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Abstract: Entrectinib is an oral selective inhibitor of the neurotrophic T receptor kinase (NTRK).
It is used in the treatment of solid tumors in NTRK gene fusion lung cancer. The study aimed to
develop and validate an analytical method for quantifying entrectinib plasma by UPLC-MS/MS
using quizartinib as an internal standard. The method involves liquid–liquid extraction of entrectinib
from plasma using tert butyl methyl ether. The mass-to-charge transitions were 561.23→ 435.1 for
entrectinib and 561.19→ 114.1 for quizartinib. The method was successfully validated according to
ICH and FDA guidelines. The method has a low quantification limit of 0.5 ng/mL, and the calibration
curves constructed over a wide range of 0.5–1000 ng/mL showed good linearity (≥0.997). This
method exhibits a tenfold increase in sensitivity compared with the previous method. The method
is also accurate, precise, and reproducible, as evidenced by the inter-day and intra-day accuracy
and precision values of 82.24–93.33% and 3.64–14.78%, respectively. Principles of green analytical
chemistry were considered during all analytical steps to ensure safety. The greenness of the methods
was evaluated using two assessment tools. These tools are the Analytical Eco-Scale and the analytical
greenness metric approach (AGREE). The results were satisfactory and compatible with the criteria
of these tools for green assessment. This method is green, accurate, precise, and reproducible. The
method can be used to quantitate entrectinib in plasma and its pharmacokinetics in preclinical, and
therapeutic drug monitoring.

Keywords: entrectinib; UPLC-MS/MS; quizartinib; validation; anti-cancer drugs

1. Introduction

Entrectinib (ENT) is a potent orally available anaplastic lymphoma kinase (ALK)
inhibitor [1]. In 2019, Japan granted approval for the use of an emerging treatment called
Entrectinib to address the needs of both pediatric and adult patients diagnosed with NTRK
fusion-positive, advanced, or recurrent solid tumors. These tumors include breast cancer,
non-small cell lung cancer, salivary gland cancer, pancreatic cancer, cholangiocarcinoma,
thyroid cancer, colorectal cancer, and sarcoma [2,3]. Later in Japan, it also gained approval
for the treatment of the receptor tyrosine kinase fusion gene. Then it was approved by the
FDA and The European Union for the treatment of solid tumors and non-small cell lung
cancer [4–6]. ENT has demonstrated effectiveness in the treatment of brain metastasis and
has been generally well tolerated by patients [7]. In very low concentrations (nanomolar),
in vitro, ENT effectively inhibited TRKA/B/C and ROS1 (receptor tyrosine kinase) [8]. In
in vivo and clinical studies, ENT has demonstrated significant anti-tumor activity and has
been observed to induce tumor regression [7,8]. The treatment responses and outcomes
were significantly better versus other drugs like crizotinib [9,10]. ENT has demonstrated
antiviral activity against SARS-CoV-2, potentially attributed to its distribution within
human lung tissue after oral administration [11]. Moreover, ENT has exhibited high efficacy
in treating intracranial conditions [12–14], while maintaining a favorable safety profile.

Separations 2023, 10, 494. https://doi.org/10.3390/separations10090494 https://www.mdpi.com/journal/separations

https://doi.org/10.3390/separations10090494
https://doi.org/10.3390/separations10090494
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/separations
https://www.mdpi.com
https://orcid.org/0000-0001-6083-5913
https://orcid.org/0000-0001-5821-5600
https://doi.org/10.3390/separations10090494
https://www.mdpi.com/journal/separations
https://www.mdpi.com/article/10.3390/separations10090494?type=check_update&version=2


Separations 2023, 10, 494 2 of 14

Nonetheless, certain safety concerns have been identified, including congestive heart failure,
central nervous system effects, and bone fractures. Additionally, common adverse reactions
such as lung infection, dyspnea, cognitive impairment, syncope, pulmonary embolism,
and pleural effusion have been reported [15]. Since ENT is a relatively new medication,
further research is necessary to uncover any potential adverse reactions that may emerge
over time [16]. Extensive clinical studies are required to assess the long-term toxicity of
entrectinib and ensure its overall safety in a clinical setting [17].

