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In the past 40 years imidazoles have been used extensively in medicine for their antifungal 
properties. All members of the azole antifungal family inhibit ergosterol biosynthesis. 
However, the discovery of an additional fungicidal mode of action for miconazole has drawn 
renewed attention to this compound. In this article we review recent evidence of mechanistic 
efficacy, as well as clinical trial results of miconazole in new topical formulations.

Fungal disease is ubiquitous in the world and
antifungal medications account for sales of more
than US$1 billion annually. Most fungal disor-
ders are relatively benign but can become life-
threatening in immunocompromised or mal-
nourished populations. A wide variety of anti-
fungal drugs are currently on the market.
Nevertheless, new compounds are constantly
developed and tested as pathogenic organisms
acquire resistance. Patients with incompetent
immune systems have a large contribution to
both the increased use of antifungals and the
evolution of resistant organisms. In this setting,
older topical drugs with new, more efficient for-
mulations are an attractive alternative to sys-
temic treatment of fungal diseases. One such
medication is miconazole.

The use of miconazole in medicine dates back
to the early 1970s when a number of azole com-
pounds were introduced to the market, mostly in
topical form, for treatment of superficial fungal
infections. Miconazole is a synthetic imidazole
derivative that built a reputation for fast fungi-
cidal action when used topically against a wide
variety of yeasts and dermatophytes [1]. Systemic
(intravenous) use of this drug for invasive fungal
diseases had initial positive results [2] but was
discontinued due to toxicity of the vehicle and
reports of hepatic and cardiovascular side
effects [3–5]. 

Thus, miconazole remains primarily a topi-
cal antifungal agent and millions of patients
have been treated with this compound in vari-
ous formulations. Common indications for
topical miconazole include vaginal and oral
candidiasis (thrush) and skin and nail infec-
tions due to Trichophyton, Epidermophyton and
Pityrosporon species. In the USA, several prod-
ucts contain miconazole, typically as a 2–4%
cream that is approved for over-the-counter
sale. These facts are testament to the safety of
topical miconazole. 

It is interesting to note that, despite the wide
availability and use of miconazole, fungal resist-
ance to this drug remains relatively low [6]. Typical
MIC has remained in the 1–10 ug/ml concen-
tration range for most tested pathogens, including
Candida albicans [7,8]. This fact becomes extremely
important in light of constantly recurring oppor-
tunistic fungal disease in a growing HIV-infected,
immune compromised population. In the follow-
ing section we will review recent evidence on the
efficacy of miconazole, with particular emphasis on
its effect on Candida infections.

Review of the literature
Mechanism
Azoles, the most common antimycotics in the
pharmacopeia, damage fungal organisms by inter-
fering with ergosterol biosynthesis, which results
in toxic methylated sterol levels [9]. Recently,
Kobayashi et al. described an additional anti-
fungal mechanism for miconazole: accumulation
of drug-induced reactive oxygen species (ROS)
within the fungal organism results in oxidative
damage and cell death [10]. This mechanism was
confirmed in another publication by Thevissen
et al. [11]. These latter authors studied the effects
of miconazole in Saccharomyces cerevisiae and
C. albicans and demonstrated that the antifungal
damages actin cables, which in turn interferes
with the organization of the actin cytoskeleton;
since the actin cytoskeleton regulates mito-
chondrial activity and endogenous levels of ROS,
this putative effect of miconazole can act as a trig-
ger for ROS induction followed by apoptosis.
This report was the first to document an actin
clumping effect leading to ROS accumulation
and cell death induced by an azole medication.

Clinical studies
These new insights into miconazole’s mecha-
nisms of action correspond with results from
clinical studies that confirmed the drug’s efficacy
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against various fungal organisms. A recent article
by Bii et al. reported that 80 clinical isolates of
Cryptococcus neoformans showed greater in vitro
susceptibility to miconazole than to fluconazole
or flucytocin [12]. A similar study that compared
topical miconazole with econazole and nystatin
for efficacy against vaginal candidiasis also showed
the former two drugs to be effective and superior
to the nystatin [13]. Using a different in vitro test-
ing method, Uchida et al. demonstrated that
itraconazole and miconazole performed equally
well but significantly better than fluconazole in
killing both albicans and non-albicans Candida
species [14].

Less encouraging results were also published.
Paniagua et al. tested 80 C. albicans strains from
clinical sources and described 45% resistance to
miconazole but 100% susceptibility to ampho-
thericin B [15]. In a comparative study of Candida
isolates from the UK and Italy, Manfredi et al.
found significant differences in antifungal sus-
ceptibility between isolates from the two geo-
graphic locations [16]. Susceptibility to all tested
azole compounds (including miconazole) was
much lower in strains collected from the UK
than the strains from Italy.

