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ABSTRACT

Introduction: This study aims to evaluate the
cost-effectiveness of remdesivir compared to
other existing therapies (SoC) in Turkey to treat
COVID-19 patients hospitalized with\ 94%
saturation and low-flow oxygen therapy (LFOT)
requirement.

Methods: We compared remdesivir as the
treatment for COVID-19 with the treatments in
the Turkish treatment guidelines. Analyses were
performed using data from 78 hospitalized
COVID-19 patients with SpO2\ 94% who
received LFOT in a tertiary healthcare facility.
COVID-19 episode costs were calculated for 78
patients considering the cost of modeled
remdesivir treatment in the same group from
the payer’s perspective. The incremental cost-
effectiveness ratio (ICER) per quality-adjusted
life-year (QALY) was calculated for remdesivir
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versus the SoC for the population identified. For
Turkey, a reimbursement threshold value
between USD 8599 (1 9 per capita gross
domestic product—GDP) and USD 25.797
(3 9 GDP) per QALY was used.
Results: In the remdesivir arm, the length of
hospital stay (LOS) was 3 days shorter than the
SOC. The low ventilator requirement in the
remdesivir arm was one factor that decreased
the QALY disutility value. In patients who were
transferred to intensive care unit (ICU) from the
ward, the mean LOS was 17.3 days (SD 13.6),
and the mean cost of stay was USD 155.3/day
(SD 168.0), while in patients who were admitted
to ICU at baseline, the mean LOS was 13.1 days
(SD 13.7), and the mean cost of stay was USD
207.9/day (SD 133.6). The mean cost of episode
per patient was USD 3461.1 (SD 2259.8) in the
remdesivir arm and USD 3538.9 (SD 3296.0) in
the SOC arm. Incremental QALYs were esti-
mated at 0.174. Remdesivir treatment was
determined to be cost saving vs. SoC.
Conclusions: Remdesivir, which results in
shorter LOS and lower rates of intubation
requirements in ICU patients than existing
therapies, is associated with higher QALYs and
lower costs, dominating SoC in patients with
SpO2\ 94% who require oxygen support.

Keywords: Remdesivir; COVID-19; Cost-
effectiveness; QALYs; Length of stay; Oxygen
saturation

Key Summary Points

Why carry out this study?

The results of remdesivir trials found a
significant reduction in time to recovery
versus placebo for patients on
supplemental oxygen arm as well as
reduced progression to ICU and reduced
requirement of invasive ventilation.

Remdesivir is currently not included in the
COVID-19 treatment regimen in Turkey.
Therefore, there is a need for a remdesivir
pharmacoeconomic evaluation from the
national repayer perspective.

What was learned from the study?

The current COVID-19 pandemic has once
again brought up the importance of the
urgent and efficient use of health
resources.

Remdesivir does not result in significant
additional costs in the treatment of
COVID-19 in patient groups and
subgroups with SpO2\94% who are
treated with low-flow oxygen therapy in
the ICU.

Remdesivir is emerging as a cost-saving
treatment option for a defined patient
group.

INTRODUCTION

The World Health Organization (WHO)
declared a Coronavirus Disease 2019 (COVID-
19) pandemic on March 11, 2020 [1]. Both
developed and developing countries faced a lack
of preparedness and intense pressure on
resources as the pandemic unfolded, which has
led to many unwanted outcomes. Given the
pressure health systems are under because of
COVID-19, it is important to ensure that
healthcare resources are used efficiently. As new
data and treatments become available, health-
care professionals worldwide are iteratively
developing treatment algorithms to maximize
patient benefit and minimize the impact on
healthcare resources.

Increasing demand due to high rates of
transmission of COVID-19 has nearly over-
whelmed healthcare services. For example, in
the first 12 days of the emergence of the disease
in Italy, there was a 12% increase in intensive
care unit (ICU) admissions [2, 3]. Hospitals had
to rapidly increase their ICU bed capacity in the
UK, with one hospital in London increasing
capacity by 236% in the first wave [4]. At the
beginning of the pandemic in Turkey, there
were 40,000 ICU beds, and 18,000 had a
mechanical ventilator. During the first peak of
the pandemic in Turkey, ICU occupancy rates
ranged from 44 to 70%, and the ventilator
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occupancy rate ranged from 26 to 48% between
cities. In 2020, Turkey began initiatives to
increase ventilator capacity by nearly 35%;
existing hospital construction was sped up, and
any newly built hospitals were designed to have
high bed capacity that can easily convert into
ICU beds [5].

