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Abstract
The pandemic severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infection has garnered the attention of scientists worldwide in the search for an 
effective treatment while also focusing on vaccine development. Several drugs 
have been used for the management of coronavirus disease 2019 (COVID-19), 
which has affected many hospitals and health centers worldwide. Statistically 
significant results are lacking on the effectiveness of the experimented drugs in 
reducing COVID-19 morbidity or mortality, as there are very few published 
randomized clinical trials. Despite this, the literature offers some material for 
study and reflection. This opinion review attempts to address three burning 
questions on COVID-19 treatment options. (1) What kind of studies are currently 
published or ongoing in the treatment of patients with COVID-19? (2) What drugs 
are currently described in the literature as options of treatment for patients 
affected by the infection? And (3) Are there specific clinical manifestations related 
to COVID-19 that can be treated with a customized and targeted therapy? By 
answering these questions, we wish to create a summary of current COVID-19 
treatments and the anti-COVID-19 treatments proposed in the recent clinical trials 
developed in the last 3 mo, and to describe examples of clinical manifestations of 
the SARS-CoV-2 infection with a cause-related treatment.
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Core Tip: The pandemic spread of coronavirus disease 2019 (COVID-19) has led to the 
need to standardize a therapeutic approach in order to offer the same indications for all 
patients admitted to the hospital admissions for severe acute respiratory syndrome 
coronavirus 2 infection. However, no specific drug or drug regimen has been approved for 
treatment. This opinion review describes the recent literature on this topic and summarizes 
the treatment strategies currently in use for COVID-19 related complications.

Citation: Di Franco S, Alfieri A, Petrou S, Damiani G, Passavanti MB, Pace MC, Leone S, 
Fiore M. Current status of COVID-19 treatment: An opinion review. World J Virol 2020; 9(3): 
27-37
URL: https://www.wjgnet.com/2220-3249/full/v9/i3/27.htm
DOI: https://dx.doi.org/10.5501/wjv.v9.i3.27

INTRODUCTION
The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, defined 
as coronavirus disease 2019 (COVID-19), was originally discovered and identified as 
the cause of numerous viral pneumonia cases occurring in Wuhan (Hubei Province, 
China)[1]. It has now spread worldwide with recent epidemiological data reporting 
18614177 infected and 702642 deaths[2]. In the context of a growing global health 
emergency, medical professionals demand a need for up-to-date guidelines for the 
management and treatment of this novel infection. Currently, there are multiple 
approved treatments (drugs, monoclonal antibodies, vaccines) for COVID-19. 
According to the WHO Interim Guidance on the 2019 coronavirus, early treatment is 
suggested if patients have confirmed diagnosis with mild symptoms associated with 
co-morbidities, increased risk of mortality, or moderate-severe clinical manifestations. 
Due to the swab time delay for confirmation of results, in the presence of a strong 
suggestive clinical presentation it is reasonable to start antiviral treatment as soon as 
possible[3]. Due to the severity of clinical symptoms and no statistically significant 
recommended treatment regimen, experimental use of a drug not yet approved may 
be necessary to improve patients’ outcomes. To get more oriented among the 
numerous options of treatments proposed, this opinion review will summarize and 
clarify the role of each drug that has been used against COVID-19 in the clinical 
practice and those now under scientific examination.

WHAT KIND OF STUDIES ARE CURRENTLY PUBLISHED OR ONGOING IN 
THE TREATMENT OF PATIENTS WITH COVID-19?
The treatments proposed in the literature for COVID-19 are mainly based on the 
results of retrospective or observational studies, making it more difficult to 
hypothesize evidence-based therapies. Due to the need for more reliable data, the 
number of ongoing clinical trials are increasing. According to the International Clinical 
Trial Registry Platform database there are 1918 reported studies, with 1744 ongoing on 
COVID-19 patients[4]. Of these studies, 1661 are specific for the treatment of SARS-
CoV-2 infection.

