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REAST cancer is the most common cancer in

women in the Western world. Because breast

cancer is estrogen-dependent, reducing estro-
gen secretion by oophorectomy, hypophysectomy,
or adrenalectomy can cause the cancer to regress.
The need for these surgical procedures was reduced
by the introduction of tamoxifen, which acts as an
antiestrogen by inhibiting the binding of estrogen to
estrogen receptors. Tamoxifen was approved by the
Food and Drug Administration in 1977 for the treat-
ment of women with advanced breast cancer and sev-
eral years later for adjuvant treatment of primary
breast cancer.!

PHARMACOLOGY AND ENDOCRINOLOGY
Pharmacologic and Pharmacokinetic Properties

The compound administered to patients is trans-
tamoxifen (as the citrate salt), because this isomer
has higher affinity for estrogen receptors than the cis
isomer.2 These receptors are nuclear transcription
factors present in normal breast and other tissues and
in 60 to 70 percent of breast cancers. The zrans-
tamoxifen has not only antiestrogenic but also estro-
genic properties, depending on the species, tissue, and
gene.? Drugs such as tamoxifen are more properly
referred to as selective estrogen-receptor modulators,
because of their multiple activities.* The molecular
basis for these properties is poorly understood, but
the estrogen-agonist activity of tamoxifen may ex-
plain its favorable effects on bone and serum lipid
concentrations and its ability to stimulate the endome-
trium. Its estrogen-antagonist activity in breast tis-
sue accounts for its ability to inhibit tumor growth.

The major metabolites of tamoxifen in humans
are N-desmethyltamoxifen and trans-4-hydroxyta-
moxifen (Fig. 1); the affinity of the latter for estro-
gen receptors is equivalent to that of 178-estradiol.?
The dimethylaminoethoxy side chain and the trans
configuration are crucial for the antiestrogenic activ-
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ity of tamoxifen®5;, more highly estrogenic cis me-
tabolites and metabolites without the side chain have
been found in breast tumors, but their importance
is unclear.6

Tamoxifen is absorbed readily after oral adminis-
tration.25 The serum half-lives of tamoxifen and its
major metabolites range from 7 to 14 days, permit-
ting once-daily administration.2” The usual dosage
is 20 mg per day.? In long-term treatment, the steady-
state concentrations of tamoxifen and its metabolites
in serum remain constant for as long as 10 years; re-
duced bioavailability is not a cause of acquired resist-
ance to the drug.® Tamoxifen can be detected in
serum for several weeks and in tumor tissue for sev-
eral months after treatment is discontinued.” As a re-
sult, for several months after tamoxifen treatment is
stopped, ligand-binding assays of estrogen receptors
in tumor tissue can give false negative results be-
cause of receptor occupancy by the drug.1%!! Tamox-
ifen undergoes extensive metabolism in the liver and
is excreted predominantly in the feces.

Serum tamoxifen concentrations vary widely from
patient to patient.2® Treatment responses, however,
do not correlate with steady-state serum concentra-
tions of the drug, and doses greater than 20 mg daily
are not more effective than this dose.!?-16

Tamoxifen increases the action of warfarin by com-
peting with its metabolizing enzyme, cytochrome
P450 3A4, a circumstance that can lead to potential-
ly life-threatening bleeding.!” Therefore, patients re-
ceiving tamoxifen should be given less warfarin, and
the international normalized ratio should be closely
monitored. Erythromycin, cyclosporine, nifedipine,
and diltiazem can inhibit tamoxifen metabolism by
a similar mechanism.!8

Endocrine Effects

Postmenopausal women have very low serum es-
trogen and progesterone concentrations and high
serum luteinizing hormone and follicle-stimulating
hormone concentrations. In these women, tamoxi-
fen reduces gonadotropin secretion.!®-2! In premeno-
pausal women it slightly increases gonadotropin and
estrogen secretion.?922 An increase in endogenous es-
trogen secretion might be expected to displace ta-
moxifen from estrogen receptors and therefore limit
its therapeutic efficacy. However, the similar survival
benefits of tamoxifen in women both before and after
menopause argue against this possibility.2?

Mechanism of Action

The antitumor eftects of tamoxifen are thought to
be due to its antiestrogenic activity, mediated by com-
petitive inhibition of estrogen binding to estrogen
receptors.? As a consequence, tamoxifen inhibits the
expression of estrogen-regulated genes, including
growth factors and angiogenic factors secreted by
the tumor that may stimulate growth by autocrine
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Figure 1. The Structures of Tamoxifen and Its Major Metabolites in Humans.

or paracrine mechanisms.?* The net result is a block
in the GI phase of the cell cycle and a slowing of
cell proliferation. Tumors may then regress because
of this altered balance between cell proliferation and
ongoing cell loss. Tamoxifen may also directly induce
programmed cell death.2s

ADJUVANT TREATMENT OF BREAST
CANCER

Most women presenting with a new diagnosis of
breast cancer have stage I disease (a tumor less than
2 c¢m in diameter with histologically negative axillary
nodes) or stage II disease (a tumor as large as 5 cm
with either negative or positive nodes). Some women
present with locally advanced stage III disease, but
fewer than 10 percent have clinically detectable dis-
tant metastases (stage IV) at the initial diagnosis.
However, clinically undetectable micrometastases are
present in many women with stage I and, especially,
stage II disease. These women usually have a recur-
rence and die of their disease if they are not given
effective systemic adjuvant treatment (treatment ad-
ministered after surgery for breast cancer in an attempt
to eradicate the micrometastases). Others, especially
those with no tumor involvement of the axillary lymph
nodes, do not have viable micrometastases, and their
disease can be cured by surgery alone.

It is difficult to distinguish cases in which surgery
is curative from those involving micrometastases, and
therefore many women who do not really need ad-
juvant therapy receive it. Nevertheless, postoperative
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therapy with tamoxifen reduces the risk of recurrence
and prolongs survival in women with operable breast
cancer in whom the tumors are confined to the breast
or axillary lymph nodes.?® It is most beneficial in
women whose tumors contain estrogen receptors and
in those who are given the drug for about five years.

The level of estrogen receptors should be meas-
ured in all cases of breast cancer. This is usually done
by means of a ligand-binding assay, enzyme immu-
noassay, or immunohistochemical analysis. The in-
terpretation of data on estrogen receptors is compli-
cated by the lack of consistency among the cutoff
values chosen by laboratories to define an estrogen-
receptor—negative result. Some laboratories desig-
nate tumors with detectable but low concentrations
of estrogen receptors as negative, which may explain
why tamoxifen was found to be beneficial in women
with “estrogen-receptor—negative” tumors in some
trials (see below). Other data suggest that tumors with
any detectable level of estrogen receptors — with
even 1 percent of cells staining positive — should be
considered positive.26:27 Similarly, using immunobhis-
tochemical analysis, some laboratories include tu-
mors in which 10 or even 20 percent of the cells
contain estrogen receptors among those designated
estrogen-receptor—negative. Unless those laborato-
ries have justified their cutoft values with clinical fol-
low-up data, many women may be misclassified as
having estrogen-receptor—negative tumors and thus
may not be offered potentially beneficial tamoxifen
treatment. Physicians need to know how their labo-
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ratories measure estrogen receptors in tumors and
how negative and positive values are defined.

