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Abstract

Tamoxifen, a cornerstone in the adjuvant treatment of estrogen receptor-positive breast cancer, significantly reduces breast
cancer recurrence and breast cancer mortality; however, its standard adjuvant dose of 20 mg daily presents challenges due
to a broad spectrum of adverse effects, contributing to high discontinuation rates. Dose reductions of tamoxifen might be
an option to reduce treatment-related toxicity, but large randomized controlled trials investigating the tolerability and, more
importantly, efficacy of low-dose tamoxifen in the adjuvant setting are lacking. We conducted an extensive literature search
to explore evidence on the tolerability and clinical efficacy of reduced doses of tamoxifen. In this review, we discuss two
important topics regarding low-dose tamoxifen: (1) the incidence of adverse effects and quality of life among women using
low-dose tamoxifen; and (2) the clinical efficacy of low-dose tamoxifen examined in the preventive setting and evaluated
through the measurement of several efficacy derivatives. Moreover, practical tools for tamoxifen dose reductions in the
adjuvant setting are provided and further research to establish optimal dosing strategies for individual patients are discussed.

1 Introduction
Key Points

: : - Tamoxifen is a selective estrogen receptor (ER) modulator
LQW-dose tamoxifen has a superior tolerability compared  frequently used in the treatment of ER-positive breast cancer.
with standard-dose tamoxifen. In the adjuvant setting, tamoxifen 20 mg daily for 5 years

There is growing evidence that lower doses of tamoxifen reduces the breast cancer recurrence rate by approximately
also have antitumor efficacy, although this depends on 40% during the first 10 years of follow-up and decreases
tumor and patient characteristics. the annual breast cancer death rate by one-third [1, 2].

Tamoxifen is recommended for a duration of 5-10 years for
premenopausal patients and 2-3 years for postmenopausal
patients followed by 3-7 years of an aromatase inhibitor
[3-5]. Tamoxifen has been registered since 1973, but is still
a cornerstone in the treatment of ER-positive breast cancer,
especially for premenopausal women [6].

As an ER modulator, besides being an ER-agonist,
tamoxifen also acts as an ER-antagonist, depending on the
specific ER-containing tissue to which it binds [7]. Several
healthy tissues express ER. As a consequence, a variety of
(endocrine) adverse effects can occur after tamoxifen, or
its metabolites, bind to these receptors. For example, hot

Neoadjuvant window-of-opportunity trials could be used
to gain more evidence regarding clinical efficacy of low-
dose tamoxifen.
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are arthralgia, insomnia, mood alterations, weight gain and
vaginal dryness [9]. Venous thromboembolism (VTE) and
endometrial cancer can also occur and, although rare, are
serious adverse effects of tamoxifen [10-12]. The aforemen-
tioned adverse effects can have a huge impact on a patient’s
quality of life, especially since the duration of treatment in
the adjuvant setting can be up to 10 years [13]. This becomes
painfully visible as almost half of the patients discontinue
tamoxifen within 5 years due to adverse effects and one-third
of these patients discontinue tamoxifen already within the
first year of treatment [14—17]. Another substantial group of
patients adheres to tamoxifen therapy while compromising
on health-related quality of life [9, 13].

Tamoxifen is a prodrug and is metabolized by cytochrome
P450 (CYP) enzymes CYP2D6 and CYP3A4 to 4-hydroxy-
tamoxifen, N-desmethyl-tamoxifen and endoxifen [18]. Both
endoxifen and 4-hydroxy-tamoxifen have the highest affinity
for the ER (more than 300 times higher than tamoxifen);
however, endoxifen is considered the most important metab-
olite because it also has the highest plasma concentrations of
all metabolites [19-21]. Several retrospective studies among
primary breast cancer patients using tamoxifen 20 mg have
indicated an exposure-response relationship between endox-
ifen levels and tamoxifen efficacy, with suggested endox-
ifen thresholds varying from 10 to 16 nM [22-24]. Of these
thresholds, 16 nM is the most widely accepted, as shown
in the largest study thus far (1370 patients [23] compared
with 86 [22] and 306 patients [24]). It is also the most con-
servative threshold, minimizing the chance of patients inap-
propriately continuing to use an ineffective dose [25, 26].
However, until now no prospective study was able to confirm
the ‘definitive’ endoxifen efficacy threshold, possibly due to
inadequate statistical power [27-29]. The effect of tamoxifen
and metabolite levels on the occurrence of adverse effects
remains largely unclear. While some studies found no asso-
ciation between tamoxifen, endoxifen, 4-hydroxy-tamoxifen,
N-desmethyl-tamoxifen and adverse effects [30, 31], others
showed an association between elevated tamoxifen or endox-
ifen levels and increased adverse effects [32, 33]. Notably,
none of the patients in these studies were treated with tamox-
ifen doses that were lower than the standard dose of 20 mg.

