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1   |   INTRODUCTION

Remarkable advancements have occurred in oral drug de-
velopment for cancer in recent years, which has allowed 
patients to opt for outpatient treatments. In particular, the 
development of small molecule inhibitors, such as tyro-
sine kinase inhibitors (TKIs), has expanded rapidly since 
the early 2000s, with 88 small molecule inhibitors having 
been approved by the US FDA for oncology indications by 

2022.1 However, several considerations should be taken 
into account regarding the pharmacokinetics of these 
drugs, including possible (1) significant reduction in ther-
apeutic efficacy due to interactions during the absorption 
process, such as changes in gastric pH and complex for-
mation with food and drink components,2–4 (2) increased 
toxicity due to interactions with therapeutic drugs for 
chronic diseases, especially via the metabolic pathway 
mediated by cytochrome P450 (CYP),5 and (3) significant 
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Key Clinical Message
Maintaining good medication adherence is important for providing desirable out-
comes from medication therapy. We showed that therapeutic drug monitoring 
(TDM) contributed to the identification of low medication adherence to cabo-
zantinib in a patient with cancer. We present an educational case to assist with 
understanding TDM in a patient with cancer.
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fluctuations in absorption due to meals high in fat.3 One 
strategy to solve these complex pharmacokinetics is the 
use of therapeutic drug monitoring (TDM), which involves 
dose adjustment based on blood concentrations. TDM can 
adjust drug doses based on individual patients and opti-
mize drug concentrations. Moreover, it is already used in 
other therapeutic areas, such as antimicrobials and an-
tiepileptic drugs, to ensure efficacy and safety. However, 
TDM of TKIs is not necessarily conducted. Whether pa-
tients take their TKIs properly relies on the healthcare 
providers' skills, such as history taking and confirming 
medication adherence. This could potentially impact the 
prognosis, resulting, for example, in cancer progression in 
the worst-case scenario. Here, we report a case in which 
TDM used in a patient with renal cell carcinoma receiving 
cabozantinib, a TKI, helped to identify their low medica-
tion adherence.

This study received ethical approval from The Ethics 
Committee of Saiseikai Yokohamashi Tobu Hospital (No. 
20210229) and written informed consent was obtained 
from the patient.

2   |   CASE HISTORY

An 84-year-old male with renal cell carcinoma diag-
nosed 10 years earlier received four courses of nivolumab 
(240 mg/body) and ipilimumab (48 mg/body) and 17 
courses of nivolumab (240 mg/body) as maintenance ther-
apy at Saiseikai Yokohamashi Tobu Hospital, due to lung 
and bone metastases. However, due to tumor progression, 
we opted to switch the treatment to cabozantinib, which 
inhibits multiple receptor tyrosine kinases, including 
mesenchymal-epithelial transition factor, vascular en-
dothelial growth factor receptor 2, and AXL. Given the 
patient's advanced age and the anticipated risk of severe 
adverse events, the starting dose of cabozantinib was set 
at 40 mg/day.

3   |   METHODS

On day 14, the cabozantinib concentration determined 
using a high-performance liquid chromatography with 
ultraviolet detector (HPLC-UV)6 was 1121 ng/mL. At that 
time, grade 2 proteinuria and creatinine increase were ob-
served, according to the Common Terminology Criteria 
for Adverse Events version 5.0.7 We therefore reduced 
the cabozantinib dose to 20 mg/day. After dose reduction, 
the cabozantinib concentration decreased to 697.1 ng/mL, 
and thereafter, the blood concentration of cabozantinib 
ranged from 565.8 to 780.0 ng/mL (days 63–182). Although 
grade 2 proteinuria persisted, renal function remained sta-
ble, and the adverse events were manageable. Therefore, 
cabozantinib treatment was continued. On day 118, treat-
ment response was evaluated using computed tomography 
(CT), which showed a partial response (PR) according to 
Response Evaluation Criteria in Solid Tumors version 1.1;8 
therefore, cabozantinib 20 mg was continued. On day 210, 
the cabozantinib concentration decreased to 337.9 ng/mL, 
and it was revealed that the patient was only taking cabo-
zantinib approximately once every 2 days. Despite instruct-
ing the patient about the significance and importance of 
medication adherence, the cabozantinib concentration 
further decreased to 305.2 ng/mL on day 238. Evaluation 
of the tumor by CT showed slight enlargement of the lung 
metastases (Figure 1), but the condition was classified as a 
stable disease; therefore, cabozantinib was continued.

