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Abstract

Polyserositis is an inflammatory condition involving different serosal membranes at the same time,
specifically the pericardium, pleura, and peritoneum with transudate in the respective cavities.
Treatment with non-steroidal anti-inflammatory drugs (NSAIDs), colchicine and glucocorticoids may
be effective in patients with polyserositis, but relapses often occur when these drugs are tapered or
discontinued. The interleukin (IL)-1 receptor antagonist anakinra has shown a beneficial effect in
idiopathic recurrent pericarditis deriving from IL-1 blockade, mostly in unresponsive patients who
develop steroid dependence and/or colchicine resistance. To date, there are no data suggesting the
best therapy for managing acute episodes and/or relapses of polyserositis. On this basis, we performed
a retrospective study aimed at evaluating the effectiveness and safety profile of anakinra in treating
patients with refractory polyserositis.

Patients with idiopathic polyserositis or rheumatic diseases presenting inflammation of 2 or more
serous membranes were included. Serositis had to be confirmed by imaging tests comprising either
echocardiography, abdominal ultrasound, chest or abdomen computed tomography and/or chest x-
ray scan. We included patients with polyserositis who started anakinra from January 2011 to January
2019 due to a poorly controlled disease despite treatment with NSAIDs, conventional
immunosuppressant drugs, or the need to minimize oral corticosteroids intake. Erythrocyte
sedimentation rate (ESR) and C reactive protein (CRP), as well as eventual imaging tests to monitor
serositis, were recorded at baseline and either at 3, 6 and 12-month follow-up. Patients with neoplastic
and infectious diseases were excluded from the analysis.

Forty-five patients with recurrent polyserositis (mean age of 43.2 + 15.8 years and mean disease
duration of 23.1 + 28 years) were analysed. Polyserositis was idiopathic in 26 (57.8%) patients.
Combination treatment with colchicine and NSAIDs at anakinra baseline was administered in 38/45
(84.4%) and 37/45 (82.2%) patients, respectively. After starting anakinra, most patients experienced
a resolution of serositis with a dramatic decrease in ESR and CRP (p <0.0001, for both) already at 3

months, furthermore the same beneficial effect was observed up to 12 months. No relapse was seen



at 3 months, whereas the median number of relapses at 6 and 12 months was 0 (0-1). Glucocorticoids
were discontinued in 22/45 patients (48.9%) already after 3 months (p=0.0006). After 12 months
32/37 (86.5%) patients were steroid-free. Similarly, NSAIDs use significantly was decreased at 3
months (7/45 patients 15.6%, p<0.0001), whereas at 12-month follow-up no patient was on NSAIDs.
Urticarial rashes at anakinra injection site occurring in 3 patients were the most common adverse
events.

Anakinra appeared to be a safe and useful therapeutic choice for patients refractory to optimal anti-
inflammatory therapy (NSAIDs, colchicine and corticosteroids), allowing not only a dramatic
reduction of recurrences but also of corticosteroids employment. Anakinra was effective both in the
idiopathic forms of polyserositis and in those with an underlying rheumatic disease, suggesting a

common pathogenetic pathway leading to serositis onset.

Introduction

Polyserositis is an inflammatory condition involving different serosal membranes at the same time,
specifically the pericardium, pleura, and peritoneum with transudate in the respective cavities [1].
This inflammatory disorder usually has a benign course but may become recurrent or even chronic if
not adequately treated [2]. Different causes have been claimed to explain the etiology of polyserositis,
with most of them including autoimmune, autoinflammatory, infectious and neoplastic diseases [3].
In this regard, it is well-known that several autoimmune diseases such as systemic lupus
erythematosus (SLE) may have a high prevalence of serosa involvement, especially pericarditis which
can occur in up to 50% of SLE patients [4]. Serositis may also arise as extra-articular manifestation
of rheumatoid arthritis (RA) [5] and can be variably found in other autoimmune diseases such as
systemic sclerosis (SSc) and [6] Sjogren syndrome (SS) [7]. Serosal involvement has also been
demonstrated in different autoinflammatory diseases, a heterogeneous group of disorders marked by
overexpression of several pro-inflammatory cytokines, especially IL-1, which plays a dominant role

