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ARTICLE

Quality of life outcomes in APOLLO, the phase 3 trial of the RNAi therapeutic
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Hartmut H.-J. Schmidtf, Matthias Schillingg, Taro Yamashitah, C�eline Labeyriei, Thomas H. Brannagan IIIj,
Senda Ajroud-Drissk, Peter Gorevicl, Arnt V. Kristenm , Jaclyn Franklinn�, Jihong Chenn,
Marianne T. Sweetsern, Jing Jing Wangn and David Adamsi
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London, UK; fMedical Clinic for Gastroenterology and Hepatology, University of M€unster, M€unster, Germany; gDepartment of Neurology,
Institute of Translational Neurology, University Hospital M€unster, M€unster, Germany; hDepartment of Neurology, Kumamoto University,
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Columbia University Medical Center, New York, NY, USA; kDepartment of Neurology, Feinberg School of Medicine, Northwestern University,
Chicago, IL, USA; lDepartment of Medicine, Mount Sinai Medical Center, New York, NY, USA; mDepartment of Cardiology, University of
Heidelberg, Heidelberg, Germany; nAlnylam Pharmaceuticals, Cambridge, MA, USA

ABSTRACT
Introduction: Hereditary transthyretin-mediated (hATTR) amyloidosis is a rare, fatal, multisystem dis-
ease leading to deteriorating quality of life (QOL). The impact of patisiran on QOL in patients with
hATTR amyloidosis with polyneuropathy from the phase 3 APOLLO study (NCT01960348) is evaluated.
Methods: Patients received either patisiran 0.3mg/kg (n¼ 148) or placebo (n¼ 77) intravenously once
every threeweeks for 18months. Multiple measures were used to assess varying aspects of QOL.
Results: At 18months, compared with placebo, patisiran improved Norfolk Quality of Life-Diabetic
Neuropathy (Norfolk QOL-DN) score; (least squares [LS] mean difference: �21.1; p¼ 1.10� 10�10;
improved across all domains), EuroQoL 5-dimensions 5-levels (LS mean difference: 0.2; p¼ 1.4� 10�12),
EuroQoL-visual analog scale (LS mean difference: 9.5; p¼.0004), Rasch-built Overall Disability Scale (LS
mean difference: 9.0; p¼ 4.07� 10�16) and Composite Autonomic Symptom Score-31(COMPASS-31; LS
mean difference: �7.5; p¼.0008). Placebo-treated patients experienced rapid QOL deterioration; treat-
ment effects for patisiran were observed as early as 9 months. At 18months, patisiran improved
Norfolk QOL-DN total score and three individual domains as well as COMPASS-31 total scores relative
to baseline. Consistent benefits were also observed in the cardiac subpopulation.
Conclusion: The benefits of patisiran across all QOL measures and the rapid deterioration observed
with placebo, highlight the urgency in early treatment for patients with hATTR amyloidosis with
polyneuropathy.

Abbreviations: ADL: activities of daily living; ATTR: transthyretin-mediated; CI: confidence interval;
COMPASS-31: Composite Autonomic Symptom Score-31; EQ-5D-5L: EuroQoL 5-dimensions 5-levels; EQ-
VAS: EuroQoL-visual analogue scale; FAP: familial amyloid polyneuropathy; GI: gastrointestinal; hATTR:
hereditary transthyretin-mediated; LS: least squares; NIS: Neuropathy Impairment Score; Norfolk QOL-
DN: Norfolk Quality of Life-Diabetic Neuropathy; PND: polyneuropathy disability; QOL: quality of life; R-
ODS: Rasch-built Overall Disability Scale; RNAi: RNA interference; SD: standard deviation; SEM: standard
error of the mean; THAOS: Transthyretin Amyloidosis Outcomes Survey; TTR: transthyretin
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Introduction

Hereditary transthyretin-mediated (hATTR) amyloidosis,
also known as ATTRv amyloidosis, is a rare, inherited, pro-
gressively debilitating and fatal disease caused by mutations
in the transthyretin (TTR) gene [1–8]. This multisystem

disease has a range of manifestations, which includes per-
ipheral sensory/motor neuropathy, autonomic neuropathy
and/or cardiomyopathy [2–4,9,10]; the majority of patients
develop a mixed phenotype with both polyneuropathy and
cardiomyopathy [11–14]. Predominant symptomatology can
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differ between patients, even among those with the same
mutation, however, each mutation has been associated with
multisystem involvement [12]. Initial presentation of
hATTR amyloidosis commonly includes neuropathy, gastro-
intestinal (GI) disturbances and/or other autonomic dys-
function with little impairment of mobility (familial amyloid
polyneuropathy [FAP] stage 1; polyneuropathy disability
[PND] score I and II). With worsening disease, patients
experience increasing motor weakness, loss of touch and
temperature sensation, and reduced mobility resulting in the
need for a walking device (e.g. a cane) (FAP stage 2; PND
score IIIa/IIIb). Generalized weakness, cachexia and incon-
tinence confine patients to a wheelchair or bed in the late
stages of disease (FAP stage 3; PND score IV) [15–17]. The
disease is associated with a poor prognosis, with an overall
median survival of 4.7 years following diagnosis [18] that is
further reduced to 3.4 years for patients with cardiac mani-
festations [19].

