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Abstract

Introduction Hereditary transthyretin-mediated (hATTR) amyloidosis, a genetic disease caused by mutations in the tran-
sthyretin gene, leads to progressive sensory and autonomic neuropathy and/or cardiomyopathy and is associated with renal
and ophthalmologic manifestations and a poor prognosis.

Methods This is a retrospective study based on data collected from the medical records of patients with hATTR amyloidosis
treated with patisiran between 01 July 2018 and 01 February 2021. Six Belgian neuromuscular reference centers partici-
pated, covering all patisiran-treated hATTR amyloidosis patients at the study time. This study was conducted to collect data
requested in the context of the reimbursement of patisiran in Belgium.

Results Thirty-one patients were diagnosed with hATTR amyloidosis with polyneuropathy, Coutinho stage 1 or 2, and
eligible for active treatment during the data collection period. Of the hATTR amyloidosis patients treated with patisiran
(n=12), seven and five had polyneuropathy stages 1 and 2, respectively. Six patients had cardiac symptoms (New York
Heart Association class 2 or above). Follow-up information was available for nine patients. Following patisiran treatment,
eight patients showed stable or improved assessments for most neurological or cardiological parameters. Only one patient
presented with worsening statuses at the end of the data collection period.

Conclusions The patients with hATTR amyloidosis in Belgium have similar baseline demographics and disease character-
istics to those studied in the patisiran APOLLO study and show a similar therapeutic response in the real-world, altering the
expected disease progression in most patients.
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Introduction

Hereditary transthyretin-mediated (hATTR) amyloidosis
is a rare (prevalence: 1/1,000,000 persons [1]), potentially
fatal, autosomal dominant, multisystemic disease caused
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by mutations in the transthyretin (77R) gene with as main
features a progressive sensory and autonomic motor neu-
ropathy and/or a cardiomyopathy [2-5]. Besides periph-
eral nerve disease or cardiac manifestations, patients may
also present with central nervous system, ocular, and renal
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manifestations [1, 6]. hATTR amyloidosis is caused by the
deposition of misfolded precursor protein TTR as insoluble
amyloid fibrils in multiple organs, ultimately disrupting nor-
mal tissue structure and function [7]. hATTR amyloidosis
with polyneuropathy has sensory and motor impact. Left
untreated, patients will eventually develop severe functional
limitations caused by sensory abnormalities and motor nerve
involvement, resulting in pain, weakness, and gait distur-
bance. Autonomic dysfunction causes debilitating gastro-
intestinal and cardiovascular symptoms. This progressive
morbidity results in severe disability and cachexia, leaving
patients unable to perform daily activities and making them
dependent on their surroundings, thereby also affecting their
mental health [2]. Death usually results from heart failure
with a median survival without treatment of about 10 years
for patients with polyneuropathy only [§—11]. Patients with
predominant cardiomyopathy have a median survival of
3.4 years, with the common cause of death being progres-
sive heart failure or cardiac arrhythmia [12—14].

In terms of symptoms, four stages of hATTR amyloido-
sis with polyneuropathy (Coutinho Familial Amyloid Poly-
neuropathy (FAP) stages) are distinguished [15]. Patients
with stage O disease are asymptomatic, patients with stage
1 (mild) disease are ambulatory, patients with stage 2 (mod-
erate) disease are ambulatory but require assistance and/or
have involvement of the upper limbs, and patients with stage
3 (severe) disease are bedridden or wheelchair-bound [16].

Orthotopic liver transplantation can be a treatment option
for patients in an early stage of the disease without a heart
condition but is associated with high morbidity and is lim-
ited by the lack of available organs [17]. Recently, effective
therapies have emerged outside of orthotopic liver trans-
plant that have revolutionized the management of hATTR
amyloidosis [18]. There are currently two drug treatments
available in Belgium for adult hAATTR amyloidosis patients
with polyneuropathy in stage 1 or 2: tafamidis and patisiran.
Inotersen is a third therapeutic option approved by EMA, but
not commercialized in Belgium. All treatments, including
orthotopic liver transplantation, aim at reducing the amount
of circulating amyloidogenic protein. Tafamidis, a TTR
tetramer stabilizer approved to treat adult hATTR patients
with stage 1 polyneuropathy [19], is widely used for patients
with hereditary or wild-type ATTR with cardiomyopathy.

