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Abstract

Background: Candida auris (C. auris) was isolated in 2009 and has continued to increase in
prevalence. Most strains exhibit multidrug resistance to primary antifungal treatments, increasing
the difficulty of treatment by healthcare professionals. The World Health Organization
designated C. auris on the fungal priority pathogen list and urges further research of treatment
regimens to enhance scientific understanding and improve patient outcomes. Our goal was to
analyze pertinent clinical trials regarding treatment of C. auris infections.

Methods: We analyzed the National Library of Medicine’s Clinical Trials (Clinicaltrials.gov;
CTG) with a secondary search through MEDLINE (PubMed.gov). The search string used for
CTG included the terms ‘Candida auris’ or ‘Invasive candidiasis” with ‘C. auris’ in the “other”
field. Our search of PubMed used the following search string: ((clinical trial) AND (phase))
AND (candida auris).

Results: Few clinical trials have been started regarding C. auris and even fewer have published
results with effective treatment modalities. Our search of CTG resulted in 7 unique trials with an
additional 1 found using PubMed. Of these trials, 5 were interventional studies that used one of
the following medications: fosmanogepix, oral ibrexafungerp (SCY-078), rezafungin,
caspofungin, fluconazole, and intranasal 10% povidone-iodine. Of these, 2 trials have published
results with anti-fungal treatments- NCT04148287 and NCT03667690.

Conclusion: Publishing the results of clinical trials promptly, increasing the amount of
therapeutic research, and continuing further education of healthcare professionals and patients
are essential in the development of an effective and safe cure for C. auris infections.



Introduction:

Candida auris (C. auris), a budding yeast associated with nosocomial infections, was first
isolated and characterized in 2009 on the external ear canal of a patient in Japan.! Since its
initial identification, C. auris has now been located and identified across 41 countries on each
continent except for Antarctica.? This presents an escalating threat with invasive strains
increasing in prevalence that has a wide variety of presentations includings urinary tract
infections, blood infections, megitits, and amore- ultimately causing a crude rate mortality of
34%.%* The urgency of C. auris’ public health threat is compounded by the fact that most strains
exhibit multidrug resistance to primary antifungal treatments, causing a plethora of
complications for healthcare professionals. Notably, Chow et al. discovered that 80% of isolated
strains display resistance to antifungal treatments such as fluconazole, 23% to amphotericin B,
and 7% to micafungin.’

Recognizing the critical implications for public health, the World Health Organization (WHO)
has classified C. auris as the second-highest-ranking fungal pathogen and designated its priority
as critical in the 2022 WHO fungal priority pathogens list.> The ranking criteria encompass
considerations such as antifungal resistance, number of deaths caused by the pathogen, available
treatment options, and diagnostic tools. This strategic classification aims to highlight fungal
pathogens that pose a serious health risk, necessitating further research to enhance scientific
understanding and improve patient outcomes.’ In response to the pressing need for enhanced C.
auris treatment options, our study aims to provide a comprehensive summary of recent clinical
trials focused on C. auris antifungal therapy. To achieve our objective, we analyzed emerging
medical interventions found within the National Library of Medicine’s Clinical Trials
(Clinicaltrials.gov; CTG) with a secondary search through PubMed.gov.

Methods:

To address our objectives, we conducted an observational analysis of clinical trials from two
publicly available databases—CTG, and PubMed. Each of these searches were conducted on
February 29, 2024.

Clinical trials database. CTG is an investigator-reported research database created and managed
by the National Library of Medicine and the National Institution of Health. CTG facilitates
public access to current clinical trials to improve knowledge and identify areas of improvement,
and recruit potential study participants.® Each study uploaded into the database contains
information regarding the disease or condition they are studying, the treatment intervention they
are using, primary and secondary endpoints, participant guidelines for enrollment, and study
design.” The search string used for CTG included the terms ‘Candida auris’ or ‘Invasive
candidiasis” with ‘C. auris’ in the “other” field with trials that had an initial start date on or after
January 1, 2009. Trials of all statuses and phases were selected by marking the appropriate check
box. The remaining fields were left unchanged.

PubMed. We conducted a second search of PubMed (MEDLINE) to find additional clinical trials
that included C. auris but did not appear using our search criteria on CTG. Our search of
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PubMed for clinical trials that included C. auris used the following search string: (((clinical trial)
AND (phase)) AND (candida auris).

