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Indication • Invasive aspergillosis
• Candidemia (nonneutropenics) and disseminated candidiasis 

in skin, abdomen, kidney, bladder wall, and wounds
• Serious infections caused by Scedosporium apiospermum and 

Fusarium species including Fusarium solani, in patients 
intolerant of, or refractory to, other therapy

Dosage and 
Administration

Infection IV Loading Dose IV Maintenance Dose

Invasive 
Aspergillosis

4 mg/kg
q12h

Candidemia in
non-neutropenics

and other deep
tissue Candida 

infections

3 4 mg/kg
q12h

Scedosporiosis 
and Fusariosis

6 mg/kg q12h
for the first 24 

hours

4 mg/kg
q12h

1. BACKGROUND

This is a resubmission/Class 1 for a 505(b)(2) New Drug Application (NDA) originially 
submitted on 07/24/2015 for Voriconazole for Injection, 200 mg/vial. The strength, route of 
administration, dosage regimen of the Sponsor’s voriconazole product are identical to those of the 
reference listed drug (RLD), VFEND ® (voriconazole) for Injection (NDA 21267; approved in 
2002). The proposed product differs from VFEND by replacement of sulfobutylether-β-
cyclodextrin (SBECD) with hydroxypropyl-β-cyclodextrin (HPβCD) (1:1, w/w replacement). 

The original submission was granted a tentative approval on 05/24/2016 due to a patent issue 
with one of the listed drugs (i.e., SPORANOX® [Itraconazole] Injection containing HPβCD as 
excipient) upon which this application relies. Clinical Pharmacology labeling 
recommendations were conveyed to the Sponsor for the original submission. 
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2. LABELING RECOMMENDATION
In this resubmission, no new Clinical Pharmacology information was submitted. The Clinical 
Phamacology review team reviewed Section 12.3 of the labeling for the proposed Voriconazole 
for Injection product. The added pharmacokinetic information of HPβCD is supported by the 
SPORANOX labeling. However, we recommend the following additional changes to the 
currently proposed labeling, indicated as underline (additions) and strikethrough (deletions).
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Drug Product Voriconazole  for Injection

OCP Reviewer Zhixia (Grace) Yan, Ph.D.

OCP Team Leader Philip M. Colangelo, Pharm.D., Ph.D.

OCP Division DCP4

OND Division DAIP

Sponsor Xellia Pharmaceuticals ApS

Submission Type 505(b)(2)

Formulation For injection: lyophilized powder for reconstitution, each vial 
containing 200 mg voriconazole and 3200 mg of hydroxypropyl-β-
cyclodextrin (HPβCD)

Indication • Invasive aspergillosis
• Candidemia (nonneutropenics) and disseminated candidiasis 

in skin, abdomen, kidney, bladder wall, and wounds
• Serious infections caused by Scedosporium apiospermum and 

Fusarium species including Fusarium solani, in patients 
intolerant of, or refractory to, other therapy

