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Health-economic modelling of cost savings due to the use of rezafungin
based on a German cost-of-illness study of candidiasis
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Objective: Candida species are responsible for fungal diseases and the development of nosocomial bloodstream
infections. Treatment is resource-intensive and economically challenging for healthcare systems. Cost analyses
of drugs against candidiasis, such as rezafungin, are thus of great interest to healthcare payers.

Methods: We conducted a cost-of-illness study of patients with Candida infections based on real-word data of
the Department I of Internal Medicine, University Hospital Cologne (Germany) between 2016 and 2021. Health-
economic parameters were analysed to describe the economic impact of Candida infections. Potential cost
savings due to the administration of rezafungin were modelled for patients with invasive candidiasis or
candidaemia based on a 5 day reduction of ICU length of stay (LOS) shown by the STRIVE study.

Results: We found 724 cases (652 patients) with Candida infections, of which 61% received ICU treatment
(n=442) and 29% were mechanically ventilated (n=207). Twenty-six percent died during hospitalization
(n=185). Median LOS was 25 and 15 days, on normal wards and ICU, respectively. Median total treatment costs
per case accounted for €22 820. Based on the ICU LOS reduction, the retrospective model showed a median
cost-saving potential of €7175 per hospital case with invasive candidiasis or candidaemia. Accumulated cost
savings for 37 patients of €283 335 were found.

Conclusions: Treatment of candidiasis is cost intensive due to increased hospital LOS. The ICU LOS reduction re-
zafungin showed in STRIVE would lead to sustainable cost savings.

Introduction

Candida spp. are the leading fungal pathogens.! Candida spp. are
further the fourth most common cause of nosocomial blood-
stream infections, among which Candida albicans is most fre-
quently identified.”* Nosocomial infections worsen patients’
morbidity, prolong length of hospital stay (LOS) as ICU treatment
is often required, and thus increase treatment costs.”
Immunocompromised patients with preceding cancer treatment
or stem cell transplantation are particularly prone to develop

candidaemia.” Further risk factors for the development of
candidaemia are, for instance, long-term use of broad-spectrum
antibiotics, indwelling central venous catheters (CVCs) or
haemodialysis.>®

To date, antifungals of four different classes are approved
for the treatment of superficial and systemic Candida infections,
including polyenes, azoles, echinocandins and nucleoside analo-
gues. The localization and severity of infection, and patient’s
morbidity guide the therapeutic decision.” According to the
ESCMID guideline, however, echinocandins are recommended

© The Author(s) 2023. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://
creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided
the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

1of7


https://orcid.org/0000-0001-9599-3137
mailto:florian.kron@fom.de
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1093/jacamr/dlad079
https://academic.oup.com/

Jeck et al.

as first-line therapy for Candida infections.® Rezafungin is a novel,
once-weekly echinocandin, which was designated as an orphan
drug for the treatment of invasive candidiasis by the European
Commission in the beginning of 2021.° The FDA approved reza-
fungin as a Qualified Infectious Disease Product (QIDP) and or-
phan drug, designated for the treatment of invasive candidiasis
including candidaemia.'® Granting was based on the Phase 2
STRIVE study, which showed comparable safety and efficacy pro-
files for rezafungin and caspofungin in the treatment of invasive
candidiasis and candidaemia.*! It showed further that rezafun-
gin was associated with a reduced ICU LOS compared with caspo-
fungin.’> The administration of rezafungin may thus be
potentially accompanied by savings in treatment costs. This is es-
pecially relevant as hospital treatment costs for invasive candid-
iasis and candidaemia impose a significant economic burden on
healthcare systems, whereby LOS is considered an important
cost driver.'>'* Therefore, the aim of this study was 2-fold: first,
to analyse the cost-of-illness of Candida infections in general; se-
cond, to model the cost-saving potential for the treatment of in-
vasive candidiasis and candidaemia under the use of rezafungin.

