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ABSTRACT 

Objective: The primary aim of this study is to develop and verify a linear, exact, and specific LC-ESI-MS/MS technique for the measurement of 
Repotrectinib. 

Methods: Chromatographic resolution was attained using an ODS Zorbax C18 column (50 mm×4.6 mm, 2.1 µm) and a mobile phase comprising 
methanol, 0.1% formic acid, and acetonitrile in a ratio of 50:15:35, with a flow rate of 0.5 ml/min from the stationary phase. The procedure was 
conducted by observing the defined ionic transitions of m/z 356.15/318.13 for Repotrectinib and 478.09/451.08 for the Apalutamide internal 
standard in multiple reaction monitoring.  

Results: The linear regression equation was y = 0.0001x+0.0012, with a coefficient of determination (r²) of 0.9997. The percentage coefficient of 
variation results for the matrix effect for Low-QC and High-QC levels were 2.90% and 3.41%, respectively. The average recovery percentages for 
Repotrectinib at High-QC (11.25 µg/ml), MQC (7.50 µg/ml), and Low-QC (1.05 µg/ml) were 103.27%, 97.26%, and 96.34%, respectively. The 
measured values ranged from 2.00% to 4.03% for the QC samples at concentrations of 0.375, 1.05, 7.50, and 11.25 µg/ml.  

Conclusion: The created approach underwent validation in accordance with FDA guidelines and is applicable for the assessment of repotrectinib in 
biological samples for quality control, forensic analysis, and bioavailability investigations.  
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INTRODUCTION 

Tyrosine kinase inhibitors (TKIs) represent a major class of targeted 
anticancer therapies used in the treatment of hematologic and solid 
tumors. Despite their clinical success, TKIs exhibit high interpatient 
variability in absorption, distribution, metabolism, and excretion, 
necessitating precise quantification in biological matrices for 
pharmacokinetic, therapeutic drug monitoring, and bioequivalence 
studies [1-3]. 

Liquid chromatography–tandem mass spectrometry (LC-MS/MS) 
has emerged as the preferred analytical platform for TKI 
measurement due to its superior sensitivity, selectivity, and 
reproducibility compared with conventional techniques. The 
chromatographic step enables effective separation of TKIs and their 
metabolites from endogenous interferences, while tandem mass 
spectrometry ensures specific detection through multiple reaction 
monitoring (MRM). This combination allows robust quantification 
across a broad dynamic range with minimal sample volume [2-4]. 

Repotrectinib is a novel TKI designed to combat resistance in the 
treatment of non-small cell lung cancer (NSCLC) associated with 
mutations in the ROS1 gene. Repotrectinib has a tight macrocyclic 
structure that minimizes detrimental interactions with resistance 
mutation hotspots while specifically targeting mutations in the solvent-
front region. While resistance to certain TKIs, such as crizotinib, 
lorlatinib, taletrectinib, and entrectinib, has been documented, no 
instances of resistance to repotrectinib have been recorded. It is 
chemically classified as (3R, 11S).-6-fluoro-3,11-dimethyl-10-oxa-
2,13,17,18,21-pentazatetracyclo[13.5.2.04,9.018,22] Docosa-
1(21),4(9),5,7,15(22),16,19-heptaen-14-one, has the chemical formula 
C18H18FN5O2 and a molecular weight of 355.37 g/mol (fig. 1) [4-6]. 

Repotrectinib is an inhibitor of the proto-oncogene tyrosine-protein 
kinase ROS1 and the tropomyosin receptor tyrosine kinases TRKA, 
TRKB, and TRKC. Fusion proteins containing ROS1 domains may 
promote tumorigenesis by hyperactivating downstream signaling 
pathways, resulting in unchecked cell proliferation. Repotrectinib 

demonstrated anti-tumor efficacy in cultured cells with ROS1 fusions 
and mutations, including SDC4-ROS1, SDC4-ROS1G2032R, CD74-ROS1, 
CD74-ROS1G2032R, CD74-ROS1D2033N, and CD74-ROS1L2026M [6]. 

In the literature about Repotrectinib, only one analytical method has 
been established for its quantification using LC–MS/MS [7]. The reported 
approach was applied to mouse plasma and is validated in the range of 
1-1000ng/ml. The precision values are also upto 8.7%. So, there is a 
requirement of an analytical tool for the human plasma analysis. The aim 
of the work is to develop and validate a sensitive, accurate, and 
reproducible LC-MS/MS method for the quantification of repotrectinibin 
biological matrices, enabling its application in pharmacokinetic, 
bioavailability, bioequivalence, and clinical research studies. 

