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Abstract
Coronavirus disease-2019 (COVID-19) currently has few effective treatments. Given the
uncertainty surrounding the effectiveness and uptake of a vaccine, it is important that the search
for treatments continues. An exaggerated inflammatory state is likely responsible for much of
the morbidity and mortality in COVID-19. Elevated levels of tumour necrosis factor (TNF), a key
pro-inflammatory cytokine have been shown to be associated with increased COVID-19
mortality. In patients with rheumatoid arthritis, TNF-blockade reduces not only biologically active
TNF, but other pro-inflammatory cytokines important in COVID-19 hyperinflammation.
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Observational data from patients already on anti-TNF therapy show a reduced rate of COVID-19
poor outcomes and death compared to other immune-suppressing therapies. Anti-TNF has a
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long history of safe use including in special at-risk populations and is widely available. The case

Jo

ur

na

lP

re

-p

to adequately assess anti-TNF as a treatment for COVID-19 is compelling.

Introduction [Level 1]
The novel coronavirus pandemic currently torments world society and will do so until we have
effective vaccines and/or treatments. To date public health measures have been the most
effective method of controlling the pandemic. However these measures have proven difficult to
institute and are proving even more difficult to sustain. Effective vaccines may take years to
deliver to large populations meaning we will likely see ongoing coronavirus disease-2019
(COVID-19) infections for many years. While the majority of patients recover from infection
without evident consequence, many die or suffer long-term disability. Consequently, there is an
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urgent need to find effective treatments that reduce mortality and limit COVID-19-related
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damage.

Excess inflammation is emerging as a key driver of poor COVID-19-outcomes, including acute
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respiratory distress syndrome (ARDS), thrombosis, respiratory disease, neurological
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complications, and fatigue. While the exact mechanism behind this excess inflammation is not
fully understood, it appears to closely mirror other inflammatory disease processes about which
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far more is known. Therapeutic immunomodulation has proven to be very effective in the
management of inflammatory diseases. Given the similarities between these diseases and

na

COVID-19, therapeutic immunomodulation may also be effective in COVID-19.
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There is an accelerated global effort to develop specific anti-SARS-CoV-2 antiviral drugs.
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However, drug development is typically a lengthy process due to the need to prove both clinical
efficacy and safety. The same is true for vaccine development particularly as any safety
concerns will limit vaccine uptake. The lengthy timelines for drug and vaccine development
make the repurposing of current therapeutics an extremely attractive option for the management
of COVID-19. Key therapeutic agents that need to be evaluated are current immunomodulatory
agents with proven efficacy in suppressing excess inflammation [1]. The best therapeutic agents
for mass implementation are those with well-understood safety profiles including evaluation in
diverse patient populations [2].

Current immunomodulatory agents that have already been tested include therapies targeting the
interleukin (IL)-6 pathway and dexamethasone. Agents targeting the IL-6 pathway were selected
for clinical trials early given prima facie plausibility based on assumed biology, observed high
circulating concentrations and observational data. Disappointingly multiple clinical trials of IL-6
blockade have largely shown limited benefit [3–7]. Dexamethasone is effective only in critical

cases in intensive care or in patients requiring oxygen. In addition, dexamethasone use in
patients with less severe disease appears to worsen outcomes meaning that patient selection is
critical [8]. There is thus an urgent need for therapeutics with greater effectiveness in COVID19. The ideal agent is one that could be administered in the earlier stages of COVID-19 and
could be given to high-risk subjects in an outpatient setting, such as a care home.

