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Abstract

We aimed to assess longitudinal changes in clinical indexes of corona disease 2019
(Covid-19) patients with mild pulmonary infection during 5 days of remdesivir therapy and
determine the effect of age and gender on remdesivir adverse effects (AE). Patients'
clinical data including inflammatory markers, liver and renal function tests, and heart rate
(HR) were extracted from medical records. Linear mixed model (LMM) was used to
analyze longitudinal changes in patients' clinical indexes. Gender and age were inserted in
LMM as covariates to find their correlation with AE and clinical indexes. Of 84 patients,
35 patients met our criteria for the study. There were significant increases in mean levels
of white blood cell (WBC; p = 0.005), alanine aminotransferase (ALT; p = 0.001), aspartate
aminotransferase (p=0.001), blood urea nitrogen (BUN; p=0.001), and creatinine
(p = 0.006), whereas mean levels of erythrocyte sedimentation rate (p = 0.005), C-reactive
protein (p = 0.001), alkaline phosphatase (p = 0.001), and potassium (p = 0.003) decreased
significantly. Estimated glomerular filtration rate (p = 0.001) and HR (p = 0.001) showed a
notable decline over the course of treatment. LMM analysis showed that mean changes in
WBC (B=0.94, p=0.029), creatinine (8=0.12, p=0.020), and HR (8= 6.47, p=0.008)
were greater in males than in females. Also, age of patients had a significant effect on the
mean changes of WBC (8=-0.02, p=0.023), sodium (8=-0.06, p=0.010), BUN
(B=0.23, p=0.001), and HR (B = -0.29, p = 0.001). Despite no renal and liver dysfunction,
Covid-19 patients with mild pulmonary infection may develop some remdesivir AE and

attributed side effects might be affected by gender and age of patients.
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favipiravir, lopinavir/ritonavir, and azithromycin have been tested and
used.” Remdesivir, an adenosine triphosphate (ATP) analog that

Corona disease 2019 (Covid-19), caused by a novel severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), is a viral infection
of the respiratory tract typified with fever, dry cough, fatigue, and
worsening dyspnea.” During the current pandemic, several treatment

protocols for Covid-19 including chloroquine/hydroxychloroquine,

inhibits viral RNA polymerase, has been approved by the US Food
and Drug Administration (FDA) for hospitalized patients with
Covid-19.%*

Covid-19 treatment, hepatotoxicity and nephrotoxicity have been

Despite the beneficial effects of remdesivir in

reported as adverse effects (AEs) in Covid-19 patients receiving
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Medical records of 84 hospitalized
Covid-19 patients between June and
September 2021 were collected.

\4

Patients who met our inclusion criteria
were selected and enter into the study
for assessment.

criteria

Exclusion
criteria

49 patients were ineligible for the study
owing to not meeting our inclusion
criteria.

35 Covid-19 patients were eligible for
the study and their medical records
were retrospectively analysed.

Inclusion

Pulmonary infection < 20% in lung HRCT
No history of renal or liver dysfunction
Liver enzyme level < 5 times the UNL
02 saturation > 90%

eGFR > 30 mL/min per1.73 m?

Y V V

Y VYV

Severe pulmonary infection (n= 44)

Renal or liver dysfunction (n= 10)

02 saturation < 90% (n= 10)

Liver enzyme level > 5 times the UNL (N=9)
Not eligible to receive remdesivir (n=3)

YV V VY VY

FIGURE 1 Flowchart of the studied patients. eGFR, estimated glomerular filtration rate; HRCT, high-resolution computed tomography;

UNL, upper normal limit.

intravenous remdesivir because of accumulation of sulfobutylether-
B-cyclodextrin (SBECD) carrier.”