Because progesterone receptors are regulated by
estrogen, the estrogen-receptor—negative, proges-
terone-receptor—positive phenotype would not be
expected to occur frequently, and in fact only 5 per-
cent of tumors are of this type. Some of these cases
represent false negative findings on estrogen-recep-
tor assays, and given the relatively high response rate
of such tumors to tamoxifen, women with these tu-
mors should be considered good candidates for ta-
moxifen therapy despite the apparent absence of
estrogen receptors in the tumor tissue. Measurement
of progesterone receptors by the same techniques as
those used to measure estrogen receptors is also
helpful in selecting women for hormonal therapies
such as tamoxifen. In cases of metastatic breast can-
cer, the presence of progesterone receptors indicates
a greater likelihood of a response to tamoxifen than
their absence, but a finding of progesterone recep-
tors is less useful in selecting women for adjuvant
therapy with the drug.23

Ductal Carcinoma in Situ

Women with ductal carcinoma in situ (intraductal
cancer) have a very low risk of death from the dis-
ease, because, by definition, the cancer has not yet
spread beyond the duct.?® Systemic therapy is not in-
dicated for these women; they should be treated by
simple mastectomy or by lumpectomy with or with-
out breast irradiation. Ongoing studies are evaluat-
ing tamoxifen to reduce the recurrence of ipsilateral
or contralateral breast cancer in such patients.

Invasive Breast Cancer

More than 37,000 women with operable breast can-
cer were enrolled in 55 randomized clinical trials of ad-
juvant therapy with tamoxifen before 1990, providing
a large data base of findings on long-term follow-up.
The results of these studies were summarized recently
in an update of a meta-analysis conducted by the
Early Breast Cancer Trialists’ Collaborative Group.2

When all the women and all the durations of
treatment were included in the analysis, tamoxifen
was found to be associated with a significant reduc-
tion in recurrence and death after a median follow-up
of about 10 years. The annual reductions in recur-
rence and death with tamoxifen as compared with
placebo were 26 and 14 percent, respectively. This
means that each year, about one of every four recur-
rences and one of every six deaths can be delayed or
averted with tamoxifen treatment. The gains are sub-
stantially greater in women with tumors expressing es-
trogen receptors and in women treated for five years.23

Estrogen-Receptor Status

Whether tamoxifen improves outcomes in women
who have tumors with few or no estrogen receptors

has been controversial. It has little or no effect on
estrogen-receptor—negative tumor cells in culture or
on tumors in animals.2%30 Furthermore, responses
are uncommon (5 to 10 percent) in women with es-
trogen-receptor—negative metastatic breast cancer
treated with the drug.3! The results of large trials of
adjuvant therapy in women with estrogen-receptor—
negative tumors were contradictory.323 A 1992 meta-
analysis of trials of adjuvant therapy suggested that
tamoxifen has a small but statistically significant sur-
vival benefit in these women,?s but the updated meta-
analysis with longer follow-up and additional women
did not (Table 1).23

For women with estrogen-receptor—positive tu-
mors, tamoxifen therapy given for as little as one year
results in a statistically significant recurrence and sur-
vival benefit. The benefits increase as the duration of
treatment increases, so that among women treated
for five years, tamoxifen results in a 50 percent annual
reduction in the recurrence rate and a 28 percent an-
nual reduction in the death rate. This means that
about half of the recurrences and more than one
fourth of the deaths each year are averted by tamoxifen
treatment. The benefits are even greater in women
whose tumors have very high concentrations of estro-
gen receptors. Relatively few studies have included
measurements of progesterone receptors in tumor
tissue. Among women with estrogen-receptor—posi-
tive tumors, the efficacy of tamoxifen was independent
of the concentration of progesterone receptors in the
tumor tissue.2*> Among women with estrogen-recep-
tor—negative tumors, those whose tumors contained
progesterone receptors did benefit from tamoxifen.

TABLE 1. META-ANALYSIS OF TRIALS OF ADJUVANT TAMOXIFEN
THERAPY IN WOMEN WITH BREAST CANCER, ACCORDING TO
ESTROGEN-RECEPTOR STATUS AND DURATION OF THERAPY.*

DURATION OF
TAMOXIFEN THERAPY ~ No. oF Woment  No. oF EVENTs AVERTED EACH YEAR
RECURRENCE DEATH
One year
ER-negative 1591 0% 0t
ER-positive 3352 lin5 lin7
Two years
ER-negative 5145 0t 0t
ER-positive 8635 lin3or4
Five years
ER-negative 922 0% 0t
ER-positive 5869 1lin 2 lin 3 or 4

*Data are from the Early Breast Cancer Trialists’ Collaborative Group.2
ER denotes estrogen receptor.

tThe numbers of women shown are those who participated in the trials
comparing tamoxifen with no tamoxifen.

$The data cannot exclude the possibility that occasionally a woman
might benefit.
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Optimal Duration of Therapy

Preclinical studies suggest that tamoxifen is primar-
ily a cytostatic agent and therefore that prolonged
therapy would be more effective than short periods of
treatment.3¢ In the most recent meta-analysis, compar-
isons of the results of trials of about one, two, and at
least five years’ duration (Table 1) suggest that in
women with estrogen-receptor—positive tumors, pro-
longed therapy (about five years) is superior to short-
er therapy in reducing the rates of recurrence and
death.23:35

Several recently completed trials compared difter-
ent durations of treatment directly. In two large Eu-
ropean trials, women treated with tamoxifen for five
years had fewer recurrences and fewer deaths than
those treated for two years.3738 Two North American
trials, one large and one small, compared tamoxifen
treatment lasting 5 years with treatment lasting
about 10 years,?*4! and a trial in Scotland compared
5 years with indefinite tamoxifen treatment.*2 Al-
though the follow-up periods were short and thus
the numbers of recurrences and deaths were small,
there was no convincing evidence that treatment
lasting longer than five years was beneficial. In addi-
tion, in two of these trials there was a trend toward
a detrimental effect after treatment for more than
five years.#042 On the basis of these results, it now
seems reasonable to recommend that tamoxifen be
given for five years.

Benefits According to Age or Menopausal Status

The 1992 meta-analysis suggested that tamoxifen
had no benefit in younger women.3s However, many
women with estrogen-receptor—negative tumors were
included in the studies, and the duration of treatment
was usually only one or two years. There is now con-
siderable evidence suggesting that more prolonged
treatment results in significant benefit in women less
than 50 years old and in older women with estrogen-
receptor—positive tumors. In a large, five-year, place-
bo-controlled trial in women with estrogen-recep-
tor—positive tumors whose lymph nodes contained no
tumor, tamoxifen was more effective than placebo
both in women who had reached menopause and
those who had not.340 The recent meta-analysis con-
firmed these results (Table 2).23 Women less than 50
years old, most of whom would be expected to be
premenopausal, benefit from tamoxifen as much as
older women, and even women younger than 40 have
reduced rates of recurrence and death. These data
suggest that tamoxifen inhibits the proliferation of
breast-cancer cells even in the presence of estrogen.

