
Introduction

At present, tamoxifen is the only proven oral agent for 

the adjuvant hormonal treatment of hormone receptor-

positive breast cancer in premenopausal women [1], and 

it can be used in both pre- and postmenopausal women 

who are at increased risk of breast cancer [2]. However, 

the toxicities of tamoxifen, such as thromboembolic 

events and endometrial cancer, still pose a clinically 

signifi cant problem overall, especially in the prevention 

setting. Novel strategies to reduce the adverse side eff ects 

of tamoxifen, while still retaining its benefi cial anti-

cancer properties, are currently being explored. One such 

strategy for improving the risk/benefi t profi le of this 

agent has been to examine the effi  cacy of lower doses, 

which are anticipated to be associated with lower toxicity. 

Another novel preventive strategy that is currently under 

investigation is the topical application of either tamoxifen 

or its active metabolites. Th ese two promising alter na-

tives, oral low dose and topical administration of tamoxi-

fen or its active metabolites, are discussed in the present 

review (Figure 1). Here we present the results of several 

phase II trials (listed in Table 1), a description of ongoing 

phase III trials, and future prospects using this approach.

Oral low-dose tamoxifen for breast cancer prevention

An overview of the adjuvant tamoxifen clinical trials 

revealed that the effi  cacy of 20 mg/day of tamoxifen was 
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equivalent to that of higher doses of the drug (that is, 30 

to 40 mg/day) [3]. Clinical studies addressing the minimal 

active dose of tamoxifen have not been conducted so far. 

On the other hand, data from animal studies indicate that 

reducing the tamoxifen dose to the human-equivalent 

dose of 1 mg/day does not diminish the drug’s inhibitory 

activity on mammary tumor formation [4]. Additional 

preclinical evidence has shown that the antitumor eff ect 

Figure 1. The eff ects of tamoxifen on human tissues. (a,b) Systemic administration of low tamoxifen (a) and topical administration of tamoxifen 

metabolites (b). Topical tamoxifen avoids high systemic exposure to 4-hydroxytamoxifen compared with standard oral tamoxifen, a 16- to 18-fold 

diff erence, thus reducing the risk of systemic side eff ects. Breast tissue concentrations seem to be suffi  cient to achieve inhibition of tumor cell 

proliferation to the same degree as that seen with the standard dose of oral tamoxifen (20 mg/day) but with much lower plasma levels. Tamoxifen 

has both good and bad eff ects on specifi c human tissues. Development of new approaches should maximize the good eff ects and minimize the 

bad eff ects.
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of the drug reaches a plateau above the concentration 

that saturates estrogen receptors [5,6].

Given the consistent data from adjuvant therapy trials 

of a dose- and duration-dependent risk of endometrial 

cancer during tamoxifen treatment [7-9] and taking into 

account the long plasma half life (4 to 11 days after the 

steady state is reached [10]), dose reduction and inter-

mittent administration off er plausible ways to improve 

Table 1. Summary of the main published trials on low dose tamoxifen

  Number of
Study  Treatment  patients Population  Primary endpoint  Comment 

Breuer et al. 

1998 [80]

TAM 20 mg/day (91%)

TAM 10 mg/day (9%)

1,385 

matched 

with 5,196 

controls

Women 65 years and older Bone fracture Although standard treatment 

of 20 mg TAM daily off ers no 

apparent protection against bone 

fracture in older nursing home 

residents, a daily 10 mg dose 

seems to be protective

Decensi et al. 

1998 [11]

Placebo

TAM 20 mg/day

TAM 10 mg/day

TAM 10 mg alternate 

days

127 Healthy women

Hysterectomized

35 to 70 years

Total cholesterol (primary)

Surrogate markers of 

cardiovascular disease, IGF-I

Up to a 75% reduction in the 

conventional dose of TAM (that 

is, 20 mg/day) does not aff ect 

the activity of the drug on a large 

number of biomarkers, most of 

which are surrogate markers of 

cardiovascular disease 

de Lima et al. 

2003 [25]

Placebo

TAM 5 mg/day

TAM 10 mg/day

TAM 20 mg/day

56 Premenopausal women 

with a diagnosis of 

fi broadenoma of the breast

ER alpha PgR Ki-67 apoptotic 

bodies and mitotic index

Excisional biopsy was performed 

on the 50th day of therapy. 

Normal breast tissue samples 

were collected during surgery. 

Diff erences in the expression of 

ERa, PgR, Ki-67, apoptotic bodies 

and mitotic index between the 

diff erent groups after treatment 

can be seen on the normal breast 

tissue

Decensi et al. 

2003 [26]

Decensi et al. 

2010 (f-up) [30]

TAM 1 mg/day

TAM 5 mg/day

TAM 20 mg/day

120 ER+, BC patients

4 weeks before surgery

Ki-67 modulation Ki-67 expression decreased to 

a similar degree among the 

three TAM dose groups. Ki-67 

expression after short-term TAM 

is a good predictor of recurrence-

free survival and overall survival

Decensi et al. 

