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Abstract

In China, 1100 ng/mL is used as the recommended threshold for imatinib Cssmin in therapeutic drug monitoring (TDM)
for metastatic recurrence/unresectable gastrointestinal stromal tumors (GIST) patients. However, there are few studies on
characteristics of imatinib Cssmin for adjuvant therapy after complete resection of GIST and neoadjuvant therapy. Consider
individual differences of GIST patients, analysis of imatinib in patients with adjuvant and neoadjuvant treatment using a
quantitative ultra-performance liquid chromatography coupled with tandem massspectrometry (UPLC-MS/MS) method was
conducted in this study. This developed method showed good selectivity and reliability. 25 blood samples collected from
October 2019 to October 2021 in 16 patients with adjuvant therapy and 9 patients with neoadjuvant therapy were determined.
In the neoadjuvant treatment group, all patients initially received 400 mg/d imatinib. The range of the imatinib steady-state
plasma concentration (Cssmin) was 1083-4722 ng/mL. In the adjuvant treatment group, the imatinib Cssmin was in the range
of 584-2692 ng/mL after patients given at a dosage of 200, 300, 400 and 600 mg/d. There is no statistical difference in Cssmin
between two groups after receiving 400 mg/d imatinib (p=0.402). Among all patients given 400 mg/d imatinib, the Cssmin
was significantly correlated with gender (P=0.016).

1 Introduction

Gastrointestinal stromal tumor (GIST) is a relatively rare tumor, but it is the most common stromal tumor
of the gastrointestinal tract with complicated biological manifestations. It can occur anywhere from the
esophagus to the rectum.! The development of this tumor is related to increased tyrosine kinase activity
caused by multiple genetic mutations, such as mast/stem cell growth factor receptor kinase (c-Kit) and
platelet-derived growth factor (PDGF).2 GIST is not sensitive to conventional chemotherapy with its efficacy
less than 5%.3Meanwhile, the efficacy of radiotherapy has not been clinically proven.* Even with complete
surgical resection of the primary tumor, a high recurrence rate, higher than 50% within 2 years, still is
observed.®

Imatinib mesylate is one of orally small molecule tyrosine kinase inhibitors.® BCR-ABL fusion protein and
the tyrosine kinases for PDGF and c-Kit can be selectively inhibited by this drug.”® Therefore, imatinib
was developed as first-line standard therapy in patients with unresectable, metastatic, or recurrent GIST.?
Adjuvant imatinib therapy has dramatically reduced relapse rate, mortality and prolonged the overall survival
rates of patients with GISTs.!%!! However, there are still some GIST patients with large tumors or tumor
located in special areas, such as esophagogastric junction, duodenum, rectum), which may cause difficulties in
surgical resection or require combined multiple organ resection, and even lead to permanent lifestyle changes
of patients.!? For such patients, preoperative imatinib neoadjuvant therapy can effectively shrink the tumor,



strive for the opportunity of complete resection, protect the surrounding organs, and reduce the difficulty of
13
surgery.

Despite the apparent clinical activity of imatinib, there is a high drug resistance rate in patients with GIST
treated with imatinib, and 10% to 15% of patients have primary drug resistance to imatinib. Patients with
effective imatinib therapy in the past may also have secondary drug resistance after imatinib treatment.'*®
Meanwhile, patients taking standard doses of imatinib have significantly different response. Adverse reactions
included diarrhea, edema, muscle cramps still be observed as the dosage of 400 mg/d imatinib is generally
withstood for the bulk of patients.'® Clinical efficacy has been shown to be related to trough plasma, levels
(Cgsmin) In patients with chronic myelogenous leukemia (CML) in chronic phase or advanced unresectable
GIST.'!® Thus it is necessary to implement TDM under imatinib treatment. The threshold of 1100 ng/mL
has been perceived to be an important indicator of higher response rates for advanced unresectable GIST by
some prospective clinical trials.!®!° In China, 1100 ng/mL is used as the recommended threshold for imatinib
Cssmin for metastatic recurrence/unresectable GIST patients by Chinese Society of Clinical Oncology.2’
However, there are few studies on the threshold of imatinib Cggpiy for adjuvant imatinib treatment following
by complete turmor resection and neoadjuvant treatment. Consider individual differences of GIST patients
with advanced unresectable GIST and adjuvant treatment or preoperative imatinib neoadjuvant treatment,
whether imatinib imatinib Cggpmin threshold of 1100 ng/mL can be used to guide adjuvant imatinib therapy
or preoperative imatinib neoadjuvant therapy remains to be discussed.

Xia et al. studied the profile of Cgypin of imatinib at different doses. A broad ranges of the Cggmin (421-
7493 ng/mL, 1103-3775 ng/mL, 2303-5017 ng/mL) were observed in patients given 400, 600 and 800 mg/d
imatinib, respectively.!” The high variability in imatinib Cgemin manifests that Cysmin may be affected by a
variety of factors, such as mainly resulted from genetic, demographic, and environmental factors. In addition,
some of adverse reactions have been proven dose-related.!* Considering TDM of imatinib in clinic has not
been fully promoted in China, it is necessary and urgent to investigate related factors of imatinib Cggpi, in
Chinese GIST patients to improve therapeutic effect.

