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Abstract  AL amyloidosis patients are difficult to diagnose. Patients having multi-organ and particularly cardiac 
involvement are considered to have bad prognosis. Early diagnosis is therefore essential. Treatment is to be given 
according to risk. The use of autologous stem cell transplantation is associated with unacceptable toxicity in high-
risk patients. Low risk and some intermediate risk patients may benefit from it with responding patients having 
prolonged overall survival. New medications, such as thalidomide, lenalidomide and bortezomib, and next 
generation IMiDs and proteasome inhibitors are derived from multiple myeloma regimens. Their combination with 
dexamethasone and alkylating agents have a profound effect even in transplant ineligible patients.with surviving 
patients having excellent progression-free and overall survival, even in a significant proportion of high risk, poor 
prognosis populations. This review includes the latest updates on treatment for AL amyloidosis patients in 2014, in 
light of the progress done during the recent years. 
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1. Introduction 
Amyloidoses are a group of diseases sharing common 

tertiary protein structure. The protein misfolding causes 
aggregation and tissue deposition of the proteins. In the 
case of systemic immunoglobulin light chain amyloidosis 
(AL), the monoclonal light chains are produced by a bone 
marrow plasma cell clone which aggregates in vital organs 
[1,2]. Plasma cell dyscrasias include several diseases, 
discriminated by their end-organ damage. In multiple 
myeloma (MM) the patients will have a rapid-proliferative 
disease and suffer of myeloma end-organ damage such as 
bone lesions, anemia and tubular kidney disease. In AL 
the clone is small, and the clinical scenario and prognosis 
correlate directly to the organ dysfunction caused by the 
amyloidogenic light chain [2]. Being a plasma cell related 
disorder, AL may be found secondary to MM in 10-15% 
of patients, conferring worse prognosis [3,4,5,6]. However, 
if found incidentally with no AL organ damage, prognosis 
is dependent on the MM primary disease as reported by 
retrospective series [7,8], whereas others do show such 
clinical significance [9]. Primary AL rarely progresses to 
overt active MM [5]. Treatment of primary AL is derived 
of MM treatments with the usage of chemotherapy and 
more recently novel agents to eliminate the neoplastic 
clone [10]. 

Much research has been performed to determine the 
molecular factors that make a particular LC protein 
amyloidogenic, to elucidate the mechanism of amyloid 
fibril formation, and even to characterize the amyloid 
formation in-vitro [11,12,13]. It is very likely that factors 
in the patient, including nutrients and antioxidants will 

affect amyloidogenicity as well [12,13]. Studying the 
biology is therefore complicated in designing proper 
experiments, addressing the molecular level of the 
phenomenon in-vitro and undoubtedly in-vivo.  

There is a strong debate regarding the mechanism by 
which amyloidosis causes organ damage and dysfunction. 
Lessons learnt from clinical observations at least in AL, 
raise the hypothesis that it is not solely the deposition of 
amyloidogenic material in the tissues causing organ injury 
[13,14,15], but more so the LC toxicity is the central 
setback.  

Amyloid LC precursors are likely to mediate cellular 
toxicity through a mechanism that causes oxidative stress 
and activates the apoptotic pathway thus being directly 
cytotoxic [16]. Effective immunotherapy and chemotherapy 
induces a rapid and simultaneous reduction of the 
concentration of the circulating amyloidogenic free light 
chains (FLC) with improvement of heart failure symptoms 
and prolonged survival [17,18], thus indicating that LC 
oligomers and/or nascent amyloid fibrils may significantly 
contribute to amyloid cardiotoxicity in addition to any 
mechanical effects of amyloid fibril deposition. Partially 
because of research limitations, therapy of AL presently is 
limited to the use of anti myeloma drugs given in MM 
with considerable toxicity [15].  

