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ARTICLE INFO ABSTRACT

Keywords: Background: Regarding the COVID-19 pandemic, potential therapeutic agents are being evaluated almost every
Ciclosporin day. Ciclosporin, a calcineurin inhibitor, is characterized by beneficial antiviral and immunomodulatory effects.
gg;sll)cl\g/ 5 The present study aimed to evaluate the efficacy of ciclosporin in managing COVID-19.

-CoV-

Methods: This study was a prospective non-controlled clinical trial carried out on 20 patients. Confirmed COVID-
19 patients received two doses of ciclosporin (10 mg/kg and 5 mg/kg injections) 24 h apart. Mortality rate and
the lengths of intensive care unit (ICU) and hospital stays were assessed for all 20 patients.

Results: The mortality rate and the need for mechanical ventilation were calculated as 50%. The percentage of
ICU admission was 70%. The lengths of ICU and hospital stays were 8.13 + 6.81 and 14.25 + 8.55 days,
respectively. The levels of ferritin and white blood cells were significantly higher after injecting the second dose
of ciclosporin. Seven patients (35%) had radiologically improved lungs after ciclosporin therapy.

Conclusion: It seems that the protocol of two doses of ciclosporin in combination with favipiravir does not have
favorable effects among COVID-19 patients that do not respond to dexamethasone. Controlled trials are needed
to confirm the results.

Calcineurin inhibitors

this field [3].
Several studies have shown the efficacy of different immunomodu-

1. Introduction

Since late 2019, the SARS-CoV-2 infection has spread from China to
other countries, and its mortality rate and clinical manifestations are
being determined almost every day [1]. However, it could take months,
and perhaps years, to fully understand the origin, characteristics, and
symptoms of the infection, as well as the hosts’ immune response to it
[2]. Due to the proven role of the cellular immune system in the pa-
thology of COVID-19, immunomodulatory therapies have been used in

lators, including TNF-a and IL-6 inhibitors, in treating COVID-19, sug-
gesting that the immune response might be the culprit pathology of the
development of severe diseases [4,5]. Infected cells are exposed to an
overload of nascent polypeptides, transcriptional machinery, and by-
products of helicase activation, thus jeopardizing the maintenance of
protein folding and triggering mitochondrial stress. Finally, mitochon-
drial proteostasis collapse would drive caspase activation and
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Fig. 1. The CONSORT diagram of the study.

irreversible cell damage [6,7]. Calcineurin inhibitors may help restore
the unfolded protein response (UPR) within the cytosol and rescue cells
from necrosis [8]. Of note, ciclosporin has beneficial antiviral effects
against RNA viruses, including the beta-coronavirus family [9,10]. Some
studies have pointed out the potential useful effects of ciclosporin on the
pathogenesis of COVID-19 [11]. In this respect, the present study aimed
to further investigate the potential beneficial effects of ciclosporin on the
pathogenesis of COVID-19.

2. Materials and methods
2.1. Setting

This study was a prospective non-controlled trial conducted on 20
patients at Dr. Masih Daneshvari Hospital, Shahid Beheshti University of
Medical Sciences, Tehran, Iran, which is considered a referral center for
COVID-19 patients.

2.2. Patients

Inclusion criteria for receiving ciclosporin were as follows: Age > 18;
confirmed COVID-19 infection based on the results of reverse tran-
scription polymerase chain reaction (RT-PCR) test in the throat swab;
oxygen saturation < 93% despite appropriate care standards for 72 h of
admission; bilateral chest involvement as evident from a computed to-
mography (CT) scan of the chest and not responding to dexamethasone

therapy after 5 days.

Exclusion criteria included pregnancy or breastfeeding, allergy to
ciclosporin, history of renal failure (estimated glomerular filtration rate
lower than 30 ml/min), active infection, uncontrolled hypertension, and
positive procalcitonin test.

2.3. Informed consent

This study was conducted in line with the Declaration of Helsinki and
was approved by the Ethics Committee of Shahid Beheshti University of
Medical Sciences (IR.SBMU.NRITLD.REC.1399.058). This trial was
registered in the Iranian Registry of Clinical Trials with the number
IRCT20150107020592N22.

