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Infections caused by Cryptococcus neoformanscause significant morbidity and high mor
tality, particularly among immunocompromised patients. Cryptococcal meningitis is an
important cause of central nervous system disease and death in patients with AIDS. Al
though the introduction of amphotericin B has greatly improved the prognosis of pa
tients with cryptococcal meningitis, 30 years of experience have revealed important clini
cal limitations, including modest efficacy, nephrotoxicity, other clinically significant
toxicities, and the inconvenience of intravenous dosing. The discovery of the additive ef
fects of amphotericin Band flucytosine in cryptococcosis resulted in some improvement
in efficacy and reduction in amphotericin B-related toxicity. However, 1'\.130010 of patients
with cryptococcal meningitis still fail to respond to therapy. Ketoconazole has not proved
useful in treating cryptococcal meningitis. Accumulating evidence suggests that the an
tifungal triazoles fluconazole, itraconazole, and SCH 39304 represent an advance in the
treatment of cryptococcal meningitis, particularly in AIDS patients. Preliminary clinical
trials in patients with and without AIDS have indicated that fluconazole and itracona
zole are effective and well tolerated as either initial or maintenance therapy. 1\vo large
comparative trials of fluconazole and amphotericin B in patients with cryptococcal menin
gitis (mostly those with AIDS) are under way.

Opportunistic infections caused by Cryptococcus
neoformans are associated with a high incidence of
morbidity and mortality, particularly among patients
with impaired defense mechanisms [1,2]. Before the
clinical introduction of amphotericin B in the late
1950s, a diagnosis of cryptococcal meningitis car
ried with it a prognosis of certain death, reflecting
the failure of such infections to resolve spontane
ously [3, 4]. Even in the years when amphotericin
B was used alone for the treatment of cryptococcal
meningitis, cures wereachieved in only slightly more
than 50070 of patients [5, 6].

Recently described as the most common form of
fungal meningitis in the United States today [7],
cryptococcal meningitis remains an important treat
ment challenge, especially in patients with AIDS. Al
though amphotericin B (alone or in combination
with flucytosine) continues to be the standard ther
apeutic regimen, problems such as a relatively high
failure rate, a high incidence of adverse reactions,
and the inconvenience of intravenous dosing have
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led to a search for new antimycotic agents. This ar
ticle reviews the experience with systemic antifun
gal therapies since the introduction of amphoteri
cin B three decades ago, emphasizing the role of the
azoles in the management of cryptococcal menin
gitis.

Clinical Experience with Amphotericin B

Among the many polyene antibiotics developed over
the past 30years, amphotericin B is the only one par
enterally administered. It is also distinguished from
other polyenes by its higher degree of binding to er
gosterol, the mechanism by which it achieves its an
tifungal effect [8]. There is a dose-related separation
between the fungistatic and fungicidal effects of am
photericin B [9]. The drug also appears to have pro
nounced immunoadjuvant activity [10-12]. In addi
tion to the intravenous route, the intrathecal and
intraperitoneal routes can be used for the adminis
tration of amphotericin B.

Amphotericin B has been used extensively since
its introduction for the treatment of cryptococcal
meningitis and numerous other systemic fungal in
fections. Although its efficacy remains unsurpassed,
its initial promise as the first life-saving therapy for
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cryptococcal meningitis has gradually been tempered
by an appreciation of its therapeutic limitations as
well as its significant toxicity. The most important
adverse effect of amphotericin B is renal dysfunc
tion, which occurs in f\J800/0 of patients receivingthe
drug [13]. Other adverse reactions include chills,
rigors, fever, headache, anemia, pulmonary edema,
phlebitis, and seizures. Between 800/0 and 900/0 of
patients receivingamphotericin B develop chills, and
about 20% experience vomiting [14].

The glomerular filtration rate of virtually every
patient treated with amphotericin B drops by f\J400/0
soon after therapy is commenced, stabilizing at
f\J200/0-60% of normal after multiple doses [14]. Al
though renal function returns almost to normal in
most cases once the drug is stopped, the majority
of patients who have undergone a full course of treat
ment experience a residual reduction in glomerular
filtration [15]. In addition, patients treated with am
photericin B havebeen found to wastepotassium and
magnesium and sometimes develop renal tubular ac
idosis.

