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ABSTRACT

Introduction: A new specific, accurate and selective liquid chromatography/tandem mass spectrometry (LC-MS/MS) technique
was desirable for the assessment of erdafitinib in human plasma.

Aim: To develop an LC-ESI-MS/MS method for the quantification of anticancer agent erdafitinib in human plasma and its valida-
tion as per the USFDA guidelines.

Methodology: Propranolol (internal standard) reference drug utilized for the quantification of erdafitinib. Extraction of 250uL
plasma with liquid liquid extraction technique, analyte components were eluted on symmetry (50 x 4.6mm; 5um) C18 analyti-
cal column. Mass detection system was executed by utilizing MRM (multiple reaction monitoring) with +ve ionization mode and
electro spray ionization. Developed procedure was subjected for validation according to FDA guidelines in concentration levels
between 69.95-2798.00ng/mL for erdafitinib with r2 value of 0.9992.

Results: The intraday and interday precision were within 4.11% and the assay accuracy was 97.95-104.91 % of the nominal
values. Matrix factor ranges from 95.61— 103.84 % with a %CV of 3.63 for analyte at HQC and MQC levels, matrix factor range
was 94.32-104.01% witha %CV of 3.89.

Conclusion: The developed process can be successfully applied for routine analysis in quality control, pharmacokinetic and
forensic studies of biological samples.
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INTRODUCTION

Erdafitinib is an inhibitor of FGFR (pan-fibroblast growth
factor receptor) tyrosine kinases that is directed to treat pa-
tients with metastatic urothelial or locally advanced cancer
which has: 1) vulnerable FGFR 3 or FGFR 2 genetic altera-
tions and ii) progressed during or following at least one line
of prior platinum having chemotherapy with twelve months
of adjuvant or neoadjuvant platinum comprising chemical
therapy. Erdafitinib designated as N'-(3,5-Dimethoxy phe-
nyl) -N"- [3- (1-methyl pyrazol -4-yl) quinoxalin -6-yl] -N-
propan -2- ylethane-1,2- diamine with molecular formula
and weight of C, H, N O, and 446.555 g-mol™" respective-
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FGEFR is a transmembrane protein which express universally
in normal tissue and also involved in numerous endogenous

biophysiological procedures containing homeostasis of phos-
phate and cell proliferation, cell migration, vitamin D and
cell anti-apoptotic signaling in different type of cells. Genetic
changes or mutations like FGFR abnormalities like point
mutations, gene amplification, and deregulation and chro-
mosomal translocations of FGFR paths have been associated
in pathogenesis of urothelial cancer, containing possibilities
of such variations to all 4 FGFR-genes (FGFR-1, FGFR-2,
FGFR-3, and FGFR-4).>¢” Deviations to the FGFRgenes are
subsequently thought to stimulate cell propagation, reloca-
tion, anti-apoptosis and angiogenesis in many malignances
comprising urothelial cancer. Drug is an oral specific pan-
FGFR kinase inhibitor that bound and obstructs enzymatic
action of expressed FGFR-1, FGFR-2, FGFR-3, and FGFR-4
based on in vitro data. In particular, erdafitinib demonstrates
inhibition of FGFR phosphorylation and signaling as well as
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decreased cell viability in cell lines expressing FGFR genetic
alterations, including point mutations, amplifications, and fu-
sions.2*’
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Figure 1: Structure of Erdafitinib.

Literature on erdafitinib revealed that few analytical meth-
ods were reported on liquid chromatography® and LC-MS/
MS.? The development of specific method alike LC-MS/MS
is very vital for the quantification of erdafitinib in biological
matrix.

MATERIALS AND METHODS

Chemicals and reagents

Erdafitinib (98.9 % purity) and propranolol (98.8 % purity)
were acquired from Alembic Pharmaceuticals, Hyderabad,
India. HPLC grade acetonitrile and methanol, ammonium
acetate, ethyl acetate and HCOOH of the high grade quality
were procured locally. Purified milli-Q water (Milford, MA)
was utilized for entire research work.

