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Abstract

Purpose Transthyretin-mediated hereditary amyloidosis (hATTR amyloidosis) is a multisystemic disease with heterogene-
ous clinical presentation. Hallmarks of the disease are sensory-motor and autonomic neuropathy and cardiomyopathy. Two
disease-modifying drugs, inotersen (an antisense oligonucleotide) and patisiran (a small interfering RNA agent), were recently
approved for the treatment of hATTR polyneuropathy. We here review the results of the RNA-targeted therapy clinical trials
with special emphasis on the endpoints measuring autonomic symptoms and function.

CLINY3 9% < LLIT3

Methods Literature review. We used the terms “autonomic neuropathy”, “dysautonomia”, “autonomic symptoms”, “oligo-
nucleotides”, “inotersen” and “patisiran” in patients with hATTR amyloidosis.

Results In the NEURO-TTR (inotersen) clinical trial, the modified NIS+7 score (mNIS+7) remained stable in 36% of the
patients in the inotersen arm (defined as a change of less than 2 points), and 50% of patients had improved quality of life
(Norfolk-QOL-DN score) after 15 months. In the APOLLO patisiran trial, 74% of the patients showed stabilization of the
neuropathy, defined as a < 10 points increase on mNIS+7, and 51% of patients showed an improvement of quality of life
(Norfolk QOL-DN), favoring patisiran at 18 months. Patients on patisiran had a reduced burden of autonomic dysfunction as
measured by the COMPASS-31, and a stabilization of nutritional status, suggesting an effect on gastrointestinal autonomic
function.

Conclusions Clinical trials of inotersen and patisiran showed that these agents were able to halt the progression of the
disease, with some patients even reducing the burden of polyneuropathy, and improving qualify of life. The information on
their impact on autonomic parameters is limited, warranting further dedicated studies.
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Introduction

Transthyretin-mediated hereditary amyloidosis (hATTR
amyloidosis) is a multisystemic debilitating, progressive
and life-threatening disease, caused by the deposition of
misfolded transthyretin protein as amyloid fibrils at the
extracellular space of the somatic and autonomic peripheral
nervous system, cardiac, renal, ocular and central nervous
systems [1, 2]. Worldwide prevalence estimates indicate
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that approximately 50,000 people have been diagnosed with
hATTR amyloidosis [3].

hATTR amyloidosis is a highly heterogeneous disease
with a broad genotype—phenotype presentation that may pre-
sent with a wide range of clinical manifestations [2, 4]. The
best known phenotypes are the neuropathic and cardiac ones,
with the V30M (p.V50M) mutation being the most common
TTR variant described worldwide, comprising 73% of all
hATTR amyloidosis cases [5]. hATTR V30M amyloidosis
is mainly associated with a sensory-motor and autonomic
neuropathy, although 5% of patients also present with a pure
cardiomyopathy [5].

Sensory motor and autonomic neuropathy is the
hallmark of the early-onset hATTRV30M amyloido-
sis, although it is also reported in non-V30M hATTR
amyloidosis [6]. Autonomic symptoms included pupil-
lary, secretomotor, peripheral and cardiac vasomotor,
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gastrointestinal, urinary, and sexual dysfunction with
an important impact on disability and quality of life [7].
Dysautonomia can occur before the somatic peripheral
nerve manifestations, being one of the first signs of early-
onset V30M hATTR amyloidosis [2].

Gastrointestinal (GI) manifestations are prominent in
most cases, being one of the clinical manifestations mostly
related to the poor quality of life of these patients. [8]. GI
involvement is reported in V30M (69%) as well as in non-
V30M (56%) hATTR amyloidosis patients after 5 years of
disease duration; however, for some mutations with mainly
cardiac phenotype, the frequency of GI symptoms ranged
from only 10 to 27% [9]. Unintentional weight loss, nau-
sea, vomiting and constipation alternating with diarrhea are
common during early-stage disease, while malabsorption,
severe chronic diarrhea, severe malnutrition and cachexia
which usually occurs during late-stage disease [8]. The
pathogenesis of GI involvement is not fully understood, but
autonomic dysfunction, which seems to be related to motil-
ity disturbances [10], depletion of the enteric nerves and
endocrine cells, has also been described [11].

