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A case of a warfarinized renal cancer
patient monitored for prothrombin time-
international normalized ratio during
methadone introduction
Kaoru Yoshioka1, Katsuya Ohmori1, Soshi Iwasaki3,4*, Kazunobu Takahashi3, Akemi Sato2, Hiromasa Nakata1,
Atsushi Miyamoto1 and Michiaki Yamakage3,4

Abstract

Background: Warfarin, a widely used anticoagulant, interacts with various agents used in palliative care, such as
oxycodone, morphine, acetaminophen, and non-steroidal anti-inflammatory drugs (NSAIDs); however, there are no
reports of its interaction with methadone. We report a case of a patient receiving warfarin when methadone was
introduced for pain control with monitoring of the prothrombin time-international normalized ratio (PT-INR) and
deduced the pharmacological background.

Case presentation: A 60-year-old male was emergently admitted to our university hospital for the sudden onset
of severe back pain. Abdominal CT imaging revealed that the vertebral body of the ninth thoracic vertebra was
occupied by bone metastasis and crushed, which caused his back pain. He received warfarin 3.5 mg/day for atrial
fibrillation and tapentadol 100 mg p.o. daily for pain relief. The prothrombin time-international normalized ratio (PT-INR)
was maintained at >2.2. The patient’s history included diabetes mellitus and hypertension, but his laboratory test was
unremarkable with the exception that his eGFR was 34 ml/min.
Initially, a fentanyl dermal patch was used instead of tapentadol to avoid interactions with warfarin. We started
concomitant administration of oxycodone and 2.4 g/day of acetaminophen while monitoring the PT-INR because
acetaminophen increased the PT-INR to 2.93. A continuous intravenous infusion of oxycodone was introduced, in
increments of the dose, resulting in an increase of the PT-INR to 3.41, which is required to reduce the dose of
warfarin to 1.5 mg. Because of the lack of effective pain relief, methadone was introduced and the dose was
gradually increased. The PT-INR was not changed and the dose of warfarin was not changed. An infusion of
oxycodone and oral methadone was used to allow the patient to walk in his room, and he was later transferred
to the palliative hospital.

Conclusions: In an oral warfarinized patient, methadone seemed to undergo different metabolism than oxycodone.
When warfarin and methadone are used together, we have to consider their interaction by comparing the
competitive inhibition of CYP2C9 to the induction of CYP3A4 by methadone, because CYP3A4 metabolize various
drugs including oxycodone.
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Background
Cancer patients are often affected by complications and
require multiple medications. Warfarin, a widely used anti-
coagulant, interacts with various agents used in palliative
care, such as oxycodone, morphine, acetaminophen, and
non-steroidal anti-inflammatory drugs (NSAIDs) [1]; thus,
an interaction with a concomitant medication is crucially
important. However, there are no reports of the interaction
of warfarin with methadone. We report a case of a patient
receiving warfarin for atrial fibrillation when methadone
was introduced for pain control with monitoring of the
prothrombin time-international normalized ratio (PT-INR)
and deduced the pharmacological background.

Case presentation
During treatment with axitinib, a 60-year-old male was
emergently admitted to our university hospital for the
sudden onset of severe back pain. Two years prior, he
underwent a right nephrectomy with remaining metas-
tasis to bone, lung, small intestine, and bilateral adrenal
glands. He received warfarin 3.5 mg/day for atrial fibril-
lation and tapentadol 100 mg p.o. daily for pain relief.
The PT-INR was maintained at >2.2. His history
included diabetes mellitus and hypertension, but his

laboratory tests were unremarkable with the exception
that his eGFR was 34 ml/min.
He was transferred to the palliative care team for pain

control. Initially, a fentanyl dermal patch was used
instead of tapentadol to avoid interactions with warfarin.
Abdominal CT imaging revealed the vertebral body of
the ninth thoracic vertebra was occupied by bone metas-
tasis and crushed, which caused his back pain.
Decreased renal function prevented the use of

NSAIDs and new oral anticoagulants instead of war-
farin. We started concomitant administration of oxy-
codone and acetaminophen under monitoring of the
PT-INR because acetaminophen increased the PT-INR
to 2.93 (Fig. 1).
On day 15, a continuous intravenous infusion of oxy-

