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Abstract

In this chapter, the authors will discuss the epidemiology and clinical presenta-
tions of amyloidosis. The main body of this chapter will concentrate on treatment 
options, both FDA-approved and experimental, specific to the various forms of 
amyloidosis. Since this set of diseases can affect multiple organ systems, we tackle 
the therapeutic avenues and the current challenges in each system under clinical 
investigation, including neurological, psychiatric, gastrointestinal, cardiovas-
cular, endocrine, renal and hematologic, in addition to options for palliative 
treatment for severe symptom management and improved quality of life. Several 
recent groundbreaking discoveries have opened up the potential for successful 
treatment of peripheral and central neurological amyloidoses making this an 
exciting and evolving field.
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1. Epidemiology

Amyloidosis is a rare, albeit likely underdiagnosed, disorder [1]. Claims data 
in the United States shows prevalence of amyloid light-chain (AL) amyloidosis 
increased between 2007 and 2015 from 15.5 to 45 cases per million [2]. Incidence 
did not significantly increase over this time period, but ranged from 9.7 to 14 cases 
per million-person years [2]. This equates to more than 12,000 people in the US 
currently living with this disorder. Older data, from 1950 to 1989, found 9 cases per 
million people, more evidence of an increasing prevalence over time [3]. The trend 
in age- and sex-adjusted incidence rate of amyloidosis per million person years from 
1950 to 1989 was not found to be significant (Figure 1).

This phenomenon could be explained by increased detection and diagnosis. 
Studies in the United Kingdom and Sweden demonstrated a prevalence of 20 cases 
per million and incidence of 5 cases per million-person years, 3 of them being AL, 
and 1 amyloid A (AA) amyloidosis [1, 4]. A US study found a mean age at diagnosis 
of AL amyloidosis of 63 with a standard deviation of 12, 55% male [2]. International 
studies also show that men are slightly more likely to be diagnosed with AL, 
however, AA amyloidosis more commonly affects women, possibly due to higher 
prevalence of underlying rheumatoid arthritis [1].
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AL amyloidosis is more prevalent than AA amyloidosis in developed countries, 
however, in developing countries and some Mediterranean countries, AA is more 
prevalent (Figure 2). Other studies have shown AL to be more prevalent than AA in 
developed countries, but in developing nations AA has a higher prevalence than AL [1].

This follows the logic of the epidemiologic transition, since as a country devel-
ops, diseases transition from infectious to chronic disease states. In developing 
nations, endemic infections such as tuberculosis or leprosy lead to AA amyloidosis, 

Figure 1. 
Age- and sex-adjusted average annual incidence rates of amyloidosis per million person-years in Olmsted 
County, Minnesota from 1950 to 1989.

Figure 2. 
Mortality of amyloidosis subtypes UK from 2000 to 2020,008 (n = 903).
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while in developed nations chronic diseases lead to AL amyloidosis. The exception 
to this is Mediterranean nations, while developed, have a higher prevalence of 
AA amyloidosis. This is likely due to relatively high prevalence autoinflammatory 
diseases such as familial Mediterranean fever. For example, in Spain, AL amyloido-
sis has become the most prevalent subtype, increasing in frequency relative to other 
subtypes from 21% in 1977 to 44% in 2013 [5].

The prognosis for amyloidosis varies by subtype, treatment modality, extent of 
cardiac involvement and, to a lesser degree, hepatic and autonomic involvement 
[1]. A Swedish study estimated median survival to be 3, 4, and 6 years for AL, AA, 
and localized amyloidosis [6]. In regards to systemic amyloidosis, a median survival 
time of 32 months was seen in the UK [4]. Older studies found untreated median 
survival time ranging from 6 months to 4 years [1].

2. Palliative treatments for amyloidosis

The protein deposition and accumulation inherent in amyloidosis causes a wide 
range of systemic symptoms, and patients may also suffer from side effects of cura-
tive therapies. Though many mistakenly believe palliative interventions are only for 
end of life care, palliative treatments can be implemented at any stage of illness, and 
may help curb severe symptoms. In many forms of cancer, early palliative interven-
tions have been shown to increase quality of life for both patients and caregivers 
[7]. While no studies have been conducted to evaluate the effectiveness of palliative 
therapies on amyloidosis specifically, palliative treatments for many of the common 
sequelae of amyloidosis have been well researched [8].

