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Abstract

Amyloidosis is a group of disorders characterized by a misfolded protein that deposits in organs
and compromise their function. Clinician should have a high index of suspicion because in most
cases, the clinical picture is non-specific. Typing of amyloid is of utmost importance and should be
an integral part of accurately diagnosing a patient

AL amyloidosis is the most common systemic amyloidosis in the western world in which the
misfolded proteins are immunoglobulin light chains secreted by clonal plasma cells. New data
about prognostication of AL amyloidosis patients are accumulating. The treatment goal is to
eradicate the amyloidogenic plasma cell clone, by using high dose melphalan and/or novel agents
(proteasome inhibitors, immunomodulatory drugs, monoclonal antibodies against CD38). Early
diagnosis is important for effectively treating the patient as late diagnosis hampers chances for
organ recovery.

ATTR amyloidosis is less recognized but is increasingly seen due to better recognition and
improved diagnostic tools. New data about treatment options (patisiran, inotersen and tafamidis)
have recently been published and are discussed.
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1. Overview

Amyloidosis is a heterogenous group of disorders in which proteinaceous fibrils accumulate
in certain organs and compromise their structure and their function. The diagnosis is based
on histological documentation of amyloid deposits. In hematoxylin and eosin staining, an
amorphous eosinophilic deposit is detected, and when viewed under polarized light after
Congo red stain, green birefringence is seen (1). Additionally, it is important to characterize
the amylogenic protein subunit by using immuno-electron microscopy (IEM), mass
spectrometry or immunohistochemistry. Accurate typing of systemic amyloidosis is of
paramount importance for assessing the prognosis and tailoring the appropriate treatment.

There are over 30 subtypes of proteins that can cause amyloidosis but only 14 of them cause
a systemic disease (2). The most common types of systemic amyloidosis are
immunoglobulin light chain (AL), reactive (AA), mutant or wild type transthyretin (ATTR),
fibrinogen (AFib) and apolipoprotein A-1 (AApoAl) (3). AL amyloidosis usually presents
with nonspecific symptoms (weight loss, fatigue, dyspnea, paresthsias) and the signs that are
highly specific such as macroglossia and periorbital purpura are quite insensitive. AL
amyloidosis is the most common type of systemic amyloidosis with a reported incidence of
9-14 cases per million-person years in the USA (4). A recently published real-world study
using claim database suggested that the prevalence of AL amyloidosis in the US increased
significantly between 2007 and 2015 (5). In contrast, an updated report showed that the
incidence of AL amyloidosis in Olmsted County, Minnesota, remained stable between 1990
and 2015 and was 12 per 1,000,000 person-years (6). Due to under-diagnosis of this disease,
it reasonable to speculate that the prevalence may be higher. All MGUS patients should be
routinely screened for amyloidosis by asking directed questions and performing a focused
physical examination. Some experts recommend routine assessment of NT-proBNP and
urine albumin at each visit (7) although there are no prospective clinical trials to support
these recommendations.

The therapies for AL amyloidosis are often derived from therapies used in multiple
myeloma with widening treatment options in recent years. Tailoring treatment is the goal for
these clinically complicated patients and this can be achieved by improving risk and
response assessments. Recent advances have been made in improving risk stratification and
efforts are made to choose patients for whom autologous stem cell transplantation (ASCT)
would be safe in an attempt to minimize treatment-related mortality (TRM).

In newly diagnosed patients, treatment is usually bortezomib based and for highly selected
patients high-dose melphalan and ASCT (8, 9). In the relapse setting, data is lacking about
the appropriate timing to reinstitute treatment and novel agents are being tested in clinical
trials (10). Daratumumab in combination or as monotherapy appears to be a very interesting
treatment option, with rapid achievement of hematological responses and a tolerable safety
profile (11)
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Over the past few decades, earlier diagnosis, better risk stratification, improvement in
supportive care and availability of new treatments have significantly improved overall
survival (12).

ATTRm amyloid is an autosomal dominant, multisystemic, progressive disease. Various
mutations in the gene encoding transthyretin (TTR) result in defective protein production in
the liver. The defective protein accumulates in the heart, nerves and Gl tract (13). In
ATTRwt amyloidosis, normal TTR protein misfolds and forms amyloid fibrils. Until
recently, the treatment options were limited and included orthotopic liver transplantation and
transthyretin tetramer stabilizers (tafamidis or diflunisal). In 2018 the results of two large
clinical trials for the treatment of ATTRm neuropathy were published (14, 15), representing
a change in the treatment paradigm for this life-threatening disease. Tafamidis, inotersen and
patisiran are now approved in the US.

The goal of this review is to provide hematologists with an overview of the available data
regarding the diagnosis, risk stratification, treatment and response assessment in AL
amyloidosis and in ATTRm and ATTRwt amyloidosis.

2. Clinical manifestations, diagnosis and typing

The diagnosis of AL Amyloidosis is difficult because no single blood test or imaging test is
pathognomonic (16). The extent and number of organs involved determines the clinical
picture, which in most cases is not specific and subtle, and includes fatigue, weight loss,
dyspnea and peripheral edema. The signs of amyloid which are highly specific are
insensitive. For example, soft tissue involvement that raises suspicion of AL amyloidosis is
uncommon (10%). The most commonly involved organs are the heart, kidneys, liver,
nervous system, gastrointestinal tract and soft tissue (17-19). Most patients have several
involved organs while approximately a third of the patients have one affected organ (20).

2.1 Clinical manifestation

2.1.1. Cardiac Involvement—Cardiac involvement occurs in 60-75% of AL patients
and is of utmost importance in determining the prognosis (21). Patients can present with
heart failure (dyspnea on exertion, orthopnea, fatigue, peripheral edema, jugular venous
distension, and pleural effusion), arrhythmia, syncope, sudden cardiac death, and rarely
myocardial infarction (MI) caused by amyloid deposition in the coronary arterioles. Rapid
clinical deterioration in a patient that was previously stable might be caused by pulmonary
emboli or atrial fibrillation.