codone was introduced, in increments of the dose,
resulting in the increase of the PT-INR to 3.41, which is
required to reduce the dose of warfarin to 1.5 mg.
Because of a lack of effective pain relief with oxycodone,
acetaminophen, and additional adjuvant analgesics,
methadone was introduced on day 52 and the dose was
gradually increased. The PT-INR was not changed and
the dose of warfarin was not changed. An infusion of
oxycodone (130 mg/day) and oral methadone (45 mg/day)
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Fig. 1 Transition of oral oxycodone equivalent narcotic dose, warfarin dose, and PT-INR. Horizontal axis: number of days elapsed since
hospitalization (days). Figure top: transition of oral oxycodone equivalent narcotic dose. Vertical axis: oral oxycodone equivalent narcotic
dose (mg). Figure bottom: transition of warfarin dose and PT-INR. Vertical axis: warfarin dose (mg) and PT-INR. a The peak of PT-INR after
administration of acetaminophen. b The peak of PT-INR after administration of oxycodone. c The plateau of PT-INR after administration of
methadone. Methadone was not converted to form a ratio with other opioids; the graph was prepared by converting methadone 15 mg
to oral oxycodone 80 mg [13]
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was used to allow the patient to walk in his room, and he
was later transferred to the palliative hospital.

Discussion
Drug interactions can occur in any process of absorption,
distribution, excretion, and metabolism; the latter is the
most frequent [2]. Drug metabolism is classified into the
first and the second phase reactions and the first phase
oxidation by cytochrome P450 (CYP) is particularly
important, and there is a large number of CYP isoforms
with substrate specificity. Fentanyl, oxycodone, and metha-
done used in our case are substrates of CYPs. Although
CYP3A4 and CYP2D6 are primarily responsible for opioid
metabolism, CYP1A2, 2B6, 2C8, 2C9, and 2C19 are also
involved in the metabolism of methadone [3]. Competitive
metabolic inhibition can occur when the concomitantly
administered drugs are metabolized by the same CYP
isoforms [3]. However, the metabolism is complicated
because a drug may inhibit the metabolic activity of CYP
isoforms other than those involved in its own metabolism
as shown by quinidine, a substrate of CYP3A4 that strongly
inhibits CYP2D6 activity [4]. Besides the CYP isoforms
involved in the metabolism of each drug, the drug-drug
interaction should also be examined.
Although acetaminophen and warfarin are metabolized

by different CYP isoforms (CYP2E1 and 2C9, respect-
ively) [5], acetaminophen administered ≥ 2 g/day for ≥3
consecutive days extend PT-INR via an inhibition of the
metabolism of warfarin, which might be result from the
degradation of vitamin K cycle due to depletion of gluta-
thione induced by acetaminophen [5]. Oxycodone is
metabolized to noroxycodone by CYP3A4 and to a lesser
extent, to oxymorphone by CYP2D6. Concomitant use of
CYP3A4 inhibitors results in increased effects of oxycodone
[3]. Hosokawa et al. [6] showed the enhanced anticoagulant
effect of warfarin after co-administration with oxycodone
10 mg in seven of nine patients, although the mechanism is
not known. In this case, the induction of acetaminophen
and oxycodone required a reduction in the dose of
warfarin. On the other hand, we did not need to adjust the
dose of warfarin after introducing and increasing the dose
of methadone.
Methadone has a complex pharmacokinetic profile

marked by substantial interindividual pharmacokinetic
variability and is associated with numerous drug interac-
tions [3]. The clearance of methadone is increased or
decreased by CYP3A4 inducers and inhibitors [7, 8],
which may also be influenced by CYP2B6 inducers and
inhibitors [9], as shown by an increased plasma concentra-
tion of methadone by paroxetine [10]. Because warfarin as
well as methadone is metabolized by CYP2C9, it is not
surprising that methadone extends the effect of warfarin;
however, their interaction caused by competitive inhib-
ition of CYP2C9 is unknown so far [3].

Crettol et al. [11] attempted to associate CYP2B6,
CYP2C9, and CYP2C19 polymorphisms with methadone
plasma levels in 209 patients during methadone main-
tenance but found positive associations for only the
CYP2B6 variants. Methadone is metabolized by various
CYPs; the most important are CYP3A4, CYP2D6, and
CYP2B6. The relative importance of CYP2C9 is low.
Not only is methadone metabolized by CYP3A4, but it

also induces CYP3A4 [12], which can metabolize co-
administered oxycodone. In this case, we partially changed
the opioid from oxycodone to methadone to increase the
concentration of narcotics. Under the condition of this
clinically common case, we could not find any interaction
between warfarin and methadone.

Conclusions
We report a case of methadone introduced to a patient
administered with warfarin that resulted in no change to
the PT-INR during this period. When warfarin and metha-
done are used together, we have to consider their inter-
action by comparing the competitive inhibition of CYP2C9
to the induction of CYP3A4 by methadone, because
CYP3A4 metabolize various drugs including oxycodone.
The pharmacokinetics of methadone varies greatly from
person to person; thus, physical observation and monitor-
ing of PT-INR are necessary for drug co-administration.

