced in athymic mice by 
circulating estradiol levels of approximately 370 pg/ml 
(from a 1.0-cm silastic capsule implanted s.c.). The 
growth-inhibitory action of toremifene was shown. 
Toremifene (2.0-cm silastic capsule) inhibited estradiol 
(1.0-cm capsule)-stimulated growth by more than 65%. No 
tumor growth was observed in mice that received no treat- 
ment, and the observed decrease in MCF-7 tumor size, 
even in the toremifene-alone group, was not dramatic be- 
cause the mechanism of action of toremifene is not 
tumoricidal but tumoristatic indicated by Robinson et al.' s 
report. 

N-Demethyltoremifene levels were lower in the serum, 
tumor, and muscle as compared with toremifene levels. 
However, N-demethyltoremifene has been reported to have 
almost the same biological activity as toremifene [18]. 
Toremifene levels in both the serum and the tumor in- 
creased in a dose-dependent fashion; however, N-dem- 
ethyltoremifene levels in the serum remained essentially 
unchanged, whereas those in the tumor increased in corre- 
lation with the toremifene dose. These findings suggest 
that the N-demethyltoremifene in the serum may have 
entered the cancer cells more easily than toremifene in all 
of the toremifene-treated groups and indicate a biological 
activity against cancer cells. 

Serum concentrations of toremifene ranged from 3 to 
65 ng ml-1, depending on the capsule size used, and much 
higher levels of toremifene were detected in target tissues 
of estrogen as compared with non-target tissues. 

These serum levels are sufficient to inhibit the estrogen- 
stimulated growth of MCF-7 tumors exposed to physiolog- 
ical (i. e., 200-400 pg m1-1) serum estradiol concentrations 
in premenopausal patients. In addition, toremifene concen- 
trations in the tumor (target tissues) might influence the 
antitumor activity as strongly as serum toremifene levels. 
The uterine growth induced by estrogen was reversibly 
controlled by toremifene. These findings are almost the 
same as the results reported by Robinson et al. [22]. 

Toremifene has been used in postmenopausal patients 
with advanced breast cancer as first-line treatment at dose 
levels of 20, 60, and 240 mg and as second-line or sub- 
sequent treatment at high-dose levels of 200-240 mg [5]. 
However, on the basis of the fundamental data obtained in 
the present study, we would expect that toremifene would 
be as effective as tamoxifen in premenopausal patients 
as well. 

In our previous study [8], athymic animals were divided 
into three groups: an estradiol-alone group, an estradiol 
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plus a tamoxifen-capsule group, and an estradiol plus a 
tamoxifen-capsule and -injections group (1 mg given i.p. 
three times weekly; high-dose tamoxifen group). ER 
and PgR levels in tumors were determined by enzyme- 
immunoassay (EIA) using ER-EIA and PR-EIA kits. 
Tamoxifen caused a dose-dependent increase in ER levels 
in MCF-7 tumors and also blocked the estradiol-induced 
increase in PgR levels in a dose-dependent fashion. Al- 
though tamoxifen is known to increase PgR levels in some 
target tissues in vivo and in tumor cells in vitro [1, 6, 7, 14], 
it prevented estrogen-induced increases in PgR levels in 
MCF-7 tumors in vivo. 

Welshons and Jordan [27] reported that estrogen with- 
drawal caused similar increases in ER levels and decreases 
in PgR levels in MCF-7 cells in vitro. In the present study, 
toremifene showed almost the same trends reported by Iino 
et al. [8] and by Welshons and Jordan [27] for PgR levels. 
An increase in ER levels was shown only by the 
toremifene-alone group and the no-treatment group be- 
cause of estrogen withdrawal. However, since a high dose 
of toremifene was not given in the present study a pro- 
nounced difference in ER or PgR levels might not have 
been detectable among the groups as compared with our 
previous study using a high dose of tamoxifen. 

Yee et al. [28] propose that the IGFs are important 
stimulators of breast cancer cells and that their growth-pro- 
moting effects may be mediated by autocrine, paracrine, or 
endocrine mechanisms. Breast cancer cells produce only 
IGF-II, whereas both IGF-I and IGF-I1 may be produced 
by the fibroblast. Breast cancer cells express both type I 
and type II IGF receptors, and IGF-binding proteins pro- 
duced by the breast cancer cell may influence the interac- 
tion between the ligand and the receptor [28]. We could not 
determine serum IGF-I levels because all sera were used 
for the assays of circulating estradiol, toremifene, and 
toremifene metabolites. Toremifene decreased the IGF-I 
levels in the MCF-7 tumors in the absence of estrogen in 
our experiment. The IGF-I levels were too low to clarify 
the interaction between the mechanism of action of 
toremifene and the IGF system. However, there is a possi- 
bility that toremifene has a close relationship with the IGF 
system and that it may decrease both tissue and serum 
IGF-I levels because it inhibits the estrogen-stimulated 
growth of MCF-7 cells that acts to stimulate IGF expres- 
sion in the fibroblast [27]. 

We conclude that the inhibitory effect on hormone-de- 
pendent tumor growth, the regulation of ER and PgR 
levels, the reversible effect on uterine growth and the in- 
hibitory effect on IGF-1 induction observed in the present 
study following toremifene administration were caused by 
an antiestrogenic action of the drug and that toremifene is 
an effective agent for premenopausal as well as post- 
menopausal patients as extrapolated from data obtained in 
animal models. 
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