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Abstract

Cryptococcosis is a fungal infectious disease that enormously impacts human health worldwide.
Cryptococcal meningitis is the most severe disease caused by the fungus Cryptococcus, and can lead to
death, if left untreated. Many patients develop resistance and progress to death even after treatment. It
requires a prolonged treatment course in people with AIDS. This narrative review provides an evidence-
based summary of the current treatment modalities and future trial options, including newer ones, namely,
18B7, T-2307, VT-1598, AR12, manogepix, and miltefosine. This review also evaluated the management and
empiric treatment of cryptococcus meningitis. The disease can easily evade diagnosis with subacute
presentation. Despite the severity of the disease, treatment options for cryptococcosis remain limited, and
more research is needed.

Categories: Preventive Medicine, Internal Medicine, Infectious Disease
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hiv, cryptococcosis, antiretroviral therapy, antifungal therapy

Introduction And Background

Cryptococcosis is an invasive opportunistic fungal infection caused by Cryptococcus neoformans or
Cryptococcus gattii that has become increasingly prevalent in immune-compromised patients, and is either
acquired or hereditary. C. neoformans is the principal pathogenic member of the genus and has a worldwide
distribution. There are around one million cases of cryptococcosis globally each year, with 625,000 deaths
reported [1,2]. The incidence of cryptococcal meningitis (CM) was 223,100 cases globally in 2014 [1,2]. It is
challenging to accurately assess the incidence of cryptococcosis in the United States (US) as only a few states
report the data. The case fatality ratio is reported to be approximately 12% [3-5]. Most cases are from Sub-
Saharan Africa (162,500), followed by the Asia-Pacific region, the Caribbean, Latin America, North America,
North Africa, the Middle East, and Europe. Three susceptible patient groups of cryptococcosis that are
identified include HIV-infected, transplant recipients, and HIV-negative/non-transplant patients [6]. Non-
HIV-related/non-transplant-related risk factors include glucocorticoid therapy, neoplasia, especially
hematologic, liver disease and cirrhosis, sarcoidosis, and other autoimmune diseases [7]. Cryptococcosis
commonly affects the central nervous system (CNS) and lungs, but the involvement of other systems has also
been reported. Common CNS manifestations include headache, nausea, vomiting, general fatigue,
encephalopathy, neck stiffness, photophobia, seizures, fever with associated signs, increased intracranial
pressure (ICP), hearing loss, and papilledema (Figure 7). There has been a poor correlation between ICP and
positive neuroimaging in patients with cryptococcal disease with CNS involvement [8]. This is why lumbar
puncture (LP) and the opening pressure are paramount in suspected cases of CNS cryptococcosis, as they are
significant risk factors for increased morbidity and mortality. Other organ systems like skin, eyes, and
prostate are rarely affected, and there are few cases of orthopedic cryptococcosis, cryptococcal peritonitis,
and gastrointestinal involvement [1,7,8].
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FIGURE 1: Involvement of various organs in a cryptococcal infection
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The reported prevalence estimate of the cryptococcus disease among people with HIV was one million cases
per year, with 625,000 deaths [9]. Cryptococcus neoformans is a significant cause of illness in people living
with HIV/AIDS, with an estimated 0.22 million cases of cryptococcal meningitis occurring worldwide each
year. T-cell-mediated immunity is required for anti-cryptococcal protection. The clearance of Cryptococcal
neoformans is determined by the development of a robust CD4+ response TH1 > TH2. In many circumstances,
the yeast will establish a latent infection within the macrophages, resulting in a latent infection within the
thoracic lymph nodes or a pulmonary granuloma that can persist in asymptomatic individuals for years. As
soon as the cellular immunity is compromised, the yeast can disseminate either as a yeast form or within the
phagocyte to other body sites by direct invasion of the blood-brain barrier via transcytosis of free yeast
forms through a series of mechanisms between yeast and host factors and transport via macrophages into
the CNS (the “Trojan horse” mechanism) [10,11]. Before anti-retroviral therapy (ART), fungal and other
opportunistic infections were a huge burden for the HIV/AIDS population. Since the advent of ART, the
number has gone substantially down in the US and other developed countries with easy access to ART (one
study showed a decrease of 90% in cases in the 1990s) [2,8,10].