For the detection of potential renal toxicity and
other toxicities related to the use of amphotericin
B, patients should be monitored two or three times
weeklyduring the first month and once a week there
after until therapy is discontinued. Monitoring
should include urinalysis and the measurement of
serum creatinine, blood urea nitrogen, serum potas
sium and magnesium, bicarbonate, and hematocrit.
Renal toxicity seems to be reduced or prevented by
sodium repletion. Moreover, with the addition of
flucytosine, efficacy can be maintained or improved
with reduced doses of amphotericin B and a conse
quent decrease in toxicity.

Clinical Experience with Flucytosine

Flucytosine is a synthetic oral antimycotic agent that
is particularly effective in certain well-defined clini
cal situations. In vivo studies in experimental mu
rine models of infection have demonstrated activity
against C neoformans [16-18]. In common with am
photericin B, flucytosine shows dose- and time
dependent fungistatic and fungicidal activity.

Flucytosine is generally well tolerated, even when
administered in high doses for extended periods.
However, bone marrow suppression with the devel
opment of anemia, leukopenia, or thrombocytope
nia is common [15, 19,20]. Adverse gastrointestinal
effects include nausea, vomiting, diarrhea, and
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(rarely) severeenterocolitis. Drug-induced hepatitis
also has been reported.

Many of the adverse reactions associated with
flucytosine therapy, and particularly the hematologic
effects, occur when serum concentrations of the drug
exceed 100 J.1g/mL [21]. This effect is especially ap
parent when flucytosine is administered in combi
nation with amphotericin B, since amphotericin
B-induced renal impairment results in an increase
in serum concentrations of flucytosine. Thus, it is
of critical importance to monitor serum concentra
tions of flucytosine (particularly in patients with re
nal dysfunction) and to keep peak serum levels well
below 100 J.1g/mL [22, 23]. One problem in achiev
ing this goal is that laboratory results are often
delayed by several days, during which time the pa
tient's serum flucytosine concentrations may exceed
the desired level. For this reason, efforts must be
made to obtain more rapid results.

Naturally resistant fungal strains are found among
flucytosine-sensitive species, including 10/0-2% of
strains of C. neoformans [24]. In addition, the de
velopment of resistance toflucytosine during ther
apy in as many as 300/0 of patients with cryptococ
cosis [25]greatly limits the usefulness of flucytosine
as monotherapy and provides a rationale for its use
in combination with amphotericin B.

Combination Therapy with Amphotericin B
and Flucytosine

In vitro [26, 27] and in vivo [18] evidence of the ad
ditive effects of amphotericin Band flucytosine in
cryptococcosis led to clinical trials designed to evalu
ate the safety and efficacy of this combination in
the treatment of cryptococcal meningitis. The results
of one prospective but uncontrolled study in 15pa
tients with cryptococcal meningitis, which was com
pleted in the mid-1970s, showed that eight patients
(53%) treated with amphotericin Band flucytosine
were cured within 8-34 months of the initiation of
therapy [28]. Three patients (20%) died of crypto
coccal meningitis; four died of other causes within
11 months of completing treatment. There were no
relapses.

In a subsequent multicenter prospective study,
Bennett et al. compared amphotericin B alone with
amphotericin B plus flucytosine in 78 patients with
cryptococcal meningitis, 66 of whom completed as
sessable courses of therapy [29]. The patients were
randomly assigned to one of two groups: 10 weeks
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No. of patients with outcome

Table 1. Therapy with amphotericin B vs. that with am
photericin B plus flucytosine for cryptococcal meningitis.

NOTE. Table is reprinted with permission from the New England
Journal of Medicine [29].