The high incidence of tamoxifen-related adverse effects
affecting quality of life, as well as the high discontinuation
rate of tamoxifen among patients with ER-positive breast
cancer, raises the question whether reducing the dose of
tamoxifen could lead to a better toxicity profile without
reducing its efficacy. In the primary (for those at increased
risk for breast cancer) and secondary (for patients with pre-
malignant lesions) chemoprevention settings, tamoxifen
20 mg is also recommended in National Comprehensive
Cancer Network (NCCN) and American Society of Clini-
cal Oncology (ASCO) guidelines, as it can reduce the risk
for breast cancer development by one-third [34-37]. After
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a successful randomized controlled trial (RCT), low-dose
tamoxifen (5 mg) is also considered an option in the primary
and secondary chemoprevention settings [34, 35, 38]. In the
adjuvant setting, no RCT between tamoxifen 20 mg and
lower doses of tamoxifen has been performed thus far. Given
the impressively large number of patients needed, together
with the long duration of follow-up that would be required
to obtain firm conclusions [29, 39], it is highly unlikely that
such a study will ever be conducted. To determine whether
there are other possibilities to solve this pressing question,
the current literature was systematically reviewed to discuss
two important topics: (1) tamoxifen-related adverse effects
in women using low-dose tamoxifen compared with the
standard adjuvant dose of 20 mg or placebo; and (2) clini-
cal efficacy of low-dose tamoxifen compared with standard-
dose tamoxifen or placebo. Finally, based on these findings,
we attempted to provide practical advice on how to respond
when patients experience bothersome adverse effects of
tamoxifen.

2 Methods

We conducted a search of the Embase, Medline ALL, Web
of Science Core Collection and Cochrane Register of Con-
trolled Trials databases using the following search terms:
‘(tamoxifen) AND (drug dose reduction OR drug under-
dose) OR (tamoxifen NEAR (dose OR dosage OR reduct
OR decreas OR tapering OR low OR lower OR regiment OR
de-escalat OR adjustment OR modificat OR alter OR altered
OR change OR dependent OR underdose OR underdosage)’
up to 1 December 2023. We excluded reviews, guidelines
and editorials, prequels from other published studies, studies
where no lower doses of tamoxifen (i.e. below the standard
adjuvant dose of 20 mg) were investigated, studies where
tamoxifen was not continuously administered, and studies
where no adverse effects, clinical efficacy or suitable deriva-
tives for clinical efficacy of tamoxifen were assessed. To
qualify as a ‘suitable derivative for tamoxifen efficacy’, the
following criteria had to be met: (1) the derivative had to be
associated with breast cancer risk; (2) the derivative could
be influenced by tamoxifen; and (3) alteration of the deriva-
tive after tamoxifen could predict the long-term efficacy of
tamoxifen.

3 Results

Based on the systematic search, a total of 2081 results were
found and screened by title or abstract for relevance, lead-
ing to 106 relevant abstracts; 19 articles were eventually
included in this review. An overview of the article selection
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can be found in Fig. 1, and the studies discussed in this
review can be found in Table 1.

3.1 Dose of Tamoxifen and Adverse Effects

To determine whether taking a lower dose of tamoxifen
can decrease the high incidence of adverse effects, we first
investigated whether low-dose tamoxifen leads to fewer
adverse effects. An overview of the results considering low-
dose tamoxifen and menopausal symptoms can be found in
Table 2. Low-dose tamoxifen is defined as all tamoxifen
doses below the standard dose of 20 mg daily.

3.1.1 Menopausal Symptoms

3.1.1.1 Low-Dose Tamoxifen (<20 mg Once Daily) Compared
with Standard-Dose Tamoxifen (20 mg Once Daily) Two
studies compared the adverse effects of different levels of
low-dose tamoxifen with that of a standard daily dose of
tamoxifen 20 mg, and both showed a trend towards fewer
adverse effects with low-dose tamoxifen [40—42]. The first
study was a large RCT randomizing 1230 healthy women
with high mammographic density between placebo and
tamoxifen 1, 2.5, 5, 10 or 20 mg daily for 6 months. Adverse
effects were self-reported using the five-point Likert scale
questionnaires assessing symptoms of antihormonal treat-
ment of breast cancer. In this study, lower doses of tamox-
ifen led to fewer adverse effects, specifically in vasomotor
and gynecologic symptoms as well as muscle cramps [40,
41]. This reduction was however confined to premenopau-
sal women [41]. In the other much smaller study (n = 120),
tamoxifen 1, 5 or 20 mg daily was administered for 4 weeks
preoperatively to patients with invasive breast cancer.
Patients in the 1 or 5 mg tamoxifen group experienced fewer
hot flashes (32% and 36% in the 1 and 5 mg groups, respec-
tively, vs. 50% in the 20 mg group) and less vaginal dis-
charge (26% and 22% in the 1 and 5 mg groups, respectively,
vs. 47% in the 20 mg group) compared with patients in the
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Fig.1 Article selection; articles found by systematic search to 1
December 2023

tamoxifen 20 mg group [42]; however, these differences
were not statistically significant, likely because of the small
numbers of patients under study (only 40 participants per
dose group). From these data, it can be concluded that lower
doses of tamoxifen seem to lead to fewer adverse effects
than the standard dose [40-42].