Patients and methods
Ethics

This study was based on anonymized medical chart data. According to
the Health Data Protection Act of North-Rhine Westphalia (GDSG NW),
no patient informed consent was needed.'®

Statistical analyses

Parameters of descriptive statistics, such as arithmetic mean, 95% (I,
median and value ranges, were included in both parts of the study. To
make treatment costs of the 5 year period comparable with regard to in-
flation and to determine the cost value of the year 2022, a yearly discount
rate of 3% was applied.*®

Analytical approach

Reimbursement data from the data warehouse and hospital information
system of the Department I of Internal Medicine, University Hospital
Cologne (Germany), served as the basis for the current analysis. From a
healthcare payer perspective, flat rates of German diagnosis-related
groups (G-DRGs) were assumed as costs incurred by the hospital treat-
ment. Data bases were evaluated for a 5 year period from June 2016 to
June 2021. To conduct a cost-of-illness study on patients with Candida in-
fections, databases were searched for the International Statistical
Classification of Diseases (ICD-10) basis code B37, including different sub-
forms and localization specifications (ICD-10 codes B37.0 to B37.9).Y
Patient characteristics and health-economic parameters were described
to demonstrate the economic burden of Candida infections using the ex-
ample of the University Hospital Cologne, a comprehensive cancer centre.
Health-economic parameters involved total LOS and ICU LOS, treatment
costs (including G-DRG flat rates, potential extra-budgetary fees, and out-
lier surcharges) and case-mix. The latter reflects case severity and its re-
source consumption. The cost-of-illness study of Candida infections was
evaluated based on hospital cases, as multiple hospitalizations per pa-
tient were possible during the study period.

The second part of the study aimed at modelling potential cost sav-
ings through the ICU LOS reduction by 5days shown by the STRIVE
study.?

Based on the population of the cost-of-illness study, patients with in-
vasive candidiasis or candidaemia (IC/C) were identified as they were

eligible for rezafungin treatment.>'° Rezafungin eligibility was defined
by the ICD-10 code B37.7 (candidaemia). ICD-10 codes B37.5 (Candida
meningitis), B37.88 (candidiasis in other locations) and B37.9 (candidiasis
with unspecified location) were used to reflect invasive candidiasis
through the coding system.?’ Further inclusion criteria were oncological
indication as main or side diagnosis (ICD-10 codes COO0 to C97, including
malignant neoplasms), IV treatment with an antifungal agent identified
through operation and procedure (OPS) codes, and ICU treatment with an
LOS of at least 19 days based on the caspofungin cohort of the STRIVE
trial.’® Based on the German guideline for the treatment of Candida infec-
tions, the following antifungal agents and OPS codes were considered:
itraconazole (6-002.c), caspofungin (6-002.p), liposomal amphotericin B
(6-002.g), voriconazole (6-002.r), anidulafungin (6-003.k), micafungin
(6-004.5), posaconazole (6-007.k) and isavuconazole (6-008.g).”*® The
use of fluconazole could not be evaluated as it is not associated with a
specific OPS code in the current catalogue. Medical chart data of eligible
cases were checked regarding risk factors for candidaemia, including
antibiotic therapy, haemodialysis, indwelling CVC, immunosuppression
and mechanical ventilation.>® Included cases were further checked for
eligibility by the treating physician based on case-by-case review in the
hospital information system, which included further clinical information,
such as diagnostic results. Potential cost savings per case were modelled
assuming a linear resource consumption during the entire hospital stay.
This approach thus followed the rationale of DRG flat rates. Rezafungin
was not yet launched in the German market by the time of conducting
the study. Its acquisition costs were thus indeterminate.

To verify the robustness of the cost-saving approach, a subgroup ana-
lysis with specific focus on candidaemia cases was conducted (ICD-10
code B37.7). This further detected potential differences in cost savings
for ICD-10 codes with regard to ICD-10 codes B37.5, B37.88 and B37.9.

