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CLINICAL DEVELOPMENT PLAN: 

TAMOXIFEN 

DRUG IDENTIFICATION 

CAS Registry No.: 10540-29-1 

CAS Name (9CI): (Z)-2-[4-(1,2-Diphenyl-l-butenyl)phenoxy]-N,N-dimethylethanamine 

Synonyms: Tamoxifen Citrate 
ICI-46,474 
Nolvadex@ 

Structure: 

EXECUTIVE SUMMARY 

Tamoxifen is a nonsteroidal triphenylethylene 
derivative considered primarily a competitive es- 
trogen antagonist in humans [reviewed in 11. In 
nitro studies suggest that this effect results from 
direct estrogen receptor binding [reviewed in 21, 
which blocks estrogen activity, alters RNA trans- 
cription and decreases cell proliferation [reviewed 
in 3,4]; other antihormonal effects may include 
interference with gonadotrophin and prolactin 
release [5]. Possible non-hormonal effects, many 
mediated through cellular signal transduction path- 
ways, include modulation of growth factor secre- 
tion (TGF-a, TGF-P, EGF, IGF-I) [e.g., 6-11], inhibi- 
tion of protein kinase C activity [12], calmodulin 
activity antagonism [13], inhibition of polyamine 
[14] and prostaglandin synthesis [15], inhibition of 
lipid peroxidation [eg. ,  16,171, inhibition of certain 
cytochrome P-450 activities 1181, and alterations in 
membrane properties [19,201. In some tissues, how- 

ever, this agent may also have estrogenic effects 
(partial agonist) [l]. Tamoxifen citrate (Nolvadex@) 
is used for palliative endocrine treatment of ad- 
vanced breast cancer and as adjuvant therapy to 
control micrometastatic relapse and new primaries 
in women surgically treated for early breast cancer 
(2040 mg qd) [reviewed in 211. It is currently in a 
large cooperative Phase I11 trial for prevention of 
breast cancer in high-risk women. Besides cancer 
chemoprevention, this trial is investigating other 
possible benefits of tamoxifen suggested by pre- 
vious clinical trials-decreased cardiovascular mor- 
bidity and mortality, as well as prevention of os- 
teoporosis in postmenopausal women. 

Chemopreventive efficacy of the agent has been 
observed primarily in animal models of mammary 
gland cancer. In addition, comparable or synergis- 
tic efficacy has been observed in preclinical studies 
of tamoxifen/tamoxifen citrate in combination with 
other agents [e.g., N-4-(hydroxyphenyl)retinamide 
(4-HPR)] at lower, less toxic doses. Tamoxifen and 
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4-HPR have some complementary chemopreventive 
activities (modulation of growth factors, inhibition 
of prostaglandin synthesis, decreased polyamine 
levels). For example, tamoxifen predominantly in- 
duces TGF-Pl and retinoids induce TGF-P2 and 
433; the combination may then achieve a greater 
response [8,22]. Based on these studies, clinical 
development of the combination was undertaken 
by NCI. 

For further development of tamoxifen citrate as 
a single chemopreventive agent, additional preclin- 
ical toxicology should not be necessary. Although 
four recently published one-year studies of tamoxi- 
fen citrate in rats show significant dose-related 
incidences of hepatocellular carcinomas, no in- 
creases in liver cancer have been observed in six 
clinical adjuvant trials. In order to develop com- 
bination regimens, the CB has funded 90-day toxic- 
ity studies of tamoxifen citrate in combination with 
4-HPR in dogs and rats. No synergistic toxicity 
was demonstrated in dogs; however, a NOEL was 
not achieved. The comparable study in rats is in 
progress. 

NCI-funded clinical trials of tamoxifen citrate 
are summarized in Table I. No Phase I studies 
have been sponsored since a large amount of clini- 
cal data is already available in the literature and in 
ICI Pharma's NDA. Published results from six 
recent clinical adjuvant trials have shown mild ad- 
verse estrogenic effects, plus an endometrial cancer 
incidence two-fold higher than placebo or observa- 
tion controls. The endometrial cancer risk appears 
to be similar to that for postmenopausal women on 
unopposed estrogen replacement therapy (ERT). 
However, recent results from a study of adjuvant 
tamoxifen treatment of breast cancer patients 
(NSABP-B14) and from the Netherlands Cancer 
Institute adjuvant trial suggest that the risk may 
actually be three-fold higher than matched con- 
trols. 

A published Phase I trial investigated combina- 
tions of tamoxifen (20 mg qd) with 4-HPR (100- 
400 mg qd, three-day drug holiday/month) in 
metastatic breast cancer patients. After 2- 
14 months of treatment, adverse effects were attri- 
buted to disease progression, and the authors con- 
cluded that all combinations were safe and well- 
tolerated 1231. 

Two trials of tamoxifen citrate as a single agent 
are in progress. A cooperative Phase I11 trial in 
women with risk for breast cancer equivalent to 
that at age 60 is being administered by the 
National Surgical Adjuvant Breast and Bowel Pro- 
ject (NSABP-PI). This trial is currently on hold. An 

NCI, DCPC-funded Phase I1 study (see Table I) is 
investigating tamoxifen citrate modulation of 
atypical hyperplasia, a risk factor for breast cancer 
development, in women previously treated for 
breast cancer or women who are first-degree rela- 
tives of breast cancer patients. Further develop- 
ment of tamoxifen citrate as a single agent will 
await results of these two trials. 

In the interim, NCI is undertaking development 
of tamoxifen citrate in combination with 4-HPR to 
prevent breast cancer. This direction is supported 
by animal efficacy data in mammary glands, and 
takes advantage of the complementary mechanisms 
of the two agents. Three NCI-sponsored Phase II 
trials testing the combination of tamoxifen citrate 
with 4-HPR began this year. One CB-administered 
trial is evaluating tamoxifen citrate alone and in 
combination in DCIS patients when given in the 
period between diagnostic biopsy and definitive 
surgery. A significant aspect of this study is identi- 
fying intermediate biomarkers as potential surro- 
gate endpoints for cancer chemoprevention trials. 
Two Phase I1 trials are being administered though 
the Clinical Oncology Program. One is a feasibility 
study of tissue sampling by three methods to 
assess proliferative intermediate biomarkers and 
TGF-P isoforms as drug effect measurements in 
women at high risk for breast cancer. The other 
trial will evaluate similar endpoints in areas of CIS 
and proliferation adjacent to breast cancer; com- 
bination treatment will take place between diag- 
nostic biopsy and definitive surgery. Finally, a 
combination Phase I11 trial administered by the 
Eastern Cooperative Oncology Group (ECOG) is 
being designed to compare tamoxifen with tamox- 
ifen plus 4-HPR as adjuvant therapy in women 
surgically treated for node-negative breast cancer. 

ICI Pharma originally manufactured tamoxifen 
citrate as an oral formulation (10 mg capsule). 
Zeneca now holds propnetam rights to the drug; 
the possibility of a supply agreement must be con- 
sidered. 

PRECLINICAL EFFICACY STUDIES 

Sufficient evidence of idubition of mammary 
gland carcinogenesis by tamoxifen and tamoxifen 
citrate (oral formulation) has been obtained the CB. 
The agent appears to act during both the initiation 
and post-initiation phases of carcinogenesis. Tam- 
oxifen (20 &rat, 3x/wk, sc) reduced mammary 
tumor multiplicity when administered beginning 
one week after the start of MNU exposure in the 
standard assay in young adult rats (50 days old). 
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Tamoxifen citrate in the diet (0.25 mg/kg, or ca. 
0.022 nmol/kg-bw/day) reduced rat mammary 
tumors when given to mature rats (120 days old) 
beginning one week before MNU exposure; this 
may be a more appropriate model for adult human 
breast cancer [24]. Because of the chemopreventive 
evidence already available on the individual agent 
in published reports, NCI has concentrated on 
sponsoring studies of tamoxifen in combination 
with other agents to obtain similar or greater tu- 
mor inhibition at lower, less toxic doses. In com- 
pleted studies, the dietary combination of 4-HPR 
with tamoxifen citrate (0.125 mg/kg diet, or ca. 
0.01 1 nmol/kg-bw/day) showed synergistic activ- 
ity against MNU-induced mammary carcinogenesis 
in older rats. Interestingly, subcutaneously admin- 
istered tamoxifen plus dietary 4-HPR was even 
more effective in an adjuvant study using the 
induction of subsequent mammary carcinomas fol- 
lowing surgical removal of the first cancer as the 
endpoint. In the standard MNU-induced rat mam- 
mary model, the cancer preventive effects of the 
three-agent combination of tamoxifen (0.2 mg/kg 
diet, or ca. 0.03 nmol/kg-bw/day), aminogluteth- 
imide and progesterone were additive. In the same 
model, doses of tamoxifen citrate that were ineffec- 
tive alone (0.04, 0.08 mg/kg diet, or ca. 0.004, 
0.008 nmol/kg-bw/day) inhibited carcinogenesis in 
combination with DHEA, with carbenoxolone and 
DHEA, and with carbenoxolone and DFMO. Stud- 
ies in progress are testing combinations of tam- 
oxifen citrate with fumaric acid, oltipraz, or cur- 
cumin. 

The majority of the efficacy against mammary 
carcinogenesis was demonstrated in early pub- 
lished studies of injectable tamoxifen by several 
laboratories. A number of studies showed inhi- 
bition of chemical (DMBA, MNU, EMS, DES)- and 
radiation (UV)-induced rat and virus-related mouse 
mammary carcinogenesis [eg., 25-301; some studies 
have also demonstrated increased latency or de- 
creased tumor size [e.g., 31,321. Interestingly, one of 
the major metabolites of tamoxifen (4-hydroxy- 
tamoxifen) with potent antiestrogen activity also 
inhibited DMBA-induced rat mammary carcino- 
genesis, although less effectively 133,341. Agents 
which have inhibited carcinogen-induced mam- 
mary carcinogenesis in combination with tamoxifen 
in published studies include 4-HPR [24,351, 2- 
bromo-a-ergocryptine [361,2-bromo-a-ergocryptine 
plus retinyl acetate [37,381, DFMO 1311, and the 
vitamin D, analog Ro 24-5531 [39]. In addition, 
tamoxifen inhibited hamster kidney (1 7P-estradiol 
implant) [40], ovariectomized rat pituitary (DES) 

[27], and mouse cervix (20-methylcholanthrene) 
[41] carcinogenesis. Finally, a number of histologi- 
cal intermediate biomarkers have been modulated 
by the agent, including hyperplastic alveolar 
nodules in mouse mammary glands (infected with 
MMTV) [421, and hyperplastic nodules (induced by 
DEN, AAF, and partial hepatectomy) [43] and 
GGT-positive foci (induced by ethinyl estradiol) 
[44] in rat liver. 

