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Background: Tamoxifen is important in the adjuvant treatment of hormone-sensitive breast cancer and substantially
reduces recurrence; however, almost 50% of patients are non-compliant mainly due to side-effects. The aim of this
study was to investigate whether endoxifen-guided tamoxifen dose reduction could lead to fewer side-effects.
Materials and methods: Effects of tamoxifen dose reduction were investigated in patients with bothersome side-effects
and endoxifen levels >32 nM and compared to patients with side-effects who remained on tamoxifen 20 mg. Endocrine
symptoms and health-related quality of life (HR-QOL) were assessed after 3 months with the Functional Assessment of
Cancer Therapy—Endocrine Symptoms (FACT-ES) questionnaire.

Results: Tamoxifen dose was reduced in 20 patients, 17 of whom were assessable for side-effect analyses. A clinically
relevant improvement of >6 points was observed in endocrine symptoms and HR-QOL in 41% and 65% of the patients,
respectively. In total, there was a significant and clinically relevant improvement in endocrine symptoms [5.7, 95%
confidence interval (CI) —0.5-11.5] and HR-QOL (8.2, 95% Cl 0.9-15.4) after dose reduction. This was not seen in
patients whose doses were not reduced (n = 60). In 21% of patients, endoxifen dropped slightly below the 16-nM
threshold (12.8, 15.5, 15.8, 15.9 nM).

Conclusions: Endoxifen-guided dose reduction of tamoxifen significantly improved tamoxifen-related side-effects and

HR-QOL. Nearly 80% of patients remained above the most conservative endoxifen threshold.
Key words: early breast cancer, endoxifen, side-effects, therapeutic drug monitoring, dose reduction

INTRODUCTION

Tamoxifen is currently recommended in the adjuvant
treatment of early estrogen receptor-positive breast cancer
for 5-10 years for premenopausal women and for 2-3 years
for postmenopausal women.' Unfortunately, during this
long treatment period many patients experience tamoxifen-
related side-effects such as hot flashes, arthralgia, vaginal
dryness, mood alterations and insomnia.” Therefore, almost
20% of all patients stop tamoxifen treatment already in the
first year of therapy and another annual 5%-10% of patients
are non-compliant for the remainder of the treatment
period.3'4 For patients remaining on tamoxifen therapy, a
substantial proportion of them have side-effects impacting
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their quality of life.” Despite the high incidence of this
problem, there is currently a lack of successful interventions
in case patients experience tamoxifen-related side-effects.
A possible solution could be to carry out dose reductions in
patients who experience many side-effects. From earlier
research—where tamoxifen was prescribed to patients with
high mammographic density—we already know that the
incidence of tamoxifen-related side-effects was =50% lower
with tamoxifen 1-5 mg daily compared to tamoxifen 20 mg
daily.® In another study with patients with ductal carcinoma in
situ, tamoxifen 5 mg daily led to side-effects which were
equal to placebo.” Also, a study with tamoxifen in the pre-
ventive setting showed that the tamoxifen discontinuation
rate of tamoxifen 5 mg daily was almost two-thirds lower than
when tamoxifen 20 mg was prescribed.® Thus, in the non-
invasive setting, lower dosing of tamoxifen seems effective
in reducing side-effects. However, surprisingly, in primary
breast cancer patients on adjuvant tamoxifen, the effect of
dose reduction on side-effects has hardly been studied.
Tamoxifen is a prodrug and is metabolized in, mainly,
endoxifen, the metabolite that contributes for the most part
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to the antiestrogenic effect of tamoxifen.>*® Endoxifen can

be measured easily in plasma.'* There are several retro-
spective studies suggesting an exposure—response relation-
ship for endoxifen.””* An analysis including 1370 patients
receiving adjuvant tamoxifen found that patients in the
lowest endoxifen exposure quintile (up to 16 nM) had a 26%
higher risk of recurrence than patients in the other four
endoxifen exposure quintiles.'> When exploring dichoto-
mized cut-off points for a lower risk of recurrence, again an
endoxifen threshold of 16 nM was found."? Two other small
studies found a higher risk of recurrence in patients with
endoxifen levels below 14 nM and below 9 nM, respec-
tively.”>** The threshold of 16 nM (i.e. 5.97 ng/ml) is most
generally accepted in the field of precision dosing of tamox-
ifen, since it has been found in the largest study thus farand is
the most conservative threshold, at which the likelihood of
patients being underdosed is assumed negligible.****° This
endoxifen threshold could be used to carry out a responsible
tamoxifen dose reduction in patients who experience both-
ersome tamoxifen-related side-effects. Only one study
investigated halving the tamoxifen dose in the adjuvant
setting before, but this study only focussed on severe hot
flashes and was not guided by endoxifen levels.’

Therefore, the aim of the present study was to investi-
gate whether endoxifen-guided dose reduction of tamoxifen
in patients with bothersome tamoxifen-related side-effects
could lead to fewer side-effects and better quality of life
while retaining adequate endoxifen levels.

