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Gruppo Aziendale Amiloidosi dell'AOU Città della 
Salute e della Scienza di Torino dal 3 Dicembre 
2014 come da Protocollo Aziendale n. 0118998 



Amyloidosis 

The term amyloidosis refers to a group of disorders in which protein fibrils accumulate in certain 
organs, disrupt their tissue architecture, and impair the function of the effected organ.

The clinical manifestations and prognosis vary widely depending on the specific type of the 
affected protein.

Amyloidosis has an overall estimated incidence of around 14 new cases per million person per 
year and a prevalence of less than 5 cases per 10,000 inhabitants, which places them among 
the rare diseases.



XVI International Symposium on Amyloidosis in Kumamoto, Japan, 
25–29 March 2018 



There are more than 30 different types 
of amyloidosis, each due to a specific 
protein misfolding. 

Some are genetic while others are 
acquired.



The acquired forms (AL, AH) are the most frequent, constituting 80-85% of the whole series, followed 
by the hereditary  (ATTR) forms which represent 10-15% and by the reactive forms (AA), resulting 
from neoplasms, inflammatory diseases or chronic infections, which have progressively reduced over the 
last few decades to less than 5% of cases



Amyloidosis -clinical





AL Amyloidosis

AL  clonal population of bone marrow PC that produces a clonal light chain of κ or λ type as 
either an intact molecule or a fragment

Prevalence of AL amyloidosis in patients with MM: 12-15%
Increased in recent years  increased survival of PCD 

The median age at diagnosis is 63 years, and 1.3% of patients are under the age of 34 years. 

There is a male predominance, with men accounting for 55% of patients. 

45-55% IgG or IgA; 7% IgM

AL amyloidosis occurs in all races and geographic locations, but data are limited regarding the 
incidence of AL amyloidosis across different ethnic groups



Kidney  58%

Hearth  71%

GI tract  22%

Liver  16%

  Nervous system 23%

Soft tissue 10%

AL Amyloidosis



Hearth  71%
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AL Amyloidosis -hearth

Heart involvement is the most important prognostic factor in AL amyloidosis patients 
and occurs in 71% of AL amyloid patients. 

The patients present with fatigue, dyspnea at exertion, peripheral edema, jugular 
venous distention and pleural effusion. 

Other manifestations can include arrhythmia causing sudden death or syncope, and 
rarely myocardial infarction due to the accumulation of amyloid in the coronary 
arterioles. 



Amyloidosis AL -hearth

ECG  Amiloide= elettricamente inerte
45% bassi voltaggi QRS (derivazioni periferiche 
<5mm)  early stage, worse prognosis
Onde Q pseudoinfartuali (QS) in almeno 2 
derivazioni precordiali consecutive
Blocchi di branca
BAV I-II-III grado
Allungamento QT
Tachiaritmie
ECG Holter  

Grogan M et al. Heart 2017



Amyloidosis AL -hearth

Grogan M et al. Heart 2017

Echo  Aumento spessore parietale del Vsx con distribuzione uniforme dell’ipertrofia e 
peculiare ecoriflettenza miocardica con aspetto «a vetro smerigliato» (granular sparkling)

Disfunzione diastolica di grado II-IV

Aumento dello spessore della parete libera del VDx
Dilatazione biatriale con presenza di trombi intracavitari (35%)

Aumento di spessore del setto interatriale

Ispessimento delle valvole atrio-ventricolari 

Versamento pericardico e pleurico



Amyloidosis AL -hearth

Grogan M et al. Heart 2017

STRAIN  A characteristic LV strain pattern with preservation of 
the apex (bull's eye) is often an indication of the disease 
Abnormalities of longitudinal ventricular function demonstrated by 
strain imaging are independent predictors of survival.
Furthermore, abnormal right ventricular strain may be an early 
diagnostic clue.
The severity of echocardiographic abnormalities and the rapidity 
at which they develop may correlate with worse prognosis. 