The public health emergency highlighted
the need to deploy each healthcare resource
more efficiently. The increasing demand for
healthcare services and its surge above the
existing supply created a huge gap. The strains
on the health system are, of course, not limited
to capacity. For example, healthcare profes-
sionals are reporting burn-out. Other essential
care has been indefinitely delayed, causing a
lingering public health crisis and tension
between the public and healthcare professionals
[6].

Finding effective treatments for COVID-19
was an early priority in order to help with
patient’s recovery and alleviate symptoms as
quickly as possible. Healthcare providers could
work more effectively if patients are treated in a
shorter time without any sequelae or a shorter
length of hospital stay (LOS).

One of the first treatments authorized for
emergency use through the respective processes
of the United States Food and Drug Adminis-
tration (FDA) (May 1, 2020, expanded August
28, 2020) [7] and European Medicines Agency
(EMA) (July 3, 2020) [8] was remdesivir, an
adenosine triphosphate analog, which is an
effective antiviral against filoviruses, paramyx-
oviruses, pneumoviruses, and coronaviruses [9].
Remdesivir stops viral replication by inhibiting
RNA-dependent RNA polymerase, a key viral
enzyme [10]. The regulatory approval in the US
and the EU was based on a randomized, double-
blind, placebo-controlled study conducted by
the National Institute of Allergy and Infectious
Diseases (ACTT-1) evaluating a total of 1062
patients hospitalized with mild, moderate, or
severe COVID-19, who were randomized to
receive either remdesivir (n = 541) or placebo
(n = 521) in addition to standard of care (SoC)
[11]. The results of this trial found a statistically
significant reduction in time to recovery versus
placebo for patients on supplemental oxygen
arm (rate ratio for recovery 1.29; 95%

confidence interval [CI] 1.12–1.49; p\ 0.001) as
well as reduced progression to ICU (RR 0.56;
95% CI 0.49–0.61) and reduced requirement of
invasive ventilation by 43%.

Clinical studies and published meta-analyses
[11–15] have shown that remdesivir treatment
is effective. However, the treatment appears
relatively expensive compared to other COVID-
19 treatments. Also, as remdesivir is currently
not included in the COVID-19 treatment regi-
men in Turkey [16, 17] because of limited
treatment experience with the product (there is
currently a small ongoing clinical trial in Tur-
key), this study aims to evaluate the cost-effec-
tiveness of remdesivir plus recommended care
versus recommended care alone of treating
COVID-19 patients with oxygen saturation
(SpO2)\ 94% who require low-flow oxygen
therapy (LFOT) and ICU care from a national
payer’s perspective in Turkey. It also investi-
gates how baseline characteristics may impact
the cost of care.

METHODS

Study Design

This study utilized real-world data from a
Turkish hospital and data from the literature to
populate a cost-effectiveness model (CEM)
(Fig. 1). The real-world data allowed for a
detailed investigation into clinical factors asso-
ciated with healthcare resource use (HCRU) and
subsequent cost of caring for patients with
COVID-19. These analyses were used to create
baseline characteristics used in the economic
model. The CEM was built using Microsoft Excel
and used an average cost/average disutility
approach for both groups to model four health
states which corresponded to a certain LOS and
hospital setting: General Ward—supplemental
oxygen; ICU—supplemental oxygen; ICU—me-
chanical ventilation; death. A COVID-19 epi-
sode time horizon was assumed, and no
discount rate was applied. The model assumes a
cost-effectiveness threshold of 3 9 GDP [18].
The model considers COVID-19 patients hospi-
talized with SpO2\94% and receiving LFOT in
the ward and/or ICU of a tertiary healthcare

Adv Ther (2021) 38:4935–4948 4937



facility in Turkey. The model considers a base
case of treatment according to the Turkish
guidelines. In Turkey, the treatment protocol
for patients hospitalized with severe pneumonia
who receive oxygen therapy is designed as
hydroxychloroquine (HQ) (2 9 200 mg tablet
for 5–10 days) and/or favipiravir (2 9 1600 mg
loading dose followed by 2*600 mg mainte-
nance dose for 5–10 days) and/or 6 mg/day
dexamethasone (10 days) [16] compared to a
scenario where patients also receive remdesivir
as well as this treatment protocol.