MATERIALS AND METHODS

The TOTAM (Therapeutic drug monitoring Of TAMoxifen)
trial is a large intervention study coordinated by the Eras-
mus MC Cancer Institute in Rotterdam, the Netherlands.
This study was approved by the local Medical Ethics Com-
mittee in January 2018 and registered in the International
Clinical Trial Registry Platform (ICTRP; https://trialsearch.
who.int/; NL6918). Informed consent was obtained from
all participants. The main goal of the TOTAM study was to
investigate the feasibility of therapeutic drug monitoring of
tamoxifen. A secondary endpoint of this trial was to
investigate the effect of reducing the tamoxifen dose in
patients with bothersome side-effects and a steady-state
endoxifen plasma level of 32 nM or higher (i.e. two times
the threshold of 16 nM).

Patients and study design

Female patients who were using tamoxifen in the standard
daily dose of 20 mg for 3 months were included in the TOTAM
study. The design of the study and the main results have been
described in detail elsewhere.’®*? For the current research
question, all patients had to fill in the Functional Assessment
of Cancer Therapy—Endocrine Symptoms (FACT-ES) ques-
tionnaire at baseline (=3 months of tamoxifen) and after 6
weeks (=4.5 months of tamoxifen) and 3 months (=6 months
of tamoxifen). During the study, a dose reduction of tamox-
ifen from 20 mg to 10 mg was proposed to patients who
experienced bothersome subjective side-effects which
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impacted their quality of life or wherefore they were
considering discontinuation of tamoxifen. Simultaneously,
they had to have an endoxifen level >32 nM. Also, the
endocrine symptoms (ES19) score of the FACT-ES question-
naire had to be <72 points (maximum: 76 points) in order to
be able to measure a clinically relevant difference in ES19 (i.e.
4 points) after dose reduction. Patients were seen at
3 months, 4.5 months and 6 months of tamoxifen use or,
when these time points did not coincide, at 6 weeks and 3
months after tamoxifen dose reduction.

Pharmacokinetic analysis

Tamoxifen and endoxifen trough levels (C.,, concentra-
tions) were obtained during every study visit. Plasma levels
were measured using a validated ultra-performance liquid
chromatography with a tandem mass spectrometry method
(UP-LCMS/MS). "

Quality of life and side-effect analysis

Also, during every study visit, the toxicity of tamoxifen was
assessed using the US National Cancer Institute’s Common
Terminology Criteria for Adverse Events version 5 (CTCAEV5)
and quality of life and tamoxifen-related side-effects were
evaluated using the FACT-ES questionnaire. The FACT-ES is a
validated and reliable questionnaire of in total 46 questions
and is a measure of health-related quality of life (HR-QOL,
27 items) using physical, social, emotional and functional
well-being questions and a measure of side-effects of
endocrine treatments given in breast cancer patients (ES19,
endocrine subscale of in total 19 items). Four other
endocrine-related items (sleep, fatigue, nervousness and
nausea) are already included in the HR-QOL items. The
result of these four items in addition to the 19 items of the
endocrine subscale can also be scored as an additional and
more extended endocrine subscale (ES23, 23 items).”° The
different endocrine subscale items can be found in
Supplementary Material S1, available at https://doi.org/10.
1016/j.esmoop.2023.100786. Higher scores of the FACT-ES
equate with good quality of life and/or experiencing few
side-effects, while lower scores indicate poorer quality of
life and/or experiencing many/severe side-effects. As an
additional insight into the effect of dose reduction, patients
were asked to score the beneficial effect of their dose
reduction on a 10-point Likert scale (range 1-10, 1: no
improvement, 10: excellent improvement) 3 months after
the tamoxifen dose was reduced.

Statistical analysis

The primary endpoint of this study was the individual differ-
ence in total ES19 score as part of the FACT-ES questionnaire in
patients whose tamoxifen dose was reduced before and after
3 months of tamoxifen dose reduction. Change scores of >0.5
of the baseline standard deviation (SD) are considered clini-
cally relevant changes and seen as more than a moderate ef-
fect size.** Before the start of the study, it was estimated that
the SD would be 7-8 points and therefore a change score of
minimally 4 points, also used in an earlier endocrine subscale
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validation study, was expected to be clinically relevant.”® We
hypothesized that the ES19 score would improve with at least
4 points in >50% of dose-reduced patients. To test this hy-
pothesis against a null hypothesis of 20% with a one-sided o of
0.05 and a power of 80%, the tamoxifen dose had to be
reduced in at least 13 patients.

The primary endpoint was analysed by means of the
binomial probability test. The percentage of patients with a
reduction in experienced side-effects of >0.5 of baseline SD
will be given together with the binomial exact 90% confi-
dence interval (Cl).

As secondary endpoints, the individual differences in
ES23 and HR-QOL measured with the FACT-ES before and
after dose reduction were determined and compared with
>0.5 of baseline SD that was found in this study. Also, the
within-group difference before and 3 months after dose
reduction was determined with a paired sample t-test or a
Wilcoxon signed rank test when a sample was not normally
distributed. To check for a potential effect of time on
tamoxifen-related side-effects, analyses were repeated in
the group of patients with side-effects who remained on
the regular tamoxifen 20 mg dose between 3 and 6 months
of treatment. Differences in specific side-effects (separate
items of the extensive endocrine subscale) were analysed
descriptively. In an exploratory way, we searched for a
correlation between change in FACT-ES scores before and
after dose reduction and endoxifen levels at 3 months of
tamoxifen 10 mg use.

