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Abstract 

In this review article determines the different analytical methods for the quantitative establishment of Cabozantinib by 

using HPLC, HPLCMS, HPLC-UV, LC-MS/MS. Pharmaceutical analytical method development of Cabozantinib requires 

valid analytical procedures for quantitative and qualitative analysis in Pharmaceuticals dosage formulations and human 

serum. This assessment explains that the superiority of the HPLC/LC-MS methods reviewed is based on the quantitative 

analysis of drugs in formulations, (API), biological fluids such as serum and plasma.  
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Introduction 

Cabozantinib, sold under the brand names Cometriq and Cabometyx among others, is a medication used to treat 

medullary thyroid cancer, renal cell carcinoma, and hepatocellular carcinoma. It is a small molecule inhibitor of the 

tyrosine kinases c-Met and VEGFR2, and also inhibits AXL and RET. It was discovered and developed by Exelixis Inc. 

In November 2012, Cabozantinib in its capsule formulation was approved by the U.S. Food and Drug Administration 

(FDA) under the name Cometriq for treating patients with medullary thyroid cancer. [1][2] The capsule form was 

approved in the European Union for the same purpose in 2014. [3] 

In April 2016, the FDA granted approval for marketing the tablet formulation (Cabometyx) as a second line treatment for 

kidney cancer [4][5] and the same was approved in the European Union in September of that year. [9]The brands 

Cometriq and Cabometyx have different formulations and are not interchangeable. 

Interactions 

Grapefruit and grapefruit juice should be avoided as they may increase the concentration of the drug in the blood. 

Cabozantinib is a substrate of CYP3A4 and multidrug resistance-associated protein 2; drugs that inhibit these enzymes 

will increase the half-life of Cabozantinib and potentially increase its adverse effects; drugs that activate them may cause 

Cabozantinib to be less effective. [10] 

It inhibits P-glycoprotein, so will change the availability of other drugs that depend on this transporter.  

Pharmacology 

It inhibits the following receptor tyrosine kinases: MET (hepatocyte growth factor receptor protein) and VEGFR, RET, 

GAS6 receptor (AXL), KIT), and Fms-like tyrosine kinase-3 (FLT3). 

History 

Cabozantinib was granted orphan drug status by the U.S. Food and Drug Administration (FDA) in November 2010, and 

in February 2017.  
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Exelixis filed a new drug application with the FDA in the first half of 2012, and on November 29, 2012, Cabozantinib in its 

capsule formulation was granted marketing approval by the U.S. FDA under the name Cometriq for treating patients with 

medullary thyroid cancer. The capsule form was approved in the European Union for the same purpose in 2014. 

In March 2016 Exelixis licensed to Ipsen worldwide rights (outside the US, Canada, and Japan) to market Cabozantinib. 

Exelixis' Phase III trial results of testing the drug in renal cancer published in the NEJM in 2015. In April 2016 the FDA 

granted approval for marketing the tablet formulation as a second line treatment for kidney cancer and the same was 

approved in the European Union in September of that year. 

In December 2017, the FDA granted approval to Cabozantinib (Cabometyx, Exelixis, Inc.) for treatment of people with 

advanced renal cell carcinoma (RCC). The approval was based on data from CABOSUN (NCT01835158), a randomized, 

open-label phase II multicenter study in 157 participants with intermediate and poor-risk previously untreated RCC. 

In January 2019, the FDA approved Cabozantinib (Cabometyx, Exelixis, Inc.) for people with hepatocellular carcinoma 

(HCC) who have been previously treated with sorafenib. The approval was based on CELESTIAL (NCT01908426), a 

randomized (2:1), double-blind, placebo-controlled, multicenter trial in participants with HCC who had previously 

received sorafenib and had Child Pugh Class A liver impairment. 

