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ABSTRACT heterogeneity of cancer cell populations that respond differently to
each therapy (2).

Because estrogens are known to play a major role as stimulators of
breast cancer development and growth (3), blockade of estrogen
novel pure antiestrogen EM-800, alone or in combination with external ac_tlon by _pure antlegtrogens '_S a logical approach (4-6), especially
beam radiation therapy, on the growth of human ZR-75-1 xenografts in  USINg a third-generation selective es_trogen receptor_ modulatc_)r suc_h_as
athymic mice. The animals received a maximal dose of EM-800 (3gag, E=M-800 that possesses pure and highly potent antiestrogenic activity
p.0.) and/or radiotherapy at the dose of 10 Gy. 2.5 Gy fractions were IN the human mammary gland and endometrium (7-11). EM-800 has
administered over a 9-day period in four sessions of 13.7 min each also been shown to exert beneficial effects in women who had failed
(250-kilovolt Siemens with 2-mm aluminum filtration at 90 cm from the ~ Tamoxifen (12).
source origin). EM-800 was administered p.o. once daily, whereas radio- ~ Radiotherapy, on the other hand, is well known for its beneficial
therapy was repeated every 35 days. Tumor size was expressed as affect in breast cancer, especially as an adjuvant to surgery. In a recent
percentage of the initial tumor size, which was assigned a value of 100%. report of the American Radiation Therapy Oncology Group, androgen
Average tumor size increased by 514% in ovariectomized mice supple- geprivation combined with radiotherapy resulted in a marked increase
mented with estrone alone for 259 days compared with the pretreatment ¢ ,c4| tymor control and disease-free survival compared with irra-
value. Treatmen.t with rad'Otherafpy or EM'S.O 0 alone resulted 'n.ll and diation alone in patients with locally advanced prostate cancer (13). It
73% decreases in mean tumor size, respectively, whereas combined treat- . .

thus seems reasonable that the combined use of therapeutic agents that

ment given simultaneously at the beginning caused a dramatic 98% . . . R .
decrease in tumor size. The start of radiotherapy on day 35 in EM-800- block cell proliferation or induce apoptosis via different mechanisms

treated mice, or conversely, the start of EM-800 in irradiated mice at the Can potentially lead to greater inhibition of breast cancer growth, as
35-day time interval, resulted in somewhat lower, 88% and 95%, de- demonstrated in other tumor models with the combination of chem-
creases in tumor size, respectively. In animals receiving EM-800 alone, otherapy and radiation therapy (14) as well as the association of
40% of tumors disappeared, thus indicating a cytotoxic effect caused by Tamoxifen and chemotherapy in human breast cancer (15). It is also
the estrogen blockade achieved with the pure antiestrogen. Eighty-six % well recognized that an inverse relationship exists between tumor
of the original tumors disappeared under continuous combined treatment. yolume and tumor control by irradiation, with smaller tumors requir-
Most importantly, no tumor reappeared under estrogenic stimulation ing Jower doses of radiation for their eradication (16). The present
after stopping treatment, thus indicating cure of 86% of the tumors in the study examines the effect of the novel pure antiestrogen EM-800,
group of animals who received the combination therapy. The present data radiotherapy, or a combination of the two approaches on the growth
indicate that combined treatment with EM-800 and radiotherapy yields a | . .

) : ) of the well-characterized estrogen-sensitive ZR-75-1 human breast
faster response, a greater decrease in tumor size, and a higher percentage . . . - .
of complete responses or tumor disappearance (cure) than either treat- tumor_s in nude mice. Various schedules of administration were also
ment used alone. The present data also suggest that maximal benefits areexam'ned'
achieved when the pure antiestrogen is administered continuously, start-
ing at the same time as radiation therapy and continued without inter-
ruption as adjuvant therapy. The present data also clearly show that
efficient blockade of estrogens with a potent and pure antiestrogen is not
only cytostatic but is cytotoxic and can lead to the disappearance of an
important proportion of tumors or cure.