An important question is whether the benefit of
tamoxifen therapy is equivalent to or greater than
that of chemotherapy in premenopausal women, as
it appears to be in older women who have estrogen-
receptor—positive tumors. Although the data in Ta-
ble 2 suggest that tamoxifen is at least as effective as
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TABLE 2. META-ANALYSIS OF RESULTS OF ADJUVANT TAMOXIFEN
THERAPY FOR FIVE YEARS IN WOMEN WITH ESTROGEN-
RECEPTOR—POSITIVE BREAST CANCER, ACCORDING TO AGE.*

AGE (YR) No. oF Woment No. oF EVENTs AVERTED EACH YEAR
RECURRENCE DEATH
<40 1327 lin2or3 lin 3 or 4
40-49 1327 lin2or3 lin 3 or 4
50-59 2536 lin2or 3 1lin 3 or 4
60-69 3174 lin2or3 lin 3 or 4
=70 390 lin2or3 lin 3 or 4

*Data are from the Early Breast Cancer Trialists’ Collaborative Group.2

1The numbers of women shown for each age group are those who par-
ticipated in the trials comparing tamoxifen with no tamoxifen.

adjuvant chemotherapy in women younger than 50
(chemotherapy was associated with a 36 percent re-
duction in the recurrence rate and a 24 percent re-
duction in the death rate),?* few studies have directly
addressed this question. In a single small study of
premenopausal women with metastases to the lymph
nodes and primary tumors containing estrogen re-
ceptors, chemotherapy was superior to tamoxifen,
but the duration of tamoxifen treatment was only two
years.®3 In a large, randomized trial comparing ta-
moxifen alone with chemotherapy plus tamoxifen,
the combination was more effective.+

Benefits in Women with and Women without Metastases
to the Axillary Lymph Nodes

Many of the early trials of adjuvant tamoxifen fo-
cused on the treatment of women with node-positive
disecase. However, one of the largest studies of adju-
vant tamoxifen therapy included more than 2600
women who had estrogen-receptor—positive tumors
but no nodal disease and who were given tamoxifen
or placebo for five years.3# There were significantly
fewer recurrences and deaths in both premenopausal
and postmenopausal women given tamoxifen for five
years than in those given placebo. The updated meta-
analysis also demonstrates similar reductions in the
rates of recurrence and death in both women with
node-negative cancers and those with node-positive
cancers.?

Benefits in Elderly Women

In many older women, the presence of concurrent
systemic disease complicates the identification of op-
timal local and systemic treatments. However, ta-
moxifen is beneficial in women 70 years of age or
older (Table 2).2345 The reductions in the rates of re-
currence and death are substantial, and these women
tolerate the drug well. It should be emphasized that
in elderly women, tamoxifen is not an adequate sub-
stitute for definitive surgical treatment.
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Tamoxifen in Combination with Adjuvant Chemotherapy

Because of the benefits both of adjuvant tamoxi-
fen and of adjuvant chemotherapy, trials were initiat-
ed to assess the benefits of these two treatments given
together. In premenopausal women, most trials in
which chemotherapy plus tamoxifen was compared
with chemotherapy alone revealed that combination
therapy offers little additional benefit.354¢-4° However,
many of these trials included women with tumors
that were estrogen-receptor—negative or whose estro-
gen-receptor status was unknown, and in many cases
tamoxifen was given for only one or two years. In an
analysis of five-year data on women with estrogen-
receptor—positive tumors, tamoxifen plus chemo-
therapy was superior to the same chemotherapy giv-
en alone, not only in women 50 years old or older
but also in younger women.??

Given the established benefits of tamoxifen in post-
menopausal women, deciding whether to add che-
motherapy to tamoxifen is an important issue. Some
trials showed a small reduction in the rate of recur-
rence, but in only one trial of chemotherapy (doxoru-
bicin and cyclophosphamide) plus tamoxifen was there
a survival benefit with combined treatment.5-55 In
two other trials, one in women with node-negative
tumors and another in women with node-positive and
estrogen-receptor—positive tumors, the rates of re-
currence were lower in the women receiving chemo-
therapy plus tamoxifen, but there has been no dif-
ference in survival.#56 Given the advantage in terms
of disease-free survival found in the 1992 meta-
analysis and in several large individual trials®® and the
survival benefit reported in the study of doxorubicin
plus cyclophosphamide,5* an argument can be made
for treating higher-risk postmenopausal women with

both chemotherapy and tamoxifen. Given the limited
therapeutic gains, however, the additional toxicity
associated with chemotherapy should be considered
when treatment decisions are made.5”

TREATMENT OF METASTATIC
BREAST CANCER

Women with clinically evident metastatic disease
also benefit from tamoxifen treatment. Women with
indolent disease (a disease-free interval lasting more
than two years after initial surgery; soft-tissue, bone,
or nodular lung metastases; and estrogen or proges-
terone receptors) have the best response to tamoxi-
fen (Fig. 2). These women are treated sequentially
with secondary and tertiary endocrine therapies until
their tumors no longer respond. Chemotherapy is
then indicated. Women with more rapidly advancing
disease are usually treated initially with chemotherapy,
especially if the tumor does not contain estrogen re-
ceptors. Overall, about 30 percent of women with
metastatic breast cancer treated with tamoxifen had
objective regression of the tumor for an average of
12 months, and in another 20 percent the disease
remained stable for at least 6 months.>® About half
of all women with estrogen-receptor—positive tu-
mors receive some benefit from tamoxifen, as com-
pared with only 5 percent of women with tumors in
which estrogen receptors cannot be detected. A few
women have remissions lasting more than five years,
but resistance to tamoxifen inevitably develops.

A prospective study of nearly 400 women demon-
strated that menopausal status and the presence or
absence of estrogen or progesterone receptors deter-
mined whether the disease would respond well to
tamoxifen.? Premenopausal women with estrogen-

Metastatic disease

T

Indolent disease

T

Aggressive disease

Premenopausal Postmenopausal Premenopausal Postmenopausal
Tamoxifen Ovarian Tamoxifen ) Chemotherapy
| ablation
Ovarian | Aromatase
ablation Tamoxifen inhibitors » ———————— Chemotherapy

Other hormonal
therapies

(If no response)

Figure 2. Approach to the Treatment of Women with Metastatic Breast Cancer.
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receptor—positive tumors had an overall response
rate of only 24 percent, as compared with an 86 per-
cent response rate among postmenopausal women
whose tumors were strongly positive for estrogen and
progesterone receptors. Women with estrogen-recep-
tor—positive, progesterone-receptor—negative tumors
had a lesser but still significant and clinically sub-
stantial benefit.

Small, randomized trials in premenopausal women
have suggested that tamoxifen offers treatment bene-
fits similar to those achieved with oophorectomy.¢0:61
In addition, tamoxifen can be effective as a second-
line endocrine therapy after oophorectomy, and vice
versa. In postmenopausal women with metastatic
disease, including women in whom there is a relapse
of disease six months or more after the discontinu-
ation of adjuvant therapy with tamoxifen, tamoxifen
is the initial endocrine therapy of choice.? In post-
menopausal women, tamoxifen therapy is similar in
benefit to adrenalectomy, hypophysectomy, and dieth-
ylstilbestrol treatment.53-¢6 Tamoxifen may be slightly
superior to standard-dose progestin therapy.s” In one
study, high-dose progestin therapy had a response rate
that was superior to that with tamoxifen, but survival
was not longer and toxicity was greater.®8 Combina-
tions of tamoxifen with other endocrine therapies,
such as progestins, or with cytotoxic chemotherapy
do not confer any greater survival advantage than se-
quential therapy.®®7! An exception may be the com-
bination of tamoxifen and goserelin in premeno-
pausal patients.