* Patients considered cured had no evidence of active cryptococ
cosis on examinations including lumbar puncture at least 1 year af
ter therapy. Those considered improved were discharged with
cultures negative for C. neoformans and had no evidence of active
cryptococcosis when last seen; however, the last examination was
performed <1 year after therapy, the examination 1 year after ther
apy was incomplete, or the patient died of other causes within 1 year
after therapy. Those defined as relapsed were discharged as improved
but on readmission had C. neoformans isolated from CSF or urine.
Those in whom a full course of therapy failed had positive cultures
during the last 2 weeks of therapy or were retreated at the end of
the course for presumed therapeutic inadequacy. Those who died
during therapy died of any cause during the same admission that
protocol therapy was given.

domization, 46 were assigned to the group that re
ceived an additional 2 weeks of treatment (at the
same dosages used during weeks 1-4), and 45 pa
tients (the "4-week" group) received no further treat
ment. Patients also were characterized before ran
domization as either low or high risk; the latter group
included organ transplant recipients, patients with
non-Hodgkin's lymphoma, and patients with a
pretreatment blood culture positive for C neofor
mans.

Although 23 patients who had received organ
transplants adhered to the initial 4-week protocol,
most were not randomized after the first year of the
study because four of the five patients initially as
signed to the 4-week group relapsed. Subsequently,
18 recipients of organ transplants received 6 weeks
of therapy.

Among the 91 nontransplantation patients ran-
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of treatment with amphotericin B alone (0.4 mg/
[kg-d] for 42 days, followed by 0.8 mg/kg every other
day for 28 days) or 6 weeks of treatment with am
photericin B (0.3 mg/Ikg-dl) and flucytosine (150
mg/Ikg-d] divided into four daily doses). Some flex
ibility in dosing and duration of treatment was per
mitted according to stipulated criteria. As can be seen
in table 1, the results of this trial favored combina
tion therapy. When both protocols were adhered to,
significantly more patients in the combination group
than in the amphotericin B alone group improved
or were cured (67ltfo vs. 41ltfo; P <.05). The results
were similar when patients with courses not adher
ing to the protocol were included.

Lower doses of amphotericin B can be used ef
fectively when the drug is combined with flucyto
sine. However, it has not yet been clearly determined
whether higher doses of amphotericin B (e.g., 0.5 or
0.6 mg/Ikg-dj) in combination with flucytosine are
more effective than the standard dose used in the
study just described (e.g., 0.3 mg/[kg·d)). However,
flucytosine toxicity may be increased because of am
photericin B-induced renal dysfunction.

Of particular note is the fact that the incidence
of nephrotoxicity was significantly lower (P <.05)
in the combination treatment group than in the am
photericin B alone group. There were also signifi
cantly more rapid (P <.001) sterilization of the CSF
in the combination group and significantly fewer
deaths (24ltfo vs. 47ltfo; P <.05). However, nearly 30ltfo
of patients did not respond to combination therapy.
Thus, although combination therapy appears to be
more effective than amphotericin B alone, the suc
cess rate cannot be considered optimal.

Dismukes et al. [7] reported on a multicenter,
prospective, randomized trial almost a decade after
the study by Bennett and associates; in this study
the efficacy and toxicity of 4 weeks vs. 6 weeks of
combination therapy with amphotericin B plus
flucytosine were compared. One hundred ninety-four
patients with cryptococcal meningitis were enrolled
in the study by 17institutions over a 4 Yi-yearperiod.
Initially, all patients received 28 days of treatment
with intravenous amphotericin B (0.3 mg/Ikg-dj) and
oral flucytosine (150 mg/Ikg-d], divided into equal
doses given every 6 hours). At the end of this time,
patients were eligible for randomization if they (1)
adhered to the protocol, (2) had two negative blood
and CSF cultures on treatment days 14 and 21, and
(3) were in an alert and wakeful state.

Of the 91 patients who met the criteria for ran-
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domized to treatment, 60 (66%) werecured, 13(140/0)
improved, and 18(200/0) relapsed. While the estimated
relapse rates for the 4-weekand 6-weekregimens were
27r1Jo and 16r1Jo, respectively, the difference was not
statistically significant, and the predetermined risk
stratification (high and low groups) did not corre
late significantly with outcome (table 2).

The overall efficacy of the amphotericin B plus
flucytosine combination can be appreciated through
a consideration of the outcomes of all 194 patients
enrolled in the study, as all were initially given the
same treatment regimen. In addition to the 18relap
ses among the randomized nontransplantation pa
tients, seven relapses occurred among the 23 trans
plant recipients. Moreover, seven relapses and 31
deaths occurred among the remaining nonran
domized patients. Thus, treatment failed in approx
imately one-third of the patients (63 of 194).