3.1.1.2 Low-Dose Tamoxifen (<20 mg Once Daily) Com-
pared with Placebo The use of hormonal replacement ther-
apy (HRT) in healthy women is associated with an increased
risk for breast cancer development compared with non-users
[43]. In two primary prevention studies among healthy post-
menopausal women using HRT for menopausal symptoms,
women were randomized between low-dose tamoxifen or
placebo [44, 45]. Besides the incidence of invasive breast
cancer, menopausal symptoms were assessed in detail in
both studies. In the smaller study (n = 210) no difference
was found in 12 menopausal symptoms between women tak-
ing low-dose tamoxifen for 1 year compared with placebo
[44]. Women were randomized between tamoxifen doses of
1 mg daily, 5 mg daily, or 10 mg weekly, i.e. two-thirds of
the women taking tamoxifen received a very low tamoxifen
dose (1 mg tamoxifen daily or 10 mg tamoxifen weekly).
There was a trend towards more hot flashes, sweating and
vaginal discharge when the total weekly dose of tamox-
ifen increased. The second, much larger study (n = 1884)
showed that using tamoxifen 5 mg daily for 5 years led to
more hot flashes, nights sweats, vaginal discharge and vagi-
nal dryness compared with placebo [45]. The question is,
how generalizable these findings are for the general popula-
tion, since, in this study, there was a clear preselection of
women who had already proven to have complaints related
to the physiological menopause for which they used HRT.

In three prevention studies of patients with ductal car-
cinoma in situ (DCIS) or lobular carcinoma in situ (LCIS;
n =500 [38, 47] and n = 235 [48, 49]) and patients with a
history of chest irradiation (n = 72 [50]), the use of tamox-
ifen 5 mg daily for a period of 2-3 years was compared with
placebo. Studies assessed adverse effects using the Com-
mon Terminology Criteria for Adverse Events (CTCAE),
patient-reported symptoms, or menopause-related adverse
effects questionnaires. In most of the over 40 evaluated
adverse effects, no significant differences between tamox-
ifen and placebo were found. The same accounted for four
menopausal quality-of-life domains. However, compared
with placebo, tamoxifen did lead to increased frequency of
hot flashes, but without an increase in the intensity of the
hot flashes [38], as well as more fatigue and myalgia [50].
Unfortunately, in the latter study, no correction for multi-
ple testing was performed despite comparing 26 different
adverse effects.

Overall, low doses of tamoxifen (<5 mg daily) showed
a good safety profile. Although some increase in adverse
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effects was found with low-dose tamoxifen compared with
placebo in three of five prevention studies, this was in a
minority of the evaluated adverse effects [38, 45, 50].

3.1.1.3 Effect of Lowering the Tamoxifen Dose Two sin-
gle-arm studies assessed the effect on adverse effects of a
dose reduction of the standard tamoxifen dose (20 mg) in
the adjuvant setting in patients who experienced tamoxifen-
related adverse effects [51, 52]. In the first study, tamoxifen
dose was decreased from 20 to 10 mg daily in 20 patients
with invasive breast cancer experiencing severe hot flashes.
The investigators evaluated the effects using a specific hot
flash diary and measured subjective improvement in hot
flashes after 8 weeks of taking the reduced dose of tamox-
ifen 10 mg [51]. Seventeen patients (85%) reported a subjec-
tive improvement in hot flashes after dose reduction. There
was a numeric difference in hot flash score (131 points with
a 20 mg dose vs. 47 points with a 10 mg dose), although this
did not statistically differ. In a second study from our own
group, the tamoxifen dose was reduced from 20 to 10 mg
daily for 3 months in 17 patients with invasive breast cancer
experiencing bothersome tamoxifen-related adverse effects
who also had an endoxifen level >32 nM (i.e. two times
the conservative endoxifen efficacy threshold of 16 nM) [23,
52]. Endocrine symptoms (primary endpoint) and health-
related quality of life, both measured using the FACT-ES
questionnaire [53], were assessed at baseline and after
3 months of using a lower dose of tamoxifen. Both endo-
crine symptoms and health-related quality of life improved
statistically significantly and clinically meaningful in 41%
and 65% of patients, respectively. Almost three-quarters of
the patients graded the improvement in tamoxifen-related
adverse effects after tamoxifen dose reduction as sufficient.
Endocrine symptoms and health-related quality of life were
also evaluated in 60 patients who continued to take tamox-
ifen 20 mg for 3 months. No improvements were seen in
this group over time [52]. From these two studies, it seems
that lowering the dose of tamoxifen compared with a stand-
ard dose improves tolerability by reducing menopausal
symptoms, although performance bias due to the fact that
patients were not blinded for dose reduction cannot be fully
excluded.

