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Abstract Infigratinib (INF) is a fibroblast growth factor receptor (FGFR)-specific tyrosine kinase

inhibitor for the therapy of advanced cholangiocarcinoma. However, CYP3A4 polymorphisms and

CYP3A4 inducers or inhibitors might affect the pharmacokinetics of INF. Clinical evaluation of

drug-drug interactions and adverse effects in these patients was necessary with reference to INF

levels in vivo. The presently conducted study optimized a reproducible and rapid ultra-

performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS) analytic tech-

nique, which was validated and applied to determine INF concentrations in Sprague-Dawley

(SD) rat plasma and pharmacokinetic studies. Protein was precipitated by adding acetonitrile to

plasma samples, followed by gradient elution on a Waters Acquity UPLC BEH C18 column (2.1

mm � 50 mm, 1.7 lm) for complete chromatographic separation of the analyte and derazantinib

(used as internal standard, IS). A gradient elution of 0.1% formic acid aqueous solution and ace-

tonitrile at a flow rate of 0.30 mL/min was applied as the mobile phase for this analysis. The ion

transitions of INF and IS were m/z 599.88 ? 313.10 and m/z 468.96 ? 382.00 during UPLC-

MS/MS detection, respectively, by multiple reaction monitoring (MRM). The methodological val-

idation demonstrated that INF presented high linearity over the concentration of 2–600 ng/mL. The

lower limit of quantification (LLOQ) for this experiment was 2 ng/mL, of which the precisions and
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accuracies were within the permissible levels. Inter-day and intra-day precisions were demonstrated

to be within reasonable limits, which were within 15%, and the accuracies were determined to be

between 2.2% and 11.4%. Moreover, the values of recovery, stability and matrix effect of INF were

within the limits of acceptability. The pharmacokinetics of INF in SD rats was investigated by gav-

age administration of 10 mg/kg INF, followed by the application of the developed UPLC-MS/MS

analytical method to detect the content in plasma and derive the main pharmacokinetic parameters.

� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The fibroblast growth factor receptor (FGFR) has an essential role in

differentiation, cell proliferation and angiogenesis (Lassman et al.,

2022). Alterations in FGFR have been demonstrated to cause unregu-

lated growth and spread in cancers such as intrahepatic cholangiocar-

cinoma (IHCA) (Javle et al., 2018). Infigratinib (INF, Fig. 1A) is a

FGFR-specific tyrosine kinase inhibitor. On May 8, 2021, the FDA

has granted the first approval of INF for poorly pre-treated, irre-

sectable, loco-advanced or metastatic intrahepatic cholangiocarcinoma

in combination with FGFR2 fusion or other rearrangements (Kang,

2021). In addition, clinical trials currently underway are further inves-

tigating the role of INF in urothelial carcinoma (included in a phase III

trial) and achondroplasia (phase II, at much smaller amount)

(Therapeutics, 2021a). Like other medications, INF may cause some

adverse drug reactions, such as hyperphosphatemia, retinal pigment

epithelial detachment (RPED), embryo-fetal toxicity and soft tissue

mineralization (Therapeutics, 2021b).

There are several observations suggesting that CYP3A4 plays an

important role in the metabolism of INF (Al-Shakliah et al., 2020;

Reyes et al., 2020). Tang et al. demonstrated that INF was a potent

noncompetitive reversible inhibitor and mechanism of inactivation

(MOI) of CYP3A4 that may contribute to loss of enzyme activity

(Tang et al., 2021). Drug-drug interactions (DDI) are often more pro-

found since the loss of enzyme activity remains in vivo even when the

inactivating agent has been systemically cleared from the body

(Bjornsson et al., 2003). These effects on CYP3A4 may result in

time-dependent, non-linear pharmacokinetics, auto-inhibition of hep-

atic clearance and eventual immune-mediated toxicity (Masubuchi

and Horie, 2007).

In addition, polymorphisms of CYP3A4, CYP3A4 inducers or

inhibitors might affect the pharmacokinetics of INF in vivo. Moreover,

the dosage of INF is recommended to be decreased in patients with

renal or hepatic insufficiency because these patients have an increased

steady-state AUC of INF when taking normal doses of INF

(Therapeutics, 2021b). Hence, for patients receiving multiple drug

treatments or with inadequate liver or kidney function, it is worth

establishing a method of analysis to monitor their plasma drug concen-

trations in order to achieve individualized treatment.

