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Introduction: Larotrectinib (VITRAKVI) is an orally potent tropomyosin receptor kinase

(Trk) inhibitor that acts by competitive inhibition of all corresponding receptor kinases. It

demonstrated a marked response rate (75%) and robust anticancer activity in Trk fusion-

positive patients. This response is independent of cancer type, age and gender.

Methods: In this study, an efficient and accurate LC-MS/MS analytical method was devel-

oped for Larotrectinib (LRB) quantification in addition to evaluation of its metabolic

stability. LRB and lapatinib (LTP) (which is chosen as an internal standard; IS) were eluted

utilizing an isocratic mobile phase with a reversed phase elution system (C18 column).

Results and Discussion: The linearity range of the established method was 5–500 ng/mL

(r2 ≥ 0.9999) in the human liver microsomes (HLMs) matrix. Various parameters were

calculated to validate the method sensitivity (limit of quantification was 5 ng/mL) and

reproducibility (inter and intra-day accuracy and precision were below 3% in all samples)

of our methodology. For evaluation of LRB metabolic stability in HLMs matrix, in vitro half-

life (48.8 min) and intrinsic clearance (14.19 µL/min/mg) were computed.

Conclusion: Accordingly, we can conclude that LRB is a moderate extraction ratio drug

when compared with other tyrosine kinase inhibitors (TKIs). According to our knowledge,

the discussed procedure in this study is the first LC-MS/MS analytical method for evaluating

LRB metabolic stability.

Keywords: larotrectinib, human liver microsomes, metabolic stability evaluation, tandem

mass spectrometry

Introduction
Solid tumors that harbored tropomyosin receptor kinase (Trk) gene fusions occurred

in many types of cancers that affect adults as well as children.1 These fusions

initiate ligand-independent activation and constitutive expression of the Trk kinase

and are considered oncogenic. Fusions involving one or more of the neurotrophic

tropomyosin receptor kinase (NTRK) genes happen in various pediatric cancers and

adult malignancies, such as colorectal cancer, non-small cell lung cancer, and

glioblastoma. It was reported that about 40% Trk fusions are existing in uncommon

pediatric tumors, like high-grade glioblastoma, papillary thyroid cancer and others.2

Accordingly tumors with positive Trk fusion represent a distinctive molecular

subcategory of solid tumors present in infants in addition to adults.3,4

LRB (LOXO-101, VITRAKVI) is a TKI for solid tumors harboring tropomyosin

receptor kinase (Trk) gene fusions. LRB (Figure 1) is the first highly potent orally

administered ATP-competitive inhibitor of all three Trks (TrkA, TrkB, and TrkC).3,5

On 26 November 2018, the FDA granted accelerated approval to LRB for pediatric and
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adult patients suffered from solid tumors that have

a neurotrophic tropomyosin receptor kinase (NTRK) gene

fusion.6 LRB adverse reactions were dizziness, nausea, fati-

gue, vomiting, diarrhea, increased AST, cough, increased

ALT, and constipation.5 The recommended LRB orally doses

are 100 mg twice a day for adults and 100 mg/m2 twice a day

for pediatric patients.7

Until writing this manuscript, no single published research

was found regarding the determination of LRB in HLMs or

LRBmetabolic stability assessment. Consequently, these find-

ings prompted us to establish an accurate and reliable method

for the determination of LRB level. Accordingly, an isocratic

liquid chromatography tandem mass spectrometry (LC–MS/

MS) analytical methodwas utilized for the assessment of LRB

concentration in HLMs matrix. The discussed procedure pro-

vided about 99% recoveries which are quite better than the

reported one (around 90%), additionally, isocratic mobile

phase was adopted for elution of the two analytes.8,9

LRB is mainly metabolized in the liver by CYP 3A4 and

is highly vulnerable to drug-drug interactions with co-

administered CYP 3A modulators, so the dose should be

recalculated either dose increase (CYP 3A inducers) or

dose decrease by half (CYP3A inhibitors),5 so it is very

important to study LRB metabolic stability using HLMs as

it is mostly metabolized through liver. For determination of

in vivo metabolic clearance rate from in vitro intrinsic clear-

ance, three main models: venous equilibrium, parallel tube

and dispersion.10,11 In the current work, the metabolic stabi-

lity of LRB including intrinsic clearance and in vitro half-life

[t1/2] in HLMs were computed according to “in vitro half-

life” approach, using the “well-stirred” model12,13 as it is

simple and it is considered the most widely utilized model

in in vitro drug metabolism experiments. These parameters

(intrinsic clearance and in vitro t1/2) could be used for further

calculation of various physiological parameters (e.g. hepatic

clearance and in vivo t1/2). The determination of bioavail-

ability of a drug provides a picture of its metabolic pathway.

