N
N

N

HAL

open science

Complications of Adult-Onset Still’s Disease and Their
Management

Stéphane Mitrovic, Bruno Fautrel

» To cite this version:

Stéphane Mitrovic, Bruno Fautrel. = Complications of Adult-Onset Still’s Disease and Their
Management. EXPERT REVIEW OF CLINICAL IMMUNOLOGY, 2018, 14 (5), pp.351-365.

10.1080/1744666X.2018.1465821 . hal-03896064

HAL Id: hal-03896064
https://hal.sorbonne-universite.fr /hal-03896064
Submitted on 30 Jan 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.sorbonne-universite.fr/hal-03896064
https://hal.archives-ouvertes.fr

Complications of adult-onset Still's disease and their management

Stéphane Mitrovic*?, MD, MSc, Bruno FAUTREL34 MD, PhD

Affiliations:

!Department of Rheumatology, Pitié-Salpétriére Hospital, AP-HP, Paris France
Department of Internal Medicine, Institut Mutualiste Montsouris, Paris, France

3Sorbonne Université, Faculté de Médecine et Institut Pierre Louis d’Epidémiologie et Santé
publique, GRC 08, Paris France

*CRI-IMIDIATE, a FCRIN Clinical Research Network network

Corresponding author for submission: Dr Stéphane Mitrovic, Hopital Pitié-Salpétriere,
Service de Rhumatologie, 47-83, boulevard de I'Hopital - 75013 Paris France. Mail:
stephane.mitrovic@yahoo.fr

http://orcid.org/0000-0001-5244-7881

Tel: +33142 17 76 20 Fax: +33 142 17 79 59

Corresponding author: Pr Bruno FAUTREL, Hopital Pitié-Salpétriere, Service de
Rhumatologie, 47-83, boulevard de I'Hopital - 75013 Paris France. Mail:
bruno.fautrel@aphp.fr

https://orcid.org/0000-0001-8845-4274

Tel: +33142 177620  Fax: +33142 177955

Word count: Text (6898), Abstract (180), Tables (5), Figures (2), Supplementary tables (2),
References (139)


mailto:stephane.mitrovic@yahoo.fr
mailto:stephane.mitrovic@aphp.fr
https://orcid.org/0000-0001-8845-4274

Abstract (180 words)

Introduction: Adult-onset Still’s disease (AOSD) is a rare systemic auto-inflammatory
disorder whose management and treatment have considerably progressed over the past decade.

Despite wide use of interleukin (IL)-1 or IL-6 inhibitors, serious complications remain possible.

Areas covered: A comprehensive literature search in MEDLINE via Pubmed was performed
to review AOSD severe and sometimes life-threatening complications: reactive
hemophagocytic lymphohystiocytosis, coagulation disorders, fulminant hepatitis, cardiac or

pulmonary complications and amyloid A amyloidosis.

Expert commentary:

Early recognition and prompt management is essential to significantly decrease morbi-mortality.
The key question is to determine whether the complication is related to the disease itself or
related to or favored by (e.g., infection) the ongoing treatment.

For all severe AOSD-related complications, high-dose corticosteroids and supportive measures
remain the first-line treatment. In case of inadequate response, combination with IL-1 or IL-6
blockers is justified. Cyclosporine A and etoposide remain of interest, especially in case of
reactive hemophagocytic lymphohysitocytosis. Plasma exchange may be useful in case of
thrombotic microangiopathy. In the near future, new biologic or non-biologic drugs targeting
IL-18 or other cytokines or kinases could be of help.

Keywords: adult-onset Still’s disease; reactive hemophagocytic lymphohistiocytosis;
disseminated intravascular coagulation; thrombotic microangioapathy; hepatitis; pericarditis;
pulmonary arterial hypertension; biological agents; interleukin-1 inhibitors; interleukin-6

inhibitor



1. Introduction

Adult-onset Still’s disease (AOSD) is a rare systemic auto-inflammatory disorder
(SAID) that was first described in the early 1970s (1), about a century after the description of
its childhood counterpart, the systemic form of juvenile inflammatory arthritis (sJIA). In most
patients, AOSD is characterized by four cardinal symptoms: spiking fever, an evanescent
salmon-pink maculopapular rash, arthralgia or arthritis and white blood cell count >10,000/mm?,
mainly neutrophilic polymorphonuclear cells (2). Other features are sore throat or pharyngitis,
myalgia, lymphadenopathy, hepatosplenomegaly, serositis, multivisceral involvement and
other hematologic abnormalities (2,3).

The mechanisms underlying AOSD are not completely understood (2-5). The levels of
most proinflammatory cytokines, such as interleukin (IL)-1f3, IL-6, IL-18, tumor necrosis factor
(TNF)-a, and interferon (IFN)-y, have been found elevated during the disease. This “cytokine
storm” is thought to play a pivotal role, along with an excessive activation of innate immunity,
which might be triggered by danger signals (viral, bacterial or other pathogenic organisms), on
a susceptible genetic background (3,5) (Figure 1).

AOSD is heterogeneous in terms of clinical presentation, evolution and severity, which
suggests different pathogenic mechanisms (2,3). Different phenotypes have been suggested,
ranging from very explosive systemic forms to more chronic articular subtypes (4-6) (Figure
2). The prognosis is triple:

Vital: although the disease course is often favorable, especially in Western countries,
where the mortality rate is low (3,7,8), AOSD may present several rare manifestations that can
limit life expectancy (3,9,10). A recent retrospective work identified 26 reported fatalities
among 932 patients with AOSD in 18 cohorts published over 25 years, including at least 14
patients (mortality 2.75%, range 0-9.8%) (10). Hence, physicians should know about these
manifestations, since early recognition and prompt management in a monitored setting can
significantly decrease morbidity and mortality (11). Reactive hemophagocytic
lymphohstiocytosis (RHL) is the most frequent (3,12). Altogether, these complications of
systemic AOSD concern about one third of AOSD patients seen in a tertiary center of internal
medicine (9).