Due to the multiple organ and tissue involvement [8],
progressive increase in symptom frequency and/or severity
and worsening disability has a detrimental effect on patient
quality of life (QOL) and leads to loss of physical function.
This subsequently impacts the patients’ abilities to complete
everyday tasks, work and attend social functions. Among
the disease symptoms, neuropathy manifests as pain, sensa-
tion loss, weakness and reduced mobility, and can signifi-
cantly impair patients’ abilities to perform activities of daily
living such as buttoning a shirt or turning a key in a lock
[20]. Autonomic dysfunction leads to orthostatic intolerance
and debilitating GI symptoms that are associated with loss
of consciousness and extreme constipation and diarrhea,
respectively. Incontinence resulting from GI manifestations
and autonomic dysfunction has been shown to impede a
patient’s ability to participate in day-to-day activities
[21,22]. The presence of cardiomyopathy can result in short-
ness of breath, edema and palpitations [12,23–26], leading
to a progressive decline in physical functioning over time
and burden on the patient [27,28]. Furthermore, patient
perspective studies highlight the impact of hATTR amyloid-
osis on anxiety/depression and social interactions [21]. As a
result of the impact of disease symptoms, patients with
hATTR amyloidosis commonly have high healthcare
resource utilization and are increasingly dependent on care-
givers in their daily lives [29–31]. This multifaceted and
multisystem impairment in patients with hATTR amyloid-
osis thus severely affects physical, psychological and social
functioning, and contributes to the overall worsening in
QOL observed in these patients compared with the general
population [25,32,33].

As hATTR amyloidosis affects QOL in a multitude of
ways, many factors should be considered to understand the
full impact of this complex disease. Several clinical studies
of treatments for hATTR amyloidosis have included QOL as
a key efficacy endpoint [13,34,35], indicating the importance
of QOL in assessing the benefit of therapies for this disease.
However, there is currently no single, standardized instru-
ment that is designed to measure all aspects of QOL in
hATTR amyloidosis. To fully capture the multisystem

complexities of hATTR amyloidosis on patient lives, mul-
tiple QOL measures – the Norfolk Quality of Life-Diabetic
Neuropathy (Norfolk QOL-DN) questionnaire, EuroQoL 5-
dimensions 5-levels (EQ-5D-5L) questionnaire, EuroQoL
visual analog scale (EQ-VAS), Rasch-built Overall Disability
Scale (R-ODS) and Composite Autonomic Symptom Score-
31 (COMPASS-31) questionnaire – were examined in the
phase 3 APOLLO study of patisiran [16]. Patisiran is an
RNA interference (RNAi) therapeutic that targets hepatic
production of mutant and wild-type TTR [36,37], and has
been approved in several countries globally for the treat-
ment of hATTR amyloidosis with polyneuropathy [38,39].
The objective of this analysis was to describe the effect and
impact of patisiran on QOL in patients with hATTR amyl-
oidosis with polyneuropathy from the APOLLO study.

Materials and methods

The full methodology and study design details for APOLLO
have been described previously [14,16], and relevant details
are summarized briefly below. All QOL measures described
here were included as secondary (Norfolk QOL-DN, R-
ODS, and COMPASS-31) or exploratory (EQ-5D-5L and
EQ-VAS) endpoints in the APOLLO study.

Study design and patients

APOLLO (NCT01960348) was a multicenter, international,
randomised, double-blinded, placebo-controlled and a phase
3 study. The protocol was approved by central and local
institutional review boards or ethics committees and con-
ducted in accordance with the International Conference on
Harmonization for Good Clinical Practice, the Declaration
of Helsinki, and the 1996 Health Insurance Portability and
Accountability Act. Patients were enrolled at 44 sites across
19 countries between December 2013 and January 2016.
Eligible patients were aged 18� 85 years old with a docu-
mented TTR mutation and diagnosis of hATTR amyloidosis,
polyneuropathy (Neuropathy Impairment Score [NIS]:
5–130), adequate liver and kidney function, and PND
score� IIIb. A cardiac subpopulation was pre-defined and
included patients with a baseline left ventricular wall thick-
ness �13mm and no history of aortic valve disease or
hypertension.

Assessments

Primary efficacy and safety
Full details of the primary efficacy and safety results of pati-
siran in the overall APOLLO population and in the cardiac
subpopulation have been described previously [14,40].

Measures of overall QOL: Norfolk QOL-DN and EuroQoL
questionnaires

Norfolk QOL-DN
The Norfolk QOL-DN was designed to assess the patients’
perceptions of symptoms associated with nerve fiber damage
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in diabetic neuropathy. It has been validated in populations
with mild-to-severe forms of diabetic neuropathy [41–43]
and has been demonstrated to be a reliable indicator of dis-
ease severity in hATTR amyloidosis with polyneuropathy
[32]. The 35-item Norfolk QOL-DN questionnaire used in
the APOLLO study comprises five domains (activities of
daily living [score range: 0–20], physical functioning/large-
fiber neuropathy [�4 to 56], small-fiber neuropathy [0–16],
autonomic neuropathy [0–12] and symptoms [0–32]; total
range �4 to 136), with a higher score indicating worsening
impairment [16,32].