3.1.2 Severe Adverse Effects: Endometrial Cancer
and Venous Thromboembolism

Besides menopausal symptoms, tamoxifen can also lead
to some rare but severe adverse effects, such as VTE and
endometrial cancer. The rate of endometrial cancer increases
approximately two to three times with tamoxifen compared
with breast cancer patients not using tamoxifen, although the
absolute incidence is very low (1.6/1000 patients) [54]. The
risk increases with a longer duration of tamoxifen therapy

[55], likely due to increasing cumulative tamoxifen dose
[56]. Endometrial polyps also occur more frequently with
tamoxifen use compared with non-users (>10% incidence
after 4 years of tamoxifen standard dose in postmenopau-
sal patients compared with non-tamoxifen users) and can
transform into endometrial cancer [57, 58]. It would be very
beneficial if reducing the dose of tamoxifen due to severe
menopausal symptoms could also diminish these risks.

Five studies that investigated the influence of low-dose
tamoxifen on endometrial polyps [38, 45, 48] or endometrial
cancer were identified [45, 59, 60]. All three studies that
investigated the incidence of endometrial cancer, using low-
dose (20 mg weekly, 5 mg daily) tamoxifen for 2 to 5 years
with a follow-up time of at least 5 years, included a large
number of women (sample sizes reaching from 500 to 1884).
Two studies included patients in a secondary chemopreven-
tion setting [59, 60] and one study investigated healthy
women receiving HRT [45]. None of these studies found
an increased incidence of endometrial cancer in the low-
dose tamoxifen group compared with the placebo group [45,
59, 60]. Three studies investigated low-dose tamoxifen and
the incidence of endometrial polyps [38, 48]. In two small
studies in the secondary chemoprevention setting (n = 500
and n = 235), a trend towards a higher incidence of endo-
metrial polyps was found in women using tamoxifen 5 mg
for 3 years compared with placebo, although this was not
statistically significant (11% vs. 7%, p = 0.62; and 2.8% vs.
1.6%, p = 0.54, respectively) [38, 48]. The third much larger
study among women receiving HRT (n = 1884) found an
almost five times higher significant increase in endometrial
polyps among those taking a daily dose of tamoxifen 5 mg
for 5 years compared with placebo (2.9% in the tamoxifen
group vs. 0.6% in the placebo group; relative risk [RR] 4.74,
95% confidence interval [CI] 1.96-11.5) [45]. These findings
imply that there is an increased risk of developing endome-
trial polyps when using low-dose tamoxifen compared with
placebo, although it is unknown how the low-dose tamox-
ifen polyp incidence compares with that of standard-dose
tamoxifen.

A tamoxifen dose of 20 mg daily results in an RR for
VTE ranging from 1.6 to 3.0 [61-64]. The reported VTE
incidence was 1-3% during standard dose tamoxifen treat-
ment, and most events occur within the first 2 years of treat-
ment [65, 66]. Two studies compared the incidence of VTE
between tamoxifen 5 mg daily for 3-5 years and placebo.
One study was performed in healthy women receiving HRT
(n = 1884) and the other study was performed in patients
with carcinoma in situ (n = 500). No significant difference
was found (0.5% for tamoxifen vs. 0.2% for placebo [RR
2.64,95% CI 0.51-13.6] and 0.4% for both tamoxifen and
placebo, with a p-value of 1.0, respectively) over a follow-up
period of 610 years [45, 67]. Although the first mentioned
study was in women receiving HRT [45], which might have
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influenced the VTE incidence because HRT leads to a higher
VTE risk itself [68], the absolute incidence for VTE is very
low. These findings support the idea that a reduction in
the tamoxifen dose may lead to a lower incidence of VTE
than standard tamoxifen dosing, although this has not been
directly investigated.

3.2 Dose of Tamoxifen and Clinical Efficacy

Thus far, no RCT investigating the efficacy between a stand-
ard tamoxifen dose of 20 mg and lower doses of tamoxifen
in the adjuvant setting has been conducted and is highly
unlikely to be conducted given the impressively large num-
ber of patients needed, together with the long duration of
follow-up that is required. Consequently, direct evidence
elucidating the clinical efficacy of lower tamoxifen doses
in the adjuvant setting is lacking. To answer the question
whether lower doses of tamoxifen still have antitumor effi-
cacy, a search was conducted for articles that evaluated lower
doses of tamoxifen versus a standard dose or placebo using
derived measures of tamoxifen efficacy in the adjuvant set-
ting. First, the efficacy of low-dose tamoxifen in preventing
the development of breast cancer (primary and secondary
chemoprevention) will be discussed. Second, two derived
measures of tamoxifen efficacy are discussed: (1) the effect
of tamoxifen on mammographic density; and (2) the effect
of tamoxifen on the proliferation marker Ki67. An overview
of the results of low-dose tamoxifen on the different clinical
efficacy derivatives can be found in Table 3.

