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A B S T R A C T

Background

Disease-modifying pharmacological agents for transthyretin (TTR)-related familial amyloid polyneuropathy (FAP) have become available
in the last decade, but evidence on their eJicacy and safety is limited. This review focuses on disease-modifying pharmacological treatment
for TTR-related and other FAPs, encompassing amyloid kinetic stabilisers, amyloid matrix solvents, and amyloid precursor inhibitors.

Objectives

To assess and compare the eJicacy, acceptability, and tolerability of disease-modifying pharmacological agents for familial amyloid
polyneuropathies (FAPs).

Search methods

On 18 November 2019, we searched the Cochrane Neuromuscular Specialised Register, the Cochrane Central Register of Controlled Trials,
MEDLINE, and Embase. We reviewed reference lists of articles and textbooks on peripheral neuropathies. We also contacted experts in the
field. We searched clinical trials registries and manufacturers' websites.

Selection criteria

We included randomised clinical trials (RCTs) or quasi-RCTs investigating any disease-modifying pharmacological agent in adults with FAPs.

Disability due to FAP progression was the primary outcome. Secondary outcomes were severity of peripheral neuropathy, change in
modified body mass index (mBMI), quality of life, severity of depression, mortality, and adverse events during the trial.

Data collection and analysis

We followed standard Cochrane methodology.

Main results

The review included four RCTs involving 655 people with TTR-FAP. The manufacturers of the drugs under investigation funded three of the
studies. The trials investigated diJerent drugs versus placebo and we did not conduct a meta-analysis.

One RCT compared tafamidis with placebo in early-stage TTR-FAP (128 randomised participants). The trial did not explore our
predetermined disability outcome measures. ALer 18 months, tafamidis might reduce progression of peripheral neuropathy slightly more
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than placebo (Neuropathy Impairment Score (NIS) in the lower limbs; mean diJerence (MD) -3.21 points, 95% confidential interval (CI)
-5.63 to -0.79; P = 0.009; low-certainty evidence). However, tafamidis might lead to little or no diJerence in the change of quality of life
between groups (Norfolk Quality of Life-Diabetic Neuropathy (Norfolk QOL-DN) total score; MD -4.50 points, 95% CI -11.27 to 2.27; P = 0.19;
very low-certainty evidence). No clear between-group diJerence was found in the numbers of participants who died (risk ratio (RR) 0.65,
95% CI 0.11 to 3.74; P = 0.63; very low-certainty evidence), who dropped out due to adverse events (RR 1.29, 95% CI 0.30 to 5.54; P = 0.73;
very low-certainty evidence), or who experienced at least one severe adverse event during the trial (RR 1.16, 95% CI 0.37 to 3.62; P = 0.79;
very low-certainty evidence).

One RCT compared diflunisal with placebo (130 randomised participants). At month 24, diflunisal might reduce progression of disability
(Kumamoto Score; MD -4.90 points, 95% CI -7.89 to -1.91; P = 0.002; low-certainty evidence) and peripheral neuropathy (NIS plus 7 nerve
tests; MD -18.10 points, 95% CI -26.03 to -10.17; P < 0.001; low-certainty evidence) more than placebo. ALer 24 months, changes from
baseline in the quality of life measured by the 36-Item Short-Form Health Survey score showed no clear diJerence between groups for
the physical component (MD 6.10 points, 95% CI 2.56 to 9.64; P = 0.001; very low-certainty evidence) and the mental component (MD 4.40
points, 95% CI -0.19 to 8.99; P = 0.063; very low-certainty evidence). There was no clear between-group diJerence in the number of people
who died (RR 0.46, 95% CI 0.15 to 1.41; P = 0.17; very low-certainty evidence), in the number of dropouts due to adverse events (RR 2.06,
95% CI 0.39 to 10.87; P = 0.39; very low-certainty evidence), and in the number of people who experienced at least one severe adverse event
(RR 0.77, 95% CI 0.18 to 3.32; P = 0.73; very low-certainty evidence) during the trial.

One RCT compared patisiran with placebo (225 randomised participants). ALer 18 months, patisiran reduced both progression of disability
(Rasch-built Overall Disability Scale; least-squares MD 8.90 points, 95% CI 7.00 to 10.80; P < 0.001; moderate-certainty evidence) and
peripheral neuropathy (modified NIS plus 7 nerve tests - Alnylam version; least-squares MD -33.99 points, 95% CI -39.86 to -28.13; P <
0.001; moderate-certainty evidence) more than placebo. At month 18, the change in quality of life between groups favoured patisiran
(Norfolk QOL-DN total score; least-squares MD -21.10 points, 95% CI -27.20 to -15.00; P < 0.001; low-certainty evidence). There was little
or no between-group diJerence in the number of participants who died (RR 0.61, 95% CI 0.21 to 1.74; P = 0.35; low-certainty evidence),
dropped out due to adverse events (RR 0.33, 95% CI 0.13 to 0.82; P = 0.017; low-certainty evidence), or experienced at least one severe
adverse event (RR 0.91, 95% CI 0.64 to 1.28; P = 0.58; low-certainty evidence) during the trial.

One RCT compared inotersen with placebo (172 randomised participants). The trial did not explore our predetermined disability outcome
measures. From baseline to week 66, inotersen reduced progression of peripheral neuropathy more than placebo (modified NIS plus 7
nerve tests - Ionis version; MD -19.73 points, 95% CI -26.50 to -12.96; P < 0.001; moderate-certainty evidence). At week 65, the change
in quality of life between groups favoured inotersen (Norfolk QOL-DN total score; MD -10.85 points, 95% CI -17.25 to -4.45; P < 0.001;
low-certainty evidence). Inotersen may slightly increase mortality (RR 5.94, 95% CI 0.33 to 105.60; P = 0.22; low-certainty evidence) and
occurrence of severe adverse events (RR 1.48, 95% CI 0.85 to 2.57; P = 0.16; low-certainty evidence) compared to placebo. More dropouts
due to adverse events were observed in the inotersen than in the placebo group (RR 8.57, 95% CI 1.16 to 63.07; P = 0.035; low-certainty
evidence).

There were no studies addressing apolipoprotein AI-FAP, gelsolin-FAP, and beta-2-microglobulin-FAP.

Authors' conclusions

Evidence on the pharmacological treatment of FAPs from RCTs is limited to TTR-FAP. No studies directly compare disease-modifying
pharmacological treatments for TTR-FAP. Results from placebo-controlled trials indicate that tafamidis, diflunisal, patisiran, and inotersen
may be beneficial in TTR-FAP, but further investigations are needed. Since direct comparative studies for TTR-FAP will be hampered
by sample size and costs required to demonstrate superiority of one drug over another, long-term non-randomised open-label studies
monitoring their eJicacy and safety are needed.

P L A I N   L A N G U A G E   S U M M A R Y

Drug treatment for familial amyloid polyneuropathy

What is the aim of this review?

The aim of this review was to assess whether drugs to treat familial amyloid polyneuropathies (FAPs) reduce disability due to nerve damage,
reduce the severity of nerve damage, and improve nutritional status, quality of life, and depression. We also reviewed evidence on side
eJects.

Key messages

Studies of drug treatments for people with FAP are so far limited to transthyretin-FAP (also called TTR-FAP). Four trials have compared
a drug with a placebo (an inactive, dummy compound), but none have directly compared drugs with each other. The studies provided
evidence that all four drugs studied (tafamidis, diflunisal, patisiran, and inotersen) are probably of benefit for people with TTR-FAP, but it
remains possible that their true eJects are diJerent from these results. As research comparing drugs with each other is limited by study
size required to demonstrate the superiority of one drug and costs, studies monitoring their eJects for longer are needed.
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What was studied in the review?

FAPs are a group of hereditary progressive conditions in which insoluble protein deposits (fibrils) aJect mainly peripheral nerves (nerves
outside the brain and spinal cord). Fibrils are deposited because they are made up of genetically abnormal protein that does not fold
properly. This process also occurs in many other organs including the heart, kidneys, and eyes, thus these disorders are complex. The type
of protein fibril deposited and the exact genetic defect determine the type of FAP. TTR-FAP is the most common FAP by far. Although liver
transplantation was the only treatment, done in highly selected cases, drugs which may aJect the disease course have recently become
available for people with TTR-FAP.

What are the main results of the review?

The review authors found four relevant studies, which involved 655 adults with TTR-FAP.

In one study, people with early-stage TTR-FAP received tafamidis or placebo for 18 months. Disability was not measured. The evidence
suggested that tafamidis may reduce both the proportion of people with progression of peripheral neuropathy and the mean change
(worsening) of nerve damage (based on a score of strength and sensation) compared to placebo. It is uncertain whether tafamidis has an
eJect on quality of life and the number of deaths, dropouts due to harmful eJects or any severe side eJects.

Evidence from a 24-month study in people with TTR-FAP suggested that compared to placebo, diflunisal may slightly decrease disability
due to FAP progression and lessen worsening of peripheral neuropathy. It is uncertain whether diflunisal has an eJect on quality of life and
number of deaths, dropouts due to side eJects, and people who experience severe side eJects.

Results from an 18-month study in people with TTR-FAP suggested that compared to placebo, patisiran probably decreases disability due
to FAP progression, and lessens worsening of peripheral neuropathy. Quality of life may decline slightly less with patisiran than placebo.
Patisiran may lead to little or no diJerence in mortality, dropouts due to side eJects or number of people experiencing severe side eJects.

In the fourth study, people with TTR-FAP received inotersen or placebo for 66 weeks. Disability was not measured. This study indicated
that inotersen probably reduces worsening of peripheral neuropathy, but may have little eJect on the change in quality of life compared
to placebo. Inotersen may be associated with numbers of adverse events above the placebo rate, illustrated by an increase in the number
of dropouts due to side eJects compared to placebo. There was little or no diJerence in mortality or number of people experiencing severe
side eJects.

The review authors did not find any study addressing drug therapy for people with other types of FAP.

Three of the four studies were funded by the manufacturer of the drug investigated.

How up-to-date is this review?

The evidence is current to November 2019.

Pharmacological treatment for familial amyloid polyneuropathy (Review)
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   Tafamidis compared to placebo for people with transthyretin-familial amyloid polyneuropathy (TTR-
FAP)

Tafamidis compared to placebo for people with transthyretin-familial amyloid polyneuropathy (TTR-FAP)

Patient or population: people with early-stage TTR-FAP
Setting: outpatients
Intervention: tafamidis
Comparison: placebo

Anticipated absolute effects* (95% CI)Outcomes

Risk with placebo Risk with tafamidis

Relative ef-
fect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Disability due to FAP progression

Not measured

- - - - - Disability due to
FAP progression
was not mea-
sured

Severity of peripheral neuropathy
(expressed as the change in NIS-LL)

Scale from: 0 (normal) to 88 (total im-
pairment)

Follow-up: 18 monthsa

The mean baseline NIS-LL
score in the placebo group
was 11.44 points. The
mean change from base-
line in the placebo group
was an increase (worsen-
ing) of 5.40 points

The mean change in NIS-
LL score in the tafamidis
group was 3.21 points
lower (better) than in the
placebo group
(5.63 points lower to 0.79
points lower)

- 125

(1 RCT)b
⊕⊕⊝⊝

Lowc

MCID is 2 NIS-LL
points accord-
ing to a Peripher-
al Nerve Society
consensus group
(Dyck 1997).

Tafamidis prob-
ably slightly re-
duces the num-
ber of people
with progres-
sion of peripheral
neuropathy com-
pared to placebo.

Quality of life (expressed as the
change in 35-Item Norfolk QOL-DN to-
tal score)
Scale from: -2 (best possible quality of
life) to 138 (worst possible quality of
life)

Follow-up: 18 monthsa

The mean baseline Nor-
folk QOL score in the
placebo group was 30.80
points. The mean change
from baseline in the place-
bo group was an increase
(worsening) of 6.90 points

The mean change in Nor-
folk QOL score in the
tafamidis group was 4.50
points lower (better) than
in the placebo group
(11.27 points lower to
2.27 points higher)

- 125

(1 RCT)b
⊕⊝⊝⊝

Very lowd

MCID was not
provided nor re-
ported in the lit-
erature.

Quality of life
may decline
slightly less with
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tafamidis than
placebo.

Study populationNumber of participants who died
during the trial

Follow-up: 18 monthsa 5 per 100 3 per 100
(1 to 18)

RR 0.65
(0.11 to 3.74)

128

(1 RCT)e
⊕⊝⊝⊝

Very lowf

It is uncer-
tain whether
tafamidis had
an effect on the
number of partic-
ipants who died
during the tri-
al compared to
placebo.

Study populationNumber of dropouts due to adverse
events

Follow-up: 18 monthsa 5 per 100 6 per 100
(1 to 26)

RR 1.29
(0.30 to 5.54)

128

(1 RCT)e
⊕⊝⊝⊝

Very lowf

It is uncer-
tain whether
tafamidis had
an effect on
the number of
dropouts due to
adverse events
compared to
placebo.

Study populationNumber of participants experienc-
ing at least one severe adverse event

Follow-up: 18 monthsa 8 per 100 9 per 100
(3 to 29)

RR 1.16
(0.37 to 3.62)

128

(1 RCT)e
⊕⊝⊝⊝

Very lowf

It is uncer-
tain whether
tafamidis had
an effect on the
number of partic-
ipants experienc-
ing at least one
severe adverse
event compared
to placebo.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: confidence interval; FAP: familial amyloid polyneuropathy; MCID: minimum clinically important difference; NIS-LL: Neuropathy Impairment Score of the lower limbs;
QOL-DN: Quality of Life-Diabetic Neuropathy Questionnaire; RCT: randomised clinical trial; RR: risk ratio; TTR: transthyretin.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.
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6

aEnd of the study.
bIntention-to-treat population.
cWe downgraded the certainty of evidence by one level for risk of bias (high risk of attrition bias in the single RCT included in this comparison) and by one level for serious
imprecision (CI encompassed a clinically important eJect and little or no eJect).
dWe downgraded the certainty of evidence by one level for risk of bias (high risk of attrition bias in the single RCT included in this comparison), by one level for serious imprecision
(CI is wide and includes the possibility of both harms and benefits) and by one level for serious indirectness (mechanisms by which this intervention would aJect QOL are not
direct).
eRandomised population (safety population).
fWe downgraded the certainty of evidence by one level for risk of bias (high risk of attrition bias in the single RCT included in this comparison), by two levels for very serious
imprecision (small event numbers; and CI includes the possibility of both harms and benefits) and by one level for serious indirectness (events collected by a non-systematic
assessment).
 
 

Summary of findings 2.   Diflunisal compared to placebo for people with transthyretin-familial amyloid polyneuropathy (TTR-FAP)

Diflunisal compared to placebo for people with transthyretin-familial amyloid polyneuropathy (TTR-FAP)

Patient or population: people with TTR-FAP
Setting: outpatient
Intervention: diflunisal
Comparison: placebo

Anticipated absolute effects* (95% CI)Outcomes

Risk with placebo Risk with diflunisal

Relative ef-
fect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Com-
ments

Disability due to FAP progression
(expressed as the change in Kumamo-
to Score)

Scale from: 0 (normal) to 102 (worst
disease severity).

Follow-up: 24 monthsa

The mean baseline Kumamoto
Score in the placebo group was
16.7 points.

The mean change from baseline
in the placebo group was an in-
crease (worsening) of 8.0 points.

The mean change in Kumamoto
Score in the diflunisal group was
4.90 points lower (better) than in
the placebo group (7.89 points
lower to 1.91 points lower).
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7

a-
bly
slight-
ly
de-
creas-
es
dis-
abil-
ity
due
to
FAP
pro-
gres-
sion
com-
pared
to
place-
bo.

Severity of peripheral neuropathy
(expressed as the change in NIS+7)

Scale from: 0 (normal) to 270 (total im-
pairment)

Follow-up: 24 monthsa

The mean baseline NIS+7 score
in the placebo group was 59.0
points.

The mean change from base-
line in the placebo group was
an increase (worsening) of 26.3
points.

The mean change in NIS+7 score
in the diflunisal group was 18.10
points lower (better) than in the
placebo group (26.03 points low-
er to 10.17 points lower).
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8

Pe-
riph-
eral
Nerve
So-
ci-
ety
(PNS
1995).

Di-
flu-
nisal
prob-
a-
bly
slight-
ly
re-
duces
the
wors-
en-
ing
of
pe-
riph-
eral
neu-
ropa-
thy
com-
pared
to
place-
bo.

Quality of life (expressed as the
change in SF-36 physical component
score)

Scale from: 0 (worst possible quality
of life) to 100 (best possible quality of
life)

Follow-up: 24 monthsa

The mean baseline SF-36 QOL
score (physical component) in
the placebo group was 34.8
points.

The mean change from baseline
in the placebo group was a de-
crease (worsening) of 4.9 points.

The mean change in SF-36 QOL
score (physical component) in
the diflunisal group was 6.10
points higher (better) than in the
placebo group (2.56 points high-
er to 9.64 points higher).
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9

the
phys-
ical
com-
po-
nent
sum-
ma-
ry.

QOL
(phys-
ical
sta-
tus)
may
de-
cline
slight-
ly
less
with
di-
flu-
nisal
than
place-
bo.

Quality of life (expressed as the
change in SF-36 mental component
score)

Scale from: 0 (worst possible quality
of life) to 100 (best possible quality of
life).

Follow-up: 24 monthsa

The mean baseline SF-36 QOL
score (mental component) in the
placebo group was 46.5 points.

The mean change from baseline
in the placebo group was a de-
crease (worsening) of 0.9 points.

The mean change in SF-36 QOL
score (mental component) in the
diflunisal group was 4.40 points
higher (better) than in the place-
bo group (0.19 points lower to
8.99 points higher).
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pro-
posed
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1
0

ma-
ry.

Qual-
ity
of
life
(men-
tal
sta-
tus)
may
de-
cline
slight-
ly
less
with
di-
flu-
nisal
than
place-
bo.

Study populationNumber of participants who died
during the trial

Follow-up: 24 monthsa 14 per 100 6 per 100
(2 to 19)

RR 0.46
(0.15 to 1.41)
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(1 RCT)
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Very lowe

There
is
evi-
dence
that
there
may
be
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deaths
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treat-
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di-
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1
1

Study populationNumber of dropouts due to adverse
events

Follow-up: 24 monthsa 6 per 100 11 per 100
(3 to 36)

RR 2.06
(0.39 to
10.87)

130
(1 RCT)

⊕⊝⊝⊝

Very lowe

Di-
flu-
nisal
may
in-
crease
the
num-
ber
of
dropouts
due
to
ad-
verse
events.

Study populationNumber of participants experienc-
ing at least one severe adverse event

Follow-up: 24 monthsa 6 per 100 5 per 100
(1 to 20)

RR 0.77
(0.18 to 3.32)

130
(1 RCT)

⊕⊝⊝⊝

Very lowe

Di-
flu-
nisal
may
have
no
clear
ef-
fect
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least
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1
2

verse
event.

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: confidence interval; FAP: familial amyloid polyneuropathy; MCID: minimum clinically important difference; NIS+7: Neuropathy Impairment Score plus 7 nerves test;
QOL: quality of life; RCT: randomised clinical trial; RR: risk ratio; SD: standard deviation; SF-36: 36-Item Short-Form Health Survey; TTR: transthyretin.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

aEnd of the study.
bWe downgraded the certainty of evidence by one level for risk of bias (high risk of attrition bias in the single RCT included in this comparison) and by one level for serious
imprecision.
cWe downgraded the certainty of evidence by one level for risk of bias (high risk of attrition bias in the single RCT included in this comparison), by one level for serious imprecision
and by one level for serious indirectness (data regarding QOL provided for SF-36 physical and mental components separately).
dWe downgraded the certainty of evidence by one level for risk of bias (high risk of attrition bias in the single RCT included in this comparison), by one level for serious imprecision
(CI includes the possibility of both harms and benefits) and by one level for serious indirectness (data regarding QOL provided for SF-36 physical and mental components
separately and mechanisms by which this intervention would aJect QOL are not direct).
eWe downgraded the certainty of evidence by one level for risk of bias (high risk of attrition bias in the single RCT included in this comparison) and by two levels for very serious
imprecision (small event numbers and CI includes the possibility of both harms and benefits).
 
 

Summary of findings 3.   Patisiran compared to placebo for people with transthyretin-familial amyloid polyneuropathy (TTR-FAP)

Patisiran compared to placebo for people with transthyretin-familial amyloid polyneuropathy (TTR-FAP)

Patient or population: people with TTR-FAP
Setting: outpatient
Intervention: patisiran
Comparison: placebo

Anticipated absolute effects* (95% CI)Outcomes

Risk with placebo Risk with patisiran

Relative ef-
fect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Com-
ments

Disability due to FAP progression
(expressed as the change in R-ODS)

Scale from: 0 (worst disability) to 48
(normal)

The mean baseline R-ODS
score in the placebo group
was 29.8 points.

The mean change in R-ODS
score in the patisiran group
was 8.90 points higher (better)
than in the placebo group (7.00

- 225
(1 RCT)
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1
3

Follow-up: 18 monthsa The mean change from base-
line in the placebo group was
a decrease (worsening) of 8.9

points.b

points higher to 10.80 points

higher).b
the litera-
ture.

Patisiran
probably
decreases
disability
due to FAP
progres-
sion com-
pared to
placebo.

Severity of peripheral neuropathy
(expressed as the change in mNIS
+7ALN)

Scale from: 0 (normal) to 304 (total
impairment)

Follow-up: 18 monthsa

The mean baseline mNIS
+7ALN score in the placebo
group was 74.6 points.

The mean change from base-
line in the placebo group was
an increase (worsening) of

27.96 points.b

The mean change in mNIS
+7ALN score in the patisiran
group was 33.99 points low-
er (better) than in the placebo
group (39.86 points lower to

28.13 points lower).b

- 225
(1 RCT)

⊕⊕⊕⊝

Moderatec
MCID not
available
for this
modified
NIS+7
scores.

Patisiran
probably
slightly re-
duces the
worsening
of periph-
eral neu-
ropathy
compared
to place-
bo.

Quality of life
(expressed as the change in 35-Item
Norfolk QOL-DN total score)

Scale from: -4 (best possible quality
of life) to 136 (worst possible quality
of life)

Follow-up: 18 monthsa

The mean baseline Norfolk
QOL score in the placebo
group was 55.5 points. The
mean change from baseline
in the placebo group was an
increase (worsening) of 14.4

pointsb

The mean change in Norfolk
QOL score in the patisiran
group was 21.10 points low-
er (better) than in the placebo
group (27.20 points lower to

15.00 points lower).b
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(1 RCT)
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Lowd

MCID not
provid-
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ported in
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Quality of
life may
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4

Study populationNumber of participants who died
during the trial

Follow-up: 18 monthsa 8 per 100 5 per 100
(2 to 14)

RR 0.61
(0.21 to 1.74)

225
(1 RCT)

⊕⊕⊝⊝

Lowe

There
may be no
clear dif-
ference
between
the patisir-
an group
and the
placebo
group in
the num-
ber of par-
ticipants
who died
during the
trial.

Study populationNumber of dropouts due to ad-
verse events

Follow-up: 18 monthsa 13 per 100 5 per 100
(2 to 12)

RR 0.33
(0.13 to 0.82)

225
(1 RCT)

⊕⊕⊝⊝

Lowf

There may
be little or
no differ-
ence be-
tween the
patisiran
group and
the place-
bo group
in the
number of
dropouts
due to
adverse
events.

Study populationNumber of participants experi-
encing at least one severe adverse
event

Follow-up: 18 monthsa
40 per 100 37 per 100

(26 to 52)

RR 0.91
(0.64 to 1.28)
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(1 RCT)
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Lowe
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1
5

with at
least one
severe
adverse
event.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).
 
CI: confidence interval;FAP: familial amyloid polyneuropathy;MCID: minimum clinically important difference; mNIS+7ALN: modified Neuropathy Impairment Score plus 7
nerves test (Alnylam);QOL-DN: Quality of Life-Diabetic Neuropathy Questionnaire; RCT: randomised clinical trial;ROD-S: Rasch-built Overall Disability Scale; RR: risk ratio;
TTR: transthyretin.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

aEnd of the study.
bMeans change from baseline and mean diJerences between groups refer to least-squares means and least-squares mean diJerences, respectively.
cWe downgraded the certainty of evidence by one level for serious imprecision.
dWe downgraded the certainty of evidence by one level for serious imprecision and by one level for serious indirectness (mechanisms by which this intervention would aJect
QOL are not direct).
eWe downgraded the certainty of evidence by two levels for very serious imprecision (small event numbers and CI includes the possibility of both harms and benefits).
fWe downgraded the certainty of evidence by two levels for very serious imprecision (small event numbers and wide CI).
 
