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• How many AL amyloid patients do you normally see 
in your clinics?

• A)0-4
• B)4-10
• C)10-15
• D)>15



• What is the gold standard for the diagnosis of AL 
amyloid?

• A)Immunohistochemistry
• B)Mass spectrometry
• C)Congo red staining
• D)Bone marrow biopsy



• What’s the standard upfont treatment you use for AL 
Amyloidosis with NTproBNP<5000?

• A)CyBorD 
• B)Lenalidomide and dexamethasone
• C)ASCT
• D)CyBorD followed by ASCT



Amyloidosis - General

• Amyloid = “starch-like”, term originally coined by R. 
Virchow

Amyloidosis is a rare systemic disorder characterized 
by misfolding of aberrant precursor proteins causing 
formation of unstable auto aggregates leading to 
amyloid fibril formation in a predominant β-pleated 
sheet structure 

These fibrils are deposited in different organs, 
progressively affecting the organ’s architecture and 
function

Mahmood, et al. Hematologica, 2014



Type Precursor
(site of synthesis)

Syndrome/involved tissue

Immunoglobulin LC 
amyloidosis (AL)

Monoclonal LC
(BM plasma cells)

Primary amyloidosis,
myeloma-associated: 10%

Reactive amyloidosis (AA) Serum amyloid A (liver) Chronic diseases
(rheumatoid arthritis, 
infections, cancer, NHL, HL)

Senile systemic amyloidosis
(ATTRwt)

wt transthyretin (liver > 
90%)

Heart in elderly men

Acquired amyloidoses

Hereditary amyloidoses
Type Precursor

(site of synthesis)
Syndrome/involved tissue

Familial transthyretin 
amyloidosis (ATTR)

Variant transthyretin
(liver > 90%)

Peripheral and autonomous 
neuropathy, heart

Familial apolipoprotein AI
amyloidosis (AApoA-1)

Variant apolipoprotein A-
I
(liver, intestine)

Heart, liver, kidney, testis

Familial fibrinogen aA chain 
amyloidosis (AFib)

Variant fibrinogen aA
chain (liver)

Kidney (heart, GI, 
vascular)

Most common systemic amyloidoses



Merlini G and Bellotti V. N Engl J Med 2003;349:583-596
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AL Amyloidosis

Merlini G and Bellotti V. N Engl J Med 2003;349:583-596



Pathogenesis and presentation of AL amyloidosis 

Mahmood S et al. Haematologica 2014;99:209-221



Biopsy Required for diagnosis

• General approach is to pursue least invasive or 
symptom/sign directed biopsy

• Fat aspirate – low risk, convenient, sensitivity of 75%
• Bone Marrow – low risk, but low sensitivity (50-60%)
• Gingival Bx – less common now, some pain, sensitivity 

around 65%

• Organ directed:
– Kidney, heart, nerve, liver…

Merlini, et al. NEJM, 2003



Mahmood, et al. Hematologica, 2014



Localized vs Systemic

• The process may occur in a general systemic way, 
or in a very localized way (10%)

• Some types of amyloid are always localized (incl 
Alzheimers, Prion…)

• Most are primarily systemic, but may also be 
localized (AL, AA, ATTR)

Gertz et al, 2013



AL Amyloidosis

• In routine practice, the diagnosis of amyloidosis is made 
by histopathologic examination and histochemical stains 
such as Congo red (CR).

• Further subtyping is often challenging because
immunohistochemistry, the most common method used, is 
problematic even in the most experienced laboratories as 
the result of high background staining caused by serum 
contamination and epitope loss caused by protein cross-
linking after formalin fixation.

Jimenez-Zepeda, et al. RIC, 2013



AL Amyloidosis

CRS for amyloid



Mass Spectrometry in Amyloidosis

• Is becoming the gold standard for the diagnosis of 
Amyloidosis, however IHC continues to be the most 
universally accepted.

• The Mayo clinic reported the development of a highly 
specific and sensitive novel test for the typing of 
amyloidosis in routine clinical biopsy specimens. This 
approach combines specific sampling by laser 
microdissection (LMD) and analytical power of tandem 
mass spectrometry (MS) based proteomic analysis. 

