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Expert Committee recommendation

The Expert Committee recommended the addition of itraconazole to the EML and the EMLc for treatment of chronic cavitary
pulmonary aspergillosis, histoplasmosis, sporotrichosis, paracoccidioidomycosis, infections caused by Talaromyces marneffei
and chromoblastomycosis, and for prophylaxis of histoplasmosis and infections caused by T. marneffei in AIDS patients. The
Committee did not recommend the inclusion of the indication of acute invasive aspergillosis for itraconazole, noting that
voriconazole is the current treatment of choice. The Committee recommended that, with the addition of new azoles
(itraconazole and voriconazole) to the Model Lists, the square box should be removed from the current listing for fluconazole.

Background

Itraconazole was considered for inclusion on the EML and EMLc by the Expert Committee in 2015 and was not recommended.
The Committee considered that itraconazole could be interpreted to be an eligible alternative agent within the existing square
box listing of fluconazole. The Expert Committee accepted the role of itraconazole in the treatment of a wide range of fungal
infections, including some for which fluconazole is ineffective, such as aspergillosis. The Committee noted that itraconazole
demonstrated similar efficacy to fluconazole for many indications but is inferior to other antifungal agents in other settings (e.qg.
induction and maintenance therapy for cryptococcal meningitis). Further, the Committee noted that the capsule and oral
solution formulations were not interchangeable and dosing recommendations differed in relation to food. The Committee also
noted the large number of significant drug-drug interactions associated with itraconazole and the use of therapeutic drug

monitoring for those with life-threatening infections (1).
Public health relevance

Chronic pulmonary aspergillosis (CPA) is estimated to affect more than 3 million people worldwide, of whom approximately 1.2
million have had tuberculosis (2). Following pulmonary tuberculosis, 25--33% of patients are left with residual cavitation in the
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lung and, of these, 10-35% develop CPA. Five-year survival without antifungal treatment is approximately 20% (3, 4). It is
estimated that more than 200 000 people develop acute invasive aspergillosis annually (5). The disease is common in people
with acute leukaemia, those who have haematopoietic stem cell transplantation (HSCT) and other transplant recipients (6).
Less commonly, invasive aspergillosis occurs in people receiving corticosteroids for many reasons including chronic obstructive
pulmonary disease (>1.2% of admissions to hospital), lung cancer and autoimmune disorders (such as systemic lupus
erythematosus) (7). Other significant risk factors include medical intensive care, liver failure and severe burns (8). However, as
some of these conditions are more prevalent than haematological cancer and transplantations, the number of individuals with
invasive aspergillosis may be higher than estimated. Mortality without antifungal treatment is 100%. Disseminated
histoplasmosis is the most common opportunistic infection of newly presenting AIDS patients in parts of Latin America and is a
fatal infection if untreated (9). Other at-risk groups include those at the extremes of age and the immunosuppressed. Chronic
cavitary histoplasmosis is a rare complication of histoplasmosis for which patients with chronic obstructive pulmonary disease
are at risk (10). Sporotrichosis has been reported worldwide but most cases occur in central and south America and China (11,
12) with rates of 1 case per 1000 in hyperendemic rural areas. The infecting fungus, Sporothrix schenckii, usually enters the
body by traumatic implantation. Disease may become disseminated in patients with AIDS. Paracoccidioidomycosis is endemic
to Latin America; there are estimated to be fewer than 10 000 cases worldwide annually (13). Risk of more severe infection is
associated with AIDS and smoking. There is a high rate of coinfection with tuberculosis (11, 14). Systemic mycoses due to T.
marneffei infection in patients with AIDS present all over the world. It has been estimated that approximately 10% of AIDS
patients in China, Hong Kong Special Administrative Region, and around 30% of AIDS patients in northern Thailand are affected
(15). The infection is known to affect other immunocompromised patients and is potentially fatal if untreated (16).
Chromoblastomycosis is characterized by proliferating, chronic, disfiguring skin lesions. The highest prevalence of the disease is
in tropical and subtropical climates. Incidence rates up to 14/100 000 have been reported.

