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ABSTRACT

Transthyretin familial amyloid polyneuropathy is an autosomal dominant inherited sensorimotor and autonomic polyneuropathy,
which if untreated, leads to death in approximately 10 years. In Brazil, liver transplant and tafamidis are the only disease-modifying
treatments available. This review consists of a consensus for the diagnosis, management and treatment for transthyretin familial amyloid
polyneuropathy from the Peripheral Neuropathy Scientific Department of the Brazilian Academy of Neurology. The first and last authors
produced a draft summarizing the main views on the subject and emailed the text to 10 other specialists. Relevant literature on this subject
was reviewed by each participant and used for the individual review of the whole text. Each participant was expected to review the text and
send a feedback review by e-mail. Thereafter, the 12 panelists got together at the city of Fortaleza, discussed the controversial points, and
reached a consensus for the final text.

Keywords: amyloid neuropathies, familial; polyneuropathies.

RESUMO

Polineuropatia amiloidética familiar € uma polineuropatia sensitivo-motora e autonémica de heranca autossémica dominante, que caso
nao seja tratada leva a morte em aproximadamente 10 anos. O transplante de figado e o tafamidis sao os Unicos tratamentos disponiveis no
Brasil. Essarevisao consiste em um consenso do Departamento Cientifico de Neuropatias Periféricas da Academia Brasileira de Neurologia.
O primeiro e Gltimo autores produziram um texto resumindo os principais aspectos sobre o tema e enviaram para os outros 10 especialistas
por email. A literatura relevante sobre o0 assunto foi revisada por cada participante e utilizada para revisao individual do texto. Foi esperado
que cada participante revisasse o texto e enviasse suas sugestoes por e-mail. Finalmente, os 12 panelistas se encontraram na cidade de
Fortaleza para discutir os pontos controversos e chegar a um consenso sobre texto final.
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Transthyretin familial amyloid polyneuropathy (ATTR-
FAP) is an inherited neuropathy, with over 120 mutations
identified in the T7R gene'. Transthyretin (TTR) is a
tetrameric transport protein that carries vitamin A and
thyroxin. Mutated TTR disaggregates, forming monomers
that, after misfolding, aggregate as amyloid fibrils and cause
toxicity to tissues®. The most common form of inherited
amyloidosis is ATTR-FAP, characterized by a severe length-
dependent sensorimotor/autonomic neuropathy, which if
untreated, leads to death in approximately 10 years*®.

The prospects for ATTR-FAP have changed in the last
decades, as it has become a treatable neuropathy. The
first disease-modifying treatment was a liver transplant,
in 1990°. Tafamidis, a potent selective TTR stabilizer, was
the first drug to show reduction of disease progression’
and was the first approved by European and Latin
American health agencies for the treatment of ATTR-FAP®.
Diflunisal, an old non-steroidal anti-inflammatory drug, is
a non-selective TTR stabilizer and is another therapeutic
option (off label)® '°. Recently, two gene silencing drugs had
very favorable results in large international randomized
clinical trials'"'%

In Brazil, there is one referral center completely devoted
to ATTR-FAP—the Brazilian National Amyloid Referral
Center [Centro de Estudos em Paramiloidose Anténio
Rodrigues de Mello (CEPARM)]—and a few neuromuscular
centers with expertise in ATTR-FAP care. The CEPARM is
located in the city of Rio de Janeiro. It was founded in 1984"
and is recognized by the Ministry of Health. It is currently
directed by one of the authors (MWC).

The aim of this study was to provide a consensus from the
Peripheral Neuropathy Scientific Department of the Brazilian
Academy of Neurology for the diagnosis, management and
treatment of ATTR-FAP.