2. Diagnosis  
Diagnosis of AL may be misleading and is usually late 

in the course of the disease, when the patient is already 
symptomatic [1]. The category of systemic amyloidosis is 
determined by the type of protein precipitate. The most 
common of these is AL: light chains amyloidosis. Among 
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the other types which may mimic the signs and symptoms 
of AL- such as the inflammatory amyloidosis [AA 
Amyloidosis], familial amyloidosis- most commonly 
transthyretin [TTR Amyloidosis], and amyloidosis of 
aging [Senile Amyloidosis] - In the case of AL, the 
plasma cell clone may not be as large as in MM, and may 
be difficult to differentiate from a benign plasma cell 
disorder such as monoclonal gammopathy of unknown 
significance (MGUS) [1,19,20,21]. Even more 
complicated is the rare situation where a non-AL systemic 
amyloidoses have overlapping clinical presentations and 
occurs in the presence of MGUS, which is highly 
prevalent [19,20,22]. Thus demonstrating that amyloid 
deposits are formed by light chains before starting 
treatment for AL amyloidosis is mandatory. This should 
be done by either performing a biopsy of an available 
indirect involved organ (i.e.- fat pad aspirate or biopsy) or 
by biopsy of the targeted organ itself [2,23].  

Light microscopy immunohistochemistry can consistently 
identify AA amyloidosis, but LC immunohistochemistry 
is unreliable [24]. Immuno electron microscopy performed 
on abdominal fat aspirates and organ biopsies is done at 
specialized centers [25]. Other highly sensitive methods 
being done at large centers are laser capture microdissection 
[26] with mass-spectrometry identification.  

AL amyloidosis is a hematologic malignancy. However, 
its manifestations are mostly non-hematologic, making the 
diagnosis delayed even in subjects with preexisting 
plasma cell dyscrasia [27]. Clinically, for the most part, 
AL amyloidosis is a multisystem disease manifested in a 
wide range of clinical signs. It may involve almost every 
organ but for the central nervous system, and most 
commonly are the kidneys and the heart. Early diagnosis 
and accurate treatment may prevent the formation of 
irreversible damage, and decreasing the LC levels in the 
blood can lead within a few months to a dramatic 
improvement in organ function. Therefore it is highly 
important to have a high level of awareness to diagnose 
promptly and properly, albeit its rarity (prevalence of 1: 
100 000 people) [2]. 

3. Common Clinical Syndromes in AL 
Amyloidosis  

Essentially every organ, except the central nervous 
system, may be involved in primary amyloidosis. Outlined 
are the major syndromes [1,2,11,19,28,29,30,31,32] and 
clues for elevated suspicion (Table 1):  

Cardiac: amyloid infiltration of the heart causes septal 
thickening and the development of ventricular failure, 
particularly diastolic. Hypertensive heart disease 
echocardiography studies may be similar, yet in contrast 
to amyloidosis, the electric complexes will be enlarged, 
whereas small or normal in AL. Typical signs will be seen 
by strain echo Doppler [33] and cardiac MRI that may 
distinguish between the two entities [34]. Patients are 
dependent on cardiac filling pressure, thus medications 
such as beta-blockers, calcium and angiotensin inhibitors 
may aggravate the clinical heart failure. Digoxin is 
forbidden due to increased toxicity. Increase in the cardiac 
biomarkers N-terminal pro-natriuretic peptide type-B 
(NT-proBNP) and troponins [35,36], allow sensitive and 
accurate assessment of the extent of involvement, the 

prognosis, as well as evaluating the response to treatment. 
The presence and extent of heart involvement is the major 
prognostic determinant. Without treatment, most patients 
will die within six months. A staging system (Table 2) 
based on these biomarkers [37], recently revised [38], 
allows accurate discrimination of low-risk (who are 
candidates for aggressive treatment and also have 
prolonged survival if they respond to therapy), 
intermediate-risk, and high-risk (who are very fragile and 
often die before having a chance to respond to therapy) 
patients. Furthermore, hematologic response is assessed 
by measuring changes in the concentration of circulating 
free light chains, and cardiac response and progression are 
defined by decreases or increases in NT-proBNP (Table 2) 
[39,40]. Since AL amyloidosis is a rapidly progressive 
disease, response to treatment needs to be assessed early, 
in order to rapidly start rescue therapies in non-responders 
to prevent further damage.  