Functional: related to joint damage in chronic articular AOSD, which affects
approximately one-third of patients (2).

latrogenic: although the AOSD prognosis has been greatly improved by biological

therapies (13), the current treatments of AOSD are a source of many complications (2,3) (Table



1). They include well-known corticosteroid-induced complications — infections favored by
immunosuppression, which can be bacterial (pyogenic or tuberculous), parasitic
(pneumocystosis), or viral reactivations (mainly Eipstein Barr virus [EBV] or cytomegalovirus
[CMV]) and may play the role of triggering factors of systemic complications such as RHL
(11,12). Finally, biological agents can be responsible for various intensity hypersensitivity
symptoms, ranging from local reactions to site injections to severe systemic reactions, such as
Drug Rash with Eosinophilia Symptoms (DRESS) syndrome, which can sometimes represent
a differential diagnosis issue with other AOSD complications.

This article reviews the main serious complications of AOSD and their management

and offers new therapeutic perspectives and research agendas.

2. Prognostic factors

A prognosis is difficult to establish during the initial presentation of the disease. The
identified prognostic criteria are heterogeneous and are based on retrospective studies (3,9).
These unfavorable prognostic factors that have been suggested from the analysis of large patient
cohorts should make clinicians aware of a possible negative evolution, because such cases are
more prone to become refractory to treatment over the course of disease. They include rash,
polyarthtitis, root joint arthritis (hips and shoulders), pleuritis, interstitial pneumonia, elevated
ferritin levels, and failure of fever to subside after 3 days of systemic corticosteroid treatment
(9,11,14,15). In 1991, Pouchot et al. described 12 items comprising the main signs and
symptoms of disease that may reflect its activity (8). A retrospective cohort study suggested
that Pouchot’s “systemic score” could predict a poor outcome in AOSD: a score > 7 and the
presence of any complications (RHL, kidney failure or myocarditis) at diagnosis are associated
with mortality (16). However, this score does not predict the occurrence of a complication,

which may occur at any step of the disease and its management.

3. Serious complications

The life prognosis is dominated by the severity of the following visceral involvements,
in isolation or combination, which can lead ultimately to systemic inflammatory response
syndrome (SIRS) and multi-organ failure (17). Importantly, exacerbation of these serious
symptoms has been reported within the first days of initiating treatment, especially biologic
agents (2,11,18). This situation necessitates a close and very careful monitoring of such patients

at the start of treatment.



3.1 Reactive hemophagocytic lymphohistiocytosis

Hemophagocytic lymphohistiocytosis (HLH) is an immune-mediated syndrome that has
previously been given several names, including macrophage activation syndrome, and is
clinically characterized by fever, hepatosplenomegaly, and cytopenia, and the finding of
activated macrophages in hematopoietic organs (12) (Table 2). It is characterized by an
uncontrollable activation of the reticulo-endothelial system within the bone marrow,
reticuloendothelial system and central nervous system, with subsequent phagocytosis of
hematopoetic cells by tissue macrophages (histiocytes) (11). HLH is not specific to AOSD.
Indeed, it has traditionally been classified according to the cause of disease and is divided into
primary (genetic, mainly in children) and secondary (reactive) HLH, which are subclassified as
infectious (viral, bacterial, parasites and fungi), drug-induced, autoimmune or
autoinflammatory, or neoplasia-related (supplementary Table 1), even though nearly one third
of reported cases in adults have more than one underlying cause (12). Although reactive HLH
(RHL) is, overall, a very rare condition, it is not uncommon in AOSD, with an incidence of
12% to 14% in several recent series (9,12,18-22) but is probably more prevalent in patients
with persistent or refractory forms of the disease (5,20-22). Of note, this rate is higher than in
other rheumatic diseases: systemic lupus erythematosus (SLE) is the second systemic disease
that is well associated with RHL, but its prevalence is much lower in this disease (4%) (12).
RHL is one of the most-feared life-threatening complications of AOSD (2,3,11), with a reported
mortality rate ranging from 10% to 20% (11,12).

Strikingly, RHL and AOSD share several common features, including clinical and
biological features, and very similar pathophysiological mechanisms have been described (5).
In both conditions, a defect in granule-mediated cytotoxicity, in perforin and FAS systems in
natural killer cells has been reported, leading to enhanced antigen presentation and repeated
IFN-y—dependent stimulation, and thus uncontrolled activation of macrophages, histiocytes and
T cells as well as “cytokine storm” production (Figure 1). This latter, with a potential
predominant role of IL-18, could be responsible for the development of the main clinical and
laboratory features of both conditions and contribute to tissue damage and progressive systemic
failure (5,12). Hence, most authors suggest that RHL and AOSD could share the same disease
spectrum, with AOSD representing the milder form (5). It is not unusual for a patient to

simultaneously have both diagnoses, and less severe or “subclinical” cases of RHL may not be



diagnosed if they respond to immunosuppressive treatments given for a presumed flare of
AOSD (11,23,24). Importantly, RHL has been described in patients with AOSD under IL-1 and
IL-6 inhibitors (25-27). Whether this complication is directly imputable to the introduction of
those drugs, which might induce an imbalance within the cytokine storm, with an excess of IL-
18 (28-30), or just reflects a more active disease is still controversial (31). Indeed, RHL is a
frequent complication of AOSD, and many patients receive a combination of treatments, so
formally implicating biologics is difficult, especially because these latter agents were usually
prescribed for an underlying refractory AOSD: RHL might have been only the evolution of an
uncontrolled disease. A recent study showed no increased risk of RHL in patients with sJIA
receiving tocilizumab as compared with control patients not treated with tocilizumab (32).
Finally, the immunodeficiency state induced by AOSD treatments may lead to reactivation of
latent viruses or an increased vulnerability to viral or bacterial infections (2,33). These latter
manifestations may act as triggers that can exacerbate the already abnormal immune system

activation.