METHODS

After identifying the need to generate a text to discuss
the diagnosis, management and treatment of ATTR-FAP, a
group was formed, comprising 12 Brazilian neurologists,
who are members of the Peripheral Neuropathy Scientific
Department of the Brazilian Academy of Neurology and
considered to be representative experts on the subject. The
first and last authors produced a draft summarizing the
main views on the subject and emailed the text to 10 other
specialists. Relevant literature on this subject was reviewed
by each participant and used for the individual review of
the whole text. Each participant was expected to review the
text and send a feedback review by e-mail. Thereafter, the
12 panelists got together at the city of Fortaleza, discussed
the controversial points, and reached a consensus for the
final text.
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RESULTS

Epidemiology

Transthyretin  familial
considered to be endemic in Portugal, Japan, Sweden, and
Brazil'. The most-common mutation worldwide, especially
in endemic regions, is Val30Met'. The prevalence of ATTR-
FAP in northern Portugal (Pévoa de Varzim and Vila do
Conde) is estimated to be 1:1,108 individuals'. In endemic
areas of northern Sweden, the prevalence of Val30Met
mutation is 4%, with a penetrance of only 11% by 50 years
of age". In contrast, penetrance is high in Portugal (80% by
50 years)'® and Brazil (83% by 63 years)". The prevalence of
ATTR-FAP in Brazil is still unknown, but it is estimated that
Brazil has more than 5,000 cases®.

amyloid polyneuropathy is

Pathophysiology

Transthyretin is synthesized in the liver (98%), choroid
plexus, and retina pigmented epithelium. Amyloidogenic
mutations destabilize the tertiary and quaternary structure
of TTR, causing thermodynamic instability and inducing
conformational changes. The dissociation of TTR tetramers
into monomers, followed by monomer misfolding, produces
fibrils that aggregate and deposit on tissues as amyloid®
Autopsy studies found TTR amyloid deposited in almost
every tissue, but the most affected are peripheral nerves,
heart, gastrointestinal tract, kidneys, eyes and central
nervous system*-?% The TTR amyloid deposit causes tissue
damage by direct compression, obstruction, local blood
circulation failure and enhanced oxidative stress. In the
peripheral nerves, the disease affects first autonomic and
small sensory fibers, causing axonal degeneration, followed
by large sensory and motor fibers'.

Genetic aspects

The inheritance of ATTR-FAP is autosomal dominant
with variable penetrance. The 77R gene is located in the
chromosome 18q11.2-12%. Maternal inheritance seems to
have higher penetrance than paternal*. The most-common
mutation worldwide is a substitution of methionine for
valine in position 30 (Val30Met/p.Val50Met). Recently, in
a review of the literature of genetically-confirmed cases of
ATTR ever reported, Val30Met was observed in 48.9% of
patients, followed by Ser77Tyr in 13.9%%. At CEPARM, the
frequency of Val30Met is 91.9%%. The origin of Val30Met
mutation of Brazil and Japan was in Portugal, and Sweden
had its own origin*-*. Other mutations in the 77R gene, like
Val122Ile and Leull1Met, can cause a different phenotype of
TTR amyloidosis with predominantly cardiac dysfunction,
called TTR familial amyloid cardiomyopathy (ATTR-
FAC). This cardiac phenotype may be associated (or not)
with neuropathy”, which tends to be mild. The Vall22Ile
mutation prevalence in African Americans is 3-3.9%, with
most individuals developing late-onset cardiac amyloidosis™



Table 1. Coutinho stages of ATTR-FAPR.

Sensory and motor neuropathy limited to the lower limbs. Pain and thermal sensation severely impaired with light touch and

SEED proprioception relatively spared (sensory dissociation). Mild motor impairment. Ambulation without any gait aids.
Gait aid required. Neuropathy progress to upper limbs and trunk. Amyotrophy in upper and lower limbs.

Stage Il : .
Moderate motor impairment.

Stage lll  Terminal stage, bedridden or wheelchair bound. Severe sensory, motor and autonomic neuropathy in all limbs.

%1 The origin of the Val122Ile mutation was in West Africa. A
few patients with Vall22Ile mutations have been identified
in Brazil®. This is likely to be due to the African ancestry
present in Brazil and there are most likely several groups of
unidentified patients with this mutation in Brazil.