The aim of this study was to develop an UPLC-MS/MS method for analysis of imatinib Cggpmin in hu-
man plasma. Then it was applied for routine TDM in GIST patients with adjuvant imatinib therapy and
preoperative imatinib neoadjuvant therapy.

2 Material and methods
2.1 Chemicals and Reagents

Imatinib (No. YM-160604) and apatinib (internal standard, IS, No. 668160505) were kindly supplied by
Jiangsu Hengrui Medicine Co., Ltd. (Jiangsu, China). Formic acid and ammonium acetate were obtained
from Mreda Technology Inc. (Dallas, TX, USA). Ultrapure water was purchased from A.S. Watson &
Company (Guangzhou, China). Methanol and acetonitrile were purchased from Fisher Scientific (Fair Lawn,

NJ, USA).
2.2 Instrumentation and Conditions

Analysis of imatinib in human plasma was achieved with the usage of ultra-high performance liquid
chromatography-mass spectrometry tandem system (AB Sciex, USA) consisting of quaternary ultra-high
pressure infusion pump (ExionLC AD), column oven (ExionLC AC), autosampler (ExionLC AD) and AB
Sciex Triple Quad™ 5500 mass spectrometer (Qtrap 5500). Imatinib and IS were separated on Waters BEH
Cys column (2.1x50 mm, 1.7 pum; Waters, USA) at a temperature of 45°C. The mobile phase consisted of
formic acid (0.1%) and acetonitrile with constant flow rate of 0.3 ml/min. Imatinib and IS were separated
under gradient elution as follows: 0-6 min, 20%-80% B; 6-8 min, 80% B; 8-8.1min, 80%-20% B; 8.1-9 min,
20%.

The ionization of imatinib and IS was performed on an ESIT source and monitored in MRM mode with
the m/z of 494.3-394.1 and 398.2-212.1, respectively. Product ion spectrum of the analytes was indicated in
Figure 1. The ion source parameters comprised of ion source temperature of 500, capillary voltage of 5500



V, Gasl 50 psi, Gas2 50 psi. The voltages of collision energy (CE) for imatinib and IS were optimized as 36
V and 41 V, respectively. The voltages of declustering potential (DP) were 100 V and 70 V.

2.3 Calibration Standards and Quality Control (QC) Samples

10 mg of imatinib was precisely weighed and then dissolved with methanol to prepare imatinib calibration
standard and QC stock solution with a concentration of 1 mg/mL. The calibration standard stock solution
was diluted with 50% methanol into a series of calibration standard solutions with concentrations of 2000,
1000, 500, 200, 100, 50, 20 and 10 ng/mL, and the QC stock solution was diluted into the solutions with
concentrations of 1800, 300, 30 and 10 ng/mL in the same way. 10 mg of IS was precisely weighed and then
dissolved with methanol to prepare IS stock solution with a concentration of 1 mg/mL. The IS solution of
10 ng/mL was obtained by dilution with acetonitrile used as precipitation agent.

2.4 Sample Preparation

50 pL of blank plasma samples were transferred to a 1.5 mL centrifuge tube, and then 50 pL of imatinib
calibration standard solutions or QC solutions at different concentrations and 600 uL of precipitation agent
were added successively. The mixture was vortex-mixed for 3 min, and centrifuged for 10 min at 15000 g.
50 uL of the supernatant and 300 pL of 50% methanol were mixed and vortexed for 1 min. Subsequently,
the mixture was centrifuged for 3 min under the same centrifugal condition and 3 pL. were injected into
UPLC system.

2.5 Method validation

The method validation was carried out for specificity, linearity, accuracy, precision, carryover, matrix effect,
recovery, stability, dilution study following FDA guidelines and Chinese Pharmacopoeia.?!

Six different lots of blank plasma samples were selected for the specificity assessment. Double blank plasma
sample, blank plasma sample spiked with imatinib at LLOQ (10 ng/mL), plasma sample of the patient after
22.3 h of the last imatinib administration were processed to investigate possible endogenous interference.
The response of the interference in blank plasma sample should be less than 20% of 10 ng/mL imatinib and
5% of IS.

Linearity was determined by plotting the peak area ratio (imatinib/IS) response versus the plasma concen-
trations of imatinib over the range from 10 to 2000 ng/mL. The weighting factor (1/x?) of each calibration
curve was used and should be >0.99. The accuracy (relative error, RE, %) of calibration standards should
be 85%-115% and 80%-120% for LLOQ .

For inter- and intra- precision and accuracy studies, samples were prepared at 10, 30, 300, 1800 ng/mL with
five replicates each analyzed in three consecutive runs. The deviation between the actual concentration and
measured concentration was calculated to assess accuracy of imatinib, and it should be within +15% for
30, 300, 1800 ng/mL and +20% for LLOQ (10 ng/mL). The precision was expressed as relative standard
deviation (RSD,%) and it should be <15% for 30, 300, 1800 ng/mL and <20% for LLOQ (10 ng/mL).

Carryover was assessed by injecting a blank plasma sample after the highest concentration calibrator (2000
ng/mL) in three independent runs. The response of the blank plasma sample should not >20% of the LLOQ
and >5% of IS.

