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Introduction: In this research, we used a volumetric absorptive microsampling (VAMS)
technique to collect blood samples from the patients. A rapid and simple sample preparation
method and LC-MS.MS assay was then developed and validated for the simultaneous
analysis of tamoxifen and its three active metabolites.

Methods: VAMS extraction was performed in methanol by sonication-assisted extraction
method for 25 min after 2 hof VAMS drying. Separation was carried out using Acquity UPLC
BEH Cg column (2.1 x 100 mm; 1.7 um), with a flow rate of 0.2 mL/min, and the mobile phase
gradient of formic acid 0.1% and formic acid 0.1% in acetonitrile for 5 min. The multiple reaction
monitoring (MRM) values were set at m/z 358.31>58.27 for N-desmethyltamoxifen, m/z
372.33>72.28 for tamoxifen, m/z 388.22>72.28 for 4-hydroxytamoxifen, m/z 374.25>58.25
for endoxifen, and m/z 260.26>116.12 for propranolol.

Results and Discussion: The lower limit of quantification value (LLOQ) was 2.50 ng/mL for
tamoxifen, 2.50 ng/mL for endoxifen, 1.50 ng/mL for 4-hydroxitamoxifen, and 2.00 ng/mL for
N-desmethyltamoxifen. Accuracy (%bias) and precision (%CV) were within 20% for LLOQ and
15% for other concentrations. There were no interference responses >20% of the LLOQ and 5%
of the internal standard. The level of ion suppression in all analytes was less than 7%. The
preparation system developed in this study successfully extracted more than 90% of analytes
from the matrix with precision below 15%. Carryover was shown to be below 6% in all analytes.
Stability of analytes in VAMS was demonstrated for up to 30 days, under room temperature
storage in a sealed plastic bag with desiccant. This method was successfully applied to analyze
tamoxifen and the metabolites level in 30 ER+ breast cancer patients.
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Introduction

Tamoxifen (TAM) is a selective estrogen receptor modulator (SERM). TAM binds
to estrogen receptors (ER), thereby inhibiting ER transcriptional activity and
inhibiting tumor growth. TAM is commonly used for the treatment of premeno-
pausal women with hormone receptor-positive breast cancer, as sequential treat-
ment in post-menopausal women and also as chemoprevention to reduce the risk of
developing breast cancer in women.' > TAM is a prodrug that undergoes extensive
hepatic metabolism Phase 1 to form at least 22 metabolites.*> TAM is metabolized
by cytochrome P450 into its more active metabolites with different affinities for
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estrogen receptors.® The main metabolites of TAM,
N-desmethyltamoxifen = (NDT), 4-hydroxytamoxifen
(4HT) and endoxifen (END), are considered 30-100
times more potent than TAM itself.” Among them, END
is the most important metabolite in pharmacological
effects because END shows higher steady-state concentra-
tion in serum.®

Based on previous studies, the effectiveness of tamox-
ifen therapy in breast cancer patients depends on the con-
centration of endoxifen, where patients with endoxifen
levels in serum above 5.9 ng/mL had a smaller risk of
recurrence than patients with endoxifen level below this
point.”>'® However, the metabolism of TAM to END
CYP2D6  genetic
status.”!"'3 CYP2D6 is highly polymorphic with more

depends on the polymorphism
than 100 variant alleles, resulting in four phenotypes,
Ultra-rapid Metabolizer (UM), Extensive Metabolizer
(EM), Intermediate Metabolizer (IM),
Metabolizer (PM). This polymorphism
a disparity in patient response to TAM therapy, thus con-

and Poor
leads to

tributing to different outcomes.”'*'> Therefore, it is
necessary to measure the blood level of TAM and its
metabolites to ensure that patients maintain END
levels beyond threshold.

Analysis of TAM and its metabolites has been carried

5,16-18 and

out in several studies, using dried blood samples
plasma and serum samples.*®'°2! However, in general,
analysis using plasma samples and dried blood spot sam-
ples (DBS) has several drawbacks, i.e. larger sample
volumes are required for plasma use and the sampling
technique is invasive. For DBS samples, there are pro-
blems for hematocrit effects and homogeneity. Therefore,
an analytical method called volumetric absorptive micro-
sampling (VAMS) is being developed. When compared
with plasma sampling, the VAMS method has several
advantages, for example the volume of samples needed is
reduced, the sampling process and sample preparation are
simpler, shipping costs are reduced, and room temperature
is allowed. When compared with DBS, sample volumes
that were taken by the VAMS method produce more stable
and homogeneous samples, in addition this method
overcomes the problem of hematocrit effects.?> >

