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Adrenal Response to Corticotropin during Therapy with Itraconazole
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Itraconazole is a triazole with a mechanism of action similar to that of ketoconazole. Endocrine side effects
of ketoconazole, including impaired cortisol synthesis, have been well documented (A. Pont, J. R. Graybill,
P. C. Craven, J. N. Galgiani, W. E. Dismukes, R. E. Reitz, and D. A. Stevens, Arch. Intern. Med.
144:2150-2153, 1984). We examined the adrenal response to corticotropin in 10 patients being treated with
itraconazole. No impairment of cortisol synthesis could be demonstrated.

Itraconazole (R 51,211) is a broad-spectrum oral antifungal
agent currently undergoing clinical trials in both derma-
tophyte infections and the systemic mycoses. This com-
pound shares structural similarities with the imidazole deriv-
ative ketoconazole (5). Furthermore, the drugs are believed
to have similar mechanisms of action (19).

Ketoconazole was first recognized to have endocrine side
effects when some patients receiving the drug developed
gynecomastia (3). Further studies demonstrated interference
of ketoconazole with androgen (6, 12, 14, 15), estrogen (10,
20), and glucocorticoid synthesis (9, 13). Studies of steroido-
genesis in cultured mouse adrenal cortex tumor cells indicate
that ketoconazole directly inhibits 1-hydroxylase activity
(7). There are only a few reports in which clinically signifi-
cant hypoadrenalism has been attributed to ketoconazole
therapy (17, 18, 21). The similarities between itraconazole
and ketoconazole prompted us to study the adrenal response
to corticotropin in patients receiving itraconazole therapy
for a variety of mycotic infections.
Of 10 patients referred for therapy of documented mycotic

infections, 6 had coccidioidomycosis and 1 each had
mucocutaneous candidiasis, aspergilloma, cutaneous
sporotrichosis, and pulmonary cryptococcosis. A brief clin-
ical outline of the patients studied is presented in Table 1.

Several patients had received prior antifungal therapy, and
five (patients no. 1, 2, 4, 6, and 7) had been treated with
ketoconazole. None of the patients received concomitant
antifungal agents during itraconazole therapy.
Three additional patients (one each with aspergilloma,

pulmonary coccidioidomycosis, and disseminated coccidioi-
domycosis) who completed baseline adrenal testing before
itraconazole therapy did not consent to follow-up corticotro-
pin studies.
The 1-h corticotropin stimulation tests were performed as

previously described (1). The 8-h tests were conducted with
a continuous 8-h infusion of corticotropin (cosyntropin; 400
p.g in 500 ml of 5% glucose in water). Patients receiving
either 100 or 200 mg of itraconazole per day took a single
daily dose with breakfast, whereas those receiving 400
mg/day took a divided dose of 200 mg twice daily with meals.
We performed 8-h corticotropin tests from 8 a.m. to 4 p.m.
in three patients (no. 2, 3, and 10) and from 4 p.m. to
midnight in two patients (no. 1 and 5). Measurements of
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cortisol in serum were made just before and 0.5, 1, 2, 4, and
8 h after the infusion was started. Cortisol measurements in
serum were made by radioimmunoassay (Becton-Dickinson
and Co.; ARIA-HT).

Patients were evaluated clinically at intervals of 1 or 2
months. Interviews included questioning regarding endo-
crine dysfunction, and physical examinations were per-
formed with particular attention to progress of the fungal
disease in addition to weight loss, hyperpigmentation, hypo-
tension, and gynecomastia. Laboratory studies included
electrolyte levels in serum, renal and hepatic functions,
complete blood counts, and leukocyte differential counts.
Concentrations of itraconazole in serum were measured by
high-pressure liquid chromatography (Janssen, Beerse, Bel-
gium) 1, 2, 4, 8, 12, 16, and 24 h after the morning dose.

