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Abstract: Orthotopic liver transplantation (OLT) was the first treatment able to modify the
natural course of hereditary transthyretin (ATTRv) amyloidosis, which is a rare and fatal
disorder caused by the accumulation of misfolded transthyretin (TTR) variants in different
organs and tissues and which leads to a progressive and multisystem dysfunction. Because
the liver is the main source of TTR, OLT dramatically reduces the production of the pathogenic
TTR variant, which should prevent amyloid formation and halt disease progression. However,
amyloidosis progression may occur after OLT due to wild-type TTR deposition, especially

in the nerves and heart. In this review, we discuss the disease features influencing OLT
outcomes and the clinical manifestations of ATTRv amyloidosis progression post-OLT to
improve our understanding of disease worsening after OLT and optimize the follow-up and
clinical management of these patients. By conducting a literature review on the PubMed
database, we identified patient characteristics that have been associated with worse post-OLT
outcomes, including late-onset V50M and non-V50M variants, age >40years, long disease
duration, advanced neuropathy and autonomic dysfunction, and malnutrition. Regarding
post-OLT mortality, deaths occurring within the first year after OLT were mainly associated
with fatal graft complications and infectious diseases, whereas cardiovascular-related deaths
usually occurred later. Considering the diverse clinical manifestations of ATTRv amyloidosis
progression post-OLT, including worsening neuropathy and/or cardiomyopathy, autonomic
dysfunction, and oculoleptomeningeal involvement, we present advice on the most relevant
tests for assessing disease progression post-OLT. Finally, we discuss the use of new therapies
based on TTR stabilizers and TTR mRNA silencers for the treatment of ATTRv amyloidosis
patients post-OLT.
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Introduction

Hereditary amyloid transthyretin (ATTRv) amy-
loidosis is an inherited, progressive, and life-
threatening disease caused by mutations in the
transthyretin (77R) gene. The resulting misfolded

TTR proteins form aggregates that are deposited
in different organs and tissues, causing their pro-
gressive dysfunction.! If left untreated, the aver-
age duration of survival from disease onset is
approximately 10years.!-*
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More than 120 TTR pathogenic variants have
been reported to cause ATTRv amyloidosis.®>
Most are associated with a neurological phenotype
or a mixed phenotype with neurological and car-
diac involvement, although certain 77TR variants
can present with a predominantly cardiac pheno-
type.*> The predominant genotype, Val50Met
(V50M), is responsible for ATTRv amyloidosis in
endemic foci,! where it is typically associated with
early-onset disease (age<<50years), small-fiber
neuropathy, and frequent autonomic symptoms,
including sweating disorders, gastrointestinal and
urinary tract disorders, orthostatic hypotension,
and sexual dysfunction.® In contrast, in non-
endemic areas, patients with the V50M variant
usually have late-onset disease (age=50years)
with more severe motor neuropathy and milder
autonomic dysfunction than early-onset V50M
patients.:%% Along with late-onset V50M,
some non-V50M variants, such as Ile127Val,
Thr80Ala, and Ser97Tyr, have been associated
with increased disease severity and lower life
expectancy.’

The first treatment for ATTRv amyloidosis was
orthotopic liver transplantation (OLT), which
was considered the gold standard since it was
introduced in the 1990s until the approval of
pharmacological agents capable of modifying dis-
ease progression. Because 95% of TTR protein is
produced in the liver, OLT aims to prevent amy-
loid formation and halt disease progression by
replacing the main source of pathogenic TTR
with an organ that produces wild-type TTR.8
Globally, more than 2000 ATTRv amyloidosis
patients have undergone OLT,® with approxi-
mately half of them from Portugal, the country
with the largest endemic cohort of early-onset
V50M patients.! Although the procedure
improves survival in patients with ATTRv amy-
loidosis,®- 1! the clinical benefit depends on patient
characteristics, and OLT sometimes fails to stop
subsequent disease progression due to the contin-
ued deposition of wild-type TTR in the nerves
and heart.1:%11 Consequently, a better under-
standing of disease progression after OLT is cru-
cial to identify the particular needs of these
patients and to facilitate the development of a
specific strategy to monitor them and improve
their clinical management.

In this publication, we review the disease features
influencing OLT outcomes and the clinical mani-
festations of disease progression post-OLT and

present advice on the follow-up and management
of ATTRv amyloidosis patients who undergo
OLT based on the literature and our experience
with these patients.

Methods

In November 2021, key opinion leaders on
ATTRv amyloidosis met to discuss the current
strategies for evaluating disease progression in
ATTRv amyloidosis patients who undergo OLT.

A literature review was performed using the
PubMed database with no time limit and with the
following search terms: hereditary transthyretin
amyloidosis, ATTRv, hATTR, transthyretin
familial amyloid polyneuropathy, transthyretin
amyloid neuropathy, liver transplant, or treat-
ment. The main objective of the literature search
was to assess outcome data of liver transplanta-
tion in ATTRv amyloidosis patients and to iden-
tify the reported clinical manifestations of disease
progression after surgery. To this end, the data
were obtained from reviews and original research
articles related to these topics; clinical case reports
were not included in the analysis.

Based on the published data and the clinical expe-
rience of the key opinion leaders, this publication
aims to guide the follow-up and management of
patients with ATTRv amyloidosis after OLT.

Results

Profile of patients with ATTRv amyloidosis
undergoing liver transplantation

Several reports concerning the effects of OLT on
ATTRv amyloidosis describe a worse outcome
of this procedure in patients with late-onset
V50M and non-V50M variants.?10-13 Thus,
patients with the early-onset V50M variant are
the most common candidates for OLT. Ideally,
OLT should be performed at early disease stages
to provide a greater clinical benefit.3° According
to the published data, disease duration from
onset to OLT ranges from 2 to 5years on aver-
age.?10-13 Because OLT does not usually reverse
the existing neuropathy and organ impairment,!»°
an early intervention is required to avoid the
development of severe symptoms and provide
patients with an acceptable quality of life. In this
regard, the main challenges are diagnostic delays
due to the multisystemic and nonspecific clinical
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manifestations of the disease, its rarity, and pro-
longed waiting times until OLT. With the advent
of novel therapies based on TTR stabilizers and
TTR mRNA silencers, another relevant chal-
lenge in the near future may be the risk of delay-
ing OLT in patients with disease progression
despite specific treatment.

Peri-transplant and long-term morbidity and
mortality in patients with ATTRv amyloidosis
post-OLT

Patients’ status at the time of OLT largely influ-
ences their survival. In particular, malnutrition
and a longer disease duration before OLT have
been associated with elevated mortality.!4
Importantly, previous studies reported that mor-
tality risk increases by 11—17% per year of disease
progression before OLT,3!! which reinforces the
need for early intervention.

Although some studies failed to establish a corre-
lation between neurological dysfunction and
post-OLT survival,!415 severe sensorimotor neu-
ropathy and autonomic dysfunction have been
associated with elevated post-OLT mortality.!2 In
addition, late-onset disease has been associated
with progressive cardiomyopathy and higher post-
OLT mortality, especially in males.%16

Perioperative complications within the 90-day
post-OLT period include bleeding, bile leak, bile
duct strictures, renal dysfunction, thrombosis
(including hepatic artery thrombosis), graft fail-
ure, arrhythmia, and infections.!?

Deaths occurring within the first year post-OLT
have been mainly associated with fatal graft com-
plications, which include hepatic failure, hemor-
rhagic shock, and mesenteric ischemia, and
infectious diseases, including opportunistic infec-
tions.!8 In contrast, deaths related to cardiovascu-
lar diseases, which are the leading cause of
mortality post-OLT and mainly comprise heart
failure and sudden cardiac death (probably due to
continued deposition of wild-type TTR in the
heart), and strokes (which are probably caused by
the deposition of variant TTR produced in the
choroid plexus), occur later than those associated
with graft rejection or infection!® (Table 1). These
results are consistent with the clinical outcomes
of 42 patients who underwent OLT at Bellvitge

Table 1. Main causes of early and late deaths
in ATTRv amyloidosis patients after liver
transplantation.'®

Late deaths
(>1year post-OLT)

Early deaths
(<1year post-OLT)

Graft complications Heart failure

Liver failure Sudden death

Hemorrhagic shock Stroke

Mesenteric ischemia End-stage amyloidosis

Infectious diseases

ATTRv, Hereditary amyloid transthyretin; OLT, orthotopic
liver transplantation.

University Hospital, Barcelona, Spain, from

January 1997 to August 2019 (Table 2).

Factors associated with better OLT outcomes in
ATTRv amyloidosis patients

Previous analyses of the long-term outcomes of
ATTRv amyloidosis patients proved that OLT
has a major survival benefit.3%20 Indeed, more
than 50% of ATTRv amyloidosis patients have a
20-year post-OLT survival rate,!! which is a sig-
nificant improvement compared with the natural
course of the disease. However, OLT outcomes
highly depend on the TTR variant and disease
characteristics. For instance, the 5-year post-
OLT survival rate has been reported to be approx-
imately 100% for V50M patients and 59% for
non-ATTR V50M patients.® In addition, the
clinical outcome of OLT was found to be espe-
cially favorable in early-onset V50M patients
compared with late-onset V50M patients!011
(Table 3).

Timely interventions at early disease stages, that
is, in the absence of pronounced symptoms of
neuropathy, autonomic dysfunction, and/or car-
diomyopathy, are associated with better progno-
sis and are the main recommendation to ensure
patients’ quality of life.!%14 In addition, better
OLT outcomes are observed when patients
undergo surgery within the first 7 years of disease
onset and still have good nutritional status, with a
modified body mass index (mBMI) =600kg/
m?2-g/1.%1421 (Table 3).
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Table 2. Characteristics and clinical outcomes of Table 2. (Continued)
patients who underwent OLT at Bellvitge University
Hospital from January 1997 to August 2019. General status
General status Survival
Age lyears) 43.2+ 14,019 10-year survival 33(78.6)
20-year survival 25 (59.5)
Sex
Men 22 (52.4) Values are mean = s_tandard doewatlon and (median) or
number of observations and (%).
Women 20 (47.6) ATTRYy, hereditary amyloid transthyretin.
TTR variant
p-VoOM 39192.9) Table 3. Factors influencing the clinical outcome of
V112l 2(4.8) liver transplantation in ATTRv amyloidosis patients.
0.E89K 1(2.4) Good prognosis Poor prognosis
Length of stay (days) <40years old >40vyears old
Intensive care unit 46+ 773 V50M mutation Non-V50M mutation
Overall 17.0 + 23.010 Early-onset disease Late-onset disease
Post-OLT complications Mild (short-duration) More severe (long-
disease duration) disease
Infection 25 (59.5)
(mBMI) =600kg/m?-g/L  (mBMI) <600kg/m2g/L
Blood vessel involvement 3(7.1)
mBMI, modified body mass index.
Gallbladder impairment 3(7.1)
Graft rejection 8(19.0)
Finally, age is another factor to be considered
Second OLT 5(11.9] before OLT. In this regard, patients who undergo
Cause surgery before 40years of age show better out-
comes than those who undergo the OLT later?!
Primary nonfunction 2 (4.8) (Table 3).
Ischemic cholangitis 1(2.4)
Liver disease 2(4.8) Progression of ATTRv amyloidosis post-OLT
Although OLT results in rapid clearance of the
Deaths 15 (35.7)

pathogenic TTR variant from circulation, there
Cause of death are several reports of disease progression due to
the incorporation of wild-type TTR into preexist-

Ll eamleaian 1(24) ing amyloid deposits.1:%22:23 Indeed, worsening

ATTRv amyloidosis progression 5 (11.9) cardiomyopathy and progressive sensprimotor
polyneuropathy and cachexia are the main causes

Hemorrhagic stroke 3(7.1) of death after the first post-OLT year.!8

Sudden cardiac death 2 (4.8)

Continued wild-type TTR deposition after OLT
Bacterial infection 1(2.4) can affect different organs and tissues, including
the kidneys and nerves,2%25 but it preferentially
occurs in the heart.2* Because cardiac amyloid is
New onset neoplasm 1(2.4) more prone to wild-type TTR accumulation, pro-
gressive post-OLT cardiomyopathy mostly affects
patients with previous cardiac involvement, that
[Continued]  is, patients with late-onset V5SOM and non-V50M

Graft rejection 1(2.4)

Liver disease 1(2.4)
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variants associated with preexisting cardiac TTR
deposits.1%:23 However, it can also affect patients
with early-onset V50M.26 Interestingly, the amy-
loid fibrils of these patients comprise a mixture of
full-length and truncated TTR (type A), whereas
only full-length TTR (type B) is found in the
fibrils of early-onset V50M patients with a pre-
dominantly neurological phenotype.10-22:27 Wild-
type TTR is more easily incorporated into type A
fibrils than into type B fibrils, which explains the
increased susceptibility of type A patients to post-
OLT progressive cardiomyopathy.%10:23:28

Symptoms of disease progression following OLT
Because the extrahepatic sources of TTR — the
retina and choroid plexus — hardly contribute to
the circulating TTR pool, abnormal protein levels
are dramatically reduced in the blood after
OLT.?® As a result, some patients experience
improved survival and quality of life but, unfortu-
nately, other patients have worse outcomes.!%:2°
Although OLT is of less benefit in patients with
non-V50M variants, neuropathy and/or cardio-
myopathy progression can occur even in V50M
patients,26,29,30

Progressive cardiac amyloidosis after OLT is a
major concern because the continued deposition
of wild-type TTR can develop as restrictive car-
diomyopathy in both non-V50M and V50M
patients.2426,29:31 In addition, a substantial per-
centage of post-OLT ATTRv amyloidosis
patients experience a worsening of peripheral and
autonomic nerve symptoms, with the progression
of the sensorimotor deficit and autonomic neu-
ropathy, including gastrointestinal symptoms,
bladder dysfunction, and life-threatening arrhyth-
mias.1%25%29 Moreover, as in other patients who
have undergone liver transplantation, renal func-
tion often deteriorates in ATTRv amyloidosis
patients after OLT .32 However, a beneficial effect
of OLT on kidney amyloidosis has been observed
in some patients3? and, although continued wild-
type TTR deposition in the glomeruli may cause
kidney damage,2* the toxic effects of the immuno-
suppressive treatment may also contribute to
renal dysfunction.32

Ocular and cerebral manifestations due to oculo-
leptomeningeal amyloidosis are other important
aspects of disease progression post-OLT. Because
OLT has no impact on the production of variant
TTR in the eye and choroid plexus, ocular and

leptomeningeal amyloidosis continues due to the
deposition of locally produced variant TTR.29:33
Although tonic—clonic seizures and transient focal
neurological episodes have been related to cere-
bral amyloid angiopathy in post-OLT patients,3435
severe ocular manifestations include vitreous
opacities and glaucoma.3® Importantly, the fre-
quency of the latter has increased due to the
improved survival of post-OLT patients, and it
affects over 40% of patients who have undergone
OLT after a disease duration of five or more
years.36