No studies of development and validation of an analy-
sis method for TAM had been carried out using the VAMS
method. Therefore, this study was conducted to obtain
optimum and validated chromatographic and separation
conditions for the analysis of TAM and its metabolites,
such as END, 4HT and NDT. The validation of the

analytical method was carried out based on the 2011
EMA guidelines®® and FDA bioanalysis method validation

guidelines in 2018.%7

The results of the development and
validation of this bioanalysis method are expected to be
applied for monitoring TAM therapy in breast cancer

patients.

Materials and Methods

Chemical Reagents and Materials
(Z)-Endoxifen,
Hydrochloride were purchased from Sigma-Aldrich.

Tamoxifen, and Propranolol

(Z)-4-Hydroxytamoxifen and N-desmethyltamoxifen
were purchased from Santa Cruz Biotechnology.
Acetonitrile HPLC grade, Formic acid as eluent and
methanol HPLC grade were obtained from Merck.
VAMS  Mitra®
Neoteryx, USA.

tips was purchased from Mitra

Stock Solutions, Calibration and Quality

Control Samples Preparation

NDT, TAM, END and 4HT stock solution in methanol
were prepared to obtain a concentration of 1000 ng/mL.
The stock solution of NDT and TAM were diluted to
obtain 100 ng/mL intermediate solution, while END and
4HT were diluted to 10 ng/mL. Propranolol (PRO) as
internal standard, stock solution of 1000 ng/mL was pre-
pared by diluting in methanol. Calibration samples were
prepared by diluting the working solution with whole
blood to achieve a calibration set. Quality control (QC)
solutions in whole blood NDT were prepared for low
(QCL), med (QCM), and high (QCH) at 6; 250; and 500
ng/mL, TAM 7.50; 60; and 150 ng/mL, END 7.5; 18; and
25 ng/mL, 4HT 4.5; 15; and 25 ng/mL, respectively.

Sample Preparation

VAMS samples were prepared by immersing the Mitra®
tip in the spiked whole blood and dried for 2 h. Mitra® tips
were removed and put in a micro tube. Extraction was
done by adding 100 ng/mL PRO in methanol. The mixture
was vortexed for 1 min. Extraction was carried out by
sonication for 25 min. The mixture was pipetted as much
as 850 pL and dried in a water bath at 55°C under nitrogen
stream. Dried extract was reconstituted in 100 uL. mobile
phase. The mixture was homogenized with 20 s vortex. 70
pL of the supernatant was transferred to an auto sampler
vial and 10 pL of supernatant was injected onto the UPLC-
MS/MS system.
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UPLC-MS/MS Equipment and Conditions

Analysis system was using Waters Xevo TQD Triple
Quadrupole, separation was performed using Acquity UPLC
C18 BEH column (2.1 x 100 mm; 1.7 pm), controlled by
MassLynx Software from Waters (Milford, USA). The mobile
phase consisted of 0.1% formic acid (eluent A) and 0.1%
formic acid in acetonitrile (eluent B) at flow rate of 0.2 mL/
min. The initial composition of eluent was 5% A which was
maintained for 3 min, followed by increasing its composition
to 70% A for the next 2 min. Total analytical time was 5 min.
The parameters of MS condition were optimized as follows:
capillary voltage +3500 V; nitrogen temperature 450°C and
the flow rate at 700 L/h. Argon was used as the collision gas:
ionization using ESI positive mode with m/z values:
358.31>58.27 for N-desmethyltamoxifen, m/z 372.33>72.28
for tamoxifen, m/z 388.22>72.28 for 4-hydroxytamoxifen, m/
z 374.25>58.25 for endoxifen, and m/z 260.26>116.12 for
propranolol. The MS conditions are listed in Table 1.