Recovery of imatinib were both determined at LQC, MQC and HQC concentration levels with five replicates
each. The procedure was carried out according to the section of ”sample preparation”, and the peak area
was recorded as A. In addition, blank plasma plasma was taken and prepared according to the section of
”sample preparation”. LQC, MQC and HQC solutions were added to the obtained supernatant, and the
corresponding peak area was calculated as B. Recovery was assessed by the ratio of A to B. Matrix effect
was calculated by the ratio of peak area obtained by adding LQC, MQC and HQC solutions to post-extracted
blank plasma and peak area by added to water. Recovery and matrix effect of IS were also evaluated.

Three QC samples with 30, 300, 1800 ng/mL imatinib were taken, and five samples were measured in parallel



for each concentration. The stability was investigated when untreated plasma samples were placed at room
temperature for 4 h, repeated freeze-thaw cycles for 3 times, placed in -80 for 350 days and treated plasma
samples at the autosampler for 24 h. The stability of the analyst in working solution was investigated for 14
days at -80 with the same concentration level.

Imatinib standard solution with the concentration greater than 2000 ng/mL was added to blank plasma.
Then five replicates of this QC sample prepared in parallel were analyzed after being diluted 10 times with
blank plasma to assess dilution stability.

2.6 Application of the method in Therapeutic Drug Monitoring

A total of 25 patients who were receiving adjuvant and neoadjuvant treatment with imatinib for GIST in
the Fourth Hospital of Hebei Medical University, from October 2019 to October 2021, were enrolled in this
study. The study was approved by the Ethics Committee of the Fourth Hospital of Hebei Medical University
(No. 2019049) and and conducted in accordance with the Basic & Clinical Pharmacology &

Toxicology policy for experimental and clinical studies.?? Written informed consents were obtained from
themselves prior to their participation in the study. The exclusion criteria were age <18 years old; severe
organ dysfunction; recurrence or distant metastasis at the initial diagnosis; poor compliance. Patients taking
imatinib continuously at a daily dose for [?]7 days to reach imatinib steady-state concentration. Blood
samples were collected into heparinized tubes before the next dosing. After centrifugation for 10 min at
3000xg, the supernatant was divided and stored in the refrigerator at -80 for testing.

Clinical data were recorded including demographic data (age, gender, height, weight), duration of medication,
concomitant medication, time of blood sampling, primary tumor site, type of gene mutation, surgery, adverse
reactions (nausea, vomiting, leukopenia, anemia, limb edema, periorbital edema, skin). Adverse reactions
were graded according to the Common Terminology Criteria for Adverse Events, version 5.0.

2.7 Statistical Analysis

SPSS software version 21.0 was used for statistical analysis. Independent samples t-test was performed
on the quantitative data which conform to the normal distribution.The data were expressed as mean4-
standard deviation (SD). Otherwise, Manner-Whitney U test was used for analyzing the differences of clinical
characteristics between two groups and the data were expressed as median (maximum-minimum). p<0.05
was considered statistically significant.

3 Results
3.1 Method evaluation

The separation of imatinib and IS was satisfactory and free of interfering peaks in the biological matrix.
The retention time of imatinib and IS was 1.4 and 2.5 min, respectively (Figure 2). There was a good linear
relationship between the concentration of imatinib (10-2000 ng/mL) in plasma and the ratio of peak area
with R? greater than 0.99. The intra-batch and inter-batch precision, expressed as RSD%, about 10, 30,
300 and 1800 ng/mL QC samples were less than 4.72%. Accuracy for intra-batch and inter-batch assays
ranged from 105.07-108.60% (Table 1). The matrix effect for 30, 300 and 1800 ng/mL imatinib and IS
were 106.36+-3.98% ~ 104.38+£2.37% ~ 102.22+3.39% ~ 99.92+2.01%, along with RSD% less than 3.8%. The
recovery were 100.7643.08%, 104.21+3.30%, 102.68+3.65% and 99.01+4.39%, respectively. The RSD values
were less than 3.6%. The stability of imatinib at different conditions conformed to the verification guidelines
of biological sample quantitative analysis methods, and the RSD values were less than 5.83%. The accuracy
ranged from 92.17 to 105.96%. In addition, work-solution stability of imatinib for 14 days was also assessed
and the accuracy was within +15% (Table 2). The average accuracy was 107.36% for 10-fold dilutions with
RSD values less than 3.2%. The imatinib Cggmin would not be affected as plasma samples processed with
dilution pre-treatment.

3.2 Patient characteristics



Twenty-five samples from 25 patients included in the study were analysed. According to the evaluation
of relevant examination results, 9 patients received preoperative imatinib adjuvant treatment (neoadjuvant
treatment group) because of large volume of tumor, special location or invasion of surrounding organs,
and the difficulty of complete resection, while 16 patients directly underwent surgical resection followed by
imatinib chemotherapy (adjuvant treatment group).

