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Familial Amyloid Polyneuropathy
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Transthyretin-related familial amyloid polyneuropathy (TTR-FAP) is a 
life-threatening disease caused by the accumulation of amyloidogenic 
transthyretin (TTR) protein in tissues. Mutations in TTR gene destabilize 
TTR protein to misfold from its native tetramer form to amyloidogenic 
monomer form. In endemic countries, TTR-FAP presents with length-
dependent small fiber neuropathy, however in non-endemic countries 
clinical features can be highly variable. Genetic testing for TTR gene 
is mandatory for the diagnosis. Demonstrating amyloid deposits in 
tissues may be necessary for distinguishing symptomatic patients from 

asymptomatic carriers. Routine follow-up should include a wide range 
of tests to demonstrate systemic involvement. In recent years, treatment 
of TTR-FAP has significantly improved with new therapeutic approaches. 
TTR stabilizers and TTR-gene silencing drugs prevent the progression 
of the disease. Monoclonal antibodies that target amyloid deposits 
are currently under development. Early initiation of the treatment is 
important for better functional outcome.
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More than 65 years ago, Andrade described the first case of transthyretin 
related familial amyloid polyneuropathy (TTR-FAP) in a 37-year-old 
Portuguese female and called this peculiar neuropathy “mal dos pesinhos” 
(1). It is an autosomal dominant disorder caused by mutations of the 
transthyretin (TTR) gene. Mutant TTR protein dissociates from its native 
tetramer form, gains a toxic function and aggregates in several tissues and 
organs. If left untreated, the disease can be fatal due to cachexia, infections 
or cardiac dysfunction. Mean survival time differs 7–11 years (2, 3).

Encoded by chromosome 18, TTR works as a transport protein for vitamin 
A and thyroxin. It is primarily synthesized from the liver, though little 
amounts of TTR are produced from choroid plexus, intestines and retinal 
epithelium. More than 150 mutations are described so far in the TTR 
gene. The first described Val30Met is still the most common mutation 
worldwide. Regional differences have an influence on the frequency of 
the mutation and causes genotypic and phenotypic heterogeneity (4, 5).

Thirty years ago, the disease was thought to be restricted to Portugal, 
Sweden and Japan which are called as endemic regions. However, 
with improved access to genetic testing, now, we know that TTR-FAP is 
observed worldwide. Prevalence of the disease is highly variable between 
the endemic and non-endemic countries. In some regions of Portugal, 
where the disease is highly prevalent, it can be as high as 1/1000 to 
1/10,000. Yet, in Japan even in endemic regions like Kumamoto, Nagano 
and Ishikawa, the national prevalence estimate is 0.99/1,000,000. Data 
from non-endemic countries is not yet sufficient to estimate an exact 
prevalence (6, 7).

Clinical Features
In the last two decades our knowledge about the clinical features of 
TTR amyloidosis has notably changed. With the identification of new 
mutation types, we now know that the presenting symptom, age at onset, 
type of the neuropathy and additional systemic involvement can be 
highly variable. Some mutation types may manifest with polyneuropathy 
while others, like Val122Ile, can cause a pure cardiac phenotype. Age at 
onset is also affected by the geographic area. It is remarkably earlier in 
patients from Portugal and Japan carrying Val30Met mutation, compared 
to patients from Sweden with the same mutation (33 vs 56) (3, 8). Age 
at onset is typically later and usually in the sixth or seventh decades, in 
patients carrying Val30Met mutation from non-endemic regions. For 
example, in the Turkish cohort, the mean age of onset for patients with the 
Val30Met mutation was 54.5±10.4 years. (9). Late-onset cases have a more 
severe disease course and less autonomic involvement compared to early-
onset cases. There is a marked male predominance in late-onset cases with 
a 1/10 ratio. Lack of a family history and low penetrance rates are other 
highlighted features of the disease in non-endemic regions (Table 1) (6).