Table 1. Signs that should increase a suspicion to the presence of AL 
amyloidosis in accordance to organ involvememnt 

Signs that should raise a suspicion to the presence AL amyloidosis 
Attention to details and a high level of suspicion 
is the key to diagnosis  

AL amyloidosis is a multi-system disorder. A 
combination of unexplained symptoms in a 
number of central organs/ systems should raise a 
suspicion for a rare disease.  

General 

Thickening of the ventricular septum in the 
presence of normal-sized ventricle or small 
complexes with electrocardiographic signs of 
hypertrophy.  

Cardiac 

Proteinuria without a clear explanation, and 
normal kidney size or large kidney size.  Renal 

Albuminuria without a clear explanation, even in 
the presence of comorbidities such as diabetes 
and hypertension, but without the expected 
disease-related retinopathy  

 

Unexplained peripheral edema  Cardiac and Renal 
Dermal bleeding tendency without a source, with 
no hematologic clotting abnormalities  Dermal 

Peripheral neuropathy with no source  Peripheral nervous 
system 

Bilateral carpal tunnel syndrome  
Unexplained orthostatic hypotention  
Gastrointestinal disorders - constipation or 
diarrhea, unexplained weight loss. Gastrointestinal 

Renal: The kidneys are the most involved organ in AL 
amyloidosis, but rarely involved in various forms of 
familial amyloidosis. The disease typically causes 
glomerular injury [41]. Therefore, albuminuria is the most 
common manifestation of renal involvement, occasionally 
to a nephrotic range. Blood creatinine increased only with 
advanced stages. Renal ultrasound scan will usually 
normal in size and sometimes larger than normal (as 
opposed to chronic failure due toother diseases where the 
kidneys are usually undersized). Difficult to differentiate, 
albuminuria commonly exists in the background of renal 
dysfunction secondary to diabetes and hypertension. Note 
that in these cases there will also be the characteristic 
ocular matching retinopathy. The presence of a 
paraprotein and albuminuria in these co morbidities, in the 
absence of retinopathy, is suggestive of amyloidosis [2,41].  

As with cardiac injury, early detection and effective 
treatment may prevent deterioration of renal function, 
need for dialysis, and improve and even cure the 
proteinuria. Angiotensin inhibitors are of little value, and 
given the damage to cardiac and autonomic function, may 
worsen the patient's condition. 
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Table 2. Updated International Society of Amyloidosis criteria for 
Cardiac staging and for haematologic and cardiac response 

Standard staging 
system [37] 

The system is based on NT-proBNP (cutoff 332 
ng/L) and cTnT (cutoff 0.035 ng/mL). Stage I, II, 
and III, patients have none, one or two markers 
above the cutoffs, respectively. 

Revised staging 
system [38] 

The revised staging system is based on NT-
proBNP (cutoff 1800 ng/L), cTnT (cutoff 0.025 
ng/mL), and dFLC (cutoff 180 mg/L). Stage I, II, 
III, and IV patients have none, one, two or three 
markers above the cutoffs, respectively. 

 
Type of response [143] Definition 

Complete response 
Negative serum and urine 
immunofixation and normal FLC κ/λ 
ratio 

Very good partial response dFLC <40 mg/L 
Partial response dFLC decrease >50% 
No response other 

NT-proBNP response* 
>30% and >300 ng/L reduction in 
subjects with baseline NT-proBNP≥650 
ng/L 

dFLC, difference in concentration between involved (amyloidogenic) 
and uninvolved free light chain; eGFR, estimated glomerular filtration 
rate; FLC, circulating free light chain; iFLC, involved (amyloidogenic) 
free light chain; NT-proBNP, N-terminal natriuretic peptide type-B; cTnI 
/cTnT, cardiac Troponin I / T 
*Caution should be used in interpreting NT-proBNP changes in subjects 
treated with immune modulatory drugs and in those with a >25% 
decrease in glomerular filtration rate. 

