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Empirical therapy of candidemia

- Why to treat empirically?

- Results from RCT?

- Who to treat empirically?

- Diagnostic-driven approach

- Pre-emptive approach



Background

- Candidemia vs. deep-seated candidiasis vs. both

- Candidemia is the most common form of IC (~7 episodes per 1000 ICU 

patients), with 30-day mortality >40%

- Intra-abdominal candidiasis (IAC) accounts for most cases of deep-

seated candidiasis
Bassetti M, et al. Crit Care. 2019;23(1):219.

Kett DH, et al. Crit Care Med. 2011;39(4):665–70.

Bassetti M, et al. Intensive Care Med. 2015;41(9):1601–10.

Bartalucci C, et al. Current Fungal Infection Reports (2024) 18:136–145



Effect of delay in treatment (observational)

Kollef M, et al. Clin Infect Dis. 2012;54(12):1739–46..

Labelle AJ, et al. Crit Care Med. 2008;36(11):2967–72.

Bassetti M, et al. Intensive Care Med. 2014;40(6):839–45

Morrell M, et al. Antimicrob Agents Chemother. 2005;49(9):3640–5.

Garnacho-Montero et al. J Antimicrob Chemother. 2013;68(1):206–13.



Brief (classical) diagnostic considerations

- Microscopic examination is rapid and can be helpful but a negative result 

does not exclude IC

- Cultures are the diagnostic gold standard but it can take several days 

before Candida is identified at species level and antifungal susceptibility 

test results are available

- Furthermore, are positive in only 50–70% of cases of candidemia, and 

even less frequently in IAC (5–20%)
Clancy CJ, et al. J Fungi. 2018;4:1.

Schelenz S, et al. Lancet Infect Dis. 2015;15(4):461–74.

Clancy CJ, et al. Clin Infect Dis. 2013;56(9):1284–92.
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- Design: Multicenter double-blind RCT in 260 nonneutropenic critically ill 

patients with ICU-acquired sepsis, multiple Candida colonization, 

multiple organ failure, and exposed to broad-spectrum antibacterial 

agents that compared empirical micafungin vs. placebo

- Primary endpoint: invasive fungal infection-free survival at day 28.

Timsit JF, et al. JAMA. 2016;316(15):1555–64.
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Risk score based-approach

- Risk scores can be considered as early diagnostic tools when evaluating 

empirical antifungal therapy in ICU at the bedside of patients with signs 

and symptoms consistent with IC

- However, most risk factors for IC are also common among ICU patients 

without candidemia

- Risk scores usually have high NPV and low PPV
.

Bartalucci C, et al. Current Fungal Infection Reports (2024) 18:136–145



Which risk factors to consider?

- High APACHE II score

- Diabetes mellitus

- Renal insufficiency

- Surgery (especially abdominal surgery)

- Pancreatitis

- Use of broad-spectrum antibiotics

- Parenteral nutrition

- Haemodialysis,

- Mechanical ventilation

- Presence of CVC

- Candida colonization

- Therapy with immunosuppressive agents

- …

Muskett H, et al. Crit Care. 2011;15(6):R287.

Jameran AS, et al. J Crit Care. 2021;65:216–20.

Thomas-Ruddel DO, et al. Chest. 2022;161(2):345–55.

Calandra T, et al. Crit Care. 2016;20(1):125.

Poissy J, et al. Crit Care. 2020;24(1):109.
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- The guideline group moderately recommends initiating empirical 

antifungal treatment for patients with septic shock or patients with 

deteriorating health with additional risk factors of candidaemia, such as 

prolonged stay at an intensive care unit, an indwelling vascular catheter, 

or Candida spp. colonisation.

Cornely OA, et al. Lancet Infect Dis 2025; 25: e280–93.



Role of AI 

- Risk scores can be considered as early diagnostic tools

- AI-based models for risk: (usually) need for large dataset

- Ability to exploit complex interactions patters

.