4   |   RESULTS

Upon further discussion with the patient, it was noted that 
the decreased medication adherence was because of taking 
the medication approximately 2 h after breakfast; hence, 
the timing was changed to immediately after waking up. 
On day 274, medication adherence improved and the blood 
concentration of cabozantinib increased to 618.3 ng/mL 

F I G U R E  1   Computed tomography scan images of the patient's lungs (A) before cabozantinib administration, (B) 118 days after 
administration, and (C) 238 days after administration. Yellow circles indicate metastatic lung lesions and orange circles indicate new 
metastatic lung lesions. The patient demonstrated excellent response during good medication adherence of cabozantinib (B); but developed 
new lung lesions upon low adherence (C).
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(Figure 2). Unfortunately, at approximately 274 days, along 
with an increase in cabozantinib concentration, a grade 3 
rash occurred, which led to cabozantinib discontinuation. 
Seventy days after discontinuation of cabozantinib, the 
rash completely recovered, and we switched to axitinib, 
which does not interact with food, considering medication 
compliance and therapeutic effect.9,10

During the treatment period, the patient was taking 
clopidogrel, rosuvastatin, lansoprazole, olmesartan, am-
lodipine, febuxostat, and sitagliptin for a history of an-
gina, hypertension, hyperuricemia, and diabetes, and the 
prescription of these drugs did not change throughout 
treatment. In addition, patients did not take any herbal 
or nutritional/vitamin supplements throughout the treat-
ment period.

5   |   DISCUSSION

In this case report, we identified low cabozantinib ad-
herence using TDM. Cerbone et  al. reported that the 

anticancer effects of cabozantinib require a trough con-
centration of over 536.8 ng/mL.11 In our patient, cabozan-
tinib trough concentrations ranged from 643 to 780 ng/
mL during adequate adherence, and a PR was observed. 
In contrast, the tumor increased slightly during low medi-
cation adherence, when the trough concentrations ranged 
from 305.2 to 337.9 ng/mL. This finding partially supports 
the suitable trough concentration higher than 536.8 ng/
mL suggested by Cerbone et al.

The background of poor medication adherence is 
somewhat complex, predominantly involving three sce-
narios: (1) forgetting or misunderstanding the correct 
administration of medications, (2) challenges in med-
ication intake due to factors, such as large pill size or 
inconvenient timing, and (3) deliberately pretending 
to do it out of goodwill towards healthcare providers. 
Above mentioned poor medication adherence can be 
confirmed through interviews, assessing leftover medi-
cine, or identifying undesirable symptoms related to the 
disease.12 Unfortunately, the practice of determining 
low medication adherence by these means depends on 

F I G U R E  2   Clinical course of the present patient.
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healthcare providers' skills. TDM can objectively demon-
strate drug–drug or food-drug interactions and assess 
low medical adherence. For example, drug-beverage in-
teractions involving various combinations of fruit juice 
or green tea significantly alter drug concentrations.13–16 
This issue is critical as patients often remain unaware 
of these interactions. Besides, in drug–drug interactions, 
TDM reportedly identified that prednisolone stimulates 
sorafenib metabolism.17 In medication adherence, TDM 
reportedly identified low medication adherence in pa-
tients treated with azathioprine, anti-HIV drugs, and 
antihypertensive drugs.18–20 However, additional reports 
of TDM contributing to the improvement of low med-
ication adherence have not been sufficiently disclosed 
before. In general, the purposes of TDM are to (1) main-
tain an effective drug blood concentration, (2) confirm 
medication adherence, and (3) avoid adverse effects.21 
For example, TDM is often performed for antibiotics, 
with the aim of achieving prompt therapeutic effects 
over a short term, while avoiding long-term adverse ef-
fects. For antiarrhythmic or antiepileptic drugs, the goal 
is often to manage symptoms and avoid adverse effects. 
TDM is particularly effective for drugs with large inter-
individual variation. In addition to these drugs, oral TKIs 
are known to exhibit significant inter-individual varia-
tion, as exemplified by differences in drug-metabolizing 
enzymes and drug efflux transporters.22–24

Recently, several TKIs have been reported to exhibit 
a relationship between therapeutic efficacy and blood 
concentration.25–27 The lifespan in patients with cancer 
is increasing with the development of novel TKIs. This 
suggests that TDM of TKIs is increasingly important in 
patients with cancer who undergo long-term treatment, 
not only for anticancer effects, but also to avoid adverse 
effects due to either excess blood concentration or of 
blood concentrations dropping due to low medication 
adherence.