Although AOSD and RHL share some similarities, they have some important
differences (Table 2). High fever, hepatomegaly and splenomegaly are not specific, although
fever is described as persistent with hemophagocytosis (11,12). Laboratory findings of RHL
include at least one cytopenia, and often bi- or pancytopenia (these cytopenias are key
laboratory markers, and contrast with the hyperleukocytosis and thrombocytosis in AOSD),
high serum levels of ferritin (higher than previously) and low glycosylated ferritin < 20% (2),
hypertriglyceridemia, and elevated liver enzyme levels, while paradoxically demonstrating
normal erythrocyte sedimentation rate (ESR) (or normalization of a previously elevated ESR)
(11,12). Hypofibrinogenemia is one of the most important clues for the diagnosis of RHL
because patients usually have fibrinogen levels due to their underlying inflammatory disease
(11,12). Increased fibrinolysis is most probably due to the uncontrolled activation of
macrophages and plasminogen overproduction (11) and to liver dysfunction (12). Almost 60%
of patients have coagulation disorders, and hypofibrinogenaemia (<441 mmol/L) and increased
D-dimer levels (>54.76 nmol/L) are reported in 50% of adult HLH cases (12). Associated
disseminated intravascular coagulation is reported in 40% of cases in some series and associated
with high mortality rates, especially in patients with severe thrombocytopenia (12).
Hemophagocytosis (a process involving phagocytosis of hematopoietic cells by activated
macrophages) is the key marker of HLH. Bone-marrow aspiration is considered the gold

standard for revealing hemophagocytosis, with positive aspirates identified in 84% of reported



adult cases (12). Bone-marrow biopsy is less effective (64% positivity) but might be useful to
rule out underlying hematological neoplasia. Isolated organ-confined hemophagocytosis also
occurs in lymph nodes, lung, liver, spleen, and skin (12,34-36). However, hemophagocytosis
might be physiologically enhanced in some situations (blood transfusions, infections,
autoimmune diseases, and other causes of bone-marrow failure) and might be absent in the
initial phases of HLH or during dyserythropoiesis. Hence, revealing hemophagocytosis by
bone-marrow aspiration or organ biopsy is not mandatory for a diagnosis of RHL if the clinical

picture is typical.

Therefore, diagnosis of HLH relies on the coexistence of the above-cited clinical,
laboratory, and histopathological findings, although none are pathognomonic alone (12). Many
diagnostic criteria sets for RHL have been proposed for pediatric populations (19,37-41). They
are widely used in adults, even though their sensitivity and specificity remain untested in this
population (12), and they have substantial limitations: the weight of each criterion included in
these scoring systems is unknown, the proposed cutoff values were empirically defined, and
some of the proposed criteria (e.g., natural Killer cell activity, soluble IL-2 receptor level)
cannot be measured in routine practice (42). Therefore, recently, a set of 9 weighted criteria,
called the HScore, was developed and validated for the diagnosis of RHL in adults (42,43).
This score can be used to estimate an individual’s risk of RHL (Table 3).

The management of RHL requires a triple simultaneous approach (12):

e First, support measures are essential because of frequent life-threatening presentation.
Supportive intensive-care guidelines should be similar to standard practice for patients with
similar life-threatening diseases such as SIRS or multiple organ dysfunction syndrome;
however, specific measures should be added. With hyperinflammation, coagulopathy, and
thrombocytopenia, patients with HLH are at high risk of spontaneous bleeding (12); platelet
transfusions, fresh frozen plasma and activated factor VI, or both, might be needed for life-
threatening acute bleeding (44-46). Growth factors such as granulocyte colony stimulating
factor might be used for severe neutropenia, although isolated reports have associated their
administration with exacerbation of HLH (47,48).

e Second, the search for and elimination of an additional trigger (mainly infections: EBV,
CMV, supplementary table 1) is crucial to remove potential stimuli that could have
exacerbated the already abnormal immune system activation.

e Third, suppression of the inflammatory response by immunosuppressive drugs is necessary.



No randomized controlled trial has investigated potential specific treatments for RHL.
Many studies of sJIA or RHL secondary to other pathologies than AOSD have been
conducted but were uncontrolled and retrospective, with few patients included. Likewise,
most studies have investigated drugs at different doses and in various combinations, and
treatment decisions continue to be based on clinical experience, empiric data and expert
opinion (12).

In our opinion, high-dose steroids remain the first-line treatment. With insufficient
response, combination with IL-1 or IL-6 inhibitors should be the second step, as suggested
by recent progresses in pathophysiology knowledge, especially about the central role of
inflammasome activation and the cytokine storm (Figure 1). Several cases of sJIA have
been successfully treated with anakinra, an IL-1 inhibitor, with globally good tolerance,
either alone or with high-dose steroid therapy (49-53). Recent data from a comprehensive
literature review (25), a meta-analysis (54) and an Italian cohort of 140 AOSD patients (55)
suggest that anakinra, but also canakinumab and rilonacept, are globally well tolerated,
although more data are needed. Tocilizumab, a humanized anti-IL6 receptor monoclonal
antibody, was also reported to be efficacious in RHL complicating AOSD (56-60).
However, one should keep in mind that tocilizumab may mask the appearance of RHL
during the course of AOSD (31,61). Indeed, the appearance of leukopenia and/or elevated
liver enzymes can be mistaken for a side effect of tocilizumab, and a decrease in ESR and
lower ferritin levels may be erroneously interpreted as response to treatment but in reality
may signify the beginning of RHL.

In case of insufficient response, switching or combining with etoposide or cyclosporine
A may be an effective option (11).

Other drugs have been proposed, with hazardous efficacy but frequent and often serious
toxicity: methotrexate, mycofenolate mofetil, intravenous immunoglobulins (IVIG), and
plasma exchange. Data from the literature concerning TNF inhibitors are scarce and
contradictory, and for most authors, have no place in the treatment of RHL, because they
might be ineffective or even harmful (11). There are several cases of macrophage activation

syndrome following the use of etanercept for AOSD (11,62).

