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To the editor,

Roxadustat (RXT) (4-hydroxyl-1-methyl-7-phenoxyisoqui-
noline-3-caboxylic acid) (Fig. 1) is an orally active prolyl 
hydroxylase (PHD) inhibitor that increases production of 
endogenous erythropoietin with subsequent activation of 
bone marrow to produce red blood cells [1].

RXT is indicated in the management of anemia in chronic 
kidney disease (CKD) [1]. RXT was approved in China and 
Japan in 2018 and 2019, respectively, for the treatment of 
CKD-induced anemia [1]. RXT was approved by the Euro-
pean Union in 2021 for the treatment of anemia caused by 
CKD [2]. RXT has high bioavailability, high plasma pro-
tein binding, and is metabolized by P450 and excreted in 

the urine. RXT maximum plasma concentration is reached 
within 1 h. However, RXT bioavailability and plasma con-
centration are reduced by phosphate binders, which are com-
monly prescribed in patients with CKD to treat hyperphos-
phatemia [16].

PHD is responsible for the inactivation of hypoxia-
inducible factor HIF-1α under normoxic conditions; how-
ever, under hypoxic conditions PHD is inhibited and HIF-1α 
is stabilized, activated, and transcriptionally energetic 
[3]. HIF-1α could be a protective mechanism against the 
pathogenesis of severe acute respiratory syndrome corona-
virus type 2 (SARS-CoV-2) infection. HIF-1α inhibits the 
expression of angiotensin-converting enzyme 2 (ACE2) 
and transmembrane protein protease 2 (TMPRSS2), which 

 * Gaber El-Saber Batiha 
 gaberbatiha@gmail.com

 * Michel De Waard 
 michel.dewaard@univ-nantes.fr

 * Jean-Marc Sabatier 
 sabatier.jm1@gmail.com

 * Hebatallah M. Saad 
 heba.magdy@mau.edu.eg

 Luay Alkazmi 
 lmalkazmi@uqu.edu.sa

 Hayder M. Al-kuraishy 
 Hayderm36@yahoo.com

 Gomaa Mostafa-Hedeab 
 Gomaa@ju.edu.sa

 Saeed M. Kabrah 
 smkabrah@uqu.edu.sa

 Ali I. Al-Gareeb 
 Dr.alialgareeb78@yahoo.com

 Jesus Simal-Gandara 
 jsimal@uvigo.es

1 Biology Department, Faculty of Applied Sciences, Umm 
Al-Qura University, Makkah 21955, Saudi Arabia

2 Department of Clinical Pharmacology and Medicine, College 
of Medicine, ALmustansiriyia University, Baghdad, Iraq

3 Department of Pharmacology and Therapeutics, Faculty 
of Veterinary Medicine, Damanhour University, Damanhour, 
AlBeheira 22511, Egypt

4 Pharmacology Department and Health Research Unit, 
Medical College, Jouf University, Jouf, Saudi Arabia

5 L’institut du thorax, INSERM, CNRS, UNIV NANTES, 
44007 Nantes, France

6 Université de Nice Sophia-Antipolis, LabEx Ion Channels, 
Science & Therapeutics, 06560 Valbonne, France

7 Institut de Neurophysiopathologie (INP), CNRS UMR 
7051, Faculté des Sciences Médicales et Paramédicales, 
Aix-Marseille Université, 27 Bd Jean Moulin, 
13005 Marseille, France

8 Department of Laboratory Medicine, Faculty of Applied 
medical sciences, Umm Al Qura University, Mecca, 
Saudi Arabia

9 Department of Pathology, Faculty of Veterinary Medicine, 
Matrouh University, Matrouh 51744, Egypt

10 Department of Analytical Chemistry and Food Science, 
Faculty Science, Nutrition and Bromatology Group, 
Universidade de Vigo, 32004 Ourense, Spain

11 Smartox Biotechnology, 6 rue des Platanes, 
38120 Saint-Egrève, France

http://orcid.org/0000-0001-9555-7300
http://crossmark.crossref.org/dialog/?doi=10.1007/s40268-022-00397-0&domain=pdf


184 L. Alkazmi et al.

activates SARS-CoV-2 spike protein, decreasing the inter-
action between SARS-CoV-2 and ACE2/TMPRSS2 axis 
[4]. In addition, HIF-1α upsurges the shedding of membra-
nous ACE2 through activation of disintegrin and metallo-
proteinase domain-containing protein 17 (ADAM17) [4]. 
Therefore, HIF-1α could be effective in reducing the patho-
genesis of SARS-CoV-2 infection by inhibiting ACE2 and 
TMPRSS2 and activating the ADAM17 pathway. Increas-
ing soluble ACE2 by ADAM17 decreases SARS-CoV-2 
infectivity through neutralization of the SARS-CoV-2 spike 
protein [4]. Moreover, SARS-CoV-2 exploits other types 
of receptors including C-type lectin receptors (CLRs) like 
CD209/L-SIGN, CD209/DC-SIGN, and CLEC10A, as well 
as neuropilin-1 and CD147, which are highly expressed on 
epithelial and endothelial cells [14]. CD209/L-SIGN inter-
acts with ACE2 to enhance its conformational changes dur-
ing binding with SARS-CoV-2. However, soluble CD209L 
inhibits binding of SARS-CoV-2 with SARS-CoV-2 [14]. 
Remarkably, CD209/L-SIGN and CD209/DC-SIGN may act 
as alternative receptors for entry of SARS-CoV-2 in tissues 
where ACE2 has a low expression or is absent [14]. CLRs 
act in synergy with Toll-like receptors (TLRs) and contrib-
ute to immunoinflammatory response in myeloid cells of 
patients with Covid-19 [15, 20].

In Spartan SARS-CoV-2 infection both acute lung injury 
(ALI) and acute respiratory distress syndrome (ARDS) 
developed as a result of the direct cytopathic effect of SARS-
CoV-2 and related exaggerated immune response, with 
the propagation of a cytokine storm [5]. Various preclini-
cal clinical studies have confirmed that HIF-1α promotes 
pulmonary epithelium repair and prevents the risk of ALI. 
HIF-1α activates the proliferation of alveolar epithelial type 
II and attenuates lipopolysaccharide-induced ALI in mice 
[6]. Also, HIF-1α may reduce ALI severity and prolong the 
patient's survival through activation of adenosine recep-
tor type II, which has anti-inflammatory activity [7]. Thus, 
intensification of HIF-1α through inhibition of PHD could 
be effective in treating SARS-CoV-2 infection-mediated ALI 
and ARDS.

It has been shown that RXT alleviates ALI in septic mice 
by upregulating HIF-1α [8]. Therefore, augmentation of 
HIF-1α through inhibition of PHD might be of value in treat-
ing SARS-CoV-2 infection-mediated ALI and ARDS. Wing 

and colleagues showed that RXT inhibits SARS-CoV-2 rep-
lication as the viral post-entry life cycle is oxygen-sensitive 
[9]. RXT and other PHD inhibitors block replication of 
SARS-CoV-2 in a dose-dependent manner with maximal 
inhibition at 6 µM, which is in the range of reported plasma 
level (182 mIU/ml) in human individuals after oral adminis-
tration of these agents in clinical doses [9]. Therefore, clini-
cal administration of RXT in a dose range of 1–2 mg can 
achieve plasma concentrations that have antiviral effects.

Similarly, RXT and other PHD inhibitors are effective 
against ALI and acute kidney injury in patients with severe 
Covid-19 [9]. An in vitro study involving a human cell line 
showed that RXT reduced entry and replication of SARS-
CoV-2 through intensification of the HIF-1α pathway [9]. 
To date, melatonin has been hypothesized to be a potent 
PHD inhibitor that regulates the expression of the ACE2/
TMPRSS2 axis [13]. Of note, an evaluation of 11,672 
patients revealed that melatonin decreases the risk for the 
development of SARS-CoV-2 infection by reducing the 
expression of ACE2 [13].

To our knowledge, there has been no clinical study evalu-
ating the potential role of RXT in Covid-19. Thus, with the 
limitation of preclinical and clinical studies, RXT could be 
a possible helpful modality in the prevention and treatment 
of Covid-19.

Nevertheless, RXT and other PHD inhibitors may 
increase the expression of furin and cathepsin L, which 
increases the entry of SARS-CoV-2 to the host cells [10]. 
Hence, RXT and other PHD inhibitors are not recommended 
in the initial phase of SARS-CoV-2 infection due to activa-
tion of furin and cathepsin L by HIF-1α. In addition, PHD 
inhibitors may increase the risk of thrombosis by increasing 
the expression of coagulant factors [11]. Therefore, appro-
priate anticoagulant treatment is recommended when RXT 
and other PHD inhibitor therapies are initiated. However, 
a recent experimental study illustrated that RXT does not 
affect platelet production and activation in vitro or in vivo 
[12]. These observations proposed that RXT may have dual 
effects on SARS-CoV-2 infection (Fig. 2).

Thus, early administration of RXT in Covid-19 may 
augment the pathogenesis of SARS-CoV-2 infectivity by 
increasing expression of proteases like furin and cathepsin. 
Therefore, protease inhibitors like polyarginine [11] must be 
used with RXT when used in the early phase of Covid-19.

The most common adverse effects of RXT use are hyper-
tension, pulmonary hypertension, thrombosis, hyperkalemia, 
and peripheral edema [16]. No evidence of cytotoxicity 
following administration of RXT 100 mg has been shown 
in an experimental study [19]. Of note, hypertension and 
thrombosis increase the risk for development of Covid-19 
severity [11]. In addition, other co-morbidities like diabetes 
mellitus are commonly associated with Covid-19 severity 
[17]. It has been shown that RXT administration did not 

Fig. 1  Chemical structure of roxadustat
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affect the outcomes of diabetic patients [18, 21]. Therefore, 
precautions are recommended with RXT administration in 
Covid-19 patients with pre-existing hypertension and risk 
of thrombosis.

Thus, experimental, preclinical, and clinical studies are 
recommended to confirm and substantiate the possible role 
of RXT in Covid-19 management. In conclusion, we sug-
gest that RXT may be a new avenue in the management of 
Covid-19.
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