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Areas covered: Features of coronavirus disease 2019 (COVID-19) presents some common points with COVID-19; rheumatoid
interstitial lung disease (ILD) both idiopathic and related to rheumatoid arthritis (RA), typically char- arthritis; interstitial lung
acterized by a chronic progression over time and possibly complicated by acute exacerbation (AE). The disease; toll-like receptor;
study of common pathogenetic mechanisms, such as the involvement of toll-like receptor 4, could idiopathic pulmonary
contribute to the knowledge and treatment of idiopathic and RA-ILD. Moreover, hyperinflammation, fibrosis; acute exacerbation

mainly characterized by increase of effector T-cells and inflammatory cytokines, and activation of
coagulation cascade, observed in COVID-19 related ARDS have been already shown in patients with
AE of idiopathic and RA-ILD. A literature search was performed in PubMed, Embase, Scopus, and Web of
Science, together with a manual search in COVID-resource centers of the main journals.

Expert opinion: Despite the uncertainty about pathogenetic aspects about COVID-19- pneumonia, it
could be a possible model for other forms of ILD and AE. The great amount of data from studies on
COVID-19 could be helpful in proposing safe therapeutic approaches for RA-ILD, in understanding
pathogenesis of usual interstitial pneumonia and to develop new therapeutic strategies for AE.

1. Introduction pulmonary fibrosis (IPF), and usual interstitial pneumonia (UIP)
related to rheumatoid arthritis (RA) and connective tissue
diseases (CTDs), typically characterized by a chronic progres-
sion over some years [6,7].

Aim of this review is to describe the clinical characteristics
of these conditions, possible common pathogenetic aspects,
to suggest possible therapeutic options for COVID-19 patients
and to generate new hypotheses for the treatment of idio-
pathic or RA-ILD.

In December 2019 a novel infectious disease by a coronavirus
named SARS-CoV-2 has been detected in the city of Wuhan in
China and rapidly widespread worldwide. World Health
Organization declared the stage of pandemic on
11 March 2020 [1].

Main clinical manifestations are fever, cough, dyspnea and
interstitial pneumonia, frequently evolving in an acute respiratory
distress syndrome (ARDS). Increasing data are reporting other
systemic clinical manifestations, including anosmia, vomit, diar-

rhea, but also fatal thrombotic events and septic shock [1,2]. 2. Literature search

. The mam.cause of.death of CO\./ID—19.pat|ents Is Ch?raCter_ a literature search was performed in some electronic databases,
ized by respiratory failure due to interstitial pneumonia [3,4]. including PubMed, PubMed, Embase, Scopus, and Web of Science
a state of hyperinflammation induced by the viral infection including the terms coronavirus 2019, COVID-19 pneumonia, SARS-
could be responsible for the severe pulmonary involvement, CoV2, and pathogenesis of interstitial pneumonia, interstitial lung

disease, usual interstitial pneumonia. Moreover, a manual search in

frequently leading to a respiratory failure [5].
9 Y 9 P y 5] COVID-resource centres of the main medical journals, including the

Features of COVID-19 pneumonia present some common

e e = i o o categories “Internal Medicine,” “Infectious Diseases,”
characteristics with interstitial lung disease both idiopathic, i.e. “Immunology,” “Respiratory System,” and “Rheumatology,” was
the idiopathic interstitial pneumonias, particularly idiopathic also performed searching for recently online published articles.
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Article highlights

e COVID-19 pneumonia resembles many pathogenetic and radiologic
features of idiopathic and rheumatoid arthritis related usual inter-
stitial pneumonia

o Toll-like receptor 4 plays a crucial role in the pathogenesis of both
COVID-19 and usual interstitial pneumonia

¢ The modulation of toll-like receptor 4 could explain the safety of
some disease modifying antirheumatic drugs, such as abatacept, in
patients with rheumatoid arthritis related interstitial lung disease

o Acute exacerbation of interstitial lung disease shares many features
with acute respiratory distress syndrome in COVID-19 pneumonia

o The use of tocilizumab, sarilumab and baricitinib, used in severe
COVID-19 pneumonia, could also be suggested for the treatment of
acute exacerbation of interstitial lung disease

3. COVID-19 interstitial pneumonia

Fever, cough, sore throat dyspnea, fatigue and myalgia repre-
sent the most common clinical manifestations at the onset of
the disease. The majority of patients develop flu-like symp-
toms [1,2]. Pneumonia may frequently occur, characterized by
nonspecific features at chest high resolution computed tomo-
graphy (HRCT), including ground-glass and/or consolidative
opacities. About 10-15% of the patients develop a severe
respiratory disease, that in 5% of the cases, result in a critical
disease, characterized by severe respiratory failure, septic
shock, and/or multiple organ dysfunction or failure [1,4].