Review
Method

We searched online databases, including PubMed, Scopus, and Embase, for articles related to Cryptococcus
and cryptococcus meningitis from inception till Feb 2024. We included clinical trials, meta-analyses, clinical
trial extensions, subgroup analyses, post hoc analyses, cost-effectiveness analyses, and new human data.

Management of cryptococcal disease

Cryptococcosis is an infection that can affect both immunocompetent and immunocompromised hosts. The
two main causative species of yeast that have been identified are Cryptococcus neoformans and Cryptococcus
gattii. The most common human body sites affected by cryptococcal infection include the pulmonary and
central nervous systems. Cryptococcal meningoencephalitis is one of the most common manifestations of
CNS infection seen in patients with HIV [12]. Effective cryptococcal meningoencephalitis management
typically involves prolonged antifungal treatment and ICP-lowering strategies. The therapy goals for
cryptococcal disease include eradication of the infection and preventing dissemination of the infection. The
antifungal treatment regimens include agents used individually or in combination for the treatment of
cryptococcosis, and these include mainly amphotericin B (AmB), 5-flucytosine (5-FC), and fluconazole
(azole group) [13]. Their mechanism of action is shown in Figure 2.
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FIGURE 2: Mechanism of action of antifungal drugs
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Amphotericin B

AmB is an antifungal agent that disrupts the fungal cell wall synthesis by binding to the sterols in the fungal
cell membrane and forming pores that allow leakage of the cellular components, as shown in Figure 3. It is a
fungicidal agent against many fungal organisms like Candida spp., Aspergillus spp., endemic mycoses, and
Cryptococcus spp. [14]. The AmB molecule has an amino group and an amphoteric carboxyl group, whereas
the conjugated heptaene on the macrolactone ring and the hydroxyl group make it amphiphilic. Due to its
molecular structure, it is poorly soluble in water and even less soluble in salty solutions, making it difficult
to administer it to patients [15].
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FIGURE 3: Mechanism of action of amphotericin B
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5-Flucytosine

5-FC is an antifungal agent that inhibits protein and DNA synthesis. It is transported into the fungal cell by
an enzyme known as cytosine permease. The metabolites of the medication include 5-fluoro-deoxy uridylic
acid monophosphate, 5-fluorouridine monophosphate, and 5-fluorouridine diphosphate. These metabolites
are crucial in inhibiting DNA and protein synthesis in the fungal cell. Depending on the fungal organism, 5-
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FC can act as static and cidal agents [16]. The absence of the abovementioned enzyme in mammalian cells
makes it a selective antifungal agent.

Fluconazole

Fluconazole interferes with the fungal cytochrome P450 activity, reduces sterol synthesis, and inhibits cell
membrane formation of the fungal cell by increasing permeability and causing cell lysis, and in turn, death
[17].

Phases of treatment for cryptococcal meningitis

The treatment for cryptococcal meningitis is divided into three phases: induction, consolidation, and
maintenance therapy, as shown in Figure 4 [18].

Step 1: INDUCTION Step 3: MAINTENANCE

Amphotericin B combined with

Flucytosine for two weeks. Fluconazole for 12 months
The dose is AmBd (0.7-1.0 mg/kg The dose of Fluconazole is at
per day intravenously [IV]) with 200 mg per day orally

Flucytosine (100 mg/ kg per day
orally in 4 divided doses).