Dosage and 
Administration

Infection IV Loading Dose IV Maintenance Dose

Invasive 
Aspergillosis

4 mg/kg
q12h

Candidemia in
non-neutropenics

and other deep
tissue Candida 

infections

3 4 mg/kg
q12h

Scedosporiosis 
and Fusariosis

6 mg/kg q12h
for the first 24 

hours

4 mg/kg
q12h

1. BACKGROUND

Xellia Pharmaceuticals submitted a 505(b)(2) New Drug Application (NDA) on 07/24/2015 for 
Voriconazole for Injection, 200 mg/vial. The strength, route of administration, dosage regimen of 
the Sponsor’s voriconazole product are identical to those of the reference listed drug (RLD), 
VFEND ® (voriconazole) for Injection (NDA 21267; approved in 2002). The proposed product 
differs from VFEND by replacement of sulfobutylether-β-cyclodextrin (SBECD) with 
hydroxypropyl-β-cyclodextrin (HPβCD) (1:1, w/w replacement). The comparison of the proposed 
product and the RLD is presented in Table 1.
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4.2 PK Information for HPβCD and SBECD
HPβCD and SBECD have comparable volumes of distribution, renal clearance, and elimination 
half-life (Stella and He, 2008). Following IV administration, both HPβCD and SBECD disappear 
rapidly from the systemic circulation and are excreted unchanged in the urine, with minimal or no 
metabolism. Following intravenous administration, HPβCD has a small volume of distribution in 
humans (Vd = 0.22-0.25 L/kg) and a short half-life (t1/2 = 1.7-1.9 h). SBECD has a similar volume 
of distribution and half-life in humans following intravenous administration (Vd = 0.20 L/kg and 
t1/2 ~1.6 h) (Clinical Pharmacology/Biopharmaceutics Review for NDA 21267; VFEND). Both 
excipients are excreted via glomerular filtration. The plasma clearance of HPβCD and SBECD in 
humans is 1.5 and 1.9 mL/min/kg, respectively. The half-life, clearance and volume of 
distribution are independent of dose and urine levels (Stella and He, 2008). 

4.2.1 A pharmacokinetic study in subjects with renal failure undergoing hemodialysis showed 
that voriconazole is dialyzed with a clearance of 121 mL/min. The intravenous vehicle, HPβCD, 
is hemodialyzed with clearance of 37.5 ± 24 mL/min (MHRA 2015). A 4-hour hemodialysis 
session does not remove a sufficient amount of voriconazole to warrant dose adjustment.

4.2.2 The pharmacokinetic profile of HPβCD in renally impaired patients (mild, moderate and 
severe renal impairment) was established by Janssen following single dose IV administration of 
Sporanox (itraconazole) for Injection (Sporanox® NDA 20966, 1999). Renally impaired subjects 
received an intravenous administration of 200 mg of itraconazole and 8 g of HPβCD. The 
elimination of HPβCD appeared to be prolonged by renal impairment with the slowest rate in 
patients with severe impairment (Table 5).
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Table 5. Mean Pharmacokinetic Parameters for HPβCD in Renally Impaired Patients 
Intravenously Administered 200 mg of Itraconazole and 8 g of HPβCD as a Single Dose of 
Sporanox for Injection conducted by Janssen 
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7 DRUG INTERACTIONS

Table 7: Effect of Other Drugs on Voriconazole Pharmacokinetics
[see Clinical Pharmacology (12.3)]

Drug/Drug Class
(Mechanism of 

Interaction by the 
Drug)

Voriconazole Plasma Exposure
(Cmax and AUCτ after 200 mg 

q12h)

Recommendations for 
Voriconazole Dosage

Adjustment/
Comments

Rifampin* and
Rifabutin*

(CYP450 Induction)
Significantly Reduced Contraindicated

Efavirenz (400 mg 
q24h)†

(CYP450 Induction) Significantly Reduced

Contraindicated

High-dose Ritonavir 
(400 mg q12h)† 

(CYP450 Induction)

Low-dose Ritonavir (100 
mg q12h)† (CYP450 

Induction)

Significantly Reduced

Reduced

Contraindicated

Coadministration of voriconazole and 
low-dose ritonavir (100 mg q12h) 

should be avoided, unless an assessment 
of the benefit/risk to the patient justifies 

Carbamazepine
(CYP450 Induction)

Not Studied In Vivo or In Vitro, but 
Likely to Result in Significant 

Reduction Contraindicated

Long Acting 
Barbiturates (CYP450 

Induction)
Not Studied In Vivo or In Vitro, but 

Likely to Result in Significant 
Reduction Contraindicated

Phenytoin
(CYP450 Induction) Significantly Reduced

Increase voriconazole maintenance dose 
from 4 mg/kg to 5 mg/kg IV q12h  

 
 

St. John's Wort 
(CYP450 inducer; P-gp 

inducer) Significantly Reduced
Contraindicated

Oral Contraceptives† 
containing ethinyl 

estradiol and 
norethindrone 

(CYP2C19 Inhibition)
Increased Monitoring for adverse events and 

toxicity related to voriconazole is 
recommended when coadministered 

with oral contraceptives

15

Reference ID: 3923931

(b) (4)

(b) (4)

(b) 
(4)



Fluconazole (CYP2C9, 
CYP2C19 and CYP3A4

Inhibition) Significantly Increased
Avoid concomitant administration of 

voriconazole and fluconazole. 
Monitoring for adverse events and 

toxicity related to voriconazole is started 
within 24 h after the last dose of 

fluconazole.