EQ-5D-5L
EQ-5D-5L is a patient-reported, standardized five-dimension
instrument for use as a measure of health outcomes [44]. It
is considered applicable to a wide range of health conditions
and treatments and has been utilized as a measure of QOL in
the Transthyretin Amyloidosis Outcomes Survey (THAOS)
registry, which collects data on the natural history of trans-
thyretin-mediated (ATTR) amyloidosis [12]. The five dimen-
sions include mobility, self-care (focus on washing and
dressing oneself), usual activities (prompts include work,
housework, leisure activities, etc.), pain/discomfort and anx-
iety/depression, each with five levels of severity (no problems,
slight problems, moderate problems, severe problems and
extreme problems). The patients indicate their health state by
choosing the most appropriate statement in each of the five
dimensions. This results in a one-digit number expressing the
level selected for that dimension. The digits for five dimen-
sions can be combined in a five-digit number describing the
respondent’s health state. It should be noted that the numer-
als 1–5 have no arithmetic properties and should not be used
as a cardinal score. The health EQ-5D-5L health states are
converted from each dimension score to a single index value
between 0 (worst health) and 1 (best health).

EQ-VAS
EQ-VAS is a self-reported measure of overall health that
records a respondent’s self-rated health at the time of assess-
ment (indicates how the person’s health is ‘today’ only; range
0–100) with endpoints listed as ‘the best health you can
imagine’ (100) and ‘the worst health you can imagine’ (0) [44].

Measure of QOL related to activities of daily living: R-ODS
R-ODS measures activities of daily living and captures the
ability of an individual to function independently in daily
life [20,45]. The 24-item R-ODS measures limitations in
usual daily activities and social participation [16,29,46].
Activities range from the ability to read a newspaper or
book to the ability to run. Other activities include brushing
teeth, going to the toilet, turning a key in a lock, and bend-
ing and picking up an object. Each of the items is assigned
a score of 0 (unable to perform), 1 (able to perform, but
with difficulty) or 2 (able to perform without any difficulty)
by the patient [46]. If a patient cannot do the activity with-
out the help of others or without using special equipment,

they are instructed to mark ‘able to perform, but with diffi-
culty’. Patients are instructed to respond to the questions
based on how they usually can perform the activity. A
decrease in overall R-ODS score reflects worsening disabil-
ity [16,46].

Measures of QOL related to autonomic dysfunction:
COMPASS-31
COMPASS-31 is a 31-question patient-reported outcome
assessment, which measures autonomic symptoms across six
weighted domains (orthostatic intolerance [40 points]; vaso-
motor [5 points]; secretomotor [15 points]; GI [25 points];
bladder [10 points]; and pupillomotor [5 points]), on a 100-
point scale [47]. Weights for each domain are determined
based on perception of importance of the domain in contri-
buting to autonomic symptoms [47]. A higher score indicates
a worsening of autonomic neuropathy symptoms [14,16,47].

Statistical analysis

Full details of the statistical analyses have been described
previously [14,16]. Efficacy analyses were based on the
modified intention-to-treat (mITT) population (all random-
ized patients who received �1 dose of study drug). Norfolk
QOL-DN, R-ODS, COMPASS-31, EQ-5D-5L, and EQ-VAS
were assessed using a mixed-effects model for repeated
measures. For EQ-5D-5L, a categoric summary of the num-
bers and percentages of patients reporting each ordinal
response within each dimension was collected.

Results

APOLLO trial population

A total of 225 patients were randomized to receive patisiran
(n¼ 148; 138 [93.2%] completed the trial) or placebo
(n¼ 77; 55 [71.4%] completed the trial). The two groups
were generally balanced with respect to baseline characteris-
tics and disease severity as detailed in Adams et al. [14].
Overall, 126 patients (56.0%) were included in the pre-
defined cardiac subpopulation, with a higher percentage in
the patisiran group (90/148 [60.8%]) compared with the pla-
cebo group (36/77 [46.8%]). Baseline characteristics of the
pre-defined cardiac subpopulation (defined as a baseline left
ventricular wall thickness �13mm and no history of aortic
valve disease or hypertension) are provided in Solomon
et al. [40]. Baseline QOL measurements for the overall
APOLLO study population are detailed in Supplementary
Table S1. These measures are also well balanced between
treatment groups and indicate the notable QOL impairment
at baseline in patients enrolled in APOLLO.

Measures of overall QOL: Norfolk QOL-DN and EuroQoL
questionnaires

Norfolk QOL-DN
At baseline, the mean (standard deviation [SD]) total
Norfolk QOL-DN score was 59.6 (28.2) and 55.5 (24.3) in
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the patisiran and placebo groups, respectively
(Supplementary Table S1 and Figure 1(A)). Baseline scores
across all individual Norfolk QOL-DN domains are shown
in Figure 1(A). The total Norfolk QOL-DN score at baseline
in APOLLO was related to disease stage, with patients with
worse PND scores (PND IIIa/b) reporting higher Norfolk
QOL-DN scores (worse QOL), as well as demonstrating
rapid deterioration over the 18months across all disease
stages (Figure 2).

As previously characterized [14], after 18 months of
treatment in APOLLO there was a significant improvement
from baseline in total Norfolk QOL-DN score in the pati-
siran group compared with the placebo group, with a dif-
ference in least squares (LS) mean change from baseline of
�21.1 points (95% confidence interval [CI]: �27.2, �15.0;
p¼ 1.10� 10�10). A difference between treatment groups
was evident at the first assessment at 9months (LS mean
change from baseline in total score was �7.5 and þ7.5 in
the patisiran and placebo groups, respectively) [14]. Over
18 months, LS mean total Norfolk QOL-DN scores
improved relative to baseline in the patisiran group but
rapidly deteriorated in the placebo group [14]. At 18
months, 51.4% of the patients who received patisiran had
an improvement (<0 change from baseline to 18months)
in the Norfolk QOL-DN score, compared with 10.4% of
those who received placebo, equating to a 10 odds ratio

(95% CI: 4.4, 22.5) of improvement for patisiran ver-
sus placebo.