Human breast tumors are usually composed of heterogeneous cell
populations that exhibit different sensitivities to therapeutic agents. We
therefore investigated the effect of treatment with various regimens of the

MATERIALS AND METHODS

Human Breast Cancer ZR-75-1 Cells.ZR-75-1 human breast cancer cells
obtained from the American Type Culture Collection (Rockville, MD) were
routinely cultured in phenol red-free RPMI 1640 (17). The cells were supple-
mented with 2 mn L-glutamine, 1 nu sodium pyruvate, 100 IU penicillin/ml,
100 pg streptomycin/ml, and 10% (v/v) fetal bovine serum and incubated
INTRODUCTION under a humidified atmosphere of 95% air/5% L& 37°C. Cells were

. . . _passaged weekly by treatment with 0.083% pancreatin/03BDTA. The
Breast cancer is the most frequent cancer in women in the Unitefl 751 cells used in the present study were at their 89th passage at the time

States, accounting for 30% of all cancers (1). In fact, it is estimatgginoculation.

that 175,000 new cases of breast cancer will be diagnosed and 43,30himals and Tumor Inoculation. Female homozygous HSBu/nuathy-
women will die from this disease in the United States in 1999. Despitgc mice (28—42 days of age) were obtained from Harlan Sprague Dawley,
the availability of surgery, radiation therapy, chemotherapy, and hdc. (Indianapolis, IN). Mice were housed five per vinyl cage equipped with air

mone therapy, the rate of recurrence with metastases after first tréigr lids and kept in laminar air flow hoods under pathogen-limiting condi-

ment of breast cancer remains high, possibly due in part to tﬂ(éns. The photoperiod was 14 h of light and 10 h of dark (lights on at 07:00
a.m.). Cages, bedding, and food (Agway Pro-Lab R-M-H diet #4018) were

autoclaved before use. Water was acidified to pH 2.8, autoclaved, and provided
e e ) ad libitum Bilateral ovariectomy was performed in all animals one week
The costs of publication of this article were defrayed in part by the payment of pagef i |ati der 2.5% isofl hesi ixed with
charges. This article must therefore be hereby magdrtisemenin accordance with ~¢'0r€ C€ '”90” atlor.l under .07 'SO_ urane anest es.la mlxe. Y‘{'t oxygen.
18 U.S.C. Section 1734 solely to indicate this fact. At the same time, an implant of,Ewas inserted s.c. to stimulate initial tumor

* These authors contributed equally. growth and appearance, Enplants were prepared in 1-cm long silastic tubing
2To whom requests for reprints should be addressed, at Oncology and Molecular

Endocrinology Research Center, CHUL Research Center, 2705 Laurier Boulevard, Que=

bec, Quebec, G1V 4G2 Canada. Phone: (418) 654-2704; Fax: (418) 654-2735. 3The abbreviations used are;,Eestradiol; OVX, ovariectomized.
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EFFECT OF EM-800 AND RADIATION THERAPY