Despite the emergent and widespread use of remdesivir for the
Covid-19 treatment, some AE including cardiac, renal, and liver
complications have been reported in patients receiving remdesivir.®
Among the remdesivir AEs, anemia, infusion site reactions, increased
liver enzymes, cutaneous rash, kidney injuries, and hypotension are
the most common. According to the FDA Emergency Use Authoriza-
tion, a loading dose of 200 mg (5 mg/kg) once in a day in patients =
40kg and 100 mg from Day 2-5 (2.5mg/kg) has been proposed.
Clinical investigations on patients with normal kidney function
indicated that remdesivir and its active metabolite, remdesivir
triphosphate, are predominantly (74%) eliminated by the kidneys.”®

Moreover, transaminase elevations have been observed in Covid-19
patients receiving remdesivir and, therefore, liver function tests (LFTs)
must be monitored daily, and remdesivir is discontinued in individuals
with alanine aminotransferase (ALT) more than five times the upper limit
of normal healthy individuals.” Regarding cardiovascular complications,
sinus bradycardia, hypotension, T-wave abnormalities, atrial fibrillation
(AF), and a prolonged QT interval are the most common AEs.'®

It has been shown that remdesivir is adequately tolerated but does
not provide significant therapeutic effects in seriously COVID-19
patients. Furthermore, there is a lack of clinical evidence to evaluate
the appearance of remdesivir AE and outcomes in men and women
and different age groups.'' The goal of the current study is to
investigate longitudinal changes in clinical indexes of hospitalized
Covid-19 patients with mild pulmonary infection during a 5-day course
for remdesivir therapy.

2 | PATIENTS AND METHODS

2.1 | Study design and subjects

This retrospective longitudinal study was conducted on Covid-19
hospitalized patients receiving intravenous remdesivir in the regular ward
between June and September 2021. The protocol of the study was
approved by the ethics and research review committee of the Iran
University of Medical Sciences (IR. [IUMS. REC.1400.072). All participants
gave written informed consent, and the study was carried out following
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TABLE 1 Characteristics of Covid-19 patients

Age (year)” 56.22 +17.86
Gender (n, %)°

Male 15 (42.9)

Female 20 (57.1)
Fever (n, %)° 14 (40)
Dyspnea (n, %)° 27 (77.1)
Dry cough (n, %)° 31 (88.6)
HTN (n, %) 11 (31.4)
DM (n, %)° 6(17.1)
Favipiravir consumption (n, %)° 22 (62.9)
Spo2 (%)” 92.22 +2.30

Abbreviations: Covid-19, corona disease 2019; DM, diabetes mellitus;
HTN, hypertension.
2Continues data are presented as mean + SD.

bCategorical data are presented as frequency (percentage).

MEDICAL VIROLOGY

the guidelines of the Declaration of Helsinki. Inclusion criteria to enter in
the study were patients who had no history of kidney and liver
dysfunction, estimated glomerular filtration rate (€GFR) cutoffs of 30 or
50 ml/min per 1.73 m?, elevated LFT less than five times the upper limit
of normal, oxygen saturation above 90%, and pulmonary infection of
<20% in lung high-resolution computed tomography. The estimated
sample size was 36 calculated based on Type | error (5%), power (80%), an
effect size of 2.9, and change SD 6 for ALT before and after remdesivir

reported by Aiswarya et al.*?

All patients were treated according to
protocol with dexamethasone 6 mg daily, remdesivir (a loading dose of
200 mg on day 1 followed by 100 mg for 4 days), and enoxaparin 60 mg
daily. Demographic data and medical records of patients were extracted

from Hospital Information System and analyzed.

2.2 | Clinical indexes

To follow Covid-19 disease inflammatory state during 5 days remdesivir
therapy, white blood cell (WBC) count, C-reactive protein (CRP), and

erythrocyte sedimentation rate (ESR) were assessed in the patients. Also,

TABLE 2 Clinical indexes of Covid-19 patients over the course of remdesivir therapy