3.2.1 Low-Dose Tamoxifen in Preventing Breast Cancer
Development

A standard dose of tamoxifen is known to be effective in
not only preventing breast cancer recurrence after invasive
breast cancer but also in primary and secondary prevention,
i.e. preventing (new) primary breast cancers in patients
with high breast cancer risk or a history of breast carci-
noma in situ, such as DCIS [36]. For example, in women
with DCIS, tamoxifen 20 mg reduces the risk of develop-
ing invasive breast cancer by 36% [36]. These findings have
resulted in ASCO and NCCN guidelines to consider a daily
dose of tamoxifen 20 mg for women with high risk for breast
cancer, DCIS or LCIS to prevent breast cancer development
[34, 35]. Aiming to increase the compliance for the primary
and secondary prevention indication, studies with low-dose
tamoxifen for this patient group were performed. Six pre-
vention studies (three observational and three randomized)
examined the clinical efficacy of low-dose tamoxifen in
terms of preventing the development of breast cancer [38,
45, 48, 59, 60, 69].

In three large observational studies, low-dose tamoxifen
(5 mg/day, 10 mg every other day, or 20 mg per week) for
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2-5 years was compared with no tamoxifen (not placebo-
controlled) in women who underwent surgery for DCIS [59,
60, 69]. They found approximately 30% reduction in breast
cancer risk in women taking low-dose tamoxifen (independ-
ent of dose) compared with women who did not use tamox-
ifen [59, 60, 69]. In subanalysis, the significant breast cancer
risk reduction of low-dose tamoxifen disappeared in women
below 50 years of age [59]. The same trend was seen for
premenopausal women [60].

Three randomized, placebo-controlled trials were con-
ducted in healthy women using HRT [45] and women with
carcinoma in situ [38, 48], comparing tamoxifen 5 mg daily
with placebo for 2-5 years. In two studies, only a numerical
(but not statistical) lower incidence of invasive breast cancer
or DCIS in tamoxifen-treated patients could be found [45,
48]. One study had a small sample size of only 60 patients
per treatment group [48] and the other study enrolled a sig-
nificantly lower number of women than estimated (n = 1884
instead of 4500) due to challenges in recruitment and an
earlier-than-expected cessation of inclusion, also leading to
a lack of power [45]. In the third study (n = 500), taking
tamoxifen for 3 years halved the incidence of breast can-
cer [38, 67]. Consistent with the observational studies, the
efficacy of low-dose tamoxifen was more pronounced in
postmenopausal women than in premenopausal women [67].

Taken together, these data provide evidence for the effi-
cacy of low doses of tamoxifen in the primary and secondary
prevention settings, mainly in postmenopausal women. It is
however not entirely clear whether the efficacy in prevent-
ing the development of primary breast cancer can simply be
translated into efficacy in preventing breast cancer recur-
rences in the adjuvant setting. Furthermore, no direct com-
parisons were made with tamoxifen 20 mg daily.

3.2.2 Lowering Mammographic Density as a Derived
Measure of Tamoxifen Efficacy

Mammographic density is based on the distribution between
stromal, epithelial and fat cells, where women with high
mammographic density have relatively more stromal and
epithelial cells and less adipocytes [70]. Several studies have
shown that high breast tissue density, as assessed by mam-
mography, is associated with an increased risk for develop-
ing breast cancer in both pre- and postmenopausal women
compared with low breast density [70-73]. Although it
is not completely understood why higher mammographic
density is associated with higher breast cancer risk, it is
hypothesized that a combination of higher cell proliferation
of stromal and epithelial cells and genetic damage to these
proliferating cells in dense breast tissue increases the risk of
breast cancer [74].

A standard dose of tamoxifen 20 mg daily can sig-
nificantly reduce mammographic density compared with
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placebo after 1 year of treatment [75]. Interestingly, in the
preventive setting, a reduction in mammographic density of
>10% after 1 year of tamoxifen 20 mg daily led to a reduc-
tion in breast cancer risk of 63% compared with a group of
women who received placebo [76]. This reduction in breast
cancer risk was not seen in women treated with tamoxifen
who experienced a <10% reduction in mammographic
density. Similar results were found in the adjuvant setting.
Breast cancer patients with a 20% reduction in mammo-
graphic density after an average of 1 year of standard-dose
tamoxifen had a 50% reduction in the risk for breast cancer-
specific death compared with patients taking tamoxifen with
no reduction in mammographic density [77].

