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INTRODUCTION

 Amyloidosis is a group of diseases characterized by 

extracellular deposition of betasheet fibrils. 

 In the systemic forms, the amyloid causes progressive 

organ dysfunction, leading to death of the patients. 

Over 30 proteins capable of amyloid formation have 

been identified. 
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AA (secondary) amyloidosis

 AA amyloidosis is a disorder characterized by the 

extracellular tissue deposition of fibrils composed of 

fragments of serum amyloid A protein (SAA), an acute 

phase reactant. 

 AA amyloidosis may complicate a number of chronic 

inflammatory conditions, including rheumatoid arthritis 

(RA), juvenile idiopathic arthritis, ankylosing spondylitis 

(AS), inflammatory bowel disease, familial periodic fever 

syndromes, chronic infections, and certain neoplasms
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PROGNOSIS

 If untreated, AA amyloidosis is a serious disease with a 

significant mortality due to end-stage kidney disease, 

infection, heart failure, bowel perforation, or 

gastrointestinal bleeding. 
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PROGNOSIS

 Patients with persistently high circulating levels of serum 

amyloid A protein (SAA) are at particular risk of these 

complications. 

 A progressive improvement in survival rates has been 

reported among patients with AA amyloidosis, likely 

reflecting, in part, improved treatment strategies for 

associated inflammatory disorders, as well as earlier 

detection
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PROGNOSIS

 In a review of 374 cases of AA amyloidosis, for example, 

median survival from diagnosis was 133 months, being of 

poorer prognostic significance: 

 older age, 

 reduced serum albumin concentration, 

 end-stage renal failure at baseline, 

 the degree by which the SAA concentration was 

elevated during follow-up 
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Control of the underlying disease

 The fibril precursor in AA amyloid, SAA, is a normal 

plasma protein that is produced by hepatocytes as part 

of the physiologic acute phase response. 

 A chronic inflammatory state leads to sustained high 

levels of the acute phase proteins. 
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Control of the underlying disease

 Successful treatment of the underlying inflammatory 

process by, for example, surgical resection of the focus 

of infection or the tumor, cytotoxic agents and/or 

biologic agents in rheumatoid arthritis (RA), or antibiotics 

with chronic infection, results in reduced hepatic 

production of the acute phase response and a fall in 

circulating SAA down to normal healthy levels. 
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Control of the underlying disease

Over time, this can lead to: 

 stabilization of or improvement in renal function, 

 reduction in urinary protein excretion, 

 partial resolution of amyloid deposits (as assessed in 

studies by scintigraphy with radiolabeled serum amyloid 

P component [SAP])
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Colchicine

 Colchicine has become accepted prophylactic 

therapy to prevent AA amyloidosis in FMF, where doses 

of 0.6 to 1.2 mg/day in adults 

markedly reduced the frequency of attacks of 

abdominal pain, 

 diminished the incidence of clinical renal disease 

stabilized the glomerular filtration rate in patients with 

mild proteinuria
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Colchicine

 Among FMF patients with nephrotic syndrome due to AA 

amyloid, prevention of disease progression and a 

reduction in protein excretion can be achieved. 

 a higher colchicine dose of 1.5 to 2.0 mg/day appears 

to be required, and therapy should be instituted before 

the plasma creatinine concentration reaches 1.5 mg/dL.
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Colchicine

Colchicine is not likely to be effective in salvaging renal 

function in FMF patients who already have chronic renal 

failure, since irreversible glomerular injury is probably 

present. 

 However, it can prevent recurrent disease in the 

transplant and prevent progressive amyloid deposition in 

other sites
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Colchicine

 Anecdotal successes with chronic colchicine therapy 

(0.6 mg twice daily) have also been reported in patients 

with AA amyloid due to 

 inflammatory bowel disease, 

 Behçet syndrome, 

 intravenous drug users with suppurative skin lesions. 

Proteinuria due to renal amyloidosis may be markedly 

reduced, and renal function may remain stable over 

long periods of time
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Dimethylsulfoxide

 Dimethylsulfoxide (DMSO) may have anti-amyloid 

activity in several forms of the disorder;

 It has been shown to be active in murine models of AA 

amyloidosis and in case reports of patients with AA 

amyloid due to rheumatoid arthritis or to Crohn disease. 
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Dimethylsulfoxide

 Use of DMSO is limited, however, by its acrid odor and, 

because of its potent solvent activity, by the difficulty 

attaining purity for pharmaceutical usage
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Cytotoxic and immunosuppressive 
agents