Giacobbe DR, et al. Ann Med. 2023;55(2):2285454



Giacobbe DR, et al. Infect Dis Ther 2025. Accepted for publication.
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Fungal Ag and/or Ab based tests

- serum 1,3-β-D-glucan (BDG), combination of mannan antigen (Mn) and 

anti-mannan IgG antibodies (Anti-Mn), and Candida albicans germ tube 

antibody (CAGTA)

- Most studied in ICU is BDG

Giacobbe DR, et al. Mycoses. 2022 Dec;65(12):1073-1111.

Bartalucci C, et al. Current Fungal Infection Reports (2024) 18:136–145



Theoretical gain (over empirical)

- They are expected to improve overall PPV for IC in patients with risk 

scores and to have a high NPV on their own

- Of importance, they confer a probability of infection and not a definitive 

diagnosis

Clancy CJ, et al. J Fungi. 2018;4:1.

Bartalucci C, et al. Current Fungal Infection Reports (2024) 18:136–145



- Fungal antigen-based biomarkers 

(with most studies assessing 

serum BDG) showed a high NPV 

across studies

- The PPV of laboratory tests varies 

significantly according to the 

baseline patients' risk of IC.
Giacobbe DR, et al. Mycoses. 2022 Dec;65(12):1073-1111.





Giacobbe et al. Critical Care 2017



Ullah N, et al. J. Fungi 2025, 11, 149



BDG + PCT
- Discordanza: BDG < 80 pg/ml e PCT < 2 ng/ml

Giacobbe et al. Critical Care 2017
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Pre-emptive approach

- Different from diagnostic-driven approach

- Conflicting observational evidence in reducing incidence of IC

- Low PPV of non-culture-based test (role of denominator)

Azoulay E, et al. Crit Care Med. 2012;40(3):813–22.

Pang YK, et al. Eur J Clin Microbiol Infect Dis. 2017;36(1):187–94

Piarroux R, et al. Crit Care Med. 2004;32(12):2443–9.

Wissing H, et al. Infect Drug Resist. 2013;6:15–25. 

Bartalucci C, et al. Current Fungal Infection Reports (2024) 18:136–145



- 21/45 and 5/17 evaluable patients received antifungal therapy in the pre-

emptive therapy and empirical therapy arms, respectively. 

- Not designed to assess relevant clinical outcomes

- Survival at ICU discharge, length of ICU stay, proportion of febrile ICU 

days, and days on broad spectrum antibiotics were similar in the pre-

emptive and empirical therapy arms (85% vs. 81%, median 19 vs. 15 

days, 8% vs. 12%, and median 3 vs. 4 days, respectively)

Hanson KE, et al. PLoS ONE. 2012;7(8):e42282.



.Hoenigl M, et al. Mycopathologia. 2024 May 5;189(3):41.2025.



- There are no comparative data to support the use of specific antifungal 

drugs for empirical fever-driven treatment.

- An echinocandin should be used as empirical treatment of patients with 

septic shock, given the superiority of this class over fluconazole as a 

primary treatment for candidaemia

Cornely OA, et al. Lancet Infect Dis 2025; 25: e280–93.



Conclusions (diagnosis)

- Empirical therapy burdened by low PPV (i.e., difficult to restrict to the 

group of patients for whom it may be essential)

- Role of diagnostic-driven therapy in reducing the time window of 

empirical therapy

- Future AI-based approaches more on anticipating diagnosis than 

improving empirical therapy?

Giacobbe DR, personal opinion.