RESULTS

Patient selection

In total, 151 patients were included in this secondary aim of
the TOTAM trial. Two patients were excluded due to not yet
reaching a steady-state endoxifen level or accidentally using
a lower tamoxifen dose. Of the 149 assessable patients,
125 (84%) patients experienced any tamoxifen-related side-
effect and scored <72 points on the endocrine subscale. Of
these 125 patients, 37 patients (30%) had an endoxifen
level >32 nM and 18 of these patients experienced their
side-effects as bothersome and thus were eligible for
tamoxifen dose reduction. Later on in the study, two addi-
tional patients who at 3 months of therapy had endoxifen
levels just below 32 nM but at the time of dose reduction
had endoxifen levels >32 nM and bothersome side-effects
underwent a reduction in tamoxifen dose. Eventually, in 20
out of 149 (13%) patients in this study, tamoxifen dose was
reduced and of these patients, 17 were assessable for the
primary endpoint. This number is slightly higher than the
minimum number of patients required for this study (n =
13). This difference occurred because eligible patients were
offered dose reduction until at least 13 assessable patients
used tamoxifen 10 mg for at least 3 months. Interestingly,
also four patients who at baseline refused a dose reduction
asked for dose reduction themselves after a longer duration
of tamoxifen treatment. A flowchart visualizing the selection
process can be found in Supplementary Material S2,
available at https://doi.org/10.1016/j.esmoop.2023.100786.
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Table 1. Patient characteristics
Dose-reduction Patients with
cohort (n = 17) side-effects who
remained on
tamoxifen
20 mg (n = 60)
Age (years), 59 (49-64) 59 (49-66)
median (IQR)
BMI (kg/m?), 25.8 (21.8-30) 26.2 (23.2-30.5)
median (IQR)
Tumour stage, n (%)
T1 10 (59) 27 (45)
T2 7 (41) 23 (38.3)
T3 — 8 (13.3)
T4 — 1(1.7)
T — 1(1.7)
Nodal stage, n (%)
NO 11 (65) 33 (55)
N1 5 (29) 19 (31.7)
N2 1(6) 6 (10)
N3 — 2(3.3)
Histologic classification, n (%)
Ductal (NST) 15 (88) 44 (73.3)
Lobular 2 (12) 13 (21.7)
Other = 3 (5)
Histologic grade
(Bloom Richardson), n (%)
BR | 3 (18) 5 (8.3)
BR Il 11 (65) 44 (73.3)
BRIl 3 (18) 11 (18.3)
Progesterone receptor, n (%)
Positive 13 (80) 52 (86.7)
Negative 4 (20) 8 (13.3)
Her2Neu receptor, n (%)
Positive 1(6) 3 (5)
Negative 16 (94) 57 (95)
Local treatment, n (%)
Lumpectomy alone 1 (6) 1(1.7)
Lumpectomy + RTx 14 (82) 36 (60)
Mastectomy 1(6) 11 (18.2)
Mastectomy + RTx 1(6) 12 (20)
(Neo)adjuvant
chemotherapy, n (%)
Yes 8 (47) 30 (50)
No 9 (53) 30 (50)
CYP2D6 phenotype, n (%)
PM = =
IM 5 (29) 18 (30)
NM 10 (59) 42 (70)
um 2 (12) —
Use of ovarian function
suppression (OFS), n (%)
Yes 2 (11.8) 5 (8.3)
No 15 (88.2) 55 (91.7)
Days of tamoxifen before 113 (101-154) —
dose reduction, median (IQR)

BMI, body mass index; IQR, interquartile range.

All patients with side-effects, an endocrine subscale score
<72 and endoxifen levels >16 nM who remained on
tamoxifen 20 mg from baseline until 6 months of tamoxifen
(n = 60) were used as a control group, which also can be
found in Supplementary Material S2, available at https://doi.
org/10.1016/j.esmoop.2023.100786.

Patient characteristics

The baseline characteristics of the 17 assessable patients
after dose reduction can be found in Table 1. For
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Table 2. Individual change scores in FACT-ES

Subject Change in scores after 3 months of dose reduction
HR-QOL Endocrine Endocrine

subscale 19 subscale 23

1 18 23 26

2 2 -1 -3

3 11 3 2

4 —6 2 5

5 19 9 6

6 6 1 1

7 16 21 24

8 -5 -3 -2

9 45 14 23

10 18 10 11

11 —4 1 0

12 5 7 6

13 —21 —12 —13

14 8 —2 1

15 9 -9 -7

16 12 30 36

17 6 3 4

0.5 SD 5.65 5.35 6.05

Change in scores of FACT-ES questionnaire after 3 months of tamoxifen dose
reduction compared to FACT-ES scores at steady-state tamoxifen 20 mg. Negative
change scores stand for worsening of symptoms, while positive change scores stand
for improvement of symptoms. Change scores of >0.5 baseline SD are considered
clinically relevant.