During treatment, it has been observed that resistance to entrectinib can develop.
For instance, in a case involving a patient with metastatic colorectal cancer and LMNA-
NTRK1 rearrangement, resistance to entrectinib was observed [18]. Research has identified
two-point mutations, p.G595R and p.G667C, in the catalytic domains of the TRKA en-
zyme, rendering it insensitive to entrectinib [18]. Another case involved a patient with
NTRK3 gene fusion MSC who developed resistance to entrectinib due to the NTRK3-G623R
mutation [19]. Furthermore, activation of the RAS signaling pathway has been found to
induce resistance to entrectinib in ROS1-rearranged NSCLC [20]. In neuroblastoma cell
lines that overexpress TRKB, resistance to entrectinib can occur through various mecha-
nisms, including the activation of ERK/MAPK and down-regulation of PTEN signaling.
Additionally, a reported case described the recurrence and resistance of an ETV6-NTRK3
fusion-driven pediatric glioma following NTRK-targeted treatment with entrectinib. The
specific mutation associated with this resistance was NTRK3G623 [21].

ENT is primarily metabolized by the enzyme CYP3A4, with a smaller portion being
metabolized by CYP2C9 and CYP1A2. After a single oral dose of ENT is administered, the
majority of it is eliminated through feces (approximately 83%), while a smaller proportion
(around 3%) is excreted in urine [22]. The absorption of ENT is complex and follows a
sequential zero- and first-order absorption model, which means that at low doses, absorp-
tion is zero-order, and at higher doses, it becomes first-order [23]. Hepatic impairment can
alter the exposure of ENT; patients with impaired liver function may experience different
absorption and elimination rates, resulting in different drug concentrations in the body [24].

ENT pharmacokinetics is linear with the maximum concentrations reached at about
4 h post-dose, and the half-life was estimated to be 20 h. The binding rate of ENT to plasma
proteins is reported to be approximately 99.5%. Its oral bioavailability is estimated to be at
least 50% and it is recovered in urine and feces [25]. It is characterized by low total plasma
clearance and a large volume of distribution [26]. ENT has demonstrated the ability to
readily cross the blood–brain barrier [27,28]. In vivo studies conducted in mice have shown
that after a single administration, the maximum concentration (Cmax) and area under the
curve (AUC) exposure of ENT in the brain were both approximately 20% of the plasma
exposure [29,30].

ENT is a substrate of CYP3A4. Therefore, co-administration of strong CYP3A4 in-
hibitors or inducers can affect the pharmacokinetics of ENT. Itraconazole, a strong CYP3A4
inhibitor, can increase the maximum concentration (Cmax) and area under the curve (AUC)
of ENT [22,26], while rifampin and moderate CYP3A4 inducers such as carbamazepine
and phenytoin can decrease the Cmax and AUC of ENT. Conversely, ENT can also affect
the pharmacokinetics of some drugs. The effects of ENT on other drugs depend on the
dosing duration of ENT. A single dose of ENT did not affect the AUC of midazolam but it
did decrease the Cmax of midazolam. However, multiple doses of ENT increased the AUC
of midazolam and decreased its Cmax [26].

ENT as a tyrosine kinase inhibitor for cancer therapy has a narrow therapeutic index
and the dosage should be adjusted based on plasma concentrations. To achieve this
goal, a sensitive method is needed for the evaluation of ENT therapy [31]. Due to the
high sensitivities and specificity of LC-MS/MS instrumentation, it is widely utilized for
developing methods for the detection of pharmaceutical active ingredients in biological
samples and the study of their pharmacokinetics and therapeutic drug monitoring [32–34].

Green analytical chemistry is an important field that aims to develop methods that
are safe for the environment and human health by reducing pollution and minimizing
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chemical reactions. In order to achieve this, methods are designed and developed to focus
on the miniaturization of the sample preparation process, minimized extraction techniques,
and the use of less toxic solvents.

To the best of our knowledge, two different LC-MS/MS methods have been published
for determining ENT in human plasma matrix. One method was used for the metabolic
investigation of ENT both in vivo and in vitro [35], while the other method was used
specifically for quantifying the concentration of ENT in plasma [36]. However, these
methods have an LLOQ of 2.17 and 3.8 ng/mL, respectively. The present study aims to
develop a method for the determination of ENT in plasma that is more sensitive, rapid,
accurate, and environmentally friendly. In addition, ENT metabolic stability was studied.