 

Summary of findings 4.   Inotersen compared to placebo for people with transthyretin-familial amyloid polyneuropathy (TTR-FAP)

Inotersen compared to placebo for people with transthyretin-familial amyloid polyneuropathy (TTR-FAP)

Patient or population: people with TTR-FAP
Setting: outpatient
Intervention: inotersen
Comparison: placebo

Anticipated absolute effects* (95% CI)Outcomes

Risk with placebo Risk with inotersen

Relative ef-
fect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Disability due to FAP progression - - - - - Disability
due to FAP
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Not measured progres-
sion was not
measured.

Severity of peripheral neuropathy
(expressed as the change in mNIS+7Ionis)

Scale from: -22.3 (normal) to 346.3 (total
impairment)

Follow-up: 66 weeksa

The mean baseline mNIS
+7Ionis score in the placebo
group was 74.8 points. The
mean change from baseline
in the placebo group was
an increase (worsening) of

23.89 pointsb

The mean change in mNIS
+7Ionis score in the inot-
ersen group was 19.73
points lower (better) than
in the placebo group
(26.50 lower to 12.96 low-

er)b

- 172
(1 RCT)

⊕⊕⊕⊝

Moderatec
The MCID
detectable
is 2 points.

Inostersen
probably re-
duces the
worsening
of peripher-
al neuropa-
thy com-
pared to
placebo.

Quality of life (expressed as the change in
35-Item Norfolk QOL-DN total score)

Scale from: -4 (best possible quality of life)
to 136 (worst possible quality of life)

Follow-up: 66 weeksa

The mean baseline Norfolk
QOL score in the placebo
group was 48.7 points. The
mean change from baseline
in the placebo group was
an increase (worsening) of

10.77 pointsb

The mean change in Nor-
folk QOL score in the in-
otersen group was 10.85
points lower (better) than
in the placebo group
(17.25 lower to 4.45 low-

er)b

- 172
(1 RCT)

⊕⊕⊝⊝

Lowd

MICD not
provided
nor report-
ed in the lit-
erature.

Inotersen
may have
little ef-
fect on the
change in
QOL.

Study populationNumber of participants who died during
the trial

Follow-up: 66 weeksa 0/60 deaths 5/112 deaths

RR 5.94
(0.33 to
105.60)

172
(1 RCT)

⊕⊕⊝⊝

Lowe

The number
of partici-
pants who
died during
the trial may
be greater
in the inot-
ersen group
than in the
placebo
group.

Study populationNumber of dropouts due to adverse
events

Follow-up: 66 weeksa 2 per 100 14 per 100
(2 to 100)

RR 8.57
(1.16 to
63.07)

172
(1 RCT)

⊕⊕⊝⊝

Lowf

The number
of dropouts
due to ad-
verse events
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may be
greater in
the inot-
ersen group
than the
placebo
group.

Study populationNumber of participants experiencing at
least one severe adverse event

Follow-up: 66 weeksa 22 per 100 32 per 100
(18 to 56)

RR 1.48
(0.85 to 2.57)

172
(1 RCT)

⊕⊕⊝⊝

Lowe

The num-
ber of par-
ticipants
experienc-
ing at least
one severe
adverse
event may
be greater
in the inot-
ersen group
than in the
placebo
group.

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: confidence interval; FAP: familial amyloid polyneuropathy; MCID: minimum clinically important difference; mNIS+7Ionis: modified Neuropathy Impairment Score plus
7 nerves test (Ionis version); QOL-DN: Quality of Life-Diabetic Neuropathy Questionnaire; RCT: randomised clinical trial; RR: risk ratio; TTR: transthyretin.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

aEnd of the study.
bMean change from baseline and mean diJerences between groups refer to least-squares means and least-squares mean diJerences, respectively.
cWe downgraded the certainty of evidence by one level for serious imprecision.
dWe downgraded the certainty of evidence by one level for serious imprecision and by one level for serious indirectness (mechanisms by which this intervention would aJect
QOL are not direct).
eWe downgraded the certainty of evidence by two levels for very serious imprecision (small event numbers and CI includes the possibility of both harms and benefits).
fWe downgraded the certainty of evidence by two levels for very serious imprecision (small event numbers and wide CI).
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B A C K G R O U N D

Description of the condition

Familial amyloid polyneuropathies (FAPs) are a group of relentless,
disabling and life-threatening hereditary polyneuropathies
aJecting the somatic and autonomic components of the peripheral
nervous system. FAPs are due to endoneurial deposition of
amyloid, an insoluble substance constituted from misfolded
mutated proteins that aggregate in nonbranching fibrils oriented
in a β-pleated sheet structure. Extracellular deposition of amyloid
fibrils usually also occurs in many organs, including the heart,
kidneys and eyes. Therefore, FAPs fall into the category of
multisystem diseases (Planté-Bordeneuve 2011). According to the
precursor proteins involved in amyloidogenesis, FAPs are classified
as (Lunn 2016):

• transthyretin (TTR)-FAP, formerly termed FAP type I
(Portuguese–Swedish–Japanese type) and type II (Indiana-
Swiss or Maryland-German type);

• apolipoprotein AI (ApoAI)-FAP, also referred to as FAP type III, Van
Allen type or Iowa type;

• gelsolin (Gel)-FAP, previously known as FAP type IV, Finnish type
or Meretoja type; and

• beta-2-microglobulin (B2M)-FAP.

Symptoms suggestive of peripheral neuropathy were reported in a
single case of hereditary amyloidosis due to a mutation in the gene
encoding lysozyme, but electrodiagnostic tests and nerve biopsy
were not performed to confirm the diagnosis (Nasr 2017).

FAPs have an autosomal dominant pattern of inheritance. Age at
onset, symptomatology, pattern of organ involvement and disease
progression of these conditions can be highly variable (Planté-
Bordeneuve 2011; Sipe 2014).

TTR-FAP

TTR-FAP was originally described by Andrade in Portuguese
families and then recognised in Sweden, Japan, Ireland, and
worldwide (Andrade 1952; Rowczenio 2015). Its overall prevalence
is estimated to be 0.87 to 1.1 per one million people (Adams 2014).
TTR is a plasma protein which is mainly synthesised by the liver and
involved in the transport of thyroid hormones and retinol (vitamin
A). The clinical spectrum of TTR-related amyloidosis encompasses
FAP, familial amyloid cardiomyopathy, ocular and leptomeningeal
amyloidosis, whereas renal involvement is uncommon (Rapezzi
2013). To date, more than 120 amyloidogenic mutations in the
TTR gene have been described (Rowczenio 2014). Some mutations
are associated with particular phenotypes, with prominent
neurological or cardiac involvement (Rapezzi 2010; Rapezzi 2013).
However, a single gene mutation does not necessarily account for a
single phenotype and a significant intramutation and intrafamilial
variability, as well as diJerences in natural history within and
among mutations are reported (Mariani 2015). In addition to
genetic factors, environmental and epigenetic determinants may
influence phenotypic expression and/or variability of age at
onset (Rapezzi 2010; Planté-Bordeneuve 2018). The Val30Met
substitution is the most frequent mutation causing TTR-FAP and
is present in large foci in Portugal, Japan and Sweden, thus giving
rise to the so called “endemic Val30Met TTR-FAP phenotype”.
Cases of Val30Met TTR-related amyloidosis reported outside the
endemic geographic foci are referred to as “nonendemic Val30Met

TTR-FAP phenotypes”. Endemic Val30Met TTR-FAP typically begins
in the fourth decade of life (Portuguese and Japanese cases)
or later (Swedish cases), manifesting as a slowly progressive,
length-dependent, sensorimotor polyneuropathy, oLen associated
with autonomic involvement. Clinical manifestations include
loss of superficial sensation, such as nociception and thermal
sensations, neuropathic pain, orthostatic hypotension, sexual
impotence, neurogenic bladder and gastrointestinal dysfunction.
Restrictive cardiomyopathy progressing to congestive heart failure,
arrhythmias and conduction blocks is a later manifestation.
Nonendemic Val30Met TTR-FAP usually shows higher age at onset
(sixth or seventh decade of life), extreme male predominance,
broader phenotypic heterogeneity and markedly low age-related
penetrance, so that a positive family history is less frequent
and the diagnosis oLen delayed. Cardiac involvement can
be very prominent already at presentation and autonomic
dysfunction is typically milder. Age at onset of TTR-FAP is quite
variable, particularly for the Val30Met-related form in endemic or
nonendemic geographic areas, so that early-onset (< 50 years)
and late-onset (> 50 years) phenotypes have been defined.
Phenotypes related to non-Val30Met mutations vary considerably,
encompassing selective and nonselective neurological, cardiac
and oculoleptomeningeal involvement (Rapezzi 2010). Walking
diJiculties requiring aid (stage 2) occur aLer a mean disease
duration of six years, with confinement to a wheelchair (stage 3)
on average aLer 10 years of disease (Coutinho 1980; Adams 2014).
Studies in Portuguese people with TTR-FAP indicate that death
occurs within a mean interval of 10.8 years aLer the onset of
symptoms (Hund 2012).

ApoAI-FAP

ApoAI-FAP was first recognised in Iowa. ApoAI is the major
protein constituent of plasma high-density lipoprotein. ApoAI is
synthesised in the liver and small intestine in approximately
the same proportions. ApoAI-FAP usually begins in the fourth
decade of life and is characterised by amyloid deposition in major
organs, including the liver, gastrointestinal tract and kidneys,
leading to severe gastric ulcer disease and renal failure. Although
a length-dependent polyneuropathy with slow progression can
occur in ApoAI-related amyloidosis, it is not a major feature of
the disease. Four mutations in the APOAI gene are associated with
the neuropathic pattern of ApoAI-related amyloidosis (Gly26Arg,
Leu174Ser, His155Metfs*46, Ala154Glyfs*48) (Rowczenio 2014).

Gel-FAP

Gel-FAP was first identified in Finland, but sporadic cases are
recognised worldwide. Gel is a calcium-dependent actin-binding
protein. Two point mutations in the GEL gene (Asp187Asn,
Asp187Tyr) are known to cause neuropathic forms of Gel-
related amyloidosis (Planté-Bordeneuve 2011; Rowczenio 2014).
The first manifestations of Gel-amyloidosis occur at age 25
to 30 years and include corneal lattice dystrophy, cranial
neuropathies (typically unilateral or bilateral facial paralysis),
peripheral sensory neuropathy, and abnormal skin laxity. Cardiac,
renal and pharyngeal abnormalities are less common. The clinical
course of Gel-FAP is slow and quite benign, since life-threatening
cardiac and renal complications are rare.

B2M-FAP

A single French family has been reported with an Asp76Asn
mutation in the B2M gene causing gastrointestinal involvement
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(chronic diarrhoea with weight loss, autonomic and sensorimotor
neuropathy, and persistent sicca syndrome) (Valleix 2012;
Rowczenio 2014).

ApoAI-FAP and Gel-FAP are very rare and cases of B2M-FAP are
anecdotal, so the worldwide prevalence of these conditions is
unknown.

The diagnosis of FAP is oLen challenging because of phenotypic
and genotypic heterogeneity, especially in the absence of family
history and when the clinical presentation is atypical. Amyloidosis
is diagnosed by demonstration of amyloid in tissue biopsy
specimens, where it appears as Congo red–binding material with
characteristic apple-green birefringence under cross-polarised
light. DNA testing to identify an amyloidogenic gene mutation
is necessary to confirm the diagnosis of FAP (Planté-Bordeneuve
2011). In recent years, a number of diagnostic tools have been
investigated in people with TTR-FAP. These include magnetic
resonance neurography (Kollmer 2015; Kollmer 2017), skin
biopsy for the evaluation of intraepidermal nerve fiber density
(Masuda 2017), and Sudoscan technology for the measurement of
electrochemical skin conductance (Castro 2016). Timely detection
of clinical manifestations of TTR-FAP and prompt definitive
diagnosis are critical for appropriate treatment and optimal
outcomes. Asymptomatic gene carriers should be monitored
regularly for early recognition of symptoms and signs. The new
diagnostic tools look set to permit an earlier and more reliable
diagnosis of this condition (Planté-Bordeneuve 2018).

Description of the intervention

The treatment of FAPs requires a multidisciplinary approach,
including:

• disease-modifying treatments for stopping or slowing down the
progression of amyloidogenesis;

• pharmacological agents to manage the symptoms of peripheral
and autonomic neuropathy (e.g. neuropathic pain, orthostatic
hypotension, bladder and gastrointestinal disturbances); and

• treatment of complications due to severe organ involvement by
amyloidosis (i.e. eJects on the heart, eye, or kidney).

Overall, TTR gene mutations account for the majority of FAP cases
(Rowczenio 2014), and clinical trials have focused on TTR-FAP to
date.

Liver transplantation was the only treatment option in TTR-FAP
in the pre-pharmacological era. Since TTR is synthesised mainly
in the liver, liver transplantation suppresses the main source of
mutant TTR. Liver transplantation surgery has shown a favourable
eJect on the progression of peripheral neuropathy in Val30Met
TTR-FAP even in the long term. However, autonomic dysfunction
is unchanged aLer liver transplantation, and cardiac, renal, and
oculoleptomeningeal manifestations of the disease are influenced
to a lesser degree, if at all. Indeed, long-term disease-related
complications of liver transplantation include TTR-related cerebral
amyloid angiopathy and cardiomyopathy (Planté-Bordeneuve
2018), as well as resultant TTR-FAP in recipients of explanted FAP
liver aLer a “domino” procedure. People with TTR-FAP and severe
renal or heart failure may benefit from a combined kidney-liver
or heart-liver transplant (Adams 2013). However, large numbers of
people with TTR-FAP are not suitable transplant candidates, and
the development of pharmacological disease-modifying options

has been an active field of research over the last decades, with
a number of completed and ongoing trials (Dubrey 2015). Our
review focused on disease-modifying pharmacological agents for
FAP, which are expected to be the only treatment options for the
majority of the FAP population. We did not consider symptomatic
agents for neuropathic pain, orthostatic hypotension, or bladder
and gastrointestinal disturbances, as these are covered in other
reviews (Maule 2007; Kempler 2011; Chiang 2015), nor did we
discuss treatments for complications of severe organ involvement.

How the intervention might work

Pharmacologic disease-modifying strategies for TTR-FAP (some of
which are approved and some are still under investigation) may
involve a number of classes of drugs:

• amyloid kinetic stabilisers, such as tafamidis and diflunisal,
which bind mutant misfolded TTR, preventing its aggregation in
amyloid fibrils;

• amyloid matrix solvents, such as doxycycline and
taurodeoxycholic acid, which act to disrupt deposited amyloid
fibrils; and

• amyloid precursor inhibitors (i.e. gene therapy with antisense
oligonucleotides and small interfering RNA ), which block
expression of both mutant and wild type TTR reducing amyloid
precursor protein synthesis.

In future, people with TTR-FAP might benefit from immunisation
against amyloid precursors (Dubrey 2015). A number of antibodies,
including monoclonal antibodies against TTR and antibodies
against serum amyloid P, are undergoing testing in people with
various forms of amyloidosis (Planté-Bordeneuve 2018).

No specific disease-modifying agent for ApoAI-FAP, Gel-FAP, and
B2M-FAP is currently available.

Why it is important to do this review

The purpose of this review was firstly to evaluate the current
level of evidence for pharmacologic disease-modifying treatments
for FAPs, secondly to compare the eJicacy of diJerent disease-
modifying treatments for FAPs, and thirdly to highlight gaps
in knowledge that require further investigation. The review is
intended for people with FAPs, healthcare professionals, and
researchers. We hope that it will draw attention to, and be a
stimulus for, more research in this area.

O B J E C T I V E S

To assess and compare the eJicacy, acceptability, and tolerability
of disease-modifying pharmacological agents for familial amyloid
polyneuropathies (FAPs).

M E T H O D S

Criteria for considering studies for this review

Types of studies

As recommended in the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011), we included all identified
randomised clinical trials (RCTs) or quasi-RCTs of pharmacological
disease-modifying agents for familial amyloid polyneuropathies
(FAPs), compared to placebo or to other disease-modifying agents.
Quasi-RCTs are studies in which participants are allocated to groups
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using a method that is partially systematic (e.g. by alternation,
case record number, or date of birth). We reported evidence
for pharmacological agents only investigated in non-randomised
studies, such as cohort studies, case-control studies or case reports,
in the Discussion section. We included studies reported as full-text,
those published as abstract only, and unpublished data. We did not
impose any restrictions as to language of publication.

Types of participants

We included studies of people aged 18 years or older, of
either gender, with a diagnosis of FAP based on clinical or
neurophysiological evidence of polyneuropathy, or both, and
positive DNA testing for TTR, APOAI, GEL, or B2M gene mutations,
irrespective of biopsy confirmation of amyloid deposits. We
included people with FAP as the leading cause of their neuropathy.
We excluded people whose neuropathy was attributable to another
cause but not those who had comorbidities that may be associated
with a neuropathy, where the presenting neuropathy was FAP-
related.

Types of interventions

We considered any disease-modifying pharmacological
intervention for FAP in any dose and by any route, compared
to placebo, no intervention, or any other active comparator. We
allowed any previous or concomitant treatment except other FAP
disease-modifying agents.

Types of outcome measures

As with many rare diseases, there were no validated outcome
measures specific for FAP in the era preceding the first clinical
trials in this area. Therefore, measures of disease progression and
nerve impairment with demonstrated sensitivity and specificity
in other axonal neuropathies (e.g. Charcot-Marie Tooth disease
(CMT) or diabetic polyneuropathy) were included. The tools used
to assess the progression of transthyretin (TTR)-FAP have been
refined aLer the first trials on TTR stabilisers. The Neuropathy
Impairment Score (NIS) (Dyck 1995), the NIS of the lower limbs
(NIS-LL) (Dyck 1997; Bril 1999), the Norfolk Quality of Life-Diabetic
Neuropathy Questionnaire (Norfolk QOL-DN) (Vinik 2005), and
composite clinical and neurophysiological evaluations of nerve
fiber function, such as the NIS plus 7 nerves test (NIS+7) (Berk 2013),
have appeared valid and reliable measures of TTR-FAP severity
(Coelho 2017).

Primary outcomes

• Disability due to FAP progression
* Expressed as the change from baseline in the:

□ clinical staging of TTR-FAP (FAP stage) (Coutinho 1980);

□ Polyneuropathy Disability Score (PDS) (Steen 1983);

□ Modified Norris Test Score (MNT) (Lacomblez 1989);

□ Portuguese classification system (PCS) (Sales-Luís 1990);

□ Kumamoto Score (KS) (Tashima 1999);

□ Yamamoto Score (YS) (Yamamoto 2007); and

□ Rasch-built Overall Disability Scale (R-ODS) (van Nes
2011).

Secondary outcomes

• Severity of peripheral neuropathy
* Expressed as the change from baseline in the:

□ NIS (Dyck 1995);

□ NIS-LL (Dyck 1997; Bril 1999);

□ NIS of the Upper Limbs (NIS-UL) (Lozeron 2013);

□ NIS+7 (Berk 2013)

□ modified versions of NIS+7 (mNIS+7 Alnylam version and
mNIS+7 Ionis version) (Suanprasert 2014; Dyck 2017;
Adams 2018; Benson 2018);

□ CMT Neuropathy Score (CMTNS) (Shy 2005);

□ CMT Neuropathy Score second version (CMTNS2) (Murphy
2011)

□ Neuropathy Disability Score revised version (NDS) (Abbott
2002); and

□ Compound Autonomic Dysfunction Test (CADT) (Denier
2007).

• Change in modified body mass index (mBMI)
* A measure of wasting and autonomic gastrointestinal

function, calculated as the product of the BMI and serum
albumin concentration (g/L) (Suhr 1984), expressed as
change from baseline

• Quality of life
* Expressed as the change from baseline in a validated scale or

patient-reported questionnaire, including the:
□ 36-Item Short-Form Health Survey (SF-36) scale (Ware

1992);

□ Norfolk QOL-DN (Vinik 2005);

□ EuroQoL Quality of Life Scale (EQ-5D) (Rabin 2001); and

□ Karnofsky Performance Status (KPS) (Yates 1980).

• Severity of depression
* Expressed as the change from baseline in a validated scale or

clinical diagnostic interview, including the:
□ Beck Depression Inventory (BDI-II) (Beck 1988); and

□ Hamilton Rating Scale for Depression (HAM-D) (Hamilton
1960).

• Number of participants who died during the trial

• Adverse events analysed as:
* number of participants experiencing at least one adverse

event;

* number of participants experiencing mild adverse events;

* number of dropouts due to adverse events;

* number of participants experiencing at least one severe
adverse event.

All outcomes were assessed aLer 12 and 24 months of treatment
(where possible) and at the end of the blinded follow-up period. We
have summarised characteristics of the scores included as primary
and secondary outcome measures in Table 1. In order not to miss
any side eJects, in the data extraction phase, we collected all
side eJects data reported in the literature, and discussed ways to
summarise them post hoc.

Search methods for identification of studies

Electronic searches

The Cochrane Neuromuscular Information Specialist searched the
following databases on 18 November 2019.
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• Cochrane Neuromuscular Specialised Register via the Cochrane
Register of Studies (CRS-Web; Appendix 1).

• Cochrane Central Register of Controlled Trials (CENTRAL) via
CRS-Web (Appendix 2).

• MEDLINE (1946 to 15 November 2019; Appendix 3).

• Embase (1974 to 15 November 2019; Appendix 4).

We did not impose any language restrictions.

Searching other resources

We reviewed reference lists of all included studies, narrative
reviews, and major textbooks on peripheral neuropathies
(written in English) for published reports and citations of
unpublished research. We also conducted a citation search
via the Web of Science (included studies only) on 18
November 2019 to identify additional studies. We contacted
known experts in the field via email between 2017 and
2018. We conducted complementary searches on the World
Health Organization International Clinical Trials Registry Platform
(www.who.int/ictrp), ClinicalTrials.gov (www.clinicaltrials.gov),
and ClinicalTrialsRegister.eu (www.clinicaltrialsregister.eu)
(Appendix 5). We reviewed pharmaceutical companies' websites
- www.pfizer.com, www.merck.com, www.ionispharma.com, and
www.alnylam.com - to identify ongoing trials and additional
published or unpublished data on 18 November 2019.

Data collection and analysis

Selection of studies

Three review authors (FM, GZ, and ST) independently screened
titles and abstracts identified by the electronic searches using
Covidence. The same review authors obtained the full-text reports
of all potentially eligible studies for independent assessment and
suggested studies to be included. All review authors (FM, GMF, LS,
FioM, GZ, TC, and ST) agreed on which studies met the inclusion
criteria. We resolved any disagreement about inclusion criteria by
discussion and consensus. We identified and excluded duplicates
and collated multiple reports of the same study so that each study,
rather than each report, was the unit of interest in the review. We
recorded the selection process in suJicient detail to complete a
PRISMA flow diagram and a 'Characteristics of excluded studies'
table (Moher 2009).

Data extraction and management

Two review authors (FM and ST) independently extracted data
from studies selected for inclusion, using a tailored data collection
form. We used 'Characteristics of included studies' tables to present
the essential features of the included studies. Two other review
authors (GMF and TC) checked the data extraction. There were
no disagreements on data extraction and entry, which would
have been discussed with the remaining authors (LS, FioM, and
GZ) if necessary. We contacted trial authors and sponsors for
missing data when possible. We extracted the following study
characteristics.

• Methods: study design, total duration of study, details of any 'run
in' period, number of study centres and location, study setting,
withdrawals, and date of study

• Participants: N, mean age, age range, gender, severity of
condition, diagnostic criteria, baseline characteristics, inclusion
criteria, and exclusion criteria

• Interventions: intervention, comparison, concomitant
medications, and excluded medications

• Outcomes: primary and secondary outcomes specified and
collected, and time points reported

• Notes: funding for trial, notable conflicts of interest of trial
authors

One review author (FM) transferred data into Review Manager 5
(Review Manager 2014). A second review author (ST) checked the
outcome data entries. A third review author (GZ) spot-checked
study characteristics for accuracy against the trial report.

Assessment of risk of bias in included studies

Two review authors (FM and ST) independently assessed risk of bias
for each study using the Cochrane 'Risk of bias' tool, as described
in Chapter 8 of the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2011). All review authors (FM, GMF, LS, FioM,
GZ, TC, and ST) resolved disagreements by discussion until we
reached consensus. We assessed the risk of bias according to the
following domains.

• Random sequence generation

• Allocation concealment

• Blinding of participants and personnel

• Blinding of outcome assessment

• Incomplete outcome data

• Selective outcome reporting

• Other sources of bias

We graded studies as having high, low, or unclear risk of bias in each
of these domains and provided justifications for our judgements
in the 'Risk of bias' tables, with a quote from the study, when
appropriate. Where we obtained information on risk of bias from
unpublished data, we noted this in the 'Risk of bias' table.

Measures of treatment e;ect

The primary and secondary outcomes comprised both continuous
and dichotomous data. As predetermined in the protocol for
this review (Magrinelli 2016), we analysed ordinal or continuous
data results from measurement scales (Table 1) as continuous
variables (disability due to FAP progression, severity of peripheral
neuropathy, mBMI, quality of life, severity of depression, and
results for mortality and adverse events as dichotomous variables.