FACT-ES, Functional Assessment of Cancer Therapy—Endocrine Symptoms; HR-QOL,
health-related quality of life; SD, standard deviation.

comparison, the baseline characteristics of the 60 patients
with side-effects who remained on tamoxifen 20 mg from
baseline until 6 months of tamoxifen use are also shown.
Patients in both the 20-mg and 10-mg groups had a median
age of 59 years. The incidence of (neo)adjuvant chemo-
therapy treatment was similar between both groups. The
use of ovarian function suppression (OFS) was very low but
slightly higher in the dose-reduction group. After a median
of 113 days of tamoxifen use, patients underwent a
reduction in their tamoxifen dose.

FACT-ES scores before and after 3 months of dose
reduction

FACT-ES scores were assessed after a median of 91 days
[interquartile range (IQR) 85-95 days] after dose reduction.
The baseline SD of the ES19 was higher than expected and

S. M. Buijs et al.

therefore an improvement of >0.5 SD (i.e. clinically rele-
vant) was equal to 6 points. Out of the 17 assessable pa-
tients in whom the tamoxifen dose was reduced, 7 patients
(41%, 90% Cl 21% to 65%, P = 0.038) had an improvement
in ES19 score of at least 6 points. The ES23 score had to
improve with >7 points to be clinically relevant, which was
achieved in 5 out of 17 patients (29%, 90% Cl 12% to 52%).
The HR-QOL improved with 6 points or more (>0.5 SD) in
11 out of 17 patients (65%, 90% Cl 42% to 83%). Change
scores of all individual patients in ES19, ES23 and HR-QOL
can be found in Table 2. There was a significant and clini-
cally relevant within-group improvement in HR-QOL after
dose reduction compared with scores before dose reduction
(Table 3). There was also a clinically relevant improvement
in ES19 and ES23 and this improvement had a trend to-
wards statistical significance (P = 0.053).

FACT-ES scores at 3 and 6 months of tamoxifen 20 mg use

To check for a potential effect of time on side-effects, the
FACT-ES scores after 3 months of tamoxifen were compared
with the FACT-ES scores after 6 months of tamoxifen in
patients who had side-effects and remained on the stan-
dard dose of tamoxifen 20 mg. There was no statistically or
clinically relevant within-group difference in FACT-ES scores
at 6 months of tamoxifen compared to 3 months of
tamoxifen. Cls and P values can be found in Table 3. Also,
when making a sub-selection of patients with endoxifen
levels >32 nM who remained on tamoxifen 20 mg (n = 16),
no difference in FACT-ES scores between 3 and 6 months of
tamoxifen was found (data not shown). In 11 out of 60
(18%, 90% Cl 11% to 29%) patients, the HR-QOL improved
with at least 6 points. In 13 out of 60 patients (22%, 90% Cl
13% to 32%), the ES19 improved with at least 5 points and
in 14 out of 60 patients (23%, 90% Cl 15% to 34%) the ES23
improved with 6 points or more (i.e. clinically relevant
improvements).

Side-effects before and after dose reduction

Adverse events before and after dose reduction are shown
in Table 4. The majority of side-effects decreased after
tamoxifen dose reduction. However, the incidence of mus-
cle cramp and weight gain remained the same and fatigue,

Table 3. Within-group differences after dose reduction or between 3 and 6 months of tamoxifen treatment

Mean before
dose reduction

Before and after dose
reduction (n = 17)

Mean 3 months
after dose reduction

Difference before and
after dose reduction (95% Cl)

P value (two-sided)

Health-related QOL 743 82.5 8.2 (0.9-15.4) 0.03
Endocrine subscale 19 49.3 55.0 5.7 (—0.5-11.5) 0.053
Endocrine subscale 23 58.9 66.0 NA® 0.053

3 and 6 months of tamoxifen Mean 3 months

20 mg use (n = 60)

Mean 6 months

A 6 months versus
3 months (95% Cl)

P value (two-sided)

Health-related QOL 82.6 81.9 —0.6 (—2.8-1.5) 0.55
Endocrine subscale 19 56.2 56.7 0.5 (—1.4-2.4) 0.61
Endocrine subscale 23 68.0 68.5 0.5 (—1.9-2.8) 0.71

Cl, confidence interval; QOL, quality of life.
?Wilcoxon signed rank test
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Table 4. CTCAEV5 toxicity before and after dose reduction

Side-effect Before dose reduction 3 months after
at steady-state dose reduction to
tamoxifen 20 mg tamoxifen 10 mg
(n = 17) n (%) (n = 17) n (%)
CTCAE 1 CTCAE 2 CTCAE 1

Hot flashes 13 (76) 2 (12) 12 (71)

Insomnia 10 (59) 1(6) 7 (41)

Mood alterations 10 (59) 0 4 (24)

Arthralgia 7 (41) 3 (18) 8 (47)

Muscle cramp 4 (24) 0 4 (24)

Nausea 2 (12) 1(6) 1(6)