In this latter group, the acute worsening of respiratory
function occurs about a week later the onset of the systemic
symptoms, causing a clinical condition that require mechan-
ical ventilation and support in intensive care unit, with

possible progression to severe acute respiratory distress syn-
drome (ARDS) [4,8-10].

At HRCT, ground glass opacities (GGO), in some cases
associated to consolidations, are the most common findings
[11,12]. In 81 Chinese patients the HRCT alterations changed
according to the stage of the disease. At the clinical onset, the
main CT abnormalities were unilateral, multifocal GGO, but
also interlobular septal thickening, thickening of the adjacent
pleura, nodules, round cystic changes, bronchiolectasis,
pleural effusion. In a more advanced stage (one week after
the onset of the disease) lesions became bilateral and diffuse,
while two weeks later the predominant CT features were GGO,
whereas appearance of consolidations was also observed in
some cases. Finally, GGO and reticular pattern were the pre-
dominant findings in the last stage (2-3 weeks after symptoms
onset) [13] (Figure 1).

4. Pathogenesis of COVID-19

Pathogenesis of SARS-Cov2 infection is not fully understood,
and both viral and host factors appear to be involved. The
virus is transmitted mainly via respiratory droplet and contact
[8,14]. Primary viral replication is presumed to occur in muco-
sal epithelium of upper respiratory tract, with further multi-
plication in lower respiratory tract [14], giving rise to a mild
viremia. Many infections are controlled at this point and
remain asymptomatic [1,14]. In contrast, clinical findings
showed exuberant inflammatory responses during SARS-CoV
-2 infection, further resulting in uncontrolled pulmonary
inflammation, likely a leading cause of mortality. The antigen
presentation cells (APC) play a central role in antiviral

Figure 1. High-resolution lung base image from contrast-enhancement arterial scan for pulmonary embolism detection in patient with long-standing COVID-19
pneumonia and pneumomediastinum. Ground-glass opacities are detected in subpleural areas mixed with focal consolidations. Moreover, computed tomography
shows initial fibrotic changes with architectural distortion and bronchiolectasis. Multiple thin-walled cysts are also recognized, in keeping with smoking-related
changes (courtesy by Gabriele D’Andrea, Radiology Unit, San Gerardo Hospital, ASST Monza, Monza, ltaly).



immunity. Antigenic peptides are presented by human leuko-
cyte antigen (HLA) and then recognized by virus-specific cyto-
toxic T lymphocytes. Unfortunately, there is still lack of report
about antigen presentation of SARS-CoV-2, and we can only
get some information from previous researches on SARS-CoV
and MERS-CoV, showing numerous HLA polymorphisms corre-
late to the susceptibility to these viruses [15]. Differences in
the susceptibility of individuals to infection, regarding the
spectrum of COVID-19 symptoms and in particular the devel-
opment of ARDS remain to be fully understood. Genetic varia-
bility in histocompatibility complex (MHC) class | genes plays
a role, specifically individuals presenting HLA-B*46:01 gene
product may be more vulnerable to COVID-19 - due to
reduced capacity for viral antigen presentation to immune
cells while patients with HLA-B*15:03 may be more likely to
develop immunity [16]. Nevertheless, considerable variation in
disease behavior and severity among patients with pulmonary
infection secondary SARS-CoV-2 have been also observed.

Moreover, advanced age, male sex and preexisting condi-
tions such as cardiovascular, pulmonary, and renal diseases
make a subject more vulnerable to the more severe health
consequences of COVID-19 [17,18].

The initial onset of rapid viral replication may cause mas-
sive epithelial and endothelial cell death and vascular leakage,
triggering the production of exuberant proinflammatory cyto-
kines and chemokines [14].

4.1. Role of toll-like receptor 4 in the pathogenesis of
COVID-19 pneumonia

As mentioned above, an aberrant immune response against
the virus plays a key role in the immunopathogenesis of the
disease, resulting in an hyperinflammatory state that causes
pulmonary tissue damage, functional impairment, and
reduced lung capacity [5,9,10].

Some possible mechanisms have been investigated in
pathogenesis of COVID-19 pneumonia, mainly involving both
innate and adaptive response and angiotensin-converting
enzyme 2 (ACE2)-mediated lung fibrosis. ACE2 has been
reported to have a protective role in lung fibrosis, while SARS-
CoV-2 and its spike protein can reduce ACE2 expression dur-
ing viral infection. The decreased ACE2 expression could lead
to lung fibrosis by upregulating angiotensin 2 and activating
TGF- signaling [19].