The study was approved by the Ethics Com-
mittee of Istanbul University-Cerrahpasa (ap-
proval number: 830445809-604.01.04 A-08;
approval date: 12.10.2020). Permission was
obtained from the Republic of Turkey Ministry
of Health and faculty administration for the use
of patient data in our study (permission num-
ber: 2020-10-23T12-49-08; permission date:
23.10.2020).

All procedures performed in the study
involving human participants were in accor-
dance with the ethical standards of the institu-
tional and national research committee and
with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards.
Because of the retrospective nature of the study,
the requirement for written informed consent
was waived, and data used in this study were
anonymized before their use.

Data Sources

To estimate the population parameters in the
model, a real-world cohort of Turkish patients
was obtained via the Hospital Data Manage-
ment System (HDMS) of a tertiary hospital (Is-
tanbul Cerrahpasa University Hospital) in
Istanbul, Turkey. Patients were included if they
had an SpO2\94% who require LFOT and
needed ICU care.

Health utility information was derived from
the literature [19]. HRCU was derived from the
HDMS data for patients. Healthcare costs were
calculated from the national payer’s perspective
(Social Security Institution, SSI), and the anal-
ysis only focused on direct medical costs using
the SSI reimbursement system to calculate
COVID-19 ward and ICU costs. The cost of
remdesivir is provided by Gilead.

Outcomes

Baseline demographics of the model population
were derived from the HDMS real-world patient
cohort. The statistical analysis of the real-world
data allowed for an investigation into factors
influencing the overall cost of care (see ‘‘Statis-
tical Analysis’’ section below). The CEM pre-
sents results for the cost per patient,
incremental cost, incremental quality-adjusted
life-year (QALY), the incremental cost-

Fig. 1 Study design
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effectiveness ratio (ICER), and incremental net
benefit (INB). Data on the clinical effectiveness
of remdesivir in terms of time to recovery and
mortality were taken from the ACTT-1 trial [11].

In this study, the health state disutility
weights were used, as calculated by the Institute
for Clinical and Economic Review, which were
also utilized in the study conducted by Kohli
et al. [19] on the potential public health and
economic value of a hypothetical COVID-19
vaccine in the USA. A QALY decrement, or a
disutility weighted by the time spent with
COVID-19 symptoms and being treated in hos-
pital, was applied to all patients. The highest
disutility weight of a patient who was hospi-
talized for 6 days because of COVID-19 was
determined as 0.30, the disutility weight of a
patient hospitalized for 15 days in the ICU
because of infection was 0.50, and the disutility
weight was determined as 0.60 if the patient
needed mechanical ventilation in the ICU
(Table 1). In this study, daily disutility values
were calculated by adjusted LOS. In both arms, a
disutility value of 0.04/day was determined for
patients who had a high level of ventilation
requirement. A disutility value of 0.033 /inpa-
tient days was used for hospitalized patients in
the ICU who did not use a ventilator. Also, a
disutility value of 0.05/inpatient day was used
for inpatients.

HCRU and Costs

Data on laboratory tests, SpO2, and imaging test
results of the patients were analyzed from the
HDMS. Patient characteristics were used to
investigate the effects on costs or disutility val-
ues. Since the meta-analyses [20] reported that
some inflammatory and hematologic markers

are associated with the severity of COVID-19,
we also took their impact on the cost into
account in the analysis. For the purposes of the
regression analysis (see ‘‘Statistical Analysis’’
section below), patients were categorized as the
following: hematocrit levels\35%, lymphope-
nia (\ 1000/mm3), thrombocytopenia (platelet
count \ 100 9 109/l), neutrophilia
([7700 neutrophils/ll–11,000 WBC/ll 9 70%),
neutrophils/lymphocyte ratio (NLR) C 2.95
or\2.95, elevated fibrinogen ([ 400 mg/dl),
elevated D-dimer ([ 4000 ng/ml), elevated fer-
ritin levels ([ 500 ng/ml), elevated serum crea-
tinine concentration ([ 1.5 mg/dl), elevated
urea ([40 mg/dl), elevated lactate dehydroge-
nase (LDH) ([ 400 U/l), elevated serum amino-
transferases (alanine aminotransferase [ALT]
and/or aspartate aminotransferase
[AST][40 units/l). At admission, patients were
categorized based on C-reactive protein (CRP)
levels of\ 42 mg/l or C 42 mg/l. Patients were
also categorized based on the presence of chest
computerized tomography (CT) findings
[16, 17, 20–23].

Within the SSI reimbursement system [24],
the ‘‘payment based on procedure’’ method is
used for certain healthcare services. In this
payment scheme, healthcare costs are billed in
packages. This system is similar to Healthcare
Common Procedure Coding System (HCPCS) or
Current Procedural Terminology (CPT Codes).
In cases listed under this payment, the bed fee;
examinations and consultations; operations
and interventions; certain medications; con-
sumables; laboratory, pathology, and radiology
examinations; and anesthesia procedures are
not invoiced separately. The SSI in Turkey has
made payments to the hospitals based on daily
procedures performed, under the name of
‘‘pandemic care payment,’’ initially for patients

Table 1 Health state disutility parameters

Hospitalization Disutility weights Duration (days) Daily disutility weights

General ward with/without supplemental oxygen 0.3 6 0.050

ICU with/without supplemental oxygen 0.5 15 0.033

ICU ? mechanical ventilation 0.6 15 0.040

ICU intensive care unit

Adv Ther (2021) 38:4935–4948 4939



who were real-time reverse transcription (PCR)
positive and were hospitalized in the ICU (as of
April 1, 2020). For COVID-19 ward hospitaliza-
tion was USD 78.0/day, and for hospitalization
in the ICU, based on the ICU levels, USD
26.0/day, USD 55.0/day, and USD 103.0/day.
For patients who received a ‘package payment,’
it was impossible to separate the healthcare
resource utilization. Therefore, these patients
were assigned the package payment as a cost of
treatment. They are referred to as procedure
package payments in the analysis. Since
remdesivir is not included in the national
reimbursement list, the cost calculation was
based on six vials/episode for all patients. Indi-
rect costs were not considered for this analysis.
All costs were converted to USD (USD 1.0 = TRY
8.55).

Statistical Analysis

Descriptive statistics (mean and standard devi-
ation [SD]) were used to determine outpatient
examinations, emergency service (ER), general
ward, and ICU admissions, laboratory and
imaging tests, medical procedures, package
procedures based on diagnosis, drugs, and
medical supplies used. Total hospital costs were
identified for treatment subgroups based on age
(\65 years and C 65 years); sex; symptoms at
admission (fever, cough, and dyspnea); comor-
bidities; hematologic, coagulation, inflamma-
tory, and biochemical biomarkers; and chest CT
for pneumonia.

Continuous variables are expressed as mean
with their SDs and median with their
interquartile ranges (IQR); categorical variables
are expressed as a number, percentage, and 95%
CI. We used t-test and summary t-test statistics
to compare the characteristics of the groups and
Levene and Hartley tests (Fmax) for variance
homogeneity.

Statistical calculations were made using SPSS
24.0 (IBM Corp, Armonk, NY) software. p values
\0.05 were considered statistically significant.

RESULTS

Study Population

Of the 233 patients identified in the HDMS
during the pandemic’s first peak in Turkey
(March 11–July 31, 2020) a total of 78 patients
met the selection criteria. The mean age of
COVID-19 patients hospitalized in the ICU with
SpO2\ 94% receiving LFOT was 64.7 years (SD
16.9), and 48.7% of the patients were C 65 years
of age; 67.9% of the patients were male; 70.5%
had at least one comorbidity; 59.0% (n = 46)
had positive chest CT at admission (Supple-
mentary Table 1).

Factors Influencing Cost of Care

When the mean costs were compared based on
patient characteristics, the cost per patient was
USD 3889.2 for patients with elevated fibrino-
gen levels vs. USD 2451.1 for those with normal
fibrinogen levels (mean difference USD 1438.1;
95% CI 278.4–2597.8; p = 0.016). The mean
cost per patient was USD 4543.5 for patients
who received steroids and USD 2762.5 for
patients who did not receive steroids (mean
difference USD 1781.0; 95% CI 228.6–3333.4;
p = 0.025). The cost was USD 5226.7 for patients
who received mechanical ventilation vs. USD
2539.9 for those who did not receive mechani-
cal ventilation (mean difference USD 2686.8;
95% CI 982.0–4391.6; p = 0.003). There were no
significant cost differences among other groups
(Supplementary Table 1).