In the neoadjuvant treatment group, there were 6 males (66.7%) and 3 females (33.3%). The patients were
between 34 and 67 years old, with an median age of 57 years. There were 7 patients (77.8%) with primary
site of tumor at stomach and 2 patients (22.2%) at small intestine. 7 patients were tested as c-kit 11 gene
mutation, and 2 patients without genetic testing. In the adjuvant treatment group, there were 6 males
(37.5%) and 10 females (62.5%). The patients were between 42 and 72 years old, with an median age of
58 years. There were 11 patients (68.8%) with primary site of tumor at stomach and 5 patients (31.2%) at
small intestine. 10 patients were tested as c-kit 11 gene mutation, 1 patient as c-kit 9 gene mutation and 5
patients without genetic testing. Patient characteristics are summarized in Table 3.

3.3 Cssmin Plasma concentration

In the neoadjuvant treatment group, all patients initially received the imatinib doses of 400 mg daily. The
mean+SD (ranges) of the imatinib Cggmin were 1858.7+1118.9 ng/mL (range 1083-4722 ng/mL).

In the adjuvant treatment group, 1 patient received 200 mg/d imatinib and the imatinib Cggpin was 823
ng/mL. 4 patients received 300 mg/d imatinib and the mean+SD (ranges) of the imatinib Cggpmin were
1216.6+£705.9 ng/mL (range 584-2052 ng/mL). 9 patients received 400 mg/d imatinib and the mean+SD
(ranges) of the imatinib Cggmin were 1741.0+£435.5 ng/mL (range 977.4-2252 ng/mL). 2 patients received 600
mg/d imatinib and the imatinib Cgsmin were 2692 ng/mL and 1446 ng/mL, respectively. The distribution
of imatinib in 25 GIST patients received neoadjuvant imatinib therapy and adjuvant imatinib therapy was
showed in Figure 3.

3.4 Clinical characteristics and Imatinib Cgmin

Currently, the recommended dosage of imatinib targeted therapy is 400 mg/d. The difference between the
neoadjuvant treatment group (male=6; female=3) and the adjuvant treatment group (male=4; female=5)
was evaluated at the dosage of 400 mg/d. The Cggmin of two groups was similar (p=0.402, figure 4).

Considering no significant difference in Cggpmin of imatinib between above two group, correlation between
Casmin and gender, age, Body Mass Index (BMI), medication duration, primary tumor site of 18 patients
receiving 400 mg/d imatinib were compared, respectively. As in figure 5, significant difference was observed
in Cggmin Of imatinib between female and male patients. The median value of women was significantly higher
than that of men (1998 ng/mL vs 1468 ng/mL, p=0.016). There was no correlation between Cggmin and age
(r=-0.028, p=0.911), BMI (r=0.098, p=0.700), medication duration (r=-0.069, p=0.787).

3.5 Adverse reactions

In the neoadjuvant treatment group, leukopenia appeared in 3 patients (20%), anemia in 1 patients (6.7%),
periorbital edema in 7 patients (46.7%), and skin in 4 patients (26.6%). One patient developed grade 3 skin,
and one patient developed grade 4 leukopenia. Two patients experienced dose adjustment due to adverse
reactions.

In the adjuvant treatment group, nausea and vomiting appeared in 4 patients (10.5%), leukopenia in 6
patients (15.8%), anemia in 3 patients (7.9%), limb edema in 6 patients (15.8%), periorbital edema in 12
patients (31.6%), and skin in 7 patients (18.4%). One patient developed grade 3 leukopenia, and no adverse
reaction of grade 4-5 occurred in all patients. Two patients experienced dose adjustment due to adverse
reactions.

4 Discussion

Correlation between imatinib Cggpmin and clinical efficacy has been confirmed in many studies. Demetri et



al. considered 1100 ng/mL as the threshold for clinical effect in patients with unresectable or metastatic
GIST.'® Rapid disease progression and low survival benefit have been observed without Cysmin reaching the
concentration threshold. Another European multicenter study showed that imatinib Cggpingreater than 760
ng/mL can prolong the progression free survival (PFS) of patients diagnosed with GIST.?® Therefore, ex-
plicit threshold value is a prerequisite for TDM to enhance clinical response, efficacy and safety of imatinib.
However, the relationship between imatinib Cggmin and prognosis of patients receiving adjuvant imatinib
therapy and preoperative imatinib neoadjuvant therapy is unclear. In our research, the Cgspmin of 16 patients
with imatinib adjuvant therapy and 9 patients with neoadjuvant therapy were determined by this develo-
ped UPLC-MS/MS method, and the characteristics of the Cggmin of the above patients were preliminarily
explored.

The recommended dosage of imatinib for adjuvant treatment or neoadjuvant treatment is 400 mg/d. In this
research, the average Cggmin Of imatinib with neoadjuvant treatment at the dosage of 400 mg/d was 1858.7
ng/mL, and that of adjuvant treatment was 1741.0 ng/mL. Statistical analysis indicated that the Cgsmin of
imatinib with neoadjuvant treatment was not obvious different from that with adjuvant treatment, which
revealed that the Cgsmin may not be affected by tumor load. For 18 patients given 400 mg/d imatinib, the
median of Cggmintend to be higher in female than male patients (1998 ng/mL vs 1468 ng/mL, p<0.05). Wu
et al. also found a significant decrease of approximately 19% in the mean Cgyi, of male patients compared
to the female. It can be suspected that the Cymin of imatinib may be related to gender.?* Meanwhile,
imatinib Cgsminwas found to be obviously related with gender in a Korean study (p=0.010).2% For efficacy,
Lv et al. has indicated that male gender proved to be a negative indicator of survival with the 5-year overall
survival (OS) for male and female was 83.37% and 87.68%, respectively.?® Since imatinib is a substrate
of P-glycoprotein (P-gp) efflux transporter, the reason for this result may be the difference of this efflux
transporter activity in different gender groups.2”?2 Due to the higher activity of P-gp in male patients than
the female, more imatinib could be transported from the intracellular to the extracellular, thereby decreasing
imatinib concentration in intracellular and reducing clinical efficacy.