The results of this latter study are consistent
with findings of increased microbial resistance
patterns with increased use of antimicrobial
compounds. Development of resistance is typi-
cally a multifactorial process that occurs after
repeated exposure of the pathogen to a specific
drug. However, resistant species can be trans-
ferred through person-to-person contagion.
Fungal resistance can occur through a variety of
mechanisms, including drug efflux (most com-
mon for azoles), alternative paths for sterol bio-
synthesis, alterations in drug targets and
reduction of concentration of the target enzyme.
Yeasts, particularly the non-albicans Candida
species, are common offenders [17]. A number of
factors are involved in the continually increasing
development of microbial resistance, and their
nature and significance are beyond the scope of
this article. However, one factor in particular is
pertinent to the current discussion, as the inci-
dence and morbidity of fungal infections is of
significance here: this factor is immune suppres-
sion and the increased longevity of patients in
this population [17].

The immune suppression connection
The current medical era is partly defined by a rel-
atively high prevalence of immunocompromised
patients. Organ transplantation, cancer and

autoimmune disease treatments include cyto-
toxic and immune-modulating agents that affect
the hematopoietic system. However, the largest
recent increase in the immune compromised
population can be attributed to the appearance
and rapid spread of HIV and the immune
destruction this virus produces in infected indi-
viduals. Despite current therapeutic advances,
HIV infection is not curable and continues to
spread throughout the world. In this setting,
opportunistic fungal infections are common and
so is resistance to available remedies [18]. Oral
candidiasis is one of the most common oppor-
tunistic infections in AIDS and its incidence
increases with the viral load and decreased CD4
cell counts [18]. While highly active antiviral
therapies have reduced its prevalence, candidiasis
remains the most common opportunistic oral
infection in HIV patients. This disease can have
high morbidity in immunosuppressed patients;
thus, its prevention and treatment in HIV
groups is an important goal [19].

Oral candidiasis in HIV-infected patients
Oral candidiasis treatment in HIV-infected
groups has been described in two systematic
reviews of the literature [20,21]. Interestingly, nei-
ther of these articles mentioned miconazole.
Nevertheless, the articles presented current data
that suggest that systemic triazoles are superior
to topical nystatin for both clinical cure and
prevention of candidiasis. Similarly, both arti-
cles stated that increasing fungal resistance to
triazoles in this patient population is worri-
some. Both articles concluded that the evidence
base is generally weak and more research is
required. One article that did address the effi-
cacy of miconazole in HIV-infected patients
concluded that this drug was superior to nystatin
suspension for controlling oral and esophageal
candidiasis [22] No systemic treatments were
tested in this study.

Another significant issue in the treatment of
fungal diseases in the HIV-infected population is
the potential for drug interactions. Systemic
azoles affect the hepatic enzymes and, with
them, the pharmacokinetics of other common
HIV medications. Topical antifungals are not
absorbed, and thus they do not interact with
other medications [23]. However, due to the
flushing effect of saliva in the oral cavity, the nec-
essary drug concentration for therapeutic pur-
poses is rarely achieved for adequate amounts of
time at this site. Thus, an even greater problem
and the main cause of treatment failure with
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topical agents is patient noncompliance. Most
topical antifungal agents require application to
the oral mucosa several times per day (four times
for miconazole and amphothericin B, five times
for clotrimazole [24,25]) in order to achieve the
necessary MIC for clinical cure. The taste of
these topical preparations is another reason for
noncompliance [24] Microbiological cure for oral
candidiasis is rarely achieved regardless of the
therapy [26].

Because of these problems, prescribers often
forego topical treatment in favor of the more
comfortable, less complicated use of systemic
azoles. Unfortunately, results of this practice
included significant drug interactions and
development of resistance, particularly to flucon-
azole [24,27]. In 1998, resistant Candida species
accounted for more than 5% of recurrences or
oropharyngeal disease [24]. Thus, current treatment
guidelines call for topical agents as the first line of
drugs for oral and/or pharyngeal candidiasis in
HIV patients [23–26].