Days of remdesivir therapy

Clinical index Reference range Gender 1st 3rd 5th p
WBC 4.5-11 (x10*3/micl) M 530+1.84 741+£2.25 6.94+2.28 0.006
F 4.63+1.53 6.23+1.84 6.05+1.06 0.001
ESR Up to 15 (mm/h) M 41.27 +26.44 41.01+29.78 22.0+12.66 0.003
F 44.50+20.58 34.81+17.48 30.60 £ 14.85 0.001
CRP Up to 6 (mg/L) M 27.11+26.99 16.57 +15.53 10.88+11.91 0.001
F 22.34+18.54 14.58 + 15.04 10.49 + 10.66 0.002
ALT Up to 40 (U/L) M 32.73+19.60 51.60+ 31.05 61.22+31.87 0.001
F 43.10+23.68 49.21 + 28.69 55.30 + 30.07 0.001
AST Up to 37 (U/L) M 37.86+8.77 47.86+11.35 51.93+15.76 0.001
F 43.51+15.54 55.50 + 18.59 60.95+18.98 0.001
ALP 65-305 (U/L) M 198.94 £ 65.25 134.93+43.47 126.40 +27.75 0.001
F 234.60+115.08 152.10+58.75 128.20+58.41 0.001
Sodium 135-145 (mEq/L) M 135.67+3.31 138.47 £3.74 137.87+3.81 0.026
F 137.80+4.12 137.30+2.72 138.80+1.98 0.195
Potassium 3.5-5.5 (mEq/L) M 4.07+£0.19 3.91+0.17 3.90+0.16 0.017
F 3.90+0.37 3.69 £0.29 3.63+0.21 0.004
BUN 14-45 (mg/dl) M 29.67 +12.52 40.33+14.48 41.01+6.47 0.001
F 27.99+9.78 36.60+9.12 38.31+598 0.001
Creatinine 0.7-1.4 (mg/dl) M 1.06 £0.25 1.05+0.21 1.04+0.20 0.848
F 0.86£0.15 0.83+0.17 1.0£0.16 0.001
eGFR 260 ml/min/1.73 m? M 81.07+22.18 79.53+19.74 78.73+17.19 0.907
F 79.31+18.88 75.90+17.30 62.05+14.37 0.001
Hear rate 60-100 beats/min M 81.13+12.19 62.33+12.14 58.13+14.06 0.001
F 77.30+10.30 60.85+6.23 51.15+4.34 0.001

Abbreviations: ALT, alanine transaminase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; Covid-19, corona

disease 2019; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; ESR, erythrocyte sedimentation rate; F, female; M, male;

WBC, white blood cell.
*Continues data are presented as mean + SD.
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remdesivir AEs on the function of the liver, kidney, and heart were moni-
tored through checking clinical indexes including aspartate transaminase
(AST), ALT, alkaline phosphatase (ALP) for liver function, blood urea nitro-
gen (BUN), creatinine, eGFR, sodium, and potassium for kidney function,
and heart rate (HR) on the first, third, and fifth days of remdesivir therapy.

2.3 | Statistical analysis

Linear mixed model (LMM) is one of the longitudinal data analysis
methods that describes the relationship between a response

White blood cell (x10*3/micL)
[}
L

1st day 3rd day 5th day

—@-—=Female «==@=Male
35
30
25
20

15

C-reactive protein (mg/L)

10
P=0.002

1st day 3rd day 5th day

=@==Male «=o==Female

55 1

%\ I

35 A

P=0.001
P=0.001

Erythrocyte sedimentation rate (mm/hr)

P=0.004

15

1st day 3rd day 5th day

—@-—\Male =—=@=Female

FIGURE 2 Changes in mean white blood cell (WBC), C-reactive
protein (CRP), and erythrocyte sedimentation rate (ESR) index
estimated by linear mixed model (LMM) analysis on the first, third,
and fifth day of remdesivir therapy over a 5-day course of treatment
in corona disease 2019 (Covid-19) patients (reference: first day).

variable and other explanatory variables that have been obtained
along with the response. We used LMM to assess mean changes
of clinical indexes in patients over the time of remdesivir therapy.
Age and gender were inserted in the model as covariates to
analyze their effects on the mean changes in clinical indexes.
Restricted maximum likelihood with slope and intercept random
effect was used to estimate all coefficients in the model.
Continuous variables are presented as mean + SD and categorical
variables are presented as frequency (%). All statistical analyses
were done using IBM SPSS version 24.0 (IBM, Inc.). p < 0.05 were
considered significant.