in driving the clinical manifestations of such diseases [8]. Polyserositis, mainly pericarditis, may be



the starting manifestation for patients with tumor necrosis factor receptor-associated periodic
syndrome (TRAPS) and familial Mediterranean fever (FMF) [9]. Regarding the infectious etiology
of serositis, up to 25% of patients with Mycobacterium tuberculosis infection may present
extrapulmonary involvement in the form of tuberculous pericarditis and pleural or peritoneal
tuberculosis [10]. In addition, the occurrence of effusion in the serosal cavities is a frequent event in
the clinical setting of cancer involving the pleural or peritoneal and, less often, the pericardial space
[11]. However, a non-negligible percentage of cases can be defined as idiopathic polyserositis (IP),
reflecting our uneasiness in disclosing the intimate mechanisms of such disorder [12]. The similitude
of such cases with some clinical features of autoinflammatory diseases, namely serositis, high fever
and increased inflammatory markers, suggests an analogous inflammasome-mediated pathogenesis
[13]. More in detail, it is believed that some microbial agents, generally viruses, or their antigens,
might lead to dysregulation of the inflammasome, a large intracellular multiprotein platform with a
central role in innate immunity, promoting the production of large amounts of pro-inflammatory
cytokines, especially IL-1[14]. No specific therapies for handling polyserositis exist; therefore its
treatment has been borrowed from that adopted to manage recurrent pericarditis (RP) [15]. In this
regard, treatment with non-steroidal anti-inflammatory drugs (NSAIDs) and colchicine are the gold-
standard therapies for treating RP, and they may be also employed for managing polyserositis.
However, these drugs often fail in blocking inflammation [16]. Systemic glucocorticoids may also
work in patients refractory to NSAIDs and colchicine, but disease relapses may occur when they are
tapered [17]. Moreover, corticosteroids may cause severe long-term side effects such as diabetes and
osteoporosis [18]. Growing experience with the short-acting IL-1 receptor antagonist anakinra has
shown the beneficial approach in RP deriving from IL-1 blockade, mostly in unresponsive patients
who develop steroid dependence and/or colchicine resistance [19]. Since there are no data suggesting
the best therapy for treating acute episodes and/or relapses of polyserositis, we performed a
retrospective multicenter study aimed at evaluating the effectiveness and safety profile of anakinra in

managing patients with polyserositis.



Methods

We carried out a retrospective study to investigate whether treatment with anakinra had a beneficial
effect in Caucasian adult patients with polyserositis. Patients were followed in four specialized
Rheumatologic Centers and two Internal Medicine Units in Italy (Bari, Cagliari, Firenze, L’Aquila,
Milano, Siena) from January 2011 to January 2019. We included patients with a diagnosis of IP or
systemic rheumatic diseases presenting inflammation of 2 or more serous membranes (pericarditis,
pleuritis and/or peritonitis with effusion). Serositis had to be confirmed by imaging tests including
either echocardiography, abdominal ultrasound, chest or abdomen computed tomography and/or
chest x-ray scan. Retrieved data encompassing gender, ethnicity, etiology of polyserositis,
comorbidities, body mass index, disease duration, number of relapses in the 3 months before anakinra
starting and ongoing medications on anakinra were collected. Included patients had a poorly
controlled disease despite treatment with NSAIDs, conventional immunosuppressant drugs, or the
need to minimize oral corticosteroids intake. For patients in whom an autoimmune disease was
suspected, rheumatoid factor test, anti-cyclic citrullinated peptide antibodies, anti-nuclear antibodies,
anti-extractable nuclear antigens, as well as anti-dsDNA antibodies were carried out, whereas
tuberculin skin test or QuantiFERON-TB assay, human immunodeficiency virus serology and blood
cultures were performed to rule out infectious diseases. If the clinical history and physical
examination suggested the presence of malignancy, appropriate additional tests were also evaluated.
Clinical assessment and routine laboratory tests including complete blood count, kidney liver
function, erythrocyte sedimentation rate (ESR) and C reactive protein (CRP), as well as eventual
imaging tests were carried out at baseline and either at 3, 6 and 12 months or when required during
the time span of study. ESR was considered increased if > 25 mm/h, whereas CRP when > 5 mg/L.
Patients with clinical features suggestive for monogenic autoinflammatory diseases were tested for
mutations in the MEFV and TNFRSF1A genes involved in FMF and TRAPS, respectively. The study
was approved and reviewed by the local Ethical Committee (GISEA registry, IRB approval number