2007 [44]

TAM 1 mg/day

TAM 5 mg/day

TAM 10 mg/week

Placebo

210 Current or de novo HRT 

users

IGF-I IGF-I declined in all TAM arms 

(P = 0.005), with a greater change 

on 5 mg/day. Tamoxifen did 

not increase endometrial Ki-67 

expression

Decensi et al. 

2009 [35]

TAM 5 mg/day

FEN 200 mg/day

TAM + FEN

Placebo

235 Premenopausal women

pT1mic/pT1a BC; 

OR Intraepithelial neoplasia;

OR Gail risk at fi ve years 

≥1.3%

Plasma IGF-I

Mammographic density; 

uterine eff ects; breast 

neoplastic events after 

5.5 years

Despite favorable eff ects 

on plasma IGF-I levels and 

mammographic density, the 

combination of low-dose TAM 

plus FEN did not reduce breast 

neoplastic events

Bonanni et al. 

2009 [41]

ANA 1 mg/day

TAM 10 mg/week

ANA + TAM

75 Postmenopausal women 

with previous breast 

intraepithelial neoplasia

Plasma drug concentrations

Biomarker modulation

The addition of weekly TAM 

administration did not impair 

anastrozole bioavailability and 

modulated favorably its safety 

profi le

Guerrieri Gonzaga 

et al. 2010 [49]

TAM 20 mg/week

TAM 5 mg/day

680 Women with previous DIN Second primary breast 

cancer (in situ or invasive)

High ER and especially high PgR 

expression is a signifi cant adverse 

prognostic indicator of DIN, and 

low-dose TAM appears to be an 

active treatment. Women with 

low-expression ER or PgR DIN do 

not seem to benefi t from TAM

ANA, anastrozole; BC, breast cancer; DIN, ductal intraepithelial neoplasia; ER, estrogen receptor; ER+, estrogen-receptor positive; FEN, fenretinide; HRT, hormone 
replacement therapy; IGF, insulin-like grow factor; PgR, progesterone receptor; TAM, tamoxifen.
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the safety profi le of tamoxifen. Together, all these obser-

vations suggest that the use of lower doses of the drug 

off ers a reasonable approach to minimizing toxicity while 

retaining activity.

Clinical trials of low-dose tamoxifen

To ascertain whether a reduction in the conventional 

dose of 20 mg/day is associated with diminished biologic 

activity, Decensi and colleagues [11] assessed the eff ects 

of diff erent doses of tamoxifen on a variety of biomarkers 

known to refl ect the pharmacodynamic activity of 

tamoxifen on diff erent target tissues. Th ese biomarkers 

include the blood lipid profi le [12], blood cell count 

[13,14], osteocalcin [15], fi brinogen and anti throm bin III 

[13,14], and circulating insulin-like growth factor (IGF)-I 

[16,17]. Importantly, some of these bio markers have been 

implicated as putative surrogate biomarkers of breast 

cancer risk. For instance, experi mental evidence indicates 

that when activated, the growth hormone/IGF-I axis not 

only promotes prolifer a tion of breast cancer cells [17,18], 

but also stimulates proliferation of normal breast 

epithelial cells [19]. Further more, a positive association 

between circulating IGF-I concentration and risk of 

breast cancer was found in a nested case-control study 

within the prospective Nurses’ Health Study cohort [20], 

which was recently confi rmed by an analysis of pooled 

individual data of 17 prospective studies [21].

Decensi and colleagues performed two experiments to 

assess the eff ect of low-dose tamoxifen in 127 healthy 

hysterectomized women aged 35 to 70  years, randomly 

assigned to placebo (n  =  31) or tamoxifen 20  mg/day 

(n  =  30) (fi rst experiment), and tamoxifen 10  mg/day 

(n  =  34) or tamoxifen 10  mg alternate days (n  =  32) 

(second experiment) [11]. Baseline and 2-month measure-

ments were compared for total cholesterol (primary 

endpoint) and other surrogate markers of cardiovascular 

disease and, in a subgroup of 103 women, IGF-I.

Reduction in the conventional dose of tamoxifen (20 mg/

day) by up to 75% did not aff ect the activity of the drug on 

a large number of biomarkers, most of which are surrogate 

markers of cardiovascular disease. In particular, after 

adjustment for the baseline values, there were reductions 

in circulating levels of total cholesterol and IGF-I of the 

same magnitude in all three tamoxifen treatment arms.

Further analysis focused on the eff ect of low-dose 

tamoxifen on the IGF system [22]. No signifi cant 

concentration-response relationship was observed 

between serum tamoxifen concentration and the bio-

marker changes except for the ratio of IGF-I/IGF binding 

protein (IGFBP)-3, which decreased by 1.53% (±0.68%; 

P  =  0.02) for each increase of 10  ng/ml in serum 

tamoxifen concentration [22].