One immunomodulatory approach that holds great promise as a treatment for COVID-19 is
tumour necrosis factor (TNF) inhibition [9,10]. TNF is a pro-inflammatory cytokine that is
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intimately involved in excess inflammation. Levels of TNF are high in COVID-19 and early levels
predict mortality [11]. Observational data show that patients on anti-TNF for other indications do
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well following COVID-19 infection and in fact may fare better than those not on anti-TNF [12,13].
Anti-TNF has been prescribed for over twenty years to millions of individuals for many different
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indications and has a known safety profile and dose optimisation in individual patients. As best-
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selling drugs, anti-TNF are widely available with an effective supply chain. They are also largely
off-patent, with many more affordable biosimilar versions available at scale. From the
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perspective of plausibility and practicality, anti-TNF therapies are excellent candidates to
repurpose for the treatment of COVID-19 hyperinflammation. In this review we explore the role

na

of TNF in COVID-19 pathophysiology as well as the effect of its inhibition in analogous models.
We describe the potential of anti-TNF for modulating COVID-19-related damage and death, and
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how we might best harness that power in practice.
COVID-19 pathophysiology & the role of tumour necrosis factor [Level 1]
SARS-CoV-2 binds to the cell surface receptor of ACE-2 via a trimeric virus spike glycoprotein
that promotes entry into cells [14]. The virus then replicates and disseminates throughout the
body infecting the many types of cells expressing ACE-2 and other viral receptors. As part of the
usual response to infection, SARS-CoV-2 activates both the innate and adaptive immune
response. For most people infected with SARS-CoV-2 this immune response clears the virus
with only mild-moderate symptoms. Severe disease is associated with a hyperinflammatory
response characterised by elevated circulating cytokine concentrations (a true cytokine ‘storm’
is however uncommon). Age, obesity, diabetes, heart disease and kidney disease are
associated with increased risk of severe disease although the precise mechanism behind this
enhanced risk is not yet fully understood [15].

Hyperinflammation & cytokines in COVID-19 [Level 2]

In post-mortem studies of patients with COVID-19, the predominant feature is of diffuse alveolar
damage with evidence of virus presence in the pneumocytes and an inflammatory infiltrate of
macrophages in the alveolar lumen and lymphocytes in the interstitium [16,17]. Abundant
macrophages and monocytes play a key role in hyperinflammation in COVID-19 and contribute
to the elevated pro-inflammatory cytokines reported [16]. While the exact mechanism of
hyperinflammation is uncertain there are many ongoing studies attempting to clarify the
mechanisms by which the beneficial immune response is subverted in severe cases [18–21] .
Multiple studies show that elevated cytokine levels are associated with poor outcome in COVID-
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19. This was first extensively documented from 1,484 patients admitted to Mt Sinai Hospital in
the first wave of COVID-19, with high serum IL-6, IL-8 and TNF concentrations at the time of
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admission predicting poor outcome [11]. Levels of IL-1β did not predict outcome and were
relatively low [11,22]. Patients who died from COVID-19 were found to have significantly higher
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levels of IL-2 receptor, IL-6, IL-8, IL-10 and TNF-ɑ compared with patients who recovered [23].
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Similar findings were seen when comparing intensive care unit (ICU) and non-ICU patients, with
levels of multiple proinflammatory cytokines being higher in those admitted to ICU including IL-
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2, IL-7, IL-10, GCSF and TNF [24].
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High levels of cytokines contribute to clinical deterioration in COVID-19 as their actions of
promoting cell recruitment, activation and capillary leak influence clinical manifestations.
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Capillary leak is a major component of deteriorating lung function in COVID-19 resulting in
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ARDS [25]. Capillary leak results from inflammation driven by key inflammatory cytokines, TNF,
IL-1, IL-6, IL-8 and especially VEGF, which in the past was also called ‘vascular permeability
factor’ [26]. Another key feature of severe COVID-19 is venous and arterial thrombosis in up to
31% of patients admitted to ICU [27]. D-dimer levels are associated with worse clinical
outcomes [28]. The pathogenesis of COVID-19 coagulopathy is not fully understood but may
result from vascular damage exposing tissue factor and/or excess proinflammatory cytokines,
as in rheumatoid arthritis [29]. In a study using gene set enrichment analysis, IL-1, IL-6, TNF,
STAT3, NF-ΚB and lipopolysaccharide were found to be the top regulators of thrombosisassociated markers in patients with severe to critical COVID-19 [30].

