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Table 1S. Serum and Urine Tests to Rule Out AL Amyloidosis. 
 

Tests*   What Does it Detect? Most Sensitive Test for: Normal Range 

SPIE† Clonal immunoglobulin and/or 
clonal light chain 
 

Confirming clonal 
immunoglobulin production 
 

No monoclonal protein present 
 

UPIE† Clonal immunoglobulin and/or 
clonal light chain 
 

Confirming clonal light chain 
production 
 

No monoclonal protein present 
 

Serum free light chain assay 
 

Ratio of serum kappa:lambda 
light chains 
 

Detecting low-level clonal light 
chain production; clonality 
assumed if ratio is far from 1:1 
 

Kappa:lambda ratio: 0.26–1.65‡ 
 

 
         
*If any of these tests are abnormal, bone scintigraphy should not be used to make the diagnosis of ATTR amyloidosis, and biopsy is 
recommended. †SPIE and UPIE are more sensitive than protein electrophoresis without immunofixation and should be ordered as the 
preferred tests. ‡In patients with kidney disease, mild elevations in the kappa:lambda ratio are frequently encountered. In the setting of a 
normal SPIE/UPIE, a kappa:lambda ratio up to 2.5 can typically be considered normal. 
 
AL: light-chain amyloidosis; ATTR: transthyretin amyloidosis; SPIE: serum protein electrophoresis with immunofixation; UPIE: urine protein 
electrophoresis with immunofixation.



Prognosis in cardiac amyloidosis 

Several univariate and multivariate survival analyses have identified independent 

predictors of outcome of these patients. The vast majority of data regarding outcome 

and prognostic stratification of cardiac amyloidosis derived from retrospective studies 

of patients with AL amyloidosis.  

 

Amyloid subtype  

AL is widely associated with more rapid progression of heart failure (HF) and worse 

prognosis with median of about six months compared to ATTR forms(1,2). 

Classical studies reported unadjusted overall survival of 63% for AL at 2 years(1) and 74% 

for ATTRwt patients at 3 years(3). Fortunately, the prognosis of AL amyloidosis has 

significantly improved with the introduction of very effective therapies capable of 

dramatically reducing the production of the cardiotoxic light chains(4).  

The effect of cardiotoxic light chains present in the active stage of AL, a greater severity 

of hemodynamic impairment and disease burden in other organs, such as autonomic 

nervous system control of vasculature, plays a role in the poor prognosis of AL(5).  

 

TTR variants 

Genotype is an important source of heterogeneity in ATTR myocardial involvement. 

Prognosis depends on mutation and cardiac and/or neurologic phenotype, driven by the 

degree of cardiac involvement. Most series have reported a median survival in the range 

of 8 to 10 years for ATTRv with polyneuropathy compared to 2.5-3.5 years in those ones 

with HF. 

In general, groups of ATTRv by non-p.Val50Met mutations tend to have a worse 

prognosis compared with p.Val50Met. P.Val50Met patients have the best four-year 

survival at 79%(6).  

In contrast, subjects with cardiac mutations such as p.Val142Ile, p.Leu131Met, 

p.Thr80Ala or p.Ile88Leu, p.Glu109Gln presenting with cardiac or mixed phenotypes, 

have been associated with a lower survival rate than subjects with other genotype or 

neurologic phenotypes(7-10). Despite their clinical overlap, data regarding survival in 

ATTRwt and p.Val142Ile ATTRh is controversial. Median survival of p.Val142Ile has been 



reported around 26 months(11), with a median survival of 3.5 years in untreated ATTRwt, 

depending on the stage at diagnosis.  

Data from The Transthyretin Amyloidosis Outcomes Survey (THAOS) registry comparing 

ATTRwt and Val142Ile did not support a significant difference in outcomes despite heart 

transplantation was performed more frequently in Val142Ile compared to ATTRwt, 

resulting in shorter time to combined outcome of death or cardiac transplant in 

Val142Ile(12). Other groups have reported a significantly worse survival in Val142Ile than 

in ATTRwt though(13,14). Reduced left ventricular ejection fraction (LVEF) at diagnosis has 

been shown to be more common in Val142Ile than in ATTRwt, which could reflect a 

more advanced stage and may support the reduced survival reported in this subgroup.  

