Journal of Pharmaceutical and Biomedical Analysis 190 (2020) 113516

Contents lists available at ScienceDirect

Journal of Pharmaceutical and Biomedical Analysis

journal homepage: www.elsevier.com/locate/jpba

)

Check for
updates

Development and validation of an LC-MS/MS method for the
quantitative analysis of milciclib in human and mouse plasma, mouse
tissue homogenates and tissue culture medium

Alejandra Martinez-Chavez ", Matthijs M. Tibben?, Jelle Broeders®, Hilde Rosing?,
Alfred H. Schinkel®, Jos H. Beijnen ¢
3 Department of Pharmacy & Pharmacology, The Netherlands Cancer Institute, Amsterdam, the Netherlands

b Division of Pharmacology, The Netherlands Cancer Institute, Amsterdam, the Netherlands
¢ Division of Pharmacoepidemiology and Clinical Pharmacology, Utrecht Institute for Pharmaceutical Sciences, Utrecht University, Utrecht, the Netherlands

ARTICLE INFO ABSTRACT

Article history:

Received 12 June 2020

Received in revised form 16 July 2020
Accepted 27 July 2020

Available online 1 August 2020

Milciclib is a promising cyclin-dependent kinase inhibitor currently in phase II clinical trials to treat
several types of cancer. The first bioanalytical method for the quantitative analysis of milciclib in several
biomatrices using liquid chromatography-tandem mass spectrometry is described here. This method was
fully validated in human plasma according to FDA and EMA guidelines, and partially validated in mouse
plasma, homogenates of mouse brain, kidney, liver, small intestine, spleen, and tissue culture medium.
Palbociclib, an analog compound, was used as internal standard. A simple and fast sample pre-treatment

ﬁ{gf{igs" by protein precipitation with acetonitrile was used, leading to efficient extraction of the analyte with
LC-MS/MS recoveries between 95-100%. Chromatographic separation was achieved with a Cg analytical column and
Plasma a gradient elution using 10 mM ammonium bicarbonate in water and 10 mM ammonium bicarbonate in

water-methanol (1:9, v/v). This assay was selective, accurate, precise and linear in the concentration range
of 1-1000 ng/mL. Moreover, samples above the upper limit of quantification can be integrally diluted
up to 10-fold prior to analysis. The use of human plasma as a surrogate matrix to quantify milciclib in
tissue culture medium and mouse matrices resulted in acceptable accuracy and precision, however tissue
culture medium samples required a dilution with human plasma prior the pre-treatment. All performance
parameters of the method complied with the acceptance criteria recommended by the guidelines, except
for the carry-over, which was slightly above (22.9% of the lower limit of quantification) the recommended
percentage (20%). Therefore, additional measures were taken to assure data integrity. Stability of milciclib
in all matrices was evaluated, and in some matrices the analyte was unstable under the tested conditions.
It is therefore recommended to keep these samples as briefly as possible at room temperature during the
pre-treatment, and to store them at -70 °C to avoid analyte degradation. This method was successfully
applied to support preclinical pharmacokinetic studies of milciclib.
© 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Cyclin-dependent kinases (CDKs) are key complexes in the reg-
ulation of the cell cycle, that are activated when a cyclin (cyc) binds
to them [1]. CDKs have different roles: they can control the entry
of the cell cycle (CDK4/cycD and CDK6/cycD), the DNA replication
(CDK2/cycE and cycA) and the initiation of mitosis (CDK1/cycA and
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cycB) [2]. CDKs, cyclins and the endogenous CDK inhibitors are fre-
quently dysregulated in cancer cells, favoring tumorigenesis [1,3].
This has led to the development of small-molecule CDK inhibitors.
So far, three selective CDK4/6 inhibitors, palbociclib, ribociclib and
abemaciclib, have been approved by the FDA and EMA to treat can-
cer, and several other CDK inhibitors, including milciclib, are being
investigated in preclinical or clinical studies.

Milciclib is a potent inhibitor mainly for CDK2 (ICsq CDK2/cycA
45 nM) and the tropomyosin receptor kinase A (TRKA, ICsq 53
nM), an enzyme that is activated in several types of cancer, which
leads to the inhibition of apoptosis, inducing cell proliferation [4,5].
Milciclib also inhibits CDK1, CDK4, CDK5, and CDK7 with lower
potency (ICso > 150 nM) [4]. In addition to the cell cycle arrest via
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CDK2, it has recently been reported that milciclib reduces angio-
genesis and inhibits glucose consumption in tumors by targeting
CDK5 and CDK?7, respectively [6,7]. Milciclib was developed for oral
administration, and is currently being investigated in phase II clin-
ical trials. Preclinical studies have shown the efficacy of milciclib
against brain cancers in medulloblastoma and glioma models [8,9].
Milciclib also inhibited tumor growth in a transgenic mouse model
for non-small cell lung cancer [10]. In xenografts models, milciclib
has shown efficacy against melanoma, ovarian, colon, pancreatic,
prostate and non-small cell lung cancer with a tumor growth inhi-
bition from 64 to 91% [11]. In clinical studies, milciclib has been
effective against thymic carcinoma and thymoma[12,13]. As a con-
sequence, the European Medicines Agency (EMA) and the U.S. Food
and Drug Administration (FDA) granted the “orphan drug” desig-
nation to milciclib. In combination with gemcitabine, milciclib was
well tolerated and showed clinical benefit in approximately 36% of
the patients [14]. Furthermore, milciclib is currently being investi-
gated in phase Il clinical studies to treat hepatocellular carcinoma
[6,15].

Despite (validated) bioanalytical methods using LC-MS/MS hav-
ing been used to support some of the studies mentioned above,
none of these have been described with respect to either the
method settings or their performance [4,11,12,14]. In two of them,
only the calibration range is mentioned [11,12]. In drug develop-
ment, validated bioanalytical methods are pivotal to obtain reliable
results and to make critical decisions supporting safety and efficacy
of active compounds and/or pharmaceutical formulations [16,17].

The aim of this study is to provide a bioanalytical LC-MS/MS
method that could support further pre-clinical and/or clinical
research of milciclib. We developed an LC-MS/MS method and fully
validated itin human plasma. It was also partially validated in tissue
culture medium and in mouse matrices, including plasma and tis-
sue homogenates of brain, kidney, liver, small intestine and spleen.
A preclinical application of this method to pharmacokinetic and
tissue distribution studies of milciclib in mice is also presented.

2. Material and methods
2.1. Chemicals and reagents

Reference standards of milciclib free base (99.5% pure) and
palbociclib free base (100% pure) were obtained from Selleck Chem-
icals LLC (Houston, TX, USA) and AlsaChim (Illkirch-Graffenstaden,
France), respectively. Methanol, water, and formic acid, all ULC-
MS grade, and acetonitrile (Supra gradient grade) were supplied by
Biosolve Ltd (Valkenswaard, The Netherlands). Ammonium bicar-
bonate (LC-MS grade) and dimethylsulfoxide (DMSO, Seccosolv)
were purchased from Merck (Darmstadt, Germany).

2.2. Blank matrices

K,EDTA control human plasma was obtained from BiolVT
(Westbury, NY, USA). For the tissue culture medium, the Dulbecco’s
Modified Eagle Medium glutamax (DMEM, Thermo Fisher Scien-
tific, Waltham, MA, USA) was supplemented with 10% (v/v) Fetal
Bovine Serum F7524 (Sigma-Aldrich, Darmstadt, Germany). Hep-
arin plasma and organs from individual male and female mice were
obtained from the animal laboratory of The Netherlands Cancer
Institute (Amsterdam, The Netherlands, approval number from The
Dutch Central Animal Testing Committee AVD3010020173825).

