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ABSTRACT

Introduction: Candidemia is a systemic fungal infection associated with healthcare,
related to high mortality rates, prolonged hospitalization, and increased healthcare
system costs. Therapeutic recommendations include initiating treatment with echi-
nocandins, performing blood cultures, and, for azole-susceptible isolates such as
Candida albicans, therapy with fluconazole. Strategies involving antifungal de-esca-
lation are important for therapeutic optimization, aiming to reduce fungal resistance,
promote patient safety, and apply the concept of pharmacoeconomics within health-
care institutions. Objective: To characterize the profile of anidulafungin use in Inten-
sive Care Units (ICUs) and to estimate the resource savings generated by its de-es-
calation. Methods: Descriptive retrospective study including adult patients admitted
to ICUs, from the Brazilian Unified Health System (SUS), who received anidulafun-
gin prescriptions. Results: A total of 106 patients were analyzed, of whom only 21
(20.4%) had mycological diagnosis, with Candida albicans being the most frequent
isolate (47.6%). De-escalation was performed in 6 patients (28.6%), resulting in
savings of R$12,378.29. It is estimated that this amount could have increased by
R$5,412.84 if de-escalation had been applied in all cases with indication. Conclu-
sions: The de-escalation strategy demonstrated potential to optimize therapy based
on mycological diagnosis, reduce institutional costs, and contribute to the rational
use of antifungals, avoiding unnecessary exposure to broad-spectrum agents.
Keywords: Anidulafungin; Pharmacoeconomics; Antimicrobial Stewardship.

RESUMO

Introducgdo: A candidemia é uma infecgéo flngica sistémica, associada a assistén-
cia a saude, relacionando-se a alta taxa de mortalidade, prolongamento no tempo
de hospitalizagdo e aumento nos custos do sistema de salde. A recomendacao
terapéutica inclui inicio de tratamento com farmacos da classe das equinocandinas,
realizagao de hemoculturas, e para isolados suscetiveis a azdis, como Candida al-
bicans, terapia com fluconazol. Estratégias envolvendo acdes de descalonamento
antifingico, sdo importantes na otimizacdo terapéutica, visando reduzir a resistén-
cia flngica, promover seguranca ao paciente e aplicar o conceito de farmacoeco-
nomia para a instituicdo. Objetivo: Caracterizar o perfil de uso de anidulafungina
em Unidades de Terapia Intensiva (UTIs) e estimar a economia de recursos gerada
pelo descalonamento deste antifingico. Métodos: Estudo descritivo retrospectivo
que incluiu pacientes adultos internados em UTIs, provenientes do Sistema Uni-
co de Salde (SUS), com prescricdo de anidulafungina. Resultados: Foram ana-
lisados 106 pacientes, dos quais apenas 21 (20,4%) apresentaram diagndstico
micolégico, sendo Candida albicans o isolado mais frequente (47,6%). O descalo-
namento foi realizado em 6 pacientes (28,6%), resultando em uma economia de
R$12.378,29. Estima-se que esse valor poderia ser acrescido em R$5.412,84
caso o descalonamento tivesse sido aplicado em todos os casos com indicagao.
Conclusoes: A estratégia de descalonamento demonstrou potencial para otimizar
a terapéutica baseada no diagnéstico micolégico, reduzir os custos institucionais e
contribuir para o uso racional de antiflingicos, evitando a exposicao desnecessaria
a agentes de amplo espectro.