Step 2: CONSOLIDATION NEW THERAPY

A single high dose of liposomal

Fluconazole for at least 8-10 weeks Amphotericin B with 14 days of
Flucytosine and Fluconazole is
The dose of Fluconazole is recommended by the newest WHO
400-800mg per day orally guideline for cryptococcal
meningitis

FIGURE 4: Latest treatment algorithm for cryptococcal meningitis
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Induction Therapy

The induction phase aims to drastically reduce the cerebrospinal fluid (CSF) fungal burden within the first
two weeks. This is crucial for good patient outcomes and ensures lower chances of treatment failure [19]. For
induction, first-line agents used in cryptococcal infections are amphotericin B combined with flucytosine for
two weeks [19]. AmB) deoxycholate (AmBd) is the recommended first-line formulation. The dose for AmBd is
0.7-1.0 mg/kg per day intravenously (IV) with flucytosine (100 mg/ kg per day orally in four divided doses). IV
formulations can be used for two weeks in patients with severe infections who cannot tolerate oral
medications. Lipid formulations are preferred due to their lesser nephrotoxicity in comparison to other
formulations of amphotericin B. Liposomal AmB can be used at 3-4 mg/day IV or AmB lipid complex (5
mg/kg per day IV for at least two weeks) and can be used instead of the regular AmBd in patients with renal
dysfunction [20]. Recently, an alternative regimen has shown non-inferiority compared to the standard-of-
care regimen where high-dose fluconazole (1200 mg/day) is combined with 5-FC for two weeks during the
induction phase [21]. Many ongoing trials explore the concept of shorter duration for the induction phase
and a combination of different molecules. At present, more data is needed to implement that in clinical
practice. A similar treatment regimen is used for immunocompetent hosts with no HIV or solid transplant
but who develop cryptococcosis; the difference is that the induction period is four weeks and can extend up
to six weeks instead of the standard two weeks [19].

Consolidation

Once the patient receives induction therapy and an appropriate clinical response is obtained, we can
transition them to consolidation therapy followed by maintenance therapy. The consolidation phase
comprises orally giving fluconazole 400-800 mg (6 mg/kg per day) for at least 8-10 weeks [20].
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Maintenance

After completing the consolidation, patients can be switched over to maintenance therapy with oral
fluconazole at 200 mg/day for 12 months. A reduction in relapse rates of infections was found when patients
received maintenance antifungal therapy during the first year of diagnosis. If the CD4 counts are maintained
over 100 cells/ul, and the HIV viral load is undetectable for three months, maintenance therapy can be
discontinued after 12 months [22]. Fluconazole was found to superior to other agents like itraconazole and
AmB for maintenance [23]. In contrast, agents like voriconazole (VRCZ), posaconazole, and
isavuconazonium, which have shown efficacy against Cryptococcus, are very costly alternatives and are used
sparingly. They have demonstrated an improved activity against Cryptococcus gattii genotypes compared to
fluconazole [24]. The consolidation and maintenance therapy in patients who are immunocompetent hosts
with no HIV and no solid transplant but develop cryptococcosis is the same as for the ones who are
immunocompromised. Initiating ART in these patients with CM is challenging as there is an increased risk
of developing immune reconstitution syndrome. Many meta-analyses showed that ART when started within
four weeks of diagnosis of cryptococcal meningitis, was associated with increased mortality [25].

Adjunctive Therapy

Patients with increased ICP, especially those with a CSF opening pressure of 25 cmH 70 or more and

cryptococcal meningitis, have shown improvement with therapeutic LP to reduce the opening pressure to
<20 cmH,0 [21].

Treatment of Localized Manifestations of Cryptococcal Disease

Other localized manifestations include pulmonary, cryptococcosis, and non-meningeal and non-pulmonary
infections. In immunosuppressed and immunocompetent patients, mild to moderate pulmonary disease can
be treated with fluconazole (400 mg/day) for 6-12 months [21]. Cryptococcomas can involve the lungs, brain,
or both. The Cryptococcus gattii species are responsible for cryptococcosis, and they require a six-week
induction phase with AmB and 5-FC followed by oral fluconazole (400-800 mg/day) for 6-18 months [21,22].
Large cerebral cryptococcomas might also need surgical excision [26]. On the contrary, cryptococcomas
involving only the lungs can be treated with oral fluconazole 400 mg/day for 6-12 months [22]. Similarly
significant, multiple pulmonary cryptococcomas require induction therapy with AmBd and 5-FC for a
duration of four to six weeks, followed by consolidation and maintenance therapy with oral fluconazole for
6-18 months [22,26].