Cost-Effectiveness Analysis

Resource Use
For patients receiving SoC, the mean LOS was
17.3 days (SD 13.6), and median LOS was
15.0 days (IQR 11.0); mean LOS in the ward was
5.9 days (SD 5.2), and median LOS in the ward
was 4.0 days (IQR 5.0); mean LOS in the ICU
was 13.0 days (SD 13.7), and median LOS in the
ICU was 10.0 days (IQR 11.0). It was estimated
that when patients were treated with remde-
sivir, the mean overall LOS was 10.2 days (SD
7.8), and the median was 9.0 days (IQR 7.0). The
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mean LOS in the ward was estimated at 4.0 days
(SD 3.6), and the median was 3.0 days (IQR 4.0);
mean LOS in the ICU was 7.3 days (SD 7.7), and
the median was 6.0 days (IQR 7.0). Completing
remdesivir treatment with outpatient infusion
in patients whose mean hospital stay is below
the remdesivir treatment course is included in
the cost. The number of patients switching from
ward to ICU was 54.4% with SoC and 30.0%
with remdesivir (95% CI 26.6–33.0%), which
indicates a 24.4% reduction (95% CI
21.3–27.7%). Thirty-seven percent of patients

(n = 29) in the recommended care arm required
mechanical ventilation compared to 23.1% of
the patients (n = 18) in the remdesivir arm
(Table 2).

Costs
The mean cost per patient was USD 3538.9 (SD
3296.0), and the median was USD 2537.0. The
mean cost was USD 559.1 (SD 674.1) for hos-
pitalization in the ward, and the median cost
was USD 388.6. The mean cost of ICU stay was

Table 2 Lengths of stay, services, need for ventilators, costs, and disutilities according to treatment arms

SoC-treated patients RDV 1 SoC-treated patients

Mean (SD) Median (IQR) Mean (SD) Median (IQR)

Length of stay (days)

All patients (n = 78) 17.3 (13.6) 15.0 (11.0) 10.2 (7.8) 9.0 (7.0)

Ward (n = 57) 5.9 (5.2) 4.0 (5.0) 4.0 (3.6) 3.0 (4.0)

ICU (n = 78) 13.0 (13.7) 10.0 (11.0) 7.3 (7.7) 6.0 (7.0)

Ward and ICU (n = 57) 18.4 (14.7) 15.0 (10.5) 11.0 (8.4) 9.0 (5.5)

Ward 5.9 (5.2) 4.0 (5.0) 4.0 (3.6) 3.0 (4.0)

ICU 12.5 (15.0) 9.0 (10.5) 7.0 (8.5) 5.0 (5.5)

ICU (directly) (n = 21)

ICU 14.4 (9.3) 10.0 (13.0) 8.1 (5.2) 6.0 (7.0)

Ventilator n (%) n (%)

Ventilator (-) 49 (62.8) 60 (76.9)

Ventilator (?) 29 (37.2) 18 (23.1)

Costs (USD) Mean (SD) Median (IQR) Mean (SD) Median (IQR)

Cost per diem per patient (USD)

Ward 155.3 (168.0) 103.7 (70.3) 274.7 (264.0) 187.8 (277.5)

ICU 207.9 (133.6) 179.0 (89.3) 450.4 (198.5) 415.6 (139.3)

Mean costs (USD)

Episode, per patient 3538.9 (3296.0) 2537.0 (3380.6) 3461.1 (2259.8) 2675.3 (669.8)

Disutilities (QALYs)

Disutility, per patient 0.515 (0.417) 0.410 (0.340) 0.341 (0.282) 0.251 (0.240)

ICU intensive care unit, USD United States dollar, QALY quality-adjusted life-year, SD standard deviation, IQR
interquartile range, SoC standard of care, RDV remdesivir
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USD 2979.6 (SD 3426.7), and the median cost
was 1889.2 (Table 3).

The mean daily cost per patient (per diem) in
the ward was USD 155.3 (SD 168.0), and the
median cost was USD 103.7 (IQR 70.3), while
the mean cost in ICU was USD 207.9 (SD 133.6),
and the median cost was USD 179.0 (IQR 89.3).
The total costs included physician costs, labo-
ratory tests, imaging tests, beds, interventions,
drugs, medical supplies, and procedural pack-
ages. Procedural packages were the highest cost
item within the total costs (71.8%). It was fol-
lowed by drugs (12.7%), medical supplies
(8.7%), laboratory tests (2.9%), beds (1.9%),
interventions (1.6%), imaging tests (0.3%), and
physician costs (0.1%) (Table 3). Mean costs per
patient for each item were: physician cost USD
3.9 (SD 4.7), laboratory tests USD 103.9 (SD
87.4), imaging tests USD 9.2 (SD 21.0), beds
USD 69.5 (SD 66.2), interventions USD 56.5 (SD
61.2), drugs USD 449.0 (SD 494.1), medical
supplies USD 306.7 (SD 645.3), and procedural
packages USD 2540.1 (SD 2571.6) (Table 3).