(inside diameter, 0.062 inch; outside diameter, 0.095 inch) containing 0.5 containing 10 mice at the start of treatment. Tumors were stimulated with E
of estradiol:cholesterol diluted at a ratio of 1:10 (w/w). One week aftemplants (1:25, w/w, estrone:cholesterol) for 137 days under conditions com-
ovariectomy, 2.0< 10° ZR-75-1 cells, in their logarithmic growth phase, wereparable with those of the first experiment. After 137 days, animals of the
harvested with 0.083% pancreatin/0.81M8DTA and inoculated s.c. in 0.1 ml control groups (ovariectomy alone or with estrone stimulation) received the
of RPMI 1640 culture medium containing 30% of Matrigel on the right flanldaily oral vehicle [0.4% (w/v) methylcellulose] alone, whereas the animals in
of each animal through a 2.5-cm-long 20-gauge needle. Four weeks after three other groups received daily oral doses ofi@@®6f EM-800, radiation
ZR-75-1 cell inoculation, the Eimplants were replaced in all animals bytherapy 10 Gy/35 days, or a combination of both treatments, respectively, for
estrone-containing implants {Echol, 1:25, w:w). Treatments were started lan additional period of 120 days. As for the first experiment, mice that were
week later. Mice bearing tumors of an average area of 270467 mnt (range, not treated with the oral antiestrogen EM-800 received the vehicle alone.
6 to 53 mn¥; Ref. 18) were randomly assigned to 12 groups, each containing EM-800 Therapy. EM-800 (9-(+)-(4-[7-(2,2-dimethyl-1-oxopropoxy)-4-
10-20 mice. On day 0 of the experimeni;ileasing implants were removed methyl-2-(4-[2-(1-piperidinyl)  ethoxy]phenyl]#2-1-benzopyran-3-yl]phe-
from animals in the OVX control group. OVX animals first received the mostyl]-2,2-dimethylpropanoate was synthesized in the medicinal chemistry divi-
potent natural estrogen to initiate cell proliferation and the development sibn of the Laboratory of Molecular Endocrinology as described (7). Animals
tumor. Thereafter, the Emplants were replaced by,Eas a model of post- in groups OVX (group A), OVX+ E, implant (group B), and radiation therapy
menopausal women when B the main circulating estrogen and is converteclone for the first 35 days (groups C and F) received 0.2 ml of the oral vehicle
into E, in peripheral tissue. [0.4% (w/v) methylcellulose], whereas the animals of the appropriate groups
Tumor Measurement. Two perpendicular diameters were recorded, angroups D, E, and G) starting on day 1 (and group F starting on day 35)
tumor area (mrf) was calculated using the formula: R W/2 X 7 (18). The  received the oral dose of 3g@y of EM-800 resuspended in 0.2 ml of the same
area measured on the first day of treatment was taken as 100%, and charnghile. EM-800 or vehicle alone were given once daily. The gg0dose of
in tumor size were expressed as percentage of initial tumor area. EM-800 is the one giving complete inhibition of estrone-induced stimulation
Necropsy and Histopathology Analysis.After 259 days of treatment, the of tumor growth.
animals were anesthetized with isoflurane and killed by cervical dislocation. Radiation Therapy. To protect the pathogen-limited environment, we
To quantitate the effect of the estrogen and antiestrogen on a classical esteveloped a method that permits us to limit the radiation therapy exposure to
gen-sensitive parameter, uteri were immediately removed, freed from connge tumors of 12 mice simultaneously (Fig. 2). Mice remained in their vinyl
tive and adipose tissue, and weighed. To assess the effect of radiation on saiteoisolators during transport to maintain the pathogen-limiting conditions.
tissues surrounding the tumor, a single hepatic section was collected in the Tefinperature and humidity were controlled during radiation. A portable HEPA
lateral lobe. Additionally, two sections of the skin overlying the xenografts ifiltration system (Biobubble, Fort Collins, CO) was installed in the radiation
the flank region were collected in all animals. These collected tissues we@rapy room at leas3 h before the start of each radiation therapy session.
rapidly, fixed in 10% buffered formalin, and then processed in a tissiice were anesthetized directly in their microisolators under 3.5% isoflurane
processor, embedded in paraffin, cut i-thick sections, and stained with mixed with oxygen. Handling of mice was performed under positive air flow
H&E. pressure (HEPA filtration) in a modified baby isolator (Isolette) sterilized and
Response Criteria. The criteria of response were adapted from Dauebis adjusted for the specific needs of the experiment. In this controlled environ-
al. (19). In brief, complete regression identifies those tumors that were undgent, mice were transferred to the irradiation Plexiglas box specially designed
tectable for at least 3 weeks during treatment, partial regression corresponds tenaintain anesthesia under isoflurane through connection to a portable
the tumors that regresseeb0% of their original size, stable response refers tanesthesia unit. Because the working environment has natural air circulation
tumors that regressed50% or progressee:50%, and progression indicates caused by the positive air flow pressure, the concentration of isoflurane and its
tumors that progressed50% compared with their original size. Mice treatedfiow were increased to 4% and 4 l/min, respectively, in the box during
for at least 70 days were included in the analysis. manipulation. The box contains 12 circular holes of 2.5 cm diameter each to
Experiment 1. One hundred twenty-four mice bearing ZR-75-1 tumors ohvoid absorption of radiation by the Plexiglas.
a largest diameter-2.5 mm were divided into seven groups (with respect to Twelve anesthetized mice were thus immobilized with sterile medical
tumor size), each containing 15-20 mice at the start of treatment. The animgisiesive tape in the box with tumors directly facing each of the 12 holes. The
in the control groups (groups A and B in Fig. 1) received the oral vehicle [0.4%age was then closed hermetically (for sterility and anesthesia), and the
(w/v) methylcellulose] alone. The animals in the five other groups receivggbflurane flow was reduced for maintenance of anesthesia (1.5% isoflurane
external beam radiation therapy (groups C, E, and F) and/or EM-800 (groufd 0.7 I/min). The Isolette was opened in front of the Biobubble, and the box
D, E, and G). After 35 days of treatment, groups F and G received baffas mounted on a vise behind a lead plate containing holes of design, location,
EM-800 and radiation therapy up to the end of the experiment. Mice in gro@pd dimension identical to those of the Plexiglas box. From the lead plate
E received EM-800 and radiation therapy starting on day 1. Mice in groups tit@les, only the tumor of each mouse protruded. Radiotherapy was administered
did not receive the oral antihormonal therapy received the oral vehicle alongfour fractions of 2.5 Gy for 13.7 min for a total of 10 Gy a\a@9 day-period
Experiment 2. Fifty mice bearing ZR-75-1 tumors of a largest diameteysing a 250-kilovolt Siemens with 2 mm aluminum filtration at 90 cm from the
>2.5 mm were divided into five groups (with respect to tumor size), eadburce origin. During each treatment, the microisolator was ventilated using a
HEPA-filtered air flow from the Biobubble to eliminate the residual isoflurane.
After each treatment, awakening of mice was controlled, and they were then
transferred to their initial cages. The radiotherapy course of 10 Gy in four
STUDY DESIGN fractions was repeated every 35 days. These radiation parameters were estab-
lished by a oncological physicist of the radio-oncology service of theeHo

