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Itraconazole/HPBCD solution
20 years on the market

The patent on water soluble cyclodextrin (CD) complex of itraconazole was filed by Janssen
Pharmaceutica N.V. (today subsidiary of Johnson & Johnson) with the priority date of
18.03.1992 (Heeres et al. 1992). It took only 5 years to start marketing the CD-solubilized
form of this already approved drug in 1997 (DailyMed, 2017).

Itraconazole is a triazole antifungal agent with a broad spectrum of activity (Fig. 1),
discovered in 1984. It is a racemic mixture of 4 diastereomers (two enantiomeric pairs) each
possessing 3 chiral centers. It is extremely hydrophobic, practically insoluble in water. In
vitro studies have demonstrated that itraconazole inhibits the cytochrome P450-dependent
synthesis of ergosterol, which is a vital component of fungal cell membranes.
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Fig. 1 Chemical formula of itraconazole

The very first paper on cyclodextrin complexation of itraconazole was published in 1988 by
the researchers of State University of Gronningen, the Netherlands (Van Doorne et al,,
1988). Beta-CD was used in this study and the increased solubility resulting in enhanced
antifungal effect against A. niger, S. cerevisiae, T. cutaneum and C. albicans was shown.

Since then 342 further publications have been published according to Scopus (this is the
number of hits for keywords itraconazol AND cyclodextrin). Not less than 86 of these papers
used Sporanox (this is the brand name of HPBCD/itraconazole complex aqueous solution
formulation marketed by Janssen). The authors with the highest number of publications on
the topic are Brewster, M.E. (13), Loftsson, T. (11) and Stevens, D.A. (11).

It was shown that HPBCD as a carrier highly enhanced the plasma concentration of
itraconazole after single dose administration to mice (Hostetler et al., 1992).
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In a murine model of disseminated cryptococcosis, itraconazole at doses of up to
120 mg/kg/day solubilized in PEG were found not to be effective. However, itraconazole at
doses of 30 mg/kg/day solubilized in HPBCD markedly prolonged survival and a relationship
between dose and survival was seen (Hostetler et al., 1993). It was found to be effective in a
rabbit model of invasive aspergillosis (Patterson et al., 1993) and many other fungal
infections. The efficacy was proved for a variety of indications including gastroenteropathy
(Stevens, 1999). The HPBCD-solubilized drug was discovered to be useful in the treatment of
HIV-related candidosis unresponsive to other azole therapy (Cartledge et al., 1994). As the
oral solution showed more consistent absorption characteristics than the capsule formulation,
the solution was developed for approval and the marketing started in 1997.

Now, Sporanox® is available as oral solution, injection for intravenous infusion and as a
capsule. The oral solution contains 10 mg/mL itraconazole and 400 mg/mL hydroxypropyl
betadex (Fig. 2). The injection for intravenous infusion is supplied as a kit containing one
25 mL colorless glass ampule of itraconazole 10 mg/mL sterile, pyrogen-free solution with
hydroxypropyl betadex, one 50 mL bag of 0.9% NaCl solution and one filtered infusion set
(drugs.com, 2017). The capsule does not contain cyclodextrin.

SPORANOX oral solution is indicated for:

+ the treatment of oral and/or oesophageal candidiasis in HIV-positive or
other immunocompromised patients.

« prophylaxis of fungal infections in neutropenic patients (Janssen 2017).

NDC 50458-295-15 150mL

SPORANOX"

(ITRACONAZOLE)

10mg/mL

Each 1mL contains:

10mg of itraconazole in an aqueous solution,
Dosage: For information concerning dosage and
administration of SPORANOX® (itraconazole) oral
solution, please read accompanying Package Insert,
Keep out of reach of children.