Clinical characteristics of ATTR-FAP

Age of onset

The onset of ATTR-FAP varies from the second to the
ninth decade of life, with a variable age of onset in different
populations. Based on the age of symptom onset, ATTR-FAP
patients can be divided into early onset (< 50 years old) and late
onset (= 50 years old). In endemic countries, excluding Sweden,
the majority of patients have an early onset, with a mean age
of onset between 30-33 years*>*. In nonendemic regions, late-
onset patients predominate, and most of them have a non-
Val30Met mutation and no family history of ATTR-FAP3*,

Sensorimotor and autonomic findings

Since the original description by Corino de Andrade,
ATTR-FAP has been known as a length-dependent
polyneuropathy with a predilection for involvement of small
sensory and autonomic fibers®. The disease usually starts
with pain and paresthesias in the feet, associated with
distal lower limb pain and thermal sensory loss followed by
light touch loss and ankle hypo/areflexia. Other common
initial symptoms are weight loss, impotence, diarrhea/
constipation, orthostatic intolerance/hypotension, and/
or dry eyes and mouth. Usually, patients start with motor
symptoms after a two-year history of sensation loss, and
four to five years after symptom onset, sensory symptoms
start in the hands. Amyloid focal deposition in the wrists
frequently causes bilateral carpal tunnel syndrome and,
rarely, other focal neuropathies may occur'. Untreated cases
inexorably progress to severe motor, sensory and autonomic
impairment, cachexia, imbalance, gait disturbances and
limb ulcerations. Death occurs approximately 10 years after
symptom onset in untreated patients®** .

The classical ATTR-FAP phenotype or “Portuguese”’
phenotype is characterized by a small fiber-predominant
neuropathy, with sensory dissociation, early prominent
autonomic involvement, and a positive family history. This
is the most common phenotype in early-onset patients,
especially from Brazil, Portugal and Japan** ¥. Late-
onset patients more frequently have other phenotypes,

Table 2. Peripheral neuropathy disability score.

|.Sensory disturbances but preserved walking capacity
(no motor impairment)

II. Difficulties in walking but without the need for a walking stick
Illa. One stick or one crutch required for walking
Illb. Two sticks, two crutches or a walker required for walking

|V. Patient confined to a wheelchair or bed

characterized by pan-modality sensory loss, mild autonomic
features, severe cardiac involvement, and no family
history* 3+ % 41 This latter phenotype predominates in
patients from nonendemic areas" **. At CEPARM, 26% of
the patients have a late onset and these patients have more
severe sensorimotor loss and cardiac dysfunction than
early-onset patients (MVP and MWC, unpublished data).
Also, ATTR-FAP has atypical phenotypes, and can present
as an ataxic neuropathy, upper-limb predominant multiple
mononeuropathies and motor predominant neuropathy*.
Coutinho et al.? in a classical manuscript, described the
largest series of ATTR-FAP and classified the disease into
three stages. This is known as the Coutinho stages of ATTR-
FAP (Table 1). Another classification frequently used is the
modified peripheral neuropathy disability score' (Table 2).

Cardiomyopathy

Cardiomyopathy occurs in the late stages of early-onset
Val30Met patients, but early in late-onset Val30Met and several
non-Val30Met mutations. It is the main clinical picture of ATTR-
FAC¥. Hereditary ATTR cardiomyopathy is characterized
by bundle branch, atrioventricular and/or sinoatrial blocks
and increased thickness of ventricular walls, especially in the
interventricular septum. The accumulation of amyloid in the
heart can lead to restrictive cardiomyopathy and heart failure.
Most patients need a pacemaker during the course of the
disease™. In the Brazilian population, the most common cardiac
abnormalities are nonspecific ventricular repolarizations,
ventricular conduction disturbances, atrial tachycardia, valve
thickening and increased myocardium echogenicity®.

Eyes

Vitreous opacity, glaucoma, ocular amyloid angiopathy
and dry eyes are common and occur in most of the patients
during the course of the disease™.
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Renal

Renal disturbances are variable in ATTR-FAP, and pro-
teinuria seems to be the first finding. Patients can progress
to nephritic or nephrotic syndrome and renal failure. It is
estimated that one third of Portuguese ATTR-FAP patients
develop nephrotic syndrome and renal failure”.