DG-624, ClinicalTrial.Gov NCT01543594 - AOUB, Azienda Ospedaliera Universitaria di Bari) and



was conducted according to the declaration of Helsinki. Moreover off-label use of anakinra was
authorized by each hospital involved in this study. All patients provided a written informed consent.
To test differences among variables at different follow-up periods Student’s t-test for matched pairs,
Wilcoxon matched pairs signed rank-test or McNemar’s test were used as appropriate. Statistical
significance was considered for a=0.05. Stata 16 (StataCorp, Texas, USA) was used for statistical

analysis.

Results

Twenty-three women and twenty-two men (mean age 43.2 + 15.8 years) with a disease duration of
23.1 + 28 years were followed for 12 months while they received anakinra treatment (Table 1).
Twenty-six (57.7%) subjects were diagnosed as IP, whereas an underlying systemic rheumatic
disease was found in the remaining 19 (42%) patients. Among the latter, 9 (20%) patients suffered
from monogenic autoinflammatory diseases: 5 of them were diagnosed with TRAPS and the other 4
had FMF. Moreover, AOSD was found in 4 patients and SLE in 2. The remaining 3 patients were
affected with Behget’s diseases (BD) [1 patient], SSc (1 patient) and undifferentiated connective
tissue disease (1 patient) (Figure 1). Over time, all the patients had received treatment with systemic
glucocorticoids (up to 50 mg/daily), NSAIDs (ibuprofen 600 mg three times a day or indomethacin
from 25 to 50 mg three times a day) and colchicine (up to 2 mg/daily) (data not shown). Other
treatments such as methotrexate were employed in 5 patients: 4 with AOSD and 1 with RA,
respectively. Data up to 12 months were available for 37/45 patients. Combination treatment with
colchicine and NSAIDs at anakinra baseline was administered in 38/45 (84.4%) and 37/45 (82.2%)
patients, respectively. All patients except 6 (13.3%) took oral glucocorticoid therapy at baseline. More
in detail, prednisone > 25 mg/daily were employed in 18 (40%) patients, dosage from 7.5 mg to 25
mg/daily was given to 16 (36.6%) subjects and only 5 (11%) patients underwent prednisone < 7.5
mg/daily (Table 1; Figure 3). After starting anakinra, inflammatory markers, including ESR and CRP,

dramatically dropped to normal levels in the first 3 months of treatment (p <0.0001) and were normal