Natriuretic peptides (NT-proBNP and BNP) are the most sensitive indicator of myocardial
involvement in light-chain amyloidosis and are a useful tool for response evaluation (22).
Electrocrdiogram (ECG) demonstrates a low voltage in more than 50% of the patients with
heart involvement (23). Other common patterns of abnormal ECG in AL amyloidosis
include atrial fibrillation, a pseudo-infarct pattern (poor R-wave progression in chest leads
without a known previous MI) and conduction disturbances (24).
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Cardiac amyloidosis is mainly a disease of diastole; therefore, ejection fraction (EF) is
commonly preserved. Echocardiography may demonstrate left ventricular hypertrophy,
thickening of the interventricular septum, pericardial effusion, reduced EF and reduced
global longitudinal strain (GLS) (25). The characteristic “granular sparkling” of the
myocardium is seen in approximately half of the patients and is no longer used for the
diagnosis of AL amyloidosis (26). A recently published retrospective study found that the
prevalence of AL amyloidosis in patients with congestive heart failure was only 0.5%. The
authors suggested that in order to increase pretest probability for AL cardiac amyloidosis in
unselected heart failure patients, serum FLC assay as screening tool should be considered in
patients with high NT-pro-BNP (=5000 pg/mL) and increased posterior wall thickness (=13
mm) (27). We would also add serum electrophoresis/immunofixation and urine
electrophoresis/immunofixation to this screening.

Endomyocardial biopsy is the gold standard for diagnosing cardiac amyloidosis, but it is an
invasive procedure and we avoid it if possible. Cardiac MRI is a noninvasive procedure with
high sensitivity (80-100%) and specificity (80-94%) (28, 29). The finding of late
gadolinium enhancement is highly suggestive of the diagnosis of amyloidosis, however, is
unable to classify the amyloidosis.

Scintigraphy with Tc-99m-pyrophosphate (99mTc-PYP) is widely available in the USA, is
simple and non-invasive method that helps differentiate ATTR from AL amyloidosis (30). It
should be noted that the PYP scan can be positive in some AL cases. In a patient who does
not have an M protein but has a positive PYP scan, only then can the treating physician
assume that this is ATTR and not AL. If a patient has an M protein and a positive PYP scan,
a diagnosis of TTR cannot be based on the PYP alone and tissue is required for typing.
Cardiac retention can be assessed by two methods: The semi-quantitative visual score
assesses the uptake in relation to bone uptake (0-no cardiac uptake to 3- diffuse uptake
higher than bone). The second method is a quantitative analysis by drawing a region of
interest (ROI) over the heart corrected for contralateral counts and calculating the heart to
contralateral (H/CL) ratio (31). The degree of cardiac tracer retention in the heart correlated
with left ventricular wall thickness and mass and was found to be a prognostic marker for
survival in ATTR amyloidosis (32).

2.1.2. Renal involvement—Renal involvement occurs in about 50-70% of AL
amyloidosis patients and may present as nephrotic syndrome or as nonselective proteinuria.
Kidney involvement can be determined by proof of amyloid deposits in the renal
parenchyma, although is rarely needed. Alternatively, in the presence of alternate site
amyloid deposit it is defined as a urinary protein excretion of above 0.5 g per 24 hours,
predominantly albumin (33). Enlarge kidneys might rarely be seen in ultrasound or CT scan.
Renal amyloidosis might progress to end-stage renal disease if ineffectively treated or
diagnosed late. The risk of progression to end-stage renal disease is predicted by the level of
proteinuria at presentation, the estimated glomerular filtration rate (eGFR) (34) and by
response to treatment (35).
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2.1.3. Nerve Involvement—Nerve involvement may include sensory (paresthesia,
numbness and pain), autonomic (gastroparesis, bladder or bowel dysfunction and orthostatic
hypotension) or motor neuropathy.

2.1.3.1 Sensory neuropathy: Electromyography (EMG) is an accessible and useful test
for evaluating peripheral neuropathy that usually will demonstrate symmetrical axonal
sensorimotor polyneuropathy. It should be noticed that EMG might be normal when
neuropathy effects only the small unmyelinated C - fibers (5% of amyloidosis patients with
peripheral neuropathy) (36). The gold standard for diagnosing small fiber neuropathy is
quantification of intraepidermal nerve fibers in a skin biopsy and has a 90% sensitivity and
specificity (37). Early onset of polyneuropathy (<50 years) is more typical of ATTRm
amyloidosis (38) and bilateral carpal tunnel syndrome (CTS) may antedate ATTR amyloid
neuropathy by more than a decade (39). CTS can precede a diagnosis of AL amyloidosis as
well (20%).

In AL and ATTRm amyloidosis, the EMG finding of slow conduction with prolonged distal
motor latencies may lead to a misdiagnosis of chronic inflammatory demyelinating
polyneuropathy (CIDP) (40).

2.1.3.2 Autonomic neuropathy: Patients with amyloidosis may have signs of autonomic
dysfunction such as upper intestine dysmotility with pseudo-obstruction causing vomiting or
lower intestine dysmotility causing alternating constipation and diarrhea. Erectile
dysfunction and recurrent syncope due to orthostatic hypotension may also be present (41).

2.1.4. Gl Involvement—Symptomatic gastrointestinal involvement occurs in about 10%
of AL amyloidosis patients (42). The clinical manifestations are diverse and may include
diarrhea, constipation, nausea and vomiting caused by gastroparesis (43, 44), weight loss,
malabsorption, dyspepsia and Gl bleeding (45, 46). Liver involvement occurs in nearly 20%
of AL amyloidosis patients and can manifest as early satiety and weight loss, enlarged liver,
an elevation of alkaline phosphatase and abnormal clotting tests. FibroScan® may
demonstrate increased liver stiffness (> 17.3 kPa) (47).

2.1.5. Other manifestations of amyloidosis—Purpura is usually above the nipple
line and classical periorbital purpura is seen in less than 20% of patients (48). Macroglossia
is considered highly suggestive of AL amyloidosis (49) and the tongue is typically stiff and
has signs of dental indentations. It is present in around 10% of AL amyloidosis patients and
might severely impair quality of life by causing sleep apnea, dry mouth and difficulty
swallowing. There are other possible causes for tongue enlargement that should be excluded,
such as hypothyroidism, acromegaly and tongue cancer.