Central Nervous System

Stroke and TTA-like episodes, aura-like and epileptic seizures
are possible long-term complications of ATTR-FAD, especially in
patients treated by liver transplant. It seems to occur because
of amyloid cerebral angiopathy, often after 15 years of disease®.

Diagnosis

Diagnosis of ATTR-FAP is challenging. It is important
to improve neurologists’ awareness of ATTR-FAP, to reduce
the long delay in diagnosis. In Brazil, the mean time from
symptom onset to diagnosis is 5.9 years®. Also, after clinical
suspicion, pathologic confirmation of amyloid deposits and
genetic diagnosis are highly recommended.

Symptoms and signs

The clinical picture of ATTR-FAP is not unique. It is very
important for the clinician to know the red flags for the sus-
picion of ATTR-FAP, and to consider biopsy and genotyping.
In patients with progressive undetermined sensorimotor
polyneuropathy, one or more of the following features should
raise the suspicion of ATTR-FAP™:

1) Family history of neuropathy;

2) Orthostatic hypotension;

3) Sexual dysfunction (erectile dysfunction);

4) Unexplained weight loss;

5) Arrhythmias, conduction blocks, cardiac hypertrophy
and cardiomyopathy;

6) Bilateral carpal tunnel syndrome;

7) Renal abnormalities (proteinuria or azotemia);

8) Vitreous opacities;

9) Gastrointestinal complaints (chronic diarrhea, con-
stipation or diarrhea/constipation);

10) Rapid progression; and

11) Prior treatment failure.

Tissue biopsy

Confirmation of amyloid deposition via tissue biopsy
is recommended but not mandatory. Labial salivary gland,
peripheral nerve, and abdominal subcutaneous fat are usu-
ally the sites of choice. Other tissues can be biopsied, like rec-
tum, carpal flexor retinaculum, skin or endo/myocardium™.
In Brazil, the preferred sites are the labial salivary gland
(Figure 1) and peripheral nerve (Figure 2)*. It is important to
note that a negative biopsy does not exclude the diagnosis of
ATTR-FAP. If the suspicion is still high, another tissue biopsy
and genotyping need to be planned. On nerve biopsy, amyloid
deposits are scattered in the endoneurium and around blood
vessels and have a round, amorphous, and orange appear-
ance on Congo red staining, with characteristic apple-green
birefringence under polarized light* (Figure 2). The sensitiv-
ity of labial salivary gland biopsy in ATTR-FAP patients with

Figure 1. Salivary gland biopsy. A. Amorphous eosinophilic material deposition around some acini and stroma on H&E staining. B.
Apple-green birefringence under polarized light on Congo red staining. High power (200x).

Arqg Neuropsiquiatr. 2018;76(9):609-621
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Figure 2. A. Amyloid material deposition in a vessel wall (left) and in the adjacent endoneurial space on Congo red staining (sural
nerve biopsy). B. The section A under polarized light shows the amyloid material birefringence appearing here as apple-green and
golden-yellow colors. C. Electropherogram of TTR gene shows the ¢.148G>A(Val30Met) mutation. D. Semithin section stained with
Toluidine Blue shows axonal loss. F. Normal sural nerve for comparison with D. E. Percentage histograms of the myelinic fibers
seen in D demonstrate the predominance of thin myelinated fiber (7 um or less diameter) loss in comparison with the normal
histogram represented in G. Scale bars = 50 ym. Images A-E are from the same patient specimens.
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Val30Met mutation is high, and varies between 75-91%°>%. In
our review of the literature, despite salivary gland biopsy, we
did not find any other good quality pathology study designed
to evaluate the sensitivity of tissue biopsy for the diagnosis of
amyloid in ATTR-FAP. Also, to identify whether the amyloid
deposit comprises TTR, TTR immunolabeling can be per-
formed, but it does not differentiate mutated from wild-type
TTR. Mass spectrometry-based proteomics of the amyloid
deposit can identify the misfolded protein, and even differen-
tiate mutated from wild-type TTR™.