up to 12 months (Figure 2). Only 1 patient with SLE and another one with IP continued to have an
increase in CRP at 3 and 12-month follow-up, respectively (Table 2). However, no relapse was seen
at 3 months, instead the median number (interquartile range) of relapses at 6 and 12 months was 0 (0-
1) (Table 2). Of note, glucocorticoids were discontinued in 22/45 patients (48.9%) already at 3 months
(p=0.0006). At 12 months 32/37 (86.5%) patients were steroid-free, whereas only 5 (13.5%) patients
took prednisone (< 7.5 mg/daily) yet (Figure 3). Similarly, at 3 months 7/45 (15.6%) patients
underwent NSAIDs, whereas at 12 months no patient was on treatment with these drugs (Figure 4).
Regarding conventional treatments, 29/45 (64.4%) patients took still colchicine at 3 months, whereas
28/43 (51.4%) and 19/37 (51.4%) continued to be on colchicine at 6 and 12 months, respectively
(Figure 4). Most patients experienced a resolution of serositis already at 3 months, with a beneficial
effect lasting up to 12 months. However, at 3 months, pericarditis was still present in 3 patients (2 IP
and 1 SSc), pleuritis in 3 subjects with IP as well as ascitis in one IP. Moreover, pericarditis and
pleuritis were found each in 2 different IP, whereas ascitis in 2 IP at 6 months. Finally, at 12 months
3 IP had still pericarditis and one IP pleuritis. None of them had ascitis (Table 1). Anakinra was not
tapered throughout the whole observation period. No difference about the response to treatment
among patients after stratification according to age, gender and aetiology of IP was seen. Among
adverse events, urticarial rashes at anakinra injection site were seen in 3 patients, whereas 1 patient
experienced uncomplicated respiratory infection. One discontinuation due to the occurrence of
macrophage activation syndrome in a patient with AOSD after 6 months of anakinra was recorded as

well.

Discussion

Polyserositis is not uncommon clinical entity and is often related to different rheumatological diseases
[3]. Dysregulation of either adaptive and innate immune responses together with unidentified
tissue/organ milieus may promote the activation of one or the other immune system, leading to disease

onset [13]. In our study we found that more than half of patients was diagnosed as idiopathic form,



mirroring our awkwardness in unveiling the authentic pathogenic mechanism of this disorder. The
main findings of this study are that anakinra dramatically reduced flares of polyserositis allowing a
steroid sparing effect. This remark is mainly significant because side effects from corticosteroids can
be severe and affect up to 25% of chronically treated patients [20]. Although anakinra has been
successfully used in the treatment of RA and several monogenic and polygenic autoinflammatory
diseases, our results support the hypothesis that IL-1 may play a critical role in the pathogenesis of
polyserositis, irrespective of the underlying rheumatic disease. In this regard we found that 5 (11%)
patients had an autoimmune disease and 2 of them were diagnosed as SLE. Serositis in SLE,
especially recurrent pericarditis, has a prevalence ranging from 11 to 50% [21]. Findings of high
neutrophil count in the pericardial effusion of SLE patients [22] may suggest an involvement of I1L-1
as the driver of inflammation in SLE serositis [23]. Of note, neutrophils are critical at the site of
inflammation for the recruitment of macrophages producing large amount of IL-1f and TNF-a. [24]
which set back neutrophil apoptosis and consequently further spread inflammation [25]. Moreover
IL-1 has been found to be increased in glomerulonephritis and in the serum and cerebrospinal fluid
of SLE patients with central nervous system involvement, corroborating that IL-1 might be a
therapeutic target in SLE [26]. We also found that 30% of patients included in our study was affected
by monogenic (TRAPS and FMF) and polygenic (BD, AOSD) autoinflammatory diseases. Mostly
FMF and TRAPS can be marked by the recurrence of serositis combined with fever and other clinical
features which show a dramatic response to IL-1 blocking [9]. FMF also known as “periodic
peritonitis” or “familial paroxysmal polyserositis”, is the most common of all periodic fever
syndromes [27]. Peritonitis occurs in almost 90% of the patients during their disease course [28],
whereas about half of patients may complain chest pain due to pleural involvement, usually unilateral
[29]. Moreover, pleuritis may arise simultaneously with peritonitis and rarely with pericarditis, which
commonly appears late in the course of the disease [30]. A significant improvement of abdominal
and chest inflammatory attacks has been reported in colchicine-resistant FMF subjects who

underwent anakinra, suggesting the pivotal role of IL-1 in such patients [31]. Similarly, polyserositis



in the form of pericarditis and pleuritis may be clinical hallmarks of TRAPS, especially in patients
with adult-onset disease [32]. Anakinra has been shown to be useful in TRAPS leading to
improvement of symptoms and inflammatory parameters, even when employed on-demand [33, 34].
Pericarditis and pleurisy may also be found in up to 38% and 53%, respectively of patients with
AOSD [35]. Data from the literature showed that in most patients, both clinical features and
laboratory parameters resolved within a few days with anakinra, albeit a quicker action in controlling
inflammation may be seen when this agent is employed as soon as after AOSD onset [36]. In our
cohort, IP presented the same clinical phenotype of autoinflammatory diseases, marked by serositis,
fever and a remarkable increase in inflammatory parameters. Most patients showed prompt resolution
of symptoms with anakinra, thus advocating an underlying involvement of innate immunity. At 12-
month follow-up, pleuritis and pericarditis were still present only in 11% of patients (Table 1). Our
results are in line with those from the AIRTRIP trial showing a pericarditis recurrence rate of 18% in
the arm of patients assigned to anakinra [37]. As regard conventional treatments, a steroid-sparing
effect was seen in our patients, so much so that at 12 months, 86.5% of subjects were steroid-free.
Similarly, none of the patients was on NSAIDs at the end of of the observation period. Otherwise, 19
patients, remained on colchicine at 12-month follow-up. Some studies showed that colchicine can
concentrate itself in white blood cells, especially granulocytes, hindering tubulin polymerization
which is critical for several cellular functions, including phagocytosis, degranulation and chemotaxis
[38]. Moreover, colchicine is also able to attenuate bacterial toxin-induced caspase-1 activation, IL-
1 release and pyroptosis [39]. This evidence may substantiate the use of colchicine in our patients,
despite its previous failure, to enhance the anti-inflammatory effect of anakinra in such subjects, thus
preventing potential serositis recurrences [40]. The safety profile of anakinra is also encouraging in
this study. Most adverse events were mild, mostly related to local skin reactions. These adverse events
had a low incidence (6.6%) in our cohort and could be mitigated by the application of topical
hydrocortisone or antihistamine cream [41]. Patients were taught in advance about the possible

occurrence of such reactions to avoid drug withdrawal. Noteworthy infections, mostly respiratory and



soft-tissue infections during treatment with anakinra may occur [42]. In our study, we observed one
infectious adverse event (2%), involving the respiratory system, which resolved with proper treatment
without needing anakinra cessation. The observational design as well as the small sample size may
be regarded as limitations of this study. Therefore, wider controlled trials of anakinra in patients with
refractory polyserositis are needed to confirm our findings. Overall, our results provide evidence that
anakinra may be a worthwhile therapeutic option for refractory polyserositis suggesting that the
activation of innate immune system might be predominant of such condition irrespective of

underlying disease.

Take-home messages

= Polyserositis is not uncommon clinical entity and is often related to different rheumatological
diseases including autoimmune and autoinflammatory diseases

= Dysregulation of either adaptive and innate immune responses together with unidentified
tissue/organ milieus may promote the activation of one or the other immune system, leading
to polyserositis onset

= Treatment with non-steroidal anti-inflammatory drugs, colchicine and glucocorticoids may be
effective in patients with polyserositis, but relapses often occur when these drugs are tapered
or discontinued

= The interleukin (IL)-1 receptor antagonist anakinra may be a useful therapeutic option for
refractory polyserositis suggesting that the activation of innate immune system might be

predominant in this disorder irrespective of underlying disease
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Figure 1. Distribution of polyserositis aetiology in the included 45 patients
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Abbreviations: AOSD: Adult-Onset Still’s Disease; BD: Behget’s disease; FMF: Familial
Mediterranean Fever; RA: Rheumatoid Arthritis; SLE: Systemic Lupus Erythematosus; SSC:

Systemic Sclerosis; TRAPS: Tumor Necrosis Factor Receptor Associated Periodic Syndrome;
UCTD: Undifferentiated Connective Tissue Diseases



Figure 2. Trend of the percentage of increased ESR and CRP levels
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Figure 3. Glucocorticoids dose distribution at different time points
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Figure 4. Frequency of colchicine and NSAIDs administration in our cohort
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