TREATMENT OF MEN WITH
BREAST CANCER

Breast cancer is uncommon in men, but the usual
approach to treatment parallels that in women.
Growth of breast cancer in men is regulated partially
by sex steroid hormones, both androgens and estro-
gens, and a high percentage of men with the disease
benefit from ablative or additive endocrine therapies.”2
Eighty to 90 percent of their tumors contain estrogen
receptors, nearly 7 percent contain progesterone re-
ceptors, and 50 percent contain androgen recep-
tors.”375 This high degree of receptor expression is
associated with a high rate of response to hormonal
therapies such as orchiectomy or tamoxifen, which
are the preferred treatments. Because of the rarity of
the disease, no large trials of adjuvant tamoxifen or
chemotherapy in men with breast cancer have been
conducted, but several small, nonrandomized studies
suggest that adjuvant therapy increases survival.”+7
Tamoxifen often induces remissions in men with met-
astatic disease whose tumors express estrogen recep-
tors,”” either as an initial therapy or after orchiectomy.
Because of the lower degree of acceptance of surgical
orchiectomy by men, tamoxifen has become the most
frequently used hormonal therapy in men with breast
cancer.”$
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TABLE 3. POSSIBLE CAUSES
OF TAMOXIFEN RESISTANCE.

Absence or loss of estrogen receptors

Noncompliance with treatment regimen

Tamoxifen-stimulated growth of tumor

Variant or mutant estrogen receptors

Altered expression of receptor-interacting
proteins

Cross-talk among growth factor signaling
pathways

Men with breast cancer may not tolerate tamoxifen
as well as women. In one study, 20 percent of the
men stopped treatment because of decreased libido,
hot flashes, mood changes, and deep venous throm-
bosis.”® Nevertheless, tamoxifen is an effective treat-
ment in men with breast cancer.

RESISTANCE

New or acquired resistance limits the efficacy of ta-
moxifen in many patients with breast cancer (Table 3).
Some have tumors that spontaneously become hor-
mone-independent despite the presence of estrogen
receptors; in others, tumors that are initially estrogen-
receptor—positive become estrogen-receptor—nega-
tive over time.!%11 Yet at least two thirds of the tumors
that become resistant to tamoxifen continue to ex-
press estrogen receptors, and many of these regress
when second-line hormonal therapy is initiated.!1,58.61,63

In at least some patients the disease progresses
during tamoxifen therapy because tumor growth is
stimulated by it.”? Tamoxifen-stimulated growth ex-
plains the “withdrawal response” that occurs in some
patients when the drug is stopped because of tumor
progression, and it explains the lack of response to
oophorectomy in premenopausal women if tamoxi-
fen is not discontinued at the time tumor progression
is observed.” Possible mechanisms of this type of ta-
moxifen resistance include the presence of variant es-
trogen receptors, altered expression of other transcrip-
tion factors that interact with estrogen receptors and
modify their activity, and “cross-talk” among estrogen
receptors and other growth-factor signal-transduction
pathways (Table 3).3+7? Tamoxifen should be discon-
tinued when evidence of tumor progression becomes
clear. Noncompliance may explain a few cases of ap-
parent drug resistance.

ANCILLARY BENEFITS

Serum Lipoproteins and Mortality
from Cardiovascular Causes

In women with breast cancer, tamoxifen does not
reduce the incidence of non—cancer-related deaths.23
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However, accurate data on causes of death are diffi-
cult to obtain in some countries, and several individ-
ual trials of adjuvant therapy did suggest that the
rate of non—Dbreast-cancer-related deaths (deaths be-
fore relapse) may be reduced by tamoxifen treat-
ment.33:80-82 This reduction appears to be due largely
to a decrease in deaths from cardiovascular causes.
In addition, fewer hospitalizations for cardiac events
have been reported among women taking tamox-
ifen.8! The estrogenic properties of tamoxifen may
account for these reductions.81:838¢ Serum concen-
trations of total cholesterol and low-density lipo-
protein cholesterol are reduced by tamoxifen, which
may also inhibit atherogenesis by directly affecting
the metabolism of low-density lipoproteins in the ar-
teries.

Changes in Bone Mineral Density

In postmenopausal women, long-term tamoxifen
treatment slightly increases the bone density of the
axial skeleton and stabilizes the bone density of the
appendicular skeleton.8687 In premenopausal wom-
en, however, tamoxifen may decrease bone mineral
density, perhaps by antagonizing the more potent
activity of endogenous estrogen.®® Despite the ap-
parently favorable effects of tamoxifen on bone den-
sity in postmenopausal women, in a one-year study
the fracture rate was higher in women treated with
tamoxifen than in those given placebo.8® However,
the fracture rate seems to be reduced with five years
of treatment (see below).

Prevention of Contralateral Breast Cancer and of Breast
Cancer in Women at High Risk

Tamoxifen reduces the incidence of cancer in the
contralateral breast. Individual trials in women with
invasive breast cancer as well as the updated meta-
analysis from the Early Breast Cancer Trialists’ Collab-
orative Group indicated that there is a nearly 50 per-
cent reduction in the risk of contralateral cancer after
about five years of treatment.23:40.9092 These results
provided the rationale for the current trials assessing
tamoxifen for the prevention of breast cancer in wom-
en at high risk for the disease. Preliminary results of
one of these studies, a prevention trial of long-term ta-
moxifen therapy in the United States, involving over
13,000 women at increased risk for breast cancer, are
encouraging. After a mean of 3.6 years, the incidence
of breast cancer was 45 percent lower in the group
receiving tamoxifen (85 cases of cancer) than in the
group receiving placebo (154 cases).?® The incidence
of fractures was lower and that of endometrial cancer
was higher in the tamoxifen group; there was no sig-
nificant difference between the two groups in the in-
cidence of ischemic heart disease. According to these
findings, tamoxifen for prevention might be consid-
ered for women at high risk, but extrapolation of the
results to other women is unwarranted.

TOXICITY

Tamoxifen is extremely well tolerated by most pa-
tients with breast cancer. In early trials of tamoxifen
for adjuvant therapy, fewer than 5 percent of patients
withdrew from therapy because of toxicity.33%¢ In a
more recent, large, randomized trial, 7 percent of ta-
moxifen-treated women withdrew for reasons appar-
ently related to drug toxicity, but 5 percent of place-
bo-treated women also withdrew for those reasons.3:40

Menopausal Symptoms

The most common adverse effects of tamoxifen
are menopausal symptoms, and they are more com-
mon in women before menopause than afterward
(Table 4).3940.95 At least 50 percent of women treated
with tamoxifen report hot flashes, but so do 20 to
40 percent of women given placebo. Many of these
women have recently stopped estrogen-replacement
therapy, at the time the diagnosis of breast cancer
was made. Vaginal discharge and irregular menses
are also slightly more common among women treat-
ed with tamoxifen than among those given placebo.
However, in one study, the incidence of nausea, dis-
comfort in the joints, difficulty sleeping, restlessness,
depression, or fatigue was similar in the tamoxifen
and placebo groups, and headache was less common
in the tamoxifen group.®®> Quality-of-life scores were
similar in the two groups.

Ocular, Thromboembolic, and Hematologic Effects

Retinopathy has been reported in women given
high doses of tamoxifen,® but reports of ocular tox-
icity with conventional doses in randomized trials
are inconsistent.?”100 In one large trial and in prelimi-
nary results from the tamoxifen prevention trial, no
vision-threatening toxic effects were found, but among
women with preexisting cataracts there was a slightly
increased risk of posterior subcapsular opacities and
a slightly increased need for cataract surgery in those
receiving tamoxifen.100

An increased incidence of thromboembolic phe-
nomena has also been attributed to tamoxifen in some

TABLE 4. ADVERSE EFFECTS OF TAMOXIFEN.