If the tested drug is rapidly metabolized, it will exhibit a low

in vivo bioavailability value and short duration of action.14

According to this concept, LRB is considered as a moderate

extraction ratio drug that exhibited medium excretion rate

from the human body if compared to other previous studied

TKIs.15–18 This indicates a less probability of accumulating

in the body than that of other TKIs (e.g. dacomitinib).

Experimental
Materials
PooledHLMs (Male human liver) was procured from Sigma-

Aldrich (USA). The purchased HLMs (Product

Number: M 0567 stored at −70 °C) contains a mixture of

liver microsomes pooled from different individual human

donors. As stated in the product information sheet: (1) The

pathogenicity testing of all liver specimens has been per-

formed using a PCR protocol, (2) The donors were human

males of mixed age, (3) The donors were in various states of

health, however each liver tested negative for HTLV1&2,

HIV1&2, and hepatitis B and C and (4) The protein content is

20 mg/mL in 250 mM sucrose. Total cytochrome P450

enzymes and FMO activities are also reported in the product

information sheet. Standard powders are of analytical grade

(AR) and organic solvents are HPLC grade. HPLC grade

water (H2O) was arranged by in situ Milli-Q plus filtration

system (USA). LRB (98.92%) and lapatinib (99.83%) were

purchased from Med Chem. Express Company (USA).

Acetonitrile, ammonium formate (NH4COOH) and formic

acid (HCOOH) were procured from Sigma-Aldrich (USA).

LC-MS/MS Methodology
LC-MS/MS analytical parameters were adjusted to achieve

the optimum resolution of LRB and LTP (IS) with good

separation (Table 1). A triple quadrupole (QqQ) mass

analyzer operated in the positive charge mode with an

ESI was utilized for estimation. Nitrogen gas (11 L/min)

was used for drying of spray in the ESI source and for

collision (55 psi) for fragmentation studies in the collision

cell. Flow injection analysis was utilized to optimize all

mass spectrometric parameters to achieve the highest ion

intensity. The values of ESI temperature (T) and capillary

voltage (V) were set at 350°C and 4000 V, respectively.

Data acquisition was managed using the Mass Hunter

software. LRB was estimated utilizing multiple reactions

monitoring (MRM) mode for the mass transitions (parent

to daughter ions) from 429→342 and 429→88 for LRB

and 581→365 and 581→350 for LTP (Scheme 1). The

fragmentor voltage (FV) was adjusted at 135 and 140
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Figure 1 Chemical structures of larotrectinib and lapatinib (IS).
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V with collision energy (CE) of 18 eV and 20 eV for LRB,

and FV of 140 V and 145 V with CE of 30 eV and 32 eV

for LTP. MRM mode was used for LRB quantification to

discard any interference from the HLMs matrix constitu-

ents and elevate the LC-MS/MS method sensitivity

(Figure 2).

Table 1 Analytical Parameters

LC MS

RRLC Agilent 1200 MS Agilent 6410 QQQ

Isocratic mobile phase 75% acetonitrile ESI Positive ESI

10 mM NH4

COOH

25% Drying gas: nitrogen of low purity at 12 L/min flow

rate and pressure of 60 psi
pH: 4.2

Flow rate: 0.2 mL/min. Source T: 350ºC

Injection volume: 1 μL

Agilent eclipse plus C18

Column

100 mm long

2.1 mm ID Capillary voltage: 4000 V

1.8 μm particle size Collision cell Nitrogen gas (high purity)

T: 20 ± 2ºC. Mode MRM

Mass Spectra segment 0.0 to 1.0 min. To waste Analyte: Larotrectinib

(LRB)

m/z 429→ m/z 342, FVa: 135 V, CEb: of 18 eV

1.0 to 2.0 min. LRB MRM m/z 429→ m/z 88, FV: 140 V, CE: of 20 eV

2.0 to 3.0 min. LTP MRM Lapatinib (IS) m/z 581.1→ m/z 365 FV: 140 V, CE: 30 eV

m/z 581.1→ m/z 350 FV: 145 V, CE: 32 eV

Notes: aFragmentor voltage. bCollison energy.