The importance of targeting TNF [Level 2]
The biology of TNF has features that make it a promising target for therapy in COVID-19. Its
role in inflammatory disease has been extensively studied for over 20 years and the
effectiveness and relative safety of anti-TNF in many diseases has led to major changes in

medical practice [31]. TNF has an important role in the initiation of the inflammatory cascade
and is elevated early in the disease process; on this basis early intervention may be more
beneficial than late [32]. It coordinates cell recruitment via regulation of chemokines and
adhesion molecules [32,33]. Anti-TNF therapies neutralise TNF and prevent it from exerting its
proinflammatory effects. Highly relevant is that anti-TNF treatment also leads to a reduction in
the production of other pro-inflammatory cytokines, including IL-1 and IL-6, both in animal
models of sepsis and in patients with RA [34,35]. Thus blocking TNF in COVID-19 might reduce
many of these potentially pathogenic cytokines. Anti-TNF also reduces GM-CSF and VEGF
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both in patients with RA and in cells, meaning anti-TNF therapies could potentially reduce
COVID-19 induced capillary leak in the lungs [36,37]. Acute phase proteins are also reduced

ro

after administration of anti-TNF with downregulation of CRP, serum amyloid A, haptoglobin, and
fibrinogen seen in patients with RA [34,36]. In addition there is an effect on clotting with
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significant reductions seen in D-Dimer and pro-thrombin fragments within one hour of anti-TNF

re

administration [38]. Therefore anti-TNF may also reduce COVID-19 induced thrombosis.
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Further evidence supporting the importance of specifically targeting TNF in COVID-19 comes
from a recent publication evaluating the effect of pro-inflammatory cytokines on cell death. In a

na

very elegant set of experiments Karki and colleagues used subsets of the cytokines reported to
be elevated in patients with COVID-19 to determine that the unique combination of TNF and
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IFN-Ɣ synergistically induces cell death characterized by pyroptosis, apoptosis, and necroptosis,
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which has been termed ‘PANoptosis’ [39]. Combinations of other cytokines, including IL-6, do
not induce cell death and neither does TNF or IFN-gamma when administered individually. The
damage induced by TNF and IFN-gamma is mediated via the interferon regulatory factor
1/signal transducer and activator of transcription 1 pathway and involves the upregulation of
inducible nitric oxide synthetase and nitric oxide. Very importantly, the authors found that in a
mouse model of SARS-CoV-2, administration of a combination of neutralising antibodies to TNF
and IFN-Ɣ increases survival from ~14% to 50%. The authors concluded that blockade of these
cytokines together or individually has the potential to prevent severe COVID-19.

Another argument for why TNF is a promising cytokine to target comes from studies in SARSCoV-1. In vitro studies show that attachment of the SARS-CoV-1 spike protein to the ACE-2
receptor leads to increased TNF converting enzyme (TACE) activity [40]. The interaction
between the ACE-2 receptor and TACE then facilitates viral entry into the cell. As discussed
above TACE is the enzyme that releases TNF into the circulation. This mechanism suggests

that TNF could be released into the circulation very early in the course of infection at the point of
viral entry into the cell, and would predispose to excess TNF production. These studies have not
been replicated in SARS-CoV-2, however if the same mechanism exists it provides a strong
rationale for the early use of anti-TNF in the disease course.