Continuous data

For continuous data, we provided mean diJerences (MDs) and 95%
confidence intervals (CIs).

Dichotomous data

We reported dichotomous data as risk ratios (RRs) with 95% CIs.

Skewed and non-quantitative data

We presented skewed data and non-quantitative data descriptively.

Unit of analysis issues

The unit of analysis was the participant, which was also the unit
of randomisation in the type of trials that we considered for this
review. We took into account the level at which randomisation
occurred.
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Dealing with missing data

We contacted principal study investigators and sponsors in order
to request information about missing data. Where possible,
we analysed all outcome measures using an intention-to-
treat analysis, following the principle 'once randomised always
analysed'. We considered and reported if the principle 'last
observation carried forward' was used in the included RCTs.

Data synthesis

As we were interested in the eJects of each drug, we reported the
results for each comparison separately and did not perform a meta-
analysis. We did not plan any network meta-analysis for indirect
comparisons of multiple interventions, which would also have been
hampered by the use of diJerent measures to assess outcomes in
the included RCTs.

'Summary of findings' tables

We summarised the main findings of the review using 'Summary
of findings' tables according to methods and recommendations
described in the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2011). We included the following outcomes.

• Disability due to FAP progression

• Severity of peripheral neuropathy

• Quality of life

• Number of participants who died during the trial

• Adverse events, encompassing:
* number of dropouts due to adverse events

* number of participants experiencing at least one severe
adverse event

Two review authors (FM and ST) worked independently on
'Summary of findings' assessments. Where there were multiple
outcome measures among those predetermined for a specific
outcome in the protocol of this review, we reported in the
'Summary of findings' tables the one with higher clinical
relevance and inter-rater reproducibility. For instance, among
outcome measures assessing the severity of peripheral neuropathy
in Berk 2013, we chose to report scores combining clinical
and neurophysiological assessments, rather than purely clinical
scores. Furthermore, 'Summary of findings' tables report outcome
measures at the longest time interval available among those
predetermined in the protocol of this review, as this represents
the most relevant time interval for people aJected by a

chronic progressive disease. We used the five GRADEpro
GDT considerations (study limitations, consistency of eJect,
imprecision, indirectness, and publication bias) to assess the
certainty of the body of evidence for each outcome. We
downgraded the certainty of studies from high according to
whether these considerations are present to a serious degree. We
used footnotes to aid the reader's understanding of our judgements
where necessary.

Reaching conclusions

We based our conclusions only on findings from the quantitative
or narrative synthesis of included studies for this review. We
avoided making recommendations for practice. Our implications
for research suggest priorities for future research and outline what
the remaining uncertainties are for the topic.

We conducted the review according to the published protocol and
reported any deviations from it in the DiJerences between protocol
and review section of this review. Additional methods for use
in future updates, if more trials are available and meta-analysis
becomes possible, are shown in Appendix 6.

R E S U L T S

Description of studies

See: 'Characteristics of included studies' section; 'Characteristics of
excluded studies' section.

Results of the search

We found a total of 719 references from the database search. ALer
deduplication, we screened the resulting 477 references at title
and abstract stage. We identified no additional papers by reviewing
reference lists of included studies, narrative reviews, and major
textbooks on peripheral neuropathies, by conducting a citation
search via the Web of Science on 18 November 2019, or through
email correspondence with known experts in the field between
2017 and 2018. We selected 147 references for full-text screening.
None of these papers required translation. We also found public
synopses of the four identified randomised clinical trials (RCTs)
on ClinicalTrials.gov (www.clinicaltrials.gov), and of two identified
RCTs on ClinicalTrialsRegister.eu (www.clinicaltrialsregister.eu)
when we conducted complementary searches on clinical trials
registers and pharmaceutical company websites. See Figure 1 for
a PRISMA flow diagram showing the study selection process for
this review. We did not identify any ongoing RCTs that fulfilled our
predetermined inclusion criteria.
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Figure 1.   PRISMA chart for searched to included studies for FAPs

 
Included studies

See: 'Characteristics of included studies' section.

We included four studies, with a total of 655 participants. These
studies provided data for four diJerent comparisons.

• Tafamidis versus placebo (128 participants; Coelho 2012)

• Diflunisal versus placebo (130 participants; Berk 2013)

• Patisiran versus placebo (225 participants; Adams 2018)

• Inotersen versus placebo (172 participants; Benson 2018)

All studies were randomised, double-blind, multicentre,
international trials conducted in outpatient settings. Coelho 2012
evaluated the eJicacy and safety of the transthyretin (TTR) kinetic
stabiliser tafamidis 20 mg once daily compared to placebo during
18 months of treatment in adults with early-stage TTR-related
familial amyloid polyneuropathy (FAP) due to Val30Met mutation
in the TTR gene. Berk 2013 investigated the eJicacy and safety of
the TTR kinetic stabiliser diflunisal 250 mg twice daily compared
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to placebo during 24 months of treatment in adults with TTR-FAP
due to Val30Met and non-Val30Met mutations in the TTR gene at
any stage. Adams 2018 explored the eJicacy and safety of the TTR
small interfering RNA patisiran 0.3 mg/kg once every three weeks
compared to placebo aLer 18 months of treatment in adults with
TTR-FAP due to Val30Met and non-Val30Met mutations in the TTR
gene at any stage, who might previously have received TTR kinetic
stabilisers. Benson 2018 investigated the eJicacy and safety of
the TTR antisense oligonucleotide inotersen 300 mg once weekly
compared to placebo aLer 65 weeks of treatment in adults with
TTR-FAP due to Val30Met and non-Val30Met mutations in the TTR
gene at early stages, who might previously have been treated with
TTR kinetic stabilisers. Coelho 2012, Adams 2018, and Benson 2018
were funded by the manufacturer of the pharmacological agent
under investigation.

Excluded studies

We excluded 77 full-text articles that had been considered as
possibly eligible for this review at the title and abstract screening
stage. In particular, we excluded open-label extensions of RCTs
previously completed.

We listed 11 studies of the articles reviewed in full text as Excluded
studies. These were:

• seven non-randomised studies, of which four were open-label
extension studies involving included interventions (Adams 2015;
Coelho 2013; Plante-Bordeneuve 2018; Waddington-Cruz 2016),
and three were other non-randomised studies (Barroso 2017;
Russo 2013; Suhr 2015);

• one open-label study of an investigational drug (Gillmore 2015);

• an abstract reporting on drug development (Sah 2011);

• a paper comparing tamafidis results from a RCT with those of an
open-label study (Gundapaneni 2018);

• a RCT of tafamidis focusing on cardiomyopathy, not neuropathy
(Maurer 2018).

See: the 'Characteristics of excluded studies' section.

Risk of bias in included studies

We presented the 'Risk of bias' assessment of each included
study in the 'Characteristics of included studies' tables. Figure 2
summarises the review authors’ 'Risk of bias' judgments for all
included studies.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.

 
Allocation

All studies reported methods of randomisation and allocation
concealment and we rated them at low risk of bias (Coelho 2012;
Berk 2013; Adams 2018; Benson 2018).

Blinding

Participants and investigators were blinded to the interventions
in Coelho 2012, Berk 2013, Adams 2018, and Benson 2018, which
we rated at low risk of bias. As for the blinding of outcome
assessment, we rated three studies at unclear risk of bias (Coelho
2012; Adams 2018; Benson 2018), as the statistical analysis of
results was conducted by personnel of the sponsor, whereas we
rated Berk 2013 at low risk of bias.

Incomplete outcome data

In Coelho 2012, aLer randomisation of 128 participants, 1/65 (1.5%)
in the tafamidis group and 2/63 (3.2%) in the placebo group
were excluded from the intention-to-treat (ITT) population due
to absence of post-baseline evaluations or genetic testing not
confirming TTR-FAP. Coelho 2012 then reported a loss to follow-up
of 34/125 (27.2%) participants, with an ITT analysis; we therefore
rated this study at high risk of bias. Berk 2013 reported 67/130
(51.5%) dropouts and mentioned an ITT analysis which included
all randomised participants who initiated treatment, thus being
judged at high risk of bias. ALer reporting that 40/225 (17.8%)
participants discontinued the trial regimen and 32/225 (14.2%)
were withdrawn from the trial, Adams 2018 defined a modified ITT
population as all participants who underwent randomisation and
received at least one dose of patisiran or placebo; thus, we rated

Pharmacological treatment for familial amyloid polyneuropathy (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

25



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

this study at low risk of bias. In Benson 2018, one participant in
the inotersen group underwent randomisation in error and did not
begin the trial regimen. Although Benson 2018 mentioned that the
eJicacy analyses included all randomly-assigned participants who
received at least one dose of a trial regimen and who had at least
one post-baseline eJicacy assessment for the mNIS+7 Ionis version
or the Norfolk Quality of Life-Diabetic Neuropathy Questionnaire
(Norfolk QOL-DN) score, there was no clear mention of ITT analysis.
We therefore judged this study at unclear risk of bias.

Selective reporting

All included studies reported all prespecified outcomes in their
published report papers (Coelho 2012; Berk 2013; Adams 2018;
Benson 2018), or public synopses on online clinical trial registries,
or both. Therefore, we rated these studies at low risk of bias.

Other potential sources of bias

We rated three studies at unclear risk of other potential sources of
bias because of some involvement of the sponsor in the design and
conduct of the study (Coelho 2012; Adams 2018; Benson 2018). We
rated Berk 2013 at low risk of bias.

E;ects of interventions

See: Summary of findings for the main comparison Tafamidis
compared to placebo for people with transthyretin-familial amyloid
polyneuropathy (TTR-FAP); Summary of findings 2 Diflunisal
compared to placebo for people with transthyretin-familial amyloid
polyneuropathy (TTR-FAP); Summary of findings 3 Patisiran
compared to placebo for people with transthyretin-familial amyloid
polyneuropathy (TTR-FAP); Summary of findings 4 Inotersen
compared to placebo for people with transthyretin-familial amyloid
polyneuropathy (TTR-FAP)

See: Summary of findings for the main comparison; Summary of
findings 2; Summary of findings 3; Summary of findings 4.

Among the included studies, one study investigated tafamidis
versus placebo (Coelho 2012), one study compared diflunisal with
placebo (Berk 2013), one study explored patisiran versus placebo
(Adams 2018), and one study examined inotersen versus placebo
(Benson 2018). As all included studies investigated a diJerent
pharmacological agent compared to placebo, we did not perform a
standard pairwise meta-analysis. We had not planned any network
meta-analysis for indirect comparisons of multiple interventions
for this review. The number of studies and available data are
currently too limited for formal indirect comparisons to be made
between drugs. In addition, they would have been diJicult to
perform since diJerent measures to assess outcomes were used in
the included randomised clinical trials (RCTs).

Tafamidis versus placebo in TTR-FAP

See: Summary of findings for the main comparison.

One study, including 128 randomised participants (intention-
to-treat (ITT) population, 125 participants) contributed
data to the comparison of tafamidis versus placebo
(Coelho 2012). This study followed the principle of
'last observation carried forward'. We obtained data for
Coelho 2012, both from published report papers and the
online trial registries ClinicalTrials.gov (www.clinicaltrials.gov)
and ClinicalTrialsRegister.eu (www.clinicaltrialsregister.eu). The

predetermined outcomes at time points selected for this review
were available at 12 months and at the end of the follow-up period
(18 months) for eJicacy outcomes and at the end of the follow-up
period (18 months) for acceptability and tolerability outcomes. As
results for continuous variables were available as means ± standard
deviations (SDs) for changes within groups and as least-square
mean diJerences (MDs) ± standard errors (SEs) for diJerences
between groups, we calculated MDs and 95% CIs between groups
in Review Manager 5 (Review Manager 2014), using available data
for changes within groups.

Primary outcome measure: disability due to FAP progression

Coelho 2012 did not report our predetermined primary outcome
measure.

Secondary outcome measures

Severity of peripheral neuropathy

In Coelho 2012 (ITT population, N = 125), the severity of peripheral
neuropathy, expressed as the change from baseline in the
Neuropathy Impairment Score - Lower Limb (NIS-LL) at 12 months
and 18 months was a secondary endpoint. The NIS-LL ranges from
0 to 88, with higher scores indicating greater deficits (minimum
clinically important diJerence (MCID): 2 points; Table 1).

At 12 months, the mean (standard deviation (SD)) increase from
baseline in the NIS-LL was 1.005 ± 3.964 points in the tafamidis
group and 4.835 ± 7.697 points in the placebo group. Therefore,
tafamidis may lead to slightly less worsening of peripheral
neuropathy compared to placebo (MD -3.83 points, 95% confidence
interval (CI) -5.99 to -1.67; P < 0.001; Analysis 1.1), but absolute
values of change are small in both groups. At 18 months, the mean
(SD) increase from baseline in the NIS-LL was 2.193 ± 4.372 points in
the tafamidis group and 5.402 ± 8.661 points in the placebo group,
once again suggesting that there may be slightly less worsening
of peripheral neuropathy with tafamidis than with placebo (MD
-3.21 points, 95% CI -5.63 to -0.79 points; P = 0.009; low-certainty
evidence; Analysis 1.1).

We downgraded the certainty of evidence once for risk of bias as
the evidence is from a single study judged at high risk of attrition
bias due to its dropout rate, and once for serious imprecision as the
evidence is from a single study involving 128 participants and CIs
encompass a clinically important eJect and little or no eJect. The
absolute values of change only just exceed the MCID at 12 months
and may exceed it at 18 months.

Change in modified body mass index (mBMI)

Coelho 2012 (ITT population, N = 125) investigated the change from
baseline in the mBMI at 12 months and 18 months as a secondary
endpoint.

At 12 months, the mean (SD) change from baseline in the mBMI

was an increase of 19.4 ± 71.8 kg/m2 g/L in the tafamidis group

and a decrease of 30.8 ± 74.9 kg/m2 g/L in the placebo group (MD

50.20 kg/m2 g/L, 95% CI 24.46 to 75.94; P < 0.001; Analysis 1.2).
At 18 months, the mean (SD) change from baseline in the mBMI

was an increase of 37.9 ± 73.7 kg/m2 g/L in the tafamidis group

and a decrease of 32.7 ± 88.6 kg/m2 g/L in the placebo group (MD

70.60 kg/m2 g/L, 95% CI 41.96 to 99.24; P < 0.001; Analysis 1.2).
Therefore, at both time points, tafamidis may improve nutritional
status compared to placebo.
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We downgraded the certainty of evidence by one level for risk of
bias as the evidence is from a single study judged at high risk
of attrition bias due to its dropout rate, and by one level for
serious imprecision as the evidence is from a single study involving
128 participants and CIs are wide. Furthermore BMI is an indirect
outcome measure potentially influenced by many other aspects of
life other than the drug itself.

Quality of life

In Coelho 2012 (ITT population, N = 125), quality of life, expressed
as the change from baseline in the 35-item Norfolk Quality of Life-
Diabetic Neuropathy (QOL-DN) Questionnaire total score over 12
months was a secondary endpoint; the change over 18 months was
a co-primary endpoint. The Norfolk QOL-DN total score ranges from
-2 to 138, with lower scores indicating better quality of life (MCID
not provided nor reported in the literature; Table 1).

At 12 months, the mean (SD) increase from baseline in the Norfolk
QOL score was 1.10 ± 14.70 points in the tafamidis group and 4.60
± 19.00 points in the placebo group. At 18 months, the mean (SD)
increase from baseline in the Norfolk QOL score was 2.40 ± 14.60
points in the tafamidis group and 6.90 ± 22.90 points in the placebo
group. It was therefore, uncertain whether tafamidis leads to any
change from baseline of quality of life aLer 12 months of treatment
(MD -3.50 points, 95% CI -9.48 to 2.48; P = 0.25; Analysis 1.3) and
18 months of treatment (MD -4.50 points, 95% CI -11.27 to 2.27; P =
0.19; Analysis 1.3) because the certainty of evidence is very low.

We downgraded the certainty of evidence by one level for serious
risk of bias (as the evidence is from a single study with high risk
of attrition bias due to its dropout rate), by one level for serious
imprecision (as the evidence is from a single study involving 128
participants and CIs are wide and include the possibility of both
harms and benefits), and by one level for serious indirectness (as
mechanisms by which this intervention would aJect quality of life
are not direct).

Severity of depression

Coelho 2012, did not assess depression using our predetermined
outcome measures.

Number of participants who died during the trial

According to the published report by Coelho and colleagues
(Coelho 2012), 5 (3.9%) of the 128 randomised participants died
during the trial, including 2/65 (3.1%) participants in the tafamidis
group and 3/63 (4.8%) participants in the placebo group, with no
clear diJerence between groups (RR 0.65, 95% CI 0.11 to 3.74; P
= 0.63; very low-certainty evidence; Analysis 1.4). In the tafamidis
group, one person died from cardiac tamponade aLer insertion
of a pacemaker, and the cause was unknown in another. In the
placebo arm, one participant died from sepsis, one from hepatic
failure, and one from an unknown cause. The trialists stated that
all deaths were a consequence of complications following liver
transplantation and none happened during the study or before liver
transplantation.

There are some discrepancies in mortality results between the
published report and results available on ClinicalTrialsRegister.eu
(www.clinicaltrialsregister.eu). According to the latter, 1/65 (1.5%)
participants in the tafamidis group and 3/63 (4.8%) participants in
the placebo group died during the trial (RR 0.32, 95% CI 0.03 to 3.02;

P = 0.32), with little or no between-group diJerence. We received no
response to our request for clarification.

Adverse events

i) Number of participants experiencing at least one adverse event

In Coelho 2012 (N = 128), 60/65 (92.3%) tafamidis-treated
participants and 61/63 (96.8%) placebo-treated participants
experienced at least one adverse event during the trial, with little
or no diJerence between groups (RR 0.95, 95% CI 0.88 to 1.04; P =
0.26; Analysis 1.5). In the same population, 39/65 (60.0%) tafamidis-
treated participants and 43/63 (68.2%) placebo group participants
reported having experienced at least one adverse event related,
or possibly related, to the study medication; there was no clear
between-group diJerence (RR 0.88, 95% CI 0.68 to 1.14; P = 0.33).

ii) Number of participants experiencing mild adverse events

In Coelho 2012 (N = 128), there was no clear between-group
diJerence in the number of participants experiencing mild adverse
events: 57/65 (87.7%) in the tafamidis group and 56/63 (88.9%) in
the placebo group (RR 0.99, 95% CI 0.87 to 1.12; P = 0.83; Analysis
1.6).

iii) Number of dropouts due to adverse events

Coelho 2012 (N = 128) reported that 4/65 (6.1%) tafamidis-
treated participants and 3/63 (4.8%) placebo-treated participants
discontinued study medication due to a treatment-emergent
adverse event (RR 1.29, 95% CI 0.30 to 5.54; P = 0.73; very
low-certainty evidence; Analysis 1.7), which indicated little or no
between-group diJerence. These adverse events were diarrhoea,
nausea, urticaria, and pregnancy (with normal outcome) in the
tafamidis group, and paraesthesia associated with fatigue, nausea
with unintentional weight loss, and worsening cardiac amyloidosis
in the placebo group.

iv) Number of participants experiencing at least one severe adverse
event

In Coelho 2012 (N = 128), 6/65 (9.2%) tafamidis-treated participants
and 5/63 (7.9%) placebo-treated participants experienced at least
one serious treatment-emergent adverse event (RR 1.16, 95%
CI 0.37 to 3.62; P = 0.79; very low-certainty evidence; Analysis
1.8), indicating no clear diJerence between groups. The serious
adverse events reported in the tafamidis group were urinary tract
infections (2 participants), conduction disorder (1 participant),
localised infection (1 participant), pneumonia (1 participant), viral
infection (1 participant), and urticaria (1 participant).

For all outcomes related to mortality and adverse events, we
downgraded the certainty of evidence by one level for serious risk of
bias (evidence is from a single study judged at high risk of attrition
bias due to dropout rate), by two levels for very serious imprecision
(there are small event numbers, and CIs include the possibility of
both harms and benefits), and by one level for serious indirectness
(events were collected by a non-systematic assessment).

Diflunisal versus placebo in TTR-FAP

See: Summary of findings 2.

One study, including 130 participants (ITT population) contributed
data to the comparison of diflunisal versus placebo (Berk
2013). This study followed the principle of 'last observation
carried forward'. We obtained data for Berk 2013 from both
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published papers and ClinicalTrials.gov (www.clinicaltrials.gov).
The outcomes preselected for this review were available at 12
months and at the end of the follow-up period (24 months). Means
with 95% CIs for change within groups and MDs with 95% CIs
and P values for diJerences between groups were available for
continuous data; therefore, we did not impute missing SDs or SEs.

Primary outcome measure: disability due to FAP progression

Berk 2013 (N = 130) reported disability due to FAP progression as
the change from baseline in the Kumamoto Score (KS) at 12 months
and 24 months, as a secondary outcome. The KS ranges from 0 to
102, with higher scores indicating greater disease severity (MCID
not provided nor reported in the literature; Table 1).

At 12 months, the mean increase from baseline in the KS was 1.9
points (95% CI 0.1 to 3.7) in the diflunisal group and 4.1 points
(95% CI 2.0 to 6.2) in the placebo group, with a MD between
groups of -2.20 points (95% CI -4.91 to 0.51; P = 0.115; Analysis
2.1) corresponding to little or no between-group diJerence. At 24
months, the mean increase from baseline in the KS was 3.1 points
(95% CI 1.1 to 5.1) in the diflunisal group and 8.0 points (95% CI
5.7 to 10.3) in the placebo group. Therefore, diflunisal may slightly
reduce worsening of disability due to FAP progression compared
to placebo (MD -4.90 points, 95% CI -7.89 to -1.90; P = 0.002; low-
certainty evidence; Analysis 2.1).

We downgraded the certainty of evidence by one level for serious
risk of bias (evidence is from a single study judged at high
risk of attrition bias due to dropout rate) and by one level for
serious imprecision (evidence is from a single study involving 130
participants).

Secondary outcome measures

Severity of peripheral neuropathy

In Berk 2013 (N = 130), the primary endpoint was severity of
peripheral neuropathy expressed as the change from baseline in
the Neuropathy Impairment Score plus 7 nerves test (NIS+7) at 12
months and 24 months. The NIS+7 ranges from 0 to 270, with higher
scores indicating greater deficits (MCID: 2 points; Table 1).

At 12 months, the mean increase from baseline in the NIS+7 was
6.2 points (95% CI 2.8 to 9.6) in the diflunisal group and 12.5 points
(95% CI 8.6 to 16.4) in the placebo group, with a MD between groups
of -6.30 points (95% CI -11.38 to -1.22; P = 0.017; Analysis 2.2), which
may slightly favour diflunisal. At 24 months, the mean increase from
baseline in the NIS+7 was 8.2 points (95% CI 2.9 to 13.5) in the
diflunisal group and 26.3 points (95% CI 20.2 to 32.4) in the placebo
group, with a MD between groups of -18.10 points (95% CI -26.03
to -10.17; low-certainty evidence) favouring diflunisal (P < 0.001;
Analysis 2.2).

We downgraded the certainty of evidence by one level for serious
risk of bias, as the evidence is from a single study judged at high
risk of attrition bias due to the dropout rate, and by one level for
serious imprecision, as the evidence is from a single study involving
130 participants.

Berk 2013 (N = 130) also investigated, as secondary endpoints, the
severity of peripheral neuropathy with the NIS and the NIS-LL. The
NIS ranges from 0 to 244, with higher scores indicating greater
deficits (MCID: 2 points; Table 1) and the NIS-LL ranges from 0 to 88,

with higher scores indicating greater deficits (MCID: 2 points; Table
1).

At 12 months, the mean increase from baseline in the NIS was
4.10 points (95% CI 1.30 to 6.90) in the diflunisal group and 10.10
points (95% CI 6.9 to 13.3) in the placebo group, with a MD between
groups of -6.00 points (95% CI -10.17 to -1.83; P = 0.006; Analysis 2.3)
favouring diflunisal. At 24 months, the mean increase from baseline
in the NIS was 6.40 points (95% CI 1.6 to 11.2) in the diflunisal group
and 23.20 points (95% CI 17.9 to 28.5) in the placebo group, with
a MD between groups of -16.80 points (95% CI -23.81 to -9.78; P <
0.001; Analysis 2.3) in favour of diflunisal.

Regarding the NIS-LL, the mean increase from baseline at 12
months was 3.2 points (95% CI 1.2 to 5.2) in the diflunisal group
and 6.0 points (95% CI 3.8 to 8.2) in the placebo group, with a
MD between groups of -2.80 points (95% CI -5.72 to 0.12; P =
0.063; Analysis 2.4), corresponding to little or no between-group
diJerence. At 24 months, the mean increase from baseline in the
NIS-LL was 3.80 points (95% CI 1.0 to 6.6) in the diflunisal group and
12.10 points (95% CI 8.9 to 15.3) in the placebo group, with a MD
between groups of -8.30 points (95% CI -12.47 to -4.13) in favour of
diflunisal (P < 0.001; Analysis 2.4).