Regarding innate immunity, the involvement of toll-like
receptor 4 (TLR4) could have a specific potential role in patho-
genesis of both idiopathic and interstitial pneumonias related
to RA and CTDs, mainly usual interstitial pneumonia (UIP)
[20-23].

Toll-like receptors (TLRs) and related pattern-recognition
receptors represent the first line of host defense against infec-
tious agents [20,24]. Cell surface receptors such as TLR4 and
endosomal receptors such as TLR3 recognize both extrinsic
and intrinsic particles, namely pathogen-associated molecule
patterns (PAMPs) such as lipopolysaccharide (LPS), but also
damage-associated molecule patterns (DAMPs), produced dur-
ing different forms of noninfectious tissue injury [4,20,25,26].
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TLR4 has been demonstrated to be involved in the induc-
tion of inflammatory damage during acute viral infections
[27,28] and TLR4 activation has been clearly identified as
responsible of the severity of some viral diseases in animal
models [20,29]; in this regard, lethal infection of mice was
prevented by treatment with TLR4 antagonists, highlighting
the therapeutic potential role of these molecules [29-31].

Interestingly, TLR4 knockout mice had similar survival rates
or disease severity to infected wild-type mice, suggesting that
some degree of TLR4 activation might be required for
a protective immune response against viruses, such as SARS-
Cov2 [29,30].

Activation of TLR4 results in the recruitment of the intra-
cellular adaptor protein, myeloid differentiation primary
response 88 (MyD88), and/or toll/interleukin-1 receptor-
domain-containing adapter-inducing interferon-f, ultimately
resulting in the expression and secretion of proinflammatory
mediators [31].

4.2. Role of TLR4 in idiopathic and RA-related usual
interstitial pneumonia

As described, COVID-19-related interstitial pneumonia can be
characterized by a various degree of pulmonary fibrosis, even
if the long-term evolution of these alterations is unknown
[11,32]. In particular, while in the early stages of COVID-19
pneumonia ground glass opacities represent the main finding
of the disease, in more advanced stages the main manifesta-
tion is interstitial change of both lungs, such as fibrous cords
and reticular opacities [33,34].

The spectrum of pulmonary fibrotic disease observed in
COVID-19 is wide, ranging from fibrosis associated with orga-
nizing pneumonia to severe acute lung injury, in which there
is evolution to widespread fibrotic change. In a follow-up
study of 36 patients surviving MERS coronavirus infection, 12
(33%) had radiographic evidence of pulmonary fibrosis; these
patients were older and had longer intensive care unit admis-
sions. Given approximately 30% of survivors of SARS and MERS
experienced persistent radiological and physiological abnorm-
alities consistent with fibrotic lung disease, the repercussions
of COVID-19 could include a large cohort of individuals with
pulmonary fibrosis and persistent and potentially progressive
physiological impairment [33,34].

The TLR4 pathway has been deeply investigated as possible
pathogenetic mechanism of UIP both idiopathic and RA and
CTDs related [22,23,35,36].

In fact, despite the presence of some conflicting data
[35,37-41], many findings support a profibrotic role subse-
quent to TLR4 activation. For example, LPS induces lung fibro-
blast proliferation in mice by mean of a TLR4-dependent
pathway [42] and some findings suggest that TLR4 inhibition
might protect from LPS-induced pulmonary fibrosis [35].

It is well-known that the expression of both TLR2 and TLR4
is significantly increased in the lungs of patients with different
ILD, suggesting either a protective compensatory response or
aberrant activation leading to unresolved inflammation and
tissue injury [37].
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The suppression of TLR4 and TLR2 produces opposite
results; in fact, the suppression of TLR4 induces inhibition of
bleomycin-induced lung fibrosis, while the suppression of
TLR2 exacerbates it [38-40].

Furthermore, IPF susceptibility and progression have been
associated with functional genetic variants of TOLLIP, an inhi-
bitory adaptor protein modulating innate immune responses
through modulation of the canonical MyD88-dependent TLR2
and TLR4 signaling [43,44].

Interestingly, a novel antifibrotic compound, named
Mogroside IlIIE, markedly decreased fibrosis through regulation
of the TLR4 signaling in a murine model of bleomycin-induced
pulmonary fibrosis [45].

a possible role for TLR4 has been proposed also in the
pathogenesis of fibrosis in CTDs. In particular, specific DAMPs
are significantly upregulated in fibrotic skin and lungs from
systemic sclerosis (SSc) patients and largely colocalized with
TLR4-expressing myofibroblasts [46,47]. In mice, the genetic
ablation of 2 DAMPs associated with SSc, namely fibronectin-
EDA and tenascin-C, resulted in a significant attenuation of
skin and lung fibrosis, suggesting a pathogenetic role for
DAMP-TLR4 signaling in the development of chronic organ
fibrosis [46,47]. Moreover, knock-out mice for functional
TLR4, as well as with a fibroblast-specific deletion of TLR4,
were protected from fibrosis in experimental models
[22,46,48,49].