The process of drug metabolism in vivo includes absorption, distri-

bution, metabolism and excretion. These procedures determine

whether the drug could reach the target location at the appropriate

concentration and stay there for a period of time, enabling the drug’s

efficacy to be achieved. Liquid chromatography-tandem mass spec-

trometry (LC-MS/MS) combines the high-separation performance of

LC with the high-resolution characteristics of MS, significantly

expending the applications in drug metabolism and pharmacokinetics.

With LC-MS/MS, not only the metabolism of drugs in different matri-

ces can be studied in vivo and in vitro (Attwa et al., 2018a; Attwa et al.,

2020b; Kadi et al., 2013), but also details of molecular weight and

structural fragmentations could be obtained to determine the structure

of analytes (Attwa et al., 2020a; Attwa et al., 2018b).

Currently, there is only one literature reported on the characteriza-

tion of the stability of INF in liver microsomes using LC-MS/MS tech-

nique (Mostafa et al., 2021). Determination of INF concentration in

blank plasma by ultra-performance liquid chromatography-tandem
mass spectrometry (UPLC-MS/MS) analysis and in vivo pharmacoki-

netic studies have not been investigated. In the conducted study, the

objective was to develop and validate the reliability and rapidity of

an ultra-high performance liquid chromatography-tandem mass spec-

trometry (UPLC-MS/MS) method to quantify the content of INF in

the plasma of SD rats and to research the pharmacokinetics.

2. Experimental

2.1. Chemicals and materials

Infigratinib, derazantinib (IS, Fig. 1B) with purity > 98% as
well as analytical pure formic acid were obtained from Beijing

sunflower Technology Development Co., Ltd. (Beijing,
China). The chromatographic grade methanol and acetonitrile
used in this experiment were purchased from Merck (Darm-

stadt, Germany). Ultrapure water for preparation of the solu-
tions and mobile phase was generated by Millipore (Millipore,
Bedford, USA) Milli-Q purification. Sodium carboxymethyl
cellulose (CMC-Na) was from Canspec Scientific Instruments

Co., Ltd. (Shanghai, China).

2.2. UPLC-MS/MS analytical conditions

This experiment’s UPLC-MS/MS instrument was consisted of
a Waters Xevo TQ-S triple quadrupole tandem mass spectrom-
eter connected to an electrospray ionization (ESI) source (Mil-

ford, MA, USA) operating in positive ion mode and a Waters
ACQUITY UPLC I-Class system (Milford, MA, USA). By
use of Masslynx 4.1 software and Quanlynx programme (Mil-

ford, Massachusetts, USA), experimental data were collected
and processed.

Before running of the sequences, the column temperature
was adjusted to 40 �C and the autosampler was 10 �C. Subse-
quently, a gradient elution of INF and IS was performed using
a column of ACQUITY UPLC BEH C18 (2.1 mm � 50 mm,
1.7 lm) and mobile phase containing 0.1% formic acid aque-

ous solution and acetonitrile with a rate of 0.30 mL/min.
The process of linear gradient elution was conducted as fol-
lows: 0–0.5 min (acetonitrile, 10%), 0.5–1.0 min (acetonitrile

increase to 90%), 1.0–1.4 min (acetonitrile, 90%), and 1.4–
1.5 min (acetonitrile decrease to 10%). Then, an equilibration
was performed between 1.5 and 2.0 min using 10% acetoni-

trile. The injection volume and running time of each sample
was 3.0 mL and 2.0 min, respectively.

As indicated in Table 1, identification was achieved in mul-
tiple reaction monitoring (MRM) mode with m/z 559.88 ? 31

3.10 for INF and m/z 468.96 ? 382.00 for IS. For INF and IS,
the collision energy was 20 eV and 25 eV, respectively. The
cone voltage of the analyte was 20 V. The optimized parame-

ters of MS were: 2.0 kV capillary voltage, 1000 �C desolventiz-

http://creativecommons.org/licenses/by-nc-nd/4.0/


Fig. 1 Structures of infigratinib (A) and derazantinib (IS, B) in this study.
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ing temperature, 200 L/h cone gas, 0.15 mL/min collision gas
and 1000 L/h desolvent gas.

2.3. Solution preparation

INF and IS were respectively dissolved in methanol and pre-
pared as stock solutions of 1.00 mg/mL. The stock solutions
were diluted using methanol to gain a range of concentrations

for working solutions, calibration curve and quality control
(QC) samples. The INF’s calibration curve contained 8 con-
centration points from 2 to 600 ng/mL, while the IS concentra-

tion in all these samples was 200 ng/mL. There were four levels
of quality control samples (QCs) prepared, including high
(HQC, 500 ng/mL), medium (MQC, 100 ng/mL), low (LQC,

6 ng/mL) and lower limit of quantitation (LLOQ, 2 ng/mL)
concentrations.