Headache 3 (18) 0 1(6)

Vaginal dryness 3 (18) 0 1 (6)

Fatigue 2 (12) 0 3 (18)

Dizziness 2 (12) 0 1(6)

Weight gain 2 (12) 0 2 (12)

Chills 1(6) 0 0

Bloated feeling 1 (6) 0 0

Obstipation 1 (6) 0 1(6)

Alopecia 1 (6) 0 1 (6)

Dry mouth 1(6) 0 0

Anorexia 1 (6) 0 0

Decreased libido 1(6) 0 0

Amnesia 1(6) 0 0

Increased appetite 0 0 1 (6)

Anxiety 0 0 1 (6)

Vaginal discharge 0 0 1(6)

CTCAEVS5, Common Terminology Criteria for Adverse Events version 5.

anxiety, increased appetite and vaginal discharge all
occurred in one additional patient despite dose reduction.
Two patients had a CTCAE 2 and a CTCAE 3 graded
thromboembolic event after tamoxifen was started but
before tamoxifen dose was reduced and this was also partly
the reason to decrease their tamoxifen dose.

Patients were asked to score the improvement of side-
effects 3 months after dose reduction on a 10-point Likert
scale. Twelve patients (71%) graded their improvement as
sufficient whereof seven patients scored a 6-7 and five
patients scored an 8 or higher.

Finally, the effect of dose reduction on separate items of
the ES23 was analysed descriptively. In contrast to the
CTCAEVS grading, the improvement was most frequently
seen in the lack of energy item (n = 10; 59%). Other
frequently improved items were hot flashes and cold sweats
(n = 9; 53%) and night sweats, insomnia, bloated feeling,
mood swings and lightheaded feeling (n = 8; 47%).

Effect of dose reduction on tamoxifen and endoxifen
plasma levels

The median tamoxifen level of the patients at 20 mg daily
who underwent a reduction in tamoxifen dose was 397 nM
(IQR 343.7-478.8 nM) and the median endoxifen level was
43.2 nM (IQR 37.1-49.0 nM) before dose reduction. One
patient quit tamoxifen treatment before 3 months of
tamoxifen 10 mg were completed and was therefore not
assessable for pharmacokinetic analysis. Endoxifen levels of
15 out of 19 patients (79%) remained above the supposed
threshold of 16 nM after 3 months of tamoxifen 10 mg. One
patient had already an endoxifen level below 16 nM (12.8

Volume 8 m Issue 1 m 2023

nM) after 26 days of dose reduction. Three patients had
endoxifen levels ranging from 15.5 to 15.9 nM after 3
months of tamoxifen 10 mg use. All four patients whose
endoxifen levels fell below 16 nM after the 50% dose
reduction had baseline endoxifen levels just above the
accepted lower boundary of 32 nM (endoxifen levels
ranging from 35 to 37.7 nM). The median tamoxifen level in
the 18 patients measured 3 months after tamoxifen 10 mg
was 216.5 nM (IQR 163.3-285.3 nM) and the median
endoxifen level was 19.7 nM (IQR 16.5-23.4 nM). A visual
illustration of the effect of dose reduction on endoxifen
levels and FACT-ES scores is shown in Figure 1.

Correlation between endoxifen levels and the effect of
dose reduction on side-effects

There was a significant moderately negative correlation
between change in ES19 scores after dose reduction and
endoxifen levels after 3 months of tamoxifen 10 mg
(r = —0.68, P = 0.003, n = 17) meaning that more
improvement after dose reduction was seen in patients
who attained lower endoxifen levels after dose reduction.
Change in HR-QOL even showed a significant highly nega-
tive correlation with endoxifen levels after 3 months of
tamoxifen 10 mg (r = —0.72, P = 0.001, n = 17).

DISCUSSION

To the best of our knowledge, this is the first study describing
the effects of adjuvant endoxifen-guided tamoxifen dose
reductions on a broad selection of therapy-related side-ef-
fects based on a validated questionnaire. We demonstrated
that reducing the tamoxifen dose improves endocrine
symptoms in almost half of the patients and strongly in-
creases HR-QOL (even in two-thirds of patients). This
improvement does not occur over time in patients with side-
effects who remained on tamoxifen 20 mg. Of the patients
who underwent a dose reduction, 79% retained endoxifen
levels well above the conservative threshold of 16 nM, while
16% had endoxifen levels just below 16 nM (15.5-15.9 nM).
Only one patient dropped ~20% below the most conserva-
tive threshold of 16 nM. Thus, endoxifen-guided dose
reduction of tamoxifen, with the aim of alleviating symptoms,
led to significant and clinically relevant conditions in a sig-
nificant proportion of women.

