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Abstract

The objective of this method is to be simple, precise, and economical performed by LC-MS/MS instrument. The mass spectrometric
determination was performed using electrospray ionization in the positive mode with multiple reaction monitoring (MRM) mode
and precursor to product ion transition to product ion of m/z 502.2 > 323 for cabozantinib. The effective separation of cabozan-
tinib was achieved X-Bridge (2.1 mm x 100 mm, 3.5 p) column and the mobile phase composition is 0.2% formic acid: acetonitrile
(40:60 v/v), pumped at 0.12 ml/min flow rate. The Rt of cabozantinib was found to be 1.34 minutes. The LOD and LOQ were found
at 1.5 ng/ml and 5 ng/ml concentrations and linearity concentrations were in a range of 5 ng/ml to 75 ng/ml with a regression cor-
relation coefficient of 0.999. The % RSD value of accuracy was observed at 1.2-2.0. The marketed formulation assay was found to be

99.82%. The developed method and validation parameters were accepted as per USFDA guidelines.
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Introduction

Cabozantinib is an anticancer drug and its molecular
structure is shown in Fig. 1. The mechanism action of ca-
bozantinib is tyrosine kinase inhibitor (TKI) and effects on
vascular permeability factor (VPF) (Yakes FM et al. 2011).
A phase-3 randomized controlled study of cabozantinib
has higher progression-free-survival (PFS) overall sur-
vival (OS) or overall response rate (ORR) as opposed to
drug affinitor in patients who progressed following before
vascular endothelial factor (VEGF) growing molecular-
ly targeted drugs resulting to its accredited by USFDA
(Choueiri TK et al. 2015). Cabozantinib is additionally ac-
cepted for utilization in the front line position for patients
with midway / low-risk patients (Choueiri TK et al. 2018).

Tyrosine kinase (TKs) are considered possible attack for
the latest drug progress mostly for cancer and rheuma-
toid arthritis drugs inhibitors the past various tyrosine
kinase inhibitors (TKIs) have been grown and accepted
for medicaments of different classifications of cancer with
each one targeting certain sign pathways (Nguyen L et al.
2015). Moreover modern further have conducted findings
of the janus kinases (JAKs) (Tolaney SM et al. 2016) which
by their inhibition established a novel curative path for
cancer and immunity disorders (Lacy S et al. 2015).

The heart rhythm problems including long QT inter-
vals observed in inpatient history i.e. the drug should be
used with caution (Qaseem A et al. 2012; Takeda H et
al. 2017; Osmani L et al. 2018; Van Schil PE et al. 2018;
Wienand K et al. 2019; Poole and Jeanne E 2020). Cabo-
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Figure 1. Molecular structure of cabozantinib.

zantinib and nivolumab drugs were marketed under the
brand name of opdivo and used for various classifications
of cancer treatment include melanoma, lung cancer renal
cell cancer, Hodgkin lymphoma head, and neck cancer
and colon cancer, and liver cancer. The usual side effects
contain tiredness rash, liver problems, muscle pain, and
cough (Comi G et al. 2001; Qaseem A et al. 2012; Takeda
Hetal. 2017; Ashok G and Mondal S 2018; Osmani L et al.
2018; Wienand K et al. 2019).

Materials and methods

Cabozantinib standard powder and API (purity > 98%)
were procured from the API industry and marketed ta-
blets procured from the pharmacy store. All HPLC grade
solvents were procured from merc india Ltd, india. All
chemical reagents and aqueous solvents are purified by
using millipore (0.45 um) filters.

Instrumentation and optimized chro-
matography conditions

The chromatography analysis was performed by using
UPLC instrument waters with an acquity model with an
auto sampling system. MS detector is waters Quattro pre-
mier XF model trple quadrapole MS was used. The soft-
ware of the LC-MS/MS system is open lab software. Mass
spectroscopy specifications are electrospray ionization
(ESI), positive ionization mode, the capillary voltage was
set at 3KV, and nitrogen was used as a desolvation gas at a
flow rate of 850 L/Hr. The cone voltage is 35 and the cone
gas flow is 102 L/Hr.

Separation of the cabozantinib was achieved by the
X-Bridge (2.1 x 100 mm, 3.5 (1) column and mobile phase
composition of 0.2% formic acid: acetonitrile (40:60 v/v),
pumped with 0.12 ml/min flow rate and injection volume
is10 pL.

Preparation of standard solution

10 mg of cabozantinib standard pure powder was
transferred into 10 ml of volumetric flask and diluted
with 10 ml of methanol. This solution concentration is
1000 pg/ml.

Preparation of standard stock solution

0.1 ml of the above standard sample solution was trans-
ferred into 10 ml of volumetric flask and diluted with me-
thanol and the resulting solution concentration is 10 pg/
ml. This solution was considered a standard stock solution.

Preparation of sample solution

10mgofcabozantinibactivepharmaceuticalingredientpowder
was transferred into 10 ml of volumetric flask and diluted with
10 ml of methanol. This solution concentration is 1000 pg/ml.