Novel therapies for Cryptococcus

Voriconazole

VRCZ, an extended-spectrum triazole, has been studied to treat cryptococcal infections. It acts by inhibiting
14-a lanosterol demethylation, thus preventing ergosterol synthesis, a major sterol in cell membranes of
fungi. This action allows it to be fungistatic for most yeast species and fungicidal for some mold species [27].
Cryptococcus, a thick-walled yeast, demonstrates a spectrum of susceptibility to VRCZ. It was found that at
subinhibitory concentrations in the Sabouraud dextrose medium (SAB), VRCZ did not affect the growth of C.
neoformans, but it did alter capsular dimensions, as evidenced by electron microscopic imaging. When C.
neoformans strain 24067 was incubated in the medium independently, the capsular volume was 635.5+225.7,
while incubation with 0.5 minimum inhibitory concentration (MIC) of VRCZ resulted in a capsular volume of
137.8£59.4 (p<0.001) [28]. This has led to the theory that the inhibition of ergosterol in the cell membrane
affects vesicular movement, which is needed for capsule synthesis [29].

Given amphotericin B's high efficacy against C. neoformans, voriconazole has not been adopted as a first-line
treatment. However, the current literature supports the use of voriconazole in patients with AmB-resistant
infections [28]. A case report by Serraj et al. demonstrated the efficacy of voriconazole monotherapy in
systemic cryptococcus granulomatosis. The dose recommendations are 6 mg/kg IV every 12 h on Day 1,
followed by a maintenance dose of 300 mg every 12 h orally [29,30]. Direct proportionality exists between
increased voriconazole concentrations and elevated transaminases. This established 5.0 microgram/mL as
the maximum serum voriconazole level [30].

Sertraline

Given challenges in drug development, drug repurposing has gained significant traction. Sertraline, a
selective serotonin reuptake inhibitor, has been subject to such repurposing studies after it demonstrated
potent in vitro fungicidal activity against Cryptococcal neoformans, synergistic to fluconazole [31]. The
mechanism of anti-cryptococcal action has been purported to inhibit protein synthesis via the interaction
with the eukaryotic translation initiation factor (Tif3) [32]. From March 2015 to May 2017, two hospitals in
Uganda conducted a novel study that analyzed the potential use of sertraline as adjunctive therapy for
cryptococcal meningitis in HIV patients. Modeled as a double-blinded, randomized clinical trial, this study
compared the use of sertraline as adjunctive therapy versus placebo in patients being treated with IV
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amphotericin B and oral fluconazole, for cryptococcal meningitis. The primary endpoint was 18-week
survival, and 460 patients were enrolled in this study: 229 patients in the sertraline group and 231 patients
in the placebo group. However, at the end of 18 weeks, 120 of the 229 patients in the sertraline group (52%)
and 106 of the 231 patients in the placebo group had died (hazard ratio 1.21, 95% CI 0.93-1.57, p=0.15), and
this study was then terminated for futility. It was found that sertraline did not reduce mortality and was
recommended not to be used to treat HIV-associated cryptococcal meningitis [33].

This study comes after a dose-finding survey conducted in August 2013 through 2014 to further quantify the
dose of sertraline in the treatment of HIV-affected cryptococcal meningitis cases among 172 Ugandans. The
doses of sertraline tried in this study were escalating doses of 100, 200, 300, and 400 mg/day as induction
therapy for two weeks, followed by consolidation therapy with 200 mg/day through eight weeks. Based on
pharmacokinetic projections, the brain concentration of sertraline would likely exceed MICs reported in
vitro when dosed at 400 mg/day. At 400 mg/day, 81% of persons would achieve therapeutic sertraline activity
in the brain. It was noted that there was no statistical difference in the early fungicidal activity (EFA)
between doses of sertraline. Higher doses did not reduce the duration of hospitalization or mortality.
However, the small size of this study resulted in overlapping confidence intervals [34].