ovX J CONTROL (A) Dieu Hospital to deliver a homogeneous radiation dose to each individual
p CONTROL (B) tumor. To appreciate the possible interaction between EM-800 and radiother-
apy, the dose of radiation therapy was not established to obtain a maximal
INITIAL GROWTH RT. ——F> CONTINUER.T. (C)  effect but to provide stabilization of tumor growth.
€21:10) |—— EM-800 ——Jp CONTINUE EM-800 (D) Evaluation of “Cure.” A large number of tumors disappeared during the
course of the study. To evaluate the cure rate of each therapeutic modality,
— EM-800 + R.T.—» CONTINUEEM-800+RT.  (E) ; . .
ovX +E1 — mice with tumors that regressed completely for 3 weeks were treated with
(1:25) RT.———F aDDEM-300+ CONTINUER.T. (F)  estradiol as shown in Fig. 3. Tumors that did not reappear after 120 days of
ADD RADIOTHERAPY ic sti i i “ i
— Em300 ——> ADD RADIOTHERAPY + (G) estrogenic stlmulatlon_\{vere considered “cured.” These mice were evaluated up
35DAYS | UNTIL COMPLETE RESPONSE, to 180_d§1ys after ac_jdmon of a_nﬁmpl_ant.
T DEATH OR END OF STUDY Statistical Analysis. The variations in total surface area of tumors between
START OF the initiation and the end of treatment were analyzed using a two-way ANOVA
TREATMENT for repeated measurements. The treatment effect is thus considered completely
Fig. 1. Design of experiment 1. R.T., radiotherapy. confounded with the differences between the groups of animals used within
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il
Fig. 2. Mice kept under anesthesia and fixed in ajs

plastic box @) are positioned in front of the holes
(arrow) on a lead plateR) to restrict radiation ex-
posure to the tumors. A constant flow of air plus
anesthetic was provided through the plastic box inle
(C). See “Materials and Methods” for detailed de-
scription.

each modality of treatment and is therefore tested against the error tdiman in the estrone-treated control group (groudBs. 0.0001) but
estimated from the animals within the groups. ANOVAs were performed ®&ignificantly higher than in the OVX control group (group A,

ranks due to the lack of normality of the residuals and/or heteroscedasticitymf- 0.005), the EM-800-treated group (group < 0.05), and all
the distribution. Posteriori pairwise comparisons were also performed USiEmeination groups (groups E, F, and B< 0.005)

least square means statistics. . . .
Significance of the difference observed was accepted flower than 5%. When EM-800 at the daily dose of 30f)g was combined with