An analysis of the LS mean change from baseline to
18months in individual Norfolk QOL-DN domain scores
also favored patisiran compared with placebo across all five
domains (Figure 1(B)). By 18 months, the greatest differen-
ces between the patisiran and placebo groups were seen in
the domains of physical functioning/large-fiber neuropathy
(LS mean difference in change from baseline at 18 months:
�10.2; 95% CI: �13.7, �6.8) and activities of daily living
(LS mean difference: �4.7; 95% CI: �6.0, �3.5). The phys-
ical functioning/large-fiber, symptoms, and autonomic neur-
opathy domains also improved relative to baseline with
patisiran treatment (LS mean change from baseline to 18
months of �4.4, �1.5 and �0.6, respectively). In patisiran-
treated patients, analysis of Norfolk QOL-DN symptom
domain questions (deep pain, electric shocks, numbness,
superficial pain, tingling/pins and needles, weakness and
other unusual sensations) demonstrated improvement from
baseline at 18 months for each domain at the majority of
sites assessed (hands, arms, feet, and legs; Figure 3(A)). In
contrast, placebo-treated patients reported a worsening from
baseline for each symptom domain across the majority of
body parts assessed (Figure 3(B)). In a further post-hoc ana-
lysis of the Norfolk QOL-DN assessment, Pearson correla-
tions of change in score at 18 months in the mITT
population demonstrated moderate to strong correlations of
total Norfolk QOL-DN score with all other QOL measures
assessed (R-ODS, r¼�0.69; COMPASS-31, r¼ 0.48; EQ-5D-
5L, r¼�0.61 and EQ-VAS, r¼�0.47).

EQ-5D-5L
The mean (SD) EQ-5D-5L scores at baseline were similar in
the patisiran and placebo groups (0.6 [0.2] each;
Supplementary Table S1). At 18 months, patients receiving
patisiran treatment had an improved EQ-5D-5L score com-
pared with those receiving placebo (LS mean difference:
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indicating greater impairment) from baseline to Month 18 in patients receiving
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þ0.2 points; 95% CI: 0.15, 0.25; p¼ 1.4� 10�12; Figure
4(A)). A difference between treatment groups in favor of
patisiran was also evident at the first assessment at 9months
(LS mean difference between groups: þ0.1 points; 95% CI:
0.05, 0.14). In a post-hoc analysis, a larger proportion of
patisiran-treated patients demonstrated preservation or
improvement (�0 point change from baseline to 18 months)
in each EQ-5D-5L dimension compared with patients
receiving placebo (mobility: 69.5 vs. 22.1%; self-care: 66.2 vs.
20.8%; usual activities: 71.7 vs. 24.7%; pain/discomfort: 73
vs. 31.2%; anxiety/depression: 81.1 vs. 45.5%, respectively).

EQ-VAS
The mean (SD) baseline EQ-VAS scores were 55.7 (20.0)
and 54.6 (18.0) for the patisiran and placebo groups,
respectively (Supplementary Table S1). EQ-VAS score
improved (LS mean change: þ2.4 points) in patisiran-
treated patients and worsened (LS mean change: �7.1
points) in patients receiving placebo, resulting in a LS mean
difference of þ9.5 points in favor of patisiran at 18 months
(p¼.0004; Figure 4(B)). Based on the EQ-VAS scores, pati-
siran-treated patients experienced a benefit in their overall
health status, whereas patients receiving placebo perceived a
rapid decline in their overall health within the 18 months of
the APOLLO trial.

Measure of QOL related to activities of daily living: R-ODS
At baseline, the frequency distribution of R-ODS responses
in patients in the placebo and patisiran groups of the
APOLLO study indicated substantial difficulty in performing
the major everyday activities (Figure 5(A)). Patients reported
some difficulty in performing lower-intensity tasks, such as
reading a book or newspaper (26.7%) and eating (30.2%)
whereas most patients were unable to perform more difficult
tasks such as standing for a long period of time (62.7%) or

running (75.6%). At 18 months, the overall R-ODS score
indicated a significant benefit for patisiran versus placebo,
with a difference in LS mean change from baseline of
þ9 (standard error of the mean [SEM] 1.0; 95% CI: 7.0,
10.9; p¼ 4.07� 10�16; Figure 5(B)). The LS mean change
from baseline to 18 months was 0 in the patisiran group,
compared with �8.9 in the placebo group (Figure 5(B)). A
difference between treatment groups was also evident at 9
months (LS mean difference: þ4.3 points; 95% CI: 2.7, 5.8;
Figure 5(B)).

At 18 months, the proportion of patients unable to per-
form activities was lower in the patisiran group compared
with the placebo group in most activities assessed (Figure
5(A)), including high-intensity activities such as taking a
shower (8.7 vs. 24.1%) and walking one flight of stairs (24.6
vs. 48.1%). A higher proportion of placebo-treated patients
than patisiran-treated patients were unable to perform even
low-intensity activities, such as making a sandwich (37 vs.
10.1%) or turning a key in a lock (27.8 vs. 10.1%), after 18
months of treatment. Patisiran treatment also led to an
increase in the number of patients that found some every-
day tasks possible, with either some or no difficulty, com-
pared with placebo-treated patients following 18 months.
Such tasks included walking one flight of stairs (able with
some difficulty, 50 vs. 42.6%; able with no difficulty, 25.4 vs.
9.3%) and bending to pick up an object (able with some dif-
ficulty, 50 vs. 38.9%; able with no difficulty, 29 vs. 16.7%,
respectively).