Palavras-chave: Anidulafungina; Farmacoeconomia; Gestao de Antimicrobianos.
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Introduction

Candidemia results from hematogenous dissem-
ination and/or establishment of the yeast in deep
tissues, and is associated with a high mortality rate,
prolonged length of hospital stay and, consequent-
ly, increased healthcare costs.!? Immunocompro-
mised patients, such as those with hematologic ma-
lignancies, transplant recipients and individuals
admitted to intensive care units (ICUs), constitute
risk groups for invasive fungal infections.! Mortal-
ity related to this infection ranges from 30 to 60%,
and the time to disease manifestation is variable,
occurring more frequently between 10 and 50 days
after hospital admission.> Risk factors for candi-
demia include diabetes mellitus, abdominal sur-
gery, prior use of broad-spectrum antibiotics, use
of central venous catheters, immunosuppression,
prophylactic antifungal therapy, as well as hemato-
logic patients.*

More than 17 Candida species have been de-
scribed as causative agents of candidemia in hu-
mans. However, the majority of cases are attributed
to a few predominant species such as C. albicans,
Nakaseomyces glabratus (C. glabrata), C. tropicalis,
C. parapsilosis, Pichia kudriavzevii (C. krusei) and
C. auris.® Candidemia presents multiple clinical
challenges, among which are delayed initiation of
treatment due to difficulties in establishing early
diagnosis, rapid clinical deterioration of patients,
the risk of developing antifungal resistance and the
emergence of multidrug-resistant species, such as
Candida auris.”

Currently, three classes of antifungal agents are
available for the treatment of candidemia, namely
polyenes (amphotericin B), azoles (fluconazole and
voriconazole) and echinocandins (anidulafungin,
micafungin and caspofungin). Until the mid-2000s,
fluconazole was the first-line therapeutic option.®®
Due to the increasing incidence of non-albicans
isolates and resistance to this antifungal agent,
the Infectious Diseases Society of America (IDSA)
and the European Society of Clinical Microbiol-
ogy and Infectious Diseases (ESCMID) began to

recommend echinocandins as first-line therapy
for the initial management of candidemia, with
subsequent transition to fluconazole 200 to 400
mg in non-neutropenic patients who are clinically
stable and have isolates susceptible to this antifun-
gal agent, such as C. albicans. In cases of infection
caused by N. glabratus (C. glabrata), de-escalation
with higher doses of fluconazole 800 mg per day or
voriconazole 200 to 300 mg twice daily is recom-
mended. In infections caused by P kudriavzevii (C.
kruset), the use of voriconazole is recommended for
sequential oral therapy. The recommendation for
the use of amphotericin B applies to cases involv-
ing isolates resistant to the previously mentioned
classes. Treatment duration is two weeks when
patients present with negative blood cultures and
clinical stability.'°

It is important to highlight the possibility of
acquiring resistance to echinocandins during ther-
apy, as well as reports of cross-resistance to azoles
in isolates of N. glabratus (C. glabrata). Consequent-
ly, the indiscriminate use of echinocandins as em-
pirical therapy and azoles, for prophylaxis has led
to epidemiological changes, with an increase in
multidrug-resistant strains of N. glabratus (C. gla-
brata).1!

The term de-escalation emerged in the 1990s
within the context of antimicrobial stewardship
strategies , in studies aimed at reducing the in-
discriminate use of broad-spectrum antimicrobial
agents.12 Subsequently, the concept was expanded
to the practice of antifungal stewardship strategies,
which aim to optimize the use of these agents, pri-
marily through the selection of the most appropri-
ate therapeutic regimen.'>'* One of the main ap-
proaches is antifungal therapy de-escalation, which
consists of replacing a broad-spectrum agent with
another agent with a narrower spectrum, lower tox-
icity and reduced cost, based on pathogen identifi-
cation and its susceptibility profile.'* As a positive
example of de-escalation practice, de-escalation
from an echinocandin to agents of the azole class is
highlighted when a susceptible isolate is identified.
This strategy reduces costs, minimizes toxicity and
exposure to broad-spectrum agents and maintains
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similar clinical outcomes in terms of mortality
when compared with continuous echinocandin
therapy.'>'* Conversely, among negative examples,
therapeutic failure resulting from premature de-es-
calation prior to diagnostic confirmation is note-
worthy, leading to persistent candidemia and re-
sulting in fatal outcomes.!” Another relevant risk is
increased mortality in patients with hemodynamic
instability if the substitution reduces antifungal
coverage.'® Therefore, de-escalation should be per-
formed cautiously, based on reliable mycological
diagnosis, guided by institutional protocols and as-
sociated with careful clinical assessment.'

