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Chapter 7

Abstract
Purpose

Tamoxifen is part of endocrine therapy in breast cancer treatment. Studies have
indicated the use of endoxifen concentrations, tamoxifen active metabolite, to guide
tamoxifen efficacy. Three endoxifen thresholds have been suggested (5.9 ng/ml, 5.2
ng/ml and 3.3 ng/ml) for therapeutic drug monitoring (TDM). Our aim was to validate
these thresholds and to examine endoxifen exposure with clinical outcome in early-
breast cancer patients using tamoxifen.

Methods

Data from 667 patients from the CYPTAM study (NTR1509) were available. Patients
were stratified (above or below), according to the endoxifen threshold values for
tamoxifen efficacy and tested by Cox regression. Logistic regressions to estimate the
probability of relapse and tamoxifen discontinuation were performed.

Results

None of the thresholds showed a statistically significant difference in relapse-free
survival: 5.2 ng/ml threshold: Hazard Ratio (HR): 2.545, 95 % Confidence Interval (Cl):
0.912-7.096, p-value: 0.074; 3.3 ng/ml threshold: HR: 0.728; 95 % CI: 0.421-1.258,
p-value: 0.255. Logistic regression did not show a statistically significant association
between the risk of relapse (Odds ratio (OR): 0.971 (95 % CI: 0.923-1.021, p-value:
0.248) and the risk for tamoxifen discontinuation (OR: 1.006 95 % CI: 0.961-1.053,
p-value: 0.798) with endoxifen concentrations

Conclusion
Our findings do not confirm the endoxifen threshold values for TDM nor does it allow

definition of a novel threshold. These findings indicate a limited value of TDM to guide
tamoxifen efficacy.
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Exposure-response analysis of endoxifen concentrations

Introduction

In the therapy of breast cancer, tamoxifen has been successfully prescribed for more
than 40 years as adjuvant endocrine therapy in early breast cancer patients’. In the
current clinical guidelines, tamoxifen is recommended for premenopausal female
patients as a 5-year monotherapy?®, whereas for post-menopausal women a switch
to an aromatase inhibitor is advised after two of three years of tamoxifen treatment22.

Tamoxifen is a selective estrogen receptor modulator that is characterised by
a complex metabolism. Initially, tamoxifen is metabolised into its primary metabolites,
N-desmethyl-tamoxifen (NDM-tamoxifen) and 4-hydroxy-tamoxifen, whilsta second con-
version from NDM-tamoxifen and 4-hydroxy-tamoxifen leads to endoxifen (Figure 7.1).

Cre2es

| Tamoxifen || 44 4-Hydroxy-Tamoxifen ]

k.

. b
N-Desmethyl- »| Endoxifen

Tamoxifen

Figure 7.1. Tamoxifen metabolism

Among all tamoxifen metabolites, 4-hydroyx-tamoxifen and endoxifen are
recognized as the active metabolites of tamoxifen. Both tamoxifen metabolites do have
similar anti-estrogenic activity*, being 30 to 100 times higher than the anti-estrogenic
activity of the parent compound tamoxifen. However, endoxifen is considered the
most important and the principal metabolite of tamoxifen metabolite, mostly because
endoxifen is detected in 5 to 10 fold higher concentrations than 4-hydroxy-tamoxifens.
Interestingly, endoxifen’s mechanism of action might also differ from tamoxifen and its
other metabolites, since it has been suggested to be concentration dependent®.

In the search for a more effective manner to predict tamoxifen efficacy in early-
breast cancer patients, therapeutic drug monitoring (TDM) of endoxifen concentrations
has been proposed’. To date, only a few studies have investigated the association
between endoxifen concentrations and clinical outcomes in breast cancer patients
receiving adjuvant tamoxifen. In the first research exploring this association, Madlensky
et al. reported a threshold for endoxifen of 5.97 ng/ml®. According to these results,
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patients with an endoxifen concentration above this cut-off value, had at least a 26
% decreased probability of breast cancer recurrence in comparison with patients with
an endoxifen concentration below this threshold (Adjusted Hazard Ratio (HR): 0.76,
95 % Confidence Interval (Cl): 0.55-1.00). For this retrospective analysis, the authors
analysed a subset of 1,370 women who were previously enrolled in the Women’s
Healthy Eating and Living (WHEL) study and patients were stratified in five different
endoxifen concentration groups. In this study, only blood samples after at least 4
months of tamoxifen treatment were retrieved.