Method Validation

The Lower Limit of Quantification (LLOQ)

This test aims to find the lowest concentration that can be
analyzed and meet the requirements of accuracy and precision.
This concentration is the lowest point in the calibration curve.
To test LLOQ, NDT, TAM, END, and 4HT were tested at
concentrations of 2.0; 2.5; 2.5 and 1.5 ng/mL, respectively.
Quality control solution was used and this assay was per-
formed with five replicates. The test is continued with
a concentration of half that value and so on. LLOQ is selected
at a concentration where the %CV and %bias do not
exceed 20%

Calibration Curve

Calibration curve were prepared from fresh spiked blood
samples at eight levels of concentrations containing NDT
(2-600 ng/mL), TAM (2.5-200 ng/mL), END (2.5-40 ng/
mL), and 4HT (1.5-30 ng/mL). Blank, zero, and calibration
samples were applied to VAMS, dried at room temperature for
2 hand analyzed within 24 h. Calibration curves are deter-
mined for the area ratio of the NDT, TAM, END and 4HT
peaks to the propranolol peak and the actual concentrations of
the calibration samples. Linearity was examined by evaluating
the calibration plots on three separate runs, assessing the
coefficient of correlation (r) and the back-calculated accuracy.

Selectivity
Selectivity was assessed by spiking LLOQ solution to blood
matrix, obtained from six different sources. The area was

compared with blank matrix from each source to ensure no
interference at the retention time of analyte and IS.
Interference was allowed if the response is not exceeding
20% of LLOQ area and not more than 5% of the IS area.

Precision and Accuracy

Intra- and inter-day accuracy and precision were evaluated
by measuring analyte spiked matrix at concentration
LLOQ, QCL, QCM, and QCH in five replicates. Inter-
day assay was performed over 3 consecutive batches (at
least 2 days). The acceptance criteria established for the
accuracy and precision is %CV not to exceed 15%, and
20% for LLOQ. The accuracy (%diff) should be within +
15%, and for LLOQ + 20%.

Recovery and Matrix Factor

Aliquots of whole blood matrix were spiked with analytes in
QCL, QCM, and QCH concentrations. Recovery was eval-
uated by comparing the area of the pre-extracted analyte
spike sample with the post-extraction spiking sample. Both
assays were performed with three replicates for each con-
centration. Recovery does not have to be 100%, the value of
% coefficient of variance (%CV) of the recovery values
should be less than 15% (consistent and reproducible).

Carry Over

The carry-over is analyzed by comparing the area of the
blank sample after injection of high concentration (ULOQ)
of each analyte. The area that might occur on the blank
sample at the retention time of the analyte should not
exceed 20% of the LLOQ area.

Dilution Integrity

The standard work solutions of NDT, TAM, END, and
4HT were diluted in whole blood until the concentration
was above ULOQ (2 times the concentration of QCH).
Then, the solution were diluted to a half and a quarter of
its concentration by using blank whole blood. The assay
was performed with two replicates for each concentration.
Dilution should not affect accuracy and precision with the
acceptance criteria established is maximum 15% for the
%CV.

Matrix Effects

ME was determined using QCL and QCH concentration,
extracted from six different whole blood donors. Matrix
effect is evaluated by comparing the ratio between area of
spiked sample post extraction and matrix free analyte solu-
tion. IS normalized matrix factor is calculated from the
comparison between the matrix effect of analytes and the
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IS matrix effect. The result of the matrix effect indicates the
amount of ion suppression or enhancement induced by the
components in the matrix. Matrix effect analysis meets the
requirements if the %CV does not exceed 15%.

Stability

The stability analysis was tested using NDT, TAM, END,
4HT and internal standard propranolol stock solution
which were stored at room temperature for 0, 6, and 24
h and stored at —20°C for 0 and 60 days before analysis.
The %diff is compared with the response at starting point
and should not be higher than 10%. The assay was per-
formed with two replicates. The assay was also performed
to observe analyte in VAMS matrix at two concentration
levels: QCL and QCH which were stored at room tem-
perature for 0, 6, and 24 h and for 0 and 30 days. The
assay was performed with three replicates. Besides, the
stability of analyte in the matrix that was stored in auto
sampler was also tested after 0 and 24 h. All assays were
performed with three replicates.

Patients and Method Application

The method using VAMS was applied to determine TAM
and its metabolites including NDT, END, and 4HT in breast
cancer patients. Patients inclusion criteria were female
patients aged over 18 years who were diagnosed with posi-
tive estrogen-type breast cancer at all stages and received
20 mg tamoxifen therapy per day for at least 8 weeks before
their blood could be drawn to ensure steady state level. This
study was approved by the ethics committee of MRCCC
Siloam Semanggi Jakarta and conducted according to the
Declaration of Helsinki. Each participant provided informed
consent and an explanation of the study and procedures.
Only after the patients had agreed and signed the informed

Table I MRM Transitions and MS Parameter

consent, blood samples were taken from the fingertips and
absorbed in 20 microliters of Mitra® VAMS. The tips were
dried for 2 hin Mitra® drying rack and then stored in the
Mitra® clamshell and put with a desiccant until the time of
analysis within 8 weeks. The sample tips to be analyzed
were released from the handle and extracted using 1000 pL
methanol (containing 100 ng/mL IS). The extraction proce-
dure follows extraction of the calibration curve. 10 pL of
sample extract solution was injected into UPLC-MS/MS and
the levels were calculated through daily calibration curves.
Quality control samples were also inserted at each analytical
run to ensure data validity.