NETosis in COVID-19 [Level 2]
There is a massive neutrophilia in COVID-19, with elevated blood levels of major neutrophil
constituent proteins including S-100A8/9 [41]. Neutrophil extracellular trap (NET) release, or
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NETosis is a mechanism whereby neutrophils release sticky extracellular traps that help limit
the spread of infection [42]. Levels of NETs are higher in patients with COVID-19 compared with

ro

healthy controls and SARs-CoV-2 virus has been shown to directly promote the release of NETs
from neutrophils [43]. NETs are prothrombotic and activate platelets and the clotting cascade
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leading to the production of thrombi [44]. In COVID-19 autopsies, NET-containing microthrombi

re

have been found in the lung [45,46]. NETs have also been shown to induce pulmonary epithelial
cell death leading to alveolar damage and fibrosis in COVID-19 patients [43]. These findings
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have led authors to suggest that agents targeting NETosis may be effective in COVID-19
[43,46]. Of relevance, anti-TNF therapy reduces NET formation in vitro as well as in murine

na

models and patients with immune mediated disease [47–49].
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The beneficial impact of anti-TNF on other viral infections in animals [Level 1]
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TNF is involved in the defence against viruses so a key question is whether anti-TNF interferes
with antiviral immunity [50]. A number of viral infections have been treated with anti-TNF
including SARS-CoV-1, respiratory syncytial virus (RSV), dengue and influenza. In all of these
infections anti-TNF was beneficial, with no evidence of a reduction in anti-viral immunity. In an
animal model of SARS-CoV-1, anti-TNF therapy resulted in a substantial reduction in mortality
(approximately 75% survival with anti-TNF versus approximately 10% survival without, see
Figure 1) [51]. Anti-TNF reduced weight loss and reduced the severity of illness in mice with
RSV and influenza infection, in addition there was no inhibition of CD8 killer cells, which are key
to viral immune defence [52]. With respect to RSV infection both the clearance of RSV virus and
the production of RSV specific antibodies were unaffected by anti-TNF treatment. In RSVaffected animals the degree of perivascular and peribronchiolar infiltrate was also significantly
reduced. Using anti-TNF in a universally lethal mouse model of dengue virus infection reduced
mortality from 100% to 40% [53]. These data support the observational human data that using
anti-TNF could well be a net benefit in the treatment of COVID-19.

Observational data on the impact of anti-TNF on COVID-19 [Level 1]
Observational human data, including small case series and larger databases have shown
possible benefit of anti-TNF therapy in COVID-19. However, these data have clear limitations.
Three large registries of individuals with immune-mediated inflammatory diseases have
demonstrated an inverse association of anti-TNF use and COVID-19-related outcomes
[12,54,55]. The COVID-19 Global Rheumatology Alliance (GRA) registry collected information
from clinicians on patients with rheumatic disease who were diagnosed with COVID-19 [12].
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After controlling for important confounders, being on treatment with anti-TNF therapy for the
underlying rheumatic disease was significantly associated with a lower odds of hospitalization

ro

related to COVID-19, as compared to being on no anti-TNF inhibitor therapy (adjusted odds
ratio [OR] 0.40, 95% confidence interval [CI] 0.19-0.81). The PsoProtect registry included

-p

clinician-reported cases of individuals with psoriasis and COVID-19 [54]. Compared to biologic
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use, not using biologics was significantly associated with a higher odds of hospitalisation (OR
2.84, 95% CI 1.31-6.18) – a finding that mirrored the GRA registry results. In the Surveillance
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Epidemiology of Coronavirus Under Research Exclusion for Inflammatory Bowel Disease
(SECURE-IBD) registry, there was no significant association seen with TNF inhibitor use

na

(compared to no use) on the primary outcome of severe COVID-19, defined as the composite of
ICU admission, ventilator use, and/or death (adjusted OR 0.9, 95% CI 0.4-2.2) [55]. However,

ur

anti-TNF use was inversely associated with the secondary outcome of hospitalization or death
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(adjusted OR 0.60, 95% CI 0.38-0.96), consistent with the other two registries. Other cohorts of
patients with IBD on anti-TNF treatment doing favorably have also been reported [56,57]. These
reduced odds of poor outcome were not seen with other commonly prescribed treatments with
different mechanisms of action. Additionally, a case series of 77 patients reported by North
American infectious disease physicians reported on 16 patients using anti-TNF therapy prior to
infection [58]. In this series no patients on anti-TNF required ventilator support or died, which
was not the case with the remaining 61 patients on other cytokine blocking biologics, JAK
inhibitors or other immunosuppressants.