Likewise, Saladores et al reported a comparable threshold value for endoxifen
concentration of 5.2 ng/ml in a study cohort of 306 pre-menopausal women®. In this
study, patients were again divided into quartiles or four groups according to their
endoxifen concentration, and only when a comparison between the group with low
endoxifen concentrations (<5.2 ng/ml or <14.15 nM) and the group with high endoxifen
concentrations (>12.9 ng/ml or > 35 nM) was made, a worsened clinical outcome,
expressed as distant relapse-free survival, was observed (Adjusted HR:1.94 ; 95 %Cl:
1.04-4.14).

In another study by Helland and colleagues, a much lower endoxifen threshold
concentration of 3.3 ng/ml (or 9 nM) was related to poorer survival outcome™
(Adjusted HR: 3.70; 95% CI: 1.03-13.25; p-value: 0.029). In this study, 99 pre- and
postmenopausal patients were investigated, with a median follow-up of 13.9 years. An
important advantage of this study compared to other studies is the use of 4-hydroxy-
tamoxifen concentrations for which a threshold for efficacy was reported. According
to the authors, patients with a concentration of 4-hydroxy-tamoxifen below 3.26 nM,
had worsened clinical outcomes compared with those patients with higher 4-hydroxy-
tamoxifen concentrations (Adjusted HR: 3.56; 95% CI: 1.14-11.07; p-value: 0.020).

While all these studies focused on finding the lowest concentration levels
of endoxifen associated with clinical outcome, Love and colleagues suggested
an upper limit of 70 ng/ml for endoxifen concentrations above which patients might
have a higher chance of cancer relapse'. Although these findings were obtained
in a nested case-control cohort of only 48 patients, authors did not report a minimal
endoxifen concentration for tamoxifen efficacy. In the same line, Groenland et al.
did not find statistically significant differences of clinically important toxicities among
patients with endoxifen concentration levels above 25 ng/ml compared to patients
with lower endoxifen concentrations'. In contrast with Groenland, another study by
Helland and colleagues™ suggest that higher tamoxifen metabolite concentrations,
may be associated with adverse effects, such as vaginal dryness. Of note, endoxifen
concentration were not related to any of the analysed adverse effects.

All of these studies might also have limitations, such as the fact that their
outcomes and conclusions were based on retrospective cohorts of patients. An
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Exposure-response analysis of endoxifen concentrations

important difference across these studies are the number of patients and the different
study populations. For instance, Saladores analysed only premenopausal women®,
whilst Helland'® and Madlensky? studied both pre- and postmenopausal patients.

In contrast to these studies, a recent prospective study by Neven et al. in which
297 breast cancer patients receiving tamoxifen in the metastatic and neoadjuvant
setting failed to identify a relationship between improved survival outcome and
endoxifen concentrations™. In the same line, another recent research also in the
metastatic scenario by Takano and colleagues' did not detect any association between
endoxifen concentration levels and tamoxifen efficacy. In this study, authors enrolled
186 Japanese women between December 2012 and March 2016 diagnosed with stage
IV breast cancer who received tamoxifen as first-line of treatment. In this study, authors
concluded that no differences in the survival outcome, defined as progression-free
survival, were observed (HR: 0.75, 95 % CI: 0.50-1.14).

Another recently published study performed in the adjuvant setting, followed
667 women diagnosed with early-breast cancer and treated with tamoxifen as adjuvant
endocrine therapy were also evaluated. In this case, the putative association between
CYP2D6 genotypes and endoxifen concentrations with relapse-free survival was also
investigated, but no differences in survival outcomes were obtained. Therefore, these
outcomes were in line with to those of Neven and colleagues'* and Takano et al.’®.