 

Clinical, functional and ECG factors 

Severity of HF by New York Heart Association (NYHA) class has consistently been a strong 

predictor of survival in different studies of the main subtypes of cardiac amyloidosis(1). 

Distance on the 6-minute walk test (6MWD) has been also associated with ATTR 

survival(14).  

Assessing functional capacity objectively, reduced peak VO2 by 

cardiopulmonary exercise test (CPET) has been associated as an independent predictor 

of mortality with worse survival both in AL and ATTR (16). Additionally, in a study with 

56 ATTRwt patients, higher VE/VCO2 (VE/VCO2 slope >40) identified patients with 

higher mortality risk(15) (Table 2S).  

In ATTRv, age at disease onset has been identified as a predictor of survival in different 

studies by univariate and multivariate analysis(12,16). Age has also been independently 

associated with survival in ATTRwt(14). Lower arterial pressure along with age has also 

been observed as an independent predictor of survival(12). 

Moreover, the modified body mass index (mBMI), a marker of nutritional status, has 

been shown to be prognostic and related to functional capacity, also in patients who 

have undergone liver transplantation(14,17).  

Regarding ECG features, QRS amplitude  0.5m in all limb leads or Sololow  1.5mV, in 

both main subtypes of cardiac amyloidosis have been shown to be predict 

outcomes(18,19). 



Finally, it has been shown quite recently that an earlier diagnosis in ATTR leads to better 

survival. This has been illustrated since the introduction of non-invasive diagnostic 

criteria on top of an increased awareness of the disease(14). 

 

Echocardiography 

Many morphological and functional parameters have demonstrated prognostic value 

when studied in isolation.  

LV wall thickness, reduced LV systolic function by LVEF, shortened deceleration time and 

increased early-to-late diastolic filling ratio of transmitral flow have all been reported as 

predictors of death in cardiac amyloidosis in small series(1,20) (Table 2S).  

In AL, increased wall thickness and transmitral restrictive filling pattern are the main two 

prognostic factors from an echocardiographic point of view. In ATTR, LV filling pattern, 

LV mass index and decreased longitudinal myocardial function by mitral annular plane 

systolic excursion (MAPSE) have been also proposed as predictive of survival.   

Additionally, left ventricular longitudinal global strain (LGS) was found to be an 

independent predictor of overall survival(5) (Table 2S). Moreover, LGS has demonstrated 

superiority to clinical variables (age, Karnofsky index and NYHA), biomarkers and 

standard echo parameters, with additive prognostic value even when HF is present(21,22). 

On top of LGS, Relative regional strain ratio, a measure of the relative apical sparing of 

longitudinal strain, showed to be an independent predictor of all-cause mortality or 

heart transplantation despite multivariable risk adjustment for other adversely 

prognostic factors in a both AL and ATTR(23). 

Myocardial contraction Fraction (MCF), a ratio of stroke volume (SV) to myocardial wall 

volume, determined by linear dimensions, assuming a constant left ventricular density, 

did predict survival in a small cohort of AL patients, independent and superiorly to 

LVEF(24) (Table 2S). Later on, in a large cohort of AL patients, MCF and SV, defined by 

pulsed-wave Doppler of the LV outflow tract, and the derived cardiac index (SV 

multiplied by heart rate), demonstrated to be strong predictors of survival even after 

adjustment for biomarker stage although not manifestly superior to LGS. In this case, 

patients with a MCF <34% and SVI < 3L/min did exceptionally poorly, with a median 

survival of 6-12 months, while those ones with values above the threshold, survived 

between 4.4-6.8 years(25). 



In a very recent work, incorporating classical and new imaging parameters, indexed SV 

(iSV) and CMR-derived tricuspid annular plane systolic excursion (TAPSE) emerged as 

the two independent predictors of survival, the latter being the most statistically 

significant independent marker of prognosis and the only one common to AL and ATTR, 

probably due to direct RV subendocardial infiltration (Table 2S). By subtypes, in ATTR, 

TAPSE was consistently significantly associated with mortality and indexed left atrial 

area, iSV and TAPSE in AL(26).  