All statistical tests were performed using the SAS software (SAS Institutj;é'f,Idiation therapy at the start of treatment (group E), average tumor

cary, NC). size was reduced by 98% after 9 months compared with initial size
(P < 0.0001). Moreover, tumor size of this combination therapy
RESULTS group (group E) was significantly inferior by 23% (98%rsus75%

below initial size) compared with that achieved in animals treated
Experiment 1. Whereas estrone (group B) caused a 514% increagth EM-800 alone P < 0.005). Although not reaching the level of
in ZR-75-1 tumor sizeR < 0.01) during the 9-month treatment periodstatistical significanceR = 0.057), this 98% value was lower by 15%
(Fig. 4), daily oral administration of 30Qug of the antiestrogen compared with the OVX control group (group A). The addition of
EM-800 (group D) completely prevented tumor growth. In fact, ngtm-800 to mice initially treated with radiation therapy alone for 35
only was tumor growth completely prevented by EM-800, but a 73%ays (group F), or conversely, the addition of radiation therapy to
reduction of average tumor size below the initial value was observgfice treated with EM-800 alone for the same time period of 35 days
(P < 0.0001). This effect was not significantly different from the ON@group G), caused a greater decrease in tumor size than either modal-
achieved by ovariectomy alone (group A), which reached a value 8%%’ alone(groups C and D) but less than when both treatments were
below initial tumor size f < 0.0001). started simultaneously at start of therapy. In fact, starting EM-800 35

Radiation therapy (group C), during the first 56 days, markedy, s after the start of radiation treatment caused a 95% decrease in

reduced average tumor size by 36% from the original value. Tr}i&mor size (group F). On the other hand, when radiotherapy was
_effect was followed by a pla_teau for about 109 days before a sli rted in mice already treated for 35 days with the antiestrogen, a
increase in average tumor size was seen, which reached 89% ofé 8 decrease in tumor size was observed [grou & 0.005 for
original value after 259 days of treatment. The average tumor sizeblgth groups (groups F and @rsusiadiation alone (group C) but not

animals who had radiotherapy alone (group C) was significantly lowg{atistically different from EM-800 alone (group D)].

It is also of interest to analyze the categories of responses achieved

RECURRENCE-FREE SURVIVAL under the experimental conditions described above. In the absence of
UNDER E5 STIMULATION estrone supplementation in OVX animals (group A), complete, partial,
and stable responses were achieved in 50, 39, and 11% of tumors,
gg:;:?’::;;efg':‘;"wtez‘(‘: Observation for 180 days respectively, anc_i no tumor progressed (Fig. 5). In OVX animals
I >} —> supplemented with estrone (group B), 100% (17 of 17) of tumors
progressed. In the EM-800-treated group (group D), on the other hand,
T T complete, partial, and stable responses were seen in 40, 40, and 20%
of tumors, respectively, and as seen in the control OVX group, no
By el not A E pront (1:10 chol) progressing tumor was seen. For the group treated with radiation
be detected therapy alone (group C), 20, 33, and 27% of tumors achieved com-
Fig. 3. Design of experiment to evaluate curhol, cholesterol. plete, partial, and stable responses, respectively, whereas 20% of
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Fig. 4. Time course of the effect of a daily oral dose of 3@Pof EM-800, 10 Gy/35 days of radiation therapy, or the combination of both treatments for 259 days on the average
size of ZR-75-1 human breast cancer xenografts in OVX nude mice supplemented with an estrone implant. The initial tumor size was taken as 100%mi2¥Xewadeng the
vehicle alone or supplemented with estrone implants are used as controls. The size of tumors at start of treatment wa@.2 Fi®f. Results are expressed as a percentage of
pretreatment values (means of 6 to 20 tumors per grbags, SE). Tumors that regressed completely are shown in Fig. 5.