Due to the differences across studies, the use of TDM of endoxifen for guiding
individual tamoxifen treatment in the clinical practice is still not generally implemented’,
and disagreements in the interpretations regarding the conclusions of these studies are
present'®o,

Therefore, we aimed to examine the exposure response relationship of
endoxifen in a large prospective cohort of women with early-breast cancer using
tamoxifen.

Material and Methods
Study population and design

To investigate the association of endoxifen concentrations with clinical outcomes,
serum samples and clinical data, such as follow-up and clinical characteristics, from
the CYPTAM cohort (NTR1509) of early-breast cancer patients treated with adjuvant
tamoxifen were analysed. This study population of 667 patients was recruited between
February 2008 and December 2010 in The Netherlands and Belgium. Shortly, the
co-primary objectives of this observational study were to evaluate the association of
endoxifen serum concentrations and CYP2D6 predicted phenotypes with breast cancer
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relapse. According to the inclusion criteria, only female early-breast cancer patients
receiving 20 mg QD adjuvant tamoxifen could be included. Also patients who were
already using tamoxifen but for less than 12 months from the start of the treatment
were eligible. In all cases, a serum sample from each included patient for measuring
the concentrations of tamoxifen, NDM-tamoxifen, 4-hydroxy-tamoxifen and endoxifen
was retrieved at least 2 months after the start of the treatment with tamoxifen in order
to assure steady-state concentrations. Of note, 24 patients of this study population
participated in another separated study in which a temporary (2 months) increase of
tamoxifen doses were used. However, we did not take the temporary increase of the
dose into account as we considered it neglectable compared to the median duration of
standard dose of daily 20 mg of tamoxifen 2°.

All patients gave written informed consent. The Institutional Review Board of
the Leiden University Medical Center approved the study protocol. A more detailed
description of CYPTAM has been published previously 1222,

Study objectives

The primary objective of the current analysis was to examine the impact of the all
proposed threshold for endoxifen serum concentrations from the literature (5.9 ng/
ml8, 5.2 ng/ml° and 3.3 ng/ml'°) and the median endoxifen serum concentration (10.3
ng/ml) in a prospectively designed study with a large cohort of female breast cancer
patients using tamoxifen and who previously were enrolled in the CYPTAM study'®. This
median concentration value for endoxifen was selected in order to uniformly assess the
exposure to anti-estrogenic activity of endoxifen in this study population. In addition,
patients were categorized in quartiles, according to their endoxifen concentration
levels. Of note, outcomes of the survival analysis for the endoxifen threshold of 5.9
ng/ml and endoxifen as a continuous variable (accounting from the start of tamoxifen
treatment) were already reported as an exploratory analysis in the CYPTAM study . In
the current manuscript, they are presented again for a comparison to all the thresholds
for endoxifen concentrations available in the literature.

For the purpose of this study, relapse-free survival was chosen as the primary
endpoint. RFSt was described as the time from initiation of tamoxifen treatment until
loco-regional or distant relapse or secondary breast cancer. If a patient switched to an
aromatase inhibitor after two or three years of tamoxifen treatment, censoring at the
time of tamoxifen discontinuation occurred, as previously also analysed in the CYPTAM
study®.

The secondary objectives were to investigate the effect of endoxifen

concentrations and its relationship with the probability of breast cancer relapse and of
tamoxifen discontinuation in the same study population.
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Measurement of tamoxifen and its metabolites concentrations

Tamoxifen, NDM-tamoxifen, 4-hydroxy-tamoxifen and endoxifen through concentrations
were measured in serum at steady state (> 2 months after start of tamoxifen).

Concentrations of tamoxifen and its three metabolites were quantified by a
high-performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS).

This method was developed and validated according to the EMA bioanalytical
method validation guideline by the Clinical Pharmacy and Toxicology Department
of Leiden University Medical Center in line with a previously described bioanalytical
method?.