2.1 Pain

Neuropathic pain (NP) is the most common pain sensation reported in people 
with amyloidosis. NP is notoriously difficult to control, and is often not responsive 
to typical pain regimens. Antidepressants, anticonvulsants, opioids, and topical 
medications are the most common pharmacologic agents used. Unfortunately, many 
of these agents have their own side effects, and should be used with caution [8].

2.2 Depression

There has long been a link noted between depression and dementia, and depres-
sion has been viewed as both a prodrome and a risk factor for dementia. About half 
of patients with late-onset depression are found to have cognitive impairment, and 
the prevalence of dementia in depression has been reported between 9 and 68% 
[9]. A past history of depression is a known risk factor for developing Alzheimer’s 
disease and vascular dementia, even when the episode of depression occurred over 
10 years prior. Rather than a prodrome, depression seems to be a risk factor for 
Alzheimer’s disease, as evidenced by a neuropathological study showing increased 
neurofibrillary tangles and plaques in the hippocampus in those with a history 
of depression [10]. Depression is linked to hypercortisolemia, which may cause 
prolonged damage to the hippocampus. Depression may also be a psychological 
reaction to the diagnosis of cognitive impairment, and may even reveal previ-
ously clinically silent cognitive impairment by depleting cognitive reserve [11]. 
Additionally, the use of tricyclic antidepressants in the elderly may also contribute 
to clinical dementia due to their anticholinergic effects.

The link between depression and Alzheimer disease may involve mechanisms 
in the metabolism of β-amyloid peptides in the brain. A recent study has shown 
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significant associations between geriatric depression and β-amyloid peptide deposits 
in the insula, hippocampus, and amygdale [12]. Another recent study showed the link 
between hereditary gelsolin amyloidosis (AGel) and neuropsychiatric changes. The 
gelsolin mutation is associated with cerebrovascular fragility, and is an autosomal 
dominant form of systemic amyloidosis. The study found visuoconstructional dif-
ficulties in the AGel group in both the block design and drawing tasks. While overall 
processing speed was similar in both groups, the AGel group produced more errors 
[13]. The behavioral and psychological symptoms of people with dementia result in 
greater cognitive and functional impairment, and are associated with greater amyloid 
deposition in the neurodegenerative process leading to Alzheimer’s disease [14].

2.3 Sexual dysfunction

The pathophysiology of sexual dysfunction in amyloidosis can range from 
medication side effects (corticosteroids, opioids), to primary hypogonadism 
(amyloid deposition in the testes), and depression. Determining the etiology of 
sexual dysfunction is key in selecting the proper treatment. For erectile dysfunc-
tion, sildenafil has been shown to be effective. Testosterone replacement may help 
in cases of hypogonadism, but has not been studied in patients with amyloidosis.

3. Renal amyloidosis

Renal amyloidosis is often the major cause of death for individuals with AL, AA, 
and hereditary amyloidosis; untreated, it usually progresses to end-stage renal 
disease. Understanding how amyloid fibrils form, and how the renal amyloidosis 
manifests are crucial in determining treatment approaches specific to each type of 
amyloidosis.

While amyloid can be found anywhere in the kidney, it often predominates in 
the glomerulus, forming nodules composed of amyloid protein that disrupt glo-
merular function. Consequently, patients with renal amyloidosis present with the 
components of nephrotic syndrome: severe proteinuria, hypoalbuminemia, edema, 
decreased GFR. When the amyloid protein is in the tubulointerstitium or vascula-
ture, the patient will instead demonstrate minimal proteinuria with a decrease in 
GFR. (Vascular involvement may also come with HTN.) Generally, renal impair-
ment progresses more rapidly with glomerular involvement. Patients mostly present 
with normal-sized kidneys but amyloidosis can cause enlargement of the kidneys.

Of the three main categories of renal amyloidoses, AL remains the most com-
mon, accounting for 81 and 68% of amyloidosis cases in two recent studies from 
the U.S. and Italy [15, 16]. In 50% of patients with systemic Ig-related amyloidosis, 
kidney disease presents as the most common manifestation [17].