PRECLINICAL SAFETY STUDIES 

Safety The CB has funded only subchronic (90- 
day) toxicity studies of tamoxifen citrate at 0.4- 
32 mg/kg-bw/day (ig) alone and in combination 
with 4-HPR in two species [451. In female Beagle 
dogs, no synergistic toxicity was observed with a 
capsule formulation of combined agents; however, 
a NOEL was not established. All tamoxifen-treated 
dogs exhibited enlarged vulvae, decreased serum 
albumin and estrogen, and histological lesions in 
the adrenal glands, ovaries, uterus, vagina and 
bone marrow. In female Sprague-Dawley rats, the 
highest dose of tamoxifen alone and in combina- 
tion appeared to cause lesions in the adrenal 
glands, ovaries, uterus and vagina; however, the 
study is being repeated due to protocol deficien- 
cies. 

In CB-sponsored chemopreventive efficacy stud- 
ies, significantly decreased weight gain has been 
observed at some doses of tamoxifen with and 
without 4-HPR. At doses of tamoxifen alone which 
did not affect weight (5 pg, 3x/week, sc), the re- 
duction in tumor multiplicity (1 6%) retained sig- 
nificance, but the beneficial effect on latency was 
lost. In contrast, subtoxic doses of tamoxifen com- 
bined with 4-HPR have produced synergistic che- 
mopreventive effects in rat mammary carcino- 
genesis models. 

Three recently published one-year toxicology 
studies also found decreased weight gain (2040%) 
at higher doses of tamoxifen citrate (2.8, 11.3, 22.6 
and 45.2 mg/kg-bw/day, ig, or 5.0, 20.0, 40.1 and 
80.2 nmol/kg-bw/day) in female rats [46-481. 
Drug-related increases in osteoporosis, alopecia, 
seizures, general weakness, and liver tumors were 
also obtained. The incidence of hepatocellular car- 
cinomas was 75-100% at the two highest doses and 
1044% at 11.3 mg/kg-bw/day [46,48,49]. Prema- 
lignant liver lesions were also increased, including 
the incidence of adenomas after one year (100%) 
and the incidence (loo%), area and multiplicity 
(3.83/cm2) of placental GST-positive foci after three 
months of treatment with 11.3 mg tamoxifen- 
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citrate/kg-bw/day [48]. Two-year carcinogenicity 
studies by the manufacturer produced similar re- 
sults, with significantly greater incidences of hepa- 
tocellular carcinomas in rats (sex unknown) given 
doses of 5, 20, and 35 mg tamoxifen citrate/ 
kg-bw/day (14%,69%, and 6976, respectively) than 
in controls [49,50]. At doses comparable to the 
clinical doses, preliminary manufacturer's data 
suggested that tamoxifen promoted GGT-positive 
foci and increased hepatic carcinomas (11.5% us. 
1% in controls; significance not reported) in rats 
[4]; however, the data are unavailable for review. 
The neoplastic liver responses have been correlated 
with high levels of hepatic tamoxifen-DNA adducts 
[51,52], p53 mutations in 50% of hepatocellular 
carcinomas 1531, karyotypic instability [541, and 
elevated cytochrome P-450, glucose-6-phosphate 
dehydrogenase, and 6-phosphogluconate dehydro- 
genase activities [55]. DNA adducts have also been 
observed in livers of tamoxifen-treated male rats, 
and female mice and hamsters [51,52,56]. The ad- 
ducts appear to be formed from an epoxide 
metabolite [571. In contrast, human breast cancer 
patients treated with tamoxifen show no increase 
in hepatic DNA adduct levels over controls [511, 
and no increases in liver cancer have been found in 
six large adjuvant therapy trials in women [41. 

Tamoxifen acts as a partial estrogen agonist in 
rat uterus, increasing organ weight and RNA 
synthesis. Published reports have also shown in- 
creased expression of IGF-I and suppression of its 
binding protein [58], as well as induction of proto- 
oncogenes c-fos and jun-B expression in this tissue 
in vim [59,60]. Protooncogene mRNA levels were 
elevated up to 10-fold 6-24 hours after tamoxifen 
injection (1 mg/kg-bw) [60]. c-fos transcripts were 
also increased by the agent or estrogen in human 
endometrial carcinomas transplanted into rats, 
demonstrating similar estrogenic effects in uterine 
tissue of rats and humans [611. 

ADME Orally administered tamoxifen is well- 
absorbed and extensively metabolized in humans, 
mice, rats, dogs, and monkeys [48,621. Following 
administration of 11.3 mg/kg-bw/day (ig) to 
female rats, the blood metabolite (N-desmethyl- 
tamoxifen and 4-hydroxytamoxifen) to drug ratio 
increased from 0.86 after 3 months to 1.4 after one 
year [481. Elimination is biphasic, with a longer 
phase t, of 3-18 days [62]. Tamoxifen is excreted 
primarily in the feces. 

CLINICAL SAFETY: PHASE I STUDIES 

Drug Effect Measurement An easily measured 
valid drug effect has not been demonstrated in 

published trials. Variable effects on circulating 
estradiol, estrone, FSH, LH, insulin-like growth 
factor I (IGF-I), and antithrombin I11 levels have 
been observed between premenopausal and post- 
menopausal women 14,631. Other estrogenic effects, 
such as decreased low density lipoprotein (20%), 
may take 3 4  months to develop [reviewed in 41. 
In one Phase I1 trial which began recently, the 
effect of tamoxifen plus 4-HPR on tissue TGF-P 
isoforms is being assessed. Alternatively, increased 
serum sex hormone-binding globulin appeared to 
be consistently related to tamoxifen intake in all 
women [64-661. 

Safety No Phase I trials of tamoxifen have been 
sponsored by NCI because of the extensive pub- 
lished clinical trial data. Interim results are avail- 
able from an NCI-sponsored Phase I1 trial in 
patients with atypical hyperplasia. Of the dropouts 
(27%), a few more in the tamoxifen group reported 
hot flashes and memory loss/insomnia; the only 
case of CIS occurred in the placebo group. 

In published reports, the most frequently 
reported side effects (15-20% incidence) from 
clinical doses of tamoxifen are mild and appear to 
be from estrogen blockade, eg.,  nausea, gastroin- 
testinal (GI) disturbances, rapid pulse, and hot 
flashes [reviewed in 41. Menstrual irregularities 
have been observed in premenopausal women at 
the same doses. Antithrombin I11 activity is de- 
creased in postmenopausal patients, but rarely to 
clinically relevant levels in patients without prior 
history of clotting disorders [671. It should be 
noted that no change in the incidence of thrombo- 
embolic disease has been observed in the Stock- 
holm trial of adjuvant tamoxifen therapy (40 mg 
qd) after 5 years [68]. Ocular damage (retinal 
changes, keratopathy, optic neuritis) has occurred 
at high doses [reviewed in 41; some recent reports 
show a 6% incidence of such damage at the 
chemopreventive trial dose of 20 mg qd [reviewed 
in 69,701. Other effects seen in cancer patients 
during tamoxifen chemotherapy are difficult to 
differentiate from the disease process itself (throm- 
bosis, hypercalcemia, flare reaction) 1211 and are 
probably not clinically relevant for chemopre- 
vention trials. 

Cumulative evidence from six recent trials of 
adjuvant tamoxifen therapy (20 mg qd) in women 
with early breast cancer (Nolvadex Adjuvant Trial, 
Scottish, Copenhagen, Toronto Edmonton, ECOG, 
and NSABP-B14) show no large differences in 
second primary cancer incidence by site (except 
breast cancer, which decreased 35%) compared 
with placebo or observation groups [reviewed in 
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41. No increase in liver cancer has been observed, 
even though two of these trials involve continuous 
administration of the agent for at least five years. 
In contrast, endometrial cancer incidence in these 
six adjuvant trials was two-fold higher than con- 
trol, probably due to tamoxifen's partial estrogen 
agonist effects in the uterus. This rate is similar to 
that of postmenopausal women on unopposed ERT 
[71,72], and appears to be related to total dose 
(median: 29 g). Recently, however, data from the 
NSABP-B14 trial [73-751 and the Netherlands Can- 
cer Institute [76] suggested that tamoxifen actually 
increases the risk of endometrial cancer three-fold 
after five years of adjuvant treatment of breast 
cancer patients. There were also more deaths than 
expected from endometrial cancer in the NSABP- 
B14 trial [74,751. The NCI has instructed institu- 
tions involved in the Phase I11 chemoprevention 
trial (NSARP-Bl, see CLINICAL EFFICACY) to re- 
write consent forms to reflect this information, and 
will also require yearly endometrial biopsies in all 
participants [77]. Endometrial changes observed in 
tamoxifen-treated breast cancer patients have 
included hyperplasia, dysplasia, fibroids, polyps 
and sarcoma [78-821. 

The effect of tamoxifen on the histopathologic 
grade of uterine cancers is uncertain. A retros- 
pective study of Connecticut breast cancer patients 
reported that adjuvant tamoxifen therapy (40 mg 
qd; mean, 4.2 years) produced a significantly larger 
proportion of high-grade endometrioid carcinomas 
(67.7%) than patients who were not treated with 
tamoxifen and had received unopposed ERT 
(23.7%) [83]. In contrast, an interim report from the 
Stockholm Adjuvant Tamoxifen Trial (40 mg qd; 
mean, 2.2 years) stated that the majority (94%) of 
the endometrial cancers were low grade [S41; 
NSABP-B14 also recently reported that the distri- 
bution of endometrial cancers by stage and grade 
did not differ between the placebo and tamoxifen 
groups [75]. The addition of progestin to adjuvant 
tamoxifen has been suggested to counteract the 
endometrial estrogenic stimulus (851. For example, 
long-term use of combined oral contraceptives 
(estradiol with any dose of progestin) reduces the 
risk of endometrial cancer compared with women 
who have never used them [86]. However, the pro- 
gestin may also interfere with the potential benefit 
of tamoxifen to breast cancer risk [87,88]1. 

