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Amyloidosis affects millions of people

The many forms of the disorder have one underlying principle - misfolded proteins

Prompt, correct diagnosis is essential, especially in the inherited forms of amyloidosis
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Amyloidosis Current View International Society of Amyloidosis (ISA) guidelines/classification 2022

42 subtypes of amyloidosis

14 proteins in systemic amyloidosis 

24 proteins as a part of localised forms of amyloidosis 

 4  proteins in both forms

Diagnostic Challenges and Advances in Amyloidosis



Amyloidosis Current View Nomenclature

A + suffix + amyloidosis

AL, ATTRwt, ATTRv, ATTRV30M, AA, ALys… amyloidosis
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Fibril protein 
2020

Precursor protein Systemic and/or 
localised

Acquired 
or 

hereditary

Target organs

AL Immunoglobulin light chain S, L A, H All organs, usually except CNS
AH Immunoglobulin heavy chain S, L A All organs except CNS
AA (Apo) serum amyloid A S A All organs except CNS
ATTR Transthyretin, wild type S A Heart mainly in males, lung, 

ligaments, tenosynovium
  Transthyretin, variants S H PNS, ANS, heart, eye, 

leptomeninges
Aβ2M β2-microglobulin, wild type S A Musculoskeletal system
  β2-microglobulin, variants S H ANS
AApoAI Apolipoprotein A I, variants S H Heart, liver, kidney, PNS, testis, 

larynx (C terminal variants), skin (C 
terminal variants)

2022
AL Immunoglobulin light chain S, L A, H All organs, usually except CNS
AH Immunoglobulin heavy chain S, L A All organs except CNS
AA (Apo) Serum amyloid A S A, H All organs except CNS
ATTR Transthyretin, wild type S A Heart mainly in males, lung, ligaments, 

tenosynovium
Transthyretin, variants S H PNS, ANS, heart, eye, kidneys, 

leptomeninges
Aβ2M β2-microglobulin, wild type S A Musculoskeletal system

β2-microglobulin, variants S H ANS, tongue, heart
AApoAI Apolipoprotein A I, variants S H Heart, liver, kidney, PNS, testis, larynx 

(C-terminal variants), skin (C-terminal 
variants)
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ATMEM106B Transmembrane 106B 
(TMEM106B) L A Frontotemporal lobar degeneration 

diseases

ASom (Pro)somatostatin L A Somatostatinomas
AGluc Glucagon L A Glucagonomas

APTH Parathyroid hormone L A Parathyroid tumours, 
Ageing parathyroid glands

AGLP1 Glucagon-like peptide 1 analog L I Iatrogenic, local injection

AIL1RAP Interleukin-1 receptor antagonist 
protein L I Iatrogenic, local injection



Amyloidosis Current View Amyloid fibril

twisted protofilaments (usualy 1-4) in β-sheets

Additional components

signature proteins (HSPG, SAP, apoAI, apoAIV, apoE…) ubiquitous
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Amyloidosis Current View Cytotoxicity

Oligomers – small non-fibrillar amyloid protein aggregates

Protofibrils – delineation towards oligomers is not absolutely clear

Both produce tissue damage
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Ikura, H.; Endo, J.; Kitakata, H.; Moriyama, H.; Sano, M.; Fukuda, K. Molecular Mechanism of Pathogenesis and Treatment Strategies 
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N Engl J Med 2020; 382:1567-1568, DOI: 10.1056/NEJMc1917321

Diagnostic Challenges and Advances in Amyloidosis

Monoclonal gammopathy of unknown significance/MGUS 
the relative risk is 8.8 
1% incidence of AL amyloidosis observed in a study involving 1384 patients with MGUS 

Multiple myeloma  
AL amyloidosis is diagnosed in 10 to 15% of MM patients Sanchorawala V. Systemic Light Chain Amyloidosis. N Engl J Med. 2024 Jun 27;390(24):2295-2307. doi: 10.1056/NEJMra2304088. PMID: 38924733.



Kumar N, Zhang NJ, Cherepanov D, Romanus D, Hughes M, Faller DV. Global epidemiology of amyloid light-chain amyloidosis. Orphanet J Rare Dis 2022; 17: 278.

Age-specific incidence of AL amyloidosis, by sex

Diagnostic Challenges and Advances in Amyloidosis



Diagnostic Challenges and Advances in Amyloidosis

Kumar N, Zhang NJ, Cherepanov D, Romanus D, Hughes M, Faller DV. Global epidemiology of amyloid light-chain amyloidosis. Orphanet J Rare Dis 2022; 17: 278.