Results

Optimum UPLC-MS/MS Condition

A triple quadrupole UPLC-MS/MS with an electrospray ion
source were used in this study. Protonated molecules (posi-
tive mode) were selected as precursor ions to produce pro-
duct ion spectra. MRM transition was determined from the
most intense ion product to provide high sensitivity and
selectivity. The MS optimization was conducted via direct
infusion of analyte solution into MS. The adjusted para-
meters were ESI temperature, cone voltages, collision
energy, nebulizer and dissolution gases. In Table 1, the
optimized conditions are presented for TAM and its meta-
bolites. The capillary pipe voltage was 3.5 kV with 350°C
for desolvation temperature, nebulizer was set at 20 psi and
700 L/h for the gas flow rate. The product ion spectrum is
produced from protonated molecules ([M + H] +) as parent/
precursor ions. The most intense ion products were selected
as MRM transitions to ensure sensitive and selective ana-
lyses. The optimum mass transitions for tamoxifen and its
metabolites are shown in Table 1 and proposed fragmenta-
tion pathways are presented in Figure 1.

Analyte | lon Fragment | lonization lon Spray ESI Cone Collision Retention

(m/z) Mode Voltage (kV) Temperature Voltage (V) Energy (V) Time (Min)
°C)

NDT 358/58 ESI+ 35 450 4?2 24 261

TAM 372172 50 27 2.62

END 374/58 45 30 2.36

4HT 388/72 50 27 2.40

PRO 260/116 35 20 221

Abbreviations: NDT, N-desmethyltamoxifen; TAM, tamoxifen; END, endoxifen; 4HT, 4-hydroxytamoxifen; PRO, propranolol; MRM, multiple reaction monitoring; ESI,

electrospray ionization.

2420 "

Dove!

Drug Design, Development and Therapy 2021:15


https://www.dovepress.com
https://www.dovepress.com

Dove Maggadani et al

Daughters of 372ES+
372.33
10| TAMOXIFEN | -
o
7228 372.33>72.28
.
=
0 | . 1 1 L |

stacicon: b 4 ; . . * m/z
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440-

ENDOXIFEN
100 58.25 Daughters of 374ES+
1.41e7
374.25
g_
223.15
1 5719 J
0 N i iz

A A A e
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440"

Figure | Continued.

Drug Design, Development and Therapy 2021:15 hetps: 2421

Dove:


https://www.dovepress.com
https://www.dovepress.com

Maggadani et al

Dove

4-HYDROXYTAMOXIFEN

100 Daughters of 38BES+
388.22 2.49e6

°§\/\N/

388.22>72.28

32'
72.28
0 e e e e e R e s J|I 11173
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440

N-DESMETHYLTAMOXIFEN

100 58.27 Daughters of 358ES+
2.27el
358.31
0.
Q/\N/
H
S

358.31>68.27

g__
129.27
> S U T— | — T — \ -
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420

Figure | Continued.

https:

2422

Dove!

Drug Design, Development and Therapy 2021:15


https://www.dovepress.com
https://www.dovepress.com

Dove

Maggadani et al

100, PROPRANOLOL

116.12
a?.
183.15
98.11 |
7211
58.13 |74.25
|
55.24! 86.15 | 157.15 "
| |
| ‘ 155.20| 218.13
01 ..‘,,‘,Liml'.iﬁ,‘i_;..#4.,.v,+v,.,vuv- A Il | l
40 60 80 100 120

260.26 Daughters of 260ES+

9.96e6

260.26>116.12

T L A A N N i i A A A i N A e T
140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440

Figure | Mass spectra and fragmentation pathways of tamoxifen, endoxifen, 4-hydroxytamoxifen, N-desmethyltamoxifen and propranolol.

