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Abstract

Background: Voriconazole is extensively metabolized by the CYP450 isoenzymes 2C19 and 3A4 and to a lesser extent

by CYP2C9; therefore, any medication that affects this pathway can alter its plasma concentration. Treatment failure can

probably occur if subtherapeutic levels are achieved.

Case description: A 32-year-old woman who suffered from acute lymphoblastic leukemia was admitted and received

treatment with vincristine and dexamethasone. After several days, to control her fever, based on two consecutive positive

serum galactomannan test results, voriconazole as an antifungal agent was added to Aspergillus infection treatment. Through

the first week after voriconazole initiation, its plasma concentrations were subtherapeutic. The most suspicious medication

for interaction was dexamethasone, which can induce CYP450 isoenzymes and reduce plasma concentration.

Conclusion: As a result of the narrow therapeutic window of voriconazole and the relationship between efficacy and

plasma concentration of azoles, therapeutic drug monitoring of voriconazole in patients receiving a high dose of glucocortic-

oids is recommended, in order to achieve optimal response to treatment and toxicity reduction. Further studies regarding

the interaction between voriconazole and dexamethasone to prevent clinically relevant interactions should be considered.
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Introduction

Voriconazole as a triazole antifungal agent is frequently
used for the prevention and treatment of invasive
fungal infections in patients undergoing chemother-
apy.1 The drug is widely metabolized by the CYP450
isoenzymes 2C19 and 3A4 and to a lesser extent by
CYP2C9. Therefore, multiple drugs affecting these
pathways may alter voriconazole plasma concentration
by drug–drug interactions.2 Due to the narrow thera-
peutic window of voriconazole, the maintenance of
plasma concentration in the therapeutic range
(1–5.5mcg/ml) is necessary to prevent treatment failure
and adverse effects.3 Recent studies have demonstrated
that the subtherapeutic plasma concentration of vori-
conazole is associated with treatment failure, hence it is

reasonable to monitor its plasma concentration, espe-
cially when the drug is administered concomitantly with
other drugs which affect its plasma concentration.4,5

Although it has been demonstrated that rifampin, rifa-
butin, phenytoin, carbamazepine, barbiturates,

1Clinical Pharmacy Department, Faculty of Pharmacy, Tehran University

of Medical Sciences, Tehran, Iran
2Research Center for Rational Use of Drugs, Tehran University of

Medical Sciences, Tehran, Iran
3Hematology-Oncology Research Center and Stem Cell Transplantation,

Shariati Hospital, Tehran University of Medical Sciences, Tehran, Iran

Corresponding author:

Morvarid Zarif-Yeganeh, Hematology-Oncology Research Center and

Stem Cell Transplantation, Shariati Hospital, Tehran University of Medical

Sciences, Kargar Shomali Ave, Tehran 14117-13135, Iran.

Email: mzarifyeganeh@yahoo.com

J Oncol Pharm Practice

2019, Vol. 25(5) 1239–1242

! The Author(s) 2018

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/1078155218783248

journals.sagepub.com/home/opp



ritonavir, and efavirenz can markedly reduce the
plasma concentration of voriconazole, there is limited
data regarding voriconazole interactions with dexa-
methasone.5 Due to the wide administration of both
voriconazole and dexamethasone in patients with
acute lymphoblastic leukemia (ALL), it is necessary
to understand the onset and severity of this interaction.
This paper reports one major drug interaction between
intravenous voriconazole and intravenous dexametha-
sone in a patient who suffered from ALL.