Calculated crude incidence in 2018, by country
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Relative survival of AL amyloidosis, by year since diagnosis



Kumar N, Zhang NJ, Cherepanov D, Romanus D, Hughes M, Faller DV. Global epidemiology of amyloid light-chain amyloidosis. Orphanet J Rare Dis 2022; 17: 278.

Age-specific incidence of AL amyloidosis, by sex
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The 20-year prevalence 

for all countries was estimated at 51.27 PMP 

ranging from 32.22 PMP in Brazil to 71.08 PMP in Japan 

An increase in AL amyloidosis prevalence 

observed over time in all the countries under the study

Kumar N, Zhang NJ, Cherepanov D, Romanus D, Hughes M, Faller DV. Global epidemiology of amyloid light-chain amyloidosis. Orphanet J Rare Dis 2022; 17: 278.
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n engl j med 390;24 nejm.org June 27, 20242304

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

A nonprespecified post hoc analysis of data 
from the VITAL study (A Phase 3, Randomized, 
Multicenter, Double-Blind, Placebo-Controlled, 
2-Arm, Efficacy and Safety Study of NEOD001 
Plus Standard of Care versus Placebo Plus Stan-
dard of Care in Subjects with AL Amyloidosis; 
ClinicalTrials.gov number NCT02312206), which 
was terminated early on the basis of an interim 
futility analysis, showed a survival benefit with 
birtamimab in patients with Mayo Clinic 2012 
stage IV advanced cardiac AL amyloidosis. The 
international AFFIRM-AL study (A Study to 
Evaluate the Efficacy and Safety of Birtamimab 
in Mayo Stage IV Patients with AL Amyloidosis; 
NCT04973137), a randomized, double-blind, 
placebo-controlled phase 3 trial designed to 
confirm this finding, is ongoing.

Anselamimab (CAEL-101) is a chimeric mono-
clonal antibody targeting a cryptic epitope on 
immunoglobulin light chains that is exposed 
when the light chains are misfolded. It binds to 
misfolded free immunoglobulin light chains, as 
well as amyloid fibrils deposited in organs. It is 

hypothesized that CAEL-101 opsonizes the amy-
loid fibrils and misfolded light chains, thereby 
attracting and activating macrophages that de-
grade the complex through phagocytosis, enzy-
matic and chemical proteolysis, or both.89 Two 
randomized, double-blind, phase 3 trials, which 
have completed enrollment, are designed to 
evaluate the efficacy and safety of coadminister-
ing CAEL-101 with standard treatment for plas-
ma cell dyscrasia in patients with AL amyloido-
sis and severe cardiomyopathy in stages IIIa and 
IIIb (A Study to Evaluate the Efficacy and Safety 
of CAEL-101 in Patients with Mayo Stage IIIa AL 
Amyloidosis [NCT04512235] and A Study to 
Evaluate the Efficacy and Safety of CAEL-101 in 
Patients with Mayo Stage IIIb AL Amyloidosis 
[NCT04504825]) (Fig. 3).

 Fu t ur e Dir ec tions

The progress that has been made in treating 
AL amyloidosis is unprecedented. Future efforts 
should focus on increasing early diagnosis through 

Figure 3. Therapeutic Landscape of AL Amyloidosis.

The therapeutic landscape of AL amyloidosis has seen substantial expansion in the past three decades. The majority 
of treatment regimens are adapted from myeloma therapies, with a focus on targeting the underlying plasma cell 
clone. Hematologic response has improved significantly with more effective and contemporary treatments, contrib-
uting to an overall increase in survival and a reduction in the rate of early death. CAR-T denotes chimeric antigen 
receptor T-cell therapy, CR complete hematologic response, CTD cyclophosphamide–thalidomide–dexamethasone, 
CyBorD cyclophosphamide–bortezomib–dexamethasone, HDM–SCT high-dose melphalan and stem-cell transplan-
tation, Ixazomib–Dex ixazomib–dexamethasone, Len–Dex lenalidomide–dexamethasone, Mel–Dex melphalan–
dexamethasone, Mel–P melphalan–prednisone, Pom–Dex pomalidomide–dexamethasone, Thal–Dex thalidomide–
dexamethasone, and VGPR very good partial hematologic response.
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Birtamimab/NEOD0001 
Fully humanized monoclonal antibody targeting a cryptic epitope on serum amyloid A protein 

and crossreacts with immunoglobulin light chain amyloid fibrils 



Edwards CV, Rao N, Bhutani D, Mapara M, Radhakrishnan J, Shames S, Maurer MS, Leng S, Solomon A, Lentzsch S, Eisenberger A. Phase 1a/b study of 
monoclonal antibody CAEL-101 (11-1F4) in patients with AL amyloidosis. Blood. 2021 Dec 23;138(25):2632-2641. doi: 10.1182/blood.2020009039. PMID: 
34521113; PMCID: PMC8703360.
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Anselamimab/CAEL-101 
Chimeric monoclonal antibody targeting a cryptic epitope on immunoglobulin light chains