Inclusion criteria, screening, and data extraction

Trials from the search were not included in our data if they did not specifically list Candida auris
in the description, design, outcome measures, eligibility criteria, terms related to study, or
medical subject heading (MeSH)terms. Articles must have had an associated National Clinical
Trial (NCT) identification number— a unique 8-number code assigned to each trial registered on
CTG?® — and have information connecting C. auris to the clinical trial to be included in our
analysis. After conducting both searches, the results returned were first screened for inclusion
criteria by two authors (R.W. and S.W.) in a masked duplicative fashion. Disagreements were
resolved between the two authors with a third author (M.H.) acting as an arbiter. Data for the
following characteristics were then extracted from the trials in the same manner by the same
authors.

Data Analysis

From the initial searches, we reported the number of trials returned, the number excluded, and
our final sample. We then reported the total number of participants included in the trials, whether
they were observational or interventional, the potential mechanism for treatment, and the phase
of the trials. For trials with results reported on CTG, we provide a summary of the latest results
reported.

Results:

Our initial query of CTG for ‘C. auris’ resulted in 5 unique trials. °~'* Our second CTG search
for ‘invasive candidiasis’ resulted in 3 trials— 2 of which were excluded due to duplication from
the initial search.!!"'2!% Our search of PubMed returned 2 articles'>'° with 3 associated clinical
trials— 1 was duplicated from the previous CTG search and was excluded.'!!”"!® The other study
was identified in CTG and added to our list, thus we examined 8 clinical trials for the treatment
of C. auris (Table 1).5-1317-18

Within the included studies, there were a total of 3279 enrolled participants—1159 actual
participants from trials and 2120 estimated participants from Trial NCT03450005 and Trial
NCT06282510, which were still in the recruiting phase. *-1317-18

By study design, three trials were listed as observational and five were interventional. The
interventional studies included trial NCT06282510, trial NCT04148287, trial NCT03363841,
trial NCT03667690, and trial NCT04368559. These trials used the following medications:
intranasal 10% povidone iodine, fosmanogepix, oral ibrexafungerp (SCY-078), and rezafungin to
test the efficacy against specific pathogens including C. auris.!'"'>!"!® Trial NCT04121871 is an
observational study where researchers are taking swabs from infected patients to test drug
susceptibility using antifungal drug discs.” Trial NCT03827330 is a retrospective observational
study where researchers looked at patients who had a positive blood culture (Candida
parapsilosis, Candida auris, Candida lusitaniae, Candida glabrata, and/or Candida albicans) at
the National Institute of Health from 2004 to 2017 and what antifungal medications they were
treated for the duration of infection.'® The final observation trial, NCT03450005, is a
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prospective study making a database regarding drug susceptibility and treatment efficacy for
Candida spp. infections.'*

We found that out of the eight included trials, 6 had no results posted. Of these trials, three had
the trial status “recruiting” and three were “completed.”®-1%12-1418 The completed trials were
finished in February 2020, November 2020, and May 2023.%1%12 CTG results are not posted until
they are submitted by the researcher—this could be due to project incompletion, the project’s
deadline has yet to arrive, the submission is under view, or the researcher was not required to
submit results to CTG.!*-2

The two trials with results available on CTG were NCT04148287 and NCT03667690. Trial
NCT04148287, investigating only C. auris with the intervention of fosmanogepix had 9
participants. Blood cultures were followed by 3 participants with a median of 3 days until the
first negative cultures. By 2 weeks, 6 (66.7%) participants’ treatments were considered
successful. By the end of the 6-week treatment period, 8 (88.9%) participants’ treatments were
successful—meaning that no other antifungal therapy was used, completed two consecutive
negative blood cultures, and one negative tissue culture and/or aspirate/fluid culture if applicable.
By the end of the trial period and follow-up, all participants had experienced at least one adverse
event that was not present before treatment had started, including all-cause mortality for 2
participants.'!