A further investigation of the pharmacodynamic 

proper ties of tamoxifen at lower doses in a prevention 

setting involved a study of the eff ect on levels of 

ultrasensitive C-reactive protein (CRP), an index of low-

grade vascular infl ammation and an important risk 

marker for cardiovascular disease [23]. Tamoxifen at low 

doses is able to lower ultrasensitive CRP and this might 

be associated with a benefi cial eff ect on cardiovascular 

disease [24].

In a 2003 study, de Lima and colleagues [25] compared 

the eff ects of low tamoxifen doses for 50 days on breast 

biomarkers measured in normal breast tissue from 56 

premenopausal women with diagnoses of fibroadenoma 

of the breast. Excisional biopsy was performed on the 

50th day of therapy, and normal breast tissue samples 

were collected during surgery. Patients had been random-

ized in double-blind fashion to the following groups: 

group A, placebo (n  =  11); group B, tamoxifen 5  mg 

(n = 16); group C, tamoxifen 10 mg (n = 14); and group D, 

tamoxifen 20 mg (n = 15). In this study, diff erences in the 

observed changes in expression of estrogen receptor  

(ER) alpha, progesterone receptor (PgR), Ki-67 labeling 

index (LI), apoptotic bodies and mitotic indices among 

the four diff erent groups following treatment were seen 

in the normal breast tissue. No diff erence was noted 

among groups B, C, and D in post-treatment values for 

Ki-67 LI. Th ese observations led the authors to conclude 

that a lower dose of tamoxifen, which is expected to be 

asso ciated with fewer side eff ects, would not have a 

negative impact on the drug’s chemopreventive activity 

in the breast [25].

In the same year, Decensi and colleagues [26] analyzed 

the eff ects of tamoxifen at 1 mg/day and 5 mg/day relative 

to those of the standard dose of 20 mg/day on Ki-67 LI in 

breast tumor specimens using a presurgical model. Th e 

term ‘presurgical’ is used to describe a preoperative 

treatment of short duration (typically 2 to 4  weeks) 

before surgery, otherwise referred to as a ‘window of 

opportunity’ study. Th is approach can be used for any 

size of cancer provided it can be core biopsied, and the 

endpoints are molecular markers. Th e goals of testing a 

preventive agent using the presurgical model include: 

evaluation of target modulation after short drug exposure 

(2 to 4 weeks); pharmacokinetic assessment of a potential 

anticancer agent; and evaluation of markers that identify 

subsets of patients who are likely to benefit from the 

intervention, thereby laying the groundwork for subse-

quent targeting of appropriate patients in clinical trials 

that are powered to detect changes in clinical outcome.

Th e term ‘neoadjuvant’ is used to describe preoperative 

treatment for at least 2 months or longer for large cancers 

(typically ≥3  cm). Clinical response and pathological 

complete response are the main endpoints. Traditional 

goals of neoadjuvant therapy include downstaging to 

allow conservative surgery, identifi cation of response bio-

markers, and ultimately survival benefi t. At variance, the 
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presurgical window of opportunity studies will not lead 

to downstaging and clinical and pathological response 

rates are unrealistic objectives.

One hundred and twenty women with ER-positive 

breast cancer were randomly assigned to tamoxifen at 1, 

5, or 20 mg/day for 4 weeks before surgery. Additionally, 

Ki-67 was evaluated in two non randomized control 

groups who did not receive tamoxi fen (34 women with 

ER-negative breast cancer and 29 additional women with 

ER-positive breast cancer). Expression of Ki-67 decreased 

in all three tamoxifen dose-level groups, with no 

diff erence in the magnitude of reduction among the 

groups (P = 0.81). A dose-concentration relationship was 

observed for levels of tamoxifen and its metabolites in 

serum and cancer tissue. Preferential accumulation of 

tamoxifen in the breast was suggested by the observation 

that the concentrations in this tissue were 2 to 15 times 

the levels of drug and metabolites seen in the corres pond-

ing serum samples. Of note, a tamoxifen dose of 1 mg/day 

resulted in levels of 4-hydroxytamoxifen (4-OHT) in tissue 

that were approximately 10 to 20 times greater than the 

50% inhibitory concentration range observed in a number 

of MCF-7 breast cancer cell clones after 48 to 72  hours, 

namely, 0.5 to 5 nM, or 0.2 to 2 ng/ml [27].

Recently, short-term intervention with tamoxifen prior 

to surgery has shown that, following drug treatment, 

Ki67 levels have prognostic signifi cance for progression-

free survival at the standard dose as well as at lower doses 

[28-30]. Th is low-dose ranging study, after 7.2 years of 

follow-up [30], showed that women whose post-treat-

ment Ki-67 LIs were in the second (14 to 19%), third (20 

to 29%) and top (≥30%) quartiles had a hazard ratio (HR) 

for recurrence of 2.92 (95% confi dence interval (CI), 0.95 

to 8.96), 4.37 (95% CI 1.56 to 12.25) and 6.05 (95% CI 2.07 

to 17.65), respectively, when compared with those in the 

bottom quartile (Ki-67 LI <14%) (p-trend = 0.001). Ki-67 

response after short-term presurgical tamoxifen was a 

good predictor of recurrence-free survival and overall 

survival, further supporting its use as a surrogate 

endpoint biomarker to tailor adjuvant treatment to the 

individual patient and to screen novel drugs in a cost-

eff ective manner.