The application presented the outcomes of various prospective studies of itraconazole by indication (refer to Tables 3 to 9 of
the application). Chronic pulmonary aspergillosis (17-19) A small randomized controlled trial (RCT) compared itraconazole with
supportive therapy in 31 patients with chronic cavitary pulmonary aspergillosis (18). Response to therapy was assessed
clinically, radiologically and overall following 6 months of therapy. Overall response was 76.5% in the itraconazole group versus
35.7% in the standard care group. The difference was statistically significant (P = 0.02). The percentage of patients showing
clinical and radiological response were also higher in the itraconazole group. Acute invasive aspergillosis (20, 21) A multicentre
prospective, uncontrolled study investigated oral itraconazole in 76 evaluable patients with various underlying conditions (21).
Response was assessed on the basis of clinical and radiological criteria and categorized as complete, partial or stable.
Treatment duration varied from 0.3 to 97 weeks. At the end of treatment, complete/partial or stable responses were observed
in 39% and 4% of patients, respectively. Therapy was discontinued in 26% of patients because of clinical worsening or death
due to aspergillosis; 30% of patients withdrew for other reasons (toxicity, death from other causes). Itraconazole failure rates
varied widely according to site of disease and underlying disease group and were as high as 44% in AIDS patients.
Histoplasmosis Two studies evaluated itraconazole for treatment of histoplasmosis (22, 23). Treatment success was observed in
over 80% of patients in both studies. In an RCT of itraconazole versus placebo for prophylaxis, histoplasmosis developed in
2.7% of patients in the itraconazole group versus 6.8% of patients given placebo (P = 0.03) (24). In general, 19.5% of patients
in the itraconazole group developed a fungal opportunistic infection compared with 28.8% in the placebo group (P = 0.004).
Prophylaxis significantly reduced the incidence of histoplasmosis (P = 0.02; log-rank test) and all invasive fungal infections (P =
0.0009; log-rank test) in patients with CD4 counts <100/mm3. Sporotrichosis Three prospective, uncontrolled multi-centre
studies evaluated itraconazole in patients with cutaneous, systemic and lymphangitic sporotrichosis (25-27). High or complete
response to itraconazole was reported in all three studies. Paracoccidioidomycosis A retrospective cohort study compared
itraconazole with sulfamethoxazole + trimethoprim (SMX-TMP) in 200 patients with mild or moderate paracoccidioidomycosis
(28). There was a higher incidence of response with itraconazole than with SMX-TMP, with cure rates of 86.4% and 51.3%,
respectively. In addition, the median treatment period for itraconazole was significantly shorter than for SMX-TMP: 12 months
and 23 months, respectively. A Cox proportional hazard regression model showed that use of itraconazole increased the hazard
of cure compared with the use of the SMX-TMP. Mycoses caused by T. marneffei In a prospective, uncontrolled trial in 74 HIV-
infected patients with disseminated T. marneffei infection, treatment with IV amphotericin B for 2 weeks, followed by 10 weeks
of oral itraconazole was associated with a 97.3% response to treatment (29). Itraconazole for primary prophylaxis was
compared with placebo in an RCT of 129 patients infected with HIV (30). Results from the intent-to-treat analysis showed
development of systemic fungal infection (T. marneffei) in 1.6% of the itraconazole group and in 16.7% receiving placebo
(cryptococcal meningitis (n = 7), T. marneffei (n = 4); P = 0.003)). Chromoblastomycosis Two prospective, uncontrolled studies
evaluated the effectiveness of itraconazole in a small number of patients with chromoblastomycosis infection due to Fonsecaea
pedrosoi (31, 32). At a dose of 200-400 mg/day itraconazole, 42% of patients with mild to moderate disease achieved a clinical



and biological cure after a mean therapy duration of 7.2 months (3.2-29.6 months). Clinical improvement was observed in 21%
of patients with severe lesions after a mean 17.6 months of treatment (10.7-22.5 months). In total, 12 (63%) of 19 patients
benefited from itraconazole treatment (31). In a small study of 10 patients given 100-200 mg/day itraconazole, 90% of patients
showed benefit (cure, major improvement or minor improvement) after 12 months of treatment (32). Itraconazole is included as
a recommended (or alternative) treatment for the proposed infections in international guidelines (33-36).