The limitations of observational data need to be considered when translating these findings to
clinical care. All three studies were based on registry data. There may be selection bias in terms
of geographic variations in reporting and the possibility that more severe cases of COVID-19
were reported. Although these studies adjusted for important confounders, including known risk
factors for COVID-19 outcomes such as age, sex, and comorbidities, unmeasured and residual

confounding were potentially present. The underlying differences between individuals taking
anti-TNF at baseline versus those who were on alternate medication cannot be fully overcome
by adjusting for measured confounders. There may be channeling bias (confounding by
indication) where patients with certain characteristics that put them at higher risk of infection do
not get prescribed biologic medications.

Early feasibility data are also available for anti-TNF therapy. Stallmach, et al. retrospectively
studied seven patients with severe COVID-19 but no underlying immune-mediated inflammatory
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disease, who received a single dose of infliximab 5mg/kg between 0 and 3 days after admission
[59]. They tracked a fall in pro-inflammatory cytokines over the first ten days after receipt of

ro

infliximab. Only one patient of the seven died, noting that their median age was 60. Although an
uncontrolled study, the authors used these data to cautiously promote further study of the

re
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therapeutic effects of anti-TNF therapy in severe COVID-19.

While observational data of anti-TNF use is suggestive of a therapeutic benefit in COVID-19,

lP

randomised controlled trials are needed to confirm this benefit. Observational data must be
interpreted with caution. Observational data for IL-6 inhibition and COVID-19 treatment was
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largely positive, with two meta-analyses suggesting mortality benefit [60,61]. However,
published RCTs for tocilizumab have largely not shown benefit [3–7]. While the observational

ur

data for anti-TNF may be used to help guide the development of further research and
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encourage the performance of RCTs, the results from RCTs are still needed.

Current clinical trials of anti-TNF in COVID-19 [Level 1]
There are a number of trials of anti-TNF in COVID-19, see Table 1. These are using two off
patent anti-TNF agents infliximab and adalimumab and are mostly small.

Infliximab [Level 2]

There is currently an actively recruiting trial of infliximab in hospitalised patients with COVID-19
in the United Kingdom as an arm of the CATALYST phase 2 proof of principle platform
(ISRCTN40580903) (the other active treatment arm is namilumab, an anti-GM-CSF).
Hospitalised adult (≥16 yrs) patients with a clinical picture strongly suggestive of SARS-CoV-2
pneumonia (confirmed by chest X-ray or CT scan, with or without a positive reverse
transcription polymerase chain reaction [RT-PCR] assay) and elevated CRP (>40 mg/L) are
randomised to usual care + a single dose of infliximab 5 mg/kg. Preliminary data are anticipated
in the next few months. There is also a small (n = 17) uncontrolled study of infliximab 5mg/kg in

the recruitment phase at Tufts Medical Center in Boston, MA for hospitalised patients with an
oxygen requirement (NCT04425538).
As part of the Accelerating COVID-19 Therapeutic Interventions and Vaccines (ACTIV) initiative,
part of the US Government's Operation Warp Speed, a trial (ACTIV-1) has been announced of
remdesivir in combination with either infliximab, abatacept (a T cell co-stimulatory blocker) or
cenicriviroc (a CCR2-CCR5 dual antagonist). The trial is currently enrolling and is expected to
enroll 2,190 total patients (NCT04593940).
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Adalimumab [Level 2]
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A planned Chinese trial of adalimumab (30 adalimumab treated patients and 30 controls) was
scheduled to start recruiting on the 28th of February 2020 (ChiCTR2000030089) but was unable
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to recruit any patients due to the pandemic being controlled in Wuhan (personal communication
Huji Xu). A trial of adalimumab in the community setting (AVID-CC) to prevent progression from
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community infection to respiratory failure or death is in the pre-enrollment phase
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(ISRCTN33260034) [62]. In order to achieve therapeutic concentrations rapidly, the protocol

na

employs a loading dose and is examining two dose levels (80mg or 160mg).