tumors (3 of 15) progressed. When the combination of radiatid®) reappeared at later time intervals (Fig. 6). Thus, it is quite
therapy and antiestrogen was initiated on the first day of the expaemarkable that only 2 of 44 tumors reappeared after 40 and 25 days
ment, 86% (12 of 14) of tumors disappeared, and only two tumoo$ E, stimulation, respectively. It is important to note that 12 mice
remained in the partial regression category (14%) after 259 daysveére isolated and stimulated with an, Enplant in the combined
treatment. treatment group E, and no tumor appeared. Of these mice, nine (64%)
The two groups of animals who received the combination therapiegre observed up to 120 days and were thus considered cured,
after a pretreatment of 35 days (groups F and G) presented respomngesreas only three mice did not survives0 days (Fig. 6).
not statistically different from group D, who received EM-800 alone, The dose of radiation therapy used had no apparent effect on the
but better than radiotherapy alone. In fact, complete, partial, agéneral health of mice, and no death was associated with the treat-
stable responses were observed in 33, 58, and 8% of tumors, respeent. Histopathological examination of tissues directly in contact
tively, in the group that received the antiestrogen 35 days after 10 @ith radiation (skin) and potentially in contact (liver) showed no
irradiation (group E), whereas the addition of radiotherapy to micggnificant anomaly in any of the experimental groups. No significant
treated previously with EM-800 for 35 days (group G) resulted in effect of radiation therapy or EM-800 treatment was observed on body
44, 44, and 11% response in the complete, partial, and stable categeight adjusted for tumor weight (data not shown). On the other hand,
ries, respectively. It is interesting to note that in all groups treated witteatment with 300ug of EM-800 daily alone or in combination
EM-800 as well as in the OVX control group, there were no progresesulted in a complete blockade of the stimulatory effect of estrone on
ing tumors. uterine weight. In fact, there is no significant difference in uterine
To test the viability of the tumors that disappeared during treatmemteight among all groups who received EM-800 during the course of
each mouse bearing a tumor that disappeared during the course otlieeexperiment (1.4 0.1 to 1.8+ 0.1 mg/g of body weight for
experiment was isolated 3 weeks after complete regression befgreups D to G) and that observed in the OVX control group (group A)
receiving a s.c. Eimplant. A total of 44 mice were thus isolatedwithout estrone stimulation (1.Z 0.2 mg/g of body weight). On the
during the course of the experiment. It is noteworthy that none of tlther hand, uterine weight of mice treated with estrone increased to
tumors that showed a complete response during the course of #2e1+ 0.8 mg/g of body weight, and treatment with radiation therapy
experiment in the OVX control group (group A,= 9 of 18) as well alone did not change this value significantly (16:®.7 mg/g of body
as in the groups treated with radiotherapy alone (group €,3 of weight; Fig. 7).
15), EM-800 after 35 days of radiotherapy (groumk 4 of 12), and Experiment 2. As illustrated in Fig. 8, during the 137-day estrone
the combined treatment initiated on the first day (groum E 12 of  stimulation period (from day-137 to day 0), average tumor size of all
4860
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100 - 17 with daily oral doses of EM-800 and/or 10 Gy/35 days radiation
Il PROGRESSION therapy for 120 extra days as described in “Materials and Methods.”
4 STABLE All data on tumor size are expressed as the percentage of the values
E PARTIAL 12 recorded on day 0, when treatments were initiated.
80 - [ ] COMPLETE Estrone supplementation for 120 days (OMXE,) led to a con-

tinuous progressive increase in average tumor size that reached 169%
of the value measured on day 0. In comparison with the first exper-
iment, the increase in tumor size in this group corresponded to 617%
of the value measured on dayl37. On the other hand, 120 days of
withdrawal of the estrogenic stimulation (OVX control group) led to

a progressive decrease in average ZR-75-1 tumor size by 51%
(P = 0.01) of the pretreatment value. The 45% decrease of mean
tumor area observed during treatment with a daily p@0dose of
EM-800 in estrone-supplemented OVX mide € 0.01) is almost
superimposable to the value observed in control OVX mice (51%
decrease), thus indicating complete neutralization by EM-800 of the
effect of estrone. On the other hand, treatment with the 10 Gy of
radiation therapy/35 days caused a 17% decrease in tumor size (not
significant). It is of interest to note that the inhibition pattern of tumor
growth in the radiation therapy-treated group of the second experi-
ment is similar to that observed in the first experiment (group C). In
fact, an average tumor size at 68% of the initial value was measured
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of tumor size to reach 83% at the end of the 120-day experiment. In
the animals who received the daily dose of 3apof the antiestrogen
in combination with 10 Gy of radiation therapy each 35 days, average