Multifactorial analysis of a number of pretreat
ment variables in the 194 patients showed that cer
tain factors significantly correlated with a favorable
outcome: headache as a presenting symptom (P =
.005), normal mental statu's (P = .0001),and a CSF
white cell count of >20/mm3 (Pj = .04). By contrast,
univariate analysis of pretreatment variables indi
cated that other factors may be predictive of a poor
outcome: presence of one or more underlying dis
eases (including hematopoietic disorders and AIDS;
P = .04), corticosteroid or immunosuppressive ther
apy (P = .05), pretreatment cryptococcal antigen
titers of ~1 :32 in serum (P = .05), and posttreat-
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ment antigen titers of ~1:8 in serum (P = .01) or
CSF (P = .06).

In light of these results, it was the authors' recom
mendation that the 4-week regimen be reserved for
the specific subset of low-risk patients, defined ac
cording to the above criteria. To date, however, the
suggested prognostic categories and criteria have not
been tested prospectively.

The incidence of toxic effects attributable to ei
ther amphotericin B or flucytosine was similar for
the two treatment regimens. Among the 91 ran
domized patients, 44r1Jo of those in the 4-week group
and 43r1Jo of those in the 6-weekgroup had some type
of adverse reaction. Among all 194 patients stud
ied, 103 (53r1Jo) had one or more major adverse reac
tions; two deaths were related to amphotericin B-in
duced azotemia, and three deaths were attributable
(at least partly) to flucytosine toxicity.

Thus, the toxicity and success rate associated with
these amphotericin B/flucytosine regimens remain
unsatisfactory. In light of the results of this clinical
trial, perhaps longer - rather than shorter - periods
of treatment should be evaluated.

Advances in Antimycotic Therapy: The Azoles

Given the clinical experience with amphotericin B
and flucytosine, there is clearly a need for a more
consistently effective and nontoxic regimen for the
treatment of cryptococcal meningitis [30, 31].Thus,
interest in new antifungal compounds has remained

Table 2. Risk groups proposed on the basis of prognostic factors.

Headache as Pretreatment CSF l-year mean Proposed
a presenting white cell count No. of estimated "cure" rate risk

Pretreatment mental status symptom (no.zmm-) patients ±SE (%) group

Normal Yes 20 16 93 ± 6 Low
Normal Yes 20 53 88 ± 5 Low
Lethargy Yes 20 28 85 ± 7 Low
Normal No 20 14 69 ± 13 High
Lethargy No 20 10 50 ± 16 High
Lethargy Yes 20 13 47 ± 16 High
Obtundation, stupor, or coma No 20 9 53 ± 18 High
Normal No 20 13 33 ± 18 High
Obtundation, stupor, or coma No 20 3 33 ± 29 High
Lethargy No 20 9 27 ± 17 High
Obtundation, stupor, or coma Yes 20 16 17 ± 18 High
Obtundation, stupor, or coma Yes 20 2 0 High

NOTE. Table is reprinted with permission from the New EnglandJournalofMedicine [7]. A total of 186 patients had all three pretreat
ment factors recorded. Risk was determined by the Kaplan-Meier method. The 'estimated overall "cure" rate for the low-risk group was
88% ± 3%; for the high-risk group, it was 38% ± 7%.

 at Penn State U
niversity (Paterno L

ib) on Septem
ber 13, 2016

http://cid.oxfordjournals.org/
D

ow
nloaded from

 

http://cid.oxfordjournals.org/


8342

high. One group of drugs that has exhibited consid
erable promise is the antifungal azoles.

Structure and Mechanism of Action

The basic structural unit of all azoles is a five
member azole ring. Figure 1illustrates the structures
of five azole compounds. The imidazoles (i.e.,
clotrimazole, miconazole, ketoconazole) contain two
nitrogen atoms in the azole ring, whereas the tria
zoles (fluconazole, itraconazole) contain three. Al
though these agents may exert severaladverse effects
on fungi, their primary mode of action is inhibition
of ergosterol biosynthesis in the fungal cell mem
brane [32] secondary to inhibition of cytochrome
P450 enzyme activity, which is necessary for the de
methylation of 14-a-methylsterols to ergosterol. The
following discussion focuses on the major phar
macologic and clinical features of the azoles.