Peripheral nervous system: neuropathy may be the 
initial finding of primary AL amyloidosis. It may be 
characterized by autonomic nervous system dysfunction 
with diarrhea (or constipation), a low blood pressure 
(positional) or men's erectile dysfunction. Patients with a 
history of high blood pressure, gradually become balanced 
or even with low blood pressures. Carpal Tunnel 
Syndrome, for example, when it appears two-sided, 
should raise the alarms for an infiltrative disorder, due to 
nerve injury and soft tissue thickening.  

Liver and Digestive System: Hepatic involvement in 
most cases is asymptomatic, despite the increase, 
sometimes significantly, of the liver enzymes. Laboratory 
tests show an increase ofespecially alkaline phosphatase 
[2,23,32,41]. Amyloidosis associated with diarrhea is in 
the most part of the autonomic nervous system 
malfunction. Amyloid deposits may present anywhere in 
the gastrointestinal tract, causing bleeding or 
malabsorption of food products. Altered taste and 
difficulty in eating solid foods are hallmarks of base of the 
tongue enlargment. Splenomegaly may result in binding 
of factor X to the amyloid deposition, extending the 
laboratory time PT or PTT coagulation tests, with a 
tendency for spontaneous bleeding.  

Soft tissue and skin: cutaneous manifestations of 
primary amyloid may provide important clues towards the 
diagnosis, especially when other organ involvement 
suggest the presence of a systemic disease [2,23,32,41]. 
Cutaneous involvement is limited almost exclusively to 
AL amyloidosis among another amyloidoses. However, 
these appear only in 10-15% of patients. The disease can 
manifest itself among other appearances by subcutaneous 
nodules called Amyloidomas. 

4. Treatment 
Being a rare disease, large controlled patient trials of 

primary AL are difficult to conduct [42]. As many patients 
have multi-organ dysfunction which renders them more 

susceptible to treatment toxicity, this should always be 
kept in mind in designing the therapeutic strategy. Good 
responses to therapy on one hand, and the patients' 
sensitivity to various agents on the other, raise the 
question of which strategy is the best to choose for the 
newly diagnosed or relapsed AL patient. Thus, various 
reports are of single arm trials with different populations 
which are difficult to compare [43]. All treatments are 
aimed at the elimination of the plasma cell clone [44]. 
These include conventional dose chemotherapy (mostly 
melphalan), high dose chemotherapy and novel agents 
combinations. 

Conventional-dose therapy: Melphalan, an alkylating 
agent, has been adapted from the historical use in MM, 
and shown to be safe and effective in AL [45]. However, 
deep responses are rare (∼30%) and are reached slowly 
[45,46]. Oral melphalan and dexamethasone (MDex) in 
patients who are not eligible for autologous stem cell 
transplantation (ASCT), obtained encouraging 
hematologic response rates of 67% (complete remission 
(CR) 33%), with a low 4% treatment related mortality 
(TRM) [47,48]. The median survival of patients treated 
with MDex was 5.1 years, thus leading to be a widely 
acceptable first line treatment [43]. 

However, cardiac patients with advanced heart 
involvement did not tolerate high-dose dexamethasone, 
and lowering the dose from 40 to 20 mg on days 1-4 was 
associated with a significantly lower CR rate (16% vs. 
31%) [49]. Other trials of MDex in patients with advanced 
cardiac involvement show worse outcomes (only 44% 
hematologic response) and a high treatment related 
mortality (TRM) rate of 26% of patients. [50], with a very 
short median survival in another trial [51]. In addition, 
intermediate dose intravenous melphalan results in 
significant toxicity [52,53]. Thus melphalan cannot 
overcome the poor prognosis of subjects with advanced 
cardiac involvement, and although no randomized trial has 
been published, newer agents and combination treatments 
are showing promising superior results. 