6   |   CONCLUSION

This case report highlights the importance of the early de-
tection of decreased medication adherence through regu-
lar cabozantinib TDM. We emphasize that TDM of TKIs 
may be important in identifying low medication adher-
ence, even if there is a lack of evidence for the relation-
ship between anticancer effects and anticancer drug blood 
concentration.

AUTHOR CONTRIBUTIONS
Shinichi Maruyama: Conceptualization; formal analysis; 
investigation; methodology; project administration; valida-
tion; visualization; writing – original draft. Kenji Momo: 

Conceptualization; formal analysis; methodology; project 
administration; validation; visualization; writing – original 
draft. Tadatsugu Anno: Conceptualization; investiga-
tion; methodology; project administration; resources; su-
pervision; writing – review and editing. Masaru Ishida: 
Methodology; project administration; resources; supervi-
sion; writing – review and editing. Hiroshi Kanno: Project 
administration; supervision; writing – review and editing. 
Masaru Kato: Funding acquisition; project administra-
tion; resources; supervision; writing – review and editing.

FUNDING INFORMATION
This work was supported in part by the JSPS KAKENHI 
(M Kato, grant number: 18H02560). We thank the clini-
cal laboratory staff who collected the blood samples at 
Saiseikai Yokohamashi Tobu Hospital. We also thank 
Editage (www.​edita​ge.​jp) for English language editing.

CONFLICT OF INTEREST STATEMENT
The Department of Hospital Pharmaceutics, School of 
Pharmacy, Showa University, received funds from Ono 
for a contract research project in accordance with a col-
laborative research agreement. As potential conflicts of 
interest related to the publication of this study, Hospital 
Pharmaceutics received research grants from Daiichi 
Sankyo, Mochida, Shionogi, Ono, Taiho, Nippon-Kayaku, 
and Bayer. KM received honorariums from Abbvie, Eisai, 
Sawai, and Nippon-Kayaku for his presentations. The 
other authors declare no conflicts of interest associated 
with this manuscript.

DATA AVAILABILITY STATEMENT
All information in this case is included in this published 
article.

ETHICS STATEMENT
This study received ethical approval from The Ethics 
Committee of Saiseikai Yokohamashi Tobu Hospital (No. 
20210229).

CONSENT
We obtained written informed consent for publication 
from the patient.

ORCID
Shinichi Maruyama   https://orcid.
org/0009-0008-1386-8112 
Kenji Momo   https://orcid.org/0000-0001-9856-0097 

REFERENCES
	 1.	 Liu GH, Chen T, Zhang X, Ma XL, Shi HS. Small molecule 

inhibitors targeting the cancers. MedComm. 2020;3(4):e181. 
doi:10.1002/mco2.181

http://www.editage.jp
https://orcid.org/0009-0008-1386-8112
https://orcid.org/0009-0008-1386-8112
https://orcid.org/0009-0008-1386-8112
https://orcid.org/0000-0001-9856-0097
https://orcid.org/0000-0001-9856-0097
https://doi.org//10.1002/mco2.181


      |  5 of 5MARUYAMA et al.

	 2.	 Segal EM, Flood MR, Mancini RS, et al. Oral chemotherapy food 
and drug interactions: a comprehensive review of the literature. J 
Oncol Pract. 2014;10(4):e255-e268. doi:10.1200/JOP.2013.001183

	 3.	 Veerman GDM, Hussaarts KGAM, Jansman FGA, Koolen 
SWL, van Leeuwen RWF, Mathijssen RHJ. Clinical implica-
tions of food-drug interactions with small-molecule kinase 
inhibitors. Lancet Oncol. 2020;21(5):e265-e279. doi:10.1016/
S1470-2045(20)30069-3

	 4.	 van Leeuwen RWF, Jansman FGA, Hunfeld NG, et al. Tyrosine 
kinase inhibitors and proton pump inhibitors: an evaluation 
of treatment options. Clin Pharmacokinet. 2017;56(7):683-688. 
doi:10.1007/s40262-016-0503-3

	 5.	 Hakkola J, Hukkanen J, Turpeinen M, Pelkonen O. 
Inhibition and induction of CYP enzymes in humans: an 
update. Arch Toxicol. 2020;94(11):3671-3722. doi:10.1007/
s00204-020-02936-7

	 6.	 Maruyama S, Kato M, Hiraga T, Ishida M, Kanno H. Quantitative 
determination of plasma cabozantinib concentration using 
HPLC-UV and its application to patients with renal cell car-
cinoma. Biomed Chromatogr. 2023;37(5):e5599. doi:10.1002/
bmc.5599