The Imidazoles

Clotrimazole and miconazole. Early studies
showed that oral clotrimazole was characterized by
low activity, high toxicity, and rapid degradation by
liver enzymes [33], whereas miconazole was distin
guished by a short half-life and a variety of serious
toxicities and had to be administered intravenously
[33]. Although miconazole can be injected intrathe-
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cally, its efficacy in treating cryptococcal meningi
tis has not been established.

Ketoconazole. The introduction of ketoconazole
in the late 1970smarked a significant advance in an
tifungal therapy, sinceit wasthe first broad-spectrum
antifungal that could be given by the oral route.
Ketoconazole is available in tablet form for oral ad
ministration. Absorption can be erratic, but satis
factory serum concentrations are usually obtained
when gastric acidity is normal. However, ketocona
zole does not readily diffuse into CSF. Although
high-dose ketoconazole (800-2,000 mg) can produce
low CSF levels in experimental therapy for coccidi
oidal meningitis, such a dosage is poorly tolerated,
is not approved by the U.S.Food and Drug Adminis
tration, and therefore cannot be recommended for
cryptococcal meningitis [34-43].

Ketoconazole also appears to interact significantly
with at least two other important drugs, rifampin
[44] and cyclosporine, in a manner that leads to in
creased levels [45]. Given the high incidence of cryp
tococcal meningitis in immunocompromised pa
tients, the latter interaction is of particular concern.
As mentioned above, the absorption of ketocona
zole can be erratic, secondary to problems with main
taining a low gastric pH [46, 47]. This problem is
particularly apparent in AIDS patients. Conse
quently, ketoconazole must not be administered con
comitantly with antacids or H2 blockers, such as

rc-; CI

H~-~-O-~2-b-CI
~Cl -

Y
CI

Mlconuole Itraconezole

rNN_CH2~or_CH2_N/N'l
N=.l ~N
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F
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Figure 1. Structures of representative
antifungal azole compounds.
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cimetidine. Determination of serum concentrations
of ketoconazole should be considered when a pa
tient fails to respond to the usual doses.

The Triazoles

The results of recent studies suggest that two new
oral triazoles, fluconazole and itraconazole, may be
particularly wellsuited to the treatment of cryptococ
cal meningitis. At present, these are the only two in
vestigational triazoles to have been studied exten
sively in vitro and in animal models as well as in
limited clinical trials. A third oral azole compound,
SCH 39304, is in the early stages of development
[48-50]. Table 3 compares the major features of
fluconazole and itraconazole with those of keto
conazole.

Pharmacokinetic characteristics. In terms of phar
macokinetics, ketoconazole, fluconazole, and itra
conazole differ markedly from one another. Flucon
azole has a lower molecular weight than either of
the other azoles and is more water soluble. It is
minimally protein bound (11070 vs. > 90070 for each
of the other drugs) and has high relative bioavaila
bility (90070 vs. 75070 for ketoconazole and 85070 for

Table 3. Comparison of the major characteristics of three
azole compounds.

Compound

Keto- Itra- Flu-
Characteristic conazole conazole conazole

Route of administration po po po/iv
Water solubility (pH 7) Low Low High
Cimetidine-antacid

effect +++ +++
Half-life (h) 0 17 26
Protein-binding (%) >90 >90 11
CSF serum levels

(ug/ml.) -0.05 -0.05 >0.60
Urine levels No No Yes
Testosterone/cortisol

suppression ++
Relative potency

against Candida
In vitro 1 1/16
In vivo 4-8 20

Activity against
Aspergillus ++ + +(?)

Activity against
Cryptococcus ± ++ +++

NOTE. Abbreviations and symbols: po = oral; iv = intravenous;
- = none; + = minimal; + + = moderate; + + + = marked.
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itraconazole). The absorption of both ketoconazole
and itraconazole is affected by ingestion with a meal
(the peak level being delayed); the absorption of
fluconazole is the same whether the drug is taken
with food or in a fasting state.