Lung involvement may manifest as dyspnea and dry cough with an interstitial radiographic
pattern. Jaw, calf or buttock claudication may occur due to infiltration of small vessel (50).
The shoulder pad sign results from periarticular deposits of amyloid and is rare. Bleeding
diathesis in AL amyloidosis may be attributed to factor X deficiency, acquired von
Willebrand disease, decreased synthesis of coagulation factors in advanced liver disease, and
amyloid infiltration of blood vessels.
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The clinical presentation of systemic non-AL amyloidosis is indistinguishable from AL
amyloidosis. Nonetheless, AL patients have a wider repertoire of organ involvement.
ATTRwt amyloidosis patients with cardiac involvement are 90% male (51). Half have a
history of CTS (51). Kidney involvement is rare. Biceps rupture and peripheral neuropathy
are seen.

2.2. Diagnosis and typing

Hematologists have a key role in properly diagnosing amyloid patients. The diagnostic
algorithm for AL and ATTR amyloidosis is shown on figure 1.

The diagnostic criteria of AL amyloidosis include the presence of systemic syndrome (e.g.
renal, liver, heart, gastrointestinal tract or peripheral nerve involvement), a histological
documentation of amyloid by Congo-red stain, evidence of a monoclonal plasma cell
disorder (in the serum, the urine or in a bone marrow biopsy) and protein typing that
supports the diagnosis (52).

Localized production of light chains in situ like skin, urinary tract, orbit, colon (53) and
airways (54) is defined as localized AL amyloidosis (55). In these patients, serum and urine
is negative for monoclonal immunoglobulins. This entity should not be treated systemically
and therefore it is important to differentiate it from systemic amyloidosis (33). The clinical
course is usually benign and long-term prognosis of localized amyloidosis treated with
radiation (56) or surgery is good (57)

Amyloid fibrils may be demonstrated in tissue samples taken from a surrogate site (bone
marrow, abdominal fat pad, gingiva, salivary glands or rectum) or from a suspected organ
(heart, kidney, liver, nerve, Gl tract). The abdominal fat aspirate is a minimally invasive
simple procedure with a much higher sensitivity for AL amyloidosis (80%) than for ATTR
amyloidosis (12%) (58). Up to 40% of symptomatic multiple myeloma patients have
amyloid deposits in their bone marrow without evidence of systemic organ involvement
(59). However only 15% of MM patients have systemic AL amyloidosis. The sensitivity of
fat pad aspiration is 78%, higher for lambda -AL than kappa -AL (60). Moreover, specificity
of fat pad aspiration is 93%, underscoring that substantial false positives occur (61). The
sensitivity of fat pad for ATTRm is 50% and for ATTRwt 15% (62). Fat pad aspiration is
best performed by experienced operators. Excisional biopsy with a goal of obtaining (>700
mm3) or 50 mg of tissue will increase the likelihood of making a diagnosis. Other surrogate
sites that can be used if experience with fat aspiration is lacking are salivary gland (89%
sensitivity) (63) and bone marrow (70%) (64). If surrogate site biopsies are negative and the
clinical suspicion is high, the suspected organ should be biopsied.

Typing of amyloid is an essential part of the diagnosis of amyloidosis because misdiagnosis
can lead to treatment with chemotherapy that is not indicated. The prevalence of light chain
monoclonal gammopathy of undetermined significance (MGUS) above the age of 50 is 4.2%
(65), so monoclonal proteins in the serum, urine or clonal bone marrow plasma cells are not
diagnostic for AL type and might be misleading. There are three methods of amyloid typing:
immunohistochemistry (IH), Immunoelectron microscopy (IEM) and mass spectrometry.
Table 1 summarizes the characteristics of each method (60, 66, 67). Mass spectrometry is
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not yet available in most centers. However, it is strongly recommended to send tissue
samples to one of several specialized laboratories. We certainly prefer proteomic analysis
over immunohistochemistry despite the lack of availability.

Genetic tests for the exclusion of hereditary amyloidosis should be performed, especially for
patients with a family history of amyloidosis and for patients with no paraprotein. Serum
amyloid P component (SAP) scintigraphy may be helpful in diagnosing and monitoring
response to treatment, but it is less useful in diagnosing and monitoring cardiac involvement
and is not widely available. The sensitivity of SAP scintigraphy is high for AA and AL
amyloidosis (90% each) and much lower for ATTR amyloidosis (48%) and the specificity is
93% (68). The main use of SAP scintigraphy is to rule out systemic involvement if localized
disease is found.

3. Risk Stratification

The clinical course of patients with AL amyloidosis is heterogenous and depends on which
organs are involved and to what extent.

Three prognostic models are used for risk stratification in AL amyloidosis: the Mayo AL
amyloidosis 2004 model (69), the Mayo AL amyloidosis 2012 model (21) and the European
model, which is a modification of the Mayo 2004 (70). Table 2 shows the components of
those three prognostic models and the recently validated Boston prognostic model (71). A
recent trial aimed to compare the three prognostic models and showed that increased stage
correlated well with shorter OS. The best prognostic models for one year and three-year OS
were the European model and the Mayo 2012 model, respectively (72). The Boston
University biomarker scoring system was published recently and is expected to provide a
risk model for centers lacking accessibility to NT-pro- BNP. This scoring system used BNP
and troponin | to create three stages that are concordant with the Mayo AL amyloidosis 2004
model (73).

Cardiac magnetic resonance (CMR) late gadolinium enhancement (LGE) is prognostic of
all-cause mortality (74-76). Two retrospective studies showed that global LGE was
associated with all-cause mortality irrespective of cardiac biomarkers (77, 78). The finding
of non-sustained ventricular tachycardia and atrial fibrillation on Holter monitor were
prognostic of inferior OS at 3 and 6 months after the Holter test was preformed (79).