Statistical analysis

For the primary objective, all patients were divided in two groups according to their
endoxifen steady-state concentrations (Endoxifen threshold 5.9 ng/ml: < 5.9 ng/ml
versus > 5.9 ng/ml; Endoxifen threshold 5.2 ng/ml: < 5.2 ng/ml versus > 5.2 ng/ml;
Endoxifen threshold 3.3 ng/ml: < 3.3 ng/ml versus > 3.3 ng/ml; Median endoxifen
concentration 10.3 ng/ml: < 10.3 ng/ml versus > 10.3 ng/ml). To evaluate differences
of the patient’s demographics across groups, x2 tests or t statistics or Mann-Whitney
tests was performed used, depending on the type of data.

For the analysis of the primary objective, Cox regression was performed in
order to analyse whether RFSt differed through all the four groups (Hazard Ratios;
HR). For this analysis, uni- and multivariable analysis applied. In the case of uni-
variable analysis, when a p-value <0.1 was obtained, this covariate was adopted in
the multivariable analysis. Yet, the following covariates were fitted in the multivariable
analysis due to their clinical relevance: tumor and nodal stage, histological classification
and grade, and Her2 receptor status.

For the secondary objective, a logistic regression analysis was performed.
Since our aim was to depict how the probability of breast cancer recurrence varies
according to endoxifen concentrations, the use of a logistic model was required. In
the same manner, another logistic regression was performed to evaluate the chance
of discontinuation of tamoxifen treatment related to endoxifen concentrations. In this
case, treatment discontinuation with tamoxifen due to side effects was used as a
proxy to estimate the effect of side effects. For both analyses, odds ratios (OR) were
calculated in order to determine the effect size. All statistical analyses were performed
with IBM SPSS for Windows, Version 23.0 and R studio Version 1.0.456 and package
R (v3.4.4). Also, statistical significance was accepted for p-values below 0.05.
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Results
Study population

In total, 667 breast cancer patients who were receiving adjuvant tamoxifen were
included in the CYPTAM study. A more comprehensive overview of the demographic
characteristics is presented elsewhere 16:21:2224,

For this study, patients were categorized in the different groups depending
on their endoxifen serum concentration according to the different proposed endoxifen
thresholds (5.9 ng/ml, 5.2 ng/ml, 3.3 ng/ml and median (10.3 ng/ml). Of note, patients
with endoxifen concentrations below the 5.9 ng/ml, 5.2 ng/ml, 3.3 ng/ml and 10.3 ng/
ml threshold were 139 (21 %), 112 (16.9%), 49 (7.4%) and 332 (50.2%) patients,
respectively .At baseline, no differences in clinical characteristics were observed
(p>0.05) (Table 7.1), with the exception of the progesterone receptor status (positive
or negative) and axillar surgery (sentinel node procedure only or axillary lymph node
dissection) in the group of endoxifen threshold of 3.3 ng/ml. The median follow-up was
6.8 years (range: 0.33-9.34 years) and the total event rate during tamoxifen therapy
was 8.5 %. As previously reported ', approximately 66 % of the enrolled patients
started tamoxifen as endocrine therapy and switched to an aromatase inhibitor after
two or three years of endocrine therapy.

Analysis of endoxifen serum concentrations and the relationship with
clinical outcome (RFSt)

The association between endoxifen serum concentrations, examined as continuous
variable, with clinical outcome, evaluated as RFSt since the exposure to endoxifen
(did not yield any significant differences in both uni- (Hazard Ratio (HR): 0.988, 95
% Confidence Interval (Cl): 0.944-1.035, p-value: 0.613) and multivariable analysis
(Adjusted HR: 0.985, 95 % CI: 0.938-1.034, p-value: 0.541) (Table 7.2). Interestingly,
these results minimally vary from the previously described outcomes, in which the
reported exposure was assessed from the time of enrolment'™. At the same time,
dividing all patients according to their endoxifen concentration in quartiles, did
not change these outcomes (Table7.2). For the primary objective of this study, the
following proposed analyses were to estimate the usefulness of the different endoxifen
threshold concentrations from the literature (5.9 ng/ml, 5.2 ng/ml and 3.3 ng/ml) and the
endoxifen median concentration (10.3 ng/ml) of the CYPTAM study. A total of 4 groups
were made, according to the endoxifen serum concentrations: below and above of 5.9
ng/ml, below and above of 5.2 ng/ml, below and above of 3.3 ng/ml and below and
above of 10.3 ng/ml.
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Chapter 7