Future Trial Considerations [Level 1]

ur

It is important to collect biological samples during clinical trials of anti-TNF in COVID-19 to
enable detailed immune profiling of both the disease and the impact of therapy. It is very
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important to establish not only the pharmacology, eg pharmacokinetics in these ill patients, but
also to establish whether the effects of anti-TNF seen in prior studies in rheumatoid arthritis of a
reduction in IL-6 and VEGF do occur in patients with COVID-19. And importantly, it should be
determined whether these effects differ between patients which respond and others which do
not.

It is also important that careful consideration goes into the timing of the intervention. While
corticosteroids have been shown to potentially be of harm when administered early in the
COVID-19 disease course, the same may not be true for anti-TNF. In fact, anti-TNF therapy
may be more effective when administered early as by targeting the early production of TNF the
hyperinflammation seen in moderate-severe disease may be prevented. Certainly the evidence
from studies of the immunology of the phases of illness points to the biggest change happening
in the mild to moderate transition as opposed to moderate to severe disease transition [21]. The

premise of community trials of anti-TNF therapy like AVID-CC is that preventing the
development of hyperinflammation may be more beneficial than treating it once it has evolved to
the full phenotype that is often present on admission to hospital.

Pharmacology of anti-TNF therapy [Level 1]
Given the considerations around intervention early in disease course and the rapid progression
of COVID-19, treatment should aim to achieve therapeutic concentrations quickly. For
intravenous drugs such as infliximab this is readily achieved. The usual clinical dose of 5 mg/kg
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rapidly reaches concentrations in considerable excess of circulating concentrations of TNF,
although the associated tissue-concentration ratios are unknown, however excess is predicted.

ro

There is a risk of hypersensitivity reactions with infliximab; this and the requirement for
intravenous administration make it a less suitable option for patients outside hospital (Table 2).
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Subcutaneous administration is more straightforward to administer outside hospital but has a

re

slower rise in plasma drug concentrations. Use of a loading dose regimen may address this
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issue and achieve therapeutic concentrations sufficiently rapidly.

COVID-19 causes end-organ damage, including kidney and liver damage that may limit the

na

extent to which some therapeutics can be used. Anti-TNF agents have well-established
favourable pharmacological properties in these settings. Anti-TNF agents are cleared via the

ur

reticuloendothelial system and do not require dose modification in renal or hepatic failure. While
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early immunogenicity, particularly the formation of anti-drug antibodies, can be problematic for
some therapeutic monoclonal antibodies, anti-TNF agents do not demonstrate clinically relevant
immunogenicity during timeframes relevant to COVID-19 treatment. Certain high-risk patient
populations in COVID-19 may have altered pharmacokinetic properties relevant to anti-TNF
use. For example, obesity may shorten drug half-life through increased clearance and may
necessitate more rapid repeat dosing. Anti-TNF therapy can be reassuringly and readily
optimised outside of a clinical trial population without the need for further investigation because
of its well-established pharmacological properties in varied populations.

Safety of anti-TNF therapy [Level 1]

General infection and anti-TNF therapy in COVID-19 [Level 2]
A concern with the use of anti-TNF in COVID-19 is the potential for increased secondary
infections given that TNF plays an important role in host defence. Reassuringly, the risk of

infection with anti-TNF therapy has been low in clinical practice over the past 20 years [63–65].
In addition, the risk of serious infection is cumulatively related to exposure, and given the shortterm nature of any therapy in COVID-19, the risk of infection is likely to be lower than that seen
in patients on long-term anti-TNF therapy [66]. Autoimmune disease registry data demonstrates
the early increased risk is equally spread over six months, further supporting the safety of very
short term use [67]. Furthermore, in these registry data, early risk is explained by a number of
other factors not relevant to COVID-19 therapy: early dropout of high risk patients leading to a
subsequent healthy user effect, time-dependent changes in autoimmune disease activity-related
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pathways relevant to infection risk, and higher utilisation of concomitant chronic glucocorticoids

ro

(with attendant infection risk) early in autoimmune disease course.