Tissue confirmation helps management of selective
cases, especially in oligosymptomatic TTR mutation carriers
with normal/borderline neurological examination and/or
neurophysiological tests. Recently, soluble non-native TTR
oligomers were identified using peptide probes in plasma of
patients with ATTR-FAP. These non-native oligomers were
also present in patients with early-stages of the disease,
and were significantly decreased after tafamidis treatment,
and were not found after liver transplant and in ATTR-FAC.
Perhaps, in the near future, this blood test will help confirm
the disease in oligosymptomatic ATTR-FAP carriers and be
able to monitor response to treatment®.

Genetic test

Genetic confirmation of a TTR mutation is mandatory
for the diagnosis of ATTR-FAP. Based on the Brazilian
experience, different genetic tests can be performed for the
specific diagnosis. In families with a known mutation, direct
genetic tests for that mutation should be performed. Patients
with an unknown mutation or no family history must have
TTR gene full sequencing for identification of the mutation
and description of new mutations'®'. It is important to note
that whole-exome or whole-genome sequencing can provide
false negative results.

Differential diagnosis

Toxic, metabolic, inflammatory, infectious, and other
inherited neuropathies ruled out.
inflammatory demyelinating polyradiculoneuropathy (CIDP)

must be Chronic

is a common misdiagnosis, especially in late-onset patients
without a family history; ATTR-FAP rarely causes proximal
and distal weakness (which is very common in CIDP) and sel-
dom fulfills the European Federation of Neurological Societies/
Peripheral Nerve Society nerve conduction criteria for CIDP*%.
Immunoglobulin light chain amyloidosis is another important
differential of ATTR-FAP. Serum and urine immunofixation help
to differentiate these disorders, but ATTR-FAP patients may
also have monoclonal gammopathy and this is not unusual in
late-onset cases. Mass spectometry-based proteomics of the
amyloid deposit can differentiate which type of misfolded pro-
tein is deposited on tissues, and DNA analyses should always be
requested in ATTR-FAP-suspected cases™ (Table 3).

Management

Transthyretin familial amyloid polyneuropathy is a com-
plex multi-organ disease that requires comprehensive multi-
disciplinary care. Symptomatic treatment should be pro-
vided to every patient, as a huge number of patients do not
have access to anti-amyloid therapy, especially in Brazil. This
symptomatic treatment will not be addressed in this review,
and can be found in other good reviews'**. Neurologists, car-
diologists, internists, nephrologists, ophthalmologists, nutri-
tionists, nurses and physical therapists need to work together
to improve patient care and quality of life. International guide-
lines encourage countries to create amyloidosis referral cen-
ters, building a national and international network for collab-
oration and exchange of experiences and information about

new therapies and clinical trials' .

Disease modifying treatments

Liver transplant

The liver produces virtually all the TTR circulating in the
blood (98%), and it was thought that a liver replacement in
ATTR-FAP stopping mutated TTR production would also stop
amyloid deposition. Liver transplant emerged as a potential
cure for the disease®®. The first orthotopic liver transplant in
ATTR-FAP was carried out in Stockholm, Sweden, in 1990%.

Table 3. Differential diagnosis of transthyretin familial amyloid polyneuropathy.

Differential diagnosis

Clues for the differential diagnosis

Diabetic neuropathy

Chronic inflammatory demyelinating
polyradiculoneuropathy

Leprosy

Toxic neuropathies
Fabry
Charcot-Marie-Tooth

Hereditary sensory and autonomic
neuropathies

Immunoglobulin light-chain amyloidosis

Poor glycemic control and mild motor involvement

Proximal and distal weakness and non-uniform demyelination

on nerve conduction studies

Multiple mononeuropathies/asymmetric neuropathy, typical skin lesions
Bortezomib, thalidomide, vincristine, alcohol abuse
Angiokeratomas, stroke, and alpha-galactosidase A deficiency