The most common classes of drugs used include antimalarial drugs, 
immunomodulators, convalescent plasma (CP), antiretrovirals, antibacterial drugs, 
lipid-lowering medications, anticoagulants and recently ivermectin. In this context, a 
large volume of data will soon be available and provide valuable novel 
recommendations regarding pathogenesis, treatment and prognosis[5].
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WHAT DRUGS ARE CURRENTLY DESCRIBED IN THE LITERATURE AS 
OPTIONS OF TREATMENT FOR PATIENTS AFFECTED BY SARS-COV-2 
INFECTION?
There is currently no therapy for COVID-19 infection whose efficacy has been proven. 
Nonetheless due to the current global crisis, it is crucial to be able to formulate an 
effective therapeutic strategy based on the evidence existing in the literature. From the 
analysis of all of the clinical trials designed on COVID-19 infection, we found a wide 
number of drugs employed in a multimodal treatment.

Hydroxychloroquine, an old anti-malaria drug, displayed the ability to inhibit 
coronavirus replication in vitro. Real-life data are currently discordant in recognizing 
its anti-SARS-CoV-2 claimed effect[6,7]. Since the virus was found to utilize the cell 
surface receptor angiotensin-converting enzyme 2 (ACE2) expressed in the lung, heart, 
kidney, and intestine[8], it has been hypothesized that hydroxychloroquine may also 
interfere with ACE2 receptor glycosylation, thus preventing SARS-CoV-2 binding to 
target cells[9]. In addition, hydroxychloroquine can inhibit the acidification of 
lysosomes and endosomes, interfering with the fusion process of the virus with the 
host[10]. The results of the Phase 3 clinical trial NCT: 04315948 may clarify the role of 
hydroxychloroquine in COVID-19 patients’ prognosis.

Chloroquine alone or in combination with remdesivir and/or tocilizumab (under 
investigation by the clinical trial NCT: 04303507) may be effective against COVID-19 
despite the more dangerous side effects than compared to hydroxychloroquine[11].

Among the drugs that seem to possess immunomodulatory benefits and reduce 
SARS-CoV-2 cell penetration, there are statins (the most prescribed ones are the 
atorvastatin 20 mg/d or an equivalent dose of rosuvastatin 40 mg/d). Statins act by 
reducing chemokine release, adhesion molecules, and modulating T-cell activity. 
Rosuvastatin, in particular, appears to have direct antiviral properties by binding and 
inhibiting the active site of the main protease enzyme (Mpro) of SARS-CoV-2. In a 
retrospective analysis Zhan et al[12] found that statin treatment among 13981 patients 
with COVID-19 was associated with a lower risk of all-cause mortality. Furthermore, 
the addition of ACE inhibitors or angiotensin II receptor blockers did not affect statin-
associated outcomes in the studied cohort[12].

Remdesivir is a nucleoside analogue with a promising virus-inhibitory effect. It 
exhibits in vitro antiviral activity against coronaviruses[13] and in vivo has been shown 
to curb severe acute respiratory syndrome caused by coronavirus infection[14]. The 
drug can also inhibit viral replication interfering with the nascent viral-RNA chain 
resulting in its premature termination[15]. In a Phase 1 clinical trial the security and 
pharmacological effects of remdesivir were assessed[16]. Recently, in patients with 
severe COVID-19 receiving remdesivir clinical improvement was observed in 68% of 
cases (36 of 53 patients)[17]. However in a randomized, double-blind, placebo-
controlled, multicenter trial, remdesivir was not associated with statistically significant 
clinical benefits[18]. Ongoing clinical trials (NCT: 04292899 and 04292730) should 
provide additional data on its effectiveness.

Azithromycin has shown in vitro antiviral activity against SARS-CoV-2, documented 
in literature at dosages similar to those used to treat bacterial pneumonia[19,20]. The 
mechanism of action is not well understood. It is believed to interfere with the 
acidification processes of lysosomes and endosomes[21] or amplification of the antiviral 
action of interferon in the host[22]. The use of azithromycin in combination with 
chloroquine/hydroxychloroquine has been described in the treatment of COVID-19 
but the available clinical data is derived from retrospective, observational or 
uncontrolled studies[23,24]. The randomized telemedicine-based trial NCT: 04332107, 
now in Phase 3, may elicit further information.