Blank tissue homogenates were prepared with 2% (w/v)
bovine serum albumin (BSA, Roche Diagnostics GmbH, Mannheim,
Germany) in water. A volume of 3 mL of this solution was added
to liver and small intestine, 2 mL to kidneys and 1 mL to brain and
spleen prior the homogenization using the Fast Prep-24™ 5 G (MP

Biomedicals Inc., Santa Ana, CA, USA). The organ weight to 2% BSA
volume ratio (w/v) of the homogenates was approximately 0.4:1
for brain and liver, 0.25:1 for small intestine, 0.2:1 for kidneys, and
0.1:1 for spleen.

2.3. Stock and working solutions

Two independent stock solutions of milciclib with separate
weighing were prepared at 1 mg/mL in DMSO. One stock solution
was used for the preparation of eight working solutions of calibra-
tion standards in the concentration range from 20 to 20,000 ng/mL.
The second stock solution was used to prepare working solutions of
quality control (QC) samples at concentrations of 20, 60, 1000 and
15,000 ng/mL, and working solutions for tissue culture medium QC
samples at 40, 120, 2000 and 30,000 ng/mL. All working solutions
were prepared in water-acetonitrile (1:1, v/v).

For the internal standard (IS), a stock solution of palbociclib was
prepared in 1% formic acid at 1 mg/mL. The IS-working solution
was prepared by diluting this stock solution with water-acetonitrile
(1:1,v/v)to obtain a concentration of 100 ng/mL. Stock and working
solutions were stored at -20 °C.

2.4. Calibration standards and quality control samples

Eight calibration standards at 1, 2.5, 10, 25, 100, 250, 800 and
1000 ng/mL were prepared by diluting the corresponding milciclib
working solutions 20-fold with control human plasma. The same
dilution factor was used to prepare the QC samples, obtaining final
concentrations of 1 (lower limit of quantification, LLOQ), 3 (LQC),
50 (MQC) and 750 ng/mL (HQC) in human and mouse plasma, and
mouse tissue homogenates. QCs in tissue culture medium were
prepared at 2 (LLOQ), 6 (LQC), 100 (MQC), and 1500 ng/mL (HQC).

2.5. Sample pre-treatment

For plasma samples, both from human and mouse, a volume
of 50 L was processed by adding 20 pL of the IS-working solu-
tion and 150 pL of acetonitrile. Then, samples were vortex mixed
and centrifuged at 23,100g for 5 min. A volume of 150 pL of the
supernatant was transferred to a glass vial with insert, and 1 L
was injected into the LC-MS/MS for analysis. When mouse plasma
samples had a volume lower than the required (50 L), 10 wL of
mouse plasma was diluted with 40 L of control human plasma to
obtain the validated volume for the sample pre-treatment.

An aliquot of 100 pL of tissue homogenates was used for the
pretreatment and the IS-working solution and acetonitrile were
added proportionally based on the plasma samples. Tissue culture
medium samples were diluted with control human plasma (1:1,
v/v) prior to the pretreatment. Thereafter, the same procedure as
described to treat the tissue homogenates was used.

2.6. Analytical instrumentation and conditions

An ultra-high performance liquid chromatograph (UHPLC) Nex-
era X2 (Shimadzu, Kyoto, Japan) was used, which consisted of
two binary pumps (LC-30AD model), an autosampler (SIL-30ACyp)
and a column oven (CTO-20AC). Chromatographic separation was
performed using a Gemini C;g column (50 x 2.0 mm ID, 5 pm, Phe-
nomenex, Torrance, CA) protected by a Gemini C18 (4 x 2 mm)
guard column, both maintained at 40 °C. For the elution of the
analytes, a gradient was applied using 10 mM ammonium bicarbon-
ate in water (mobile phase A) and 10 mM ammonium bicarbonate
in water-methanol (1:9 v/v, mobile phase B) at a flow rate of 0.4
mL/min. Initially, from 0 to 0.5 min the percentage of B was 50%,
from 0.5 to 1.0 min B increased to 100% and this percentage was
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Table 1

MS settings.
Parameter Setting
Gas 1 (NEB) 50 au
Gas 2 (Turbo) 50 au
Curtain gas (CUR) 30 au
Collision gas (CAD) 9au
Ion spray voltage (ISV): 5500V
Temperature (TEM) 600 °C
Interface Heater On
Dwell time 200 msec
Entrance potential 10V
Compound-dependent settings Milciclib Palbociclib
Mass transition (m/z) 461.1 — 430.2 448.1 — 380.1
Declustering potential (DP) 181V 166 V
Collision energy (CE) 33V 39V
Collision cell exit potential (CXP) 26V 24V

kept until 2.5 min, at 2.6 min B decreased to 50% and was main-
tained until 3.1 min, at 3.6 min B increased again to 100% and was
maintained until 4.6 min. At 4.7 min B decreased again to 50%, and
the column was conditioned for 1.3 min resulting in a total run time
of 6 min. The increase of 100% B from 3.6 to 4.6 min was included to
decrease the memory effect. The temperature of the autosampler
was maintained at 20 °C for the tissue culture medium samples,
and at 4 °C for the rest of the samples.

The analyte and the internal standard were detected using a
Triple Quad 6500+ mass spectrometer (Sciex, Foster City, CA, USA)
with a turbo ion spray operated in positive ion mode. A divert valve
was used to direct the flow from 1 to 3 min to the mass spectrometer
and the remainder was directed to the waste. Selective responses
were acquired via multiple reaction monitoring (MRM) using the
settings described in Table 1. The Analyst software version 1.6.3
(Sciex) was used for data acquisition and processing.

2.7. Method validation

This method was fully validated for human plasma according
to the FDA and the EMA guidelines for bioanalytical method val-
idation [16,17]. Additionally, the method was partially validated
for mouse plasma, mouse tissue homogenates (brain, kidney, liver,
small intestine and spleen) and tissue culture medium, including
selectivity, intra-run accuracy and precision, dilution integrity and
stability, using calibration standards in human plasma.

2.7.1. Calibration model

Eight non-zero calibration standards (described in Section 2.4),
a blank and a zero calibration standard (blank spiked with IS) were
prepared in duplicate, processed according to Section 2.5 and ana-
lyzed in each validation run. The relationship between the analyte
concentration and the ratio of the peak areas (milciclib/IS) was
described by a linear model with a 1/x% weighting factor, where x
is the analyte concentration. The difference between the back cal-
culated and nominal concentrations should be within 4 15%, and &
20% for the LLOQ, in at least 75% of the calibration standards.

2.7.2. Accuracy and precision

Intra-assay accuracy and precision were assessed by analyz-
ing five replicates of the QC samples at each concentration level
(LLOQ, LQC, MQC, and HQC) in all the matrices, including human
plasma, mouse plasma, mouse tissue homogenates, and tissue cul-
ture medium. Inter-assay accuracy and precision was determined
in human plasma by analyzing five replicates of the above described
QC samples in three separate analytical runs. The bias (%) between
the nominal and the mean measured concentration was calcu-
lated to evaluate the accuracy. The intra- and inter-assay precision

was determined by calculating the variability using the intra-assay
coefficient of variation (%CV) and analysis of variance (ANOVA),
respectively. Statistics analyses were performed using validated
Microsoft Excel calculation sheets. The bias should be within +
15% and the CV should be < 15% for all tested concentration levels,
except for the LLOQ, where + 20% and < 20% are accepted.

