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Clinical presentation of the most common forms of 

systemic amyloidosis!

Amyloid type 
Organ involvement 

Heart Kidney Liver PNS ANS ST 

AL amyloidosis (>75%) ++ ++ + + + + 

Hereditary ATTR amyloidosis ++  ± - ++ + - 

AA (reactive) amyloidosis ± ++ + - + - 

Wild-type ATTR amyloidosis (10%) 

(Senile systemic amyloidosis) 
++ - - - - - 

Hereditary AApoAI amyloidosis! +! +! +! -! -! -!

ALECT2 Amyloidosis!
(Leukocyte chemotactic factor 2)!

-! +! +! -! -! -!

Palladini & Merlini Blood 2016 



Progetto Ematologia – Romagna

Titolo relazione

Palladini & Merlini Blood 2016 

Diagnosis of AL amyloidosis!



AL	
  amyloidosis	
  is	
  o,en	
  diagnosed	
  late	
  

NYHA class I, NT-proBNP >332 ng/L 
median survival 90 months 

NYHA class II-IV 
median survival 16 months 

P<0.001 
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NT-­‐proBNP	
  has	
  100%	
  diagnos=c	
  sensi=vity	
  

Palladini,	
  et	
  al.	
  
Circula;on	
  2003	
  

Asymptoma=c	
  pa=ents	
  with	
  normal	
  
echo	
  eventually	
  develop	
  overt	
  cardiac	
  
involvement	
  

Wechalekar,	
  et	
  al.	
  
Haematologica	
  2011	
  No nephrotic syndrome 

Albuminuria 

Nephrotic syndrome 

P<0.001 
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•  Nine	
  percent	
  of	
  pa-ents	
  with	
  MGUS	
  who	
  progress	
  develop	
  AL	
  amyloidosis	
  (Kyle,	
  et	
  
al.	
  NEJM	
  2002)	
  

•  Pa-ents	
  with	
  MGUS	
  and	
  abnormal	
  FLCR	
  should	
  undergo	
  life-­‐long	
  monitoring	
  

•  ∼85%	
  of	
  pa-ents	
  with	
  AL	
  amyloidosis	
  
have	
  abnormal	
  FLCR	
  at	
  diagnosis	
  

•  >95%	
  of	
  pa-ents	
  with	
  AL	
  amyloidosis	
  
have	
  NT-­‐proBNP	
  >332	
  ng/L	
  and/or	
  
albuminuria	
  >0.5	
  g/day	
  

other	
  disease	
  
manifesta-ons	
  
(3%)	
  

NT-­‐proBNP	
  >332	
  ng/L	
  
and/or	
  albuminuria	
  
>0.5	
  g/day	
  (97%)	
  

Merlini	
  &	
  Palladini.	
  Hematology	
  2012	
  
Merlini,	
  et	
  al.	
  Blood	
  2013	
  

Can we screen for AL amyloidosis ?!
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Can we screen for AL amyloidosis ?!

• Pa-ents	
  with	
  MGUS	
  and	
  abnormal	
  FLCR	
  should	
  have	
  
biomarkers	
  of	
  early	
  amyloid	
  organ	
  involvement	
  (NT-­‐
proBNP	
  and	
  albuminuria)	
  included	
  in	
  their	
  periodic	
  
workup	
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Diagnosis of AL amyloidosis!



Amyloid	
  typing	
  by	
  immunohistochemistry	
  

Strong,	
  false-­‐posi=ve	
  immunostaining	
  for	
  
transthyre=n	
  in	
  cardiac	
  amyloid	
  is	
  a	
  
poten=al	
  piOall,	
  augmented	
  by	
  the	
  
frequent	
  lack	
  of	
  staining	
  for	
  
immunoglobulin	
  light	
  chains	
  

Pa-ent	
  with	
  AL	
  lambda	
  

an=-­‐kappa	
  

an=-­‐lambda	
   an=-­‐TTR	
  



Anti-κ

Patient with AA amyloidosis 

Anti-λ
Anti-κ Anti-λ

Anti SAA CR 



Tissue	
  typing	
  
•  Light	
  microscopy	
  immunohistochemistry	
  

	
  reliable	
  in	
  AA	
  amyloidosis	
  with	
  commercial	
  an-bodies	
  
	
  correctly	
  classifies	
  94%	
  of	
  pa-ents	
  with	
  custom-­‐made	
  an-bodies1	
  

•  Immuno-­‐electron	
  microscopy	
  
	
  sensi-vity	
  76%,	
  specificity	
  100%	
  on	
  abdominal	
  fat	
  
	
  correctly	
  classifies	
  >99%	
  of	
  pa-ents	
  with	
  commercial	
  an-bodies2	
  