Ketoconazole and itraconazole are extensively
degraded in the liver to inactive metabolites, which
are excreted via both bile and urine. Fluconazole, in
contrast, is excreted primarily in the urine, mainly
as unchanged active drug. The volume of distribu
tion of both fluconazole and itraconazole is greater
than that of ketoconazole. In addition, both flucona
zole and itraconazole have prolonged half-lives (26
hours and 17 hours, respectively) as compared with
ketoconazole (2-8 hours).

Fluconazole. One of the distinguishing phar
macokinetic characteristics of fluconazole is its high
degree of penetration into the CSF and other body
compartments. Several studies in animal models of
cryptococcal meningitis (including models in sub
human primates) have demonstrated that the con
centrations of fluconazole in the ~SF are "-'60%
80070 of serum concentrations in the presence of both
uninflamed and inflamed meninges [51-55].

Findings in humans have been similar. A recent
long-term pharmacokinetic evaluation of flucona
zole in patients with coccidioidal meningitis demon
strated that the mean ratio of the concentration of
fluconazole in CSF to that in serum was 74070 after
a dosage of 50 mg/d and 89070 after a dosage of 100
mg/d [54]. Another report involving patients with
a variety of serious mycoses cited a mean CSF-to
serum concentration ratio of 0.89 [55]. In a study
of AIDS patients with various forms of cryptococ
cosis, the CSF-to-serum concentration ratios ranged
from 0.25 to 0.88 after at least 1 week of treatment
with fluconazole (100 mg/d) [56].

The extensiveCSF penetration of fluconazole may
be due in part to its high water solubility and its low
protein binding in plasma; both characteristics leave
the majority of drug available for distribution
throughout the body. Fluconazole has been shown
to penetrate into all body tissues, including the CNS
and peritoneum [57].

Itraconazole. Itraconazole shares many of the
pharmacokinetic properties of ketoconazole, includ
ing high lipophilicity, good absorption after oral ad
ministration, a high degree of protein binding, and
extensive distribution in tissues (table 3). Although
itraconazole tends to concentrate in cells and phago
cytes, the ratio of tissue to plasma levels suggests a
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high affinity of the drug for tissues usually infected
with fungi. As noted previously, the serum half-life
of itraconazole is considerably longer than that of
ketoconazole. Tests have shown that oral itracona
zole is five times more active than oral ketoconazole
in vivo against Paracoccidioides brasiliensis [58]and
100times more inhibitory in vitro against Aspergillus
jumigatus and Aspergillus niger [59].

Despite its relatively poor penetration into CSF,
itraconazole appears to be effective for the treatment
of cryptococcal meningitis [60, 60a]. Results of
studies in animal models have indicated that itra
conazole shows more promise in this regard than
does ketoconazole [52, 60]. This finding confirms
that high CSF drug concentrations, per se, are not
mandatory. Amphotericin B illustrates this appar
ent paradox for successful treatment of cryptococcal
infections. Perhaps itraconazole reaches high con
centrations in the brain but, because of its lipophi
licity,is found at extremely low concentrations in the
CSF [61].

A recent report described the use of itraconazole
(200 mg/d) in three AIDS patients with cryptococ
cal meningitisin whom conventional antifungal ther
apy had been terminated because of intolerance or
toxicity (two cases) and inefficacy of the highest ad
ministrable dose of amphotericin B (one case) [62].
One month after the initiation of itraconazole ther
apy, clinical symptoms had been suppressed in two
of the patients and additional clinical improvement
was noted in the third patient. CSF cultures were
negative in all three cases. In preliminary studies in
another group of 16 AIDS patients, cryptococcal
meningitis was treated with 100-200mg of itracona
zole daily. Seven of the patients who received ~2

months of therapy experienced marked improvement
or cure [63].

Both itraconazole and fluconazole appear to be
better tolerated than ketoconazole, and both produce
a lower incidence of gastrointestinal side effects and
elevations in hepatic enzymes. Furthermore, the in
hibition of adrenal or testicular steroidogenesis seen
with ketoconazole has not yet been observed with
either itraconazole or fluconazole.