In the first analysis (below and above of 5.9 ng/ml), no statistically significant
differences were found in either the uni-variable (HR: 1.382, 95 % CI: 0.652-2.928,
p-value: 0.399) or multivariable analysis (adjusted HR: 1.426, 95 % CI: 0.666-3.053,
p-value: 0.361). Similarly, using the endoxifen thresholds of 5.2 ng/ml and 3.3 ng/
ml also did not relate to improve these outcomes, since the multivariate Cox analysis
of HR 2.545 (95 % CI: 0.912-7.096, p-value: 0.074) and HR 2.992 (95 % CI: 0.410-
21.822.216, p-value: 0.280) also failed to find an association, respectively. Also, dividing
patients according to the endoxifen concentration and using the median endoxifen
concentrations (10.3 ng/ml) of the CYPTAM study as cut-off point, were not associated
with RFSt (univariate analysis: HR: 0.803, 95 % CI: 0.472-1.365, p-value:0.418;
adjusted HR: 0.728, 95 % CI: 0.421-1.258, p-value: 0.255) (Table 7.2).

Table 7.2. Cox Proportional Hazards Ratio Model of RFSt. *Adjusted for: Her2Neu status,
Histologic grade and classification, Tumour size and Nodal stage. **Outcomes presented the
original CYPTAM study, and are reported here for completeness™. Q1: quartile 1; Q2:quartile 2;
Q3: quartile 3; Q4: quartile 4. RFSt: relapse-free survival during tamoxifen treatment

Endoxifen Univariable analysis Multivariable analysis*
Analysis N (%) HR 95%Cl P-value HR 95 % CI P-value

Endoxifen** 662 (100) 0.988 0.944-1.035 0.613 0.985 0.938-1.034 0.541
(ng/ml

(continuous

variable)

Endoxifen concentration by quartile

Q1:<6.6 ng/ 165 (24.9%) 1.000 Reference 0.319 1.000 Reference 0.181
mi

Q2:6.6-10.3 167 (25.2%) 1.748 0.817-3.739 0.150 1.879 0.864-4.090 0.112
ng/ml

Q3:10.3-14.1 165 (24.9%) 1.311 0.582-2.954 0.513 1.272 0.553-2.927 0.571
ng/ml

Q4:>14.1 ng/ 165 (24.9%) 0.951 0.403-2.241 0.908 0.867 0.363-2.069 0.747
mi

Endoxifen threshold**:

<5.9 ng/ml 139 (21%) 1.000 Reference 1.000 Reference

>5.9 ng/ml 523 (79%) 1.382 0.652-2.928 0.399 1.426 0.666-3.053 0.361
Endoxifen threshold:

<5.2 ng/ml 112 (16.9%) 1.000 Reference 1.000 Reference

>5.2 ng/ml 550 (83.1%) 2.391 0.863-6.621 0.094 2.545 0.912-7.096 0.074
Endoxifen threshold:

<3.3 ng/mi 49 (7.4%) 1.000 Reference 1.000 Reference

>3.3 ng/ml 613 (92.6%) 3.508 0.485-25.378 0.214 2.992 0.410-21.822 0.280
Endoxifen threshold:

<10.3 ng/ml 332 (50.2%) 1.000 Reference 1.000 Reference

>10.3 ng/ml 330 (49.8%) 0.803 0.472-1.365 0.418 0.728 0.421-1.258 0.255
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In accordance with the Cox regression analysis, none of the Kaplan-Meier
analyses (log-rank) using any of the four endoxifen concentrations differed significantly
(5.9 ng/ml: p-value: 0.396; 5.2 ng/ml: p-value: 0.083; 3.3 ng/ml; p-value: 0.139; 10.3 ng/
ml: p-value: 0.417) (Figure 7.2).