3.2 Blood coagulation disorders

Disseminated intravascular coagulation (DIC) and thrombotic microangiopathy (TMA) are life-

threatening hemostasis disorders sometimes observed in AOSD. They are classical



complications of cytolytic hepatitis or RHL, although they can occur apart from them. They
can be responsible for severe multi-organ dysfunction and are thus associated with significant
morbidity and mortality.

3.2.1 Disseminated intravascular coagulation

DIC involves abnormal, excessive generation of thrombin and fibrin in the circulating blood
via uninhibited activation of the coagulation cascade and the fibrinolytic pathway. Therefore,

it may cause both bleeding and thromboses (63).

Recently, a Japanese epidemiological study estimated an incidence of 4.9% of DIC during
the course of AOSD (64), but earlier studies reported an incidence of 1% to 3% (9,14,65). This
increase might be due to the more sensitive diagnostic criteria used by Sakata et al., who also
reported a 16% mortality rate in their series (64). DIC can often occur in addition to RHL or
acute hepatitis (2,11,66) and lead to multi-organ failure: acute respiratory distress syndrome
(ARDS) (67,68), pleural effusion (69), myocarditis (53,70), pulmonary embolism,
gastrointestinal bleeding, and central nervous system involvement (71) have been reported.
Severe, rapidly evolving DIC is diagnosed by demonstrating thrombocytopenia, elevated
prothrombin time and activated thromboplastin time, increased levels of plasma D-dimer (or
serum fibrin degradation products), and decreasing plasma fibrinogen level (63) (Table 4).

DIC is a medical emergency, and the patient should be closely monitored in an intensive
care unit.

e Supportive measures include replacement of platelets, coagulation factors (in fresh frozen
plasma), and fibrinogen (in cryoprecipitate) to control severe bleeding (63). Heparin is used
as therapy (or prophylaxis) in patients with slowly evolving DIC who have (or are at risk
of) venous thromboembolism (63).

e Specific treatments should be decided in multidisciplinary rounds and include high-dose
corticosteroids and immunomodulators. High-dose intravenous methylprednisolone pulse
therapy, usually followed by high-dose oral corticosteroid therapy, remains the first-line
therapy (15). Corticosteroids should be combined with IL-1 or IL-6 inhibitors (72,73) or
cyclosporine (74). As for RHL and owing to recent improved knowledge of the AOSD
pathophysiology described previously, many authors suggest that IL-1 inhibitors should be
used first, and several reports have shown that anakinra was efficacious in that indication

(72,75,76) and in cases refractory to cyclosporine A (53). IL-6 inhibition was also found



effective in a patient with AOSD complicated by DIC that was refractory to glucocorticoid
and cyclosporine: tocilizumab led to a rapid response, symptomatic improvement and
corticosteroid sparing (73).

4.2.3 Thrombotic microangiopathy

TMA, also called thrombotic thrombocytopenic purpura (TTP) or Moschcowitz
syndrome, is an acute, fulminant disorder characterized by thrombocytopenia and
microangiopathic (i.e., mechanical) hemolytic anemia and is invariably associated with
substantial morbidity and mortality (11,77,78). Loose strands of platelets and fibrin are
deposited in multiple small vessels and damage passing platelets and red blood cells, thus
causing significant thrombocytopenia and anemia. Platelets are also consumed within multiple
small thrombi. The brain, heart, gastrointestinal tract and kidneys are particularly likely to be
affected (77). A predisposing factor in many patients is congenital or acquired deficiency of the
plasma enzyme ADAMTS13, which cleaves von Willebrand factor (VWF) and thus eliminates

abnormally large VWF multimers that can cause platelet thrombi (77).

The diagnosis should be made as early as possible, because lack of treatment results in
a mortality rate of about 90%, but even with treatment, the mortality rate can be as high as 20%
(12). An early sign that should raise the index of suspicion for TMA is development of acute
vision impairment, because blurred vision related to Purtscher-like retinopathy often precedes
the appearance of TMA (78). Other manifestations of ischemia develop with varying severity
in multiple organs: weakness, confusion, seizures or coma, abdominal pain, nausea, vomiting,
diarrhea, cutaneous gangrene and arrhythmias caused by myocardial damage (78). Diagnosis
requires demonstrating characteristic laboratory test abnormalities, thrombocytopenia and
mechanical hemolytic anemia, evidenced by schistocytes — or schizocytes — on the hemogram,
that cannot be explained otherwise (i.e., excluding other causes, mainly with a negative direct
antiglobulin test and negative HIV serology) (Table 4). Testing for ADAMTS13 should be
done at diagnosis, because its activity and inhibition have been found to be important predictors

of disease outcome and of risk of relapse in overall TMA (79).
The association of AOSD with TMA is rare, and to our knowledge, fewer than 30 cases

have been reported in the English literature (78,80-83). In most cases, TMA occurred during

an AOSD flare, and AOSD treatment was associated with TMA resolution, which argues for a
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pathophysiological link between AOSD and TMA (78). Multiple mechanisms may be involved
in the TMA pathogenesis (decrease of ADAMTS-13 activity, complement regulatory protein
dysfunction, or direct endothelial toxicity due to infections by Shiga toxin-producing
microorganisms) but remain unclear in AOSD-associated TMA. Decreased ADAMTS-13
activity related to autoantibodies has been reported during AOSD (84,85), and the
antiangiogenic and inhibitory effect of high plasmatic levels of I1L-18 on vascular endothelial
growth factor has been hypothesized (78). TMA seems more common in African Americans

than other races and ethnicities (85).

e Supportive treatment in an intensive care unit is central, and the gold standard remains the
combination of plasma exchange and corticosteroids because of the efficacy in randomized
controlled trials of overall thrombotic thrombocytopenic purpura (11). Additional options
could be considered in refractory or relapsing cases, after a decision of multidisciplinary
rounds: IVIG, cyclophosphamide, azathioprine, cyclosporine A, rituximab (11,78). The
efficacy of aspirin and vincristine is uncertain because most reports are retrospective and
associated with plasma exchange. Hemodialysis is often necessary, and splenectomy might
be proposed as a last resort.

e AOSD treatment comes afterward. Reports of AOSD-related TMA treated with biologics
are rare. El Karaoui et al. reported the efficacy of an IL-1 inhibitor (anakinra) in treating an
AOSD-related TMA resistant to plasma exchange, hemodialysis and corticosteroids (78),
and Sumida et al. described a case of multi-drug resistance successfully treated with an IL-
6 inhibitor (tocilizumab) (80).