Rheumatoid arthritis (RA) is complicated by ILD in about
10-20% of cases, mainly showing UIP pattern, followed by
a NSIP pattern [50-52]. The involvement of TLR4 in RA has
been demonstrated in the pathogenesis of musculoskeletal
and pulmonary involvement [21,23,53]. Innate immunity exhi-
bits significant differences between idiopathic UIP and NSIP,
justifying the hypothesis of possible distinctive pathogenetic
features of UIP and NSIP in RA patients, also; these peculia-
rities could be responsible for the different clinical evolution
and outcomes in RA patients showing an UIP or a NSIP pat-
tern [23].

Differently by UIP, pathogenesis of NSIP is currently
understood as an autoimmune and inflammatory-driven pro-
cess and early histological studies examining lung biopsy
samples show a mononuclear lymphocytic infiltrate. In NSIP
a largely lymphocytic infiltrate expressing the B cell-specific
antigen can be found but also a high CD4/CD8 ratio, exhibit-
ing a Th1-type response, when compared with UIP tissue
[54]. Moreover, a significantly higher expression of the che-
mokine receptor CXCR3 rather than CXCR4 have been found
in lung tissue of patients with NSIP compared with those
with IPF [55].

All these findings suggest the potential role of the host's
immune response in the pathogenesis of NSIP [54].

Because of the relevant role of TLR4 in pathogenesis of RA
[21,23,51-53,56], inhibition of TLR4 has been explored as
a possible therapeutic target; in experimental models, the
TLR4 inhibitor TAK-242, inhibited the production of interleukin
(IL)-6, IL-8, matrix metalloproteinase-1, and vascular endothe-
lial growth factor in a LPS stimulated human synovial cell
line [53].

However, an anti-TLR4 monoclonal antibody (NI-0101) has
failed in demonstrating its efficacy in the treatment of the
disease [57]. On the other hand, considering the significant
role of TLR4 in lung complications of COVID-19, we believe
that there is a rationale for considering this as a possible
therapeutic approach for SARS-Cov2 pulmonary infection
[20,31].

In RA, both conventional and biologic disease modifying
antirheumatic drugs (DMARDs) have been implicated in the
development of lung complications, both acute drug-related
pulmonary toxicity and chronic lung fibrosis, with conflicting
data [27,58].

Nevertheless, some biologic DMARDS have been recently
associated to a more favorable evolution of RA-ILD, such as
rituximab, abatacept, tocilizumab [51,59-61].

Specifically, in a murine model of ILD, abatacept showed an
ability to significantly reduce the fibrogenic marker levels,
T-cell proliferation, and M1/M2 macrophage lung infiltration
[62,63], concurrently improving the fibrosis score at histology
and the lung density at HRCT [62,63]. Moreover, in
a retrospective cohorts of RA patients, some Authors observed
a good safety and effectiveness profile of abatacept in patients
complicated by ILD [64,65]. Finally, in a pooled analysis on
more than 4000 RA patients treated with abatacept by the
‘Clinical Abatacept Trial Program’, the incidence rate of ILD in
the long-extension analysis was very low [66] if compared with
other similar study in RA [51].

Of interest, abatacept has been demonstrated to modulate
the proinflammatory response upon cytokine-activated T cell
and TLR ligand stimulation, including TLR4 [67].

Although speculative, this mechanism could explain the
safety and possibly the effectiveness of abatacept in RA-ILD
patients and the low rate incidence of ILD in RA patients
treated with this drug. On the other hand, in consideration
of its interaction with TLR4, abatacept could be evaluated as
a possible therapeutic option against SARS-Cov2, before the
appearance of severe ARDS.

Considering the rapid evolution of systemic and lung
inflammatory life-threatening involvement, it is crucial to
early identify clinical and humoral markers, consequence of
the reactive hyperimmune response. In this regard, the correct
timing of the treatment could deeply impact on the efficacy of
the therapy and minimize the possible effects on the viral
replication [5,68].

5. Similarities between COVID-19 pneumonia and
acute exacerbation of interstitial lung disease

Acute exacerbation (AE) is a well-known complication of
interstitial pneumonia, both idiopathic and secondary to
other conditions, such as CTDs and RA [69]. Exceptionally,
AE can appear also in patients without previous knowledge
of ILD or represent the first clinical manifestation of
ILD [70].

