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Abstract

Introduction:

AL amyloidosis is caused by the proliferation of an immunoglobulin-secreting B cell clone. AA amyloidosis is a rare complication of chronic inflammation. However, some patients present with diseases combining monoclonal immunoglobulin production and chronic inflammation.

The aim of this work was to describe cases of AA amyloidosis associated with monoclonal gammopathies.

Patients and methods:

We reviewed all patients reported in French national amyloid centers presenting with AA amyloidosis and monoclonal gammopathy and performed a literature review. The quality of AA amyloidosis diagnosis and the causal relationship with monoclonal gammopathy were assessed.

Results:

In total, 4 patients from our centers and 8 from the literature fulfilled the inclusion criteria. The hematological disorders presenting with monoclonal gammopathy were as follows:

Waldenström macroglobulinemia (n=8), Schnitzler syndrome (n=2), multiple myeloma (n=1), and monoclonal gammopathy of undetermined significance (n=1). Treatment strategies varied among the cases, with treatment of the hematological disorder in 4 and anti-inflammatory treatment in 2.

Conclusion:

Monoclonal gammopathies might be a rare and poorly known cause of AA amyloidosis. Such monoclonal gammopathies could be named "monoclonal gammopathies of inflammatory significance".

Introduction:

Light-chain amyloidosis (AL amyloidosis) and AA amyloidosis are systemic acquired amyloses with different presentations and evolutions. AL amyloidosis is the consequence of the secretion of monoclonal immunoglobulin light chain with chemical properties allowing deposition in tissues; it is associated with the proliferation of a B cell clone [START_REF] Merlini | AL amyloidosis: from molecular mechanisms to targeted therapies[END_REF]. The protein fibrils in AA amyloidosis are derived from the serum amyloid A (SAA) protein, which is an acute-phase reactant. AA amyloidosis is a severe complication of chronic inflammatory diseases, such as inflammatory rheumatisms [START_REF] Westermark | AA amyloidosis: pathogenesis and targeted therapy[END_REF]. Although monoclonal gammopathies (MG)

were not reported to cause AA amyloidosis in large series [START_REF] Lachmann | Natural history and outcome in systemic AA amyloidosis[END_REF], there are data suggesting a link between MG and AA amyloidosis. For instance, Schnitzler syndrome (SS) is now recognized as an auto-inflammatory disease associated with MG (4).

However, AA amyloidosis finding by pathological examination in a patient with MG is an unusual situation that requires careful evaluation. Thus, the aim of our study was to report and detail cases of clonal gammopathies presenting with AA amyloidosis and to perform a literature review to clarify this atypical situation.

Patients and methods:

Reported cases:

A retrospective review was performed of all cases of AA amyloidosis presenting with a history of MG before or at the time of AA amyloidosis diagnosis followed in the 3 main French reference centers for amyloidoses (cardiac, AL and AA). For all cases, AA Amyloidosis diagnosis was based on pathological examination, showing positive Congo red-stained deposits with green-yellow birefringence and immunohistochemical staining with anti-SAA antibodies, without significant staining by anti-kappa, anti-lambda, and anti-transthyretin antibodies.

For a case, mass spectrometry analysis was performed to confirm the diagnosis. Spectral count metrics were used to rank the proteins and peptides according to their relative abundance in the sample.

Literature review:

A literature review in PubMed from 1946 to January 2020 was performed to collect additional cases. The search queries are described in Supplementary Material.

All articles reporting AA amyloidosis associated with an MG were screened. Articles not reporting AA amyloidosis were excluded. For articles reporting AA amyloidosis, we used the same inclusion the same criteria as the reported cases. Data were collected by two authors (AT and SGL).

Causal relationship evaluation:

We further evaluated the causal relationship between the underlying hematological disease and AA amyloidosis, which had to be diagnosed after or at the same time as the hematological disease. Cases were excluded if another cause for AA amyloidosis was present based on the list provided in a recent review of AA amyloidosis cause [START_REF] Brunger | Causes of AA amyloidosis: a systematic review[END_REF].