3.3 Fulminant hepatitis

Liver abnormalities are frequent, mainly a mild to moderate increase in
aminotransferase activity, which occurs in 43% to 76% of patients; hepatomegaly has been
found in 45% of patients (3). However, cases of fulminant and fatal hepatitis have been reported
(86,87), so hepatic impairment is one of the most dangerous life-threatening complications of

AOQOSD that should be known and always screened by the physician.
The pathophysiology of liver involvement is not known. Cytokine production and

sustained macrophage activation have been implicated to play a role in AOSD-related cytolytic

hepatitis (3,5). Several cases of autoimmune hepatitis complicating AOSD have been reported
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(88-90). Liver biopsy, if performed, reveals non-specific portal infiltrates of lymphocytes,
plasma cells and polymorphonuclear cells (2). Hepatocytic lesions or massive necrosis has been
described in fulminant hepatitis with rapidly progressive hepatic insufficiency (2).

Cytolytic hepatitis with hepatic failure might be a spontaneous complication of the
disease, but some authors also mentioned that aspirin, non-steroidal anti-inflammatory drugs or
methotrexate might also contribute to liver damage in AOSD (2,11). Thus, clinicians should
closely monitor liver function from the onset of the disease and particularly after prescription

of potentially hepatotoxic drugs. Self-medication should be avoided.

Patients with acute hepatitis can present no symptoms (incidental discovery on
monitoring liver blood tests) or a protean clinical picture that might associate one or more of
the following signs or symptoms: right abdominal pain, hepatomegaly, loss of appetite, jaundice,

digestive disorders, hemorrhagic syndrome or encephalopathy (11).

Once acute hepatitis is diagnosed, the physician should keep in mind that this is a
medical emergency:

e Severity should be assessed by prothrombin time and liver function tests, and a triggering
factor such as RHL, DIC and/or TMA should always be sought and treated simultaneously
2).

e A differential diagnosis, such as viral hepatitis (which may trigger AOSD (91) or be
reactivated by immunosuppressive treatments) or DRESS syndrome (92), should be ruled
out.

e All potentially hepatotoxic drugs (acetaminophen in particular) should be stopped.

e Patients with acute hepatic failure should ideally receive care in a specialized intensive care
unit and provided supportive treatment, along with high-dose corticosteroids, potentially
combined with immunosuppressive or immunomodulatory treatment. Cyclosporine (93,94),
anakinra (95), and tocilizumab (96) have been found efficacious. However, tocilizumab-
induced hepatic injury has also been reported (97). Liver transplantation might be necessary
in a few exceptional cases (86,87).

3.4 Cardiac complications

Each cardiac complication requires a close monitoring and treatment of the underlying

12



AOSD.

3.4.1 Pericarditis and cardiac tamponade
Pericarditis is commonly described (16%) in most published series and is sometimes
serious, with potential evolution toward tamponade (3). As in other SAIDs and sJIA, recurrent

pericarditis is possible (98).

e High-dose corticosteroids are usually efficacious, but relapse with treatment tapering is
common (2,3,99,100). Thus, many authors suggest systematically combining high-dose
corticosteroids with one or several immunosuppressors (mainly cyclosporine A). However,
the presence of a serositis (pleuritis or pericarditis) might be a red flag in AOSD because it
would be associated with a disease course more resistant to conventional therapy with
corticosteroids and immunosuppressive agents (101). Hence, the current trend would be to
more rapidly use a biologic in those patients. Treatment with anakinra and tocilizumab has
been successful (101,102). However, anti-TNF agents do not seem efficacious in this
indication, although isolated reports of favorable evolution under these therapies have been
described (101).

3.4.2 Myocarditis
Myocarditis is a more rarely reported complication. The exact prevalence is difficult to
define, but in a retrospective series, Gerfaud-Valentin et al. reported 4 cases of myocarditis in
57 patients, estimating a prevalence of 7% in that series (103). From a comprehensive literature
review, the authors collected 20 additional cases of myocarditis-complicated AOSD and
compared the characteristics of those 20 patients with those of AOSD patients without
myocarditis. Myocarditis occurred early (during the first year of the disease course in 80% of
cases) and was present at AOSD onset in 54% of cases. Patients with myocarditis-complicated
AOSD were younger (mean age at myocarditis onset 29 years [range, 16-57]) and more
frequently male (75%). Pericarditis was often associated. Although potentially life-threatening,
myocarditis during AOSD seems to have a good prognosis (only one death occurred in the
previous series), and responds positively to steroids and other inflammatory drugs.
¢ In the Gerfaud-Valentin et al. series, steroids alone were effective in 50% of patients with
myocarditis. IVIG, methotrexate, and TNF-a blockers were also prescribed and often found
effective, as was anakinra. Cases associated with DIC (104) or RHL have been reported,

with good response to anakinra in the latter (53).
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3.4.3 Endocarditis
Exceptional cases of endocarditis complicating the AOSD course have been reported
(105,106).