Harms

Known adverse events associated with itraconazole include gastrointestinal effects, hepatic dysfunction, QT-interval
prolongation, rash, metabolic disturbances and cardiovascular events including hypotension, congestive cardiac failure and
peripheral oedema. Dose adjustment may be necessary in the presence of renal impairment, and patients with hepatic
impairment or taking other hepatotoxic medicines require careful monitoring (37). Itraconazole is associated with a number of
drug-drug interactions occurring via several different mechanisms: medicines that inhibit gastric acid secretion, such as
antacids, proton-pump inhibitors and H2-antagonists, all reduce absorption of itraconazole capsules. Itraconazole metabolism is
accelerated by concomitant administration of rifampicin, phenytoin and carbamazepine, which may mean that therapeutic
serum concentrations cannot be achieved (38). In addition, many clinically significant interactions relate to the suppression of
CYP3A4 (cytochrome P450 3A4) activity by itraconazole, which leads to higher exposures to agents that are metabolized via
this route. Itraconazole also prolongs the action of midazolam, digoxin, ciclosporin, tacrolimus, sirolimus, statins and warfarin

(39-42). There are also clinically important interactions between itraconazole and many antiretroviral medicines.

Additional evidence

Differences in bioavailability between itraconazole capsules and oral liquid are considerable and the two formulations are not
interchangeable. Itraconazole oral liquid has better oral bioavailability than itraconazole capsules and produces approximately
30% higher systemic drug exposure (43). Oral bioavailability of itraconazole capsules is affected by the presence of food, which
is not the case with itraconazole oral liquid.

Cost / cost effectiveness

The mean daily treatment cost for 400 mg itraconazole was estimated at US$ 6.73. Costs were estimated in the application to
range from less than US$ 0.01 in Sri Lanka and Zambia to US$ 102 in Sweden.

WHO guidelines

N/A

Availability

Widely available, including generics.

Other considerations

The Expert Committee considered that therapeutic drug monitoring (TDM), where available, may help inform management

considerations, especially with regard to preventing underdosing. In severe infections, however, the Committee felt that the
clinical benefits of unmonitored therapy would often outweigh the benefits of additional TDM and thus considered that core
listing (as opposed to complementary listing) was appropriate.

1. The selection and use of essential medicines. Report of the WHO Expert Committee, 2015 (including the 19th WHO Model Li
st of Essential Medicines and the 5th WHO Model List of Essential Medicines for Children). Geneva: World Health Organization; 20
15 (WHO Technical Report Series, No. 994).

2. Denning DW, Park S, Lass-Florl C, Fraczek MG, Kirwan M, Gore R et al. High-frequency triazole resistance found In noncultur

able Aspergillus fumigatus from lungs of patients with chronic fungal disease. Clin Infect Dis. 2011;52(9):1123-9.

3. Ohba H, Miwa S, Shirai M, Kanai M, Eifuku T, Suda T et al. Clinical characteristics and prognosis of chronic pulmonary asperg
illosis. Respir Med. 2012;106(5):724-9.

4. Nam HS, Jeon K, Um SW, Suh GY, Chung MP, Kim H et al. Clinical characteristics and treatment outcomes of chronic necrotiz
ing pulmonary aspergillosis: a review of 43 cases. Int ] Infect Dis. 2010;14(6):e479-82.

5. Brown GD, Denning DW, Gow NA, Levitz SM, Netea MG, White TC. Hidden killers: human fungal infections. Sci Transl Med. 2

012;4(165):165rv13.

6. Garcia-Vidal C, Upton A, Kirby KA, Marr KA. Epidemiology of invasive mold infections in allogeneic stem cell transplant recipi
ents: biological risk factors for infection according to time after transplantation. Clin Infect Dis. 2008;47(8):1041-50.

7. Guinea ], Torres-Narbona M, Gijon P, Munoz P, Pozo F, Pelaez T et al. Pulmonary aspergillosis in patients with chronic obstruc
tive pulmonary disease: incidence, risk factors, and outcome. Clin Microbiol Infect. 2010;16(7):870-7.

8. Denning DW. Invasive aspergillosis. Clin Infect Dis. 1998;26(4):781-803.

9. Cano MV, Hajjeh RA. The epidemiology of histoplasmosis: a review. Semin Respir Infect. 2001;16(2):109-18.



10. Wheat LJ, Conces D, Allen SD, Blue-Hnidy D, Loyd J. Pulmonary histoplasmosis syndromes: recognition, diagnosis, and mana
gement. Semin Respir Crit Care Med. 2004;25(2):129-44.