Low doses of tamoxifen (5 mg daily) also led to a signifi-
cant reduction in mammographic density after 6—12 months
in women with a high baseline mammographic density [40],
HRT for menopausal symptoms [44], history of chest radi-
ation [50], or carcinoma in situ [48] compared with pla-
cebo (or ultra-low-dose tamoxifen) [40, 44, 48, 50], and a
non-inferior reduction compared with the standard dose of
tamoxifen [40]. Notably, the breast density reduction was
predominantly seen in premenopausal women [40, 48].

3.2.3 Ki67 Changes in Response to Endocrine Therapy

Tamoxifen slows the proliferation of breast cancer cells
by inhibiting the cell cycle from the G1-phase to the
S-phase [78]. To express the degree of proliferation in
cancer cells, Ki67 staining is often used. Ki67 is a nuclear
marker expressed in all phases of the cell cycle other than
the GO-phase, is absent in nuclei of resting cells, and is
expressed in proliferating cells [79, 80]. Ki67 is a well-
known prognostic marker in primary breast cancer [79, 81].
More interestingly, changes in Ki67 expression in cancer
cells in response to standard endocrine therapy have shown
to be strong predictive markers for efficacy of endocrine
therapy [81, 82].

Nearly 20 years ago, Dowsett et al. were the first to dem-
onstrate that only 2 weeks of endocrine therapy (tamox-
ifen or aromatase inhibitors) before surgery could lead to
a decrease in proliferation (expressed as a Ki67 decrease)
of ER-positive breast cancer cells, and that this phenom-
enon might be predictive of recurrence-free survival [83].
In the POETIC study, a large, randomized, phase III study,
it was confirmed that the effect of 2 weeks of preoperative
aromatase inhibitors on ER-positive breast cancer cell pro-
liferation was a strong predictor of time-to-recurrence and
therefore could be used as a surrogate endpoint for the long-
term efficacy of endocrine therapy [81]. These investigators
came to the conclusion that there is efficacy of the endocrine
therapy if the Ki67 falls below 10% after 2 weeks of treat-
ment. If the value is already below 10% before the start of
treatment, no reliable conclusion can be drawn as to whether

or not the endocrine therapy is effective. Since then, this
surrogate endpoint has been widely used in preoperative
endocrine therapy studies (both tamoxifen and aromatase
inhibitors) to answer important clinically relevant research
questions, of which the ADAPT study is a perfect example
[84, 85]. In that study, breast cancer patients who had an
adequate decrease in Ki67 after a short duration of neoadju-
vant endocrine therapy were spared adjuvant chemotherapy
[84]. In contrast, in the ongoing POETIC-A trial, breast can-
cer patients who did not have an adequate response in Ki67
after neoadjuvant endocrine therapy are offered additional
adjuvant abemaciclib (ClinicalTrials.gov NCT04584853)
[84].

The ability of low doses of tamoxifen to suppress the
proliferation of ER-positive breast cancer, as a measure of
efficacy, has been investigated in three studies, with some-
what conflicting results [42, 86, 87]. In the first study, three
groups of patients (40 patients per group) with ER-positive
breast cancer were randomized to treatment with tamox-
ifen 1, 5 or 20 mg compared with non-randomized breast
cancer patients who were not treated preoperatively. After
4 weeks of tamoxifen treatment, Ki67 decreased similarly in
all three treated groups (i.e. no dose response relation) and
the decrease was significantly lower than in the untreated
patient group. This suggests that treatment with a lower dose
of tamoxifen also shows antitumor activity. Furthermore, no
evidence of an association between change in Ki67 expres-
sion and concentrations of tamoxifen or 4-hydroxy-tamox-
ifen in serum could be found [88]. Unfortunately, no endox-
ifen levels were measured. In a second smaller study, these
results were confirmed [42]. Eighteen ER-positive breast
cancer patients were treated with tamoxifen 10 mg daily for
2 weeks and showed a significant reduction in Ki67, from a
mean expression index of 25% to a mean expression of 10%,
while in the control group who did not receive tamoxifen,
no significant reduction in Ki67 was seen [86]. In the third
study, these results could not be confirmed for ultra-low dose
tamoxifen. In that study, premenopausal patients with inva-
sive breast cancer (n = 125) were randomized between an
ultra-low dose tamoxifen 10 mg/week or placebo for 6 weeks
before surgery [87]. No significant decrease in Ki67 expres-
sion was seen after preoperative treatment with ultra-low-
dose tamoxifen among these premenopausal patients.