Treatment of Cryptococcal Meningitis in
Patients with AIDS

Cryptococcal meningitis is an important cause of
CNS diseasein AIDS patients. Among the infectious
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agents causing neurologic disease in this population,
C neojormans ranks third in frequency after the hu
man immunodeficiency virus (HIV) and Toxoplasma
gondii [64, 65], infecting up to 10070 of patients [66].
The clinical presentation of cryptococcal meningi
tis in AIDS patients is nonspecific and is often as
sociated with an absence of inflammation and with
unusually high serum titers of cryptococcal antigen
(up to 1:1,000,000) [67].

The goals of treatment in AIDS patients with cryp
tococcal meningitis also differ markedly from those
of therapy in their immunocompetent counterparts.
Instead of cure, the primary objectivesare to improve
the patient's quality of life, minimize the encum
brance of prolonged drug therapy, and suppress
relapses after initial intensive primary treatment.

While combination therapy with amphotericin B
and flucytosine has substantially improved outcome
in AIDS patients with cryptococcal meningitis, the
failure rate among immunocompromised patients is
considerably higher than that among immuno
competent patients [68-70]. In addition, the rela
tively high toxicity of flucytosine in patients with
AIDS may limit its use [70]. Thus, attention has re
cently been focused on the use of the new triazoles
in the treatment of cryptococcal meningitis in pa
tients with AIDS.

In 1987and 1988,the first two cures of cryptococ
cal meningitis in AIDS patients treated with flucona
zole were reported [71, 72]. Several recently com
pleted studies suggest that fluconazole represents an
important advance in the long-term treatment of
AIDS patients withcryptococcal meningitis. In the
first of these open-label studies [61], 22 AIDS pa
tients with infections caused by C neoformans were
treated with 50-400 mg of fluconazole daily for up
to 64 weeks.Sevenof the patients had active, culture
positive infections (five of which were meningitis);
15 had undergone successful treatment with am
photericin B and were receiving fluconazole as pro
phylaxis against relapse. Of the seven patients with
active cryptococcal infection, four had a favorable
clinical and microbiologic response to fluconazole.
The drug sterilized the CSF of two previously un
treated patients with active infection as well as that
of two patients in whom treatment with amphoteri
cin B had failed. Prophylaxis with fluconazole pre
vented relapse for periods ranging from 11 to 64
weeks in 14 of the 15 patients successfully treated
with amphotericin B. Adversereactions in this popu-
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NOTE. Table is adapted from [72].
* Number with indicated result/total number assessed.

Table 4. Resultsof microbiologicstudy of CSF in 29 AIDS
patients whose cryptococcal meningitis was treated with
fluconazole.

adverse effects. Virtually all clinical and biologic
signs and symptoms observed during the course of
therapy were related to the patients' immunocom
promised state.

The majority of clinical studies of fluconazole in
patients with cryptococcal meningitis have been con
ducted in AIDS patients. However, the results of
studies conducted in patients without AIDS suggest
that fluconazole is effective and well tolerated. One
investigation of 15patients with cryptococcal menin
gitis revealed sterilization of CSF in 11 of 15 cases
[74]. In another study, eight non-AIDS patients (age
range, 32-71 years; median age, 45 years) had chronic
coccidioidal meningitis (>1 year in duration) that had
not responded to conventional therapy. Five of these
patients responded to fluconazole therapy, and three
could not be evaluated. At dosages of 50 and 100
mg/d, the mean ratio of the concentration in CSF
to that in plasma was 740/0 and 89%, respectively.
Fluconazole demonstrated a prolonged half-life at
both doses in both CSF and plasma. Toxicity was
limited [54].

Overall, accumulated experience with more than
2,000 patients or volunteers treated with dosages of
fluconazole ranging from 50 to 200 mg/d for up to
64 weeks has shown that the drug is well tolerated,
with minor adverse effects reported in <5070 of pa
tients [75]. Although three cases of Stevens-Johnson
syndrome in patients receiving fluconazole have been
reported worldwide, the association of the drug with
this entity has not been definitively established.