Patisiran is an RNAI therapeutic, which contains a small
interfering RNA formulated as lipid nanoparticles to deliver
to hepatocytes, the primary source of TTR protein in the
circulation. It targets variant and wild-type TTR messenger
RNA (mRNA), resulting in a reduction in serum TTR. It
is the only available and reimbursed treatment in Belgium
targeting the underlying cause of the disease by reducing the
production of liver-derived circulating amyloidogenic TTR
[4, 20-22]. In the phase 3 APOLLO Study (a randomized,
double-blind, placebo-controlled clinical trial), patisiran
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showed significant improvement in polyneuropathy and all
secondary endpoints compared with placebo at 18 months,
in patients with hATTR amyloidosis with polyneuropathy
[20]. Noteworthy, exploratory endpoints have shown signifi-
cant improvement in cardiac structure and function. These
data show promising trends in the treatment of cardiac amy-
loidosis and will require additional clinical trials to con-
firm these findings [21]. Patisiran 0.3 mg/kg every 3 weeks
(Q3W) is now approved in more than 30 countries for the
treatment of hATTR amyloidosis in adult patients with poly-
neuropathy [23, 24]. A new RNAI therapeutic, vutrisiran,
showed promising results in clinical trials, but is not avail-
able yet in Belgium [25].

Inotersen is an antisense oligonucleotide to the TTR
3’-untranslated mRNA inhibiting hepatic TTR production
[26]. It decreases mutated and wild-type TTR levels, lead-
ing to a reduced formation of TTR amyloid fibril deposits,
slowing or halting disease progression.

We conducted a retrospective study to gather informa-
tion about the epidemiology of adult hATTR amyloidosis
patients with polyneuropathy stage 1 or 2 in Belgium, its
clinical practice in terms of treatment, the real-world use of
patisiran, and the clinical outcomes associated with patisiran
treatment. The main objectives of the study included: (1)
determination of the current number of hATTR amyloidosis
patients in Belgium, including an understanding of clinical
practice in terms of treatments as of 01 February 2021, and
(2) determination of the clinical impact of patisiran use in
adult patients with hATTR amyloidosis in a real-world set-
ting in terms of neurological and cardiac symptoms for the
period starting from 01 July 2018 to 01 February 2021.

Methods

This study was conducted to collect data requested in the
context of a convention between Alnylam Belgium and the
Belgian Health Insurance Agency (RIZIV/INAMI) for the
reimbursement of patisiran in Belgium.

Study design and participants

This study is a retrospective study based on data from the
medical records of patients with hATTR amyloidosis treated
with patisiran from 01 July 2018 to 01 February 2021.
Six out of seven Belgian neuromuscular reference centers
(NMRCs) participated in the study. These six centers include
all centers with hATTR amyloidosis patients under treatment
at the study time.

The study population included adult patients (> 18 years
old) with hATTR amyloidosis confirmed by genetic test-
ing, with polyneuropathy stage 1 or stage 2. This study did
not include asymptomatic (stage 0) or stage 3 patients or
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hATTR amyloidosis patients with only cardiomyopathy
(i.e., no polyneuropathy).

Nine patients started treatment with patisiran during an
Expanded Access Program (EAP) (Fig. 1). Three patients
started treatment with patisiran after reimbursement was
granted (01 December 2019). As those three patients have
been on treatment for less than 12 months, no follow-up
data were available. Patisiran was administered as an
80-min intravenous infusion at a 300 pg/kg dose every
3 weeks. All patients received premedication (including
corticosteroids, H1 and H2 blockers, and paracetamol) to
reduce the risk of infusion-related reactions. Vitamin A
supplementation at approximately 2500 IU vitamin A per
day is advised for patients treated with patisiran.

This study was a retrospective data survey without
patient enrolment. As per Belgian law, surveys fall out-
side clinical trial legislation (07 May 2004) and, therefore,
do not require approval by a medical ethics committee
(EC) or an Institutional Review Board. The study proto-
col and informed consent (or the approval for exemption
from consent) were provided to the participating centers'
ethics committees. In the context of a scientific survey, a
waiver for informed consent was required by the medical
ECs of all participating centers, as only aggregated data
were returned for analysis. In addition, the medical ECs of
two participating centers (UZ Leuven and UZ Gent) spe-
cifically requested the submission of an informed consent
form for approval. All patients signed informed consent.
The study was conducted per the declaration of Helsinki.
All patient data were anonymized, and data privacy was
contained during the investigation.

The study was sponsored by Alnylam and performed
according to the study protocol and Modis Life Science’s
standard operating procedures. Patient confidentiality was
ensured following the study agreement between Modis
Life Sciences and the participating sites. The detailed
study protocol can be consulted in supplementary materi-
als (SI).

Fig.1 Overview of available
data/median treatment duration
in the Belgian patisiran popula-

P

Data collection

Data recorded in patient’s medical records from 01 July 2018
to 01 February 2021was collected by qualified site personnel
using a data collection form developed by Modis Life Sci-
ences. This study is an observational survey and uses only
data collected in routine clinical practice.

Only data available at the time of the survey were
recorded. Hence, no substitution, imputation, or other cor-
rection methods were used to complete missing values.

Neurological and cardiological parameters
measured throughout the study

Neurological parameters were measured by the Polyneuropa-
thy Disability score (PND score), the Neuropathy Impair-
ment Scale-Lower Limbs (NIS-LL), an electromyogram
(EMG), the Functional Independence Measurements (FIM)
score, ACTIVLIM (the 3-level scale (impossible/difficult/
easy) or the 36-points scale) and/or the Compound Auto-
nomic Dysfunction (CADT) score. In addition, orthostatic
hypotension was measured in many patients during consulta-
tion; however, the values were not systematically collected.
Assessment of orthostatic hypotension was thus based physi-
cian clinical judgement from history data (symptoms) and
confirmatory measurements when judged appropriate.
Cardiological symptoms were assessed with the NYHA
score, an electrocardiogram (ECG), and echocardiography
measuring the left ventricular ejection fraction (LVEF).

Statistical analyses

The statistical analysis of the collected information was
descriptive and consisted of frequencies for categorical
variables and means, standard deviations, medians, and
ranges for continuous variables. No comparative statisti-
cal analysis was performed, as the small population size
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would yield results with limited relevance. Therefore, the
results consist of a descriptive presentation of the col-
lected data.

Results
Patient characteristics

At data cut-off (01 February 2021), 31 patients were diag-
nosed and followed up for hATTR amyloidosis with poly-
neuropathy stage 1 or 2 in Belgium. Of these, 4 patients
underwent a liver transplant, 22 were under active treat-
ment (with either tafamidis or patisiran), and 5 sympto-
matic patients were not under active treatment (patient
preference not to be treated or reimbursement file under
review in recently diagnosed patients). It is possible that
some of these five patients have recently been diagnosed
and could benefit from treatment in the future. A total
of 12 patients were treated with patisiran over the study
period.

Table 1 presents the baseline characteristics for continu-
ous and categorical values for all 12 patients (both EAP
and non-EAP patients) prior to treatment. The median age
was 63 years (range 32-81 years). There was an even dis-
tribution between patients with polyneuropathy FAP stage
1 (n=7) and stage 2 (n=15). Most patients treated with
patisiran were treatment naive (10 out of 12 patients). In
addition, two patients had previously been treated with
tafamidis, of which one patient also had a heart transplant.
The multisystemic nature of the disease is illustrated by
the presence of neurological and/or cardiological symp-
toms evidenced by different scales and measurements.

For the PND score, four patients had a score of 1, two
patients each had a score of 2 and 3a, respectively, and
one patient had a PND score of 3b. A median NIS-LL
score of 31.0 was reported for seven patients. An abnormal
EMG was recorded for 11 patients. A median FIM score
of 115.0 was reported for 11 patients. ACTIVLIM results
were available for seven patients. The ACTIVLIM data
collected using the 36-points scale showed one patient
each with a score of 26 and 34, respectively. Using the
three-level scale (impossible/difficult/easy), one patient
rated the required activities as easy, while four patients
rated the required activities as difficult. Orthostatic hypo-
tension occurred in half of the patients (n=6).

About half of the patients (n=6) had cardiac symptoms
with a NYHA score of 2 or above: five patients had slight
limitation of physical activity (NYHA 2), and one patient
had marked limitation of physical activity (NYHA 3). Six
patients had abnormal ECG and LVEF findings.