Change in modified body mass index (mBMI)

Berk 2013 (N = 130) investigated the change from baseline in the
mBMI at 12 months and 24 months as secondary endpoints.

At 12 months, the mean decrease from baseline in the mBMI was

18.7 kg/m2 g/L (95% CI -51.5 to 14.1) in the diflunisal group and

38.5 kg/m2 g/L (95% CI -74.90 to -2.10) in the placebo group. At 24
months, the mean decrease from baseline in the mBMI was 33.7

kg/m2 g/L (95% CI -69.20 to 1.80) in the diflunisal group and 67.9

kg/m2 g/L (95% CI -108.10 to -27.70) in the placebo group. There
was therefore, no clear between-group diJerence in the worsening

of nutritional status aLer 12 months (MD 19.80 kg/m2 g/L, 95% CI
-28.27 to 67.87; P = 0.422; Analysis 2.5) and 24 months (MD 34.20 kg/

m2 g/L, 95% CI -18.42 to 86.82; P = 0.21; Analysis 2.5).

There was serious risk of bias, as the single study has a high risk of
attrition bias due to the dropout rate, and very serious imprecision
as the evidence is from a single study involving 130 participants and
CIs are wide and encompass both a clinically positive and a largely
negative eJect. Furthermore, this endpoint is indirect (see above).

Quality of life

In Berk 2013 (N = 130), the change from baseline in the quality of
life measured with the 36-Item Short-Form Health Survey (SF-36)
physical component score and SF-36 mental component score were
secondary endpoints. Both scales range from 0 to 100, with lower
scores indicating worse status (physical component score MCID: 2
points; mental component score MCID: 3 points; Table 1.

At 12 months, the mean change from baseline in the SF-36 physical
component score was an increase of 0.7 points (95% CI -1.1 to 2.5)
in the diflunisal group and a decrease of 1.9 (95% CI -3.9 to 0.1)
in the placebo group, with a MD between groups of 2.60 (95% CI
-0.04 to 5.24; P = 0.06; Analysis 2.6), corresponding to an uncertain
between-group diJerence. At 24 months, the mean change from
baseline in the SF-36 physical component score was an increase
of 1.2 points (95% CI -1.2 to 3.6) in the diflunisal group and a
decrease of 4.9 (95% CI -7.6 to -2.2) in the placebo group. The MD
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between groups was 6.10 points (95% CI 2.56 to 9.64; P = 0.001; very
low-certainty evidence; Analysis 2.6), so it was uncertain whether
diflunisal improves quality of life.

At 12 months, the mean increase from baseline in the SF-36 mental
component score was 2.5 points (95% CI 0.0 to 5.0) in the diflunisal
group and 0.8 points (95% CI -2.0 to 3.6) in the placebo group. At
24 months, the mean change from baseline in the SF-36 mental
component score was an increase of 3.5 points (95% CI 0.4 to 6.6) in
the diflunisal group and a decrease of 0.9 points (95% CI -4.4 to 2.6)
in the placebo group. Therefore, it was uncertain if diflunisal leads
to a change in the SF-36 mental component score at 12 months (MD
1.70 points, 95% CI -1.98 to 5.38; P = 0.37; Analysis 2.7) 24 months
(MD 4.40 points, 95% CI -0.19 to 8.99; P = 0.063; Analysis 2.7) because
the certainty of the evidence is very low.

We downgraded the certainty of evidence by one level for serious
risk of bias (high risk of attrition bias due to dropout rate), by one
level for serious imprecision (CIs include the possibility of both
harms and benefits), and by one level for serious indirectness (as
mechanisms by which this intervention would aJect quality of life
are not direct).

Severity of depression

Berk 2013 did not assess depression using our predetermined
outcome measures.

Number of participants who died during the trial

According to Berk 2013, 13 deaths occurred in the randomised
population (N = 130) during the 24-month study period, including
4 (6.25%) deaths among 64 participants in the diflunisal group and
9 (13.64%) deaths among 66 participants in the placebo group (RR
0.46, 95% CI 0.15 to 1.41; P = 0.17; very low-certainty evidence;
Analysis 2.8). Therefore, it is uncertain whether diflunisal decreases
mortality. Causes of deaths were not reported. The trialists stated
that 12/13 (92.3%) deaths occurred aLer discontinuation of the
study medication.

We graded the certainty of evidence as very low, downgrading by
one level for serious risk of bias (single study at high risk of attrition
bias due to dropout rate), two levels for very serious imprecision
(small event numbers; and CI includes the possibility of both harms
and benefits).

Adverse events

i) Number of participants experiencing at least one adverse event

No data for this outcome were reported in Berk 2013.

ii) Number of participants experiencing mild adverse events

In Berk 2013 (N = 130), it is uncertain whether there were between-
group diJerences in the number of participants experiencing mild
adverse events, with 29/64 (45.3%) in the diflunisal group and 27/66
(40.9%) in the placebo group (RR 1.11, 95% CI 0.75 to 1.65; P = 0.61;
Analysis 2.9).

iii) Number of dropouts due to adverse events

In Berk 2013 (N = 130), 4/64 (6.2%) diflunisal-treated participants
and 2/66 (3.0%) placebo-treated participants discontinued study
medication due to treatment-related adverse events, with a RR of
2.06 (95% CI 0.39 to 10.87; P = 0.39; very low-certainty evidence;
Analysis 2.10). Therefore, it is uncertain whether diflunisal has an

eJect on treatment discontinuation caused by adverse events. The
adverse events that led to discontinuation of the trial regimen were
gastrointestinal bleeding, congestive cardiac failure, glaucoma,
and nausea in the diflunisal group, and headache and renal failure
in the placebo group.

iv) Number of participants experiencing at least one severe adverse
event

In Berk 2013 (N = 130), 3/64 (4.7%) participants in the diflunisal arm
and 4/66 (6.1%) participants in the placebo arm discontinued study
medication due to treatment-related adverse events, thus being
uncertain whether diflunisal has an eJect on severe adverse events
(RR 0.77, 95% CI 0.18 to 3.32; P = 0.73; very low-certainty evidence;
Analysis 2.11).

For mortality and available adverse event outcomes, we
downgraded the certainty of evidence by one level for serious risk
of bias (evidence is from a single study judged at high risk of
attrition bias due to the dropout rate) and by two levels for very
serious imprecision (single study involving 130 participants; small
event numbers; and CIs include the possibility of both harms and
benefits).

Patisiran versus placebo in TTR-FAP

See: Summary of findings 3.

One study (ITT population 225 participants) compared
patisiran versus placebo (Adams 2018). We obtained data
for Adams 2018 from both published papers and the
online trial registries ClinicalTrials.gov (www.clinicaltrials.gov)
and ClinicalTrialsRegister.eu (www.clinicaltrialsregister.eu). The
outcomes prespecified for this review were only available at the
end of the follow-up period (18 months). Results for continuous
variables were provided as least-square means and SEs for change
within groups and least-square MDs with 95% CIs and P values for
diJerences between groups, and we did not impute any missing
mean, SD, MD, or 95% CI.

Primary outcome measure: disability due to FAP progression

Adams 2018 (N = 225) did not report any of the primary outcome
measures described in the protocol of this review. However, it
explored disability due to FAP progression, expressed as the change
from baseline in the Rasch-built Overall Disability Scale (R-ODS) at
18 months, as a secondary outcome. The R-ODS ranges from 0 to 48,
with lower scores indicating greater disability (MCID not provided;
Table 1).

At 18 months, the least-squares mean (SE) change from baseline
in the R-ODS was 0.0 points (0.59) in the patisiran group and -8.9
points (0.88) in the placebo group. Therefore, patisiran probably
decreases disability due to FAP progression compared to placebo
(least-squares MD 8.90 points, 95% CI 7.00 to 10.80; P < 0.001;
moderate-certainty evidence; Analysis 3.1).

We downgraded the certainty of evidence by one level for serious
imprecision, as evidence is from a single study including 225
participants.
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Secondary outcome measures

Severity of peripheral neuropathy

In Adams 2018 (N = 225), the severity of peripheral neuropathy,
expressed as the change from baseline in the modified Neuropathy
Impairment Score plus 7 nerves test (mNIS+7ALN) was the primary
eJicacy endpoint. The scale ranges from 0 to 304, with higher scores
indicating greater deficits (MCID not provided; Table 1) .

At 18 months, the least-squares mean (SE) change from baseline in
the mNIS+7ALN was a decrease of 6.03 points (1.74) in the patisiran
group and an increase of 27.96 points (2.60) in the placebo group.
The least-squares MD between groups was -33.99 points (95% CI
-39.86 to -28.12; P < 0.001; moderate-certainty evidence; Analysis
3.2). This indicates that peripheral neuropathy probably worsened
slightly less with patisiran than placebo.

We downgraded the certainty of evidence by one level for serious
imprecision, as evidence is from a single study including 225
participants.

Change in modified body mass index (mBMI)

Adams 2018 (N = 225) investigated the change from baseline in the
mBMI at 18 months as a secondary endpoint.

At 18 months, the least-squares mean (SE) decrease from baseline

in the mBMI was 3.7 kg/m2 g/L (9.57) in the patisiran group and

119.4 kg/m2 g/L (14.51) in the placebo group, with a least-squares

MD between groups of 115.70 kg/m2 g/L (95% CI 82.40 to 149.00;
P < 0.001; Analysis 3.3), indicating that nutritional status probably
worsened less in patisiran-treated participants than the placebo
group.

We downgraded the certainty of evidence by one level for serious
imprecision, as the evidence is from a single study involving 225
participants, and CIs are wide.

Quality of life

The quality of life, expressed as the change from baseline in the
Norfolk QOL-DN total score was a secondary endpoint in Adams
2018 (N = 225). The scale ranges from -4 to 136, with lower scores
indicating better quality of life (MCID not provided nor reported in
the literature; Table 1).

At 18 months, the least-squares mean (SE) change from baseline in
the Norfolk QOL-DN total score was a decrease of 6.7 points (1.77)
in the patisiran group and an increase of 14.4 (2.73) in the placebo
group (least-squares MD -21.10 points, 95% CI -27.20 to -15.00; P
< 0.001; low-certainty evidence; Analysis 3.4). This indicates that
quality of life may decline slightly less with patisiran than placebo.

We downgraded the certainty of evidence by one level for serious
imprecision (sample size is below 400) and by one level for serious
indirectness (mechanisms by which this intervention would aJect
quality of life are not direct).

Severity of depression

Adams 2018 did not assess depression using our predetermined
outcome measures.

Number of participants who died during the trial

Adams 2018 reported 13 (5.8%) deaths in the randomised
population out of 225 participants during the 18-month study
period, including seven (4.7%) deaths in the patisiran group
(148 participants) and six (7.8%) deaths in the placebo group
(77 participants) (RR 0.61, 95% CI 0.21 to 1.74; P = 0.35; low-
certainty evidence; Analysis 3.5). There may therefore, be little or
no diJerence in mortality in participants treated with patisiran
compared to those who received placebo. In the patisiran-treated
population, two deaths occurred as a consequence of cardiac
arrest, two due to sudden cardiac death (one of which aLer
more than 30 days oJ treatment), two due to cardiac failure,
and one due to pulseless electrical activity. In the placebo group,
causes of deaths were subarachnoid haemorrhage, staphylococcal
sepsis, anaemia associated with gastrointestinal haemorrhage,
acute kidney failure associated with urinary tract infection and
bacteraemia, metastatic colorectal cancer, and ischaemic stroke.
The investigators considered all deaths unlikely or not related to the
intervention drug.

Adverse events

i) Number of participants experiencing at least one adverse event

In Adams 2018 (N = 225), 143/148 (96.6%) patisiran-treated
participants and 75/77 (97.4%) placebo group participants
experienced at least one adverse event (RR 0.99, 95% CI 0.95 to 1.04;
P = 0.74; Analysis 3.6), with no clear between-group diJerence.

ii) Number of participants experiencing mild adverse events

There was not enough detail to impute the prevalence of mild
adverse events among all adverse events reported.

iii) Number of dropouts due to adverse events

In Adams 2018 (N = 225), 7/148 (4.7%) patisiran-treated participants
and 11/77 (14.3%) placebo-treated participants were reported to
have discontinued study medication due to adverse events (RR
0.33, 95% CI 0.13 to 0.82; P = 0.017; low-certainty evidence; Analysis
3.7). The most frequent adverse events that led to discontinuation
of the trial regimen were cardiac failure in the patisiran
group (2/148 participants, 1.3%) and acute kidney injury in the
placebo group (3/77 participants, 3.9%). For the same RCT, the
online trial registries ClinicalTrials.gov (www.clinicaltrials.gov) and
ClinicalTrialsRegister.eu (www.clinicaltrialsregister.eu) reported
that 8/148 (5.4%) patisiran-treated participants and 10/77 (13.0%)
placebo-treated participants discontinued study medication due to
adverse events (RR 0.42, 95% CI 0.17 to 1.01; P = 0.05). Although
we were unable to clarify this discrepancy, this study provides
evidence that there may be no clear diJerence in dropouts due to
adverse events with patisiran compared to placebo.

iv) Number of participants experiencing at least one severe adverse
event

Adams 2018 (N = 225) reported that 54/148 (36.5%) patisiran-
treated participants and 31/77 (40.3%) placebo group participants
experienced at least one serious adverse event during the study
(RR 0.91, 95% CI 0.64 to 1.28; P = 0.58; low-certainty evidence;
Analysis 3.8), thus suggesting that patisiran may lead to little or
no diJerence in the incidence of severe adverse events. The most
frequent severe adverse events reported in the patisiran group
(N = 148) were diarrhoea (8 participants, 5.4%), cardiac failure (6
participants, 4.0%), pneumonia (3 participants, 2.0%), orthostatic
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hypotension (3 participants, 2.0%), and complete atrioventricular
block (3 participants, 2.0%).

For all outcomes related to mortality and adverse events, we
downgraded the certainty of evidence by two levels for very serious
imprecision, as evidence is provided by a single study involving 225
participants, there are small event numbers, and CIs include the
possibility of both harms and benefits.

Inotersen versus placebo in TTR-FAP

See: Summary of findings 4.

One study, including 172 participants (ITT population) contributed
data to the comparison of inotersen versus placebo (Benson 2018).
We obtained information on results of Benson 2018 from both
published papers and the online trial registry ClinicalTrials.gov
(www.clinicaltrials.gov). The predetermined outcomes at time
points selected for this review were available at the end of the
follow-up period (65 to 66 weeks) only. Results for continuous
variables were provided both as means ± standard deviations (SDs)
and least-square means and SEs for change within groups, and as
least-square MDs and 95% CIs for diJerences between groups. We
therefore calculated MDs and 95% CIs between groups in Review
Manager 5 (Review Manager 2014), entering values of means ± SDs
available for changes within groups.

Primary outcome measure: disability due to FAP progression

Benson 2018 did not report our predetermined primary outcome
measure.

Secondary outcome measures

Severity of peripheral neuropathy

In Benson 2018 (N = 172), the severity of peripheral neuropathy,
expressed as the change from baseline in the modified Neuropathy
Impairment Score plus 7 nerves test (Ionis version) (mNIS+7Ionis)
was one of the primary eJicacy endpoints. The mNIS+7Ionis ranges
from -22.3 to 346.3, with higher scores indicating greater deficits
(MCID not provided; Table 1).

At week 66, the mean increase (SD) from baseline in the mNIS
+7Ionis score was 4.16 ± 15.672 points in the inotersen group and
23.89 ± 24.19 points in the placebo group. The MD between groups
was -19.73 (95% CI -26.5 to -12.96; P < 0.001; moderate-certainty
evidence; Analysis 4.1). This indicated that peripheral neuropathy
worsened slightly less with inotersen than with placebo.

We downgraded the certainty of evidence by one level for serious
imprecision, as evidence is from a single study involving 172
participants.

Benson 2018 (N = 172) also investigated the severity of peripheral
neuropathy with other outcome measures, whose ranges did not
correspond to the scales predetermined in the protocol of this
review for this outcome.

Change in modified body mass index (mBMI)

Benson 2018 (N = 172) provided data on the change from baseline
in the mBMI at week 65 as a secondary endpoint.

At week 65, the mean (SD) decrease from baseline in the mBMI was

73.32 ± 96.31 kg/m2 g/L in the inotersen group and 85.21 ± 91.26

kg/m2 g/L in the placebo group, thus revealing no clear between-

group diJerence in eJect on nutritional status (MD 11.89 kg/m2 g/
L, 95% CI -17.29 to 41.07; P = 0.43; Analysis 4.2).

We downgraded the certainty of evidence by one level for serious
imprecision, as evidence is from a single study involving 172
participants.

Quality of life

In Benson 2018 (N = 172), the quality of life, expressed as the change
from baseline in the Norfolk QOL-DN total score was a primary
eJicacy endpoint. This scale has a range of -4 to 136, with lower
scores indicating better quality of life (MCID not provided; Table 1).

At week 66, the mean (SD) change from baseline in the Norfolk QOL-
DN total score was a decrease of 0.08 ± 18.97 points in the inotersen
group and an increase of 10.77 ± 21.13 points in the placebo group,
with a MD between groups of -10.85 points (95% CI -17.25 to -4.45;
low-certainty evidence) favouring inotersen (P < 0.001; Analysis
4.3).

We downgraded the certainty of evidence by one level for serious
imprecision (sample size is below 400) and by one level for serious
indirectness (mechanisms by which this intervention would aJect
quality of life are not direct).

Benson 2018 (N =172) also reported the change from baseline in
the SF-36 physical component score as a measure of quality of life
and a tertiary outcome. The SF-36 physical component scale ranges
from 0 to 100, with lower scores indicating worse status (MCID not
provided; Table 1). At week 66, the least-squares mean decrease
(SE) from baseline in the SF-36 physical component score was 0.05
points (0.80) in the inotersen group and 3.65 points (1.01) in the
placebo group, with a least-squares MD of -3.60 points (95% CI -6.13
to -1.07; P = 0.005; Analysis 4.4) favouring inotersen.

Severity of depression

Benson 2018 did not assess depression using our predetermined
outcome measures.

Number of participants who died during the trial

In Benson 2018, five deaths occurred in the ITT population (172
participants) during the trial, all in the inotersen group (5/112,
4.5%), with a RR of 5.94 (95% CI 0.33 to 105.60; P = 0.22; low-
certainty evidence; Analysis 4.5). Among these, one participant died
as a consequence of intracranial haemorrhage in association with
very severe thrombocytopenia (platelet count < 25,000 per cubic
millilitre), possibly related to the interventional drug, whereas four
deaths were consistent with progression or complication of TTR-
FAP (2 deaths due to cachexia, 1 due to intestinal perforation, and
1 due to congestive heart failure).

Adverse events

i) Number of participants experiencing at least one adverse event

In Benson 2018 (N = 172), 111/112 (99.1%) inotersen-treated
participants and 60/60 (100%) placebo-treated participants
experienced at least one adverse event (RR 0.99, 95% CI 0.96 to
1.03; P = 0.75; Analysis 4.6). In the same population, 87/112 (77.7%)
tafamidis-treated participants and 23/60 (38.3%) placebo-treated
participants reported having experienced at least one adverse
event that was considered by the investigators to be related, or
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possibly related, to the study medication, with a RR of 2.03 (95% CI
1.45 to 2.84; P < 0.001; Analysis 4.7).

ii) Number of participants experiencing mild adverse events

Adams 2018 (N = 172) reported that 110/112 (98.2%) participants in
the inotersen group and 60/60 (100.0%) participants in the placebo
group experienced mild adverse events (RR 0.99, 95% CI 0.95 to
1.02; P = 0.44; Analysis 4.8), thus showing little or no diJerence
between groups.

iii) Number of dropouts due to adverse events

In Benson 2018 (N = 172), 16/112 (14.3%) inotersen-treated
participants and 1/60 (1.7%) placebo-treated participants
discontinued study medication due to treatment-emergent
adverse events, with a RR of 8.57 (95% CI 1.16 to 63.07; P
= 0.035; low-certainty evidence; Analysis 4.9), suggesting that
inotersen may increase the number of dropouts due to adverse
events. These were thrombocytopenia, abdominal distension,
intestinal perforation, nausea, vomiting, pyrexia, hypersensitivity,
cachexia, arthralgia, myalgia, chorea, dementia, embolic stroke,
intracranial haemorrhage, myelopathy, myoclonus, acute kidney
injury, glomerulonephritis, tubulointerstitial nephritis, pruritus,
reticular erythematous mucinosis, and deep vein thrombosis in the
inotersen group, and pain, increased weight, and arthralgia in the
placebo arm.

iv) Number of participants experiencing at least one severe adverse
event

In Benson 2018 (N = 172), 36/112 (32.1%) inotersen-treated
participants and 13/60 (21.7%) placebo-treated participants
experienced at least one severe adverse event (RR 1.48, 95% CI
0.85 to 2.57; P = 0.16; low-certainty evidence; Analysis 4.10). In
the same population, 8/112 (7.1%) inotersen-treated participants
and 1/60 (1.7%) placebo-treated participants experienced at least
one severe adverse event that was considered by the investigators
to be related or possibly related to study medication, with a
RR of 4.29 (95% CI 0.55 to 33.46; P = 0.16; Analysis 4.11). The
most frequent severe adverse events in the inotersen group
(N = 112) were glomerulonephritis (3 participants, 2.7%), which
caused permanent haemodialysis in one participant (0.9%), and
very marked thrombocytopenia (3 participants, 2.7%), which was
responsible for an intracranial haemorrhage, leading to death in
one participant.

D I S C U S S I O N

Summary of main results

Four randomised controlled trials (RCTs) with a total of 655
randomised participants with transthyretin (TTR)-related familial
amyloid polyneuropathy (FAP) were eligible for inclusion in this
review. The four comparisons in the included studies were: 1)
tafamidis versus placebo (1 study, 128 participants), 2) diflunisal
versus placebo (1 study, 130 participants), 3) patisiran versus
placebo (1 study, 225 participants), and 4) inotersen versus placebo
(1 study, 172 participants). We did not find any study that looked at
pharmacological treatment for people with apolipoprotein AI-FAP,
gelsolin-FAP, or beta-2-microglobulin-FAP.

Two studies explored disability due to FAP progression using
our prespecified measures (Berk 2013; Adams 2018). Berk 2013
suggested that diflunisal might reduce progression of disability

(Kumamoto Score) compared to placebo, whereas Adams 2018
reported that patisiran probably slightly decreased disability due
to FAP progression compared to placebo (Rasch-built Overall
Disability Scale).

All included RCTs investigated the change from baseline in
severity of peripheral neuropathy, through diJerent measures
of nerve impairment (Coelho 2012; Berk 2013; Adams 2018;
Benson 2018). The results of Coelho 2012 suggested that tafamidis
might reduce progression of peripheral neuropathy compared to
placebo, documented by the Neuropathy Impairment Score in
the Lower Limbs (NIS-LL). Evidence from Berk 2013 indicated
that diflunisal might reduce worsening of peripheral neuropathy
compared to placebo, measured on the NIS plus 7 nerve tests
(NIS+7). According to Adams 2018, patisiran reduced progression
of peripheral neuropathy compared to placebo, measured on the
modified NIS+7 Alnylam version. Inotersen reduced worsening of
peripheral neuropathy compared to placebo, measured on the
mNIS+7 Ionis version (Benson 2018).

All the included studies assessed the change from baseline in
quality of life on diJerent scales (Coelho 2012; Berk 2013; Adams
2018; Benson 2018). Quality of life was an indirect measure of the
drug function and could be influenced by many factors. There was
little or no diJerence in the change of quality of life with tafamidis
in comparison to placebo (according to the Norfolk QOL-DN total
score; Coelho 2012) and no clear diJerence between diflunisal and
placebo (as measured by the 36-Item Short-Form Health Survey
(SF-36) physical component and mental component scores; Berk
2013). In Adams 2018 and Benson 2018, patisiran (measured on the
Norfolk QOL-DN total score) and inotersen favoured quality of life
compared to placebo, respectively.

For tafamidis (Coelho 2012) and diflunisal (Berk 2013), no clear
diJerences compared to placebo were found in the numbers of
participants who died, who dropped out due to adverse events, and
who experienced at least one severe adverse event.

According to Adams 2018, there may be little or no diJerence
in mortality, dropouts due to adverse events, or number of
people experiencing severe adverse events between participants
who received patisiran compared to those who received placebo.
In Benson 2018, data indicated that there may be a higher
number of deaths and of participants with severe adverse
events in the inotersen group than in the placebo group, and
revealed that there may be more dropouts due to adverse
events with inotersen compared to placebo. In particular, three
cases of glomerulonephritis and three cases of thrombocytopenic
intracranial haemorrhage were reported.