 Azathioprine, chlorambucil, methotrexate, and 

cyclophosphamide have been shown to be helpful in 

AA amyloidosis complicating treatment-responsive 

inflammatory diseases in individual case reports and 

small series.
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Abstract
Secondary amyloid A (AA) amyloidosis is an uncommon yet important complication of rheumatoid arthritis (RA). It 
is one of the most relentless of the extra-articular features of RA, and suitable treatments have not yet been found. 
We studied the efficacy of cyclophosphamide (CYC) combined with prednisolone (PSL) in amyloidotic patients who 
had serum amyloid A (SAA) 1.3 genotype, which is a risk factor for secondary amyloidosis in Japanese RA patients. 
Fifteen RA patients who were SAA1.3 homo- and heterozygotes with biopsy-confirmed AA amyloidosis were treated 
with a combination of CYC and PSL. Laboratory variables of C-reactive protein (CRP), rheumatoid factor (RF), 
erythrocyte sedimentation rate (ESR), serum albumin (Alb), serum creatinine (Cre) and Lansbury’s index were 
carried out by statistical analysis of changes between before and during the medication. According to the Mann–
Whitney rank test, CRP, RF, ESR, Alb and Cre levels improved significantly with the combination treatment 
(p<0.05). Also, paired t-tests showed significance in Lansbury’s index between before and during the medication 
(p=0.007). CYC combined with PSL ameliorated not only laboratory markers but also clinical rheumatoid activity in 
patients with amyloidosis secondary to RA, whose genotypes were SAA1.3 homo- and heterozygous. CRP, ESR, RF, 
Alb and Cre will be surrogate markers of therapeutic efficacy. The combination of CYC and PSL appears to be 
beneficial for Japanese RA patients who are SAA1.3 homo- and heterozygous carriers, associated with secondary AA 
amyloidosis.
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Anticytokine therapy

 Increasing use of biologics with activities against 

proinflammatory cytokines (TNF-alpha, IL-1, and IL-6) for 

diseases such as RA, psoriatic arthritis, and ankylosing 

spondylitis (AS) may reduce the risk of development of 

AA amyloid as well as treating existing amyloidosis.
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Anticytokine therapy

 The majority of published experience that has shown 

efficacy has involved patients with RA and has reported 

on the first-generation TNF-alpha antagonists 

(ie, etanercept, infliximab, and adalimumab). 

 In one large study involving 86 patients with RA 

complicated by AA amyloidosis, etanercept was 

superior to cyclophosphamide independent of the SAA 

1.3 allele
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Comparative Study

•. 2012 Nov;51(11):2064-9.

doi: 10.1093/rheumatology/kes190. Epub 2012 Aug 9.
Effectiveness of etanercept vs cyclophosphamide as treatment for patients with 

amyloid A amyloidosis secondary to rheumatoid arthritis

Tadashi Nakamura 1, Syu-Ichi Higashi, Kunihiko Tomoda, Michishi

Tsukano, Masahiro Shono
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Abstract

Objectives: To compare the effectiveness of an alkylating agent with that of a biologic agent in the treatment of 

patients with amyloid A (AA) amyloidosis secondary to RA and to assess the association of the serum AA (SAA) 1.3 

allele with treatment.

Methods: CYC and etanercept (ETN) were administered to 62 and 24 RA patients, respectively, who were 

confirmed with biopsy as having AA amyloidosis. We evaluated whether the SAA1.3 allele, a factor indicating 

genetic risk and poor prognosis of Japanese RA patients with AA amyloidosis, influenced treatments and 

retrospectively analysed the effectiveness of both agents via statistical methods.

Results: Two treatment groups were similar, except for the SAA1.3 genotype (P = 0.015) and duration of AA 

amyloidosis since diagnosis (P < 0.001). Also, patients given ETN had somewhat worse renal function, i.e. 24-h 

proteinuria (P = 0.02), at the initiation of treatment. ETN demonstrated greater effectiveness than CYC, as shown 

by significantly improved levels of serum CRP and serum albumin (both P < 0.01) and estimated glomerular 

filtration rate (eGFR; P = 0.032). ETN improved survival (P = 0.025), and the hazard ratios for the risk of death 

endpoint with eGFR and 24-h proteinuria were significant by P = 0.024 and P = 0.025, respectively. The SAA1.3 

allele did not affect the response to medications in AA amyloidosis secondary to RA.

