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Importance of Therapeutic Drug Monitoring to Detect Drug Interaction
between Pazopanib and Warfarin: A Case Report
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ABSTRACT - Pazopanib is an orally available multi-tyrosine kinase inhibitor and has been used to treat renal
cell carcinoma (RCC). Here, we report the case of a patient with RCC with an increased prothrombin time-
international normalized ratio (PT-INR) due to pazopanib therapy. In addition, we have reported the change
in the blood levels of pazopanib. A 75-year-old man underwent a left nephrectomy for RCC. Four years later,
his cancer recurred and pazopanib therapy was initiated. He was also taking warfarin for atrial fibrillation and
his PT-INR was constant at approximately 2. His warfarin dose was reduced from 3.5 mg/day to 3.0 mg/day
on day 10 because his PT-INR increased from 2.19 to 3.07 compared to that before starting pazopanib. On
day 28, his PT-INR further increased to 4.34, and his aspartate aminotransferase, alanine transaminase, and
alkaline phosphatase levels increased. The target concentration of pazopanib was 20.5 to 50.3 ug/mL, but his
blood concentrations were 92.1 pg/mL on day 6 and 93.7 pg/mL on day 13. Therefore, both pazopanib and
warfarin were discontinued. One week later, his laboratory tests recovered, and hence, warfarin treatment was
resumed. However, pazopanib therapy was terminated due to concerns about liver dysfunction. His hepatic
dysfunction and increased PT-INR were considered to be due to pazopanib treatment. Pazopanib has been
reported to have no effect on the pharmacokinetics of warfarin in clinical patients. In this case, blood levels
of pazopanib were abnormally high, possibly causing liver dysfunction and drug interactions, leading to his
PT-INR prolongation. TDM monitoring, in addition to the recommended monitoring for pazopanib
hepatotoxicity, may help identify patients at risk for drug interactions. For patients receiving concomitant
pazopanib and warfarin, close monitoring of PT-INR is warranted.
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INTRODUCTION
agents (9, 10). The following are reported as drug

Pazopanib is an orally available multi-tyrosine
kinase inhibitor that is used as an anticancer drug for
soft tissue sarcoma and renal cell carcinoma (RCC)
(1, 2). Pazopanib has good anti-tumor effects, but
also has various adverse events such as diarrhea,
hypertension, fatigue, and liver dysfunction. An
especial concern is the hepatic dysfunction caused
by pazopanib which often presents and can be severe
(1, 2), so regular monitoring of liver function test
values is essential. Recently, therapeutic drug
monitoring (TDM) of these oral anticancer drugs is
being used to achieve personalized medicine that
maximizes the therapeutic effects while ensuring
safe treatment (3-5). The
pharmacokinetics/pharmacodynamics (PK/PD) of
pazopanib has been analyzed and TDM of pazopanib
will begin to be explored (6-8).

TDM has been reported to be useful in
discovering drug interactions with oral anticancer

interactions related to pazopanib: proton pump
inhibitor (PPI) that reduce absorption of pazopanib,
and inducers and inhibitors of cytochrome P450
(CYP) 3A4, which is the main metabolic enzyme of
pazopanib (11, 12). On the other hand, pazopanib
has been reported to weakly inhibit CYP3A4 and
CYP2D6, and not to affect CYP1A2, CYP2C9, and
CYP2C19 (13). S-Warfarin, which is responsible for
the main effect in the racemic warfarin, is
metabolized by CYP2C9, but pazopanib is reported
not to affect this enzyme (13).

Herein, we report the case of a patient with RCC
with an increased prothrombin time-international
normalized ratio (PT-INR), an indicator of warfarin
effectiveness, due to pazopanib therapy. In addition,
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by measuring the blood concentration of oral
anticancer drugs for personalized treatment of
cancer patients, we are able to show the changes in
the blood levels of pazopanib in this case.