Clinical trials of low dose tamoxifen in combination with 

other agents

Tamoxifen and fenretinide
Th e hypothesis that tamoxifen and fenretinide off er a 

potentially benefi cial combination derived from animal 

studies showing a synergistic eff ect of the two agents on 

the inhibition of mammary carcinogenesis [31,32]. A 

phase III clinical trial showed that the potential 

preventive effi  cacy of fenretinide was evident only in 

premenopausal women [33]. Based on these fi ndings, a 

randomized double-blind 2 × 2 factorial design trial was 

implemented [34,35]. A total of 235 premenopausal 

women diagnosed with pT1mic/pT1a breast cancer or 

intraepithelial neoplasia, or 5-year Gail risk ≥1.3% were 

randomly allocated to tamoxifen 5  mg/day, fenretinide 

200  mg/day, their combination, or placebo. During the 

2-year intervention, tamoxifen significantly lowered IGF-

I and mammographic density by 12% and 20%, respect-

ively, fenretinide lowered them by 4% and 10% (not 

significantly), and their combination did so by 20% and 

22%, with no evidence for a synergistic interaction. Th e 

combination of low-dose tamoxifen plus fenretinide did 

not reduce breast neoplastic events compared to placebo, 

whereas both single agents, particularly fenretinide, 

showed numerical reduction of breast neoplasms [34,35].

Tamoxifen and aromatase inhibitors
Aromatase inhibitors have become the standard treat-

ment for ER-positive breast cancer in postmenopausal 

women [36,37]. Two of the three third generation 

aromatase inhibitors (anastrozole and exemestane) are 

being tested  - and one (exemestane) has recently been 

shown to be eff ective  - as chemopreventive agents in 

high-risk women [38]. Despite their promise for risk 

reduction, these agents are associated with increased 

rates of bone fracture, joint and tendon disorders, and 

possibly increased cardiovascular risk due to their pro-

found estrogen-suppressive eff ect. Moreover, pro longed 

aromatase inhibitor treatment may lead to the onset of 

endocrine resistance with the emergence of estrogen 

hypersensitive cell clones [39]. One possible approach to 

counteracting these adverse side eff ects, supplementation 

of the aromatase inhibitor with tamoxifen at the standard 

dose, has been addressed in the ATAC (Arimidex, 

Tamoxifen Alone and in Combination) trial [37,40]. In 

this trial, the aromatase inhibitor anastrozole was com-

pared with tamoxifen for 5 years in 9,366 postmenopausal 

women with localized breast cancer. Th e combination 

arm, anastrazole 1  mg/day plus tamoxifen 20  mg/day, 

was closed prematurely due to a lack of increased effi  cacy 

relative to tamoxifen alone. One possible explanation for 

this eff ect is that pharmacokinetic interference occurs 

between the two drugs. Intriguing results were obtained 

by Bonanni and colleagues [41] in their assessment of 

whether the addition of a low dose of tamoxifen 

infl uenced anastrozole bioavailability. Seventy-fi ve post-

meno pausal women with breast intraepithelial neoplasia 

were randomly allocated to anastrozole 1  mg/day, 

tamoxifen 10  mg/week or a combination of the two for 

12 months. Anastrozole concentrations were not aff ected 

by combination with low-dose tamoxifen. C-telopeptide 

levels, a biomarker of bone turnover, increased by 20% 

with anastrozole and decreased by 16% with tamoxifen 

and by 7% with the combination (P < 0.001 for both 

comparisons); osteocalcin, another marker of bone 
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turn over, showed similar changes. With respect to 

markers of breast cancer risk, compared with anastrozole, 

the combination arm was associated with a greater 

reduction in the ratio of IGF-I/IGFBP-3 levels (-17% 

versus -9%; P = 0.004) as well as the ratio of estradiol/sex 

hormone-binding globulin (SHBG) levels and estrone 

sulfate levels (-15% versus -29% and -30% versus -38%, 

respectively).  Endometrial thickness was not greater in 

the combi nation than in the anastrozole arm. In 

conclusion, the addition of a weekly low dose of 

tamoxifen did not impair anastrozole bioavailability and 

favorably modu lated its safety profi le, providing the 

rationale for larger studies of this combination treatment.

Tamoxifen and hormone replacement therapy
In the Italian Tamoxifen Prevention Study, 5,408 healthy 

hysterectomized women aged 35 to 70  years were 

randomized to tamoxifen 20  mg/day or placebo for 

5  years and hormone replacement therapy (HRT) was 

allowed [42]. After 81.2  months median follow-up, 79 

breast cancers occurred (34 on tamoxifen versus 45 on 

placebo, P = 0.215) [43]. In the subgroup of 1,580 women 

who used estrogen replacement therapy at some point 

during the study, 23 breast cancers were observed: 17 on 

placebo and 6 on tamoxifen (HR = 0.35, 95% CI 0.14 to 

0.89). Although this analysis had low power, this cohort 

of women using HRT seemed to benefi t from tamoxifen.