Lopinavir and ritonavir are protease inhibitors used in HIV infections. Their use in 
combination allows the increase in half-life of lopinavir by enzymatic induction[25]. It 
has demonstrated in vitro antiviral activity for SARS-CoV[26] and MERS-CoV through 
inhibition of the 3-chymotrypsin-like protease[27]. Currently, there is no statistically 
significant evidence of its efficacy against SARS-CoV-2 in vitro. The studies available 
on the use of the lopinavir/ritonavir combination for the treatment of COVID-19 are 
mainly reports or retrospective studies, making it difficult to evaluate its effectiveness. 
In a randomized, controlled, open-label Chinese trial, no benefit was observed with 
lopinavir-ritonavir treatment[28]. There are several ongoing clinical trials. Among them 
NCT: 02735707 in its recruiting phase, is structured to compare the administration of 
lopinavir-ritonavir with no antiviral treatment.

Tocilizumab and sarilumab are monoclonal antibodies directed against the 
interleukin 6 (IL-6) receptor in which COVID-19 appears to target in the severe 
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inflammatory process and cytokine storm causing critical damage to the lungs and 
other organs[29,30]. Tocilizumab appears to be a viable treatment strategy in COVID-19 
patients with risk of developing cytokine storm[30]. Studies supporting this thesis are 
mainly case-reports and retrospective analyses. There are a few randomized clinical 
trials (RCTs) in development (ChiCTR: 200002976, EuCTR: 2020-001110-38 NCT: 
04320615) for the evaluation of the efficacy and safety of Tocilizumab, alone or in 
combination, in the treatment of severe pneumonia in COVID-19 hospitalized patients. 
Sarilumab is currently being studied in a multicenter Phase 2-3 study for the treatment 
of severe forms of COVID-19 (NCT: 04315298).

Anakinra is another monoclonal antibody used in the treatment of patients in 
critical condition. (NCT: 04330638). By blocking the IL-1 receptor, the drug could help 
reduce the cytokine storm triggered by the virus[31].

The monoclonal antibody eculizumab, which prevents the cleavage of the C5 
fraction of the complement in the C5a and C5b, could also reduce this cytokine 
cascade. Currently, an encouraging case series has been published on the topic by 
Diurno et al[32] (2020) and we are looking forward to the results NCT: 04288713.

Among the immunomodulatory drugs with a possible action in reducing cytokine 
storm, colchicine has also been used. It is a non-selective inhibitor of NLRP3 
inflammasome, and inhibitor of microtubule polymerization and leukocyte 
infiltration[33]. The COLCORONA trial is now ongoing in the recruiting phase (NCT: 
04322682), while the GRECCO-19 study (NCT: 04326790) of 189 patients has recruited 
the necessary samples[34].

Several studies have analyzed the role of corticosteroids. Such drugs could 
theoretically act as immunomodulators. Wang et al[35] completed a randomized 
controlled trial, albeit with few patients, on the use of methylprednisolone 
highlighting that the short-term administration of the drug could be beneficial. In 
February 2020, Villar et al[36] published a randomized clinical study (NCT: 01731795) of 
277 patients that defined the usefulness of the early administration of dexamethasone 
in reducing days of endotracheal intubation and overall mortality. Although these 
studies seem encouraging, further evidence of efficacy is needed[36].

In addition, CP has frequently been used as supplement therapy. It is a classic 
adaptive immunotherapy that was successfully and safely used in the treatment of 
infections caused by viruses similar to SARS-CoV-2[37], such as SARS, MERS, and in the 
2009 H1N1 pandemic[38,39]. Data from the meta-analysis conducted By Mair-Jenkins 
et al[40] reported that this treatment can reduce the mortality of patients with COVID-19 
especially if administered early to the onset of symptoms. The limitation of this 
treatment is the scarce availability of donor plasma considering that only recovered 
COVID-19 patients with neutralizing antibody titers above 1:640 are considered good 
plasma donors. Once the plasma is collected from donors, it is adequately treated and 
then infused into clinically symptomatic patients. A single 200 mL transfusion of CP is 
generally well tolerated and followed by improvement of the clinical symptoms. There 
is a subsequent increase of oxyhemoglobin saturation within 3 d and a rapid 
neutralization of the viremia[41]. The clinical trial NCT: 04321421 would clarify the 
usefulness of this treatment.

Among the integrative treatments, vitamin C infusion may produce an increase in 
the synthesis of norepinephrine and vasopressin[42], reduce cytokine levels[43], and 
prevent neutrophil activation and trap formation promoting vascular injury[44]. Its role 
is being investigated by the clinical trial NCT: 04264533.