 

Cardiac magnetic resonance  

So far, biomarkers, ECG and cardiac morphology and functional parameters rely on 

measuring surrogates rather than direct markers of interstitial expansion. Tissue 

characterization has emerged as a very useful tool, being able to estimate amyloid load 

which has been histologically associated with AL prognosis(27).  

Results of early studies regarding the role of late gadolinium enhancement (LGE) in 

prognosis, defined as present or absent, showed negative results, but findings 

supported that abnormal myocardial contrast accumulation was associated with 

decreased survival(28).  

Despite initial conflicting results from different studies, the two largest cohorts 

demonstrated in 2015 and 2016 that absence of LGE was associated with an improved 

prognosis while transmural LGE was associated with a poorer prognosis compared to 

other patterns of LGE in AL and ATTR, even after adjustment for NYHA, biomarkers and 

conventional echo prognostic factors(29) (Table 2S). In the second one, median survival 

was significantly different in the 2 amyloid types within the transmural pattern: 17 

months for AL and 38 for ATTR. However, and interestingly, in a more recent study, 

focused on 263 ATTR patients, transmural LGE was not associated with a worse 

prognosis than subendocardial LGE(30). 

Moreover, in AL, extracellular volume fraction (ECV), regardless of treatment status or 

time of presentation, has been shown to be the best predictor of survival. ECV > 0.45 

was associated with a 3-to-4-fold increased likelihood of death- roughly a 35-40% 

chance of death at 23 months compared with lower ECV patients despite therapy(31,32).  

For pre-contrast or native myocardial T1 (avoiding the use of gadolinium contrast), a 

cut-point of 1044 ms has been proposed as predictor of survival, providing very similar 



prognostic information as ECV, although it has not been consistent in all studies. Post-

contrast T1 did not show to predict survival though(32).  

In the largest cohort of ATTR patients undergoing CMR, ECV demonstrated to be able to 

predict death in the overall population and separately in ATTRwt and ATTRv. ECV also 

correlated with amyloid burden, being an independent prognostic factor for survival, 

even after adjustment for known prognostic factors and regardless of the moment of 

presentation. The better prognostic power of ECV compared with LGE might reflect the 

ability of ECV to measure the continuum of amyloid infiltration rather than a binary 

categorization by LGE(30).  

A similar cut-off of >1077 ms by native T1 has been associated with worse prognosis for 

ATTR, but not particularly prognostic when separated by hereditary and wild-type. 

However, ECV was more robust than native T1 probably due to the inability of native T1 

to track increasing amyloid burden with ECV >0.40(33).  

In the last few years, the role of myocardial edema has been investigated in cardiac 

amyloidosis. In keeping with results from histological studies(34), myocardial edema 

measured by T2 has recently been proven as a predictor of prognosis in AL. T2 predicted 

death in AL and remained significant after adjusting for known prognostic factors such 

as ECV and NTproBNP. A T2 <55 ms was associated with 88% chance of survival at 18 

months while a T2 > 55ms was associated with 67%. On the contrary, no relationship 

between T2 and prognosis was found in ATTR (Table 2S)(35). 

 

Scintigraphy  

Scintigraphy using 99mTc-Pyrophosphate (PYP) demonstrated an association between 

PYP uptake and increased mortality and poor outcomes in ATTR(36). Moreover, an apical 

sparing ratio (ASR) of myocardial uptake, has also recently shown to better predict 

survival than LGS with an ASR >2.75 being associated with better prognosis in ATTR(37). 

Nonetheless, evidence is still conflicting as in this study, in which heart-to-contralateral 

lung (H/CL ratio) and indexed LV uptake indexed were not associated with prognosis.  

Scare and unicentric data exist regarding HMDP. In 121 French patients with suspected 

cardiac amyloidosis, increased uptake by HMDP in 55 ATTR and 14 AL, was associated 

with increased risk of acute HF and/or death. This was the first evidence that HMDP 



allows the identification of high-risk patients with ATTR, with a significantly positive 

correlation between heart-to-skull retention (HR/SR) ratio and NYHA class(38).  

The prognostic role of 99mTc-DPD in ATTR is conflicting. Although a small series with a 

relatively low number of events did show that DPD myocardial uptake is a prognostic 

determinant of cardiac outcome(39), this was not confirmed by the use of Perugini 

grading in ATTR(40).  