The mean cost per patient with remdesivir
was USD 3461.1 (SD 2259.8), and the median

was USD 2675.3. Cost differences between the
SoC and remdesivir arms were not significant in
the subgroups (Supplementary Fig. 1, Supple-
mentary Table 2). The highest positive differ-
ence was in patients with chronic renal disease
(CRD) (USD 2632.6 with remdesivir vs. USD
2036.3 with SoC; summary t = 0.731; 95%
CI - 2346.1–1153.5) and in patients with
thrombocytopenia (USD 2488.6 vs. USD 2081.8;
summary t = 0.664; 95% CI - 1830.7–1017.1).
The highest negative difference was in patients
who received steroid therapy (USD 4472.1 with
remdesivir vs. USD 5226.7 with SoC; summary
t = - 0.778; 95% CI - 1193.8–2703.0) and in
patients treated with tocilizumab (USD 3475.2
with remdesivir vs. USD 3991.2 with SoC;
summary t = - 0.549; 95%
CI - 1381.9–2413.9) (Supplementary Fig. 1,
Supplementary Table 2).

Effectiveness
For those patients treated with the SoC in a
general ward, the disutility value was 0.520
compared to 0.286 for the remdesivir arm. For

Table 3 Distribution of ward and intensive care treatment costs and cost components of COVID-19 standard of care
(USD)

Cost components (USD) Mean (SD) Median (IQR) Min–Max

Physician costs 3.9 (4.7) 2.7 (3.9) 0.0–26.2

Laboratory tests 103.9 (87.4) 76.5 (91.5) 2.2–472.8

Imaging tests 9.2 (21.0) 1.8 (9.7) 0.0–166.8

Beds 69.5 (66.2) 51.7 (65.7) 5.7–378.1

Interventions 56.5 (61.2) 39.9 (53.1) 0.0–369.9

Drugs 449.0 (494.1) 253.5 (597.8) 11.9–2014.1

Medical supplies 306.7 (645.3) 59.7 (240.2) 0.0–3583.2

Procedural packages 2540.1 (2571.6) 1724.7 (2505.9) 0.0–15,632.9

Totals

Ward 559.1 (674.1) 388.6 (840.4) 0.0–4146.5

ICU 2979.6 (3426.7) 1889.2 (2842.2) 15.1–19,642.4

Per patient 3538.9 (3296.0) 2537.0 (3380.6) 170.0–19,750.3

ICU intensive care unit, USD United States dollar, SD standard deviation, IQR interquartile range, Min minimum, Max
maximum
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those patients treated in the ICU, the disutility
was estimated at 0.502 for the SoC arm com-
pared to 0.491 for the remdesivir arm. The
percentage of patients who received mechanical
ventilation was 37.2% in the SoC arm and
23.1% in the remdesivir arm, and the associated
disutility values were 0.714 and 0.614, respec-
tively. The mean disutility value per patient was
calculated at 0.515 for the SoC arm and 0.341
for the remdesivir arm. In this case, the incre-
mental effectiveness was determined as 0.174
(SD 0.214) QALYs.