Conclusion: ETN treatment was more effective than CYC treatment, and CRP, albumin and eGFR may be 

valuable biomarkers for analysis. The SAA1.3 allele was not a factor affecting treatment in Japanese patients with 

AA amyloidosis secondary to RA.
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Anticytokine therapy

 The effectiveness of the TNF antagonists appears to be 

directly related to their ability to control the underlying 

inflammatory disorder and may be enhanced by pulse 

therapy with glucocorticoids for induction. 
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Anticytokine therapy

 This experience has been extended to AA amyloidosis 

complicating AS and Crohn disease, with regression of 

tissue amyloid occurring as early as three months, 

documented by gastrointestinal biopsies in some 

instances. 
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Anticytokine therapy

 Efficacy of biologic response modifiers (BRMs) may be 

responsible in part for the marked decline in the 

incidence of renal replacement therapy for amyloidosis 

associated with inflammatory rheumatic diseases 

reported to nationwide registries in Finland during the 

period 1999 to 2008
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Anticytokine therapy

 Efficacy of the rapidly acting IL-1 receptor antagonist (IL-

1ra) anakinra has been established for the 20 to 30 

percent of cases of "idiopathic" AA amyloidosis reported 

in large series.

Clinical Trial

•. 2017 Sep;24(3):189-193.

doi: 10.1080/13506129.2017.1352503. Epub 2017 Jul 26.
Safety and efficacy of empirical interleukin-1 inhibition using anakinra in AA 

amyloidosis of uncertain aetiology
Thirusha Lane 1, Ashutosh D Wechalekar 1, Julian D Gillmore 1, Philip N Hawkins 1, Helen J Lachmann 1
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•PMID: 28745926

•DOI: 10.1080/13506129.2017.1352503
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Abstract

Objective: AA amyloidosis is a serious complication of persistent inflammation, which, untreated 

will progress to renal failure and death. Effective suppression of the underlying inflammatory 

disease is the focus of treatment. However, in approximately 20% of cases the underlying 

condition remains uncertain, presenting a dilemma as to choice of treatment.

Methods: We conducted a retrospective study of a cohort of 11 patients diagnosed with AA 

amyloidosis of unknown aetiology, who had been empirically treated with anakinra.

Results: In anakinra-responders, median pre-treatment SAA was 74 (IQR 34-190) mg/L, and 

median on-treatment SAA was 6 (4-16) mg/L (p = .0047), with the response having been 

maintained for a median on-treatment follow-up of 1.8 (1-7.6) years. Six dialysis patients were 

treated effectively and safely with 100 mg anakinra three times weekly post-dialysis. Four 

patients remained well on daily anakinra post-renal transplant. Five anakinra-responders showed 

regression and three showed stabilization of amyloid load on serial SAP scintigraphy.

Conclusions: This small cohort shows that even in potentially high risk cases with organ 

damage secondary to AA amyloidosis or in the presence of a renal graft, anakinra, when used 

appropriately and carefully monitored, has proved remarkably effective and well tolerated. 

Longer follow-up of this off-label use is required.

34



Anticytokine therapy

 Since 2006, with the first report of the effectiveness of a 

humanized anti-IL-6 receptor antibody (tocilizumab) for 

the treatment of AA amyloidosis complicating juvenile 

chronic polyarthritis, there has been a large experience 

with the use of this biologic agent to improve AA 

amyloid complicating adult RA, as well as isolated case 

reports in patients with Behçet syndrome, polyarteritis

nodosa, Castleman disease, autoinflammatory disease, 

and Crohn disease. 

Clinical Trial
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Anticytokine therapy

 Tocilizumab has been used effectively in patients with 

RA and renal insufficiency due to AA amyloid, with 

biologic activity manifesting as a dramatic and rapid 

drop in C-reactive protein (CRP) and SAA levels to 

normal compared with more traditional treatments, such 

as methotrexate or TNF-alpha antagonists, with a 

significantly lower incidence of progression to 

hemodialysis over time. 

Clinical Trial
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Anticytokine therapy

 In a retrospective review of 42 patients with RA and AA 

amyloidosis treated with tocilizumab or TNF antagonists, 

the former was more efficient in normalizing SAA levels, 

and was a more effective strategy for treating AA 

amyloidosis. 

 By contrast, although TNF inhibitors may reduce SAA 

levels in clinical practice, complete normalization is rare

Clinical Trial
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Anticytokine therapy

 Anticytokine therapy remains an option for patients 

presenting with renal insufficiency who undergo renal 

transplantation as prophylaxis to prevent recurrence of 

AA amyloid in the allograft; in particular, IL-1 inhibitors 

may be especially beneficial in this setting. 

 In addition, the calcineurin inhibitor FK506 (tacrolimus), 

which is commonly used to prevent allograft rejection, 

may also slow progression of AA amyloid, based on 

animal studies.
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Anticytokine therapy

 Demonstration of the efficacy of available anticytokines

holds the promise that novel monoclonal antibodies and 

low molecular weight (mw) inhibitors in phase 2/3 trials 

may also prove useful for the inhibition of the deposition 

phase of SAA amyloid. 