Optimization of Chromatographic

Separation

Optimum chromatographic conditions were achieved by
adjusting several parameters such as composition and
combination of the mobile phase, flow rate, and gradient
profile. The assay was performed by comparing three
combinations of mobile Phase 0.2% formic acid with
0.2% formic acid in acetonitrile; 0.1% formic acid with
acetonitrile; and 0.1% formic acid with 0.1% formic acid
in acetonitrile. Those combinations of mobile phase were
tested under isocratic methods with a ratio of 20% aqu-
eous phase and 80% acetonitrile as an organic phase and
flow rate of 0.2 mL. A mixture of 0.1% formic acid (A)
with 0.1% formic acid in acetonitrile (B) was chosen as it
gave the best chromatogram compared with the other
combinations. When the formic acid was added to
0.2%, the shape of the peak was broadened and split,
meanwhile reducing the formic acid was also broadening
the peak as low acidity leads to low protonated ion
product. However, the composition of 20-80% of mobile
phase B was not ideal due to the small area produced.
Reducing water portion and increasing organic (5:95)
led to better peak shape and ESI response. Water pro-
duced larger droplets due to its high surface tension

compared with acetonitrile. Furthermore, evaporation of
water is slower than organic solvent like acetonitrile.
Hence, a bigger portion of water resulted in less effi-
ciency in charged droplet disintegration and led to lower
ESI response.?® Flow rate of 0.2 mL/min was also chosen
as increasing the flow rate resulted in an asymmetric

peak.

Optimization of Mobile Phase Gradient

Elution

Isocratic elution as described above resulted in good amount
of area but inconsistent repeatability. Tailing and broadened
peak was also shown when repeated injections were per-
formed. To overcome this problem, gradient elution was
added at the end of isocratic elution. A linear gradient
separation was used with 5-95% of mobile phase
A-B from 0-3 min, then adding gradient 70-30% of mobile
phase B, which was held for 2 min for re-equilibration of the
system and also to wash off retained sample from previous
injection. This method successfully separated analytes
within 5 minwith mobile phase consumption only 1 mL
per run. The chromatograms illustration of spiked blood
(LLOQ) and clinical sample of TAM and metabolites
extracted from VAMS are shown in Figure 2. The retention
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Figure 2 UPLC-MS/MS chromatograms obtained from VAMS device. (A) Blank blood extract; (B) spiked at the concentration of the LLOQ; and (C) clinical sample on
steady state.
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time of TAM, END, 4HT, NDT QC sample and patient
sample were 2.61 and 2.59; 2.36 and 2.37; 2.37 and 2.39;
2.60 and 2.59 min, consecutively. Retention time of IS was
2.21 min.

System Suitability Test

After obtaining optimum conditions of analysis, the sys-
tem suitability test was done to ensure the system works
well to produce accurate data. Based on test results, the %
CV of the area produced by NDT, TAM, END, 4HT, and
propranolol was: 2.38%; 1.22%; 1.40%; 1.64%; and
1.65%. While %CV of the retention time produced by
NDT, TAM, END, 4HT, and propranolol was: 2.51%;
2.34%; 2.51%; 2.75%; and 3.15%, respectively. Based on
the results, it can be concluded that the analysis system is
running well because it meets the %CV requirements for
system suitability testing that do not exceed 6%.

Optimization of Sample Preparation
Optimization of sample preparation in VAMS was done by
optimizing the tip drying time and sonication time. Tip dry-
ing time was tested for 60, 120 and 180 minutes. Sonication
time was tested for 15, 25 and 40 min. Based on the results,
drying the tips for 120 min at room temperature (20-25°C)
gave the best results as it produced the biggest response.
These results are similar to previous studies, where prolonga-
tion of drying time did not provide a significant increase in
response while drying time shorter than 120 min gave lower
response. This may indicate that the blood samples were not
dried enough and were not bound adequately to card matrix.
Blood samples should be completely dried before processing,
storage or transportation. Drying time may vary between
type of paper and volume of spotted blood, thus optimization
needs to be done before analysis.

Extraction of analytes from VAMs used a simple tech-
nique with 100% methanol. In this study, the sonication
time was optimized at 15, 25 and 40 min. Sonication for
25 min produces a better response and better recovery than
15 minsonication, while sonication for 40 min gave the
same response as 25 min. This extraction time was faster
than the previous 45-min sonication process.'’ Sonication
is an important step in the extraction of analytes because
of its role in the release of analytes from the pores of the
matrix. In a review outlined by Kok and Fillet (2017),
sonication reduced bias and increased recovery in the
extraction of VAMs, especially in high hematocrit.??

