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Monoclonal Immunoglobulin Deposition Diseases

Multiple
myeloma

Non-Ig
Amyloidosis

Monoclonal plasma cell disorders Amyloidoses




[Medical Treatment Overview} =¥

Symptomatic cardiac amyloidosis

Usually ineffective

Generally consist of supportive treatment

Early symptomatic patients

May respond well to therapy aimed at underlying disease

:> Every patient should be carefully evaluated.



[General Consideration]

Primary goal of medical therapy

Relief of symptom
Decongestion using cautious diuretics

. Orthostatic hypotension

. Obliteration of sympathetic input

Main limitation to negative inotropic agents



Use of Cardiovascular Drugs] &
Specific Agents '
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Digoxin / Nifedipine
Interaction with amyloid fibrils

Increased susceptibility & Hemodynamic deterioration

Verapamil
Caution for inducing severe LV dysfunction

ACE inhibitor

Profound hypotension in AL type; autonomic neuropathy

Digoxin sensitivity in amyloid cardiomyopathy. Circulation 1981; 63:1285.
Selective binding of nifedipine to amyloid fibrils. Am J Cardiol 1985; 55:1646.



Use of Cardiovascular Drugs1
§pecific Agents
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~ Amiodarone
Relatively well tolerated in maintaining NSR

Nonsustatined VT

~ Midodrine

Useful in orthostatic hypotension



Use of Cardiovascular Drugs1
f\nticoagulation
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Anticoagulation Indication
Atrial fibrillation

Caution for hemorrhagic risk
Amyloid angiopathy or coagulopathy

Role in sinus rhythm
High risk; atrial failure and diastolic dysfunction

diminutive mitral A wave in 2D
:> Evaluation for atrial thrombus by TEE



Management of Amyloidosis

Potential therapeutic strategy

Precursor protein

Reduce supply of
amyloid precursor
protein

Reversion to native fold Amyloid

Fibril formation

Stabilize precursor T
proteins

Inhibit GAG binding

Immunotherapy

Destabilize by
B-sheet breakers SAP depletion

GAG, glycosaminoglycans; SAP, serum amyloid P component

Gillmore JD and Hawkins PN (2006) Drug Insight: emerging therapies
for amyloidosis. Nat Clin Pract Neprol 2: 2631 270.



[Management of Amyloidosis}

1) Suppression of precursor protein (in AL type)

Chemotherapeutics
Eprodisate (NC-503)

2) Reduction of amyloid synthesis
Bortezomib; proteosome inhibitor

3) Inhibition of fibril formation
NC 503; inhibiting interaction of SAA with GAG

Diflunisal; stabilization of transthyretin (TTR)
4) Inhibition of protein deposition
Melphalan, Prednisone, Vincritstine, Lenalidomide, Rituximab

5) Solubilize amyloid fibril

Anthracycline; doxorubicin, 4-lododoxorubicin



[Chemotherapy}

. Melphalan
. Dexamethasone

~ Bortezomib
- Thalidomide / Lenalidomide



[New chemotherapy drugs]

~ Bortezomib
~ Thalidomide / Lenalidomide



[New drugs]

Diflusinal, lododiflusinal

NSAID-like action
To stabilize the tetrameric structure of TTR

{] tetramer dissociation
{ subsequent monomer misfolding & aggregation into amyloid

May promote fluid retention
May worsen renal function



[New drugs]

Tafamidis

Slow the progression of neuropathy in ATTR neuropathy
Well tolerated in wild type or mutant TTR cardiomyopathy



Chem otherapy
1\/Ie|pha|an based-

1. Short course of oral Melphalan and Dexamethasone

Melphalan; 0.22mg/kg/d for 15t-4th d every 4wks
Up to 9 cycles
Dexamethasone; 40mg/d for 15-4" d every 4wks

Hematologic response; 67% with complete response; 33%

Organ response; 48% with >2mm reduction of septum thickness;12%

2. Continuous oral Melphalan therapy
Marginal benefit over pulsed therapy of Melphalan and Prednisolone

In severe cardiac disease

Blood 2004; 103:2936.