Diagnosis of AE of ILD in the context of rheumatic disease
is quite difficult in clinical practice. Many confusing factors
have to be considered, such as opportunistic infections. In



this context, multidisciplinary discussion, involving pulmonol-
ogists, rheumatologists and thoracic radiologist is crucial to
correctly classify the patients [70].

Currently, it is debated whether AE is an externally induced,
incidental event or the result of underlying cellular mechan-
isms [71]. Lung pathology of IPF patients with AE is very
similar to that of ARDS showing a diffuse alveolar damage
(DAD) and hyaline membranes [69,70,72,73].

Pathogenesis and risk factors for AE in IPF and other ILD are
poorly understood [73], but many aspects of DAD observed
during SARS-Cov2 infection resemble AE observed in primary
or secondary lung fibrosis [69,70,74] and DAD could probably
be considered as the common end-stage of different lung
pathologies [72].

In this regard, 2 aspects have been specifically addressed in
COVID-19 pneumonia: the hyperinflammation, mainly charac-
terized by increase of effector T cells and inflammatory cyto-
kines, in particular IL-6, IL-1, tumor necrosis factor alpha,
interferon gamma [5,75-77], and the activation of coagulation
cascade [14,20,26]; both findings have been already shown,
with some differences, in patients with AE of interstitial pneu-
monia [72,78-82].

Despite evidence is limited to small cohorts, the macro-
phage activation is crucial in patients with AE in IPF and it
consists not only of an upregulation of proinflammatory (M1)
cytokines, but also of cytokines associated with M2 [73].

Two major types of macrophage activation have been
described. Classical activation (M1) is mediated by Th1 cyto-
kines and is characterized by the secretion of proinflammatory
cytokines, such as TNF-, IL-6, and IL-12 [83]. M1 macrophages
are involved in promoting inflammation, extracellular matrix
destruction, and apoptosis. Instead, Th2 cytokines has been
shown to induce alternatively activated type 2 macrophages
(M2), secreting proteins involved in repair and healing, cell
proliferation, and angiogenesis. The activated macrophages
secrete anti-inflammatory molecules, such as IL-10 and TGF-,
inducing down-regulation of the inflammatory processes
initiated by Th1 cytokines [84].

In mice, overexpression of IL-1f induces acute lung injury
and leads to chronic fibrosis [85,86]. Furthermore, it was
reported that injury to alveolar epithelial cells induces M2
macrophage activation [87] and macrophage dependent fibro-
sis. Schupp observed that, many of the M2 cytokines upregu-
lated in AE, were induced in IPF patients by IL-1B signaling
such as CCL2, CCL22 and IL-1ra [88,89].

Of interest, although increased IL-8 and CCL18 serum levels
have already been demonstrated to be a worse prognostic factor
for survival in IPF, a relationship between these cytokines and an
increased risk for AE in IPF has not been shown [73].

Moreover, Schupp recorded a considerable heterogeneity
in cytokine production at the moment of IPF diagnosis. M2
cytokines were high in early disease in some patients, while
were low even in advanced disease in others. Therefore, the
Authors concluded that some patients could be predisposed
to AE and the risk for AE was, at least in part, mirrored by M2
cytokine production levels [73].

In COVID-19, the role of M1 macrophages seems to be
proved for they play an important role in the pathogenesis
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of lung disease [90,91], while the activity of M2 macrophages
subtype has been less investigated; however, an imbalance in
M1/M2 differentiation could be present also in SARS-Cov2
patients, explaining, at least partially, why only some patients
undergo to severe ARDS [20,24,31,38,73].

Similar to that observed in COVID-19, early in the develop-
ment of an IPF-AE, IL-6 and IL-8 peripheral blood levels are
significantly increased, and high value of IL-6 and IL-8 levels
are related to a higher risk of death in all IPF patients. IL-6 is
considered a cardinal stimulator of the production of most
acute phase proteins in response to varied stimuli as well as
a promoter of specific cellular and humoral immune
responses [92].

In particular, Collard and colleagues investigated the
plasma biomarker profile of IPF-AE patients in comparison to
that of stable IPF and acute lung injury patients measuring not
only inflammatory markers such as IL-6, but also markers of
type | and Il alveolar cell injury/proliferation such as receptor
for advanced glycation, Krebs von den Lungen-6 (KL-6) and
surfactant protein D (SP-D), of endothelial injury such as von
Willebrand factor (vWF) and of the coagulation cascade such
as protein C and plasminogen activator inhibitor-1 (PAI-1) [93].
The authors found that KL-6, SP-D, vWF, IL-6, total protein
C and PAI-1 levels were significantly higher in IPF-AE patients
than stable IPF patients. The authors concluded that in IPF-AE
alveolar epithelial type Il injury, endothelial damage and coa-
gulation abnormalities were predominant [93].