Of the 9 patients who received imatinib neoadjuvant treatment, 7 patients mainly had large tumor diameter
initially showed in CT, and the other 2 patients were treated before surgery because of the special tumor
location and the difficulty of complete resection. The duration of preoperative imatinib neoadjuvant treatment
was 5-13 months. The primary tumor of 6 patients were shrinking, that of 2 patients had no significant change,
but that of 1 patient was growing. This may be related to unclear initial genotype or secondary mutation
during preoperative neoadjuvant treatment. Several studies on imatinib dosage and clinical efficacy show
that imatinib is most sensitive to GIST with c-kit exon 11 mutation and also has good efficacy for those
with PDGFRA exon 18 non-D842V mutation, while the dosage of imatinib is required to increase for GIST
with c-kit exon 9 mutation to achieve considerable clinical efficacy.2-32 In neoadjuvant treatment group,
1 patient with tumor growth and 1 patient without tumor changing were not tested for gene. The other
7 patients were tested as c-kit 11 gene mutation. Similarly, 1 GIST patients with adjuvant treatment was
tested as c-kit 9 gene mutation. After surgical operation given at a dosage of 400 mg/d for 15 months, the
dosage increased to 600 mg/d as a result of tumor progression. Therefore, for GIST with indications for
neoadjuvant and adjuvant treatment, identification of genotype is important for adjusting drug dosage to
improve clinical efficacy.

Imatinib is generally well tolerated, with a low risk of adverse reactions and the occurrence of adverse
reactions and severity are often related to the dosage of imatinib.3? The most common adverse effects include
mild to moderate edema, nausea and vomiting, diarrhea, muscle cramps, and rash, while the incidence of
myelosuppression and elevated transaminase levels is low.'” In the imatinib neoadjuvant treatment group,
the adverse reactions after imatinib treatment were mainly leukopenia, anemia, periorbital edema, and skin.
Only one patient had grade 4 leukopenia requiring drug control. In the imatinib adjuvant treatment group,
the adverse reactions were mainly nausea and vomiting, anemia, limb edema, limb edema and skin. No
obvious grade 4 and 5 adverse reactions were found. Previous study has showed that the incidence of adverse
reactions is positively correlated with the level of imatinib Cggmin.>*'® There was no obvious relationship
between adverse reactions and imatinib Cggpin in this study due to limited sample size of GIST patients.



However, the determination of Cgypnin in Chinese patients using imatinib can effectively reduce the risk of
adverse reactions. Fever and neutropenia was caused by high levels of imatinib Csgmin (4722 ng/mL) and
not be tolerated in one patient with neoadjuvant treatment. The drug needs to be discontinued, and the
dosage will be reduced to 200 mg/d after appropriate treatment. As a result, the Cymin dropped to 1640
ng/mL without related adverse reactions. After 11 months of targeted therapy, relevant imaging examination
showed tumor shrinking.

Among 25 patients in this study, the Cgsmin of 20 patients was higher than 1100 ng/mL. For neoadjuvant
treatment group, the Cggmin was from 1083 to 4722 ng/mL, and that of 78% patients was within 1100 ng/mL
and 2000 ng/mL after receiving 400mg/d imatinib. Meanwhile, tumor shrinking was found in 67% patients
to complete resection. For adjuvant treatment group, the Cgsmin Was in the range of 584 ng/mL and 2692
ng/mL, and that of 75% patients ranged from 1100ng/mL to 2692 ng/mL with the dosage of 200, 300, 400
and 600 ng/mL. During the follow-up, 44% of the patients did not adjust the dosage of imatinib between 4
months and 14 months. It is assumed that the Cggmin threshold of 1100ng/mL is applicable to most GIST
patients in our study. It is impossible to determine the explicit Cgspin threshold of imatinib with adjuvant
treatment and neoadjuvant treatment by reason of the limited small number of patients. The sample size
can be expanded to further to explore the characteristics of imatinib Cggpiy in special populations.

5 Conclusion

In our study, a UPLC-MS/MS method for analysis of imatinib was established. Under the optimized experi-
mental conditions, this method showed good selectivity and reliability and has been used for routine imatinib
monitoring for patients receiving adjuvant and neoadjuvant therapy for GIST. We found that gender may
be the affecting factor of imatinib Cggpmin. Whether the imatinib Cggmin threshold of 1100 ng/mL could be
contributed to oncotherapy for patients with adjuvant and neoadjuvant therapy for GIST should be further
studied.