Current scenario

 Polyenes  safety, lack of oral formulation

 Azoles  safety, drug-drug interactions, variable PK

 Echinocandins  lack of oral formulation

 Other issues  resistance, daily administration

Personal opinion



Novel antifungal agents

- Fosmanogepix

- Rezafungin

- Ibrexafungerp

- Opelconazole

- Encochleated AmB deoxycholate 

- Olorofim



Novel targets

Hoenigl M, et al. Drugs 2021; 81:1703–1729



Fosmanogepix (APX001)

 Glycosylphosphatidyl inositol anchor pathway inhibitor

 Converted to its active moiety (manogepix) by systemic 

phosphatases

Miyazaki M, et al. Antimicrob Agents Chemother 2011; 55:4652-4658
Watanabe NA, et al. Antimicrob Agents Chemother 2012; 56:960-971 

Neoh CF, et al. Expert Rev Anti Infect Ther 2023; 21:577-594



Fosmanogepix (APX001)

 High oral bioavailability (>90%)

 Good distribution to CNS, eye, liver, kidney, lung

 Elimination by bile/feces, minimally excreted in urine

 Weak/moderate inducer CYP2B6, CYP1A2, CYP2C19, CYP3A4

 Weak inhibitor CYP2C9, CYP2D6

Hodges MR, et al. Open Forum Infect Dis 2017; 4:S534
Mansbach R, et al. Open Forum Infect Dis 2017; 4:S472

Lee A, et al. Antimicrob Agents Chemother 2021; 65:e02476
Petraitiene R, et al. Antimicrob Agents Chemother 2021; 65:e01795

Shaw KJ, et al. J Fungi (Basel) 2020; 6:239



Fosmanogepix (APX001)

 In vitro activity against Candida spp.

- Including C. auris and excluding C. krusei

- Possible reduced susceptibility C. albicans and C. parapsilosis due to efflux pumps

 In vitro activity against other yeasts

- Cryptococcus spp., Saprochaete clavata, Magnusiomyces capitatus, other

- Trichosporon spp. and Pichia norvegensis less susceptible to manogepix

 In vitro activity against Coccidioides spp.

Pfaller MA, et al. Antimicrob Agents Chemother 2019; 63:e00840
Pfaller MA, et al. J Glob Antimicrob Resist 2021; 26:117-127

Hager CL, et al. Antimicrob Agents Chemother 2018; 62:e02319
Shaw KJ, et al. Antimicrob Agents Chemother 2018; 62:e00518-00523

Viriyakosol S, et al. Antimicrob Agents Chemother 2019; 63:e01715-18
Liston SD, et al. Antimicrob Agents Chemother 2020; 64:e00220-00261
Huband MD, et al. ECCMID 2021
Pfaller MA, et al. Antimicrob Agents Chemother 2022; 66:e0102822



Fosmanogepix (APX001)

 In vitro activity against Aspergillus spp.

- Including cryptic or azole-resistant

 In vitro activity against Fusarium spp.

- With the exception of F. verticillioides

 Inactive against Mucorales

- Effective in murine models of Rhizopus spp. infection

 In vitro activity against other molds

- Including Lomentospora prolificans, Scedosporium spp., other

Pfaller MA, et al. Antimicrob Agents Chemother 2019; 63:e00840
Pfaller MA, et al. J Glob Antimicrob Resist 2021; 26:117-127

Alkhazraji S, et al. Antimicrob Agents Chemother 2020; 64:e01719-01735
Badali H, et al. Antimicrob Agents Chemother 2021; 65:e02320-02343

Jorgensen KM, et al. Antimicrob Agents Chemother 2020; 64:e00720-00730
Rivero-Menendez O, et al. J Antimicrob Chemother 2019; 74:1295-1299

Gebremariam T, et al. Open Forum Infect Dis 2019; 6:S235-326
Gebremariam T, et al. Antimicrob Agents Chemother 2020; 64:e00178
Gebremariam T, et al. Open Forum Infect Dis 2017; 4:S475
Huband MD, et al. ID Week 2022; Huband MD, et al. ECCMID 2021
Pfaller MA, et al. Antimicrob Agents Chemother 2022; 66:e0102822



Fosmanogepix (APX001)

 Efficacy in in vivo models of invasive candidiasis

- Endophthalmitis, HME, IAC, disseminated C. auris candidiasis

 Efficacy in in vivo models of cryptococcal meningitis

 Efficacy in in vivo models of other IFD

- Aspergillosis, coccidioidomycosis, disseminated fusariosis

Lee A, et al. Antimicrob Agents Chemother 2021; 65:e02476
Petraitiene R, et al. Antimicrob Agents Chemother 2021; 65:e01795