Measure of QOL related to autonomic dysfunction:
COMPASS-31
The mean (SD) COMPASS-31 score at baseline was 30.6
(17.6) and 30.3 (16.4) points in the patisiran and placebo
group, respectively (Supplementary Table S1). Patisiran-
treated patients had a significantly greater reduction in auto-
nomic function score from baseline to 18 months than
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patients receiving placebo (LS mean difference: �7.5; 95%
CI: �11.9, �3.2; p¼.0008). This improvement from baseline
in patisiran-treated patients was observed across all individ-
ual domains of COMPASS-31 [48].

Cardiac subpopulation
Consistent with the overall APOLLO population, patisiran-
treated patients in the pre-defined cardiac subpopulation
experienced an improvement in QOL over 18 months com-
pared with placebo. The mean change from baseline at 18
months in Norfolk QOL-DN in the patisiran and placebo
groups was �2.6 and þ20.4, respectively (LS mean differ-
ence: �23.0; 95% CI: �31.9, �14.0). In patients receiving
patisiran, the physical functioning/large-fiber neuropathy,
symptoms and autonomic domains all improved compared
with baseline at 18months, and all domains improved com-
pared with placebo at 18 months. All domains worsened in
patients receiving placebo compared with baseline at
18months. When evaluating EQ-5D-5L in the cardiac sub-
population, there was a mean change from baseline to 18
months of �0.02 and �0.28 in the patisiran and placebo
groups, respectively (LS mean difference: 0.26; 95% CI: 0.19,
0.34). In the cardiac subpopulation, the R-ODS mean
change from baseline at 18 months in the patisiran and

placebo groups was �1.9 and �11.8, respectively (LS mean
difference: 9.9; 95% CI: 6.7, 13.0). The difference in R-ODS
score between the patisiran and placebo groups at 18
months was slightly greater than that seen in the overall
APOLLO population. For COMPASS-31, patisiran-treated
patients in the cardiac subpopulation experienced an
improvement from baseline to 18 months (mean change:
�4.3 points; 95% CI: �7.5, �1.2); conversely, patients
receiving placebo in the cardiac subpopulation experienced
a decline in autonomic function (mean change: þ4.6 points;
95% CI: �0.7, 9.9; LS mean difference patisiran–placebo:
�9; 95% CI: �15.0, �2.9).

Discussion

hATTR amyloidosis has a heterogeneous presentation, in
which polyneuropathy, autonomic dysfunction and cardiac
involvement most often coexist and result in a wide range of
signs and symptoms that reduce QOL [3,4,20–22,25,49–51].

The debilitating impact of this disease is highlighted by
baseline scores in all QOL measures assessed in the
APOLLO study, that were consistently worse in patients
with hATTR amyloidosis compared with healthy adult vol-
unteers [32,52–54]. In particular, APOLLO patients
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experienced worse baseline scores in total and in each indi-
vidual domain of Norfolk QOL-DN (Figure 1(A)) than
healthy volunteers (total: 2.6 points) [32]. Furthermore,
worse baseline scores than healthy volunteers were observed
in EQ-5D-5L (0.9 in healthy volunteers [53]) and EQ-VAS
(�71.6 in healthy population (Supplementary Table 1) [54]).
The mean baseline COMPASS-31 scores also indicated sub-
stantial autonomic impairment compared with a score of
approximately 9 points reported in healthy volunteers [52].

The burden on QOL is also significantly worse in patients
with hATTR amyloidosis compared with other diseases [53].
Consistent with a recent analysis using baseline data from the
phase 3 NEURO-TTR study of inotersen [55], in the
APOLLO study (Supplementary Table 1), baseline Norfolk
QOL-DN total scores and the domain of activities of daily
living scores were worse than that reported by Veresui et al.
[56] for patients with self-reported diabetic neuropathy with
at least one episode of ulceration, gangrene, or amputation
(total score 50.4 and domain score 5.9, respectively). Baseline
data from the NEURO-TTR study also indicated that the
impairment in physical functioning in patients with hATTR

amyloidosis was comparable with or worse than, other
chronic conditions (e.g. chronic heart failure, Crohn’s disease)
[55], while baseline EQ-5D-5L scores show hATTR amyloid-
osis is associated with greater impairment in QOL than
reported in cancer and heart disease [53]. All together, these
findings highlight the tremendous impact of hATTR amyloid-
osis and the need for early diagnosis and effective early treat-
ment to improve outcomes.

In the current analysis of phase 3 APOLLO data, pati-
siran treatment demonstrated a significant benefit compared
with placebo across all measures of QOL, providing evi-
dence of the efficacy of this drug on the wide spectrum of
manifestations that dramatically affect daily functioning and
social life for patients with hATTR amyloidosis. The
improvements in Norfolk QOL-DN score at 18months
strongly correlated with improvements in R-ODS and
EQ-5D-5L and had a moderate positive correlation with
improvements in COMPASS-31 and EQ-VAS. This high-
lights that QOL tools used in APOLLO were appropriate
measures for this disease and further strengthens the signifi-
cant data demonstrating the efficacy of patisiran on other

(A)

(B)

Figure 5. R-ODS assessments in the APOLLO study. (A) R-ODS responses at baseline and at 18 months in the overall APOLLO study population in patients receiving
patisiran or placebo. Percentage of patients able to perform a task without any difficulty, able to perform a task but with some difficulty and unable to perform a
task are shown for each treatment group at baseline and at 18 months. (B) LS mean change from baseline in overall R-ODS from baseline to 18months in patients
receiving patisiran or placebo. At baseline, mean (range) scores for patisiran and placebo groups are shown on the graph. LS: least squares; R-ODS: Rasch-built
Overall Disability Scale; SEM: standard error of the mean.
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outcome measures. Compared with placebo, differences in
favour of patisiran were frequently demonstrated after
9months of treatment, with statistically significant improve-
ment across all QOL measures at 18 months. This improve-
ment was also observed in the pre-defined cardiac
subpopulation in APOLLO, highlighting the benefit of pati-
siran on QOL for patients with the commonly observed
mixed phenotype of polyneuropathy and cardiomyopathy.
This latter finding is of considerable importance given the
substantial QOL impairment associated with cardiomyop-
athy in these patients [18,50]. Of note, the outcomes for
EQ-5D-5L, R-ODS, and COMPASS-31 were comparable
with those reported in the phase 2 OLE study, broadening
the evidence supporting the benefit of patisiran treatment
on QOL in patients with hATTR amyloidosis [57].

This study also highlights the rapid deterioration in QOL
experienced by patients with hATTR amyloidosis, as dem-
onstrated by the consistently progressive worsening across
QOL endpoints in placebo patients in the overall population
and cardiac subpopulation. Overall, the rapid disease wor-
sening in patients who received placebo in the APOLLO
study is aligned with the natural history studies of the dis-
ease, which describe progressive worsening of QOL meas-
ures in patients with neurologic involvement [1] or cardiac
involvement [50]. The worsening of hATTR amyloidosis is
particularly noticeable when compared with other diseases,
including different polyneuropathies. For example, natural
history and placebo-controlled interventional studies in
patients with hATTR amyloidosis with polyneuropathy
show a 10- to 14-point increase (worsening) per year in
neurologic impairment as measured by the NIS [1], com-
pared with NIS progression at a rate that is typically less
than 1 point per year in patients with diabetic polyneurop-
athy [58]. Considering the significant correlation between
NIS score and QOL scores (e.g. Norfolk QOL-DN and SF-
36) in patients with hATTR amyloidosis [32,59], these data
suggest a more rapid decline in QOL in this disease com-
pared with diabetic polyneuropathy.

The findings of the current study highlight the urgency to
diagnose patients as early as possible, and subsequently, start
treatment. In patients randomized to the placebo group in
APOLLO, the most profound worsening in QOL occurred in
the earlier stages of disease (Figure 2), with patients continu-
ing to accumulate greater QOL burden with each PND score
increase. Within 18 months, patients on placebo with a PND
score of II or IIIa at baseline experienced a decline in
Norfolk QOL-DN score that surpassed the mean baseline
Norfolk QOL-DN score for patients with PND IIIa or IIIb at
baseline, respectively. Consistently, the importance of early
intervention in hATTR amyloidosis is suggested by an obser-
vational study in untreated patients indicating a steep decline
in Norfolk QOL-DN score in the period immediately follow-
ing disease onset [32]. Furthermore, patients treated with pla-
cebo in other clinical studies in hATTR amyloidosis with
polyneuropathy have shown worsening in QOL measures
(Norfolk QOL-DN, SF-36) and neurologic impairment over
18–24months [13,34,35].

A limitation of this study is that QOL burden may also
extend to other domains not assessed in APOLLO, such that
the full impact of hATTR amyloidosis on QOL may not be
completely captured.

In conclusion, the APOLLO trial incorporated a range of
different QOL measures, that were critical to fully assess the
effect of patisiran on the multisystem nature of hATTR
amyloidosis. Patisiran provided a significant and sustained
improvement in QOL compared with placebo, with effects
observed as early as 9 months. These data corroborate previ-
ous evidence of the significant benefit of patisiran on the
disease manifestations that underpin QOL impairment in
patients with hATTR amyloidosis with polyneuropathy [14].
The poor QOL observed in patients with this disease at
baseline and the subsequent rapid deterioration without
intervention, particularly seen at the earliest stages of dis-
ease, demonstrate the importance and benefit of diagnosing
the disease as early as possible as well as initiating treatment
early in the disease course.
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[9] Conceiç~ao I, Gonzalez-Duarte A, Obici L, et al. Red-flag symp-
tom clusters in transthyretin familial amyloid polyneuropathy. J
Peripher Nerv Syst. 2016;21(1):5–9.

[10] Shin SC, Robinson-Papp J. Amyloid neuropathies. Mt Sinai J
Med. 2012;79(6):733–748.

[11] Rapezzi C, Quarta CC, Obici L, et al. Disease profile and differ-
ential diagnosis of hereditary transthyretin-related amyloidosis
with exclusively cardiac phenotype: an Italian perspective. Eur
Heart J. 2013;34(7):520–528.

[12] Coelho T, Maurer MS, Suhr OB. THAOS – The Transthyretin
Amyloidosis Outcomes Survey: initial report on clinical mani-
festations in patients with hereditary and wild-type transthyre-
tin amyloidosis. Curr Med Res Opin. 2013;29(1):63–76.

[13] Benson MD, Waddington-Cruz M, Berk JL, et al. Inotersen
treatment for patients with hereditary transthyretin amyloidosis.
N Engl J Med. 2018;379(1):22–31.