Additional factors considered as significant are host related factor such as age (80, 81),
systolic blood pressure (82), performance status (81) and the number of involved organs
(81). Factors related to disease biology that were found to have prognostic significance are
cytogenetic abnormalities (83, 84), having more than 10% plasma cells in the bone marrow
(85), difference between the involved to uninvolved light chains (dFLC) (86) and
immunoparesis (87, 88). Similar OS was reported for x-AL and A-AL. However, lack of an
identifiable serum intact immunoglobulin conferred shorter median OS (86).

Interphase fluorescence in situ hybridization (iFISH) is of importance in untreated AL
amyloidosis. t (11; 14) is present in nearly half of AL amyloidosis patients (89, 90) and is
associated with worse outcome in patients treated with bortezomib-based regimens and
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immunomodulatory-based treatments. These patients achieved VGPR or better less
frequently and had inferior OS (83). If eligible, it is reasonable to consider these patients for
ASCT based on a study that showed improved CR rates that translated into better
hematologic event free survival (90). Trisomies are present in 26% of AL amyloidosis
patients and their presence correlated with inferior OS in patients treated with high dose
mephalan (83). In patients treated with bortezomib, t (4;14), t (14;16), gain 1g21 and del17p
are rare and did not correlate with inferior OS, as reported in multiple myeloma, but analysis
was underpowered (84). In patients treated with high dose melphalan, these cytogenetic
abnormalities did not correlate with inferior OS, but were present only in nine patients, so
this could be the result of small sample size (90). A retrospective study reported that > 50%
del 17p in iFISH correlated with shorter median survival (91).

At diagnosis, multiparametric flow cytometry (MFC) can be used as another tool for
prognostication and may play a role in defining hematological response. MFC detects
clonality in the vast majority of patients with AL amyloidosis (92). A shorter OS and PFS
were reported when =2.5% monotypic plasma cells compared with patients with <2.5%
monotypic plasma cells. Moreover, a polytypic plasma cell to clonal plasma cells ratio of
<5% correlated with shorter PFS compared with patients with a ratio above 5%. At the end
of first line of treatment, =0.1% monotypic plasma cells correlated with a shorter PFS and
OS compared with patients with <0.1% residual monotypic plasma cells (93).

4. Treatment

Treatment should be guided by experienced centers using a multidisciplinary approach,
involving specialized hematologists, nephrologists, cardiologists, neurologists and
gastroenterologists. Few randomized phase 11 trials have been conducted, so whenever
possible, patients should be treated in the context of clinical trials (94).

Symptom management is an integral part of therapy and includes diuretics, antiarrhythmic
drugs, agents that control bowel habits and medications used to control neuropathic pain.
Diuretics reduce peripheral edema but might cause serious side effects such as hypotension,
electrolyte disturbances and creatinine elevation. Midodrine can help in the management of
orthostatic hypotension as well as the use of compression stockings (95). Regarding the
choice of antiarrhythmic therapy, amiodarone is used for atrial fibrillation, beta blockers
need to be avoided and digoxin can be safely used for rate control in amyloidosis

Cardiac amyloidosis (CA) patients are at increased risk of sudden cardiac arrest. However,
implantable cardioverter- defibrillators (ICDs) are not routinely recommended because their
efficacy in improving OS has not been demonstrated prospectively. In a retrospective study
of 33 AL amyloidosis patients and 20 ATTR amyloidosis patients, there was a high rate of
appropriate ICD shocks in the AL amyloidosis subgroup but no OS benefit (96). Pacemaker
placement failed to salvage patients with bradyarrhythmias in a study of three patients with
symptomatic cardiac AL amyloidosis (97).

Doxycycline was effective in interfering with amyloid fibril formation in a transgenic mouse
model of AL amyloidosiss (98). In ASH 2012 the results of a cohort of patients with

Blood Rev. Author manuscript; available in PMC 2021 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Vaxman et al.

Page 9

systemic AL amyloidosis treated with doxycycline as antimicrobial prophylaxis post
autologous stem cell transplantation were published. There was a significantly improved
survival compared to controls who were given penicillin (99). There is currently a
randomized Phase I1/111 trial evaluating the role of doxycycline vs. standard supportive
therapy in Newly-diagnosed cardiac AL Amyloidosis patients undergoing bortezomib-based
Therapy (NCT03474458). We consider adding doxycycline for at least one year in both
transplant eligible and transplant ineligible patients.

4.1 AL amyloidosis

The treatment paradigm in AL amyloidosis is mainly based on phase Il studies, retrospective
comparisons and case series. The regimens used are similar to those that are used for
multiple myeloma, although are oftentimes modified due to treatment intolerance. In
patients with IgM-related AL amyloidosis, the regimens used are the same as those used in
Waldenstrom macroglobulinaemia (100). The mSMART algorithms for treatment of newly
diagnosed and relapsed AL amyloidosis are shown in figures 2 and 3, respectively (101).

4.1.1. Autologous stem cell transplantation—The first step in deciding how to treat
a patient is to assess the eligibility for ASCT. The high rate of treatment related mortality
(TRM) in AL amyloidosis are mainly attributed to cardiac involvement (10-12%) (102).
Therefore, most AL amyloid patients are not eligible for ASCT. The eligibility criteria set by
the Mayo group include biological age <70 years, troponin T < 0.06 microgram/L (hs-
troponin T <75 ng/L) (103), systolic blood pressure =90 mm Hg, creatinine clearance =30
mL/min (unless on chronic stable dialysis), Eastern Cooperative Oncology Group (ECOG)
performance status <2, New York Heart Association (NYHA) functional status class | or |1,
no large pleural effusions, and no dependency on oxygen therapy (101).

Table 3 summarizes the data regarding the outcomes of high dose melphalan followed by
ASCT (102, 104-107). The outcomes were consistently better for patients achieving
complete hematological responses and for patients receiving full dose melphalan
(200mg/m?) (108, 109). When selecting patients properly, ASCT is associated with a high
rate of durable hematologic and organ responses. Only one randomized study concerning the
role of ASCT was published to date. It randomized 100 patients to ASCT vs standard dose
melphalan and dexamethasone. OS was significantly worse in the ASCT arm, but patient
selection was different than it is today, mainly in terms of cardiac involvement (110). A
Mayo clinic study included 89 patients that could select treatment with standard dose
melphalan and dexamethasone or ASCT. Patient that chose the transplant arm were
generally more fit (younger, lower ECOG, less cardiac involvement). The hematological
response rates were similar between the groups (56% vs 70%, p=0.2) and the ASCT has
better 3 years OS rates (59% in the no transplant group vs 84% in the ASCT arm) (111).