•  MS-­‐based	
  proteomics3,	
  4	
  
	
  laser	
  capture	
  microdissec-on,	
  MudPIT	
  
	
  not	
  an-body	
  dependant	
  

	
  
DNA	
  analysis	
  
	
  
Cardiac	
  scin=graphy	
  with	
  bone	
  tracers5	
  

	
  cardiac	
  uptake	
  in	
  ATTR	
  but	
  not	
  in	
  AL	
  amyloidosis	
  

Unequivocal	
  amyloid	
  typing	
  is	
  vital	
  to	
  avoid	
  catastrophic	
  
therapeu=c	
  mistakes	
  

1.  Schönland, et al. Blood 2012 
2.  Férnandez de Larrea, et al. Blood 2014 
3.  Vrana, et al. Blood 2009 

4.  Brambilla, et al. Blood 2012 
5.  Perugini, et al. J Am Coll Cardiol 2005 



Method	
  
Diagnos=c	
  sensi=vity	
  in	
  AL	
  amyloidosis	
  

Palladini	
  et	
  al.	
  
Clin	
  Chem	
  2009	
  

Katzmann	
  et	
  al.	
  
Clin	
  Chem	
  2009	
  

Bochtler	
  et	
  al.	
  
Haematologica	
  2008	
  

sEP	
   -­‐	
   66%	
   -­‐	
  
sIFE	
   80%	
   87%	
   69%	
  
uIFE	
   67%	
   -­‐	
   86%	
  
sEP	
  +	
  sIFE	
  +	
  uIFE	
   96%	
   94%	
   92%	
  
FLCR	
   76%	
   88%	
   89%	
  
sEP	
  +	
  sIFE	
  +	
  FLCR	
   96%	
   97%	
   -­‐	
  
sEP	
  +	
  sIFE	
  +	
  uIFE	
  +	
  FLCR	
   100%	
   98%	
   98%	
  

Iden=fica=on	
  (and	
  measurement)	
  of	
  the	
  amyloidogenic	
  precursor	
  	
  

The	
  BM	
  PC	
  clone	
  is	
  usually	
  small	
  (median	
  10%,	
  <5%	
  in	
  20%	
  of	
  pa-ents)	
  

The	
  N-­‐latex	
  FLC	
  assay,	
  based	
  on	
  monoclonal	
  an-bodies,	
  has	
  similar	
  diagnos-c	
  
sensi-vity	
  alone	
  (84%)	
  and	
  in	
  combina-on	
  with	
  s	
  and	
  u	
  IFE	
  (98%).	
  
	
  
However	
  the	
  Freelite	
  and	
  N-­‐latex	
  FLC	
  assays	
  are	
  not	
  interchangeable	
  and	
  either	
  one	
  
should	
  be	
  used	
  in	
  the	
  follow-­‐up.	
  

Palladini,	
  et	
  al.	
  Clin	
  Chem	
  Lab	
  Med	
  2017	
  in	
  press	
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Survival of 984 patients with AL amyloidosis!
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Staging	
  is	
  based	
  on	
  NT-­‐proBNP	
  (cutoff	
  332	
  ng/L)	
  and	
  troponin	
  I	
  (cutoff	
  0.1	
  ng/mL)	
  with	
  stage	
  I,	
  II,	
  and	
  
III	
  pa-ents	
  having	
  0,	
  1,	
  or	
  2	
  both	
  markers	
  above	
  the	
  cutoffs	
  

Very	
  high	
  (>8500	
  ng/L)	
  NT-­‐proBNP	
  iden-fies	
  pa-ents	
  with	
  advanced	
  cardiac	
  dysfunc-on	
  

Dispenzieri, et al JCO 2004 

Wechalekar, et al Blood 2013 
Staging of AL amyloidosis!



Amyloidogenic	
  light	
  chains	
  are	
  cardiotoxic	
  

Mishra,	
  et	
  al.	
  Am	
  J	
  Physiol	
  Heart	
  Circ	
  Physiol	
  2014	
  

NT-­‐proBNP	
   M	
  protein	
   LV	
  wall	
  thickness	
  

Palladini,	
  et	
  al.	
  Circula;on	
  2003;	
  Palladini,	
  et	
  al.	
  Blood	
  2006	
  

NYHA	
  class	
  III	
   NYHA	
  class	
  III	
  

NYHA	
  class	
  I	
  

Liao,	
  et	
  al.	
  
Circula;on	
  2001	
  

Diomede,	
  et	
  al.	
  