3.4 Pulmonary arterial hypertension

Pulmonary hypertension (PH) is a severe, rare lung disease characterized by high blood
pressure in the pulmonary arteries, which can lead to potential right heart failure. According to
the World Health Organization (WHO), PH is defined by a mean pulmonary artery pressure >
25 mmHg at rest, measured during right heart catheterization (107,108) (Table 5). The WHO
clinical classification of PH is intended to categorize multiple clinical conditions into five
groups according to their similar clinical presentation, pathological findings, hemodynamic
characteristics and treatment strategies (108) (Table 5 and Supplementary Table 2). The term
pulmonary arterial hypertension (PAH) refers to a subpopulation of patients with PH
characterized hemodynamically by the presence of pre-capillary PH including an end-
expiratory pulmonary artery wedge pressure (PAWP) < 15 mmHg and a pulmonary vascular
resistance > 3 Wood Units. It is highly associated with connective tissue disease (CTD), mainly
systemic sclerosis and systemic lupus erythematosus (109). In contrast, post-capillary PH is
defined by a PAWP >15 mm Hg and is mainly found in left-heart diseases.

PAH is a very rare complication of AOSD, but its prevalence is probably under-
estimated because only symptomatic case reports have been documented (11). To our
knowledge, 15 cases have been reported (110-123). Age of onset ranged from 18 to 41 years
old. A female predominance was reported (14 females to 1 male). Onset from PAH ranged from
0 to 108 months after AOSD diagnosis, with a median of 24 months. PAH may be a life-
threatening complication, because death was reported in about 40% of these cases. However,
authors may have preferentially published fatal cases, therefore introducing a bias in the
prognosis (113). The key symptom is dyspnea, which is often progressive, but more acute onset
has been reported (112). Fatigue, dizziness, syncope and chest pain are also possible. Ultimately,
clinical signs of right heart failure and syncope may appear and are predictors of the poorest
outcome (107,108). ARDS has been described (116). The electrocardiogram might show signs
of right atrium hypertrophy. Echocardiography is useful for estimating left ventricle ejection
fraction (differential diagnosis), potential enlargement of the right ventricle and atrium,

searching for an associated pericardial effusion. Furthermore, PH will be highly suspected with
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elevated systolic pulmonary artery pressure (SPAP) > 35 mmHg on the echocardiogram.
However, formal diagnosis of PH is hemodynamic and requires right heart catheterization
(107,108) (Table 5). High-resolution CT is helpful for etiologic and differential diagnosis,
especially searching for thromboembolic disease and interstitial involvement (116). Although
diffusion capacity can be normal in PAH, most patients have decreased diffusing capacity of
the lungs for carbon monoxide (DLCO). An abnormal low DLCO, defined as <45% of
predicted, is associated with poor outcome (108). Importantly, associated RHL should always
be searched (117).

The exact pathophysiology of PAH during AOSD remains unknown. However, it is now
widely accepted that altered immune mechanisms play a significant role in idiopathic PAH
(iPAH) and CTD-associated PAH (CTD-PAH), by recruiting inflammatory cells, remodeling
the pulmonary vasculature, and promoting autoimmune responses (109). Furthermore, levels
of IL-1B, IL-6, IL-18 and TNF-a (i.e., the usual suspects participating in the AOSD “cytokine
storm”) are also increased in iPAH and CTD-PAH. Pulmonary microangiopathy, especially
with TMA, could also participate in the pathogenesis of PAH with AOSD, as well as veno-
occlusive disease and formation of microthrombi (113,116,120). Further studies are needed to
properly characterize the pathogenesis in order to clarify PAH during the AOSD course in the
PH WHO clinical classification system. Similarities with iPAH and CTD-PAH could lead to
classification of AOSD PAH as group 1, although the association of PH with interstitial
pneumonia during AOSD has been reported, so determining the appropriate classification
(group 1 or 3) is challenging (117).

Early diagnosis and initiation of a disease-specific treatment algorithm is essential,

because it might improve survival in these patients (11).

e The patients should be closely monitored and referred to a PH reference centre and
multidisciplinary rounds to define the appropriate therapeutic strategy (108). This strategy
should combine vasodilator and immunosuppressive therapy.

e Besides calcium channel blockers, endothelin receptor antagonists, phosphodiesterase-5
inhibitors (and other guanylate cyclase stimulators), and prostacyclin analogues are
advanced vasodilator therapies that have been found to improve pulmonary hemodynamics
and functional status in patients with iPAH and CTD-PAH (107,108).
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e High-dose steroids associated with various immunomodulating agents — methotrexate,
azathioprine, cyclophosphamide, cyclosporine, and rituximab — have been found
efficacious (116). Recent data on the central role of IL-1 and I1L-6 led to the use of specific
blocking agents. Anakinra was efficacious (in combination with vasodilators and
corticosteroids, and either azathioprine or cyclosporine) in two case reports (one case also
had RHL) (110,117). Failure was reported in one patient (121), and 3 patients (one died)
showed worsening after its introduction (114,118,123). However, with the critical and
unstable nature of this complication, drawing robust conclusions about the specific anakinra
role in these unfavorable evolutions is difficult. Only one case of PAH improvement after
tocilizumab has been reported (114). Cyclosporine combined with sildenafil resulted in
clinical and hemodynamic improvement with long-term survival 15 years after an initial
presentation of AOSD (121).

3.5 Pulmonary complications

3.5.1 Pleuritis
Pleuritis is the most frequent lung involvement; it was mentioned in 10% to 50% of the main

retrospective AOSD series (3).

3.5.2 Interstitial lung disease
The number of cases reported in the literature of interstitial lung disease (ILD)-associated
AOSD is small, and to our knowledge, only about 30 cases have been reported in the English
literature. Recently, Gerfaud-Valentin et al. reported 3 cases out of 57 in a retrospective cohort
and then reviewed all available literature cases, estimating that a specific ILD may occur in
about 5% of AOSD cases (124). ILD in AOSD can be divided into two major categories: one
with ARDS, which occurs in 40% of patients, and another without ARDS (60%).