Autologous stem cell transplantation: ASCT was first 
published in 1998 as a major breakthrough in the 
treatment of AL amyloidosis [54], following its use in 
MM. Melphalan 200 mg/m2 was reported to induce 76% 
haematologic response rate, and additionally a CR in 33% 
of patients, while TRM was 12-13% [55,56,57], but can 
be as high as 40% TRM in a multicenter settings [58]. 
Reduction of the melphalan dose may be suitable for 
patients with moderate cardiac dysfunction, but results in 
some lower hamatologic response rates, and a varying 
TRM rates, which may still be high [55,57,59,60,61,62]. 
The total number of patients in each trial group was low, 
thus highlighting the difficulty of comparison among 
patient groups. Overall, there is no evidence that reduced-
intensity ASCT (melphalan 100-150 mg/m2) is superior to 
non-myeloablative chemotherapy in AL amyloidosis, 
while retaining a significant TRM.  

Another major difficulty encountered is a high initial 
mortality rate (17%) during induction chemotherapy and 
during the period of stem cell mobilization [63]. Giving 
induction chemotherapy as done in MM before ASCT, 
resulted in no benefit.  

The only head-to-head randomized controlled trial 
evaluation MDex vs. ASCT, failed to demonstrate an 
advantage in terms of hematologic response rate (67% vs. 
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68%) for ASCT over MDex [64]. TRM was relatively 
high (24%), perhaps obscuring the beneficial effects of 
ASCT, and possibly a higher risk patient population was 
present. Nonetheless, the last updated results, with a 
longer follow-up of > 5 years after last recruitment, did 
not find any superiority in the intensive arm in survival or 
remission duration, even in the landmark analysis 
eliminating TRM [65]. 

Since then, efforts were made to improve selection of 
candidates for ASCT and to stratify them according to risk 
[32,66]. Refinement of eligibility criteria since 2009 
resulted in a marked decrease of TRM (10.5% vs. 1.1%) 
[67,68], concluding that Patients with serum troponin 
T >0.06 ng/mL or NT-proBNP >5000 pg/mL (not on 
dialysis) should not be considered candidates for ASCT 
because of early mortality. An update on survival for 
patients attaining CR post ASCT show the estimated 
probability of survival for patients in CR was as high as 
86% at 5 years. Patients who did not achieve a CR had a 
short median EFS of 2 years (CI 95% 1.6–2.7), as 
compared with 8.3 years for patients in CR (p<0.0001) 
[60,69]. In another series with long term follow up, 44% 
of patients survived more than 10 years (Cordes, et al 
2012).Interestingly, patients with AL have a significantly 
better prognosis than parallel MM patients receiving 
ASCT [70]. Accurate baseline risk assessment of cardiac 
biomarkers is thus the cornerstones for careful patient 
selection. Consequently, only a minority of patients (20-
30%) will be eligible for ASCT. Overall these promising 
results in well selected patients show that ASCT may still 
be an established first line modality in low-intermediate 
risk AL patients. 

Lately, conditioning regimens incorporating 
Bortezomib to the treatment resulted in improved disease 
free and overall survival without affecting engraftment 
[71]. Therefore it may be advisable to combine ASCT 
with a short course of a bortezomib-based protocol either 
before or after transplantation. 

Allogeneic and Organ transplantation: Transplantation 
of the organs involved by amyloidosis may prolong 
survival and allow patients with advanced disease to be 
eligible for treatment. Organ transplant can be considered 
in patients who attain CR, but have irreversible end-stage 
organ damage. Available data indicate that kidney 
transplant can be offered to patients with AL amyloidosis 
with sustained CR [72]. Heart transplant followed by 
ASCT or other effective chemotherapy can be the only 
effective option for young patients with isolated, severe 
cardiac involvement [73-78]. It is limited by the graft 
availability, and patients may die while waiting for organs 
[79]. Allogeneic bone marrow transplant has been 
associated with a very high (40%) TRM [80] and thus is 
not a preferred option in AL patients. 