Cardiovascular autonomic involvement is an important
autonomic manifestation in hATTR amyloidosis attributed
to sympathetic and parasympathetic dysfunction that may
induce reduced heart rate variability (HRV) [12], impair-
ment of blood pressure regulation and orthostatic hypoten-
sion, cardiac conduction abnormalities and complex ven-
tricular arrhythmias, associated with an increased risk of
sudden death [12].

Parasympathetic dysfunction also contributes to geni-
tourinary dysfunction, starting from urinary retention with
incomplete bladder emptying and urinary urgency progress-
ing to urinary incontinence [4, 12]. Urinary retention and
recurrent urinary tract infections contribute to a significant
associated morbidity with an increased risk of urosepsis that
may be the cause of death in some patients [4]. In men,
erectile dysfunction proceeding to impotence is one of the
first findings in the course of the disease, contributing to a
significant decrease in quality of life [4].

Evaluating the autonomic function is an important issue
in hATTR amyloidosis, acknowledging an early diagnosis,
monitoring modifying disease therapeutics, and predicting
the prognosis [12, 13].

Recent studies have shown that TTR-specific oligonucleo-
tides, either small interfering RNAs (patisiran) or antisense
oligonucleotides (inotersen), can reduce TTR levels of the
mutated and wild-type, with significant clinical efficacy in
the progression of hATTR amyloid neuropathy over time
[14, 15].

In this review, we address the therapeutic value of the
recently approved RNA-targeted therapies (inotersen and
patisiran) on hATTR amyloidosis, with special emphasis
on autonomic dysfunction.
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Clinical vignette

A 47-year-old Portuguese male, with a past history of
tuberculosis and moderate alcoholic and smoking habits,
was diagnosed as hATTRV30 amyloidosis 4 years after
the first symptoms, characterized by diarrhea and unin-
tentional weight loss of 20 kg, followed 2 years later by
burning feet and sexual dysfunction. At the time of diag-
nosis, a length-dependent sensory-motor and autonomic
neuropathy was confirmed and molecular testing disclosed
a V30M TTR mutation (p.Val50Met).

At the time of diagnosis, at age 42, the patient was able
to walk unaided, but with bilateral foot drop [stage 1 of
disease, Polyneuropathy Disability Score (PNDs) 2], and
had severe diarrhea (more than 8 times/day) with noc-
turnal fecal incontinence, urinary retention with effort
incontinence, sexual dysfunction and renal involvement
with a non-nephrotic proteinuria. An autonomic cardiac
involvement was described with a 2nd degree AV block,
decreased heart rate variability, and an inverted dipper pat-
tern on ambulatory blood pressure monitoring. No amyloid
load was seen at DPD scintigraphy score and there was a
normal echocardiogram.

The disease progressed to stage 2 with PNDs 3b,
despite a TTR stabilizer treatment during 1.5 years. The
stabilizer was withdrawn and the patient was enrolled on
a double-blind clinical trial with an oligonucleotide. At
the time of inclusion, besides the sensory motor neuropa-
thy, a severe autonomic involvement was present, with
sexual impotence, severe diarrhea (more than 10 times/
day, predominantly nocturnal) with fecal incontinence, a
neurogenic bladder with recurrent urinary tract infections,
urinary incontinence and symptomatic postural hypoten-
sion with syncope.

GI manifestations improved gradually until the present,
with a significant decrease in the frequency of diarrhea
(3—4 times/day), particularly during the night period,
which resulted in a meaningful improvement in sleep
quality. Symptoms of neurogenic bladder and sexual
dysfunction remain stable. The patient experienced the
disappearance of syncope, maintaining some orthostatic
dizziness but with no need for additional symptomatic
therapy. The patient remains in stage 2 with a PNDs IIIb
after 42 months of therapy.

This case illustrates the typical clinical picture of an
early-onset hATTR V30M amyloidosis patient whose
symptomatology begins with autonomic dysfunction
with marked gastrointestinal involvement, followed by
somatic fiber dysfunction (sensory-motor neuropathy). In
this case, the diagnostic delay had a significant impact
on his functional status, conditioning a non-response to
the first disease-modifying therapy instituted, due to the
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advanced stage of the disease. Oligonucleotide therapy
allowed a significant reduction of gastrointestinal symp-
toms and stabilization of sensory-motor neuropathy, with
a significant improvement in the quality of life throughout
the treatment.