In the Gerfaud-Valentin et al. study, ARDS occurred only in the systemic pattern of the
disease and was an early complication of AOSD, because it mainly occurred within the first
year after diagnosis (124). It was severe in most cases, and the complications associated with
AOSD were frequent (67% experienced at least one complication, mainly SIRS, multiple organ
failure and DIC). Finally, the occurrence of ARDS should suggest an associated RHL, because

it was responsible for all AOSD+ILD-associated deaths in this study.
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Non-ARDS ILD in AOSD occurred mainly during systemic AOSD, although it was also
rarely reported during AOSD chronic joint involvement but at any time during the course of
the disease. The most frequent respiratory symptoms in patients with non-ARDS ILD were
cough, dyspnea and chest pain.

The main high-resolution CT patterns were non-specific interstitial, pneumonia,
organizing pneumonia, and unclassified ILD. Pulmonary function tests were occasionally
performed, but when done they showed restrictive lung function or isolated decreased DLCO;
occasionally, pulmonary function tests revealed an obstructive pattern. Similarly,
bronchoalveolar lavage (BAL) analyses were rarely available, and the differential cell count

usually had a neutrophilic profile, non-specific for ILD-associated AOSD.

For ILD occurring during AOSD, other differential diagnoses should be ruled out,
mainly infections (sputum culture, BAL fluid analysis, blood culture, serology, antibiotic
treatment failure), cardiogenic causes (brain natriuretic peptide dosage, transthoracic
ultrasonography), connective tissue and other systemic diseases (immunology), toxic or
iatrogenic causes (with special attention to methotrexate and tobacco) (124). Physicians should
also be cautious to rule out cancer, because AOSD-like paraneoplastic syndromes have been
described (125).

In most of non-ARDS AOSD-associated ILD cases, corticosteroids are efficient and the
outcome is favorable. Hence, corticosteroids should be considered the first-line treatment, and
data from Gerfaud-Valentin et al. do not support the systematic combination with DMARDs
such as methotrexate, cyclosporine A, cyclophosphamide or IVIG (124). Most cases of ARDS
AOSD-associated ILD also responded well to corticosteroids as first-line treatment. However,
in case of corticosteroid failure, physicians should systematically search for an underlying RHL
and/or other systemic complications such as SIRS, multiorgan failure, DIC and/or TMA.
Identifying these entities should be a key element in ARDS control, because this speeds
switching the treatment to biological agents (potentially combined with cyclosporine or
etoposide in case of RHL) (124). In a recent case series, 3 of 7 patients with RHL in AOSD had

lung involvement. Two received anakinra, with a favorable outcome (126).
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3.5.3. Aseptic empyema and diffuse alveolar hemorrhage
Finally, other rarer pulmonary complications of AOSD such as aseptic empyema and
diffuse alveolar hemorrhage have been anecdotally reported (127,128). Both complications

responded well to high-dose corticosteroid therapy.

3.8 Amyloid A (AA) amyloidosis

As in other SAIDs, AA amyloidosis is becoming extremely rare but remains possible in
cases of chronic uncontrolled inflammation and in long-standing refractory chronic articular
AOSD. The main fear is renal impairment, although digestive localization has been reported
(7,129-132). Early diagnosis and treatment are essential, although no strategy is clearly
codified. The combination of prednisone, colchicine and cyclophosphamide could be
efficacious (131).

4. Conclusion

Although its prognosis is generally favorable in Western countries, AOSD is a rare SAID that
may be infrequently associated with significant morbidity and life-threatening manifestations.
In the literature, deaths were due to overwhelming infections, ARDS, or multiple organ failure
during RHL, DIC, TMA or involvement of the central nervous system (3). Clinicians should be
aware of those complications, because early recognition and prompt management in a
monitored setting can significantly decrease morbidity and mortality (11). Treatment of life-
threatening complications should include both supportive measures and immunomodulatory

drugs to control the underlying systemic inflammation.

5. Expert Commentary:

Progress in pathogenesis knowledge of AOSD led most authors to consider the disease
as an SAID. Indeed, AOSD shares several features with auto-inflammatory diseases: clinical
manifestations (fever, skin involvement, serositis and arthritis), absence of autoantibodies
and/or auto-antigen—specific T cells (the hypothesis of an autoimmune disorder in AOSD is
very unlikely), and a striking clinical response to IL-blocking strategies (especially IL-1p) (3).
Likewise, AOSD treatment has considerably progressed over the past decade, and a remission
is possible in a large number of patients. Nevertheless, serious complications remain possible,

before or during treatment.
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The key question for the physician managing AOSD complications is to define whether
the latter are related to an overwhelming underlying AOSD disease, uncontrolled despite the
treatment, or to a triggering factor, mainly an infection and especially a viral reactivation,
potentially favored by the treatment, or to a direct adverse event of the drug. As for AOSD
diagnosis, which implies first ruling out a large list of differential diagnoses, the etiologic
diagnosis with a complication requires a cautious and exhaustive assessment. As an example,
DRESS syndrome can mimic multi-organ failure over the AOSD course (92). Of note, viral
reactivation (of EBV, CMV, human herpes virus-6 or -7) and a CD8+ T-lymphocyte
dysfunction has also been described in this syndrome (133).