A phase Il prospective multicenter reported the outcome of 69 newly diagnosed patients that
received three courses of vincristine, doxorubicin and dexamethasone induction follow by
ASCT. The cohort has a median OS of 10 years but the TRM was 12% and 18% died during
induction (112). A recently published phase Il prospective study reported the outcome of 50
patients with newly diagnosed AL amyloidosis treated with four cycles of bi-weekly
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bortezomib and dexamethasone followed by ASCT. The overall hematological response was
80% with 58% of the patients achieving VGPR/CR (113). In both studies approximately
30% of the patients did not proceed to ASCT, mostly due to treatment related toxicity.

Early post-transplant mortality has substantially decreased over the past few decades (114)
presumably due to carful patient selection (115) and better supportive care. During stem cell
collection patients might accumulate fluid (116) so close monitoring is essential. Patients
undergoing stem cell transplant are at particularrisk for significant fluid retention, atrial
fibrillation, worsening of renal function and gastrointestinal hemorrhage

The role of induction treatment before ASCT is unclear. Studies evaluating the role of
induction before ASCT are listed in table 4 (117-119). At Mayo Clinic a bortezomib-based
induction is given to patients with 10% or more plasma cells in the bone marrow biopsy
and/or for those with CRAB features.

4.1.2. Proteasome inhibitors—Proteasome inhibitors (PI) as a monotherapy and in
combinations have an important role in the frontline therapy of MM and amyloidosis. In a
phase two trial of 18 patients, bortezomib and dexamethasone administration resulted in
median time to hematological response of 0.9 months and an overall hematological response
of 94% (CR 44%). The overall organ response was 28% with a median time to organ
response of 4 month (120). A trial of 174 patients that compared bortezomib, melphalan and
dexamethasone to melphalan and dexamethasone was reported. Patients were matched for
age, cardiac and renal function and free light chain burden. The addition of bortezomib
resulted in higher rates of CR (42 vs 19%) but there was no OS benefit (121). A phase |11
trial comparing melphalan and dexamethasone (MDex) to bortezomib melphalan and
dexamethasone (BMDex) was completed (NCT01277016. The study enrolled 110 patient
and above 70% in each arm had cardiac involvement). The study was not finally analyzed
and published. Preliminary results showed that after three cycles, overall hematological
response was 78% in the BMDex arm and 51% in the MDex arm (p=0.001) with doubling of
the CR/VGPR rates in the BMDex arm (122). In a study that evaluated bortezomib (1.5
mg/m2 once weekly) with cyclophosphamide and dexamethasone (VCD) in 70 patients with
AL amyloidosis, the overall hematological response rate was 94% (CR 71%). The median
time to response was 2 months (123). Another study investigated VCD in 230 newly
diagnosed AL amyloidosis patients and showed overall hematological response in 60%
(VGPR 43%). Cardiac and renal responses were 17 and 25%, respectively (70). The results
with a median follow-up of 77 months of 35 patients treated with bortezomib induction
followed by ASCT were recently reported. Overall hematological response was 100% at 6
months post-SCT and median OS and PFS were not reached. At 5 years post-transplant,
renal and cardiac responses occurred in 65% and 88%, respectively (9).

Bortezomib is also effective in the relapsed setting. In a prospective trial of 70 relapsed AL
patients, bortezomib was given once (1.6 mg/m?) or twice weekly (1.3 mg/m?2). The overall
hematological response was 50% (CR 20%). The median time to first response and to best
response was shorter in the twice weekly group. However, the twice weekly group had a
higher rate of discontinuation and grade = 3 toxicities (124).
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Carfilzomib (dosage 20/36 mg/m2) is a second-generation PI that is effective in relapsed AL
amyloidosis but has considerable cardiovascular side effects. In ASH 2016 the results of 28
patients with relapsed AL amyloidosis treated with carfilzomib monotherapy were reported.
Overall hematological response rate was 63% had and 21% organ responses. Fourteen
patients hade grade 3 or 4 cardiac or pulmonary events (125). Recently, a dose finding study
aimed to evaluate the safety and determine the maximum tolerated dose of carfilzomib in
patients with previously treated systemic AL amyloidosis was closed and results are awaited
(NCT01789242).

Ixazomib is an oral Pl that has received FDA breakthrough therapy designation in 2014 for
relapsed AL amyloidosis because it has demonstrated high efficacy with a manageable
toxicity profile. In a trial of 27 relapsed AL amyloid patients, the overall hematological
response rate was 52% (100% in patients that did not receive bortezomib in prior lines).
Kidney and cardiac responses were 18% and 50%, respectively (126). Recently, the study
TOURMALINE- AL1 that aimed to evaluate the role of ixazomib and dexamethasone in
relapsed AL amyloidosis was discontinued due to failure to demonstrate a significant
improvement in overall hematologic response compared with standard therapy.

4.1.3 Immunomodulatory drugs—Immunomodulatory drugs are given orally and are
active in AL amyloidosis. However, their tolerability in AL amyloidosis is low.

Thalidomide was evaluated in a phase I/11 trial in 16 patients at doses higher than those used
today (up to 300 mg daily). Neurotoxicity and fatigue were important causes of dose
reductions and discontinuation (25% of the patients discontinued thalidomide due to side
effects). No complete hematologic responses were reported (127). Similar results
emphasizing the tolerability issue of thalidomide were reported in a phase Il trial of 12
patients, all of whom discontinued study medication due to side effects (128).