2.7.3. Selectivity

Blanks and LLOQ samples were prepared in six batches of human
plasma, mouse plasma, and mouse tissue homogenates to evaluate
the selectivity. For tissue culture medium, the selectivity was tested
in one batch. The chromatograms of milciclib and palbociclib (IS)
obtained in the blanks were compared with the chromatograms of
milciclib in the LLOQ samples to determine potential interferences.
Theresponse of the interfering peaks in the blank sample should not
exceed 20% of the response for milciclib and 5% of the response for
the IS, in an LLOQ sample. Furthermore, at least 4 out of 6 milciclib
LLOQ samples should be within + 20% of the nominal concentration.

2.7.4. Lower limit of quantification

The LLOQ was set at the lowest calibration level, in which the
signal-to-noise ratio should be at least 5. This was determined by
comparing the signal of milciclib at this level to the noise obtained
in a blank sample, in at least three validation runs.

2.7.5. Carry-over

Carry-over was investigated by injecting two blanks after the
upper limit of quantification (ULOQ) sample in at least three ana-
lytical runs. The response at the retention time of milciclib in the
first blank was compared with the response of milciclib in an LLOQ
sample. Carry-over should not exceed 20% of the response at the
LLOQ.

2.7.6. Matrix factor and recovery

The matrix effect was determined in six batches of control
human plasma at LQC and HQC concentrations. For each batch
and concentration level, matrix-present samples (MPS) were pre-
pared. For this, each batch of blank plasma was processed until
final extract and spiked with the corresponding QC working solu-
tion. The absolute matrix factor (MF) was determined by calculating
the ratio of the peak area obtained in the MPS and in the matrix-
absent sample (MAS), which was prepared by diluting the working
solution with acetonitrile-water (3:1, v/v) to reach the same con-
centration as the MPS. Additionally, the IS-normalized MF was
calculated by dividing the MF of the analyte by the MF of the IS.

The recovery was assessed by comparing the response of pro-
cessed LQC and HQC samples with the MPS at the correspondent
concentration levels. The CV of the IS-normalized MF should be <
15%.

2.7.7. Dilution integrity

Dilution integrity was investigated in quintuplicate in human
plasma, mouse tissue homogenates and tissue culture medium. For
human and mouse matrices, a 10-fold dilution with control human
plasma was tested at a milciclib concentration of 5000 ng/mL. For
tissue culture medium, a 2-fold dilution with human plasma was
tested at a concentration of 1500 ng/mL. The bias and CV of these
samples should be + 15% and < 15%, respectively.

2.7.8. Stability

The stability of milciclib was investigated in all matrices. For
human plasma it was evaluated at two concentration levels (LQC
and HQC), while for the remaining matrices only at MQC concen-
tration. For every matrix the following stability conditions were
assessed: short-term at room temperature (RT), long-term at -20
°C (for all matrices) and at —70 °C (for mouse tissue homogenates),
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Fig. 1. Mass spectra with the proposed MS fragmentation pattern of milciclib (A) and the IS palbociclib (B). The red dotted line in the chemical structures indicates the

proposed MS fragment selected for quantification.

and freeze-thaw (F/T) cycles from -20 °C and/or -70 °C to RT. The
stability of the final extracts in every matrix at 2—8 °C was also
determined. Solutions were considered stable if the measured con-
centration was between 85-115%. Finally, the stability of the stock
and working solutions at -20 °C was evaluated, and they were con-
sidered stable if their response was within + 5% compared to freshly
prepared solutions.

2.8. Applicability of the method

This method was successfully used to support in vitro transport
studies, as well as in vivo pharmacokinetic studies in mice with
different genotypes (unpublished data). Mouse studies were con-
ducted according to institutional guidelines complying with the
Dutch and European legislation (approval number from The Dutch
Central Animal Testing Committee: AVD301002016595). After at
least of two hours fasting, 10 mg/kg of milciclib was orally admin-
istered to 9-16 weeks old aged female FVB mice (n = 6). Blood was
collected from the tail tip (approximately 50 pwL) at 0.5, 1, 2, 4, and
8 h. At 24 h, mice were anesthetized and blood was collected via
cardiac puncture. All blood samples were centrifuged (9000g, 4 °C
for 6 min) and plasma was obtained using sodium heparin as anti-
coagulant. Mice were sacrificed by cervical dislocation and organs
were collected and weighed, including brain, kidney, liver, small
intestine, and spleen. Tissue homogenates were prepared accord-
ing to Section 2.2. Plasma and tissue homogenates were stored at
-20 and -70 °C, respectively until analysis.

3. Results and discussion
3.1. Method development

Milciclib is an analog structure of other CDK inhibitors. It con-
tains a piperazine ring and 2-aminopyrimidine which are also
presentin palbociclib, ribociclib and abemaciclib, although the sub-
stituents are different among them. Since it was not possible to
obtain stable isotopically labeled milciclib, we tested these ana-
log structures to choose a proper internal standard (results not
shown). Palbociclib was the compound that showed the most simi-
lar chromatographic characteristics compared to milciclib, and was
therefore chosen as internal standard.

Milciclib and palbociclib MS settings were obtained after per-
forming a compound optimization in the mass spectrometer. Fig. 1
shows the MS spectrum for milciclib (A) and palbociclib (B). Despite
the product ion of milciclib at m/z 402 being the most abundant, the
product ion at m/z 430 was selected in the mass transition for this
bioanalytical method, because the baseline obtained with the m/z
461—430 mass transition was more stable and the lower signal
prevented detector saturation. For palbociclib the most abundant
fragment with m/z 380 was selected as product ion.

We have previously described a bioanalytical method for the
quantification of the CDK4/6 inhibitors abemaciclib, palbociclib and
ribociclib[18]. Since milciclib is a basic compound with comparable
chemical structure to these compounds, the chromatographic con-
ditions selected were similar to this method. Due to the presence
of memory-effect, after the elution of the analyte and the inter-
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nal standard, an extra washing step was included in the gradient.
With this cleaning step, the memory effect was reduced, decreasing
the carry-over by approximately 60%. Although carry-over was still
detected, the quantitative results were not substantially affected.

Avery simple and fast protein precipitation was selected for the
sample pre-treatment, considering the large number of samples
that are generated during pharmacokinetic studies. Acetonitrile
in a ratio 3:1 (v/v) to the sample volume was used as precipita-
tion solvent based on the good recovery obtained with analogue
compounds [18]. The supernatant was directly injected into the
LC-MS/MS. Compared to the plasma aliquot volume used for the
pre-treatment, a higher sample aliquot volume (100 L) was used
for tissue homogenates to obtain a more representative sample.

During method development, two particular issues were
observed for the quantification of milciclib in tissue culture
medium. Firstly, significant negative deviations were obtained
in spiked tissue culture medium samples when quantified using
human plasma calibration standards. This is most likely due to the
matrix effect of the analyte, which was different from plasma. To
solve this matter and considering that the expected concentration
in real samples would be relatively high, all samples were diluted
with human plasma (1:1, v/v) prior the pre-treatment. Secondly,
when the final extract was maintained at low temperatures (i.e. 4
°C), solubility in the final extract decreased, leading to precipitation
of the analyte. The accuracy was negatively affected, however this
process was reversible. This issue was solved by maintaining the
temperature of the autosampler at 20 °C when samples in tissue
culture medium were analyzed.

3.2. Method validation

3.2.1. Calibration curve

This bioanalytical assay for the quantification of milciclib was
linear in the concentration range from 1 to 1000 ng/mL, by using a
linear regression with a weighting factor of 1/x2. Fig. 2 shows rep-
resentative chromatograms of calibration standards at the LLOQ
and ULOQ. Linearity was evaluated in twelve analytical runs where
calibration curves were injected in duplicate (n = 24). Overall, the
mean coefficient of correlation was 0.998, and the mean of all
back-calculated concentrations was within + 3.8% of the nominal
concentrations (CV < 10.2%). Calibration curves in all individual
runs complied the acceptance criteria established by the bioanaly-
sis guidelines.