Table 2S. Techniques to Assess Cardiac Progression and Available Data.  

Domains / Methods ATTR Cardiac Amyloidosis 

 
AL Cardiac Amyloidosis 

Functional capacity  
    - NYHA class 
    - Six-minute hall 
walk 
distance(6MWD) 
    
   
 
    - Gait speed  
    - CPET* 

 
- Progressive worsening without treatment.  
- Declines of ~25 meters every 6 months(11,41) or 100 
meters every 2 years(14) with greater declines in hATTR 
compared to wtATTR in some(41) but not all studies(14). 
- Declines of 0.35 m/sec over 18 months(42). 
- Worse survival with lower peak VO2(43) and  higher 
Ve/VCO2(15). Longitudinal data not yet delineated. 

 
- Rapidly worsening without treatment.  
- 6MWD associated with NYHA class, biomarkers and overall  survival in 
AL(57), significant improvement in patients with cardiac response to 
chemotherapy(58).  
 
- Unknown. 
- Worse survival with lower peak VO2(43). Longitudinal data not yet 
delineated. 

Quality of Life 
   - KCCQ 
 
 
  - Norfolk QOL 
   
  
 
- SF12/SF-36 

 
- Declines of ~10 points in KCCQ-OS each year which is 
depend on NYHA class(41), with greater declines in hATTR 
compared to wtATTR(14,44).  
- Increases of ~10 points in Norfolk-DM QOL in placebo 
arm of silencer trials(42,45) in hATTR, with slower 
progression in ATTR cardiomyopathy patients(45). 
- SF36 Physical component summary demonstrates 
decline of 3-5 points over 15 -24 months(45,46). 

 
- Data with KCCQ not reported in this population. 
 
 
- Not employed in this population. 
 
 
 
- Patients with cardiac amyloidosis reported more anxiety and role 
limitation due to emotional problems(59). Longitudinal data not available. 

Biomarkers / Lab 
results 
   - NTproBNP/ BNP 
    
 
 
 

 
-Progressively increase over time, staging systems(47,48) 
use NTproBNP level of 3,000 pg/ml to delineate stages. 
An increase of ~4,000 pg/ml was observed over 30 
months(41) . A higher increase over time is observed in 
Val142Ile compared to wtATTR or non-Val142Ile 
subjects(14). 

 
- Staging systems(60,61) employ natriuretic peptides, with extremely high 
levels >8,500 pg/ml, predictive of short term outcomes. NTproBNP has 
been validated and is used to determine a cardiac response defined as a 
decrease in NT-proBNP >30% and 300 pg/ml(62) as well as cardiac 
progression defined as increase in NT-proBNP >30% and 300 pg/ml  
 



 
 
   - Troponin T/I 
    
 
    
 
    - eGFR 
 
 
     
   - Prealbumin/TTR 
levels 

 
 
- Troponin T > 0.05 ng/ml are used in a staging system(47), 
tend to increase over time and exponentially increase in 
advance disease. 
 
 
- Declines in eGF of ~5-10 ml/min/m2 every year(14). 
 
 
 
- TTR levels are prognostic(49), decline with knockdown 
therapy(42,45) and increase after stabilizer therapy(50). 

 
 
- Troponin T is part of staging systems(60) and hs-Troponin alone can be 
used to stage disease(62,63). Levels decline with anti-plasma cell therapy 
and are a marker of a cardiac response. 
 
 
- In cardiorenal AL amyloidosis outcomes are dictated by NT-proBNP and 
eGFR at diagnosis rather than proteinuria, and thus changes in NT-
proBNP concentration are most predictive(64).  
 
- Mainly used as a negative acute phase reactant to identify poor 
nutrition. 

Echocardiographic 
measures 
    - LVEF 
    
    
    - MCF* 
    
 
    - Strain 
    
    - Stroke volume 

 
 
- Declines in LVEF of ~3% every 6 months(11) and ~5% 
over 2.5 years(41).  
 
- Associated with adverse outcomes independent of 
EF(25,51). Longitudinal data not available. 
 
- Declines by 2% over 2.5 years(41).  
 
- Declines in SV of 11-12 ml over 2.5 years(41).  