[14] Adams D, Gonzalez-Duarte A, O’Riordan WD, et al. Patisiran,
an RNAi therapeutic, for hereditary transthyretin amyloidosis.
N Engl J Med. 2018;379(1):11–21.

[15] Adams D. Recent advances in the treatment of familial amyloid
polyneuropathy. Ther Adv Neurol Disord. 2013;6(2):129–139.

[16] Adams D, Suhr OB, Dyck PJ, et al. Trial design and rationale
for APOLLO, a phase 3, placebo-controlled study of patisiran

in patients with hereditary ATTR amyloidosis with polyneurop-
athy. BMC Neurol. 2017;17(1):181.

[17] Coutinho P, DeSilva AM, Lima JL, et al. Forty years of experi-
ence with type I amyloid neuropathy: review of 483 cases. In:
Glenner G, Costa P, de Freitas A, editors. Amyloid and
Amyloidosis. Amsterdam: Excerpta Medica; 1980. p. 88–98.

[18] Swiecicki PL, Zhen DB, Mauermann ML, et al. Hereditary
ATTR amyloidosis: a single-institution experience with 266
patients. Amyloid. 2015;22(2):123–131.

[19] Sattianayagam PT, Hahn AF, Whelan CJ, et al. Cardiac pheno-
type and clinical outcome of familial amyloid polyneuropathy
associated with transthyretin alanine 60 variant. Eur Heart J.
2012;33(9):1120–1127.

[20] Pruppers MH, Merkies IS, Faber CG, et al. The Val30Met
familial amyloid polyneuropathy specific Rasch-built overall
disability scale (FAP-RODS(c)). J Peripher Nerv Syst. 2015;
20(3):319–327.

[21] Amyloidosis Research Consortium. The voice of the patient
report – amyloidosis; 2016 [cited 2020 Jan 27]. Available from:
https://www.arci.org/wp-content/uploads/2018/05/Voice-of-the-
Patient.pdf.

[22] Duncan D. With hope for a cure; 2018 [cited 2020 Jan 27].
Available from: http://amyloidosis.org/proactive-3/

[23] Ando Y, Coelho T, Berk JL, et al. Guideline of transthyretin-
related hereditary amyloidosis for clinicians. Orphanet J Rare
Dis. 2013;8(1):31.

[24] Dungu JN, Anderson LJ, Whelan CJ, et al. Cardiac transthyre-
tin amyloidosis. Heart. 2012;98(21):1546–1554.

[25] Wixner J, Mundayat R, Karayal ON,et al. THAOS: gastrointes-
tinal manifestations of transthyretin amyloidosis – common com-
plications of a rare disease. Orphanet J Rare Dis. 2014;9(1):61.

[26] Gonzalez-Duarte A. Autonomic involvement in hereditary
transthyretin amyloidosis (hATTR amyloidosis). Clin Auton
Res. 2019;29(2):245–251.

[27] Ruberg FL, Maurer MS, Judge DP, et al. Prospective evaluation
of the morbidity and mortality of wild-type and V122I mutant
transthyretin amyloid cardiomyopathy: The Transthyretin
Amyloidosis Cardiac Study (TRACS). Am Heart J. 2012;164(2):
222–228 e221.

[28] Strickland L. Life is what you make it. Amyloidosis foundation;
2018 [cited 2020 Jan 27]. Available from: http://amyloidosis.
org/life-is-what-you-make-it-2/.

[29] Regnault A, Denoncourt R, Strahs A, et al. Measurement prop-
erties of the Rasch-built overall disability scale in patients with
hereditary ATTR amyloidosis with polyneuropathy. 22nd
Annual International Conference of the International Society
for Pharmacoeconomics and Outcomes Research (ISPOR); 2017
Nov 4–8; Boston, MA, USA.

[30] Stewart M, Shaffer S, Murphy B, et al. Characterizing the high
disease burden of transthyretin amyloidosis for patients and
caregivers. XVth International Symposium on Amyloidosis
(ISA); 2016 Jul 3–7; Uppsala, Sweden.

[31] Schmidt H, Lin H, Agarwal S, et al. Impact of hereditary trans-
thyretin-mediated amyloidosis on use of health care services: an
analysis of the APOLLO study. XVIth International Symposium
on Amyloidosis (ISA); 2018 Jul 13–16; Kumamoto, Japan.

[32] Vinik EJ, Vinik AI, Paulson JF, et al. Norfolk QOL-DN: valid-
ation of a patient reported outcome measure in transthyretin
familial amyloid polyneuropathy. J Peripher Nerv Syst. 2014;
19(2):104–114.

[33] Ines M, Coelho T, Conceicao I, et al. Transthyretin familial
amyloid polyneuropathy impact on health-related quality of
life. International Society for Pharmacoeconomics and
Outcomes Research (ISPOR); 2015 Nov 7–11; Milan, Italy.

[34] Coelho T, Maia LF, Martins da Silva A, et al. Tafamidis for
transthyretin familial amyloid polyneuropathy: a randomized,
controlled trial. Neurology. 2012;79(8):785–792.

[35] Berk JL, Suhr OB, Obici L, et al. Repurposing diflunisal for
familial amyloid polyneuropathy: a randomized clinical trial.
JAMA. 2013;310(24):2658–2667.