OBSERVATION

A 75-year-old man underwent a left nephrectomy for
RCC. Four years later, his cancer recurred in right
kidney and pazopanib therapy was initiated. In
addition, the patient was taking warfarin for atrial
fibrillation and has a constant PT-INR of
approximately 2. On admission, treatment was
started with 400 mg pazopanib once-daily on an
empty stomach, but grade 1 leukopenia and
thrombocytopenia in Common Terminology Criteria
for Adverse Events occurred on day 8 after starting
pazopanib therapy. The patient’s warfarin dose was
reduced from 3.5 mg/day to 3.0 mg/day on day 10
because his PT-INR increased from 2.19 to 3.07
compared to that before starting pazopanib (Figure 1
A). After that, treatment of the patient shifted to the
outpatient department. At the outpatient visit on day
28, his PT-INR further increased to 4.34, and his
aspartate  aminotransferase = (AST), alanine
transaminase (ALT), and alkaline phosphatase
(ALP) levels, which are liver function markers,
showed an increase to grade 1 (Figure 1 B, C). In
addition, while the target concentration of pazopanib
was 20.5 to 50.3 pg/mL (6, 8), the patient’s blood
concentrations were 92.1 ug/mL on day 8 and 93.7
pg/mL on day 15(Figure 1 A). Therefore, both
pazopanib and warfarin were discontinued. After
discontinuing pazopanib, his pazopanib blood levels
decreased. One week later, the patient’s laboratory
test values recovered, and his warfarin was resumed.
However, pazopanib therapy was subsequently
terminated due to concerns about liver dysfunction,
and treatment was changed to axitinib, a tyrosine
kinase inhibitor. After switching to axitinib, no
hepatic dysfunction was observed, and there was no
significant change in his PT-INR. Moreover, there
was no change in concomitant medications before
and after pazopanib treatment.

Measurements of the blood concentration of
pazopanib were approved by the Ethics Committee
of Tohoku University Graduate School of Medicine
(No. 2015-1-866). After obtaining the patient's
written informed consent, blood samples were taken
immediately before pazopanib administration. The
samples were measured  using liquid
chromatography-tandem mass spectrometry (14). In
addition to atrial fibrillation, patient history included
hypertension, chronic kidney disease, gastro
esophageal reflux disease, and asthma. His

concomitant medications were warfarin, valsartan,

furosemide, febuxostat,  potassium citrate,
esomeprazole, pranlukast, inhalant (vilanterol
trifenatate, fluticasone furoate), and complex

vitamins. His body weight and body mass index at
the start of pazopanib treatment were 59.5 kg and
20.7 kg/m?, respectively. The results of his
laboratory analyses (mean + standard deviation)
during pazopanib therapy were as follows: total
bilirubin 1.3 + 0.4 mg/dL, ALP 289 + 38 U/L,
gamma-glutamyltransferase (GGTP) 26 + 7 U/L,
AST 38 + 15 U/L, ALT 24 + 10 U/L, serum
creatinine, 1.7 £ 0.1 mg/dL, uric acid, 6.1 + 0.3
mg/dL, albumin, 4.2 + 0.1 g/dL.

DISCUSSION

This is the first case report that pazopanib therapy
increased PT-INR in patients taking warfarin and
followed changes in the blood concentrations of
pazopanib. Based on the administration history of
pazopanib and observed changes in liver function
tests, hepatic dysfunction and increased PT-INR
were, in this case, considered to be due to pazopanib
treatment. The patient’s pazopanib  blood
concentrations showed abnormally high levels, and
these high levels may have been responsible for this
series of adverse events. According to previous
reports, polymorphisms in the uridine diphosphate
glucuronosyltransferase 1A1 (UGT1Al) gene and
the hemochromatosis gene are associated with
pazopanib-induced liver damage (15-18). Since we
did not examine these genes, pazopanib-induced
liver damage may have been associated with gene
polymorphisms in this patient. A typical pazopanib
dose is usually 800 mg once-daily (2), but his
treatment was started at 400 mg once-daily based on
medical history (heart and kidney disease). However,
his pazopanib blood levels were abnormally high
even though the dose was 400 mg. Although inter-
individual variation of pazopanib blood levels is
acknowledged (6, 8, 19, 20), there was no obvious
reason for his abnormally high levels of pazopanib.

Pharmacokinetics of pazopanib is affected by
diet and drug-drug interactions (7, 11, 12, 17, 21).
While dietary intake increases absorption of
pazopanib, pazopanib administration in this patient
was at fasting times (17, 21). Esomeprazole, used as
a PPI, is known to affect absorption of pazopanib
(11, 12, 17), and this patient was taking it. PPI
suppresses acid secretion in the stomach, reduces the
solubility of pazopanib, and reduces its absorption
(11, 12, 17), so the PPI he was taking is not
responsible for his abnormally high blood levels of
pazopanib.
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Figure 1. Changes in blood levels of pazopanib, PT-INR and liver function test, after combined use of pazopanib. ALP:
alkaline phosphatase, ALT: alanine transaminase, AST: aspartate aminotransferase, GGTP: gamma-glutamyltransferase,