Standards preparation

Processing of individual analyte stock solution(1000pg/
ml) was done in methyl alcohol. The resulting solution was
subjected for serial dilutions to get concentration range of
69.95-2798.00ng/mL with methanol.

Calibration standard solutions

For the processing of calibration standards, 20pl of erdafitin-
ib diluted sample was mixed with 960ul of K,EDTA pooled
plasma. To the resultant solution, 20ul of IS dilution was
transferred to get final solution. The concentration range,
69.95-2798.00 ng/ml solutions were prepared and stored be-
low —20 °C in a freezer.

Preparation of quality control samples
Quality control standard were processed at 3 dissimilar
concentrations of high quality control(HQC) standards,

median quality controlMQC) standards and low quality
control(LQC) standards. These QC (quality control) solutions
were processed as per the calibration standard solutions to get
2098.5, 1399.00 and 195.86, ng/mL for HQC, MQC and LQC
correspondingly.

Preparation of solution of internal standards
Propranolol was used as internal standard and 1mg/mL stock
concentrations in methyl alcohol were processed in a sepa-
rate conical flask. Resulting stock was made dilution with
methyl alcohol to get 1pg/mL solution.

Sample preparation

Drug solution was executed by relocating 250ul of plasma
and 50pL of propranolol (1pg/mL) in to a pre-labeled tube
and sonicated for 2.0 min. Erdafitinib and propranolol were
isolated with 5.0mL of ethyl acetate solvent system and the
solution was subjected for centrifugation at 5000rpm/min
for 25min. Organic layer was isolated and dried with lyoph-
iliser. Residue after the drying was made solubilize in 250ul
of movable solvent and then translocated to LC-vials. These
vials were placed and injected into LC-MS/MS instrument.

Chromatography

10puL of sample was injected on reversed phase symmetry
(50 x 4.6mm) 5 um C , analytical column with an isocratic
movable phase comprising of methyl alcohol and SmM am-
monium acetate in 0.1% HCOOH in Proportion of 80:20,
(%v/v) was utilized at a flow rate of 0.80ml/min. Analytical
column was retained at 45°C and total chromatographic time
was 3.5min. Chromatographic system was equipped with
HPLC-Shimadzu combined with API-5000 Mass instrument
of Applied Bio systems, America.

Mass instrument

Electro spray ionization technique was utilized and func-
tioned in +ve ionization method for MRM. By injecting di-
lute stock solution of drug, the operating parameters were
improvised as mentioned in Table 1. Auxiliary gas (GS2) and
nebulizer gas (GS1) flows were 40 and 45 psi, respectively.
Source temperature was set at 250 °C. Q3 and Q1 were mon-
itored under unit resolution. Upon addition of HCOOH to
the mobile phase, protonation of analytes were improvised
and excellent peak intensities were obtained. MRM mode
monitored at: m/z 447.25 — 388.17 for erdafitinib and m/z
260.16 — 72.08 for propranolol. Concentrations of samples
were estimated by regression line with the help of analyst
softwarel.5.1. In this peak response ratio method was uti-
lized.
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Table 1: Final mass system conditions for erdafitinib and IS.

Collision activat-
ed dissociation
(CAD) (psi)

IS/ Analyte

Declustering
potential (DP)

time
(ms)

v)

Dwell

Ion
source
voltage

(V)

Collision
energy
(CE) (V)

Collision
cell exit
potential
(CXP) (V)

Curtain
gas flow
(CUR)
(psi)

Entrance
potential
(EP) (V)

Erdafitinib 35 400 10 30 17 17 5500
Propranolol 40 400 10 30 12 35 5500
Validation of analytical method
Developed LC-MS/MS work was subjected for validationac- " . i
cording to USFDA-guidelines for sensitivity, inter and intra- % * i
day precision, specificity, linearity, stability and accuracy.!®!! f “ i

RESULTS AND DISCUSSION e T - e &
Method validation Figure 5: Erdafitinib HQC chromatogram.
Selectivity

Method selectivity was executed with 8 distinct human K,
EDTA human plasma samples including 1-hemolytic and
1-lipemic lot. Interferences observed were negligible during
the analysis of analytes at respective retention times over the
spiked response of LLOQ with IS (Fig. 2).!>
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Figure 2: Blank (A) and LLOQ (B) samples chromatograms.
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Figure 3: Erdafitinib LQC chromatogram.
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Figure 4: Erdafitinib MQC chromatogram.