Use of specific drugs for ATTRv amyloidosis

in post-OLT patients

Currently, TTR stabilizers and TTR mRNA
silencers are approved for the treatment of
ATTRv amyloidosis.3” Several case reports on the
use of the TTR stabilizer tafamidis in post-OLT
patients with neurological deterioration showed
diverse outcomes that depended on the TTR vari-
ant but no safety issues.!9:3%3% In a post-OLT
V50M patient with progressive sensorimotor pol-
yneuropathy and oculoleptomeningeal manifesta-
tions, the drug was able to halt clinical
deterioration during an 18-month follow-up
period.?® However, a post-OLT patient with the
Glu74Gly variant and another with the Leu78Arg
variant experienced a continued worsening of
sensorimotor neuropathy despite tafamidis treat-
ment, although the drug stabilized the symptoms
of autonomic dysfunction in the latter.19:3°
Interestingly, the Glu74Gly patient improved
after switching from tafamidis to patisiran,!® a
small interfering RNA that targets 77R mRNA
transcripts and prevents TTR synthesis in the
liver.#0 The positive effects of patisiran in post-
OLT patients were further confirmed by a phase
IIIb trial that included ATTRv amyloidosis
patients with disease progression post-OLT. The
12-month safety and efficacy results of this study
demonstrated that patisiran improved neuropa-
thy, quality of life, autonomic dysfunction, and
nutritional status from baseline and was well tol-
erated.*! Although long-term follow-up data are
still needed, the results of this study, which is the
first clinical trial of a pharmaceutical agent for
ATTRv amyloidosis in post-OLT patients, are
consistent with those observed in the clinical tri-
als of patisiran in non-transplant ATTRv amyloi-
dosis patients*-#2-44 and therefore support the
ability of patisiran to also halt the progression of
ATTRv amyloidosis symptoms in post-OLT
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patients. Notably, patisiran was not associated
with hepatotoxicity or allograft rejection and was
well tolerated despite the use of immunosuppres-
sants.*! Another study describing the experience
with inotersen, an antisense oligonucleotide that
binds to liver TTR mRNAs and represses transla-
tion,*> reported some benefits of the drug in sta-
bilizing neuropathic symptoms post-OLT, but a
high rate of adverse events.46

Discussion

Because disease progression can occur after OLT
regardless of the TTR variant, post-OLT ATTRv
amyloidosis patients should be closely monitored.
The following are our recommendations for the
optimal follow-up and clinical management of
these patients, considering the diverse outcomes
of OLT reviewed above and their special
requirements.

Currently, with the available pharmacological
treatments for AT TR amyloidosis, OLT has been
relegated to a second-line treatment. In many
countries where all treatments (stabilizers and
gene silencers) are available, OLT is now rarely
used. However, some factors, such as patient
preferences, the need for another organ trans-
plant (i.e. heart), local pharmacological access,
and, more uncommonly, failure of all previous
first-line treatments, keep OLT a treatment
option for ATTRv amyloidosis.

Prior to OLT, the baseline for the follow-up
assessments should be established to have a refer-
ence value for successive post-OLT evaluations.
These evaluations should include the same tests
and investigations as those used to monitor dis-
ease progression in non-transplanted ATTRv
amyloidosis patients, along with functional evalu-
ation of the transplanted liver by the liver trans-
plant unit.

Periodic follow-up assessments should be per-
formed by a multidisciplinary team to cover the
wide range of manifestations of disease progres-
sion due to the continued deposition of wild-type
TTR after OLT. Special attention should be
given to progressive cardiomyopathy after OLT
because cardiac events, primarily heart failure,
and sudden cardiac death have been reported to
be the leading causes of mortality in post-OLT
ATTRv amyloidosis patients.!8

The criteria to define disease progression in post-
OLT patients should be comparable to those
applied to non-transplanted patients. In this
regard, the levels of changes in the clinical indica-
tors proposed by Conceigdo et al. to identify sig-
nificant disease progression?’ could be used to
determine the need for an additional therapeutic
intervention in post-OLT patients (Table 4).