Case description

A 32-year-old, 50 kg Iranian woman diagnosed with
ALL was referred to the Hematology-Oncology
Research Center and Stem Cell Transplantation of
Shariati Hospital which is affiliated to the Tehran
University of Medical Sciences, Tehran, Iran, for treat-
ment by chemotherapy. The chemotherapy regimen
consisted of dexamethasone 8mg given intravenously
twice daily and vincristine 2mg intravenously every
seven days. Eleven days after the initiation of the
chemotherapy cycle, the patient developed neutropenic
fever and broad-spectrum antimicrobial therapy with
piperacillin–tazobactam (4.5 g every 6 h) plus vanco-
mycin (1 g every 12 h) was promptly implemented.
Despite treatment with appropriate empiric antibiotic
therapy, the patient remained febrile for four days.
Based on two consecutive positive serum galactoman-
nan test results (galactomannan indexes¼ 0.8 and 1),
voriconazole was started for treatment of probable
Aspergillus infection. Based on practice guideline for
the management of aspergillosis,6 voriconazole
(VFEND�) was administered 6mg/kg (300mg) intra-
venously twice daily for two initial doses, followed by
4mg/kg (200mg) intravenously every 12 h. The trough
plasma concentration of voriconazole was determined
four days after initiating treatment with voriconazole
just before the next dose in a steady state which was
0.5mcg/ml. Voriconazole plasma concentrations were
measured by high performance liquid chromatography
technique using the method described by Khoschsorur
et al.7 The plasma concentration of voriconazole was
drawn two days later to confirm the true low concen-
tration of voriconazole and the level was subtherapeu-
tic again (0.8mcg/ml). All other medications of the
patient were checked to find probable interactions
which can affect the plasma concentration of voricon-
azole. The patient’s drug list is presented in Table 1.
Among drugs which were ordered for our patient, only
dexamethasone had the potential ability to decrease the
plasma concentration of voriconazole. The genotyping
of CYP2C19 polymorphism was performed by Sanger’s
sequencing assay. Polymerase chain reaction was con-
ducted in a thermocycler (Eppendorf, Hamburg,

Germany) using a method published by Al-Jenoobi
et al.8 The patient was an intermediate metabolizer
due to carrying the CYP2C19*1*2 genotype.

As a result of persistent fever despite therapy with
voriconazole, two consecutive low concentrations
of voriconazole and suspicion of other severe concomi-
tant fungal infections (especially refractory candidia-
sis), voriconazole was replaced with liposomal
amphotericin B.

Discussion

Since voriconazole acts as a major substrate of multiple
CYP450 isoenzymes including CYP2C19, CYP2C9, and
CYP3A4, the coadministration of drugs that induce their
activity may affect the plasma concentration of voricon-
azole.2 Recent studies have demonstrated that the low
plasma concentration of voriconazole contributed to
treatment failure; therefore, concomitant drugs with
potential induction interaction must be considered in
medication regimen.4 Dexamethasone as a glucocorticoid
has been widely used in hematologic malignancy and has
the potential to induce isoenzymes CYP3A4 strongly but
CYP2C9 and CYP2C19 moderately;9,10 furthermore, it is
a substrate of CYP3A4.11 The recognition of glucocortic-
oid receptor binding sites in the in vitro study of the
promoter region of the CYP2C19 gene and upregulation
of CYP2C19 in response to dexamethasone indicates
how glucocorticoids can induce CYP2C19.11,12

There are limited data regarding the interaction
between voriconazole and dexamethasone. For the
first time, Dolton et al. in their multicenter retro-
spective study on 201 patients reported that
coadministration with glucocorticoids (prednisolone,
methylprednisolone, or dexamethasone) is associated
with significantly reduced plasma concentration of vori-
conazole. They found that dexamethasone and

Table 1. The patient’s medications list.

Medications Dose

Route of

administration

Vincristine 2 mg weekly IV

Dexamethasone 8 mg BD IV

(MTX, cytarabine,

and hydrocortisone)

Every four days IT

Piperacillin-tazobactam 4.5 g QID IV

Vancomycin 1 g BD IV

Ciprofloxacin 500 mg BD Orally

Voriconazole 200 mg BD IV

Acyclovir 200 mg BD Orally

Pantoprazole 40 mg daily Orally

BD: twice daily; IT: intrathecal; IV: intravenous; MTX: methotrexate; TDS:

three times daily; QID: four times daily.
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methylprednisolone have a greater impact on the
plasma concentration of voriconazole compared with
prednisolone.13 Similarly, Cojutti et al.14 in their retro-
spective study, observed a significant decrease in vori-
conazole plasma concentrations in hematologic
patients cotreated with glucocorticoids (methylpredni-
solone or dexamethasone). Recently, Wallace et al.11