A

B

Scheme 1 MRM mass transitions (A) larotrectinib and (B) lapatinib (IS).
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LRB Stock Solutions
LRB and LTP are dimethyl sulfoxide soluble. LRB working

solution 1 (WK1, 200 µg/mL) was prepared by ten times

dilution of LRB (2 mg/mL) in dimethyl sulfoxide with the

mobile phase then further dilution yields WK2 (20 µg/mL).

LTPWK3 (2 µg/mL) was prepared by diluting LTP (100 µg/

mL) in DMSO 50 times with mobile phase.

LRB Calibration Standards
WK2 was mixed with a 30 µL HLMs matrix (1 mg protein)

to prepare 9 calibration standards: 5, 10, 30, 50, 80, 100,

200, 300 and 500 ng/mL that were utilized for calibration

curve construction. Four concentrations (5, 15, 150, and

400 ng/mL) were chosen as the lower limit of quantification

(LLOQ), low quality control (LQC), medium quality con-

trol (MQC), and high quality control (HQC), respectively.

Fifty µL of WK3 was then added to each standard. Protein

precipitation method was used for the successful extraction

of LRB and LTP.19–21 First, 2 mL of acetonitrile was added

to1 mL of the standard solution. Second, centrifugation for

the mixture at 14,000 rpm for 12 min was done in a cooled

centrifuge (4°C) to remove proteins and purify the standard

from undesired materials. Third, filtration for one mL of

each supernatant was done using a 0.22 µm syringe filter.

Fourth, the filtered samples were loaded in 1.5 mL HPLC

vials. Last, 1 µL was injected into the detection system.

Control samples were prepared following the last five steps

except not using HLMs matrix to confirm the absence of

any interference from the matrix at the retention times of

analytes. A linear calibration curve was constructed by

plotting the peak area ratio of LRB to LTP (y-axis) and

nominal values of LRB (x-axis). The linearity of the

described methodology was confirmed by computing the

linear regression equation.

Method Validation
Different parameters (mentioned later) were calculated for

confirming validation of the depicted methodology. The

details of validation parameters’ calculation were dis-

cussed in our previous publications.19,22 The least squared

statistical method (y = ax + b) was applied to calculate the

equation of the constructed calibration curve. A linear fit

was verified by the r2, which exhibited linearity ranged

from 5 ng/mL to 500 ng/mL.

LRB Metabolic Stability
The LRB metabolic stability was analyzed by computing the

LRB level after incubation with HLMs. Briefly, 1 µM of LRB

was incubated with 30 µL HLMs (1 mg microsomal protein)

in 1 mL phosphate buffer and the same experiment was done

three times to confirm results. The metabolic reaction was

done at pH 7.4 (phosphate buffer) and 3.3 mM magnesium

chloride. First, pre-incubation was done at 37°C for 10

min. Second, the initiation of the metabolic reactions was

done using NADPH (1 mM) for a specific time. Third, stop-

ping of the reaction was performed at time intervals: 0, 0.5,

2.5, 5.0, 10, 15, 30 and 50 min. by adding 2 mL acetonitrile.

From the generated data after sample analysis, LRBmetabolic

stability curve was established. The LRB percent remaining is

plotted versus time. From this plot, time points in the linear

range are chosen to plot the natural logarithm of percent parent

compound remaining versus time. The slope of the linear part

gives the rate constant for the disappearance of LRB that was

used for in vitro t1/2 calculation using the following equation:

In vitro t1=2 ¼ ln2=Slope

Then LRB intrinsic clearance was calculated by applying

using the next equation:23

Figure 2 MRM mass transitions of (A) larotrectinib LRB) and (B) lapatinib (IS).
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CLint; ¼ 0:693

in vitro t1=2
:
μL incubation

mg microsomes

Results and Discussions
LC–MS/MS Methodology
LTP was selected as IS in LRB quantification as the same

extraction technique could be applied for both substances in

the HLMs matrix (LRB and LTP recoveries were 99.65 ±

1.31% and 97.2 ± 1.3%, respectively) and the retention time

of LTP is near to that of LRB. The established procedure is

fast with a 3 min run time. Both LRB and LTP are TKIs and

were not given to the same patient, so the established

method could be utilized for therapeutic drug monitoring

or pharmacokinetics for persons under LRB treatment.