Th e safety and the activity of the combination of low-

dose tamoxifen with HRT were studied in a dose ranging 

trial [44]. Th e study included 210 current or de novo HRT 

users who were randomly assigned to one of the following 

four arms: tamoxifen 1  mg/day, tamoxifen 10  mg/week, 

tamoxifen 5  mg/day, or placebo for 12  months. Th e 

primary endpoint was the change of plasma IGF-I levels 

through 12 months, and secondary endpoints were IGF-I/

IGFBP-3 ratio, fibrinogen, antithrombin III, CRP, C-

telopeptide, mammographic percent density, and endo-

metrial thickness. Endometrial proliferation was assessed 

by Pipelle biopsy in superficial, deep glandular, and stromal 

compartments after 12  months. Compared with placebo, 

IGF-I (primary endpoint) declined in all tamoxifen arms 

(P = 0.005), with a greater change on 5 mg/day compared 

to 10  mg/week or 1  mg/day (P  =  0.019). Among 

cardiovascular biomarkers, tamoxifen favorably modulated 

high sensitivity CRP and anti thrombin III, but not lipids 

and fibrinogen, and 5  mg/day was superior to the lower 

doses in modulating both biomarkers. Importantly, no 

eff ect of tamoxifen at low doses was found on endometrial 

tissue biomarkers. While endometrial thickness was 

significantly augmented (stromal hypertrophy), this was 

not associated with histo logical alterations, nor was there 

an increase in cell proliferation measured by Ki-67. 

Menopausal symptoms were not signifi cantly worsened by 

tamoxifen. In con clu sion, doses of tamoxifen ≤5  mg/day 

favorably modulated biomarkers of breast carcinogenesis 

and cardiovascular risk in HRT users without causing 

increases in a biomarker of endometrial proliferation and 

menopausal symptoms. A dose of 5 mg/day was the most 

eff ective.

Th e Hormone Replacement Th erapy Opposed by Low 

Dose Tamoxifen (HOT) study is a multicenter phase III 

trial in postmenopausal healthy women, current or de 

novo HRT users, randomized to either tamoxifen 5 mg/day 

or placebo for 5 years, with 5 years of follow-up. Th e trial is 

designed to assess whether the combination of HRT and 

low-dose tamoxifen retains the benefi ts while reducing the 

risks of either agent. Th e HOT trial com pleted its accrual 

in 2007, with 1,884 subjects enrolled [45]. At 7.7  years 

mean follow-up, 43 breast cancers were diagnosed. A 

trend toward a benefi cial eff ect from low dose tamoxifen 

in reducing breast cancer events was observed, with 

greater effi  cacy being seen in the ER+, PgR+, Ki-67 <14% 

subgroup (HR = 0.32; 95% CI 0.12 to 0.86) [46].

Low-dose tamoxifen and intraepithelial neoplasia
Th e results of the studies discussed above prompted the 

introduction in 2004 of low-dose tamoxifen in diff erent 

forms, 5 mg/day or 10 mg on alternate days or 20 mg per 

week, into the European Institute of Oncology (EIO) 

clinical guidelines for management of hormone-respon-

sive ductal carcinoma in situ of the breast, recently re-

named ductal intraepithelial neoplasia (DIN) at the EIO 

[47] in 2004. Th e cancer prevention group investigated 

the postsurgical treatment outcomes of women 

undergoing breast conserving surgery (n  =  974) or 

mastectomy (n = 293) at the EIO between 1996 and 2005, 

with follow-up until December 2006 [48]. A subsequent 

analysis specifi cally assessed the eff ect of low-dose 

tamoxifen on the incidence of breast cancer events 

according to the expression levels of ER and PgR [49]. A 

total of 309 patients with DIN received low-dose tamoxi-

fen and were compared with 371 patients with DIN who 

received no systemic treatment after surgery. Women 

with DIN in which both ER and PgR were >50% who were 

not treated experienced a higher incidence of breast 

events than women with similar ER/PgR levels taking 

tamoxifen (HR 1.76; 95% CI 1.00 to 3.12) or women with 

ER and PgR <50% DIN (HR 1.72; 95% CI 1.14 to 2.58) 

receiving or not receiving tamoxifen. Among untreated 

patients with ER >50% DIN, recurrence was higher in 

PgR ≥50% DIN than in PgR <50% DIN. Th e recurrence 

rate in the latter group resembled that seen in low PgR 

(<50%) DIN regardless of tamoxifen treatment; tamoxifen 

conferred no benefi t in this low PgR subgroup. No 

diff erence in endometrial cancer incidence was noted. In 

conclusion, high ER and especially high PgR expression 

was a significant adverse prognostic indicator of recur-

rence, and low-dose tamoxifen appeared to be an 
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eff ective treatment. Women with low-expression ER or 

PgR DIN do not seem to benefit from tamoxifen.