	 7.	 NCI Common Terminology Criteria for Adverse Events 
(CTCAE) v5.0. November 27, 2017. Accessed May 1, 2024. 
https://​ctep.​cancer.​gov/​proto​colDe​velop​ment/​elect​ronic_​appli​
catio​ns/​ctc.​htm

	 8.	 Eisenhauer EA, Therasse P, Bogaerts J, et  al. New response 
evaluation criteria in solid tumors: revised RECIST guideline 
(version 1.1). Eur J Cancer. 2009;45(2):228-247. doi:10.1016/j.
ejca.2008.10.026

	 9.	 Rini BI, Escudier B, Tomczak P, et al. Comparative effectiveness 
of axitinib versus sorafenib in advanced renal cell carcinoma 
(AXIS): a randomised phase 3 trial. Lancet. 2011;378(9807):1931-
1939. doi:10.1016/S0140-6736(11)61613-9

	10.	 Motzer RJ, Escudier B, Tomczak P, et  al. Axitinib versus 
sorafenib as second-line treatment for advanced renal cell 
carcinoma: overall survival analysis and updated results from 
a randomised phase 3 trial. Lancet Oncol. 2013;14(6):552-562. 
doi:10.1016/S1470-2045(13)70093-7

	11.	 Cerbone L, Combarel D, Geraud A, et al. Association of cabozan-
tinib pharmacokinetics, progression and toxicity in metastatic 
renal cell carcinoma patients: results from a pharmacokinet-
ics/pharmacodynamics study. ESMO Open. 2021;6(6):100312. 
doi:10.1016/j.esmoop.2021.100312

	12.	 Osterberg L, Blaschke T. Adherence to medication. N Engl J 
Med. 2005;353(5):487-497. doi:10.1056/NEJMra050100

	13.	 Ge J, Tan BX, Chen Y, et  al. Interaction of green tea poly-
phenol epigallocatechin-3-gallate with sunitinib: potential 
risk of diminished sunitinib bioavailability. J Mol Med (Berl). 
2011;89(6):595-602. doi:10.1007/s00109-011-0737-3

	14.	 Yin OQ, Gallagher N, Li A, Zhou W, Harrell R, Schran H. 
Effect of grapefruit juice on the pharmacokinetics of nilotinib 
in healthy participants. J Clin Pharmacol. 2010;50(2):188-194. 
doi:10.1177/0091270009336137

	15.	 van Erp NP, Baker SD, Zandvliet AS, et al. Marginal increase 
of sunitinib exposure by grapefruit juice. Cancer Chemother 
Pharmacol. 2011;67(3):695-703. doi:10.1007/s00280-010-1367-0

	16.	 Maher HM, Alzoman NZ, Shehata SM, Abahussain AO. UPLC-
ESI-MS/MS study of the effect of green tea extract on the 
oral bioavailability of erlotinib and lapatinib in rats: potential 

risk of pharmacokinetic interaction. J Chromatogr B Analyt 
Technol Biomed Life Sci. 2017;1049-1050:30-40. doi:10.1016/j.
jchromb.2017.02.029

	17.	 Noda S, Shioya M, Hira D, Fujiyama Y, Morita SY, Terada T. 
Pharmacokinetic interaction between sorafenib and pred-
nisolone in a patient with hepatocellular carcinoma. Cancer 
Chemother Pharmacol. 2013;72(1):269-272. doi:10.1007/
s00280-013-2187-9

	18.	 Stocco G, Londero M, Campanozzi A, et  al. Usefulness of 
the measurement of azathioprine metabolites in the assess-
ment of non-adherence. J Crohns Colitis. 2010;4(5):599-602. 
doi:10.1016/j.crohns.2010.04.003

	19.	 Calcagno A, Pagani N, Ariaudo A, et  al. Therapeutic drug 
monitoring of boosted PIs in HIV-positive patients: undetect-
able plasma concentrations and risk of virological failure. J 
Antimicrob Chemother. 2017;72(6):1741-1744. doi:10.1093/jac/
dkx052

	20.	 Gupta P, Patel P, Štrauch B, et  al. Biochemical screening for 
nonadherence is associated with blood pressure reduction and 
improvement in adherence. Hypertension. 2017;70(5):1042-
1048. doi:10.1161/HYPERTENSIONAHA.117.09631

	21.	 Puisset F, Mseddi M, Mourey L, et al. Therapeutic drug moni-
toring of tyrosine kinase inhibitors in the treatment of advanced 
renal cancer. Cancers (Basel). 2023;15(1):313. doi:10.3390/
cancers15010313