End-point measures and safety assessments
of autonomic function on clinical trials
with RNA-targeted therapies

Several tools have been used to evaluate the autonomic func-
tion in hATTR amyloidosis [12, 16], but to date there is no
consensus as to what is the ideal tool or toolkit for assessing
autonomic dysfunction. Recent clinical trials with oligonu-
cleotides used different tools to evaluate the progression of
neuropathy, including some autonomic measurements. The
different endpoint measurements used will be described
below, focusing on autonomic tools.

Modified Neuropathy Impairment Score Plus 7
(mNIS+7) assessment

The modified Neuropathy Impairment Score Plus 7
(mNIS+7) is a score composed of signs of polyneuropathy
and neurophysiological tests that has been validated as a
metric of hATTR amyloidosis disease burden and neuropa-
thy progression [17]. The score aims to represent broadly
and adequately the diversity and severity of the polyneuropa-
thy impairments, evaluating both the function of small and
large somatic fibers as well as the non-myelinated autonomic
fibers [17].

Concerning small fiber sensation, a quantitative sensory
test (QST) assessment to estimate the touch-pressure (TP)
and heat as pain (HP5) sensation loss over the surface of
the body is used, with scoring based on percentile reference
value at each time [17]. The measurement of the autonomic
function depends on the clinical trial in question: heart rate
response to deep breathing (HRDB) was used in the Neuro-
TTR (inotersen) study [17], and postural blood pressure drop
(orthostatic hypotension-OH) in the APOLLO (patisiran)
study [15, 18], with the rationale that HRDB has limitations
for patients with a pacemaker or cardiac arrhythmias.

In the Neuro-TTR trial (inotersen), progression of sen-
sory-motor and autonomic neuropathy was assessed by
the mNIS+7 total score with the maximum abnormality of
346 points. The mNIS+7 total score comprises eight com-
ponents, four belonging to the total NIS (max. abnormal-
ity = 141.4 points) while the other four are heart rate deep
breathing (3.7 points), nerve conduction tests (18.6 points),
touch—pressure sensation (40 points), and heat—pain sensa-
tion (40 points). Scoring of HRDB is expressed as normal

deviates (0-3.72) based on healthy-subject parameters, an
increase in score indicating a decline in function [14, 17].

Neuropathy progression in the APOLLO trial was
assessed by mNIS+7 score (max 304 points) with five
subcomponents: mNIS+7 motor (192 points), QST (80
points), reflexes (20 points), NCS (10 points), and postural
blood pressure BP (2 points). Scoring of the postural blood
pressure is based on grading of function: normal (< 95th
percentile) =0 points; mildly reduced (>95th—<99th per-
centile)=1 point; and very reduced (>99th percentile) =2
points [15, 18].

Norfolk Quality of Life Questionnaire diabetic
neuropathy (QOL-DN)

The Norfolk Quality of Life Questionnaire diabetic neuropa-
thy (Norfolk QOL-DN) is a 35-item patient self-reporting
questionnaire of quality of life able to capture symptoms of
both peripheral and autonomic neuropathy related to hATTR
disease severity [19]. A recent study showed that, in the
early stages of the disease, autonomic dysfunction overlaps
the interference in daily life activities due to motor or sen-
sory impairment [19].

Five domains are grouped according to small fiber, large
fiber, and autonomic nerve fiber function and symptoms and
activities of daily living. Scoring was based on one compos-
ite score (total QOL, maximum 136 points) and five sub-
domain scores: physical functioning/large fiber neuropathy
(56 points), activities of daily living (20 points), symptoms
(32 points), small fiber neuropathy (16 points), and auto-
nomic neuropathy (12 points). Autonomic function is cap-
tured according to the patient’s prompt response and classi-
fied from always (5) to never (0) on a 5-point scale. Higher
scores reflect a poorer quality of life [20]. Both trials used
the Norfolk QOL-DN as a measurement of quality of life.