! - _ o tumor size was reduced by 62% compared with the size measured on
Fig. 5. Effect of EM-800 and radiation therapy, alone or in combination, on th

category of response of human ZR-75-1 breast carcinoma xenografts in estrone-stimulﬁ@)f 0 P < 0'05)' The 249t 11.0 mnf \_/a_lue measure_d at the end of
OVX nude mice. Estrone was administered by 0.5-cm silastic implants. Complete regiide experiment was similar to the original tumor size (28.41.1

sion identifies those tumors that were undetectable at the end of treatment; parlqﬁan) observed before the initial estrogenic stimulation on d—é;B?
regression corresponds to the tumors that regres&@%6 of their original size, whereas

stable response refers to tumors that regresse@?o or progressee-50%; and progres- (Fig. 8).
sion indicates tumors that progresse80%. The number of tumors in each category is  Concerning the categories of responses achieved in the second

also indicated. experiment, it is of interest to remember that the mice were treated

with the above-indicated treatments for 120 days starting only after
groups increased by 338% (< 0.001) from 28.4+ 1.1 mnf to 137days of estrogenic stimulation. Thus, possibly due to the larger
92.1 = 6.2 mnt. Then, one group of animals was used as contreize of the tumors, no tumor regressed completely in any group.
without estrone stimulation (control OVX), while the four otherAlthough the duration of treatment was much shorter, treatment with
groups continued to be treated with s.c. estrone alone or in additi@uiotherapy, EM-800, and the combination of both treatments de-
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creased the number of progressing tumors from 50% in the control
OVX animals supplemented with estrone to values of 20, 0, and 0%,
respectively (data not shown). Stable responses, on the other hand,
were measured at 25, 80, 37.5, and 33.3% in the contralulgple-
mented mice and in the three groups of animals who received the
above-indicated treatments, respectively. Partial responses, on thg
other hand, increased from 25% in the estrone-supplemented mice i
62.5 and 66.7% in the animals receiving EM-800 alone or in combi%
nation with radiation therapy, respectively, whereas no partial re%
sponse was observed in the group of animals that received radiothe&
apy alone. In control OVX mice, the rates of partial and stabIeE
responses were measured at 62.5 and 37.5%, respectively, and fo
progression was seen (data not shown). i
No significant effect of radiation therapy or EM-800 treatment ¢t
was observed on body weight adjusted for tumor weight (data noE
shown). Daily administration of 30(kg of EM-800 alone or in <«
combination with radiotherapy to estrone-supplemented OVX mice=
resulted in a complete blockade of the stimulatory effect of estrone&
on uterine weight (2.6 0.2 mg/g of body weight and 2.2 0.2
mg/g of body weight, respectively). This value is similar to that
measured in OVX control mice without estrone supplementation
(2.1+ 0.2 mg/g of body weight). On the other hand, uterine weight
in the estrone-treated control group and in the radiation therapy
group increased from 2.1 0.2 mg/g of body weight in OVX
animals to 12.5- 1.6 mg/g of body weight and 9.© 1.4 mg/g of

body weight, respectively.

DISCUSSION

The present study clearly shows that although the pure antiestro
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Fig. 8. Effect of EM-800 (at the daily oral dose of 3p@) and radiation therapy (10
Gy every 35 days for 120 days) alone or in combination on estrone-stimulated growth of
@eian ZR-75-1 breast tumors in OVX nude mice. Tumors were initially stimulated with

EM-800 alone and radiation therapy alone have major beneficisfrone-releasing implants for 137 days prior to start of treatments for 120 extra days.
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the combination of both therapeutic modalities leads to even greater
benefits. In fact, it is quite remarkable that 12 of the 14 (86%) tumors

disappeared, thus indicating a cure in the group of animals who
received the combination therapy.

The potential of greater benefit of combined treatments that act
via different mechanisms is supported by the evidence that breast
cancers are composed of genetically and phenotypically heteroge-
neous subpopulations of tumor cells, especially when the tumors
have spread outside the original site of cancer development. It thus
seems reasonable to target, after surgery, the most estrogen-sensi-
tive cell population with a pure antiestrogen while, at the same
time, another treatment such as radiation therapy and/or chemo-
therapy can be added.