3.1 Renal AL amyloidosis

Because AL amyloidosis is commonly associated with an underlying plasma cell 
dyscrasia, the purpose of treatment is to destroy amyloid-producing plasma cells. 
Therefore, treating AL amyloidosis is based on anti-myeloma therapy, which must 
be tailored to each patient’s age, comorbidities, extent of organ involvement, and 
patient’s wishes. The standard treatment was repeated cycles of oral melphalan 
and prednisone with an increase in median survival to 1.5 years [18]; however, this 
has changed in the past decade. In an 8 year longitudinal study by [19], 25–50% of 
patients who underwent high-dose intravenous melphalan followed by autologous 
stem cell transplantation(HDM/SCT to support bone marrow recovery demonstrated 
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complete hematologic responses. In 2006, Seldin et al. followed 43 patients who 
received HDM/SCT between 1994 and 1996, and found that median survival 
rate of 10 years for patients with a complete hematologic response [20]. In 2011, 
Sanchorawala et al. followed the long-term outcome of 421 patients and reported a 
long-term survival of up to 20 years [19]. More research is being done on the effective-
ness of repeated HDM/SCT treatments, some of them reporting favorable outcomes 
in patients who did not achieve a complete hematologic response the first time.

Despite the success of HDM/SCT, treatment-associated mortality is 12–14% 
with a higher prevalence in those with cardiac amyloidosis. Because stem cell 
mobilization requires high doses of growth factors, this can be complicated in 
patients with nephrotic syndrome or heart failure due to fluid retention. In addition 
to increased risks for splenic rupture (especially in patients with splenic amyloid), 
thrombocytopenia, and neutropenia, patients may also be subject to acute renal 
failure as reported by two different studies [21]. The British Journal of Hematology 
published guidelines in 2014 for HDM/SCT as first line treatment for selected 
patients up to 60–75 years of age with eGFR >50 ml/min, low cardiac biomarkers, 
low level plasma cell infiltration in the bone marrow, and lacking the following 
contraindications: cardiac amyloidosis, severe autonomic neuropathy, significant 
GI bleeding due to amyloid, advanced renal failure, age over 7 years, symptomatic 
recurrent amyloid related pleural effusions [22].

As an alternative to HDM/SCT, a combination of oral melphalan and high dose 
dexamethasone was shown by Pallidini et al. to have a 33% complete hematologic 
response in patients who are ineligible for HDM/SCT [23]. In addition to the oral 
melphalan and dexamethasone, patients can use proteasome inhibitor-based 
regimens and a bortezomib-alkylator-steroid combination for a rapid response [22].

3.2 Renal AA amyloidosis

Because AA amyloidosis is often associated with the production of serum 
amyloid A (SAA), an acute phase reactant protein from an underlying inflamma-
tory disease, the goal of treatment is to treat the cause. Stopping the inflammatory 
processes of familial Mediterranean fever (FMF), rheumatoid arthritis (RA), and 
other causes of AA has been shown by several studies to prevent amyloidosis. For 
example, colchicine is used to inhibit Familial Mediterranean Fever-associated 
inflammation, which prevented amyloidosis production [24]. In a 2002 study, 
Elkyam et al. treated a patient with infliximab for rheumatoid arthritis, whose pro-
teinuria resolved [25]. It is thought that these agents have additional anti-amyloid 
effects by suppressing cytokine production or by altering expression of specific 
mediators of cellular toxicity [26].

A new treatment approach involving fibrillogenic inhibition is currently under-
way, involving eprosidate, a sulfonated, negatively charged molecule like heparan 
sulfate. The molecule competitively binds to glycosaminoglycan-binding sites on 
SAA, and inhibits fibril polymerization and amyloid deposition. In a multicenter, 
randomized, double-blind, placebo controlled trial, Dember et al. demonstrated that 
eprodisate slowed the decline of renal function in AA amyloidosis patients [27]. The 
results from the second Phase III study will help determine whether eprosidate will 
become one of the new treatment approaches in fighting renal AA amyloidosis [28].

3.3 Dialysis and kidney transplantation

For patients with renal amyloidosis who are in ESRD, dialysis or kidney trans-
plantation is other options. Currently, the literature for dialysis differs for AL amy-
loidosis patients and AA amyloidosis patients, but the consensus is a poor prognosis 
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Figure 3. 
AL amyloidosis organ involvement pattern in patients with multiple myeloma.

for AL amyloidosis patients on dialysis, especially those with cardiac involvement. 
For AA amyloidosis patients on dialysis, Guillaume et al. reported a 15% mortal-
ity rate, a better prognosis overall [29]. Treating patients who are on dialysis with 
HDM/SCT has shown no difference between the hematologic response rate and 
treatment -associated mortality are similar in dialysis-dependent patients compared 
with the overall population of patients who undergo this treatment [27].

Kidney transplantation is a good option for patients who have a complete hema-
tologic response in AL amyloidosis and do not have significant extrarenal disease. 
In 2012, Gurusu et al. examined survival rates of 44 patients with amyloidosis who 
had undergone kidney transplantation and found the same outcomes with patients 
with other kidney diseases [30]. This indicates that amyloidosis patients should be 
accepted as transplant candidates.