reported multiple subtherapeutic plasma concentra-
tions of voriconazole in one patient with a fungal
brain abscess treated with both voriconazole and dexa-
methasone. They observed a substantial increase in the
plasma concentration of voriconazole when the dexa-
methasone dose was reduced gradually. As in guide-
lines, measurement of voriconazole plasma level
should be done through the first week of treatment,14

we observed two sequential subtherapeutic plasma con-
centrations of voriconazole (lower than 1mcg/ml) in
our patient despite a standard dose of intravenous vori-
conazole. Among the medications prescribed for the
patient, only dexamethasone had the potential to
decrease the plasma concentration of voriconazole.
Conversely, the administration of pantoprazole for
stress ulcer prophylaxis had the potential to inhibit
the metabolism of voriconazole via CYP450 2C19
and 3A4 and increase the plasma level of azole.13

Surprisingly, combination therapy with a high dose of
dexamethasone and pantoprazole resulted in a subther-
apeutic plasma concentration of voriconazole. It has
been demonstrated that the oral route of administra-
tion and higher patient’s weight are other risk factors

associated with decreased voriconazole concentration
which was not presented by the patient.13 Genetic poly-
morphisms in the cytochrome P450 2C19, as a primary
elimination pathway of voriconazole, is another factor
influencing trough plasma concentration. Ultrarapid
metabolizers are at an increased risk of achieving
lower plasma concentration compared with other geno-
types.15 It was found that the patient was an intermedi-
ate metabolizer, therefore the low concentrations of
voriconazole were not attributed to CYP2C19
polymorphism.

Drug Interaction Probability Scale (DIPS) investi-
gates the presumption of drug interaction. The DIPS
scoring system consists of four levels for probability
prediction based on 10 questions, if the total score
was <2: Doubtful, 2–4: Possible, 5–8: Probable, >8:
Highly Probable, so as it has been shown in Table 2,
the case score was 6, indicating that this interaction was
probable.16

As recommended in guidelines, measurement of
voriconazole plasma level should be done through the
first week of treatment.14 Due to less induction effects
of prednisolone than dexamethasone on isoenzymes
CYP3A4, we can also suggest prednisolone as an
option in patients receiving voriconazole.17

Conclusions

Although it appears that the magnitude of interaction
between voriconazole and stronger CYP inducers such

Table 2. Drug Interaction Probability Scale (DIPS).15

Question Yes No

Unknown or

nonapplicable

1. Are there previous credible reports of this interaction in humans? +1 �1 0

2. Is the observed interaction consistent with the known interactive properties

of precipitant drug?

+1 �1 0

3. Is the observed interaction consistent with the known interactive properties

of object drug?

+1 �1 0

4. Is the event consistent with the known or reasonable time course of the

interaction (onset and/or offset)?

+1 �1 0

5. Did the interaction remit upon dechallenge of the precipitant drug with no

change in the object drug?

+1 �2 0

6. Did the interaction reappear when the precipitant drug was readministered

in the presence of continued use of object drug?

+2 �1 0

7. Are there reasonable alternative causes for the event? �1 +1 0

8. Was the object drug detected in the blood or other fluids in concentrations

consistent with the proposed interaction?

+1 0 0

9. Was the drug interaction confirmed by any objective evidence consistent

with the effects on the object drug (other than drug concentrations from

previous question)?

+1 0 0

10. Was the interaction greater when the precipitant drug dose was increased

or less when the precipitant drug dose was decreased?

+1 �1 0
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as rifampin and phenytoin is greater than the extent of
interaction between voriconazole and glucocorticoid,13

therapeutic drug monitoring of voriconazole should be
considered in patients receiving a high dose of gluco-
corticoids, in order to achieve optimal response to
treatment and toxicity reduction.

Due to the narrow therapeutic window of voricon-
azole and the relationship between efficacy and plasma
concentration of azole, further studies are recom-
mended regarding the interaction between voriconazole
and dexamethasone to prevent clinically relevant
interactions.

Acknowledgments

The authors would like to thank all the nurses and the patient
who cooperated in conducting this study.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with

respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) received no financial support for the research,

authorship, and/or publication of this article.

Ethical Approval

All procedures performed in this study involving human par-
ticipant were in accordance with the ethical standards of the

Ethical Committee of Tehran University of Medical Sciences
and the 1975 Helsinki Declaration.