Owing to the rarity of the disease and the absence of a randomized controlled trial,
treatment decisions continue to be based on empiric data and expert opinion. High-dose
corticosteroids, along with supportive measures, remain the first-line treatment for all serious
and life-threatening complications, because their effects are wide and quite constant in an
emergency context. In case of insufficient response (or from the outset if the clinical picture is
severe), combination with a biological agent (IL-1 or IL-6 inhibitor) becomes the preferred
option. Considering the central position of inflammasome and caspase pathway activation in
SAID pathogenesis (Figure 1), our expert perception is that IL-1 inhibitors are of great interest
and should perhaps be prioritized, because IL-1 (and IL-18) act upstream of IL-6 in the
inflammatory cytokine cascade (5). Another argument for trying IL-1 inhibitors first is their
short half-life, so they are easier to use (once daily), and can be stopped in case of
ineffectiveness or side effects. The future will probably help to define whether an actual
difference in effectiveness exists between IL-1 and IL-6 inhibitors but also among IL-1
inhibitors. Whether all of the latter have the same efficacy and safety is still unclear, because
anakinra and rilonacept (not available in Europe) neutralize both IL-1a. and IL-1p activity,
whereas canakinumab is specific only for IL-1p (25). Canakinumab, whose use is easy for
patients because of only monthly injections — versus daily for anakinra — due to its long half-

life, is probably not optimal in emergency situations (in addition to its extremely high cost).

The use of TNF inhibitors is disappointing, because most patients achieve only partial
remission and the retention rates are lower than with IL-1 and IL-6 inhibitors (134). They are
currently regarded as third-line drugs, preferentially in patients with chronic arthritis.

Cyclosporine A and etoposide remain of interest, especially with RHL. Plasma exchange may
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be useful for TMA. Methotrexate might prevent articular complications, but no data support its
use in life-threatening complications. Although their efficacy has been sometimes reported in
systemic manifestations, other conventional drugs (such as IVIG, cyclophosphamide,
azathioprine or mycophenolate mofetil) have a limited place because of their potential toxicity
and hazardous efficacy. Rituximab does not seem a logical option, regarding the current
knowledge of pathogenesis, and the absence of autoantibodies in AOSD. Indeed, its
effectiveness was reported in isolated reports, but it was almost always combined with other

drugs.

AOSD remains a complex and probably heterogeneous disease. Its complications are
always difficult to forecast, so such patients must be cared for in reference centers for rare
diseases, which are now connected internationally within the European Reference Network for
European Network on Rare Immunodeficiency, auToinflammatory and Autoimmune diseases
(ERN RITA, http://rita.ern-net.eu/)

6. Five-year view

There is a crucial need for better understanding of AOSD pathogenesis and probably for
its disentanglement in several more specific entities in terms of mechanisms, clinical expression
or evolution. Prospective disease-specific cohorts and international collaborative registries are
thus required to:

- better stratify the different phenotypes;

- define the clinical relevance of several biomarkers for diagnosis, disease evolution
prediction, disease activity assessment, prediction of flares and prognosis that have been
recently identified (such as S100 proteins or soluble CD163) (135);

- and to better assess the risk of complications as well as better understand and
characterize them. Indeed, the weight of each cytokine inside the “cytokine storm” does not
seem the same and that an imbalance in the distinct cytokine pathways may be responsible for
the pathogenesis of the different phenotypes. Hence, systemic phenotypes have been reported
to present higher plasma levels of IL-1 and IL-18, whereas a dominant IL-6 cytokine profile
pattern has been found in patients with chronic articular disease (6,136,137). Furthermore,
blocking a selective cytokine may induce a greater imbalance within the cytokine storm, which
could be responsible for some complications observed under IL-inhibitor treatment. Thus, it

has been hypothesized that RHL under IL-1 or IL-6 inhibitor therapy could be related to excess
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IL-18 level (30). Hence, a map of the cytokine profile of each complication of AOSD is needed
to drive the targeted therapy choices and develop more robust treatment sequences or
algorithms.

The future will probably point to the place of 1L-18 blockade because a recombinant
human IL-18 binding protein (IL-18BP or Tadekinig alpha) is currently under investigation.
This drug was tested in healthy volunteers, psoriasis and rheumatoid arthritis patients in phase
| studies and demonstrated good safety and tolerability profile with only mild adverse events at
the injection site. Because of the postulated role of IL-18 in the pathogenesis of AOSD,
investigating the effects of Tadekinig alpha in this condition was a logical step. Recently, a first
open-label, dose-finding phase 2 study in AOSD involving multiple centers in Europe was
designed to capture safety information as the primary outcome. Tadekinig alfa appears to have
a favorable safety profile and is associated with early signs of efficacy in patients with AOSD
(138). This new drug could be of great importance, considering the central role of 1L-18 in the
pathogenesis of severe life-threatening complications such as RHL or acute hepatitis (5,12,139).

Better understanding of the AOSD pathogenesis and the contribution of translation
research would probably help to define new treatment targets and lead to the development of
new therapies. Modulation of IFN-y and IL-17 pathways will probably be explored in the near
future (3,5).

Key issues

e The prognosis of AOSD s triple: vital (related to the severity of the visceral
complications and multi-organ failure), functional (mainly linked with the potential
articular destruction) and iatrogenic (mainly corticosteroid-induced complications and
infections).

e The key question with a complication is to define whether it is related to uncontrolled
AOSD itself or to an environmental triggering factor, such as an infection — either de
novo or a reactivation — potentially favored by the treatment.

e RHL is the most frequent life-threatening complication of AOSD. It is a medical
emergency that should be suspected with one or more cytopenias, normal (or

normalized) ESR and hypofibrinogenemia. It can be associated with DIC and TMA.
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e Liver involvement is frequent during AOSD but can be serious with acute cytolitic
hepatitis. Liver function tests should be closely monitored, especially with methotrexate
or NSAID prescription and auto-medication avoided.

e Other life-threatening complications include pulmonary and cardiac complications. All
can all lead to multi-organ dysfunction, SIRS and death, and therefore require
supportive measures.

e High-dose corticosteroids remain the first-line treatment for all life-threatening
complications. This initial treatment needs to be rapidly complemented by more specific
AOSD treatments such as IL-1 or IL-6 inhibitors. Targeting the inflammasome pathway,
hence IL-1B3, seems more specific regarding the AOSD pathogenesis and should be

prioritized. Trials with an IL-18BP are ongoing and seem promising.
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