3.4 Bortezomib, a game changer for multiple myeloma and AL amyloidosis

Monoclonal antibody therapy has become a mainstay of treatment in plasma 
cell disorders such as multiple myeloma and primary systemic (AL) amyloidosis. 
Bortezomib (Velcade), a proteasome inhibitor, has shown effectiveness as an initial 
therapy of multiple myeloma in stem cell transplant (SCT) eligible patients [31, 32].  
Bortezomib has been especially effective in younger patients and contributed sig-
nificantly to improvements in survival seen in the early 2000s [33]. Bortezomib and 
other proteasome inhibitors are associated with less cardiotoxic risk than chemo-
therapeutics such as melphalan, cyclophosphamide, and doxorubicin [34]. Modern 
induction therapy for multiple myeloma now consists a combination of bortezomib 
and dexamethasone (BD), plus thalidomide or melphalan for both transplant-
eligible and SCT ineligible patients. A phase IIIB study found no difference in 
outcomes or survival between BD, BD plus thalidomide, or BD plus melphalan in 
transplant-ineligible patients [35]. Bortezomib is also effective as a consolidation 
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and maintenance therapy, prolonging progression-free survival and overall survival 
in patients with partial or very good partial response following induction/consoli-
dation therapy [36].

AL amyloidosis can present spontaneously or in association with other blood 
cell disorders such as multiple myeloma and lymphoplasmocytic lymphoma. AL 
amyloidosis is a well-recognized complication of multiple myeloma in particular, 
occurring in approximately 10–15% of patients (Figure 3) [37]. Not surprisingly, 
bortezomib therapy is now a recommended treatment for primary AL amyloidosis 
both in SCT ineligible patients and post SCT patients [38, 39]. Reece et al. showed 
bortezomib to be a particularly effective and well-tolerated therapy in relapsed AL 
amyloidosis patients, evidenced by once and twice-weekly treatments both effec-
tively inducing a hematological response in this population [40, 41]. A randomized 
phase III trial showed more profound and frequent hematological responses to 
bortezomib versus melphalan plus dexamethasone in patients with newly diagnosed 
AL amyloidosis, indicating bortezomib as a promising initial therapy [42].

4. Amyloidosis and the nervous system

Neurologic involvement of systemic amyloidosis has been observed in over 20% 
of cases, and the median duration of neuropathic symptoms prior to diagnosis is 
2 years [43]. The pathophysiology of amyloid deposition contributing to the clinical 
manifestation of neurodegenerative disorders, including Alzheimer’s Dementia, 
Parkinson’s Disease, and Huntington’s Disease, has been well-documented [44]. 
Furthermore, cerebral amyloid angiopathy is a well-known cause/risk factor for 
intracerebral hemorrhage in the elderly [45]. Lastly, systemic amyloidosis (clas-
sically, primary amyloidosis) affects not only the central nervous system, but is a 
well-known cause of peripheral and autonomic neuropathy [46]. Thus, the deposi-
tion of abnormally folded proteins has not only been linked to progressive and acute 
devastating CNS disorders, but also to neurologic sequelae throughout the body. 
In this section, we describe some of the novel treatments and their mechanisms of 
action for both CNS and PNS manifestations of the illness.

4.1 Amyloid beta: Alzheimer’s dementia, and cerebral amyloid angiopathy

There are no current therapies that modify the deposition of A beta amyloid 
in the CNS. Therefore the focus of treatment has been mainly symptomatic with 
acetylcholinesterase inhibitors, antidepressants and antipsychotics. However, new 
research focusing on monoclonal antibodies reducing plaque load prove to have 
promising results in the mice model [47]. Modest levels of peripherally administra-
tion antibodies against the amyloid beta-peptide crossed the blood brain barrier 
entering the CNS and inducing clearance of preexisting amyloid via activation of 
microglial cells [48]. Bapineuzumab, Solanezumab, Gantenerumab, Crenezumab, 
Ponezumab, BAN2401, and Aducaumab are anti-amyloid beta monoclonal antibod-
ies that have progressed to human trials and paved the pathway for the development 
of more effective therapies.