Amyloidosis AL -hearth

Grogan M et al. Heart 2017

RMN cardiaca  

aumento globale del volume 
extracellulare 

Immagine tipica di «late 
enhancement» del subendocardio del 
Vsx e del VDx (aspetto ‘’a zebra’’ del 
SIV) ma spesso alterazione a tutto 
spessore;  la misura dell’espansione 
dell’interstizio potrebbe 
quantificare l’entità del danno 
cardiaco

Le alterazioni RMN possono 
precedere le alterazioni eco e 
correlano con la prognosi



Amyloidosis AL -hearth

The gold standard for diagnosing cardiac amyloidosis is endomyocardial biopsy, but 
noninvasive cardiac imaging can replace the need for cardiac biopsy. 

Cardiac MRI late gadolinium enhancement was shown to be highly sensitive (80–100%) 
with a negative predictive value of 85–100%, while the specificity and positive 
predictive values are 80–94 and 81–92%, respectively.
Cardiac MRI is unable to reliably differentiate between the various subtypes of 
cardiac amyloidosis. 

Scintigraphy with Tc-99m-pyrophosphate (99mTc-PYP) is a noninvasive and widely 
available method useful in identifying patients with the ATTR subtype



Amyloidosis AL -hearth

Grogan M et al. Heart 2017
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Amyloidosis AL -kidney

Renal involvement occurs in 58% of AL amyloidosis; 
patients and usually presents as a nonselective proteinuria or nephrotic syndrome. 

The patient may present with peripheral edema, anasarca, foaming urine, or 
symptoms of uremia. 

Laboratory tests may show elevated lipid levels, hypoalbuminemia, and nonselective 
proteinuria.

Ultrasound or CT may demonstrate enlarged kidneys.
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Amyloidosis AL –GI tract

GI involvement manifests itself as constipation, diarrhea, early satiety, GI 
bleeding, heartburn, nausea and vomiting due to gastroparesis, and weight loss.

Laboratory testing may show hypoalbuminemia and anemia, and imaging tests may 
demonstrate a dilated esophagus and signs of decreased peristalsis, as well as 
thickening of the stomach wall or small intestine.



Kidney  58%

Hearth  71%
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Amyloidosis AL –nervous system

Mixed sensory and motor peripheral neuropathy (20%) and autonomic neuropathy 
(15%) are prominent features in AL amyloidosis. 

Symptoms of numbness, paresthesia, and pain are frequently noted resulting from 
the involvement of peripheral nerves, especially the median nerve within the carpal 
tunnel. 
Symptoms of bowel or bladder dysfunction and orthostatic hypotension are caused 
by autonomic nervous system damage. 

Patients with neurologic symptoms should be evaluated with electromyography, bearing 
in mind that this test can be normal because the neuropathy is most typically due to 
damage to the small unmyelinated nerve fibers.
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Amyloidosis AL –soft tissue

AL amyloidosis patients may present with hoarseness, dysarthria, obstructive sleep 
apnea, periorbital purpura often occurring after mild trauma or physical activity, 
submandibular gland swelling, xerostomia, and periarticular involvement causing the 
shoulder pad sign (enlargement of the anterior shoulder due to fluid in the 
glenohumeral joint or amyloid infiltration of the synovial membrane and surrounding 
structures).

Shoulder pad sign



Amyloidosis AL –soft tissue

Macroglossia can cause significant morbidity due to problems with breathing, talking, 
and chewing, resulting in the need for feeding tubes and tracheostomy.

Macroglossia



Amyloidosis AL –soft tissue

Jaw claudication (pain while chewing) reflects vascular amyloid deposition and may 
cause a great deal of morbidity.

Carpal tunnel syndrome sometime precedes the tissue diagnosis of AL amyloidosis by 
years (range 1 month to 9.3 years).

Carpal tunnel syndrome
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Amyloidosis AL –liver and coagulation

AL amyloidosis may be associated with a bleeding diathesis.

Subnormal factor X activity is found in 14% 
The proposed mechanisms include factor X deficiency due to binding to amyloid fibrils, 
decreased synthesis of coagulation factors due to advanced liver disease, and acquired 
von Willebrand disease.