Research 

Cabozantinib is being researched[23] for efficacy as a treatment for renal cell carcinoma (RCC), hepatocellular carcinoma 

(HCC), cervical cancer, colorectal cancer (CRC), urothelial cancer, prostate cancer, gastric and gastroesophageal cancer, 

bladder cancer, melanoma, merkel cell carcinoma, brain cancers (including glioblastoma multiforme and anaplastic 

astrocytoma), non-small cell lung cancer (NSCLC), adrenocortical carcinoma, various sarcomas, head and neck squamous 

cell carcinomas (HNSCC), breast cancer, endometrial cancer, neuroendocrine cancers, and neurofibromatosis type 1.[24] 

Literature Review of Cabozantinib 

Punna Venkateshwarlu et., al Reported that 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 Cabozantinib was achieved X-Bridge (2.1 mm × 100 

mm, 3.5 µ) 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 correlation 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. 

K.E.Pravallika et., al reported that A simple, sensitive and rapid chromatographic method was developed and validated 

for simultaneous quantification of Cabozantinib and Nivolumab in rat plasma using Alectinib as internal standard. The 

samples were assayed by the Waters alliance e-2695 HPLC instrument using Symmetry C18 column (150x4.6mm, 3.5µ) 

under isocratic condition. Here the buffer was Triethyl amine at pH 2.5 adjusted with OPA. Mobile phase used was 0.1% 

TEA and Acetonitrile (70:30) with a flow rate of 1ml/min. The eluent was monitored at 219nm for simultaneous 

measurement of Cabozantinib and Nivolumab. The calibration curves were linear over the range of 1- 20µg/ml of 

Cabozantinib and 0.1-2µg/ml of Nivolumab. The method was validated in terms of system suitability, selectivity, 

sensitivity, accuracy, precision, recovery, matrix effect, linearity and stability. The % RSD of peak areas of all 

measurements always less than 2. The proposed method was specific for the simultaneous determination of Cabozantinib 

and Nivolumab in rat plasma. 

Gopinath k, et.al reported that The present paper describes a simple, accurate, and precise reversed-phase high-

performance liquid chromatography (HPLC) method for rapid and simultaneous quantification of Cabozantinib (CZT) 

and Nivolumab (NVM) in bulk and pharmaceutical dosage form. The chromatographic separation was achieved on Luna 

C18 (150 mm×4.6 mm, 3.5 µm). Mobile phase contained a mixture of 0.1% orthophosphoric acid and acetonitrile in the 

ratio of 50:50 v/v, flow rate 1.0 ml/min, and ultraviolet detection at 222 nm.  The proposed method shows a good linearity 

in the concentration range of 20–300 µg/ml for CZT and 5–75 µg/ml for NVM under optimized conditions. Precision and 

recovery study results are in between 98 and 102%.  

Srikanth Inturi et., al reported thatA simple, sensitive and specific liquid chromatography–tandem mass spectrometry 

(LC-MS/MS) method was developed for the quantification of Cabozantinib (CZ) in human plasma using cabozantinib-d4 

(CZD4) as an internal standard (IS). Chromatographic separation was performed on Xbridge C18, 50 x 4.6 mm, 5 mm 
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column with an isocratic mobile phase composed of 10mM Ammonium formate and Methanol in the ratio of (20:80 v/v), 

at a flow-rate of 0.7 mL/min. CZ and CZD4 were detected with proton adducts at m/z 502.2 → 391.1 and 506.3 → 391.2 in 

multiple reaction monitoring (MRM) positive mode respectively. Liquid-Liquid extraction method was used to extract the 

drug and IS. The method was validated over a linear concentration range of 5.0-5000.0 pg/mL with correlation coefficient 

(r2 ) ≥ 0.9994. This method demonstrated intra and inter-day precision within 1.95 to 2.37 and 2.93 to 9.3 % and Accuracy 

within 101.4 to 102.4 and 99.5 to 104.8 %. Cabozantinib was found to be stable throughout freeze-thawing cycles, bench 

top and postoperative stability studies. 