An increase of other nonspecific inflammatory markers is
observed during COVID-19 pneumonia, representing signifi-
cant poor prognostic marker of disease and similar observa-
tions have been conducted on patients with noninfectious ILD
[5,26,78,92].

In this regard, in IPF patients, the 3-month survival rate was
inversely correlated to serum ferritin levels and survival was
significantly lower in patients with high values of ferritin
(=500 ng/mL) [94]; moreover, patients developing AE-IPF
showed higher levels of serum ferritin at the diagnosis of
IPF [94].

Furthermore, despite the importance of ferritin in the
pathogenesis and prognosis of AE-IPF has yet to be clarified,
immunohistochemical staining in autopsy specimens showed
that alveolar macrophages were positive for ferritin [94].

According to recent data from the Chinese cohorts, higher
levels of IL-6 (>24.3 pg/mL) and D-dimer (>0.28 pg/L) would
be predictive of the appearance of severe COVID-19 pneumo-
nia, with high sensitivity and specificity when using
a combination of the 2 tests (IL6 and D-dimer) [95].

Even D-dimer and coagulation cascade have been deeply
investigated in interstitial pneumonia [78,79,81,93].

Ishikawa evaluated 263 patients with interstitial pneumonia
of different etiologies and diagnosed both as IPF, and other
idiopathic interstitial pneumonias (namely desquamative
interstitial pneumonia, respiratory bronchiolitis interstitial
lung disease, acute interstitial lung disease, nonspecific inter-
stitial pneumonia, etc.), CTD-ILD, or chronic pulmonary fibrosis
with emphysema. Patients with elevated D-dimer levels (more
than 0.4 mcg/mL) had an increased risk of developing AE in
ILD within three months from each measurement. Since the



756 A. MANFREDI ET AL.

median time to AE was between the first and second month
from D-dimer measurement the Authors raised a question
about the efficacy of prophylactic anticoagulation for subjects
with high D-dimer levels [78]. Previous studies on animal and
human with pulmonary fibrosis supported anticoagulation as
a therapeutic approach in IPF [96,97]. The mortality rate from
AE in subjects with IPF receiving anticoagulation (i.e., warfarin
for maintenance and switching to low-molecular-weight
heparin after developing AE) was low at 18% compared with
71% in patients who did not receive anticoagulation [79,81].

On the other hand, despite an elevated D-dimer suggesting
a hypercoagulable state, anticoagulation may not necessarily
be a therapeutic target, given the elevated D-dimer may
simply reflect upstream tissue damage from the inflammatory
process.

Activation of coagulation and excessive inflammatory
response are intrinsic findings of ARDS patho-physiology [98].

Cellular damage during ARDS and sepsis can determine the
release of mitochondrial DAMPs into the circulation, that
further activate polymorphonuclear neutrophils, spreading
the inflammatory response [99]. The innate host response to
endothelial damage is associated with the activation of coa-
gulation, which in turn regulates and is regulated by the
inflammatory process.

The pathological role of coagulation in the innate host
response has been defined as immunothrombosis
[98,100,101], a humoral regulated process that could contri-
bute both to the protection of endothelial integrity and to
inflammatory process.

Endothelial injury triggered the immune-thrombotic
process by the formation of microthrombi in the microves-
sels [97,98,101-104]. Diffuse endothelial damage provides
to the exposure of subendothelial collagen, and to the
expression of tissue factor and von-Willebrand factor on
endothelial cells. According to the stage of disease, wide-
spread presence of various morphological types of throm-
boemboli have been observed in patients with ARDS
[103,105,106].

Despite some Authors reported that microthrombosis
could represent a worse prognostic factor for survival [107],
the exact role of thrombosis in the propagation of lung
damage is not known.

According to the above reported findings, many therapeu-
tic approaches to patients with COVID-19-related ARDS have
been proposed, such as inhibition of IL-6, the use of Janus
kinases 1-3 inhibitor baricitinib, corticosteroids, antithrombo-
tic therapies (Table 1; in supplementary Table 2 are reported
ongoing trials on tocilizumab) [5,68,108-110].

Many trials are ongoing on these drugs, all targeting the
immune response of the host and not the virus itself [68].
Other possible targets, as previously reported, could be TLR4,
considering the involvement of innate immunity also in virus-
induced ARDS [38-41,45,62,63,67].

For all these reasons, the IL-6 inhibitors, baricitinib and
also TLR4 antagonists could be proposed in patients with
AE related to other forms of ILD, such as IPF or RA-ILD. In
these latter, where the involvement of the immune system
is more evident, the use of these drugs could be more
appropriate.