@ Springer

Real-world treatment use of patisiran

The mean and median treatment duration for the 12 pati-
siran-treated patients included were 551.1 days and 700 days
(range: 35-815 days). Patients received a median and mean
of 25.5 and 32 treatment cycles (range: 2—-39). The mean and
median number of missed cycles were 0.3 and O (range 0-1).
Temporary discontinuations were recorded for four patients,
corresponding to one dose missed for each discontinuation.
The single permanently discontinued patient from patisiran
treatment had died from heart failure. Overall, 98.9% of the
planned treatment cycles were administered over the total
study period.

Impact of patisiran on neurological parameters
(Table 2)

Follow-up data (Fig. 1) were only available for patients in
the EAP (9 patients), as these patients had more prolonged
treatment exposure.

Most patients (n = 8) reported stable polyneuropathy with
an unchanged FAP stage at the last time point compared
to baseline (Table 2). Only one of the nine patients pre-
sented a worsening in the FAP stage recorded at the end
of the data collection period. The PND score and the NIS
score were only reported for four patients at the last meas-
urement. One patient reported improvement in PND score,
and three reported stabilization. The NIS score was stable
in two patients and improved in two patients. Compared to
baseline, the FIM score remained stable for six patients,
improved for two patients, and worsened in one patient.
Fewer patients reported orthostatic hypotension after the
start of the treatment (n=2). At the last measurement, seven
patients reported a stable status and two an improved status.
EMG data improved or remained stable compared to base-
line in all nine patients. No conclusions can be made for the
ACTIVLIM score, and the CADT score, as insufficient data
were available at the last measurement.

Impact of patisiran on cardiological parameters
(Table 2)

Follow-up data (Fig. 1) were only available for patients in
the EAP (9 patients), as these patients had more prolonged
treatment exposure.

The NYHA score improved in one patient, was stable for
seven patients, and worsened in one patient. ECG readings
and the echocardiography status (LVEF) from all patients
were stable at the last measurement. The mean LVEF
increased over time from 57.5% at baseline to 63.5% at the
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Table 1 The baseline characteristics for continuous and categorical values for all 12 patients (both EAP patients and non-EAP patients) prior to

treatment

Baseline Characteristics

EAP patients
N=9)

Non-EAP patients
(N=3)

Total (EAP and
non-EAP patients)
N=12

Age (median, range), years

Weight (median, range), kg

82.0 (45.0-110.0)

66.0 (65.4-70.0)

63 (32-81)
73.7 (45.0-110.0)

Neurological parameters

FAP (n, %) N=9 N=3 N=12
Stage 1 6 (67) 1(33) 7 (58)
Stage 2 3(33) 2(67) 5(42)

PND (n, %) N=7 N=2 N=9
1 4 (44) - 4 (33)

2 2(22) - 2(17)
3a 1(11) 1(33) 2(17)
3b 0(0) 1(33) 1(3)

NIS-LL N=5 N=2 N=7
Median (range) 31.0 (6-58) 30 (3-56) 31.0 (3-58)
Mean (SD) 27.0 (21.42) 29.5 (37.48) 27.7 (23.16)

EMG (n, %)* N=9 N=3 N=12
Normal 1(11) - 1(8)
abnormal 8 (89) 3 (100) 11 (92)

FIM Score N=9 N=2 N=11
Median (range) 121.0 (92-126) 98 (85-110) 115.0 (85-126)
Mean (SD) 116.3 (11.0) 97.5 (17.68) 112.9 (13.64)

ACTIVLIM (n, %) 3 point scale (easy/difficult/impossible) N=5 N=2 N=7
Easy (1,11) - (1, 8)
Difficult (3,33) (1,33) 4,33)
Other scale (36 point scale) Median (n, %) 34 (1,11) 26 (1, 33) 30 (2, 16)

CADT N=3 N=2 N=5
Median (range) 15.0 (9-18) 12 (11-13) 13.0 (9-18)
Mean (SD) 14.0 (4.58) 12.0 (1.41) 13.2 (3.49)

Orthostatic hypotension N=9 N=3 N=12
Yes (n, %) 4 (44) 2(67) 6 (50)

No (n, %) 5(56) 1(33) 6 (50)