	22.	 Okubo H, Ando H, Takasaki Y, et al. Impact of Cabozantinib 
exposure on proteinuria and muscle toxicity in patients with 
Unresectable hepatocellular carcinoma. Pharmaceuticals 
(Basel). 2022;15(12):1460. doi:10.3390/ph15121460

	23.	 Minami H, Kawada K, Ebi H, et  al. Phase I and phar-
macokinetic study of sorafenib, an oral multiki-
nase inhibitor, in Japanese patients with advanced 
refractory solid tumors. Cancer Sci. 2008;99(7):1492-1498. 
doi:10.1111/j.1349-7006.2008.00837.x

	24.	 Hurwitz HI, Dowlati A, Saini S, et  al. Phase I trial of pazo-
panib in patients with advanced cancer. Clin Cancer Res. 
2009;15(12):4220-4227. doi:10.1158/1078-0432.Ccr-08-2740

	25.	 Faivre S, Delbaldo C, Vera K, et  al. Safety, pharmacokinetic, 
and antitumor activity of SU11248, a novel oral multitarget ty-
rosine kinase inhibitor, in patients with cancer. J Clin Oncol. 
2006;24(1):25-35. doi:10.1200/JCO.2005.02.2194

	26.	 Miura M. Therapeutic drug monitoring of imatinib, nilotinib, 
and dasatinib for patients with chronic myeloid leukemia. Biol 
Pharm Bull. 2015;38(5):645-654. doi:10.1248/bpb.b15-00103

	27.	 Noda S, Yoshida T, Hira D, et al. Exploratory investigation of 
target pazopanib concentration range for patients with renal 
cell carcinoma. Clin Genitourin Cancer. 2019;17(2):e306-e313. 
doi:10.1016/j.clgc.2018.12.001

How to cite this article: Maruyama S, Momo K, 
Anno T, Ishida M, Kanno H, Kato M. The 
significance of therapeutic drug monitoring in 
detecting low medication adherence in patients 
with cancer: A case study of cabozantinib. Clin 
Case Rep. 2024;12:e9462. doi:10.1002/ccr3.9462

https://doi.org//10.1200/JOP.2013.001183
https://doi.org//10.1016/S1470-2045(20)30069-3
https://doi.org//10.1016/S1470-2045(20)30069-3
https://doi.org//10.1007/s40262-016-0503-3
https://doi.org//10.1007/s00204-020-02936-7
https://doi.org//10.1007/s00204-020-02936-7
https://doi.org//10.1002/bmc.5599
https://doi.org//10.1002/bmc.5599
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
https://doi.org//10.1016/j.ejca.2008.10.026
https://doi.org//10.1016/j.ejca.2008.10.026
https://doi.org//10.1016/S0140-6736(11)61613-9
https://doi.org//10.1016/S1470-2045(13)70093-7
https://doi.org//10.1016/j.esmoop.2021.100312
https://doi.org//10.1056/NEJMra050100
https://doi.org//10.1007/s00109-011-0737-3
https://doi.org//10.1177/0091270009336137
https://doi.org//10.1007/s00280-010-1367-0
https://doi.org//10.1016/j.jchromb.2017.02.029
https://doi.org//10.1016/j.jchromb.2017.02.029
https://doi.org//10.1007/s00280-013-2187-9
https://doi.org//10.1007/s00280-013-2187-9
https://doi.org//10.1016/j.crohns.2010.04.003
https://doi.org//10.1093/jac/dkx052
https://doi.org//10.1093/jac/dkx052
https://doi.org//10.1161/HYPERTENSIONAHA.117.09631
https://doi.org//10.3390/cancers15010313
https://doi.org//10.3390/cancers15010313
https://doi.org//10.3390/ph15121460
https://doi.org//10.1111/j.1349-7006.2008.00837.x
https://doi.org//10.1158/1078-0432.Ccr-08-2740
https://doi.org//10.1200/JCO.2005.02.2194
https://doi.org//10.1248/bpb.b15-00103
https://doi.org//10.1016/j.clgc.2018.12.001
https://doi.org/10.1002/ccr3.9462

	The significance of therapeutic drug monitoring in detecting low medication adherence in patients with cancer: A case study of cabozantinib
	Key Clinical Message
	1|INTRODUCTION
	2|CASE HISTORY
	3|METHODS
	4|RESULTS
	5|DISCUSSION
	6|CONCLUSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	CONSENT
	REFERENCES