68 -

P=0.001

58 -
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43

Alanine transaminase (U/L)

38 A
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1st day 3rd day 5th day
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65 -
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55 A
50 A
45 A
40 A
35 A
30 A1
25

P=0.001

Aspartate aminotransferase (U/L)

1st day 3rd day 5th day

=@=—|lale ==@=Female
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220 ~
200 A
180 4
160 +
140 ~
120 A
100

Alkaline phosphatase (U/L)

P=0.001

P=0.001

3rd day

=@=—|\lale ==@=Female

1st day 5th day

FIGURE 3 Changes in mean alanine transaminase (ALT),
aspartate transaminase (AST), and alkaline phosphatase (ALP) index
estimated by linear mixed model (LMM) analysis on the first, third,
and fifth day of remdesivir therapy over a 5-day course of treatment
in corona disease 2019 (Covid-19) patients (reference: first day).
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FIGURE 4 Changes in mean blood urea nitrogen (BUN), creatinine, sodium, and potassium index estimated by linear mixed model (LMM)
analysis on the first, third, and fifth day of remdesivir therapy over a 5-day course of treatment in corona disease 2019 (Covid-19) patients

(reference: first day).

3 | RESULT

3.1 | Characteristics of Covid-19 patients

As depicted in Figure 1, among 84 Covid-19 patients who
were admitted for remdesivir therapy, 35 patients met our
inclusion criteria and enter into the study. Demographic and
clinical characteristics of Covid-19 patients are summarized in
Table 1. The mean age of patients was 56.22 +17.86 years and
57.1% of them were women. Dyspnea (77%) and dry cough
(88.6%) were the most common symptoms of the disease and
62.9% of patients received oral Favipiravir before starting
remdesivir therapy.

3.2 | Remdesivir AE in Covid-19 patients during
treatment

As represented in Table 2, mean WBC increased significantly (male:
p =0.006, female: p=0.001), whereas mean ESR (male: p =0.003,
female: p=0.001) and CRP (male: p=0.001, female: p=0.002)
showed a notable decline through remdesivir therapy. Figure 2
shows changes in mean WBC, CRP, and ESR index for male and

female Covid-19 patients in more detail during 5 days of remdesivir
injection.

Regarding remdesivir AE, we found a significant rise in mean
levels of ALT (male: p=0.001, female: p =0.001) and AST (male:
p=0.001, female: p=0.001), and a considerable decline in mean
ALP (male: p =0.001, female: p = 0.001) during treatment. Figure 3
illustrates changes in mean ALT, AST, and ALP in further detail
over the course of remdesivir therapy. Mean sodium in males
showed a notable increase (p = 0.026), whereas mean potassium in
both males (p=0.017) and females (p = 0.004) decreased signifi-
cantly. However, sodium and potassium values remained within
the normal range during treatment. Also, mean BUN in both
genders (p =0.001) increased notably, while just females experi-
enced a significant rise in creatinine levels (p =0.001). Figure 4
provides more information about changes in mean levels of BUN,
creatinine, sodium, and potassium on the first, third, and fifth day
of remdesivir injection.

Furthermore, females experienced a notable decrease in eGFR
(p=0.001) and mean HR of patients decreased significantly (male:
p=0.001, female: p=0.001) during remdesivir therapy but HR
gradually restored to normal after drug discontinuation. Figure 5
presents changes in mean eGFR and HR in more detail over the

course of treatment.
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FIGURE 5 Changes in mean estimated glomerular filtration rate
(eGFR) and heart rate (HR) index estimated by linear mixed model
(LMM) analysis on the first, third, and fifth day of remdesivir therapy
over a 5-day course of treatment in corona disease 2019 (Covid-19)
patients (reference: first day).