Mild sensation loss and no autonomic involvement

No or mild motor involvement

Monoclonal gammopathy in the serum and/or urine, abnormal kappa/lambda ratio, mass-

spectrometry, bone marrow biopsy

Arg Neuropsiquiatr. 2018;76(9):609-621



In South America, the first liver transplant performed for this
purpose was in Sdo Paulo, Brazil, in 1993%. The first series of
orthotopic liver transplants showed a decrease in the amy-
loid load and improvement of symptoms in some patients.
This suggested that the procedures were successful, and the
cure for this fatal disease was finally achieved®. However, sub-
sequent studies showed that the results were not good in old
patients, those who were malnourished, with advanced dis-
ease and/or had non-Val30Met mutations® % Also, cardiomy-
opathy continued to progress in several patients, probably by
wild-type TTR amyloid deposition® .

Bittencourt et al.® published the first Brazilian series of
orthotopic liver transplants in 24 ATTR-FAP Val30Met patients
who were studied from 1993 to 1999. The mean survival rate
after one and five years was 70% and 58%, respectively, and
independent factors for survival were disease duration and
serum albumin levels®. After 20 years of liver transplant expe-
rience for the treatment of ATTR-FAP, 2,127 liver transplants
have been done in 1,940 patients in 77 centers in 19 coun-
tries, according to the Familial Amyloid Polyneuropathy World
Transplant Registry. The survival rate was 55.8%, and indepen-
dentrisk factors for good prognosis were: early-onset, Val30Met
mutation, modified body mass index before transplant, and a
short disease duration®. However, a liver transplant does not
interfere with eye and central nervous system amyloid deposi-
tion, as the retina and the choroid plexus continue secreting
mutated TTR* . Since the development of TTR stabilizers,
liver transplant rates are decreasing around the globe®. The
combination of liver transplant and TTR stabilizers has never
been well studied, and although it theoretically seems a good
treatment option, clinical trials addressing this question are
needed. The role of liver transplant in this new era of ATTR-
FAP treatment is yet to be defined.

TTR stabilizers
Tafamidis

Tafamidis binds with selectivity, high affinity and nega-
tive cooperativity to wild-type or mutated TTR, increasing

TTR stability and impeding TTR dissociation, the rate-limit-
ing step of amyloid formation® (Figure 3). A tafamidis Phase
I1/111 trial, FX-005, evaluated the efficacy and safety of tafami-
dis (20 mg once daily) in an 18-month randomized, double-
blind, international multicenter, placebo-controlled trial that
enrolled 128 patients. The primary outcome measures were a
Neuropathy Impairment Score of the Lower Limbs (NIS-LL)
response to treatment (responders were defined as having a
< 2 points increase in the NIS-LL) and a Least-Square mean
change from baseline in the Norfolk QOL-DN at 18 months.
Secondary outcome measures were composite scores of large
and small fiber function and the modified body mass index.
Primary efficacy endpoints were analyzed in the intention-
to-treat (all patients randomized) population and the effi-
cacy-evaluable population (population that completed the
study) that was prespecified, assuming a dropout of patients
for liver transplant, as many of them were on the transplant
waiting list. The greater proportion of patients in the tafami-
dis group was NIS-LL responders, who had better quality
of life. In the intention-to-treat analysis, the difference was
not statistically significant for NIS-LL responders (45.3% vs.
29.5%; p = 0.068) or for the treatment group differences in
the Least-Square Norfolk QOL-DN (-5.2-point difference, p =
0.116). However, the efficacy-evaluable analysis showed sig-
nificantly more NIS-LL responders (60.0% vs 38.1%, p = 0.041)
and a significantly better quality of life in the tafamidis group
(Least-Square Norfolk QOL-DN -8.8-point difference, p =
0.045). Analysis of secondary outcome measures showed that
tafamidis reduced the deterioration of neurological functions
and improved the nutritional status of the patients’.