Hager CL, et al. Antimicrob Agents Chemother 2018; 62:e02319
Shaw KJ, et al. Antimicrob Agents Chemother 2018; 62:e00518-00523
Viriyakosol S, et al. Antimicrob Agents Chemother 2019; 63:e01715-18

Alkhazraji S, et al. Antimicrob Agents Chemother 2020; 64:e01719-01735
Gebremarianm T, et al. Antimicrob Agents Chemother 2019; 63:e01713-18

Wiederhold NP, et al. Antimicrob Agents Chemother 2019; 63;e01120



 Population: 20 adults with candidemia

 Design: single-arm

 Intervention: FMGX IV 1 g BID on day one, then 600 mg IV QD

 Possible switch to oral FMGX 700 mg QD by day 4

 Primary endpoint: treatment success (survival and clearance of Candida 

from blood cultures without additional antifungals)

 Safety: No treatment-related serious adverse events/discontinuations

Pappas PG, et al. J Antimicrob Chemother 2023; 78:2471-2480



Pappas PG, et al. J Antimicrob Chemother 2023; 78:2471-2480



 Population: 9 adults with candidemia by C. auris

 Design: single-arm

 Intervention: FMGX IV 1 g BID on day one, then 600 mg IV QD

 Possible switch to oral FMGX 800 mg QD by day 4

 Primary endpoint: treatment success (survival and clearance of C. auris 

from blood/tissue cultures without additional antifungals)

 Safety: No treatment related adverse events or study drug 

discontinuations were reported

Vazquez JA, et al. Antimicrob Agents Chemother 2023; 67:e0141922



Vazquez JA, et al. Antimicrob Agents Chemother 2023; 67:e0141922



Vazquez JA, et al. Antimicrob Agents Chemother 2023; 67:e0141922



Fosmanogepix (APX001)

https://clinicaltrials.gov/study/NCT05421858

 Design: Phase 3 RCT

 Intervention: Fosmanogepix IV followed by oral fosmanogepix

 Comparator: Caspofungin IV followed by oral fluconazole



Ibrexafungerp (SCY-078)

 Triterpenoid

 Derivative of enfumafungin

 Inhibition of beta-(1,3)-D-glucan synthesis

Hoenigl M, et al. Drugs 2021; 81:1703–1729

Neoh CF, et al. Expert Rev Anti Infect Ther 2023; 21:577-594



Ibrexafungerp (SCY-078)

 Bioavailability from 35% to >51%

 Enhanced absorption with food

 Good distribution to kidney, lung, liver, spleen, vaginal tissue, bone 

marrow, skin, and skeletal muscle

 Limited distribution to SNC

 Elimination by bile/feces, minimally excreted in urine

 Low risk of DDI Wring S, et al. Antimicrob Agents Chemother 2017; 61:e02068
Wring S, et al. Antimicrob Agents Chemother 2019; 63:e02119

Wring S, et al. Clin Pharmacol Drug Dev 2019; 8:60-69
Wring S, et al. J Clin Pharmacol 2018; 58:1305-1313

Neoh CF, et al. Expert Rev Anti Infect Ther 2023; 21:577-594



Ibrexafungerp (SCY-078)

 In vitro activity against Candida spp.

- Including fluconazole-resistant or echinocandin-resistant C. glabrata and C. auris

- Decreased susceptibility of C. glabrata with FKS2 gene substitution

- Descreased susceptibility of C. pararugosa

- Potent anti-biofilm activity against C. auris

 Decreased susceptibility of Cryptococcus spp.