Novel agents: Novel agents employed in MM treatment, 
have made their way into the AL therapeutic setting. The 
introduction of thalidomide, lenalidomide and bortezomib 
over the last decade has been suggested to improve patient 
outcome and overall survival including higher risk 
patients than those included in ASCT trials [32,44]. 
However, these encouraging data are based on clinical 
trials with a selected population of patients and 
retrospective cohorts, some of which were performed in 
AL- specialized centers. “Real-world" reports, assessing 
the tolerability and efficacy of these new treatments 

in non-selected populations [43,81,82] show a wider range 
of responses. In addition, most trials include both newly 
diagnosed and relapsed/refractory patients, and long term 
follow up is limited.  

IMiDs: Thalidomide: Thalidomide with or without 
dexamethasone has limited efficacy in AL [83,84,85]. 
Toxicity was substantial, with 65% of subjects experiencing 
serious adverse events (SAE), including symptomatic 
bradycardia (26%), fatigue and constipation [85]. 
Combined with melphalan and attenuated dexamethasone, 
still resulted in relatively low response rates and high 
adverse events [86]. The addition of cyclophosphamide to 
thalidomide and dexamethasone (CTD) resulted in a 74% 
haematologic response rate (CR in 21%) [87]. The "real 
world" prospective follow up ("Alchemy registry") of 250 
patients treated as of September 2009, most of whom had 
received CTD as upfront therapy (77% of patients), 
demonstrated that although 33% managed to achieve a 
CR/VGPR, after a median follow up of 7 months, 29% of 
patients died, and 50% of treated patients had to be 
hospitalized for treatment toxicities [81]. Renal organ 
responses were also poor. Most common toxicities were 
fluid retention and sedation, and TRM was 4%. A recent 
publication comparing matched patients treated with 
cyclophosphamide, dexamethasone and either bortezomib 
or thalidomide, show a similar OS but much better 
responses 40.5% CR vs 24%, respectively and a PFS 28 
vs. 14 months, between the two cohorts [88]. However, an 
early switch of non-responding 91 patients by 3 cycles of 
CTD in the "Alchemy" trial, were salvaged by second line 
therapy (84% bortezomib containing regimens), thus 
allowing better responses, and consequently prolonged 
and comparable OS with first line CTD responders [81]. 

Lenalidomide: It is difficult to separate trials for newly 
diagnosed and relapsed refractory patients, as those are 
usually reported together. Doses of lenalidomide higher 
than 15 mg are poorly tolerated especially in patients with 
high cTn [89,90] and the hematologic response rates 
ranged from 41% to 47% [91,92,93]. 

Lenalidomide combination with an alkylator, mostly 
cyclophosphamide, and dexamethasone had favorable 
hematologic response rates ranging from 40% to 77%, 
being lower in pretreated subjects and CR rates were up to 
20%% [94-104]. In all these trials lenalidomide toxicity 
was prominent (SAE 60-86%) and mainly characterized 
by cytopenia, fatigue and fluid retention. However, it is a 
relevant option for patients refractory to bortezomib and 
other chemotherapeutic agents. Available data indicate 
that the quality of response to this combination increases 
over time. To date, there is no information regarding 
maintenance therapy with lenalidomide.  

Pomalidomide: Pomalidomide was tested in heavily 
pretreated 33 AL patients, also including patients 
previously treated with thalidomide and lenalidomide, and 
showed a 48% haematologic response rate, with 3% CR 
reported [105]. Most patients had cardiac involvement. 
Treatment was relatively well tolerated, with only 3 
patients discontinued therapy due to toxicity. 