Preparation of sample stock solution

0.1 ml of the above sample solution was transferred into
10 ml of volumetric flask and diluted with methanol and
the resulting solution concentration is 10 pug/ml. This so-
lution was considered a sample stock solution.

Method validation
System suitability

The 100% level of cabozantinib standard solution (50ng/
ml) was injected 6 times into LC-MS/MS system.

Linearity

The linearity method was determined in the range of LOQ le-
vels (5ng/ml) to 150%level (75 ng/ml) of cabozantinib samples
were injected in the LC-MS/MS system. The regression coef-
ficient value was found from the linearity calibration graph.

Sensitivity (LOD and LOQ)

Limit of detection (LOD) and limit of quantification
(LOQ) were calculated by using the following formulas.

LOD =3.30/s
LOQ=100/s

Whereas, as o is the SD of the response (y-intercept)
and S is the slope of the linearity plot.

Accuracy

The accuracy method was determined by calculating recove-
ry values at different intervals of LOQ level, 50%, 100%, and
150% level. The % recovery and % RSD values were calculated.

Method precision (repeatability)

The method precision was determined at 100% level
(50 ng/ml) of cabozantinib sample 6 replicates were injec-
ted and calculated the % RSD.
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Intermediate precision

This method was performed by cabozantinib at 100% le-
vel (50 ng/ml) of 6 samples injected for different days and
calculated the % RSD.

Assay of marketed formulation

Preparation of standard drug solution

10 mg of cabozantinib powder was transferred into 10 ml
of a volumetric flask and diluted with methanol. The re-
sulting solution concentration is 1000 pg/ml. Pipette out
0.1ml of the above solution taken into 10 ml volumetric
flask and diluted with methanol. The resulting solution
concentration is 10 ug/ml. Transferred 0.5 ml of the above
solution and dilute with methanol. The resulting concen-
tration is 50 ng/ml and the percentage purity of cabozan-
tinib was calculated.

Preparation of sample drug solution

Weighed 10 tablets and calculated the average weight of
the tablet (10.02 mg). Weight equivalent to one tablet of
powder was transferred into 10 ml of a volumetric flask
and diluted with methanol. The resulting solution con-
centration is 1000 ug/ml. Pipette out 0.1ml of the above
solution taken into 10 ml volumetric flask and diluted
with methanol. The resulting solution concentration

is 10 ug/ml. Transferred 0.5 ml of the above solution
and dilute with methanol. The resulting concentration
is 50 ng/ml and the percentage purity of cabozantinib
was calculated.

Solution stability

The analyte stability ST% indicates the part of the analy-
te in a sample that does not degrade before the authentic
LC-MS analysis. Prepare 50 ng/ml sample from the stock
solution and injected in LC-MS/MS system. The sample
solution checks the stability.

Bracketing standard

Bracketing standards are used to analyze the samples, one
run before and one after the samples. Prepare 50 ng/ml
sample and inject LC-MS/MS system.

Results
MS detection

The predominant protonated precursor [M+H] + ions
at m/z 502.27 were obtained from mass spectra of cabo-
zantinib. The detection of ions was determined in MRM
mode by transition pairs (precursor to product ion) of
m/z 502.13-323.07 for cabozantinib. The molecular ion
and product ion is shown in Fig. 2.

CABCZANTINIB_MS2 86 (0.798) Cm (9:95) Daughters of S02ES+
1004 2307 1.8526
ﬁ.
20713 1. 502.13
347.06
l laﬁs.m’
0 = - - v s .‘I‘ = ﬁs : "l!' - - - - mz
50 75 100 125 150 175 200 295 280 275 300 350 475 400 425 450 475 500 525 580

Figure 2. Mass spectra of cabozantinib molecular ion and production.
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Optimized method

The cabozantinib method was optimized by using an
X-Bridge (2.1 x 100 mm, 3.5u) column and mobile pha-
se composition of 0.2% formic acid: acetonitrile (40:60
v/v), using 0.12 ml/min flow rate and 10 pL of injec-
tion volume, with methanol used as diluents. The re-
tention time was observed at 1.35 min. The optimized
chromatogram was given in Fig. 3.

Cabozantinib

040321237 Smooth{Mn, 2x5) MRM of 1 channel ES+

Method validation
System suitability

The system suitability parameters were evaluated and ana-
lyzed to check system performance by using 100% level
(50 ng/ml) of the standard solution of cabozantinib. The
system suitability % RSD was found to be 1.88. The results
data are shown in Table 1.

Cabozanitinib_4ng S02.2.3231
Cabozantinib 5.388e+003
1009
1.34
&8
6.49g2
E
0= miin
0.50 1.00 1.50 2.00 250
# Name Trace RT Ares FResponse Primary Flags Conc.  9%Rec
1 Cabozantind 502 2=323.1 1.34 GB48.730 645730 bb

Figure 3. Optimized chromatogram of cabozantinib.