The mechanism of Bapineuzumab, one of the first humanized monoclonal IgG1 
antibody used in humans, attaches to soluble and fibrillar amyloid beta via the five 
N-terminal residues inducing Fc receptor-mediated microglial phagocytosis of amy-
loid beta deposits. In phase 1, 30 patients were divided into low dose (0.5 mg/kg), 
medium (1.5 mg/kg) and high dose (5 mg/kg), and overall the drug was considered 
to be safe. 3/10 participants in the high dose category developed MRI findings typical 
of vasogenic edema that eventually resolved. Amyloid-related imaging abnormalities 
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(ARIA) were coined to describe imaging abnormalities as a result of treatment, for 
example ARIA-H for microhemorrhage and hemosiderosis and ARIA-E for effusion 
or vasogenic edema. IV infusion in phase 2 of the trial showed no significant treat-
ment differences in patients with mild to moderate Alzheimer’s disease. A parallel 
phase 2, as well as retrospective study done by neuroradiologists resulted in the 
conclusion that there is an increased occurrence of ARIA-E in carriers of APOE4, 
necessitating the incorporation of biomarkers to qualify for treatment, but increased 
numbers of symptomatic ARIA-E resulted in discontinuation of bapineuzumab trials.

Solanezumab, another humanized IgG1 monoclonal antibody, completed 
phase 3 testing without meeting efficacy requirements. It binds the mid-domain of 
amyloid beta residues to increase clearance of monomers, and continues in pre-
clinical Alzheimer’s disease trials to see if there is a benefit to earlier intervention. 
Phases 1 and 2 showed a relationship between dose and CSF Amyloid-beta protein. 
In phase 3 studies, termed EXPEDITION 1 and EXPEDITION 2, 18 month trials of 
IV solanezumab 400 mg against IV placebo, did not demonstrate any significant 
benefit. However, it demonstrated the drugs favorable safety profile with only 0.9% 
incidence of ARIA-E compared to 0.4% seen in the placebo. A third phase 3 trial, 
EXPEDITION 3, also showed nonsignificant results with solanezumab and eventu-
ally led to the drug’s discontinuation for dementia.

As opposed to the previously mentioned therapies, Gantenerumab was the 
first fully human IgG1 antibody against the conformational epitope expressed 
on amyloid beta fibrils that contain both the N-terminal and central amino acids. 
Phase 1 trials with patients who had mild to moderate Alzheimer’s disease showed 
that seven IV infusions (60–200 mg) every 4 weeks reduced brain burden. It also 
showed the drug’s favorable safety profile. 2 out of 6 patients in the high dose group 
experienced ARIA-E. Initial phase 2 trials included 360 participants and doses of 
subcutaneous 105 mg or 225 mg every 4 weeks for 2 years, but was later expanded 
to a phase 2/3 with 799 participants showed no significant treatment effects for 
CDE-SB or changes in the amount of brain amyloid beta. Currently Gantenerumab, 
like solanezumab, is being explored for patients with fast progression and autoso-
mal dominant Alzheimer’s disease.

Other therapies that have proven to have non-significant results in the treat-
ment of amyloid beta deposition within the CNS include Crenezumab, Ponezumab, 
BAN2401, and Aducaumab. Despite these findings, the tolerability of monoclonal 
antibodies lends hope for developing therapies for this pathology. Moreover, future 
studies should focus on the importance of brain entry of anti-amyloid beta monoclo-
nal antibodies, as it is not currently clear whether therein lies any benefit as only 0.1% 
cross the blood brain barrier. Dosage and stage of disease are two other important 
points for consideration in improving the efficacy of these therapies, and whether the 
lack of efficacy was due to insufficient amounts of drug or late stage disease [49].

4.2 Transthyretin amyloidosis

Transthyretin is a liver-derived protein, that when misfolded can accumulate in 
the liver, kidney, GI tract, and the peripheral nerves. Multiple genetic abnormalities 
have been shown to contribute to increased predisposition and familial forms of 
transthyretin amyloidosis. These have led to syndromes such as familial amyloidotic 
cardiomyopathy and familial amyloidotic polyneuropathy [49, 50].

Familial amyloidotic polyneuropathy (FAP) is a fatal condition that is caused by 
the substitution of a methionine residue for a valine residue at the 30th position of 
the TTR gene [51]. In this section, we briefly discuss the role of liver transplantation 
and more thoroughly introduce the use of RNA interference molecules to decrease 
transthyretin production.
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5. Liver transplantation

Around 95% of transthyretin is produced by the liver, and thus, it was pos-
tulated that liver transplantation would provide great benefit for patients with 
transthyretin amyloidosis. The first liver transplantation for transthyretin amyloi-
dosis was done in 1990 in Sweden and showed promising results. Since then, liver 
transplantation has been a standard treatment for this devastating disorder [51].