4 Discussion

Our review shows that low-dose tamoxifen demonstrates a
clinically relevant, better toxicity profile than standard-dose
tamoxifen, and that there is strong indirect evidence that
lower doses of tamoxifen also possess antitumor efficacy.
This is important because it could allow dose reduction in
those patients who experience bothersome adverse effects
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from tamoxifen at a standard dose of 20 mg daily. However,
in the absence of randomized trials in the adjuvant setting,
the challenge is to select the right patients with invasive
breast cancer for whom dose reduction can potentially be
used.

The ultimate goal of reducing the tamoxifen dose in
cases of severe adverse effects is to increase the adherence
to tamoxifen and thus improve the prognosis for breast can-
cer patients. Unfortunately, there were no studies in patients
with breast cancer that have examined whether lowering the
adverse effects by reducing the tamoxifen dose also led to an
increase in adherence. This has been investigated in preven-
tion studies with tamoxifen in women at high risk of devel-
oping breast cancer. Patients preferred low-dose tamoxifen
over standard-dose tamoxifen in the preventive setting [89,
90]. Furthermore, adherence rates were numerically higher
for low-dose tamoxifen (93.3% vs. 85%), although this did
not meet statistical significance [89]. Adherence between
placebo and low-dose tamoxifen was equal in several preven-
tion studies [38, 45, 49, 50]; however, treatment compliance
among study populations within prevention studies tends to
be lower than in the adjuvant setting, with adherence rates
often falling below 50% [91]. This can be partly attributed
to adverse effects, but might also be influenced by lower
intrinsic motivation of patients to use medication for pri-
mary or secondary prevention. Consequently, the findings
from such studies may possess limited generalizability to
the adjuvant setting.

A first evidence that lower doses of tamoxifen also have
an antitumor effect comes from preventive studies that
showed that low doses of tamoxifen compared with placebo
also prevent the development of breast cancer. This evi-
dence led to including tamoxifen 5 mg daily as an alternative
option (compared with tamoxifen 20 mg daily) for patients
with high breast cancer risk, DCIS, or other breast carci-
noma in situ, in the ASCO and NCCN guidelines [34, 35].
The effect of low-dose tamoxifen in primary prevention was
mainly observed in postmenopausal women. The explana-
tion of menopausal status as a possible effect-modifier must
likely be sought in the working mechanism of tamoxifen, i.e.
competitive inhibition of the ER with estradiol. In the stud-
ies that also included premenopausal women, these women
did not receive gonadotropin hormone-releasing hormone
(GnRH) agonists next to the tamoxifen treatment, and thus
estradiol levels were much higher compared with the post-
menopausal women. Moreover, in contrast with postmeno-
pausal women, estradiol levels increase with tamoxifen use
in premenopausal women [92]. The elevated estradiol levels
might compete with the relatively low endoxifen levels for
the ER. This could therefore explain the smaller preven-
tive effect of low-dose tamoxifen in premenopausal women.
Indeed, in one of the RCTs, the effect of low-dose tamoxifen
on breast cancer prevention also seemed more pronounced in
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women with lower than median, compared with higher than
median, estradiol levels [67, 93].

A second indirect indication that lower doses of tamoxifen
have an antitumor effect comes from studies that looked at a
decrease in mammographic density, which has been shown
to be predictive of reducing the risk of breast cancer recur-
rence [76, 77]. Although low-dose tamoxifen also reduces
breast density, this was found to be mainly the case in pre-
menopausal women. Although this seems in contrast with
the efficacy of low-dose tamoxifen in primary prevention
studies, the absence of an effect in postmenopausal women is
probably caused by the much lower mammographic density
at baseline found in postmenopausal women compared with
premenopausal women [94]. Unfortunately, for now, mam-
mographic density reduction does not seem to be practical
to use as an individual test for tamoxifen efficacy because of
the long duration of tamoxifen treatment (6—12 months) that
is needed to influence the density of the breast. One small
study (n = 42) showed significant mammographic density
reduction after 3 months of tamoxifen, but more research to
confirm this timing is needed [95]. Moreover, no clear limits
of adequate or inadequate mammographic density reduction
are known.

The results of the functional test used to determine the
efficacy of endocrine treatments by measuring Ki67 after
low-dose tamoxifen is probably the most compelling evi-
dence for efficacy of low-dose tamoxifen for invasive breast
cancer. Two studies showed this convincingly, although a
third study was seemingly in contrast with these findings
[87]. Seemingly, since three explanations could be given for
these findings. First, a tamoxifen dose of 10 mg/week might
be too low to be effective. A subanalysis of patients with a
normal CYP2D6 enzymatic function (in contrast to poor
or intermediate metabolizers) further supports this theory
[87]. In this analysis, in normal CYP2D6 metabolizers,
Ki67 did show a significant reduction after administration
of tamoxifen 10 mg weekly, likely because patients with
a normal CYP2D6 function reach higher endoxifen levels
than poor or intermediate metabolizers. Second, the post-
treatment breast cancer samples on which the Ki67 was
measured were derived from resection material (core cuts).
An additional analyses of the POETIC trial showed that in
patients who underwent a core biopsy and a resection after
a short duration of endocrine therapy preoperatively, the
decrease in Ki67 found on core biopsies was not seen on the
resection sample [96]. Although further research is needed
to clarify these findings, it could have played a role in this
study. Finally, as previously mentioned, treating premeno-
pausal patients with low-dose tamoxifen without a GnRH
agonist could result in inefficacy of tamoxifen due to the loss
of competition with high plasma estradiol levels for the ER.