2.4. Sample treatment

After preparing new centrifuge tubes, 100 mL plasma sample,
20 mL IS solution and 300 mL acetonitrile were added succes-
sively and mixed thoroughly on the vortexer for 1 min. The

parameters of the centrifuge were set to 13,000g at 4 �C. After
10 mins of centrifugation, 100 mL supernatant was pipetted
into a new autosampler vial with the sample volume of

3.0 mL injected into the UPLC-MS/MS system.

2.5. Methodological validation

The validation process was conducted in accordance with
FDA Bioanalytical Method Validation Guidance (U.S.
Department of Health and Human Services, Food and Drug
Administration, Bioanalytical Method Validation Guidance

for Industry, 2018 (Accessed 19 June 2020) https://www.
fda.gov/media/70858/download.). Selectivity, linearity, sensi-
tivity, accuracy, precision, matrix effect, recovery and stability

were evaluated.

2.5.1. Selectivity

The selectivity of the quantification was researched by detect-

ing three sets of chromatograms of blank plasma (without ana-
lyte), standard solution and actual rat plasma after
administration, and analyzing the peak shapes and their

respective retention times.
2.5.2. Sensitivity and linearity

The calibration curve was performed by using a weighted (1/
x2) least squares regression model with the peak area ratios

of INF to IS as the Y-axis and the nominal concentration
ratios as the X-axis. Signal-to-noise ratio (S/N, 10) of the chro-
matograms was used for reference to derive LLOQ with rea-

sonable accuracy (RE) within 80–120% and precision (RSD)
under 20%.

2.5.3. Accuracy and precision

Methodological repeatability and reproducibility were deter-
mined by evaluating accuracies and precisions of two occa-
sions (inter-day and intra-day), which required 3 consecutive

days of measurement.

2.5.4. Matrix effect and recovery

Matrix effects (ME) were measured in two sample groups (an-

alytes in the extracted plasma matrix and the neat solutions).
Both groups were spiked at three levels (LQC, MQC and
HQC) and the detections were completed in 6 repetitions at

each level. The results of ME were the ratios of the response
values of the two groups. The recovery of the current method
was examined with comparison of the INF peak area before

and after sample processing.

2.5.5. Stability

To assess the stability of plasma samples in the short and long

term, QC samples were examined under different storage envi-
ronments (n = 5). The conditions set for the stability studies
were as follows: at �80 �C for 4 weeks, in a 10 �C autosampler

for 6 h, at room temperature for 3 h and after 3 complete
freeze–thaw (from �80 �C to room temperature).

2.6. Pharmacokinetic study

The validated UPLC-MS/MS method was further applied to
investigate the drug concentrations in six male SD rats (weight
190 ± 10 g), housed in an environment with sufficient light,

food and water for a week and dosed with INF 10 mg/kg by
gavage. The entire experimental procedures for the animals
strictly followed the rules and regulations for the care and

use of laboratory animals reviewed and allowed by the Ethics
Committee of Wenzhou Medical University (Wenzhou,
China).

https://www.fda.gov/media/70858/download
https://www.fda.gov/media/70858/download


Table 1 Specific mass spectrometric parameters and retention times (RTs) for infigratinib and IS, including cone voltage (CV), and

collision energy (CE).

Analytes Precursor ion Product ion CV (V) CE (eV) RT (min)

Infigratinib 559.88 313.10 20 20 1.43

IS 468.96 382.00 20 25 1.55

Fig. 2 Mass spectras of infigratinib (A) and derazantinib (IS, B)

in this study.
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After fasting for 12 h prior to the experiment, all rats
received orally 10 mg/kg INF formulated in a 0.5% CMC-

Na aqueous solution. The time points for blood sample collec-
tion were 0, 0.33, 0.67, 1, 1.5, 2, 3, 4, 6, 8, 12, 24, and 48 h after
administration, respectively, and the approximately 0.3 mL of

blood sample obtained from the tail vein was stored in a
heparin-containing polyethylene tube. Immediately thereafter,
all plasma samples were centrifuged at 8000g for 5 min at 4 �C,
and upper plasma of the centrifuge tubes was gathered into
new tubes and stored at �80 �C for the next steps of the assay.
INF levels in rat plasma were measured by the analytical
method based on UPLC-MS/MS in this present study. Calcu-

lation and examination of accurate pharmacokinetic parame-
ters of INF were accomplished by Drug and Statistics (DAS)
3.0 software (Professional Committee of Mathematics and

Pharmacology, Shanghai, China) using non-compartmental
analysis.