 
 
- Significant reductions in LVEF occurs in advanced disease and is a 
marker of poor outcomes, longitudinal changes over time not 
delineated. 
- Reduced in cardiac amyloidosis(65) and is a predictor of survival(24). 
Longitudinal data not available. 
 
- Independent prognostic variable beyond biomarker staging(21,22). 
Longitudinal changes not described. 
- SV index is an independent predictor of survival similar to strain(25). 
Longitudinal data not available. 

CMR Imaging* 
    - Delayed 
enhancement (LGE) 
     
 
 

 
- Progressive enhancement from absent to 
subendocardial, to transmural occurs with increasing 
amyloid burden(29).  
 
 

 
- Progressive enhancement from absent to subendocardial, to 
transmural occurs with increasing amyloid burden and transmural LGE 
predicted death(29).  
- Independent prognostic value(30). Longitudinal data not available. 
Myocardial edema is prognostic in AL amyloidosis(35).  



     
- Extracellular 
Volume (ECV) 

 
- Independent prognostic value(30). Longitudinal data not 
available.  

Positron Emission 
Tomography* 

- Can identify cardiac involvement(52-56) in both forms of amyloidosis including early involvement and may be able to track disease 
progression over time, though longitudinal data not available.  

Hospitalizations 
   - CV and Non-CV 
causes 
    
 
 
 - Days alive out of 
hospital 
  
  - Home days 

 
- CV hospitalizations at a rate of 0.7 `and all cause at 0.77 
per year among subject surviving 2.5 years, median of 2 
hospitalizations in initial year after diagnosis(14).  
 
 
-  344±61 days (94%) in 12 months, dependent on stage 
of disease.  
 
- Data not available.  

 
- Hospitalization data not published.  
 
 
 
 
- 262 ± 130 days (72%) in 12 months, dependent on stage of disease. 
 
 
- Data not available 

*Indicates data that is cross section but not longitudinal precluding definitive characterization about role in assessing progression of disease. 



Hematologic therapy of AL amyloidosis 

 

Newly diagnosed patients 

The aim of therapy is the rapid elimination of the amyloid precursor that is usually 

followed by amelioration of cardiac function that translates into improved patients’ 

quality of life and survival(66). The suppression of amyloid light chain synthesis is 

effectively achieved using chemotherapy and, more recently, with immunotherapy 

targeting the B cell clone. The choice of therapy is based on risk assessment. 

Patients at low risk should be considered for high-dose intravenous melphalan 

conditioning followed by autologous peripheral blood stem cell transplantation (HDM–

SCT). The risk of major complications, including death, within 100 days from starting the 

procedure has been decreasing during the last decade but it can be still substantial, 

ranging from 5 to 15%, according to the experience of the transplanting center(67). Lower 

doses of melphalan could reduce treatment-related toxicity but also lower 

hematological responses(68). Appropriate patient selection is key to reducing morbidity 

and mortality(69). Eligibility criteria for HDM–SCT vary between centers but broadly 

require the preserved function of vital organs (with the exception of patients in dialysis 

who are transplanted by some centers) with good performance status. Approximately 

20% of patients are eligible for HDM-SCT. 

HDM-SCT improves organ function and extends survival(70). A report from an 

international registry showed an excellent 5-year survival of 77% in the period from 

2007 to 2012(67). In 421 patients treated with HDM–SCT at Boston University, those 

achieving a complete response (approximately 40%) had an impressive organ response 

of 78% with a median event-free survival of 8.3 years and a median overall survival of 

13.2 years(71). An expanded series of 629 patients from the same center reported a 

median overall survival of 7.6 years. The median overall survival has not been reached 

for patients achieving a hematologic complete response(72). Conditioning with 

bortezomib-based regimens improves the outcome of HDM-SCT(73) and consolidation 

increases the response rate(74).  

Patients at intermediate risk should receive upfront a bortezomib-based regimen that 

produces a rapid and profound reduction of the amyloid light chains with improvement 

of heart and kidney function(75). Recently, a notable cardiac response rate of 61% has 



been reported in patients treated upfront with bortezomib-based regimens who 

achieved a deep reduction of the involved FLC (dFLC<10 mg/L)(76). These regimens, in 

general, do not harm hematopoietic stem cells and should be used in patients with 

potentially reversible contraindications to ASCT. In patients with neuropathy or fibrotic 

lung disease, the combination of melphalan and dexamethasone should be considered. 