In this study, we chose to only carry out dose reductions
in patients with endoxifen levels >32 nM. Since tamoxifen
has linear pharmacokinetics, we tried to retain almost all
patients above the 16 nM threshold. Considering the (low)
intra-patient endoxifen variability of ~10%-20%, it is not
surprising that some patients’ endoxifen plasma levels still
dropped slightly below 16 nM after halving the tamoxifen
dose.'®?? Indeed, all four patients whose endoxifen levels
fell below 16 nM had baseline endoxifen levels only slightly
above the accepted lower boundary of 32 nM. As
mentioned before, the threshold of 16 nM is a conservative
one and other threshold values have been mentioned
before in studies as well.'>** However, since this is a
curative setting, it is extremely important to maintain
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Figure 1. Effect of dose reduction on endoxifen concentrations, endocrine symptoms and quality of life.

(A) Median, IQR, minimum and maximum endoxifen concentrations before and after 3 months of dose reduction (n = 18). (B) Median, IQR, minimum and maximum
ES19 scores and HR-QOL scores before and after 3 months of dose reduction (n = 17).

ES19, endocrine subscale of in total 19 items; FACT-ES, Functional Assessment of Cancer Therapy—Endocrine Symptoms; HR-QOL, health-related quality of life; IQR,

interquartile range.

effective endoxifen levels. Therefore, if patients drop below
16 nM after dose reduction, a slight increase of the mean
dose of tamoxifen to, for example, 15 mg daily should be
considered.

Unfortunately, this study does not offer a solution for pa-
tients with endoxifen levels <32 nM in case they suffer from
tamoxifen-related side-effects. But, if we take the intra-
patient variability into account, dose reduction in case of
severe side-effects could eventually also be tried when pa-
tients have endoxifen levels within 26-32 nM (20% range) and
endoxifen levels could then possibly still remain above or
around 16 nM. Another option might be to try dose reduction
from 20 mg to 15 mg in patients with severe side-effects and
endoxifen levels ranging between 21 and 32 nM. Conse-
quently, 2-3 months after dose reduction, endoxifen levels
should be measured again and the effect of dose reduction on
side-effects should be assessed. If endoxifen levels with
tamoxifen 20 mg are already far below 32 nM, endoxifen
levels after dose reduction drop far below the conservative
level of 16 nM or if patients do not benefit from tamoxifen
dose reduction, another strategy, like switching to aromatase
inhibitors, should be considered.

The improvement in endocrine symptoms seen in this
study was, although clinically relevant and significant, less
than hypothesized in advance. Any improvement in ES19
was seen in 12 out of 17 (71%) dose-reduced patients while
a clinically relevant improvement (>6 points) was seen in
41% of patients. A possible explanation for this lower than
hypothesized improvement is the use of OFS next to
tamoxifen in part of premenopausal women. OFS has quite
similar side-effects as tamoxifen and when tamoxifen dose
is reduced this clearly does not affect side-effects due to

6 https://doi.org/10.1016/j.esmoop.2023.100786

OFS. Two patients used OFS and both did not achieve
clinically relevant improvements in ES19 and ES23 scores
after dose reduction. Secondly, patients could have other
side-effect-inducing events during tamoxifen dose reduc-
tion. For instance, one patient used amoxicillin/clavulanic
acid for 2 weeks because of an undefined infection during
the third month of tamoxifen dose reduction and showed a
decrease in ES19, ES23 and HR-QOL scores.

Most remarkably, we found a correlation between
endoxifen levels after 3 months of tamoxifen 10 mg and
change in HR-QOL and ES19 scores with more improvement
in FACT-ES scores when endoxifen levels after 3 months of
10 mg were lower and less improvement in FACT-ES scores
when endoxifen levels still remained relatively high.
Possibly, patients whose endoxifen level remains relatively
high after dose reduction could benefit from even further
tamoxifen dose de-escalation.

In some patients, the endocrine side-effects did not
improve in a clinically relevant way while HR-QOL did
improve. This is most likely the result of an improvement in
HR-QOL resulting from causes other than the reduction of
endocrine therapy-related symptoms, such as recovery from
breast surgery and possibly chemotherapy. However, this
improvement in HR-QOL was not seen in the group of pa-
tients who remained on standard dose of tamoxifen. An
alternative explanation would be that a very small
improvement of side-effects can significantly improve
quality of life during long adjuvant treatment of tamoxifen.

In an earlier study from our group, the feasibility of
therapeutic drug monitoring of tamoxifen was shown.*®
Here, tamoxifen dose escalation in patients with endox-
ifen levels <16 nM nearly halved the percentage of patients
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with endoxifen levels below the threshold. Our current
study complements nicely to this preceding research, of-
fering a solution for patients on the other side of the
spectrum (i.e. patients having high levels of endoxifen with
sometimes severe side-effects). Our study highlights once
again how important it is to know the ‘true’ threshold of
endoxifen to implement this in therapeutic drug monitoring
of tamoxifen in clinical practice. However, in order to
confirm an endoxifen exposure—response relationship
prospectively, large trials of over 3000 patients would be
needed, making this kind of proof for an endoxifen
threshold infeasible.?>** Until further evidence is attained,
for example, from neoadjuvant window-of-opportunity tri-
als, the conservative endoxifen threshold of 16 nM could be
used pragmatically for tamoxifen dose escalation in patients
with endoxifen levels <16 nM and for dose de-escalating
(dose reduction) in patients with severe side-effects.