2. Materials and Methods
2.1. Chemicals and Reagents

The ENT compound (purity 99%) was procured from MEC Med Chem Express LLC
(Princeton, NJ, USA), while Quizartinib (IS) was obtained from Beijing Mesochem (Beijing,
China) (Figure 1). Dimethyl sulphoxide (DMSO) was purchased from Sigma Aldrich
(Darmstadt, Germany), and acetonitrile (HPLC grade), formic acid, and methyl tert-butyl
ether were acquired from Sigma Aldrich (St. Louis, MO, USA). Purified water was obtained
from the Milli Q purification system by Millipore (Bedford, MA, USA). Drug-free human
plasma was generously provided by King Khalid University Hospital. Human microsomes
from 50 mixed-gender donors were purchased from Thermo Scientific (Waltham, MS, USA).
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Figure 1. Molecular formula of Entrectinib (A) and Quizartinib (B).

2.2. Stock Solution, Calibration Standards, and Quality Control Sample Preparation

Standard stock solutions of ENT (entity) and IS (internal standard) were separately
prepared in dimethyl sulfoxide (DMSO) at a concentration of 1.0 mg/mL each. Aliquots
of these standard solutions were then diluted separately in methanol to obtain a final
concentration of 100.0 µg/mL for both ENT and IS. Intermediate serial standard solutions
were subsequently prepared using a mixture of methanol and water (50:50 v/v). These
intermediate solutions were intended for the preparation of calibration standards in plasma,
spanning concentrations of 0.5, 1.0, 5.0, 10.0, 50, 100, 200, 500, and 1000 ng/mL.
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In addition, five plasma quality control (QC) samples were designed with the following
concentrations: 1.5, 150, 350.0, and 750 ng/mL. These QC samples were categorized as low
QC, middle QC1, middle QC2, and high QC, respectively. Furthermore, a lower limit of
quantification (LLOQ) sample was prepared at a concentration of 0.5 ng/mL. All the QC
samples, as well as the calibration standards, were stored at a temperature of −80 ◦C to
maintain their stability.

2.3. Samples Preparation

Plasma samples were prepared by a liquid–liquid extraction technique. ENT was
extracted from plasma by using methyl tert-butyl ether. 10 µL of IS (100.0 µg/mL) was
added to 100 µL of plasma in Eppendorf tubes. After mixing for 1.0 min, 50 µL of acetonitrile
was added. The mixture was vortexed and then 1 mL methyl tert-butyl ether was added. All
the tubes were vortexed for an additional 30 s and then subjected to shaking on an orbital
laboratory shaker for 20 min. Subsequently, the tubes were centrifuged at 10,000× g at
8 ◦C for 10 min. The resulting supernatant was carefully transferred to test tubes and dried
using a vacuum concentrator set at 40 ◦C. The residues obtained were reconstituted in
100 µL of the mobile phase, and a 5 µL aliquot was injected into the UPLC-MS/MS system.

2.4. Chromatographic Conditions

The separation of ENT and IS was performed using an Acquity CSH C18 column
(2.1 mm × 100 mm, 1.7 µm, Waters Corp., Milford, MA, USA) maintained at a temperature
of 40 ◦C. The mobile phase used for the analysis consisted of 0.1% formic acid in acetonitrile
and 0.1% formic acid in water (70:30), eluted at a flow rate of 0.25 mL/min.

2.5. Mass Spectrometry

In this study, a UPLC-MS/MS system was utilized, which consisted of a Waters Ac-
quity triple quadrupole tandem mass spectrometer connected to Waters ultra-performance
liquid chromatography (Milford, MA, USA). The detection was carried out using multiple
reaction monitoring (MRM) in electrospray positive ion mode. The MRM transitions and
mass optimization parameters are summarized in Table 1. The Masslynx 4.1 software was
employed to operate the system, and the acquired data were processed using the Target
Lynx™ program.

Table 1. Mass optimization parameters for ENT and Quizartinib (IS).