A Phase I trial of 20 mg tamoxifen qd in com- 
bination with increasing doses of 4-HPR has been 
published [23]. In consecutive cohorts of three 
metastatic breast cancer patients each, the levels of 
4-HPR were 100, 200, 300, and 400 mg qd with a 

three-day drug holiday per month. Duration of 
treatment ranged from 2-14 months, with a total of 
6 patients receiving 26 months of therapy. Adverse 
effects (anemia, altered hepatic enzymes) were felt 
to be due to progressive disease, and all combina- 
tions were safe and well-tolerated. No ophthalmic 
or dermatological effects were observed. 

ADME In published studies, serum levels peak 
4-8 hours after a single dose of tamoxifen [re- 
viewed in 41. The plasma elimination t, is 7 days 
due to significant protein binding, and steady-state 
concentrations are reached after at least 4 weeks of 
treatment. Tamoxifen is extensively metabolized 
after oral administration. The principal metabolite, 
N-desmethyltamoxifen, has a longer plasma t, of 
14-24 days, reaching steady-state in 8 weeks; 4- 
hydroxytamoxifen, a minor plasma metabolite, has 
a much shorter t, than the parent drug [reviewed 
in 4,50,891. Since AUC,,, (2,794 and 2,698 ng.hr/ 
ml, respectively) and C,,, (162 and 147 ng/ml, 
respectively) are essentially the same after 20 mg 
qd or 10 mg bid, the two tamoxifen citrate dosing 
regimens are considered bioequivalent [891. 

Once steady-state is achieved, the metabolites of 
tamoxifen remain stable for up to 7 years of treat- 
ment [90]. Tissue levels are 10-60-fold higher than 
serum levels [66]. The principal metabolite, N-des- 
methyltamoxifen, has low estrogen receptor bind- 
ing affinity. 4-Hydroxytamoxifen has stronger 
receptor binding affinity than the parent com- 
pound, but it is present in serum and tissue at 
100-fold lower concentrations than tamoxifen 
[reviewed in 21,661. The clinical response may be 
due to the combined effects of tamoxifen and 
4-hydroxytamoxifen. I t  is uncertain whether the 
potential for uterine toxicity is related to tissue 
levels of the latter. 

Approximately 65% of a 20 mg tamoxifen dose 
is excreted from the body over a period of two 
weeks, primarily in the feces [50]. The majority 
(60%) of the drug eliminated by this route is polar 
metabolites or conjugates. 

CLINICAL EFFICACY: PHASE 11/111 STUDIES 

A cooperative Phase I11 trial (funded by NCI, 
National Heart, Lung, and Blood Institute, and 
National Institute of Arthritis, Diabetes, and Diges- 
tive and Kidney Diseases) is assessing 20 mg tam- 
oxifen citrate qd for 5 years as a breast cancer che- 
mopreventive drug in a population of women 
>35 years of age with relative risks equivalent to 
that of 60 year-old women [70,91]. Risk is cal- 
culated from family history, benign biopsy, 
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atypical hyperplasia or previously excised LCIS, 
nulliparity, late age at first live birth, and/or early 
onset of menarche according to the method of Gail 
and co-workers [92]. The trial, known as the Breast 
Cancer Prevention Trial, began in June 1992, and is 
being administered as part of the National Surgical 
Adjuvant Breast and Bowel Project (NSABP-PI) 
and is currently on clinical hold. As of March 1994, 
10,883 of the 16,000 target population had been 
accrued in the U.S. and Canada [931. The evaluable 
trial endpoints include breast cancer, osteoporosis, 
cardiovascular events, other cancers, and all causes 
of death 1911. It should be noted that seven of eight 
published clinical trials involving 10,000 women 
with resected breast cancer have demonstrated a 
40% decrease in second primary cancers in the con- 
tralateral breast on adjuvant tamoxifen treatment 
[reviewed in 41. 

Several international Phase I11 trials of breast 
cancer prevention by tamoxifen are also in prog- 
ress. Under the auspices of the U.K. Coordinating 
Committee on Cancer Research, the Cancer Re- 
search Campaign and the Imperial Cancer Research 
Fund, a feasibility study was expanded into a pilot 
trial (4 years total) involving 435 women aged 
30-69 years with a family history of breast cancer 
1941. Compliance was high, and the frequency of 
side effects was similar for 20 mg tamoxifen or 
placebo qd except for a significant increase in hot 
flashes in the treatment group. A multicenter trial 
has been approved and is recruiting 15,000 women; 
however, accrual was restricted to women 
>40 years old with a greater than 4-fold risk of 
breast cancer [69]. The same protocol has been in 
progress for a year in Australia, and sites in 
Switzerland, France, the Netherlands, Austria, 
Germany and Spain are expected to join soon, 
potentially resulting in a much larger cohort [95]. 
Finally, a study in Italy was funded in September 
1992 by the Italian League for the Fight Against 
Cancer and several research grants [96]. As of 
April 1993,801 hysterectomized women (n=20,000) 
aged 45-65 years without prior breast cancer had 
been randomized to 20 mg tamoxifen or placebo 
daily for 5 years [69,95-971. 

One NCI, DCPC-funded Phase I1 trial (Dr. J. 
Ward, University of Utah) is evaluating tamoxifen- 
induced modulation of moderate to severe atypical 
hyperplasia on fine-needle aspirates; atypical 
hyperplasia is considered to be a risk factor for 
breast cancer development. Subjects eligible for 
histological assessment are women with previously 
treated (surgery/radiation) unilateral breast cancer 
(<2  cm) or CIS, or who are first-degree postmeno- 

pausal relatives of breast cancer patients. As of July 
1993, 64 women had been randomized to placebo 
or tamoxifen. 

Development of 4-HPR combined with tamoxi- 
fen as a breast cancer chemoprevention strategy is 
a priority at NCI. The CB recently funded a 
Phase I1 trial (Dr. K. Dhingra, University of Texas, 
M.D. Anderson Cancer Center) which women with 
DCIS or breast carcinoma are administered the 
combination or individual agents between diagnos- 
tic core biopsy and definitive surgery. A significant 
aspect of this study is modulation of histological 
lesions and other types of intermediate biomarkers, 
such as nuclear morphometry, DNA ploidy, 
PCNA, and Ki-67. In a related U.K. study, the Ki- 
67 labelling index was significantly lower in 
biopsies from women newly diagnosed with breast 
tumors and treated with a loading dose of 160 mg 
tamoxifen qd, followed by 20 mg qd until surgery 
1981. Also, the drug (0.1 pM) has been shown to 
significantly decrease BrdU incorporation and Ki- 
67 expression in human breast cancer MCF-7 cells 
in vitro [99]. 

Other NCI programs are also contributing to the 
development of tamoxifen plus 4-HPR for breast 
cancer chemoprevention. The Clinical Oncology 
Program is conducting a Phase I1 trial (Dr. J. 
O'Shaughnessy, DCT) in a breast cancer cohort 
evaluating modulation of intermediate biomarkers 
in DCIS and proliferative lesions adjacent to the 
malignant lesion. A second Phase I1 trial (Dr. J. 
O'Shaughnessy) administered under the same pro- 
gram involves women at increased risk for breast 
cancer due to LCIS or surgically treated DCIS, 
atypical hyperplasia with a first-degree breast can- 
cer relative, and other familial risk [91]. Mammo 
graphy-guided core biopsy, nipple aspiration, and 
four-quadrant fine-needle aspiration biopsy are 
being compared as  methods of obtaining tissue for 
assessment of TGF-P isoforms as a drug effect mea- 
surement and of proliferative endpoints as inter- 
mediate biomarkers. Adverse effects on the endo- 
metrium are also being evaluated. Finally, the 
Eastern Cooperative Oncology Group (ECOG) 
under the Cooperative Clinical Oncology Program 
is assessing tamoxifen us tamoxifen plus 4-HPR as 
adjuvant treatments in a Phase I11 trial (Dr. M.A. 
Cobleigh, Rush-Presbyterian-St. Luke's Medical 
Center) in women surgically treated for node-nega- 
tive breast cancer. 

PHARMACODYNAMICS 

Preclinical studies suggest that doses of tamoxi- 
fen below 20 mg qd may retain efficacy against 
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human breast carcinogenesis. In CB-funded studies 
in female rats, the six-month NOEL of 0.25 mg/kg 
diet/day (cn. 0.02 nmol/kg-bw/day) approximates 
the tumor inhibitory dose in the MNU-induced 
mammary cancer model. The clinically effective 
dose of 20 mg qd (0.6 nmol/kg-bw) is approxi- 
mately thirty-fold higher; thus, lower doses may 
retain efficacy in future trials, especially when 
combined with 4-HPR. 

PROPOSED STRATEGY 
FOR CLINICAL DEVELOPMENT 

Drug Effect Measurement Issues 

A measurement to demonstrate drug effect 
needs to be identified and evaluated. Some anti- 
estrogen-related biochemical alterations appear to 
be variable, and differ between premenopausal and 
postmenopausal women. However, consistent in- 
creases in serum sex hormone-binding globulin 
have been demonstrated in all women receiving 
adjuvant tamoxifen therapy [64-661. This serum 
measurement should be investigated in future 
clinical trials. In a Phase I1 trial which began 
recently, the effect of tamoxifen plus 4-HPR on 
TGF-fi isoforms is being assessed as a tissue drug 
measurement. 

Safety Issues 

Endometrial cancer increased two- to three-fold 
in adjuvant trials of tamoxifen after surgery for 
early stage breast cancer. This may be acceptable to 
women at high risk for breast cancer; however, 
there is some evidence to suggest the endometrial 
cancers seen with tamoxifen are of higher grade. 
Evaluation of the risk of these endometrial lesions 
versus the benefits of tamoxifen on breast cancer 
incidence, osteoporosis and cardiovascular disease 
needs to continue. In all subsequent long-term 
trials, consideration will be given to investigating 
biomarkers of endometrial cancer (e.g., c-fos, jun-B 
and IGF-I expression) and the mechanism of 
tamoxifen activity in this tissue. It should be noted, 
however, that the effects of tamoxifen on the 
uterus are complex; it has been used successfully 
to treat endometrial cancer in some cases, and 
inhibits growth of some endometrial cancer cell 
lines and primary cultures [reviewed in 1001. A 
group in the NSABP-Bl trial will have annual 
endometrial biopsies to evaluate the estrogenic 
effects of tamoxifen citrate. 