This trial faced a higher than anticipated dropout rate
due to liver transplants (21% observed vs. 10% estimated),
equally distributed in both arms. The choice of patients who
underwent a liver transplant as non-responders influenced
the analyses of NIS-LL in the intention-to-treat population,
possibly under-powering the effect on the NIS-LL progres-
sion. In spite of the limitation to demonstrating statistical
significance in primary outcomes, the totality of the results

Tafamadis-bound Folded Misfolded
Free tetramer Aggregates
tetramer monomer monomer
oooo Spherical
o O Amorphous
S — — — 00
iﬂ*—;\\( ligand rate-limiting monomer aggregation
%/« dissociation tetramer misfolding
Z dissociation

V9 o

Functional TTR structures

W Fibrillar

TTR structures linked to pathology

Figure 3. Tafamidis and TTR amyloid cascade. This figure is modeled after a figure published in Johnson, S.M.; Connelly, S.; Fearns,

C.;Powers, ET.; Kelly, JW.J. Mol. Biol. 2012 421, 185-203.
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demonstrated the potential of tafamidis to slow neurologic
deterioration and maintain nutritional status®.

After completion of FX005, all 91 patients were invited
to the open label phase of the study, FX006, and 86 were
enrolled to receive 20 mg of tafamidis gid for 12 months. This
study showed that the benefits of tafamidis were sustained
for 30 months. In addition, patients who were in the placebo
arm even after starting tafamidis progressed faster com-
pared to patients who were in the first trial treatment group,
and early initiation of tafamidis was associated with a bet-
ter outcome®. Tafamidis provided long-term (up to six years)
delay in neurological deterioration and nutritional status in
Val30Met patients®, which again seemed to be greater when
it was started in the early stages of the disease™.

In addition, the study Fx1A303 showed that tafamidis
was also effective in stabilizing serum TTR in non-Val30Met
patients”. Tafamidis did not slow disease progression in
an open label trial in late-onset ATTR-FAP with advanced
disease™. Recently, a post hoc multifaceted analysis of the
intention-to-treat population in the pivotal trial provided
further support for the benefits of tafamidis in delaying
disease progression in ATTR-FAP™. There is strong evidence
that the drug is safe, has good tolerability and few side
effects (diarrhea and urinary infection). Recently, tafamidis
was approved by Brazil's Health Agency (ANVISA) for the
treatment of ATTR-FAP. The benefit of tafamidis in amyloid
cardiomyopathy is being studied in an ongoing ATTR-FAC
trial that will have results in 2018.

Diflunisal

Diflunisal is an NSAID, developed more than 30 years
ago, that non-selectively stabilizes TTR™. The diflunisal
Phase II/IIl trial was a 24-month randomized, double-
blind, international multicenter, placebo-controlled trial
that enrolled 130 patients with Val30Met and non-Val30Met
mutations, enrolling patients in all Coutinho stages. The
primary end points were stabilization on the Neuropathy
Impairment Score plus seven neurophysiological tests
(NIS+7). After two years, diflunisal had reduced the disease
progression with a good tolerability profile. The dropout
rate was 50% in the placebo group and 25% in the treatment
group. Most of the patients dropped out because of disease
progression, liver transplant, and side effects’. Although
the study did not show high rates of side effects in the
diflunisal group, there is a big concern about the long-term
complications of this NSAID in the kidneys, heart and
gastrointestinal tract'. A retrospective analysis of diflunisal
off-label use showed that 57% of the patients discontinued
therapy, mostly because of gastrointestinal disorders™. Also,
it is important to note that patients with renal dysfunction
were excluded from the diflunisal trial®, and that diflunisal
has not been approved for the treatment of ATTR-FAP by any
health agency (off-label use only).