Recovery

Analyte recovery from extraction sample was evaluated
by equating peak responses from six plasma sample solu-
tions spiked prior to extraction against aqueous sample so-
lutions.'> !¢ Overall average recoveries of all three quality
control standards was 93.15%. The recovery of IS was found
to be 96.56 % and the findings were shown in Table 2 (Fig.
3t0)5).

Table 2: Analyte extraction recoveries.

Concentra- X Y % Recovery % Mean %RSD
tion level recovery

LQC 7070 6667  94.31 93.15 1.196
MQC 50500 47217 93.50

HQC 75750 69417 91.64

IS 51728 49948 96.56
X, average recovery of unextracted sample; Y, average recovery
of extracted sample.

Sensitivity and linearity

Eight points calibration curve was processed with ana-
lyte samples from 69.95 ng/ml to 2798.00 ng/ml. Peak re-
sponse ratio(y) of analyte to IS was taken against nominal
concentration(x) of analyte to evaluate linearity. Regression
line has * value of 0.9992 with equation y= 0.005412 x+
0.00128.1%!" Erdafitinib LLOQ was 69.95 ng/ml, which indi-
cates the developed method sensitivity.

Accuracy and precision

Inter and intraday accuracy and precision was evaluated by
considering 6 replicates for LLOQ, LQC, MQC and HQC
standard solutions'® . The corresponding erdafitinib con-
centrations were 69.95, 195.86, 1399.00 and 2098.50 ng/ml.
Accuracy and precision findings were represented in Table
3. Inter and intraday precision findings were <4.11% and the
assay accuracy was 97.95-104.91 %.
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Table 3: Intra-batch and Inter-batch Accuracy and Precision

electrospray ionization-mass spectrometry

Concentration Nominal con- Intra batch Inter batch
level centratl;)n Amount found % Amount %

(ng/ml) (ng/ml) Accuracy found Accuracy

(ng/ml)

LLOQ 69.95 68.89 08.48 2.64 68.52 97.95 3.88
LQC 195.86 202.75 103.52 3.92 192.63 98.35 2.54
MQC 1399 1467.69 104.91 2.47 1448.53 103.54 3.91
HQC 2098.5 2081.50 99.19 3.76 2160.62 102.96 4.11

a: Average of 6 replicates; RSD, Relative standard deviation.

Matrix effect

This parameter was evaluated by extracting 8 variable blank
plasma samples including 1-lepemic and 1-hemolytic lot.
From each blank plasma lot 100 microliters of sample was
subjected for processing as per the sample preparation. In-
dividual aqueous sample at HQC or LQC level was mixed
to final solution(post-extraction matrix samples).!®2°In the
similar way individual aqueous sample solution at HQC or
LQC level was executed with moveable solvent(aqueous
sample without matrix).

Above processed solutions were injected six times at HQC
and LQC levels and analyte and IS peak responses were
compared. This parameter was evaluated by: Matrix effect
(%) = A,/4, * 100(%), where A, = response of aqueous con-
centrations and 4, is the response of post-extracted concen-
trations. Average (n =6) matrix factor ranges from 95.61—
103.84 % with a %CV of 3.63 for analyte at low and at high
QC levels, the matrix factor range was 94.32-104.01% with
a %CV of 3.89 (Table 4).

Table 4: Matrix factor for analyte at LQC and HQC levels.