Ethics:

This study was conducted in compliance with good clinical practices and the Declaration of Helsinki principles. The study was registered at the Commission Nationale de l'Informatique et des Libertés (declaration number 2216956). In accordance with French public health law, written consent was waived.

Results:

A total of 111 references were screened, 94 articles did not mention AA amyloidosis and were excluded, leaving 17 articles and 19 cases of AA amyloidosis associated with an MG for the final description [START_REF] Grundmann | Extensive haemorrhagic-bullous skin manifestation of systemic AA-amyloidosis associated with IgGlambda-myeloma[END_REF][START_REF] Raghunathan | Gastrointestinal Tract Amyloidosis Presenting With Pneumatosis Intestinalis[END_REF][START_REF] Watanabe | Persistence of renal function in a patient diagnosed with concurrent amyloid amyloidosis and immunoglobulin light chain amyloidosis[END_REF][START_REF] Ishikawa | Amyloid a protein amyloidosis in a patient with plasma cell dyscrasia[END_REF][START_REF] Quinton | Renal AA amyloidosis in a patient with Bence Jones proteinuria and ankylosing spondylitis[END_REF][START_REF] Riveiro-Barciela | Nephrotic syndrome and lambda light-chain monoclonal gammopathy suggestive of primary amyloidosis with positive staining for AA amyloid[END_REF][START_REF] Vanderschueren | The Schnitzler syndrome: chronic urticaria in disguise: a single-centre report of 11 cases and a critical reappraisal of the literature[END_REF][START_REF] Conlon | Schnitzler's syndrome; a case highlighting the complications of long-standing acquired autoinflammation[END_REF][START_REF] Mittal | Gastrointestinal amyloidosis associated with Schnitzler's syndrome[END_REF][START_REF] Claes | Another devastating complication of the Schnitzler syndrome: AA amyloidosis[END_REF][START_REF] Néel | Long-term effectiveness and safety of interleukin-1 receptor antagonist (anakinra) in Schnitzler's syndrome: a French multicenter study[END_REF][START_REF] Muzaffar | Waldenström's macroglobulinemia associated with serum amyloid A protein amyloidosis: pitfalls in diagnosis and successful treatment with melphalan-based autologous stem cell transplant[END_REF][START_REF] Gardyn | Waldenström's macroglobulinemia associated with AA amyloidosis[END_REF][START_REF] Tatara | AA amyloidosis associated with macroglobulinemia[END_REF][START_REF] Ogami | Waldenström's macroglobulinemia associated with amyloidosis and crescentic glomerulonephritis[END_REF][START_REF] Terrier | The clinical spectrum of IgM-related amyloidosis: a French nationwide retrospective study of 72 patients[END_REF][START_REF] Kihara | A case of POEMS syndrome associated with reactive amyloidosis and Waldenström's macroglobulinaemia[END_REF]. Nine cases were excluded because the pathological data available did not meet the inclusion criteria (6-8,11-13,15,16) (immunohistochemistry not described (n=5), presence of another type of amyloidosis associated (n=3), immunohistochemistry not performed (n=1)). Two other cases were excluded because they described another likely cause for AA amyloidosis (ankylosing spondylarthritis (n=1), hepatitis C virus infection (n=1)) [START_REF] Ishikawa | Amyloid a protein amyloidosis in a patient with plasma cell dyscrasia[END_REF][START_REF] Quinton | Renal AA amyloidosis in a patient with Bence Jones proteinuria and ankylosing spondylitis[END_REF]. In our cohort, 8 patients fulfilled the inclusion criteria of histologically proven AA amyloidosis concurrent with MG. Four of them were excluded due to another likely cause for AA amyloidosis (immune disease (n=2), recurrent infections (n=1), and vasculitis (n=1)). The flow chart of the study is presented in Figure 1.