3.3 | Relationship of remdesivir AE with age and
gender of patients

As described in the Section 2.3, age and gender were inserted in the
LMM as covariates to find their effects on changes in clinical indexes
in patients treated with remdesivir. Our results are summarized in
Table 3 and indicate that gender as a covariate was significantly
related to the changes in patients' indexes. Mean changes in WBC
(B=1.03, p=0.029), creatinine (8 =0.15, p = 0.009), and HR (8 = 6.22,
p =0.015) attributed to the remdesivir were greater for men than
women. In addition, age of patients had a significant effect on the
mean changes of WBC (B=-0.02, p=0.023), sodium (B8 =-0.06,
p=0.026), BUN (8=0.23, p=0.001), and HR (8=-0.29, p=0.001)

over the time of remdesivir therapy.

4 | DISCUSSION

In this single-center study, clinical outcomes of 35 Covid-19 patients
with mild pulmonary infection treated with remdesivir were
evaluated. We did not find serious AEs attributed to the remdesivir
therapy but bradycardia with renal and liver dysfunction were seen in
the Covid-19 patients. In addition, age and gender of patients had
significant effects on some AEs of remdesivir.

TABLE 3 Effects of gender and age on remdesivir AEs assessed
by LMM analysis
Variables Mean + SE Gender Age
WBC Male = 6.57 +0.33 B=1.03 pB=-0.02
Female =5.63 +0.30 p =0.029 p=0.023
ESR Male =29.83 + 5.52 B=-2.69 B=-0.13
Female =40.30 £4.81 p=0.629 p =0.404
CRP Male=17.80+2.84 B=1.54 B=-0.062
Female = 16.26 + 2.65 p=0.770 p=0.676
ALT Male = 48.09 + 6.81 B=-1.42 B=0.09
Female =49.51 + 6.08 p=0.882 p=0.735
AST Male = 46.29 + 3.49 B=-7.60 B=0.05
Female =53.01£3.16 p=0.143 p=0.708
ALP Male =151.47 + 15.73 B=-21.62 B=0.43
Female = 173.09 + 13.03 p=0.310 p=0.478
Sodium Male =137.78 +0.56 B=0.15 B=-0.06
Female = 137.64 + 0.49 p=0.847 p=0.026
Potassium Male =3.90+0.04 B=0.12 B=0.001
Female = 3.78 + 0.03 p =0.060 p=0.597
BUN Male =35.52+1.54 B=0.73 B=0.23
Female =34.78 £ 1.46 p=0.623 p=0.001
Creatinine Male = 1.04 +0.04 B=0.15 B=-0.02
Female =0.91 +0.03 p =0.009 p=0.460
eGFR Male = 84.04 +4.08 B=10.79 B=-0.16
Female =71.15 + 3.66 p=0.051 p=0.294
Heart rate Male = 68.55+1.76 B=622 B=-0.29
Female = 62.10+ 1.53 p=0.015 p=0.001

Abbreviations: AE, adverse effect; ALT, alanine transaminase;

ALP, alkaline phosphatase; AST, aspartate aminotransferase; BUN, blood
urea nitrogen; CRP, C-reactive protein; eGFR, estimated glomerular
filtration rate; ESR, erythrocyte sedimentation rate; LMM, linear mixed
model; WBC, white blood cell.