3.2.2. Accuracy and precision

The results obtained to assess the accuracy and precision of
the method are summarized in Table 2. For all matrices, the intra-
assay bias and CV were within + 15% and < 15%, respectively, in all
concentration levels including the LLOQ, complying with the FDA
and EMA acceptance criteria for accuracy and precision. Addition-
ally, the inter-assay accuracy and precision was assessed in human
plasma, and the obtained data (Table 2) met the acceptance criteria
previously indicated. These results also support the use of human
plasma as a surrogate matrix for the quantification of milciclib in
the non-human matrices used in this study.

3.2.3. Selectivity

This method was found to be selective for the analysis of mil-
ciclib in presence of endogenous compounds. The tested batch
of tissue culture medium and the six batches of human plasma
and mouse matrices were free from endogenous interferences.
Representative chromatograms from blank matrices and samples
of milciclib spiked at the LLOQ are depicted in Fig. 3 A-series
and B-series, respectively, except for human plasma where chro-
matograms are presented in the A1 and A2 panels from Fig. 2.
Additionally, the calculated concentrations of the LLOQ samples

from all batches were within & 20% of the nominal concentration
for all matrices, except for spleen homogenate where at least 4 out
of 6 batches were within this value. Thus, all the matrices complied
with the acceptance criteria.

3.2.4. Lower limit of quantification

Based on the milciclib peak height at the LLOQ and the noise in
the blank (Fig. 2), the calculated signal-to-noise ratio was at least
16.3. In addition, the bias and the CV for the quantification of milci-
clibatthe LLOQ(1 ng/mL, Table 2) where within acceptance criteria:
+20% and < 20%, respectively. These results show that this concen-
tration level has an adequate sensitivity, accuracy and precision for
the LLOQ.

3.2.5. Carry-over

Despite the cleaning step in the gradient, this method showed
carry-over for the analyte. For the internal standard, the mean
calculated carry-over was 0.1%. Nevertheless, the response in the
blank sample produced by the previous ULOQ sample injected was
on average 22.9% of the response of the LLOQ. Since this value
exceeds the recommendations from the FDA and EMA guidelines,
some measures were taken when milciclib samples were analyzed.
Samples were injected in ascending order of expected concentra-
tions, and blanks were injected when a high difference between
a high- and low-concentration sample was expected. In addition,
the carry-over factor (CF) was calculated when preclinical samples
were analyzed according to the following formula:

Responsex x Mean responsepani
Mean responseyioq

CF = ) x 100%

Responsey ,

where X represents any sample and X + 1 represents the consec-
utive injected sample. Based on the calculated CF value, a strategy
was taken as follows: If CF was < 5% it was concluded that the result
of sample X + 1 was not significantly affected by sample X, therefore
no action was taken. However, if CF > 5%, the response of sample X
+1 was influenced by sample X, as a consequence, it was necessary
to re-inject again sample X + 1 at the end of the analytical batch. In
this way, data integrity was insured.

3.2.6. Matrix factor and recovery

The mean matrix factor of milciclib and the internal standard
was, respectively, 0.99 and 0.96 at the LQC, and 0.92 and 0.95 at
the HQC concentration. The normalized matrix factors were 1.02
and 0.98 for the LQC and HQC concentration levels (CV < 4.1%),
respectively.

The recovery of milciclib was 104.7% and 103.0% at the low and
high concentration levels, respectively.

3.2.7. Dilution integrity

Table 3 shows the accuracy and precision of samples above the
ULOQ after dilution with human plasma. For all matrices, the bias
between the measured concentration and the nominal concentra-
tion prior the dilution was within + 13.3%, and the CV was < 5.5%,
complying with the acceptance criteria of the followed guidelines.

3.2.8. Stability

The stability of milciclib at relevant conditions in each matrix
is summarized in Table 4. Short-term stability was tested at room
temperature, where the analyte was stable in mouse and human
plasma for 24 h. Milciclib was stable in tissue homogenates (exclud-
ing brain) for at least 4 h, and for 2 h in brain homogenate. In
contrast, milciclib was unstable in tissue culture medium at room
temperature even for 2 h, while immediate processing of spiked
samples in this matrix showed a bias of —6.9% with respect to
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Fig. 2. Representative chromatograms at the mass transition of milciclib (A-series) and palbociclib (B-series) of a blank human plasma (A1 and B1), blank human plasma
spiked at the LLOQ (containing 1 ng/mL of milciclib, A2 and B2) and at the ULOQ (containing 1000 ng/mL of milciclib, A3 and B3).

the nominal concentration. Therefore, it is recommended to per-
form the sample pre-treatment in a short period of time for tissue
homogenates, especially brain, and tissue culture medium samples,
in order to avoid that results are affected by any instability problem.
To determine the appropriate storage conditions, long-term stabil-
ity of milciclib was evaluated at -20 °C in all matrices. Moreover,
since the stability in tissue homogenates is often compromised
by the presence of enzymes, in these matrices the stability was
also determined at -70 °C. At -20 °C, the analyte was stable for
at least 104 days in plasma samples. After 56 days milciclib was
also stable in tissue homogenates stored at -20 °C, except for kid-
ney homogenate. In contrast, at —=70 °C the analyte was stable in all
tissue homogenates. Tissue culture medium samples were stable
after 50 days stored at -20 °C. The freeze-thaw process from —20
°C to room temperature after 3 cycles did not affect the stability of
milciclib in mouse and human matrices. In addition, this compound
was stable in tissue homogenates after 3 cycles of freeze/thaw from
—70 °C to room temperature. For tissue culture medium, stability
of milciclib was evaluated in one freeze-thaw cycle, in which the
analyte resulted stable. Finally, milciclib was stable at 4—8 °C for
(at least) 5 days in the final extracts of human and mouse plasma,
brain and liver homogenates, 9 days in kidney, small intestine, and
spleen homogenates, and 15 days in tissue culture medium.

The stock and working solutions of milciclib were stable at -20
°C for at least 141 and 76 days, respectively. After these stability
tests, it is recommended to store milciclib tissue samples at —70
°C, while plasma and tissue culture medium samples, stock and
working solutions can be stored at -20 °C.

3.3. Preclinical application of the method

This bioanalytical assay was used to support preclinical in vitro
and in vivo studies of milciclib. Fig. 3 C-series depicts represen-
tative chromatograms of samples generated in these preclinical
studies. The in vivo studies aimed to assess the pharmacokinet-
ics of milciclib in mice. As an example, the results obtained for the
wild-type mouse strain are presented (Fig. 4). The semi-log plasma
concentration-time curve of milciclib is presented in Fig. 4A, where
the time to reach the maximum concentration (Tpax) ranged from
1 to 8 hand the mean maximum concentration (Cpax ) was 624 4+ 68
ng/mL. The mean area under the plasma concentration-time curve
(AUCg_»4 1) of milciclib was 7094 + 122 h-ng/mL, due to the lack of
points in the terminal phase, the half-life could only be determined
in 4 mice, with a mean of 2.75 £ 0.13 h. Milciclib concentration
in tissues was calculated in ng/g (Fig. 4B), considering the mea-
sured concentration in the homogenates, the volume of BSA added
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Fig. 3. Chromatograms at the mass transition of milciclib (m/z 461 — 430) of a blank matrix (A-series), a blank matrix spiked at the LLOQ (containing 1 ng/mL of milciclib,
B-series), and representative samples from the preclinical studies (C-series). The matrix is indicated at the beginning of each row. Representative chromatograms of mouse
samples (C1-6), which were collected 24 h after oral administration of milciclib 10 mg/kg. The representative chromatogram of a tissue culture medium sample C7 was
collected during an in vitro transport experiment of milciclib using the parental MDCK-II cell line; sample was collected 2 h after the addition of 5 wM milciclib in one of the
compartments. Measured concentrations in study samples (ng/mL): mouse plasma (C1), 9.95; brain homogenate (C2), 6.71; kidney homogenate (C3), 48.9; liver homogenate
(C4), 70.3; small intestine homogenate (C5), 28.5; spleen homogenate (C6), 50.9; tissue culture medium (C7), 162.
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Table 2
Accuracy and precision of milciclib in different matrices.