Lenalidomide in AL amyloidosis is used in lower doses than in MM due to lower
tolerability. Lenalidomide might raise natriuretic peptides and cause cardiac decompensation
in AL amyloidosis. Assessing cardiac response using NT-pro-BNP may not be valid in
lenalidomide treated patients and assessing cardiac response with troponin may be more
reasonable (129). Lenalidomide showed activity in combination with dexamethasone with
10 out of 23 patients responding to treatment (130). The all oral combination of
lenalidomide, melphalan and dexamethasone was evaluated in 25 newly diagnosed AL
amyloidosis patients, most of whom had cardiac involvement (92%). 40% died early in the
study due to cardiac decompensation. 1-year OS and overall hematological response was
both 58% and only 8% had documented organ response (131). A retrospective study
evaluated 55 relapsed/refractory AL amyloidosis patients, 77% had Mayo stage 2/3. 26%
withdrew lenalidomide due to toxicity. The hematologic response rate was 51% and organ
response was achieved in 16% of the patients (132).

Pomalidomide in combination with dexamethasone was evaluated in a phase 2 trial of 28
patients with relapsed AL amyloidosis. Fluid retention and infection were frequently
reported. The overall hematological response was 68% and 30% achieved VGPR or better.
The response was rapid with a median time to response of one month. The median OS and
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PFS were 26 and 16 months, respectively (133). A similar phase Il study that enrolled 33
patients (92% of them presented with cardiac involvement) showed an overall hematological
response of 48% with a median time to response of 1.9 month. The 1-year OS and PFS were
76% and 59%, respectively (134). In a phase I/11 trial of 27 previously treated AL
amyloidosis patients, treatment with pomalidomide and dexamethasone resulted in an
overall hematologic response of 50% and with a median follow-up of 17.1 months the
median OS has not yet been reached (135). Pomalidomide can cause paradoxical increase in
NT-pro-BNP though without clinical symptoms of heart failure (136).

4.1.4 Monoclonal antibodies—Daratumumab is an intravenously administered
monoclonal antibody. The target glycoprotein for daratumumab, CD38, is expressed on
clonal plasma cells. Daratumumab is given in the same schedule as in MM (137) with
similar median time to response of 1 month (138, 139). Daratumumab showed rapid and
deep responses in previously treated AL amyloidosis with an excellent tolerability profile
and lower rates of infusion-related reactions than in MM. It should be noted that
daratumumab is not approved for AL amyloidosis and only limited data is currently
available regarding its efficacy.

The first 2 cases of response to daratumumab were reported in 2016 (137). In a case series of
25 previously treated AL patients, 72% had cardiac involvement. Daratumumab was given
as monotherapy and patients received a median of three prior lines of therapy. The overall
hematologic response rate was 76% (CR 36%, VGPR 24%). Daratumumab was very well
tolerated, even among patients with cardiac involvement and grade 1-2 infusion-related
reactions were reported in 60% of the patients (no grade 3 or 4 reactions were reported)
(138). In a retrospective trial of 20 patients (50% had cardiac involvement) treated with
daratumumab monotherapy, the overall hematological response was 86% (CR 33%, VGPR
53%). The OS at a median follow-up of 10 months was 80% (139). In ASH 2017 the results
of a retrospective trial of 32 previously treated patients were reported. The overall
hematologic response rate was 63% (CR 10%, VGPR 43%). NT-Pro-BNP progression under
therapy was reported in 42% of the assessed patients (140).

The results of 44 relapsed patients receiving daratumumab were recently reported by the
Mayo group. Half received daratumumab monotherapy and half combination-therapy (with
bortezomib, pomalidomide or lenalidomide). The overall hematological response was 83%
(88% with combination, 78% with daratumumab monotherapy). At a median follow-up of
10 month, PFS and OS were not reached in both groups. The infusion-related reactions were
reported in 22% of the patients. None of the patients (out of nine) treated with daratumumab
in combination with lenalidomide or pomalidomide, experienced cardiac decompensation
(11). A phase I1I trial is currently enrolling newly diagnosed AL amyloidosis patients and
aims to evaluate daratumumab combined with CyBorD versus CyBorD alone
(NCT03201965). In this study daratumumab is being investigated as a subcutaneous
injection which is particularly interesting in AL amyloidosis because of the low volume.

4.1.5 Venetoclax—Fifty percent of AL amyloidosis patients harbor t (11; 14), making
venetoclax an effective treatment for this patient population. In a case report of AL patient
with t (11; 14) that was treated with bortezomib cyclophosphamide and dexamethasone, the
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patient achieved partial response but later progressed and cyclophosphamide was substituted
with venetoclax (400 mg daily). This change resulted in complete hematological response.
However, the duration of response was short and three months after venetoclax treatment
was discontinued the patient progressed. Interestingly the patient responded rapidly (two
months) to venetoclax upon reintroduction (141). Recently, the FDA stopped the trials that
evaluated the roll of venetoclax in MM due to higher mortality related to infections in the
venetoclax arm. Venetoclax is not approved for AL amyloidosis in the US.

Therapies for ATTR amyloidosis aim to stabilize the TTR tetramer (diflunisal, tafamidis,
doxycycline) or to reduce the production of the mutant protein (liver transplantation,
antisense therapies and small interfering RNA).

Diflunisal is a nonsteroidal anti-inflammatory drug (NSAID) and is given orally at a dose of
500mg/d. In a placebo-controlled trial that included 130 patients with ATTRm and
polyneuropathy, diflunisal reduced the progression rate of the neuropathy and preserved
quality of life (QOL) (142). Tafamidis a benzoxazole derivative lacking nonsteroidal
antiinflammatory drug activity and binds the same site as diflunisal on the TTR tetramer. In
a phase 111 placebo-controlled trial 441 patients received 80 mg of tafamidis, 20 mg of
tafamidis, or placebo for 30 months. Cardiovascular-related hospitalizations and all-cause
mortality were significantly lower in patients that received tafamidis at both dose levels
(143). The toxicity profile was manageable and did not differ from placebo. Tafamidis has
recently licensed in USA and Japan for cardiac ATTR amyloidosis.

The combination of doxycycline and tauroursodeoxycholic acid was evaluated in a phase 2
trial that enrolled 20 patients, three of them had ATTRwt. No progression in cardiac or
neurological involvement was noted (144).