Length dependent sensory-motor neuropathy with autonomic 
involvement is the hallmark of the disease. At stage 1 of the disease, small 
fibers are typically affected and neuropathic pain may be the presenting 
symptom. At stage 2, neurologic signs and symptoms continue to worsen 
with sensory loss extending up to the proximal and distal weakness 
appears in lower extremities. Eventually, patients start to use aids to 
walk. Sensory deficit gradually extends first to distal parts and then, 
proximal parts of upper extremities and anterior trunk, respectively (10). 
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At stage 3, patients are wheel-chair bound or bed-ridden (11). Rarely, 
the disease can start with upper extremity symptoms which can mimic 
motor neuron disease (8, 12). Polyneuropathy disability score (PND) 
is another scoring system depending on patient’s walking capacity. It 
consists of four stages: stage 1 (sensory disturbances without a deficiency 
in walking capacity); stage 2 (impaired walking without a need for a stick); 
stage 3 (preserved walking with the help of one stick (3A) or two sticks 
(3B)); and stage 4 (wheelchair bound or bedridden) (11). Neuropathy 
Impairment Score (NIS), NIS+7 and Norfolk Quality of Life (Norfolk QoL) 
are other quantitative scoring systems which are primarily used in drug 
development studies (Table 2) (13).

Autonomic involvement causes serious problems in the entire disease 
period. Patients may complain of diarrhea, impotence or orthostatism. 
Clinicians especially should interrogate about erectile dysfunction which 
can precede sensorial symptoms. In late stages, autonomic symptoms 
become more evident and may be life threatening (14).

Focal amyloid deposits in the transverse carpal ligament increases 
the liability for carpal tunnel syndrome. Some specific mutations, like 
Glu89Gln, are associated with the increased risk of carpal tunnel syndrome 
(9, 15, 16). It can manifest uni or bilaterally. Clinicians must consider the 
possibility of TTR-FAP, in patients with a polyneuropathy of unknown 
cause, accompanied by carpal tunnel syndrome, especially in men. 

Amyloid deposits may also accumulate at nerve plexuses, nerve trunks, or 
cranial nerves and cause various focal neurologic presentations (3).

Central nervous system (CNS) involvement is caused by accumulation 
of amyloidogenic TTR in the meninges and perivascular regions. Stroke-
like, focal neurologic deficits, also named “amyloid spells” are the most 
common features in CNS involvement. Other rare presentations include 
dementia, hydrocephalus and myelopathy (17). Several mutations, like 
Gly53Glu, Leu12Pro, Asp18Gly, are associated with CNS amyloidosis (9, 
18–20).

Cardiac involvement is the most common extra-neurological 
manifestation and observed in 80% of the patients. Common clinical 
features in cardiac amyloidosis include arrhythmias, syncope attacks 
due to conduction problems and heart failure caused by restrictive 
cardiomyopathy (21). Val122Ile, Ile68Leu and Thr60Ala are well-known 
mutations that predominantly induce cardiomyopathy (22, 23). Wild-
type TTR accumulation may cause senile systemic amyloidosis, an 
acquired disorder mainly affecting men after the age of 60 years, presents 
with the symptoms of hypertrophic cardiomyopathy (24). Low-voltage in 
electrocardiogram (ECG), granular pattern of myocardium and increased 
ventricular wall thickness in echocardiogram are the common red-flags 
for the suspicion of cardiac TTR amyloidosis (25).

Table 1. Clinical features of TTR-FAP*

Endemic Non-endemic

Mutation type Homogenous (Val30Met) Heterogeneous

Age at onset
Portugal à Early-onset
Japan à Bimodal distribution
Sweden à Late-onset

Generally late-onset

Gender distribution
Homogenous in early-onset cases
Male predominance in late onset cases

Marked male predominance

Family history
Common in early-onset cases
Rare in late-onset cases

Rare

Neuropathy type

Length-dependent small-fiber sensory-motor 
polyneuropathy in early-onset
Loss of all sensory modalities and early distal 
weakness in late-onset cases

Affecting all fibers. Occasionally upper limb onset, 
motor neuropathy, ataxic neuropathy. 

Autonomic involvement
Common and severe in early-onset
Rare in late-onset cases

Rare

TTR-FAP=transthyretin related familial amyloid polyneuropathy
*Adapted from6. 

Table 2. Severity scoring systems in TTR-FAP*

FAP stage PND score

Stage Symptom Score Symptom

0 Asymptomatic 1 Sensory neuropathy

1 Sensory neuropathy 2 Motor symptoms but preserved walking

2 Require assistance for walking 3A Require one stick for walking

3 Bedridden or wheelchair bound 3B Require two sticks for walking

4 Bedridden or wheelchair bound

TTR-FAP=transthyretin related familial amyloid polyneuropathy, FAP=familial amyloid polyneuropathy, PND=polyneurapathy disability
*Adapted from11. 
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Ocular manifestations of TTR amyloidosis include vitreous deposits, 
abnormal conjunctival vessels, keratoconjunctivitis sicca, glaucoma and 
pupillary abnormalities. TTR amyloid can be visualized as cotton wool 
inclusions in the vitreous body (26). Renal involvement is uncommon 
but it can cause microalbuminuria and may precede the onset of the 
neuropathy. End-stage renal failure requiring dialysis is rare in TTR-FAP 
(27).

Diagnostic Techniques
Diagnosis of TTR-FAP should be analyzed in two separate groups. First 
group involves the patients with a known family history and the second 
group with sporadic presentation. In the first group, diagnosis is more 
straightforward, if the patient complains about the typical symptoms of 
TTR amyloidosis. On the other hand, in the second group, diagnosis is 
usually delayed, due to many diagnostic pitfalls and variable inaugural 
symptoms.

After a detailed examination, patients should undergo for electrodiagnostic 
evaluation. In the earliest stage, when small fiber neuropathy is the only 
and predominant symptom, nerve conduction studies may be normal. 
Yet, with the progression of the disease, length-dependent axonal 
polyneuropathy will be the prominent feature. However, observation 
of demyelinating features is not uncommon, which causes diagnostic 
challenges. Patients may even fulfill the European Federation of 
Neurological Societies/PNS definite criteria for chronic inflammatory 
demyelinating polyneuropathy (CIDP), which is one of the most common 
diagnostic errors in TTR-FAP (28). Another feature that may mimic CIDP, 
is the presence of elevated protein level in cerebrospinal fluid (CSF). 
Lumbar spinal stenosis, AL amyloidosis, toxic peripheral neuropathy, 
motor neuron disease and vasculitic peripheral neuropathy are the other 
most common misdiagnoses (5).

Diagnosis of small fiber neuropathy is crucial to find out early disease 
manifestations. Sympathetic skin responses and heart rate variability 
(HRV) are non-invasive and easy tests to assess the autonomic 
neuropathy. Sudoscan® is another diagnostic tool to identify sudomotor 
disfunction (29). Other emerging diagnostic techniques for detecting 
small fiber neuropathy include confocal corneal microscopy that 
measures nerve fiber length in cornea, quantitative sensory testing (QST) 
and laser Doppler flowmetry (30, 31). But still, skin biopsy remains as the 
gold standard to assess the density of small fibers (32).

Genetic testing for TTR is essential for the diagnosis, absence of a 
pathologic mutation excludes TTR-FAP. In patients with a positive family 
history, targeting that certain mutation type would be logical. Yet, in 
sporadic cases, particularly from non-endemic regions, sequencing the 
TTR gene may be required. An online registry that contains pathologic 
mutation types and their clinical features is a helpful diagnostic tool for 
clinicians (33).

Even with the presence of a positive genetic test, demonstrating 
amyloid deposits in tissue is also important to distinguish symptomatic 
patients from carriers. Main sites for tissue biopsy are labial salivary 
gland, abdominal subcutaneous fat pad, gastrointestinal tract, nerve 
tissue, endo-myocardial tissue (Figure 1 and 2). Congo Red staining or 
polarized microscopic evaluation of the tissue reveals amyloid deposits 
(4). TTR immunolabeling of the amyloid deposits may be necessary to 
differentiate TTR amyloidosis from AL amyloidosis (34). One should keep 
in mind that negative biopsy does not exclude TTR-FAP.

ECG, Holter ECG, N-terminal of the prohormone brain natriuretic peptide 
(NT-proBNP), troponin, and echocardiography can be performed to 
assess cardiac involvement. Ophthalmological examination and detailed 
urinalysis are mandatory (Figure 3).

Figure 1. Sural nerve biopsy findings of a patient with Glu89Gln mutation. Note 
endoneural, perivascular amyloid deposits (arrow); there is a remarked reduction of 
myelinating fibres (semi-thin section ×40, Thionin staining). (Neuropathology Lab, 
Neuromuscular Unit of the Istanbul Faculty of Medicine)

Figure 2. Sural nerve biopsy findings of a patient with Glu89Gln mutation. Note 
endoneural amyloid deposits (arrow) (longitudinal paraffin section ×10, modified 
Gomori trichrome staining). (Neuropathology Lab, Neuromuscular Unit of the Istanbul 
Faculty of Medicine)

Scanning for asymptomatic carriers is very important for detecting 
patients in early stages of the disease. Asymptomatic carries should be 
followed up regularly with a frequency depending on the mutation type, 
age at onset of other affected family members and patient’s age (35). 
European network for TTR-FAP or amyloidosis (ATTReuNET), a group 
of experts on TTR amyloidosis suggest that, scanning of the disease 
should include detailed history and neurologic examination with the 
measurement of NIS, body-mass index (BMI), NCS and EMG, sympathetic 
skin response and HRV, urine for microalbuminuria and ECG (36). If these 
findings change compared to the baseline in the course of the follow-up, 
tissue biopsy should be performed to confirm the diagnosis.

After the definite diagnosis, follow-up examinations for systemic 
involvement should include wider spectrum of tests.

Current Disease Management and Emerging Therapeutic Options

Treatment of TTR-FAP has significantly improved in recent years with new 
therapeutic approaches. Liver transplantation (LT) loses its position as a 
standard treatment. Though, in some countries, like Japan, it is still the 
first line treatment option (5). Primary aim of LT is to remove the main 
source of amyloidogenic TTR. LT can halt the progression by knocking 
down 95% of circulating TTR (37). Positive effects of LT are significantly 
seen in patients with early-onset Val30Met mutation with a short disease 
course. Twenty-year survival rate is as high as 55.3% (38). However, LT 
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is unable to halt the progression of the cardiac amyloidosis, as wild-
type TTR continues to accumulate on cardiac tissue (39). Similarly, 
ocular and leptomeningeal amyloidosis may worsen after LT due to the 
local production of amyloidogenic TTR in choroid plexus and retinal 
epithelium (40, 41). Combined transplantation of liver with heart and 
liver with kidney are suggested treatment options for patients with severe 
cardiomyopathy and severe nephropathy, respectively (36).

Other than LT, recent treatment options cover two main concerns: 

1. 	 Disease modifying anti-amyloid therapy
2. 	 Symptomatic treatment of polyneuropathy and other disease related 

symptoms.
Disease modifying drugs show their effects either by stabilizing TTR 
tetramer or by reducing the production of total TTR.

In 2011, tetramer stabilizer Tafamidis is approved by the European 
Medical Agency (EMA) for stage 1 TTR-FAP patients. In the pivotal trial, 
although Tafamidis 20 mg once daily failed to achieve primary endpoints, 
reduction in neurologic deterioration, preservation of nerve fiber function, 
maintenance of QOL, and TTR stabilization compared to placebo are 
demonstrated (42). Twelve-month open label, extension study showed 
similar results (43). There were no major adverse effects. Follow-up studies 
showed results consistent with the pivotal trial except a multicenter study 
held in Italy, in which Tafamidis was unable to slow neurologic and cardiac 
worsening (43–46). In late-onset cases and non-Val30Met mutations results 
are more conflictive. Older age at onset and lower body mass index (BMI) 
at the baseline were associated with poor outcome (47). The phase 2 study 
failed to demonstrate the efficiency of Tafamidis in TTR cardiomyopathy, 
however post-hoc analysis showed that it may be effective in earlier 
stage cardiac disease (48, 49). Phase 3, placebo-controlled, double-blind, 
randomized study that was designed for the efficacy of Tafamidis in patients 
with TTR cardiomyopathy has ended in February 2018 (NCT01994889). 
Patients with late stage cardiomyopathy (NYHA stage 4) were excluded 
in the study (50). The topline results showed a significant reduction of 
mortality and cardiovascular events requiring hospitalization. Hence, FDA 
grants Tafamidis for “Breakthrough Therapy” designation for the treatment 
of TTR cardiomyopathy.

Diflunisal, a non-steroid anti-inflammatory drug (NSAI), is also a tetramer 
stabilizer (51). In a randomized, double-blind, placebo-controlled study 

in a cohort of 130 patients, Diflunisal 250 mg administered twice daily 
showed better NIS+7 and quality of life (QOL) results compared to 
placebo in two years. However, safety profile is worrisome due to the 
common gastrointestinal and urinary side effects which caused high 
discontinuation rates. (52) Contraindication of NSAI drugs in end stage 
cardiac and renal diseases limits the use of Diflunisal in patients with 
cardiac and renal involvement (2).

Patisiran, a small interfering RNA (siRNA) encapsulated in lipid nanoparticle, 
demonstrated a significant knock-down of circulating TTR in healthy 
volunteers by silencing the TTR gene (53). Then, in phase 2 open-label 
study intravenous Patisiran 0.3 mg/kg once every three weeks showed 
very promising results by halting the disease progression (54). In phase 3 
trial, primary end-point is designed to measure the change of mNIS+7, the 
scoring system that consists NIS, autonomic tests and QST, in 18 months. 
The results were significantly better in Patisiran group compared to 
placebo and nearly half of the patients in Patisiran group had a decrease in 
mNIS+7 scores suggesting an improvement. Mean knock-down of serum 
TTR was 81%. All other secondary end-points are matched in the study. The 
frequency of adverse events was similar in the Patisiran group compared to 
placebo (55). According to these positive results, Patisiran received the FDA 
approval for the treatment of TTR-FAP in August 2018.

Another promising drug, that recently completed the phase 3 trial, is 
Inotersen, an antisense oligonucleotide that selectively binds TTR mRNA 
and decreases its production. Recruited patients in this trial were in early 
stages (stage 1 or stage 2) and without any prominent cardiac dysfunction 
(less than NYHA class 3). Patients received three subcutaneous injections 
during the first week, followed by a one-weekly subcutaneous injection 
for the next 64 weeks. Primary end points, mNIS+7 and Norfolk QOL, were 
matched in the study. Mean decrease in serum TTR was 74%. The safety 
concerns associated with Inotersen treatment were thrombocytopenia 
and glomerulonephritis, which were observed in 6 out of 112 patients 
(56). The drug is approved by European Medicine Agency (EMA) for stage 
1 and 2 of the disease and accepted for Priority Review by FDA.

In transgenic mouse models, combination of Doxycycline, an antibiotic, 
and Tauroursodeoxycholic acid (TUDCA), a bile acid, showed promising 
results by reducing the amyloid deposition in tissues (57). Results of 
open-label phase 2 study were consistent with stabilization of cardiac 
disease in 75% of the patients receiving Doxycycline and TUDCA 

Figure 3. Diagnostic techniques and diagnostic algorithm of TTR-FAP*

TTR-FAP: transthyretin-related familial amyloid polyneuropathy, TTR: transthyretin, NIS: neuropathy impaiment score, FAP: familial amyloid polyneuropathy, PND: polyneuropathy 
disability, BMI: body-mass intex, NCS: nerve conduction studies, EMG: electromyography, SSR: sympathetic skin response, HRV: heart rate variability, QST: quantitative sensory 
testing, ECG: electrocardiography, BNP: brain natriuretic peptide, MRI: magnetic resonance imaging.

Adapted from5.

Family history of TTR-FAP
OR

Clinicial features suggesting 
TTR-FAP

Tissue biopsy (Salivary gland, 
abdominal subcutaneous fat 

pad, gastrointestinal tract, 
nerve tissue, other sites)

Genetic test (Targeted 
approach or TTR gene 

sequencing)

Diagnosis of TTR-FAP

Follow-up assessments
•	 NIS

•	 FAP stage, PND score

•	 BMI

•	 NCS and EMG

•	 SSR and HRV

•	 QST

•	 ECG, Holter ECG

•	 Echocardiography

•	 Pro-BNP and troponin

•	 Cardiac MRI (if necessary)

•	 Ophthalmological 
examination

•	 Urinalysis for albuminuria
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combination (58). An 18-month open label study of the tolerability and 
efficiency of Doxycycline and TUDCA combination in patients with TTR 
cardiomyopathy was completed but the data has not been published so 
far (NCT01855360).

Antibodies against serum amyloid P (SAP) and TTR, which target to clear 
amyloid from the tissues, are currently under development (59, 60). A 
phase 2 study intended to evaluate the efficiency of the combination 
of Anti-SAP antibody (GSK2398852) and SAP inhibitor (GSK2315698) 
for the treatment of AL and TTR amyloidosis, is now recruiting patients 
(NCT03044353). Anti-TTR antibodies, that bind amyloidogenic form of 
TTR, is also another promising treatment option. These antibodies, by 
enhancing phagocytic uptake, promote clearance of amyloidogenic TTR 
from the tissues and may also help to diagnose the disease (60).

Symptomatic treatment options include neuropathic pain medication, 
treatment for orthostatic hypotension, incontinence and diarrhea. 
Walking aids and orthoses are required to preserve mobilization. 
Cardiovascular events are the main cause of death in TTR amyloidosis, 
therefore treating cardiac failure and conduction disorders is particularly 
important (Figure 4).

CONCLUSION
TTR-FAP is a rare but life threatening disease. The disease can present 
in many different forms with variable signs and symptoms, thus it is 
important to raise the awareness among clinicians. Early initiation of 
anti-amyloid treatment is essential for a better outcome and functional 
activity. New treatment options are promising to improve the prognosis.
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