Liver transplantation has been shown to be of benefit if intervention is taken 
earlier in the disease course. The risks and prognostic factors for liver transplanta-
tion have been well-documented, including the long wait times for an available 
transplantable organ. However, additional prognostic factors for survival post liver 
transplantation in patients with amyloidotic polyneuropathy include hereditary and 
geographic factors, duration of the disease, initial degree of polyneuropathy, pres-
ence of autonomic dysfunction, co-morbid cardiac, kidney/bladder, and GI impair-
ment, and prior nutritional status. Liver transplantation is usually not a procedure 
that will improve the patient’s condition, but rather, prevent further decline.

5.1 IDOX, doxycycline, and RNAi therapy

Since the difficulties associated with liver transplantation prevented adequate 
treatment of FAP patients, new non-surgical treatment methods were researched. 
It was initially shown that 4′iodo′4′-doxy-doxorubicin (IDOX) inhibits amyloid 
formation and promotes the resorption of amyloid deposits. Initially shown that 
IDOX can induce amyloid resorption in patients with immunoglobulin light chain 
amyloidosis, it was further studied for all types of amyloid deposition disorders. It is 
hypothesized that IDOX exerts its effects by inhibiting fibril growth and increasing 
the solubility of amyloid deposits. This, in turn, facilitates amyloid clearance. These 
results have been consistent in both in vivo and in vitro studies through two distinct 
binding sites between IDOX and amyloid fibrils [52].

At around the same time as IDOX was being investigated, Doxycycline became 
the next promising medication that showed similar success in both FAP transgenic 
mice and phase II human trials with transthyretin amyloidosis. It’s theorized mech-
anism of action involves amyloid fibril destructuration and promotion of amyloid 
deposition. In one phase II trial, doxycyclin plus tauroursodeoxycholic acid resulted 
in stable cardiac and neuropathy symptoms after 1 year of treatment. When used in 
conjunction with TTR stabilizers, therapy could both block formation and promote 
clearance of existing amyloid simultaneously [53, 54].

The most recent research for transthyretin amyloidosis treatment has sur-
rounded RNA interference (RNAi) therapy. RNAi therapy decreases transthyretin 
production from the liver by directly suppressing mRNA transcription of the 
gene that codes for the transthyretin protein. Due to the specific nature of this 
pharmacology, long-term side-effects of RNAi therapy have not been reported. 
Two medications, Patisiran and Inotersen, have become FDA approved in the past 
5 years after studies have shown a dose-dependent reduction of both mutant and 
nonmuntant tranthyretin production and deposition. This RNAi therapy has been 
shown to cause between 50 and 80% reduction in transthyretin levels as early as 
2–3 weeks after therapy initiation. Furthermore, these medications have provided 
significant neurologic symptomatic benefit in a majority of patients when com-
pared to placebo therapy. Since these medications affect both mutant and non-
mutant transthyretin production, they have been shown to not only have decreased 
side-effects to liver transplantation, but better long-term efficacy. The most com-
mon side effect to the medication reported has been transfusion-related reactions in 
8–20% of patients [49, 55, 56].
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6. Cardiac amyloidosis

Along with the kidneys, the heart is one of the most commonly affected organs 
in cases of amyloidosis, as amyloid fibrils deposit in its parenchyma and impair it 
from functioning optimally. The deposition of either light chain amyloid (AL) or 
transthyretin (TTR) in the cardiac myocardium is responsible for the vast majority 
(>95%) of cases of amyloid cardiomyopathy [57]. This infiltration of the myocar-
dial tissue essentially results in a clinical presentation of heart failure with pre-
served ejection fraction; therefore, the treatment is twofold and is targeted at both 
the primary, underlying disease process and at the secondary heart failure.

6.1 AL amyloid

In regards to the primary disease, treatment varies substantially based on the 
nature of the abnormal protein that is deposited in the cardiac tissue. AL amyloid, 
or primary amyloid, affects the heart by depositing abnormally-folded proteins into 
the myocardium, rendering the ventricles concentrically thickened, thus impairing 
their ability to accommodate adequate filling volumes. Some studies suggest that 
the amyloidogenic proteins also have direct cytotoxic effects on the myocardial 
cells. The pathogenic proteins in AL amyloid are misfolded immunoglobulin light 
chains produced by a number of clonal plasma cells in the bone marrow; therefore, 
cytotoxic therapies against these cells have been proven to be effective. A combina-
tion of oral melphalan, dexamethasone, autologous stem cell transplantation and/
or bortezomib is often utilized and tailored to each individual case based on various 
factors such as age, stage of disease, and patient’s desire for treatment. These drug 
regimens are further discussed in the section on renal amyloidosis treatment.