2.4. Interventions

A total of 20 eligible patients with confirmed COVID-19 were
included in this study (Fig. 1). Patients received standard of care
including dexamethasone 6 mg daily for the first five days, oxygen
therapy, fluid support, enoxaparin 40 mg daily for deep vein thrombosis
(DVT) prophylaxis, pantoprazole 40 mg daily for stress ulcer prophy-
laxis, and favipiravir 1600 mg twice daily for the first day followed by
600 mg BD for 14 days or until discharge. Ciclosporin was administered
in patients who did not respond to dexamethasone therapy. Response to
dexamethasone was defined as improvements in clinical status and
laboratory parameters of the patients. The enrolled patients received
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Table 1
Demographic data, past medical history and baseline characteristics of the pa-
tients at admission.

N=20 Normal reference range
Age 55.8 £ 12.9 -
Gender (male) 9 (45%) -
BMI (kg/m?) 27.4 18-25
(23.1-33.3)
Smoking history 2 (10%) -
Diabetes 4 (20%) -
Malignancy (Not active) 1 (5%) -
Hypertension 3 (15%) -
Chronic Kidney Disease 1 (5%) -
Number of comorbidities 0.5 (0-4) -
CRP (mg/L) 43.2 (5-60) <10
Ferritin (ng/ml) 759.6 20-250
(54-2000)
1L-6 (Pg/ml) 19.2 (2.2-70) Should not be detected or very low
levels
White blood cells (x103/ 7.6 (3-16) 4-11
L)
Lymphocytes (Cells/ pL) 15.5 (3.9-31) 1-4.8
Platelet count (x10°/ uL) 192.3 (85-395) 150-400
Serum potassium (mg/dL) 4 (3.4-4.9) 3.5-5
Serum magnesium (mg/ 2.2 (1.1-2.9) 1.7-2.2
dL)
Creatinine (mg/dL) 1.1 (0.5-2.3) 0.7-1.2

Data are presented as mean (range) or percent; BMI: Body mass index; IL-6:
Interleukin-6; CRP: C-reactive protein.

ciclosporin (NEORAL®) at 10 mg/kg followed by 5 mg/kg on the next
day. Each vial was diluted in 500 ccs of normal saline (1:50) and
administered over 6-8 h. The patients’ vital signs were monitored for the
first 45 min after each injection. Complete blood count, potassium,
magnesium, creatinine, ferritin, C-reactive protein (CRP), white blood
cells, and interleukin-6 were measured prior to injection and 24 h after
injecting the second dose of ciclosporin.

2.5. Outcomes

The primary aim of this study was to evaluate the mortality rate and
the lengths of intensive care unit (ICU) and hospital stays for each pa-
tient. Symptoms, including fever, cough, dyspnea, myalgia, chest pain,
headache, and diarrhea, were evaluated for 14 days after admission.
Laboratory results were measured before the first injection and 24 h
after the second dose of ciclosporin. Any changes in chest CTs were
evaluated.
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2.6. Statistical analysis

The results were analyzed using the SPSS v.25.0 software (IBM Corp.,
Armonk, NY, USA). Data were presented in the form of mean =+ standard
deviation or percentage. Shapiro-Wilk test was employed to evaluate the
normality of data distribution. A paired sample t-test or Wilcoxon test
was used to evaluate the significance of differences between the lab data
measured before and after 24 h of the second dose of ciclosporin.

3. Results

The demographic data of the patients and their medical histories are
shown in Table 1.

The median time before administering ciclosporin to patients was 5.5
(4.2-9) days.

Table 2 represents the trend of symptoms for all patients during the
first 14 days after admission. Diarrhea and fever subsided in all patients
by days 5 and 9, respectively. However, cough, myalgia, chest pain, and
headaches continued until day 11. Dyspnea persisted until day 12 in one
patient.

The results derived from the lab data of the patients are shown in
Table 3. The results of a paired sample t-test or Wilcoxon test showed a
significant difference between the data sets in terms of white blood cell
and ferritin levels before treatment and 24 h after administering the
second dose of ciclosporin. The mean ferritin level before the first in-
jection was 1046.8 + 707. This value increased to 1266.9 + 602.1 24 h

Table 3
Laboratory results for the patients before and after 24 h of administering the
second dose of ciclosporin.