An approach to consider is the use of tamoxifen 
in combination with a progestin to decrease the 
proliferative effect on the uterus. In rats, this proto- 
col inhibited induction of c-fos, but also reversed 
the antitumor effects of tamoxifen in DMBA- 
induced mammary glands. Also, studies of ERT 
with progestin replacement suggest a slightly 
higher risk of breast cancer compared with ERT 
alone [101,1021. However, because of the differen- 
ces in receptors and responses across species, a 
clinical trial involving a tamoxifen plus progestin 
arm should be considered; the endpoints would 
include endometrial biopsies and evaluation of 
proliferative indices and oncogene expression. 

In independent, long-term preclinical assays in 
rats, tamoxifen citrate appears to be a liver car- 
cinogen. According to one review [41, the manu- 
facturer found this to occur at the clinical dose 
(data unavailable at this time). The estrogenic 
antagonist and agonist effects of tamoxifen are 
species- and tissue-specific, so it is difficult to 
apply toxicologic data to humans. For example, 
mice and dogs show a full estrogenic response; in 
rats and humans, the predominantly antiestrogenic 
effect of tamoxifen is accompanied by partial estro- 
gen activity in some tissues. Although the rat 
would appear to be a valid model, some data sug- 
gest that estrogen receptors differ quantitatively 
and qualitatively between rat and human hepato- 
cytes [103]. Furthermore, a recent comparative 
metabolic study reported that rat liver microsomes 
produced at least five-fold greater levels of tamoxi- 
fen epoxides than human liver microsomes [1041. 
The increased levels of the potentially reactive 
epoxide metabolite produced in the rat may be 
responsible for the liver cancer observed in this 
species. In humans, no increase in liver cancer has 
been observed in six clinical adjuvant trials. How- 
ever, the negative results of these studies have 
been critized since the studies failed to specifically 
examine liver cancer incidence and provided only 
limited information on patients treated longer than 
10 years 11051. 

Pharmacodynamics Issues 

The difference in the major metabolite between 
humans and other species makes extrapolation of 
preclinical toxicology and efficacy data to humans 
difficult. N-desmethyltamoxifen is the major metab- 
olite in humans [106], and 4-hydroxytamoxifen is 
the major metabolite in dogs, mice, rats and mon- 
keys [62,107]. 4-Hydroxytamoxifen, a more potent 
antiestrogen than the parent, is the principal form 
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in rodent tissues with high drug concentrations 
(liver, uterus, plasma) [108,109]; it also has partial 
estrogenic effects in the uterus [1101. Thus, while 
this metabolite has been shown to inhibit rat mam- 
mary carcinogenesis, it also induces uterine c-fos 
expression [59,60]. The latter effect can be blocked 
by the progestin medroxyprogesterone [591, inhi- 
biting induction of c-fos, an early response gene 
involved in transcriptional activation. Unfortu- 
nately, the progestin may also negate the beneficial 
effect of tamoxifen on breast cancer risk; even 
intermittent administration of progesterone (cycle: 
1 week on, 3 weeks off) reverses the antitumor 
effects of tamoxifen in DMBA-induced rats [871. 

Regulatory Issues 

The CB has sponsored only 90-day subchronic 
toxicity studies of tamoxifen alone and in combi- 
nation with 4-HPR in two species. Dependable 
results are available for the dog only; the rat study 
is in progress. Chronic toxicity, carcinogenicity and 
reproductive/developmental toxicity study results 
may be cross-referenced in ICI Pharma's NDA. For 
the new Phase I1 trial of the combination of 
tamoxifen and 4-HPR, the CB will cross file DCT's 
IND. 

Intermediate Biomarker Issues 

A significant aspect of the proposed Phase I1 
trial of tamoxifen alone and in combination with 
4-HPR is the assessment of intermediate bio- 
markers as surrogate trial endpoints, especially 
those measured quantitatively and reproducibly by 
techniques such as computer-assisted image cyto- 
metry. Possible biomarkers include DCIS and other 
histological lesions, DNA ploidy, nuclear morpho- 
metry, PCNA, and Ki-67. Genetic markers may also 
be evaluated; a published study has demonstrated 
that breast carcinoma and DCIS tissue from women 
presurgcally treated with tamoxifen (30 mg qd for 
a mean of 3 weeks) had lower oncogene expression 
than untreated patients [ I l l ] .  

Supply and Formulation Issues 

Nolvadex as  10 mg tablets was originally pro- 
duced by ICI Pharma (Wilmington, DE); however, 
the proprietary rights are now held by Zeneca, 
International. Arrangements will need to be made 
with Zeneca for sufficient drug and placebo for 
additional chemoprevention trials. 

Clinical Studies Issues 

Further development of tamoxifen citrate as a 
single agent will await results of the ongoing Phase 
I1 and I11 trials. In the interim, tamoxifen citrate in 
combination with 4-HPR will be developed for 
prevention of breast cancer. Under several pro- 
grams at NCI, three Phase I1 trials and one Phase 
I11 trial testing the combination of tamoxifen citrate 
with 4-HPR will begin this year. This direction is 
supported by animal efficacy data in mammary 
gland, and takes advantage of the complementary 
mechanisms of the two agents. Rat studies have 
demonstrated an appreciable inhibitory effect when 
tamoxifen citrate was combined with 4-HPR at in- 
dividually ineffective doses; thus, lower doses of 
each agent may ameliorate the adverse effects 
while retaining chemopreventive efficacy. In the 
current CB-administered Phase I1 trial, a daily regi- 
men of 20 mg tamoxifen citrate plus 200 mg 4-HPR 
is being compared with the individual agents and 
placebo in DCIS patients in the period between 
diagnostic biopsy and definitive surgery. A signifi- 
cant aspect of this short-term (2-4 weeks) study is 
the identification of intermediate biomarkers as 
potential surrogate endpoints for cancer chemopre- 
vention trials. The toxicity and efficacy of doses 
below 20 mg tamoxifen in combination with 4-HPR 
may be assessed in future Phase I1 trials of longer 
duration. 

1.  

2. 

3. 

4. 

5. 

6. 

7. 

REFERENCES 

Plowman, P.N. Tamoxifen as adjuvant therapy in 
breast cancer. Current status. Drugs 46: 819-833, 
1993. 
Sasson, S. Equilibrium binding analysis of estrogen 
agonists and antagonists: Relation to the activation of 
the estrogen receptor. Puthol. Biol. 3: 59-69, 1991. 
Jordan, V.C. and Murphy, C.S. Endocrine pharma- 
cology of antiestrogens as antitumor agents. Endocr. 
Rev. 1: 578-610, 1990. 
Nayfield, S.G., Karp, J.E., Ford, L.G., Dorr, F.A., and 
Kramer, B.S. Potential role of tamoxifen in preven- 
tion of breast cancer. J. Nutl. Cuncw Inst. 83: 1450- 
1459, 1991. 
Furr, B.J.A. and Jordan, V.C. The pharmacology and 
clinical uses of tamoxifen. Phumacol. Ther. 25: 127- 
205, 1984. 
Koga, M. and Sutherland, R.L. Epidermal growth 
factor partially reverses the inhibitory effects of anti- 
estrogens on T 47D human breast cancer cell growth. 
Biochem. Biuphys. Res. Commun. 146: 739-745, 1987. 
Pollak, M., Costantino, J., Polychronakos, C., Blauer, 
S.-A., Guyda, H., Redmond, C., Fisher, B., and Mar- 
golese, R. Effect of tamoxifen on serum insulin like 



260 

8. 

9. 

10. 

11 .  

12. 

13. 

14. 

15. 

16. 

17 

18. 

19. 

20. 

21. 

Kelloff et al. 

growth factor I levels in stage I breast cancer pa- 
tients. J. Natl. Cancer Inst. a: 169?-1697,1990, 
Butta, A., MacLennan, K., Flanders, K.C., Sacks, 
N.P.M., Smith, I., McKinna, A., Dowsett, M., 
Wakefield, L.M., Sporn, M.B., Baum, M., and 
Colletta, A.A. Induction of transforming growth 
factor PI in human breast cancer in v i m  following 
tamoxifen treatment. Cancer Res. 52: 42614264,1992. 
Grainger, D.J., Weissberg, P.L., and Metcalfe, J.C. 
Tamoxifen decreases the rate of proliferation of rat 
vascular smooth-muscle cells in culture by inducing 
production of transforming growth factor P. Biochem. 

Huynh, H.T., Tetenes, E., Wallace, L., and Pollak, M. 
In vivo inhibition of insulin-like growth factor I gene 
expression by tamoxifen. Cancer Res. 53: 1727-1730, 
1993. 
Noguchi, S., Motomura, K., Inaji, H., Imaoka, S., and 
Koyama, H. Down-regulation of transforming 
growth factor-a by tamoxifen in human breast 
cancer. Cancer 2: 131-136, 1993. 
OBrian, C.A., Liskamp, R.M., Solomon, D.H., and 
Weinstein, I.B. Inhibition of protein kinase C by 
tamoxifen. Cancer Res. a: 2462-2465, 1985. 
Lam, H.-Y.P. Tamoxifen is a calmodulin antagonist 
in the activation of CAMP phosphodiesterase. Bio- 
chem. Biophys. Res. Commun. 118: 27-32, 1984. 
Manni, A. and Wright, C. Reversal of the antiprolif- 
erative effect of the antiestrogen tamoxifen by poly- 
amines in breast cancer cells. Endocrinology 114: 8 3 6  
839, 1984. 
Sharma, S.C. and Pugh, D.M. The effect of tamoxifen 
on the in vitro production of prostaglandins F by the 
guinea pig uterine tissue. Eur. 1. Pharmacol. 42: 91-92, 
1977. 
Wiseman, H., Paganga, G., Rice-Evans, C., and 
Halliwell, B. Protective actions of tamoxifen and 
4-hydroxytamoxifen against oxidative damage to 
human low-density lipoproteins: A mechanism 
accounting for the cardioprotective action of tam- 
oxifen Biochem. 1. =: 635438, 1993. 
Wiseman, H., Cannon, M., Arnstein, H.R.V., and 
Halliwell, B. Tamoxifen inhibits lipid peroxidation in 
cardiac microsomes. Comparison with liver micro- 
somes and potential relevance to the cardiovascular 
benefits associated with cancer prevention and treat- 
ment by tamoxifen. Biochem. Pharmacol. s: 1851-1855, 
1993. 
Meltzer, N.M., Stang, P., Sternson, L.A., and Wade, 
A.E. Influence of tamoxifen and its N-desmethyl and 
4-hydroxy metabolites on rat liver microsomal en- 
zymes. Biochem. Pharmacol. 3: 115-123, 1984. 
Custbdio, J.B.A., Almeida, L.M., and Madeira, V.M.C. 
The anticancer drug tamoxifen induces changes in 
the physical properties of model and native mem- 
branes. Biochim. Biophys. Acta 1150: 123-129, 1993. 
Wiseman, H. Tamoxifen: New membrane-mediated 
mechanisms of action and therapeutic advances. 
Trends Pharmacol. 15: 83-89, 1994. 
Buckley, M.M.-T. and Goa, K.L. Tamoxifen. A reap- 

1.294: 109-112, 1993. 