 Variable activity against rare yeasts

- Active against P. jirovecii

Quindos G, et al. Front Celll Infect Microbiol 2022; 12:906563
Arendrup MC, et al. Antimicrob Agents Chemother 2020; 64:e02136

Pfaller MA, et al. Antimicrob Agents Chemother 2017; 61:e00161
Mesquida A, et al. Clin Microbiol Infect 2022; 28:e1154

Jorgensen KM, et al. J Fungi (Basel) 2022; 8:1106
Mesquida A, et al. Clin Microbiol Infect 2022; 28:e140
Larkin E, et al. Antimicrob Agents Chemother 2017; 61:e02396
Borroto-Esoda K, et al. Open Forum Infect Dis 2020; 7:S643



Ibrexafungerp (SCY-078)

 In vitro activity against Aspergillus spp.

- Including azole-susceptible and azole-resistant A. fumigatus

- Limited/reduced  activity against A. ustus complex and A. alliaceus

 Inactive against Fusarium spp.

 Inactive against Mucorales

 In vitro activity against other molds

- Only marginal activity against Lomentospora prolificans, Scedosporium spp., 

Scopulariopsis spp.

Pfaller MA, et al. Antimicrob Agents Chemother 2013; 57:1065-1068
Rivero-Menendez O, et al. J Fungi (Basel) 2021; 7:232 

Lamoth F, et al. Antimicrob Agents Chemother 2015; 59:4308-4311
Ghannoum M, et al. ASM Microbe 2020



 Population: 27 adults with invasive candidiasis

 Design: initial IV echinocandin and then step-down to oral therapy

 Study arms: ibrexafungerp 500 mg/die (after 1 g loading dose); 

ibrexafungerp 750 mg/die (after 1250 mg loading dose); fluconazole (SOC)

 Safety and PK/PD: The oral ibrexafungerp dose estimated to achieve the 

target exposure in subjects with invasive candidiasis is 750 mg daily. This 

dose was well tolerated and achieved a favourable global response rate, 

similar to the SOC.

Spec A, et al. J Antimicrob Chemother 2019; 74:3056–3062



Spec A, et al. J Antimicrob Chemother 2019; 74:3056–3062





Patterson TF, et al. 2025



 Design: Phase 3, multicenter, randomized, double-blind, double-dummy, 

active-controlled, comparative study to evaluate the efficacy, safety and 

tolerability of oral IBX compared to oral fluconazole (FLU) step-down 

treatment following IV echinocandin in the treatment of adult subjects (≥18 

years old) with invasive candidiasis and/or candidemia

 Arms: Eligible subjects receive initial treatment with IV echinocandin. 

Treatment will then be switched to double-blind, double-dummy oral therapy 

(either IBX or FLU)



Rezafungin (CD101)

 Long-acting echinocandin

Sandison et al. Antimicrob Agents Chemother 2017



Rezafungin (CD101)

 Improved stability, solubility, and reduced rate of elimination

 Long half-life (125-146 hours)

 Good distribution to various tissues, with the exception of SNC

 Primary excreted unchanged in bile/feces

 Low risk of DDI

James KD, et al. Antimicrob Agents Chemother 2017; 61:e01541
Sandison T, et al. Antimicrob Agents Chemother 2017; 61:e01627

Ong V, et al. Antimicrob Agents Chemother 2016; 60:6872-6879
Ong V, et al. Antimicrob Agents Chemother 2017; 61:e01626



Rezafungin (CD101)

 In vitro activity against Candida spp.

- Including also C. auris, although reported reduced susceptibility with FKS gene mutations

 Limited activity against Cryptococcus spp.

 Activity against Pneumocystis jirovecii

 In vitro activity against Aspergillus spp.

- Comparable to that of other echinocandins

- Activity against cryptic species with reduced susceptibility to posaconazole or voriconazole

Berkov EL, et al. Diagn Microbiol Infect Dis 2018; 90:196-197
Helleberg M, et al. Antimicrob Agents Chemother 2020; 64:e02438

Pfaller MA, et al. Antimicrob Agents Chemother 2020; 64:e00099
Toth Z, et al. J Antimicrob Chemother 2019; 74:3505-3510

Miesel L, et al. Antimicrob Agents Chemother 2021; 65:e01992

Carvalhaes CG, et al. J Clin Microbiol 2022; 60:e02449
Wiederhold NP, et al. J Antimicrob Chemother 2018; 73:3063-3067
Pfaller MA, et al. Int J Antimicrob Agents 2017; 50:352-358
Pfaller MA, et al. J Antimicrob Chemother 2016; 71:2868-2873
Hager CL, et al. J Antimicrob Chemother 2018; 73:2085-2088



 Population: 183 adults with candidemia/IC 

 Study arms: RZF 400 mg Qwk; RZF 400/200 mg Qwk; caspofungin

 Primary endpoint: overall cure (resolution of signs of candidemia/IC plus 

mycological eradication) at day 14

 Safety: No concerning safety trends were observed

Thompson GR, et al. Clin Infect Dis 2021; 73:e3647-e3655



Thompson GR, et al. Clin Infect Dis 2021; 73:e3647-e3655



Thompson GR, et al. Clin Infect Dis 2021; 73:e3647-e3655
Erratum. Clin Infect Dis 2021; 73:561-562



 Population: 199 adults with candidemia/IC

 Study arms: RZF 400/200 mg Qwk; caspofungin

 Primary endpoint: global cure (consisting of clinical cure, radiological 

cure, and mycological eradication) at day 14 for the EMA and 30-day all-

cause mortality for the FDA

 Safety: no concerning trends in treatment-emergent or SAE

Thompson GR, et al. Lancet 2023; 401:49-59



Thompson GR, et al. Lancet 2023; 401:49-59



Thompson GR, et al. Lancet 2023; 401:49-59



Thompson GR, et al. Lancet 2023; 401:49-59



Opelconazole (PC945)

 Novel triazole developed for administration via nebulizer

 Inhibition of 14-alpha-demethylase

Cass L, et al. Pharmacol Res Perspect 2021; 9:e00690
Hoenigl M, et al. Drugs 2021; 81:1703–1729

Neoh CF, et al. Expert Rev Anti Infect Ther 2023; 21:577-594



Opelconazole (PC945)

 High concentration in the lung

 Prolonged retention

 Slow systemic absorption

 Minimal systemic exposure

 Low potential for DDI

Cass L, et al. Pharmacol Res Perspect 2021; 9:e00690
Neoh CF, et al. Expert Rev Anti Infect Ther 2023; 21:577-594



Opelconazole (PC945)

 In vitro activity against Aspergillus spp.

- Reduced activity against A. niger and A. flavus

 In vitro activity against Candida spp.

- Activity against C. auris 

 Inactive against Mucorales

- However, active against R. arrhizus

Colley T, et al. Antimicrob Agents Chemother 2017; 61:e02280
Rudramurthy SM, et al. J Antimicrob Chemother 2019; 74:29432949



Cass L, et al. Pharmacol Res Perspect 2021; 9:e00690



Encochleated amphotericin B 

deoxycholate (MAT023)

 Oral formulation of AMB

Gonzalez-Lar MF, et al. Drugs 2017; 77:1505-1518
Skipper CP, et al. Antimicrob Agents Chemother 2020; 64:e00838-20



Encochleated amphotericin B deoxycholate (MAT023)

 Protection against degradation in unfavorable environments

 Targeted intracellular delivery into macrophages and 

reticuloendothelial cells

 High intracellular concentration for killing of intracellular organisms

 Low plasma concentrations with reduced toxicity

Gonzalez-Lar MF, et al. Drugs 2017; 77:1505-1518
Skipper CP, et al. Antimicrob Agents Chemother 2020; 64:e00838-20



Encochleated amphotericin B deoxycholate (MAT023)

 In vitro activity against Aspergillus spp.

 In vitro activity against Candida spp.

 In vitro activity against Cryptococcus spp.

Skipper CP, et al. Antimicrob Agents Chemother 2020; 64:e00838-20
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