Informed Consent

Informed consent was obtained from a participant who

included in the study.

ORCID iD

Morvarid Zarif-Yeganeh http://orcid.org/0000-0003-2196-
4119

References

1. Mikulska M, Novelli A, Aversa F, et al. Voriconazole in

clinical practice. J Chemother 2012; 24: 311–327.
2. Theuretzbacher U, Ihle F and Derendorf H.

Pharmacokinetic/pharmacodynamic profile of voricon-

azole. Clin Pharmacokinet 2006; 45: 649–663.
3. Guinea J, Escribano P, Marcos-Zambrano LJ, et al.

Therapeutic drug monitoring of voriconazole helps to

decrease the percentage of patients with off-target

trough serum levels. Sabouraudia 2016; 54: 353–360.
4. Jin H, Wang T, Falcione BA, et al. Trough concentration

of voriconazole and its relationship with efficacy

and safety: a systematic review and meta-analysis.

J Antimicrob Chemother 2016; 71: 1772–1785.
5. Sandherr M and Maschmeyer G. Pharmacology and

metabolism of voriconazole and posaconazole in the

treatment of invasive aspergillosis – review of the litera-

ture. Eur J Med Res 2011; 16: 139.
6. Patterson TF, Thompson GR III, Denning DW, et al.

Practice guidelines for the diagnosis and management

of aspergillosis: 2016 update by the Infectious

Diseases Society of America. Clin Infect Dis 2016; 63:

e1–e60.
7. Khoschsorur G, Fruehwirth F and Zelzer S. Isocratic

high-performance liquid chromatographic method with

ultraviolet detection for simultaneous determination of

levels of voriconazole and itraconazole and its hydroxy

metabolite in human serum. Antimicrob Agents

Chemother 2005; 49: 3569–3571.

8. Al-Jenoobi FI, Alkharfy KM, Alghamdi AM, et al.

CYP2C19 genetic polymorphism in Saudi Arabians.

Basic Clin Pharmacol Toxicol 2013; 112: 50–54.

9. Inaba H and Pui C-H. Glucocorticoid use in acute

lymphoblastic leukaemia. Lancet Oncol 2010; 11:

1096–1106.

10. Zanger UM and Schwab M. Cytochrome P450 enzymes

in drug metabolism: regulation of gene expression,

enzyme activities, and impact of genetic variation.

Pharmacol Ther 2013; 138: 103–141.

11. Wallace K, Filipek R, La Hoz R, et al. Subtherapeutic

voriconazole concentrations associated with concomitant

dexamethasone: case report and review of the literature.

J Clin Pharm Ther 2016; 41: 441–443.
12. Chen Y, Ferguson SS, Negishi M, et al. Identification of

constitutive androstane receptor and glucocorticoid

receptor binding sites in the CYP2C19 promoter. Mol

Pharmacol 2003; 64: 316–324.
13. Dolton MJ, Ray JE, Chen SC-A, et al. Multicenter study

of voriconazole pharmacokinetics and therapeutic drug

monitoring. Antimicrob Agents Chemother 2012; 56:

4793–4799.
14. Cojutti P, Candoni A, Forghieri F, et al. Variability of

voriconazole trough levels in haematological patients:

influence of comedications with cytochrome P450

(CYP) inhibitors and/or with CYP inhibitors plus CYP

inducers. Basic Clin Pharmacol Toxicol 2016; 118:

474–479.
15. Owusu Obeng A, Egelund EF, Alsultan A, et al.

CYP2C19 polymorphisms and therapeutic drug monitor-

ing of voriconazole: are we ready for clinical implemen-

tation of pharmacogenomics? Pharmacotherapy 2014; 34:

703–718.

16. Horn JR, Hansten PD and Chan L-N. Proposal for a new

tool to evaluate drug interaction cases. Ann Pharmacother

2007; 41: 674–680.

17. Pichard L, Fabre I, Daujat M, et al. Effect of corticoster-

oids on the expression of cytochromes P450 and on

cyclosporin A oxidase activity in primary cultures

of human hepatocytes. Mol Pharmacol 1992; 41:

1047–1055.

1242 Journal of Oncology Pharmacy Practice 25(5)