22. 

23. 

24. 

25. 

26. 

27. 

30. 

31. 

32. 

33. 

34. 

35. 

praisal of its pharmacodynamic and pharmacokinetic 
properties, and therapeutic use. Drugs 37: 451490, 
1989. 
Click, A.B., McCune, B.K., Abdulkarem, N., Flanders, 
K.C., Lumadue, J.A., Smith, J.M., and Spom, M.B. 
Complex regulation of TGFP expression by retinoic 
acid in the vitamin A-deficient rat. Development 111: 

Cobleigh, M.A., Dowlatshahi, K., Deutsch, T.A., 
Mehta, R.G., Moon, R.C., Minn, F., Benson, A.B., 111, 
Rademaker, A.W., Ashenhurst, J.B., Wade, J.L., 111, 
and Wolter, J. Phase 1/11 trial of tamoxifen with or 
without fenretinide, an analog of vitamin A, in 
women with metastatic breast cancer. 1. Clin. Oncol. 
- 11: 474477, 1993. 
Moon, R.C., Kelloff, G.J., Detrisac, C.J., Steele, V.E., 
Thomas, C.F., and Sigman, C.C. Chemoprevention of 
MNU-induced mammary tumors in the mature rat 
by 4-HPR and tamoxifen. Anticancer Res. 12: 1147- 
1154, 1992. 
Jordan, V.C. Effect of tamoxifen (ICI 46,474) on initi- 
ation and growth of DMBA-induced rat mammary 
carcinoma. Eur. 1. Cancer Clin. Oncol. 12: 419424, 
1976. 
Welsch, C.W., Goodrich-Smith, M., Brown, C.K., 
Miglorie, N., and Clifton, K.H. Effect of an estrogen 
antagonist (tamoxifen) on the initiation and progres- 
sion of y-irradiation-induced mammary tumors in 
female Sprague-Dawley rats. Eur. 1. Cancer Clin. Onc- 
01. c: 1255-1258, 1981. 
Inoh, A., Kamiya, K., Fuji, Y., and Yokoro, K. Protec- 
tive effects of progesterone and tamoxifen in estro- 
gen-induced mammary carcinogenesis in ovariectom- 
ized W/Fu rats. ]pn. 1. Cancer Res. 76: 699-704, 1985. 
Kotoula, V., Karkavelas, G., Economou, E., Sionga, 
A., Boutis, L., and Kerameos-Foroglou, Ch. Effects of 
tamoxifen and CV 205502 on the morphology and 
the evolution of the noncancerous mouse mammary 
gland. Histol. Histopathol. & 6 2 7 4 6 ,  1993. 
Thompson, H.J., and Ronan, A.M. Effect of D,L-2- 
difluoromethylornithine and endocrine manipulation 
on the induction of mammary carcinogenesis by 1- 
methyl-1-nitrosourea. Carcinogenesis z: 2003-2006, 
1986, 
Hendry, L.B. and Muldoon, T.G. Actions of an en- 
dogenous antitumorigenic agent on mammary tumor 
development and modeling analysis of its capacity 
for interacting with DNA. J. Steroid Biochem. 3: 325- 
328, 1988. 
Jordan, V.C. and Allen, K.E. Evaluation of the anti- 
tumor activity of the non-steroidal antioestrogen 
monohydroxytamoxifen in the DMBA-induced rat 
mammary carcinoma model. Eur. 1. Cancer 16: 239- 
251, 1980. 
Jordan, V.C., Allen, K.E., and Dix, C.J. Pharmacology 
of tamoxifen in laboratory animals. Cancer Treat. Rep. 

McCormick, D.L. and Moon, R.C. Retinoid-tamoxifen 
interaction in mammary cancer chemoprevention. 
Carcinogenesis 7: 193-196, 1986. 

1081-1086, 1991. 

- 64: 745-759, 1980. 



Clinical Development Plans 261 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

Welsch, C.W. and DeHoog, J.V. Retinoid feeding, 
hormone inhibition, and/or immune stimulation and 
the genesis of carcinogen-induced rat mammary car- 
cinomas. Cancer Res. 43: 585591,1983. 
Welsch, C.W., DeHoog, J.V., Scieszka, K.M., and 
Aylsworth, C.F. Retinoid feeding, hormone inhi- 
bition, and/or immune stimulation and the progres- 
sion of N-methyl-N-nitrosourea-induced rat mam- 
mary carcinoma: Suppression by retinoids of peptide 
hormone-induced tumor cell proliferation in Vim and 
in vitro. Cancer Res. 44: 1 6 1 7 1 ,  1984. 
Welsch, C.W., Goodrich-Smith, M., Brown, C.K., 
Mackie, D., and Johnson, D. 2-Bromo-a-ergocryptine 
(CB-154) and tamoxifen (ICI 46,474) induced suppres- 
sion of the genesis of mammary carcinomas in 
female rats treated with 7,12-dimethylbenzanthracene 
(DMBA): A comparison. Oncology 3: 88-92, 1982. 
Anzano, M., Smith, J., Peer, C., Welsh, M., Brown, C., 
and Sporn, M. Vitamin D analog synergizes with 
tamoxifen in prevention of mammary carcinogenesis. 
Proc. Am. Assoc. Cancer Res. 35: 623, abstract no. 3713, 
1994. 
Liehr, J.G., Sirbasku, D.A., Jurka, E., Randerath, K., 
and Randerath, E. Inhibition of estrogen-induced 
renal carcinogenesis in male Syrian hamsters by 
tamoxifen without decrease in DNA adduct levels. 
Cancer Res. a: 779-783, 1988. 
Sengupta, A., Dutta, S., and Mallick, R. Modulation 
of cervical carcinogenesis by tamoxifen in a mouse 
model system. Oncology 48: 258-261, 1991. 
Osborne, M.P., Telang, N.T., Kaur, S., and Bradlow, 
H.L. Influence of chemopreventive agents on estra- 
diol metabolism and mammary preneoplasia in the 
C,H mouse. Steroids 55: 114-119, 1990. 
Mishkin, S.Y., Farber, E., Ho, R.K., Mulay, S., and 
Mishkin, S. Evidence for the hormone dependency of 
hepatic hyperplastic nodules: Inhibition of malignant 
transformation after exogenous 17P-estradiol and 
tamoxifen. Hepatology 3: 308-316, 1983. 
Yager, J.D., Roebuck, B.D., Paluszcyk, T.L., and 
Memoli, V.A. Effects of ethinyl estradiol and tamoxi- 
fen on liver DNA turnover and new synthesis and 
appearance of gamma-glutamyl transpeptidase-posi- 
tive foci in female rats. Carcinogenesis 2: 2007-2014, 
1986. 
Hill, J.R., Schindler-Horvat, J.E., Spanggord, R.E., 
Gordon, G.R., Tyson, C.A., Crowell, J.A., and Kelloff, 
G. 13-Week oral toxicity study of 4-HPR with tamox- 
ifen in dogs. Toxicologist 14: 403, abstract no. 1595, 
1994. 
Williams, G.M., latropoulos, M.J., Djordjevic, M.V., 
and Kaltenberg, O.P. The triphenylethylene drug 
tamoxifen is a strong liver carcinogen in the rat. 
Carcinogenesis 14: 315-317, 1993. 
Hirsimaki, P., Hirsimaki, Y., Nieminen, L., and 
Payne, B.J. Tamoxifen induces hepatocellular car- 
cinoma in rat liver: A 1-year study with two anti- 
estrogens. Arch. Toxicol. @: 49-54, 1993. 
Hard, G.C., Iatropoulos, M.J., Jordan, K., Radi, L., 
Kaltenberg, O.P., Imondi, A.R., and Williams, G.M. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

Major difference in the hepatocarcinogenicity and 
DNA adduct forming ability between toremifene and 
tamoxifen in female Crl:CD(BR) rats. Cancer Res. 53: 
45344541, 1993. 
Greaves, P., Goonetilleke, R., Nunn, G., Topham, J., 
and Orton, T. Two-year carcinogenicity study of 
tamoxifen in Alderly Park Wistar-derived rats. Cancer 
Res. 3: 3919-3924, 1993. 
Duffy, M.A. (ed.), Physicians' Desk Reference, 48th ed., 
Oradell, New Jersey: Medical Economics Co., Inc., 
pp. 2630-2632, 1994. 
Martin, E.A., Rich, K.J., Heydon, R., White, I.N.H., 
Woods, K.L., Powles, T.J., and Smith, L.L. A com- 
parison of 32P-postlabelled tamoxifen liver DNA 
adducts in rats, mice and breast cancer patients. 
Toxicologist 14: 405, abstract no. 1602, 1994. 
White, I.N.H., de Matteis, F., Davies, A., Smith, L.L., 
Crofton-Sleigh, C., Venitt, S., Hewer, A., and Phillips, 
D.H. Genotoxic potential of tamoxifen and analogues 
in female Fischer F344/n rats, DBA/2 and C57BL/6 
mice and in human MCL-5 cells. Carcinogenesis 13: 