This regimen is very well tolerated, with very good partial response or complete 

response in 60% of cases when full-dose dexamethasone can be given(77). In an 

international phase III study, bortezomib plus melphalan and dexamethasone 

demonstrated a higher hematological response rate than melphalan and 

dexamethasone alone (81% versus 57%, P = 0.005)(78). Combinations including IMiDs 

upfront showed good response rates but were associated with higher myelotoxicity(66), 

and these agents should be reserved for relapsing/refractory patients. Daratumumab, a 

CD38 monoclonal antibody has been recently reported to achieve good hematologic 

responses in relapsed/refractory AL amyloidosis and is expected to move to frontline 

therapy soon(79).  

High-risk patients with advanced cardiac stage (IIIb) dysfunction or severe heart failure 

(NYHA class III or class IV) represent ~20% of all individuals with AL amyloidosis. So far, 

no treatment regimen can substantially alter the course of the disease in these patients 

who should be considered for heart transplantation(80). The few patients (~20%) who 

survive long enough (1–3 months) to take advantage of the response to bortezomib-

based chemotherapy can enjoy prolonged survival(81). Much attention is now focused 

on this unmet need, and trials exploring the benefit of doxycycline(82) or immunotherapy 

targeting the amyloid deposits(83) are ongoing. 

 

Treatment of relapsing/refractory patients 

The majority of newly AL patients treated with front-line therapies achieve a 

hematologic response, few are resistant, however, most patients will relapse. 

Hematologic progression is defined by the reappearance of a detectable monoclonal 

protein or abnormal serum free light-chain ratio after having achieved a hematologic 

complete response or a 50% increase in serum M protein or urine M protein to >0.5 g/dL 

or >200 mg/day, respectively, or a free light-chain increase of 50% to >100 mg/L in those 

with stable disease or partial response(84). The optimal timing for initiating additional 



therapy after hematologic relapse is still a matter of debate but there is a tendency 

towards starting retreatment as soon as there is evidence of hematologic progression, 

since waiting until appearance of signs of organ progression is associated with reduced 

survival(85). Treatment choice should be made by a multidisciplinary team, including a 

cardiologist, with consideration of the patient’s functional status, previous therapy, 

duration of response and potential treatment toxicities. If the patient relapses after 

more than 2 years, a rechallenge with front-line therapy (if not HDM-SCT) should be 

considered. If the patient was not previously exposed to proteasome inhibitors, a 

bortezomib-based regimen is usually preferred(86). Carfilzomib is also effective but is 

associated with significant toxicity. Ixazomib, the first-in-class oral proteasome inhibitor, 

is active in relapsed patients with a good toxicity profile(87). If a patient has already been 

exposed to proteasome inhibitors then immunomodulatory agents are the most 

commonly chosen treatment. Lenalidomide is frequently used, and pomalidomide 

produces rapid and profound activity and fewer side effects(66). If a patient has not been 

exposed to melphalan and is not eligible for HDM-SCT, then the regimen melphalan-

dexamethasone should be considered, particularly in the presence of contraindications 

to bortezomib-based therapy(86). Considering the high response rate obtained with 

daratumumab in relapsing patients, and its tolerability, this agent is now more and more 

used in this setting.



Table 3S. Survival and organ response probabilities based on the hematological response criteria. 
 

Hematological response criteria Definition Overall survival Overall organ 

response rate(88).  

Cardiac 

response 

rate(88). 

Complete response (CR) Negative serum and urine 

immunofixation and normal FLC ratio 

Median: 7.6 years 

5-year rate: 73% 

84% 81% 

Very good partial response 

(VGPR) 

dFLC < 40 mg/L Median: 5.4 years 

5-year rate: 54% 

60% 51% 

Partial response (PR) dFLC decrease > 50% Median: 2.6 years 

5-year rate: 26% 

20% 24% 

No response (NR) dFLC decrease ≤ 50% Median: 1.2 years 

5-year rate: 14% 

3% 1% 
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