6.2 TTR amyloid

In transthyretin amyloidosis, the protein transthyretin (TTR) loses stability, mis-
folds, and deposits in organs throughout the body, including the cardiac myocardium. 
In contrast to other types of amyloidosis, which may or may not involve the heart, 
TTR almost always features cardiac involvement and myocardial protein deposition. 
The consequences of protein deposition in the heart are essentially the same across all 
types of amyloidosis as the ventricles thicken and result in a restrictive type of cardio-
myopathy that prevents the heart from properly filling with blood during the diastolic 
phase of the cardiac cycle. The restrictive cardiomyopathy leads to a clinical picture 
of heart failure, with symptoms that often significantly decrease the patient’s quality 
of life. The most definitive treatment for TTR amyloidosis is liver transplantation. 
This is because the TTR protein is produced in the liver and eliminating the source of 
the protein would eliminate the pathogenic process altogether. Liver transplantation, 
however, may not be an option for patients who are not candidates for the procedure. 
This is where a recently studied drug, Tafamidis, plays a key role. Tafamidis is an 
agent that exhibits its therapeutic effect by stabilizing the TTR protein, thus prevent-
ing its misfolding and subsequent deposition in organs of the body. In a randomized, 
placebo-controlled, double blind study performed in September 2018, Tafamidis was 
found to improve the quality of life of amyloidosis patients by slowing the progres-
sion of the disease and reducing the functional impairment of affected nerves and 
systems throughout the body [58, 59]. Other drugs that also may be beneficial in TTR 
amyloidosis cases include an NSAID called Diflunisal, doxycycline, and an antisense 
therapy called ISIS-TTRrx. Both Diflunisal and doxycycline are thought to have the 
same mechanism of action as Tafamidis, as they stabilize the TTR protein and prevent 
amyloidogenesis. ISIS-TTRrx’s mechanism of action differs and works by directly 



11

Amyloidosis: Systems-Based Therapies
DOI: http://dx.doi.org/10.5772/intechopen.85201

suppressing the gene that expresses the TTR protein. These agents are still being 
investigated for efficacy in experiments and clinical trials [59].

6.3 Heart failure

Heart failure secondary to cardiac amyloidosis is treated rather differently than 
heart failure that is organic or secondary to other causes. Agents that typically play 
key roles in heart failure management, such as beta blockers, ace inhibitors, and 
calcium channel blockers, are avoided and, sometimes, even contraindicated. These 
drugs are ineffective in cases of amyloid cardiomyopathy due to the pathophysiology 
of protein deposition rather than intrinsic cellular dysfunction of the cardiac cells. 
Utilization of calcium channel blockers, for example, results in an apparent amplifi-
cation of the drugs’ negative inotropic effects and a resultant decompensation of the 
amyloid cardiomyopathy [60, 61]. One class of drugs- the loop diuretics- remains the 
cornerstone medication utilized even in cases of heart failure due to amyloid cardio-
myopathy. A loop diuretic combined with an aldosterone antagonist has been found 
to be the most efficacious combination of treatment for amyloid-associated heart 
failure [57, 62]. Along with drug therapy, other vital lifestyle changes include salt and 
fluid restriction, as well as regular weight measurements to monitor volume status.

7. Amyloidosis of the respiratory tract

Amyloidosis is characterized by pathological misfolding of the amyloid pro-
tein and its deposition as fibrils leading to organ dysfunction. Amyloidosis of the 
respiratory tract can be localized or a part of a systemic picture of dysfunction. 
Pulmonary amyloidosis is only symptomatic if amyloid deposits are present on the 
alveoli, causing impaired gas exchange. Amyloid deposition in the lung parenchyma 
may manifest as nodular deposits or lead to localized lymphomas.