Table 1. System suitability data of cabozantinib.

Sensitivity (LOD and LOQ)

Injection NO Peak area
1 3381354 The LOD and LOQ of the cabozantinib 1.5 ng/ml and
2 3536.402 5ng/ml of sample concentrations were determined. The
3 3452.188 LOD and LOQ values are shown in Table 3.
4 3486.185
> 3540.686 Table 3. LOD and LOQ data of cabozantinib.
6 3550935
Mean 3491.292 Parameter Concentration (ng/mL) S/N Ratio
SD 65.838 LOD 15 5.59
9% R.S.D 1.88 LOQ 5.0 16.94
Table 2. Linearity data of cabozantinib. Accura cy

S.NO. Level Concentration (ng/mL) Peak area
1 LOQ 5.0 543.432
2 25% 12.5 1067.871
3 50% 25.0 1761.910
4 75% 37.5 2638.744
5 100% 50.0 3257.524
6 125% 62.5 4113.884
7 150% 75.0 4901.912
Linearity equation y = 61.65x+256.0 r’=0.999
Linearity

The regression coeflicient (r?) value is 0.999 obtained from
the linearity calibration graph. The linearity graph was gi-
ven in Fig. 4 and linearity data was given in Table 2.

The accuracy % recovery values were found to be 86.66
- 114.57% and % RSD values were found to be 0.8-2.0%.
The accuracy results data was shown in Table 4.

Method precision (Repeatability)

The%RSDvaluesformethodprecisionofthecabozantinibwere
found tobe 1.70% for the 100% level concentration (50 ng/ml).

Intermediate precision

% RSD values of cabozantinib intermediate precision were
found to be 1.82%. The method precision and intermedia-
te precision results data were shown in Table 5.
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Figure 4. Linearity graph of cabozantinib.
Table 4. Accuracy data of cabozantinib. Solution stability
Accura- Concentra- Peakarea Amount Recov- Mean % Re- % RSD
cylevels tion (ng/ml) ery (ng/ml) _ covery £ D The sample solution stability was found to be 99.49%. The
LOQ 5 504.892 43 86.66 t1.15 13 Luti bili lts d ven in Table 7
50% 25 504.997 43 10160+20 2.0 solution stability results data was given in lable 7.
100% 50 514.299 44 10640 £ 0.872 0.8
150% 75 1807.594 25.1 11457 146 12 Table 7. Solution stability data of cabozantinib.
1805.662 251 Concentration (ng/mL) Peak area % Stability
1863.304 260 Solution sample 50 3364151 99.49%
3592.286 537 System suitability 1* sample 50 3381.354
3540.686 52.9
3550.935 53.0
5568.235 85.3 Bracketing standard
5565.929 85.3
5687.229 87.2

Table 5. Method precision and intermediate precision of
cabozantinib.

Injection Concentration = Method Precision  Intermediate Precision

(ng/mL) Peak area Peak area
1 50 3627.573 3334.442
2 50 3452.188 3486.185
3 50 3486.185 3478.166
4 50 3540.686 3364.151
5 50 3550.935 3427.706
6 50 3536.402 3381.354
Mean 3532.3281 3412.001
SD 60.093 62.245
% RSD 1.70 1.82

Assay of marketed formulation

The % purity of cabozantinib was found to be 99.82%. The
assay results data was shown in Table 6.

Table 6. Assay data of cabozantinib.

S.NO. Peak area

Standard Sample
1 3486.185 99.82 3478.166
2 3540.686 3536.402
Mean 3513.436 3507.284
SD 38.538 41.179
% RSD 1.09 1.14
% Purity

Bracketing standard % R.S.D was found to be 1.84%. The
bracketing standard results data was given in Table 8.

Table 8. Bracketing standard data of cabozantinib.

S.NO. Concentration (ng/mL) Peak area
1 50 3427.706
2 50 3381.354
3 50 3364.151
4 50 3257.524
5 50 3334.442
Mean 3353.035
SD 63.185
% RSD 1.88

L] .

Discussion

The cabozantinib is mass detection was performed by
positive ionization mode due to the drug’s basic nature.
The optimization of the chromatogram is achieved by X
-bridge column which gives good results. Cabozantinib
eluted before 2 min, RT in the existing technique was
1.34 min, and run time which proves it is economical
due to the less consumption of mobile phase solvents.
Linearity concentration was taken LOQ level and the
correlation coefficient of the developed method was
very nearest value to 1.0, which supports the sensitivi-
ty of the method. This accuracy method % RSD values
within limits so that is this method is accurate. Method
and intermediate precision were performed which
proves that the developed method was precise. The
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marketed formulation assay value was found at 99.82%.
All the method validation parameters were validated as
per USFDA guidelines.

Conclusion

The present research work LC-MS method was successful-
ly developed and validated for the estimation of cabozan-
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