The main characteristics of the 12 included patients are summarized in Table 1. There were 42% women (n=5); the median age at diagnosis of AA amyloidosis was 68.5 years (ranging from 44 to 79 years). Data on organ involvement was available for 9 patients : kidneys were affected in 7 (78%), the gastrointestinal tract in 4 (44%) and the peripheral nervous system in 2 (22%). There was no case of cardiac involvement. AA amyloidosis diagnosis was based on mass spectrometry in three cases, showing SAA protein deposition without light-chain deposition (patients ♯1, ♯5, ♯6). The results for patient ♯1 are illustrated in Figure 2. The hematological diseases were as follows: WM (n=8), SS (n=2), MM (n=1), MGUS (n=1). The most frequent isotype was IgM kappa, found in 83% (n=10/12) of the patients. MG was diagnosed before and at the same time as AA amyloidosis in 7 and 5 cases, respectively (median delay between MG and AA amyloidosis 16 months, extreme value 0 to 120 months).

C-reactive protein (CRP) data were available for the 4 patients in this series and was always elevated (median 25 mg/L ranging from 5 to 135 mg/L for a normal <5 mg/L); SAA levels were available for 4 patients and was also always elevated (median 28 mg/L ranging from 10 to 99 mg/L, for a normal <5 mg/L). The treatment strategy was available for 8 patients: treatment targeting the hematological disease for four (50%) (MM (n=1) and WM (n=3)), treatment targeting the IL-1 inflammatory pathway with Anakinra in 2 (25%), and no treatment in 2 patients (25%). The treatment of the hematological malignancy appeared to be effective for controlling amyloidosis symptoms and the inflammation in the three patients showing a hematological response (patients ♯4, ♯6, ♯8, follow-up time respectively 36, 12 and 12 months), whereas the one without hematological response had persistent symptoms leading to death (♯7, follow up time 4 months). Even more, a case of WM (♯6) reported the disappearance of amyloid deposition after treatment of the hematological malignancy. The cases from our centers (♯1, ♯2) treated with Anakinra had a good control of the inflammation and showed no sign of progression of the AA amyloidosis, but the treatment had no effect on the monoclonal gammopathy with a follow up time of 42 and 62 months.

Discussion:

Although MGs are not believed to represent AA amyloidosis causing conditions, we identified 12 AA amyloidosis cases for which MG was the most likely causative condition. A MG is signaling the presence of clonal B-cell proliferation. It is accompanied by an excess of light chain, in some cases leading to AL amyloidosis [START_REF] Merlini | AL amyloidosis: from molecular mechanisms to targeted therapies[END_REF]. Although the light chain itself cannot lead to AA amyloidosis, the underlying hematological disease can be associated with chronic inflammation that can lead to AA amyloidosis.

Several neoplasias have been associated with AA amyloidosis [START_REF] Brunger | Causes of AA amyloidosis: a systematic review[END_REF]. The difficulty with hematological neoplasia with MG is that in the presence of amyloidosis, AL amyloidosis would be the most likely diagnosis. For this study, we selected strictly proven AA amyloidosis cases without suspicion of AL amyloidosis. Organ involvement is also more supportive of AA amyloidosis than AL amyloidosis [START_REF] Merlini | AL amyloidosis: from molecular mechanisms to targeted therapies[END_REF][START_REF] Westermark | AA amyloidosis: pathogenesis and targeted therapy[END_REF]. Thus, one can conclude that our cases were AA amyloidosis. It is difficult to determine the causal relationship of an AA amyloidosis -causing disease, especially in retrospective analysis, though several methods can be used to evaluate this relationship. The first is based on the number of reported cases, as described by Brunger et al. [START_REF] Brunger | Causes of AA amyloidosis: a systematic review[END_REF]. Based on this approach, WM and SS would be considered AA amyloidosis -causing diseases (n=8 and n=2 cases, respectively), whereas further cases would be needed for MGUS and MM (n=1 each). The second method is based on the evolution of AA amyloidosis after the treatment of the suspected causing disease. Data were only available for 1 WM case [START_REF] Muzaffar | Waldenström's macroglobulinemia associated with serum amyloid A protein amyloidosis: pitfalls in diagnosis and successful treatment with melphalan-based autologous stem cell transplant[END_REF] in our study, with amyloid deposition disappearing after treatment.