Acknowledgments

This work was supported by National Science and Technology Major Project for Major New Drugs Inno-
vation and Development 2020 in China (NO. 2020ZX09201006) and Hebei Medical Sience Reaserch Project
(2020105).

Conflict of interest
The author reports no conflicts of interest in this work.
References

1. Zubin MB, Ronald PD. Updates on the management of gastrointestinal stromal tumors. Surg Oncol Clin
N Am . 2012;21(2):301-316.

2. Heinrich MC, Corless CL, Duensing A, et al. PDGFRA Activating Mutations in Gastrointestinal Stromal
Tumors. Science.2003;299(5607):708-710.

3. Dematteo RP, Heinrich MC, El Rifai WM, Demetri G. Clinical management of gastrointestinal stromal
tumors: before and after STI-571. Hum Pathol . 2002;33(5):466-477.

4. Dematteo RP, Lewis JJ, Leung D, Mudan SS, Woodruff JM, Brennan MF. Two hundred gastrointestinal
stromal tumors: recurrence patterns and prognostic factor for survival. Ann Surg . 2000;231(1):51-58.

5. Gold JS, Dematteo RP. Combined surgical and molecular therapy: the gastrointestinal stromal tumor
model. Ann Surg . 2006;44(2):176-184.

6. Judson I, Ma P, Peng B, et al. Imatinib pharmacokinetics in patients with gastrointestinal stromal tumour:
a retrospective population pharmacokinetic study over time. EORTC Soft Tissue and Bone Sarcoma Group.
Cancer Chemother Pharmacol . 2005;55(4):379-386.



7. Buchdunger E, Cioffi CL, Law N, et al. Abl protein-tyrosine kinase inhibitor STI571 inhibits in vitro
signal transduction mediated by c-kit and platelet-derived growth factor receptors. J Pharmacol Exp Ther .
2000;295(1):139-145.

8. Delbaldo C, Chatelut E; Ré M, et al. Pharmacokinetic-pharmacodynamic relationships of imatinib
and its main metabolite in patients with advanced gastrointestinal stromal tumors. Clin Cancer Res .
2006;12(20):6073-6078.

9. Rutkowski P, Zietek M, Cybulska-Stopa B, et al. The analysis of 3-year adjuvant therapy with imatinib in
patients with high-risk molecular profiled gastrointestinal stromal tumors (GIST) treated in routine practice.
Eur J Surg Oncol . 2021;47(5):1191-1195.

10. Li J, Gong JF, Wu AW, Shen L. Post-operative imatinib in patients with intermediate or high risk
gastrointestinal stromal tumor. Eur J Surg Oncol . 2011;37(4):319-324.

11. Joensuu H, Eriksson M, Hall KS, et al. One vs three years of adjuvant imatinib for operable gastroin-
testinal stromal tumor: a randomized trial. JAMA . 2012;307(12):1265-72.

12. Qi J, Liu HL, Ren F, et al. Preoperative adjuvant therapy for locally advanced and recurrent /metastatic
gastrointestinal stromal tumors: a retrospective study. World J Surg Oncol . 2020;18(1):70.

13. Corless CL, Ballman KV, Antonescu CR, et al. Pathologic and molecular features correlate with long-
term outcome after adjuvant therapy of resected primary GI stromal tumor: the ACOSOG Z9001 trial.J
Clin Oncol. 2014;32(15):1563-70.

14. Demetri GD, von Mehren M, Blanke CD, et al. Efficacy and safety of imatinib mesylate in advanced
gastrointestinal stromal tumors. N Engl J Med . 2002;347:472-80.

15. Fletcher JA, Corless CL, Dimitrijevic S, et al. Mechanisms of resistance to imatinib mesylate (IM) in
advanced gastrointestinal stromal tumor (GIST). Proc Am Soc Clin Oncol . 2003;22:3275.

16. Blanke CD, Demetri GD, von Mehren M, et al. Long-term results from a randomized phase II trial of
standard- versus higher-dose imatinib mesylate for patients with unresectable or metastatic gastrointestinal
stromal tumors expressing KIT. J Clin Oncol , 2008;26:620-625.

17. Xia YZ, Chen SL, Luo MJ, et al. Correlations Between Imatinib Plasma Trough Concentration and
Adverse Reactions in Chinese Patients with Gastrointestinal Stromal Tumors. Cancer ,2020;126:2054-2061.

18. Demetri GD, Wang Y, Wehrle E, et al. Imatinib plasma levels are correlated with clinical benefit in
patients with unresectable/metastatic gastrointestinal stromal tumors. J Clin Oncol . 2009;27(19):3141-
3147.

19. Guilhot F, Hughes TP, Cortes J, et al. Plasma exposure of imatinib and its correlation with clinical
response in the tyrosine kinase inhibitor optimization and selectivity trial. Haematologica . 2012;97(5):731-
738.

20. Li J, Ye Y, Wang J, et al. Chinese Society Of Clinical Oncology Csco Expert Committee On Gas-
trointestinal Stromal Tumor. Chinese consensus guidelines for diagnosis and management of gastrointestinal
stromal tumor. Chin J Cancer Res . 2017;29(4):281-293.