Parameters ENT Quizartinib

I. Compound Parameters

Precursor 561.23 561.19

Product ion 284.18 114.0

Dwell time (s) 0.025 0.025

Cone voltage (V) 82 52

Collision energy eV 82 82

II. Instrument Parameters

Collision gas flow rate (mL/min) 0.1 0.1

Nitrogen flow rate 600 L/h 600 L/h

2.6. Method Validation

The assay developed in this study underwent validation following the guidelines
set by the US FDA and ICH10 for the validation of bioanalytical methods [37,38]. The
validation process encompassed the assessment of selectivity, lower limit of quantification
(LLOQ), linearity, accuracy, precision, recovery, stability under different storage conditions,
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and matrix effect. These validation parameters were established to ensure the reliability
and robustness of the developed method.

2.7. In Vitro Metabolic Stability

The in vitro metabolic stability of ENT was evaluated in the current study. The pur-
pose of this method is to simulate the metabolic activity of the liver and measure the rate of
metabolism of the drug. To perform this study, the stock solution of ENT was prepared in
DMSO (1 mg/mL) for in vitro stability. From this solution, a working standard solution of
ENT (10 µg/mL) was prepared in the mobile phase. Standard calibration curves (ranging
from 0.5 to 1000 ng/mL) were constructed between ENT concentrations and the corre-
sponding analysis response (chromatogram peak area). The method involves adding 5 µL
of ENT (at a concentration of 5 µg/mL) to a test tube containing 450 µL of warm phosphate
buffer and warming the mixture to 27 ◦C. Next, 20 µL of freshly prepared NADPH (at a
concentration of 20 mM) is added to the mixture, followed by shaking in a water bath for
5 min at 37 ◦C. Subsequently, the reaction is initiated by introducing 5 µL of microsomes
to the mixture, which are prepared at a concentration of 0.5 mg/mL. ENT is recognized
to undergo metabolism through various pathways, including oxidation mediated by the
enzyme CYP3A4 and glucuronidation facilitated by UGT1A4. By measuring the rate of
metabolism, it is possible to estimate and predict the in vivo metabolism of the drug, which
can be useful in drug development and optimization [39].

The reaction was carried out by incubating ENT with microsomes in a shaken water
bath at 37 ◦C. At specific time intervals (0.0, 2.0, 5.0, 10, 15, 30, and 45 min), the reaction was
terminated by adding acetonitrile containing IS. The resulting solution was then centrifuged
and the clear supernatant was analyzed by UPLC-MS/MS after an injection of 5 µL. Based
on the analysis results, the percentage of remaining ENT was calculated and plotted against
time to generate a curve of ENT metabolic stability. The linear range of the curve was
identified, and time points within this range were chosen to plot the natural logarithm of
the percentage of parent compound remaining versus time.

The slope of the linear part of the curve gives the rate constant for the disappearance
of ENT [34,35], which can be used to calculate the in vitro half-life (t1/2) of the compound.
The in vitro t1/2 can be calculated using the following equation [40]:

In vitro t1/2 =
ln2

Slope

The intrinsic clearance was calculated using the following equation [41]:

L int =
0.693

in vitro t1/2 ·
µL incubation

mg microsomes

2.8. Evaluation of the Greenness of the Method

To assess the greenness of analytical methods, several tools can be used, including the
Analytical Eco-Scale Assessment Method (ESA) [42] and the Analytical Greenness Metric
(AGREE) [43]. The Analytical Eco-Scale is a quantitative tool that evaluates the greenness
of analytical methods based on a set of 12 criteria that are grouped into four categories:
process efficiency, environmental impact, economic feasibility, and social acceptability. Each
criterion is assigned a score from 0 to 100, with 100 being the most environmentally friendly.
The AGREE pictogram based on six criteria represents the environmental impact of the
analytical method. These criteria are sample, reagents, energy, waste, safety, and analytical
technique. Each criterion is assigned a score. The score is then used to create a visual
representation of the environmental impact of the analytical method.
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3. Results
3.1. UPLC-MS/MS Parameters Optimization