From a biological point of view, several inflammatory features are associated with MG, suggesting a causal role in the development of AA amyloidosis. Elevated levels of acute-phase reactants such as CRP and SAA have been associated with clonal gammopathies [START_REF] Pelliniemi | Immunoreactive interleukin-6 and acute phase proteins as prognostic factors in multiple myeloma[END_REF]. In this series, when available (n=5), acute-phase reactants were elevated in all patients. Moreover, there is evidence for the role of IL-1β and IL-6 in the survival and proliferation of tumor cells in MM and WM [START_REF] Lust | Reduction in C-reactive protein indicates successful targeting of the IL-1/IL-6 axis resulting in improved survival in early stage multiple myeloma[END_REF][START_REF] Elsawa | Comprehensive analysis of tumor microenvironment cytokines in Waldenstrom macroglobulinemia identifies CCL5 as a novel modulator of IL-6 activity[END_REF]. Indeed, hyperproduction of these inflammatory cytokines in MM and WM may be responsible for low-grade inflammation and lead to AA amyloidosis. Overall, AA amyloidosis might complicate lymphoplasmacytic proliferation rather than plasma cell dyscrasia, as illustrated by the presence of the IgM kappa isotype in 84% (n=10) of the 12 patients. This is another major difference from AL amyloidosis, for which MGUS and MM are leading causes and WM a rarer cause [START_REF] Merlini | AL amyloidosis: from molecular mechanisms to targeted therapies[END_REF].

The best treatment strategy in cases of AA amyloidosis complicating MG remains to be determined. As seen in this series, 2 strategies can be identified. The first is to target clonal proliferation. The second strategy is to target the production of acute-phase reactants and SAA by inhibiting their production, mainly with IL-1β inhibitors. According to our series, both strategies appear to be effective, and the treatment decision should be made according to the stage of the neoplasia and the patient's preferences.

Due to its retrospective design, this study has several limitations, particularly the lack of central pathological reassessment and the absence of systematic mass spectrometry analysis. Further research is needed to confirm the causal relationships found. However, our study underlies the importance of searching for MG while investigating the cause of AA amyloidosis of unknown origin, and to search for AA amyloidosis in monoclonal B-cell diseases associated with inflammation, particularly lymphoplasmacytic diseases. Our findings also highlight the Tables: Table 1: Main characteristics of the patients. 

Case

  Legend: AAA = AA amyloidosis, M = Male, F = Female, WM = Waldenström macroglobulinemia, SS = Schnitzler syndrome, MM = Multiple myeloma, MGUS = monoclonal gammopathy of unknown significance, Ig = Immunoglobulin, GI = Gastrointestinal, PNS = Peripheral nervous system, NA = Not available, HSCT = Hematopoietic stem cell transplantation.
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 2 Figure 2: Anatomopathological analysis and proteomic results for the minor salivary gland biopsy of Patient 1.
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MG complicated with AA amyloidosis might be referred to as "monoclonal gammopathies of inflammatory significance" (MGIS), as we previously suggested for inflammatory symptoms complicating MG [START_REF] Terré | Monoclonal Gammopathy, Arthralgias, and Recurrent Fever Syndrome: A New Autoinflammatory Syndrome?[END_REF].

Conclusion:

Some MG, and mostly lymphoplasmacytic disorders (WM and SS), might be a rare and poorly known cause of AA amyloidosis, which we propose to call "monoclonal gammopathies of inflammatory significance".
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