Ongoing trials of low-dose tamoxifen
Th e utility of preventive low-dose tamoxifen is currently 

being evaluated in an entirely diff erent cohort of high-

risk women: female survivors of Hodgkin lymphoma who 

were previously treated with ≥15 Gy of mantle irradiation 

to the chest before age 30 (NCT01196936) [50]. In this 

phase IIb randomized, double-blind, placebo-controlled 

trial, 300 eligible women are being randomized to 

tamoxifen 5  mg/day or to placebo for 2  years. Breast 

tissue is sampled using random peri-areolar fi ne needle 

aspiration both before and at the end of the 2-year 

treatment period. Th e primary endpoint of the trial is 

change in mammographic density.

An Italian multicenter phase III trial is currently on going 

to evaluate the effi  cacy and safety of tamoxifen 5 mg/day 

for reducing breast cancer incidence in 1,400 women 

operated on for lobular intraepithelial neoplasia (LIN 2, 3) 

or ER-positive DIN (DIN 1 to 3; 1a is excluded) 

(NCT01357772) [51]. In addition to the primary end point 

of incidence of invasive breast cancer and ductal 

carcinoma in situ (DIN 1c, 2, 3) of the breast, the study is 

also examining endometrial cancer, clinical bone frac tures, 

cardiovascular events, venous thromboembolic events, 

and clinically manifest cataracts and overall mortality.

Localized therapy: topical and intraductal 

tamoxifen for breast cancer prevention

Clinical concerns about oral tamoxifen for breast cancer 

prevention

Tamoxifen is a pro-drug, requiring conversion by the 

phase I drug metabolizing cytochrome P450 enzymes, 

pre dominantly CYP2D6 but also CYP3A4/5 among 

others, to its major anti-estrogenic metabolites [52]. 

Toxicity can result from systemic administration, due to 

the activity of tamoxifen in non-breast tissues. Th is off -

target action, often seen with long-term systemic expo sure 

to tamoxifen, is associated with hot fl ashes, night sweats, 

and menstrual irregularity, as well as the more serious 

risks of thromboembolism and endometrial cancer [53]. In 

women with DIN and those at high risk of breast cancer, 

eff ective concentrations are required only in breast tissue; 

systemic exposure is redundant, and minimization of side 

eff ects is essential, since agents off ered to healthy high-risk 

women need to be both safe and well tolerated.

Local percutaneous administration of drugs to the breast: 

setting the stage for topical tamoxifen for breast cancer 

prevention

Experience with topical drugs
Transdermal delivery has long been recognized as an 

eff ective alternative to conventional systemic therapy, 

including oral administration. When delivered trans-

dermally, a drug is characterized by distinct pharmaco-

kinetics, with longer retention in the local tissue. 

However, due to the eff ectiveness of the barrier function 

of the stratum corneum, only a relatively small number of 

lipophilic drugs with low molecular weights (<500  Da) 

have been successfully formulated for these purposes. 

Among the drugs delivered successfully by the percu-

taneous route, the reproductive hormones, including 

HRT and contraceptive patches, are in standard clinical 

use. Progesterone was the fi rst hormone tested for local 

treatment in benign breast diseases [54,55]. Topical daily 

application of progesterone, 50 mg in hydroalcoholic gel 

for 3  months, was effi  cacious in treating benign breast 

diseases (mastodynia, fi broadnomas, and so on) [56,57]. 

Th is benefi t resulted from local antiestrogenic activity of 

progesterone in the breast [54,55].

Since tamoxifen is a pro-drug requiring hepatic activa-

tion, the transdermal approach may not be suitable per 

se. A more reasonable approach is to utilize its more 

active metabolites. Mauvais-Jarvis and colleagues [58] 

determined that the tamoxifen metabolite 4-OHT, like 

progesterone, could be concentrated directly in the breast 

tissue. A pre-surgical study of 12 women with ER-positive 

breast cancer was undertaken to compare the concen-

tration and metabolism of 3H-labeled trans-4-OHT with 

that of tamoxifen following topical administration to the 

aff ected breast for up to 7 days [58]. Surgically resected 

breast tissue obtained 12 to 24  hours after one topical 

dose (80 μCi in 60% alcoholic solution for each drug) 

exhibited detectable levels of both 4-OHT and tamoxifen 

in the breast tumor tissue as well as the surrounding 

normal mammary tissue. Although the maximal concen-

tration of both 4-OHT and tamoxifen in the breast tissue 

was reached 24 hours after a topical application, 4-OHT 

was retained for a much longer period in the breast than 

was tamoxifen. Plasma kinetics for 4-OHT and tamoxifen 

revealed that tamoxifen appeared in plasma more rapidly 

and decreased faster than did 4-OHT, possibly related to 

the lower affi  nity of tamoxifen for the ER present in 

breast tumors and breast epithelium.