A proposed algorithm for the follow-up of ATTRv
amyloidosis post-OLT is depicted in Table 5. A
general assessment should be performed every
6 months and evaluate orthostatic hypotension,
mBMI, polyneuropathy disability (PND) score,
and Coutinho stage, along with laboratory tests
for assessing liver function, immunosuppression
status, and circulating levels of cardiac biomark-
ers, including N-terminal pro-B-type natriuretic
peptide (NT-proBNP) and troponin. Because
kidney function often declines after liver trans-
plantation, laboratory tests should also analyze
the serum creatinine levels, glomerular filtration
rate, and urinary microalbumin to evaluate renal
function.

The cardiovascular function should be monitored
annually by echocardiography, although closer
monitoring by electrocardiography every 6 months
is recommended, particularly in patients with
progressive post-OLT disease. Further assess-
ment of cardiac morphology and function by car-
diac magnetic resonance imaging (MRI) and
nuclear scintigraphy is also useful for evaluating
the progression of cardiac amyloidosis*® and
should be performed annually in the presence of
cardiac impairment.

Because some post-OLT patients experience a
worsening of peripheral and autonomic nerve
symptoms,!2:25:2° annual follow-up of post-OLT
patients should combine several tests and investi-
gations for evaluating neurological function,
including the Neuropathy Impairment Score
(NIS), a composite score of polyneuropathy that
correlates with disease progression,*® and neuro-
physiological tests. The latter should comprise
nerve conduction studies in post-OLT patients
with large-fiber polyneuropathy or small-fiber
tests, such as the Sudoscan®, the quantitative
sudomotor axon reflex test, Thermotest, and
sympathetic skin response, in the absence of
large-fiber damage. Regarding autonomic mani-
festations, reduced heart rate variability and
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Table 4. Criteria for defining normal and potential changes in the disease course in diagnosed and treated patients with ATTRv
amyloidosis, as proposed by Conceicao et al.4’

Test/investigation Frequency Quantitative measures of Qualitative Typical rate of Signs of disease
disease assessment of progression expected progression more
disease with effective than expected with
treatment treatment
Patient-reported Every 6months  Positive neuropathic symptoms  Patient Improvement or Worsening by at

symptoms

Neurological
evaluation

Neurophysiology ~ Annually

Heart
in a stable
patient

Every 6 months

Every 6 months

(pain, paresthesia)
1. Mild

2. Moderate

3. Severe

Negative neuropathic symptoms

(sensory loss)

1. Mild

2. Moderate

3. Severe

Gastrointestinal symptoms

1. Constipation/diarrhea <2x/
week

2. Constipation/diarrhea >2x/
week

3. Constipation/diarrhea >3x/
week

4. Diarrhea every day

5. Nausea and vomiting

Genitourinary symptoms

1. Urinary retention

2. Effort urinary incontinence

3. Permanent urinary
incontinence

Sexual dysfunction

1. Mild

2. Moderate

Orthostatic hypotension

1. Asymptomatic

2. Dizziness with orthostatism

3. Syncope with orthostatism

Total NIS
PND score

Nerve conduction studies
CMAP

(ulnar + peroneal) + SNAP
(ulnar + sural) Sudomotor
assessment by Sudoscan sum
score (ESC feet + ESC hands)

ECG/Holter (every 6 months
when dysfunction is present)
ECHO

6MWT

NT-proBNP level

Troponin level

questionnaires:
Norfolk QoL-DN
FAP-RODS
COMPASS-31
PSMS

Katz ADL index
Barthel ADL index
Findings from
consultation
Observations from
patients

N/A

N/A

Echocardiographic
features

stabilization

Stabilization

<50% decrease

in amplitude from
baseline per year
<25% decrease in ESC

Decrease in NT-
proBNP Increase in
6MWT walked distance
Disappearance of
transmitral restrictive
filling pattern
Disappearance/
reduction of
pericardial effusion

least one stage of
quantitative measure

Increase >10 points
Increase in PND score

>50% decrease

in amplitude from
baseline (composite
motor and sensory
score) per year

>25% decrease in
ESC (summed score of
feet + hands)