Overall completeness and applicability of evidence

This review primarily assessed whether any disease-modifying
pharmacological treatment reduced disability due to FAP
progression in people with TTR-FAP. It also evaluated other
parameters, such as severity of peripheral neuropathy, modified
body mass index (mBMI), quality of life, severity of depression, and
safety (number of deaths during the trial, number of participants
with at least one adverse event, number of participants with mild
adverse events, dropouts due to adverse events, and number of
participants with at least one severe adverse event).
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Coelho 2012 examined tafamidis versus placebo only for the
treatment of early-stage TTR-FAP due to Val30Met mutation in the
TTR gene. Berk 2013, Adams 2018, and Benson 2018 investigated,
respectively, diflunisal, patisiran, and inotersen versus placebo in
people with TTR-FAP at any stage due to either Val30Met or non-
Val30Met mutation in the TTR gene.

Only two of the included studies provided data for the primary
outcome of this review using our predetermined outcome
measures (Berk 2013; Adams 2018). All included studies evaluated
the severity of peripheral neuropathy and the change from baseline
in the quality of life using diJerent outcome measures or slightly
diJerent score range for the same outcome measure (Coelho
2012; Berk 2013; Adams 2018; Benson 2018). All included studies
explored the change from baseline in the mBMI as a measure
of the nutritional status/global wasting (Coelho 2012; Berk 2013;
Adams 2018; Benson 2018). None of the included studies reported
a specific evaluation of depression. All included studies provide
evidence for safety and tolerability (mortality and adverse events)
(Coelho 2012; Berk 2013; Adams 2018; Benson 2018).

We reported results for people with TTR-FAP only, as we found no
evidence on pharmacological treatment of ApoAI-FAP, Gel-FAP, and
B2M-FAP in the current literature.

The number of studies and available data are currently too limited
for formal indirect comparisons to be made between drugs, which
would also have been hampered by the use of diJerent outcome
measures in the included studies.

Certainty of the evidence

Data for disability due to FAP progression were available only for
diflunisal and patisiran (Berk 2013; Adams 2018). Evidence for the
eJects of diflusinal and patisiran versus placebo on disability due
to FAP progression was of low and moderate certainty, respectively
(Berk 2013; Adams 2018). We downgraded the certainty of evidence
for both comparisons by one level due to serious imprecision as
data were from single studies with small sample sizes (Berk 2013;
Adams 2018). In addition, we downgraded the certainty of evidence
for the comparison between diflunisal and placebo by one level due
to serious risk of bias since data were from a single study which we
judged to be at high risk of attrition bias due to its dropout rate
(Berk 2013).

All included RCTs investigated the eJects of a drug (tamafidis,
diflunisal, patisiran or inotersen) on the change in the severity
of peripheral neuropathy compared to placebo (Coelho 2012;
Berk 2013; Adams 2018; Benson 2018). We downgraded the
certainty of evidence for this outcome to low for tafamidis and
diflunisal (serious risk of bias in the single RCTs included in these
comparisons and serious imprecision; Coelho 2012; Berk 2013). We
downgraded the certainty of evidence for this outcome to moderate
for patisiran and inotersen as data were from single studies with
small sample sizes (Adams 2018; Benson 2018).

Data on quality of life were available for all four drugs in comparison
with placebo (Coelho 2012; Berk 2013; Adams 2018; Benson
2018). The certainty of evidence for this outcome was very low
for tafamidis and diflunisal as we downgraded the certainty of
evidence by one level for risk of bias, by one level for serious
imprecision, and by one level for serious indirectness (Coelho
2012; Berk 2013). We downgraded the certainty of evidence twice

for patisiran and inotersen: once for serious imprecision due to
small sample size and once for serious indirectness, because
the interventions would aJect quality of life only by indirect
mechanisms (Adams 2018; Benson 2018).

Data for mortality, dropouts, and adverse events were available for
all four treatments (Coelho 2012; Berk 2013; Adams 2018; Benson
2018). We downgraded the certainty of evidence for tafamidis
and diflunisal to very low for mortality, dropouts due to adverse
events and severe adverse events due to serious risk of bias and
very serious imprecision (Coelho 2012; Berk 2013). For patisiran
and inotersen, we downgraded the certainty of evidence for these
outcomes by two levels for very serious imprecision due to small
sample sizes, small event numbers, and wide CIs, which in some
cases include the possibility of both harms and benefits, which
made findings of low certainty (Adams 2018; Benson 2018).

Potential biases in the review process

We are confident that we have identified all relevant studies in this
review as this is a small, albeit growing field and we supplemented
our search strategy with checking references, searching online
clinical trial registries, and contacting experts in the field. We
followed standard methodological procedures to reduce bias in
the review process and we adhered to the inclusion and exclusion
criteria prespecified in the protocol in order to limit subjectivity
(New Reference). In addition, the fact that there was almost
complete consensus between review authors responsible for study
selection suggests that the risk of selection bias in this part of the
review process was probably low. We made eJorts to trace study
authors and additional data from manufacturers in order to clarify
minor discrepancies in data obtained from published report papers
and online clinical trial registries, but we were unable to do so.
If we can source supplementary data, we will consider them in
future updates. It should be noted that reviews that include a small
number of trials, such as ours, have limitations in relation to events
that occur infrequently, such as adverse events. We also consider
a limitation of this review that we did not plan a network meta-
analysis to compare diJerent pharmacological agents; however
this would not have been possible with currently available trials.

Agreements and disagreements with other studies or
reviews

To our knowledge, this is the first systematic review on
pharmacological treatments for FAPs.

Open-label extensions of previously completed RCTs and
minor evidence for pharmacological agents not investigated in
RCTs

We briefly summarise below evidence from open-label extensions
of the RCTs included in this review and minor evidence regarding
pharmacological agents not previously investigated in RCTs.

Tafamidis

In a 12-month open-label extension study of tafamidis
(NCT00791492; Coelho 2013), 86 people with TTR-FAP who
completed the pivotal study of tafamidis were enrolled (Coelho
2012), of whom 85 either continued on tafamidis 20 mg once daily
(44 participants) or were switched from placebo to tafamidis 20 mg
once daily (41 participants). This study did not assess disability due
to FAP progression using our predetermined outcome measures.
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At 12 months, the mean (standard deviation (SD)) increase from
baseline in the NIS-LL (range: 0 to 88, with higher scores indicating
greater deficits; minimum clinically important diJerence (MCID): 2
points; Table 1) was 1.36 ± 4.77 points in participants who continued
on tafamidis and 1.6 ± 8.2 points in participants switched from
placebo to tafamidis. At the same time point, the mean (SD) change

from baseline in the mBMI was a decrease of 0.12 ± 1.16 kg/m2 g/
L in the tafamidis-tafamidis group and an increase of 0.73 ± 1.45

kg/m2 g/L in the placebo-tafamidis group. ALer 12 months, the
mean (SD) change from baseline in the Norfolk-QOL total score
(range: -2 to 138, with lower scores indicating better quality of life;
MCID not provided; Table 1) was an increase of 2.25 ± 8.91 points
in participants who continued on tafamidis and a decrease of 2.33
± 15.66 points in participants switched from placebo to tafamidis.
No participants died or discontinued treatment due to an adverse
event during this study. In Coelho 2013, 5/44 (11.4%) participants
in the tafamidis-tafamidis group and 4/41 (9.8%) participants in the
placebo-tafamidis group experienced one severe adverse event,
whereas 24/44 (54.5%) participants who continued on tafamidis
and 24/41 (58.5%) participants who were switched from placebo to
tafamidis had at least one mild adverse event.

An open-label, multicentre, international study investigated
tafamidis 20 mg once daily for 12 months in people with non-
Val30Met TTR-FAP (NCT00630864; Merlini 2013). This study did not
assess disability due to FAP progression using our predetermined
outcome measures. At 12 months, the mean (SD) increase from
baseline in the NIS-LL (range: 0 to 88, with higher scores indicating
greater deficits; MCID: 2 points; Table 1) was 2.7 ± 6.21 points. At the
same time point, the mean (SD) increase from baseline in the mBMI

was 16.6 ± 89.33 kg/m2 g/L. ALer 12 months, the mean (SD) change
from baseline in the Norfolk-QOL total score (range: -2 to 138, with
lower scores indicating better quality of life; MCID not provided;
Table 1) was an increase of 0.1 ± 18.01 points. No participant
died during this study. In Merlini 2013, 17/21 (80.9%) participants
experienced at least one adverse event, 13/21 (61.9%) participants
had a mild adverse event, 1/21 (4.8%) discontinued due to an
adverse event, and 8/21 (38.1%) participants were reported to have
severe adverse events.

An ongoing, not recruiting, open-label extension study of tafamidis
was designed to obtain additional, long-term eJicacy and safety
data on tafamidis 20 mg once daily over a 10-year period and was
initiated in 2009 (NCT00925002; Waddington-Cruz 2016; Barroso
2017). It enrolled 93 people with TTR-FAP who had completed the
12-month open-label extension study of tafamidis (NCT00791492;
Coelho 2013) or the open-label study to evaluate TTR stabilisation,
safety, tolerability, and eJicacy of tafamidis in participants with
non-Val30Met TTR-FAP (NCT00630864; Merlini 2013).

A prospective non-RCT of tafamidis was conducted by the French
Network for FAP and enrolled 37 participants with Val30Met
TTR-FAP both in early and advanced stages between December
2009 and July 2011. In the 12-month follow-up period, 24%
of participants deteriorated with respect to disability, measured
on the Polyneuropathy Disability Score (Table 1), and 31%
of participants deteriorated with respect to the severity of
neuropathy, measured on the NIS-LL (Table 1). Adverse events
caused 7/37 (18.9%) participants to withdraw from the study. A total
of 19 adverse events were reported, including febrile urinary tract
infections and cases of severe diarrhoea (Lozeron 2013).

A phase 3, open-label study evaluated the safety, tolerability,
and eJicacy of tafamidis 20 mg once daily for up to 78 weeks
in 10 Japanese people with Val30Met or non-Val30Met TTR-FAP
(NCT01435655). This study did not assess disability due to FAP
progression according to our predetermined outcome measures. At
week 78, the mean (SD) increase from baseline in the NIS-LL (which
was herein reported with a diJerent range: 0 to 44, with higher
scores indicating greater deficits) was 3.3 ± 4.74 points, whereas the
mean (SD) increase from baseline in the mBMI was 53.65 ± 81.39

kg/m2 g/L. ALer 78 weeks, the mean (SD) increase from baseline
in the Norfolk-QOL total score (range: -4 to 136, with lower scores
indicating better quality of life; MCID not provided; Table 1) was
10.8 ± 13.69. During this study, 2/10 (20%) participants died, 10/10
(100%) experienced adverse events, and 7/10 (70%) had severe
adverse events.

Patisiran

A phase 2, open-label extension study evaluated long-term safety,
tolerability, and eJicacy of patisiran in people with TTR-FAP
(NCT01961921; Adams 2015), who completed the pivotal RCT
of patisiran (Adams 2018). This study was initiated in 2013
and enrolled 27 participants, who received patisiran 0.3 mg/kg
intravenously every three weeks for up to two years. At month
24, the median decrease from baseline in the Rasch-built Overall
Disability Scale (which was herein reported with a diJerent range: 0
to 100, with lower scores indicating greater disability) was 1.0 point
(full range -14.0 to 8.0). At the same time point, the median decrease
from baseline in the mNIS+7Alnylam (range: 0 to 304, with higher
scores indicating greater deficits; MCID not provided; Table 1) was
7.0 points (full range -34.63 to 15.38), and the median decrease

from baseline in the mBMI was 39.85 kg/m2 g/L (full range -368.8
to 258.9). During this study, 2/27 (7.4%) participants died, 26/27
(96.3%) experienced at least one adverse event, and 7/27 (25.9%)
had a severe adverse event.

Inotersen

An ongoing, phase 3, open-label extension study was designed
to evaluate long-term eJicacy and safety of inotersen in people
with TTR-FAP who were enrolled and completed the pivotal RCT
of inotersen (Benson 2018), and started in 2014 (NCT02175004;
Plante-Bordeneuve 2018). Participants received inotersen 300 mg
weekly subcutaneously up to five years. Definitive results have not
been released to date.

Other evidence

Pre-clinical studies demonstrated that both the tetracycline
antibiotic doxycycline and a combination of doxycycline and the
antiapoptotic agent tauroursodeoxycholic acid (TUDCA) inhibited
amyloid formation and promoted the disruption of amyloid
deposits in murine FAP models (Cardoso 2006; Cardoso 2010).
Based on these data, in 2012 the European Medicinal Agency
granted doxycycline orphan drug designation for TTR-FAP. A
phase 2 open-label study was designed to evaluate the eJicacy,
tolerability, safety, and pharmacokinetics of orally administered
doxycycline (100 mg, twice daily) and TUDCA (250 mg, 3 times
daily) for one year (Obici 2012). Results provided evidence that the
investigational molecules stabilised the disease for at least one year
in the majority of participants, with a favourable toxicity profile
(Obici 2012).
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SOM0226/CRX1008 (tolcapone) is a repositioned molecule which
is being evaluated for its recently recognised activity in TTR
stabilisation and fibril disruption (Sant'Anna 2016). A proof-of-
concept open-label, phase 2a clinical trial was conducted in six
healthy volunteers and 15 people with TTR-FAP and asymptomatic
carriers (Reig 2015). This study demonstrated that a single oral dose
of 200 mg or three doses of 100 mg SOM0226 stabilised plasmatic
TTR in all participants studied, and did not report any adverse
events related to the investigational compound, thus supporting
further clinical development of SOM0226 for the treatment of TTR-
FAP.

Epigallocatechin-3-gallate (EGCG), the most abundant polyphenol
in green tea, has been observed to reduce extracellular TTR
deposition in the peripheral nervous system of a FAP transgenic
mouse model (Ferreira 2012). Subsequently, a single-centre
observational study reported no progression in leL ventricular
wall thickness and mass on echocardiography in a small cohort
of people with hereditary and non-hereditary forms of cardiac
TTR amyloidosis, including eight people with hereditary TTR
cardiomyopathy, aLer daily consumption of EGCG in the form
of green tea or green tea extract for 12 months (Kristen 2012).
However, no studies have investigated the potential eJect of EGCG
on FAP progression.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

To date, evidence on the pharmacological treatment of familial
amyloid polyneuropathies (FAPs) from randomised clinical trials
(RCTs) is limited to transthyretin (TTR)-FAP, and no RCT directly
compares disease-modifying pharmacological treatments for TTR-
FAP. The four RCTs included in this review investigate disease-
modifying drugs for TTR-FAP versus placebo and are individually
either too small, short, or both, for the review authors to
draw confident, high-certainty conclusions about the eJicacy,
acceptability, and tolerability of the pharmacological agents under
investigation, especially in the long term. The review authors
underline that the severity of the disease, challenges of new
drug development and RCT management, and lack of alternative
treatments, necessitate flexibility in clinical practice. Results
indicate that patisiran and inotersen are probably beneficial in
TTR-FAP, and tafamidis and diflunisal may be beneficial in TTR-
FAP. The lower certainty of evidence for tafamidis and diflunisal
is mainly due to the high dropout rate in their pivotal RCTs.
As for safety data, the occurrence of severe adverse events,
including glomerulonephritis and thrombocytopenic intracranial
haemorrhage with inotersen highlights the need for a close
monitoring of renal profile and platelet count in people on this
medication. A full assessment of people with TTR-FAP, including
cardiological and ophthalmological assessment is recommended.
As direct comparative studies for TTR-FAP will be hampered by
sample size and costs required to demonstrate superiority of one
drug over another, long-term non-randomised open-label studies
to monitor the eJicacy and safety of these drugs are needed.

Implications for research

Various approaches have been taken in the research and
development of disease-modifying treatments for TTR-FAP over
the past decades, and a number of pharmacological agents
are currently available. Drug development for TTR-FAP has

encountered a number of challenges typically associated with rare
genetic conditions, as well as others specific for this complex
multisystem disease.

First, the number of people available to participate in clinical
trials is limited. The pivotal trials enrolled a small number of
participants and oLen showed a high dropout rate. For example,
the trial investigating tafamidis presented a higher than anticipated
liver transplantation dropout rate, which reduces certainty in the
findings (Coelho 2012).

Second, the small participant populations may be highly
heterogeneous, both genotypically and phenotypically. Nuances
in clinical manifestations and progression of TTR-FAP are not
completely understood due to the lack of natural history studies,
especially in nonendemic areas and for uncommon mutations,
such as many non-Val30Met variants. Moreover, genetic, epigenetic,
and environmental factors that may influence phenotypic
expression should be clarified. These aspects are critical
in determining delayed diagnosis and participant enrolment
in clinical trials. Therefore, eJorts should be undertaken in
order to create observational registries worldwide to improve
understanding of the disease. In addition, results from RCTs should
be critically analysed within homogeneous participant subgroups,
in terms of profile of organ involvement and genotype.

Third, the detection of appropriate clinically meaningful outcomes
and relevant duration of follow-up to measure eJicacy and
safety are mandatory, and require understanding of their rate of
occurrence and variability, both of which contribute to diJiculties
in powering a study. The follow-up periods of available RCTs
were too short for evaluation of long-term safety and eJicacy
in relation to the natural progression of the disease. On the
other hand, the combination of double-blind trials and open-
label extension studies resembles the design of a delayed-start
trial, and is aimed at distinguishing between long-term eJects on
disease progression and eJects on symptoms. The design of these
studies (in which only the initial phase is randomised, double-
blind, and placebo-controlled) precludes direct assessment of the
extent to which investigational drugs preserve neurologic function
and quality of life in the long term, compared with placebo.
However, it may represent a good compromise between the need
to promptly provide a possibly beneficial treatment to people
with a severe progressive disorder and the challenges of drug
development. A consensus on the best surrogate endpoints or
biomarkers to consider in clinical trials may help future direct or
indirect comparisons between diJerent drugs.

Fourth, as TTR-related amyloidosis is a multisystem disorder,
evaluation of treatment eJicacy in future clinical trials for FAP
should be extended to other involved organs, including the
heart and eyes. Available pharmacological treatments for TTR-
FAP are not curative at the moment; at most, they may change
severe phenotypes into milder ones. As a chronic and progressive
condition, TTR-FAP requires ongoing treatment and management
of complications of long-standing disease. In particular, monitoring
long-term complications, such as cardiomyopathy, ophthalmic
manifestations and leptomeningeal involvement is necessary. The
optimal duration of treatment is uncertain and the lack of long-term
data from RCTs hampers considerations of quality of life.

Finally, as for other orphan drugs, development of pharmacological
treatments for TTR-FAP may be influenced by potential conflict of
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interest of patient advocacy organisations, industry sponsorship,
and media coverage, which may overemphasise benefits and
harms.

Future trials should use sensitive and validated disability and
clinical scores that are likely to extract meaningful eJects and
allow direct or indirect comparisons of results. Cost-eJectiveness
measurements should also be considered in future trials, as the
treatments that have been used and those that are likely to be
used in the future are expensive. Trial endpoints should also be
planned according to the chronicity of the disorder and meaningful
in patient terms, particularly overall disability.
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C H A R A C T E R I S T I C S   O F   S T U D I E S

Characteristics of included studies [ordered by year of study]

 

Methods Randomised, double-blind, placebo-controlled, parallel-group

Participants Outpatients

Setting: 8 centres in Argentina, Brazil, France, Germany, Portugal (2 centres), Spain, and Sweden

Number: 128 randomised participants. ITT population (all randomised participants who received at
least 1 dose of study medication and who had at least 1 post-baseline assessment for both co-primary
endpoints or who discontinued due to LT): 125 participants (64 in the tafamidis group, 61 in the placebo
group)

Mean (SD) age (ITT population): 39.8 ± 12.7 years in the tafamidis group, 38.4 ± 12.9 years in the placebo
group. Age was > 65 years in 5/64 (7.8%) of participants in the tafamidis group and in 3/61 (4.9%) in the
placebo group

Gender (ITT population): males were 32/64 (50.0%) in the tafamidis group and 26/61 (42.6%) in the
placebo group

Race (ITT population): White were 56/64 (87.5%) in the tafamidis group and 54/61 (88.5%) in the place-
bo group

Median (IQR) disease duration (ITT population): 28.0 months (IQR 13.8 to 41.7) in the tafamidis group,
21.0 months (IQR 13.5 to 72.2) in the placebo group

Key inclusion criteria: age 18 to 75 years inclusive; TTR-FAP with documented Val30Met mutation in
the TTR gene and biopsy-confirmed amyloid deposits; peripheral or autonomic neuropathy with a
Karnofsky ≥ 50

Key exclusion criteria: presence of primary amyloidosis, other causes of sensorimotor neuropathy,
absence of a recordable sensory threshold for vibration perception in both feet, liver function test ab-
normalities, prior LT, renal insufficiency (creatinine clearance < 30 mL/min), New York Heart Association
classification ≥ 3, any comorbidity anticipated to limit survival to < 18 months, chronic use of non-pro-
tocol-approved nonsteroidal anti-inflammatory drugs

Interventions • Tafamidis meglumine 20 mg once daily (N = 65)

• Placebo (N = 63)

Oral self-administration

Duration of treatment period: 18 months

Outcomes Co-primary endpoints (time point: 18 months):

• NIS-LL responders to treatment ("responders" were participants with decrease from baseline or in-
crease from baseline of 0 to < 2 in the NIS-LL score);

• change from baseline in the Norfolk QOL-DN total score.

Secondary endpoints:

• NIS-LL responders to treatment at months 6 and 12 ("responders" were participants with decrease
from baseline or increase from baseline of 0 to < 2 in the NIS-LL score);

• continuous analysis of the change from baseline to months 6, 12, and 18 in the NIS-LL score;

• change from baseline to 6 and 12 months in the Norfolk QOL-DN total score;

• change from baseline to months 6, 12, and 18 in the 5 domains of the Norfolk QOL-DN total score;

• change from baseline to month 18 in summated 7-composite and 3-composite scores;

• change from baseline to months 6, 12, and 18 in mBMI;
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• TTR stabilisation at 18 months, as measured by a validated immunoturbidimetric assay;

• incidence of participants experiencing treatment-emergent serious adverse events;

• incidence of participants experiencing treatment-emergent Grade 3 adverse events;

• incidence of participants experiencing treatment-emergent Grade 3 clinical laboratory findings;

• incidence of participants with treatment-emergent echocardiography findings considered by the In-
vestigator to be clinically significant;

• incidence of participants with treatment-emergent electrocardiogram findings considered by the In-
vestigator to be clinically significant;

• incidence of participants discontinuing from the study because of clinical or laboratory adverse
events.

Funding Support from:

• FoldRx Pharmaceuticals, which was acquired by Pfizer Inc. in October 2010;

• NIH grant DK 46335;

• FDA Orphan Drug grant FD-R-00(03414-01).

Conflicts of interest
among main investigators

T Coelho's institution received support from FoldRx Pharmaceuticals, which was acquired by Pfizer Inc.
in October 2010.

T Coelho received support from Pfizer Inc.

M Waddington-Cruz, O Suhr, and IM Conceicao received support from FoldRx Pharmaceuticals, which
was acquired by Pfizer Inc. in October 2010, and from Pfizer Inc.

V Planté-Bordeneuve, P Lozeron, HHJ Schmidt, and P Trigo received support from FoldRx Pharmaceuti-
cals, which was acquired by Pfizer Inc. in October 2010.

JM Campistol received support from FoldRx Pharmaceuticals, which was acquired by Pfizer Inc. in Oc-
tober 2010, and from Wyeth (Pfizer Inc.).

JW Kelly was founder, shareholder and option holder, and paid consultant of FoldRx Pharmaceuticals,
which was acquired by Pfizer Inc. in October 2010.

J Chan, R Labaudiniere, J Packman, A Wilson, and DR Grogan were employees of FoldRx Pharmaceuti-
cals, which was acquired by Pfizer Inc. in October 2010, during the conduct of the study.

Notes ClinicalTrials.gov Identifier: NCT00409175

Clinicaltrialsregister.eu Identifier: 2006-002792-41

Information obtained from both published report papers and online clinical trial registries

Maximum duration of study: 20 months (screening period: 1 month, treatment period: 18 months, final
telephone contact: 1 month after the last dose of study medication)

Dates: 2007 to 2009

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Patients were randomized by a central computerized telerandomiza-
tion system, in a 1:1 ratio".

Comment: probably done

Allocation concealment
(selection bias)

Low risk Quote: "Patients were randomized by a central computerized telerandom-
ization system, in a 1:1 ratio, to self-administer [...] tafamidis [...] or matching
placebo. [...]".
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Comment: probably done

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "double-blind trial". "Patients were randomized by a central computer-
ized telerandomization system, in a 1:1 ratio, to self-administer [...] tafamidis
[...] or matching placebo. [...] The active drug was provided in soL-gelatin cap-
sules [...]. The packaging, appearance, and constitution of the placebo cap-
sules were identical to those of the active-drug capsules except for the ab-
sence of tafamidis".

Quote (from the final public disclosure synopsis provided by Pfizer Inc.):
"Blinded safety summaries were provided [...] 24 months after enrollment
commenced. [...] An interim efficacy and safety analysis was conducted [...].
The interim analysis was unblinded, but the blind remained unbroken for sub-
jects and Investigators, and the Sponsor was not aware of the results of the in-
terim analysis".