Before Ciclosporin 24 h after second dose of ~ P-

injection ciclosporin Value

CRP (mg/L) 30.9 £ 22.1 30.6 £ 21.9 0.8

Ferritin (ng/ml) 1046.8 + 707 1266.9 + 602.1 0.03

IL-6 (Pg/ml) 34.4 +47.8 40.9 + 34.6 0.3

White blood cells 10.4 £ 4 12.3 + 4.8 0.02
(x103%/ uL)

Lymphocytes (Cells/ 9.5+ 45 8.7 £ 4.4 0.1
uL)

Platelet count (x10°/ 259.9 + 99.3 262.6 + 87.7 0.8
uL)

Serum potassium 4.2+0.2 4.4+ 0.6 0.1
(mg/dL)

Serum magnesium 23+04 22+0.3 0.7
(mg/dL)

Creatinine (mg/dL) 0.9 +0.2 1+04 0.4

Data are presented as Mean + SD; CRP: C-Reactive protein; IL-6: Interleukin-6.

Table 2
Symptoms of the patients during the study.
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day Dayl4
13
Symptoms
Fever 16 14 12 12 10 8 (50%) 4 2 1(10%) 0(0%) 0(0%) 0(0%) 0 0(0%)
(80%) (87.5%) (75%) (75%) (62.5%) (26.7%) (16.7%) (0%)
Cough 19 19 18 18 16 11 9 (50%) 7 3 3 2 0(0%) 0 0(0%)
(95%) (100%) (94.7%) (94.7%) (84.2%) (57.2%) (46.7%) (23.1%) (23.1%) (18.2%) (0%)
Dyspnea 20 20 20 19 16 12 9 7 4 3 3 1 0 0(0%)
(100%) (100%) (100%) (95%) (80%) (60%) (47.4%) (43.8%) (28.6%) (21.4%) (27.3%) (9.1%) (0%)
Myalgia 16 16 15 16 12 9 7 4 1 (10%) 1(10%) 1 0(0%) 0 0(0%)
(80%) (100%) (93.8%) (100%) (75%) (56.3%) (46.75) (33.3%) (11.1%) (0%)
Chest pain 18 18 17 17 12 7 5 2 2 2 2 0(0%) 0 0(0%)
(90%) (100%) (94.4%) (94.4%) (66.7%) (38.9%) (29.4%) (14.3%) (16.7%) (16.7%) (18.2%) (0%)
Headache 12 11 9 (75%) 8 5 4 2 1 1 1 1 0(0%) 0 0(0%)
(63.2%) (84.6%) (66.7%) (41.7%) (33.3%) (18.2%) (12.5%) (14.3%) (14.3%) (14.3%) (0%)
Diarrhea 7 (35%) 7 7 4 1 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0 0(0%)
(100%) (100%) (57.1%) (14.3%) (0%)

Data are presented as percent.
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Table 4
The mortality rate, the need for mechanical ventilation, length of ICU and
hospital stay, and ICU admission.

N (%)
Mortality 10 (50%)
The need for mechanical ventilation 10 (50%)
ICU admission 14 (70%)
Length of ICU stay (days) 8.1 (0-24)
Length of hospital stay (days) 14.2 (6-38)

Data are presented as percentage or mean (range); ICU: Intensive Care
Unit

after the second injection (P-Value = 0.03). The number of white blood
cells also increased from 10.4 + 4 to 12.3 £ 4.8 24 h after the infusion
(P-Value = 0.02).

The mortality rate, the need for mechanical ventilation, the lengths
of ICU and hospital stays, and ICU admission were evaluated in all pa-
tients. The results are shown in Table 4.

The mean time between the second dose of ciclosporin and death in
non-survived patients was 4.1 + 3.9 days. Also, the mean time from the
second dose of ciclosporin until discharge from the hospital was 12.6 +
7.8 days.

Changes in chest CT scans of the patients showed that seven patients
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(35%) had radiologically improved lungs; four of these patients (>50%)
showed improvements (Fig. 2). All four of these patients survived.
Among the other 13 patients, three (15%) did not show any improve-
ments, and four (20%) exhibited progression. The other six patients had
only one chest CT scan taken, making comparisons impossible.

None of the patients developed adverse reactions such as renal fail-
ure, acute kidney injury, electrolytes disorders, or hypertension
following the use of ciclosporin. Moreover, none of the patients devel-
oped infusion reactions.