Composite Autonomic Symptom Score
(COMPASS-31)

The Composite Autonomic Symptom Score (COMPASS-31)
is a self-assessment instrument of autonomic symptoms and
a function tool to assess and grade symptoms related to auto-
nomic dysfunction [21]. Validated for small fiber neuropathy
populations, it was designed to provide a global autonomic
severity score and domain scores [21].

The COMPASS-31 comprises six different autonomic
domains: three questions for orthostatic intolerance, three for
vasomotor symptoms, four for secretomotor function, twelve
for the gastrointestinal domain, three for bladder function-
ing, and five for pupillomotor function. Each question has
a weighting factor that results in a maximum impairment
score for each domain, with a total maximum impairment
of 100 points [21].
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The COMPASS-31 was only used in the APOLLO Trial
(patisiran) as a secondary exploratory endpoint to assess
autonomic involvement [15].

Nutritional status measurements

The modified BMI (mBMI) [BMI X albumin level (g/dL)]
and the body mass index (BMI) (kg/mz) are recognized
measurements of nutritional status and recognized effec-
tive tools for monitoring hATTR disease progression. They
are closely related to survival, duration of gastrointestinal
disturbances, malabsorption, and functional capacity [22].
mBMI was used as an exploratory secondary endpoint in the
APOLLO trial (patisiran) [15], and BMI was evaluated in
subgroup analyses in the Neuro-TTR (inotersen) study [14].

Effectiveness of RNA-targeted therapies
on autonomic function

Inotersen

Inotersen (Tegsedi, Akcea Therapeutics) is an antisense
oligonucleotide designed to bind to wild-type and mutant
transthyretin RNA transcripts, resulting in their degrada-
tion in the nucleus of the hepatocyte by ribonuclease H,
with subsequent reduction of the amount of mRNA avail-
able for translation. Inotersen is administered by a subcuta-
neous route once weekly. It has recently received market-
ing authorization approval from the European Medicines
Agency (EMA) for the treatment of stage 1 or stage 2 poly-
neuropathy in adult patients with hATTR amyloidosis, and
regulatory approval from the US FDA for the treatment of
the polyneuropathy of hATTR amyloidosis in adults.

These approvals were based on results from the phase II1
Neuro-TTR study in patients with hATTR amyloidosis with
polyneuropathy during 15 months [14]. Primary endpoints
of the trial were changes from baseline to week 66 in the
mNIS+7 composite score, and in the total score on the Nor-
folk QOL-DN questionnaire.

Inotersen showed a slowing of the progression of poly-
neuropathy (assessed by the mNIS+7 score) relative to
placebo, and stabilized neuropathy-related quality of life as
measured by the Norfolk QOL-DN score.

On average, patients who received inotersen had an
increase of 5.8 points (95% CI=1.6-10.0) from baseline in
the mNIS+7 [vs. 25.5 points (95% CI=20.2-30.8) with pla-
cebo] and of 1.0 point (95% CI=—3.2-5.2) in the Norfolk
QOL-DN score [vs. 12.7 points (95% CI=7.4—-17.9) with
placebo] significantly favoring inotersen by the end of the
intervention period [14].

Concerning the efficacy of treatment in the mNIS+7
component and subcomponent scores, and in the Norfolk
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QOL-DN domains, the treatment effect favors inotersen in
all domains, with a significantly smaller difference versus
placebo for the autonomic and small fiber domains [14].

In mNIS+7, the heat—pain domain showed a reduc-
tion of 3.54 points (95% Cl=—5.67-1.42) and the HRDB
subcomponent only showed a decrease of 0.1 point (95%
CI=0.33-0.12) from baseline. In the Norfolk QOL-DN, the
autonomic and small fiber domains are those with a minor
evidence of therapeutic efficacy, with a small increase of
0.12 points in the small fiber domain (95% CI=-0.95-1.19)
from baseline, and a non-significant decrease of baseline
of —0.59 points (95% Cl=-1.37-0.18) in the autonomic
domain [14]. Thirty-three (36%) of the patients, showed
no change from baseline in the inotersen arm and 50% had
improved quality of life (Norfolk QOL-DN score) after
15 months.