Tamoxifen

Tamoxifen's mechanism of action when it comes to Cryptococcus is through the drug's binding to calmodulin
and calmodulin-like proteins. This prevents the activation of calcineurin and thus prevents calcineurin-
dependent nuclear localization, curbing the growth of Cryptococcus in macrophages [35]. In an open-label,
randomized controlled trial, 50 patients with cryptococcal meningitis were studied to quantify the effect of
tamoxifen on EFA (trial NCT03112031) [35,36]. Conducted in Vietnam, this study compared two groups of
patients, those treated with standard therapy of AmB and fluconazole for the first two weeks and those
treated with standard treatment plus 300 mg/day of tamoxifen. EFA was defined as the rate of yeast
clearance from CSF. It was found that high-dose tamoxifen did not significantly affect the EFA [36].

Interferon Gamma

Adjunctive treatment with interferon gamma (IFNY) was tried in a randomized clinical trial among patients
with HIV-associated cryptococcal meningitis [37]. Patients were randomized into three groups: group 1
received standard therapy with AmB and 5-FC, group 2 received standard treatment plus IFNy-1b (100
micrograms) on days 1 and 3, and group 3 received IFN gamma-1b (100 micrograms) on days 1, 3, 5, 8, 10
and 12. The primary outcome was the rate of cryptococcal clearance, measured by the EFA. Mean EFA
(logCFU/ml/day) was -0.49 with standard treatment; -0.64 with IFNy, two doses; and —0.64 with IFNy, six
doses. The difference in EFA was -0.15 (95% CI -0.02 to -0.27, p=0.02) between standard treatment and IFNy
(two doses), and -0.15 (95% CI -0.05 to -0.26, p=0.006) between standard treatment and IFNY (six doses). As
per the results of this study, there was a statistically significant increase in the clearance rate of cryptococcal
viral particles from CSF with a short course of IFNy therapy. The role of inherent IFNy in the immune
system's anticryptococcal processes has been demonstrated in multiple in vitro studies [38]. In these studies
conducted on mice, IFN-gamma was instrumental in microglial cell activation and induction of CD40/IL2,
which prevented the entry of cryptococcus in the cerebrospinal fluid.

In another randomized, double-blinded, placebo-controlled phase II trial conducted from January 2000 to
July 2001, the safety and antifungal activity of recombinant IFNy 1b (rIFNy-1b) was further studied. In this
study (trial NCT00012467), 60 patients with acute cryptococcal meningitis were divided into one of three
parallel groups in a two-stage research over 14 weeks. In stage 1, patients were hospitalized for two weeks of
acute therapy, wherein they received rIFNy-1b or placebo subcutaneously three times per week, IV AmB
daily, with or without oral 5-FC every six hours. In stage 2, patients received 84 days of consolidation
therapy (56 days with study drug and 28 days of follow-up). The results of this study are yet to be published
[39].

IFN-gamma cannot be used as monotherapy due to its toxic adverse effects, including flu-like illness,
injection site reactions, and gastrointestinal symptoms [40]. Studies that sought to explore the
pharmacotherapeutics of IFN-gamma also helped shed light on the possible therapeutic benefit of systemic
treatment with interleukin 2 (IL-2) and anti-CD20 agents in preventing cerebral cryptococcal infection. This
is mainly through the upregulation of major histocompatibility complex (MHC) class II in microglial cells,
which then induces the phagocytic capacity of microglial cells [37-39]. The current literature contains a
singular report of the successful treatment of cryptococcal meningitis with adjunctive recombinant IL-2
(rIL-2) [39,40]. The therapeutic role of the drug is yet to be studied in clinical trials.

Efungamab

NeuTec Pharma (a subsidiary of Novartis AG, Basel, Switzerland) developed an efungumab drug to treat
candidemia in conjunction with IV AmB. This agent is a recombinant human antibody that binds to heat
shock protein HSP90 on fungal particles. Fungal HSP90 is responsible for regulating thermotolerance in
Cryptococcus and hence enables fungal growth. It is induced under the same conditions that cause capsule
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formation [41]. Biologic studies have revealed that interfering with HSP90 function improve anidulafungin
(AF) tolerance in Cryptococcus; at 25°C and 37°C, an average growth of Cryptococcus was noted, indicating
resistance to AF. When Cryptococcus was incubated with radicicol (an HSP90 inhibitor), no change in the
fungal growth was reported at 25°C. Still, a 42% decrease in the growth was noted with a lower dose of AF (4
micrograms/mL). This supports the hypothesis that HSP90 is involved in thermotolerance and growth and
that inhibitors of HSP90 can have additive effects with antifungal therapy [41,42].