New miconazole formulations
In an attempt to respond to the noncompliance
problem, new topical antifungal formulations
have been introduced and tested. Miconazole in
a 50 and 100 mg mucoadhesive tablet (micon-
azole Lauriad®) formulated for extended release
was initially tested in healthy volunteers [28].
Both concentrations were used once daily and
had significantly longer duration and higher
saliva concentration than a commercially availa-
ble miconazole gel used three times per day.
Importantly, the saliva concentration of micon-
azole after the administration of the Lauriad
tablet exceeded the MIC for Candida species
(1 ug/ml) for more than 7 h. Plasma drug
concentrations were undetectable and no signif-
icant adverse events were reported. This study
demonstrated that this new miconazole formu-
lation is capable of maintaining adequate drug
concentration for a prolonged period of time.

The above report was followed by a Phase III
study, which tested the efficacy of the new
miconazole formulation in 282 head and neck
cancer patients treated with radiation therapy
[29]. Patients with clinical oral candidiasis were
assigned to either miconazole Lauriad 50 mg
once daily or miconazole oral gel 500 mg four-
times daily and examined for disease resolution
after 7 and 14 days. The Lauriad preparation
was slightly superior (p = 0.13) to the gel, par-
ticularly in patients with multiple lesions
(p = 0.013). This noninferiority study showed

again that miconazole Lauriad was well toler-
ated and as effective as the gel preparation used
four times per day. No other antifungals were
included in this study. A similar Phase III study
in HIV-infected patients is currently ongoing. 

Miconazole Lauriad has been approved for
topical use in oral candidiasis in Europe (includ-
ing the UK) and has a good chance of receiving
FDA approval in the USA pending the results of
the ongoing Phase III trial. 

Another mucoadhesive miconazole-containing
tablet has been developed and tested in an HIV-
infected population [30]. This randomized trial
compared a 10 mg once-daily miconazole tablet
with 400 mg systemic ketoconazole also used
once daily. Clinical and microbiologic responses
were similar in the two groups but side effects
were more common in ketoconazole patients.
Although the noninferiority of the topical treat-
ment was proven here, we note that the systemic
treatment dosage was subtherapeutic, which may
render these results invalid.

A formulation of miconazole in a 33% colla-
gen base has been tested in vitro and shown to
have stronger antifungal effect than miconazole
gel on Candida species [31]. We are not aware on
any further developments of this miconazole
formulation. Last, a 0.25% miconazole
nitrate/zinc oxide ointment for diaper derma-
titis complicated by candidiasis has shown sig-
nificant efficacy [32] and is currently the only
prescription product for that purpose. This
preparation has not been tested for other forms
of fungal disease. 

Conclusion
Fungal diseases continue to be highly prevalent
and can have significant morbidity in immune
compromised populations. Unfortunately, the
growth of these populations is unlikely to abate
soon, which will probably increase the need for
antifungal medications, as well as the develop-
ment of resistant organisms. In this setting, top-
ical formulations that overcome the limitations
of bad taste and multiple daily applications have
an important role in early treatment and control
of fungal overgrowth. Miconazole is a topical
fungicidal medication that has multiple mecha-
nisms of action. Despite its long presence on the
market and common usage, relatively little fun-
gal resistance to this medication has been
reported. New formulations of miconazole, such
as the Lauriad compound, may provide a vital
alternative to systemic therapy in patients with
limited disease.
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Future perspective
With the epidemic growth in predisposing dis-
eases (e.g., diabetes, HIV and cancer) there is a
clear need for effective topical therapies for oral
and pharyngeal candidiasis. Once they inhabit
the oral cavity, Candida species can rarely be
eliminated, and will almost certainly return after
cessation of treatment as long as the conditions
(i.e., immune deficiency) persist. Thus, we fully
expect the market for antifungals to continue
growing in the USA and abroad.

Current topical antifungals tend to be
shunned in oropharyngeal candidiasis as their
taste and need for frequent application lead to

noncompliance. Instead, most physicians and
dentists prescribe once-daily systemic therapy
with one of the triazole compounds, usually
fluconazole. This practice has led to frequent
drug interactions and development of drug
resistance in Candida species. In these condi-
tions, new formulations of miconazole will be a
welcome addition to the pharmacopeia. The
main challenge to the company promoting the
drug will be convincing the prescriber that their
product is not inferior to the current standard of
care which, as mentioned above, consists of
systemic azoles, not another topical agent.

Information resources
For additional information on the new micon-
azole formulations, the reader may contact
Bioalliance Pharma and Tibotec BVBA.
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Executive summary

• Significant increases in immune-incompetent patients and drug-resistant 
fungal organisms have created the need for new therapeutic options.

• A growing population of immunocompromised patients require 
convenient and effective control of oral and pharyngeal candidiasis. 
Current topical antifungal agents have limited use due to taste and need 
for frequent application.