Tissue deposits of misfolded amyloid protein in the form of fibrils characterize 
systemic amyloidosis. There are 15 different kinds of systemic amyloidoses, defined 
based on the characteristics of the deposited amyloid protein [63]. The primary 
kinds of amyloidosis that impact the lungs are systemic AL and localized AL con-
sisting of monoclonal light chains, AA amyloid consisting of apolipoprotein serum 
amyloid A, and ATTRwt consisting of wild-type transthyretin [64]. Regardless 
of the type of amyloid fibril that is deposited, all fibrils have the same backbone 
structure that the Congo red stain binds in order to reveal an apple-green birefrin-
gence under polarized light [65]. Tissue biopsy is central to diagnosis of amyloidosis 
as treatment modalities vary based on the type of amyloid protein that is deposited. 
Less invasive procedures like abdominal fat biopsy and fine needle biopsy are 
indicated over more invasive procedures like transbronchial biopsy [66, 67]. Once 
a biopsy is obtained, it is evaluated using immunohistochemistry. The lungs are a 
common site of amyloid deposition, although not always symptomatic. There are 
three main kinds of pulmonary amyloidosis: nodular, diffuse, and tracheobronchial. 
Systemic amyloidosis is symptomatic, and often as a result of chronic inflammation.

7.1 Nodular pulmonary amyloidosis

Nodular amyloid deposits involving the lung are usually an incidentaloma on 
chest imaging and usually consist of AL light chain or mixed AL-AH light chain-
heavy chain [68, 69]. Nodular amyloidosis has been associated with mucosa associ-
ated lymphoid tissue (MALT) and Sjogren disease [68]. In a study of 49 individuals 
with nodular AL amyloidosis, surgical resection and systemic chemotherapy 
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were the major forms of treatment [64]. In fact, conservative excision in nodular 
AL amyloidosis presents with a great prognosis, although intervention is rarely 
required as a whole.

7.2 Diffuse alveolar amyloidosis

Presence of amyloid deposits on the alveolar walls and adjoining blood vessels 
signifies diffuse alveolar amyloidosis [70–72]. Since pulmonary impairment is not 
prominent in diffuse alveolar amyloidosis, it is often observed as a finding of post-
mortem studies [73]. Positron emission tomography using radiolabeled florbetapir 
is one of the modalities that can help identify the diffuse alveolar variant of amyloi-
dosis [74]. Diffuse alveolar amyloidosis has a progressive course of interstitial lung 
disease involving an infiltrative imaging pattern and dyspnea [75].

Diffuse alveolar amyloidosis is most commonly a manifestation of systemic AL 
amyloidosis, which is why treatment takes the form of targeting the underlying 
systemic amyloidosis. Burden reduction of free light chain is deemed to be central 
principle of treatment. Chemotherapy like low-dose Melphalan derived for multiple 
myeloma currently drives the treatment modalities used for diffuse alveolar amyloido-
sis [76–78]. Prednisolone is another medication used for treatment purposes. However, 
it is important to fashion treatment on a personalized basis based on patient needs. 
Pulmonary amyloidosis especially complicates the scenario when diffusion capacity 
reduces to less than 50%, although stem cell transplantation is an option in these cases 
[79]. Lung transplant is yet another option to treat isolated lung amyloidosis [80].

7.3 Laryngeal amyloidosis

Usually localized in nature, laryngeal amyloidosis is manifested by amyloid 
deposits superior to the glottis. The larynx is the most common location for isolated 
amyloid deposition in the head and neck, and symptomatically presents with stri-
dor, dyspnea, and hoarseness [81]. Larger lesions are often surgically removed with 
an endoscopic excision or laryngofissure [82, 83]. Smaller lesions can be treated 
with carbon dioxide laser evaporation [84, 85].

7.4 Tracheobronchial amyloidosis

Tracheobronchial amyloidosis is characterized by submucosal plaques with 
occasional involvement of the trachea and larynx [86, 87]. Cough, dyspnea, and 
hemoptysis are common manifestations, with tracheal and bronchial thickening and 
calcifications being diagnostic markers on CT [88, 89]. Stenting is also used to prevent 
airway collapse in an already compromised respiratory circuit. Although treatment 
modalities for tracheobronchial amyloidosis are limited, systemic chemotherapy is 
sometimes used [89]. Tracheobronchial involvement can be symptomatically treated 
with debridement, bronchoscopic resection, and external beam radiation [90, 91].

7.5 A peek into the future

Agents are being developed that aim to help stabilize amyloid in their native 
morphology and slow down or even halt fibril deposition. Glycosaminoglycans 
(GAG)-like molecules inhibitors and Secreted Aspartyl Proteinase (SAP)-binding 
inhibitors are currently being developed. GAG binding to amyloid enhances amy-
loid fibril deposition, while SAP potentiates amyloidosis [92, 93]. Like mentioned 
earlier, it is paramount to mold each treatment plan according to the recipient to 
best suit the patient’s needs and goals of care.
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