A subgroup analyses of BMI showed a trend in favor of
inotersen to slow weight loss (least-squares mean difference,
0.50 points; P=0.51) [14].

Patisiran

Patisiran (Onpattro, Alnylam Pharmaceuticals) is a small
interference RNA administered by intravenous infusion
every 3 weeks, targeting hepatic production of mutant
and wild-type TTR, resulting in catalytic RISC-medicated
mRNA degradation, with a substantial reduction of the
amount available for translation.

Patisiran recently received regulatory approval from the
US FDA for the treatment of the polyneuropathy of hATTR
amyloidosis in adults, and was approved by the EMA for the
treatment of hATTR amyloidosis in adults with stage 1 or
stage 2 polyneuropathy.

The APOLLO study was a phase 3 double-blind clini-
cal trial that assessed the safety and efficacy of patisiran
on patients with hATTR amyloidosis with polyneuropathy
during 18 months [15].

The primary endpoint was the change from baseline to
18 months in the mNIS+7. The quality of life (Norfolk
QOL-DN) questionnaire and the motor strength, disability
[score on the Rasch-built Overall Disability Scale (R-ODS)],
gait speed (10-m walk test), nutritional status (mBMI), and
patient-reported autonomic symptoms (Composite Auto-
nomic Symptom Score 31) were considered exploratory
secondary endpoints [15].

Seventy percent of patients on the patisiran arm
reported stable or improved neuropathy stage [odds ratio
(OR)=139.9, 95% CI=11.0-144.4 vs. placebo], and
56% of patisiran patients showed neurological improve-
ment by mNIS+7 score (OR=10.0, 95% CI=4.4-22.5
vs. placebo). The treatment effect was significant for all
subgroups and components of the mNIS+7. The sensory
domain measured by QST (small fiber function) showed
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a reduction of 13 points (95% CI=-16.3 to—9.8), and
the postural BP subcomponent showed a decrease of 0.3
points (95% CI=-0.5 to—0.1) from baseline [15].

The change from baseline in the Norfolk QOL-DN
score was significantly lower with patisiran than with pla-
cebo at 18 months, indicating better quality of life in the
drug arm. At 18 months, 51% of the patients who received
patisiran had an improvement (decrease from baseline at
18 months) in the Norfolk QOL-DN score, as compared
to 10% of those who received placebo [15]. Consist-
ent effects in favor of patisiran were noted in Norfolk
QOL-DN scores across all individual domains, namely
physical functioning/larger fiber, symptoms and auto-
nomic domains. The improvement in QOL at 18 months
in patients on patisiran was related to strength, digestive
health, ability to perform everyday activities and steadi-
ness on their feet [23].

The change from baseline in the COMPASS 31 score
was significantly lower with patisiran, with a decrease
of —5.3+ 1.3 points as compared to 2.2 + 1.9 with placebo
(least-squares mean difference, — 7.5 points; P <0.001) at
18 months, indicating less autonomic involvement.

Patients on patisiran showed a decreased of 3.7 points
of mBMI compared with a decreased of — 119.4 points
in the placebo arm (least-squares mean difference, 115.7
points; P <0.001) favoring the patisiran arm [24, 25].

The drug effectiveness extended across the sensory-
motor and autonomic domains and were consistent across
patient subgroups [15].

Safety of RNA-targeted therapies

Inotersen-related safety concerns included thrombocyto-
penia (< 140,000 cells/mm) in 54% of the patients in the
drug arm versus 13% in the placebo arm, and three cases
(3%) with glomerulonephritis. Five (4%) deaths were
reported between patients in the Neuro-TTR trial, all of
which occurred in the inotersen group; one death was
considered possibly related to the drug [14].

The frequency of adverse events was similar between
patients who received patisiran (28%) and those who
received placebo (36%), most of which were mild or
moderate in severity. Peripheral edema (30% vs. 22%)
and infusion-related reactions (19% vs. 9%) were the
adverse events that occurred more frequently with pati-
siran than with placebo [15]. The frequency of serious
adverse events was similar between groups (36% and
40%, respectively) with four serious adverse reactions
of atrioventricular heart block occurring in patients who
received patisiran. Deaths were balanced between the
patisiran (5%) and placebo (8%) arms of the study [15].