• Miconazole is a fungicidal drug with multiple mechanisms of action that 
has been successfully used for about 40 years. New formulations of 
miconazole that allow once-daily application have shown promising 
results in Phase II/III studies. One of these, miconazole Lauriad® (Loramyc), 
has been approved in Europe; FDA approval in the USA is pending results 
of an ongoing Phase III trial.

Bibliography
1. Sawyer PR, Brogden RN, Pinder RM, 

Speight TM, Avery GS: Miconazole: a review 
of its antifungal activity and therapeutic 
efficacy. Drugs 9, 406–423 (1975).

2. Heel RC, Brogden RN, Pakes GE, 
Speight TM, Avery GS: Miconazole: a 
preliminary review of its therapeutic efficacy 
in systemic fungal infections. Drugs 19, 
7–30 (1980). 

3. Coley KC, Crain JL: Miconazole-induced 
fatal dysrhytmia. Pharmacother. 17, 
379–382 (1997).

4. Duret C, Daujat-Chavanieu M, Pascussi JM 
et al.: Ketoconazole and miconazole are 
antagonists of the human glucocorticoid 
receptor: consequences on the expression 
and function of the constitutive androstane 
receptor and the pregnane X receptor. Mol. 
Pharmacol. 70, 329–339 (2006).

5. Vanden Bossche H, Koymans L, 
Moereels H: P450 inhibitors of use in 
medical treatment: focus on mechanism of 
action. Pharmacol. Ther. 67, 79–100 (1995).

6. Fothergill AW: Miconazole: a historical 
perspective. Expert Rev. Anti. Infect. Ther. 4, 
171–175 (2006).

7. Casneuf J, de Loore F, Dhondt F et al.: Oral 
thrush in children treated with miconazole 
gel. Mykosen 23, 75–78 (1980).

8. Redding SW, Zellars RC, Kirkpatrick WR 
et al.: Epidemiology of oropharyngeal 
Candida colonization and infection in 
patients receiving radiation for head and 
neck cancer. J. Clin. Microbiol. 37, 
3896–3900 (1999).

9. Vanden Bossche H, Marichal P, 
Willemsens G et al.: Saperconazole: a 
selective inhibitor of the cytochrome P-450-
dependent ergosterol synthesis in Candida 
albicans, Aspergillus fumigatus and 
Trichophyton mentagrophytes. Mycoses 33, 
335–352 (1990).

10. Kobayashi D, Kondo K, Uehara N et al.: 
Endogenous reactive oxygen species 
is an important mediator of miconazole 
antifungal effect. Antimicrob. Agents 
Chemother. 46, 3113–3117 
(2002).

11. Thevissen K, Ayscough KR, Aerts AM et al.: 
Miconazole induces changes in actin 
cytoskeleton prior to reactive oxygen species 
induction in yeast. J. Biol. Chem. 282, 
21592–21597 (2007).

12. Bii CC, Makimura K, Abe S et al.: 
Antifungal susceptibility of Cryptococcus 
neoformans from clinical sources in Nairobi, 
Kenya. Mycoses 50, 25–30 (2007).

13. Emele FE, Fadahunsi AA, Anyiwo CE, 
Ogunieye O: A comparative clinical 
evaluation of econazole nitrate, miconazole 
and nystatin in the treatment of vaginal 
candidiasis. West Afr. J. Med. 19, 12–15 
(2000).

14. Uchida K, Abe S, Yamaguchi H: The 
postantifungal effect (PAFE) of itraconazole, 
in comparison with those of miconazole and 
fluconazole, on Candida species. Microbiol. 
Immunol. 50, 679–685 (2006).

15. Paniagua GL, Monroy E, Negrete E, Vaca S: 
Susceptibility to 5-fluorocytosine, 
miconazole and amphotericin B of Candida 
albicans strains isolated from the throat of 
non-AIDS patients. Rev. Latinoam. 
Microbiol. 44, 65–68 (2002).

16. Manfredi M, McCullough MJ, Polonelli L 
et al.: In vitro antifungal susceptibility to six 
antifungal agents of 229 Candida isolates 
from patients with diabetes mellitus. 
Oral Microbiol. Immunol. 21, 177–182 
(2006).



269

Miconazole: new evidence of antifungal efficacy – DRUG EVALUATION

future science groupfuture science group www.futuremedicine.com

17. Ghannoum MA, Rice LB: Antifungal 
agents: mode of action, mechanisms of 
resistance and correlation of these 
mechanisms with bacterial resistance. Clin. 
Microbiol. Rev. 12, 501–517 (1999).