Method Validation

Calibration Curve

Calibrators were prepared and analyzed during 3 analytical
runs. The working solution containing NDT, TAM, END,
and 4HT was diluted by whole blood to achieve eight
concentration levels: 2-600 ng/mL for NDT; 2.5-200 ng/
mL for TAM; 2.5-40 ng/mL for END; and 1.5-30 ng/mL
for 4HT. Calibration curve was measured based on the
ratio of NDT, TAM, END, and 4HT area to IS area. The
linear regression of the analyte/internal standard peak area
ratio (PAR) versus the concentration of analytes (x) was
weighted 1/x the correlation coefficient (r) was 0.9945 for
NDT; 0.9955 for TAM; 0.9937 for END; and 0.9929 for
4HT. All back-calculated calibration and coefficients of
variation were below 15% (20% for LLOQ).

Selectivity

Based on the results, the interference response at the
retention time of NDT, TAM, END, and 4HT was
14.50%; 10.45%; 6.77%; 11.84% consecutively and the
interference response at the retention time of propranolol
was 0.58%. These results showed that there were no inter-
ference responses >20% of the LLOQ and 5% of the
internal standard. The method was hence considered to
be selective.”®

Accuracy and Precision

The assay was carried out by analyzing five replicates of
analyte at the concentrations of LLOQ, QCL, QCM, and
QCH in three different runs. The results of the accuracy
and precision assay are presented in Table 2. The accuracy
(%bias) of NDT, TAM, END, and 4HT was less than +
20% for LLOQ and £ 15% for other QC samples. The
intra- and inter-assay values (% CV) were also less than +
20% for LLOQ and + 15% for other QC samples. These
results indicate adequate repeatability of this method.

Recovery

Extraction recovery was calculated from the ratio of the
area of the extracted analyte (a) to the analyte spiked after
extraction (b). The assay was carried out at the concentra-
tions of QCL, QCM, and QCH for 3 replications each.
Analyte recovery from biological matrix does not have to
be 100%, but it should be consistent, precise, and repro-
ducible. The preparation method developed in this study
successfully extracted more than 90% analytes from the
matrix with %CV between analysis below 15%. Data are
presented in Table 2.
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Table 2 Results of the Accuracy and Precision Experiment (n=5)

Analyte QC Nominal Concentration (ng/mL) Precision (%CV) Accuracy (%Bias) Recovery
Intra-assay | Inter-assay | Intra-assay | Inter-assay | MeantSD | %CV
NDT LLOQ 2 6.66 5.51 0.6 223
QCL 6 2.51 6.03 7.5 —-1.02 91.72+0.92 | 1.0l
QCM 250 5.72 3.73 0.41 1.97 91.92+1.08 | .17
QCH 500 6.45 4.52 2.38 1.98 91.77+0.67 | 0.73
TAM LLOQ 25 12.91 9.48 —4.33 1.29
QCL 75 4.94 5.85 -2.92 221 91.13x1.52 | 1.37
QCM 60 5.54 391 |.44 1.82 92.02+0.87 | 0.94
QCH 150 5.19 3.84 —-1.49 —0.16 92.54+1.44 | 1.56
END LLOQ 2.5 6.32 7.35 -5.27 —-0.07
QCL 7.5 4.0l 7.25 —8.54 0.52 91.79+0.81 0.89
QCM 18 5.63 35 1.51 0.44 92.20+0.99 | 1.07
QCH 35 6.12 391 843 5.79 92.12+1.48 | 1.60
4HT LLOQ 1.5 6.37 6.18 —-1.19 1.22
QCL 4.5 6.8l 5.13 —-0.89 23 91.31%1.93 | 2.12
QCM 15 851 6.33 2.74 3.58 91.47+1.44 | 1.57
QCH 25 9.2 6.97 -2.26 241 92.39+1.52 | 1.64

Abbreviations: NDT, N-desmethyltamoxifen; TAM, tamoxifen; END, endoxifen; 4HT, 4-hydroxytamoxifen; PRO, propranolol; QCL, quality control low; QCH, quality

control high; SD, standard deviation; CV, coefficient of variance.

Carry Over

The measured peak area of the blank sample injected after
ULOQ standard was between 1.85—4.08% of the peak area
at LLOQ for NDT, between 2.25-4.56% of the peak area
at LLOQ for TAM, between 4.21-5.26% of the peak area
at LLOQ for END, between 2.49-3.86% of the peak area
at LLOQ for 4HT and between 0.67—1.22% of the peak
area at LLOQ for propranolol.