Results

Cost-of-illness study of candidiasis

Searching the databases regarding patients with Candida infec-
tions in the 5 year period, 801 individual hospital cases were
found. Seventy-seven cases were excluded as their datasets
were incomplete (Table 1). Therefore, 724 cases were included
in the cost-of-illness study of Candida infections, reflecting a total
of 652 patients. The study population had a median age of

Table 1. Baseline case characteristics

Characteristic

Cases (patients), n 724 (652)
ICU treatment, n (%) 447 (61.05)
Invasive ventilation, n (%) 207 (28.59)

Age, years
Median (range) 58 (13-89)

Mean (95% CI) 55.7 (54.6-56.8)

Gender
Female, n (%) 331 (42.96)
Male, n (%) 413 (57.04)
Health insurance, n (%)
Statutory 625 (86.33)
Private 67 (9.25)
Self-payer 23 (3.18)
Others 9 (1.24)
Death in hospital, n (%) 185 (25.55)
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58 years (range: 13-89 years), was mostly male (n=413; 57.0%)
and affiliated to statutory health insurances (n=625; 86.3%).
Two-thirds of the cases were treated on the ICU (n=442;
61.1%), while approximately half of them were mechanically
ventilated (n=207; 28.6%). One-quarter of the population died
during their hospitalization (n=185; 25.6%).

Health-economic and treatment-cost parameters were evalu-
ated to fully assess the cost of illness with Candida infections
(Table 2). Total LOS of eligible cases was a median of 25 days
with a median ICU LOS of 15 days when treated in the ICU.
Both LOS values ranged widely (1-252 days and 1-203 days,

Table 2. Health-economic and treatment cost parameters

Parameter

Total LOS, days
Median (range)

Mean (95% CI)

ICU LOS, days
Median (range)

Mean (95% CI)

Mechanical ventilation when
affected, h
Median (range)

Mean (95% CI)

Total treatment costs, EUR®
Median (range)

Mean (95% CI)

Sensitivity analysis of total treatment
costs with different discount rates,
EUR
0%, median (range)

5%, median (range)
10%, median (range)

Case-mix index, points
Median (range)

Mean (95% CI)

Candidiasis indication with ICD-10
code, n (%)

25 (1-252)
34.06 (31.74-36.39)

15 (1-203)
22.33 (20.07-24.58)

227 (1-1412)
303.84 (265.34-342.33)

22819.66 (527.12-514297.45)
39427.16 (35440.74-43413.59)

25330.91 (629.41-561986.71)
21071.91 (496.68-485465.25)
17906.25 (355.29-422228.93)

5.225(0.192-123.654)
8.853 (8.012-9.693)

B37.0 (Candidal stomatitis) 256 (35.36)
B37.1 (Pulmonary candidiasis) 76 (10.50)
B37.2 (Candidiasis of skin and nail) 26 (3.59)
B37.3 (Candidiasis of vulva and 23 (3.18)
vagina)

B37.4 (Candidiasis of other 59 (8.15)
urogenital sites)

B37.5 (Candidal meningitis) 3(0.41)
B37.6 (Candidal endocarditis) 0 (0.00)
B37.7 (Candidal sepsis/ 45 (6.22)
candidaemia)

B37.81 (Candidal oesophagitis) 108 (14.92)
B37.88 (Candidiasis of other sites) 124 (17.13)
B37.9 (Candidiasis, unspecified) 4 (0.55)

%Adjusted to inflation to the year 2022 by 3% discount rate as recom-
mended by the German Institute for Quality and Cost Effectiveness in
the Health Care Sector (IQWIG).

respectively). Among affected cases, the median duration of ven-
tilation was 227 h (range: 1-1412 h), reflecting approximately
9.5 days. Median total treatment costs per case including
G-DRG tariffs, and extra-budgetary payments for cost-intensive
procedures and drugs, accounted for €22820. Large outliers,
both below (€527) and above (€514297) median costs, were
identified. Due to its mutual dependence, the same applied
for the case-mix (median: 5.225 points; range: 0.192-
123.654 points). Considering the distribution of underlying
Candida indications, Candida stomatitis with the ICD-10 code
B37.0 was most frequently found (n=256; 35.4%). Candidiasis
of other sites (B37.88) and Candida oesophagitis (B37.81) were
the second and third most frequent indications (n=124; 17.1%
and n=108; 14.9%, respectively). Candidaemia was identified
in 45 cases (6.2%).