Store bottle at or below
25°C (77°F). Do not freeze. 672269

Product of Belgium

Manufactured by: Manufactured for:

Janssen Pharmaceutica NV Janssen Pharmaceuticals, Inc.
Beerse, Belgium Thusville, NJ 08560
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Fig. 2 Label of Sporanox oral solution

The main advantage of HPBCD formulation is the enhanced solubility (Fig. 3), which depends
on the pH: at pH 2 the molar ratio of host:guest is dominantly 2:1 mole/mole, while also
3:1 mole/mole complexes are formed at pH 7 (Peeters et al. 2002). The lower order of
complexation observed at lower pH was related to substructure protonation, which reduced
HPBCD interaction.
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Molecular mechanics studies also indicated 3:1 complex formation for the neutral species,
and revealed the possible interaction sites (in order of binding): triazole > 1,4-diaminophenyl
> 2-butyl = piperazine (Fig. 4).

As the solubility isotherm is of Ap type, the effect of intraluminal dilution was studied on the
behavior and performance of orally administered Sporanox solution to healthy volunteers
with or without a glass of water (Berben et al. 2017). No gastric precipitation was observed
independently of dilution, but after transfer into duodenum precipitation occurred and was
more pronounced in the condition with water. It resulted in 7.6-fold decrease in duodenal
AUC,_;, compared to the condition without water, but, surprisingly, there was no difference

in the plasma concentrations. The permeation (absorption) seemed to counterbalance the
solubility. The results show that in the case of an Ap-type interaction with cyclodextrins, the
trade-off between solubility and permeability may be affected by intraluminal dilution.
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Fig. 3 Solubility of itraconazole in HPBCD solutions in water at room temperature (redrawn
after Brewster et al. 2007)

For the cyclodextrin chemists it is also interesting to know that acetyl and alkylated BCDs
(dimethyl > ethyl > cyanoethyl >carboxyethyl) as well as aminopropyl BCD performed better
in enhancing the solubility of itraconazole than HPBCD, the pharmaceutically accepted CD
derivative (Brewster et al. 2007).

Fig. 4 Scheme of the 3:1 HPBCD/itraconazole complex
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Recently, promising anticancer activity in various cancers has been discovered as a new
indication: Sporanox oral solution showed antiangiogenic and anticancer activities in non-
small cell lung cancer (Aftab et al. 2011). It significantly enhanced the antitumor efficacy of
cisplatin in the model systems. A combination therapy with Sporanox prolonged the survival
of patients with metastatic pancreatic cancer and metastatic biliary tract cancer (Tsubamoto
et al. 2015a and 2015b). Sporanox intravenous infusion was especially successful in phase II
study in men with metastatic nonsquamous non-small cell lung cancer when applied together
with permetrexed (Rudin et al. 2013). Itraconazole (administered as capsules) slightly
delayed the tumor progression in phase II study in men with advanced prostate cancer
(Antonarakis et al. 2013) and reduced the size of pancreatic tumor in a 64-year-old male
patient according to a case study by Lockhart et al. (2016). It was successfully applied also in
infantile hemangiomas (Ran et al. 2014).

Proposed mechanisms of anticancer activity of itraconazole include blocking the cholesterol
release from the late endosome/lysosomes causing hyper-accumulation of cholesterols in the
organelle (so-called Niemann-Pick C phenotype) (Shim and Liu,2014). This leads to the
inhibition of MTOR (mammalian target of rapamycin) activity and vascular endothelial
growth factor (VEGFR2) glycosylation in endothelial cells. Itraconazole is also known to
inhibit Smoothened (SMO) activation in Hedgehog signaling (Carratore et al. 2012). It has
not been discussed in this paper if the vehicle (HPBCD) counteract to the blockade in
cholesterol trafficking. Liu et al. found that while the antifungal effect of the itraconazole
stereocisomers do not differ in a high extent, the antiangiogenic effect measured as lanosterol
14a-demethylase (14DM) inhibitory activity is higher for the cis isomers than for the trans
isomers especially when administered in optically pure form (Liu et al. 2013).

The repositioning of itraconazole as anticancer drug opens new indications for Sporanox and
after 20-year marketing further market growth is expected.
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