The clinical syndrome caused by Covid-19 infection primarily
affects respiratory tracts, but other organs including the heart,
gastrointestinal system, and liver may also be affected.’® Recent
reports have shown that some patients with the severe form of the
Covid-19 infection experience an intensified immune response
similar to cytokine release syndrome and multisystem inflammatory
syndrome.™ Consistent with us, a prior study by Stoeckle et al."®
have shown that CRP levels decrease significantly after remdesivir
therapy in none intubated Covid-19 patients, indicating that
remdesivir mitigates inflammatory response in a certain group of
patients but not in all. Moreover, women patients in the study had
lower CRP levels than men that may be due to the lower viral load
level, higher number of CD** T cells, and higher levels of antibodies in
women.'® Interestingly, producing interleukin-6, which actively
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participates in the inflammatory response to Covid-19 infection is
lower in women than in men and often correlated with better
longevity.>” Prior studies on Covid-19 patients have reported that
37-69% of Covid-19 patients experience at least one abnormal ALT
and AST on hospital admission, whereas 93% have at least one
abnormal LFT throughout the disease.'® Furthermore, increased LFT
is among the most common AEs attributed to the remdesivir reported
in patients hospitalized with Covid-19 infection.’” The exact
mechanisms of liver injury caused by Covid-19 infection have not
completely understood. However, direct viral infection, indirect host-
immune responses, and treatment drug toxicity could damage liver
and induce hepatotoxicity.’® From the cellular point of view,
remdesivir has been demonstrated to be toxic to hepatocytes, and
the FDA has cautioned about the incidence of elevated ALT and AST
in patients receiving remdesivir, as observed in our patients.”?*
Furthermore, nephrotoxicity attributed to the remdesivir has been
reported in Covdid-19 patients that may be a consequence of
mitochondrial toxicity in renal tubular epithelial cells and accumula-
tion of remdesivir's active metabolite or SBECD.”?? Although
patients in our study had normal renal and LFT before remdesivir
therapy, decreased eGFR and increased ALT and AST were observed
during a 5-day course of treatment. These results are in parallel to

2324 and our data

findings of recent randomized control trials
indicated that renal function may be affected by age and gender of
patients treated with remdesivir. Taken together, it is necessary to
emphasize that remdesivir is not the only factor involved in the
nephrotoxicity or hepatotoxicity in Covid-19 patients and both
Covid-related and non-Covid-related risk factors such as older age
and gender may be contributed.>?*

Some Covid-19 patients on remdesivir may exhibit sinus bradycar-
dia, hypotension, T-wave abnormalities, and a prolonged QT interval. It
has been shown that remdesivir have some cardiotoxic and proar-
rhythmic effects pronouncedly occur in patients with cardiovascular
disorders.'® Remdesivir is structurally like adenosine but with a longer
half-life. Because of its resemblance with ATP, remdesivir could inhibit
atrioventricular node by binding to the Al receptor on cardiac cells and
induce sinus bradycardia.?® Additionally, a decreased potassium level
happens widely in Covid-19 patients, which may lead to electrocardio-
graphic changes such as QT prolongation and can increase the risk of
bradycardia.?” Our results support prior studies reporting some hepatic
and renal reactions and QT prolongation are predominantly observed in
male reports as AEs of remdesivir.?®

Many factors affect the occurrence of drug AE and some of these
factors cannot be changed like age, presence of other diseases, or genetic
factors. LMM analysis in our study showed significant effects of age and
gender on remdesivir AE. It has been reported that older people are more
than twice as susceptible to drug AEs as younger people.”’ Aging results
in the decrease in the amount of water in the body that leads to the
increase in the amount of fat tissue relative to water. Thus, drugs that
dissolve in water reach higher concentrations and drugs that dissolve in
fat accumulate more. Also, in aging people kidneys are less able to excrete
drugs into the urine and the liver is less able to metabolize many drugs.*°
In addition, women have lower body weight and organ size, more body

MEDICAL VIROLOGY

fat, different gastric motility, and lower GFR in comparison to men. These
anatomical and physiological differences can affect the pharmacokinetics
and pharmacodynamics of the drugs in the body including drug
absorption, distribution, metabolism, and elimination.>*

The present study has some potential limitations. Our investigation
was a single-center study and the main limitations of our investigation
were short-term follow-up and small sample size. Also, the study
involved hospitalized Covid-19 patients treated with remdesivir and the
lack of Covid-19 control patients who did not treat with remdesivir is
another limitation. Thus, we cannot exactly conclude that AEs observed
in the patients are due to remdesivir or SARS-CoV-2. Hence, more
extensive studies with a control group are necessary to investigate
remdesivir AEs and predict sex and age differences in remdesivir

treatment outcomes.

5 | CONCLUSION

We found that patients with mild Covid-19 pneumonia may develop AE
attributed to the remdesivir, despite having no liver and renal dysfunction.
Moreover, remdesivir AE might be affected by gender and age of patients
and clinicians should be more cautious about additive AE when other
medicines are used in addition to remdesivir therapy.
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