Mycograb

In August 2006, Novartis sponsored a multicenter, randomized phase II clinical trial to study the efficacy
and safety of Mycograb as adjunctive therapy for CM in patients with AIDS. Patients in this study were
randomized into three groups of only standard treatment (with IV AmB and 5-FC), AmB with Mycograb, and
standard therapy plus Mycograb. The results of this trial are yet to be published [43].

Morbidity and mortality in relation to cryptococcosis

Cryptococcosis is an invasive fungal disease that most commonly affects the CNS and lungs [44]. Still, also
more rarely, other organ systems like skin, eyes, and prostate may be affected; there have been few reports
of orthopedic cryptococcosis, cryptococcal peritonitis, and gastrointestinal involvement [45]. Pulmonary
infection is associated with nonspecific findings like fever, chills, cough, malaise, night sweats, shortness of
breath, weight loss, and rarely hemoptysis [46]. In immunocompetent hosts, the disease tends to remain
confined in the lungs, but cases of disseminated disease have been documented [47,48].

Cryptococcal meningitis is a disease with significant morbidity and mortality that primarily affects the
immunocompromised, but it can also affect immunocompetent hosts. Overall, the cases of CM have gone
down since the advent of ART for AIDS. Still, there is an increased number of instances of solid-organ-
transplant cases on immunosuppression, cancer chemotherapy, or people on long-term steroid use. Patients
who survive CM may have long-term sequelae related to their infection, such as focal neurologic deficits,
blindness, deafness, cranial nerve palsies, and memory deficits, and may require prolonged therapy or
experience disease relapses [49]. Data regarding the real burden of the CM sequela is inconsistent, and not
many studies have been done with that primary endpoint. As per a recent review, mortality in HIV-related
CM can reach 78%, and in non-HIV CM 42%, after one year. Also, there is an essential long-term burden of
CM on impairments and disability, with proportions reaching up to 70% in both HIV-infected and non-HIV-
infected survivors [50].

Cryptococcus and HIV

CM is usually recognized by the innate immune system [51]. This system can effectively control the infection
of a virulent Cryptococcus strain; however, the most pathogenic strains can rapidly upregulate factors that
promote their growth. T-cell-mediated immunity is required for anti-cryptococcal protection [52]. The
clearance of CM is determined by developing a robust CD4+ response TH1 > TH2. This is crucial for the
development of an immune response. Still, there are highly virulent, rapidly disseminated strains that can
result in meningitis and death, even in the presence of a robust TH1 response [53,54]. In many
circumstances, the yeast will establish a latent infection within the macrophages, resulting in a latent
infection within the thoracic lymph nodes or a pulmonary granuloma that can persist in asymptomatic
individuals for years. As soon as the cellular immunity is compromised, the yeast can disseminate either as a
yeast form or within the phagocyte to other body sites [55,56]. Both direct invasion of the blood-brain barrier
via transcytosis of free yeast forms through a series of mechanisms between yeast and host factors and
transport via macrophages into the CNS (the “Trojan horse” mechanism) seem to occur [56]. C. neoformans
infections are rare among people who have healthy immune systems; however, C. neoformans is a significant
cause of illness in people living with HIV/AIDS, with an estimated 220,000 cases of cryptococcal meningitis
occurring worldwide each year [57]. Before ART, fungal and other opportunistic infections were a significant
burden for the HIV/AIDS population, but with the advent of ART, the number has decreased substantially
[58,59]. It is not easy to accurately estimate the incidence of cryptococcosis in the US, as only a few states
report the data. Still, based on the surveillance done in 2000, the annual incidence of cryptococcosis was two
to seven cases per 1000, with an overall incidence of 0.4-1.3 cases per 100,000 people [59]. The case fatality
ratio was approximately 12% [59,60]. In cryptococcal meningoencephalitis, ART should be started at five
weeks or later for patients with extremely low CD4 cell counts, CSF culture positive at two weeks despite the
initiation of antifungal treatment, and those with a high fungal burden [60]. It is associated with improved
survival compared to starting ART at one or two weeks [60].

