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eneric substitution of itraconazole resulting in sub-
herapeutic levels and resistance

Sir,
Itraconazole is a widely used oral antifungal drug for

spergillosis and superficial fungal infection (2004 UK com-
unity expenditure £4.4 million). However, the itraconazole

apsule formulation is well known for its unpredictable
ioavailability, hence the widespread adoption of drug-level
onitoring in vulnerable and non-compliant patients [1].
ariation in PK profiles is due not only to variable bioavail-
bility but also to individual variation of cytochrome P450
ctivity. Extensive drug interactions can occur with itracona-
ole because it is both an inhibitor and substrate of the
YP3A4 enzyme and P-glycoprotein transporter systems [2].
lthough the use of generic drugs is encouraged in order

o minimise health expenditure, here we report that three
atients had significant problems after substitution of the
eneric formulation of itraconazole (Sandoz), including the
evelopment of antifungal resistance (Table 1). None of these
roblems was attributable to drug interactions. All itracona-
ole levels were performed with bioassay with a therapeutic
ange of 5.0–15.0 mg/L. It should be noted that the results
btained with bioassay are 2–10 times higher than the results
btained for HPLC, mainly because microbiological assay
ethods detect an active metabolite in addition to the drug

tself [3] (Table 1).
Patient 1 was a 41-year-old asthmatic man who was diag-
U
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R
R
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osed with allergic bronchopulmonary aspergillosis (ABPA)
n 1997 and became corticosteroid-dependent. Itraconazole
apsules were started in 2001 (200 mg bd). He had a dramatic

able 1
haracteristics of patients switched from SporanoxTM to generic itraconazole (San

ge, sex Diagnosis Summary

1, M ABPA Levels dropped 66%
to SporanoxTM. Le

1, M CCPA Levels decreased 4
returning to brand m

7, F CCPA, MBP deficiency Low (0–4.2 mg/L)
Development of an

, female; M, male; ABPA, allergic bronchopulmonary aspergillosis; CCPA, chron

b

b
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esponse to this with complete cessation of oral steroids.
or 4 years, itraconazole levels remained in the therapeutic
ange. However, 2 months after substitution to generic itra-
onazole the patient noticed an erythematous rash, and his
eak flow deteriorated, suggesting active disease. Itracona-
ole levels fell from 6.9 mg/L to 4.6 mg/L, and the therapy
poranoxTM 400 mg daily was substituted. Two months later

he patient was clinically very well. His last itraconazole level
as 14.7 mg/L.
The second patient was a 51-year-old man who deteri-

rated while on treatment for Mycobacterium malmoense
nfection, when chronic cavitary pulmonary aspergillosis
CCPA) was diagnosed. He was started on 400 mg daily itra-
onazole in October 2004. Substantial clinical improvement
as observed, and itraconazole levels were in the expected

ange. When SporanoxTM was shifted to generic itracona-
ole, levels fell to 3.4 mg/L. Brand medication was restarted,
nd levels of 5.2 mg/L were obtained 3 months later.

Patient 3 was a 47-year-old woman with CCPA and man-
ose binding protein deficiency who was in treatment with
traconazole since 1999, with stable disease (patient 8 in Ref.
4]). In April 2005, her GP substituted generic itraconazole,
t the same dosage. Itraconazole levels were undetectable in
une 2005 and were 4.2 mg/L 5 months later. Raised precip-
tins and IgE levels indicated ongoing active disease. Culture
rom sputum performed in December 2005 revealed A. fumi-
atus resistant to itraconazole (MIC > 8.0 mg/L), whereas
ic substitution of itraconazole resulting in sub-therapeutic levels
cag.2006.11.027

doz)

after switching to generic itraconazole and rose again 69% after reverting
vels had been in the therapeutic range for 4 years with brand medication

4% after changing to generic itraconazole and increased by 53% after
edication

itraconazole levels after substitution with generic itraconazole.
isolate of A. fumigatus resistance to itraconazole (MIC > 8.0 mg/L).

ic cavitary pulmonary aspergillosis; MBP, mannose binding protein.

efore this. 57

Theoretically, a generic pharmaceutical product is the 58

ioequivalent of a brand name (innovator) pharmaceutical.

ional Society of Chemotherapy.
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egistration of a generic requires bioequivalence studies
n humans, and in order to have pharmaceutical equiva-
ence a medicinal product needs to contain the same amount
f the same active substance(s) in the same dosage forms
hat meet the same or comparable standards [5]. To date,

ost bioequivalence studies are designed to evaluate average
ioequivalence, and experience with population and individ-
al bioequivalence is still very limited. These studies are
sually performed on a limited number of healthy individ-
als, which might be problematic for some compounds with
oor bioavailability in particular patient groups. Accord-
ngly, post-marketing surveillance importantly adds to the
nowledge about drugs in current use. Our data suggest
hat more stringent criteria for bioequivalence seem to be
equired for itraconazole. Consideration of the size of the
tudies, the population in which they are conducted and
heir power, particularly for ‘difficult to formulate’ drugs
ith well-recognised limitations in bioavailability such as

traconazole, would be appropriate.
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