Clinical outcome and endoxifen serum concentrations: logistic regression
analysis

To evaluate the concentration effect of endoxifen and RFSt relationship, we adopted
a different approach. For this analysis, the probability of relapse (relapse or no
relapse) for each patient in the study population was calculated by performing a
logistic regression analysis. Thereafter, these calculated probabilities were contrasted
against the individual value of endoxifen concentrations of each patient. Interestingly,
a decreasing line (illustrated with its 95 % confidence interval) is observed: while
the probabilities of relapse are slightly higher in the patients with a low endoxifen
concentrations, a slightly lower chance of relapse is observed across the patients with
higher endoxifen concentrations. In terms of effect size, the calculated OR was 0.971
(95 % CI: 0.923-1.021, p-value: 0.248). While this OR is not statistically significant,
a visual representation may suggest a minor concentration-effect relationship for
endoxifen levels and probability of relapse. This decrease of the probability of breast
cancer relapse by higher endoxifen concentrations might roughly account for 5 % in
the probability of breast cancer recurrence. This logistic regression line is presented
as Figure 7.3.
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Chapter 7

Tamoxifen discontinuation and endoxifen serum concentrations: logistic
regression analysis

Next, we used an analogous approach to assess the concentration effect of endoxifen
concentrations and the probability of tamoxifen discontinuation due to side effects
by performing a second logistic regression analysis. To this end, we computed the
probability of tamoxifen treatment discontinuation (stopping treatment with tamoxifen
or not) for each individual in the enrolled CYPTAM cohort. In the same way, all these
probabilities of tamoxifen discontinuation were compared and delineated against
the endoxifen concentrations of every patient. In this analysis, the obtained OR was
1.006 (95 % CI: 0.961-1.053, p-value: 0.798). In contrast to the previous analysis, an
increasing line is depicted: whilst the probabilities of tamoxifen treatment discontinuation
is minimally increased in patients with the highest endoxifen concentrations, a minor
lower tamoxifen discontinuation probability is seen among patients with the lowest
endoxifen concentrations. A presentation of this illustration is shown as Figure 7.4.
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Figure, contrasting the probability of
tamoxifen discontinuation against
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0! ! ! ! ! ! tamoxifen discontinuation and endox-
0 5 10 15 20 25 30 35  ifen concentrations (scale of probabil-
Endoxifen concentration (ng/ml) ity 0-0.3).
Discussion

Inthis large cohort of early-breast cancer patients receiving tamoxifen, logistic regression
analyses suggest a minor exposure-response relation with a slightly decreased risk of
relapse and a small increased risk for tamoxifen discontinuation at higher endoxifen
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concentrations. These observations indicates the existence of a concentration-effect
relationship for endoxifen concentrations and the probability of breast cancer relapse
(RFSt) however the clinical relevance seems limited. At the same time, using the
proposed endoxifen concentration thresholds from the literature (5.9 ng/ml, 5.2 ng/
ml and 3.3 ng/ml) and the median endoxifen concentration of 10.3 ng/ml were not
associated with clinical outcome defined as RFSt.

Endocrine therapy with tamoxifen has been the standard-of-care for more than
40 years for women in the adjuvant and metastatic setting . In the search of a biomarker
to predict tamoxifen efficacy, alternatives such as endoxifen or 4-hydroxy-tamoxifen
concentrations have been proposed 7'°. In the case of endoxifen concentrations, the
5.97 ng/ml threshold of Madlensky and colleagues is considered the most important
cut-off point, whilst it is also the most widely used one’. However, we believe the
application of this concentration in the current practice should be carefully evaluated.
In their manuscript, Madlensky et al. did not report the used dose of tamoxifen neither
endocrine therapy duration. At the same time, all described survival outcomes, e.g. Cox
regression analysis, were analysed as disease-free survival, which was defined as the
time of diagnosis till the time of second breast cancer. Since no additional information
regarding tamoxifen exposure was included in their analysis (e.g. dose or therapy
duration), this reported endoxifen concentration of 5.97 ng/ml may not correctly illustrate
the impact of the exposure to endoxifen concentration. Another potential remark might
be the minor difference in the percentages of recurrences observed across the studied
groups (quintiles): while the percentage of recurrence of the lowest group (quintile)
was 16 %, this rate in the higher groups (quintiles) could be seen as comparable (e.g.
recurrence rate in third quintile was 14.7 %).