Newer agents for the management of Cryptococcus
18B7

18B7 is a monoclonal antibody against a major Cryptococcus neoformans polysaccharide antigen component:
glucuronoxylomannan (GXM). The monoclonal antibody causes deposition of the C3 complement, increases
yeast cell phagocytosis, and has catalytic properties [61,62]. It can be administered as a single infusion with
a maximum dose of 1 mg/kg. The monoclonal antibody has been shown to decrease serum cryptococcal
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antigen titers to half by a week and a third by two weeks. The adverse effects include myalgia, backache, and
nausea at a 1 mg/kg dose [63].

T-2307

T-2307 is a structurally aromatic diamide like pentamidine. The exact mechanism by which T-2307 exerts its
antifungal activity is unknown. The reduction of mitochondrial membrane potential might be an important
factor [64]. It inhibits both fermentative and non-fermentative growth of Cryptococcus neoformans [65]. In
murine systemic cryptococcosis, T-2307-treated mice had survival rates of 60%, 70%, and 100% at 0.1, 0.3,
and 1 mg/kg, respectively, administered daily [66]. Although we could not find the results, a phase I trial of
T-2307 has been completed (NCT02289599) [66,67].

VT-1598

VT-1598 is a tetrazole-based agent with high selectivity for fungal CYP51 enzyme and prevents ergosterol
biosynthesis [66,67]. It shows broad-spectrum antifungal susceptibility, which includes Candida,
Cryptococcus, and endemic fungal agents, with an in vitro study showing high susceptibility of Cryptococcus
neoformans and Cryptococcus gattii [68]. In a murine model of cryptococcal meningitis, oral doses of VT-1598
showed a reduction in the fungal burden in six days [69]. A phase I trial of the drug is currently undergoing
(NCT04208321).

ARI12

AR12 is a celecoxib derivative that also has broad-spectrum antifungal activities. The antifungal properties
are thought to derive from inhibiting the enzyme acetyl CoA synthase [69,70]. In a mouse model of
cryptococcosis, the CFU per gram brain tissue after six days of treatment with AR12 and fluconazole was
significantly less when compared with fluconazole alone, while AR12 alone had no significant effects [70]. A
phase I trial of AR12 as an anticancer agent has been completed.

Manogepix

Manogepix is a fungal GWT1 inhibitor. Thus, the drug affects the maturation and localization of
glycosylphosphatidylinositol (GPI)-anchored mannoproteins by inhibiting the inositol acetylation of fungal
GPI proteins [69,70]. Manogepix has an in vitro and in vivo activity against Cryptococcus, and the effect is
synergistic when combined with fluconazole [71]. Three phase I trials of manogepix have been completed so
far; two did not report any clinically significant adverse effects or dose-limiting toxicities. A phase II trial
has been completed for candidemia (NCT03604705). However, currently, to our knowledge, there are no
trials for cryptococcosis [71,72].

Miltefosine

Miltefosine has antiprotozoal activities and has been widely used for leishmaniasis. Although the
mechanism of the antifungal effects of miltefosine is not understood, its interaction with ergosterol may
play a role [72]. The fungicidal effects of miltefosine against Cryptococcus were seen in an in vitro study with
MIC values ranging from 0.5 to 2 microgram/mL [73].

Conclusions

Cryptococcosis is a fungal infectious disease, and cryptococcal meningitis is its most serious form. CM is a
rare clinical presentation but carries a 100% mortality rate if left untreated. There have been many trials on
CM over the past 12 years, and the evidence base has never been more substantial. Many studies indicate the
rising resistance to the traditional treatment method, especially azoles. Physicians must pay close attention
to the diagnosis of CM, especially in immunocompromised patients, and early consultation with an
infectious disease specialist is essential.
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