Due to the increased incidence of thrombo-inflammation and hypercoagulability 
related to COVID-19, enoxaparin which inhibits factor Xa and thrombin is frequently 
present in almost all the clinical practice protocols of treatment[45]. The clinical trial 
identified as NCT: 04367831 is investigating the role of enoxaparin in COVID-19 and is 
currently ongoing.

There has also been an increase in tumor necrosis factor alpha (TNF-α) and IL-17 in 
peripheral blood samples of COVID-19 patients, but evidence in customized treatment 
is still lacking. Encouraging results arrived from real-life data in a large cohort of 
psoriatic patients on biologic agents. They demonstrated an increased risk of infection 
rates but without an increased risk of intensive care unit hospitalization or death[46]. 
Two trials were registered in the Chinese Clinical Trial Registry (ChiCTR2000030089, 
ChiCTR2000030703) that evaluate the potential use of adalimumab (anti-TNF-α) and 
ixekizumab (anti-IL-17) in the armamentarium to treat severe COVID-19 patients. 
Apremilast, a phosphodiesterase type 4 inhibitor, was a candidate treatment because it 
demonstrated inhibition of neutrophil, monocyte and lymphocyte migration during 
lung inflammation and decreased pro-inflammatory cytokine production[47].

A wide array of drugs used in current clinical practice but not yet approved and 
investigated by more than three ongoing clinical trials are presented in Table 1. 
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Table 1 Summary of the most investigated drugs for the treatment of coronavirus disease 2019

Therapeutic agent Mechanism of action Ongoing 
trials, n Associations Suggested dosage Route of 

administration Principal side effects Ref. NCT identifier

Hydroxychloroquine Changes the pH of endosomes, 
prevents viral entry, transport and 
post-entry replication

224 Azithromycin, tocilizumab, 
lopinavir-ritonavir

200 mg BID or TID (10 d) Oral-intravenous Retinal toxicity, QT prolongation, 
nausea

[6-10] NCT04315948

Chloroquine Increases the endosomal pH 
interfering with the process of 
virus/cell fusion

225 Remdesivir, tocilizumab 2.5 g (3 d) Oral-intravenous Retinal toxicity, QT prolongation, 
nausea

[11] NCT04303507

Convalescent plasma Adaptive immunotherapy 
(neutralizing antibody tiers above 
1:640)

129 Remdesivir, Interferon-alpha, 
oseltamivir, antibacterial and 
antifungal frugal drugs, 
methylprednisolone

200 ml single dose Intravenous Evanescent facial red spot [37-41] NCT04321421

Gastrointestinal upset, augmented 
plasmatic concentration of colchicine

Lopinavir/Ritonavir Inhibition of the HIV 
protease/inhibition of CitP450-
iso3A4 and augmented plasmatic 
concentration of lopinavir

67 Hydroxychloroquine, 
azithromycin, dexamethasone

200 mg/50 mg BID Oral

And HGAM-CoA reductase inhibitors

[25-28] NCT02735707

Azithromycin Prophylaxis of bacterial super-
infection

59 Hydroxychloroquine, tocilizumab, 
atovaquone

500 mg Oral-intravenous QT prolongation [19-24] NCT04332107

Tocilizumab Monoclonal antibody which targets 
the IL-6 receptor

50 lopinavir-ritonavir, remdesivir, 
chloroquine, hydroxychloroquine

Dosing according to weight 
range

Intravenous Runny or stuffy nose, sinus pain, sore 
throat, headache, gastrointestinal upset, 
urinary tract infection

[30] NCT04320615

Hydroxychloroquine

Dutasteride

Azithromycin

Ivermectin Suppression of SARS-CoV-2 viral 
replication in cell cultures (in vitro)

30

Proxalutamide

600 mcg/kg Oral Tiredness, loss of energy, stomach pain, 
loss of appetite, nausea, vomiting, 
diarrhea, dizziness

[48] NCT04381884

Statin Reduces chemokine release, 
adhesion molecules, and 
modulating T cell activity

23 Standard of care; colchicine + 
rosuvastatin

20 mg/d atorvastatin 
Rosuvastatin 40 mg/d or 
equivalent

Oral rabdomiolisis [12] NCT04472611

Remdesivir Nucleotide analogue that is 
incorporated into the nascent viral 
RNA chain resulting in its 
premature termination