For optimization of MS/MS, 500 ng/mL each of ENT and IS was directly infused (with
a flow rate of 5 uL/min) into the mass spectrometer. The most predominant fragments for
each analyte were in the positive ionization mode. These results are because ENT and IS are
both basic compounds and, therefore, tend to ionize better in the positive ionization mode.
The mass spectrometry conditions were optimized for the analysis of ENT. In positive
mode, ENT produced the most abundant precursor ion at m/z [M + H]+ of 561.39. After
fragmentation of the ENT precursor ion, the resulting fragment ions included [M + H]+ at
m/z values of 284.1, 302.1, 272.4, and 256.1. From these fragment ions, the [M + H]+ ion at
m/z 284.1 was specifically chosen for the multiple reaction monitoring (MRM) transition,
with the MRM transition set at m/z 561.39 → 284.1 as it was the most abundant one
(Figure 2a). The mass optimization for the internal standard (IS) was also performed and
the MRM transition was selected at m/z 561.26→ 114.0 (Figure 2b).
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Figure 2. (a) Typical fragmentation patterns; precursor to product ion spectra of the ENT. (b) Typical
fragmentation patterns; precursor to product ion spectra of the IS.

3.2. Optimization of the Chromatographic Separations

The chromatographic separation and mass spectrometry conditions for the detection
and quantification of ENT and the IS were optimized. The chromatographic separation
of ENT and IS was tested in different mobile phases containing methanol or acetonitrile
with water at different concentrations eluted by isocratic or gradient methods and their
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performance was evaluated. Additionally, we tested the effect of column temperature in the
range of 25–45 ◦C and added different concentrations of formic acid, ammonium format,
or acetic acid separately or in combination to increase the ionization of ENT and IS. The
best separation in terms of peak shape, sensitivity, and run time was achieved by using an
isocratic elution method with mobile phase A consisting of water containing 0.1% formic
acid and mobile phase B consisting of methanol containing 0.1% formic acid (90:10) on an
ACQUITY UPLC CSH C18 Column (130 Å, 1.7 µm, 2.1 mm × 100 mm).

3.3. Optimization of the Extraction Procedure

In this study, the conditions for extracting ENT and IS from the plasma were optimized.
Different extraction solvents, including ethyl acetate, diethyl ether, n-hexan, and tert butyl
methyl ether, were tried for liquid–liquid extraction, and acetonitrile and methanol were
tested for protein precipitation. The results indicate that the greatest extraction efficiency
was achieved using 50 µg/mL acetonitrile for protein precipitation followed by the addition
of 1 mL ter butyl methylether. The extraction procedure began with the addition of 50 µL
of acetonitrile to 100 µL of plasma. The tubes were then vortexed for 30 s. Following
the addition of 1mL of ter butyl methyl ether, the tubes were vortexed and centrifuged
at 10,000× g at 4 ◦C for 10 min. The supernatant was transferred to Eppendorf tubes and
evaporated using a speed vac at 40 ◦C. The use of tert-butyl methyl ether as the extraction
solvent after the addition of acetonitrile as precipitating agent provides good recovery and
minimizes matrix effects, which can interfere with the quantification of the analytes. The
matrix effect was calculated according to the following equation:

ME% =
Analyt concentration found (post− extraction spiked martix)

Spiked concentration
× 100

3.4. Selectivity and Sensitivity

The selectivity of the UPLC-MS/MS method for the quantification of ENT is crucial for
the accurate and precise measurement of the compound in plasma samples. The selectivity
of the developed method for the quantification of ENT was investigated by comparing the
visible signals from two transition reactions for the analyte in blank plasma and in plasma
spiked with the analyte at the lower limit of quantification (LLOQ). The results show that
there were no significant interferences from the matrix with the retention time of ENT and
the IS, indicating that the method is selective and can accurately quantify ENT in plasma
samples. The chromatograms obtained from the analysis of both blank plasma (Figure 3a)
and plasma spiked with ENT at LLOQ show that there were no expected interferences to
the quantification of ENT (Figure 3b).