Increase in NT-
proBNP=30% and
=300ng/L

Decrease in 6MWT
distance

Appearance of
transmitral restrictive
filling pattern
Appearance/increase of
pericardial effusion

(Continued)]
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Table 4. (Continued)

Test/investigation Frequency

Quantitative measures of
disease

Qualitative
assessment of
disease

Typical rate of
progression expected
with effective
treatment

Signs of disease
progression more
than expected with
treatment

Kidney

Eye

Proteinuria, albuminuria/

N/A

Improvement or

Proteinuria in

microalbuminuria levels
Creatinine clearance

Intraocular pressure

Vitreous opacities classification
Corneal fiber length on confocal
microscopy

deposits

Ocular amyloid N/A

stabilization the nephrotic

range (>3.5g/day,
predominantly albumin)
Decrease in GFR>50%
from baseline

NB: A decline in
creatinine clearance
with anincrease in BUN
indicates significant
disease progression

Significant elevation of
intraocular pressure
>20% and/or 5mmHg
Progression by one
stage (modified

Koga classification)
(irrespective of time)

6MWT, 6-minute walk test; ADLs, activities of daily living; BUN, blood urea nitrogen; CMAP, compound muscle action potential; ECG,
electrocardiography; ECHO, echocardiography; ESC, electrochemical skin conductance; FAP-RODS, Familial Amyloid Polyneuropathy Specific Rasch-
Built Overall Disability Scale; Norfolk QoL-DN, Norfolk Quality of Life-Diabetic Neuropathy; NIS, Neuropathy Impairment Score; NT-proBNP, N-terminal
pro-brain natriuretic peptide; PSMS, Physical Self-Maintenance Scale; PND, Polyneuropathy Disability; SNAP, sensory nerve action potential.

variations in blood pressure due to orthostatic
hypotension are indicative of cardiac autonomic
dysfunction,%31 whereas a reduction in the
mBMI can be related to gastrointestinal symp-
toms affecting nutritional status.’? In addition,
clinical questionnaires such as the Norfolk Quality
of Life-Diabetic Neuropathy (Norfolk QoL-DN)
and the Small-Fiber Neuropathy-Symptom
Inventory Questionnaire (SFN-SIQ) should be
performed annually to evaluate neuropathy pro-
gression, while the Composite Autonomic
Symptom Score 31 (COMPASS-31) can be used
to further understand the progression of auto-
nomic symptoms.>3

Because OLT does not stop the production of
variant TTR in the eye and choroid plexus, ocular
and leptomeningeal manifestations can occur in
post-OLT patients.2%33 Thus, ophthalmological
assessments should also be performed annually to
identify ocular complications, whereas head MRI
is required on suspicion of central nervous system
involvement.

Despite the limited experience concerning the
use of TTR stabilizers and TTR mRNA silencers
to treat disease progression after OLT, current

evidence suggests that post-OLT ATTRv amy-
loidosis patients could benefit from these novel
therapies. In particular, a phase IIIb clinical trial
to evaluate the safety and efficacy of patisiran in
patients with worsening amyloidosis after OLT
suggests that patisiran treatment should be able
to halt post-OLT disease progression without
causing additional safety issues,*! which is con-
sistent with our personal experience. Patisiran is
the pharmacological agent that has thus far
shown the greatest potential for the management
of post-OLT amyloidosis progression. Therefore,
evidence suggests that patisiran could be consid-
ered the treatment of choice in ATTRv amyloi-
dosis patients with disease progression after
OLT. However, no specific treatment is yet
available for oculoleptomeningeal involvement,
which often occurs in ATTRv amyloidosis
patients after OLT, with symptomatic treatment
as the only therapeutic alternative. Tafamidis is
the only approved treatment for ATTRv amyloi-
dosis that can cross the blood-brain barrier, but
the concentration is much lower than in the
blood, leading to non-stabilized TTR tetramers
in the cerebrospinal fluid.5* Notably, tolcapone
can cross the blood—brain barrier more efficiently
and stabilize TTR variants,>> suggesting that this
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Table 5. Proposed follow-up strategy for ATTRv amyloidosis patients who have undergone liver

transplantation.