Menopausal symptoms
Hot flashes
Atrophic vaginitis
Irregular menses
Ocular toxicity
Thromboembolic events
Thrombocytopenia or leukopenia

Gynecologic complications
Endometrial cancer (low grade)
Endometrial hyperplasia and polyps
Ovarian cysts
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but not all studies, especially when tamoxifen is com-
bined with chemotherapy.32.33:39.81.101.102 This compli-
cation occurs in fewer than 1 percent of patients given
tamoxifen, but deaths due to thromboembolism have
been reported.3 Many of the patients described had
superficial phlebitis and did not require hospitaliza-
tion. Moderate thrombocytopenia and leukopenia
have been reported with tamoxifen, but they rarely
require cessation of therapy.

Endometrial Cancer

The most serious adverse effect of tamoxifen is its
potential tumor-promoting activity. Electrophilic me-
tabolites can form covalent DNA adducts.!%® An in-
creased incidence of liver tumors has been reported
in rats,!0¢ but only a few cases of hepatoma have ever
been reported in humans taking tamoxifen.91:92.105
More serious is an increased incidence of endometrial
cancer, similar to that in women receiving estrogen-
replacement therapy; it has been reported in some
but not all tamoxifen trials and may be related more
to tamoxifen’s estrogenic activity than to any direct
carcinogenic effects.91,92:106-109 Nearly all reported en-
dometrial cancers have been in postmenopausal wom-
en. In a large five-year trial of tamoxifen, the annual
hazard rate was 1.7 per 1000 women, a relative risk of
2.2 as compared with population-based rates of en-
dometrial cancer.1%¢ Most of the cancers were of a low
stage and grade, similar to those associated with es-
trogen therapy. In the most recent meta-analysis, the
incidence of endometrial cancer was increased and the
risk of mortality from endometrial cancer was slightly
increased, especially with prolonged treatment.2

Endometrial hyperplasia, the development of pol-
yps, an increase in endometrial thickness, and ovarian
cysts have also been attributed to tamoxifen.2110.111
The value of routine screening for endometrial cancer
in women receiving tamoxifen has not been estab-
lished, but certainly any woman with unusual vaginal
discharge or bleeding should be promptly evaluated.
The large prospective trials of tamoxifen did not find
a significantly increased incidence of other solid tu-
mors,23:90-92,106,107 apnd the reduction in the incidence
of contralateral breast cancer (a more lethal disease)
is about twice as large as the increase in the incidence
of endometrial cancer.2

CONCLUSIONS

Tamoxifen reduces the risk of recurrence and death
from breast cancer when given as adjuvant therapy,
and it provides effective palliation for patients with
metastatic breast cancer. Its use is therefore indicated
for both premenopausal and postmenopausal women
who have estrogen-receptor—positive invasive breast
cancer. An exception might be women considered —
on the basis of prognostic factors, such as an invasive
tumor no more than 1 ¢m in diameter, or tubular,
mucinous, or papillary tumors with negative axillary
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nodes — to have a very low risk of disseminated dis-
ease. Tamoxifen is also the initial hormonal therapy
of choice for postmenopausal women with metastatic
breast cancer, and it is useful as first- or second-line
therapy in younger women. It is safe and well toler-
ated, but the risk of endometrial cancer is increased.
The possible beneficial effects of tamoxifen on car-
diovascular mortality, bone density, and the risk of
contralateral breast cancer are added benefits that
justify the ongoing prevention trials in women at
high risk for the development of breast cancer.

Supported in part by grants (RO1 CA30251, P50 CA58183, and P30
CA54174) from the National Cancer Institute.

REFERENCES

1. Jordan VC. The development of tamoxifen for breast cancer therapy. In:
Jordan VC, ed. Long-term tamoxifen treatment for breast cancer. Madison:
University of Wisconsin Press, 1994:3-26.

2. Langan Fahey SM, Jordan VC, Fritz NF, Robinson SP, Waters D, Torm-
ey DC. Clinical pharmacology and endocrinology of long-term tamoxifen
therapy. In: Jordan VC, ed. Long-term tamoxifen treatment for breast can-
cer. Madison: University of Wisconsin Press, 1994:27-56.

3. Osborne CK, Elledge RM, Fuqua SAW. Estrogen receptors in breast
cancer therapy. Sci Med 1996;3:32-41.

4. Horwitz KB, Jackson TA, Bain DL, Richer JK, Takimoto GS, Tung L.
Nuclear receptor coactivators and corepressors. Mol Endocrinol 1996;10:
1167-77.

5. Buckley MM-T, Goa KL. Tamoxifen: a reappraisal of its pharmacody-
namic and pharmacokinetic properties, and therapeutic use. Drugs 1989;
37:451-90.

6. Wiebe V], Osborne CK, McGuire WL, DeGregorio MW. Identification
of estrogenic tamoxifen metabolite(s) in tamoxifen-resistant human breast
tumors. J Clin Oncol 1992;10:990-4.

7. Lien EA, Solheim E, Ueland PM. Distribution of tamoxifen and its me-
tabolites in rat and human tissues during steady-state treatment. Cancer
Res 1991;51:4837-44.

8. Sunderland MC, Osborne CK. Tamoxifen in premenopausal patients
with metastatic breast cancer: a review. J Clin Oncol 1991;9:1283-97.

9. Langan-Fahey SM, Tormey DC, Jordan VC. Tamoxifen metabolites in
patients on long-term adjuvant therapy for breast cancer. Eur J Cancer
1990;26:883-8.

10. Hull DF II1, Clark GM, Osborne CK, Chamness GC, Knight WA II1,
McGuire WL. Multiple estrogen receptor assays in human breast cancer.
Cancer Res 1983;43:413-6.

11. Encarnacion CA, Ciocca DR, McGuire WL, Clark GM, Fuqua SAW,
Osborne CK. Measurement of steroid hormone receptors in breast cancer
patients on tamoxifen. Breast Cancer Res Treat 1993;26:237-46.

12. Bratherton DG, Brown CH, Buchanan RB, et al. A comparison of two
doses of tamoxifen (Nolvadex) in postmenopausal women with advanced
breast cancer: 10 mg bd versus 20 mg bd. Br J Cancer 1984;50:199-205.
13. Watkins SM. The value of high dose tamoxifen in postmenopausal
breast cancer patients progressing on standard doses: a pilot study. Br J
Cancer 1988;57:320-1.

14. Tormey DC, Simon RM, Lippman ME, Bull JM, Myers CE. Evalua-
tion of tamoxifen dose in advanced breast cancer: a progress report. Cancer
Treat Rep 1976;60:1451-9.

15. Manni A, Arafah BM. Tamoxifen-induced remission in breast cancer
by escalating the dose to 40 mg daily after progression on 20 mg daily: a
case report and review of the literature. Cancer 1981;48:873-5.

16. Stewart JE Minton MJ, Rubens RD. Trial of tamoxifen at a dose of
40 mg daily after disease progression during tamoxifen therapy at a dose
of 20 mg daily. Cancer Treat Rep 1982;66:1445-6.

17. Lodwick R, McConkey B, Brown AM. Life threatening interaction
between tamoxifen and warfarin. BMJ 1987;295:1141.

18. Michalets EL. Update: clinically significant cytochrome P-450 drug
interactions. Pharmacotherapy 1998;18:84-112.

19. Jordan VC, Fritz NF, Tormey DC. Long-term adjuvant therapy with
tamoxifen: effects on sex hormone binding globulin antithrombin III.
Cancer Res 1987;47:4517-9.