21. FDA [Internet]. Guidance for industry: bioanalytical method validation; [cited May 24, 2018]. Available
from: https://www.fda. gov/downloads/drugs/guidances/ucm070107.Pdf. Accessed October 19, 2021.

22. Tveden-Nyborg P, Bergmann TK, Lykkesfeldt J. Basic & clinical pharmacology & toxicology policy for
experimental and clinical studies. Basic Clin Pharmacol Toxicol. 2018;123(3):233-235.

23. Bouchet S, Poulette S, Titier K, et al. Relationship between imatinib trough concentration and out-
comes in the treatment of advanced gastrointestinal stromal tumours in a real-life setting. Fur J Cancer .
2016,57:31-38.



24. Wu X, Li J, Zhou Y, et al. Relative Factors Analysis of Imatinib Trough Concentration in Chinese
Patients with Gastrointestinal Stromal Tumor. Chemotherapy . 2018; 63(6): 301-307.

25. Koo DH, Ryu MH, Ryoo BY, et al. Association of ABCG2 polymorphism with clinical efficacy of
imatinib in patients withgastrointestinal stromal tumor. Cancer Chemoth Pharm . 2015;75(1):173-182.

26. Lv M, Wu C, Zheng Y, Zhao NQ. Incidence and Survival Analysis of Gastrointestinal Stromal Tumors
in Shanghai: A Population-Based Study from 2001 to 2010. Gastroent Res Pract. 2014;4(23):834136.

27. Darbalaei S, Zhang XL,Wang NX, et al. Effects of aprepitant on the pharmacokinetics of imatinib and
its main metabolite in rats. Die Pharmazie . 2018;73(6): 329-334.

28. Vasconcelos FC, Bonecker ST, de Souza PS, et al. Age, gender and efflux transporter activity influence
imatinib efficacy in chronic myeloid leukemia patients. Leukemia Res . 2019;82: 33-35.

29. Valsangkar N, Sehdev A, Misra S, Zimmers TA, O’Neil BH, Koniaris LG. Current man-
agement of gastrointestinal stromal tumors: Surgery, current biomarkers, mutations, and therapy.

Surgery.2015;158(5):1149-1164.

30. Li J, Gong JF, Li J, Gao J, Sun NP, Shen L. Efficacy of imatinib dose escalation in Chinese gastroin-
testinal stromal tumor patients. World J Gastroenterol . 2012;18(7):698-703.

31. Blanke CD, Rankin C, Demetri GD, et al. Phase III randomized, intergroup trial assessing imatinib
mesylate at two dose levels in patients with unresectable or metastatic gastrointestinal stromal tumors
expressing the kit receptor tyrosine kinase: S0033. J Clin Onco . 2008;26(4):626-32.

32. Yoo C, Ryu MH, Jo J, Park I, Ryoo BY, Kang YK. Efficacy of Imatinib in Patients with Platelet-
Derived Growth Factor Receptor Alpha-Mutated Gastrointestinal Stromal Tumors. Cancer Res Treat .
2016;48(2):546-52.

33. Trent JC, Patel SS, Zhang J, et al. Rare incidence of congestive heart failure in gastrointestinal stromal
tumor and other sarcoma patients receiving imatinib mesylate. Cancer . 2010;116(1):184-92.

34. Ben Ami E; Demetri GD. A safety evaluation of imatinib mesylate in the treatment of gastrointestinal
stromal tumor. Ezpert Opin Drug Saf . 2016;15(4): 571-578.

Preparation Intra-day Intra-day Intra-day Inter-day Inter-day Inter-day
concentra- precision precision precision precision precision precision
tion
(ng/mL)
Measured RSD (%) Accuracy (%)  Measured RSD (%) Accuracy (%)
concentration concentration
(ng/mL) (ng/mL)
10 10.51£0.50 4.72 105.07 10.724+0.43 4.05 107.22
30 31.76£1.01 3.18 105.87 31.8940.82 2.58 106.28
300 320.00+6.04 1.89 106.66 316.56+6.51 2.06 105.52
1800 1935.40+38.82  2.01 107.52 1954.80+45.16  2.31 108.60

Table 1 Evaluation of the inter- and intra-batch precision by the proposed UPLC-MS/MS method for
determination of imatinib in human plasma (mean + SD, n=5)

Table 2 Evaluation of stability of imatinib in human plasma and work-solution (Mean + SD, n=5)

Condition Test LQC(30 ng/mL) LQC(30 ng/mL) LQC(30 ng/mL) MQC(300 ng/mL) M
Mean conc. (ng/ml) RSD (%) Accuracy (%) Mean conc. (ng/ml) R
Room temperature for 4h 30.25+£1.17 3.87 100.81 302.9447.78 2.