In early trials using infliximab in the treatment of bacterial septic shock mortality did not
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significantly improve; however infective parameters also did not deteriorate [68,69]. Subsequent

re

observational data of patients receiving anti-TNF therapy for multiple autoimmune disease
indications, and particularly in COVID-19 infected populations provide further reassurance

lP

[12,54,55,58].
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Finally, while some early clinical data suggested increased infection from high doses of
infliximab, this has not been demonstrated in short courses of therapy. In particular, high dose

ur

infliximab induction in inflammatory bowel disease has not been demonstrated to confer
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increased rates of infection versus lower doses or placebo [70]. This experience from
autoimmune disease would suggest that high doses in short courses of therapy, as proposed in
the AVID-CC trial (discussed above) are unlikely to incur any additional risk.

Tuberculosis and anti-TNF therapy in COVID-19 [Level 2]
Latent tuberculosis is common in many regions where COVID-19 is problematic, such as the
Indian subcontinent and South America. Similar to high-dose glucocorticoids, anti-TNF therapy
can lead to destabilisation of granulomas and subsequent reactivation of latent tuberculosis
[71,72]. Despite this, tuberculosis reactivation following anti-TNF therapy does not increase
mortality and there is widespread utilisation of anti-TNF therapy in these regions [73].
Importantly, the risk of latent tuberculosis reactivation increases over time with only ~10% of the
reactivation risk of long-term infliximab therapy incurred in the first month. Of note, etanercept
confers a markedly lower overall risk of tuberculosis reactivation compared with other anti-TNF
agents and an even smaller proportion of its risk in the first month of use, probably attributable

to its reduced capacity for granuloma destabilisation [71]. Hence, the risk of latent tuberculosis
reactivation might be mitigated by preferential use of etanercept in countries with high TB
prevalence, along with review of incidental pulmonary imaging and concomitant isoniazid
therapy.

Anti-TNF therapy for COVID-19 in at-risk populations [Level 2]
Anti-TNF therapy has been shown to be safe in many population groups with known increased
risk of poor outcome from COVID-19 [74–76]. Anti-TNF therapy is currently widely used in older
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populations for autoimmune disease and there is data that it reduces cardiovascular risk [77,78].
It is also demonstrably safe in pregnancy with no association seen between maternal anti-TNF
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use and adverse pregnancy outcomes despite known active transport across the placenta for
most anti-TNF agents [79]. No developmental delay has been demonstrated in children born to
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mothers treated with anti-TNF agents, and breastfeeding is also considered safe [80,81]. When
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used to treat complications of cancer immunotherapy, short-term anti-TNF therapy has not been
associated with an increased rate of cancer progression [82]. Anti-TNF agents can therefore be

na

Conclusion [Level 1]
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used with confidence in those patient groups most likely to benefit from their use.
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COVID-19 represents the most significant medical problem of our time. Already there has been
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mass loss of life, health systems are overwhelmed and economies have entered recession.
Ongoing infections are inevitable even if a relatively effective vaccine is developed within the
next year. Consequently, there is an urgent need for a highly effective treatment and ideally one
with a demonstrated safety profile with an existing capacity for affordable mass production.

There is a compelling argument for adequately investigating anti-TNF therapy in the
management of COVID-19. Observational data from multiple sources suggest that anti-TNF
therapies confer morbidity and mortality benefit in those infected with COVID-19. In addition,
anti-TNF therapies have a well-demonstrated ability to reduce inflammation and specifically
reduce levels of pro-inflammatory cytokines associated with poor COVID-19 outcomes. Over
twenty years of clinical experience provides reassurance of drug safety, particularly in patients
with infection and those at high-risk of clinical deterioration. A range of different anti-TNF
therapies are currently available, many with differing pharmacokinetics that would enable
clinicians to individualise treatment particularly with reference to timing of administration.