Vancutsem, P.M., Lazarus, P., and Williams, G.M. 
Frequent and specific mutations of the rat p53 gene 
in hepatocarcinomas induced by tamoxifen. Cancer 
Res. 54: 3864-3867, 1994. 
Sargent, L.M., Dragan, Y.P., Bahnub, N.L., Sattler, 
G.L., and Pitot, H.C. Karyotypic instability in pri- 
mary rat hepatocytes after tamoxifen treatment in 
vivo. Toxicologist 14: 405, abstract no. 1603, 1994. 
Ahotupa, M., Hirsimaki, P., Parssinen, R., and 
Mantyla, E. Alterations of drug metabolizing and 
antioxidant enzyme activities during tamoxifen- 
induced hepatocarcinogenesis in the rat. Carcino- 
genesis 15: 833-868, 1994. 
Montandon, F. and Williams, G.M. Comparison of 
DNA reactivity of the polyphenylethylene hormonal 
agents diethylstilbestrol, tamoxifen and toremifene in 
rat and hamster liver. Arch. Toxicol. 68: 272-275,1994. 
Phillips, D.H., Hewer, A., White, I.N.H., and Farmer, 
P.B. Co-chromatography of a tamoxifen epoxide- 
deoxyguanylic acid adduct with a major DNA 
adduct formed in the livers of tamoxifentreated rats. 
Carcinogenesis 15: 793-795, 1994. 
Huynh, H. and Pollak, M. Uterotrophic actions of 
estradiol and tamoxifen are associated with inhi- 
bition of uterine insulin-like growth factor binding 
protein 3 gene expression. Cancer Res. 54: 311.53119, 
1994. 
Kirkland, J.L., Murthy, L., and Stance], G.M. Tamoxi- 
fen stimulates expression of the c-jos proto-oncogene 
in rodent uterus. Mol. Pharmacol. 43: 709-714, 1993. 
Nephew, K.P., Polek, T.C., Akcali, K.C., and Khan, 
S.A. The antiestrogen tamoxifen induces c-fas and 
jun-B, but not c-jun or jun-D, protooncogenes in the 
rat uterus. Endocrinology 133: 419-422, 1993. 
Sakakibara, K., Kan, N.C., and Satyaswaroop, P.G. 
Both 17P-estradiol and tamoxifen induce c-fos mes- 
senger ribonucleic acid expression in human endo- 
metrial carcinoma grown in nude mice. Am. I.  Obstet. 

2197-2203, 1992. 



262 

62. 

63. 

64. 

65. 

66. 

67. 

68. 

69. 

70. 

71. 

72. 

73. 

74. 

75. 

76. 

Kelloff et al. 

Gynecol. 166: 206-212, 1992. 
Fromson, J.M., Pearson, S., and Bramah, S. The meta- 
bolism of tamoxifen (I.C.I. 46,474). Part I: In labora- 
tory animals. Xenobiotica 3: 693-709, 1973. 
Fried], A., Jordan, V.C., and Pollak, M. Suppression 
of serum insulin-like growth factor-1 levels in breast 
cancer patients during adjuvant tamoxifen therapy. 
Eur. 1. Cancer a: 1368-1372, 1993. 
Rose, D.P., Chlebowski, R.T., Connolly, J.M., Jones, 
L.A., and Wynder, E.L. Effects of tamoxifen adjuvant 
therapy and a low-fat diet on serum binding proteins 
and estradiol bioavailability in postmenopausal 
breast cancer patients. Cancer Res. 2: 5386-5390, 
1992. 
Fomander, T., Rutqvist, L.E., Wilking, N., Carlstrom, 
K., and von Schoultz, B. Oestrogenic effects of adju- 
vant tamoxifen in postmenopausal breast cancer. Eur. 
1. Cancer a: 497-500, 1993. 
van den Koedijk, C.D., Blankenstein, M.A., and 
Thijssen, J.H.H. Speculation on the mechanism of 
action of triphenylethylene anioestrogens. Biochem. 
Pharmucol. 47: 1927-1937, 1994. 
Rutqvist, L.E. and Mattsson, A. Cardiac and throm- 
boembolic morbidity among postmenopausal women 
with early-stage breast cancer in a randomized trial 
of adjuvant tamoxifen. 1. Natl. Cancer Inst. &: 1398- 
1406, 1993. 
Jordan, V.C., Fritz, N.F., and Tormey, D.C. Long- 
term adjuvant therapy with tamoxifen: Effects on sex 
hormone binding globulin and antithrombin 111. 
Cancer Res. 47: 45174519,1987. 
Jordan, V.C. A current view of tamoxifen for the 
treatment and prevention of breast cancer. Br. 1. Phar- 
macol. 110: 507-517, 1993. 
Bush, T.L. and Helzlsouer, K.J. Tamoxifen for the 
primary prevention of breast cancer: A review and 
critique of the concept and trial. Epidemiol. Rev. 2: 
233-243,1993. 
Brinton, L.A. and Schairer, C. Estrogen replacement 
therapy and breast cancer risk. Epidemiol. Rev. 15: 66- 
70, 1993. 
Steinberg, K.K., Thacker, S.B., Smith, S.J., Stroup, 
D.F., Zack, M.M., Flanders, W.D., and Berkelman, 
R.L. A meta-analysis of the effect of estrogen replace- 
ment therapy on the risk of breast cancer. 1. Am. 
Med. Assoc. 265: 19851990, 1991. 
Goldberg, K. Tamoxifen is linked to uterine cancer 
risk in breast cancer patients, studies find; NCI 
advises informed consent form changes. Clin. Cancer 
Lett. g: 1-2 and 10, 1994. 
Seachrist, L. Restating the risks of tamoxifen. Science 
- 263: 910-911, 1994. 
Fisher, B., Costantino, J.P., Redmond, C.K., Fisher, 
E.R., Wickerham, D.L., Cronin, W.M., and other 
NSABP Contributors. Endometrial cancer in tamoxi- 
fen-treated breast cancer patients: Findings from the 
National Surgical Adjuvant Breast and Bowel Project 
(NSABP) B-14. 1. Natl. Cancer Inst. SS: 527437,1994. 
van Leeuwen, F.E., Benraadt, J., Coebergh, J.W.W., 
Kiemeney, L.A.L.M., GimbrPre, C.H.F., Otter, R., 

77. 

78. 

79. 

80. 

81. 

82. 

83. 

84. 

85. 

86. 

87. 

88. 

89. 

Schouten, L.J., Damhuis, R.A.M., Bontenbal, M., 
Diepenhorst, F.W., van den Belt-Dusebolt, A.W., and 
van Tinteren, H. Risk of endometrial cancer after 
tamoxifen treatment of breast cancer. Lancet 343: 
448-452, 1994. 
Marshall, E. Tamoxifen: Hanging in the balance. 
Science 264: 1524-1527, 1994. 
Uziely, B., Lewin, A., Brufman, G., Dorembus, D., 
and Mor-Yosef, S. The effect of tamoxifen on the 
endometrium. Breast Cancer Res. Treat. 26: 101-105, 
1993. 
Seoud, M.A.-F., Johnson, J., and Weed, J.C., Jr. 
Gynecologic tumors in tamoxifen-treated women 
with breast cancer. Obstet. Gynecol. 82: 165169,1993. 
Cohen, I., Rosen, D.J.D., Shapira, J., Cordoba, M., 
Gilboa, S., Altaras, M.M., Yigael, D., and Beyth, Y. 
Endometrial changes with tamoxifen: Comparison 
between tamoxifen-treated and nontreated asympto- 
matic, postmenopausal breast cancer patients. 
Gynecol. Oncol. 52: 185-190, 1994. 
Lahti, E., Blanco, G., Kauppila, A., Apaja-Sarkkinen, 
M., Taskinen, P.J., and Laatikainen, T. Endometrial 
changes in postmenopausal breast cancer patients 
receiving tamoxifen. Obstet. Gynecol. 81: 660-664, 
1993. 
Kedar, R.P., Bourne, T.H., Powles, T.J., Collins, W.P., 
Ashley, S.E., Cosgrove, D.O., and Campbell, S. 
Effects of tamoxifen on uterus and ovaries of post- 
menopausal women in a randomised breast cancer 
prevention trial. Lancet 343: 1318-1321, 1994. 
Magriples, U., Naftolin, F., Schwartz, P.E., and Car- 
cangiu, M.L. High-grade endometrial carcinoma in 
tamoxifen-treated breast cancer patients. 1. Clin. 
Oncol. 1: 485490, 1993. 
Fomander, T., Hellstrom, A.-C., and Moberger, B. 
Descriptive clinicopathologic study of 17 patients 
with endometrial cancer during or after adjuvant 
tamoxifen in early breast cancer. 1. Nutl. Cancer Inst. 
- 85: 1850-1855, 1993. 
Wolf, D.M. and Jordan, V.C. Gynecologic complica- 
tions associated with long-term adjuvant tamoxifen 
therapy for breast cancer. Gynecol. Oncol. 45: 118-128, 
1992. 
Voigt, L.F., Deng, Q., and Weiss, N.S. Recency, dura- 
tion, and progestin content of oral contraceptives in 
relation to the incidence of endometrial cancer 
(Washington, USA). Cancer Causes Control 5: 227-233, 
1994. 
Gibson, D.F.C., Johnson, D.A., Langan-Fahey, S.M., 
Lababidi, M.K., Wolberg, W.H., and Jordan,V.C. The 
effects of intermittent progesterone upon tamoxifen 
inhibition of tumor growth in the 7,12-dimethylbenz- 
anthracene rat mammary tumor model. Breast Cancer 
Res. Treat. 22: 283-287, 1993. 
Isaacs, C.J.D. and Swain, S.M. Hormone replacement 
therapy in women with a history of breast carci- 
noma. Hemtol.  Oncol. Clin. North Am. S: 179-195, 
1994. 
Buzdar, A.U., Hortobagyi, G.N., Frye, D., Ho, D., 
Booser, D.J., Valero, V., Holmes, F.A., Birmingham, 



Clinical Development Plans 263 

90. 

91. 

92. 

93. 

94. 

95. 

96. 

97. 

98. 

99. 

100. 

101. 