Quote (from ClinicalTrials.gov): "Masking: Quadruple (Participant, Care
Provider, Investigator, Outcomes Assessor)".

Comment: probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Quote: "double-blind trial"; "Patients returned to the clinical sites during the
double-blind treatment period".

Quote (from the final public disclosure synopsis provided by Pfizer Inc.):
"Blinded safety summaries were provided [...] 24 months after enrollment
commenced. [...] An interim efficacy and safety analysis was conducted [...].
The interim analysis was unblinded, but the blind
remained unbroken for subjects and Investigators, and the Sponsor was not
aware of the
results of the interim analysis".

Quote (from ClinicalTrials.gov): "Masking: Quadruple (Participant, Care
Provider, Investigator, Outcomes Assessor)".

Comment: probably done, but the statistical analysis was conducted by an
employee of the sponsor.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Quote: "The primary efficacy analyses were performed on the intent-to-treat
(ITT) population (all randomized patients who received at least 1 dose of study
medication and who had 1 postbaseline assessment for both coprimary end-
points or who discontinued due to liver transplantation). For patients with
postbaseline assessments, the last-observation-carried-forward method was
used to impute missing data at month 18"; "Analyses of the coprimary end-
points were performed in an efficacy-evaluable (EE) population consisting of
ITT patients who completed the study per protocol. This EE population was
prespecified as it was anticipated that the majority of patients enrolled would
be on the liver transplant list and that many would undergo liver transplanta-
tion during the study
if a donor organ became available"; "Analyses of the secondary endpoints
were conducted in the ITT population using a repeated measures analysis of
variance model [...] Only observed values were used".

Comment: there was a high dropout rate in this RCT. As the original protocol of
this RCT was not accessible, we could not verify whether populations on which
analyses of the outcomes have been performed were prespecified. Some con-
tinuous outcome data of interest for this review were only descriptively pre-
sented and no measures of variability were published so that they cannot be
entered in a meta-analysis. For dichotomous outcomes most data were ob-
tained from unpublished data.
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Selective reporting (re-
porting bias)

Low risk Comment: results for all predetermined outcomes were obtained by either
published reports, online clinical trial registries, or both.

Other bias Unclear risk Comment: this study was funded by FoldFox Pharmaceuticals, which was ac-
quired by Pfizer Inc. in October 2010. Most Investigators received funding from
the Sponsor or were employees of the Sponsor during the conduct of this trial.

Coelho 2012  (Continued)

 
 

Methods Randomised, double-blind, placebo-controlled, parallel-group

Participants Outpatients

Setting: 8 centres in England, Italy, Japan (2 centres), Sweden, and the USA (3 centres)

Number: 130 randomised participants (64 in the diflunisal group, 66 in the placebo group)

Mean (SD) age: 60.3 ± 11.7 years in the diflunisal group, 59.2 ± 12.2 years in the placebo group

Gender: males were 43/64 (67.2%) in the diflunisal group and 44/66 (66.7%) in the placebo group

Race: Asian 8/64 (12.5%) in the diflunisal group and 6/66 (9.1%) in the placebo group; Black 1/64 (1.6%)
in the diflunisal group and 5/66 (7.6%) in the placebo group; White 52/64 (81.3%) in the diflunisal group
and 50/66 (75.8%) in the placebo group; Other 0/64 (0.0%) in the diflunisal group and 1/66 (1.5%) in the
placebo group; Multiracial 3/64 (4.7%) in the diflunisal group and 4/66 (6.1%) in the placebo group

TTR genotype: Val30Met 36/64 (56.3%) in the diflunisal group and 35/66 (53.0%) in the placebo group;
no-Val30Met 28/64 (43.8%) in the diflunisal group and 31/66 (47.0%) in the placebo group

Key inclusion criteria: age 18 to 75 years; biopsy-confirmed amyloid deposition by Congo Red stain-
ing; mutant TTR genopositivity by DNA sequence analysis; signs of sensorimotor or autonomic neu-
ropathy clinically detectable by a trained neurologist; routinely spent more than 50% of waking hours
out of bed or chair (Eastern Co-operative Oncology Group performance status < 3).

Key exclusion criteria: alternative causes of sensorimotor polyneuropathy; limited survival prognosis
(< 2 years); prior LT; severe congestive heart failure (New York Heart Association class IV) or renal insuffi-
ciency (estimated creatinine clearance < 30 mL/min); ongoing anticoagulation

Interventions • Diflunisal 250 mg twice daily (N = 64)

• Placebo (N = 66)

Duration of treatment period: 24 months

Outcomes Primary outcome:

• difference in polyneuropathy progression between treatment groups, measured by the NIS+7 scores
over a 24-month period.

Secondary outcomes:

• change from baseline at months 12 and 24 in the NIS and NIS-LL;

• change in quality of life assessment from baseline at months 12 and 24 according to the SF-36;

• change from baseline at months 12 and 24 in mBMI;

• change from baseline at months 12 and 24 in the KS.

Funding Grants from the National Institute of Neurological Diseases and Stroke (grant R01-NS051306), the Or-
phan Products Division of the US Food and Drug Administration (grant FD-R-002532), the Young Family
Amyloid Research Fund, and the National Center for Advancing Translational Sciences, National Insti-
tutes of Health (grant UL1-TR000157).
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Merck Sharp and Dohme Inc supplied study drug (diflunisal)

Conflicts of interest
among main investigators

"Dr. Ole Suhr has received support from Pfizer for activities as Chairman of The Transthyretin Amyloido-
sis Outcome Survey (THAOS), ISIS, and Alnylam Pharmaceuticals. Dr. Giampaolo Merlini has received
honoraria from Pfizer. Dr. Jeffery Kelly reports financial holdings in FoldRx Pharmaceuticals, Inc. Drs.
Berk, Obici, Zeldenrust, Litchy, and Dyck have received honoraria from Alnylam, ISIS, and Pfizer Phar-
maceuticals."

Notes ClinicalTrials.gov Identifier: NCT00294671

EudraCT number: 2006-001066-16

Information obtained from both published report papers and one online clinical trial registry

Duration: 24 months (treatment period)

Dates: 2006 to 2012

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "patients were randomly assigned in a 1:1 manner"; "Randomization
was performed in permuted blocks of 2 to 4 stratified for mutant TTR (non-
V30M versus V30M) and study site"; "Study drug was prepackaged according to
a computer-generated randomization scheme".

Comment: probably done

Allocation concealment
(selection bias)

Low risk Quotes: "randomization was performed in permuted blocks of 2 to 4 stratified
for mutant TTR (non-Val30Met versus Val30Met) and study site"; "Study drug
was prepackaged according to a computer-generated randomization scheme
and dispensed by independent investigational pharmacists using sequential
study IDs".

Comment: probably done

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quotes: "Study drug was [...] dispensed by independent investigational phar-
macists using sequential study IDs"; "patients, investigators, study coordi-
nators, and investigational pharmacists were unaware of treatment assign-
ments"; "the randomization code was not broken at any time during the
study".

Comment: probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "Study drug was [...] dispensed by independent investigational phar-
macists using sequential study IDs"; "patients, investigators, study coordi-
nators, and investigational pharmacists were unaware of treatment assign-
ments"; "the randomization code was not broken at any time during the
study".

Comment: probably done

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Quote: "analysis of missingness completely at random for the primary and
secondary outcomes using the permutation test indicated dependence of
dropout on the outcome values".

Comment: 24 months (primary outcome): 24/64 missing from intervention
group and 38/66 missing from placebo group; 67 participants discontinued
study treatment before completing the 2-year protocol (27 from the diflunisal
group and 40 from the placebo group). 5 participants in the placebo group and

Berk 2013  (Continued)

Pharmacological treatment for familial amyloid polyneuropathy (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

48



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

3 in the diflunisal group discontinued study drug and acquired diflunisal out-
side the study but completed 2-year NIS+7 testing. There was a high dropout
rate in this RCT.

Selective reporting (re-
porting bias)

Low risk Comment: outcome measures declared in the 'methods' section are reported
by either published reports, online clinical trial registries, or both.

Other bias Low risk Comment: we did not observe any other potential risk of bias. Merck Sharp
and Dohme Inc. was only stated to support this trial by providing study drug
(diflunisal) and had no role in the design and conduct of the study.
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Methods Randomised, double-blind, placebo-controlled, parallel-group

Participants Outpatients

Setting: 24 centres, in Argentina, Brazil (3 centres), France (2 centres), Germany, Italy (2 centres), New
Zealand, Portugal (2 centres), Spain (2 centres), UK, and USA (9 centres)

Number: 173 randomised participants. Efficacy analysis population: 172 participants (112 in the inot-
ersen group, 77 in the placebo group)

Mean (SD) age: 59.0 ± 12.5 years in the inotersen group, 59.5 ± 14.0 years in the placebo group

Gender: males were 77/112 (69%) in the inotersen group and 41/60 (68%) in the placebo group

Race: Asian 1/112 (< 1%) in the inotersen group and 3/60 (5%) in the placebo group; Black 3/112 (3%)
in the inotersen group and 1/60 (2%) in the placebo group; White 105/112 (94%) in the inotersen group
and 53/60 (88%) in the placebo group; Other or multiracial 3/112 (3%) in the inotersen group and 3/60
(5%) in the placebo group

TTR genotype: Val30Met 56/112 (50%) in the inotersen group and 33/60 (55%) in the placebo group;
non-Val30Met 56/112 (50%) in the inotersen group and 27/60 (45%) in the placebo group

Key inclusion criteria: age 18 to 82 years, stage 1 or stage 2 TTR-FAP, NIS of 10 to 130, TTR mutation,
documented amyloid deposit determined on biopsy

Key exclusion criteria: clinically significant abnormalities in screening laboratory values, Karnofsky
performance status of 50 or less, other causes of polyneuropathies besides TTR-FAP, previous LT, heart
failure of New York Heart Association class III or higher

Interventions • Inotersen 300 mg once weekly (N = 112)

• Placebo (N = 60)

Subcutaneous administration; participants received three subcutaneous injections on alternate days
during the first week to reach near steady-state drug levels, followed by one subcutaneous injection
once weekly for the next 64 weeks

Participants also received vitamin A supplements (approximately 3000 IU daily)

Outcomes Primary outcomes (time point: week 66):

• change from baseline in the mNIS+7Ionis score;

• change from baseline in the Norfolk QOL-DN total score.

Secondary outcomes (time point: week 66):

• change from baseline in the mBMI and BMI;

• change from baseline in the mNIS+7 individual components;
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• change from baseline in the NIS+7;

• change from baseline in transthyretin and retinol binding protein 4.

Other assessments (safety evaluation):

• adverse events;

• clinical laboratory tests;

• vital signs;

• 12-lead electrocardiography;

• electroretinography.

Funding Funded by Ionis Pharmaceuticals, Inc
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Elizabeth J Ackermann reported personal fees and other support from Ionis Pharmaceuticals, Inc. out-
side the submitted work.

Morie A Gertz reported personal fees from Ionis.

Teresa Coelho reported non-financial support and other from Ionis during the conduct of the study.

Notes ClinicalTrials.gov Identifier: NCT01737398

Clinicaltrialsregister.eu: 2012-001831-30

Information obtained from both published report papers and one online clinical trial registry

Maximum duration of study: 66 weeks: 65 weeks (treatment period), 1 week (post-intervention evalua-
tion)

Dates: 2013 to 2017

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote (form report): "Patients were randomly assigned, in a 2:1 ratio",

Quote (from the final protocol): "Using an Interactive Voice/Web-Response
System (IXRS), eligible patients will be randomized 2:1 to receive ISIS 420915
or placebo, respectively"; "A permuted block schedule will be used".

Comment: probably done

Allocation concealment
(selection bias)

Low risk Quote (from the final protocol): "The Study Drug is contained in stoppered
glass vials and will be provided to the Study Center by the Sponsor. The Spon-
sor will provide the Investigator with packaged Study Drug labeled in accor-
dance with specific country regulatory requirements".

Comment: probably done

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote (from the final protocol): "The Sponsor, participants, monitors, and
Study Center personnel will be blinded throughout the study until all partic-
ipants have completed the treatment period and the EOT [end of treatment]
efficacy assessments, and the database has been locked"; "In order to ensure
maintenance of the study blind, TTR, RBP4, and retinol values will not be avail-
able to the Sponsor, monitors, Investigators, Study Center Personnel, or the
participants."

Comment: probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Quote (from report): "the sponsor (Ionis Pharmaceuticals) was responsible for
data analysis".

Quote (from the final protocol): "The Sponsor, participants, monitors, and
Study Center personnel will be blinded throughout the study until all partici-
pants have completed the treatment period and the EOT efficacy assessments,
and the database has been locked"; "In
order to ensure maintenance of the study blind, TTR, RBP4, and retinol values
will not be available to the Sponsor, monitors, Investigators, Study Center Per-
sonnel, or the participants".

Comment: probably done, but data analysis was conducted by the sponsor

Incomplete outcome data
(attrition bias) 

Unclear risk Comment: efficacy analyses included all randomly assigned participants who
received at least one dose of a trial regimen and who had at least one post-
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All outcomes baseline efficacy assessment for the mNIS+7 Ionis version or the Norfolk QOL-
DN score. There was no clear mention of ITT analysis.

Selective reporting (re-
porting bias)

Low risk Comment: results for all predetermined outcomes were obtained by either
published report papers, online clinical trial registries, or both.

Other bias Unclear risk This study was fully supported by Ionis Pharmaceuticals.
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Methods Randomised, double-blind, placebo-controlled, parallel-group

Participants Outpatients

Setting: 50 centres, in Argentina, Australia, Bulgaria, Brasil (3 centres), Canada, Cyprus, France (5 cen-
tres), Germany (3 centres), Italy (3 centres), Japan (3 centres), Korea (2 centres), Malaysia, Mexico,
Netherlands, Portugal (2 centres), Spain (4 centres), Sweden, Taiwan (2 centres), Turkey, UK (2 centres),
USA (11 centres)

Number: 225 randomised participants (148 in the patisiran group, 77 in the placebo group)

Median age (range): 62 years (24 to 83) in the patisiran group, 63 years (34 to 80) in the placebo group

Gender: males were 109/148 (74%) in the patisiran group and 58/77 (75%) in the placebo group

Race: Asian 27/148 (18%) in the patisiran group and 25/77 (32%) in the placebo group; Black 4/148 (3%)
in the patisiran group and 1/77 (1%) in the placebo group; White 113/148 (76%) in the patisiran group
and 50/77 (65%) in the placebo group; Other 1/148 (< 1%) in the patisiran group and 0/77 (0%) in the
placebo group; Multiracial 2/148 (1%) in the patisiran group and 0/77 (0%) in the placebo group; miss-
ing data 1/148 (< 1%) in the patisiran group and 1/77 (1%) in the placebo group

TTR genotype: Val30Met 56/148 (38%) in the patisiran group and 40/77 (52%) in the placebo group;
non-Val30Met 92/148 (62%) in the patisiran group and 37/77 (48%) in the placebo group

Key inclusion criteria: age 18 to 85 years; a documented pathogenic variant in the TTR gene; a diagno-
sis of hereditary transthyretin amyloidosis with peripheral neuropathy, with a NIS of 5 to 130 and a PDS
of IIIb or lower; adequate liver and renal function.

Key exclusion criteria: prior LT or plan to undergo LT during the study period; known human immun-
odeficiency virus infection; history of malignancy within 2 years, except for basal or squamous cell car-
cinoma of the skin or carcinoma in situ of the cervix that has been successfully treated; recently re-
ceived an investigational agent or device; currently taking diflunisal, tafamidis, doxycycline, or taurour-
sodeoxycholic acid

Interventions • Patisiran 0.3 mg per kg of body weight once every 3 weeks (N = 148)

• Placebo (N = 77)

Intravenous administration

Duration of treatment period: 18 months

Outcomes Primary outcome:

• change from baseline in mNIS+7Alnylam at 18 month.

Secondary outcomes:

• change from baseline in Norfolk QOL-DN at 18 months;

• change from baseline in NIS-Weakness score at 18 months;

• change from baseline in R-ODS score at 18 months;
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• change from baseline in timed 10-meter walk test at 18 months;

• change from baseline in mBMI at 18 months;

• change from baseline in Autonomic Symptoms Questionnaire (Composite Autonomic Symptom Score
(COMPASS 31)) at 18 months.
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Notes ClinicalTrials.gov Identifier: NCT01960348

Clinicaltrialsregister.eu Identifier: 2013-002987-17

Information obtained from both published report papers and online clinical trial registries
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Maximum duration of study: 18 months

Dates: 2013 to 2017

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote (from report): "patients were randomly assigned in a 2:1 ratio".

Quote (from final protocol): "Patients will be randomized via an interactive re-
sponse system (IRS)"; "Upon signing the informed consent form, the patient
will be assigned a
screening number by the IRS. The Investigator or his/her delegate will contact
the IRS
(via phone or web) after confirming that the patient fulfils all the inclusion cri-
teria and
none of the exclusion criteria. The patient will be randomized via the IRS, as-
signed a subject number and a study treatment".

Comment: probably done

Allocation concealment
(selection bias)

Low risk Quote (from final protocol): "To maintain the blind, all IV infusion bags and
lines will have amber-colored covers added prior to leaving the pharmacy".

Comment: probably done

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote (from final protocol): "Only the pharmacist and designated site per-
sonnel who dispense or administer study drug will be unblinded to the study
treatment. All other site personnel will be blinded to the treatment. Study per-
sonnel performing assessments related to the efficacy endpoints will be dif-
ferent from the Investigator and other personnel managing the patient, all
of whom will also remain blinded to any clinical laboratory results that could
potentially unblind them (e.g., TTR levels, vitamin A levels, thyroid function
tests)."

Comment: probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Quote (from final protocol): "An Interim Analysis Committee (IAC), which will
include at least 1 statistician (blinded) comprised of 2 statisticians (1 blinded
and 1 unblinded) independent of the conduct of the study, will be responsi-
ble for the implementation of the interim analysis and for the calculations and
recommendations surrounding whether an adjustment to the sample size is
warranted, and if so, the appropriate adjustment, based on the study’s prima-
ry endpoint data from the interim analysis. The Sponsor, the CROs, and all oth-
er parties conducting the study will remain blinded to all interim analyses un-
til study completion. The IAC will follow the procedure outlined in the commit-
tee’s charter".

Comment: probably done, but it not clear if the sponsor was involved in data
analysis.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Quote (from report): "The modified intention-to-treat (ITT) population includ-
ed all the patients who underwent randomization and received at least one
dose of patisiran or placebo".

Comment: there are clear data on dropouts.

Selective reporting (re-
porting bias)

Low risk Comment: results for all predetermined outcomes were obtained by either
published report papers, online clinical trial registries, or both.
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Other bias Unclear risk This study was fully supported by Alnylam Pharmaceuticals.

Adams 2018  (Continued)

BMI: body mass index; EE: eJicacy-evaluable; EOT: end of treatment; ITT: intention-to-treat; IQR: interquartile range; KS: Kumamoto Score;
LT: liver transplantation; mBMI: modified body mass index; mNIS: modified Neuropathy Impairment Score; N: number of participants; NIS:
Neuropathy Impairment Score; NIS+7: Neuropathy Impairment Score plus 7 nerve tests; NIS-LL: Neuropathy Impairment Score in the lower
limbs; Norfolk QOL-DN: Norfolk Quality of Life–Diabetic Neuropathy Questionnaire; PDS: Polyneuropathy Disability Score; R-ODS: Rasch-
built Overall Disability Scale; RBP4: retinol binding protein 4; RCT: randomised clinical trial; SD: standard deviation; SF-36: Short Form 36
Health Survey Questionnaire; TTR: transthyretin; TTR-FAP: transthyretin-familial amyloid polyneuropathy.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Adams 2015 A report on a phase 2 open-label extension study of patisiran. Not randomised

Barroso 2017 A paper reporting interim results of an open-label, single-treatment study investigating safety and
efficacy of tafamidis in TTR-FAP. Not randomised

Coelho 2013 A 12-month, open-label, multicentre, international, single-arm trial (ClinicalTrial.gov,
NCT00791492) evaluating the safety and efficacy of tafamidis in people with Val30Met TTR-FAP who
completed the pivotal trial of tafamidis continues to receive tafamidis or are switched from place-
bo 20 mg once daily for 12 months. Not randomised

Gillmore 2015 A report on a phase 2, open-label extension study of revusiran, an investigational RNAi therapeutic
for the treatment of people with transthyretin cardiac amyloidosis. We excluded this study as it is
not randomised and does not focus on FAP (neuropathy).

Gundapaneni 2018 A paper reporting a post hoc analysis comparing data from the pivotal trial of tafamidis
(NCT00409175; Coelho 2012) and an open-label study to evaluate TTR stabilisation, safety, tolera-
bility, and efficacy of tafamidis in people with non-Val30Met TTR-FAP (NCT00630864; Merlini 2013).
Not randomised

Maurer 2018 A paper reporting on a multicentre, international, randomised double-blind, placebo-controlled,
phase 3 trial of tafamidis in people with transthyretin amyloid cardiomyopathy. We excluded this
study as it does not focus on FAP (neuropathy).

Plante-Bordeneuve 2018 A report mentioning an ongoing, phase 3, open-label extension study (ClinicalTrial.gov,
NCT02175004) designed to evaluate long-term efficacy and safety of inotersen in people with TTR-
FAP who were enrolled and completed the pivotal RCT of inotersen up to 5 years. Not randomised

Russo 2013 A conference abstract presenting a small study investigating the efficacy of tafamidis in 7 people
with TTR-FAP. Not randomised

Sah 2011 A conference abstract which presents an update on the development of ALN-TTR01 as a therapeu-
tic option for the treatment of TTR-related amyloidosis as well as of a second-generation RNAi ther-
apeutic targeting TTR. Not a trial

Suhr 2015 A paper reporting a multicentre, international, open-label, multiple-dose escalation phase 2 study
(Clinicaltrials.gov, NCT01617967) which evaluates the safety, tolerability, pharmacokinetics, and
pharmacodynamics of multiple doses of patisiran (ALN-TTR02) in people with FAP. Not randomised

Waddington-Cruz 2016 A paper reporting interim results from an open-label extension study (ClinicalTrials.gov,
NCT00925002) which evaluates the long-term safety and efficacy of tafamidis in people with
Val30Met TTR-FAP over a 10-year period. Not randomised
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FAP: familial amyloid polyneuropathy; RCT: randomised controlled trial; RNAi: ribonucleic acid inhibitor; TTR: transthyretin; TTR-FAP:
transthyretin-familial amyloid polyneuropathy.
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Tamafidis versus placebo in TTR-FAP

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Severity of peripheral neuropa-
thy (expressed as the change from
baseline in NIS-LL)

1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

1.1 12 months 1 125 Mean Difference (IV, Fixed, 95% CI) -3.83 [-5.99, -1.67]

1.2 18 months 1 125 Mean Difference (IV, Fixed, 95% CI) -3.21 [-5.63, -0.79]

2 Change in mBMI 1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

2.1 12 months 1 125 Mean Difference (IV, Fixed, 95% CI) 50.2 [24.46, 75.94]

2.2 18 months 1 125 Mean Difference (IV, Fixed, 95% CI) 70.6 [41.96, 99.24]

3 Quality of life (expressed as the
change from baseline in Norfolk
QOL-DN total score)

1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

3.1 12 months 1 125 Mean Difference (IV, Fixed, 95% CI) -3.50 [-9.48, 2.48]

3.2 18 months 1 125 Mean Difference (IV, Fixed, 95% CI) -4.5 [-11.27, 2.27]

4 Number of participants who died
during the trial (published paper -
see text)

1 128 Risk Ratio (M-H, Fixed, 95% CI) 0.65 [0.11, 3.74]

5 Number of participants experi-
encing at least one adverse event

1 128 Risk Ratio (M-H, Fixed, 95% CI) 0.95 [0.88, 1.04]

6 Number of participants experi-
encing mild adverse events

1 128 Risk Ratio (M-H, Fixed, 95% CI) 0.99 [0.87, 1.12]

7 Number of dropouts due to ad-
verse events

1 128 Risk Ratio (M-H, Fixed, 95% CI) 1.29 [0.30, 5.54]

8 Number of participants experi-
encing at least one severe adverse
event

1 128 Risk Ratio (M-H, Fixed, 95% CI) 1.16 [0.37, 3.62]
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Analysis 1.1.   Comparison 1 Tamafidis versus placebo in TTR-FAP, Outcome 1
Severity of peripheral neuropathy (expressed as the change from baseline in NIS-LL).