Safety issues for IMiDs: Concern has risen over 
possible renal and cardiac toxicity of immune-modulator 
drugs. In a retrospective analysis from the Boston 
University group, 66% of patients exposed to 
lenalidomide developed renal dysfunction, which was 
reversible in 44% of cases [106]. However, lenalidomide 
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was reported to be reasonably well-tolerated in patients 
with associated end-stage renal disease and dialysis [107]. 
In addition, an increase of cardiac biomarkers BNP and 
NTproBNP has been reported with the use of IMiDs 
[96,108,109]. The reason for this phenomenon is not clear. 
It is usually asymptomatic, and does not imply of 
treatment failure, but was also correlated with negatively 
affected survival [109,110]. Thus, in patients taking 
IMiDs, elevated biomarkers should be followed and 
assessed as per their dynamics, and not their absolute 
values [109]. Another safety concern comes from long 
term follow up of MM patients, showing elevated hazard 
ratios for secondary malignancies in patients treated with 
lenalidomide, especially after ASCT with high dose 
melphalan [111]. Given the prolonged survival in AL after 
ASCT, this issue should be taken into consideration in the 
relapsed patients after ASCT setting, even though this was 
not observed in AL patients to date [112]. 

Proteasome inhibitors: Proteasome inhibitors, well 
established in the MM world [113,114], are making their 
way into the AL setting. The rapid reduction in light chain 
levels obtained in MM patients receiving bortezomib 
[1,2,115] prompt its use in AL patients, in whom swift 
cessation of toxic LC production and precipitation is 
required in order to prevent and reverse organ damage. 
Amyloidogenic plasma cells synthesize misfolded light 
chains, resulting in proteasomal overload, which makes 
them highly sensitivity to bortezomib [115]. Indeed, bone 
marrow purified plasma cells derived from amyloid 
patients are twice as vulnerable to bortezomib inhibition 
as those obtained from MM patients. Similarly to the 
observations with lenalidomide, it is difficult to separate 
trials for newly diagnosed and relapsed refractory patients, 
as those are usually reported together. Bortezomib as a 
single agent shows good efficacy of up to 69% 
hematologic responses and 38% CR rates, and was well 
tolerated at up to 1.6 mg/m2 once weekly and 1.3 mg/m2 
twice weekly [116,117,118] Moreover, responses are 
durable [119]. The combination of bortezomib and 
dexamethasone (BDex) produced high hematologic 
response rates (87%-94%) [120,121]. SAE were observed 
in 29% of cases, most common being fluid retention and 
hypotension, and TRM was 3% [122].  

Adding cyclophosphamide to BDex (CyBorD) yielded 
an unprecedented VGPR /CR in 16 of 17 treated patients 
[123,124], with minor toxicity. In 43 patients receiving 
this combination resulted in hematological remission of 
81.4% with CR of 42% (frontline patients, 66.5% CR). 
These results translated into an estimated 2 year PFS of 
98% [125,126]. Patients receiving BDex plus alkylators 
(17 patients cyclophosphamide and 33 melphalan) resulted 
in fair responses, mostly in patients with stage I or II 
cardiac disease, as compared with those with stage III 
(67% response and 40%, respectively) [127]. In a recent 
series of 60 stage III patients, this triplet combination 
showed a hematologic response rate of 68% and the 
estimated 1-year survival rate for the whole cohort was 
57% although 24 patients (40%) died while on therapy 
[128]. Thus unable to save the poorest risk patients, the 
combination of bortezomib, cyclophosphamide and 
dexamethasone can achieve a high number of hematologic 
and cardiac responses. In all series onset of response was 
rapid [88].  

Of note, in the landmark (matched case-controlled) 
analysis of 87 newly diagnosed patients treated with 
BMDex vs. well matched 87 treated patients with MDex,  

A higher rate of complete responses was observed with 
BMDex (42 vs. 19%), but this did not result in a survival 
improvement in the overall population, i.e. very high risk 
patients do not benefit from bortezomib addition [129].  

Safety issues for bortezomib: Worsening heart failure, 
has been reported in MM patients [130] and in some 
patients reported in the reported AL series. Bortezomib's 
common side effect is peripheral neuropathy. AL patients 
already suffer from neuropathy, and therefore caution 
should be employed with its use. In MM [131], and 
recently in AL [132] subcutaneous administration resulted 
in a safer neuropathy profile. A phase III trial for relapsed/ 
refractory patients with a novel oral proteasome inhibitor 
(MLN9708) is ongoing in multiple centers worldwide.  