Adequately powered randomized clinical trials of anti-TNF administered at different timepoints in
the disease course of COVID-19 are required. A small number of trials are in progress but more
are essential if we are to progress from interesting hypotheses to important therapeutic benefit.
Acknowledgements
No funding was received for this work

Author Contributions:

ro

content and approved the final version for submission.

of

PR, JL, DL, HT and SS wrote the first draft. All authors revised the manuscript for critical

-p

Declarations of Interest

re

PCR reports personal fees from AbbVie, Eli Lilly, Gilead, Janssen, Novartis, Pfizer, Roche and
UCB. Research grant funding from UCB, Janssen, Pfizer and Novartis; non-financial support

lP

from Bristol-Myers Squibb (all unrelated to this work). DR reports personal fees for consultancy
on drug safety from GlaxoSmithKline unrelated to the topic of this work. MF has held patents,

na

now expired, on use of infliximab and methotrexate in inflammatory arthritis and has received
royalties (now ceased) from Johnson & Johnson, AbbVie, Amgen, and UCB, unrelated to this

ur

work. HLT, DL, JL, CM and SS declare no competing interests.

Jo

Figure and table legends

Figure 1 Survival over 12 days of BALB/c mice intranasally infected with 3 ✕ 104 plaqueforming units of SARS-CoV and then given either anti-TNF or Rat IgG isotype control. From
Channappanavar et al. Cell Host & Microbe 2016;19:181–193 [51]

Table 1: Clinical Trials of Anti-TNF in COVID-19

Table 2. Relevant pharmacokinetic properties of selected anti-TNF agents, in healthy individuals
(as per registration data)
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eTOC Blurb
Robinson et al. discuss the potential of TNF blockade in the management of COVID-19.
The rationale for the therapeutic benefit of anti-TNF is outlined including the pathogenic role
of TNF in COVID-19, mechanism of action of anti-TNF, animal data and supportive
observational data from those on anti-TNF who develop COVID-19.
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Patient cohort

Cases: Controls

Status

ISRCTN40580903

Randomised
controlled
platform study

SOC + Infliximab

SOC

Admitted patients

60 patients per intervention arm,
1:1 intervention: control

Enrolling

NCT04593940

Randomised
controlled
platform study

Remdesivir + Infliximab
5mg/kg

SOC

Admitted patients

2,190 total across 3 intervention
and 1 control arm

Enrolling

NCT04425538

Uncontrolled
single arm

Infliximab 5mg/kg

Nil

Admitted patients

17:0

Unknown

ChiCTR2000030089

Randomised
controlled

SOC + Adalimumab

SOC

30:30

Suspended

ISRCTN33260034

Randomised
controlled

SOC + Adalimumab
80mg or 160mg

SOC

Outpatients

375:375

Pre-enrollment
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Table 1: Clinical Trials of Anti-TNF in COVID-19

Table 2. Relevant pharmacokinetic properties of selected anti-TNF agents, in healthy individuals (as per registration data)
Etanercept

Adalimumab

Infliximab

Route of administration

Subcutaneous

Subcutaneous

Intravenous

Time to maximum
concentration (days)

2.9 ± 1.4

5.5 ± 2.3

Optimal clinical scenario for
application

New COVID-19 infection with risk of delayed
hyperinflammation in 3-15 days

Half-life (days)

4.3 ± 1.3

Structure

Fusion protein

Human monoclonal antibody

Risk of tuberculosis in longterm use

Lesser increase

Greater increase
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Anti-TNF therapeutic agent
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8.0-9.5

Jo

ur

10-20

Established hyperinflammation secondary
to COVID-19 infection

Chimeric monoclonal antibody, murine Fv,
rest human