However, some patients with abnormal bleeding have no abnormality in any coagulation 
test. In such cases amyloid infiltration of blood vessels should be suspected.



Amyloidosis AL -diagnosis



Amyloidosis AL -diagnosis

The diagnosis of AL amyloidosis requires the demonstration of amyloid fibrils in a tissue 
sample taken from the suspected affected organ (heart, kidney, liver, etc.) or from a 
surrogate site (abdominal fat pad, bone marrow).

Biopsy of the iliac crest bone marrow combined with abdominal subcutaneous fat aspiration 
will identifyamyloid deposits in 85% of patients with AL amyloidosis.

Immunofixation of serum
Immunofixation of urine
Ig free light chain assay

IF NEG AND κ:λ (O.26-1.65)
 AL UNLIKELY

Bone marrow biopsy
Abdominal subcutaneous fat aspiration

NEG   15% AL LIKELIHOOD
Biopsy of involved organ



Amyloidosis AL -diagnosis



Amyloidosis AL -diagnosis

The presence of a monoclonal 
gammopathy does not necessarily 
mean that the diagnosis is AL 
amyloidosis. 

It should be noted that MGUS is 
very prevalent in patients over the 
age of 65 years, highlighting the 
need for amyloid typing to avoid 
misdiagnosis



Amyloidosis AL –localized vs systemic
Localized amyloidosis occurs in a variety of organ systems, including the skin and nails, 
larynx, lung, bowel, orbit, or urinary tract, including the renal pelvis, ureter, bladder, 
and urethra. 
Evolution of localized amyloidosis to systemic amyloidosis is rare. 
The course of the disease is relatively benign in most patients with no effect on life 
expectancy, but severe damage to the affected organ can ultimately occur. If 
symptomatic, localized amyloidosis can be treated by radiotherapy or by local excision 
using either classic surgical techniques or laser-based excision. 
Coexisting autoimmune diseases were reported in 7% of patients.

Skin localized amyloidosis
Pre and post surgery



Amyloidosis AL - Chromosomal Abnormalities

Fluorescence in situ hybridization (FISH) is prognostic in untreated AL amyloidosis and may 
guide therapeutic decisions. 
Often the amyloidogenic clone is characterized by chromosomal abnormalities. 
The most frequent genetic abnormalities in AL amyloidosis are t(11;14) (50%), monosomy 
13/del(13q) (36%), and trisomies (26%).

The presence of t(11; 14) is associated with poorer outcomes with bortezomib-based and 
immunomodulatory (IMiD)-based therapy. These patients have a lower rate of very good 
partial response (VGPR) or better, and an inferior overall survival (OS) when treated with 
bortezomib.  Patients should be considered for autologous stem cell transplantation (ASCT) 
or standard-dose melphalan at diagnosis because the survival disadvantage may be 
abrogated.

Trisomies were associated with a shorter OS, reaching statistical significance only for 
patients treated with melphalan. 



Amyloidosis AL - Chromosomal Abnormalities

t(4; 14) and t(14; 16) were rarely found in AL, accounting only for 3% and 4% of patients, 
respectively. The frequency of del(17p) in AL amyloidosis is 3%. These MM high-risk FISH 
aberrations, t(4; 14), t(14; 16), and del(17p), conferred no adverse prognosis in patients
treated with bortezomib. 

Gain of 1q21 is less frequent in AL amyloidosis than in MM, being found in less than 20% of 
patients. Gaining 1q21 conferred no adverse prognosis in patients treated with bortezomib.



AL amyloidosis  IgM –AL amyloidosis

OS 47.9 months

 AL Amyloidosis - prognosis

Merlini G, et al JCO 2011 (29) 14: 1924-1933

Cumulative proportion surviving:

• 1 year:       73%
• 5 years:       46%
• 10 years: 31%

OS 40 months

Sachchithanantham S et al. JCO 2016;34:2037-2045

Survival of 868 patients with AL amyloidosis
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 AL Amyloidosis - prognosis

All patients

ASCT

Stndard therapy

Muchtar e et al Blood. 2017;129(15):2111-2119. 