Treatment of breast cancer ceits vitro with EM-800 alone re-
sulted in a slowing of the cell cycle and a consequent decrease of cell
proliferation (20). This arrest in the J85, phase of the cell cycle is
caused by blockade of the estrogen receptor whereas radiation therapy
induces damage in the,@hase of the cell cycle (21). If, as frequently
hypothesized, EM-800 would causg-G, arrest and radiation ther-
apy acts at the Gphase of the cell cycle, the antiestrogen would
prevent cells from progressing to the, @hase, the cancer cells
potentially becoming less sensitive to the effect of radiation therapy.
Such a hypothesis, however, is not valid, as shown by the préesent
vivo data. In fact, the present data clearly show that treatment with
EM-800 not only slows tumor growth but can cause complete disap-

Fig. 7. Effect of 259 days of treatment with EM-800 alone, radiation therapy alone, Pearance of a |arge proportion of tumors or cure. Most importanﬂy,

the combination of both treatments on uterine weight in OVX mice supplemented with
estrone. Estrone was administered by 0.5-cm silastic implants. Comparison is also

with OVX mice. Bars, SE.

rRof of the complete disappearance of tumors is provided by the lack
of reappearance of tumors under estrogen stimulation in 87% of cases
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(seven of eight tumors) in the group of mice treated with EM-800 Gauthier, S., Caron, B., Cloutier, J., Dory, Y. L., Favre, A, Larouche, D., Mailhot, J.,
alone Quellet, C., Schwerdtfeger, A., Leblanc, G., Martel, C., Simard, Jrakhl& Y.,
i . . Bélanger, A., Labrie, C., and Labrie, FS)¢(+)-4-[7-(2,2-Dimethyl-1-oxopropoxy)-

In contrast with a study in a model of prostate cancer, where 4-methyl2-[4-[2-(1-piperidinyl)ethoxy]phenyl]-B-1-benzopyran-3-yl]-phenyl]-2,2-
radiation therapy was given in combination with chemotherapy that dimethylpropanoate (EM-800): a highly potent, specific, and orally active non ste-

: . S R idal antiestrogen. J. Med. Cherd0: 2117-2122, 1997.
resulted in cessation of cell proliferation without manifestation of cell, |50 et os e 2 e e T or A, Labrie, C.. and Labrie

death (22), our study with EM-800 alone decreased tumor volume F. Long term inhibitory effects of a novel antiestrogen on the growth of ZR-75-1

through a cytotoxic effect in the same proportion as that observed in g‘gg g"g%F'fgg;lma” breast cancer tumors in nude mice. Int. J. Caféer,

the OVX control group of animals. It is most interesting that they | o s. Martel, C., Sourla, A., Gauthier, S.” ed, Y., Béanger, A., Labrie, C., and
addition of radiation therapy to complete blockade of estrogenic Labrie, F. Comparative effects of 28-day treatment with the new antiestrogen EM-800

action by EM-800 decreased tumor size and induced the disappear-"‘”d tamoxifen on estrogen-sensitive parameters in the intact mouse. Int. J. G8ncer,
381-391, 1997.

ance of tumors to a greater degree than achieved by ovariectomy. Th€rremblay, A., Tremblay, G. B., Labrie, C., Labrie, F., and Gigu&/. EM-800, a
present data clearly show that blockade of estrogenic action by anovel antiestrogen, acts as a pure antagonist of the transcriptional functions of

. . p estrogen receptors and 8. Endocrinology,139: 111-118, 1998.
potent and pure antlesm)gen IS not Only CytOStatIC’ as Commorﬁ( Tremblay, G. B., Tremblay, A., Copeland, N. G., Gilbert, D. J., Jenkins, N. A., Labrie,

thought, but is strongly cytotoxic and leads to disappearance of F., and Gigiee, V. Cloning, chromosomal localization and functional analysis of the
tumors. It is also important to indicate that an optimal effect has been murine estrogen recept@: Mol. Endocrinol.,11: 353-365, 1997.
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