4. Discussion

Based on the results of our study, it seems that administering two
ciclosporin doses in combination with favipiravir does not have a
beneficial role in treating COVID-19 patients not responding to dexa-
methasone. Cavagna et al. performed a cohort study consisting of 385
patients receiving calcineurin inhibitor therapy due to solid organ
transplantation or rheumatologic disease. The development of COVID-
19 in these patients was low despite their suppressed immune status.
Furthermore, most COVID-19 cases presented mild symptoms. The au-
thors concluded that calcineurin inhibitors might have a beneficial role
in treating COVID-19 disease [12]. Ciclosporin was shown to have
antiviral effects against coronaviruses in-vitro, regardless of its effects

Fig. 2. Chest CT images of seven patients (P1- P7) who had radiologically improved lung after receiving cyclosporine at the time of admission. Non-
contrast enhanced CT images of patient 1 (P1- A) showed bilateral patchy consolidations in both peri-bronchovascular and subpleural distribution (*) that
improved considerably (arrow) after receiving cyclosporine (P1- B). Patient 2 had segmental peri-bronchovascular and subpleural consolidations (*), more confluent
than patient 1 (P2- C) which improved significantly (arrow) after medical therapy (P2-D). Patient 3 had bibasilar infiltrations as well as subsegmental patchy
consolidation with irregular border within right middle lobe (*) (P3-E). Repeated CT images (P3-F) after cyclosporine administration show substantial decrease lung
infiltrations (arrow). Patients 4, 5, 6 and 7 CT images also showed similar Covid-19 imaging manifestations with considerable decreased in the severity of lung

infiltration before (*) and after (arrow) cyclosporine therapy (P4, P5, P6 and p7).
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on the immune system [13]. It was also identified that cyclophilin and
FK506 binding protein interacted with SARS-CoV-2 proteins in the
host’s immune system [9].

Galves-Romeo performed a study on moderate-to-severe COVID-19
cases and concluded that administering ciclosporin (1-2 mg/kg/day for
seven days), along with clarithromycin and methylprednisolone reduces
mortality and improves outcomes [14]. The dose we administered was
much higher than in this previous study. It should be considered that
clarithromycin is a cyp3A4 inhibitor that reduces the metabolism of
ciclosporin. Hence, the plasma concentrations of ciclosporin in the
previous study were probably higher than the concentration expected
when administering a dose of 1-2 mg/kg/day. Methylprednisolone may
also increase the serum concentrations of ciclosporin.

We believed that by considering a high dose of ciclosporin, the
plasma concentrations needed for the prevention of virus replication
would be achievable by the medication. Solanich, X., et al. claimed that
the antiviral (and not anti-inflammatory) effects of ciclosporin will not
be achieved by previously suggested doses [15]. We wanted to see if a
high dose of ciclosporin, given over a short duration, would benefit se-
vere COVID-19 cases. We decided to administer high doses for a short
duration to achieve considerable plasma concentrations for antiviral
effects and prevent side effects by reducing the number of
administrations.

Based on what we discussed above, several studies have recom-
mended evaluating the efficacy of calcineurin inhibitors in preventing
and treating COVID-19 [16,17]. However, in our study, no therapeutic
effect was observed when ciclosporin was administered to treat COVID-
19. Patients’ white blood cell counts and ferritin levels significantly rose
24 h after the second dose. However, the authors believe that this
phenomenon might not be related to ciclosporin, as the use of this agent
is not associated with inflammation itself.

Another main point to consider is that we began administering
ciclosporin almost five days after admission. The antiviral and immu-
nomodulatory effects of ciclosporin might be achieved if it is adminis-
tered earlier. Considering the drug interactions between ciclosporin and
dexamethasone, as well as the potential fluctuations in serum concen-
trations of both medications, we decided to discontinue dexamethasone
and administer ciclosporin in patients who did not respond to dexa-
methasone after five days. Favipiravir was continued for 14 days or until
the patient was discharged. No documented interaction between ciclo-
sporin and favipiravir was found. Favipiravir selectively prevents the
replication of viral genomes by interacting with RNA-dependent RN
polymerase (RdRp) [18]. It is currently being used as an off-label
regimen for COVID-19 with the mentioned dosing regimen in the
methods section based on the available published evidence [19].

The patients in our study also received favipiravir. thus, the potential
therapeutic effects of ciclosporin as a single-agent therapy were not
evaluated in this study.

The main limitation of our study was that we did not have a control
group to evaluate the parameters by comparison. Controlled clinical
trials with a larger sample size are recommended to improve the
generalization of the results.

5. Conclusion

It seems that the protocol of two doses of ciclosporin in combination
with favipiravir does not have favorable effects among COVID-19 pa-
tients that do not respond to dexamethasone. Further randomized
controlled trials with different dosing regimens are required to confirm
the results.
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