Vrana, J. A. et al. Blood 2009;114:4957-4959



AL Amyloidosis

• By using of LMD/MS, we identified the 
amyloid type with 100% specificity and 
sensitivity in the training set and with 98% in 
validation set. Use of the LMD/MS method 
will enhance our ability to type amyloidosis 
accurately in clinical biopsy specimens.

Blood, 3 December 2009, Vol. 114, No. 24, pp. 4957-4959.



Vrana, J. A. et al. Blood 2009;114:4957-4959





AL Amyloidosis – Organ Involvement

• Kidney…proteinuria, then renal dysfunction
• Heart…restrictive CM, wide septum, low BP,  

arrhythmia (usually tachy), elevated Troponin, NT-
pro-BNP

• Nerves 
– autonomic (low blood pressure, dizziness, balance)
– Peripheral (numbness, tingling)

• GI…upper gi bleeding, gastroparesis or chronic 
diarrhea

• Liver…hepatomegaly, high ALP
• Skin…easy bruising, amyloidomas, macroglossia
• Blood…acquired FX deficiency
• Other: thyroid, lung, bladder, eye…

Gertz, et al. Am J Hem, 2005



AMYLOIDOSIS: PROTEIN MISFOLDING DISEASE
AL amyloidosis

75% λ
25% κ

CHF/sudden death: 82%

Treatment related mortality: 2.5%

liver failure: 4%

renal failure:4.5%

other: 7%

Small	dangerous	plasma	cell	clone
Median	bone	marrow	plasma	cell:	7%
fewer chromosomal aberrations 
compared with MM

Merlini G, Blood. 2012;119(19):4343-5





Wechalekar, A. D. et al. Blood 2007;109:457-464

Figure 1 Serial 123I-labeled anterior whole-body SAP scintigraphy



Bryce, A. H. et al. Haematologica 2009;94:380-386
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AL Amyloidosis: Treatment

• Goals of therapy

• The aim of treatment in AL amyloidosis is eradicating 
the fibril precursor protein by suppressing production 
of free light chains as rapidly as possible by targeting 
the underlying clonal plasma/B cell dyscrasia, whilst 
minimizing treatment-related mortality (TRM) and 
morbidity with supportive measures to preserve organ 
function



(A) Kaplan-Meier curves for overall survival (OS) from diagnosis among the subgroup 
of 583 patients based on the new staging system. 

Kumar S et al. JCO 2012;30:989-995



Kaplan-Meier curves for overall survival of patients with immunoglobulin light chain 
(AL) amyloidosis (A) with and without hypercalcemia, renal failure, anemia, and lytic 
bone lesions attributable to clonal expansion of plasma cells (CRAB criteria) and (B) 

...

Kourelis T V et al. JCO 2013;31:4319-4324



AL Amyloidosis: Response assessment

Palladini G, et al. JCO, 2012



Available	treatments	for	AL	amyloidosis	(ITT)

Patient
/prev.

tx
HR/CR % Organ

Resp %
TRM%
(SAE%) Author

HDM/SCT (single 
center)

HDM/SCT (single 
center)

HDM/SCT(single 
center)

HDM/SCT 
(multicenter)

421
434
100
37

34 CR
76/39
75/42
67/41

51
47
40
45

11 (NR)
10 (NR)
3 (NR)
24 (NR)

Cibeira 2011
Gertz  2010
Mangatter 

2008
Jaccard 2007

Melphalan-Dex 43
46

68/32
67/33

39
48

2 (16)
4 (11)

Jaccard  2007
Palladini 2004

ASCT



Yes (90 pts) No (62 pts)

Heart involvement
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 Median  25%-75%  Min-Max 

4303 ng/L

187 ng/L

p=10-7

332	ng/L



AL	Amyloidosis:		Eligible	for	ASCT	

CR 

3 month staging

< CR 

Risk-
adapted

MEL

Age (years) < 60 > 60

No cardiac or renal
compromise MEL 200 MEL 140 

With cardiac and/or 
renal compromise MEL 140 MEL 100 

Observation Consolidation



N=148 (88 died/next treatment)
Median EFS: 4.82 Years, 95% CI (3.84 – 6.23)