20. Idem. Endocrine effects of adjuvant chemotherapy and long-term
tamoxifen administration on node-positive patients with breast cancer.
Cancer Res 1987;47:624-30.

The New England Journal of Medicine
Downloaded from nejm.org at HEBREW UNIVERSITY on December 24, 2022. For personal use only. No other uses without permission.
Copyright © 1998 Massachusetts Medical Society. All rights reserved.



DRUG THERAPY

21. Jordan VC, Fritz NE Langan-Fahey SM, Thompson M, Tormey DC.
Alteration of endocrine parameters in premenopausal women with breast
cancer during long-term adjuvant therapy with tamoxifen as the single
agent. J Natl Cancer Inst 1991;83:1488-91.

22. Ravdin PM, Fritz NE, Tormey DC, Jordan VC. Endocrine status of
premenopausal node-positive breast cancer patients following adjuvant che-
motherapy and long-term tamoxifen. Cancer Res 1988;48:1026-9.

23. The Early Breast Cancer Trialists” Collaborative Group. Tamoxifen for
carly breast cancer: an overview of the randomised trials. Lancet 1998;351:
1451-67.

24. Arteaga CL, Osborne CK. Growth factors as mediators of estro-
gen/antiestrogen action in human breast cancer cells. In: Lippman ME,
Dickson RB, eds. Regulatory mechanisms in breast cancer: advances in
cellular and molecular biology of breast cancer. Boston: Kluwer Academic,
1991:289-304.

25. Ellis PA, Saccani-Jotti G, Clarke R, et al. Induction of apoptosis by
tamoxifen and ICI 182780 in primary breast cancer. Int J Cancer 1997;72:
608-13.

26. Knight WA III, Osborne CK, McGuire WL. Hormone receptors in
primary and advanced breast cancer. Clin Endocrinol Metab 1980;9:361-8.
27. Clark GM, Harvey JM, Osborne CK, Allred DC. Estrogen receptor
status determined by immunohistochemistry is superior to biochemical lig-
and-binding assay for evaluating breast cancer patients. Proc Am Soc Clin
Oncol 1997;16:129a. abstract.

28. Morrow M, Schnitt SJ, Harris JR. Ductal carcinoma in situ. In: Harris
JR, Lippman ME, Morrow M, Hellman S, eds. Diseases of the breast. Phil-
adelphia: Lippincott-Raven, 1996:355-68.

29. Lippman ME, Osborne CK, Knazek R, Young N. In vitro model sys-
tems for the study of hormone-dependent human breast cancer. N Engl J
Med 1977;296:154-9.

30. Osborne CK, Hobbs K, Clark GM. Effect of estrogens and antiestro-
gens on growth of human breast cancer cells in athymic nude mice. Cancer
Res 1985;45:584-90.

31. Osborne CK, Yochmowitz MG, Knight WA III, McGuire WL. The
value of estrogen and progesterone receptors in the treatment of breast
cancer. Cancer 1980;46:Suppl:2884-8.

32. Controlled trial of tamoxifen as a single adjuvant agent in the manage-
ment of early breast cancer. Br J Cancer 1988;57:608-11.

33. Adjuvant tamoxifen in the management of operable breast cancer: the
Scottish Trial: report from the Breast Cancer Trials Committee, Scottish
Cancer Trials Office (MRC), Edinburgh. Lancet 1987;2:171-5.

34. Fisher B, Redmond C, Brown A, et al. Adjuvant chemotherapy with
and without tamoxifen in the treatment of primary breast cancer: 5-year
results from the National Surgical Adjuvant Breast and Bowel Project Tri-
als. J Clin Oncol 1986;4:459-71.

35. The Early Breast Cancer Trialists’ Collaborative Group. Systemic treat-
ment of early breast cancer by hormonal, cytotoxic or immune therapy:
133 randomised trials involving 31 000 recurrences and 24 000 deaths
among 75 000 women. Lancet 1992;339:1-15, 71-85.

36. Osborne CK, Coronado EB, Robinson JP. Human breast cancer in
the athymic nude mouse: cytostatic effects of long-term antiestrogen ther-
apy. Eur J Cancer Clin Oncol 1987;23:1189-96.

37. The Swedish Breast Cancer Cooperative Group. Randomized trial of
two versus five years of adjuvant tamoxifen for postmenopausal carly stage
breast cancer. ] Natl Cancer Inst 1996;88:1543-9.

38. The Current Trials Working Party of the Cancer Research Campaign
Breast Cancer Trials Group. Preliminary results from the Cancer Research
Campaign Trial evaluating tamoxifen duration in women aged fifty years
or older with breast cancer. J Natl Cancer Inst 1996;88:1834-9. [ Erratum,
J Natl Cancer Inst 1997;89:590.]

39. Fisher B, Costantino J, Redmond C, et al. A randomized clinical trial
evaluating tamoxifen in the treatment of patients with node-negative breast
cancer who have estrogen-receptor—positive tumors. N Engl J Med 1989;
320:479-84.

40. Fisher B, Dignam J, Bryant J, et al. Five versus more than five years of
tamoxifen therapy for breast cancer patients with negative lymph nodes and
estrogen receptor-positive tumors. J Natl Cancer Inst 1996;88:1529-42.
41. Tormey DC, Gray R, Falkson HC. Postchemotherapy adjuvant tamox-
ifen therapy beyond five years in patients with lymph node-positive breast
cancer. ] Natl Cancer Inst 1996;88:1828-33.

42. Steward HJ, Forrest AP, Everington D, et al. Randomised comparison
of 5 years of adjuvant tamoxifen with continuous therapy for operable
breast cancer: the Scottish Cancer Trials Breast Group. Br J Cancer 1996;
74:297-9.

43. Kaufmann M, Jonat W, Abel U, et al. Adjuvant randomized trials of
doxorubicin/cyclophosphamide versus doxorubicin/cyclophosphamide /
tamoxifen and CMF chemotherapy versus tamoxifen in women with node-
positive breast cancer. J Clin Oncol 1993;11:454-60.

44. Fisher B, Dignam J, Wolmark N, et al. Tamoxifen and chemotherapy

for lymph node-negative, estrogen receptor-positive breast cancer. J Natl
Cancer Inst 1997;89:1673-82.

45. Cummings FJ, Gray R, Tormey DC, et al. Adjuvant tamoxifen versus
placebo in elderly women with node-positive breast cancer: long-term fol-
low-up and causes of death. J Clin Oncol 1993;11:29-35.

46. Dombernowsky P, Brincker H, Hansen M, et al. Adjuvant therapy of
premenopausal and menopausal high-risk breast cancer patients: present
status of the Danish Breast Cancer Cooperative Group Trials 77-B and 82-
B. Acta Oncol 1988;27:691-7.

47. Tormey DC, Gray R, Gilchrist K, et al. Adjuvant chemohormonal
therapy with cyclophosphamide, methotrexate, 5-fluorouracil, and predni-
sone (CMFP) or CMFEP plus tamoxifen compared with CMF for premeno-
pausal breast cancer patients: an Eastern Cooperative Oncology Group tri-
al. Cancer 1990;65:200-6.

48. Ingle JN, Everson LK, Wicand HS, et al. Randomized trial to evaluate
the addition of tamoxifen to cyclophosphamide, 5-fluorouracil, prednisone
adjuvant therapy in premenopausal women with node-positive breast can-
cer. Cancer 1989;63:1257-64.

49. Boccardo R, Rubagotti A, Bruzzi P, et al. Chemotherapy versus ta-
moxifen versus chemotherapy plus tamoxifen in node-positive, estrogen re-
ceptor-positive breast cancer patients: results of a multicentric Italian study.
J Clin Oncol 1990;8:1310-20.