Modelling of potential cost savings due to rezafungin

The population of the cost-of-illness study was adjusted by ex-
cluding hospital cases without oncological indication (n=213),
without IV antifungal treatment (n=348), with ICD-10 codes
other than B37.5, B37.7, B37.88 and B37.9 (n=87), and with
ICU treatment between 0 and 18 days (n=39). After applying
the predefined exclusion criteria, no candidal meningitis case
(B37.5) was identified as eligible. Cases with codes B37.88 (n=
24) and B37.9 (n=2) were considered eligible after case-by-case
review as all of them presented invasive Candida infections.

Thirty-seven individual patients were identified as being theor-
etically eligible for treatment with rezafungin and were thus in-
cluded in the retrospective cost model (Figure 1).

Eligible patients were evaluated regarding risk factors for IC/C.
Most of them received antibiotic treatment (n=35; 94.6%) and
had an indwelling CVC (n=32; 89.2%). Haemodialysis was per-
formed in 12 patients (32.4%) and 15 patients were immuno-
compromised (40.5%). Most patients were mechanically
ventilated (n=26; 70.3%). In total, eligible patients were exposed
to a median of 3 out of 5 investigated risk factors, ranging from 1
to 5 occurrences.

The retrospective economic model suggested that the use of
rezafungin and its incorporated ICU LOS reduction of 5 days
may lead to a median cost-saving potential of €7175 per hospital
case with IC/C (Table 3). Assuming linear resource consumption,
accumulated cost savings of 37 included patients accounted for
€283335.

Subgroup analysis specifically focusing on candidaemia cases
(ICD-10 code B37.7) resulted in median cost savings of €7211
and thus differed €36 from the basic model including the combin-
ation of ICD-10 codes B37.7, B37.88 and B37.9 (Table S1, avail-
able as Supplementary data at JAC-AMR Online).

Discussion

We analysed the cost of illness of patients with Candida infections
based on real-life data of the University Hospital Cologne. In the
second part, the dataset was further used to theoretically model
the cost-saving potential for the treatment of IC/C when admin-
istering rezafungin. In total, 724 hospital cases with Candida
infections were identified; median treatment costs accounted
for approximately €23 000 per case. A recent review reported
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Hospital cases of the University Hospital
Cologne with coded candidiasis between Jun-
01-2016 and May-31-2021

n=801
Incomplete data sets
P n=77
h 4
Part 1: Cost-of-illness study candidiasis
n=724
No oncological indication
n=213
> No intravenous antifungal treatment
n=348
ICD-10 codes other than B37.5, 37.7,
» B37.88, and B37.9
n=87
No ICU treatment or ICU treatment <
p{ 18 days
n=39
A 4
Part 2: Cost model on rezafungin eligible
sub-cohort
n=37

Figure 1. Flow chart summarizing eligibility hospital cases for both part 1 and part 2 of the study. n, number of hospital cases.

mean total costs per patient with IC/C (included costs, i.e. for hos-  infections and with lower median treatment costs, the large eco-
pital stay, antifungal therapy and adverse drug reactions) in  nomic burden of treatment of IC/C is highlighted.