In addition to preserving therapeutic effective-
ness, the de-escalation strategy reduces unnec-
essary exposure to broader-spectrum antifungal
agents, minimizes the risk of resistance develop-
ment and contributes to the optimization of insti-
tutional resources.?’ In a study conducted in 2018,
Jaffal et al. evaluated patients in intensive care
units and observed that de-escalation occurred in
only 20% of cases of candidemia initially treated
with broad-spectrum antifungal agents. In these
patients, treatment duration was shorter when nar-
rower-spectrum agents were used; however, there
was no significant difference in intensive care unit
length of stay or one-year mortality, demonstrating
the safety of this strategy in critically ill patients.2!

Antifungal therapy stewardship strategies in-
volving de-escalation from anidulafungin to fluco-
nazole in candidemia have proven to be an effective
monitoring measure. In addition, this approach
promotes patient safety by reducing the indiscrim-
inate use of antimicrobial agents and contributes to
the promotion of econom.22 The aim of this study
was to characterize the profile of anidulafungin use
in intensive care units and to estimate the resource
savings generated by the de-escalation of this anti-
fungal agent.

Methods

This is a descriptive and retrospective preva-
lence study, in which the profile of patients receiv-
ing anidulafungin in the year 2023 was character-

ized among those admitted to intensive care units
of a philanthropic hospital complex in southern
Brazil, originating from the Unified Health System
(SUS). Adult patients admitted to intensive care
units, covered by the SUS and with prescriptions
for anidulafungin were included. Patients with pre-
scriptions for anidulafungin for prophylactic use,
as reported in medical records, such as neutropenic
patients, were excluded.

Data collection was performed using the institu-
tional Tasy® system. To characterize the antifungal
use profile and determine study eligibility, the fol-
lowing data were obtained from medical records:
sex, age, use of central venous access devices, use
of antimicrobial agents and their prescribed class-
es, use of vasoactive drugs, primary disease and
comorbidities, clinical outcome and mycological
diagnosis with identification of the causative agent
at the genus and species levels.

For the assessment of cost savings, the identified
Candida spp. species and the indication for de-es-
calation in accordance with the Infectious Diseases
Society of America (IDSA) recommendations for
the management of candidemia'® were taken into
consideration. For cost calculations, the number of
days of fluconazole use was considered. In cases in
which de-escalation of antifungal therapy was rec-
ommended but not performed, the potential econ-
omy benefit was estimated based on switching to
fluconazole from the fifth day of treatment, in ac-
cordance with IDSA recommendations!.

The results were expressed in terms of frequen-
cy, median, and interquartile range. The costs of
medications and supplies required for drug admin-
istration are described as mean values (Table 1),
considering values from June 2024, according to
data provided by the hospital complex.

The study was approved by the Research Eth-
ics Committee of Irmandade Santa Casa de Porto
Alegre (ISCPA), Opinion No. 6,837,180, in accor-
dance with the guidelines and regulatory standards
for research involving human beings (Resolution
No. 466/2012) and the Brazilian General Data Pro-
tection Law (LGPD No. 13,709/2018).
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Table 1. Mean cost of medications and supplies
used in June 2024.

s . Mean cost
Medications and supplies per unit (R$)
Fluconazole injectable solution, bag 2 7,67
mg/mL, 100 mL
Fluconazole hard gelatin capsule 150 mg 1,15
Anidulafungin lyophilized powder for 146,94
injection 100 mg
Disposable syringe 20 mL 1,16
Disposable needle 0,13
Water for injection 10 mL 0,23
Prefilled syringe of sodium chloride 0.9% 2,06
10 mL
Sodium chloride injectable solution 0.9%, 3,31
bag 100 mL
Sodium chloride injectable solution 0.9%, 3,83
bag 250 mL

Source: Prepared by the author.
Results

A total of 163 adult patients admitted to the ICU
who received a prescription for anidulafungin in
2023 were analyzed. Of these, 106 (65%) were pa-
tients from the Brazilian Unified Health System
(SUS) and met the inclusion criteria. A total of 57
patients were excluded from the study for not being
treated under the SUS and/or for having an anidula-
fungin prescription for prophylactic use.