Differences in disutility were observed
between the SoC arm and the remdesivir arm.
Significant results were seen in the male gender
subgroup (summary t = 2.584; p = 0.011) and in
patients with pneumonia on chest CT at base-
line (summary t = 2.626; p = 0.011). In addi-
tion, the disutility value differences between
SoC and remdesivir arms were significant in
patients with neutrophilia (summary t = 2.227;
p = 0.029), lymphopenia (summary t = 2.014;
p = 0.047), and NLR C 2.95 (summary t = 2.787;
p = 0.006). The mean differences in disutility
value were significant in groups of patients with
CRP C 42 mg/l (summary t = 2.806; p = 0.006),
elevated ferritin (summary t = 2.540; p = 0.013),
and elevated fibrinogen (summary t = 2.520;
p = 0.013). The disutility value differences were
also significant in patients who presented with
fever (t = 2.483; p = 0.017) or dyspnea (sum-
mary t = 2.812; p = 0.006). The mean differ-
ences in disutility value were statistically
significant in patients who were treated with
azithromycin (summary t = 2.055; p = 0.047),
tocilizumab (summary t = 2.656; p = 0.012), HQ
(summary t = 2.774; p = 0.007), lopinavir/ri-
tonavir (summary t = 4.763; p = 0.009), antico-
agulants (summary t = 2.887; p = 0.005), or
favipiravir (summary t = 3.043; p = 0.003). The
mean differences were also significant in
patients with any comorbidities (summary
t = 2.552; p = 0.012), ischemic heart disease
(IHD) (summary t = 2.603; p = 0.019), or
hypertension (summary t = 2.077; p = 0.043)
(Supplementary Fig. 2, Supplementary Table 3).
Although the highest positive difference was
observed in patients with asthma/chronic
obstructive pulmonary disease (COPD) (0.321
with remdesivir vs. 0.617 with SoC; summary

t = 0.846; 95% CI - 0.390–0.982), it was not
significant. The highest and significant differ-
ences were observed in patients treated with
azithromycin (0.569 with SoC vs. 0.569 with
remdesivir; summary t = 2.055; 95% CI
0.012–0.510) and in patients treated with toci-
lizumab (0.574 with SOC vs. 0.326 with
remdesivir; summary t = 2.656); 95% CI
0.065–0.431) (Supplementary Fig. 2, Supple-
mentary Table 3).

Cost-Effectiveness Results

In COVID-19 patients with SpO2\ 94% and
LFOT requirement, who were treated in the ICU
in Turkey, the mean cost of an episode per
patient was estimated at USD 3538.9 with SOC
and USD 3461.1 with remdesivir. The incre-
mental cost was USD - 77.8, and the incre-
mental QALYs were 0.174. Compared to SoC,
remdesivir treatment was observed as a cost-
saving (dominant) treatment option. When the
results of INB analysis were evaluated, the INB
value of remdesivir treatment against SoC was
between 1576.6 USD and 4571.4 USD, and it
was shown to be cost-effective (Table 4).

Table 4 ICER for remdesivir—ICU settings—COVID-
19 SpO2\ 94% and O2 therapy

Remdesivir Standard
therapy

Cost per patient (mean,

USD) (n = 78)

3461.1 3538.9

Incremental cost (USD) - 77.7

Incremental effectiveness

(QALYs)

0.174

ICER (per QALY) Dominant

INB

QALY GDP 9 1 1575.6

QALY GDP 9 3 4571.4

ICER incremental cost-effectiveness ratio, ICU intensive
care unit, COVID-19 coronavirus disease-19, SpO2 oxygen
saturation, O2 oxygen, USD United States dollar, QALY
quality-adjusted life-years, INB incremental net benefit,
GDP per capita gross domestic product
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Patient outcomes matched with this patient
modeled with the patient in the SoC arm were
calculated head to head. Thus, the ICER plane
was created by comparing the patients’ costs
and utility values in both treatment arms in the
analysis. According to the cost-effectiveness
analysis of remdesivir versus SoC, remdesivir is
61.5% cost-effective and provides 38.5% cost-
savings compared to SoC (Fig. 2).

According to the cost-effectiveness accept-
ability curve (CEAC), remdesivir starts to be
cost-effective with a probability[ 50% starting
from USD 2500.0 willingness to pay (WTP).
Also, the WTP threshold at the upper bound of
USD 25,797.0 appears to be a cost-effective
treatment option with 90% probability (Fig. 3).

DISCUSSION

Remdesivir was compared with SoC in COVID-
19 patients in Turkey, who were admitted to the
ICU with SpO2\ 94% and received LFOT. In
this model, the cost was calculated based on the
actual hospital data, and the QALYs were gen-
erated based on the study conducted by Kohli
et al. [19]; ICER was USD 1631.0/QALY. The
threshold value was per capita income (GDP)
93 per capita for Turkey, i.e., WTP was USD
25,797.00. Remdesivir was found to be a cost-
effective healthcare technology in this patient
group compared to the SoC.