Amruta A. Chaudhary et,al reported that A specific, accurate Rp-Hplc (reversed-phase high performance liquid 

chromatographic) method was developed for the quantification of Cabozantinib. The effective separation was achieved 

through reversed-phased C18 column 4.6 x 250 mm, 5µm using a mobile phase Methanol: phosphate buffer (ph. 3.00) with 

orthophosphoric acid (OPA) (55:45 % v/v). The flow rate of the mobile phase was found to be 0.8 mL/min. The detection 

was carried at a wavelength of 244 nm. The retention time of Cabozantinib was found to be 3.702 min. The correlation 

coefficient was found to be 0.9999. The developed method was accurately validated in the terms of accuracy, linearity 

range, precision, system suitability, robustness, limit of detection and limit of quantification. The details presented in this 

test will be useful for industrial application for determining Cabozantinib in active pharmaceutical ingredient and 

pharmaceutical dosage form. 

A. K. Kuna et., al reported that A simple, specific, accurate reversed-phase high performance liquid chromatographic 

method was developed for the quantification of Cabozantinib. Although extensive studies on Cabozantinib have been 

developed for determining Cabozantinib in human place and urine by LC-MS, studies on the pharmaceutically active 

ingredient and formulation are scarce. The effective separation was achieved through BDS C18 150 × 4.6 mm, 5m using a 

mobile phase KH2PO4 Buffer and ACN (55:45% v/v). The flow rate of the mobile phase was 1.0 mL/min, and the detection 

was carried at a wavelength of 210 nm. The retention time of Cabozantinib was 2.932 nm. The correlation coefficient is 

0.9998. The developed method was validated in terms of system suitability, specificity, linearity range, precision, accuracy, 

limits of detection and quantification. Degradation studies were performed on Cabozantinib to indicate the stability 

property and specificity of the proposed method. The information presented in this study will be useful for industrial 

application for determining Cabozantinib in active pharmaceutical ingredient and pharmaceutical dosage form. 

Bhavani Podili et.al reported thatThe present work describes the development and subsequent validation of a novel, 

simple, selective and stability indicating gradient reversed phase high performance liquid chromatography method for 

the quantitative determination of related substances, assay of Cabozantinib and Nivolumab and its application to 

dissolution studies. The chromatographic method was optimized using the impurity-spiked solution. A good resolution 

between the peaks was achieved under selected chromatographic conditions. The separation was accomplished on an X-

Bridge C18, 150×4.6 mm, 3.5 μ column connected to a photo diode array detector using 0.1 % orthophosphoric acid in 

water as mobile phase A and acetonitrile as mobile phase B, under gradient elution. The mobile phase flow rate was 

maintained at 1.0 ml/min. The detection of the constituents was done at 216 nm using a ultra-violet detector. Recovery 

studies were satisfactory and the correlation coefficient for two active pharmaceutical ingredients and their related 

substances, 0.999 indicates the linearity of the method within the limits. Limit of detection and limit of quantification for 

all impurities and Cabozantinib and Nivolumab were established with respect to the test concentration. Specificity, 

accuracy, precision, ruggedness and robustness were determined as part of the method validation. The performance of the 

method was validated according to the current International Council for Harmonization requirements. Moreover, the 

dissolution study was performed on active pharmaceutical ingredients to estimate the recovery using the same method. 

Validation of the developed reversed phase high performance liquid chromatography procedure revealed that all the 

degradation products formed during stress conditions and related impurities were well separated from their active 

pharmaceutical ingredients and peaks were well resolved from each other with appropriate retention time. The method 

was characterized by good linearity, specificity, low values of limit of detection and quantization, accuracy, precision, 

ruggedness and robustness. All statistical results were within the acceptance criteria and the proposed method is simple, 

fast, accurate, precise and reproducible hence, it can be applied for routine dissolution analysis and employed for quality 

control of drug samples during stability studies. 