Information regarding the sample, such as sex,
median age, most prevalent comorbidities, and anti-
microbial use, is described in Table 2.

Approximately 80 different comorbidities were
identified, such as ischemic stroke, hypothyroid-
ism, dyslipidemia, and neoplasms. Regarding pa-
tient age, the median was 63.5 years, with an inter-
quartile range of 22. Of the 106 patients included
in the study, only 2 (1.9%) were not receiving an-
timicrobial therapy at the time of anidulafungin
prescription. With respect to mycological diagno-
sis, among the 106 patients included, culture was
not requested in only 3 (2.8%). Of the remaining
103 (97.2%) patients, Candida spp. growth was
identified in at least one biological sample in 21
(20.4%) cases (Table 3), which were considered for
the economy analysis.

Table 2. Profile of patients admitted to ICUs with
anidulafungin prescription in 2023.

Characteristic N Freg,zt)e; cy
Sex

Male 68 64,1
Female 38 35,9
Median age (years) 63,5
Interquartile range (years) 22

Use of central venous access devices 103 97,2
Immunosuppression 61 57,5
Use of vasoactive drugs 61 57,5
Mycological examination 103 97,2
Positive culture for Candida spp. 21 20,4
Deaths 67 63,2
Comorbidities? 241

Systemic arterial hypertension 25 23,6
Type 2 diabetes mellitus 19 17,9
Cirrhosis 19 17,9
Liver transplantation 15 14,1
Chronic kidney disease 10 9,4
Chronic obstructive pulmonary disease 7 6,6
Antimicrobials

Use of antimicrobials 104 98,1
Most frequently prescribed combina- 30 28,8

tion: meropenem and vancomycin

aThe most frequent comorbidities are presented.
Source: Prepared by the author.

Table 3. Candida species isolated from ICU patients with
anidulafungin prescription in 2023.

Species N Frequency (%)
C. albicans 10 47,6
C. tropicalis 3 14,3
C. orthopsilosis 2 9,5
C. parapsilosis 2 9,5
P kudriavzevii (C. krusei) 2 9,5
C. dubliniensis 1 4.8
N. glabratus (C. glabrata) 1 4,8
Total 21 100

Source: Prepared by the author.

The estimated cost savings for one day of treat-
ment with each drug are described in Table 4. Of the
21 cases with positive culture for yeast, de-escalation
to fluconazole occurred in only 6 (28.6%), as shown
in Figure 1.
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Table 4. Daily cost savings generated by treatment de-escalation.

Initial therapy

De-escalation

Daily cost savings (R$)

Anidulafungin 100 mg IV
Anidulafungin 100 mg IV
Anidulafungin 100 mg IV
Anidulafungin 100 mg IV

Anidulafungin 100 mg IV

Fluconazole 200mg IV
Fluconazole 400mg IV
Fluconazole 800mg IV
Fluconazole 150mg capsule

Fluconazole 300mg capsule

144,10
136,43
121,09
154,74
153,59

aMean costs referring to June 2024..
IV: intravenous. Source: Prepared by the author.

Figure 1. Patients with positive yeast culture and the occurrence of switching to fluconazole.

4 )

21 cases with
positive culture for
Candida spp.

5 eligible for

6 cases in which
de-escalation occurred

- J

Source: Prepared by the author.