In a cost-effectiveness study conducted in
South Africa, dexamethasone and remdesivir
were compared to SoC in different scenarios for
the treatment of COVID-19. Remdesivir was
compared to SoC in patients who do not require
ventilation, and dexamethasone was compared
to SoC in patients who require ventilation; thus,
1111 deaths were found to be preventable com-
pared to SoC. It was estimated that the pre-
vention of these deaths would lead to a cost
savings of USD 11.5 million [25].

In the study by Nichols et al., it was esti-
mated that 3450 ICU beds were used for
COVID-19 between June and December 2020. It
has been stated that, without remdesivir, a total
of 23,443–32,284 patients would use ICU beds
and fully occupy the ICU capacity. With
remdesivir, 36,383–47,820 patients at the first

peak at the end of December were treated in
ICU. The study reported that the use of remde-
sivir in COVID-19 patients could save many
lives and may also provide potential ICU bed
turnover by reducing the length of ICU stay
[26].

Another study of 1643 patients receiving
remdesivir reported that among the patients
who were admitted in the last 24 h (LOS 3–-
14 days) and required mechanical ventilation,
36% had a LOS of 1–4 days, 23% had a LOS of
5–8 days, and 41% had a LOS C 9 days. The
authors reported that remdesivir resulted in a
LOS reduction of 4 days in 41% of the patients;
LOS was prolonged to complete 5-day treatment
in 36%, indicating that remdesivir use should
be continued in the outpatient setting [27]. In a
study conducted on 1062 hospitalized patients
with low oxygen levels, the median time to
recovery was 10 days in the remdesivir arm and
15 days in the placebo arm. The Kaplan-Meier
estimates of mortality were 6.7% with remde-
sivir and 11.9% with placebo by day 15 and
11.4% with remdesivir and 15.2% with placebo
by day 29 (hazard ratio, 0.73; 95% CI
0.52–1.03). Serious adverse events were reported
in 24.6% of the patients in the remdesivir group
and 31.6% of the placebo group. Remdesivir was
proven to significantly reduce the time to
recovery in patients [11].

While evaluating the results of our study, it
should be considered that it has some limita-
tions. First, healthcare costs may differ between
countries. Therefore, costs in other countries
will differ from the values we calculate. In
addition, the study was carried out from a single
center. We used data from a tertiary healthcare
institution. For this reason, it should be con-
sidered that there may be some differences
between local and health service levels. At the
time of the study, remdesivir was not an offi-
cially approved treatment for the treatment of
COVID-19 in Turkey. Therefore, there are no
country-specific remdesivir data. The study was
conducted as a retrospective, and the non-ran-
domized selection of patients is an important
limitation. The study sample is also small
because of the defined target patient population
characteristics. We can say this is among our
important limitations. Also, for COVID-19
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Fig. 2 ICER plane for remdesivir vs. standard therapy—ICU settings—COVID-19 SpO2\ 94% and O2 therapy dataset

Fig. 3 Cost-effectiveness acceptability curve for remdesivir vs. standard therapy—ICU settings—COVID-19 SpO2\ 94%
and O2 therapy
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disease, there are no calculated QALY values for
Turkey. Therefore, calculations were made
using international disease-specific QALY
values.

Turkey is faced with the risk of increased
hospitalization rates due to the mutations in
the virus and incomplete vaccination coverage.
The increase in the number of patients, illness
severity, hospitalization rates, and prolonged
stay in ICU have negative impacts on healthcare
systems during the pandemic. Remdesivir pro-
vides a faster bed turnover rate by shortening
the LOS and reducing the ventilation require-
ment. This will allow more patients to access
treatment in a shorter period. Remdesivir,
which is reimbursed in many countries, stands
out as an important COVID-19 treatment
alternative for Turkey.

CONCLUSION

Remdesivir does not result in a significant
additional cost in the treatment of COVID-19 in
patient groups and subgroups with SpO2\94%
who are treated with LFOT in the ICU. Based on
the cost associated with hospitalization,
remdesivir has a lower cost in COVID-19
patients who have evidence of pneumonia on
chest CT, in subgroups based on their hemato-
logic (neutrophilia, lymphopenia, or elevated
NLR) or inflammatory (elevated CRP, ferritin, or
fibrinogen) biomarkers, in patients who pre-
sented with fever and dyspnea, as well as
patients with comorbidities. Remdesivir, which
results in shorter LOS and lower rates of intu-
bation requirements in ICU patients, is associ-
ated with higher QALYs and lower costs,
dominating SoC from the national payer’s per-
spective in patients with SpO2\ 94% who
require oxygen support.
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