Combined bortezomib and ASCT: Combined modalities 
using adjuvant therapy with BDex has been attempted in 
subjects who obtained less than CR after ASCT 
substantially improving the quality of response [133]. The 
overall response rate in patients with residual light chains 
post transplant achieved 90% deeper response, with 74% 
achieving sCR (Landau, et al 2012) A complementary 
approach of administering 2 cycles of BDex before and as 
conditioning for ASCT also yielded very good response 
rates [134]. 

5. Treatment Outline for AL Amyloidosis 
Patients 

With the advances in supportive care and effective 
therapy, survival curves of responding patients are 
encouraging [32] Over long term follow up, 2118 patients 
were divided into 4 cohorts based on date of diagnosis; 
1966–1976 (n=121), 1977–1986 (n=343), 1987–1996 
(n=636) and 1997–2006 (n=1017). The median OS from 
diagnosis for the four cohorts were 0.9, 1.2, 1.2 and 1.5 
years respectively, P < 0.001. Nevertheless, from 2003-
2006, the OS of 463 patients followed at this time period 
shows 42% survival at 4 years [135,136]. Thus, early 
deaths due to advanced, irreversible cardiac dysfunction at 
presentation remain an unsolved problem [137]. "Real 
world" reports [81], retrospective, and comparative 
retrospective studies [32,44,88,128,129,137,138], show 
that although the advanced treatment has progressed for 
surviving patients, high risk patients with advanced 
clinical cardic stage and extremely elevated cardiac 
biomarkers are not salvaged by these therapies. These 
observations of early mortality emphasize the need of 
early diagnosis, and treatments of rapid action in this 
disadvantaged subset of patients.  

To date, there is no consensus regarding the optimal 
care for newly diagnosed patients. Indications for 
treatment of AL amyloidosis outside clinical trials are 
given, based on evidence from uncontrolled studies and 
retrospective series, and previous reviews published in the 
literature [2,23,32]:  

Patients can be divided into three groups according to 
their cardiac stage: 1). Low risk- with a proBNP<5000 
ng/L / troponin < 0.06 ng/ml, no renal failure, and a good 
performance status. These patients may benefit from 
ASCT. 2). High risk- patients with NT-proBNP of > 8500 
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ng/l who have the worst prognosis and all therapies are 
limited to salvage them as soon as possible, but none has 
been shown advantageous. These patients should be 
treated with lower doses of either agents cautiously. 3). 
Intermediate risk- The patients in between low and high 
risks. These patients will benefit of an induction with a 
novel agent, preferably bortezomib and an alkylator, and 
ASCT considered according to organ involvement and 
performance status.  

Most clinical trials are lacking data as to the duration of 
treatment using novel agents in AL. In MM, maintenance 
treatment has been shown to prolong disease free survival 
and sometimes overall survival [139]. However, AL is 
usually a consequence of small plasma cell clones [1]. 
Patients with primary AL amyloidosis, unlike subjects 
with MM, do not only have a hematologic malignancy, 
but also have organ damage which makes them more 
susceptible to treatment-related toxicity. Moreover, it has 
been shown that subjects who attain CR, do not have a 
survival advantage over those who reach PR plus a cardiac 
response defined as NT-proBNP reduction [140]. It 
remains to be established whether once organ dysfunction 
has improved, further treatment aimed at improving the 
quality of response, or even maintenance therapy, will 
result in improved survival. Early hematologic FLC 
response re-assessment (after two cycles), and early 
switch/ addition of therapy according to the response is 
advocated [32,44,87]. With the advances in response and 
survival, high and intermediate risk patients may move to 
a better risk group, subsequently becoming transplant 
eligible either at remission or at the time of relapse [141]. 

The future of novel agents holds great promise for 
newly-diagnosed and for relapsed/ refractory patients. In 
the next few years, there are multiple agents being tested 
and re-assessed prospectively [44,142]. Early diagnosis 
allowing timely intervention remains the major key 
towards outcome improvement.  
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