Discussion

Autonomic neuropathy is an important concern in hATTR
amyloidosis patients, particularly in early-onset V30M
patients, being non-negligible in late-onset cases or even
in other mutations associated with different phenotypes
[26]. Autonomic dysfunction has been described as mainly
responsible for the poor quality of life in patients and short
survival of hATTR amyloidosis [12]. The presented clini-
cal case illustrates the impact of autonomic involvement
on daily living activities and quality of life of a patient
with hATTRV30M early-onset amyloidosis. A significant
improvement in the quality of life with stabilization of
neuropathy and improvement of gastrointestinal manifesta-
tions was progressively reported by the patient throughout
the treatment.

Quantification and assessment of autonomic dysfunc-
tion is a challenge to any physician, due to the low sensi-
tivity of the available methods [16]. Compound scores are
needed to address a higher significance, but a standardized
approach to evaluate autonomic involvement in hATTR
amyloidosis is still an unmet need in the field.

The poor response to most of the drugs used in the
symptomatic management of autonomic and GI manifes-
tations raises the need for other therapeutic approaches, in
particular, disease-modifying therapies [27].

Stabilization of GI symptoms and improvement of
nutritional status have been reported after liver transplan-
tation [28], but not in autonomic manifestations [9]. Tafa-
midis, a TTR stabilizer, improved patient nutritional status
[29, 30], but only a few data are available on the efficacy
of the drug regarding the different autonomic domains [8,
29-31].

The therapeutic scenario in hATTR amyloidosis
changed recently with the approval of two new TTR
gene-silencing drugs, namely inotersen and patisiran.
Both drugs have shown therapeutic efficacy in all domains
of neuropathy, whether somatic or autonomic, as well in
quality of life, being consistent in all groups and TTR
mutations [14, 15].

Drug efficacy, as demonstrated by the results in the
reported clinical trials, is undeniable, although the effec-
tiveness cannot be compared directly between the two
drugs due to the use of different polyneuropathy evalua-
tion scales (mNIS+7). A good correlation between disease
stage and mNIS+7 has been shown [18].

Some measures used in mNIS+7, including HRDB
used in the Neuro-TTR (inotersen) study, have been rec-
ognized as having some limitations in assessing disease
progression, due to a ceiling effect that prevents the rec-
ognition of worsening in subsequent evaluations. HRDB
was replaced on the mNIS+7 score in the APOLLO trial
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by the measurement of postural blood pressure, with the
rationale that HRDB has limitations for patients with
pacemakers or cardiac arrhythmias. In the two scales,
HRDB or postural blood pressure have a minor weight-
ing on the total mNIS+7 score of, respectively, 3.6% and
0.7%. Regarding the efficacy of treatment in the mNIS+7
component and subcomponent scores, and in the Norfolk
QOL-DN domains, the treatment effect favors both drugs
in all domains. Consistent effects in favor of patisiran and
inotersen were noted in Norfolk QOL-DN scores across
all individual domains, namely physical functioning/larger
fiber, symptoms and autonomic domains. The improve-
ment in quallity of life at 18 months in patients on pati-
siran was related to strength, digestive health, ability to
perform everyday activities and steadiness on their feet
[23].

The nutritional status assessed by mBMI, an index of good
prognosis and improved survival, evaluated in the APOLLO
trial, demonstrated the efficacy of patisiran preserving nutri-
tional status [15, 25]. The least-squares mean difference
between the Neuro-TTR trial groups for BMi showed a trend
in favor of inotersen to slow weight loss and preserve nutri-
tional status [14].

COMPASS-31, an autonomic symptom assessment scale,
was used as a secondary endpoint in the APOLLO trial, with
results that showed a significant improvement of autonomic
symptoms in the therapeutic arm, with a significant difference
in relation to placebo [15].

Conclusions

Autonomic dysfunction and gastrointestinal involvement are
the main manifestations of the disease, responsible for poor
quality of life and survival of hATTR amyloidosis patients.
Besides the limitations presented by the different measure-
ments used, both drugs were able to demonstrate effective-
ness in halting disease progression and even offering potential
improvement in the different domains of the neuropathy and
quality of life.
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