Landau H, et al. Leukemia, 2016



8 patients died within 100 days of RA-SCT, TRM = 5% 

7/8 with advanced heart disease  

Landau H, et al. Leukemia, 2016



MEL dose HR (95% CI)
100 3.5 (1.6 - 7.2)
140 1.4 (0.7 – 2.5)
200 1.00

MEL dose Median OS (95% CI)
100 4.4 yrs (2.7- 6.3yrs)
140 NR
200 11 yrs (8.2- NR)

Landau H, et al. Leukemia, 2016



Hematologic response 

3 mos 
Post-SCT

12 mos 
Post-SCT

All pts on phase II trials (N=83)

CR 20 (24%) 40 (48%)

< CR 59 (71%) 33 (40%)

Deceased/off study 4 (5%) 10 (12%)

CR rate by trial

Post-SCT  TD consolidation  (N=44) 9 (21%) 16 (36%)

Post-SCT  BD consolidation (N=39) 11 (28%) 24 (62%)

Landau H, et al. Leukemia, 2016



Amyloid and BMT

• Associations with poor prognosis (ie DEATH):
– Troponin >0.07
– Repeated syncope
– Intraventricular septum >15mm
– SBP <90
– Uncontrolled CHF
– Dramatic CHF with collection



The “NEW” CyBorD

• All three drugs given weekly
– Cyclophosphamide 300mg/m2 PO
– Bortezomib 1.5 mg/m2 IV or SQ
– Dexamethasone 40mg PO

• We consider one cycle a 4 week course
• No “week off”
• Less neuropathy, more convenience, equal efficacy
• Always give viral prophylaxis

Venner C, et al and Mikhael J et al, Blood 2012



Bortezomib for AL Amyloidosis in Calgary

Jimenez-Zepeda V et al. Clinical Lymphoma Myeloma Leuk 2016



Bortezomib for AL Amyloidosis Calgary

• A total of 52 patients with documented newly 
diagnosed and relapsed AL amyloidosis treated with 
bortezomib-containing regimens were identified 
from our institutional database. After a median of 
4 cycles (range, 1-22 cycles), a hematologic 
response was seen in 49 patients (94.2%), including 
a complete response in 15 (28.8%), a very good 
partial response in 25 (48.1%), and a partial 
response in 9 (17.3%). 

Jimenez-Zepeda V et al. Clinical Lymphoma Myeloma Leuk 2016



Bortezomib for AL Amyloidosis Calgary

• At 6 weeks, 37 patients had already achieved a 
partial response. An organ response at 6 months 
was documented in 31 patients (59.6%). With 
respect to the cardiac response, a > 30% decrease 
in N-terminal pro-hormone brain natriuretic 
peptide (NT-proBNP) was observed in 17 of 35 
evaluable patients (48.6%; NT-proBNP > 650 
ng/L) at a median of 6 months. Overall survival 
was shorter for the patients with NT-proBNP > 
5000 ng/L and for those who achieved less than a 
very good partial response.

Jimenez-Zepeda V et al. Clinical Lymphoma Myeloma Leuk 2016



AL Amyloidosis: Treatment

Mahmood S et al. Haematologica 2014;99:209-221















AL Amyloidosis

• Supportive Care
– Cardiac

• Low BP – midodrine or florinef
• Arrhythmia – possible amiodarone
• Doxycycline

– Renal
• Careful diet mgt, judicious use of ACE inhibition

– GI
• Syptomatic mgt of diarrhea or gastroparesis

– Neuro
• If painful, gabapentin or lyrica



Mayo Clinic Proceedings
Volume 90, Issue 8, Pages 1054-1081 (August 2015) 

DOI: 10.1016/j.mayocp.2015.06.009



Conclusions
u Amyloidosis is a protein deposition characterized by 

congo red staining and a precursor protein
u AL amyloidosis is uncommon, but may be initially 

difficult to diagnose if not suspected
u Consider AL in unexplained proteinuria, heart failure, 

MGUS and neuropathy
u All patients with amyloidosis should be seen at a 

referral center 
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