Brailovsky Y, Rajapreyar I, Alvarez R. TTR Amyloidosis: Current State of Affairs and Promise for the Future. JACC Case Rep. 2023 Mar 15;10:101759. doi: 
10.1016/j.jaccas.2023.101759. PMID: 36974058; PMCID: PMC10039388.
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TTR Amyloidosis 

Current State



Diagnostic Challenges and Advances in Amyloidosis

Patisiran and inotersen

Recently approved by the FDA and the European Medicines Agency for the treatment of hereditary ATTR amyloidosis and ATTRwt amyloidosis 











Amyloidosis Current Analysis Detection steps

Affinity for Congo red and their yellow-green birefringence/dichroism 
under polarized light, Saturn red, Thioflavin T

Typing steps

IHC/IF analysis (kappa, lambda, IgH, TTR, AA, lysozyme, fibrinogen…)

LCM-LC/MS - thousands of proteins in one run

Fat pad – direct CR with LC/MS without IHC/IF and LCM
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Amyloid AL Σ AL lambda AL kappa AL/ATTR 
comb./hybrid

AL/AApoAIV 
comb./hybrid

AL/AH 
comb./hybrid

ATTR AA AH AApoAI AIAPP ASem1 ACal ALac

100 69 31 1 2 5 
4 l/IgG1 

1 l/k/IgG1 

103 11 5 1 1 5 6 2

Amyloid (CR, SR, 789 specimens analysed)

Positive 379

Negative 410
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multiplex IF      IgG - kappa
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multiplex IF      IgG - kappa - lambda
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● Combined/hybrid amyloidosis

○ Simple coincidence of variable subtypes of amyloidosis

○ True hybrid amyloidosis

○ Combined seeding and fibrilogenesis

Suggestions
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multiplex IF     DAPI - CD138 - lambda
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Deposition site
Light chains 

ratio Proteomic analysis (LC/MS/MS)

Clonal 
rearrangement 

IgVH/IgL Amyloid typing

Conjunctiva
lambda/kappa 
6-10:1 Ig lambda-like polypeptide 5 NA (limited volume) AL lambda

Lung
lambda/kappa 
3-4:1

IgG1 chain C region, Ig lambda 
constant 2 IgVH, IgL lambda AL/AH lambda/IgG

Skin
lambda/kappa 
35-50:1

IgG1 chain C region, Ig lambda-
like polypeptide 5 IgVH, IgL lambda AL/AH lambda/IgG

Soft tissue
kappa/lambda 
45-140:1 Ig kappa chain C region IgVH, IgL kappa AL kappa

Lung
lambda/kappa 
3-4:1

IgG1 chain C region, Ig lambda-
like polypeptide 5, Ig kappa chain 
C region

IgVH oligoclonal, IgL 
kappa

AL/AH lambda/kappa/
IgG

Large bowel
lambda/kappa 
4-5:1

NA (limited volume, only IHC 
lambda+) NA (limited volume) AL lambda

Striated muscle
kappa/lambda 
5-20:1 Ig kappa chain C region IgVH, IgL kappa AL kappa
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Amyloidosis Associated with Localised B-cell Neoplasia of Undetermined Significance

Flodr et al., 2025
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Do not consider amyloidosis as an orphan disease

formally YES - orphan status < 5 person per 10,000 in EU countries

Diagnosis and therapeutic options improved

Precise amyloid typing without LCM and LC/MS is nearly impossible

IHC/IF is still prompt method with limited accuracy

Multiplex IF helps to colocalize hybrid amyloidosis

Microdissection with LC/MC of different microanatomical deposits 

reveal variants of hybrid amyloidosis

Take home messages
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Amyloid-specific radiotracers for PET
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standardizing proteomics methods for amyloidosis diagnosis and improve knowledge on disease mechanisms.
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