20 Hydroxychloroquine, chloroquine, 
tocilizumab, convalescent plasma

200 mg 1st day – 100 mg (10 
d)

Intravenous Phlebitis, constipation, headache, 
ecchymosis, nausea, pain in extremities

[13-18] NCT04292899

Methylprednisolone Immunosuppression against 
cytokine storm

17 Siltuximab, tacrolimus 40 mg BID (5 d) - f 1-2 
mg/kg/d (5-7 d)

Oral-intravenous Headache, nausea, weight gain, 
excitement, infections

[35] NCT04323592

Neutropenia, increased ALT, injection 
site redness, upper respiratory 
infections, nasal congestion, sore throat, 
urinary tract infections, 

Sarilumab Monoclonal antibody which targets 
the IL-6 receptor

17 Not available 400 mg or 200mg single dose Intravenous [29] NCT04315298
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thrombocytopenia

Colchicine Non-selective inhibitor of NLRP3 
inflammasome, inhibitor of 
microtubule polymerization and 
leukocyte infiltration

17 Not available 0.5 mg per os (BID) for 3 d - 
then once daily for the last 27 
d

Oral-intravenous Gastrointestinal upset, low blood cells 
count and rhabdomyolysis

[33-34] NCT04322682

Heparin Inhibition of Xa factor and thrombin 15 Methylprednisolone Dosed to target activated 
partial thromboplastin time 
(aPTT) between 1.5-2.0 times 
the normal value

Subcutaneous 
injection

Reduced creatinine clearance [45] NCT04485429

Anakinra Monoclonal antibody which targets 
the IL-1 receptor

11 Siltuximab or tocilizumab (single 
i.v. injection)

1 injection a day (max 28 d) Subcutaneous 
injection

Gastrointestinal upset, headache, joint 
pain, flu symptoms, redness-bruising-
pain in the injection site

[30,31] NCT04330638

Dexamethasone Immunosuppression against 
cytokine storm

10 Not available 20 mg/d (5 d) then 10 mg/d 
(5 d)

Intravenous Headache, weight gain, excitement, 
infections

[36] NCT04325061

Enoxaparin Inhibition of Xa factor and thrombin 5 Not available 4000 UI/d or 100 UI/kg Subcutaneous 
injection

Skin irritation in injection site, bleeding, 
heparin-induced thrombocytopenia, 
fatigue, fever

[45] NCT04367831

Eculizumab Monoclonal antibody which targets 
C5 inhibiting its cleavage in C5a and 
C5b

3 Hydroxychloroquine, lopinavir-
ritonavir, ceftriaxone, vitamin C

3600 mg/wk (8-22 wk) Intravenous Fever, headache, nausea and vomiting, 
body aches, confusion, increased 
sensitivity to light, stiffness

[32] NCT04288713

Vitamin C Antioxidant, increases the synthesis 
of norepinephrine and vasopressin, 
attenuate increases in cytokine 
levels

3 All mentioned drugs 12 g/12 h (7 d) or 50 
mg/kg/6 h (4 d)

Oral-intravenous Gastrointestinal upset [42-44] NCT04264533

In this table are the most utilized and investigated drugs for the treatment of coronavirus disease 2019. It provides the name of the therapeutic agent, mechanism of action, number of ongoing trials, drug association if available, suggested 
dosage and maximum period of time the drug should be administered, route of administration, principal side effects, a reference on the drug, and an example of randomized clinical trial (RCT) identified by the national clinical trial 
number. Drugs investigated in less than three RCTs have been excluded. BID: Bis in die; IL-1: Interleukin 1; NCT: National clinical trial; RCT: Randomized clinical trial; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; TID: 
Tris in die.

Among these drugs is Ivermectin, an FDA-approved anti-parasitic. This drug showed 
to have broad-spectrum anti-viral activity only in vitro[48], and results of a Phase 1 
study are absolutely needed before using ivermectin. There are not enough data to 
support a recommendation for its use in a higher-than-approved dosage.
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ARE THERE SPECIFIC CLINICAL MANIFESTATIONS RELATED TO 
COVID-19 THAT CAN BE TREATED WITH A CUSTOMIZED AND 
TARGETED THERAPY?
The pathogenesis of the damage induced by the SARS-CoV-2 virus is presently being 
analyzed. There are two clinical manifestations that are most frequently found in 
infected patients, namely respiratory failure and systemic coagulopathy. Currently it 
appears, according to a report by Magro et al[49], that the multiple district damage 
induced by the infection is caused by a hyper-activation of the complement system 
and exacerbation of the cytokine cascade. On histological samples of patients’ lung 
and skin tissue who died from COVID-19, there was a discernable deposit of C5b9, 
C4d, and the mannose-binding lectin-associated serine protease 2. These proteins are 
the residual products of complement activation[49]. Once the host’s barriers are 
overcome, the virus stimulates the innate immunity and enters the cell by binding to 
the ACE2 receptor. It goes on to destroy the endothelial cells of all organs whose cells 
express the ACE2 receptor widely. The same cell destruction increases tissue 
permeability and facilitates the systemic release of the virus. This results in 
hyperproduction of interleukins (cytokine storm and intracellular activation of the 
inflammasome) and hypercoagulability with diffuse thrombosis in the 
microcirculation.

Due to the unproven efficacy of antiviral drugs alone, there is strong reason to 
believe it useful to administer other drug treatments to facilitate meaningful recovery. 
Drugs such as eculizumab, which act by blocking the cleavage/activation of 
complement factor C5; tocilizumab, sarilumab, and anakinra which block the 
interleukin receptors by limiting the cytokine cascade; colchicine which acts by 
interfering with the inflammasome NLRP3; vitamin C which may reduce the 
activation of neutrophils and stimulate the endogenous production of vasopressors; 
and enoxaparin which assists in the prevention and treatment of hypercoagulation 
thrombosis. The mechanisms of drug action according to cell damage, complement 
activation and cytokine storm are described in Figure 1.

CONCLUSION
Although a short period of time has passed since the novel coronavirus was initially 
described, several treatment options have been introduced. To simplify the current 
therapeutic armamentarium, Table 1 summarizes the most investigated options for the 
treatment of COVID-19 in decreasing order by number of ongoing RCTs. Nonetheless 
there is still no proven evidence based therapeutic plan that can offer the best survival 
chance to patients infected. The inconsistent results presented in the literature on the 
treatment of SARS-CoV-2, is likely due to the lack of well-controlled studies with an 
adequate sample size. A meticulous understanding of the pathophysiology and 
immunological response of the host is also still necessary. Additional data are required 
to provide a proper risk stratification for patients and an adequate place in therapy of 
current investigational options.
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Figure 1  Severe acute respiratory syndrome coronavirus 2 infection, consequences and rationale of treatment. A: The virus in the alveolus 
induces the production of a protein rich fluid interfering with ventilation gas exchanges; B: Description of what happens in the alveolus after the infection and drugs 
involved in this phase. The virus binds the angiotensin-converting enzyme 2 (ACE2) receptor and replicates in the Type 2 pneumocyte (P2), leading to apoptosis 
(accumulation of cellular dendrites), activation of alveolar macrophages, dendritic cells, lymphocytes T, and neutrophils. There is an augmentation of cytokines levels, 
especially interleukin 6 (IL-6), IL-1, and tumor necrosis factor (TNF). The inflammatory process leads to damage of the alveolar barrier and to the formation of the 
hyaline membrane between the alveolar side and the blood vessels. In this phase, chloroquine reduces the levels of TNF; vitamin C reduces the levels of TNF, IL-1, 
and IL-6; anakinra inhibits IL-1 binding to its receptor; tocilizumab and sarilumab inhibit IL-6 binding to its receptor; and colchicine, apremilast, and corticosteroids 
reduce the migration of lymphoid cells into the alveolus; C: Synthesis of the intra-cellular replication of the virus. Hydroxychloroquine reduces the exposition of ACE2 
receptors on the surface of P2, and as azithromycin reduces the pH in lysosomes and endosomes. Remdesivir and lopinavir/ritonavir interfere with viral replication; D: 
The virus is capable of activating the complement system that can be inhibited by eculizumab. E: Enoxaparin may be effective against the typical thromboembolism 
induced by the virus. Furthermore, in the plasmatic torrent, the high levels of TNF-alpha and IL-17 can be reduced by selective binders such as adalimumab and 
ixekizumab, respectively. Original picture by Di Franco S and Alfieri A (2020).
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