Type of assessment Test/investigation

Frequency

mBMI

Orthostatic hypotension
PND score

Coutinho stage

General

NIS

Norfolk QoL-DN
COMPASS-31
SFN/SIQ

Neurological

Head MRI

ECG
Troponin
NT-proBNP

Cardiac

Cardiac MRI
Heart scintigraphy

ECHO

Ophthalmological

Laboratory Hemogram
GFR

Proteinuria

Every 6 months

Annually

When central nervous system
involvement is suspected

Every 6 months

At least once if cardiac
involvement is suspected

Annually or every other year
at the physician’s discretion

Annually

Every 6 months

Hepatobiliary biochemical profile
Immunosuppressive drug levels*

Neurophysiological Known large-fiber PNP

No large-fiber PNP**

Liver imaging Abdominal ultrasound*

EMG Annually

Sudoscan
QST

RR interval
Thermotest
SSR

Annually

“Specific post-OLT assessments.

A different small-fiber test can be performed depending on center experience and/or test availability.

COMPASS-31, Composite Autonomic Symptom Score 31; ECG, electrocardiography; ECHO, echocardiography; EMG,
electromyography; GFR, glomerular filtration rate; mBMI, modified body mass index; MRI, magnetic resonance imaging;
NT-proBNP, N-terminal pro-brain natriuretic peptide; NIS, Neuropathy Impairment Score; Norfolk QoL-DN, Norfolk
Quality of Life-Diabetic Neuropathy; SFN/SIQ, Small-Fiber Neuropathy-Symptoms Inventory Questionnaire; PND,
polyneuropathy disability; PNP, polyneuropathy; QST, quantitative sensory testing; SSR, sympathetic skin response.

therapeutic agent could provide a benefit in
patients with oculoleptomeningeal amyloidosis.

Conclusions

OLT was the first treatment to alter the natural
history of ATTRv amyloidosis. However, peripro-
cedural mortality and long-term comorbidities

have been major limitations. As described above,
patients may experience progressive post-OLT
neuropathy and/or cardiomyopathy. In addition,
late complications may occur, including ocular
symptoms and leptomeningeal complications.

Because post-OLT ATTR amyloidosis patients
have typically been excluded from clinical trials,
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post-OLT disease progression remains poorly
understood. To improve the follow-up and clini-
cal management of these patients, we recommend
the tests and assessments listed in Table 5. A gen-
eral evaluation, including orthostatic hypoten-
sion, mBMI, PND score, and Coutinho stage,
along with laboratory tests assessing liver and kid-
ney function, immunosuppression status, and
cardiac biomarkers, should be performed every
6 months. Because progressive cardiomyopathy is
the main cause of mortality in post-OLT ATTR
amyloidosis patients, assessment of cardiac func-
tion by ECG and echocardiography should be
performed every 6 and 12months, respectively.
In addition, annual cardiac MRI and nuclear
imaging to further assess cardiac morphology and
function are recommended in the follow-up of
post-OLT patients with cardiovascular impair-
ment. Finally, we recommend the assessment of
neuropathy progression via annual neurological
and neurophysiological tests.

In a recent study, patisiran demonstrated an
excellent safety profile and promising clinical
results in post-OLT patients, suggesting that it
could be the treatment of choice for progressive
ATTRv amyloidosis post-OLT. Tolcapone
could, in turn, be considered through extended
access for oculoleptomeningeal manifestations
because it can cross the blood-brain barrier and
stabilize TTR variants.
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