Study or subgroup Tamafidis Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.1.1 12 months  

Coelho 2012 64 1 (4) 61 4.8 (7.7) 100% -3.83[-5.99,-1.67]

Subtotal *** 64   61   100% -3.83[-5.99,-1.67]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=3.47(P=0)  

   

1.1.2 18 months  

Coelho 2012 64 2.2 (4.4) 61 5.4 (8.7) 100% -3.21[-5.63,-0.79]

Subtotal *** 64   61   100% -3.21[-5.63,-0.79]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.6(P=0.01)  

Favours tamafidis 52.5-5 -2.5 0 Favours placebo

 
 

Analysis 1.2.   Comparison 1 Tamafidis versus placebo in TTR-FAP, Outcome 2 Change in mBMI.

Study or subgroup Tamafidis Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.2.1 12 months  

Coelho 2012 64 19.4 (71.8) 61 -30.8 (74.9) 100% 50.2[24.46,75.94]

Subtotal *** 64   61   100% 50.2[24.46,75.94]

Heterogeneity: Not applicable  

Test for overall effect: Z=3.82(P=0)  

   

1.2.2 18 months  

Coelho 2012 64 37.9 (73.7) 61 -32.7 (88.6) 100% 70.6[41.96,99.24]

Subtotal *** 64   61   100% 70.6[41.96,99.24]

Heterogeneity: Not applicable  

Test for overall effect: Z=4.83(P<0.0001)  

Favours placebo 10050-100 -50 0 Favours tamafidis

 
 

Analysis 1.3.   Comparison 1 Tamafidis versus placebo in TTR-FAP, Outcome 3 Quality
of life (expressed as the change from baseline in Norfolk QOL-DN total score).

Study or subgroup Favours tamifidis Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.3.1 12 months  

Coelho 2012 64 1.1 (14.7) 61 4.6 (19) 100% -3.5[-9.48,2.48]

Subtotal *** 64   61   100% -3.5[-9.48,2.48]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.15(P=0.25)  

   

1.3.2 18 months  

Coelho 2012 64 2.4 (14.6) 61 6.9 (22.9) 100% -4.5[-11.27,2.27]

Subtotal *** 64   61   100% -4.5[-11.27,2.27]

Favours tamifidis 10050-100 -50 0 Favours placebo
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Study or subgroup Favours tamifidis Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Heterogeneity: Not applicable  

Test for overall effect: Z=1.3(P=0.19)  

Favours tamifidis 10050-100 -50 0 Favours placebo

 
 

Analysis 1.4.   Comparison 1 Tamafidis versus placebo in TTR-FAP, Outcome 4
Number of participants who died during the trial (published paper - see text).

Study or subgroup Tamafidis Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Coelho 2012 2/65 3/63 100% 0.65[0.11,3.74]

   

Total (95% CI) 65 63 100% 0.65[0.11,3.74]

Total events: 2 (Tamafidis), 3 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.49(P=0.63)  

Favours tamafidis 1000.01 100.1 1 Favours placebo

 
 

Analysis 1.5.   Comparison 1 Tamafidis versus placebo in TTR-FAP, Outcome
5 Number of participants experiencing at least one adverse event.

Study or subgroup Tamafidis Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Coelho 2012 60/65 61/63 100% 0.95[0.88,1.04]

   

Total (95% CI) 65 63 100% 0.95[0.88,1.04]

Total events: 60 (Tamafidis), 61 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.13(P=0.26)  

Favours tamafidis 111 Favours placebo

 
 

Analysis 1.6.   Comparison 1 Tamafidis versus placebo in TTR-FAP,
Outcome 6 Number of participants experiencing mild adverse events.

Study or subgroup Tamafidis Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Coelho 2012 57/65 56/63 100% 0.99[0.87,1.12]

   

Total (95% CI) 65 63 100% 0.99[0.87,1.12]

Total events: 57 (Tamafidis), 56 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.21(P=0.83)  

Favours tamafidis 1000.01 100.1 1 Favours placebo

 
 

Pharmacological treatment for familial amyloid polyneuropathy (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

58



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 1.7.   Comparison 1 Tamafidis versus placebo in TTR-
FAP, Outcome 7 Number of dropouts due to adverse events.

Study or subgroup Tamafidis Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Coelho 2012 4/65 3/63 100% 1.29[0.3,5.54]

   

Total (95% CI) 65 63 100% 1.29[0.3,5.54]

Total events: 4 (Tamafidis), 3 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.35(P=0.73)  

Favours tamafidis 1000.01 100.1 1 Favours placebo

 
 

Analysis 1.8.   Comparison 1 Tamafidis versus placebo in TTR-FAP, Outcome
8 Number of participants experiencing at least one severe adverse event.

Study or subgroup Tamafidis Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Coelho 2012 6/65 5/63 100% 1.16[0.37,3.62]

   

Total (95% CI) 65 63 100% 1.16[0.37,3.62]

Total events: 6 (Tamafidis), 5 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.26(P=0.79)  

Favours tamafidis 1000.01 100.1 1 Favours placebo

 
 

Comparison 2.   Diflunisal versus placebo in TTR-FAP

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Disability due to FAP pro-
gression (expressed as the
change from baseline in KS)

1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

1.1 12 months 1 130 Mean Difference (IV, Fixed, 95% CI) -2.20 [-4.91, 0.51]

1.2 24 months 1 130 Mean Difference (IV, Fixed, 95% CI) -4.9 [-7.89, -1.91]

2 Severity of peripheral neu-
ropathy (expressed as the
change from baseline in the
NIS+7)

1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

2.1 12 months 1 130 Mean Difference (IV, Fixed, 95% CI) -6.3 [-11.38, -1.22]

2.2 24 months 1 130 Mean Difference (IV, Fixed, 95% CI) -18.1 [-26.03, -10.17]

3 Severity of peripheral neu-
ropathy (expressed as the

1   Mean Difference (IV, Fixed, 95% CI) Subtotals only
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

change from baseline in the
NIS)

3.1 12 months 1 130 Mean Difference (IV, Fixed, 95% CI) -6.0 [-10.17, -1.83]

3.2 24 months 1 130 Mean Difference (IV, Fixed, 95% CI) -16.80 [-23.82, -9.78]

4 Severity of peripheral neu-
ropathy (expressed as the
change from baseline in the
NIS-LL)

1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

4.1 12 months 1 130 Mean Difference (IV, Fixed, 95% CI) -2.8 [-5.72, 0.12]

4.2 24 months 1 130 Mean Difference (IV, Fixed, 95% CI) -8.3 [-12.47, -4.13]

5 Change in mBMI 1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

5.1 12 months 1 130 Mean Difference (IV, Fixed, 95% CI) 19.8 [-28.27, 67.87]

5.2 24 months 1 130 Mean Difference (IV, Fixed, 95% CI) 34.2 [-18.42, 86.82]

6 Quality of life (expressed as
the change from baseline in
SF-36 physical score)

1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

6.1 12 months 1 130 Mean Difference (IV, Fixed, 95% CI) 2.60 [-0.04, 5.24]

6.2 24 months 1 130 Mean Difference (IV, Fixed, 95% CI) 6.10 [2.56, 9.64]

7 Quality of life (change in
SF-36 mental score)

1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

7.1 12 months 1 130 Mean Difference (IV, Fixed, 95% CI) 1.7 [-1.98, 5.38]

7.2 24 months 1 130 Mean Difference (IV, Fixed, 95% CI) 4.4 [-0.19, 8.99]

8 Number of participants
who died during the trial

1 130 Risk Ratio (M-H, Fixed, 95% CI) 0.46 [0.15, 1.41]

9 Number of participants
experiencing mild adverse
events

1 130 Risk Ratio (M-H, Fixed, 95% CI) 1.11 [0.75, 1.65]

10 Number of dropouts due
to adverse events

1 130 Risk Ratio (M-H, Fixed, 95% CI) 2.06 [0.39, 10.87]

11 Number of participants
experiencing at least one se-
vere adverse event

1 130 Risk Ratio (M-H, Fixed, 95% CI) 0.77 [0.18, 3.32]
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Analysis 2.1.   Comparison 2 Diflunisal versus placebo in TTR-FAP, Outcome 1
Disability due to FAP progression (expressed as the change from baseline in KS).

Study or subgroup Diflunisal Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.1.1 12 months  

Berk 2013 64 1.9 (7.2) 66 4.1 (8.5) 100% -2.2[-4.91,0.51]

Subtotal *** 64   66   100% -2.2[-4.91,0.51]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.59(P=0.11)  

   

2.1.2 24 months  

Berk 2013 64 3.1 (8) 66 8 (9.4) 100% -4.9[-7.89,-1.91]

Subtotal *** 64   66   100% -4.9[-7.89,-1.91]

Heterogeneity: Not applicable  

Test for overall effect: Z=3.21(P=0)  

Favours diflunisal 2010-20 -10 0 Favours placebo

 
 

Analysis 2.2.   Comparison 2 Diflunisal versus placebo in TTR-FAP, Outcome 2 Severity
of peripheral neuropathy (expressed as the change from baseline in the NIS+7).

Study or subgroup Diflunisal Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.2.1 12 months  

Berk 2013 64 6.2 (13.6) 66 12.5 (15.9) 100% -6.3[-11.38,-1.22]

Subtotal *** 64   66   100% -6.3[-11.38,-1.22]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.43(P=0.01)  

   

2.2.2 24 months  

Berk 2013 64 8.2 (21.2) 66 26.3 (24.8) 100% -18.1[-26.03,-10.17]

Subtotal *** 64   66   100% -18.1[-26.03,-10.17]

Heterogeneity: Not applicable  

Test for overall effect: Z=4.47(P<0.0001)  

Favours diflunisal 10050-100 -50 0 Favours placebo

 
 

Analysis 2.3.   Comparison 2 Diflunisal versus placebo in TTR-FAP, Outcome 3 Severity
of peripheral neuropathy (expressed as the change from baseline in the NIS).

Study or subgroup Diflunisal Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.3.1 12 months  

Berk 2013 64 4.1 (11.2) 66 10.1 (13) 100% -6[-10.17,-1.83]

Subtotal *** 64   66   100% -6[-10.17,-1.83]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.82(P=0)  

   

2.3.2 24 months  

Berk 2013 64 6.4 (19.2) 66 23.2 (21.6) 100% -16.8[-23.82,-9.78]

Favours diflunisal 10050-100 -50 0 Favours placebo
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Study or subgroup Diflunisal Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Subtotal *** 64   66   100% -16.8[-23.82,-9.78]

Heterogeneity: Not applicable  

Test for overall effect: Z=4.69(P<0.0001)  

Favours diflunisal 10050-100 -50 0 Favours placebo

 
 

Analysis 2.4.   Comparison 2 Diflunisal versus placebo in TTR-FAP, Outcome 4 Severity
of peripheral neuropathy (expressed as the change from baseline in the NIS-LL).

Study or subgroup Diflunisal Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.4.1 12 months  

Berk 2013 64 3.2 (8) 66 6 (8.9) 100% -2.8[-5.72,0.12]

Subtotal *** 64   66   100% -2.8[-5.72,0.12]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.88(P=0.06)  

   

2.4.2 24 months  

Berk 2013 64 3.8 (11.2) 66 12.1 (13) 100% -8.3[-12.47,-4.13]

Subtotal *** 64   66   100% -8.3[-12.47,-4.13]

Heterogeneity: Not applicable  

Test for overall effect: Z=3.9(P<0.0001)  

Favours diflunisal 10050-100 -50 0 Favours placebo

 
 

Analysis 2.5.   Comparison 2 Diflunisal versus placebo in TTR-FAP, Outcome 5 Change in mBMI.

Study or subgroup Diflunisal Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.5.1 12 months  

Berk 2013 64 -18.7
(131.3)

66 -38.5
(148.1)

100% 19.8[-28.27,67.87]

Subtotal *** 64   66   100% 19.8[-28.27,67.87]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.81(P=0.42)  

   

2.5.2 24 months  

Berk 2013 64 -33.7
(142.1)

66 -67.9
(163.5)

100% 34.2[-18.42,86.82]

Subtotal *** 64   66   100% 34.2[-18.42,86.82]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.27(P=0.2)  

Favours placebo 10050-100 -50 0 Favours diflunisal
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Analysis 2.6.   Comparison 2 Diflunisal versus placebo in TTR-FAP, Outcome 6
Quality of life (expressed as the change from baseline in SF-36 physical score).

Study or subgroup Diflunisal Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.6.1 12 months  

Berk 2013 64 0.7 (7.2) 66 -1.9 (8.1) 100% 2.6[-0.04,5.24]

Subtotal *** 64   66   100% 2.6[-0.04,5.24]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.93(P=0.05)  

   

2.6.2 24 months  

Berk 2013 64 1.2 (9.6) 66 -4.9 (11) 100% 6.1[2.56,9.64]

Subtotal *** 64   66   100% 6.1[2.56,9.64]

Heterogeneity: Not applicable  

Test for overall effect: Z=3.37(P=0)  

Favours placebo 10050-100 -50 0 Favours diflunisal

 
 

Analysis 2.7.   Comparison 2 Diflunisal versus placebo in TTR-
FAP, Outcome 7 Quality of life (change in SF-36 mental score).

Study or subgroup Diflunisal Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.7.1 12 months  

Berk 2013 64 2.5 (10) 66 0.8 (11.4) 100% 1.7[-1.98,5.38]

Subtotal *** 64   66   100% 1.7[-1.98,5.38]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.9(P=0.37)  

   

2.7.2 24 months  

Berk 2013 64 3.5 (12.4) 66 -0.9 (14.2) 100% 4.4[-0.19,8.99]

Subtotal *** 64   66   100% 4.4[-0.19,8.99]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.88(P=0.06)  

Favours placebo 10050-100 -50 0 Favours diflusinal

 
 

Analysis 2.8.   Comparison 2 Diflunisal versus placebo in TTR-
FAP, Outcome 8 Number of participants who died during the trial.

Study or subgroup Diflusinal Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Berk 2013 4/64 9/66 100% 0.46[0.15,1.41]

   

Total (95% CI) 64 66 100% 0.46[0.15,1.41]

Total events: 4 (Diflusinal), 9 (Placebo)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.36(P=0.17)  

Favours diflunisal 1000.01 100.1 1 Favours placebo
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Analysis 2.9.   Comparison 2 Diflunisal versus placebo in TTR-FAP,
Outcome 9 Number of participants experiencing mild adverse events.

Study or subgroup Diflunisal Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Berk 2013 29/64 27/66 100% 1.11[0.75,1.65]

   

Total (95% CI) 64 66 100% 1.11[0.75,1.65]

Total events: 29 (Diflunisal), 27 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.51(P=0.61)  

Favours diflunisal 1000.01 100.1 1 Favours placebo

 
 

Analysis 2.10.   Comparison 2 Diflunisal versus placebo in TTR-
FAP, Outcome 10 Number of dropouts due to adverse events.

Study or subgroup Diflunisal Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Berk 2013 4/64 2/66 100% 2.06[0.39,10.87]

   

Total (95% CI) 64 66 100% 2.06[0.39,10.87]

Total events: 4 (Diflunisal), 2 (Placebo)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.85(P=0.39)  

Favours diflunisal 1000.01 100.1 1 Favours placebo

 
 

Analysis 2.11.   Comparison 2 Diflunisal versus placebo in TTR-FAP, Outcome
11 Number of participants experiencing at least one severe adverse event.

Study or subgroup Diflunisal Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Berk 2013 3/64 4/66 100% 0.77[0.18,3.32]

   

Total (95% CI) 64 66 100% 0.77[0.18,3.32]

Total events: 3 (Diflunisal), 4 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.35(P=0.73)  

Favours diflunisal 1000.01 100.1 1 Favours placebo

 
 

Comparison 3.   Patisiran versus placebo in TTR-FAP

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Disability due to FAP progression (expressed as the
change from baseline in the R-ODS), at 18 months

1 225 Mean Difference (IV, Fixed, 95%
CI)

8.9 [7.00, 10.80]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

2 Severity of peripheral neuropathy (expressed as
the change from baseline in the mNIS+7Alnylam), at
18 months

1 225 Mean Difference (IV, Fixed, 95%
CI)

-33.99 [-39.86,
-28.12]

3 Change in mBMI, at 18 months 1 225 Mean Difference (IV, Fixed, 95%
CI)

115.7 [82.40,
149.00]

4 Quality of life (change in Norfolk QOL-DN total
score), at 18 months

1 225 Mean Difference (IV, Fixed, 95%
CI)

-21.1 [-27.20,
-15.00]

5 Number of participants who died during the trial 1 225 Risk Ratio (M-H, Fixed, 95% CI) 0.61 [0.21, 1.74]

6 Number of participants experiencing at least one
adverse event

1 225 Risk Ratio (M-H, Fixed, 95% CI) 0.99 [0.95, 1.04]

7 Number of participant dropouts due to adverse
events (data from published paper - see text)

1 225 Risk Ratio (M-H, Fixed, 95% CI) 0.33 [0.13, 0.82]

8 Number of participants experiencing at least one
severe adverse event

1 225 Risk Ratio (M-H, Fixed, 95% CI) 0.91 [0.64, 1.28]

 
 

Analysis 3.1.   Comparison 3 Patisiran versus placebo in TTR-FAP, Outcome 1 Disability due
to FAP progression (expressed as the change from baseline in the R-ODS), at 18 months.

Study or subgroup Patisiran Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Adams 2018 148 0 (6.9) 77 -8.9 (6.9) 100% 8.9[7,10.8]

   

Total *** 148   77   100% 8.9[7,10.8]

Heterogeneity: Not applicable  

Test for overall effect: Z=9.18(P<0.0001)  

Favours patisiran 10050-100 -50 0 Favours placebo

 
 

Analysis 3.2.   Comparison 3 Patisiran versus placebo in TTR-FAP, Outcome 2 Severity of peripheral
neuropathy (expressed as the change from baseline in the mNIS+7Alnylam), at 18 months.

Study or subgroup Patisiran Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Adams 2018 148 -6 (21.3) 77 28 (21.3) 100% -33.99[-39.86,-28.12]

   

Total *** 148   77   100% -33.99[-39.86,-28.12]

Heterogeneity: Not applicable  

Test for overall effect: Z=11.35(P<0.0001)  

Favours patisiran 10050-100 -50 0 Favours placebo
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Analysis 3.3.   Comparison 3 Patisiran versus placebo in TTR-FAP, Outcome 3 Change in mBMI, at 18 months.

Study or subgroup Patisiran Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Adams 2018 148 -3.7 (120.9) 77 -119.4
(120.9)

100% 115.7[82.4,149]

   

Total *** 148   77   100% 115.7[82.4,149]

Heterogeneity: Not applicable  

Test for overall effect: Z=6.81(P<0.0001)  

Favours placebo 200100-200 -100 0 Favours patisiran

 
 

Analysis 3.4.   Comparison 3 Patisiran versus placebo in TTR-FAP, Outcome
4 Quality of life (change in Norfolk QOL-DN total score), at 18 months.

Study or subgroup Patisiran Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Adams 2018 148 -6.7 (22.1) 77 14.4 (22.1) 100% -21.1[-27.2,-15]

   

Total *** 148   77   100% -21.1[-27.2,-15]

Heterogeneity: Not applicable  

Test for overall effect: Z=6.78(P<0.0001)  

Favours patisiran 10050-100 -50 0 Favours placebo

 
 

Analysis 3.5.   Comparison 3 Patisiran versus placebo in TTR-
FAP, Outcome 5 Number of participants who died during the trial.

Study or subgroup Patisiran Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Adams 2018 7/148 6/77 100% 0.61[0.21,1.74]

   

Total (95% CI) 148 77 100% 0.61[0.21,1.74]

Total events: 7 (Patisiran), 6 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.93(P=0.35)  

Favours patisiran 1000.01 100.1 1 Favours placebo

 
 

Analysis 3.6.   Comparison 3 Patisiran versus placebo in TTR-FAP, Outcome
6 Number of participants experiencing at least one adverse event.

Study or subgroup Patisiran Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Adams 2018 143/148 75/77 100% 0.99[0.95,1.04]

   

Total (95% CI) 148 77 100% 0.99[0.95,1.04]

Total events: 143 (Patisiran), 75 (Placebo)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Favours patisiran 1000.01 100.1 1 Favours placebo
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Study or subgroup Patisiran Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Test for overall effect: Z=0.33(P=0.74)  

Favours patisiran 1000.01 100.1 1 Favours placebo

 
 

Analysis 3.7.   Comparison 3 Patisiran versus placebo in TTR-FAP, Outcome 7 Number
of participant dropouts due to adverse events (data from published paper - see text).

Study or subgroup Patisiran Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Adams 2018 7/148 11/77 100% 0.33[0.13,0.82]

   

Total (95% CI) 148 77 100% 0.33[0.13,0.82]

Total events: 7 (Patisiran), 11 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.39(P=0.02)  

Favours patisiran 1000.01 100.1 1 Favours placebo

 
 

Analysis 3.8.   Comparison 3 Patisiran versus placebo in TTR-FAP, Outcome
8 Number of participants experiencing at least one severe adverse event.

Study or subgroup Patisiran Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Adams 2018 54/148 31/77 100% 0.91[0.64,1.28]

   

Total (95% CI) 148 77 100% 0.91[0.64,1.28]

Total events: 54 (Patisiran), 31 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.56(P=0.58)  

Favours patisiran 1000.01 100.1 1 Favours placebo

 
 

Comparison 4.   Inotersen versus placebo in TTR-FAP

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Severity of peripheral neuropathy (expressed as
the change from baseline in the mNIS+7Ionis), at
66 weeks

1 172 Mean Difference (IV, Fixed, 95%
CI)

-19.73 [-26.50,
-12.96]

2 Change in mBMI from baseline to 65 weeks 1 172 Mean Difference (IV, Fixed, 95%
CI)

11.89 [-17.29,
41.07]

3 Quality of life (change in Norfolk QOL-DN total
score), at 66 weeks

1 172 Mean Difference (IV, Fixed, 95%
CI)

-10.85 [-17.25,
-4.45]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

4 Quality of life (change in SF-36 physical compo-
nent), at 66 weeks

1 172 Mean Difference (IV, Fixed, 95%
CI)

-3.6 [-6.13, -1.07]

5 Number of participants who died during the tri-
al

1 172 Risk Ratio (M-H, Fixed, 95% CI) 5.94 [0.33,
105.60]

6 Number of participants experiencing at least
one adverse event

1 172 Risk Ratio (M-H, Fixed, 95% CI) 0.99 [0.96, 1.03]

7 Number of participants experiencing at least
one adverse event related to the study medica-
tion

1 172 Risk Ratio (M-H, Fixed, 95% CI) 2.03 [1.45, 2.84]

8 Number of participants experiencing mild ad-
verse events

1 172 Risk Ratio (M-H, Fixed, 95% CI) 0.99 [0.95, 1.02]

9 Number of dropouts due to adverse events 1 172 Risk Ratio (M-H, Fixed, 95% CI) 8.57 [1.16, 63.07]

10 Number of participants experiencing at least
one severe adverse event

1 172 Risk Ratio (M-H, Fixed, 95% CI) 1.48 [0.85, 2.57]

11 Number of participants experiencing at least
one severe adverse event related to the study
medication

1 172 Risk Ratio (M-H, Fixed, 95% CI) 4.29 [0.55, 33.46]

 
 

Analysis 4.1.   Comparison 4 Inotersen versus placebo in TTR-FAP, Outcome 1 Severity of
peripheral neuropathy (expressed as the change from baseline in the mNIS+7Ionis), at 66 weeks.

Study or subgroup Inotersen Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Benson 2018 112 4.2 (15.7) 60 23.9 (24.2) 100% -19.73[-26.5,-12.96]

   

Total *** 112   60   100% -19.73[-26.5,-12.96]

Heterogeneity: Not applicable  

Test for overall effect: Z=5.71(P<0.0001)  

Favours inotersen 10050-100 -50 0 Favours placebo

 
 

Analysis 4.2.   Comparison 4 Inotersen versus placebo in TTR-
FAP, Outcome 2 Change in mBMI from baseline to 65 weeks.

Study or subgroup Inotersen Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Benson 2018 112 -73.3 (96.3) 60 -85.2 (91.3) 100% 11.89[-17.29,41.07]

   

Total *** 112   60   100% 11.89[-17.29,41.07]

Heterogeneity: Not applicable  

Favours placebo 10050-100 -50 0 Favours inotersen
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Study or subgroup Inotersen Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Test for overall effect: Z=0.8(P=0.42)  

Favours placebo 10050-100 -50 0 Favours inotersen

 
 

Analysis 4.3.   Comparison 4 Inotersen versus placebo in TTR-FAP, Outcome
3 Quality of life (change in Norfolk QOL-DN total score), at 66 weeks.

Study or subgroup Inotersen Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Benson 2018 112 -0.1 (19) 60 10.8 (21.1) 100% -10.85[-17.25,-4.45]

   

Total *** 112   60   100% -10.85[-17.25,-4.45]

Heterogeneity: Not applicable  

Test for overall effect: Z=3.32(P=0)  

Favours inotersen 10050-100 -50 0 Favours placebo

 
 

Analysis 4.4.   Comparison 4 Inotersen versus placebo in TTR-FAP, Outcome
4 Quality of life (change in SF-36 physical component), at 66 weeks.