LQC HQC

Concentration Concentration in Matrix Concentration Concentration in Matrix

without matrix  presence with matrix  factor without matrix  presence with matrix factor
1 187.24 179.02016 95.61 2107.29 2191.79 104.01
2 184.93 181.52729 98.16 2083.25 2131.37 102.31
3 192.76 184.50987 95.72 2075.64 2057.79 99.14
4 209.77 215.245 102.61 1952.56 1841.65 94.32
5 186.13 193.27739 103.84 1936.23 1851.23 95.61
6 193.72 197.49754 101.95 2146.32 2182.16 101.67
Mean 99.65 99.51
+SD 3.62 3.87
% CV 3.63 3.89

Carryover effect

In this cleaning capability of washing solution utilized for
infusion port and needle was evaluated.?! It was evaluated
by injecting the samples in order of: LLOQQC, blank and
ULOQQC and again blank solution. There was no effect of
carryover observed throughout the study.

Dilution integrity

Developed process was subjected for dilution integrity at
fourfold and twofold dilution. Six duplicate sample solutions
were executed and subjected for evaluation over the fresh
spiked standards. Upper limit was expandable upto 2798.00.
ng/mL. Average back calculation concentration values were

present in between 94.46—-104.52 % with a % CV of <2.83
for the analyte.'

Stability

Bench-top, freeze-thaw, in-injector and wet extract stability
studies were executed for the evaluation human plasma sam-
ple stability. All these studies were evaluated at HQC and
LQC levels. To process benchtop stability, standard QC sam-
ples were collected from freezer(—20°C) and thawed(25°C)
upto 6 hours. The percentage of stabilities were evaluated
against the fresh sample solutions and found in between
95.97-98.11 %. To process the freeze-thaw stability, stand-
ard QC samples were subjected for freeze and thaw rotations
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for four times. The percentage of stabilities were evaluated
against the fresh sample solutions and found in between
93.85 t0 102.06 % .

To process the in-injector stability, standard QC samples
were kept in an autosampler at 10°C for 24 hours. The per-
centage of stabilities were evaluated against the fresh sample
solutions and found in between 98.35-103.61 %. Wet extract
stability was processed at 8 hours at 25°C and The percent-
age of stabilities were evaluated against the fresh sample
solutions and found in between 99.49-102.71 % (Table 5).

Table 5: Analyte stability findings

Parameter QC A B %RSD %Stability

level
Freeze and LQC 195.86 183.80 4.2 93.85
thaw stabilities

HQC 2098.5 2141.83 2.9 102.06
In-injector LQC 195.86 192.63 3.4 098.35
stability

HQC 2098.5 2069.26 1.9 103.61
Benchtop LQC 195.86 187.97 2.5 95.97
stability

HQC 2098.5 1995.84 3.7 98.11
Wet extract LQC 195.86 20116 5.8 102.71
stability

HQC 2098.5 2087.71 2.7 99.49
A, nominal concentrations(ng/mL); B, Average
concentration(ng/mL)

Extended accuracy and precision

To process the extended accuracy and precision, 1-set of
calibration standards and forty sets of HQC and LQC stand-
ards, total ninety samples, were injected and subjected for
the evaluation. The resultant findings were shown in Table 6.
The precision for erdafitinib was <3.2 and stability at HQC
and LQC levels were found to be 98.35% and 94.86% cor-
respondingly.

Table 6: Results for extended precision and accuracy.

Sample (0@ A B %RSD %Stability
level
Erdafitinib LQC 195.86 184.81 3.1 94.86
HQC 2098.5 2083.89 2.95 98.35
A, Original concentrations(ng/mL); B, average
concentration(ng/mL)
CONCLUSION

A simple, specific and sensitive LC-MS/MS process for
quantification of Erdafitinib in plasma samples was devel-
oped successfully and subjected for the validation as per

the USFDA-guidelines. Linearity was processed in between
69.95-2798.00ng/mL for erdafitinib with regression coeffi-
cient value of 0.9992. The intraday and interday precision
were within 4.11% and the assay accuracy was 97.95-104.91
% of the nominal values. Matrix factor ranges from 95.61—
103.84 % with a %CV of 3.63 for analyte at HQC level and
at LQC level, the matrix factor range was 94.32-104.01%
with a %CV of 3.89. Stabilities revealed that the method
has high degree of stability. The developed process can be
utilized in the bioequivalence and bioavailability studies for
the quantification of erdafitinib in biological matrices.
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