Therapy has translated into 
significant improvements of 
median survival that has nearly 
doubled over the past decade, 
with a significant proportion of 
patients (30% to 40%) now 
surviving more than 10 years



AL Amyloidosis - risk stratification

Cardiac involvement is the major prognostic factor for survival, and changes in cardiac 
function after therapy can be easily assessed by monitoring NT-proBNP and Troponin. 

This has been validated in 98 patients undergoing ASCT (Mayo Clinic staging system).
Dispenzieri A et al. JCO 2004;22:3751-3757



Troponin T
14% of patients

Dispenzieri A et al. JCO 2004;22:3751-3757

Troponin I
43% of patients

AL Amyloidosis - risk stratification



Dispenzieri A et al. JCO 2004;22:3751-3757

NTproBNP
48% of patients

Stage I-i is when both are below threshold. 
Stage II-i is when either is greater than or equal to threshold value. 
Stage III-i is when both are greater than or equal to threshold value. 
Threshold values for cTnI and NT-proBNP are less than 0.1 g/L and less than 332 
ng/L, respectively.

Mayo Clinic stagin system

AL Amyloidosis - risk stratification



Merlini G et al. Educational ASH 2017

AL Amyloidosis - risk stratification



Kumar S et al. JCO 2012;30:989-994

We assigned a score of 1 for each of the three prognostic variables (cTnT 0.025 ng/mL, NT-
ProBNP 1,800 pg/mL, and FLC-diff 18 mg/dL); this was used to divide patients into four stages 
(I, II, III, and IV) with scores of 0, 1, 2, and 3, respectively

94.1 months

40.3 months

14 months

5.8 months

AL Amyloidosis - risk stratification



European study for stage III

Wechalekar AD et al. Blood 2013;131:3420-3427

AL Amyloidosis - risk stratification



Renal stage I: both proteinuria <5 g/24 h 
and eGFR >50 mL/min per 1.73 m2. 

Renal stage II: either proteinuria >5 
g/24 h or eGFR <50 mL/min per 1.73 m2. 

Renal stage III: both proteinuria >5 
g/24 h and eGFR <50 mL/min per 1.73 m2.

461 patients; P <.001

Progression to dialysis according to renal stage

Palladini G et al. Blood. 2014;124(15):2325-2332. 

AL Amyloidosis - risk stratification



Kourelis TV et al. JCO. 2013;31(34):4319-4324. 

AL Amyloidosis - risk stratification

10.6 v 29 months (P.001) 46 vs 16 months (P .001)



AL Amyloidosis - risk stratification



Sachchithanantham S et al. JCO 2016;34:2037-2045

IgM AL Amyloidosis - risk stratification



The aim of treatment is to achieve at least a VGPR.

Further improvement of cardiac or renal function 
after CR can be achieved by obtaining a status of 
negativity for minimal residual disease, as 
assessed by nextgeneration flow cytometry

Palladini G et al J Clin Oncol. 2012;30(36):4541-4549.

AL Amyloidosis – response criteria



AL Amyloidosis – hematologic response

(A)Survival at 6-month in 649 patients 

Palladini G et al. JCO 2012;36:4541-4549



Kumar S et al. JCO 2012;30:989-994

AL Amyloidosis – organ response

A study conducted at the Mayo Clinic evaluated the organ response of newly diagnosed AL 
amyloidosis patients to grade the depth of response. 
The median time to cardiac, renal, and hepatic response was 9.4, 6, and 6.1 months, 
respectively. In all organs, the depth of organ response correlated with OS. 

The authors defined four organ response criteria groups: 
complete organ response (nadir NT-proBNP ≤400 pg/mL; nadir proteinuria ≤200 mg per 24 h; 
nadir alkaline phosphatase ≤2 the lower limit of normal); 
very good partial organ response (> 60% reduction in the parameter not meeting the complete
organ response definition); 
partial organ response (31–60% reduction in the parameter), 
nonresponders (≤30% reduction in the organ response parameter)



Muchtar E et al. Leukemia. 2018 Oct; 32(10): 2240–9.