Other HIV Protease
Inhibitors

(CYP3A4 Inhibition)

In Vivo Studies Showed No 
Significant Effects of Indinavir on 

Voriconazole Exposure

In Vitro Studies Demonstrated 
Potential for Inhibition of 

Voriconazole Metabolism (Increased 
Plasma Exposure)

No dosage adjustment in the 
voriconazole dosage needed when 

coadministered with indinavir

Frequent monitoring for adverse events 
and toxicity related to voriconazole 

Other NNRTIs‡ 
(CYP3A4 Inhibition or 

CYP450 Induction)

In Vitro Studies Demonstrated 
Potential for Inhibition of 

Voriconazole Metabolism by 
Delavirdine and Other NNRTIs 
(Increased Plasma Exposure)

Frequent monitoring for adverse events 
and toxicity related to voriconazole

Careful assessment of voriconazole 
effectiveness

‡ Non-Nucleoside Reverse Transcriptase Inhibitors

Table 8: Effect of Voriconazole on Pharmacokinetics of Other Drugs [see Clinical 
Pharmacology (12.3)]

Drug/Drug Class
(Mechanism of 
Interaction by 
Voriconazole)

Drug Plasma Exposure
(Cmax and 

AUCτ)

Recommendations for Drug Dosage 
Adjustment/Comments

Sirolimus*
(CYP3A4 Inhibition) Significantly Increased Contraindicated

Rifabutin*
(CYP3A4 Inhibition) Significantly Increased Contraindicated
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Efavirenz (400 mg 
q24h)†

(CYP3A4 Inhibition)
Significantly Increased

Contraindicated 

High-dose Ritonavir 
(400 mg 

q12h)†(CYP3A4
Inhibition)

Low-dose Ritonavir
(100 mg q12h)†

No Significant Effect of 
Voriconazole on Ritonavir 

Cmax or AUCτ

Slight Decrease in
Ritonavir Cmax and AUCτ

Contraindicated because of significant 
reduction of voriconazole Cmax and 

AUCτ

Coadministration of voriconazole and low-dose 
ritonavir (100 mg q12h) should be avoided (due 

to the reduction in voriconazole Cmax and 
AUCτ) unless an assessment of the benefit/risk to 

the patient justifies the use of voriconazole

Astemizole, Cisapride, 
Pimozide, Quinidine 
(CYP3A4 Inhibition)

Vitro, but Drug Plasma 
Exposure Likely to be 

Increased

rare occurrence of torsade de pointes

Ergot Alkaloids
(CYP450 Inhibition)

Not Studied In Vivo or In 
Vitro, but Drug Plasma 
Exposure Likely to be 

Inc eased
Contraindicated

Cyclosporine (CYP3A4 
Inhibition)

AUCτ Significantly 
Increased; No Significant 

Effect on Cmax

When initiating therapy with Voriconazole for 
injection in patients already receiving cyclosporine, 

reduce the cyclosporine dose to one-half of the 
starting dose and follow with frequent monitoring 

of cyclosporine blood levels. Increased
cyclosporine levels have been associated with 

nephrotoxicity. When Voriconazole for injection is 
discontinued, cyclosporine concentrations must be 

frequently monitored and the dose increased as 
necessary.

Methadone (CYP3A4
Inhibition)

Increased

Increased plasma concentrations of methadone 
have been associated with toxicity including QT 
prolongation. Frequent monitoring for adverse 

events and toxicity related to methadone is 
recommended during coadministration. Dose 

reduction of methadone may be needed
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Fentanyl (CYP3A4
Inhibition)

Increased

Reduction in the dose of fentanyl and other long-
acting opiates metabolized by CYP3A4 should be 

considered when coadministered with 
Voriconazole for injection. Extended and frequent 
monitoring for opiate-associated adverse events 

may be necessary [see Drug Interactions (7)]

Alfentanil (CYP3A4
Inhibition)

Significantly Increased

Reduction in the dose of alfentanil and other 
opiates metabolized by CYP3A4 (e.g., sufentanil) 
should be considered when coadministered with 
Voriconazole for injection. A longer period for 

monitoring respiratory and other opiate-associated 
adverse events may be necessary [see Drug 

Interactions (7)].

Oxycodone (CYP3A4
Inhibition)

Significantly Increased

Reduction in the dose of oxycodone and other 
long-acting opiates metabolized by CYP3A4 

should be considered when coadministered with 
Voriconazole for injection. Extended and frequent 
monitoring for opiate-associated adverse events 
may be necessary [see Drug Interactions (7)].

NSAIDs§ including. 
ibuprofen and diclofenac

(CYP2C9 Inhibition)
Increased

Frequent monitoring for adverse events and 
toxicity related to NSAIDs. Dose reduction of 
NSAIDs may be needed [see Drug Interactions 

(7)].

Tacrolimus (CYP3A4 
Inhibition) Significantly Increased

When initiating therapy with Voriconazole for 
injection in patients already receiving tacrolimus, 

reduce the tacrolimus dose to one-third of the 
starting dose and follow with frequent monitoring 
of tacrolimus blood levels. Increased tacrolimus 
levels have been associated with nephrotoxicity. 
When Voriconazole for injection is discontinued, 

tacrolimus concentrations must be frequently 
monitored and the dose increased as necessary.

Phenytoin
(CYP2C9 Inhibition) Significantly Increased

Frequent monitoring of phenytoin plasma 
concentrations and frequent monitoring of adverse 

effects related to phenytoin.
Oral Contraceptives 
containing ethinyl 

estradiol and 
norethindrone (CYP3A4

Inhibition)

Increased Monitoring for adverse events related to oral 
contraceptives is recommended during 

coadministration.
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Warfarin
(CYP2C9 Inhibition)

Prothrombin Time
Significantly Increased

Monitor PT or other suitable anti-coagulation tests. 
Adjustment of warfarin dosage may be needed.

Omeprazole 
(CYP2C19/3A4

Inhibition)
Significantly Increased

When initiating therapy with Voriconazole for 
injection in patients already receiving omeprazole 
doses of 40 mg or greater, reduce the omeprazole 
dose by one-half. The metabolism of other proton 

pump inhibitors that are CYP2C19
substrates may also be inhibited by voriconazole 

and may result in increased plasma concentrations 

Other HIV Protease
Inhibitors

(CYP3A4 Inhibition)

In Vivo Studies Showed 
No Significant Effects on 

Indinavir Exposure

In Vitro Studies 
Demonstrated Potential for 

Voriconazole to Inhibit 
Metabolism

(Increased Plasma
Exposure)

No dosage adjustment for indinavir when 
coadministered with

Voriconazole for injection

Frequent monitoring for adverse events and 
toxicity related to other HIV protease inhibitors

Other NNRTIs¶ 
(CYP3A4 Inhibition)

A Voriconazole-Efavirenz 
Drug Interaction Study 

Demonstrated the Potential 
for Voriconazole to Inhibit 

Metabolism of Other 
NNRTIs

(Increased Plasma
Exposure)

Frequent monitoring for adverse events and 
toxicity related to

NNRTI

Benzodiazepines
(CYP3A4 Inhibition)

In Vitro Studies 
Demonstrated Potential for 

Voriconazole to Inhibit 
Metabolism

(Increased Plasma
Exposure)

Frequent monitoring for adverse events and 
toxicity (i.e., prolonged sedation) related to 

benzodiazepines metabolized by CYP3A4 (e.g., 
midazolam, triazolam, alprazolam). Adjustment of 

benzodiazepine dosage may be needed.

HMG-CoA Reductase 
Inhibitors (Statins) 

(CYP3A4 Inhibition)

In Vitro Studies 
Demonstrated Potential for 

Voriconazole to Inhibit 
Metabolism

(Increased Plasma
Exposure)

Frequent monitoring for adverse events and 
toxicity related to statins. Increased statin 

concentrations in plasma have been associated with 
rhabdomyolysis. Adjustment of the statin dosage 

may be needed.
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two aforementioned cyclodextrin vehicles.  The in vitro information is to support the bio-waiver 
submitted by Xellia in the original 505(b)(2) NDA submission.  
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