Abbreviations
NSAIDs: Non-steroidal anti-inflammatory drugs; PT-INR: Prothrombin time-
international normalized ratio

Acknowledgements
None.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Authors’ contributions
KY and KO helped to draft the article and collect the data. SI and KT were
responsible for data analysis and interpretation. MY was responsible for critical
revision of the article for important intellectual content. AS, HN, and AM designed
and conceptualized the study. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
We have obtained informed consent from the patient to publish this case
report and save the data in electronic records.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Division of Hospital Pharmacy, Sapporo Medical University, South1, West16,
Chuo-ku, Sapporo-city, Hokkaido, Japan. 2Department of Nursing, Sapporo
Medical University, South1, West16, Chuo-ku, Sapporo-city, Hokkaido, Japan.
3Department of Anesthesiology, Sapporo Medical University, South1, West16,
Chuo-ku, Sapporo-city, Hokkaido, Japan. 4Ain Holdings and Nitori Holdings

Yoshioka et al. JA Clinical Reports  (2017) 3:35 Page 3 of 4



Department of Palliative Medicine, Sapporo Medical University, South1,
West16, Chuo-ku, Sapporo-city, Hokkaido, Japan.

Received: 10 February 2017 Accepted: 28 April 2017

References
1. Choi KH, Kim AJ, Son IJ, Kim KH, Kim KB, Ahn H, Lee EB. Risk factors of drug

interaction between warfarin and nonsteroidal anti-inflammatory drugs in
practical setting. J Korean Med Sci. 2010;25:337–41.

2. Palleria C, Di Paolo A, Giofrè C, Caglioti C, Leuzzi G, Siniscalchi A, De Sarro G,
Gallelli L. Pharmacokinetic drug–drug interaction and their implication in
clinical management. J Res Med Sci. 2013;18:601–10.

3. Overholser BR, Foster DR. Opioid pharmacokinetic drug–drug interactions.
Am J Manag Care. 2011;17(11):276–87.

4. Wienkers LC, Heath TG. Predicting in vivo drug interactions from in vitro
drug discovery data. Nat Rev Drug Discov. 2005;4:825–33.

5. Lopes RD, Horowitz JD, Garcia DA, Crowther MA, Hylek EM. Warfarin and
acetaminophen interaction: a summary of the evidence and biologic
plausibility. Blood. 2011;118:6269–73.

6. Hosokawa M, Habu Y, Yano I, Fukatsu S, Kishimoto N, Yokode M, Katsura T.
Effects of oxycodone on the prothrombin time controlled by warfarin in
cancer patients. Iryo Yakugaku. 2012;38:258–64.

7. Lugo RA, Satterfield KL, Kern SE. Pharmacokinetics of methadone. J Pain
Palliat Care Pharmacother. 2005;19:13–24.

8. Ferrari A, Coccia CP, Bertolini A, Sternieri E. Methadone—metabolism,
pharmacokinetics and interactions. Pharmacol Res. 2004;50:551–9.

9. Flockhart DA. Drug interactions: cytochrome P450 drug interaction table.
Indiana University School of Medicine. http://medicine.iupui.edu/clinpharm/
ddis/main-table/. Accessed 1 Mar 2017.

10. Begre S, von BU, Ladewig D, et al. Paroxetine increases steady-state
concentrations of (R)-methadone in CYP2D6 extensive but not poor
metabolizers. J Clin Psychopharmacol. 2002;22:211–5.

11. Crettol S, Déglon JJ, Besson J, Croquette-Krokkar M, Gothuey I, Hämmig R, et al.
Methadone enantiomer plasma levels, CYP2B6, CYP2C19, and CYP2C9
genotypes, and response to treatment. Clin Pharmacol Ther. 2005;78:593–604.

12. Tolson AH, Li H, Eddington ND, Wang H. Methadone induces the
expression of hepatic drug-metabolizing enzymes through the activation of
pregnane X receptor and constitutive androstane receptor. Drug Metab
Dispos. 2009;37:1887–94.

13. Caraceni A, Hanks G, Kaasa S, Bennett MI, et al. Use of opioid analgesics in
the treatment of cancer pain: evidence-based recommendations from the
EAPC. Lancet Oncol. 2012;13:58–68.

Submit your manuscript to a 
journal and benefi t from:

7 Convenient online submission

7 Rigorous peer review

7 Immediate publication on acceptance

7 Open access: articles freely available online

7 High visibility within the fi eld

7 Retaining the copyright to your article

    Submit your next manuscript at 7 springeropen.com

Yoshioka et al. JA Clinical Reports  (2017) 3:35 Page 4 of 4

http://medicine.iupui.edu/clinpharm/ddis/main-table/
http://medicine.iupui.edu/clinpharm/ddis/main-table/

	Abstract
	Background
	Case presentation
	Conclusions

	Background
	Case presentation
	Discussion

	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Authors’ contributions
	Competing interests
	Consent for publication
	Publisher’s Note
	Author details
	References