Table 5 presents the economy savings achieved
in cases in which de-escalation was performed,
whereas Table 6 shows the estimated potential sav-
ings that could have been achieved with the adop-
tion of step-down therapy, considering the intra-
venous formulation of fluconazole 200 mg. Of the
21 mycological diagnoses, Candida albicans isolates
were identified in 10 samples. Among these cases,
de-escalation from anidulafungin to fluconazole
was performed in 4 patients, while this strategy was

therapeutic modification

\_ J

not adopted in another 4 patients. In one case, the
isolate was obtained from pericardial fluid, a con-
dition in which the therapeutic recommendation is
to maintain anidulafungin 200 mg![]. Another pa-
tient died before the release of the mycological re-
sult, making de-escalation impossible. In addition
to C. albicans isolates, Table 5 also describes cases of
de-escalation from anidulafungin to higher doses
of fluconazole, referring to isolates of C. tropicalis
and C. parapsilosis.
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Table 5. Cost savings obtained from de-escalation of anidulafungin to fluconazole.

Duration of use

Patient Isolate Step down therapy (days) Reduction (ilgﬁirect costs
1 C. albicans Fluconazole 200mg IV 15 - 2.161,50
2 C. albicans Fluconazole 300mg capsule 15 - 2.303,85
3 C. albicans Fluconazole 400mg IV 7 - 955,01
4 C. albicans Fluconazole 400mg IV 7 - 955,01
5 C. tropicalis Fluconazole 400mg IV 7 - 955,01
6 C. parapsilosis Fluconazole 400mg IV 37 - 5.047,91
Total - 12.378,29

IV: intravenous.
Source: Prepared by the author.

Table 6. Estimated cost savings in the event of de-escalation from anidulafungin to fluconazole in the sample,

according to IDSA recommendations.

Patient Isolate Alternative treatment Duration of use (days) Reduction in direst costs
(R$)
1 C. albicans Fluconazole 200mg IV 13 - 1.873,33
2 C. albicans Fluconazole 200mg IV 11 - 1.585, 10
3 C. albicans Fluconazole 200mg IV 4 - 576,40
4 C. albicans Fluconazole 200mg IV 2 - 288,20
5 N. glabratus (C. glabrata) Fluconazole 800mg IV - 1.089,81
Total - 5.412,84

IV: intravenous. Source: Prepared by the author.

The cost savings achieved through the de-escala-
tion performed amounted to R$12,378.29. The addi-
tional potential savings, if therapeutic modification
of antifungal agents had been implemented, are es-
timated at approximately R$5,412.84, which would
result in a total direct cost reduction of R$17,791.13,
considering the intravenous formulation of fluco-
nazole 200 mg.

Discussion

Candida spp. is a commensal microorganism of
the human intestine. However, the transition to a
pathogenic state may occur under different circum-
stances, such as alterations in the gastrointestinal
microbiota caused by the use of broad-spectrum an-
timicrobials, use of central venous catheter devices,
immunological impairment of the patient, contami-
nation of internal devices due to handling by health
care professionals, and biofilm formation23. Other

risk factors include chronic liver disease, chronic
kidney disease, diabetes, multiple transfusions of
blood components, pancreatitis, and prolonged hos-
pitalization®”?8, Correlating these factors with the
results of this study, as observed in Table 1, the char-
acterized population had at least one risk factor for
candidemia.

For the treatment of fungal infections, there is
a limited number of therapeutic options, which is
further aggravated by antifungal resistance, whether
intrinsic or acquired?+?°. Therefore, the use of fast-
er diagnostic techniques, such as serological assays
and molecular biology tests, may shorten the time
to diagnosis?’?®, directly impacting the reduction
of broad-spectrum empirical therapies, as well as
improving treatment targeting®*. Data analysis re-
vealed that, although mycological examinations
were requested, Candida spp. detection occurred
in only 21 cases. Of these, de-escalation was imple-
mented in 16. The lack of adherence to de-escalation
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in indicated cases may be related to the prolonged
time required to obtain diagnostic results, variabili-
ty in the clinical criteria adopted by medical teams,
and low adherence to institutional protocols. These
findings reinforce the need for faster diagnostic tests
with greater sensitivity, in order to reduce the in-
discriminate use of broad-spectrum antifungals and
promote optimization of therapies and available re-
sources.