Chem otherapy
portezomib

3. Bortezomib added on MDex regimen

4. Single-agent Bortezomib

Proteasome inhibitor
The VISTA trial

In relapsed AL Type

Increased CHF, particularly in severe cardiac involvement



Chem otherapy
E)yclophosphamide based-

4. Risk-adapted regimen
Cyclophosphamide; 500mg in 1st, 8™, 15" d every 4wks
Thalidomide; 200mg/d for 15t-4 d every 4wks
Dexamethasone; 20mg/d for 1st-4t" d and 15"-18" d every 4wks

Hematologic response; 53% with complete response; 21%

Dexamethsone

Poorly tolerated in severe heart failure

Need dose reduction in high-risk patients



[Other Treatment]

. Autologus HCT
. ICD Treatment

. Heart Transplantation



‘The Type of Amyloidosis

Site of Organ
Type Primary Constituent Production [nvolvement
AL Light chains Bone marrow Kidney
Heart
Nervous system
Liver
Soft tissue
Familial Mutant Liver Nervous system
transthyretin Heart
Senile Wild type Liver Heart
(SSA) transthyretin
Secondary SAA Acute phase Liver
(AA) reactant Kidney
[solated atrial Atrial natriuretic Atria Aftria

amyloid (IAA) peptide




[Treatment of AL }

Treatment of plasma cell dyscrasia

Chemotherapeutics
Abolishing and reducing the production of the amyloidogenic

monoclonal light chains

Bortezomib, Thalidomide, Lenalidomide



[Treatment of SSA}

Currently symptomatic

Diuretics
The mainstay treatment, for common severe right HF

ACE inhibitors / ARBs
May be tolerable

Long-acting nitrate
Some effect in relieving symptoms of dyspnea



[Treatment of AA }

Treatment of underlying disorders

Antimicrobials

Chlorambucil
Infectious arthritis, Spondyloarthropathy

Inhibition of TNF-Uand IL-1
Reduce production of precursor protein

Colchicine
Prevention of AA type in Mediterranean fever



[Treatment of AA }

Eprodisate disodium (NC-503) for AA

NC-503; GAG mimetic
to compete with the naturally occurring sulfated GAGs for the
binding to amyloidogenic precursor proteins
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to inhibit amyloid deposition into tissue

Reduction in risk of renal events
Delayed the onset of renal failure
Nonsignificant reduction in all-cause mortality



Treatment of Systemic Amyloidosis

Type of Amyloidosis
AL or AH (primary)

AA (secondary to chronic
inflammation or
familial Mediterra-
nean fever)

Mutant ATTR (familial)

Senile systemic amyloi-
dosis

Other forms of familial
amyloidoisis

Fibrinogen «-chain

Lysozyme

Apolipoprotein

Amyloid Protein
Component

Immunoglobulin light chain
(AL) or (occasionally)
heavy chain (AH)

Serum amyloid A protein

Mutant form of trans-
thyretin

Wild-type form of trans-
thyretin

Mutant form of fibrinogen
a-chain

Lysozyme

Apolipoproteins A-l and A-l

Current Therapy

Melphalan plus dexametha-
sone; alternative is au-
tologous stem-cell trans-
plantation in selected
patients with limited
organ involvement who
are candidates for the
procedure

Treatment of underlying in-
fection or inflammation;
colchicine for familial
Mediterranean fever

Liver transplantation

No therapy

Hepatorenal transplantation

Undefined

Renal transplantation

Goal of Therapy

Eradicate clonal plasma cells
that are the source of im-
munoglobulin protein

Reduce level of serum amyloid
A protein

Eliminate source of mutant
transthyretin

Eliminate source of fibrinogen
a-chain (liver) and replace
affected organ (kidney)

Replace affected organ

N Engl J Med 2007; 356:2413-2415.




Algorithm for management

Tissue diagnosis

1) Evaluate for monoclonal gammopathy

2) TTR gene testing in African-Americans and neuropaths and patients
without monoclonal gammopathies

3) Immunogold electron microscopy or proteomic studies if indicated

4) Additional genetic studies (e.g., Apo A1, A2, Lysozyme) if indicated

Amyloid Typing

Light-chain (AL)

Hereditary
|

Senile (ATTR)

Consider Clinical Trial or Registry

SCT

MDex

<

Solid Organ

If ATTR, consider
trial of Difflunisal

Transplant?

CR or Stable
organ disease
Observe

No CR,
Progression
or Relapse
Clinical Trial
with Novel
Agent(s)

Blood 2009; 114:3147-3157.



[New drugs]
Cause of TTR Amyloidosis

Fx-1006A Clinical Trials
FoldRx Pharmaceuticals has proprietary small molecules that stabilize TTR and

prevent its misfolding. Fx-1006A is a novel, selective, potent TTR stabilizer
compound that is currently being evaluated in a number of clinical trials:



