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Summary

Amyloidosis can both complicate long-standing respiratory conditions and be deposited 

within the respiratory system itself. In localised amyloidosis management generally 

involves resection of symptomatic deposits. In acquired systemic amyloidosis treatment 

is controlling the underlying condition.  

Introduction 

Amyloidosis is due to the deposition of abnormal insoluble fibrillar plasma proteins 

within the extracellular space resulting in the disruption of tissue structure and organ 

function. It may be acquired or inherited and at least 30 proteins can form amyloid 

fibrils(1) (Table 1). There are essentially three circumstances in which amyloid 

deposition occurs. Firstly, with sustained abnormally high abundance of normal 

proteins, such as serum amyloid A protein (SAA) in chronic inflammation, or Beta-2-

microglobulin in chronic renal failure. Secondly, when there is normal abundance of an 

inherently amyloidogenic protein over a prolonged period, such as transthyretin. 

Finally, the presence of an abnormal protein which is amyloidogenic, such as 



monoclonal immunoglobulin light chains in AL amyloidosis or genetic variants of 

transthyretin, apolipoprotein AI and fibrinogen Aα chain.  

All amyloid fibrils possess the ability to bind molecules of the dye Congo resulting in 

the pathognomonic apple green birefringence when viewed under cross polarised light. 

Amyloid deposits always contain the normal plasma glycoprotein, serum amyloid P 

(SAP) as a non-fibrillar constituent. The universal presence of SAP in amyloid forms 

the basis for diagnostic scintigraphic imaging of amyloid with radiolabelled SAP(2). 

The phenotypes associated with amyloid deposition are diverse ranging from an 

asymptomatic small localised deposit to a systemic, rapidly lethal multisystem 

disease(3). Amyloid deposits are constantly turned over and clinical progression 

reflects when fibrillar deposition is greater than clearance(4). Amyloid deposits can 

therefore regress if this balance is tipped and current available therapies focus on halting 

the production of the amyloidogenic protein. 

Diagnosis of Amyloidosis 

Amyloidosis is a heterogenous disease presenting to a variety of different medical 

specialties including the respiratory physician. Chronic pulmonary conditions can give 

rise to systemic amyloidosis, most commonly of AA type, due to prolonged inflammation. 

Alternatively, patients may present with pulmonary amyloidosis, either localised to the 

respiratory tract or as part of a systemic process(5). Lastly pulmonary complications may 

also arise from treatment, especially in the context of AL amyloidosis. 



The diagnostic gold-standard is by histological confirmation through Congo red 

staining(6, 7) (Figure 1). Alternative stains such as Thioflavin T or S can be used but 

generally reserved for the research setting. Biopsy of any organ can be hazardous in 

amyloidosis and there are reports of fatal lung haemorrhage following transbronchial 

biopsy due to amyloid infiltration into pulmonary vasculature(8). Haemorrhage is due 

to the increased fragility of involved blood vessels, reduced elasticity of amyloidotic 

tissues, and, occasionally in AL type due to an acquired factor IX or X deficiency(9, 

10, 11). Alternatively, fine needle aspiration has been used successfully in the 

respiratory tract(12, 13, 14). Immunohistochemical (IHC) stains are then used 

determine the fibril protein type(5, 15) or with laser capture tandem mass 

spectrometry(16). There are advantages and disadvantages to each method. Generally, 

IHC is relatively inexpensive and useful in dual amyloid pathology but reliant upon 

expertise in interpreting results and subject to false positive rates especially with some 

commercial antibodies. In practice, type-determination of amyloid by IHC should be 

performed in specialist laboratories(17). In contrast, MS techniques are generally more 

sensitive but require a high level of technical expertise to perform and interpret. If a 

genetic variant is suspected more detailed analyses examining for specific mutations 

should be performed 

Following histological confirmation, the extent of deposition in the respiratory tract 

needs to be ascertained although this can be challenging. Plain radiography can be 

helpful but is generally normal. Computed tomography (CT) scanning can further 

define interstitial disease. More commonly, pulmonary nodular amyloidosis, is 

characterised on CT scan by a variable number of nodules, in a peripheral or bilateral 



subpleural location, with well-defined contours, variable size, slow growth, and 

occasionally cavitation that can result in the formation of thin-walled, cystic-like 

lesions (18). A more uncommon presentation is diffuse amyloid infiltration between 

alveolar septum and vessel wall which can manifest on CT as well-defined 

micronodules (2-4 mm), reticulation, thickening of the interlobular septa and 

peribronchovascular interstitium, ground-glass opacity, reticulonodular opacities or 

fine linear subpleural opacity that may converge and consolidate(19). Positron emission 

tomography (CT-PET) can  better define the metabolic activity of a solid lesion, 

differentiating amyloid from more typical intrathoracic malignancies(20, 21). Magnetic 

resonance imaging (MRI) and bronchoscopy may be useful alongside comprehensive 

pulmonary function tests (PFTs). PFTs are an important objective tool to formally 

establish the severity of clinically relevant disease and are useful in guiding therapeutic 

decisions(22, 23). Evidence of systemic disease should be sought clinically and by 

performing haematological and biochemical profiles including serum free light chain 

assays, immunofixation of serum and urine and bone marrow examination to detect a 

potential subtle monoclonal disorder causing AL amyloidosis(24, 25, 26, 27). 

SAP scintigraphy is useful in visualising amyloid in solid organs; localisation to the 

lungs is poor and of limited use in pulmonary amyloidosis(2). Cardiac amyloidosis is 

best evaluated by a combination of echocardiography, ECG and cardiac magnetic 

resonance imaging (CMR). Amyloid causes diastolic dysfunction with preserved 

contractility until a very late stage(28). The ECG may show small voltages, 

pathological ‘Q’ waves (pseudo-infarct pattern) in the anterior chest leads and 

conduction abnormalities in advanced disease. CMR is extremely useful in identifying 



cardiac amyloid. Typical appearances are of homogenous late gadolinium 

enhancement(29). 99mTc-3,3-diphosphono-1,2-propanodicarboxylic acid (99mTc-

DPD) scintigraphy is a specific test for ATTR amyloid although only if there is no 

evidence of an underlying clonal disorder(30, 31).  

Systemic AA amyloidosis  

Systemic AA amyloidosis is a potential complication of any disorder associated with a 

sustained acute phase response (Table 2). The prevalence of AA amyloid deposition in 

patients with chronic inflammatory diseases is between 3.6 and 5.8%, though a smaller 

proportion of patients have clinically significant amyloidosis(32, 33, 34). The amyloid 

fibrils are derived from the circulating acute phase reactant, SAA(35). SAA is an 

apolipoprotein of high density lipoprotein (HDL), which is synthesised by hepatocytes 

under the regulation of cytokines including IL-1, IL-6 and TNF-(36). Normally the 

circulating concentration of SAA is around 1mg/l, but can rise by more than a thousand-

fold in the presence of inflammation.  

Median age at presentation is 48 and median latency between presentation with a 

chronic inflammatory disorder and clinically significant amyloidosis is almost two 

decades(37). 

Bronchiectasis is the most common respiratory disease underlying AA amyloidosis in 

the UK accounting for 5% of cases. Patients primary immune deficiency are at higher 

risk and should be closely monitored (38). 



Lung neoplasia including Castleman’s tumours, lymphoma and adenocarcinoma 

account for 3%. Castleman’s disease(39) is a rare B cell lymphoproliferative disorder 

often associated with marked constitutional symptoms. Acquired systemic amyloidosis 

is a recognized rare complication and is usually of systemic AA type occurring as a 

result of the persistent acute phase response(40, 41, 42, 43). In Castleman’s disease there 

is production of IL-6 by the tumour and anti-IL-6 therapies can be highly effective(42, 

43, 44, 45, 46, 47).  

Other purely respiratory causes of AA amyloidosis are now fairly rare in the UK 

although tuberculosis remains in the developing world(48, 49, 50). Other rare 

associations include cystic fibrosis(51, 52), sarcoidosis(53) and Kartagener’s 

syndrome(54).  

AA amyloidosis usually presents with proteinuria, nephrotic syndrome and progressive 

renal failure(55). Splenic involvement is almost universal but often asymptomatic. 

Hepatic involvement and autonomic neuropathy are seen in advanced disease. Cardiac 

amyloidosis is extremely rare. Respiratory tract involvement has not been a clinical 

feature. 

The most effective form of basic screening regular urinalysis in high risk patients as > 

95% of patients with AA amyloidosis will have significant proteinuria. When the supply 

of fibril precursor protein is substantially reduced for sustained periods, AA amyloid 

deposits frequently regress and renal function can improve(37, 55, 56). If the acute 



phase response continues unabated, progressive amyloid deposition often results in end 

stage renal failure.  

Treatment depends on the underlying diagnosis and may include surgery for cytokine 

secreting tumours or localised bronchiectasis, long term antimicrobials and postural 

drainage for chronic infections, immunosuppression in inflammatory diseases such as 

sarcoidosis or even lung transplantation for bronchiectasis(57).  

Almost 40% of patients with AA amyloidosis eventually require dialysis and have a 

median survival of 53 months. Mortality is higher in the first year and this has been 

attributed to ongoing nephrotic syndrome and increased risk of sepsis(58, 59). A 

minority of patients go on to receive renal transplants(59, 60, 61).  

Systemic AL amyloidosis 

AL amyloidosis is the commonest type of systemic amyloidosis accounting for more 

than 60% of cases(62) and can occur with any form of monoclonal B cell dyscrasia. 

The precursor proteins are monoclonal free light chains (FLC) consisting of the whole 

or part of the variable (VL) domain(63). 

A degree of amyloid deposition is seen in up to 15% of patients with myeloma, but 

more than 80%, who present with clinically significant AL amyloidosis have low levels 

of plasma cell marrow infiltration(64). AL amyloidosis usually presents over the age of 

50 years, although it can occur in young adults(64). Clinical manifestations are extremely 

variable since almost any organ other than the brain can be directly involved(65). 



Although specific clinical features can be strongly suggestive of AL amyloidosis (Table 

3), multiple vital organ dysfunction is common and many patients present with non-

specific symptoms such as malaise and weight loss. Current staging criteria are based on 

cardiac biomarkers, TroponinT and NTPro-BNP(66). Those with an NTProBNP 

>8500ng/l or a systolic blood pressure of <100mmHg have the worst prognosis (67). The 

outlook of untreated systemic AL amyloid is poor, with a 5-year survival of approximately 

27% and a 10-year survival of 10%(64, 68). Most affected individuals eventually die of 

heart failure, uraemia or autonomic failure and 24 – 37% die within 6 months of 

diagnosis(69). This concerns systemic AL amyloidosis, in contrast to localised AL 

amyloidosis (discussed later) which is usually organ limited and overall has a better 

outcome.  

Restrictive cardiomyopathy is the presenting feature in 30% of patients and ultimately 

the cause of death in half(70). Renal involvement is frequent in AL amyloidosis and 

presents in the same manner as renal AA amyloid(71). Gut involvement can cause 

motility disturbances, malabsorption, perforation, haemorrhage, or obstruction(72). 

Peripheral neuropathy occurs in 20% of cases and typically presents with a painful 

sensory polyneuropathy (64). Autonomic neuropathy may occur with or without a 

peripheral neuropathy(65).  

A number of pulmonary conditions can underlie systemic AL amyloidosis. An isolated 

thoracic plasmacytoma can secrete enough monoclonal FLC into the circulation to 

produce systemic AL amyloid deposits(73) (Figure 2). Castleman’s tumour is a rare cause 

of AL amyloidosis(74) as is Sjogren’s syndrome (discussed later). 



Although microscopic deposits of amyloid are universally present in the lungs, in most 

cases, dyspnoea is secondary to cardiac involvement(75, 76). Amyloid deposition in 

the small airways can result in a picture similar to pulmonary fibrosis. Lung function 

tests may show a restrictive pattern and reduced gas transfer(77). Radiographically the 

features can mimic interstitial infiltrative diseases(78). Plain films are normal or show 

a reticular pattern and CT shows interstitial infiltrates mimicking interstitial lung 

diseases. Fine interlobular thickening is often seen peripherally and/or sub-pleural. 

HRCT can show thin walled cystic spaces resembling emphysema and bullae that are 

secondary to amyloid deposition(79). The lesions are largely inert showing low or no 

metabolic activity on PET imaging(80). Chronic effusions secondary to pleural amyloid 

are often refractory to diuretics and require recurrent drainage or pleurodesis(81). 

Sleep-disordered breathing and apnoea can reflect cardiomyopathy, macroglossia, 

neuropathy and myopathy(82, 83). 

The aim of treatment in AL amyloidosis is to suppress the underlying B-cell clone and 

production of the amyloidogenic FLC.(84). Despite effective therapy regression of 

amyloid is gradual and may not lead to measurable clinical improvement years(85, 86). 

Cardiac amyloidosis is particularly slow to regress, so patients with cardiac dysfunction 

may not live long enough to benefit from chemotherapy(87). However, many patients 

with AL amyloidosis do benefit and chemotherapy has led to improved survival (88). 

Treatment approaches are tailored to the individual based on guidelines established by 

the European Haematology Association and International Society for Amyloidosis (89, 

90). Rigorous patient selection for high dose chemotherapy is essential as treatment 



related mortality is extremely high in individuals with multiple organ involvement(91, 

92, 93). Treatment response is monitored using the serum FLC assay. Reduction in FLC 

is associated with improved survival and organ response(94, 95, 96). 

Immunomodulatory therapies such as Lenalidomide and Thalidomide, proteasome 

inhibitors such as Bortezomib and monoclonal antibody therapies such as Daratumumab 

form the backbone of therapy. Serious pulmonary side effects are rare but recognised 

with Bortezomib(97). Patients present with fever and asthma like symptoms which 

progress to respiratory failure and pulmonary infiltrates (98). There have also been 

reports of lung toxicity following Thalidomide(99) and Lenalidomide(100) with toxic 

granulomatous interstitial pulmonary disease which is steroid responsive. 

Thromboembolic risk is increased in some patients, especially with Thalidomide and 

Lenalidomide treatment and prophylactic anticoagulation should be considered(101)

Localised amyloidosis 

First described by Lesser in 1877, this ranges from asymptomatic pulmonary nodules 

to diffuse parenchymal deposits(78, 102). Localised amyloid deposition results either 

from local production of fibril precursors(103, 104), or from properties inherent to the 

particular microenvironment which favour fibril formation of a widely distributed 

precursor protein(105). The vast majority of localised amyloid deposits are AL in 

type(102, 106, 107, 108) and symptomatic deposits occur most frequently in the 

eye(109), skin(110), respiratory(111, 112) or urogenital tracts(113, 114). They are often 

associated with extremely subtle focal monoclonal B cell proliferation confined to the 

affected site and surgical resection of these localised ‘amyloidomas’ can sometimes be 



curative(114). Symptomatic localised amyloid deposits can rarely be manifestations of 

systemic disease but patients should always be fully investigated to exclude systemic 

amyloidosis(15).  

The paucity of controlled clinical trials means that management decisions have to be 

made on an individual basis. Generally systemic chemotherapy is for systemic AL 

amyloidosis and local intervention, according to symptoms, for its localised forms. 

Laryngeal amyloidosis 

The larynx is the most frequent site of localised amyloidosis affecting the head and 

neck(115, 116). It represents 0.5-1% of benign laryngeal disease. Its incidence 

increases with age but can affect young adults or children(117) . The amyloid deposits 

commonly occur in the ventricles followed by the subglottis, the aryepiglottic folds 

and the true vocal cords(108). Presentation is usually with hoarseness, a sensation of 

‘fullness’, choking, dyspnoea and, rarely, stridor(118). The aetiology remains unclear 

and there is no reported association with alcohol, smoking, vocal abuse or 

infection(115). One proposed explanation for the predilection is production of light 

chains arising from mucosal associated lymphoid tissue(112, 119). Light chain 

restriction is predominantly lambda(113, 120).  

The diagnosis is usually made following laryngoscopy and biopsy. MRI is preferred 

when evaluating the extent of infiltration(121). Systemic amyloidosis should be 

excluded including investigation for an underlying plasma cell dyscrasia(116, 122). 



There are case reports of extramedullary plasmacytoma with amyloid deposition 

affecting the larynx(123).  

Localised laryngeal amyloid is usually benign but can be progressive or recur. Fatal 

haemorrhage has been reported(124). Endoscopic surgical(125, 126) or carbon-

dioxide laser excision(127, 128) is the treatment of choice aiming to preserve voice 

quality and maintain airway patency(129). Corticosteroids have no effect(130). There 

are reports of successful external beam radiation therapy(131). Disease can recur in up 

to 25% of cases with a median time to recurrence of 34.5 months but reassuringly a 

mortality of <1% (132) 

Very rarely localised laryngeal amyloid deposits can be due a feature of hereditary 

systemic apolipoprotein AI amyloidosis (AApoAI). Four separate apolipoprotein 

variants have been reported to cause this(104, 133, 134, 135), due to variable 

penetrance  a family history is often lacking. Apolipoprotein AI is a constituent of high 

density lipoprotein (HDL)(136). Wild type apolipoprotein AI is amyloidogenic and is 

present as traces of amyloid in aortic atherosclerotic plaques in 10-20% of 

autopsies(137). AApoAI deposits as small irregular floppy proliferations affecting the 

borders of the vocal folds.  

Tracheobronchial amyloidosis 

Tracheobronchial amyloidosis is uncommon although likely underreported. Amyloid 

usual deposits in the trachea and large bronchi, with occasional extension into 

segmental bronchi. It can present with single or multiple nodules, luminal stenosis or 



obstruction(111, 138, 139). A literature review identified 67 cases, of which 57 were 

diffusely infiltrative (multifocal submucosal plaques) and the remainder were nodular 

or ‘tumour-like’(140). Mean age is 52 years(141) and women tend to present more 

commonly and younger (25 - 45 years) than men (50 - 70 years), with more extensive 

disease and faster progression(142). 

Presenting symptoms include dyspnoea, persistent cough, wheeze, haemoptysis, chest 

tightness and hoarseness(143). Deposits may cause distal atelectasis, recurrent 

pneumonia or lobar collapse(144) and solitary nodules may be mistaken for 

neoplasia(145) although 70% of a series had normal radiography(146). Typically 

deposits have intermediate T1 weighted signal intensity on MRI and low T2 weighted 

signal intensity similar to skeletal muscle(121). Early phase FDG metabolic activity 

can be seen on PET-CT but delayed images show reduced activity differentiating it 

from malignancy(147). Diagnosis is often delayed and made following bronchoscopy 

and biopsy(148). Differentials include tracheobronchopathia osteoplastica(149, 150, 

151) and relapsing polychondritis(152, 153). Overall survival of 31% to 43% is 

reported at 6 years(111). 

Management is largely dependent upon symptoms. There is no proven drug therapy, 

systemic chemotherapy has been tried in patients with progressive disease(143) as has 

dimethylsulfoxide. The most common strategies reported in the series by Lu with 53 

patients included Nd-YAG laser, argon plasma coagulation, cryotherapy, topical drug, 

clamping, resection, high-frequency electrotome cautery, stent implantation, and 

microwaves. Extensive airway involvement may require open resection(154). 



Endobronchial brachytherapy has been reported in a handful of cases with encouraging 

early results(155). Management will always need to be tailored and multi-modal 

therapeutic strategies combining airway recanalization and radiotherapy can be 

considered(156). 

Parenchymal Pulmonary Amyloidosis 

Amyloid within the lung parenchymal tissue is the most frequently detected respiratory 

manifestation of amyloidosis(157). It can be divided radiographically into 

solitary/multiple nodules or a diffuse alveolar-septal pattern(158, 159), the latter is 

usually a manifestation of systemic amyloidosis, most commonly AL but also reported 

with TTR type(5).  

Nodular pulmonary amyloidosis is almost always localised AL and is usually an 

incidental finding on chest radiography with an excellent prognosis. In theory CT-PET 

should be useful in distinguishing between amyloid nodules and malignancy but case 

reports suggest that CT-PET can give false positive results so must be confirmed by 

histological diagnosis. Amyloid nodules are usually peripheral and subpleural, 

occurring preferentially in the lower lobes. They may be bilateral and range in diameter 

from 0.4-15 cm. They grow slowly and may cavitate or calcify(157, 158, 160). Larger 

nodules can occasionally produce space occupying effects or pneumothorax but 

generally no treatment is required. Rarely pulmonary amyloid nodules have been 

reported to be transthyretin amyloid in type (139, 161). Pulmonary nodules associated 

with AA amyloidosis have been found in patients with rheumatoid arthritis(162), 

Crohn’s disease (163) and in intravenous drug abuse(164) and run a benign course. 



Amyloidosis in Sjogren’s Disease 

This chronic organ-specific autoimmune disease is characterized by lymphocytic 

infiltration into the salivary and lacrimal glands with an estimated prevalence of 0.5%, 

predominantly affecting women in middle life(165). It is associated with a 44-fold 

increase in lymphoproliferative disorders and 5% of patients develop malignant 

lymphoma. This evolution from polyclonal lymphoproliferation to clonal disease, 

mucosa-associated lymphoid tissue (MALT) lymphoma, or high-grade lymphoma is 

associated with an increasing risk of AL. Sjogren’s disease is associated with a wide 

spectrum of respiratory manifestations ranging from sicca, obstructive small airway 

disease to interstitial lung disease, pulmonary hypertension and pleural 

involvement(166, 167). 

Pulmonary amyloidosis associated with Sjogrens disease is a rare but well recognised 

complication and is most often associated with localised nodular pulmonary 

amyloidosis(168). It can also affect the breast tissues(169) or result in systemic 

disease(170). In a series(171), 96.5% were women with a median age of 59 (29 – 79) 

at presentation The most common symptoms were cough and dyspnoea. Over 90% 

occurred in primary Sjogren’s disease and lymphoma was associated with 9% of cases. 

The diagnosis of pulmonary amyloidosis was made a median of 7 years (0 - 30) post 

initial symptoms. Amyloidosis associated with Sjogren’s is predominantly AL however 

there have been a few isolated case reports of diffuse septal AA amyloidosis without 

evidence of amyloid deposition elsewhere(172, 173).  



Amyloid Lymphadenopathy 

Infiltration of lymphoid tissue by amyloidosis can result in massive lymphadenopathy 

(140). Sjogren’s syndrome complicated by lymphoma is a recognised cause(140, 174). 

The majority of patients have a detectable circulating monoclonal immunoglobulin 

typically associated with very low grade lymphoplasmacytic lymphoma or 

Waldenstrom’s Macroglobulinaemia(175). Initial investigations can be suspicious of 

lung cancer or granulomatous diseases and false positive PET findings have been 

described(176). CT imaging of amyloid lymphadenopathy has demonstrated 

considerable variety; calcification is not uncommon and low density areas within lymph 

nodes are described(159, 177). The diagnosis is often incidental following biopsy, and 

should prompt the search for an underlying B cell dyscrasia.  

Disease progression is slow and calcification well recognised(159, 178). Amyloid 

adenopathy can occasionally cause tracheal compression and superior vena caval 

obstruction. Treatment centres on managing the underlying lymphoproliferative disease 

but surgical resection may become necessary. 

Pleural Amyloidosis 

Pleural involvement is commonly reported in systemic amyloidosis(179, 180) and can 

present with pleural effusion and pleural thickening (181). Diagnosis can be made via 

a video assisted thorascopic pleural biopsy (VATS). Unlike nodular pulmonary 

amyloidosis or tracheobronchial amyloidosis, pleural disease generally represents 

systemic disease such as AL amyloid or myeloma (182, 183)  

Conclusion



Systemic amyloid can complicate long standing respiratory conditions or cause 

respiratory complications either directly or iatrogenically. Localised amyloid deposits 

can affect any part of the respiratory tract and may be incidental or symptomatic. In the 

absence of clinical trials management of localised amyloid deposits is guided by case 

series and tailored on an individual basis.



Table 1 Classification of the commoner types of systemic amyloidosis in man

Type Fibril protein precursor Clinical syndrome 

AA Serum amyloid A protein 
Reactive systemic amyloidosis associated with chronic 
inflammatory diseases 

AL 
Monoclonal immunoglobulin 
light chains 

Systemic amyloidosis associated with monoclonal plasma cell 
dyscrasias 

AH 
Monoclonal immunoglobulin 
heavy chains 

Systemic amyloidosis associated with monoclonal plasma cell 
dyscrasias 

A2M Normal plasma 2-microglobulin 
Periarticular and, occasionally, systemic amyloidosis 
associated with long-term dialysis 

A2M Variant 2-microglobulin Autosomal dominant hereditary systemic amyloidosis 

ATTR Normal plasma transthyretin 
Wild type systemic TTR amyloidosis with prominent cardiac 
involvement 

ATTR Genetically variant transthyretin 
Autosomal dominant systemic amyloidosis 
Familial amyloid polyneuropathy or cardiomyopathy 

ACys Genetically variant cystatin C 
Hereditary cerebral haemorrhage with cerebral and systemic 
amyloidosis 

AGel Genetically variant gelsolin 
Autosomal dominant systemic amyloidosis 
Predominant cranial nerve involvement with lattice corneal 
dystrophy

ALys Genetically variant lysozyme 
Autosomal dominant systemic amyloidosis 
Non-neuropathic with prominent visceral involvement 

AApoAI 
Genetically variant 
apolipoprotein AI 

Autosomal dominant systemic amyloidosis 
Predominantly non-neuropathic with prominent viscera 
involvement

AApoAII 
Genetically variant 
apolipoprotein AII 

Autosomal dominant systemic amyloidosis 
Non-neuropathic with prominent renal involvement 

AApoAIV apolipoprotein AIV 
Sporadic systemic amyloidosis with predominant cardiac and 
renal involvement 

AApoCII 
Genetically variant 
apolipoprotein CII 

Autosomal dominant systemic amyloidosis 
Non-neuropathic with prominent renal involvement 

AApoCIII 
Genetically variant 
apolipoprotein CIII 

Autosomal dominant systemic amyloidosis 
Non-neuropathic with prominent renal involvement 

AFib 
Genetically variant fibrinogen A 
alpha chain 

Autosomal dominant systemic amyloidosis 
Non-neuropathic with prominent renal involvement 

ALect 2 Leukocyte chemotactic factor 2 
Sporadic slowly progressive renal amyloid with nephrotic 
syndrome and liver involvement 

ALys Genetically variant lysozyme 
Autosomal dominant systemic amyloidosis 
Non-neuropathic with prominent renal and hepatic 
involvement



Table 2 Conditions with Respiratory Manifestations associated with systemic AA 
amyloidosis

Category Disease 

Chronic infections Bronchiectasis 
Q fever 
Subacute bacterial endocarditis  
Tuberculosis 

Other conditions predisposing to chronic infections Cystic fibrosis 
Kartagener’s syndrome 
Quadraplegia 
Sickle cell anaemia 

Immunodeficiency states Common variable immunodeficiency 
Cyclic neutropenia 
Hyperimmunoglobulin M syndrome 
Hypogammaglobulinaemia 
Sex linked agammaglobulinaemia 
HIV/AIDS 

Neoplasia Adenocarcinoma of the lung,  
Carcinoid tumour 
Castleman’s disease 
Hodgkin’s disease 
Mesothelioma 

Inflammatory arthritis Adult Still’s disease 
Ankylosing spondylitis 
Rheumatoid arthritis

Systemic vasculitis Behcet’s disease 
Systemic lupus erythematosis

Other SAPHO syndrome 
Sarcoidosis 
Sinus histiocytosis with massive lymphadenopathy 



Table 3 Clinical features associated with systemic AL amyloidosis

Organ involvement Clinical Manifestation 

Soft tissue infiltration Bruising – especially periorbital; Macroglossia; Muscle/joint pseudo hypertrophy 

Renal Proteinuria; Nephrotic syndrome; Hypertension very rarely 

Cardiac Restrictive cardiomyopathy; Arrhythmias; Congestive cardiac failure 

Hepatic Hepatomegaly; Liver failure very rarely 

Peripheral nervous system Carpal tunnel syndrome; Symmetrical sensorimotor neuropathy 

Autonomic nervous 
system 

Orthostatic hypotension; Impotence; Disturbed bowel motility; Impaired bladder 
emptying 

Gastrointestinal  Weight loss; Blood loss; Disturbed bowel motility 

Lymphoretiicular Splenomegaly ; Lymphadenopathy 

Adrenal axis Hypoadrenalism (rare) 



Figure 1 
A. Bronchial biopsy showing characteristic histological appearance of amorphous 
amyloid deposits stained with Congo Red.  
B. Same section viewed under cross polarized light demonstrating apple green 
birefringence.

Figure 2 
A. A CXR demonstrating a mass in the left upper lobe, this was diagnosed as a 
plasmacytoma with associated AL amyloid deposition following a biopsy. 
B. A posterior whole body scintigraphic image from the same patient obtained 
following intravenous injection of 123I-human SAP showing abnormal uptake into the 
amyloid deposits within the plasmacytoma and deposition in the spleen. 



References 

1. Chiti F, Dobson CM. Protein Misfolding, Amyloid Formation, and Human 
Disease: A Summary of Progress Over the Last Decade. Annu Rev Biochem 
2017;86:27-68. 
2. Hawkins PN, Lavender JP, Pepys MB. Evaluation of systemic amyloidosis by 
scintigraphy with 123I-labeled serum amyloid P component. N Engl J Med. 
1990;323:508-13. 
3. Pepys MB, Hawkins PN. Amyloidosis. In: Warrell DA, Cox TM, Firth JD, 
editors. Oxford Text Book of Medicine. 1. 5th ed: Oxford University Press; 2010. p. 
1766-79. 
4. Hawkins PN. Amyloidosis.  Medicine International. 221994. p. 76-82. 
5. Baumgart JV, Stuhlmann-Laeisz C, Hegenbart U, Nattenmüller J, Schönland 
S, Krüger S, et al. Local vs. systemic pulmonary amyloidosis—impact on diagnostics 
and clinical management. Virchows Arch. 2018;473(5):627-37. 
6. Puchtler H, Sweat F, Levine M. On the binding of Congo red by amyloid. J 
Histochem Cytochem. 1962;10:355-64. 
7. Ma D, Lu H, Zhang C, Ying Y, Xiao W. Use of polarized light microscopy is 
essential in the efficient diagnosis of respiratory amyloidosis and could decrease 
disease prevalence. Clin Respir J 2017;11(6):691-5. 
8. Strange C, Heffner JE, Collins BS, Brown FM, Sahn SA. Pulmonary 
hemorrhage and air embolism complicating transbronchial biopsy in pulmonary 
amyloidosis. Chest. 1987;92(2):367-9. 
9. Thompson CA, Kyle R, Gertz M, Heit J, Pruthi R, Pardanani A. Systemic AL 
amyloidosis with acquired factor X deficiency: A study of perioperative bleeding risk 
and treatment outcomes in 60 patients. Am J Hematol. 2010;85(3):171-3. 
10. Mumford AD, O'Donnell J, Gillmore JD, Manning RA, Hawkins PN, Laffan 
M. Bleeding symptoms and coagulation abnormalities in 337 patients with AL 
amyloidosis. Br J Haematol. 2000;110:454-60. 
11. Morgenthal S, Bayer R, Schneider E, Zachäus M, Röcken C, Dreßler J, et al. 
Nodular pulmonary amyloidosis with spontaneous fatal blood aspiration. Forensic Sci 
Int. 2016;262:e1-4. 
12. Dahlgren SE, Lewenhaupt A, Ovenfors CO. Fine needle biopsy diagnosis in 
nodular pulmonary amyloidosis. Acta Pathol Microbiol Scand A. 1970;78:1-5. 
13. Kaw YT, Esparza AR. Solitary pleural amyloid nodules occurring as coin 
lesions diagnosed by fine-needle aspiration biopsy. Diagn Cytopathol. 1991;7:304-7. 
14. Ishiguro T, Takayanagi N, Katoh N, Shimizu Y, Hoshi T, Yanagisawa T, et al. 
Waldenström's macroglobulinemia accompanying systemic amyloidosis: the 
usefulness of endobronchial ultrasound-guided transbronchial needle aspiration for 
detecting amyloid deposits. Intern Med 2014;53(24):2798-3. 
15. Shah PL, Gillmore JD, Copley SJ, Collins JV, Wells AU, du Bois RM, et al. 
The importance of complete screening for amyloid fibril type and systemic disease in 
patients with amyloidosis in the respiratory tract. Sarcoidosis Vasc Diffuse Lung Dis. 
2002;19:134-42. 
16. Gilbertson JA, Theis JD, Vrana JA, Lachmann H, Wechalekar A, Whelan C, 
et al. A comparison of immunohistochemistry and mass spectrometry for determining 
the amyloid fibril protein from formalin-fixed biopsy tissue. J Clin Pathol. 
2015;68(4):314-7. 



17. Benson MD, Berk JL, Dispenzieri A, Damy T, Gillmore JD, Hazenberg BP, et 
al. Tissue biopsy for the diagnosis of amyloidosis: experience from some centres. 
Amyloid. 2022;29(1):8-13. 
18. Core JM, Alsaad AA, Jiang L, Patel NM. Nodular pulmonary amyloidosis: a 
complex disease with malignancy association. BMJ Case Rep. 2017;2017. 
19. Liu Y, Jin Z, Zhang H, Zhang Y, Shi M, Meng F, et al. Diffuse parenchymal 
pulmonary amyloidosis associated with multiple myeloma: a case report and 
systematic review of the literature. BMC Cancer. 2018;18(1):802. 
20. Soussan M, Ouvrier MJ, Pop G, Galas JL, Neuman A, Weinmann P. 
Tracheobronchial FDG uptake in primary amyloidosis detected by PET/CT. Clin Nucl 
Med. 2011;36(8):723-4. 
21. Quan XQ, Yin TJ, Zhang CT, Liu J, Qiao LF, Ke CS. (18)F-FDG PET/CT in 
Patients with Nodular Pulmonary Amyloidosis: Case Report and Literature Review. 
Case Rep Oncol. 2014;7(3):789-98. 
22. Takahashi N, Glockner J, Howe BM, Hartman RP, Kawashima A. Taxonomy 
and Imaging Manifestations of Systemic Amyloidosis. Radiol Clin North Am 
2016;54(3):597-612. 
23. Baumgart JV, Stuhlmann-Laeisz C, Hegenbart U, Nattenmüller J, Schönland 
S, Krüger S, et al. Local vs. systemic pulmonary amyloidosis-impact on diagnostics 
and clinical management. Virchows Arch 2018;473(5):627=37. 
24. Shaheen SP, Levinson SS. Serum free light chain analysis may miss 
monoclonal light chains that urine immunofixation electrophoreses would detect. Clin 
Chim Acta. 2009;406(1-2):162-6. 
25. Palladini G, Russo P, Bosoni T, Verga L, Sarais G, Lavatelli F, et al. 
Identification of amyloidogenic light chains requires the combination of serum-free 
light chain assay with immunofixation of serum and urine. Clin Chem. 
2009;55(3):499-504. 
26. Katzmann JA, Clarke RJ, Abraham RS, Lymp JF, Carr-Smith HD, Kyle RA, 
et al. Detection of monoclonal free light chains in serum by nephelometry: normal 
ranges and relative sensitivity. 2001. 
27. Beetham R, Wassell J, Wallage MJ, Whiteway AJ, James JA. Can serum free 
light chains replace urine electrophoresis in the detection of monoclonal 
gammopathies? Ann Clin Biochem. 2007;44:516-22. 
28. Klein AL, Hatle LK, Burstow DJ, Seward JB, Kyle RA, Bailey KR, et al. 
Doppler characterization of left ventricular diastolic function in cardiac amyloidosis. J 
Am Coll Cardiol. 1989;13(5):1017-26. 
29. Fontana M, Chung R, Hawkins PN, Moon JC. Cardiovascular magnetic 
resonance for amyloidosis. Heart failure reviews. 2015;20(2):133-44. 
30. de Haro-Del Moral FJ, Sanchez-Lajusticia A, Gomez-Bueno M, Garcia-Pavia 
P, Salas-Anton C, Segovia-Cubero J. Role of Cardiac Scintigraphy With (99m)Tc-
DPD in the Differentiation of Cardiac Amyloidosis Subtype. Rev Esp Cardiol. 
2012;65(5):440-6. 
31. Gillmore JD, Maurer MS, Falk RH, Merlini G, Damy T, Dispenzieri A, et al. 
Nonbiopsy Diagnosis of Cardiac Transthyretin Amyloidosis. Circulation. 
2016;133(24):2404-12. 
32. Schnitzer TJ, Ansell BM. Amyloidosis in juvenile chronic polyarthritis. 
Arthritis Rheum. 1977;20:245-52. 
33. de Beer FC, Mallya RK, Fagan EA, Lanham JG, Hughes GRV, Pepys MB. 
Serum amyloid A protein (SAA) concentration in inflammatory diseases and its 
relationship to the incidence of reactive systemic amyloidosis. Lancet. 1982;ii:231-4. 



34. Myllykangas-Luosujärvi R, Aho K, Kautiainen H, Hakala M. Amyloidosis in 
a nationwide series of 1666 subjects with rheumatoid arthritis who died during 1989 
in Finland. Rheumatology. 1999;38:499-503. 
35. Pras M, Schubert M, Zucker-Franklin D, Rimon A, Franklin EC. The 
characterisation of soluble amyloid prepared in water. J Clin Invest. 1968;47:924-33. 
36. Yamada T. Serum amyloid A (SAA): a concise review of biology, assay 
methods and clinical usefulness. Clin Chem Lab Med. 1999;37:381-8. 
37. Lachmann HJ, Goodman HJB, Gilbertson JA, Gallimore JR, Sabin CA, 
Gillmore JD, et al. Natural history and outcome in systemic AA amyloidosis. N Engl 
J Med. 2007;356:2361-71. 
38. Delplanque M, Galicier L, Oziol E, Ducharme-Benard S, Oksenhendler E, 
Buob D, et al. AA Amyloidosis Secondary to Primary Immune Deficiency: About 40 
Cases Including 2 New French Cases and a Systematic Literature Review. J Allergy 
Clin Immunol Pract. 2021;9(2):745-52 e1. 
39. Castleman B, Iverson L, Menendez P. Localized mediastinal lymph-node 
hyperplasia resembling thymoma. Cancer. 1956;9:822-30. 
40. Lachmann HJ, Gilbertson JA, Gillmore JD, Hawkins PN, Pepys MB. 
Unicentric Castleman's disease complicated by systemic AA amyloidosis: a curable 
disease. QJ Med. 2002;95:211-8. 
41. Talat N, Belgaumkar AP, Schulte K-M. Surgery in Castleman's Disease: A 
Systematic Review of 404 Published Cases. Annals of Surgery. 2012;255(4):677-84  
42. Kawabata H, Kotani S, Matsumura Y, Kondo T, Katsurada T, Haga H, et al. 
Successful treatment of a patient with multicentric Castleman's disease who presented 
with thrombocytopenia, ascites, renal failure and myelofibrosis using tocilizumab, an 
anti-interleukin-6 receptor antibody. Intern Med. 2013;52(13):1503-7. 
43. Nagai K, Ueda A, Yamagata K. Successful Use of Tocilizumab in a Case of 
Multicentric Castleman's Disease and End-Stage Renal Disease. Therapeutic 
Apheresis and Dialysis. 2014;18(2):210-1. 
44. Nishimoto N, Sasai M, Shima Y, Nakagawa M, Matsumoto T, Shirai T, et al. 
Improvement in Castleman's disease by humanized anti-interleukin-6 receptor 
antibody therapy. Blood. 2000;95:56-61. 
45. Nishimoto N, Kanakura Y, Aozasa K, Johkoh T, Nakamura M, Nakano S, et 
al. Humanized anti-interleukin-6 receptor antibody treatment of multicentric 
Castleman disease. Blood. 2005;106:2627-32. 
46. Matsuyama M, Suzuki T, Tsuboi H, Ito S, Mamura M, Goto D, et al. Anti-
interleukin-6 receptor antibody (tocilizumab) treatment of multicentric Castleman's 
disease. Internal medicine. 2007;46(11):771-4. 
47. Song S-NJ, Tomosugi N, Kawabata H, Ishikawa T, Nishikawa T, Yoshizaki 
K. Down-regulation of hepcidin resulting from long-term treatment with an anti–IL-6 
receptor antibody (tocilizumab) improves anemia of inflammation in multicentric 
Castleman disease. Blood. 2010;116(18):3627-34. 
48. Celik AF, Altiparmak MR, Pamuk GE, Pamuk ON, Tabak F. Association of 
secondary amyloidosis with common variable immune deficiency and tuberculosis. 
Yonsei Med J. 2005;46:847-50. 
49. Kennedy AL, Burton JA, Allison MEM. Tuberculosis as a continuing cause of 
renal amyloidosis. BMJ. 1974;3:795-7. 
50. Hassen M, Bates W, Moosa MR. Pattern of renal amyloidosis in South Africa. 
BMC Nephrol. 2019;20(1):406. 



51. Yahiaoui Y, Jablonski M, Hubert D, Mosnier-Pudar H, Noel LH, Stern M, et 
al. Renal involvement in cystic fibrosis: diseases spectrum and clinical relevance. Clin 
J Am Soc Nephrol. 2009;4:921-8. 
52. Simpson T, Elston C, Macedo P, Perrin F. Amyloidosis in cystic fibrosis. 
Paediatr Respir Rev. 2019;[Epub ahead of print]  
53. Rezgui A, Hassine IB, Karmani M, Fredj FB, Laouani C. Amyloïdosis, 
sarcoidosis and systemic lupus erythematosus. Pan Afr Med J 2016;24(23). 
54. Osman EM, Abboud OI, Sulaiman SM, Musa AR, Beleil OM, Sharfi AA. 
End-stage renal failure in Kartagener's syndrome. NephrolDial Transplant. 
1991;6:747. 
55. Yilmaz M, Unsal A, Sokmen M, Kaptanogullari OH, Alkim C, Kabukcuoglu 
F, et al. Renal involvement in AA amyloidosis: clinical outcomes and survival. 
Kidney Blood Press Res. 2013;37(1):33-42. 
56. Ueno T, Takeda K, Nagata M. Remission of proteinuria and preservation of 
renal function in patients with renal AA amyloidosis secondary to rheumatoid 
arthritis. Nephrol Dial Transplant. 2011. 
57. Yutaka Y, Sugimoto A, Yuasa I, Yamada Y, Date H. Successful Control of 
AA Amyloidosis by Bilateral Lung Transplantation for Bronchiectasis. 
Transplantation. 2021;105(3):e33-e4. 
58. Bollee G, Guery B, Joly D, Snanoudj R, Terrier B, Allouache M, et al. 
Presentation and outcome of patients with systemic amyloidosis undergoing dialysis. 
Clin J Am Soc Nephrol. 2008;3:375-81. 
59. Lachmann HJ, Gillmore JD, Wechalekar AD, Sattianayagam PT, Gibbs SDJ, 
Pinney JH, et al. Survival on dialysis and outcome after renal transplantation in AA 
amyloidosis. Amyloid. 2010;17 (Suppl. 1):73. 
60. Kofman T, Grimbert P, Canoui-Poitrine F, Zuber J, Garrigue V, Mousson C, 
et al. Renal transplantation in patients with AA amyloidosis nephropathy: results from 
a French multicenter study. Am J Transplant. 2011;11(11):2423-31. 
61. Pinney JH, Lachmann HJ, Sattianayagam PT, Gibbs SD, Wechalekar AD, 
Venner CP, et al. Renal transplantation in systemic amyloidosis-importance of 
amyloid fibril type and precursor protein abundance. Am J Transplant. 
2013;13(2):433-41. 
62. Wechalekar AD, Hawkins PN. AL amyloidosis: new drugs and tests, but old 
challenges. Oncology (Williston Park). 2012;26(2):161-2, 4. 
63. Glenner GG, Ein D, Eaves ED, Bladen HA, Terry W, Page DL. Creation of 
"amyloid" fibrils from Bence Jones protein in vitro. Science. 1971;174:712-4. 
64. Kyle RA, Gertz MA. Primary systemic amyloidosis: clinical and laboratory 
features in 474 cases. Semin Hematol. 1995;32 (1):45-59. 
65. Gertz MA, Kyle RA. Primary systemic amyloidosis - a diagnostic primer. 
Mayo Clin Proc. 1989;64:1505-19. 
66. Dispenzieri A, Gertz MA, Kyle RA, Lacy MQ, Burritt MF, Therneau TM, et 
al. Serum cardiac troponins and N-terminal pro-brain natriuretic peptide: a staging 
system for primary systemic amyloidosis. J Clin Oncol. 2004;22(18):3751-7. 
67. Wechalekar AD, Schonland SO, Kastritis E, Gillmore JD, Dimopoulos MA, 
Lane T, et al. A European collaborative study of treatment outcomes in 346 patients 
with cardiac stage III AL amyloidosis. Blood. 2013;121(17):3420-7. 
68. Kumar N, Zhang NJ, Cherepanov D, Romanus D, Hughes M, Faller DV. 
Global epidemiology of amyloid light-chain amyloidosis. Orphanet J Rare Dis. 
2022;17(1):278. 



69. Muchtar E, Gertz MA, Kumar SK, Lacy MQ, Dingli D, Buadi FK, et al. 
Improved outcomes for newly diagnosed AL amyloidosis between 2000 and 2014: 
cracking the glass ceiling of early death. Blood. 2017;129(15):2111-9. 
70. Dubrey SW, Cha K, Anderson J, Chamarthi B, Reisinger J, Skinner M, et al. 
The clinical features of immunoglobulin light-chain (AL) amyloidosis with heart 
involvement. QJ Med. 1998;91:141-57. 
71. Gertz MA, Kyle RA. Prognostic value of urinary protein in primary systemic 
amyloidosis (AL). Am J Clin Pathol. 1990;94:313-7. 
72. Lovat LB, Pepys MB, Hawkins PN. Amyloid and the gut. Dig Dis. 
1997;15:155-71. 
73. Koss MN, Hochholzer L, Moran CA, Frizzera G. Pulmonary plasmacytomas: 
a clinicopathologic and immunohistochemical study of five cases. Ann Diagn Pathol. 
1998;2:1-11. 
74. West KP, Morgan DR, Lauder I. Angiofollicular lymph node hyperplasia with 
amyloidosis. Postgraduate medical journal. 1989;65(760):108-11. 
75. Shenin M, Xiong W, Naik M, Sandorfi N. Primary amyloidosis causing 
diffuse alveolar hemorrhage. J Clin Rheumatol. 2010;16(4):175-7. 
76. Sato H, Ono A, Okada F, Maeda T, Saburi Y, Urabe S, et al. A Case of 
Diffuse Alveolar Septal Amyloidosis Associated With Multiple Myeloma. J Thorac 
Imaging. 2015;30(6):W73-5. 
77. Berk JL, O'Regan A, Skinner M. Pulmonary and tracheobronchial 
amyloidosis. Semin Respir Crit Care Med. 2002;23:155-65. 
78. Milani P, Basset M, Russo F, Foli A, Palladini G, Merlini G. The lung in 
amyloidosis. Eur Respir Rev. 2017;6(26):170046. 
79. Gruden JF, Naidich DP, Machnicki SC, Cohen SL, Girvin F, Raoof S. An 
Algorithmic Approach to the Interpretation of Diffuse Lung Disease on Chest CT 
Imaging: A Theory of Almost Everything. Chest. 2020;157(3):612-35. 
80. Wagner T, Page J, Burniston M, Skillen A, Ross JC, Manwani R, et al. 
Extracardiac 18F-florbetapir imaging in patients with systemic amyloidosis: more 
than hearts and minds. Eur J Nucl Med. 2018;45(7):1129-38. 
81. Berk JL, Keane J, Seldin DC, Sanchorawala V, Koyama J, Dember LM, et al. 
Persistent pleural effusions in primary systemic amyloidosis: etiology and prognosis. 
Chest. 2003;124:969-77. 
82. Bodez D, Guellich A, Kharoubi M, Covali-Noroc A, Tissot CM, Guendouz S, 
et al. Prevalence, Severity, and Prognostic Value of Sleep Apnea Syndromes in 
Cardiac Amyloidosis. Sleep. 2016;39(7):1333-41. 
83. Mahmood S, Sovani M, Smith P, George L, Quarta CC, Sachchithanantham S, 
et al. High prevalence of recurrent nocturnal desaturations in systemic AL 
amyloidosis: a cross-sectional pilot study. Sleep Med. 2017;32:191-7. 
84. Comenzo RL, Gertz MA. Autologous stem cell transplantation for primary 
systemic amyloidosis. Blood. 2002;99:4276-82. 
85. Gertz MA, Kyle RA. Secondary systemic amyloidosis: response and survival 
in 64 patients. Medicine. 1991;70:246-56. 
86. Hawkins PN. Diagnosis and treatment of amyloidosis. Ann Rheum Dis. 
1997;56:631-3. 
87. Kyle RA, Gertz MA, Greipp PR, Witzig TE, Lust JA, Lacy MQ, et al. Long-
term survival (10 years or more) in 30 patients with primary amyloidosis. Blood. 
1999;93:1062-6. 



88. Kumar SK, Gertz MA, Lacy MQ, Dingli D, Hayman SR, Buadi FK, et al. 
Recent improvements in survival in primary systemic amyloidosis and the importance 
of an early mortality risk score. Mayo Clin Proc. 2011;86(1):12-8. 
89. Sanchorawala V. Summary of the EHA-ISA Working Group Guidelines for 
High-dose Chemotherapy and Stem Cell Transplantation for Systemic AL 
Amyloidosis. Hemasphere. 2022;6(2):e681. 
90. Wechalekar AD, Cibeira MT, Gibbs SD, Jaccard A, Kumar S, Merlini G, et al. 
Guidelines for non-transplant chemotherapy for treatment of systemic AL 
amyloidosis: EHA-ISA working group. Amyloid. 2023;30(1):3-17. 
91. Moreau P, Leblond V, Bourquelot P, Facon T, Huynh A, Caillot D, et al. 
Prognostic factors for survival and response after high-dose therapy and autologous 
stem cell transplantation in systemic AL amyloidosis: a report on 21 patients. Br J 
Haematol. 1998;101:766-9. 
92. Gillmore JD, Apperley JF, Pepys MB, Hawkins PN. High dose chemotherapy 
for systemic AL amyloidosis. Kidney Int. 1999;55:2103. 
93. Bomsztyk J, Khwaja J, Wechalekar AD. Recent guidelines for high-dose 
chemotherapy and autologous stem cell transplant for systemic AL amyloidosis: a 
practitioner's perspective. Expert Rev Hematol. 2022;15(9):781-8. 
94. Lane T, Rannigan L, Foard D, Wechalekar A, Gibbs S, Pinney J, et al. 
ALchemy - A Large Prospective 'Real World' Study of Chemotherapy in AL 
Amyloidosis. ASH Annual Meeting Abstracts. 2011;118(21):992. 
95. Matsuzaki K, Ohsawa I, Nishitani T, Takeda Y, Inoshita H, Ishii M, et al. 
Marked improvement by high-dose chemotherapy and autologous stem cell 
transplantation in a case of light chain deposition disease. J Nephrol. 2011;24(2):246-
9. 
96. Palladini G, Hegenbart U, Milani P, Kimmich C, Foli A, Ho AD, et al. A 
staging system for renal outcome and early markers of renal response to 
chemotherapy in AL amyloidosis. Blood. 2014;124(15):2325-32. 
97. Balsman E. Bortezomib therapy-related lung disease in a patient with light 
chain amyloidosis: A case report. J Oncol Pharm Pract. 2017;23(7):545-8. 
98. Miyakoshi S, Kami M, Yuji K, Matsumura T, Takatoku M, Sasaki M, et al. 
Severe pulmonary complications in Japanese patients after bortezomib treatment for 
refractory multiple myeloma. Blood. 2006;107:3492-4. 
99. Valero FC, Gonzalez VB. Lung toxicity due to thalidomide. Archivos De 
Bronconeumologia. 2002;38:492-4. 
100. Chen CD, Huff ME, Matteson J, Page L, Phillips R, Kelly JW, et al. Furin 
initiates gelsolin familial amyloidosis in the Golgi through a defect in Ca(2+) 
stabilization. Embo J. 2001;20:6277-87. 
101. Cini M, Zamagni E, Valdre L, Palareti G, Patriarca F, Tacchetti P, et al. 
Thalidomide-dexamethasone as up-front therapy for patients with newly diagnosed 
multiple myeloma: thrombophilic alterations, thrombotic complications, and 
thromboprophylaxis with low-dose warfarin. Eur J Haematol. 2010;84:484-92. 
102. Mahmood S, Bridoux F, Venner CP, Sachchithanantham S, Gilbertson JA, 
Rowczenio D, et al. Natural history and outcomes in localised immunoglobulin light-
chain amyloidosis: a long-term observational study. Lancet Haematol. 
2015;2(6):e241-50. 
103. Pasternak S, White VA, Gascoyne RD, Perry SR, Johnson RL, Rootman J. 
Monoclonal origin of localised orbital amyloidosis detected by molecular analysis. Br 
J Ophthalmol. 1996;80:1013-7. 



104. Hamidi Asl L, Liepnieks JJ, Hamidi Asl K, Uemichi T, Moulin G, Desjoyaux 
E, et al. Hereditary amyloid cardiomyopathy caused by a variant apolipoprotein A1. 
Am J Pathol. 1999;154:221-7. 
105. Livneh A, Shtrasburg S, Martin BM, Baniel J, Gal R, Pras M. Light chain 
amyloidosis of the urinary bladder. A site restricted deposition of an externally 
produced immunoglobulin. J Clin Pathol. 2001;54:920-3. 
106. Kourelis TV, Kyle RA, Dingli D, Buadi FK, Kumar SK, Gertz MA, et al. 
Presentation and Outcomes of Localized Immunoglobulin Light Chain Amyloidosis: 
The Mayo Clinic Experience. Mayo Clin Proc. 2017;92(6):908-17. 
107. Westermark P, Sletten K, Pitkanen P, Natvig JB, Lindholm CE. Localized 
laryngeal amyloidosis: partial characterization of an amyloid fibril protein AL. Mol 
Immunol. 1982;19:447-50. 
108. Lewis JE, Olsen KD, Kurtin PJ, Kyle RA. Laryngeal amyloidosis: a 
clinicopathologic and immunohistochemical review. Otolaryngol Head Neck Surg. 
1992;106:372-7. 
109. Murdoch IE, Sullivan TJ, Moseley I, Hawkins PN, Pepys MB, Tan SY, et al. 
Primary localised amyloidosis of the orbit. Br J Ophthalmol. 1996;80:1083-6. 
110. Woollons A, Black MM. Nodular localized primary cutaneous amyloidosis: a 
long-term follow-up study. Br J Dermatol. 2001;145:105-9. 
111. Utz JP, Swensen SJ, Gertz MA. Pulmonary amyloidosis. The Mayo Clinic 
experience from 1980 to 1993. Ann Intern Med. 1996;124:407-13. 
112. Thompson LD, Derringer GA, Wenig BM. Amyloidosis of the larynx: a 
clinicopathologic study of 11 cases. Mod Pathol. 2000;13:528-35. 
113. Berg AM, Troxler RF, Grillone G, Kasznica J, Kane K, Cohen AS, et al. 
Localized amyloidosis of the larynx: evidence for light chain composition. Ann Otol 
Rhinol Laryngol. 1993;102:884-9. 
114. Tirzaman O, Wahner-Roedler DL, Malek RS, Sebo TJ, Li CY, Kyle RA. 
Primary localized amyloidosis of the urinary bladder: a case series of 31 patients. 
Mayo Clin Proc. 2000;75:1264-8. 
115. Ma L, Bandarchi B, Sasaki C, Levine S, Choi Y. Primary localized laryngeal 
amyloidosis: report of 3 cases with long-term follow-up and review of the literature. 
Arch Pathol Lab Med. 2005;129:215-8. 
116. Rudy SF, Jeffery CC, Damrose EJ. Clinical characteristics of laryngeal versus 
nonlaryngeal amyloidosis. Laryngoscope. 2018;128(3):670-4. 
117. Phillips NM, Matthews E, Altmann C, Agnew J, Burns H. Laryngeal 
amyloidosis: diagnosis, pathophysiology and management. 
. J Laryngol Otol. 2017;131(S2):S41-S7. 
118. Siddachari RC, Chaukar DA, Pramesh CS, Naresh KN, de Souza CE, Dcruz 
AK. Laryngeal amyloidosis. J Otolaryngol. 2005;34:60-3. 
119. Talbot AR. Laryngeal amyloidosis. J Laryngol Otol. 1990;104:147-9. 
120. Preud'homme JL, Ganeval D, Grunfeld JP, Striker L, Brouet JC. 
Immunoglobulin synthesis in primary and myeloma amyloidosis. Clin Exp Immunol. 
1988;73:389-94. 
121. Gilad R, Milillo P, Som PM. Severe diffuse systemic amyloidosis with 
involvement of the pharynx, larynx, and trachea: CT and MR findings. AJNR Am J 
Neuroradiol. 2007;28:1557-8. 
122. Ginat DT, Schulte J, Portugal L, Cipriani NA. Laryngotracheal Involvement in 
Systemic Light Chain Amyloidosis. Head Neck Pathol 2018;12(1):127-30. 



123. Rutherford K, Parsons S, Cordes S. Extramedullary plasmacytoma of the 
larynx in an adolescent: a case report and review of the literature. Ear Nose Throat J. 
2009;88:E1-7. 
124. Chow LT, Chow WH, Shum BS. Fatal massive upper respiratory tract 
haemorrhage: an unusual complication of localized amyloidosis of the larynx. J 
Laryngol Otol. 1993;107:51-3. 
125. D'Arcy F. Localized amyloidosis of the larynx. J Laryngol Otol. 1972;86:929-
31. 
126. Walker PA, Courey MS, Ossoff RH. Staged endoscopic treatment of laryngeal 
amyloidosis. Otolaryngol Head Neck Surg. 1996;114:801-5. 
127. Finn DG, Farmer JC, Jr. Management of amyloidosis of the larynx and 
trachea. Arch Otolaryngol Head Neck Surg. 1982;108:54-6. 
128. McIlwain JC, Shepperd HW. Laser treatment of primary amyloidosis of the 
larynx. J Laryngol Otol. 1986;100:1079-80. 
129. Piazza C, Cavaliere S, Foccoli P, Toninelli C, Bolzoni A, Peretti G. 
Endoscopic management of laryngo-tracheobronchial amyloidosis: a series of 32 
patients. Eur Arch Otorhinolaryngol. 2003;260:349-54. 
130. Mitrani M, Biller HF. Laryngeal amyloidosis. Laryngoscope. 1985;95:1346-7. 
131. Neuner GA, Badros AA, Meyer TK, Nanaji NM, Regine WF. Complete 
resolution of laryngeal amyloidosis with radiation treatment. Head Neck. 2010. 
132. Pai KK, Omiunu AO, Llerena PA, Shave SM, Desai HA, Fang CH, et al. 
Localized laryngeal amyloidosis: A systematic review. Am J Otolaryngol. 
2022;43(5):103550. 
133. Hamidi Asl K, Liepnieks JJ, Nakamura M, Parker F, Benson MD. A novel 
apolipoprotein A-1 variant, Arg173Pro, associated with cardiac and cutaneous 
amyloidosis. Biochem Biophys Res Commun. 1999;257:584-8. 
134. de Sousa MM, Vital C, Ostler D, Fernandes R, Pouget-Abadie J, Carles D, et 
al. Apolipoprotein AI and transthyretin as components of amyloid fibrils in a kindred 
with apoAI Leu178His amyloidosis. Am J Pathol. 2000;156:1911-7. 
135. Lachmann HJ, Booth DR, Booth SE, Bybee A, Gilbertson JA, Gillmore JD, et 
al. Misdiagnosis of hereditary amyloidosis as AL (primary) amyloidosis. N Engl J 
Med. 2002;346:1786-91. 
136. Assmann G, Schmitz G, Funke H, von Eckardstein A. Apolipoprotein A-I and 
HDL deficiency. Curr Opin Lipidol. 1990;1:110-5. 
137. Westermark P, Mucchiano G, Marthin T, Johnson KH, Sletten K. 
Apolipoprotein A1-derived amyloid in human aortic atherosclerotic plaques. Am J 
Pathol. 1995;147:1186-92. 
138. Lu X, He B, Wang G, He B, Wang L, Chen Q. Bronchoscopic Diagnosis and 
Treatment of Primary Tracheobronchial Amyloidosis: A Retrospective Analysis from 
China. Biomed Res Int. 2017;2017(342812). 
139. Cordier JF, Loire R, Brune J. Amyloidosis of the lower respiratory tract. 
Clinical and pathologic features in a series of 21 patients. Chest. 1986;90:827-31. 
140. Thompson PJ, Citron KM. Amyloid and the lower respiratory tract. Thorax. 
1983;38:84-7. 
141. Lu X, He B, Wang G, He B, Wang L, Chen Q. Bronchoscopic Diagnosis and 
Treatment of Primary Tracheobronchial Amyloidosis: A Retrospective Analysis from 
China. BioMed research international. 2017;2017:3425812. 
142. O'Regan A, Fenlon HM, Beamis JF, Jr., Steele MP, Skinner M, Berk JL. 
Tracheobronchial amyloidosis. The Boston University experience from 1984 to 1999. 
Medicine (Baltimore). 2000;79(2):69-79. 



143. O'Regan A, Fenlon HM, Beamis JF, Jr., Steele MP, Skinner M, Berk JL. 
Tracheobronchial amyloidosis. The Boston University experience from 1984 to 1999. 
Medicine (Baltimore). 2000;79:69-79. 
144. Kunal S, Dhawan S, Kumar A, Shah A. Middle lobe syndrome: an intriguing 
presentation of tracheobronchial amyloidosis. 
. BMJ Case Rep. 2017:pii: bcr-2017-219480. 
145. Cotton RE, Jackson JW. Localized Amyloid 'Tumours' of the Lung Simulating 
Malignant Neoplasms. Thorax. 1964;19:97-103. 
146. Ding L, Li W, Wang K, Chen Y, Xu H, Wang H, et al. Primary 
tracheobronchial amyloidosis in China: analysis of 64 cases and a review of literature. 
J Huazhong Univ SciTechnolog Med Sci. 2010;30:599-603. 
147. Tan H, Guan Y, Zhao J, Lin X. Findings of pulmonary amyloidosis on dual 
phase FDG PET/CT imaging. Clin Nucl Med. 2010;35:206-7. 
148. Fukumura M, Mieno T, Suzuki T, Murata Y. Primary diffuse tracheobronchial 
amyloidosis treated by bronchoscopic Nd-YAG laser irradiation. Jpn J Med. 
1990;29:620-2. 
149. Sakula A. Tracheobronchopathia osteoplastica: its relationship to primary 
tracheobronchial amyloidosis. Thorax. 1968;23:105-10. 
150. Jones AW, Chatterji AN. Primary tracheobronchial amyloidosis with 
tracheobronchopathia osteoplastica. Br J Dis Chest. 1977;71:268-72. 
151. Nienhuis DM, Prakash UB, Edell ES. Tracheobronchopathia 
osteochondroplastica. Ann Otol Rhinol Laryngol. 1990;99:689-94. 
152. Prakash UB. Tracheobronchopathia osteochondroplastica. Semin Respir Crit 
Care Med. 2002;23:167-75. 
153. Ozbay B, Dilek FH, Yalcinkaya I, Gencer M. Relapsing polychondritis. 
Respiration. 1998;65:206-7. 
154. Dahl KA, Kernstine KH, Vannatta TL, Karwal MW, Thomas KW, Schraith 
DF. Tracheobronchial amyloidosis: a surgical disease with long-term consequences. J 
Thorac Cardiovasc Surg. 2004;128:789-92. 
155. Moore A, Kramer MR, Silvern D, Shtraichman O, Allen AM. Endobronchial 
brachytherapy-A novel approach for the management of airway amyloidosis. 
Brachytherapy. 2018;6:966-72. 
156. Sommer P, Kumar G, Lipchik RJ, Patel JJ. Tracheobronchial amyloidosis 
managed with multimodality therapies. Ther Adv Respir Dis. 2014;8(2):48-52. 
157. Himmelfarb E, Wells S, Rabinowitz JG. The radiologic spectrum of 
cardiopulmonary amyloidosis. Chest. 1977;72:327-32. 
158. Ayuso MC, Gilabert R, Bombi JA, Salvador A. CT appearance of localized 
pulmonary amyloidosis. J Comput Assist Tomogr. 1987;11:197-9. 
159. Urban BA, Fishman EK, Goldman SM, Scott WW, Jr., Jones B, Humphrey 
RL, et al. CT evaluation of amyloidosis: spectrum of disease. Radiographics. 
1993;13:1295-308. 
160. Rubinow A, Celli BR, Cohen AS, Rigden BG, Brody JS. Localized 
amyloidosis of the lower respiratory tract. Am Rev Respir Dis. 1978;118:603-11. 
161. Roden AC, Aubry MC, Zhang K, Brady JO, Levin D, Dogan A, et al. Nodular 
senile pulmonary amyloidosis: a unique case confirmed by immunohistochemistry, 
mass spectrometry, and genetic study. Hum Pathol. 2010;41:1040-5. 
162. Calatayud J, Candelas G, Gomez A, Morado C, Trancho FH. Nodular 
pulmonary amyloidosis in a patient with rheumatoid arthritis. Clin Rheumatol. 
2007;26:1797-8. 



163. Beer TW, Edwards CW. Pulmonary nodules due to reactive systemic 
amyloidosis (AA) in Crohn's disease. Thorax. 1993;48:1287-8. 
164. Shah SP, Khine M, Anigbogu J, Miller A. Nodular amyloidosis of the lung 
from intravenous drug abuse: an uncommon cause of multiple pulmonary nodules. 
South Med J. 1998;91:402-4. 
165. Masaki Y, Sugai S. Lymphoproliferative disorders in Sjogren's syndrome. 
Autoimmun Rev. 2004;3:175-82. 
166. Flament T, Bigot A, Chaigne B, Henique H, Diot E, Marchand-Adam S. 
Pulmonary manifestations of Sjögren's syndrome. Eur Respir Rev 2016;25(140):110-
23. 
167. Depascale R, Del Frate G, Gasparotto M, Manfre V, Gatto M, Iaccarino L, et 
al. Diagnosis and management of lung involvement in systemic lupus erythematosus 
and Sjogren's syndrome: a literature review. Ther Adv Musculoskelet Dis. 
2021;13:1759720X211040696. 
168. Jeong YJ, Lee KS, Chung MP, Han J, Chung MJ, Kim KI, et al. Amyloidosis 
and lymphoproliferative disease in Sjogren syndrome: thin-section computed 
tomography findings and histopathologic comparisons. J Comput Assist Tomogr. 
2004;28:776-81. 
169. Kambouchner M, Godmer P, Guillevin L, Raphael M, Droz D, Martin A. Low 
grade marginal zone B cell lymphoma of the breast associated with localised 
amyloidosis and corpora amylacea in a woman with long standing primary Sjogren's 
syndrome. J Clin Pathol. 2003;56:74-7. 
170. Delevaux I, Andre M, Amoura Z, Kemeny JL, Piette JC, Aumaitre O. 
Concomitant diagnosis of primary Sjogren's syndrome and systemic AL amyloidosis. 
Ann Rheum Dis. 2001;60:694-5. 
171. Rajagopala S, Singh N, Gupta K, Gupta D. Pulmonary amyloidosis in 
Sjogren's syndrome: a case report and systematic review of the literature. 
Respirology. 2010;15:860-6. 
172. Parambil JG, Myers JL, Lindell RM, Matteson EL, Ryu JH. Interstitial lung 
disease in primary Sjogren syndrome. Chest. 2006;130:1489-95. 
173. Wong BC, Wong KL, Ip MS, Wang EP, Chan KW, Cheng LC. Sjogren's 
syndrome with amyloid A presenting as multiple pulmonary nodules. J Rheumatol. 
1994;21:165-7. 
174. Gallego FG, Canelas JLC. Hilar Enlargement in Amyloidosis. New England 
Journal of Medicine. 1974;291:531-. 
175. Zatloukal P, Bezdicek P, Schimonova M, Havlicek F, Tesarova P, Slovakova 
A. Waldenstrom's macroglobulinemia with pulmonary amyloidosis. Respiration. 
1998;65:414-6. 
176. Hourseau M, Virally J, Habib E, Juberthie B, Bienvenu L. [Nodular 
amyloidoma associated with primary pulmonary Malt lymphoma]. Rev Mal Respir. 
2008;25:1123-6. 
177. Turner CA, Tung K. CT appearances of amyloid lymphadenopathy in a patient 
with non-Hodgkin's lymphoma. The British journal of radiology. 2007;80(958):e250-
2. 
178. Gross BH. Radiographic manifestations of lymph node involvement in 
amyloidosis. Radiology. 1981;138:11-4. 
179. Graham DR, Ahmad D. Amyloidosis with pleural involvement. Eur Respir J. 
1988;1(6):571-2. 
180. Knapp MJ, Roggli VL, Kim J, Moore JO, Shelburne JD. Pleural amyloidosis. 
Arch Pathol Lab Med. 1988;112(1):57-60. 



181. Yamada M, Takayanagi N, Yamakawa H, Ishiguro T, Baba T, Shimizu Y, et 
al. Amyloidosis of the respiratory system: 16 patients with amyloidosis initially 
diagnosed ante mortem by pulmonologists. ERJ Open Res. 2020;6(3). 
182. Milani P, Basset M, Russo F, Foli A, Palladini G, Merlini G. The lung in 
amyloidosis. Eur Respir Rev. 2017;26(145). 
183. Ramos AL, Trindade M, Santos Pinto A, Brandao JR, Pedrosa C, Pinto A. 
Pleural effusion and multiple myeloma - more than meets the eye: A case report. Mol 
Clin Oncol. 2021;15(5):238. 


	Summary
	Amyloidosis can both complicate long-standing respiratory conditions and be deposited within the respiratory system itself. In localised amyloidosis management generally involves resection of symptomatic deposits. In acquired systemic amyloidosis trea...
	Systemic AA amyloidosis
	Systemic AL amyloidosis
	Localised amyloidosis
	Laryngeal amyloidosis
	Parenchymal Pulmonary Amyloidosis
	Amyloid Lymphadenopathy

	Systemic amyloid can complicate long standing respiratory conditions or cause respiratory complications either directly or iatrogenically. Localised amyloid deposits can affect any part of the respiratory tract and may be incidental or symptomatic. In...
	Table 1 Classification of the commoner types of systemic amyloidosis in man