Of course, our study has some limitations. Firstly, a placebo
effect of lowering the tamoxifen dose cannot be ruled out as
the dose adjustment was not blinded. Secondly, this was not a
randomized study. Dose reduction was offered to all patients
with bothersome side-effects and endoxifen levels >32 nM
and patients were free in making a choice for dose reduction or
remaining on 20-mg dose. This led to different time points of
dose reduction and it could be possible that patients who had
more belief in improvement from this intervention were more
likely to choose for dose reduction, introducing potential bias.
However, the different time points of dose reduction also ac-
count for more robustness of the study and make it more
convertible to daily practice. In this study, a relatively limited
number of dose-reduced cases are discussed. This might lead
to less generalizability, although of course the linear pharma-
cokinetics of tamoxifen is the same for every patient. Another
limitation is the duration of the study. Because we only eval-
uated side-effects after 3 months, this study does not provide
information about durability of the improvement. Probably,
side-effects could improve further over time making the
impact of tamoxifen dose reduction even bigger. Lastly, we
chose to only investigate dose reductions from 20 mgto 10 mg.
Therefore, we lack interesting information about side-effects
after dose adjustments to tamoxifen 15 mg.

Conclusions

In conclusion, we demonstrated that endoxifen-guided dose
reduction in case of bothersome tamoxifen-related side-ef-
fects can improve endocrine symptoms in almost half of the
patients and strongly increase HR-QOL in two-thirds of these
patients while keeping endoxifen levels mainly above or
around the threshold. Therefore, it could be an effective
strategy for patients who would otherwise quit their endo-
crine therapy or who are highly suffering from tamoxifen-
related side-effects.

FUNDING

This work was supported by an unrestricced MRACE grant
(Erasmus MC, The Netherlands) [grant number 2017-108].

Volume 8 m Issue T m 2023

DISCLOSURE

The authors have declared no conflicts of interest.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Cardoso F, Kyriakides S, Ohno S, et al. Early breast cancer: ESMO
Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann
Oncol. 2019;30(8):1194-1220.

. Land SR, Wickerham DL, Costantino JP, et al. Patient-reported symp-

toms and quality of life during treatment with tamoxifen or raloxifene
for breast cancer prevention: the NSABP Study of Tamoxifen and
Raloxifene (STAR) P-2 trial. JAMA. 2006;295(23):2742-2751.

. Owusu C, Buist DSM, Field TS, et al. Predictors of tamoxifen discon-

tinuation among older women with estrogen receptor—positive breast
cancer. J Clin Oncol. 2008;26(4):549-555.

. Murphy CC, Bartholomew LK, Carpentier MY, Bluethmann SM,

Vernon SW. Adherence to adjuvant hormonal therapy among breast
cancer survivors in clinical practice: a systematic review. Breast Cancer
Res Treat. 2012;134(2):459-478.

. Boehm DU, Lebrecht A, Eckhardt T, et al. Quality of life and adjuvant

tamoxifen treatment in breast cancer patients. Eur J Cancer Care
(Engl). 2009;18(5):500-506.

. Eriksson M, Eklund M, Borgquist S, et al. Low-dose tamoxifen for

mammographic density reduction: a randomized controlled trial. J Clin
Oncol. 2021;39(17):1899-1908.

. DeCensi A, Puntoni M, Guerrieri-Gonzaga A, et al. Randomized placebo

controlled trial of low-dose tamoxifen to prevent local and contralat-
eral recurrence in breast intraepithelial neoplasia. J Clin Oncol.
2019;37(19):1629-1637.

. Bychkovsky B, Laws A, Katlin F, et al. Initiation and tolerance of che-

moprevention among women with high-risk breast lesions: the potential
of low-dose tamoxifen. Breast Cancer Res Treat. 2022;193(2):417-427.

. Miirdter TE, Schroth W, Bacchus-Gerybadze L, et al. Activity levels of

tamoxifen metabolites at the estrogen receptor and the impact of
genetic polymorphisms of phase | and Il enzymes on their concen-
tration levels in plasma. Clin Pharmacol Ther. 2011;89(5):708-717.
Coezy E, Borgna JL, Rochefort H. Tamoxifen and metabolites in MCF7
cells: correlation between binding to estrogen receptor and inhibition
of cell growth. Cancer Res. 1982;42(1):317-323.

Binkhorst L, Mathijssen RH, Ghobadi Moghaddam-Helmantel IM, et al.
Quantification of tamoxifen and three of its phase-l metabolites in
human plasma by liquid chromatography/triple-quadrupole mass
spectrometry. J Pharm Biomed Anal. 2011;56(5):1016-1023.
Madlensky L, Natarajan L, Tchu S, et al. Tamoxifen metabolite con-
centrations, CYP2D6 genotype, and breast cancer outcomes. Clin
Pharmacol Ther. 2011;89(5):718-725.

Saladores P, Mirdter T, Eccles D, et al. Tamoxifen metabolism predicts
drug concentrations and outcome in premenopausal patients with
early breast cancer. Pharmacogenomics J. 2015;15(1):84-94.