 In particular, tofacitinib, which is approved for the 

treatment of RA, has potential for the inhibition of both 

IL-6 and SAA in AA amyloidosis
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Binding to cofactors and peptidic
inhibitors

 New classes of agents may eventually prove efficacious 

by interfering with fibril formation. 

 Low mw anionic sulfonates or sulfates, as well as low mw 

heparins, impede AA fibril formation in vitro and 

attenuate the development of murine AA amyloid. 
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Binding to cofactors and peptidic
inhibitors

 This hypothesis was tested in a randomized, multicenter 

international phase II/III trial of the first of these 

compounds (eprodisate) for the treatment of 150 

patients with AA amyloid. 
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Binding to cofactors and peptidic
inhibitors

 In this study, eprodisate showed a clinical benefit in 

delaying the decline in renal function for AA amyloidosis 

patients, defined as a reduction in risk and delayed time 

to doubling of serum creatinine, to 50 percent decrease 

in creatinine clearance, or to progression to dialysis, 

end-stage kidney disease, or death (from all causes). 
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Binding to cofactors and peptidic
inhibitors

 Unfortunately, a second international phase 3 

randomized trial (ClinicalTrials.gov identifier: 

NCT012157470) failed to confirm benefit, and drug 

development has been terminated. 

 An alternative strategy is the design of low mw peptides 

complementary to SAA domains critical for self-

aggregation in order to inhibit fibrillogenesis.
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Clearance of amyloid deposits from 
tissue

 A novel bis (proline) compound (CPHPC) has been 

developed that binds with high affinity to serum amyloid 

P component (SAP), binding to amyloid fibrils, resulting in 

rapid clearance of SAP by the liver and depleting its 

serum level by approximately 90 percent.

 In a preliminary report, this resulted in disappearance of 

deposits in three types of systemic amyloidosis (AL, ATTR, 

and AA), as assessed by SAP scintigraphy.
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doi: 10.1038/417254a.
Targeted pharmacological depletion of serum amyloid P component for treatment of human amyloidosis

M B Pepys 1, J Herbert, W L Hutchinson, G A Tennent, H J Lachmann, J R Gallimore, L B Lovat, T Bartfai, A Alanine, C 

Hertel, T Hoffmann, R Jakob-Roetne, R D Norcross, J A Kemp, K Yamamura, M Suzuki, G W Taylor, S Murray, D 

Thompson, A Purvis, S Kolstoe, S P Wood, P N Hawkins
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•PMID: 12015594

•DOI: 10.1038/417254a

Abstract
The normal plasma protein serum amyloid P component (SAP) binds to fibrils in 

all types of amyloid deposits, and contributes to the pathogenesis of amyloidosis. 

In order to intervene in this process we have developed a drug, R-1-[6-[R-2-

carboxy-pyrrolidin-1-yl]-6-oxo-hexanoyl]pyrrolidine-2-carboxylic acid, that is a 

competitive inhibitor of SAP binding to amyloid fibrils. This palindromic compound 

also crosslinks and dimerizes SAP molecules, leading to their very rapid 

clearance by the liver, and thus produces a marked depletion of circulating human 

SAP. This mechanism of drug action potently removes SAP from human amyloid 

deposits in the tissues and may provide a new therapeutic approach to both 

systemic amyloidosis and diseases associated with local amyloid, including 

Alzheimer's disease and type 2 diabetes.
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Clearance of amyloid deposits from 
tissue

 Administration of a humanized monoclonal anti-SAP 
antibody following CPHPC treatment has been shown to 
trigger clearance of amyloid deposits from the liver, 
kidney, and other tissues in an early phase trial in 
patients with systemic amyloidosis, including a patient 
with AA amyloidosis, as well as patients with AL and 
hereditary forms of amyloidosis. 

 This effect has subsequently been updated to include 
patients with cardiac amyloidosis preparatory to a 
phase 3 multicenter trial.
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Investigational approaches

 Design of or search for ligands that stabilize the native conformation 
of subunit proteins

 Capping and stabilization of prefibrillar aggregates

 Ligands or monoclonal antibodies specific for lipid-free SAA 
oligomers

 Development of drugs that inhibit the adoption of the beta-pleated 
sheet configuration (either generically or specifically to the type of 
amyloid)

 Use of chaperones to reverse aggregation

 Alterations of the milieu that is responsible for off-pathway 
aggregation

 Development of other methods to stimulate resorption of amyloid 
from tissue
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