Trial NCT03667690 compared rezafungin to caspofungin (and step-down oral fluconazole if
applicable) in multiple invasive candidiasis species, including C. auris. There were 199
participants included in this trial, though only 93 in the rezafungin and 94 in the caspofungin
groups were used for analyses reported in CTG (n=187). Global response data from
appointments was assessed by the European Medicines Agency and the United States Food and
Drug Administration. By the end of treatment (~day 30, less than 2 days from last dose
received), 56 (60.2%) participants taking rezafungin were cured compared to 59 (62.8%) taking
caspofungin. At follow-up (days 52-59), the number of participants cured was 42 (45.2%) and 39
(41.5%) respectively; criteria included for this is described as “an efficacious outcome and the
desired results” by both data review committees. During the trials, 20 (21.5%) participants in the
rezafungin and 17 (18.1%) participants in the caspofungin group had at least one treatment-
emergent adverse event. All-cause mortality was found in 29 (31.2%) participants treated with
rezafungin and 25 (26.6%) with caspofungin.'’



Table 1. Clinical trials for the treatment of Candida auris.

Study Enrollm  Trial Result
Title of Cliniczl Trial; NCT Design Phase ent  StartEnd  Toal Status Intervention Posted Trial Focus Inclusion Criteria?
Maolecular Characterization of Candida auris 11/2018- No | Invasive Candidiasis,  Observation of
(OC)"; NCT{4368559 Obs.  NA 384 2/2020 Completed including C. auris Treatments used
Retrospective Chart Review of Candida 12015 Invasive Candidiasis, General Treatment,
Fungemia™; NCT03827330 Obs. NA 73 112020 | Completed No including C. auris Includes C auris
ECNMM Candida Registry - CandiReg 1/2018- Est Invasive Candidiasis, ~ Observation of
(CandiReg)'; NCT03430003 Obs. | N/A | ~2000 2026 Fecruiting No including C.auris Treatments used
An Open-label Study of APX001 for
Treatment of Patients With Candidemia’
Invasive Candidiasis Caused by Candida 12/2019- Treatment for C
auris'; NCT04148287 Int. 1 9 1272020 | Completed fosmanogepix Yes C. auris Only auris
Study of Rezafimgin Compared to
Caspofungin in Subjects With Candidemia rezafuugin,
and/or Invasive Candidiazis (ReSTORE)'; 10/2018- caspofingm,
NCT03667690 Int. 3 199 102021 Completed flucenazole Yes C. auriz Only Other
Open-Label Study to Evaluate the Efficacy
and Safety of Oral Tbrexafungerp (SCY-078)
in Patients With Candidiasis Caused by 11/2017- cral ibrexafungerp Invasive Candidiasis,  Treatment for &
Candida auris (CARES)'; NCT03363841 Int. 3 30 572023 Completed (SCY-078) No including C. auris auris
Study of Rezafingin Compared to Standard
Antimicrobial Regimen for Prevention of
Invasive Fungal Disezzes in Adults
Undergeing Allogeneic Blood and Marrow rezafimgin,
Transplantation (ReSPECT)'; 5/2020- posaconazole, Invasive Candidiasis,
NCT04368339 Int. 3 462 | Est872024  Pecruiting fluconazole No including C. auris Other
Nasal Antisepsis for C. aquris Prevention'; 1/2972024- intranasal 10% Invasive Candidiazis, — Treatment for C
NCT06282510 Int 4 | ~120 Est122026 Recruiting  povidone-iodine No including  auris auris

Obs. = Observational study; Int. = Interventional stud}'.l

Discussion:

Our results showed few clinical trials have been started regarding C. auris and even fewer have
published results with effective treatment modalities. Our search of CTG resulted in 7 unique
trials with an additional 1 found using PubMed. Of these trials, 3 were retrospective
observational studies on interventions used previously for individuals infected by C. auris and 5
were interventional studies that used one of the following medications: fosmanogepix, oral
ibrexafungerp (SCY-078), rezafungin, caspofungin, fluconazole, and intranasal 10% povidone-
iodine.”" 131718 Trials NCT04368559, NCT03827330, NCT04148287, NCT03363841, and
NCT03667690 have a posted status of completed.”!>!” Trials NCT04148287 and NCT03667690
have results with anti-fungal treatment posted on CTG.'"!”