3. Results and discussion

3.1. UPLC–MS/MS method improvement

In this experiment, the ESI negative and positive ionization
modes were evaluated with mass response of INF, and the

results indicated that the positive ionization mode exhibited
a higher sensitivity. INF and IS positive molecular ions
[M + H]+ were m/z 559.88 and m/z 468.96 (as represented
in Fig. 2) with the product ions of the greatest abundance

being m/z 313.10 and 382.00, respectively. Consequently, the
mother-to-daughter of quantifier conversions were m/z 559.8
8 ? 313.10 for INF, and m/z 468.96 ? 382.00 for IS,

respectively.
Because the presence of formic acid in the mobile phase

contributed to the positive ionization of the analyte and main-

tained the ionized state of the analyte in the mobile phase, the
final choice of mobile phase was 0.1% formic acid aqueous
solution and acetonitrile after analyzing various organic

phases (e.g., acetonitrile and methanol). Moreover, different
ratios of 0.1% formic acid aqueous solution and acetonitrile
(80:20, 75:25, 70:30, v/v) were experimented, and finally 10%
acetonitrile was used as the initial ratio for gradient elution.

In addition, the BEH C18 (2.1 mm � 50 mm, 1.7 lm) column
was chosen as the LC column since complete and efficient sep-
arations of compounds could be obtained with good peak sym-

metry in short retention time.
With protein precipitation (PPT) using organic solvents, a

large amount of plasma proteins that interfere with the assay

could be removed in a relatively short period of time with ease
of operation. With reference to previous experiences, the use of
acetonitrile for protein precipitation resulted in shorter sample
processing time and better recoveries compared to the other

organic solvents employed (Tang et al., 2020; Xu et al.,
2019). So, acetonitrile was also used to precipitate plasma pro-
teins for the present sample processing.

3.2. Methodological validation

3.2.1. Selectivity

In Fig. 3, the INF retention time showed 1.43 min, while the IS
stood at 1.55 min. The results of comparing the representative
chromatograms of blank plasma from current experimental
animals, blank plasma containing INF and IS working solu-

tions as well as plasma samples from SD rats after administra-
tion showed that there weren’t any significant endogenous
interferences, indicating that the analytical method exhibited

favorable selectivity of INF and IS for quantification in SD
rat plasma.

3.2.2. Linearity and sensitivity

INF performed outstanding linearity from 2 to 600 ng/mL.
With a 1/x2 weighting factor, the regression equation obtained
was Y= 0.520352 � X+ 0.792791 (r2 = 0.998). In this study,

LLOQ was 2 ng/mL, and the accuracy at 2 ng/mL was less
than 10.2%, with precision of less than 11.8%, in compliance
with FDA analytical standards (as shown in Table 1).

3.2.3. Inter- and intra-day precisions and accuracies

The results were analyzed at four QC concentration levels
(HQC, MQC, LQC and LLOQ) over three consecutive days

to evaluate accuracies and precisions. The inter- and intra-
day accuracies of INF were between 2.2% and 11.4%, with
precisions of less than 11.8% (Table 2). The values suggested

that the above UPLC-MS/MS method demonstrated good
reproducibility in quantitating INF.



Fig. 3 Representative chromatograms of infigratinib and IS in SD rat plasma: (A) blank plasma; (B) blank plasma spiked with standard

solutions; (C) sample obtained from a rat at 1.0 h after oral administration of 10 mg/kg infigratinib.
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3.2.4. Matrix effect and recoveries

In Table 3, the findings showed that the mean recoveries of
INF at three QCs (LQC, MQC and HQC) ranged from 86.7
to 97.4% with matrix effect values of 106.4–112.0%, indicating

no remarkable matrix effects during detection.
3.2.5. Stability

In Table 4, the results of stability were summarized. It
was found that INF plasma samples were stable when
placed in the autosampler at 10 �C for 6 h, at room

temperature for 3 h, at �80 �C for 4 weeks and after 3



Table 2 The precision and accuracy of infigratinib in SD rats

(n = 6).