11. Colombo AL, Tobon A, Restrepo A, Queiroz-Telles F, Nucci M. Epidemiology of endemic systemic fungal infections in Latin A
merica. Med Mycol. 2011;49(8):785-98.

12. Slavin MA, Chakrabarti A. Opportunistic fungal infections in the Asia-Pacific region. Med Mycol. 2012;50(1):18-25.

13. Marques SA. Paracoccidioidomycosis: epidemiological, clinical, diagnostic and treatment up-dating. An Bras Dermatol. 2013;
88(5):700-11.

14. Queiroz-Telles F, Nucci M, Colombo AL, Tobon A, Restrepo A. Mycoses of implantation in Latin America: an overview of epide
miology, clinical manifestations, diagnosis and treatment. Med Mycol. 2011;49(3):225-36.

15. Clezy K, Sirisanthana T, Sirisanthana V, Brew B, Cooper DA. Late manifestations of HIV in Asia and the Pacific. AIDS. 1994;8
Suppl 2:535-43.

16. Armstrong-James D, Meintjes G, Brown GD. A neglected epidemic: fungal infections in HIV/AIDS. Trends Microbiol. 2014;22(3
):120-7.

17. Dupont B. Itraconazole therapy in aspergillosis: study in 49 patients. ] Am Acad Dermatol. 1990;23(3 Pt 2):607-14.

18. Agarwal R, Vishwanath G, Aggarwal AN, Garg M, Gupta D, Chakrabarti A. Itraconazole in chronic cavitary pulmonary aspergil
losis: a randomised controlled trial and systematic review of literature. Mycoses. 2013;56(5):559-70.

19. Yoshida K, Kurashima A, Kamei K, Oritsu M, Ando T, Yamamoto T et al. Efficacy and safety of short- and long-term treatment
of itraconazole on chronic necrotizing pulmonary aspergillosis in multicenter study. ] Infect Chemother. 2012;18(3):378-85.

20. Stevens DA, Lee JY. Analysis of compassionate use itraconazole therapy for invasive aspergillosis by the NIAID Mycoses Stud
y Group criteria. Arch Intern Med. 1997;157(16):1857-62.

21. Denning DW, Lee )Y, Hostetler JS, Pappas P, Kauffman CA, Dewsnup DH et al. NIAID Mycoses Study Group multicenter trial of
oral itraconazole therapy for invasive aspergillosis. Am | Med. 1994;97(2):135-44.

22. Wheat J, Hafner R, Korzun AH, Limjoco MT, Spencer P, Larsen RA et al. Itraconazole treatment of disseminated histoplasmosi
s in patients with the acquired immunodeficiency syndrome. AIDS Clinical Trial Group. Am | Med. 1995;98(4):336-42.

23. Dismukes WE, Bradsher RW, Cloud GC, Kauffman CA, Chapman SW, George RB et al. Itraconazole therapy for blastomycosis
and histoplasmosis. NIAID Mycoses Study Group. Am | Med. 1992;93(5):489-97.

24. McKinsey DS, Wheat LJ, Cloud GA, Pierce M, Black JR, Bamberger DM et al. Itraconazole prophylaxis for fungal infections in p
atients with advanced human immunodeficiency virus infection: randomized, placebo-controlled, double-blind study. National Ins
titute of Allergy and Infectious Diseases Mycoses Study Group. Clin Infect Dis. 1999;28(5):1049-56.

25. Sharkey-Mathis PK, Kauffman CA, Graybill JR, Stevens DA, Hostetler JS, Cloud G et al. Treatment of sporotrichosis with itraco
nazole. NIAID Mycoses Study Group. Am | Med. 1993;95(3):279-85.

26. Restrepo A, Robledo J, Gomez |, Tabares AM, Gutierrez R. Itraconazole therapy in lymphangitic and cutaneous sporotrichosis
. Arch Dermatol. 1986;122(4):413-7.

27. Conti Diaz IA, Civila E, Gezuele E, Lowinger M, Calegari L, Sanabria D et al. Treatment of human cutaneous sporotrichosis wi
th itraconazole. Mycoses. 1992;35(5-6):153-6.