Although currently the majority of clinical guidelines recommends at least five
years of endocrine therapy (either as tamoxifen or as aromatase inhibitor, or any of
these combined)?3, different strategies, e.g. two years versus five years of tamoxifen,
were still suggested to be beneficial during the WHEL study. Consequently, quantifying
this putative cut-off point for endoxifen in current antiestrogenic strategies may be
extremely difficult to measure. In any case, we did not find any difference in our study
when comparing both groups (above versus below 5.9 ng/ml) (Adjusted HR: 1.426, 95
%Cl: 0.666-3.053, p-value: 0.361). Although the main advantage of Madlensky’s study
might rely on the high number of included patients (1370 individuals), we also failed
to find any association despite of analysing from the exposure to tamoxifen therapy. A
possible reason for these outcomes might be due to the use of the term “threshold effect”.

Generally, a threshold effect is supposed to be an inflexion mark or level at
which a significant variation takes place®. As observed in our proposed Figures, for
endoxifen concentration and probability of relapse, around 5.9 ng/ml® or 5.2 ng/ml®, or
the even lower level of 3.3 ng/ml'°, no changes in the curve of our analysis could be found
(Figure 7.3). In contrast, we observed a decreasing curve in which higher endoxifen
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concentrations are related to lower probability of breast cancer relapse, suggesting
a concentration effect relationship for endoxifen (Figure 7.3). Interestingly, this lower
chance of probability (around 5%) is in line with the main advantage of the use of adjuvant
endocrine therapy with tamoxifen in terms of survival outcome?®. At the same time, we
also observed a growing line when contrasting the effect of endoxifen concentrations
with the probability of treatment discontinuation with tamoxifen (Figure 7.4).

In our opinion, whilst the hypothesis of lower probability of relapse by higher
endoxifen concentrations might be plausible, we also showed that the chance of
tamoxifen treatment discontinuation might be higher at higher endoxifen concentrations
(Figures 7.3 and 7.4). Consequently, using only endoxifen concentrations as a proxy
for tamoxifen efficacy, should be considered cautiously. Owing to the higher endoxifen
concentrations (e.g. due to a higher dose of tamoxifen), patients also could tend to
have a higher chance of treatment discontinuation due to side effects, and therefore,
lower adherence, which could potentially lead to treatment failure.

In order to improve the prediction of tamoxifen efficacy, we consider that the
anti-estrogenic activity of tamoxifen might not only rely on endoxifen concentrations, but
many other variables, e.g. other tamoxifen metabolites and their concentrations, might
also be responsible for this difference in relapse. For instance, 4-hydroxy-tamoxifen
has an anti-estrogenic activity similar to endoxifen*, but endoxifen has always been
contemplated as the most active metabolite of tamoxifen, since it is found in higher
concentrations than 4-hydroxy-tamoxifen®. Another example of a difference approach
based on the concentrations of other tamoxifen metabolites instead of only endoxifen
concentrations was described by De Vries-Schultink and colleagues *°. Authors created
a an anti-estrogenic activity score and described a new threshold value of 1798 which
was associated with recurrence-free survival (HR: 0 .67; 95 % ClI: 0.47-0.96). According
to the authors, the concordance indices for endoxifen concentrations and this anti-
estrogenic activity score were similar. Therefore, the theory of an improved clinical
outcome based only on endoxifen concentrations may be appealing, but we certainly
think tamoxifen efficacy also relies on other factors than endoxifen concentrations.