Nominal concentration Intra-assay (n=5) Inter-assay (n=15)*

Matrix (ng/mL) — - — -
Bias (%) CV (%) Bias (%) CV (%)
1 +10.2 <3.0 -0.7 9.6
Human plasma 3 +7.0 <29 -3.1 3.6
50 +4.7 <2.8 -13 3.5
750 +5.9 <22 -31 2.6
1 5.8 22
Mouse plasma 3 -04 20
50 -1.2 1.9
750 -0.1 3.1
1 12.6 2.1
. 3 2.8 1.6
Brain homogenate 50 123 20
750 52 2.4
1 -34 2.5
Kidney 3 -7.5 24
homogenate 50 -7.7 2.9
750 -6.5 1.5
1 13.2 3.8
Liver h 3 3.6 1.8
iver homogenate 50 10 30
750 -144 135
1 144 34
Small intestine 3 7.5 4.3
homogenate 50 10.2 24
750 2.8 5.0
1 -0.3 35
Spleen 3 -9.0 2.9
homogenate 50 -10.5 24
750 —-11.5 21
2 -124 5.4
Tissue culture 6 -5.7 2.2
medium 100 -3.5 1.7
1500 -9.7 14

2 For inter-assay accuracy and precision five replicates of each concentration level in three different analytical runs were evaluated (n = 15).
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Fig. 4. Semilog plasma concentration-time curve (A), concentration in tissues (B) and tissue-to-plasma ratio (C) of milciclib over 24 h after oral administration of 10 mg/kg
to female FVB mice (n = 6). Data are presented as mean + SD.

Table 3
Dilution integrity of milciclib samples.

to prepare the homogenate and the tissues weight. To determine
the tissue distribution of this compound, the tissue-to-plasma con-

centration ratios were calculated and presented in Fig. 4C, where at ) Nominal Dilution (n=5)
24 hmilciclib was poorly distributed in brain, compared to the other Matrix concentration factor m
tissues. Milciclib was also less distributed in kidneys with respect to (ng/mL) . -
liver, small intestine and spleen. All these measured samples where Human plasma 5000 10 —45 05
s . . c L . Brain homogenate 5000 10 -4.2 4.7
within the calibration range and show that this bioanalytical assay Kidney homogenate 5000 10 _48 43
is applicable in preclinical studies of milciclib. Liver homogenate 5000 10 -133 40
Small intestine homogenate 5000 10 -3.0 5.5
4 C lusi Spleen homogenate 5000 10 -2.3 2.1
- Lonclusions Tissue culture medium 1500 2 -3.3 3.6

The first LC-MS/MS bioanalytical assay for the analysis of mil-

ciclib in several matrices was developed and validated following
the FDA and EMA guidelines. This method was linear in the cal-
ibration range from 1 to 1000 ng/mL, and shown to be selective,
accurate and precise for the quantification of milciclib in human
plasma, mouse plasma, mouse tissue homogenates, and tissue cul-

ture medium. Ten-fold dilution of samples with concentrations
above the ULOQ is appropriate for the measurement. Samples in
tissue culture medium require special treatment, since a dilution
1:1 (v/v) in human plasma is needed to have an acceptable accu-
racy and precision. Furthermore, as final extracts of tissue culture
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Stability of milciclib in each tested matrix (n = 3).
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Matrix

Type of stability

Stability conditions

Nominal concentration (ng/mL) Accuracy (% Bias) Precision (% CV)

Human plasma

Mouse plasma

Brain homogenate

Kidney
homogenate

Liver homogenate

Small intestine
homogenate

Spleen
homogenate

Tissue culture
medium

short-term
freeze/thaw cycles
long-term

final extract
short-term
freeze/thaw cycles
long-term

final extract
short-term
freeze/thaw cycles
long-term

final extract
short-term
freeze/thaw cycles
long-term

final extract
short-term
freeze/thaw cycles
long-term

final extract
short-term
freeze/thaw cycles
long-term

final extract
short-term
freeze/thaw cycles

long-term

final extract
short-term

freeze/thaw cycles
long-term
final extract

RT,24h

—20 °C/RT, 3 cycles
-20°C,104d
4-8°C,5d

RT,24 h

—20 °C/RT, 3 cycles
-20°C,104d
4-8°C,5d

RT,2h

RT,4h

—20 °C/RT, 3 cycles
—70 °C/RT, 3 cycles
-20°C,56d
-70°C,56d
4-8°C,5d

RT,4h

—20 °C/RT, 3 cycles
—70 °C/RT, 3 cycles
-20°C,56d
-70°C,56d
4-8°C,9d

RT,4h

—20 °C/RT, 3 cycles
—70°C/RT, 3 cycles
-20°C,56d
-70°C,56d
4-8°C,5d

RT,4h

—20 °C/RT, 3 cycles
—70 °C/RT, 3 cycles
-20°C,56d
-70°C,56d
4-8°C,9d

RT,4h

—20 °C/RT, 3 cycles
—70 °C/RT, 3 cycles
-20°C,56d
-70°C,56d
4-8°C,9d

RT, TO

RT,2h

—20 °C/RT, 1 cycle
-20°C,52d
4-8°C,15d

3 23 1.2
750 0.8 0.6
3 -33 2.5
750 -4.2 2.3
3 -5.5 2.9
750 0.3 1.2
3 -33 17.5
750 1.7 0.9
50 -5.5 0.6
50 -7.1 1.4
50 -4.3 2.7
50 -89 4.5
50 8.4 1.8
50 -20.0 2.1
50 -13 0.3
50 -0.2 3.0
50 -3.2 0.4
50 -0.5 24
50 8.5 0.7
50 1.2 3.5
50 -2.7 14
50 13 3.0
50 -30.5 7.1
50 3.2 0.5
50 35 4.6
50 4.2 6.1
50 24 1.1
50 0.7 1.8
50 -59 0.9
50 -6.2 3.5
50 73 4.1
50 6.9 1.1
50 0.3 2.2
50 1.9 3.5
50 11.5 20
50 11.9 20
50 -0.6 6.0
50 -4.7 6.1
50 0.2 7.0
50 1.1 2.3
50 -1.1 1.2
50 0.3 29
50 3.6 5.2
100 -6.9 3.6
100 -44.9 6.3
100 -9.5 0.7
100 -14.9 1.8
100 12.3 5.4

RT = room temperature, d = days, TO = immediately processed sample.

medium samples should not be kept at cold temperatures, it is rec-
ommended to maintain the autosampler at 20 °C. The use of human
plasma as a surrogate matrix to quantify milciclib in tissue culture
medium and mouse matrices resulted in acceptable accuracy. To
assure stability of milciclib in all tissue homogenates, samples must
be stored at -70 °C and processed within 4 h, except brain sam-
ples which must be processed within 2 h. Samples in tissue culture
medium must be processed immediately to avoid any degradation
at room temperature. Plasma samples can be stored at -20 °C. This
method has been successfully used to support preclinical studies
of milciclib.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

CRediT authorship contribution statement

Alejandra Martinez-Chavez: Methodology, Investigation, Val-
idation, Formal analysis, Visualization, Writing - original draft.
Matthijs M. Tibben: Project administration, Conceptualization,
Writing - review & editing. Jelle Broeders: Investigation, Val-
idation, Writing - review & editing. Hilde Rosing: Project
administration, Conceptualization, Supervision, Writing - review &
editing. Alfred H. Schinkel: Supervision, Writing - review & editing.
Jos H. Beijnen: Conceptualization, Supervision, Writing - review &
editing.