6. Conclusions

COVID-19 pneumonia is a main medical emergency involving
many thousands of people around the World. Many efforts are
ongoing to understand the pathogenesis of the disease and
the possible therapeutic approach [1,111]. Many drugs, nor-
mally used in immune-mediated disorders have been pro-
posed with different aims [5,68,112-114] and some trials are
aiming to confirm their efficacy, mainly on the lung manifesta-
tions of COVID-19 [68].

As discussed by other authors, a relevant question concerns
the possibility of identifying the right ‘window of opportunity’
for the therapeutic intervention [68]. In fact, different immune-
mediated pathways are probably activated at various stages of
the disease and in different patients, and our ability to identify
them could be essential for the therapeutic response [2,5,68].

If on the one hand the similarities with other forms of acute
and chronic lung diseases could allow us to successfully propose
anti-inflammatory and immune-modulator drugs already used
in such diseases, on the other the investigations on COVID-19
pathogenesis could help us to have a better understanding of
other rare conditions and their treatment, also [5,68].

The ongoing research on COVID-19 could highlight many
other similarities with UIP, possibly improving the knowledge
in this field. For example, very recently, another common
point with UIP has been reported, after the observation of
a higher prevalence of smokers in COVID-19 related ARDS
when compared with patients with mild disease [7,52,115].

In conclusion, despite the uncertainty about many patho-
genetic aspects about COVID-19-related pneumonia, we are
probably observing a possible model for other forms of ILD
and AE. The great amount of data deriving from studies on
COVID-19 could be helpful in proposing new therapeutic
approach for AE of ILD and in understanding of pathogenesis
of UIP related to autoimmune systemic diseases.

7. Expert opinion

Since 2009 our multidisciplinary team is cooperating in the
diagnosis, clinical assessment and management of patients
affected by systemic autoimmune disorders complicated by
lung involvement. a multidisciplinary evaluation, including
expert pulmonologists and rheumatologists, together with
radiologists, cardiologists, thoracic surgeons, and pathologists
is performed in selected cases.

Differential diagnosis of an AE-ILD in the context of
a rheumatic disease includes mainly opportunistic infections,
pulmonary embolism and heart failure. In this context, our
multidisciplinary group actively collaborate in evaluating and
treating these patients [51,60,61,70,116] (see Figure 2).

Management of both idiopathic and RA-related ILD is chal-
lenging. While in IPF the use of antifibrotic agents, nintedanib
and pirfenidone, has been largely validated in various clinical
trials, treatment of RA- or CTD-ILD is debated.

In fact, the therapeutic approach to RA-ILD patients is
complicated by some unresolved matters. First, both conven-
tional and biologic DMARDs have been implicated in the
development of drug-related pulmonary toxicity with conflict-
ing data; secondly, there is no evidence that the lung
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Table 1. Conventional and biologic DMARDs involved in therapeutic research for COVID19 (updated at June 18,2020).

Drugs

Rational

Population/Condition

Trials Status/
RCTs with results
(number)

Chloroquine/

Hydroxycloroquine

Anti-inflammatory and immunomodulatory
effects, both on adaptive and innate
immunity, with inhibition of cytokine,
leukotrienes, prostaglandins, proteases and
oxyradicals production. It also interfers with
lysosomal activity and autophagy, membrane
stability and signaling pathways and
transcriptional activity, which can result in

From
preventative
treatment to
severe forms of
COVID-19,
including
CoVID19-
pneumonia

Recruiting or
Authorized/0
Leflunomide

Cyclosporin a
coronaviruses, including SARS-COV

Tyrosine kinase inhibition, Inhibition of pyrimidine de novo synthesis

Calcineurin inhibitor. It can inhibit the replication of several

modulation of certain costimulatory
molecules and may interfere with viral
infection and replication. Inhibition pH-
dependent steps of the replication of several
viruses, including SARS-CoV infection.
Modulation of glycosylation of cellular
receptors of SARS-CoV

Recruiting or
Authorized/0
Authorized/0

COVID19-pneumonia

Hospitalized COVID19 patients, COVID19-
pneumonia

Tocilizumab Immunosuppressive effect with IL6-inhibition, efficacy in cytokine COVID19, severe COVID19, COVID19-pneumonia Recruiting or
release syndrome Authorized/0
Sarilumab Immunosuppressive effect with IL6-inhibition Moderate-severe COVID19, Hospitalized Authorized/0
COVID19 patients, COVID19-pneumonia
Anakinra Immunosuppressive effect with IL1-inhibition, inhibition of the COVID19, COVID19-pneumonia, Cytokine storm  Authorized/0
inlammasome syndrome in COVID19
Canakinumab Immunosuppressive effect with IL1-inhibition, inhibition of the COVID19-pneumonia Authorized/0