Jadhav, Anil G. et.,al reported that A specific, accurate Rp-Hplc (reversed-phase high performance liquid 

chromatographic) method was developed for the quantification of Cabozantinib. The effective separation was achieved 

through reversed-phased C18 column 4.6 x 250 mm, 5µm using a mobile phase Methanol: phosphate buffer (ph. 3.00) with 
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orthophosphoric acid (OPA) (55:45 % v/v). The flow rate of the mobile phase was found to be 0.8 mL/min. The detection 

was carried at a wavelength of 244 nm. The retention time of Cabozantinib was found to be 3.702 min. The correlation 

coefficient was found to be 0.9999. The developed method was accurately validated in the terms of accuracy, linearity 

range, precision, system suitability, robustness, limit of detection and limit of quantification. The details presented in this 

test will be useful for industrial application for determining Cabozantinib in active pharmaceutical ingredient and 

pharmaceutical dosage form. 

T N V S S Satyadev et,al reported that A reliable, accurate and simple RP-HPLC method was developed for the 

simultaneous estimation of Cabozantinib and Nivolumab, validated according to ICH guidelines. A column of X-bridge 

phenyl (150x4.6mm, 3.5µm) with a flow rate of 1ml/min was used. The combination of 0.1% Tri ethyl amine and 

Acetonitrile in 70:30 ratios was used as a mobile phase. Cabozantinib and Nivolumab peaks were eluted at a retention 

time of 4.358min, 7.744min respectively. The total run time was 10min. Standard solutions were prepared by dissolving in 

acetonitrile first and then make up to the mark with mobile phase. The method shows a good linearity in the 

concentration range of 6-90µg/ml of Cabozantinib and 4-60µg/ml of Nivolumab with correlation coefficient 0.999. This 

method was validated in terms of specificity, linearity, accuracy, LOD, LOQ, robustness and forced degradation 

Adnan A Kadiet,al reported that To develop a simple, adequately sensitive, and practical liquid chromatographic-mass 

spectrometric method to simultaneously quantify three tyrosine kinase inhibitors, viz, tofacitinib (TOF), Cabozantinib 

(CBZ) and afatinib (AFB) after their extraction from both human plasma and urine. Blood and urine samples were 

obtained from healthy volunteers who admitted to not being on any medications. The investigated analytes were 

chromatographically separated on a C18 column (Luna®-PFP 100Å column, 50 mm × 2.0 mm i.d., 3.0 µm) with the aid of a 

mobile phase containing A; acetonitrile (ACN) and B; 0.01 M ammonium formate buffer (pH 4.1) pumped at a rate of 0.3 

mL.min-1 in the ratio A:B, 50:50 v/v. Analyte monitoring was achieved by tandem mass spectrometry interfaced with an 

electrospray ionization source with the aid of multiple reaction monitoring (MRM) mode for analytes quantification. 

Results: The proposed method permitted a specific and sensitive determination of the investigated TKIs in the linear 

range of 1.0 - 100 ng mL-1 with correlation coefficient (r2 ) of 0.9991, 0.9997, and 0.9998 for TOF, CBZ and AFB, 

respectively. The method was validated with regard to its limits of quantification (ranging from 0.91 to 1.24 ng mL-1 for 

the 3 analytes), intra- and inter assay accuracy (in the range -1.85 to 1.22 %) and precision (0.71 - 5.12 %). The method was 

also validated in terms of recovery from both studied matrices, robustness and matrix effect. The results obtained reveal 

that the developed method is simple, specific and highly efficient for routine determination of the studied analytes in 

human plasma and urine. It can be reliably applied for high throughput analysis of clinical samples containing the 

investigated analytes. 

Conclusion 

A sensitive and accurate RP-HPLC method, stability-indicating HPLC, HPLC-PDA, HPLC-UV, stability indicating 

HPTLC and HPLC-MS, was developed for the estimation of cabozantinib, in pharmaceutical dosage forms, human 

plasma, the above methods was evaluated for Specificity, Linearity, Accuracy, Precision, Ruggedness and Robustness as 

per ICH&FDA guidelines.  
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