Declaration of Competing Interest

The authors declare no conflicts of interest.



10 A. Martinez-Chdvez, M.M. Tibben, J. Broeders et al. / Journal of Pharmaceutical and Biomedical Analysis 190 (2020) 113516

Acknowledgements

The authors acknowledge Lotte van Andel for the revision of
the data generated in this study. The authors thank the Mexican
Council for Science and Technology (CONACyT) for the scholarship
awarded to A. Martinez-Chavez (No. 440476).

References

[1] J. Bai, Y. Li, G. Zhang, Cell cycle regulation and anticancer drug discovery,
Cancer Biol. Med. 14 (2017) 348-362, http://dx.doi.org/10.20892/j.issn.2095-
3941.2017.0033.

[2] Malinkova, J. Vylicil, V. Krystof, Cyclin-dependent kinase inhibitors for cancer
therapy: a patent review (2009-2014), Expert Opin. Ther. Pat. 25 (2015)
953-970, http://dx.doi.org/10.1517/13543776.2015.1045414.

[3] C.Sanchez-Martinez, MJ. Lallena, S.G. Sanfeliciano, A. de Dios, Cyclin

dependent kinase (CDK) inhibitors as anticancer drugs: recent advances

(2015-2019), Bioorganic Med. Chem. Lett. 29 (2019), http://dx.doi.org/10.

1016/j.bmcl.2019.126637.

M.G. Brasca, N. Amboldi, D. Ballinari, A. Cameron, E. Casale, G. Cervi, M.

Colombo, F. Colotta, V. Croci, R. D’Alessio, F. Fiorentini, A. Isacchi, C. Mercurio,

W. Moretti, A. Panzeri, W. Pastori, P. Pevarello, F. Quartieri, F. Roletto, G.

Traquandi, P. Vianello, A. Vulpetti, M. Ciomei, Identification of

N,1,4,4-tetramethyl-8-{[4-(4-methylpiperazin-1-yl)phenyl]

amino}-4,5-dihydro-1H-pyrazolo[4,3-h]quinazoline-3-carboxamide

(PHA-848125), a potent, orally available cyclin dependent kinase inhibitor, J.

Med. Chem. 52 (2009) 5152-5163, http://dx.doi.org/10.1021/jm9006559.

[5] LE. Demir, E. Tieftrunk, S. Schorn, H. Friess, G.O. Ceyhan, Nerve growth factor
& TrkA as novel therapeutic targets in cancer, Biochim. Biophys. Acta - Rev.
Cancer 1866 (2016) 37-50, http://dx.doi.org/10.1016/j.bbcan.2016.05.003.

[6] A.Jindal, A. Thadi, K. Shailubhai, Hepatocellular carcinoma: etiology and

current and future drugs, J. Clin. Exp. Hepatol. 9 (2019) 221-232, http://dx.

doi.org/10.1016/j.jceh.2019.01.004.

C. Ghezzi, A. Wong, B.Y. Chen, B. Ribalet, R. Damoiseaux, P.M. Clark, A

high-throughput screen identifies that CDK7 activates glucose consumption

in lung cancer cells, Nat. Commun. 10 (2019) 1-15, http://dx.doi.org/10.1038/
s41467-019-13334-8.

C. Albanese, R. Alzani, N. Amboldi, A. Degrassi, C. Festuccia, F. Fiorentini, G.L.

Gravina, C. Mercurio, W. Pastori, M.G. Brasca, E. Pesenti, A. Galvani, M. Ciomei,

Anti-tumour efficacy on glioma models of PHA-848125, a multi-kinase

inhibitor able to cross the blood-brain barrier, Br. ]. Pharmacol. 169 (2013)

156-166, http://dx.doi.org/10.1111/bph.12112.

S. Bolin, A. Borgenvik, C.U. Persson, A. Sundstrém, J. Qi, J.E. Bradner, W.A.

Weiss, Y.J. Cho, H. Weishaupt, F.J. Swartling, Combined BET bromodomain and

[4

(7

[8

[9

CDK2 inhibition in MYC-driven medulloblastoma, Oncogene 37 (2018)
2850-2862, http://dx.doi.org/10.1038/s41388-018-0135-1.

[10] A. Degrassi, M. Russo, C. Nanni, V. Patton, R. Alzani, A.M. Giusti, S. Fanti, M.
Ciomei, E. Pesenti, G. Texido, Efficacy of PHA-848125, a cyclin-dependent
kinase inhibitor, on the K-RasG12DLA2 lung adenocarcinoma transgenic
mouse model: evaluation by multimodality imaging, Mol. Cancer Ther. 9
(2010) 673-681, http://dx.doi.org/10.1158/1535-7163.MCT-09-0726.

[11] C. Albanese, R. Alzani, N. Amboldi, N. Avanzi, D. Ballinari, M.G. Brasca, C.
Festuccia, F. Fiorentini, G. Locatelli, W. Pastori, V. Patton, F. Roletto, F. Colotta,
A. Galvani, A. Isacchi, ]. Moll, E. Pesenti, C. Mercurio, M. Ciomei, Dual targeting
of CDK and tropomyosin receptor kinase families by the oral inhibitor
PHA-848125, an agent with broad-spectrum antitumor efficacy, Mol. Cancer
Ther. 9 (2010) 2243-2254, http://dx.doi.org/10.1158/1535-7163.MCT-10-
0190.

[12] G.J. Weiss, M. Hidalgo, M.J. Borad, D. Laheru, R. Tibes, R.K. Ramanathan, L.
Blaydorn, G. Jameson, A. Jimeno, ].D. Isaacs, A. Scaburri, M.A. Pacciarini, F.
Fiorentini, M. Ciomei, D.D. Von Hoff, Phase I study of the safety, tolerability
and pharmacokinetics of PHA-848125AC, a dual tropomyosin receptor kinase
A and cyclin-dependent kinase inhibitor, in patients with advanced solid
malignancies, Invest. New Drugs 30 (2012) 2334-2343, http://dx.doi.org/10.
1007/s10637-011-9774-6.

[13] B. Besse, M.C. Garassino, A. Rajan, S. Novello, J. Mazieres, G.J. Weiss, D.M. Kocs,
J.M. Barnett, C. Davite, P. Crivori, G. Giaccone, Efficacy of milciclib
(PHA-848125AC), a pan-cyclin d-dependent kinase inhibitor, in two phase II
studies with thymic carcinoma (TC) and B3 thymoma (B3T) patients, J. Clin.
Oncol. 36 (2018), http://dx.doi.org/10.1200/jco0.2018.36.15_suppl.8519,
8519-8519.

[14] S. Aspeslagh, K. Shailubhai, R. Bahleda, A. Gazzah, A. Varga, A. Hollebecque, C.
Massard, A. Spreafico, M. Reni, ].C. Soria, Phase [ dose-escalation study of
milciclib in combination with gemcitabine in patients with refractory solid
tumors, Cancer Chemother. Pharmacol. 79 (2017) 1257-1265, http://dx.doi.
org/10.1007/s00280-017-3303-z.

[15] U.S. National Library of Medicine, ClinicalTrials.gov. https://clinicaltrials.gov/
ct2/show/NCT03109886.