Arg Neuropsiquiatr. 2018;76(9):609-621

TTR gene silencing

Inotersen

Inotersen is an anti-sense oligonucleotide that binds to
TTR messenger RNA (mRNA) impeding transcription by
inducing its cleavage (Figure 4). Animal and human studies
have shown a robust suppression (> 80%) in TTR serum lev-
els’7". The Phase 3 Study IONIS-TTR Rx was a randomized,
double-blind, international multicenter placebo-controlled
trial, with weekly subcutaneous injections of the study
drug'. Primary end-points were modified NIS+7__ and
Norfolk QOL-DN. A total of 172 patients (112 in the inot-
ersen group and 60 in the placebo group) were included,
and 139 (81%) completed the trial. For NIS+7__ the least-
squares mean change from baseline to week 66 between
the two groups (inotersen minus placebo) was -19.7
points (p<0.001) and for the Norfolk QOL-DN -11.7 points
(p<0.001). There were five deaths in the inotersen group
and none in the placebo group. The most common serious
adverse events in the inotersen group were glomerulone-
phritis (3 patients) and thrombocytopenia (3 patients), with
one death associated with one case of severe thrombocy-
topenia. The other deaths in the inotersen group were due
to cachexia (2), intestinal perforation (1) and congestive
heart failure (1). Inotersen slowed the course of neurologic
disease and improved quality of life in patients with ATTR-
FAP. Recently, inotersen was approved by the European
Medicines agency for treatment of patients with ATTR-FAP.

Patisiran

Patisiran is a small interfering RNA that binds to specific
coding regions of TTR mRNA suppressing TTR production
(Figure 5). Preliminary studies showed that patisiran inhib-
ited more than 80% of TTR production™. A Phase II open
label extension studied 29 patients with intravenous infusion
every three weeks, and found that the optimal dose was 0.3
mg/kg, and there was potent TTR knockdown, with no dif-
ference between mutation or current use or not of TTR sta-
bilizers. Minor-to-moderate infusion side effects were seen in
a few patients and no one had an increase of liver enzymes®.
After 24 months of this open-label extension, patients had a
mean 6.7-point decrease in NIS+7 Alnylan (n = 24) and a signifi-
cant increase in sweat gland nerve fiber density in the dis-
tal leg (n = 17; p = 0.007)*". The APOLLO Phase 3 study was
a randomized, double-blind, international multicenter pla-
cebo-controlled trial, with intravenous infusion of the study
drug every three weeks'. The primary end-point was modi-
fied NIS+7, . . A total of 225 patients were randomized (148
to the patisiran group and 77 to the placebo group). The least-
squares mean change from baseline to 18 months between
groups (patisiran minus placebo) for NIS+7, =~ was - 34.0
(p<0.001) and for Norfolk QOL-DN was 22.1 (p<0.001).
Approximately 20% of the patients who received patisiran
and 10% of those who received placebo had mild or moderate
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Figure 4. Inotersen proposed mechanism of action.

infusion-related reactions; the frequency and types of adverse
events were similar in the two groups. Death occurred in 7
patients in the patisiran group and six patients in the pla-
cebo group. In this trial, patisiran improved numerous clin-
ical manifestations of ATTR-FAP. Recently, patisiran was
approved by the United States Food and Drug Administration
agency for treatment of patients with ATTR-FAP.

Emerging drugs

Clearance of amyloid deposits

There are huge expectations with these drugs as other
treatments only reduce or halt progression of ATTR-FAP, and
these drugs may improve symptoms and signs by amyloid
removal from tissues. There is promising animal data with
the combination of doxycycline and tauroursodeoxycholic
acid® and there are ongoing clinical trials trying to extend
these good results to humans® %. Another two studies are
evaluating monoclonal antibodies that specifically bind to
deposited amyloid, producing a local inflammatory response
and amyloid removal from tissues®®.

CONCLUSIONS

We hope this set of recommendations made by Brazilian
neurologists will foster knowledge about ATTR-FAP and
include this as an important differential diagnosis of progres-
sive polyneuropathies, especially when patients have one or
more of the red flags presented above. It is, therefore, very
likely (and actually seen in our daily practices) that a con-
siderable (yet unknown) number of ATTR-FAP patients are
being treated as leprosy, CIDP or other diagnoses. With the

Cell Membrane
v

development of new therapies, approval of tafamidis by the
Brazilian Health Agency (ANVISA), and long-standing liver
transplant experience, early diagnosis is even more impor-
tant, and we aim to shorten the delay to diagnosis and

treatment.
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