Drug safety and toxicity are crucial factors to be
considered in therapeutic decision-making, consti-
tuting an essential pillar in the management of in-
fections. In the context of antifungal agents, Yang
et al.® demonstrated that adverse effects related to
the use of these drugs may lead to therapy discon-
tinuation. Echinocandins and azoles, in particular,
show lower discontinuation rates when compared
with polyenes. The most common adverse effects
include cardiac, gastrointestinal, hepatic, renal, and
cutaneous disorders. Kyriakidis et al.*® highlight
that antifungal therapy may cause outcomes rang-
ing from mild enzymatic alterations to fulminant
hepatic failure, in addition to presenting a high
potential for drug—drug interactions due to hepatic
metabolism, which increases the risk of adverse ef-
fects. Koch et al.*! reported that anidulafungin and
caspofungin may influence patient hemodynamics,
causing hypotension and increasing the need for va-
sopressors during therapy. Thus, beyond cost reduc-
tion, therapy de-escalation is necessary to promote
patient safety. In this study, de-escalation to fluco-
nazole could have been performed in five patients,
as fluconazole is an antifungal agent with a favorable
safety profile and fewer adverse effects. Although
the present study did not assess the occurrence of
adverse reactions to therapy, this aspect represents
another important factor in therapeutic selection
and switching.

In 1985, the World Health Organization (WHO)
defined the concept of rational use of medicines as
the situation in which “patients receive medications
appropriate to their clinical needs, in doses that meet
their individual requirements, for an adequate peri-
od of time, and at the lowest cost to them and their
community”32, To apply this concept, the presence
of a pharmacist is required. In 2017, Ioannidis et al.
evaluated the application of step-down therapy in

patients with candidemia and its economic impact.
Of the 157 patients included, 51 met the criteria for
de-escalation to fluconazole, however, this occurred
in only 23 cases, generating additional costs to the
health care system of €211,837. In addition, echino-
candin-resistant strains of C. albicans and C. glabra-
ta were identified. The use of echinocandins may
result in higher costs for the health care system. Ac-
cording to Gebretekle et al.,>* the use of caspofungin
as first-line treatment for candidemia generated
higher costs (US$7,714) compared with treatment
with fluconazole (US$3,217) or amphotericin B
(US$2,781) as second-line therapy. Studies indicate
that treatments with micafungin and caspofungin
for candidemia caused by albicans and non-albicans
species are more costly and less effective than fluco-
nazole, whereas anidulafungin is more effective but
has a higher cost®. In our study, we observed cost
savings of R$12,378.29 and estimated a possible ad-
ditional savings of R$5,412.84 if de-escalation had
been applied. The avoided expenditures were not
as substantial as those reported in other studies. 43
However, as a positive aspect of the present study,
the rationalization of hospital resources stands out,
which may contribute to investments in equipment
and process improvements, especially those related
to diagnostics. Moreover, this practice helps prevent
the development of antifungal resistance, reinforc-
ing the relevance of implementing stewardship pro-
grams.

However, some limitations of the present study
should be considered, such as its retrospective de-
sign, which is limited by the quality of medical re-
cord documentation and may generate biases in data
collection. In addition, the study being conducted
at a single institution hinders the generalizability of
the findings.

As a perspective for continuity, the integration
of pharmaceutical intervention with sequential oral
therapy is highlighted, with the aim of facilitating
dehospitalization or the transition of patients from
the ICU to inpatient units. It is relevant to evalu-
ate the impact of this practice on clinical outcomes,
including length of hospital stay and occurrence
of complications, as well as the economic impact
through the reduction in the use of intravenous anti-
fungals. Furthermore, this approach may strengthen
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the role of the clinical pharmacist in decision-mak-
ing and expand antifungal stewardship strategies.

Conclusion

The present study demonstrated that antifungal
management strategies, when directed toward ther-
apeutic optimization based on mycological diagno-
sis, can contribute to the reduction of institutional
costs, in addition to minimizing the indiscriminate
use of antifungal agents.
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