Inotersen and patisiran are two new treatments that were recently granted the Food and Drug
Administration (FDA) approved for the treatment of ATTRm amyloidosis patients with
neuropathy. The approval was based on two large phase 3 clinical trials (14, 15). Patisiran is
a double-stranded interfering ribonucleic acid molecule (RNAI) that binds to the TTR
messenger RNA (MRNA) and impairs protein translation in the liver for both ATTRm and
ATTRwt (14). It is administered intravenously every 21 days and the main safety issue was
mild-to-moderate infusion-related reactions. The APOLLO trial is a recently published
randomized, placebo-controlled, phase 3 trial that included 225 patients with ATTRm
amyloidosis related polyneuropathy. Patients with prior treatment with tetramer stabilizer
were included. The primary endpoint was a change from baseline in modified NIS+7 (mNIS
+7) between groups. At 18 months, the least-squares mean improvement in mNIS+7 from
baseline was — 6.0 in the patisiran group and 28.0 in the placebo arm. The difference was
observed among all subgroups, including genotype, age, clinical severity, presence of
cardiac involvement and previous use of tetramer stabilizer. An 80% decrease in serum TTR
from baseline was shown in the patisiran arm (14). Inotersen is a single-stranded
deoxynucleotide analogue (DNA) complementary to the sequence of TTR pre-mRNA that
inhibits the production of the TTR protein in the liver. It is administered as a weekly
subcutaneous injection and the main safety issue is thrombocytopenia. The NEURO-TTR
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trial is a recently published randomized, placebo-controlled, phase 3 trial that included 172
patients with mATTR amyloidosis related polyneuropathy. The patients receiving the drug
experienced significantly less decline in mNIS+7 and QOL (15).

5. Response Assessment

The response criteria in AL amyloidosis are divided into hematological response and organ
response.

The hematological response is divided into four groups: complete response defined as
normal serum FLC ratio and negative serum/urine immunofixation, VGPR defined as dFLC
< 40 mg/L, partial response defined as a reduction of dFLC of 50% or more, and no
response if dFLC reduction is less than 50% (33, 145).

An organ response is usually delayed. Kidney response is defined as reduction of proteinuria
by >30% without an increase in serum creatinine of 25% over baseline (146), while liver
response is defined as a 50% decrease in the abnormal alkaline phosphatase and a decrease
in liver size of at least 2 cm. Usually nerve improvement is not seen on EMG.

The prognostic effect of the extent of heart involvement on OS are very well established (21,
69). Cardiac biomarkers (troponins and NT-ProBNP) have been used to stratify patients into
risk stages (69). A retrospective study evaluated the prognostic effect of troponin and NT-
pro-BNP in 171 patients. The definition of response and progression of NT-pro-BNP was a
change of more than 30% and more than 300 ng/L. Six months post treatment initiation, an
increase of more than 75% in troponin T and the response and progression of NT-pro-BNP
were predicative of survival (147). In this study, high-sensitivity troponin T at baseline was
found to be better in predicting survival than NT-pro-BNP and cardiac troponin I. Another
study that evaluated 271 patients undergoing ASCT, showed that troponin T was an
important prognostic marker for treatment-related mortality. The authors suggested a cutoff
of 0.06 microgram/L for excluding patients for ASCT (148).

The depth of organ response correlates with OS in patients with cardiac, liver and kidney
involvement (149), but this has not yet been validated as a consensus response criteria.
Grading the depth of cardiac, hepatic and renal responses can allow a better discrimination
of patient outcomes. In a retrospective study, the authors defined four groups with distinct
organ response: Non responders (<30% reduction in organ response parameter), partial
responders (31-60% reduction), very good partial responders (>60% reduction not meeting
complete organ response definition) and complete organ responders (nadir NT-pro-BNP
<400 pg/mL; nadir proteinuria <200 mg per 24 h; nadir alkaline phosphatase <x2 lower limit
of normal) (149).

MRD (minimal residual disease) might prove to be a crucial factor for preventing
deterioration of organ function or promoting organ response despite conventional
hematological CR. A study evaluated the presence of MRD using Next-generation flow
cytometry (NGF) with high sensitivity levels approaching 1078 in 20 patients with AL
amyloidosis who had achieved a CR. 40% were MRD negative and 60% were MRD positive
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(150). In ASH 2016, the results of a study evaluating the role of NGF in 17 patients with AL
amyloidosis was presented (151).

6. Future perspectives

Delayed diagnosis is a major obstacle to effective treatment and efforts are underway to raise
awareness of clinicians to amyloidosis.

The amyloid deposits are targets of novel therapies. Lately, the development of NEOOO1 was
stopped because the phase 11 PRONTO trial failed to meet its endpoints. However, a post hoc
analysis was recently published showing that an all-cause mortality analysis revealed a
potential survival benefit favoring NEODOO1 in Mayo stage IV patients (high risk).

Additionally, the phase 111 VITAL trial was stopped due to futility. Serum amyloid P
component (SAP) is a protein that protects the amyloid fibrils protecting from degradation.
The anti-SAP antibodies were currently suspended. 11-1F4 is an antibody that targets the
amyloid deposits and organ responses have been reported in phase la trial (NCT02245867).

The role of ixazomib maintenance is also under active investigation (NCT03618537).
Elotuzumab with revlimid and dexamethasone are currently evaluated in the relapsed setting
(NCT03252600). We expect that more data will accumulate about daratumumab in
combination, which is currently being tested for newly diagnosed combined with CyBorD
versus CyBorD alone in a phase 11 trial (NCT03201965).

PRXO004 is an investigational monoclonal antibody given intravenously and aimed to target
and clear the misfolded forms of the TTR protein. It is currently being tested in a phase 1
open-label study (NCT03336580).

7. Conclusions

Early and accurate diagnosis is very important since the current treatments are less affective
for advanced stage disease. ASCT is the preferred treatment strategy for the newly
diagnosed patient but careful selection of patients is of utmost importance due to high rates
of TRM in patients that have extensive cardiac involvement, are not fit or have very
extensive disease. Treatment options for AL amyloidosis have broadened and continue to
evolve (daratumumab, ixazomib). For ATTR amyloidosis patients, three phase 3 trials have
recently been published and inotersen, patisiran and tafamidis are expected to change
outcomes for this patient population.
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Practice Points

Amyloidosis should be considered in all patients with proteinuria, heart
failure with preserved ejection fraction, unexplained hepatomegaly, peripheral
autonomic neuropathy or atypical MGUS or smoldering myeloma.