Dilution Integrity

The assay was carried out by preparing 5 replicates of
VAMS with a concentration twice above ULOQ.
Preparation is carried out in accordance with the optimum
preparation method. The final extract was then subjected
to half and quarter dilutions. % bias and precision (% CV)
represented a value of not more than 15% for all analytes.

Matrix Effects

The molecules in the biological matrix can interfere with
the ionization process and affect the UPLC-MS/MS
response. The molecules in the matrix can cause ion

suppression and enhancement.”® This study was carried
out by post-extraction spiked at the concentration of QCL
and QCH against a blank matrix from six different
sources. As shown in Table 3, the occurrence of ion
suppression in all analytes were within 7%. This value
indicates only minimal interference caused by co-eluting
the matrix component. IS normalized factor showed
a value close to 1 which indicates that the internal sup-
port used can compensate for the matrix effect. % CV on
the effect matrix and IS normalized matrix factor were
below 15 which
requirements.

indicates that this test meets the

Stability

The results of the storage stability of stock solution
showed %bias below 10% for all analytes in methanol at
room temperature (25°C) for 24 h and in the refrigerator
(—20°C) for 1 months, in amber glass vial, protected from
light. The results of the NDT, TAM, END, and 4HT
stability tests on VAMS also showed good stability with
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Table 3 Results of Matrix Effect for Tamoxifen and Its
Metabolites

Analyte | QC Matrix Effect Internal Standard-
Normalized
Matrix Factor
Mean * SD % Mean * SD %
(%) cv (%) cv
NDT QCL 95.06 + 1.73 1.82 0.97 £ 0.03 226
QCH 95.83 + 0.72 0.75 0.98 + 0.02 1.09
TAM QCL 96.58 + 1.88 1.94 0.98 + 0.02 2.25
QCH 97.81 220 2.25 1.00 £ 0.03 2.59
END QCL 9741 +2.04 2.10 0.99 £ 0.03 3.20
QCH 95.89 + 1.79 1.87 0.98 £ 0.03 2.51
4HT QCL 95.54 + 2.08 1.29 0.97 £ 0.03 3.20
QCH 96.27 + 1.18 1.23 0.98 £ 0.02 1.96
PRO 98.22 + 1.03 1.05

Abbreviations: NDT, N-desmethyltamoxifen; TAM, tamoxifen; END, endoxifen;
4HT, 4-hydroxytamoxifen; PRO, propranolol; QCL, quality control low; QCH,
quality control high; SD, standard deviation; CV, coefficient of variance.

the %bias and %CV values below 15%. The stability of
the analytes in VAMS has been demonstrated during
a room temperature storage period of up to 1 month, in
a sealed plastic bag with desiccant and protected from
light. The stability studies data are summarized in Table 4.

Table 4 Summary of Stability Data

Application of the Method

Total of 30 pre- and post-menopausal patients were
recruited in this study from September to October 2019
at the MRCCC Siloam Semanggi hospital Jakarta. The
patient population was predominantly premenopausal (n
= 24) and others were postmenopausal (n = 6). The median
of age is 46 with a range of 26-53. The median of BMI is
233 kg/m? with a range of 18.73-27.63 kg/m?. All
patients are Indonesian with a large proportion of ethnic
Javanese and Chinese. No patient took any medication that
was classified as a CYP2D6 inhibitor.

The analysis showed that the median VAMS level in all
cohorts was TAM 84.68 ng/mL, NDT 245.35 ng/mL, END
7.96 ng/mL and 4HT 3.3 ng/mL. As presented in Table 5,
NDT is the metabolite with the highest concentration in
VAMS samples while 4HT showed the lowest among the
metabolites. This study also observed a wide range of
metabolite concentrations. Tamoxifen shows levels in the
range 31.22-178.96 ng/mL, endoxifen 3.4-21.67 ng/mL,
4HT 1.5-13.71 ng/mL, and NDT 87.38-337.29 ng/mL.
Substantial differences are shown in 4HT and END with
a difference of 7.8 and 6.4 fold between the highest and
lowest levels measured.