AMYLOID 9

https://www.arci.org/wp-content/uploads/2018/05/Voice-of-the-Patient.pdf
https://www.arci.org/wp-content/uploads/2018/05/Voice-of-the-Patient.pdf
http://amyloidosis.org/proactive-3/
http://amyloidosis.org/life-is-what-you-make-it-2/
http://amyloidosis.org/life-is-what-you-make-it-2/


[36] Coelho T, Adams D, Silva A, et al. Safety and efficacy of RNAi
therapy for transthyretin amyloidosis. N Engl J Med. 2013;
369(9):819–829.

[37] Suhr OB, Coelho T, Buades J, et al. Efficacy and safety of pati-
siran for familial amyloidotic polyneuropathy: a phase II multi-
dose study. Orphanet J Rare Dis. 2015;10(1):109.

[38] Alnylam Pharmaceuticals Inc. US prescribing information:
ONPATTRO (patisiran) lipid complex injection, for intravenous
use; 2018 [cited 2020 Jan 27]. Available from: https://www.
accessdata.fda.gov/drugsatfda_docs/label/2018/210922s000lbl.pdf.

[39] European Medicines Agency. Summary of product characteris-
tics: Onpattro 2mg/mL concentrate for solution for infusion;
2018 [cited 2020 Jan 27). Available from: https://www.ema.eur-
opa.eu/documents/product-information/onpattro-epar-product-
information_en.pdf.

[40] Solomon SD, Adams D, Kristen A, et al. Effects of patisiran, an
RNA interference therapeutic, on cardiac parameters in patients
with hereditary transthyretin-mediated amyloidosis. Circulation.
2019;139(4):431–443.

[41] Vinik EJ, Hayes RP, Oglesby A, et al. The development and
validation of the Norfolk QOL-DN, a new measure of patients’
perception of the effects of diabetes and diabetic neuropathy.
Diabetes Technol Ther. 2005;7(3):497–508.

[42] Vinik EJ, Paulson JF, Ford-Molvik SL, et al. German-translated
Norfolk quality of life (QOL-DN) identifies the same factors as
the English version of the tool and discriminates different levels
of neuropathy severity. J Diabetes Sci Technol. 2008;2(6):
1075–1086.

[43] Vinik EJ, Vinik AI. Trascending tradition: quality of life as the
inextricable link between activities of daily living and specific
organ and disease states. In: Farquhar I, Summers KH, Sorkin
A, editors. The value of innovation: impact on health, life qual-
ity, safety, and regulatory research in human capital and devel-
opment. Bingley, UK: Emerald Group Publishing Limited;
2007. p. 29–52.

[44] van Reenen MJ. EQ-5D-5L user guide: basic information on
how to use the EQ-5D-5L instrument. 2015 [cited 2020 Jan 27].
Available from: https://euroqol.org/wp-content/uploads/2016/
09/EQ-5D-5L_UserGuide_2015.pdf.

[45] Overdorp EJ, Kessels RP, Claassen JA, et al. The combined
effect of neuropsychological and neuropathological deficits on
instrumental activities of daily living in older adults: a system-
atic review. Neuropsychol Rev. 2016;26(1):92–106.

[46] van Nes SI, Vanhoutte EK, van Doorn PA, et al. Rasch-built
Overall Disability Scale (R-ODS) for immune-mediated periph-
eral neuropathies. Neurology. 2011;76(4):337–345.

[47] Sletten DM, Suarez GA, Low PA, et al. COMPASS 31: a refined
and abbreviated Composite Autonomic Symptom Score. Mayo
Clin Proc. 2012;87(12):1196–1201.

[48] Mauermann M, Adams D, Gonzalez-Duarte A, et al. Impact of
patisiran on autonomic neuropathy in hereditary transthyrein-
mediated amyloidosis patients. 15th International Congress on
Neuromuscular Diseases (ICNMD); 2018 Jul 6–10; Vienna,
Austria.

[49] Ng Wing Tin S, Plant�e-Bordeneuve V, Salhi H, et al.
Characterization of pain in familial amyloid polyneuropathy. J
Pain. 2015;16(11):1106–1114.

[50] Lane T, Fontana M, Martinez-Naharro A, et al. Natural history,
quality of life, and outcome in cardiac transthyretin amyloid-
osis. Circulation. 2019;140(1):16–26.

[51] Ruberg FL, Berk JL. Transthyretin (TTR) cardiac amyloidosis.
Circulation. 2012;126(10):1286–1300.

[52] Adler BL, Russell JW, Hummers LK, et al. Symptoms of auto-
nomic dysfunction in systemic sclerosis assessed by the
COMPASS-31 questionnaire. J Rheumatol. 2018;45(8):1145–1152.

[53] Mitchell PM, Al-Janabi H, Richardson J, et al. The relative
impacts of disease on health status and capability wellbeing: a
multi-country study. PLOS One. 2015;10(12):e0143590.

[54] Hanmer J, Lawrence WF, Anderson JP, et al. Report of nation-
ally representative values for the noninstitutionalized US adult
population for 7 health-related quality-of-life scores. Med Decis
Making. 2006;26(4):391–400.

[55] Yarlas A, Gertz MA, Dasgupta NR, et al. Burden of hereditary
transthyretin amyloidosis on quality of life. Muscle Nerve.
2019;60(2):169–175.

[56] Veresiu AI, Bondor CI, Florea B, et al. Detection of undisclosed
neuropathy and assessment of its impact on quality of life: a
survey in 25,000 Romanian patients with diabetes. J Diabetes
Complications. 2015;29(5):644–649.
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