PT-INR: prothrombin time-international normalized ratio

Therefore, it was difficult to explain away his
abnormally high levels of pazopanib as the result of
the absorption process. Pazopanib is mainly
metabolized by CYP3A4 and, to a lesser extent, by
CYP1A2 (11, 13, 17). A potent CYP3A4 inhibitor,
such as ketoconazole, increases blood levels of
pazopanib (11). However, the patient was not taking
potent CYP3A4 inhibitor drugs, and was not
consuming grapefruit or its juices, which have
known CYP3 A4 inhibitory action (17). Although the
patient was taking pranlukast, which has an
inhibitory effect on CYP3 A4, no significant effect is
observed at the clinical dose (22). Pazopanib is a
substrate for ATP-binding Cassette Sub-family B
Member 1 (ABCB1) and ATP-binding cassette
super-family G member 2 (ABCG2), two excretion

transporters (17, 23), but none of his concomitant
medications have been reported to act on excretion
transporters and increase pazopanib levels. A recent
report on the effect of genetic polymorphisms on
pazopanib PK found that a CYP3A4 polymorphism
can delay the excretion of pazopanib (24). However,
as stated earlier, no genetic testing was performed.
Thus, the reason for the abnormally high levels of
pazopanib could not be clarified (even through a
consideration of the metabolic process). We
conclude that TDM would be useful for pazopanib
because of the large inter-individual variation.

The observed elevation of PT-INR in this case is
also difficult to explain clearly. A previous in vitro
study showed that pazopanib had no effect on
CYP2C9, a main metabolic enzyme of warfarin;
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thus, pazopanib does not affect the pharmacokinetics
of warfarin in clinical patients (13). Nonetheless,
since the patient’s pazopanib concentrations were
abnormally high, pazopanib may have increased the
blood level of warfarin and enhanced its effects
through some unresolved mechanism. Warfarin is
known to have a high protein binding rate (97-99%).
However, unbound warfarin levels have been
observed to increase due to competition for protein
binding sites with a tyrosine kinase inhibitor,
gefitinib, with a similar high protein binding rate
(99%), leading to the extension of PT-INR (25, 26).
Pazopanib also has a high protein binding rate
(greater than 99%) (27), and the patient’s high
concentrations of pazopanib may have increased free
warfarin and caused PT-INR prolongation.
Moreover, these reports suggest that PT-INR may
have increased due to gefitinib-induced liver
dysfunction (25, 26). Interestingly, our patient also
had liver dysfunction as a result of pazopanib
therapy. The liver dysfunction may reduce the
metabolic capacity of warfarin in the liver and
reduce the production of coagulation factors,
resulting in elevated PT-INR (25, 26). As a final
consideration, vitamin K in the diet is known to
antagonize the action of warfarin (28), so it is
possible that the adverse effects of pazopanib may
have reduced vitamin K intake, resulting in
increased warfarin action. The patient was
complaining of gustatory disorders, and although
there was no apparent reduction in food during
hospitalization, there may have been a reduction in
food consumption during his time as an outpatient.

The levels of pazopanib in the patient’s blood
were high from the beginning and may be indicative
of liver dysfunction and increased PT-INR.
Although some patients with heart disease have been
excluded from trials of pazopanib (2), pazopanib
may also be used in patients receiving anticoagulant
therapy (under similar circumstances to this case). In
such high-risk patients, TDM of pazopanib is
considered particularly useful. In the future, it may
be possible to provide more accurate personalized
therapy through TDM of pazopanib performed
together with a screen for genetic polymorphisms on
genes such as UGT1A1 and CYP.

CONCLUSION

This case shows that a patient with abnormally high
pazopanib levels that was also taking warfarin
experienced an elevated PT-INR. It appears that
patients with high pazopanib levels may be at risk of
drug interactions not previously identified such as
warfarin. It is reasonable to postulate that other drug

interactions could occur in patients with high
pazopanib levels with drugs that are normally
cleared hepatically or are highly protein bound.
TDM monitoring, in addition to the recommended
monitoring for pazopanib hepatotoxicity, may help
identify patients at risk for these types of drug
interactions. For patients receiving concomitant
pazopanib and warfarin, close monitoring of PT-
INR is warranted.
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ABBREVIATIONS

ABCBI:
Member 1
ABCG2: ATP-binding cassette super-family G
member 2

ALP: alkaline phosphatase

ALT: alanine transaminase

AST: aspartate aminotransferase

CYP: cytochrome P450

GGTP: gamma-glutamyltransferase

PK/PD: pharmacokinetics/pharmacodynamics

PPI: Proton pump inhibitor

PT-INR: prothrombin time-international normalized
ratio

RCC: renal cell carcinoma

TDM: therapeutic drug monitoring

UGT: uridine diphosphate glucuronosyltransferase

ATP-binding cassette sub-family B
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