Autosampler for 24h
3-freeze thaw cycles at -80
-80 for 350 days

Work-solution stability for 14 days

27.65+0.92
31.54+£1.68
30.50+0.78
29.37£1.23

3.32
5.34
2.57
4.17

92.17 286.20+12.11
105.12 301.024+17.54
101.67 305.80+8.22

97.91 313.28+13.82

=N O

Table 3 Clinical Characteristics of the Enrolled Patients

Clinical Characteristics

Gender

Male

Female

Age:Median [range], y
Weight: Median [range], kg
Height:Median|range],cm
Primary site

Stomach

Small intestine

Kinase mutation

c-kit 11 mutation

c-kit 9 mutation
unknown

Dosage

200 mg/d

300 mg/d

400 mg/d

600 mg/d

Medication duration:Median[range],d

No. of Patients (%)
neoadjuvant treatment group (n=9)

6 (66.7)
3 (33.3)
57[34-67]
67[52-90]
168[152-177]

9(100)

110[30-300]

No. of Patients (%)
adjuvant treatment group (n=16)

6 (37.5)
10(62.5)
58[42-72]
61.5[45-85]
165[150-178]

11(68.8)
5(31.2)

10(62.5)
1(6.3)
5(31.2)

10



Data may be preliminary.

This a preprint and has not been peer reviewed

604 /v1

10.22541 /au.168008538.8688

doi.org

https:

No reuse without permission

All rights reserved

The copyright holder is the author/funder

023

)

9 Mar

)

Posted on

Intensity, cps

Intensity, cps

2.0e6

2.5e0

2.0e6

1.5e6

1.0e6 4

5.0e5

+MS2 (494.30) CE (35): 13 MCA scans from S...

A

217.20

99.10 189.20 | 54e 50
4. 4 i .

Max. 3.1e€ cps.

494.30

50

1.17e8

1.00e8

8.00e7 4

©.00e7

4.00e7 A

2.00e7 4

100 150 200 250 200
m/z, Da

+MS2 (398.20) CE (35): 50 MCA scans from S...

212.10

B

184.10
103.1'03 1

o.0o0M
100

150 200 250
m/z, Da

11



W XIC of +MRM (5 pairs): 494.300/294.100 Da ID: IMA-1 from S.

Intensity, cps

A-Imatinib-

o
00 05 1.0 1.5 20 25 30 35 40 45 50 55
1110 219 328 437 548 €55 764 873 983 10921201131014191528163717461855

Max 2600 cps| W

746 817

Intensity, cps.

60 65 7.0

XIC of +MRM (5 pairs): 398.200/212.100 Da ID: APA-1 from. Max. 2180.0 cps.
A-IS. 884,
2000
1500
1000
051
500

15 1085 158 509 288, 242
Lok 0 candl ds

o
00 05 10 1.5 20 25 30 3.5 40 45 50 55 60 65 7.0 7.5 80 85
1110 219 328 437 546 €55 764 873 98310921201131014191528163717461855

Time, min Time. min
W XIC of +MRM (5 pairs): 484.200/294.100 Da ID: IMA-1 from Max. 56400 cps.| W@ XIC of +MRM (5 pairs): 398.200/212.100 Da ID: APA-1 from Max. 3065 cps.
140 . 284
a0 B-Imatinib. 2008 B-Is.
000 et
400 » 2065
g g
= 0 = 155
S 2000 S 10es
2 =
1000 5084
" 00!
00 05 10 1.5 20 25 30 25 40 45 50 55 60 €5 7.0 7.5 80 85 00 05 10 15 20 25 30 35 40 45 50 55 60 65 7.0 7.5 80 85
1110 219 328 437 £46 655 764 873 983 10921201131014191528163717461885 1110 219 328 437 546 655 764 873 98310921201131014191528163717481855
Time. min Time, min
I 30C of +MRM (5 pairs): 494.200/294.100 Da ID: IMA-1 from S. Max 3.0e8cps| M@ XIC of +MRM (5 pairs): 398.200/212.100 Da ID: APA-1 from Max. 2.3e5 cps.
1.40 L. 252
2oee C-Imatinib- e C-IS.
20e5
2568
g 20 g e
= 1.5e8 =
£ 2 1oes
2 2
S 10e s
2 =
- 5.0e4
5.0e5
M i

00 05 10 1.5 20 2

530 35 40 45 50

55

65 70 75 80 8

o 5
1110 219 328 437 548 €55 764 873 98310921201131014191528163717461855

5000
_, 4000+
3000

2000

Cssmin/ ng/m

1000

Time. min

00 05 1.0 1.5 20 25 30 35 40 45 50 55 60 65 7.0 7.5 80 85
1110 219 328 437 546 655 764 873 98310921201131014191528163717461855
Time, min

1

1
5

1
10

12

T HH |

1
15 20 25



Cssmin/ ng/mL

P=0.402

5000-
——
4000+
3000=
oo
2000= r o..
o
oo °®
1000 : —I—
0 1 I
Neoadjuvant Treatment Adjuvant Treatment

Therapeutic regimen

13



Cssmin/ ng/mL

P=0.016

5000+
40004
=
%, 3000+
c
£
E 2000+
n
:
1000+
v T T
female male
Gender
5000
°
4000
3000
° °
2000+ ’4'_,_9_2/1
oy o
1000 so L4
0 T T T 1
0 10 20 30 40
BMI/ kg/m?

14

5000

4000+

3000

2000

Cssmin/ ng/mL

1000

o

Agely

o

5000+
4000+
3000

200fe e, o °
g
1000 o o

Cssmin/ ng/mL

o

0 100 200 300 400
medication duration/d

500