3.5. Precision and Accuracy

The precision and accuracy of the developed method were evaluated. Precision is
the closeness of measured values to one another and is expressed by CV% (RSD%). The
accuracy is the closeness of the measured value to the nominal concentration. Due to
the wide range of the calibration curve, four levels of QC samples were used: high QC
(HQC), middle QC_1 (MQC_1), middle QC_2 (MQC_2), and low QC (LQC). Precision and
accuracy were evaluated by the analysis of the QC samples in addition to the LLOQ in one
day (intra-day accuracy and precision) and three days (inter-day accuracy and precision).
The accuracy was found to be in the range of 82.24–89.66% and 83.82–90.97% ng/mL, and
precision was in the range of 3.64–11.56% and 6.42–11.70% for the inter- and intra-day
periods, respectively (Table 2). These results suggest that the developed method is both
accurate and precise with acceptable levels of variation between replicate measurements.
The accuracy values are within the recommended range for bioanalytical assays, indicating
that the method is capable of producing reliable and accurate results. The precision values
also suggest that the method is reproducible and can generate consistent results over
multiple days of analysis.
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Table 2. Inter- and intra-day precision and accuracy of ENT in plasma.

Conc.
(ng/mL) Inter-Day Intra-Day

Mean ± SD Precision
(CV %)

Accuracy
(%) Mean ± SD Precision

(CV %)
Accuracy

(%)

0.5 0.41 ± 0.01 3.64 82.24 673.74 ± 78.86 11.70 89.83

1.5 1.40 ± 0.12 11.56 93.33 132.89 ± 19.65 14.78 85.59

150 134.49 ± 12.88 9.51 89.66 125.2 ± 0.09 7.33 83.82

350 320.08 ± 9.4 9.45 91.54 318.42 ± 20.4 6.42 90.97

750 641.57 ± 60.89 9.49 85.54 0.42 ± 0.03 7.97 84.97

3.6. Recovery and Matrix Effects

The matrix effects for ENT were evaluated. Matrix effects refer to the impact of
endogenous components in the sample matrix on the ionization of the analyte, which
can result in enhanced or diminished ionization. To assess the matrix effects for ENT, the
peak area of ENT spiked into post-extracted plasma was compared with that of a standard
solution at three different QC levels. The plasma matrix effect of ENT was calculated and
found to be in the range of 89.61–92.19%, indicating an insignificant effect from endogenous
materials in the plasma in the used procedure. Moreover, the average percentage value
of recovery was determined to be 86.64% at the three QC levels, as shown in Table 2.
This indicates that the extraction procedure used in the developed method is efficient in
recovering ENT from the plasma matrix (Table 3).

Table 3. Recovery percentage and matrix effects on ENT and internal standard.

Compound Nominal Conc. (ng/mL)
Extraction Recovery Matrix Effects

Mean RSD Mean RSD
(%) (%) (%) (%)

Entrecitinib

15 89.09 11.22 92.11 5.15
150 87.06 6.20 91.50 13.90
350 89.43 1.78 90.48 3.92
750 81.40 13.30 89.61 9.10

IS 100 89.50 6.22 89.10 13.94

Overall, the low matrix effects and high recovery values suggest that the developed
method is suitable for the accurate and precise quantification of ENT in plasma samples,
without significant interference from endogenous materials present in the matrix.

3.7. Stability

The stability of ENT in plasma was evaluated in this study. The study used three
quality control (QC) concentrations (low QC, medium QC2, and high QC) to assess the
stability of ENT. The results of the stability test, as presented in Table 4, indicate that the
precision and accuracy values for the low QC and high QC concentrations were within
acceptable limits. This suggests that ENT in plasma is stable under the tested conditions
and that the proposed assay is reliable and can be used to accurately quantify ENT in
plasma samples that have been stored or subjected to different conditions.

3.8. Linearity and Calibration Curves

The developed method was demonstrated through the construction of calibration
curves. The calibration curves were constructed using nine points ranging from 0.5 to
1000.0 ng/mL of ENT in plasma. The results show that all of the calibration curves had
correlation coefficients higher than 0.99 in the working range, indicating good linearity
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of the method. This suggests that the developed method can accurately quantify ENT in
plasma samples over a wide range of concentrations.

Table 4. Stability of ENT in plasma under different storage and processing conditions.