Chromatographic parameters that control the separa-

tion of analytes, involving mobile phase composition, pH

and stationary phase nature were adjusted. The aqueous

part pH of the mobile phase (10 mM ammonium formate)

was fixed at 4.2 as higher pH caused a retention time delay

and peak tailing. The aqueous/organic part (acetonitrile)

ratio was fixed at 25:75% as acetonitrile increase gener-

ated overlapped peaks and bad resolution while acetoni-

trile decrease generated elution time increase. Different

stationary phases were used as HILIC columns but LRB

and LTP were not retained and the best results were

achieved using a C18 column. MRM was applied for

LRB quantification to discard any interference from the

HLMs matrix components and increase the developed

method sensitivity (Figure 2).

The retention times for LRB and LTP were 1.59 min.

and 2.44 min, respectively with good base peak separation.

The total run time for the developed analytical method was

3 min. There was no noticeable carryover in the blank

Figure 3 MRM chromatograms of (A) blank HLMs, (B) blank HLMs with IS, and (C) LQC of LRB (15 ng/mL) showing LRB peak (1.59 min.) and LTP peak (2.44 min.).
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HLMs matrix. Figure 3C displays the LRB LQC MRM

chromatograms.

Validation Parameters
Specificity

Figure 3 shows good resolution of the LRB and LTP peaks

and the nonexistence of foreign peaks in the blank HLMs

matrix at the specified elution times that approved the

specificity of the presented analytical method. No carry-

over effect of LRB and LTP was observed in the MRM

mass spectra chromatograms.

Sensitivity and Linearity

The linearity range and r2 for the proposed analytical

method were 5–500 ng/mL and ≥ 0.9999, respectively.

The linear regression equation of LRB calibration curve

was y= 1.531x+ 4.7294. LLQC peak exhibited a high

signal to noise (S/N) ratio and a perfect peak shape con-

firming the sensitivity of the LC-MS/MS method. RSD

values for the six repetitions of each standard level were

< 2.34% (Table 2). The LOD and LOQ were 0.58 ng/mL

and 1.93 ng/mL, respectively. Back calculations for the 12

LRB standards (calibration standards and QC samples) in

the HLMs matrix firmly established the successfulness of

the depicted analytical method.

Precision and Accuracy

Accuracies and precisions values are acceptable according

to the FDA guidelines.24 The values of intra-day and inter-

day precision and accuracy of the adopted methodology

were −2.6 to 0.58 and 0.89 to 2.75, respectively (Table 3).

The average LRB recoveries were 99.79 ± 2.14%.

Extraction Recovery and Matrix Effects

Table 4 shows the recovery percentages of the QC samples for

computing the LRB concentration in the HLMs matrix. The

recovery of LRB in the spiked HLMs matrix was 99.79 ±

1.32% (relative standard deviation [RSD] < 1.12%). LTP

recovery was 97.2 ± 1.3%. Matrix effect absence on LRB or

LTP was validated by analyzing two HLMs batches (set 1),

which were spiked with the LRB LQC (15 ng/mL) and LTP

(100 ng/mL). Set 2 batches were prepared using the mobile

phase instead of the HLMs matrix. Matrix effect factor for

LRB and LTP was computed by applying the next equation:

Matrix effect of LRB ¼ Mean peak area ratio Set1=Set2� 100

Matrix effect of LTP ¼ Mean peak area ratio Set1=Set2� 100

The tested HLMs containing LRB and LTP exhibited

matrix effects of 99.65 ± 1.31% and 97.2 ± 1.3, respec-

tively. IS normalized matrix effect (IS normalized MF)

was calculated by applying the next equation:

IS normalized MF ¼ Matrix effect of LRB=Matrix effect of LTP ISð Þ

The IS normalized MF was 1.02 and it lies in the

satisfactory range.25 Hence, these findings revealed that

the HLMs matrix had no obvious impact on the ionization

of LRB and LTP.

Table 2 LRB Back-Calculated Calibration Levels

LRB Nominal

Concentrations

(ng/mL)

Meana SD RSD

(%)

Accuracy

(%)

5 (LLQC) 5.04 0.10 1.99 −2.60

10 9.80 0.18 1.79 −1.23

15 (LQC) 15.13 0.21 1.37 −2.13

30 29.51 0.69 2.34 3.63

50 49.51 0.68 1.38 1.52

80 79.75 1.57 1.97 2.83

100 100.80 2.06 2.04 −3.04

150 (MQC) 148.59 1.79 1.21 0.58

200 200.34 3.44 1.72 −0.98

300 300.51 2.55 0.85 −0.53

400 (HQC) 400.99 4.11 1.03 −0.81

500 501.98 5.57 1.11 −0.98

Note: aMean of six replicates.