Cardiological parameters

NYHA score (n, %) N=9 N=2 N=11
1 5(56) 5(42)

2 3(33) 2 (67) 5(42)
3 1(33) 1(8)

ECG* (n, %) N=9 N=3 N=12
Normal 5(56) 1(33) 6 (50)
Abnormal 4 (44) 2(67) 6 (50)

Echocardiography—-LVEF N=9 N=3 N=12
Median (range) 60.0 (40-61) 50.0 (45-78) -

Mean (SD) 54.0 (9.57) 57.7 (17.84) -
Normal (n, %) 6 (67) - 6 (50)
Abnormal (n, %) 3(33) 3 (100) 6 (50)

CADT compound autonomic dysfunction, EAP early access program, ECG electrocardiogram, EMG electromyogram, FAP familial amyloid
polyneuropathy, FIM functional independence measurements, LVEF left ventricular ejection fraction, NIS neuropathy impairment score, NYHA
New York heart association, PND Polyneuropathy Disability

*® .« .
Based on physician assessment
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Table 2 Overview of neurological and cardiological parameters at baseline and at the last measurement compared of patients who started treat-
ment with patisiran during the EAP (N=9)

Baseline Last measurement
Neurological parameters Neurological parameters
FAP -n (%) N=9 FAP-n (%) N=9
1 6 (67) Improved (vs baseline) 00
2 3(33) Stable (vs baseline) 8 (89)
Worsened (vs baseline) 1(11)
PND -n (%) N=7 PND -1 (%) N=4
1 4 (44) Improved (vs baseline) 1(11)
2 2 (22) Stable (vs baseline) 3(33)
3a 1(11) Worsened (vs baseline) 0(0)
3b 0(0)
NIS-LL -n (%) N=5 NIS-LL-7 (%) N=4
Median/mean NIS-LL-scale (min/max) 31.0/27.0 (6/58) Median/mean difference in NIS-LL scale — 1/— 1.5 (— 5/0)
vs baseline (min/max)
Improved (vs baseline) 2(22)
Stable (vs baseline) 2(22)
Worsened (vs baseline) 00
EMG* —n (%) N=9 EMG* —n (%) N=9
Normal 1(11) Improved or stable (vs baseline) 9 (100)
Abnormal 8 (89) Worsened (vs baseline) 0(0)
FIM score N=9 FIM score N=9
Median/mean FIM score (min/max) 121.0/116.3 (92/126) Median/mean difference in FIM score vs  0.0/0.8 (— 8/14)
baseline (min/max)
Improved (vs baseline) 2(22)
Stable (vs baseline) 6 (67)
Worsened (vs baseline) 1(11)
Orthostatic hypotension* —n (%) N=9 Orthostatic hypotension*-n (%) N=9
Yes 4 (44) Improved (vs baseline) 2(22)
No 5 (56) Stable (vs baseline) 7 (78)
Worsened (vs baseline) 0(0)
Cardiologic parameters Cardiologic parameters
NYHA score —n (%) N=9 NYHA score-n (%) N=9
1 5(56) Improved (vs baseline) 1(11)
2 3 (33) Stable (vs baseline) 7 (78)
3 111D Worsened (vs baseline) 1(11)
ECG* —n (%) N=9 ECG*-n (%) N=9
Normal 5 (56) Improved (vs baseline) 0(0)
Abnormal 4 (44) Stable (vs baseline) 9 (100)
Worsened (vs baseline) 0 (0)
Echocardiography—Median/mean % LVEF (min/  60.0/54.0 (40/61) (N=9) Echocardiography—Median/mean differ-  5.0/9.5 (— 5/37)
max) ence in % LVEF (min/max) (N=9)
Normal 6 (67) Improved (vs baseline) 0 (0)
Abnormal 3(33) Stable (vs baseline) 9 (100)
Worsened (vs baseline) 0 (0)

EAP expanded access program, ECG electrocardiogram, FAP familial amyloid polyneuropathy, FIM functional independence measurements,
LVEF left ventricular ejection fraction, NIS-LL neuropathy impairment score in lower limbs, NYHA New York heart association, PND polyneu-
ropathy disability

“Based on physician assessment

@ Springer



Acta Neurologica Belgica

last measurement. The mean increase in LVEF was 9.5% at
the last measurement compared to baseline.