Stability Nominal Con. (ng/mL) Measured Con. (ng/mL) Precision (%) Accuracy (%)

Short-term

1.5 1.34 ± 0.06 4.16 89.26

350 314.50 ± 6.26 1.99 89.86

750 610.50 ± 44.00 7.20 87.21

Long-term

1.5 1.35 ± 0.18 13.86 90.48

350 318.75 ± 8.06 2.53 90.90

750 625.23 ± 11.49 1.19 89.31

Thaw and freeze

1.5 1.33 ± 0.02 7.96 86.58

350 314.67 ± 8.39 2.67 89.90

750 647.524 ± 73.69 11.38 86.33

Auto-sampler (24) h

1.5 1.39 ± 0.09 0.09 86.46

350 315. ± 5.0 1.59 90.00

750 660.75 ± 59.12 8.95 88.07

3.9. In Vitro Metabolic Stability Study

For the metabolic stability of ENT, a standard calibration curve was constructed based
on the percentage of ENT remaining versus incubation time. Another curve was then
plotted between incubation time and the percentage of remaining ENT during the linear
time (0–15 min), which represents the rate constant for the disappearance of ENT. The
equation used to fit the curve was y =−0.1062x + 4.5247, and the coefficient of determination
(R2) was 0.989. The calculated half-life (t1/2) of ENT was found to be 5.93 min, while the
entrance clearance was calculated as 11.68 µL/min/mg. These results indicate that ENT
has a relatively short half-life and is rapidly metabolized in vitro.

The results of the in vitro metabolic stability study suggest that the developed method
can be used to accurately quantify ENT in plasma samples, even in the presence of potential
metabolites. This is important for preclinical and clinical studies where the metabolic
stability of a drug is an important consideration (Figure 4).
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3.10. The Greenness of the Method

The greenness of a bioanalytical method pertains to its environmental impact and
sustainability. A green bioanalytical method strives to minimize or eliminate the utilization
of hazardous chemicals, decrease waste generation, conserve energy and natural resources,
and foster overall environmental stewardship. The greenness of a bioanalytical method is
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determined by its dedication to reducing environmental impacts, promoting sustainability,
and integrating eco-friendly practices throughout the analysis process. The greenness of
the proposed method was studied using two tools: the Analytical Eco-Scale, and AGREE
software. The Analytical Eco-Scale as well as the AGREE green program were used to
evaluate the greenness of the analytical method. The Analytical Eco-Scale uses a scale from
0 to 100 points, where 100% represents an ideal process and 0% represents an unsuitable
process. On this scale, the proposed method achieved a score of 80 (Table 5), with scores
over 75 representing an excellent result. The scores of the AGREE green program range
from 0 to 1.0. The proposed method achieved a score of 0.75, indicating that the method is
evaluated as good in terms of its environmental impact (Figure 5) .

Table 5. Penalty points of the method for the determination and quantitation of ENT in plasma.

Parameter Value Penalty Points

Dimethyl Sulfoxide <10 mL (g) 1

Acetonitrile <10 m L (g) 4

Methanol <10 mL (g) 6

Ammonium acetate <10 mL (g) 1

Methyl tert-butyl ether <10 mL (g) 3

Waste <1.0 mL/run (g) 3

Instrument energy More than 1.5 kw/h 2

Total penalty points 20

Eco-Scale score 80
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4. Conclusions

A sensitive and rapid UPLC-MS/MS method was developed and validated for the de-
termination and quantification of entrectinib in plasma. The method underwent validation
following the guidelines set by the FDA and ICH 10 for Bioanalytical Method Validation.
The linearity of the method was found to be greater than 0.99 within the concentration
range of 0.5–1000 ng/mL. The separation method employed was efficient, with a running
time of 2.5 min. The present method represents a faster and tenfold increase in sensitivity
compared with the previous method. The method demonstrated stability under various
storage and processing conditions. In addition, the environmental sustainability of the
method was assessed using the Analytical Eco-Scale and AGREE green program. The
evaluation results indicate that the method exhibits favorable environmental characteris-
tics. Additionally, the in vitro metabolic stability of entrectinib was investigated, revealing
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that the analyte undergoes rapid metabolism. The clearance rate for the compound was
calculated to be 11.68 µL/min/mg.
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