A potential limitation of our study might be the number of studied patients.
In total, we analysed 662 patients of the CYPTAM study, from whom the endoxifen
concentrations and survival information were readily available. In our case, the study
population may be underpowered. A post-hoc power calculation shows that our study
may have approximately 30 % of power in order to validate Madlensky’s outcomes. This
value is lower than the generally accepted 80 % power. However, we also have estimated
that nearly 21500 patients would be required in order to achieve this 80 % power with the
observed eventrate of roughly 8 % questioning the clinical relevance of the concentration-
effect relationship. In the CYPTAM study design, we assumed an HR of 2.0 in order
to calculate the required sample size. However, it might have been an overestimation
of the effect size, and consequently we cannot exclude an association for a HR < 2.
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Another potential limitation of our study might be the implications for the
late breast cancer recurrences and the relatively short follow-up duration time (6.8
years (range: 0.33-9.34 years)). Late recurrences due to a purely failure of tamoxifen
therapy normally happen after 10-15 years of endocrine treatment with tamoxifen
81, Consequently, the presented results would mainly apply to early-breast cancer
recurrences that occurred during tamoxifen therapy. Ideally, this impact of tamoxifen
use on (late) breast cancer recurrences should be evaluated in patients who were only
treated with tamoxifen and followed for a long time of at least 10-15 years.

Another relevant point in our study might be censoring patients at the time of
tamoxifen discontinuation due to a switch to an aromatase inhibitor. Since patients
were censored at the moment of switch, it might be difficult to strictly separate the effect
and the potential therapeutic failure of tamoxifen from aromatase inhibitors due to a
potential carryover effect that would still be present during the therapy with aromatase
inhibitors. For instance, if an event takes place after only one or two months of the
switch to an aromatase inhibitor, it would more likely to think that this event would be
due to a failure to tamoxifen therapy rather than an aromatase inhibitor. However, if
an event happens after 18 months of aromatase inhibitor use, this event would be
more likely explained by an aromatase inhibitor failure than purely a tamoxifen failure.
However, tamoxifen might still have a carryover effect that would be present during the
therapy with aromatase inhibitors. To this end, a new endpoint was created and named
relapse-free survival complete (RFSc), in which the time of aromatase inhibitor was
also included '®. As previously reported ¢, we also did not find any type of differences
when comparing the different groups based on endoxifen threshold concentrations of
5.9 ng/ml (adjusted HR: 1.340; 95% CI: 0.788-2.277; p-value: 0.280). These results
suggest that even if there is a carryover effect of tamoxifen, it might still have a minor
impact on the clinical survival. While censoring patients at this point might have its
limitations, our outcomes also have the advantage that they are based on real world
data and represent the consequences of the therapeutic strategy of tamoxifen and
aromatase inhibitors.

Another limitation of our study might be due to the fact that endoxifen
concentration levels were only collected and measured once during the first year of
tamoxifen treatment, either at enrolment and/or after two months of tamoxifen therapy
in order to assure steady-state concentrations. Although intra-patient variability
of endoxifen concentrations is usually considered as low * [1], not measuring
endoxifen concentrations at some other points in time might be less informative since
endoxifen concentrations might change over time. Potential reasons for variations in
concentrations might be new concomitant medication, treatment non-adherence and
differences between study data and real world data

Although the use of TDM in many other drugs in oncology have shown more
promising results® in order to predict an improved survival outcome based on drug
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concentrations, these outcomes obtained from real-world clinical practice may actually
question the added value of TDM of tamoxifen efficacy based only on endoxifen
concentrations. In this case, the observed weak exposure relationship between
endoxifen concentrations and clinical outcome has a minor effect, and consequently,
the potential usefulness of TDM might be interpreted of very limited added value for
the clinical setting. Therefore, the remaining question in this ongoing controversy might
be a proper study design in order to determine the value of TDM based on endoxifen
concentrations in the clinical daily practice. Recently, a few power calculations based on
the Madlensky’s study population and the CYPTAM study, suggested that around 1500
patients and 15 years of follow-up would be required in order to adequately investigate
this question®. In any case, performing such a study might require an important effort.
Another approach that could also address this question might be done by combining
data of several independent cohorts with available endoxifen concentrations and
clinical survival data.

In conclusion, while our analysis shows an endoxifen concentration-effect
relationship for relapse and for tamoxifen discontinuation, it does not confirm earlier
reported threshold values for the use in TDM nor does it allow definition of a novel
threshold. These findings suggest there is a limited added value of TDM to guide
tamoxifen dosing.
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