28. Borges SR, Silva GM, Chambela Mda C, Oliveira Rde V, Costa RL, Wanke B et al. Itraconazole vs. trimethoprim-sulfamethoxa
zole: a comparative cohort study of 200 patients with paracoccidioidomycosis. Med Mycol. 2014;52(3):303-10.

29. Sirisanthana T, Supparatpinyo K, Perriens J, Nelson KE. Amphotericin B and itraconazole for treatment of disseminated Penic
illium marneffei infection in human immunodeficiency virus-infected patients. Clin Infect Dis. 1998;26(5):1107-10.

30. Chariyalertsak S, Supparatpinyo K, Sirisanthana T, Nelson KE. A controlled trial of itraconazole as primary prophylaxis for sy
stemic fungal infections in patients with advanced human immunodeficiency virus infection in Thailand. Clin Infect Dis. 2002;34(
2):277-84.

31. Queiroz-Telles F, Purim KS, Fillus JN, Bordignon GF, Lameira RP, Van Cutsem ] et al. Itraconazole in the treatment of chromo
blastomycosis due to Fonsecaea pedrosoi. Int ] Dermatol. 1992;31(11):805-12.

32. Restrepo A, Gonzalez A, Gomez |, Arango M, de Bedout C. Treatment of chromoblastomycosis with itraconazole. Ann NY Aca
d Sci. 1988;544:504-16.

33. Patterson TF, Thompson GR, 3rd, Denning DW, Fishman JA, Hadley S, Herbrecht R 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(4):e1-60.
34. WheatJ, Sarosi G, McKinsey D, Hamill R, Bradsher R, Johnson P et al. Practice guidelines for the management of patients wit
h histoplasmosis. Infectious Diseases Society of America. Clin Infect Dis. 2000;30(4):688-95.

35. Kauffman CA, Hajjeh R, Chapman SW. Practice guidelines for the management of patients with sporotrichosis. For the Mycos
es Study Group. Infectious Diseases Society of America. Clin Infect Dis. 2000;30(4):684-7.

36. Panel on Opportunistic Infections in HIV-Infected Adults and Adolescents. Guidelines for the prevention and treatment of op
portunistic infections in HIV-infected adults and adolescents: recommendations from the Centers for Disease Control and Prevent
ion, the National Institutes of Health, and the HIV Medicine Association of the Infectious Diseases Society of America (https://aids
info.nih.gov/contentfiles/lvguidelines/adult_oi.pdf, accessed 7 March 2017).

37. Itraconazole: FDA professional drug information [website]. Auckland: Drugsite Trust (http://www.drugs.com/pro/itraconazole
.html, accessed 7 March 2017).

38. Tucker RM, Denning DW, Hanson LH, Rinaldi MG, Graybill JR, Sharkey PK et al. Interaction of azoles with rifampin, phenytoin,
and carbamazepine: in vitro and clinical observations. Clin Infect Dis. 1992;14(1):165-74.

39. Dannaoui E, Schwarz P, Lortholary O. In vitro interactions between antifungals and immunosuppressive drugs against zygo
mycetes. Antimicrob Agents Chemother. 2009;53(8):3549-51.

40. Dong]), Yu X, Wang L, Sun YB, Chen X], Wang GJ. Effects of cyclosporin A and itraconazole on the pharmacokinetics of atorva
statin in rats. Acta Pharmacol Sin. 2008;29(10):1247-52.

41. Jalava KM, Partanen J, Neuvonen PJ. Itraconazole decreases renal clearance of digoxin. Ther Drug Monit. 1997;19(6):609-13.
42. Yuan R, Flockhart DA, Balian JD. Pharmacokinetic and pharmacodynamic consequences of metabolism-based drug interactio
ns with alprazolam, midazolam, and triazolam. J Clin Pharmacol. 1999;39(11):1109-25.

43. Barone JA, Moskovitz BL, Guarnieri J, Hassell AE, Colaizzi JL, Bierman RH et al. Enhanced bioavailability of itraconazole in hyd
roxypropyl-beta-cyclodextrin solution versus capsules in healthy volunteers. Antimicrob Agents Chemother. 1998;42(7):1862-5.

R