[16] European Medicines Agency, Guideline on Bioanalytical Method Validation 44
(2012); 1-23 https://www.ema.europa.eu/documents/scientific-guideline/
guideline-bioanalytical-method-validation_en.pdf.

[17] US Food and Drug Adminsitration, Guidance for Industry Bioanalytical
Method Validation, 2018, pp. 1-22 https://www.fda.gov/files/drugs/
published/Bioanalytical-Method-Validation-Guidance-for-Industry.pdf.

[18] A. Martinez-Chavez, H. Rosing, M. Hillebrand, M. Tibben, A.H. Schinkel, ].H.
Beijnen, Development and validation of a bioanalytical method for the
quantification of the CDK4/6 inhibitors abemaciclib, palbociclib and ribociclib
in human and mouse matrices using liquid chromatography-tandem mass
spectrometry, Anal. Bioanal. Chem. 411 (2019), http://dx.doi.org/10.1007/
500216-019-01932-w, 5531-5345.


dx.doi.org/10.20892/j.issn.2095-3941.2017.0033
dx.doi.org/10.20892/j.issn.2095-3941.2017.0033
dx.doi.org/10.20892/j.issn.2095-3941.2017.0033
dx.doi.org/10.20892/j.issn.2095-3941.2017.0033
dx.doi.org/10.20892/j.issn.2095-3941.2017.0033
dx.doi.org/10.20892/j.issn.2095-3941.2017.0033
dx.doi.org/10.20892/j.issn.2095-3941.2017.0033
dx.doi.org/10.20892/j.issn.2095-3941.2017.0033
dx.doi.org/10.20892/j.issn.2095-3941.2017.0033
dx.doi.org/10.20892/j.issn.2095-3941.2017.0033
dx.doi.org/10.20892/j.issn.2095-3941.2017.0033
dx.doi.org/10.20892/j.issn.2095-3941.2017.0033
dx.doi.org/10.1517/13543776.2015.1045414
dx.doi.org/10.1517/13543776.2015.1045414
dx.doi.org/10.1517/13543776.2015.1045414
dx.doi.org/10.1517/13543776.2015.1045414
dx.doi.org/10.1517/13543776.2015.1045414
dx.doi.org/10.1517/13543776.2015.1045414
dx.doi.org/10.1517/13543776.2015.1045414
dx.doi.org/10.1517/13543776.2015.1045414
dx.doi.org/10.1517/13543776.2015.1045414
dx.doi.org/10.1016/j.bmcl.2019.126637
dx.doi.org/10.1016/j.bmcl.2019.126637
dx.doi.org/10.1016/j.bmcl.2019.126637
dx.doi.org/10.1016/j.bmcl.2019.126637
dx.doi.org/10.1016/j.bmcl.2019.126637
dx.doi.org/10.1016/j.bmcl.2019.126637
dx.doi.org/10.1016/j.bmcl.2019.126637
dx.doi.org/10.1016/j.bmcl.2019.126637
dx.doi.org/10.1016/j.bmcl.2019.126637
dx.doi.org/10.1016/j.bmcl.2019.126637
dx.doi.org/10.1021/jm9006559
dx.doi.org/10.1021/jm9006559
dx.doi.org/10.1021/jm9006559
dx.doi.org/10.1021/jm9006559
dx.doi.org/10.1021/jm9006559
dx.doi.org/10.1021/jm9006559
dx.doi.org/10.1021/jm9006559
dx.doi.org/10.1016/j.bbcan.2016.05.003
dx.doi.org/10.1016/j.bbcan.2016.05.003
dx.doi.org/10.1016/j.bbcan.2016.05.003
dx.doi.org/10.1016/j.bbcan.2016.05.003
dx.doi.org/10.1016/j.bbcan.2016.05.003
dx.doi.org/10.1016/j.bbcan.2016.05.003
dx.doi.org/10.1016/j.bbcan.2016.05.003
dx.doi.org/10.1016/j.bbcan.2016.05.003
dx.doi.org/10.1016/j.bbcan.2016.05.003
dx.doi.org/10.1016/j.bbcan.2016.05.003
dx.doi.org/10.1016/j.bbcan.2016.05.003
dx.doi.org/10.1016/j.jceh.2019.01.004
dx.doi.org/10.1016/j.jceh.2019.01.004
dx.doi.org/10.1016/j.jceh.2019.01.004
dx.doi.org/10.1016/j.jceh.2019.01.004
dx.doi.org/10.1016/j.jceh.2019.01.004
dx.doi.org/10.1016/j.jceh.2019.01.004
dx.doi.org/10.1016/j.jceh.2019.01.004
dx.doi.org/10.1016/j.jceh.2019.01.004
dx.doi.org/10.1016/j.jceh.2019.01.004
dx.doi.org/10.1016/j.jceh.2019.01.004
dx.doi.org/10.1016/j.jceh.2019.01.004
dx.doi.org/10.1038/s41467-019-13334-8
dx.doi.org/10.1038/s41467-019-13334-8
dx.doi.org/10.1038/s41467-019-13334-8
dx.doi.org/10.1038/s41467-019-13334-8
dx.doi.org/10.1038/s41467-019-13334-8
dx.doi.org/10.1038/s41467-019-13334-8
dx.doi.org/10.1038/s41467-019-13334-8
dx.doi.org/10.1038/s41467-019-13334-8
dx.doi.org/10.1038/s41467-019-13334-8
dx.doi.org/10.1038/s41467-019-13334-8
dx.doi.org/10.1111/bph.12112
dx.doi.org/10.1111/bph.12112
dx.doi.org/10.1111/bph.12112
dx.doi.org/10.1111/bph.12112
dx.doi.org/10.1111/bph.12112
dx.doi.org/10.1111/bph.12112
dx.doi.org/10.1111/bph.12112
dx.doi.org/10.1111/bph.12112
dx.doi.org/10.1038/s41388-018-0135-1
dx.doi.org/10.1038/s41388-018-0135-1
dx.doi.org/10.1038/s41388-018-0135-1
dx.doi.org/10.1038/s41388-018-0135-1
dx.doi.org/10.1038/s41388-018-0135-1
dx.doi.org/10.1038/s41388-018-0135-1
dx.doi.org/10.1038/s41388-018-0135-1
dx.doi.org/10.1038/s41388-018-0135-1
dx.doi.org/10.1038/s41388-018-0135-1
dx.doi.org/10.1038/s41388-018-0135-1
dx.doi.org/10.1158/1535-7163.MCT-09-0726
dx.doi.org/10.1158/1535-7163.MCT-09-0726
dx.doi.org/10.1158/1535-7163.MCT-09-0726
dx.doi.org/10.1158/1535-7163.MCT-09-0726
dx.doi.org/10.1158/1535-7163.MCT-09-0726
dx.doi.org/10.1158/1535-7163.MCT-09-0726
dx.doi.org/10.1158/1535-7163.MCT-09-0726
dx.doi.org/10.1158/1535-7163.MCT-09-0726
dx.doi.org/10.1158/1535-7163.MCT-09-0726
dx.doi.org/10.1158/1535-7163.MCT-09-0726
dx.doi.org/10.1158/1535-7163.MCT-09-0726
dx.doi.org/10.1158/1535-7163.MCT-10-0190
dx.doi.org/10.1158/1535-7163.MCT-10-0190
dx.doi.org/10.1158/1535-7163.MCT-10-0190
dx.doi.org/10.1158/1535-7163.MCT-10-0190
dx.doi.org/10.1158/1535-7163.MCT-10-0190
dx.doi.org/10.1158/1535-7163.MCT-10-0190
dx.doi.org/10.1158/1535-7163.MCT-10-0190
dx.doi.org/10.1158/1535-7163.MCT-10-0190
dx.doi.org/10.1158/1535-7163.MCT-10-0190
dx.doi.org/10.1158/1535-7163.MCT-10-0190
dx.doi.org/10.1158/1535-7163.MCT-10-0190
dx.doi.org/10.1007/s10637-011-9774-6
dx.doi.org/10.1007/s10637-011-9774-6
dx.doi.org/10.1007/s10637-011-9774-6
dx.doi.org/10.1007/s10637-011-9774-6
dx.doi.org/10.1007/s10637-011-9774-6
dx.doi.org/10.1007/s10637-011-9774-6
dx.doi.org/10.1007/s10637-011-9774-6
dx.doi.org/10.1007/s10637-011-9774-6
dx.doi.org/10.1007/s10637-011-9774-6
dx.doi.org/10.1007/s10637-011-9774-6
dx.doi.org/10.1200/jco.2018.36.15_suppl.8519