Moreover, 4-OHT exhibited site-dependent retention, 

showing higher retention in breast tissue compared to the 

abdomen, arm or shoulder [59]. Th e investigators 

attributed this diff erential accumulation to the binding of 

4-OHT to ERs present in breast tumors and breast 

epithelium. However, receptor binding alone is insuffi   cient 

to explain 4-OHT retention in the breast [60]. A more 

plausible explanation relates to the embryological origin of 

the breast as a skin appendage (that is, a modifi ed sweat or 

apocrine gland). Th e breast gland (paren chyma) and its 

skin envelope develop embryo logically as a single unit with 

a well-developed internal lymphatic (and venous) 

circulation [61]. Th ese embryo logical observations are 
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supported by the common drainage patterns of the skin and 

parenchyma of the breast; both drain into the same sentinel 

lymph nodes [62]. Th is mutual drainage of skin and 

parenchyma predicts that other drugs applied to the skin of 

the breast should also concentrate in the parenchyma to a 

greater degree than would be expected based on systemic 

absorption and delivery through the circulation.

Preclinical studies have been comparing 4-OHT with 

endoxifen, which is expected to have a stronger anti-

estro genic eff ect [63]. However, the permeation of 

endoxifen into human skin was not as effi  cient as that of 

4-OHT in a vehicle of 60% (v/v) ethanol-phosphate buff er. 

Th e addition of 1% (v/v) oleic acid greatly im proved 

permeation of endoxifen over a 24-hour period [64].

Proof-of-principle studies paving the way for topical 
tamoxifen
Investigations that lay the groundwork for using tamoxi-

fen locally include studies on mastalgia and one pre-

surgical (window-of-opportunity) trial.

In the setting of mastalgia, several European studies have 

examined the relief of breast pain or tenderness following 

topical application of a hydro-alcoholic gel of 4-OHT 

(Besins, France). Most recently, a randomized phase II trial 

compared a placebo control group to two treated groups 

(4 mg/day and 2 mg/day) for 4 months with respect to a 

primary effi  cacy endpoint of change in mean pain intensity 

as measured by the Visual Analog Scale [65]. Th e Visual 

Analog Scale results showed a statistically signifi cant 

improvement with the 4-OHT gel at a 4 mg/day concen-

tration for four menstrual cycles, despite the fact that the 

resulting average plasma levels of 4-OHT, 50 ± 64 pg/ml 

(mean  ± standard deviation), were much lower than the 

levels seen with oral tamoxifen. Systemic side eff ects, such 

as hot fl ashes and headache, were infrequent. Th us, 

4-OHT gel delivered potent and sustained antiestrogenic 

eff ects to target tissue while avoiding the side eff ects 

associated with first-pass meta bolism of tamoxifen.

Th e potential chemopreventive eff ect of topical applica-

tion of 4-OHT was tested by Rouanet and colleagues [66] 

in a presurgical trial of 55 postmenopausal women with 

T1 or T2 invasive ER-positive breast cancer. Following 

randomization into fi ve groups, patients were treated for 

2 to 3  weeks; three groups received topical 4-OHT gels 

(0.5, 1, or 2  mg/breast/day), one group received oral 

tamoxifen (20  mg/day), and the fi fth group received no 

treatment. Th e primary endpoints were reductions in the 

tumor tissue proliferation indices, Ki-67 and PCNA 

(proliferating cell nuclear antigen). Among the 45 

patients assessable for effi  cacy, the treatment groups 

were compared with respect to diff erences in tumor 

tissue Ki-67 levels between baseline and after 2 to 

3  weeks of treatment [66]. Drug-treated groups (topical 

4-OHT gels and oral tamoxifen) showed a signifi cant 

decrease in median Ki-67 levels relative to the no-

treatment group (P  =  0.0055). No signifi cant dose-

dependent diff erence in reduction of Ki-67 levels was 

observed among the three topical 4-OHT groups 

(P = 0.07; median values of reduction in Ki-67 levels were 

-3.8 for oral tamoxifen (20 mg/day, n = 10) and -0.8, -4.5, 

-3.9 for 4-OHT gels 0.5 mg/day (n = 8), 1 mg/day (n = 9), 

and 2  mg/day (n  =  8), respectively. When applied to 

breast skin daily, 1 or 2  mg 4-OHT hydroalcoholic gel 

therefore resulted in suffi  cient breast tissue concentra-

tions to achieve inhibition of tumor cell proliferation to 

the same degree as seen with the standard dose of oral 

tamoxifen (20  mg/day) but with much lower plasma 

levels. Hot fl ushes were reported in the oral tamoxifen 

group and the 1 and 2  mg/day gel treatment groups, 

whereas no side eff ects were experienced in the 0.5 mg/

day and no treatment groups. Importantly, all patients 

were postmenopausal women who experienced some 

level of baseline hot fl ushing. Yet, an exacerbation related 

to systemic exposure to 4-OHT cannot be ruled out, 

since this was a very short-term study and low plasma 

levels were achieved, suggesting some systemic eff ect. In 

conclusion, percutaneous 4-OHT gel had a local impact 

on tumor proliferation, suggesting its possible use in 

future prospective trials of chemoprevention.