Screening for the disease involves immunofixation of serum in urine,
immunoglobulin free light chain assay, and Tc pyrophosphate scanning of the
heart

The diagnosis may be obtained noninvasively by examination of the bone
marrow or subcutaneous fat aspiration

Therapy usually involves bortezomib based chemotherapy and selected
patients autologous stem cell transplantation. There are 3 approved agents for
the treatment of TTR amyloidosis
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Research Agenda

Explore the utility of monoclonal antibodies capable of dissolving existing
amyloid deposits

Developed techniques for earlier diagnosis of cardiac amyloidosis before the
development of end-stage cardiac disease

Investigated anti misfolding agents for the management of AL amyloidosis
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‘ Clinical suspicion of amyloidosis
|
‘ M-protein, sFLC ‘
S/ \
Surrogate site biopsy with Congo red staining (bone marrow, abdominal fat pad, gingiva, salivary | TTR Amyloidosis suspected |

glands or rectum)

/

Typi ng Biopsy suspected organ with Congo red staining
. (heart, kidney, liver, nerve, Gl tract) and send for

Systemlc assessment: typing

NT-pro-BNP, Troponin T, ECHO, cardiac MRI \\

24 h urine collection of protein and Bence jones "
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EMG-NCV amylodosis

M-protein- Serum and urine immunofixation

SFLC- serum free light chains

NT-pro-BNP- amino-terminal pro—natriuretic peptide type-B
ECHO- echocardiography

LFT- liver function tests

EMG-NCV- Electromyography- nerve conduction velocity

Figure 1-
The diagnostic algorithm for AL and ATTR amyloidosis.
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Figure 2-
The mSMART algorithms for treatment of newly diagnosed AL amyloidosis.
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Figure 3-

The mSMART algorithms for treatment of relapsed AL amyloidosis.
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The characteristics of the three AL amyloidosis typing method.
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Immunohistochemistry

Immunoelectron microscopy

mass spectrometry

pathologist, nonstandardized,

Accessibility Widely available, Not available in most centers Not available in most centers
Sensitivity (%) | 75-80 75-80 95

Specificity (%) | 80 100 100

Comments Should be done by highly specialized The gold standard for AL amyloidosis

typing
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The three prognostic models of AL amyloidosis.

Table 2-

The prognostic model

Criteria

Survival

Mayo model 2004

TnT<0.035 microgram/L
NT-pro-BNP < 332 ng/L
BNP <81 ng/L

Tnl <0.1 microgram/L

stage 1- median 26.4 months
stage 2- median 10.5 months
stage 3- median 3.5 months

NT-pro-BNP < 332 pg/ml
BNP < 81 ng/L
Tnl <0.1 microgram/L

Mayo stage 3 is subclassified using NT-pro-BNP < 8500 pg/ml

Mayo model 2012 TnT<0.025 ng/ml stage 1- median 94.1 months
NT-pro-BNP < 1800 pg/ml stage 2- median 40.3 months
Serum dFLC<180 mg/dL stage 3- median 14 months
BNP < 400 ng/L stage 4- median 5.8 months
Tnl- No data

European model 2015 TnT<0.035 ng/ml stage 1- no death cases

stage 2— 3 years 52%
stage 3a- 3 years 55% stage
3b- 3 years 19%

Boston university score 2019

TnT <0.1 ng/ml
BNP < 81 pg/mL

stage 1- median not reached
stage 2- median 9.4 years
stage 3a- median 4.3 years
stage 3b- median 1 year

TnT-Troponin T, NT-pro-BNP -N- terminal pro-brain natriuretic peptide, Tnl- Troponin I, BNP-brain natriuretic peptide.
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The studies about the outcome of high dose melphalan followed by autologous stem cell transplantation.

two treatment
groups

The study Number of Cardiac Complete Organ Treatment Median PFS/OS
patients involvement % | Hematological response % related
response % mortality
%
Gertz 2010 434 Not rported 39 47 10 Complete response
>120 m
Partial response
107m
No response 32 m
Sanchorawala 421 45 34 53 114 Med OS 75m
Blood 2011
Sanchorawala 607 53 34 NR 9 Med OS 80m
2014
Parmar 2014 80 23 19 39 12.5 5 years OS 72%
Jaccard 2007 100 - 73 No significant No significant | 24 Med OS was 56.9
randomized to difference between difference months in the MP arm
ASCT or MP the two treatment between the and 22.2 months in the
groups (47% Vs two treatment ASCT arm (P=0.04)
61%) groups
Gertz 2016 89 — 41 in mel dex 20, No significant 30 No 5.6 3-year PFS of 29.1%
randomized to armand 15 in difference between significant in mel dex arm and
ASCT (55) or ASCT arm the two treatment difference 51.7% in the ASCT
Mel dex (39) groups between the arm. 3y OS was 58.8%

in mel dex arm vs
83.6% in ASCT arm.
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Table 4-

Studies that evaluate the role of induction treatment before ASCT in AL amyloidosis.

Page 33

induction (20
pt)

60% in no induction
arm

The study Number Treatment Cardiac Hematological TRM Median Comments
of arms involvement response % % PFS/OS
patients %
Scott 2014 56 2Vd Vsno 48 Higher CR in the 9.6 3y0S 73% Retrospective
induction induction arm trial. The median
time to maximum
hematologic
response after
ASCT was
reduced in the
induction arm (3
vs. 14 months).
Sanchorawala 100 2 MP Vs No 46 Not different NR Not different Prospective trial.
2004 induction between the groups between the
groups
Afrough 2018 128 MP (25 pt) vs 29 HR at 100 d 62% in NR 2y PFS not Retrospective
Novel agent MP arm 87% in different
(83 pt) Vs no novel agent arm and between the

groups. 2y OS
were 76% in
MP, 87% in
novel agent
arm and 73%
in no induction

Novel agents = thalidomide, lenalidomide, or bortezomib
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