inlammasome
Adalimumab Immunosuppressive effect with TNFalpha-inhibition Severe COVID19-pneumonia Not Recruiting/0
Ixekizumab Immunosuppressive effect with IL17-inhibition. IL17 functions are COVID19-pneumonia Recruiting/0
crucial in different settings of viral infections. For MERS-CoV, SARS-
CoV and SARS-CoV-2, the severity of disease was shown to positively
correlate with levels of IL-17. The excessive production of IL-17 has
been observed in patients with ARDS
Baricitinib Inhibition of JAK/STAT pathway, reduction of proinflammatory COVID19-pneumonia Authorized/0
cytokines, potential inhibition of AP2 associated proteinkinase1
(AAKT1) that SARS-CoV-2 uses to infect lung cells through binding
with ACE2
Ruxolitinib Inhibition of JAK/STAT pathway, reduction of proinflammatory COVID19, severe COVID19, severe COVID19- Recruiting or
cytokines pneumonia, COVID19-ARDS, Cytokine storm Authorized/0
syndrome in COVID19
Jakotinib Inhibition of JAK/STAT pathway, reduction of proinflammatory Severe and acute exacerbation COVID19- Recruiting/0
cytokines pneumonia
involvement could benefit by the treatment of RA. safety and effectiveness of such drugs on ILD the low inci-

Nevertheless, immunosuppressive drugs used in CTD or anti-
fibrotic drugs are not effective on joint involvement of RA,
suggesting that RA-ILD treatment is not the same as treating
RA in patients with concurrent ILD.

For all these reasons, to enhance our knowledge on patho-
genesis of RA-ILD, in particular UIP pattern, could contribute not
only to the development of drugs effective on lung involvement,
but also to increase the safety of DMARD:s effective on arthritis.

TLR4 has been demonstrated to be involved in the induc-
tion of inflammatory damage during acute viral infections and
TLR4 activation has been clearly identified as responsible of
the severity of some viral diseases such as COVID-19 and
might represent the link between viral infection, inflammation
and fibrosis.

In this regard, abatacept has been demonstrated to mod-
ulate the proinflammatory response upon cytokine-activated
T cell and TLR ligand stimulation, including TLR4 and this
mechanism could be, at least partially, explains the good

dence rate of ILD in RA patients treated with abatacept.
Concurrently, the TLR4 modulation could reasonably justify
the safety demonstrated by abatacept in the treatment of RA
patients complicated by ILD. In particular, a very low rate of AE
has been reported in RA-ILD patients treated with abatacept.

AE is one of the main causes of death in patients with
interstitial pneumonia, both idiopathic and secondary to
other conditions, such as CTDs and RA. COVID-19 pneumonia
represents an impressive model of AE of ILD, resembling both
the hyperinflammation, mainly characterized by increase of
effector T cells and inflammatory cytokines, and the activation
of coagulation cascade. Similar to that observed in COVID-19,
early in the development of an IPF-AE, IL-6, and IL-8 peripheral
blood levels are significantly increased, and high value of IL-6
and IL-8 levels are related to a higher risk of death in all IPF
patients. Similarly, D-dimer increase, hypercoagulability and
microembolism have been described in AE and anticoagula-
tion has been evaluated as a possible therapeutic target in IPF.
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Figure 2. Ground-glass areas in COVID-19 pneumonia (Figure 2a) in a patient with ankylosing spondylitis and preexisting fibrosing nonspecific interstitial

pneumonia (Figure 2b).

Therefore, the formidable effort in research on COVID-19
could contribute to the development of novel therapeutic
strategy for AE of both idiopathic and secondary-ILD. Many
therapeutic approaches to patients with COVID-19-related
ARDS have been proposed, such as inhibition of IL-6, the use
of Janus kinases 1-3 inhibitor baricitinib, antithrombotic thera-
pies (Table 1 and supplementary Table 2) and should be
specifically evaluated in randomized clinical trials, rather than
encourage the use of drugs without evidence. All these drugs
could be properly investigated in AE of ILD, in particular in
patients with RA or CTD-ILD, where the involvement of the
immune system and the inflammatory state is more evident.

Although some experience with TLR4 inhibitors in the
treatment of RA have been unsatisfactory, other molecules
are currently under observation. However, since at least
15-20% of patients shows ILD, TLR4 might represent
a possible target not only for the treatment of RA joint invol-
vement, but also for a safe and additional therapy in patients
with ILD.

Finally, specific randomized clinical trials should be con-
ducted on some biologic DMARDs, such as abatacept, tocili-
zumab or baricitinib, both to evaluate the safety on RA-ILD
and the ability in prevention and treatment of AE.
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