Analyte Concentration

(ng/mL)

Intra-day Inter-day

RSD% RE% RSD% RE%

2 9.7 10.2 11.8 2.2

6 7.4 8.2 8.8 9.3

infigratinib 100 6.6 10.6 8.5 11.4

500 3.0 8.4 4.0 7.4

Fig. 4 Mean plasma concentration–time curve of infigratinib in

SD rats after oral administration of infigratinib at a single dose of

10 mg/kg. (n = 6).

Table 5 The main pharmacokinetic

parameters of infigratinib in SD rat

plasma after oral administration of infi-

gratinib at a single dose of 10 mg/kg.

(n = 6, Mean ± SD).

Parameters infigratinib

AUC0?t (ng/mL_sh) 1511.84 ± 350.42

AUC0?1 (ng/mL_sh) 1542.73 ± 342.89

MRT0?t (h) 11.17 ± 1.18

MRT0?1 (h) 12.47 ± 2.95

t1/2 (h) 7.95 ± 4.86

Tmax (h) 9.00 ± 2.45

CLz/F (L/h/kg) 6.72 ± 1.28

Cmax (ng/mL) 123.66 ± 26.01

6 X. Xu et al.
complete freezing (�80 �C)/thawing (RT) cycle tests
(Table 4).

3.3. Application in a pharmacokinetic study

The validated UPLC-MS/MS analytical approach described

above could be employed to effectively measure plasma con-
centrations in SD rats with a single orally administered dose
of 10 mg/kg INF. Fig. 4 illustrated the average drug concentra-

tion–time profile of INF in SD rats. The main parameters of
pharmacokinetics were calculated using DAS 3.0, as summa-
rized in Table 5, where AUC was the area under curve, Tmax

was the time to reach maximum concentration, MRT was

the mean residence time, Cmax was the maximum plasma con-
centration, t1/2 was the elimination half-life and CL was the
rate of drug clearance.

It was observed to be rapidly absorbed by gastrointestinal
administration of 10 mg/kg INF, where the Cmax was 123.66
± 26.01 ng/mL. Moreover, Tmax and t1/2 was approximately

9.00 ± 2.45 h and 7.95 ± 4.86 h in vivo, respectively. In con-
sideration of the limited number of animals in the current
experiment (n = 6), it is promising to conduct further studies

to accurately characterize the pharmacokinetic profile of INF.
Although it has been reported that LC-MS/MS method was
employed to detect the metabolic stability in human liver
microsomes in vitro, more reagent and sample processing time

were needed than current approach, and the pharmacokinetic
studies weren’t performed (Mostafa et al., 2021).
Table 4 Stability results of infigratinib in plasma under different conditions (n = 5).

Analyte Added (ng/mL) Room temperature, 3 h Autosampler 10 �C, 6 h Three freeze–thaw �80 �C, 4 weeks

RSD (%) RE (%) RSD (%) RE (%) RSD(%) RE(%) RSD(%) RE(%)

infigratinib 6 9.8 �1.1 13.0 �2.6 9.6 5.7 6.2 14.8

100 4.6 �5.5 8.6 1.1 5.7 12.9 4.1 12.6

500 4.1 3.5 4.3 2.4 4.0 9.3 4.4 12.2

Table 3 Recovery and matrix effect of infigratinib in SD rats (n = 6).

Analyte Concentration

added (ng/mL)

Recovery (%) Matrix effect (%)

Mean ± SD RSD (%) Mean ± SD RSD (%)

6 86.7 ± 5.7 6.6 112.0 ± 9.0 8.1

infigratinib 100 94.8 ± 4.0 4.2 111.5 ± 13.6 12.2

500 97.4 ± 4.5 4.6 106.4 ± 4.7 4.4
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4. Conclusions

In a summary, the optimized and validated UPLC-MS/MS approach

was proved to be reliable with rapidity, and was firstly available to

examine INF levels in plasma of SD rats. When using the optimized

method, outstanding advantages could be availed, including shorter

running time of individual sequence (only 2.0 min) and lower costs

for sample preparation by PPT using acetonitrile (300 mL) compared

with the reported method (Mostafa et al., 2021). By investigating the

pharmacokinetics of 10 mg/kg INF in SD rats, the applicability of

the improved UPLC-MS/MS analytical technique has been established

in the current experiment. Therapeutic drug monitoring (TDM) might

be necessary to achieve individualized dosing of INF for patients tak-

ing multiple drugs orally (e.g., CYP3A inducers or inhibitors) or for

those with hepatic or renal insufficiency. These findings could provide

a basis for further clinical studies in subsequent studies.
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