B.K., Bui, K., Yeh, C., and Plourde, P.V. Bioequival- 
ence of 20-mg once-daily tamoxifen relative to 10 mg 
twice-daily tamoxifen regimens for breast cancer. J. 
Clin. Oncol. 12: 50-54, 1994. 
Langan-Fahey, S.M., Tormey, D.C., and Jordan, V.C. 
Tamoxifen metabolites in patients on long-term adju- 
vant therapy for breast cancer. Eur. J.  Cancer 26: 883- 
888, 1990. 
Physicians' Data Query. Available online from the 
National Library of Medicine, August 1994. 
Gail, M.H., Brinton, L.A., Byar, D.P., Corle, D.K., 
Green, S.B., Schairer, C., and Mulvihill, J.J. Projecting 
individualized probabilities of developing breast can- 
cer for white females who are being examined 
annually. I .  Natl. Cancer Inst. a: 1879-1886, 1989. 
Editorial. NCI tamoxifen breast cancer prevention 
trial risk-benefit analysis. FDC Reports (The Pink 
Sheet) 56: T&G-I-T&G-2, 1994. 
Powles, T.J., Tillyer, C.R., Jones, A.L., Ashley, S.E., 
Treleaven, J., Davey, J.B., and McKinna, J.A. Preven- 
tion of breast cancer with tamoxifen-an update on 
the Royal Marsden Hospital pilot programme. Eur. 
J. Cancer 26: 680484, 1990. 
Vanchieri, C. European tamoxifen studies moving 
ahead. 1. Natl. Cancer Inst. 85: 1450-1451, 1993. 
Vanchieri, C. Breast cancer prevention study initiated 
in Italy. 1. Natl. Cancer Inst. @: 15551556, 1992. 
Boone, C.W. and Wattenberg, L.W. Current strategies 
of cancer chemoprevention: 13th Sapporo Cancer 
Seminar. Cancer Res. 3: 3315-3318, 1994. 
Clarke, R.B., Laidlaw, I.J., Jones, L.J., Howell, h., and 
Anderson, E. Effect of tamoxifen on Ki67 labelling 
index in human breast tumours and its relationship 
to oestrogen and progesterone receptor status. BY. I.  
Cancer 67: 606-611, 1993. 
Danova, M., Pellicciari, C., Zibera, C., Mangiaroni, 
R., Gibelli, N., Giordano, M., Wang, E., Mazzini, G., 
and Riccardi, A. Cell cycle kinetic effects of tamoxi- 
fen on human breast cancer cells. Ann. N.Y. Acad. Sci. 
- 698: 174181, 1993. 
Rayter, Z., Shepherd, J., Gazet, J.-C., Trott, P., 
Svensson, W., and h'Hem, R. Tamoxifen and endo- 
metrial lesions [Reply]. Lancet 342: 1124, 1993. 
Bergkvist, L., Adami, H.-O., Persson, I., Hoover, R., 

102. 

103. 

104. 

105. 

106. 

107. 

108. 

109. 

110. 

111. 

and Schairer, C. The risk of breast cancer after estro- 
gen and estrogen-progestin replacement. N. Engl. J. 
Med. 321: 293-297, 1989. 
Persson, I., Yuen, J., Bergkvist, L., Adami, H.-O., 
Hoover, R., and Schairer, C. Combined oestrogen- 
progestogen replacement and breast cancer risk. 
Lancet 340: 1044, 1992. 
Eisenfeld, A.J. and Aten, R.F. Estrogen receptors and 
androgen receptors in the mammalian liver. J. Steruid. 
Biochem. 2: 1109-1118, 1987. 
Lim, C.K.,Yuan, Z.-X., Lamb, J.H., White, I.N.H., De 
Matteis, F., and Smith, L.L. A comparative study of 
tamoxifen metabolism in female rat, mouse and 
human liver microsomes. Carcinogenesis 15: 589-593, 
1994. 
Williams, G.M. and Hard, G.C. Correspondence re: 
R.R. Love, The National Surgical Adjuvant Breast 
Project (NSABP) Breast Cancer Prevention Trial 
Revisited. Cancer Epidemiol., Biumarkers & Prev., 2: 
40M07, 1993. Cancer Ep'demiol. Biomarkers Prev. 3: 
185186, 1994. 
de Vos, D., Mould, G., and Stevenson, D. The bio- 
availability of tamoxifen: New findings and their 
clinical implications. C u r .  Ther. Res. 46: 703-708, 
1989. 
Ruenitz, P.C. and Nanavati, N.T. Identification and 
distribution in the rat of acidic metabolites of tamoxi- 
fen. Drug Metab. Dispos. x: 645-648, 1990. 
Jordan, V.C. and Robinson, S.P. Species-specific phar- 
macology of antiestrogens: Role of metabolism. Fed. 
Proc. 46: 1870-1874, 1987. 
Lyman, S.D. and Jordan, V.C. Metabolism of tamoxi- 
fen and its uterotrophic activity. Bwchem. Pharmacol. 

Robinson, S.P., Langan-Fahey, S.M., Johnson, D.A., 
and Jordan, V.C. Metabolites, pharmacodynamics, 
and pharmacokinetics of tamoxifen in rats and mice 
compared to the breast cancer patient. Drug Metab. 
Dispos. 19: 3W3,  1990. 
Le Roy, X., Escot, C., Brouillet, J.-P., Theillet, C., 
Maudelonde, T., Simony-Lafontaine, J., Pujol, H., and 
Rochefort, H. Decrease of c-erbB-2 and c-myc FWA 
levels in tamoxifen-treated breast cancer. Oncogene 6: 
431-437, 1991. 

- 34: 2787-2794'19s. 



St
ud

y 
N

o,
 

St
ud

y 
T

itl
e 

(P
I)

 
Po

pu
la

tio
n 

D
os

e(
s)

 

IN
D

 N
o.
 

T
ar

ge
t 

N
o.

 o
f 

Su
bj

ec
ts

 
St

ud
y 

D
ur

at
io

n 
E

nd
po

in
ts

 
Pe

ri
od

 o
f 

Pe
rf

or
m

an
ce

 
C

an
ce

r 

Ph
as

e 
I1

 (
D

os
e 

tit
ra

tio
n,

 e
ff

ic
ac

y,
 in

te
rm

ed
ia

te
 b

io
m

ar
ka

 
I 

R
em

ar
ks

 

U
O

I-
C

A
-5

38
07

 
Ef

fe
ct

 o
f 

T
am

ox
if

en
 o

n 
Pr

ol
if

er
at

iv
e 

B
re

as
t D

is
ea

se
 

(D
r. 

Jo
hn

 W
ar

d,
 U

ni
v.

 o
f 

U
ta

h)
 

N
ew

 S
tu

dy
 

Ph
as

e 
I1 

C
lin

ic
al

 T
ri

al
 o

f 
N

44
-H

yd
ro

xy
- 

ph
en

y1
)r

et
in

am
id

e (
4-

H
PR

) a
nd

 T
am

ox
i-

 
fe

n 
in

 B
re

as
t 

N
eo

pl
as

ia
, A

dm
in

is
tr

at
io

n 
D

ur
in

g 
th

e 
Pe

ri
od

 B
et

w
ee

n 
D

ia
gn

os
tic

 
C

or
e 

B
io

ps
y 

an
d 

D
ef

in
iti

ve
 S

ur
ge

ry
 

D
r. 

K
ap

il 
D

hi
ng

ra
, U

ni
v.

 o
f 

Te
xa

s, 
M

.D
. 

A
nd

er
so

n 
C

an
ce

r 
C

en
te

r 

B
re

as
t 

B
re

as
t 

9
/9

6
 

d W
om

en
 w

ith
 a

sp
ir

at
e-

 
pr

ov
en

 a
ty

pi
ca

l h
yp

er
pl

a-
 

si
a 

w
ho

 w
er

e 
pr

ev
io

us
ly

 
tr

ea
te

d 
fo

r 
un

ila
te

ra
l 

br
ea

st
 c

an
ce

r o
r 

C
IS

 o
r 

1"
 

re
la

tiv
es

 o
f 

br
ea

st
 c

an
ce

r 
pa

tie
nt

s 

12
0 

pa
tie

nt
s 

W
om

en
 w

ith
 m

am
m

o-
 

gr
am

 h
ig

hl
y 

su
sp

ic
io

us
 

fo
r 

D
C

IS
 

10
0 

pa
tie

nt
s 

O
ra

l 2
0 

m
g 

qd
 f

or
 3

 y
ea

rs
 

O
ra

l 2
00

 m
g 

4-
H

PR
 +

 
20

 m
g 

ta
m

ox
if

en
 c

itr
at

e 
qd

; 
or

 2
00

 m
g 

C
H

PR
 q

d;
 o

r 
20

 m
g 

ta
m

ox
if

en
 c

itr
at

e 
qd

; 
or

 p
la

ce
bo

 b
et

w
ee

n 
co

re
 b

i-
 

op
sy

 a
nd

 s
ur

gi
ca

l e
xc

is
io

n 
(2

-4
 w

ee
ks

) 

Ef
fic

ac
y:

 R
eg

re
ss

io
n 

of
 

at
yp

ic
al

 h
yp

er
pl

as
ia

 o
n 

se
ri

al
 fi

ne
 n

ee
dl

e 
as

pi
- 

ra
tio

n 
cy

to
lo

gy
 

In
te

rm
ed

ia
te

 b
io

m
ar

ke
rs

 
(e

g.
, n

uc
le

ar
 p

ol
ym

or
- 

ph
is

m
, D

C
IS

 g
ra

de
, 

pl
oi

dy
, P

C
N

A
, K

i-6
7, 
S
 

ph
as

e 
fr

ac
tio

n)
 

St
ud

y 
in

 p
ro

gr
es

s;
 6

4 
w

om
en

 r
an

do
m

iz
ed

 

M
od

ul
at

io
n 

of
 D

C
IS

 a
nd

 
ot

he
r 

in
te

rm
ed

ia
te

 b
io

- 
m

ar
ke

rs
 

26
4 



T
ab

le
 I.

 C
lin

ic
al

 T
ri

al
s 

of
 T

am
ox

if
en

 S
po

ns
or

ed
R

un
de

d 
by

 N
C

I,
 D

C
P

C
 (

co
nt

in
ue

d)
 

St
ud

y 
N

o.
 

T
it

le
 (

PI
) 

Pe
ri

od
 o

f 
Pe

rf
or

m
an

ce
 

C
an

ce
r 

IN
D

 N
o.