AL Amyloidosis – organ response



AL Amyloidosis – therapy

In patients with >10% PCs in the bone marrow, induction therapy with 
bortezomib-based regimens significantly improve the quality of 
response after ASCT. 
Consolidation with bortezomib-based regimens in subjects who fail to 
achieve a CR after ASCT increases the CR rate to almost 60%



AL Amyloidosis – therapy

The first issue in transplantation of AL amyloidosis patients is stem cell collection. The 
patients often accumulate fluids during filgrastim (granulocyte colony stimulating
factor) mobilization  and fluid balance should be meticulously followed and maintained.

The second issue is whether an induction before SCT improves outcomes.
A single-center, prospective randomized trial evaluated the role of induction (two cycles of 
bortezomib and dexamethasone) versus no induction in 56 AL amyloidosis patients. OS at 24 
months was 95% in the induction arm and 69% in the no induction arm, with higher rates of 
CR in the induction arm

The cardiac response rates were higher in patients pretreated with bortezomib and the 3-
year PFS and OS were 66 and 73%

Vaxman and Gertz Acta Haematol 2019;141:93–106



AL Amyloidosis – therapy

Vaxman and Gertz Acta Haematol 2019;141:93–106

In a study from the MDACC the type of induction therapy and its impact on the outcome of 
autologous hematopoietic stem cell transplantation in AL was evaluated in 128 patients. 

The patients were divided into 3 groups: no induction (20 patients), conventional 
chemotherapy-based induction (melphalan and steroids; 25 patients), and IMiD/proteasome 
inhibitor (PI)-based induction (83 patients). 

Overall, the hematological response on day 100 was highest in the IMiD/PI group, and 
organ response at 1 year was highest in the conventional chemotherapy-based induction. 

The 2-year PFS rates were 67, 56, and 73% in the no induction, CC, and IMiD/PI groups, 
respectively, and OS rates at 2 years were 73, 76, and 87%, respectively. 

Mayo Clinic patients eligible for ASCT that have bone marrow plasma cells lower that 10% 
aresent directly to ASCT



An international, randomized phase 3 study comparing MDex and 
BMDex that BMDex induced a VGPR or better in 62% of patients, 
compared with 40% withMDex (P =.016), with ~40% cardiac and renal 
responses

AL Amyloidosis – therapy



Considering the lower response rate to bortezomib-based regimens in the 40% to 60% of 
patients with t(11;14), regimens containing melphalan at conventional dosage (MDex) or high 
dosage (ASCT) should be favored in such subjects. 

Patients with 1q deletion are best treated with bortezomib-based regimens. 

Patients who are considered potential candidates for ASCT should be treated with CyBorD 
to preserve stem cells. 

Patients with severe neuropathy should avoid bortezomib and are probably best treated with 
MDex. 

Finally, patients who present with high dFLC (>180 mg/L) could benefit from BMDex.

AL Amyloidosis – therapy

Vaxman and Gertz Acta Haematol 2019;141:93–106



AL Amyloidosis – therapy



Between 259 patients who responded to upfront therapy, ninety-two patients (35%) needed 
second-line therapy after a median of 49 months

Cardiac and renal progression were observed in 22% and 12% of patients, respectively. 
Patients who had cardiac progression had a median survival of 17 months compared with 62 
months (P = .002) in those whose cardiac involvement did not progress, indicating that 
second-line treatment should start promptly at progression of FLC, before cardiac
progression has occurred. 

Time to next therapy was significantly reduced in patients retreated with the same therapy
compared with that in patients treated with a different therapy (22 months vs 32.3 
months, respectively; P = .01), but there was no impact on survival (30.8 months vs 51.1 
months; P=.5).