Only two of the studies had results reported—the first showing that 8 of 9 patients treated with
trial drug APX001 reported favorable outcomes, while the other study showed that 45.2% treated
with rezafungin and 41.5% treated with caspofungin had favorable results.!!!” The latter study
also showed a high prevalence of adverse events and mortality within both groups. While novel
interventions may be on the horizon, such as APX001, the current first-line approaches
recommended by the CDC include the use of echinocandins.?! These echinocandins include
anidulafungin, caspofungin, or micafungin in adults—the latter two of which are also
recommended in pediatric cases.?! When echinocandins do not provide favorable results,
liposomal amphotericin B may be considered.?! As with the management of other Candida
species, other medical treatment options should follow the Clinical Practice Guideline for the
Management of Candidiasis.*

The implications of this study suggest further efforts must be taken to halt the progression of
multidrug-resistant C. auris. These efforts should be multifaceted and include components of



physician education, facility-driven antimicrobial stewardship, and policy changes. The selection
for multidrug-resistant organisms results from improper or excessive antimicrobial use in rapidly
growing populations. Therefore, appropriate education in clinicians on antimicrobial stewardship
and the growth of multidrug-resistant organisms could reasonably reduce the burden of these
infections. Guidance for initiating this education has been previously published.?? While the Joint
Commission has mandated that all accredited hospitals must have antimicrobial stewardship
programs, funding of these programs is frequently a barrier to compliance. Therefore, policy
changes must occur at the state and national levels to improve funding and discourage
indiscriminate use of antimicrobials in plant and animal agriculture, both of which have been
identified as causes for the current era of antimicrobial resistance.?*

The emergence of several MDR microorganisms presents a current and future challenge for
medical professionals and patients. Medical professionals can proactively address and prevent
the development of additional MDR organisms by adhering to appropriate treatment guidelines
to ensure the proper antimicrobial is selected at the optimal dose and duration. Additionally, they
can provide education to patients regarding the appropriate use of antimicrobials and which
medical conditions require their use.?®> They can participate in antimicrobial stewardship
programs that offer collaboration among clinicians, nursing staff, pharmacists, infection
prevention teams, microbiologists, and patient safety teams to prescribe the proper antimicrobials
effectively. Antimicrobial stewardship programs analyze four different components before
prescribing antimicrobials—1) are antimicrobials required, 2) what is the most effective empiric
treatment, 3) does the patient display signs of improvement after initial treatment, and 4) the
duration of an antimicrobial course.?® This collaboration is crucial as medical professionals are
the frontline in safeguarding the effectiveness of antimicrobial medications.?’” Patients must
ensure they are prioritizing their health by practicing effective hand hygiene and receiving the
recommended vaccinations. Both of these maneuvers limit the need for antimicrobials by
preventing an initial infection. If antimicrobials are prescribed by a clinician, it is vital to
complete the entire course even if symptoms improve. Additionally, patients must refrain from
sharing or using leftover antibiotics from previous prescriptions.?

Limitations:

A limitation of this study is that it only included trials registered in CTG, whether found through
CTG or PubMed, thus limiting our scope and ability to analyze all trials conducted surrounding
C. auris. CTG does not require all clinical studies in the United States to be registered. Specific
trials not included are observational clinical research such as cohort studies, phase 1 trials of
investigational drug products, small clinical trials used to determine the feasibility of a prototype
device, and trials that focus on behavioral interventions. Trial updates are also limited.
ClinicalTrials.gov allows studies to upload information either throughout the study or after the
study is completed, thus preventing access to the information in a timely manner. These
limitations have been mitigated by the increasing number of study registrations, coupled with the
implementation of additional policies mandating the registration and implementing guidelines of
these studies.



Conclusion:

Invasive strains of C. auris have increased in prevalence, causing a 34% mortality rate and an
ongoing threat for healthcare professionals. As C. auris has developed resistance to multiple
commonly used antifungal therapies, clinical trials are necessary to test novel treatments. Our
search for clinical trials for C. auris resulted in 8 trials, for which only 2 trials reported results.
The first study showed that 8 of 9 participants treated with APX001 reported favorable
outcomes, the other study showed that less than half of participants receiving rezafungin or
caspofungin had favorable results. These results indicate that it may be better to use other first
line echinocandins such as caspofungin and micafungin because of increased adverse effects and
mortality. Publishing the results of clinical trials promptly, increasing the amount of therapeutic
research, and continuing further education of healthcare professionals and patients are essential
in the development of an effective and safe cure for C. auris infections.
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