Table 3 Intra-Day and Inter-Day (Accuracy and Precision) of Established Method

HLMs Matrix LLQC (5 ng/mL) LQC (15 ng/mL) MQC (150 ng/mL) HQC (400 ng/mL)

Intra-Day

Assay*

Inter-Day

Assay**

Intra-Day

Assay

Inter-Day

Assay

Intra-Day

Assay

Inter-Day

Assay

Intra-Day

Assay

Inter-Day

Assay

Mean 5.04 5.02 15.13 15.07 148.59 149.13 400.99 400.60

SD 0.10 0.14 0.21 0.18 1.79 2.13 4.11 3.55

Precision (%RSD) 1.99 2.75 1.37 1.21 1.21 1.43 1.03 0.89

% Accuracy −2.60 0.34 −2.13 0.46 0.58 −0.58 −0.81 0.15

Notes: *Mean of twelve repeats on the same day. **Mean of six repeats for three days.
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Metabolic Stability
LRB conc. during HLMs incubation is 1 µM to be sure

it is below the Michaelis-Menten constant to establish

a linear relationship between the ratio of metabolism

and incubation time. One mg/mL microsomal protein is

utilized to confirm the absence of non-specific protein

binding. The LRB concentration in the incubated sam-

ples was computed by displacing the peak area ratios

in the generated calibration regression equation. The

curve for metabolic stability was established by plot-

ting the percentage remaining of LRB on the y-axis

against the incubation time on the x-axis (Figure 4A).

From this curve, time points in the linear range (0–15

min.) are chosen to plot the natural logarithm (Ln) of

LRB remaining versus time (Figure 4B). The slope of

the linear part (0.0142) gives the rate constant for the

disappearance of LRB. The regression equation for the

linear part of the curve was y = −0.0142x + 4.6066

with r2 = 0.9888 that was used for in vitro t1/2 calcula-

tion (Table 5).17,26–28

Using the next equations:

In vitro t1=2 ¼ ln2=Slope

Slope was 0.0142.

In vitro t1=2 ¼ ln2=0:0142

In vitro t1=2 ¼ 48:4min:

LRB intrinsic clearance was calculated using the in vitro

t1/2 method14 by applying using the next equation:23

CLint; ¼ 0:693
in vitro t1=2

:
μL incubation
mg microsomes

CLint; ¼ 0:693

48:4
:
1000

1

CLint;app ¼ 14:19μL=min=mg

In vitro t1/2 and Clint were 48.4 min and 14.19 µL/min/

mg, respectively. From the previous outcomes, LRB could

be considered as medium excretion drug. These data in

addition to other parameters could be also utilized for the

prediction of LRB in vivo pharmacokinetics using the

simulation software Cloe PK.29

Conclusions
An analytical LC-MS/MS method was described and vali-

dated for determining LRB. The developed method showed

good sensitivity, was ecofriendly (owing to using little volume

of acetonitrile), fast, accurate, and exhibited high recovery.

The LC-MS/MS methodology was applied for the evaluation

of LRB metabolic stability in the HLMs matrix. Our findings

demonstrated that the metabolic stability of LRB showed

moderate Clint (14.19 µL·min−1·kg−1) and in vitro t1/2 values

Table 4 Recovery of LRB Samples in the HLMs Matrix

Conc. (ng/mL) HLMs Matrix

5 ng/

mL

15 ng/

mL

150 ng/

mL

400 ng/

mL

Meana 5.04 15.13 148.59 400.99

SD 0.10 0.21 1.79 4.11

Precision (RSD %) 1.99 1.37 1.21 1.03

Recovery (%) 100.75 100.87 99.06 100.25

Note: aMean of six replicates.
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Figure 4 LRB Metabolic stability curve in HLMs (A) and Linear part regression line (B).
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(48.4 min) that would generate a moderate clearance of LRB

by the liver, thus good in vivo bioavailability can be expected.

From these results, we can predict that this drug could be

given to patients without dose accumulation or fast excretion

from the blood.
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