AL Amyloidosis – therapy

Vaxman and Gertz Acta Haematol 2019;141:93–106



AL Amyloidosis – therapy

Since t(11; 14) is the most common cytogenetic abnormality in AL amyloidosis, it is logical that venetoclax 
will be important in the therapy of AL amyloidosis. In a case report of a patient with AL amyloidosis with 
t(11; 14) who plateaued at a partial response with CyBorD therapy, the addition of venetoclax to 
bortezomib resulted in a complete response. The duration of response was short, and the κ-FLC began 
increasing within 3 months of stopping treatment along with serum creatinine. The patient quickly 
responded to venetoclax upon reintroduction. A trial of venetoclax given at one of four escalating doses 
(100, 200, 400, or 800 mg/day) and dexamethasone is currently ongoing (NCT03000660).



Sachchithanantham S et al. JCO 2016;34:2037-2045

IgM AL Amyloidosis - therapy



AL Amyloidosis – therapy



AL Amyloidosis – therapy
Lista 648 farmaco utilizzato per malattia rara(ultimo aggiornamento 16/01/19
Pomalidomide
Trattamento dell'amiloidosi a catene leggere (AL), in pazienti già trattati con terapia a base di bortezomib 
e di lenalidomide G.U. 04/06/2018 n. 127

Lista farmaci ad uso consolidato  -Allegato 3 farmaci per oncoematologia aggiornamento 1/19
Bortezomib
Trattamento della prima linea con o senza desametasone
Lenalidomide
In paziente già trattati o non trattabili con bortezomib e/o melphalan



AL Amyloidosis – supportive care

Terapia di supporto (terapia delle scompenso cardiaco 
modificata)  
Mantenere adeguate pressioni di riempimento ventricolare.
Contrastare la ritenzione idrica e la congestione venosa bilanciando con 
precisione e continui adattamenti la ritenzione idrosalina e la terapia 
diuretica (educazione del pz e dei caregivers, supporto dietistico)
Attenzione all’assetto proteico (ipoalbuminemia)
Valutazione quotidiana del peso
Valutazione settimanale diuresi 24h
Norme igienico-comportamentali per contrastare l’ipotensione 
ortostatica, postminzionale e da ipertono vagale (sovradistensione 
gastrica, shave..)
Calze elastiche classe I
Alfa.I agonisti (midodrina): il mantenimento PA adeguata può 
permettere dosi più alte di diuretico dell’ansa, spt nei pz con 
neuropatia autonomica. 



AL Amyloidosis – supportive care

ACE-I:  possono causare severa ipotensione (la PA dei pz con AL è 
dipendente dall’angiotensina)
Andrebbero riservati per trattare la proteinuria nei pz con s.nefrosica
BETA-BLOCCANTI: nelle forme restrittive la GC dipende dalla FC (GC= 
GSxFC), per cui sono spesso mal tollerati. 
Inoltre: beta-bloccante + talidomide (AL): bradicardia spiccata.
CALCIO-ANTAGONISTI (verapamil): abnorme legame con fibrille 
amiloidi, effetto intropo negativo
DIGITALE: aritmie pericolose anche a livelli di digossinemia 
apparentemente in range, per legame stretto e selettivo tra farmaco e 
fibrille.  Non correlazione tra digossinemia e tossicità, che si esplica 
anche a dosaggi bassi. 



AL Amyloidosis – supportive care

TAO: indipendentemente dalla presenza o meno del ritmo sinusale, 
l’infiltrazione degli atri porta a stasi e trombosi. 
Valutare all’eco l’assenza o la spiccata riduzione di onda A. 
I pz sono anche a rischio elevato di sanguinamento (alterazioni della 
coagulazione, fragilità vascolare….) e di traumi da sincope. 
Mantenere mobilità ed evitare le cadute (deambulatori). 

ATTENZIONE AI CORTICOSTEROIDI!!!

AMIODARONE  200 mg/die x 5 gg/sett se aritmie ventricolari 
sostenute all’Holter (valutare con attenzione!)
ICD  può non prevenire MCI perché spesso dovuta a dissociazione 

elettromeccanica.
Soglie elevate, benefici incerti. 
PMD: sec guidelines, preferendo i PM bicamerali quando possibile
Trapianto cardiaco
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