 

 

Fig. 1: Repotrectinib chemical structure 

 

MATERIALS AND METHODS 

Reagent chemicals 

Glenmark, Mumbai, India, provided complimentary samples of 
Repotrectinib and Apalutamide (IS). LC grade acetonitrile and 
methanol were procured from J. T. Baker, Hyderabad. Water used 
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for comprehensive research activities was sourced from Milli-Q 
purification systems. Analytical grade formic acid was procured 
from Merk Pvt. Ltd., Mumbai, India. 

Equipment 

The Applied Biosystems Sciex API 4000 tandem mass spectrometer 
was integrated with a Shimadzu LC20ADvp liquid chromatographic 
system, including an auto-sampler (Shimadzu, Japan). The solvent 
pump is a Shimadzu LC20AD module manufactured in Japan. Analyst 
software (version 1.4.2: Applied Biosystems) was used to 
consolidate all chromatographic findings. 

Quality and calibration standard solution preparation 

Stock solutions of repotrectinib and apalutamide internal standard 
(IS) at 100 µg/ml were prepared by dissolving in a determined 
volume of mobile phase. Standard and quality control protocols 
were executed using a blank plasma sample derived from the 
standard stock solution of Repotrectinib. Eight linear standard levels 
of varying concentrations were prepared by spiking blank plasma 
with Repotrectinib standard solution, resulting in calibration 
standards at concentrations of 0.375, 0.600, 1.050, 1.900, 4.000, 
7.000, 11.000, and 15.000 µg/ml. Quality Control (QC) samples were 
prepared at low (Low-QC), middle (middle-QC), and high (High-QC) 
standards by spiking blank plasma with Repotrectinib to create 
solutions of 1.050, 7.500, and 11.250 µg/ml, respectively. The 
working solution was prepared from a 500 ng/ml apalutamide stock 
solution using 70% acetonitrile. Processed samples were stored at-
20 °C until the evaluation of the samples. 

Parameters of liquid chromatography 

Chromatographic resolution was attained using an ODS Zorbax C18 
column (50 mm × 4.6 mm, 2.1µ) with a mobile phase consisting of 
methanol, 0.1% formic acid, and acetonitrile at a ratio of 50:15:35, 
with a flow rate of 0.5 ml/min from the stationary column. The 
temperatures of the auto-sampler and column oven were set to 5 °C 
and 40 °C, respectively. A sample injection volume of 5 µl** was 
used. The total chromatographic run time was 2 min, ensuring rapid 
analysis and adequate peak separation. 

Mass spectrometric parameters 

The parameters of the mass system were enhanced as follows: 30 
psi nebulizer gas (N2); 4500 °C source temperature; 30 psi curtain 
gas (N2); 25 psi heater gas (N2); CAD gas 8 (N2); 4500 V ionspray 
voltage; 12 V entrance potential; 65 V declustering potential; 0.6 
ml/min source flow rate with no split; collision energy (CE) 18 V for 
both Repotrectinib and Apalutamide; collision cell exit potential-14 

V and dwell time 200 ms for Repotrectinib; collision cell exit 
potential-15 V for IS. Detection of product and parent ions was 
performed in MRM mode, using transition pairs of m/z 
356.15/318.13 for Repotrectinib and 478.09/451.08 for the 
Apalutamide internal standard. 

Protocol for sample preparation 

To 250 µl of plasma (fortified with Repotrectinib to the desired 
concentration), 100 µl of Apalutamide (1 µg/ml) were combined. To 
precipitate the proteins from the sample, 4 ml of methanol was 
added, followed by centrifugation at 5000 rpm for 15-20 min at 5 
degrees Celsius. The lyophilizer was used to dehydrate the organic 
component. After adding 250µl of moveable solvent to the residue, 
enough amounts of samples were placed into labeled Autosampler 
vials and then injected into an LC-MSMS system [8-11]. 

Validation 

The linearity, accuracy, lower limit of quantification (LLOQ), range, 
recovery, selectivity, precision, and matrix impact of the quantitative 
analysis of Repotrectinib in plasma were evaluated in accordance 
with the Guidelines for bioanalytical method validation in 
pharmaceutical development. This was conducted to confirm the 
measurable evaluation of Repotrectinib in plasma [12-14]. 

RESULTS AND DISCUSSION 

The chromatograms generated during the validation process 
successfully met the evaluation criteria, and the blank, blank+IS, and 
LLOQ chromatograms are shown in fig. 2 and 3, respectively. 

Specificity 

A 375 ng/ml sample was introduced into the LC-MSMS system under 
ideal liquid chromatography settings to isolate Repotrectinib from 
plasma impurities and endogenous substances. The specificity of the 
approach was evaluated by measuring plasma noise [15, 16]. The area of 
the interference peak must be less than 20% of the LLOQ peak area and 
less than 5% of the mean IS peak size. The LLOQ concentration must not 
vary by more than 20% from the nominal concentration (NC). 

Linear plot 

The calibration plot of the analytical approach was generated by 
establishing a standard plot correlating concentration values with 
peak response fractions of Repotrectinib to the internal standard. 
Calibration standards vary from 0.375 to 15.0 µg/ml (fig. 4) [17, 18]. 
The linear regression equation is y = 0.0001x+0.0012, with a 
coefficient of determination (r²) of 0.9997. The linear curve results 
were shown in table 1. 

 

 

Fig. 2: Chromatograms of blank plasma(a), blank plasma with IS(b) 
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Fig. 3: Representative chromatograms of plasma spiked with repotrectinib at LLOQ and IS 

 

Table 1: Repotrectinib linearity data 

LS-ID Concentration (ng/ml) Analyte responseN IS response Analyte/IS response 
LS-1 375 4806 123853 0.038804 
LS-2 600 7761 124018 0.06258 
LS-3 1050 13045 122971 0.106082 
LS-4 1900 26832 123939 0.216494 
LS-5 4000 53873 123324 0.436841 
LS-6 7000 89943 123162 0.730282 
LS-7 11000 142649 123931 1.151036 
LS-8 15000 196981 123021 1.601198 
LS: Linearity standard; N=3 replicates 

 

 

Fig. 4: Calibration curve of repotrectinib 

 

Inter and intraday precisions 

Accuracy and precision were assessed by interday and intraday 
evaluations. Five replicates daily were injected with the QC 
standards (1.05, 7.50, and 11.25 µg/ml) and LLOQC (375 ng/ml) to 
assess intraday precision and accuracy. Over the course of five 
distinct days, we evaluated our quality control standards (1.05, 7.50, 
and 11.25 µg/ml) and lower limit of quantification control (375 
ng/ml) to ascertain our inter-day precision and accuracy. With the 
exception of LLOQ QC, which must not exceed 20%, the within-and 
between-batch %CV values for high, medium, and low 
concentrations should remain below 15%. The accuracy of the 
analytical procedure, both intraday and interday, was evaluated by 
examining the %CV values. The quality control samples ranged from 
2.00% to 4.03%. No substantial variance was seen among any of the 
outcomes (15%). Table 2 presents the compiled results. 

Extraction recoveries 

The peak regions of extracted Repotrectinib samples were 
compared to those of Repotrectinib at a control concentration for 
recovery tests [19-22]. The average recovery percentages for 
Repotrectinib at High-QC (11.25 µg/ml), MQC (7.50 µg/ml), and 
Low-QC (1.05 µg/ml) were 103.27%, 97.26%, and 96.34%, 
respectively (table 3). 

Effects of matrix constituents 

Three copies of six blank plasma samples from six different groups 
were collected, spiked at Low-QC and High-QC levels, and then 
compared with equivalent quantities in the other treatments. Low-
QC samples had a CV% of 2.90, whereas High-QC samples showed a 
CV% of 3.41, both conforming to the acceptance criteria of within 
15%. Table 4 displays the matrix factors and their results. 
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Table 2: Repotrectinib Intra and interday precision data 

QC  Repotrectinib (µg/ml) 

Intra batch Average SD %CV 
LLOQ 367 14.82 4.04 
Low-QC 1017 24.74 2.43 
Median-QC 7721 298.31 3.86 
High-QC 11364 395.74 3.48 
LLOQ 384 13.52 3.52 
Low-QC 1065 21.37 2.00 
Median-QC 7745 285.94 3.69 
High-QC 10914 401.84 3.68 
LLOQ 361 12.85 3.56 
LLOQ 1069 22.65 2.12 
Low-QC 7621 278.91 3.66 
Median-QC 11109 411.37 3.70 
Inter batch Average SD %CV 
LLOQ 359 13.54 3.77 
Low-QC 1085 26.82 2.47 
Median-QC 7408 298.38 4.03 
High-QC 11324 446.95 3.94 

Average=6 replicates 

 

 

Fig. 5: Repotrectinib chromatograms at A) Low-QC B) Medium-QC and C) High-QC level 

 

Table 3: Recovery of repotrectinib after extraction 

Concentrations level X Y %Recovery %mean recoveries % RSD 
LQC 13872 13364 96.34 98.96 3.11 
MQC 99081 96366 97.26  
HQC 148569 153427 103.27 
IS 123537 121486 98.34 
X, mean recoveries of unextracted samples; Y, mean recoveries of extracted samples; n=3 replicates; RSD: relative standard deviation. 

 

Application of stability studies 

Stability tests were performed under various environmental settings 

in compliance with FDA requirements. Three freeze/thaw cycles 
were conducted, along with short-term (25 °C for 19 h), long-term (-
70 °C for 36 days), post-preparative (10 °C for 24 h), and stock 
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solution stability conditions [23]. Stability tests indicated that 
plasma samples of Repotrectinib were stable throughout the 

chromatographic process, extraction, and storage under various 
conditions. Table 5 presents stability statistics. 

 

Table 4: Repotrectinib matrix effect outcomes 

 S. No. LQC HQC 

Peak area in  
absence of matrix 

Peak area in  
presence of matrix 

Matrix factor Peak area in  
absence of matrix 

Peak area in  
presence of matrix 

Matrix 
 factor 

1 13754 13108 95.31 148364 141421 95.32 
2 13692 13167 96.17 147590 151103 102.38 
3 13703 13877 101.27 147952 142744 96.48 
4 13792 14121 102.39 148035 150033 101.35 
5 13688 13390 97.83 147894 152730 103.27 
6 13781 13377 97.07 148954 144858 97.25 
Mean   98.34   99.34167 
± SD   2.85   3.39 
% CV   2.90   3.41 

LQC: l wqualityc ntr l; HQC: highqualityc ntr l; n=6 replicates 

 

Table 5: The stability data of repotrectinib in human plasma under different storage conditions 

Storage condition LQC  MQC HQC  

Accuracy 
(Mean%) 

Precision  
(RSD%) 

Accuracy 
(Mean%) 

Precision (RSD%) Accuracy 
(Mean%) 

Precision (RSD%) 

Post preparative (10℃ for 24 h) 94.23 3.25 95.25 2.36 102.38 3.28 
Short-term (at 25 °C for 19 h) 96.31 4.09 97.41 1.07 103.92 2.74 
Long-term (at-70 °C for 36 d) 102.38 1.92 103.21 1.99 97.84 2.64 
Three freeze and thaw(3 cycles) 102.64 1.87 101.11 3.67 95.43 3.75 
Stock solution (20h at 25 ℃) 94.95 3.24 96.28 4.08 102.64 1.92 
Stock solution (17d at 2 ~ 8 ℃) 98.26 3.04 102.84 3.22 95.37 2.63 

LQC: l wqualityc ntr l; HQC: highqualityc ntr l; MQC: medianqualityc ntr l; n=3replicates 

 

Carry over effects 

A blank sample was analyzed using the highest concentration of the 
calibration standards in six repetitions to assess any possible carry-
over. Subsequent to the HQC, the maximum reaction of the blank 
sample must not exceed 20% of the drug response at the LLOQ or 
surpass 5% of the response of Apalutamide. The carryover was 
deemed acceptable according to the validation standards. 

DISCUSSION 

Li W et al., developed a bioanalytical assay for quantification of 
repotrectinib [7] whish was applicable to mouse plasma. Present 
method was developed in the human plasma, which can be 
applicable to bioavailability and bioequivalence studies in the 
clinical research organizations. Present method calibration range 
was from 0.375 to 15.0 µg/ml, when compared to the reported 
method (1–1000 ng/ml). The linear regression equation is y = 
0.0001x+0.0012, with a coefficient of determination (r²) of 0.9997. 
2.00% to 4.03%. For the reported method the precisions (intra-and 
interday) were in the range of 1.3–8.7% which was high when 
compare with the present method (2.00% to 4.03%). Retention time 
of the present method was 0.5 min which was less when compared 
with the reported method (1.3 min). 

CONCLUSION 

A sensitive, accurate, and reproducible LC-MS/MS method was 
developed and validated for quantifying Repotrectinib in biological 
matrices. Separation was achieved on an ODS Zorbax C18 column (50 
× 4.6 mm, 2.1 µm) with methanol, 0.1% formic acid, and acetonitrile 
(50:15:35) at 0.5 ml/min. MRM transitions were m/z 356.15→318.13 
(Repotrectinib) and 478.09→451.08 (Apalutamide). Recoveries were 
103.27% (HQC), 97.26% (MQC), and 96.34% (LQC). The method 
complies with FDA guidelines and is suitable for pharmacokinetic, 
bioavailability, bioequivalence, and clinical research studies. 
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