 
T

ar
ge

t 

St
ud

y 
Po

pu
la

ti
on

 
D

os
e(

s)
 

R
em

ar
ks

 
E

nd
po

in
ts

 
N

o.
 o

f 
Su

bj
ec

ts
 

St
ud

y 
D

ur
at

io
n 

Ph
as

e 
I1

 (D
os

e 
tit

ra
tio

n,
 e

ff
ic

ac
y,

 i
nt

en
nc

 

N
C

I 
94

C
-0

05
6D

 
Pi

lo
t C

he
m

op
re

ve
nt

io
n 

St
ud

y 
of

 
T

am
ox

if
en

 a
nd

 F
en

re
tin

id
e 

in
 S

ub
je

ct
s a

t 
H

ig
h 

R
is

k 
fo

r 
D

ev
el

op
in

g 
In

va
si

ve
 

B
re

as
t C

an
ce

r 
(D

r. 
Jo

yc
e 

O
Sh

au
gh

ne
ss

y,
 C

lin
ic

al
 

O
nc

ol
og

y 
Pr

og
ra

m
, D

C
T,

 N
C

D
 

19
94

 

IN
D

 40
,2

94
 

N
ew

 S
tu

dy
 

A
 P

ilo
t T

ri
al

 o
f 

T
am

ox
if

en
 a

nd
 4

-H
PR

 
(4

-N
-(

H
yd

ro
xy

)p
he

ny
l r

et
in

am
id

e)
 i

n 
Pa

tie
nt

s 
w

ith
 N

ew
ly

 D
ia

gn
os

ed
 B

re
as

t 
C

an
ce

r 
(D

r.
 Jo

yc
e 

O
'S

ha
ug

hn
es

sy
, 

C
lin

ic
al

 
O

nc
ol

og
y 

Pr
og

ra
m

, 
D

C
T,

 N
C

I, 
at

 
U

ni
ve

rs
ity

 o
f 

M
ar

yl
an

d)
 

19
94

 

IN
D

 4
0.

29
4 

ia
te

 b
io

m
ar

kc
 

B
re

as
t 

B
re

as
t 

i)
 (

co
nt

in
ue

d)
 

W
om

en
 a

t 
in

cr
ea

se
d 

ri
sk

 
fo

r b
re

as
t 

ca
nc

er
 f

ro
m

 
LC

IS
 o

r 
re

se
ct

ed
 D

C
IS

, 
at

yp
ic

al
 h

yp
er

pl
as

ia
 w

ith
 

1' 
re

la
tiv

e,
 f

am
ili

al
 r

is
k 

pa
tte

rn
 

25
 w

om
en

 

W
om

en
 w

ith
 n

ew
ly

 d
ia

g-
 

no
se

d 
D

C
IS

 o
r 

br
ea

st
 

ca
nc

er
 

20
 w

om
en

 

~ 
~~

~ 

O
ra

l 2
0 

m
g 

ta
m

ox
if

en
 

ci
tr

at
e 

qd
 d

ur
in

g 
m

on
th

s 
2-

24
 

+ 
20

0 
m

g 
C

H
PR

 q
d 

on
 d

ay
s 

1-
25

 d
ur

in
g 

m
on

th
s 

1-
4 

2 
ye

ar
s 

O
ra

l 2
0 

m
g 

ta
m

ox
if

en
 c

i- 
tr

at
e 

+ 
20

0 
m

g 
C

H
PR

 q
d 

be
tw

ee
n 

di
ag

no
st

ic
 b

io
ps

y 
an

d 
su

rg
ic

al
 e

xc
is

io
n 

(4
5

 
da

ys
) 

D
ru

g 
ef

fe
ct

 m
ea

su
re

m
en

t: 
TG

F-
B 

is
of

or
m

s 

In
te

rm
ed

ia
te

 b
io

m
ar

ke
rs

: 
Pr

ol
if

er
at

io
n 

(P
C

N
A

, K
i- 

67
) 

Sa
fe

ty
: E

nd
om

et
ri

al
 b

io
ps

y 
an

d 
tr

an
sv

ag
in

al
 u

ltr
a-

 
so

un
d,

 o
ph

th
al

m
ic

 a
ss

es
s-

 
m

en
t 

D
ru

g 
ef

fe
ct

 m
ea

su
re

m
en

t: 
T

is
su

e 
TG

F-
P 

is
of

or
m

s 

In
te

rm
ed

ia
te

 b
io

m
ar

ke
rs

: 
Pr

ol
if

er
at

io
n 

(c
yc

lin
 D

1 
an

d 
E, 

M
IB

-1
, 

EG
FR

, I
G

F-
 

l)
, h

is
to

lo
gi

ca
l, 

an
d 

ge
ne

tic
 

(p
53

, e
rb

B
-2

) 

Fe
as

ib
ili

ty
 s

tu
dy

 o
f 

tis
su

e 
sa

m
pl

in
g 

by
 g

ui
de

d 
ne

ed
le

 
bi

op
sy

, 
ni

pp
le

 a
sp

ir
at

io
n 

an
d 

C
qu

ad
ra

nt
 f

in
e 

ne
ed

le
 

as
pi

ra
tio

n 
fo

r 
bi

om
ar

ke
r 

an
d 

dr
ug

 e
ff

ec
t m

ea
su

re
m

en
ts

 

St
ud

y 
of

 b
io

m
ar

ke
r 

m
od

ul
a-

 
tio

n 
in

 a
re

as
 o

f 
pr

ol
if

er
at

io
n 

an
d 

C
IS

 a
dj

ac
en

t t
o 

ca
nc

er
 

26
5 



T
ab

le
 I.

 C
lin

ic
al

 T
ri

al
s 

of
 T

am
ox

if
en

 S
po

ns
or

ec
V

Fu
nd

ed
 b

y 
N

C
I, 

D
C

PC
 (

co
nt

in
ue

d)
 

St
ud

y 
N

o.
 

T
it

le
 (

PI
) 

Pe
ri

od
 o

f 
Pe

rf
or

m
an

ce
 

IN
D

 N
o.

 

St
ud

y 
Po

pu
la

ti
on

 
D

os
e(

s)
 

C
an

ce
r 

T
ar

ge
t 

N
o.

 o
f 

Su
bj

ec
ts

 
St

ud
y 

D
ur

at
io

n 
E

nd
po

in
ts

 

11 P
ha

se
 I

ll 
(E

ff
ic

ac
y,

 in
te

rm
ed

ia
te

 b
io

m
ar

k 

R
an

do
m

iz
ed

, 
I’

la
ce

bo
-c

on
tro

lle
d 

C
lin

ic
al

 
Tr

ia
l t

o 
D

et
er

m
in

e 
th

e 
W

or
th

 o
f 

T
am

ox
i-

 
fe

n 
fo

r 
Pr

ev
en

tin
g 

B
re

as
t 

C
an

ce
r 

(N
at

io
na

l S
ur

gi
ca

l A
dj

uv
an

t 
B

re
as

t 
an

d 
B

ow
el

 P
ro

le
ct

) 

j/
W

 

I 

U
01

-C
A

-3
73

77
 

EC
O

G
 E

B
-1

93
 

Ph
as

e 
III

 D
ou

bl
e-

bl
in

d,
 P

la
ce

bo
co

n-
 

tr
ol

le
d,

 P
ro

sp
ec

tiv
e 

R
an

do
m

iz
ed

 C
om

- 
pa

ri
so

n 
of 

A
dj

uv
an

t 
T

he
ra

py
 w

ith
 

T
am

ox
if

en
 u

s 
T

am
ox

if
en

 a
nd

 F
en

re
tin

id
e 

in
 P

os
tm

en
op

au
sa

l 
W

om
en

 w
it

h 
In

vo
lv

ed
 A

xi
lla

ry
 L

ym
ph

 N
od

es
 a

nd
 

Po
si

tiv
e 

R
ec

ep
to

rs
 

(D
r. 

M
el

od
y 

A
. C

ob
le

ig
h,

 R
us

h-
 

Pr
es

by
te

ri
an

-S
t. 

Lu
ke

’s
 M

ed
ic

al
 C

en
te

r)
 

‘S
 ) 

B
re

as
t 

B
re

as
t 

W
om

en
 >

60
 y

ea
rs

 o
ld

, o
r 

35
-5

9 
ye

ar
s 

ol
d 

w
ith

 r
is

k 
eq

ui
va

le
nt

 t
o 

60
 y

ea
rs

 o
ld

 

16
,0

00
 w

om
en

 

Pa
tie

nt
s 

>6
5 

ye
ar

s 
w

ith
 

su
rg

ic
al

ly
 tr

ea
te

d,
 n

od
e-

 
po

si
tiv

e,
 r

ec
ep

to
r-

po
si

tiv
e 

br
ea

st
 c

an
ce

r 

1,
50

0 
w

om
en

 

O
ra

l 2
0 

m
g 

qd
 f

or
 5

 y
ea

rs
 

O
ra

l 2
0 

m
g 

ta
m

ox
if

en
 

ci
tr

at
e 

qd
 a

.m
., 

or
 2

0 
m

g 
ta

m
ox

if
en

 c
itr

at
e 

qd
 a

.m
. +

 
40

0 
m

g 
4-

H
PR

 q
d 

p.
m

. (
3-

 
da

y 
4-

H
PR

 h
ol

id
ay

/m
on

th
) 

fo
r 

5 
ye

ar
s 

Ef
fic

ac
y:

 B
re

as
t c

an
ce

r 
in

ci
- 

de
nc

e 
an

d 
m

or
ta

lit
y,

 h
ea

rt
 

di
se

as
e 

in
ci

de
nc

e 
an

d 
m

or
- 

ta
lit

y,
 b

on
e 

fr
ac

tu
re

 r
at

e 

Su
rv

iv
al

, d
is

ea
se

 f
re

e 
su

rv
iv

al
; 

sa
fe

ty
 

R
em

ar
ks

 

St
ud

y 
ri

sk
 a

ss
es

sm
en

ts
 i

n 
pr

og
re

ss
; 

m
or

e 
th

an
 h

al
f 

of
 

st
ud

y 
po

pu
la

tio
n 

ac
cr

ue
d 

Pu
bl

is
he

d 
re

po
rt

s:
 [7

5,
90

,9
21

 

Pr
ot

oc
ol

 u
nd

er
 r

ev
ie

w
 

26
6 



#
 

Ta
sk

 N
am

e 

PR
EC

U
N

IC
A

L 
EF

FI
C

A
C

Y 

PR
EC

U
N

IC
A

L 
TO

XI
C

IT
Y 

C
LI

N
IC

A
L,

 P
HA

SE
 I1

 

P
R

E
C

tlN
lC

A
L 

EF
Fl

C
A

C
Y 

(C
O

M
B

IN
A

TI
O

N
S

) 

PR
EC

LI
N

IC
A

L 
TO

X
IC

IT
Y

 (C
O

M
B

IN
A

TI
O

N
S

) 

\ 

26
7 

Ye
ar

s 
\ 

85
 

86
 

87
 

88
 

89
 

1 
90

 
91

 
1 

92
 

1 
93

 
I 

94
 

95
 

96
 

97
 

98
 

99
 

0 
1 

2 
3 

4 
5 

J j ! j ! 