dx.doi.org/10.1200/jco.2018.36.15_suppl.8519
dx.doi.org/10.1200/jco.2018.36.15_suppl.8519
dx.doi.org/10.1200/jco.2018.36.15_suppl.8519
dx.doi.org/10.1200/jco.2018.36.15_suppl.8519
dx.doi.org/10.1200/jco.2018.36.15_suppl.8519
dx.doi.org/10.1200/jco.2018.36.15_suppl.8519
dx.doi.org/10.1200/jco.2018.36.15_suppl.8519
dx.doi.org/10.1200/jco.2018.36.15_suppl.8519
dx.doi.org/10.1200/jco.2018.36.15_suppl.8519
dx.doi.org/10.1200/jco.2018.36.15_suppl.8519
dx.doi.org/10.1200/jco.2018.36.15_suppl.8519
dx.doi.org/10.1007/s00280-017-3303-z
dx.doi.org/10.1007/s00280-017-3303-z
dx.doi.org/10.1007/s00280-017-3303-z
dx.doi.org/10.1007/s00280-017-3303-z
dx.doi.org/10.1007/s00280-017-3303-z
dx.doi.org/10.1007/s00280-017-3303-z
dx.doi.org/10.1007/s00280-017-3303-z
dx.doi.org/10.1007/s00280-017-3303-z
dx.doi.org/10.1007/s00280-017-3303-z
dx.doi.org/10.1007/s00280-017-3303-z
https://clinicaltrials.gov/ct2/show/NCT03109886
https://clinicaltrials.gov/ct2/show/NCT03109886
https://clinicaltrials.gov/ct2/show/NCT03109886
https://clinicaltrials.gov/ct2/show/NCT03109886
https://clinicaltrials.gov/ct2/show/NCT03109886
https://clinicaltrials.gov/ct2/show/NCT03109886
https://www.ema.europa.eu/documents/scientific-guideline/guideline-bioanalytical-method-validation_en.pdf
https://www.ema.europa.eu/documents/scientific-guideline/guideline-bioanalytical-method-validation_en.pdf
https://www.ema.europa.eu/documents/scientific-guideline/guideline-bioanalytical-method-validation_en.pdf
https://www.ema.europa.eu/documents/scientific-guideline/guideline-bioanalytical-method-validation_en.pdf
https://www.ema.europa.eu/documents/scientific-guideline/guideline-bioanalytical-method-validation_en.pdf
https://www.ema.europa.eu/documents/scientific-guideline/guideline-bioanalytical-method-validation_en.pdf
https://www.ema.europa.eu/documents/scientific-guideline/guideline-bioanalytical-method-validation_en.pdf
https://www.ema.europa.eu/documents/scientific-guideline/guideline-bioanalytical-method-validation_en.pdf
https://www.ema.europa.eu/documents/scientific-guideline/guideline-bioanalytical-method-validation_en.pdf
https://www.ema.europa.eu/documents/scientific-guideline/guideline-bioanalytical-method-validation_en.pdf
https://www.ema.europa.eu/documents/scientific-guideline/guideline-bioanalytical-method-validation_en.pdf
https://www.ema.europa.eu/documents/scientific-guideline/guideline-bioanalytical-method-validation_en.pdf
https://www.ema.europa.eu/documents/scientific-guideline/guideline-bioanalytical-method-validation_en.pdf
https://www.ema.europa.eu/documents/scientific-guideline/guideline-bioanalytical-method-validation_en.pdf
https://www.fda.gov/files/drugs/published/Bioanalytical-Method-Validation-Guidance-for-Industry.pdf
https://www.fda.gov/files/drugs/published/Bioanalytical-Method-Validation-Guidance-for-Industry.pdf
https://www.fda.gov/files/drugs/published/Bioanalytical-Method-Validation-Guidance-for-Industry.pdf
https://www.fda.gov/files/drugs/published/Bioanalytical-Method-Validation-Guidance-for-Industry.pdf
https://www.fda.gov/files/drugs/published/Bioanalytical-Method-Validation-Guidance-for-Industry.pdf
https://www.fda.gov/files/drugs/published/Bioanalytical-Method-Validation-Guidance-for-Industry.pdf
https://www.fda.gov/files/drugs/published/Bioanalytical-Method-Validation-Guidance-for-Industry.pdf
https://www.fda.gov/files/drugs/published/Bioanalytical-Method-Validation-Guidance-for-Industry.pdf
https://www.fda.gov/files/drugs/published/Bioanalytical-Method-Validation-Guidance-for-Industry.pdf
https://www.fda.gov/files/drugs/published/Bioanalytical-Method-Validation-Guidance-for-Industry.pdf
https://www.fda.gov/files/drugs/published/Bioanalytical-Method-Validation-Guidance-for-Industry.pdf
https://www.fda.gov/files/drugs/published/Bioanalytical-Method-Validation-Guidance-for-Industry.pdf
https://www.fda.gov/files/drugs/published/Bioanalytical-Method-Validation-Guidance-for-Industry.pdf
https://www.fda.gov/files/drugs/published/Bioanalytical-Method-Validation-Guidance-for-Industry.pdf
dx.doi.org/10.1007/s00216-019-01932-w
dx.doi.org/10.1007/s00216-019-01932-w
dx.doi.org/10.1007/s00216-019-01932-w
dx.doi.org/10.1007/s00216-019-01932-w
dx.doi.org/10.1007/s00216-019-01932-w
dx.doi.org/10.1007/s00216-019-01932-w
dx.doi.org/10.1007/s00216-019-01932-w
dx.doi.org/10.1007/s00216-019-01932-w
dx.doi.org/10.1007/s00216-019-01932-w
dx.doi.org/10.1007/s00216-019-01932-w

	Development and validation of an LC-MS/MS method for the quantitative analysis of milciclib in human and mouse plasma, mou...
	1 Introduction
	2 Material and methods
	2.1 Chemicals and reagents
	2.2 Blank matrices
	2.3 Stock and working solutions
	2.4 Calibration standards and quality control samples
	2.5 Sample pre-treatment
	2.6 Analytical instrumentation and conditions
	2.7 Method validation
	2.7.1 Calibration model
	2.7.2 Accuracy and precision
	2.7.3 Selectivity
	2.7.4 Lower limit of quantification
	2.7.5 Carry-over
	2.7.6 Matrix factor and recovery
	2.7.7 Dilution integrity
	2.7.8 Stability

	2.8 Applicability of the method

	3 Results and discussion
	3.1 Method development
	3.2 Method validation
	3.2.1 Calibration curve
	3.2.2 Accuracy and precision
	3.2.3 Selectivity
	3.2.4 Lower limit of quantification
	3.2.5 Carry-over
	3.2.6 Matrix factor and recovery
	3.2.7 Dilution integrity
	3.2.8 Stability

	3.3 Preclinical application of the method

	4 Conclusions
	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements

	References