Western countries to range between $48487 and $157574, The retrospective model was based on findings of the STRIVE
with mean cost per hospitalization of $10216 to $37715."9 As  study'? and included a total of 37 hospital cases with IC/C.
we found a great number of hospital cases with non-invasive Compared with other antifungal agents, we found a median
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cost-saving potential of €7175 in cases who received ICU treat-
ment for at least 19 days. To our knowledge, this is the first retro-
spective model to quantify potential cost savings due to
rezafungin. Recent decision analysis models analysed the cost-
effectiveness of different antifungals for patients with IC/Cin vari-
ous countries from a hospital perspective.?°~?* For instance, a
Spanish study identified anidulafungin to be more cost-effective
compared with fluconazole.?® Although higher antifungal acqui-
sition costs were quantified for anidulafungin, the overall treat-
ment costs were lower (€40047 versus €41350) due to the
reduction in other costs, i.e. in ICU costs (€18985 versus €20
916).%° Similarly, an Australian study reported anidulafungin as
a cost-effective option compared with fluconazole.”*

Other studies examined the cost-effectiveness of different
antifungal agents in the UK.?? Thereby, it was shown that the
cost-effectiveness ratio of anidulafungin dominated both caspo-
fungin and micafungin due to lower treatment costs (£28 216 for
anidulafungin versus £28905 for caspofungin and £28721 for
micafungin), especially triggered by lower ICU and drug acquisi-
tion costs, and better effectiveness parameters (life-years gained
were 7.23 for anidulafungin versus 6.03 for caspofungin and 5.55
for micafungin).?? Another UK study found similar results for the
cost-effectiveness of caspofungin and micafungin.”?

Economic evaluations such as cost-effectiveness analyses can
support decision-makers and healthcare payers in balancing
quality and value of care.'® To date, cost-effectiveness analyses
including rezafungin are lacking.

This study has limitations. The cost-of-illness analysis included
all Candida infections treated in the University Hospital Cologne in
the given time period. It therefore did not differentiate between
Candida infections coded as main diagnosis or as side diagnosis.
Furthermore, a distinction between invasive and superficial
Candida infections cannot be derived by the medical coding sys-
tem. Thus, investigated Candida infections may not necessarily
be the reason for hospital admission but may only be co-treated
during hospitalization. Analysing data from a sole medical
controlling approach, it cannot be ruled out that coded Candida
infections in the cost-of-illness analysis may be restricted
to Candida colonizations. Additionally, uniform criteria for pul-
monary candidiasis diagnosis and coding, for instance, remain
to be defined.?” Thus, findings of the cost-of-illness analysis
may be overestimated.

Further, the modelled cost-saving potential may be underesti-
mated as only hospital cases with an ICU LOS more than 18 days
were included. Patients with a shorter ICU LOS may also benefit
from the administration of rezafungin. Further, ICU treatment de-
mands more resources than treatment on a normal ward.
However, reimbursement data only allowed us to assume linear
resource consumption during the hospital stay. Thus, cost-saving
potential may be higher than identified in this model. As ICD-10
codes other than B37.5, B37.7, B37.88 and B37.9 have not been
considered for the cost-saving model, the number of cases being
eligible for rezafungin treatment may be underestimated.
Moreover, total G-DRG treatment costs included acquisition costs
of administered echinocandins or antifungals. An exclusion of ac-
quisition costs was not feasible as the reimbursement for most of
the drugs was negotiated by each hospital individually. As acqui-
sition costs of rezafungin were not considered, costs for both ad-
ministered drugs and rezafungin were assumed to be equal.

Conclusions

The resource intensity of the treatment of Candida infections is of
health-economic relevance. The results of our cost-of-illness
study confirm the high treatment costs of Candida infections sta-
ted by recent studies.'?? Yet, future research that merges clin-
ical information (e.g. the classification according to EORTC/
MSGERC definitions) with medical coding is needed for further
validation. As shown by the retrospective model, reduced ICU
LOS due to the novel echinocandin rezafungin may lead to sus-
tainable cost savings in the hospital treatment of patients with
IC/C. The administration of rezafungin may thus contribute to
counteracting resource scarcity in healthcare resources. To gain
further health-economic information, we encourage future re-
search to analyse direct costs associated with the resource sav-
ing due to rezafungin and to investigate potential cost savings
on normal wards. Cost-effectiveness analyses including rezafun-
gin and other antifungals besides caspofungin are needed to set
the findings into context.
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