How can the findings described in this review be applied
in the clinical setting for patients with bothersome adverse
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effects from standard doses of tamoxifen? One approach
could be a dose reduction of tamoxifen based on endoxifen
levels. For this approach, the precise threshold value for
endoxifen, the most active metabolite of tamoxifen, must
be known. Previous studies have shown different lower
limits ranging between 10 and 16 nM [22-24]. Based on
linear kinetics, it can be predicted that halving the tamox-
ifen dose approximately halves the level of endoxifen. If a
conservative lower limit for endoxifen of 16 nM is used, a
dose reduction can only be safely achieved in patients with
an endoxifen level of 32 nM or higher with the standard
tamoxifen dose. This seems to be the case for only 30% of
patients using tamoxifen at a standard dose of 20 mg [97]
(Fig. 2). Although the minimal effective concentration of
endoxifen is likely much lower, there is still too little evi-
dence to recommend a safe dose reduction based on a much
lower threshold of endoxifen. In addition, the efficacy of
tamoxifen is not only dependent on the dose but also on
factors such as tamoxifen resistance mechanisms and, impor-
tantly, the expression of ER- and PR receptors on the breast
tumor cells. Tamoxifen dose reduction based on endoxifen
levels alone therefore appears to be an approach that is too
limiting, as patient and tumor characteristics are not taken
into account enough.

The use of a functional endocrine sensitivity test could be
the fitting solution for individualized tamoxifen dosing in the
future. The difference in Ki67 percentage before and after
short exposure of tamoxifen treatment preoperatively could
serve as an endocrine sensitivity test used on an individual
base. This approach incorporates all individual patient and
tumor characteristics and could be performed preoperatively
without postponing breast cancer treatment. After all, after
2-3 weeks of preoperative treatment, often corresponding
to the waiting time until surgery, this test already leads to

Practical advice for patients receiving treatment

a result. Since endoxifen only reaches steady-state after 12
weeks, the endoxifen levels reached after 2-3 weeks will
be specifically low and therefore useful for tamoxifen dose
reduction in the case of adverse effects, when tamoxifen will
be administered in the adjuvant setting. Although promis-
ing, there are still some challenges that need to be resolved
before this test for tamoxifen sensitivity can be routinely
used in clinical practice. These include the Ki67 staining
on breast cancer cells causing high intra- and intervariabil-
ity in inexperienced hands, and the fact that demonstration
of the inefficacy of tamoxifen at a certain dose has not yet
demonstrated the efficacy of a somewhat higher dose. This
is likely the reason why, at the moment, this test is mainly
used within innovative trials.

5 Conclusions

Our review shows that low-dose tamoxifen has an improved
toxicity profile compared with standard-dose tamoxifen.
In the primary and secondary chemoprevention settings,
low-dose tamoxifen has already proven its clinical efficacy.
Although there is growing evidence that a lower dose of
tamoxifen may also have antitumor efficacy against ER-posi-
tive breast cancers, this cannot yet be translated into a gener-
ally accepted lower dose of tamoxifen at which efficacy is
guaranteed in the adjuvant setting. Nevertheless, in one-third
of patients with unacceptable adverse effects after receiving
standard doses of tamoxifen, a dose reduction of tamoxifen
can be performed based on endoxifen levels (Fig. 2). For the
remaining patients, further development of the functional
test based on the Ki67 changes on ER-positive breast can-
cer after a short preoperatively treatment with tamoxifen is
likely of great value.
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Fig.2 Practical advice for patients receiving treatment. Patients with
ER-positive breast cancer who were treated with adjuvant tamoxifen
reached steady-state levels of endoxifen after 3 months of treatment.
From then on, the endoxifen concentration should be measured at
least once. When a patient does not experience (bothersome) adverse
effects, the standard dose of tamoxifen 20 mg can be continued if the

endoxifen concentration is >16 nM. In case a patient experiences
bothersome adverse effects, for some patients tamoxifen dose reduc-
tion can be considered using the conservative endoxifen threshold of
16 nM. Al aromatase inhibitor, ER+ estrogen receptor-positive. Fig-
ure created with Biorender
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