Since enrollment in the study, the 10 patients (Table 1)
were followed up for a mean of 11.4 months, with a range of
6 to 20 months. None demonstrated clinical or laboratory
(hyponatremia, hyperkalemia, or eosinophilia) evidence of
endocrine dysfunction.
The adrenal response to corticotropin in the control group

(preitraconazole therapy) was assessed with the 1-h test in
four patients and with the 8-h test in five patients before
itraconazole treatment started. The results of the 1-h tests
were normal as defined by a doubling of the cortisol level in
serum or a rise to a level above 20 ,g/dl. We are not aware
of published data for the normal range of responses to 8-h
corticotropin studies; however, marked rises in cortisol
levels in serum were apparent in all instances, and the mean
(±2 standard deviations) for the five pretreatment control
studies defined our normal range.
The adrenal response to corticotropin of patients receiving

itraconazole (100 mg/day) was measured with the 8-h test
(patients no. 2, 4, 6, and 7) and the 1-h test (patient no. 8).
The results were normal, not differing significantly from
those of the control group. Patients treated with 200 mg of
itraconazole per day had normal results when tested with the
8-h (patients no. 1 and 9) and 1-h (patient no. 7) corticotropin
stimulation tests. Five patients (patient no. 1, 2, 3, 5, and 10)
treated with 400 mg of itraconazole per day had 8-h cortico-
tropin testing. All of these results were normal (Fig. 1) and
did not differ significantly from those of the control group.

Itraconazole determinations in serum were available for 8
of the 10 patients. These measurements were not made on
the same day as the corticotropin studies. For patients taking
400 mg of itraconazole per day, the range of peak concen-
trations was 2.25 to 2.42 ,ug/dl, and the range of concentra-
tions 24 h after the dose was 1.75 to 2.42 ,ug/dl; among
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TABLE 1. Clinical outline and treatment of patients studied

Patient Age Itraconazole Duration
no.(yr)/sexMycosis dose RXano. (yr)/sex (mg/day)

1 24/Male Disseminated coccidioido- 200 2 mo
mycosis 400 13 mo

2 32/Male Disseminated coccidioido- 100 1 mo
mycosis 200 1 mo

400 1 day
3 21/Male Disseminated coccidioido- 400 5 mo

mycosis
4 38/Male Pulmonary coccidioido- 100 12 mo

mycosis
5 29/Male Pulmonary coccidioido- 400 1 mo

mycosis
6 7/Male Sporotrichoid coccidioido- 100 4 mo

mycosis
7 26/Male Chronic mucocutaneous 100 2 mo

candidiasis 200 5 mo
8 49/Male Aspergilloma 100 2 wk
9 72/Male Cutaneous sporotrichosis 200 8 mo
10 67/Female Pulmonary cryptococcosis 400 1 mo

a Duration RX, Duration of therapy at that particular itraconazole dosage
when corticotropin stimulation was performed.

patients taking 200 mg/day, the comparable values were 0.35
to 0.94 and 0.16 to 0.61 ,ug/di, respectively; and among
patients taking 100 mg of itraconazole per day, the compa-
rable values were 0.14 to 0.74 and 0.18 to 0.29 ,ug/dl,
respectively.

Itraconazole is potentially useful for the treatment of a
number of dermatophyte and systemic mycotic infections
(lst International Symposium on Itraconazole, October,
1985, Oaxaca, Mexico, Rev. Infect. Dis., in press). Keto-
conazole has been shown to be an effective antifungal agent
(4); however, its use may be attended by significant toxicity,
the most notable being gastrointestinal, hepatic (8), and
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FIG. 1. Results of 8-h corticotropin stimulation testing in five
patients treated with itraconazole (400 mg/day). The shaded area

represents the normal range as defined by pretreatment controls.