Blood	
  2014	
  

vehicle	
  

non	
  cardiac	
  
AL	
   cardiac	
  AL	
   MM	
  



Clonal	
  markers	
  predict	
  survival	
  in	
  AL	
  amyloidosis	
  	
  
Survival	
  according	
  to	
  the	
  revised	
  Mayo	
  Clinic	
  
staging	
  system	
  including	
  FLC	
  in	
  the	
  Pavia	
  
series	
  

Revised	
  staging	
  system	
  
NT-­‐proBNP	
  >1800	
  ng/L,	
  cTnI	
  >0.07	
  ng/L,	
  
dFLC	
  >180	
  mg/L	
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 Stage I (120 patients)
 Stage II (113 patients)
 Stage III (111 patients)
 Stage IV (124 patients)

P<0.001

P<0.001

P=0.002

Kumar,	
  et	
  al.	
  JCO	
  2012	
  
Kourelis,	
  et	
  al.	
  JCO	
  2013	
  

Bochtler,	
  et	
  al.	
  JCO	
  2015	
  
Bochtler,	
  et	
  al.	
  Blood	
  2016	
  

Muchtar,	
  et	
  al.	
  Leukemia	
  2016	
  
	
  

Survival	
  according	
  to	
  BMPC	
  infiltrate	
  

High	
  frequency	
  of	
  t(11;14)	
  transloca-on	
  
(∼40-­‐60%):	
  lower	
  benefit	
  from	
  bortezomib,	
  
greater	
  benefit	
  from	
  melphalan	
  
	
  

Pa-ents	
  with	
  higher	
  tumor	
  burden	
  benefit	
  most	
  
from	
  induc-on	
  therapy	
  pre-­‐ASCT	
  



Stage	
  I:	
  both	
  proteinuria	
  ≤5g/24h	
  and	
  eGFR	
  ≥50	
  mL/min	
  per	
  1.73	
  m2	
  
Stage	
  II:	
  either	
  proteinuria	
  >5g/24h	
  or	
  eGFR	
  <50	
  mL/min	
  per	
  1.73	
  m2	
  
Stage	
  III:	
  both	
  proteinuria	
  >5g/24h	
  and	
  eGFR	
  <50	
  mL/min	
  per	
  1.73	
  m2	
  

461	
  Italian	
  pa-ents	
   271	
  German	
  pa-ents	
  

Palladini,	
  et	
  al.	
  Blood	
  2014	
  

A	
  staging	
  system	
  for	
  renal	
  involvement	
  



Validated	
  criteria	
  for	
  early	
  assessment	
  of	
  response	
  to	
  chemotherapy	
  in	
  AL	
  
amyloidosis	
  based	
  on	
  biomarkers	
  

Hematologic	
  response	
  

Cardiac	
  response	
  
Renal	
  response	
  

Response	
   Defini=on	
  

Hematologic	
   CR:	
  nega-ve	
  s&u	
  IFE	
  +	
  normal	
  FLCR	
  
VGPR:	
  dFLC	
  <40	
  mg/L	
  
PR:	
  dFLC	
  decrease	
  >50%	
  

Cardiac	
   NT-­‐proBNP	
  decrease	
  >30%	
  &	
  >300	
  ng/L	
  

Renal	
   Proteinuria	
  decrease	
  >30%	
  

Palladini,	
  et	
  al.	
  JCO	
  2012	
  
Palladini,	
  et	
  al.	
  Blood	
  2014	
  

Response	
  criteria	
  were	
  validate	
  at	
  3	
  and	
  6	
  
months	
  a,er	
  treatment	
  ini=a=on	
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Conclusion!

• Management	
  of	
  AL	
  amyloidosis	
  is	
  based	
  on:	
  
Ø early	
  diagnosis	
  
Ø unequivocal	
  typing	
  
Ø assessment	
  of	
  organ	
  dysfunc-on	
  and	
  staging	
  
Ø risk-­‐adapted	
  treatment	
  design	
  
Ø close	
  follow-­‐up	
  (every	
  2	
  months	
  during	
  chemotherapy,	
  3	
  months	
  post-­‐
ASCT)	
  

	
  
•  Biomarkers	
  of	
  clonal	
  and	
  organ	
  disease	
  are	
  crucial	
  in	
  these	
  steps	
  

•  Overall,	
  clinical	
  research	
  and	
  standard	
  prac=ce	
  s-ll	
  need	
  to	
  be	
  coupled	
  in	
  
AL	
  amyloidosis	
  

•  Pa-ents	
  should	
  be	
  rou-nely	
  referred	
  to	
  specialized	
  centers	
  /	
  networks	
  for	
  
diagnosis	
  and	
  evalua-on	
  of	
  response	
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