50. Goldhirsch A, Gelber RD. Adjuvant chemo-endocrine therapy or en-
docrine therapy alone for postmenopausal patients: Ludwig Studies IIT and
IV. In: Senn H-J, Goldhirsch A, Gelber RD, Osterwalder B, eds. Adjuvant
therapy of primary breast cancer. Vol. 115 of Recent results in cancer re-
search. Berlin, Germany: Springer-Verlag, 1989:153-62.

51. Mouridsen HT, Rose C, Overgaard M, et al. Adjuvant treatment of
postmenopausal patients with high risk primary breast cancer: results from
the Danish adjuvant trials DBCG and DBCGS82 C. Acta Oncol 1988;27:
699-705.

52. Rivkin SE, Green S, Metch B, et al. Adjuvant CMFVP versus tamox-
ifen versus concurrent CMFVP and tamoxifen for postmenopausal, node-
positive and estrogen receptor-positive breast cancer patients: a Southwest
Oncology Group study. J Clin Oncol 1994;12:2078-85.

53. Pritchard KI, Paterson AHG, Fine S, et al. Randomized trial of cyclo-
phosphamide, methotrexate, and fluorouracil chemotherapy added to ta-
moxifen as adjuvant therapy in postmenopausal women with node-positive
estrogen and /or progesterone receptor-positive breast cancer: a report of
the National Cancer Institute of Canada Clinical Trials Group. J Clin On-
col 1997;15:2302-11.

54. Fisher B, Redmond C, Legault-Poisson S, et al. Postoperative chemo-
therapy and tamoxifen compared with tamoxifen alone in the treatment of
positive-node breast cancer patients aged 50 years and older with tumors
responsive to tamoxifen: results from the National Surgical Adjuvant Breast
and Bowel Project B-16. ] Clin Oncol 1990;8:1005-18.

55. The International Breast Cancer Study Group. Effectiveness of adju-
vant chemotherapy in combination with tamoxifen for node-positive post-
menopausal breast cancer patients. J Clin Oncol 1997;15:1385-94.

56. Albain K, Green S, Osborne K, et al. Tamoxifen versus cyclophospha-
mide, adriamycin and 5-FU plus either concurrent or sequential tamoxifen
in postmenopausal receptor(+) node(+) breast cancer: a Southwest On-
cology Group phase III intergroup trial (SWOG-8814, INT-0100). Proc
Am Soc Clin Oncol 1997;16:128a. abstract.

57. Gelber RD, Cole BF, Goldhirsch A, et al. Adjuvant chemotherapy plus
tamoxifen compared with tamoxifen alone for postmenopausal breast can-
cer: meta-analysis of quality-adjusted survival. Lancet 1996;347:1066-71.
58. Saez RA, Osborne CK. Hormonal treatment of advanced breast can-
cer. In: Kennedy BJ, ed. Breast cancer. Vol. 1 of Current clinical oncology.
New York: Alan R. Liss, 1989:163-72.

59. Ravdin PM, Green S, Dorr TM, et al. Prognostic significance of pro-
gesterone receptor levels in estrogen receptor-positive patients with meta-
static breast cancer treated with tamoxifen: results of a prospective South-
west Oncology Group study. J Clin Oncol 1992;10:1284-91.

60. Buchanan RB, Blamey RW, Durrant KR, et al. A randomized compar-
ison of tamoxifen with surgical oophorectomy in premenopausal patients
with advanced breast cancer. ] Clin Oncol 1986;4:1326-30.

61. Ingle JN, Krook JE, Green SJ, et al. Randomized trial of bilateral oo-
phorectomy versus tamoxifen in premenopausal women with metastatic
breast cancer. ] Clin Oncol 1986;4:178-85.

62. Muss HB, Smith LR, Cooper MR. Tamoxifen rechallenge: response
to tamoxifen following relapse after adjuvant chemohormonal therapy for
breast cancer. ] Clin Oncol 1987;5:1556-8.

63. Ingle JN, Ahmann DL, Green SJ, et al. Randomized clinical trial of
diethylstilbestrol versus tamoxifen in postmenopausal women with ad-
vanced breast cancer. N Engl ] Med 1981;304:16-21.

64. Nemoto T, Patel J, Rosner D, Dao TL. Tamoxifen (Nolvadex) versus
adrenalectomy in metastatic breast cancer. Cancer 1984;53:1333-5.

65. Smith IE, Harris AL, Morgan M, et al. Tamoxifen versus aminoglu-

Volume 339 Number 22 1617

The New England Journal of Medicine
Downloaded from nejm.org at HEBREW UNIVERSITY on December 24, 2022. For personal use only. No other uses without permission.
Copyright © 1998 Massachusetts Medical Society. All rights reserved.



The New England Journal of Medicine

tethimide in advanced breast carcinoma: a randomized cross-over trial.
BMJ 1981;283:1432-4.

66. Kiang DT, Frenning DH, Vosika GJ, Kennedy BJ. Comparison of ta-
moxifen and hypophysectomy in breast cancer treatment. Cancer 1980;45:
1322-5.

67. Muss HB, Wells HB, Paschold EH, et al. Megestrol acetate versus ta-
moxifen in advanced breast cancer: 5-year analysis — a phase III trial of
the Piedmont Oncology Association. J Clin Oncol 1988;6:1098-106.

68. Muss HB, Case LD, Atkins JN, et al. Tamoxifen versus high-dose oral
medroxyprogesterone acetate as initial endocrine therapy for patients with
metastatic breast cancer: a Piedmont Oncology Association study. J Clin
Oncol 1994;12:1630-8.

69. Ingle JN, Twito DI, Schaid D], et al. Combination hormonal therapy
with tamoxifen plus fluoxymesterone versus tamoxifen alone in postmeno-
pausal women with metastatic breast cancer: an updated analysis. Cancer
1991;67:886-91.

70. Henderson IC. Chemotherapy for advanced disease. In: Harris JR,
Hellman S, Henderson IC, Kinne DW, eds. Breast diseases. Philadelphia:
J.B. Lippincott, 1987:428-79.

71. Lippman ME. Efforts to combine endocrine and chemotherapy in the
management of breast cancer: do two and two equal three? Breast Cancer
Res Treat 1983;3:117-27.

72. Bezwoda WR, Hesdorffer C, Dansey R, et al. Breast cancer in men:
clinical features, hormone receptor status, and response to therapy. Cancer
1987;60:1337-40.

73. Ribeiro G. Male breast carcinoma — a review of 301 cases from the
Christic Hospital & Holt Radium Institute, Manchester. Br J Cancer 1985;
51:115-9.

74. Bagley CS, Wesley MN, Young RC, Lippman ME. Adjuvant chemo-
therapy in males with cancer of the breast. Am J Clin Oncol 1987;10:55-
60.

75. Mercer RJ, Bryan RM, Bennett RC. Hormone receptors in male breast
cancer. Aust N Z J Surg 1984;54:215-8.

76. Vercoutere AL, O’Connell TX. Carcinoma of the male breast: an up-
date. Arch Surg 1984;119:1301-4.

77. Crichlow RW, Evans DB. Cancer in the male breast. In: Ariel IM,
Cleary JB, eds. Breast cancer: diagnosis & treatment. New York: McGraw-
Hill, 1987:516-28.