As a result of the favorable pharmacologic,
preclinical, and clinical findings of fluconazole in
the treatment of cryptococcal meningitis, two pro
spective, randomized clinical studies have been ini-

Result* in patients given indicated
dosage (day 30, day 45-60)

400 mg/d
(n = 13)

5/13, 2/13
7/13, 2/13
0/13, 0/13

8/15, 6/13
7/15, 6/13
1116, 3/16

150-200 mg/d
(n = 16)

Positive india ink test
Positive culture
Death

Study or event

lation were generally mild and transient, consisting
primarily of an increase in hepatic enzymes (four pa
tients).

A second open-label study of fluconazole was con
ducted in 20 AIDS patients, 19 of whom had cryp
tococcal meningitis [73]. Patients were treated with
amphotericin B for 20-257 days before beginning
treatment with fluconazole (50-200 mg/d); eight pa
tients had received flucytosine in combination with
amphotericin B. Of the evaluatable patients, nine
(47070) of 19were successfully maintained on flucon
azole for 9-21 months (median, 11 months). The CSF
cultures of these patients were consistently negative.
Two patients relapsed during treatment; one had a
positive and the other a negative CSF culture. Rein
stitution of amphotericin B therapy produced im
provement in both cases. Of the five patients who
died during fluconazole treatment, none had clini
calor laboratory features suggestive of cryptococ
cal meningitis. An additional two patients died fol
lowing discontinuation of fluconazole therapy; in
both cases, postmortem brain cultures were sterile.
Fluconazole was well tolerated during this prolonged
period of administration; the most common adverse
reaction - nausea - did not lead to discontinuation
of therapy in any case.

Thirty-five AIDS patients with cryptococcal men
ingitis participated in a third open-label multicenter
study in which fluconazole was administered as ini
tial therapy (unpublished data). After an initial load
ing dose of 400 mg, patients were assigned to receive
45-60 days of treatment with either 150-200 mg/d
or 400 mg/d. Once CSF cultures became negative,
patients were maintained on 100-200 mg of flucona
zole daily for the remainder of the study.

By day 60 of treatment, 26 (89.6%) of the 29 evalu
atable patients were asymptomatic or had improved.
Improvement was rapid (within 3-5 days) and fre
quently dramatic, and clinical resolution was ob
tained by week 3 or 4. Of the three patients who died,
only one had progressive cryptococcosis. The myco
logic results clearly favored the higher-dose regimen.
Eleven of 13 patients given 400 mg/d had negative
CSF cultures on days 45-60, as compared with seven
of 13 patients given 150-200 mg/d (table 4). Three
of the 18 patients with negative CSF cultures who
continued to receive maintenance therapy relapsed:
one on day 20, one on day 68, and one on day 150.

Fluconazole was well tolerated; there were no cases
in which therapy had to be discontinued because of
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tiated by the Mycoses Study Group and the AIDS
Clinical Trials Units of the National Institute of Al
lergy and Infectious Diseases; one study is compar
ing fluconazole (200 mg/d) with conventional ther
apy in patients with acute cryptococcal meningitis
(mainly those with AIDS), and the other is compar
ing fluconazole (200 mg/d) with amphotericin B (1.0
mg/[kg·w]) as prophylaxis for cryptococcal menin
gitis in AIDS patients whose cultures are negative
following primary therapy.

Conclusions

This article reviews the past 30 years of clinical ex
perience with the drug treatment of cryptococcal
meningitis. While amphotericin Band flucytosine
remain widely used for this purpose, problems with
potential toxicity and less-than-optimal efficacy have
spurred the development of alternative therapies that
offer considerable clinical promise.

The antifungal triazoles (fluconazole, itracona
zole, SCH 39304)appear to combine many desirable
pharmacokinetic and pharmacodynamic character
istics. The promising results of studies in animals
warrant intensive investigation of clinical utility of
these agents in the treatment of cryptococcal menin
gitis.

Of the investigational triazoles, fluconazole has
been used most in the treatment of patients with
cryptococcal meningitis. The results of three recently
completed studies of AIDS patients with cryptococ
cal meningitis suggest that fluconazole may offer an
advantage over existing therapies in this particularly
challenging situation. Experiences with itraconazole
in a limited number of patients with cryptococcosis
are also highly encouraging.
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