endocrine (11). An increasing number of reports of adverse
endocrine effects of ketoconazole being used to manage
certain endocrinopathies and hormone-dependent neoplasia
suggests that this imidazole derivative may prove to be more
useful as an endocrine drug than as an antimicrobial agent (2,
16).
Despite the relatedness of these two drugs, the results of

this study suggest that itraconazole does not share the
adverse effect of ketoconazole upon glucocorticoid synthesis
in humans treated with maximum doses (currently 400
mg/day) of itraconazole. Neither clinical nor laboratory
evidence of hypoadrenalism could be demonstrated in any of
the 10 cases evaluated. The patients of this study were
followed up for a mean duration of 11.4 months of treatment,
and 5 of the 10 were treated with the maximum dosage.
These results are consistent with studies of cortisol and
testosterone levels in the plasma of healthy volunteers (R.
De Coster et al., Janssen Clinical Research Report, R
51211/2, 1983) and beagle dogs (R. De Coster, M. Michiels,
and D. Beerens, Plasma Itraconazole, Testosterone and
Cortisol Levels after Daily Oral Administration for 3 Months
in Beqgle Dogs [preclinical research report], Janssen Re-
search Products Information Service, 1984).

Limited pharmacokinetic data are available for itra-
conazole. The half-life is between 11 and 15 h in humans, and
a 200-mg oral dose usually results in peak levels in serum of
0.2 to 0.3 ,ug/ml (R 51,211, basic medical information bro-
chure, Janssen Pharmaceutica, 1983). Levels of itraconazole
in serum measured by high-pressure liquid chromatography
(Janssen, Beerse, Belgium) were available in 8 of the 10
cases. These results indicated adequate absorption of the
drug and that in some instances levels were greater than
anticipated for the dose administered.
None of the 10 patients in this study nor any of the other

21 we have enrolled in itraconazole protocols manifested
clinical evidence of endocrine dysfunction. Testosterone
levels were not measured in our patients, and the possibility
of itraconazole-induced subclinical abnormalities of andro-
gen biosynthesis cannot be excluded. One possible explana-
tion for the apparent sparing of steroidogenesis by
itraconazole is that its inhibition of cytochrome P-450-
dependent enzymes is more selective for fungal than mam-
malian cells, compared with the inhibition observed with
other triazole and imidazole derivatives (G. Willemsens and
H. Van den Bossche, Effect of Imidazole and Triazole
Derivatives on Cytochrome P450 in Yeast and Rat Liver
Microsomes [research report], Janssen Research Products
Information Service, 1982).
Although clinical experience with itraconazole is limited,

to date there are no reports of significant endocrine toxicity.
Further studies may be needed to evaluate androgen biosyn-
thesis in itraconazole-treated patients.

LITERATURE CITED
1. Bondy, P. K. 1985. Disorders of the adrenal cortex, p. 847. In

J. D. Wilson and D. W. Foster (ed.), Williams text book of
endocrinology. The W. B. Saunders Co., Philadelphia.

2. Contreras P., E. Altieri, C. Liberman, A. Gac, A. Rojas, A.
Ibarra, M. Ravanal, and M. Seron-Ferre. 1985. Adrenal rest
tumor of the liver causing Cushing's syndrome: treatment with
ketoconazole preceding an apparent surgical cure. J. Clin.
Endocrinol. Metab. 60:21-28.

3. DeFelice, R., D. G. Johnson, and J. N. Galgiani. 1981.
Gynecomastia with ketoconazole. Antimicrob. Agents Chemo-
ther. 19:1073-1074.

4. Dismukes, W. E., A. M. Stamm, J. R. Graybill, P. C. Craven,
D. A. Stevens, R. L. Stiller, G. A. Sarosi, G. Medoff, C. R.

648 NOTES



NOTES 649

Gregg, H. A. Galls, B. T. Fields4 R. L. Marier, T. A. Kerkering,
L. G. Kaplowitz, G. Cloud, C. Bowles, and S. Shadomy. 1983.
Treatment of systemic mycoses with ketoconazole: emphasis on
toxicity and clinical response in 52 patients. Ann. Intern. Med.
98:13-20.