18. Ellepola AN, Samaranayake LP: Oral candidal 
infections and antimicotics. 
Crit. Rev. Oral Biol. Med. 11, 172–198 (2000).

19. Weinert M, Grimes RM, Lynch DP: Oral 
manifestations of HIV infections. Ann. 
Intern. Med. 125, 485–496 (1996).

20. Patton LL, Bonito AJ, Shugars DA: A 
systematic review of the effectiveness of 
antifungal drugs for the prevention and 
treatment of oropharyngeal candidiasis in 
HIV-positive patients. Oral Surg. Oral Med. 
Oral Pathol. Oral Radiol. Endod. 92, 
170–179 (2001).

21. Pienaar ED, Young T, Holmes H: 
Interventions for the prevention and 
management of oropharyngeal candidiasis 
associated with HIV infection in adults and 
children. Cochrane Database Syst. Rev. 19, 
CD003940 (2006).

22. Ravera M, Reggiori A, Agliata AM, Rocco RP: 
Evaluating diagnosis and treatment of oral and 
esophageal candidiasis in Ugandan AIDS 
patients. Emerg. Infect. Dis. 5, 274–277 
(1999).

23. Dupont B: Use of topical antifungal agents. 
Therapie 61, 251–254 (2006).

24. Powderly WG, Gallant JE, Ghannoum MA 
et al.: Oropharyngeal candidiasis in patients 
with HIV: suggested guidelines for therapy. 
AIDS Res. Hum. Retroviruses 15, 1619–1623 
(1999).

25. Pappas PG, Rex JH, Sobel JD et al.: 
Guidelines for treatment of candidiasis. 
Clin. Infect. Dis. 38, 161–189 (2004).

26. Rex JH, Walsh TJ, Sobel JD et al.: 
Practice guidelines for the treatment of 
candidiasis. Clin. Infect. Dis. 30, 662–678 
(2000).

27. Bunetel L, Bonaure-Mallet M: Oral 
pathoses caused by Candida albicans during 
chemotherapy: update on development 
mechanisms. Oral Surg. Oral Med. Oral 
Pathol. Oral Radiol. Endod. 82, 161–165 
(1996).

28. Cardot JM, Chaumont C, Dubray C, 
Costantini D, Aiache JM: Comparison of 
the pharmacokinetics of miconazole after 
administration via a bioadhesive slow release 
tablet and an oral gel to healthy male and 
female subjects. Br. J. Clin. Pharm. 58, 
345–351 (2004).

29. Bensadoun RJ, Daoud J, El Guedari B et al.: 
Comparison of the efficacy and safety of 
miconazole 50-mg mucoadhesive buccal 
tablets with miconazole 500-mg gel in the 
treatment of oropharyngeal candidiasis: a 
prospective, randomized, single-blind, 
multicenter, comparative Phase III trial in 
patients treated with radiotherapy for head 
and neck cancer. Cancer 112, 204–211 
(2008).

30. Van Roey J, Haxaire M, Kamya M, 
Lwanga I, Katabira E: Comparative efficacy 
of topical therapy with a slow-release 
mucoadhesive buccal tablet containing 
miconazole nitrate versus systemic therapy 
with ketoconazole in HIV-positive patients 

with oropharyngeal candidiasis. J. Aquir. 
Immune Defic. Syndr. 35, 144–150 
(2004).

31. Yoshida K, Hirai K, Ara T, Ito M, Wang PL, 
Igarashi Y: Feasibility of using collagen as 
the base of the antifungal drug miconazole. 
J. Oral. Rehabil. 33, 363–367 (2006).

32. Spraker MK, Gisoldi EM, Siegfried EC 
et al.: Topical miconazole nitrate ointment 
in the treatment of diaper dermatitis 
complicated by candidiasis. Cutis 77, 
113–120 (2006).

Affiliations
• Andrei Barasch, DMD, MDSc, Associate Professor

Dept of Diagnostic Sciences, 
University of Alabama at Birmingham, 
SDB 111, 1530 3rd Avenue S
Birmingham, AL 35294-0007, USA
Tel.: +1 205 996 4418;
Fax: +1 205 975 0603;
abarasch@uab.edu

• Andreea Voinea Griffin, DDS, MS, 
Postdoctoral fellow
Dept of Diagnostic Sciences, 
University of Alabama at Birmingham, 
SDB 111, 1530 3rd Avenue S
Birmingham, AL 35294-0007, USA
Tel.: +1 205 996 7634;
avoinea@uab.edu