Helland T, Henne N, Bifulco E, et al. Serum concentrations of active
tamoxifen metabolites predict long-term survival in adjuvantly treated
breast cancer patients. Breast Cancer Res. 2017;19(1):125.

Groenland SL, van Eerden RAG, Westerdijk K, et al. Therapeutic drug
monitoring based precision dosing of oral targeted therapies in oncology: a
prospective multicentre study. Ann Oncol. 2022;33(10):1071-1082.
Groenland SL, Verheijen RB, Joerger M, et al. Precision dosing of tar-
geted therapies is ready for prime time. Clin Cancer Res. 2021;27(24):
6644-6652.

Lee ClI, Fox P, Balakrishnar B, et al. Tamoxifen-induced severe hot
flashes and endoxifen levels: is dose reduction a safe and effective
strategy? Breast. 2019;46:52-57.

Braal CL, Jager A, Hoop EO, et al. Therapeutic drug monitoring of endoxifen
for tamoxifen precision dosing: feasible in patients with hormone-sensitive
breast cancer. Clin Pharmacokinet. 2022;61(4):527-537.

Braal CL, Westenberg JD, Buijs SM, et al. Factors affecting inter-
individual variability in endoxifen concentrations in patients with
breast cancer: results from the prospective TOTAM trial. Breast Cancer
Res Treat. 2022;195(1):65-74.

https://doi.org/10.1016/j.esmoop.2023.100786 7


http://refhub.elsevier.com/S2059-7029(23)00006-6/sref1
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref1
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref1
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref2
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref2
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref2
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref2
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref3
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref3
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref3
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref3
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref4
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref4
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref4
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref4
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref5
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref5
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref5
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref6
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref6
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref6
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref7
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref7
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref7
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref7
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref8
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref8
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref8
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref9
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref9
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref9
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref9
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref10
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref10
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref10
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref11
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref11
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref11
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref11
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref12
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref12
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref12
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref13
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref13
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref13
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref14
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref14
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref14
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref15
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref15
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref15
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref16
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref16
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref16
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref17
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref17
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref17
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref18
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref18
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref18
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref19
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref19
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref19
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref19
https://doi.org/10.1016/j.esmoop.2023.100786
https://doi.org/10.1016/j.esmoop.2023.100786

20.

21.

22.

8

Fallowfield LJ, Leaity SK, Howell A, Benson S, Cella D. Assessment of
quality of life in women undergoing hormonal therapy for breast
cancer: validation of an endocrine symptom subscale for the FACT-B.
Breast Cancer Res Treat. 1999;55(2):189-199.

Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed.
New York: Psychology Press; 2009 [Reprint].

Jager NG, Rosing H, Schellens JH, Linn SC, Beijnen JH. Tamoxifen dose
and serum concentrations of tamoxifen and six of its metabolites in

https://doi.org/10.1016/j.esmoop.2023.100786

23.

24,

S. M. Buijs et al.

routine clinical outpatient care. Breast Cancer Res Treat. 2014;143(3):
477-483.

Braal CL, Beijnen JH, Koolen SLW, et al. Relevance of endoxifen con-
centrations: absence of evidence is not evidence of absence. J Clin
Oncol. 2019;37(22):1980-1981.

de Vries Schultink AHM. Pharmacometrics for Treatment
Optimization and Drug Development in Oncology. Utrecht University;
20109.

Volume 8 m Issue 1 m 2023


http://refhub.elsevier.com/S2059-7029(23)00006-6/sref20
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref20
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref20
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref20
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref21
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref21
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref22
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref22
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref22
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref22
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref23
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref23
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref23
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref24
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref24
http://refhub.elsevier.com/S2059-7029(23)00006-6/sref24
https://doi.org/10.1016/j.esmoop.2023.100786
https://doi.org/10.1016/j.esmoop.2023.100786
https://doi.org/10.1016/j.esmoop.2023.100786
https://doi.org/10.1016/j.esmoop.2023.100786
https://doi.org/10.1016/j.esmoop.2023.100786
https://doi.org/10.1016/j.esmoop.2023.100786
https://doi.org/10.1016/j.esmoop.2023.100786
https://doi.org/10.1016/j.esmoop.2023.100786
https://doi.org/10.1016/j.esmoop.2023.100786

	The impact of endoxifen-guided tamoxifen dose reductions on endocrine side-effects in patients with primary breast cancer
	Introduction
	Materials and methods
	Patients and study design
	Pharmacokinetic analysis
	Quality of life and side-effect analysis
	Statistical analysis

	Results
	Patient selection
	Patient characteristics
	FACT-ES scores before and after 3 months of dose reduction
	FACT-ES scores at 3 and 6 months of tamoxifen 20 mg use
	Side-effects before and after dose reduction
	Effect of dose reduction on tamoxifen and endoxifen plasma levels
	Correlation between endoxifen levels and the effect of dose reduction on side-effects

	Discussion
	Conclusions

	Funding
	Disclosure
	References