5. Espinel-Ingroff, A., S. Shadomy, and R. J. Gebhart. 1984. In
vitro studies with R 51,211 (itraconazole). Antimicrob. Agents
Chemother. 26:5-9.

6. Grosso, D. S., T. W. Boyden, R. W. Pamenter, D. G. Johnson,
D. A. Stevens, and J. N. Galgiani. 1983. Ketoconazole inhibition
of testicular secretion of testosterone and displacement of
steroid hormones from serum transport proteins. Antimicrob.
Agents Chemother. 23:207-212.

7. Kowal, J. 1983. The effect of ketoconazole on steroidogenesis in
cultured mouse adrenal cortex tumor cells. Endocrinology
112:1541-1543.

8. Lewis, J. H., H. J. Zimmerman, G. D. Benson, and K. G. Ishak.
1984. Hepatic injury associated with ketoconazole therapy.
Gastroenterology 86:503-513.

9. Loose, D. S., P. B. Kan, M. A. Hirst, R. A. Marcus, and D.
Feldman. 1983. Ketoconazole blocks adrenal steroidogenesis by
inhibiting cytochrome P-450 dependent enzymes. J. Clin. In-
vest. 71:1495-1499.

10. Pont, A., E. S. Goldman, A. M. Sugar, P. K. Siiteri, and D. A.
Stevens. 1985. Ketoconazole-induced increase in estradiol-
testosterone ratio. Arch. Intern. Med. 145:1429-1431.

11. Pont, A., J. R. Graybill, P. C. Craven, J. N. Galgiani, W. E.
Dismukes, R. E. Reitz, and D. A. Stevens. 1984. High-dose
ketoconazole therapy and adrenal and testicular function in
humans. Arch. Intern. Med. 144:2150-2153.

12. Pont, A., P. L. Williams, S. Azhar, R. E. Reitz, C. Bochra, E. R.

Smith, and D. A. Stevens. 1982. Ketoconazole blocks testoster-
one synthesis. Arch. Intern. Med. 142:2137-2140.

13. Pont, A., P. L. Williams, D. S. Loose, D. Feldman, R. E. Reitz,
C. Bochra, and D. A. Stevens. 1982. Ketoconazole inhibits
adrenal steroid synthesis. Ann. Intern. Med. 97:370-372.

14. Santen, R. J., H. Van den Bossche, J. Symoens, J. Brugmans,
and R. DeCoster. 1983. Site of action of low dose ketoconazole
on androgen biosynthesis in men. J. Clin. Endocrinol. Metab.
57:732-736.

15. Schurmeyer, T., and E. Nieschlag. 1984. Effect of ketoconazole
and other imidazole fungicides on testosterone biosynthesis.
Acta Endocrinol. 105:275-280.

16. Stevens, D. A. 1985. Ketoconazole metamorphosis: an antimi-
crobial becomes an endocrine drug. Arch. Intern. Med.
145:813-815.

17. Trachtenberg, J. 1984. Ketoconazole therapy in advanced
prostatic cancer. J. Urol. 132:61-63.

18. Tucker, W. S., B. B. Snell, D. P. Island, and C. R. Gregg. 1985.
Reversible adrenal insufficiency induced by ketoconazole. J.
Am. Med. Assoc. 253:2413-2414.

19. Van den Bossche, H. V., G. Willemsens, P. Marichal, W. Cools,
and W. Lauwers. 1983. The molecular basis for the antifungal
activities of N-substituted azole derivatives. Focus on R 51,211.
In J. R. Ryley and A. P. J. Trinci (ed.), Mode of action of
antifungal agents. Cambridge University Press, Cambridge.

20. Watanabe, H., and J. A. Menzies. 1985. Depression of ovarian
estradiol-17P following a single oral dose of ketoconazole. Res.
Commun. Chem. Pathol. Pharmacol. 48:141-144.

21. White, M. C., and P. Kendall-Taylor. 1985. Adrenal
hypofunction in patients taking ketoconazole. Lancet i:44-
45.

VOL..31, 1987