Phase II-B study of 4-OHT gel in women with DIN
Th e same formulation of 4-OHT that was used (Besins, 

France) in prior studies [65,66] was incorporated by Khan 

and colleagues into an NCI/DCP supported multi-center 

presurgical study in women with DIN (NCT00952731) 

[67] in the US. Women with ER-positive DIN based on a 

core-biopsy diagnosis were randomized to either oral 

tamoxifen 20 mg/day or a 4-OHT gel at a dose of 4 mg/

breast/day that is applied topically once daily for 6 to 

10 weeks. Th e primary endpoint, decreased cell prolifera-

tion in the DIN lesion, is refl ected in the Ki-67 level. 

Additional parameters of interest include breast versus 

systemic concentrations of 4-OHT and its isomers, 

eff ects on the coagulation cascade, and the occurrence of 

hot fl ushes. Analyses of blood and tissue specimens 

collected from 22 women are currently being carried out. 

Th is study is expected to provide data on the effi  cacy and 

tolerability of topical 4-OHT at a dose twice that used in 

the prior study by Rouanet and colleagues [66] and to 

off er more extensive information relating to toxicity, 

especially hot fl ushes and hypercoagulability. Exploratory 

analyses of tamoxifen metabolism genotypes in relation 

to effi  cacy, tolerability and coagulability are also planned. 

Th e treatment interval is too short to assess uterine eff ects.

Intraductal instillation of tamoxifen metabolites
Intraductal instillation of 4-OHT or endoxifen off ers yet 

another localized approach to prevention. Th e feasibility 
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of this method is evident in its use in the treatment 

setting. In a recently completed phase I study, successful 

intraductal administration of pegylated liposomal doxo-

rubicin was carried out in 15 of the 17 women 2 to 

4 weeks prior to surgery for early stage breast cancer. Th e 

failures of intraductal administration were due to extent 

of disease or previous excisional biopsy [68]. Of interest, 

preclinical intraductal administration of 4-OHT has been 

shown in the N-methyl-N-nitrosourea-induced rat model 

of ER-positive breast cancer to prevent tumorigenesis 

[69]. Th e same intraductal approach is being applied in 

the prevention setting in a pilot study of women with 

core biopsy-documented DIN using an intraductal 

injection of pegylated liposomal doxorubicin followed by 

4 to 6 weeks of observation prior to defi nitive surgery 

(NCT00671476) [70].

Conclusions

Tamoxifen for use in the breast cancer prevention setting 

is supported by strong evidence, including phase III 

clinical trials. Based on clinical trial data, tamoxifen was 

approved for risk reduction by the US Food and Drug 

Administration (FDA) in 1998, and it has been endorsed 

for this purpose in specifi c categories of women by the 

American Society of Clinical Oncology Clinical Practice 

Guidelines committee [2,71,72]. In spite of these support-

ing factors, tamoxifen continues to have low acceptability 

in the community of high-risk women and their 

physicians, who are primarily non-oncologists [4,73-75]. 

Th is limited uptake of tamoxifen for prevention has been 

attributed primarily to concerns about drug toxicities 

and a perceived unfavorable balance between risks and 

benefi ts. Th ese concerns about drug toxicity are exacer-

bated by the lack of experience with oncology drugs 

among the internists, gynecologists and family 

practitioners who generally see and counsel high-risk 

women. Th ese primary care physicians are often reluc-

tant to prescribe tamoxifen, which they perceive as a 

‘cancer drug’ that has challenging side eff ects.

In order to reduce the risk of these adverse events, 

eff ective and safer drugs are being developed that could 

potentially replace tamoxifen as preventive agents in 

high-risk women. Novel endocrine agents, including 

both newer selective ER modulators (raloxifene) [76] and, 

more recently, third generation aromatase inhibitors 

(exemestane and anastrozole) [38,77], have been or are 

being evaluated in phase III clinical trials as breast cancer 

risk-reducing agents. All of these drugs, however, are 

limited to postmenopausal women, leaving tamoxifen as 

the only chemopreventive drug for premenopausal women 

who are at increased risk of breast cancer.

Both low dose tamoxifen and topical transdermal 

application of tamoxifen metabolites off er two promising 

strategies for reducing side eff ects relative to standard 

dose oral tamoxifen in the breast cancer prevention 

setting. Several phase II trials have demonstrated that 

low-dose tamoxifen retains biological activity while 

potentially having lower toxicity. Th ese clinical trial 

fi ndings, together with data from observational studies, 

suggest clinical value of low-dose tamoxifen for preven-

tion [26,35,41,44,49]. Th e ongoing phase III trials will 

help to defi ne more clearly the risk:benefi t ratio of low-

dose tamoxifen.

Topical applications are of great interest but drug 

formulation and dosage require close examination. Follow-

ing transdermal application of 4-OHT in the studies 

conducted so far, very low plasma concentrations of the 

drug have been observed. Th ese low plasma levels in the 

setting of a topical approach that bypasses fi rst-pass 

metabolism in the liver suggest that there should be a 

reduction in systemic toxicity [58,59,65,78,79]. Together, 

these features strongly support the development of 

localized interventions for breast cancer prevention.
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