Mean/median END in serum and plasma sample vary
between studies. Previous journals reported mean/median
END of 5.5 ng/mL to 14.5 ng/mL in plasma and serum
patients.>'>!73%3! Other studies that have been conducted

on Asian patients have shown higher END plasma levels of

Compound In Solution Nominal Conc (ng/mL) In VAMS Sample
Short Term Long Term Autosampler During Long Term
(24 h) (30 days) (24 h) Processing (30 days)
(24 h)
%CV | %Bias | %CV | %Bias %CV %Bias %CV %Bias %CV | %Bias
TAM 0.34 —0.86 0.02 | —4.40 7.5 3.66 -3.60 6.64 —6.01 1.45 -10.75
150 4.11 372 372 -1.99 0.45 —3.44
END 0.31 -1.36 046 | —5.66 7.5 2.39 —4.86 4.69 —8.87 1.92 =777
35 1.17 3.80 5.39 —2.23 0.97 —5.50
4HT 0.20 -1.37 1.00 | —2.59 4.5 741 -1.76 8.68 231 0.90 —12.75
25 3.69 —0.84 7.55 —3.38 0.29 —10.89
NDT 0.29 0.56 0.60 | —3.98 6 2.82 —6.26 4.17 -3.78 2.66 —4.35
500 272 -1.59 5.25 —0.11 0.62 1.55
Abbreviations: NDT, N-desmethyltamoxifen; TAM, tamoxifen; END, endoxifen; 4HT, 4-hydroxytamoxifen; CV, coefficient of variance.
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Table 5 The Distribution of Concentration of TAM, END, 4HT and NDT in 30 Patients

Variables Concentration in ng/mL

TAM END 4HT NDT
Mean (range) 87.45 (31.22-178.9) 8.93 (3.4-21.67) 3.78 (1.5-13.71) 236.04 (87.38-337.29)
SD 37.78 4.48 2.57 59.77
Median 84.68 7.96 33 245.35
Interquartile range 55.14-109.80 5.06—12.64 2.47-4.43 204.36-282.96

Abbreviations: SD, standard deviation; TAM, tamoxifen; END, endoxifen; 4HT, 4-hydroxytamoxifen; NDT, N-desmethyltamoxifen.

11.1 ng/mL to 35.4 ng/mL."""'***% DBS level of TAM and
metabolites were reported by Antunnes'’ and Jager.*
Compared with previous studies, median DBS, TAM and
4HT in this study showed lower values than those reported
by Antunnes (84.68 vs 100 ng/mL and 3.3 vs 0.9 ng/mL),
while NDT and END showed higher values (245.35 vs 202
and 7.96 vs 5.9 ng/mL). There are no reported studies on TAM
and its metabolites in VAMS so no comparisons can be
carried out.

A study by Madlensky (2012) expressing END levels as
a predictor outcome or success of tamoxifen therapystated that
a serum END level of 5.9 ng/mL was the threshold for
successful therapy, with patients with levels below this having
a higher risk of recurrence and death than patients with levels
above it. Jager (2014) has converted levels of 5.9 ng/mL in
serum equivalent to 3.9 ng/mL in DBS,** while Antunes
converted the threshold in DBS equivalent to 3.3 ng/mL. Of
the 30 patients analyzed, two patients had END level below
3.9 ng/mL. Clinicians should consider continuation of tamox-
ifen therapy in these two patients. Further investigation regard-
ing the cause of the low END level in the patient’s blood
should also be carried out. Various possible causes are the
presence of non-compliance, concomitant drugs that can inhi-
bit the mechanism and genetic polymorphisms that cause
differences in the ability to metabolize TAM.

Conclusion

In conclusion, the UPLC-ESI-MS/MS method for quantitative
analysis of N-desmethyltamoxifen, tamoxifen, endoxifen, and
4-hydroxytamoxifen with propranolol as the internal standard
in VAMS was successfully developed and validated. The
method proved to be rapid, sensitive, and specific. The
LLOQ obtained
N-desmethyltamoxifen, 2.50 ng/mL for tamoxifen, 2.5 ng/
mL for endoxifen, and 1.5 ng/mL for 4-hydroxytamoxifen
with analysis time of 5 minutes. Simple analytic extraction

in this study was 2.0 ng/mL for

using single extraction with methanol aided by 25 minutes of
sonication also obtained good recovery. The method developed

in the study proved to be applicable to the measurement of
TAM, END, 4HT and NDT level in patients. Biosampling
method with VAMS makes sampling easier, faster and more
accurate than conventional DBS methods. LLOQ obtained
from this method is adequate to analyze TAM, END, 4HT
and NDT in blood samples but further development needs to be
done for 4HT in order to obtain lower LLOQ.
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