Discussion

This retrospective study was conducted to gather informa-
tion about the epidemiology of adult hATTR amyloidosis
patients with polyneuropathy, stage 1 or 2, in Belgium and
its clinical practice in terms of treatment use and the real-
world use of patisiran and the clinical outcomes associated
with it. As reported in this study, the evaluation of differ-
ent neurological and cardiological parameters is in line with
recent recommendations for a multisystem approach to best
capture the course of the disease [27]. The study shows that
the efficacy of patisiran, as reported in the initial pivotal
clinical trials [4, 20, 21], is confirmed in real-world clinical
practice over a median period of 663 days (564—790) since
treatment initiation.

In Belgium, 31 patients with hATTR amyloidosis with
polyneuropathy stage 1 or 2 were followed in the NMRCs
who had hATTR amyloidosis patients under treatment at the
time of the study who participated in this study (6 out of 7
expert centers). Considering all NMRCs, this would result
in an estimated prevalence of 2.68 per million persons in
Belgium. This estimated prevalence is consistent with the
non-endemic prevalence observed in EU countries [28, 29].

The patients with hATTR amyloidosis polyneuropathy
in Belgium have similar baseline demographics and dis-
ease characteristics to those studied in the pivotal patisiran
APOLLO study [20]. Patients are evenly distributed between
polyneuropathy stages 1 and 2. About half of the patients
had cardiac symptoms, with a NYHA score of 2 or above
(50% NYHA 2 in APOLLO3 and 42% NYHA 2 or above in
this retrospective study).

Following patisiran treatment, most Belgian patients
(n=28) reported stable or improved assessments for most of
the neurological and cardiological parameters, with only a
few individual cases with worsening statuses (for FIM, and
NYHA scores) recorded at the end of the data collection
period. These findings are consistent with those reported in
the APOLLO Phase 3 trial and to a similar extent are also in
line with the HELIOS-A Phase 3 trial assessing the efficacy
of vutrisiran in hATTR patients with polyneuropathy [20,
30]. Cardiac involvement was not reported for all patients
(both in the retrospective study and in the phase 3 APOLLO
study), and no deterioration in LVEF was reported in the
patients with cardiac dysfunction.

During the study, one patient discontinued treatment
due to heart failure and was probably treated too late in his
disease course. This observation reflects the recent recom-
mendations on monitoring symptomatic hATTR amyloidosis

patients, indicating that early intervention is key to achieve
better patient outcomes [27].

This study has several limitations, such as a small popula-
tion sample preventing analytic statistical analyses, a limited
follow-up period, incomplete data for specific parameters,
the lack of Quality-of-Life data and some cardiac param-
eters (echo, biomarkers, etc.). Due to its retrospective
nature, we could not collect all the planned information as
not all parameters are routinely collected in standard prac-
tice. Prospective data collection initiatives in line with new
guidelines described by Adams et al. 2021 [27] can further
increase the insights on hATTR amyloidosis patients treated
with patisiran in real-world clinical practice.

Conclusions

Treatment with patisiran in a cohort of adult Belgian patients
with hATTR amyloidosis with polyneuropathy, stages 1 and
2, resulted in clinical stabilization or slight improvement
of the polyneuropathy with unchanged FAP stage for many
of the patients at the last time point compared to baseline,
as well as a stabilization of the cardiac function (assessed
by NYHA score, ECG and LVEF) in most of the patients.
This observation is unlike the expected clinical deterioration
seen in natural history control studies of untreated patients
with this often-devastating disease. Patient characteristics
were akin to those included in the APOLLO trial. Thus, we
conclude that the efficacy of patisiran in Belgian real-world
clinical practice is generally consistent with results reported
in the clinical trials.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s13760-023-02188-z.
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of the INAMI/RIZIV commission for metabolic diseases (Pompe and
Fabry), consulting member for the Belgian Society of Medical Oncol-
ogy (BSMO) concerning neurologic complication of immunotherapies
(2018-2021).

Ethical approval According to Belgian law, this retrospective data sur-
vey without patient enrolment does not require approval by a medical
EC or an Institutional Review Board. In the context of a scientific
survey, a waiver for informed consent was required by the medical
ECs of all participating centers, as only aggregated data were returned
for analysis.

Informed consent Informed consent was obtained from all individual
participants included in the study.
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