78. Anelli TE, Anelli A, Tran KN, Lebwohl DE, Borgen PI. Tamoxifen ad-
ministration is associated with a high rate of treatment-limiting symptoms
in male breast cancer patients. Cancer 1994;74:74-7.

79. Wiebe V], Osborne CK, Fuqua SAW, DeGregorio MW. Tamoxifen
resistance in breast cancer. Crit Rev Oncol Hematol 1993;14:173-88.

80. McDonald CC, Stewart HJ. Fatal myocardial infarction in the Scottish
Adjuvant Tamoxifen Trial: the Scottish Breast Cancer Committee. BM]J
1991;303:435-7.

81. Rutqvist LE, Mattsson A. Cardiac and thromboembolic morbidity
among postmenopausal women with early-stage breast cancer in a random-
ized trial of adjuvant tamoxifen. J Natl Cancer Inst 1993;85:1398-406.
82. Costantino JP, Kuller LH, Ives DG, Fisher B, Dignam J. Coronary
heart disease mortality and adjuvant tamoxifen therapy. J Natl Cancer Inst
1997;89:776-82.

83. Rossner S, Wallgren A. Serum lipoproteins and proteins after breast
cancer surgery and effects of tamoxifen. Atherosclerosis 1984;52:339-46.
84. Love RR, Newcomb PA, Wiebe DA, et al. Effects of tamoxifen therapy
on lipid and lipoprotein levels in postmenopausal patients with node-
negative breast cancer. J Natl Cancer Inst 1990;82:1327-32.

85. Williams JK, Wagner JD, Li Z, Golden DL, Adams MR. Tamoxifen
inhibits arterial accumulation of LDL degradation products and progres-
sion of coronary artery atherosclerosis in monkeys. Arterioscler Thromb
Vasc Biol 1997;17:403-8.

86. Love RR, Mazess RB, Barden HS, et al. Effects of tamoxifen on bone
mineral density in postmenopausal women with breast cancer. N Engl J
Med 1992;326:852-6.

87. Kristensen B, Ejlertsen B, Dalgaard D, et al. Tamoxifen and bone me-
tabolism in postmenopausal low-risk breast cancer patients: a randomized
study. J Clin Oncol 1994;12:992-7.

1618 - November 26, 1998

88. Powles TJ, Hickish T, Kanis JA, Tidy A, Ashley S. Effect of tamoxifen
on bone mineral density measured by dual-energy x-ray absorptiometry in
healthy premenopausal and postmenopausal women. J Clin Oncol 1996;
14:78-84.

89. Kristensen B, Ejlertsen B, Mouridsen HT, Andersen KW, Lauritzen
JB. Femoral fractures in postmenopausal breast cancer patients treated with
adjuvant tamoxifen. Breast Cancer Res Treat 1996;39:321-6.

90. Rutqvist LE, Cedermark B, Glas U, et al. Contralateral primary tu-
mors in breast cancer patients in a randomized trial of adjuvant tamoxifen
therapy. J Natl Cancer Inst 1991;83:1299-306.

91. Fornander T, Rutqvist LE, Cedermark B, et al. Adjuvant tamoxifen in ear-
ly breast cancer: occurrence of new primary cancers. Lancet 1989;1:117-20.
92. Wilking N, Isaksson E, von Schoultz E. Tamoxifen and secondary tu-
mours: an update. Drug Saf 1997;16:104-17.

93. Fisher B, Costantino JP, Wickerham DL, et al. Tamoxifen for preven-
tion of breast cancer: report of the National Surgical Adjuvant Breast and
Bowel Project P-1 Study. J Natl Cancer Inst 1998;90:1371-88.

94. Ribeiro G, Swindell R. The Christiec Hospital adjuvant tamoxifen trial
— status at 10 years. Br J Cancer 1988;57:601-3.

95. Love RR, Cameron L, Connell BL, Leventhal H. Symptoms associ-
ated with tamoxifen treatment in postmenopausal women. Arch Intern
Med 1991;151:1842-7.

96. Kaiser-Kupfer MI, Lippman ME. Tamoxifen retinopathy. Cancer Treat
Rep 1978;62:315-20.

97. Longstaff S, Sigurdsson H, O’Keeffe M, Ogston S, Preece P. A con-
trolled study of the ocular effects of tamoxifen in conventional dosage in
the treatment of breast carcinoma. Eur J Cancer Clin Oncol 1989;25:
1805-8.

98. Nayfield SG, Gorin MB. Tamoxifen-associated eye disease: a review.
J Clin Oncol 1996;14:1018-26.

99. Gorin MB, Day R, Costantino JP, et al. Long-term tamoxifen citrate
use and potential ocular toxicity. Am J Ophthalmol 1998;125:493-501.
100. Tamoxifen-associated eye toxicity. Bethesda, Md.: National Cancer
Institute, January 27, 1997 (memorandum).

101. Pritchard KI, Paterson AHG, Paul NA, Zee B, Fine S, Pater J. In-
creased thromboembolic complications with concurrent tamoxifen and
chemotherapy in a randomized trial of adjuvant therapy for women with
breast cancer. J Clin Oncol 1996;14:2731-7.

102. Levine MN. Prevention of thrombotic disorders in cancer patients
undergoing chemotherapy. Thromb Haemost 1997;78:133-6.

103. Potter GA, McCague R, Jarman M. A mechanistic hypothesis for
DNA adduct formation by tamoxifen following hepatic oxidative metabo-
lism. Carcinogenesis 1994;15:439-42.

104. Hard GC, Iatropoulos MJ, Jordan K, et al. Major difference in the
hepatocarcinogenicity and DNA adduct forming ability between toremifene
and tamoxifen in female Crl:CD(BR) rats. Cancer Res 1993;53:4534-41.
105. Muhlemann K, Cook LS, Weiss NS. The incidence of hepatocellular
carcinoma in US white women with breast cancer after the introduction of
tamoxifen in 1977. Breast Cancer Res Treat 1994;30:201-4.

106. Fisher B, Costantino JP, Redmond CK, Fisher ER, Wickerham DL,
Cronin WM. Endometrial cancer in tamoxifen-treated breast cancer patients:
findings from the National Surgical Adjuvant Breast and Bowel Project
(NSABP) B-14. J Natl Cancer Inst 1994;86:527-37.

107. Andersson M, Storm HH, Mouridsen HT. Incidence of new primary
cancers after adjuvant tamoxifen therapy and radiotherapy for early breast
cancer. ] Natl Cancer Inst 1991;83:1013-7.

108. Jordan VC, Morrow MM. Should clinicians be concerned about the
carcinogenic potential of tamoxifen? Eur J Cancer 1994;30A:1714-21.
109. Assikis VJ, Jordan VC. Gynecologic effects of tamoxifen and the
association with endometrial cancer. Int J Gynecol Obstet 1995;49:241-
57.

110. Hann LE, Giess CS, Bach AM, Tao Y, Baum H]J, Barakat RR. En-
dometrial thickness in tamoxifen-treated patients: correlation with clinical
and pathologic findings. AJR Am J Roentgenol 1997;168:657-61.

111. Shushan A, Peretz T, Uziely B, Lewin A, Mor-Yosef S. Ovarian cysts
in premenopausal and postmenopausal tamoxifen-treated women with
breast cancer. Am ] Obstet Gynecol 1996;174:141-4.

The New England Journal of Medicine
Downloaded from nejm.org at HEBREW UNIVERSITY on December 24, 2022. For personal use only. No other uses without permission.
Copyright © 1998 Massachusetts Medical Society. All rights reserved.