Study or subgroup Inotersen Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Benson 2018 112 0.1 (8.5) 60 3.7 (7.8) 100% -3.6[-6.13,-1.07]

   

Total *** 112   60   100% -3.6[-6.13,-1.07]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.79(P=0.01)  

Favours inotersen 10050-100 -50 0 Favours placebo

 
 

Analysis 4.5.   Comparison 4 Inotersen versus placebo in TTR-
FAP, Outcome 5 Number of participants who died during the trial.

Study or subgroup Inotersen Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Benson 2018 5/112 0/60 100% 5.94[0.33,105.6]

   

Total (95% CI) 112 60 100% 5.94[0.33,105.6]

Total events: 5 (Inotersen), 0 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.21(P=0.23)  

Favours inotersen 1000.01 100.1 1 Favours placebo
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Analysis 4.6.   Comparison 4 Inotersen versus placebo in TTR-FAP, Outcome
6 Number of participants experiencing at least one adverse event.

Study or subgroup Inotersen Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Benson 2018 111/112 60/60 100% 0.99[0.96,1.03]

   

Total (95% CI) 112 60 100% 0.99[0.96,1.03]

Total events: 111 (Inotersen), 60 (Placebo)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.32(P=0.75)  

Favours inotersen 1000.01 100.1 1 Favours placebo

 
 

Analysis 4.7.   Comparison 4 Inotersen versus placebo in TTR-FAP, Outcome 7 Number of
participants experiencing at least one adverse event related to the study medication.

Study or subgroup Inotersen Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Benson 2018 87/112 23/60 100% 2.03[1.45,2.84]

   

Total (95% CI) 112 60 100% 2.03[1.45,2.84]

Total events: 87 (Inotersen), 23 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=4.12(P<0.0001)  

Favours inotersen 1000.01 100.1 1 Favours placebo

 
 

Analysis 4.8.   Comparison 4 Inotersen versus placebo in TTR-FAP,
Outcome 8 Number of participants experiencing mild adverse events.

Study or subgroup Inotersen Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Benson 2018 110/112 60/60 100% 0.99[0.95,1.02]

   

Total (95% CI) 112 60 100% 0.99[0.95,1.02]

Total events: 110 (Inotersen), 60 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.77(P=0.44)  

Favours inotersen 1000.01 100.1 1 Favours placebo

 
 

Analysis 4.9.   Comparison 4 Inotersen versus placebo in TTR-
FAP, Outcome 9 Number of dropouts due to adverse events.

Study or subgroup Inotersen Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Benson 2018 16/112 1/60 100% 8.57[1.16,63.07]

   

Total (95% CI) 112 60 100% 8.57[1.16,63.07]

Favours inotersen 1000.01 100.1 1 Favours placebo
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Study or subgroup Inotersen Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 16 (Inotersen), 1 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.11(P=0.03)  

Favours inotersen 1000.01 100.1 1 Favours placebo

 
 

Analysis 4.10.   Comparison 4 Inotersen versus placebo in TTR-FAP, Outcome
10 Number of participants experiencing at least one severe adverse event.

Study or subgroup Inotersen Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Benson 2018 36/112 13/60 100% 1.48[0.85,2.57]

   

Total (95% CI) 112 60 100% 1.48[0.85,2.57]

Total events: 36 (Inotersen), 13 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.4(P=0.16)  

Favours inotersen 1000.01 100.1 1 Favours placebo

 
 

Analysis 4.11.   Comparison 4 Inotersen versus placebo in TTR-FAP, Outcome 11 Number of
participants experiencing at least one severe adverse event related to the study medication.

Study or subgroup Inotersen Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Benson 2018 8/112 1/60 100% 4.29[0.55,33.46]

   

Total (95% CI) 112 60 100% 4.29[0.55,33.46]

Total events: 8 (Inotersen), 1 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.39(P=0.17)  

Favours inotersen 1000.01 100.1 1 Favours placebo

 

 

A D D I T I O N A L   T A B L E S
 

Instrument name Abbrevia-
tion

Score
(range)

Direction of response References Data
analysed
as

Stage of disease based on disability or disability

Clinical staging of TTR-FAP FAP stage 1 to 3 Higher scores indicate greater
disease severity

Coutinho
1980

Ordinal

Polyneuropathy Disability Score PDS 0 to 5 Higher scores indicate greater
walking disability

Steen 1983 Ordinal

Table 1.   Scores included as outcome measures 
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Modified Norris Test Score MNT 75 to 0 Lower scores indicate greater dis-
ability

Lacomblez
1989

Continu-
ous

Portuguese classification system PCS 0 to 6 Higher scores indicate greater
disease severity

Sales-Luís
1990

Ordinal

Kumamoto Score KS 0 to 96 Higher scores indicate greater
disease severity

Tashima
1999

Continu-
ous

Yamamoto Score YS 0 to 4 Higher scores indicate greater
disease severity

Yamamoto
2007

Ordinal

Rasch-built Overall Disability Scale R-ODS 0 to 48 Lower scores indicate greater dis-
ability

van Nes 2011 Continu-
ous

Impairment due to nerve function

Neuropathy Impairment Score NIS 0 to 244 Higher scores indicate greater
deficits

Dyck 1995 Continu-
ous

Neuropathy Impairment Score in the
lower limbs

NIS-LL 0 to 88 Higher scores indicate greater
deficits

Bril 1999; Dy-
ck 1997

Continu-
ous

Neuropathy Impairment Score in the
upper limbs

NIS-UL 0 to 116 Higher scores indicate greater
deficits

Lozeron
2013

Continu-
ous

Neuropathy Impairment Score plus 7
nerve tests

NIS+7 0 to 270 Higher scores indicate greater
deficits

Berk 2013 Continu-
ous

Modified Neuropathy Impairment
Score plus 7 nerve tests (Alnylam ver-
sion)

mNIS+7Al-
nylam

0 to 304 Higher scores indicate greater
deficits

Suanprasert
2014; Adams
2018

Continu-
ous

Modified Neuropathy Impairment
Score plus 7 nerve tests (Ionis version)

mNIS+7Io-
nis

-22.3 to
346.3

Higher scores indicate greater
deficits

Suanprasert
2014; Dyck
2017; Ben-
son 2018

Continu-
ous

Charcot-Marie Tooth Neuropathy Score CMTNS 0 to 36 Higher scores indicate greater
deficits

Shy 2005 Continu-
ous

Charcot-Marie Tooth Neuropathy Score
2nd version

CMTNS2 0 to 36 Higher scores indicate greater
deficits

Murphy 2011 Continu-
ous

Neuropathy Disability Score revised
version

rNDS 0 to 10 Higher scores indicate greater
deficits

Abbott 2002 Continu-
ous

Compound Autonomic Dysfunction
Test

CADT 0 to 16 Higher scores indicate greater au-
tonomic impairment

Denier 2007 Continu-
ous

Wasting and autonomic gastrointestinal function

Modified body mass index mBMI Product
of the BMI

(kg/m2)

and
serum al-

Lower scores indicate greater
wasting (worse nutritional status)

Suhr 1984 Count

Table 1.   Scores included as outcome measures  (Continued)
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bumin
concen-
tration (g/
L)

Quality of life

Short Form 36 Health Survey Question-
naire

SF-36 0 to 100 Lower scores indicate

worse status

Ware 1992 Continu-
ous

Norfolk Quality of Life–Diabetic Neu-

ropathy Questionnairea
Norfolk
QOL-DN

-2 to 138

-4 to 136

Higher scores indicate worse sta-
tus

Vinik 2005

Adams 2018

Benson 2018

Continu-
ous

EuroQoL Quality of Life Scale EQ-5D 5 to 15 Higher scores indicate

worse status

Rabin 2001 Continu-
ous

Karnofsky Performance Status Karnofsky 0 to 100 Lower scores indicate

worse status

Yates 1980 Continu-
ous

Depression

Beck Depression Inventory 2nd version BDI-II 0 to 63 Higher total scores indicate more
severe depressive symptoms

Beck 1988 Continu-
ous

Hamilton Depression Rating Scale for
Depression

HAM-D 0 to 50 Higher total scores indicate more
severe depressive symptoms

Hamilton
1960

Continu-
ous

Table 1.   Scores included as outcome measures  (Continued)

a Slightly diJerent score ranges are reported in diJerent RCTs (range (-2 to 138) in Coelho 2012 and range (-4 to 136) in Adams 2018 and
Benson 2018), although the direction of the scores is the same.
 

 

A P P E N D I C E S

Appendix 1. Cochrane Neuromuscular Specialised Register (CRS Web) search strategy

Search run on 18 November 2019

#1 MESH DESCRIPTOR Amyloid Neuropathies, Familial WITH QUALIFIER DT AND INREGISTER
#2 MESH DESCRIPTOR Amyloid Neuropathies WITH QUALIFIER DT AND INREGISTER
#3 MESH DESCRIPTOR Amyloidosis WITH QUALIFIER DT AND INREGISTER
#4 MESH DESCRIPTOR peripheral nervous system diseases WITH QUALIFIER DT AND INREGISTER
#5 #3 AND #4 AND INREGISTER
#6 #1 OR #2 OR #5 AND INREGISTER
#7 ("familial amyloid*" NEAR2 (neuropath* or polyneuropath*)):ti,ab AND INREGISTER
#8 ("hereditary amyloid*" NEAR2 (neuropath* or polyneuropath*)):ti,ab AND INREGISTER
#9 amyloidosis NEAR2 (neuropath* or polyneuropath*) AND INREGISTER
#10 (transthyretin NEAR3 amyloidosis):ti,ab AND INREGISTER
#11 (transthyretin TTR):ti,ab AND INREGISTER
#12 "ttr fap":ti,ab AND INREGISTER
#13 ("fap type 1" or "fap type I" or "fap type 2" or "fap type II" or "fap type 3" or "fap type III" or "fap type 4" or "fap type IV"):TI,AB AND
INREGISTER
#14 (Apolipoprotein NEAR5 FAP):TI,AB AND INREGISTER
#15 (Apolipoprotein NEAR familial):TI,AB AND INREGISTER
#16 (Apolipoprotein NEAR hereditary):TI,AB AND INREGISTER
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#17 (gelsolin NEAR hereditary):TI,AB AND INREGISTER
#18 "hereditary amyloidosis":ti,ab AND INREGISTER
#19 (("Van Allen type" or "Iowa type" or "Finnish type" or "Meretoja type") and amyloid*):ti,ab AND INREGISTER
#20 "hereditary transthyretin-mediated (hATTR) amyloidosis" AND INREGISTER
#21 hereditary NEAR3 amyloidosis AND INREGISTER
#22 #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 AND INREGISTER
#23 MESH DESCRIPTOR Oligonucleotides, Antisense EXPLODE ALL AND INREGISTER
#24 MESH DESCRIPTOR RNA antisense EXPLODE ALL AND INREGISTER
#25 ((tafamidis or meglumine or FX1006A or diflunisal or dolobid or dolobis or dolocid or MK647)):AB,EH,EMT,KW,KY,MH,TI AND INREGISTER
#26 ((doxycycline or "tauroursodeoxycholic acid" or TUDCA or "RNA-targeted therap*" or "RNA interfer*" or "antisense oligonucleotide*"
or "ISIS TTR*" or "ISIS 420915" or "ALN-TTR0*")):AB,EH,EMT,KW,KY,MH,TI AND INREGISTER
#27 drug:ti,ab AND INREGISTER
#28 prealbumin AND INREGISTER
#29 #23 OR #24 OR #25 OR #26 OR #27 OR #28 AND INREGISTER
#30 #22 AND #29 AND INREGISTER
#31 #6 OR #30 AND INREGISTER

Appendix 2. Cochrane Central Register of Controlled Trials (CENTRAL) (CRS Web) search strategy

Search run on 18 November 2019

#1 MESH DESCRIPTOR Amyloid Neuropathies, Familial WITH QUALIFIER DT AND CENTRAL:TARGET
#2 MESH DESCRIPTOR Amyloid Neuropathies WITH QUALIFIER DT AND CENTRAL:TARGET
#3 MESH DESCRIPTOR Amyloidosis WITH QUALIFIER DT AND CENTRAL:TARGET
#4 MESH DESCRIPTOR peripheral nervous system diseases WITH QUALIFIER DT AND CENTRAL:TARGET
#5 #3 AND #4 AND CENTRAL:TARGET
#6 #1 OR #2 OR #5 AND CENTRAL:TARGET
#7 ("familial amyloid*" NEAR2 (neuropath* or polyneuropath*)):ti,ab AND CENTRAL:TARGET
#8 ("hereditary amyloid*" NEAR2 (neuropath* or polyneuropath*)):ti,ab AND CENTRAL:TARGET
#9 amyloidosis NEAR2 (neuropath* or polyneuropath*) AND CENTRAL:TARGET
#10 (transthyretin NEAR3 amyloidosis):ti,ab AND CENTRAL:TARGET
#11 (transthyretin TTR):ti,ab AND CENTRAL:TARGET
#12 "ttr fap":ti,ab AND CENTRAL:TARGET
#13 ("fap type 1" or "fap type I" or "fap type 2" or "fap type II" or "fap type 3" or "fap type III" or "fap type 4" or "fap type IV"):TI,AB AND
CENTRAL:TARGET
#14 (Apolipoprotein NEAR5 FAP):TI,AB AND CENTRAL:TARGET
#15 (Apolipoprotein NEAR familial):TI,AB AND CENTRAL:TARGET
#16 (Apolipoprotein NEAR hereditary):TI,AB AND CENTRAL:TARGET
#17 (gelsolin NEAR hereditary):TI,AB AND CENTRAL:TARGET
#18 "hereditary amyloidosis":ti,ab AND CENTRAL:TARGET
#19 (("Van Allen type" or "Iowa type" or "Finnish type" or "Meretoja type") and amyloid*):ti,ab AND CENTRAL:TARGET
#20 "hereditary transthyretin-mediated (hATTR) amyloidosis" AND CENTRAL:TARGET
#21 hereditary NEAR3 amyloidosis AND CENTRAL:TARGET
#22 #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 AND CENTRAL:TARGET
#23 MESH DESCRIPTOR Oligonucleotides, Antisense EXPLODE ALL AND CENTRAL:TARGET
#24 MESH DESCRIPTOR RNA antisense EXPLODE ALL AND CENTRAL:TARGET
#25 ((tafamidis or meglumine or FX1006A or diflunisal or dolobid or dolobis or dolocid or MK647)):AB,EH,EMT,KW,KY,MH,TI AND
CENTRAL:TARGET
#26 ((doxycycline or "tauroursodeoxycholic acid" or TUDCA or "RNA-targeted therap*" or "RNA interfer*" or "antisense oligonucleotide*"
or "ISIS TTR*" or "ISIS 420915" or "ALN-TTR0*")):AB,EH,EMT,KW,KY,MH,TI AND CENTRAL:TARGET
#27 drug:ti,ab AND CENTRAL:TARGET
#28 prealbumin AND CENTRAL:TARGET
#29 #23 OR #24 OR #25 OR #26 OR #27 OR #28 AND CENTRAL:TARGET
#30 #22 AND #29 AND CENTRAL:TARGET
#31 #6 OR #30 AND CENTRAL:TARGET

Appendix 3. MEDLINE (OvidSP) search strategy

Database: Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Daily and Versions(R) <1946 to November
15, 2019>
Search Strategy:
--------------------------------------------------------------------------------
1 randomized controlled trial.pt. (494660)
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2 controlled clinical trial.pt. (93427)
3 randomi#ed.ti,ab. (594923)
4 placebo.ab. (203151)
5 drug therapy.fs. (2158069)
6 randomly.ab. (322080)
7 trial.ab. (484880)
8 groups.ab. (1978072)
9 or/1-8 (4598231)
10 exp animals/ not humans.sh. (4643868)
11 9 not 10 (3985510)
12 Amyloid Neuropathies, Familial/dt (116)
13 Amyloid Neuropathies/dt [Drug Therapy] (30)
14 amyloidosis/dt (1307)
15 peripheral nervous system diseases/ (22438)
16 14 and 15 (13)
17 14 and polyneuropathies/dt (2)
18 or/12-13,16-17 (159)
19 (familial amyloid adj2 (neuropath* or polyneuropath*)).mp. (929)
20 (transthyretin adj3 amyloidosis).mp. (1133)
21 transthyretin TTR fap.mp. (3)
22 (fap type 1 or fap type I or fap type 2 or fap type II or fap type 3 or fap type III or fap type 4 or fap type IV).mp. (58)
23 (Apolipoprotein adj5 FAP).mp. (3)
24 (apolipoprotein adj5 hereditary amyloidosis).mp. (6)
25 (gelsolin adj5 hereditary amyloidosis).mp. (6)
26 related hereditary amyloidosis.mp. (18)
27 ((Van Allen type or Iowa type or Finnish type or Meretoja type) and amyloid).mp. (85)
28 or/19-27 (1985)
29 exp Oligonucleotides, Antisense/ (15570)
30 exp RNA, Antisense/ (135729)
31 (tafamidis or meglumine or FX1006A or diflunisal or dolobid or dolobis or dolocid or MK647 or prealbumin).mp. (15939)
32 (doxycycline or tauroursodeoxycholic acid or TUDCA or RNA-targeted therap* or RNA interfer* or antisense oligonucleotide* or ISIS
TTR* or ISIS 420915 or ALN-TTR0*).mp. (93041)
33 drug*.tw. (1539196)
34 or/29-33 (1746627)
35 18 or (28 and 34) (1099)
36 11 and 35 (248)
37 remove duplicates from 36 (244)

Appendix 4. Embase (OvidSP) search strategy

Database: Embase <1974 to 2019 November 15>
Search Strategy:
--------------------------------------------------------------------------------
1 crossover-procedure.sh. (61385)
2 double-blind procedure.sh. (167720)
3 single-blind procedure.sh. (37256)
4 randomized controlled trial.sh. (580660)
5 (random* or crossover* or cross over* or placebo* or (doubl* adj blind*) or allocat*).tw,ot. (1712290)
6 trial.ti. (286320)
7 controlled clinical trial/ (462825)
8 or/1-7 (2032915)
9 exp animal/ or exp invertebrate/ or animal.hw. or non human/ or nonhuman/ (26631387)
10 human/ or human cell/ or human tissue/ or normal human/ (20361884)
11 9 not 10 (6335996)
12 8 not 11 (1807373)
13 limit 12 to (conference abstracts or embase) (1525052)
14 familial amyloid polyneuropathy/ (1914)
15 amyloid neuropathy/ (1343)
16 amyloidosis/ (26422)
17 peripheral neuropathy/ or neuropathy/ (85297)
18 16 and 17 (982)
19 (familial amyloid adj2 (neuropath$ or polyneuropath*)).mp. (2415)
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20 (transthyretin adj3 amyloidosis).mp. (1823)
21 transthyretin TTR fap.mp. (8)
22 transthyretin familial polyneuropathy.mp. (1)
23 Hereditary ATTR hATTR amyloidosis.mp. (13)
24 "ATTR amyloidosis"/ (839)
25 (Hereditary adj3 amyloidosis).mp. (1212)
26 (fap type 1 or fap type I or fap type 2 or fap type II or fap type 3 or fap type III or fap type 4 or fap type IV).mp. (63)
27 (apolipoprotein adj5 hereditary amyloidosis).mp. (6)
28 (Apolipoprotein adj5 FAP).mp. (3)
29 (apolipoprotein adj5 hereditary amyloidosis).mp. (6)
30 (gelsolin adj5 hereditary amyloidosis).mp. (13)
31 related hereditary amyloidosis.mp. (38)
32 ((Van Allen type or Iowa type or Finnish type or Meretoja type) and amyloid).mp. (96)
33 or/14-15,18-32 (6405)
34 antisense oligodeoxynucleotide/ (5384)
35 complementary RNA/ (8547)
36 (tafamidis or meglumine or FX1006A or diflunisal or dolobid or dolobis or dolocid or MK647 or prealbumin).mp. (36444)
37 (doxycycline or tauroursodeoxycholic acid or TUDCA or RNA-targeted therap* or RNA interfer* or antisense oligonucleotide* or ISIS
TTR* or ISIS 420915 or ALN-TTR0*).mp. (142561)
38 drug*.tw. (2128226)
39 or/34-38 (2293581)
40 13 and 33 and 39 (226)
41 remove duplicates from 40 (220)

Appendix 5. Online registers for clinical trials strategy

Search run on 18 November 2019.

Online registers: World Health Organization International Clinical Trials Registry Platform (ICTRP)(www.who.int/ictrp), ClinicalTrials.gov
(www.clinicaltrials.gov), and ClinicalTrialsRegister.eu (www.clinicaltrialsregister.eu)
Search Strategy: simple search of diJerent combination of the following terms:
--------------------------------------------------------------------------------

1 "familial amyloid polyneuropathy"
2 "amyloid neuropathy"
3 "amyloidosis"
4 "transthyretin"
5 "apolipoprotein"
6 "gelsolin"
7 "beta-2-microglobulin"

Appendix 6. Methods specified in the protocol

Our protocol described the following methods for data presentation and analysis.

Measures of treatment e;ect

Dichotomous data

We will report dichotomous data as risk ratios (RRs), or risk diJerences (RDs), with 95% confidence intervals (CIs).

Continuous data

For continuous data, if meta-analysis is possible in future, we will calculate mean diJerences (MDs) or, for outcomes that are conceptually
the same but measured in diJerent ways, standardised mean diJerences (SMDs) and 95% CIs. If some scales increase with disease severity
whilst others decrease, we will multiply the mean values from one set of studies by –1 to ensure that all the scales point in the same
direction (Higgins 2011).

Unit of analysis issues

For trials with a cross-over design, only results from the first randomisation period will be considered. Where a trial involves more than
two treatment arms, especially two appropriate dose groups of the same drug, the diJerent dose arms will be pooled and considered to
be one. In case we identify cluster placebo-controlled randomised trials, we plan to use the intracluster correlation coeJicient (ICC), where
provided, to adjust for cluster eJects.
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Assessment of heterogeneity

In accordance with theCochrane Handbook for Systematic Reviews of Interventions (Higgins 2011), we will quantify heterogeneity using the
I2 statistic. Higgins 2011 recommends overlapping intervals for I2 interpretation as follows:

• 0% to 40%: might not be important;

• 30% to 60%: may represent moderate heterogeneity;

• 50% to 90%: may represent substantial heterogeneity; and

• 75% to 100%: considerable heterogeneity.

Heterogeneity classification based on I2 will be looked at in conjunction with a visual inspection of the forest plots. We will also use the
Chi2 test and its P value to determine the direction and magnitude of the treatment eJects.

Assessment of reporting biases

We will create and examine funnel plots to explore possible small study biases only if there are more than 10 trials in a single analysis.

Data synthesis

We will use a random-eJects model to calculate treatment eJects. We choose the random-eJects model as it takes into account diJerences
between studies even when there is no evidence of statistical heterogeneity and gives a more conservative estimate than the fixed-eJect
model. We note that the random-eJects model gives added weight to small studies, which can either increase or decrease the eJect size.
We will apply a fixed-eJect model, on primary outcomes only, to see whether it markedly changes the eJect size.

Subgroup analysis and investigation of heterogeneity

If a study of doubtful eligibility for the systematic review, appears to be an outlier, or has missing data that are impossible to retrieve,
we will perform analyses with and without inclusion of the trial and will compare these results with each other. We plan to consider the
following diagnostic subgroups separately:

1. participants with autonomic involvement and participants without autonomic involvement;

2. participants with neuropathic pain and participants without neuropathic pain;

3. participants with cardiac involvement and participants without cardiac involvement; and

4. participants with renal involvement and participants without renal involvement.

If groups within any of the subgroups are found to be significantly diJerent from one another, we will run metaregression for exploratory
analyses of additive or multiplicative influences of the variables in question.

We will use the following outcomes in subgroup analyses:

1. change in disability;

2. death;

3. change in quality of life.

We will use the formal test for subgroup interactions in Review Manager 5 (Review Manager 2014).

Sensitivity analysis

We plan to conduct the following sensitivity analyses. We will examine whether the results change and check for the robustness of the
observed findings by:

1. excluding trials at high risk of bias (i.e. trials with inadequate allocation concealment and blinding, with incomplete data reporting and/
or with high probability of selective outcome reporting);

2. excluding trials with dropout rates greater than 20%;

3. excluding studies funded by the pharmaceutical company marketing each available pharmacological agent;

4. excluding unpublished studies (if there are any).

C O N T R I B U T I O N S   O F   A U T H O R S

FM is the contact person with the editorial base.

Three review authors (FM, GZ, and ST) selected studies, extracted data, and performed data analysis.

FM, GMF, and ST wrote the first draL of the review.

All review authors (FM, GMF, LS, FioM, GZ, TC, and ST) commented on the first draL of the review and approved the final manuscript.
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

We changed the name of the condition in the review title to familial amyloid polyneuropathy, which is more commonly used in the
literature.

We extended the 'Background' section in order to provide more information, which is useful to understand other parts of the review, and
we added references to the most recent literature on the topic.

We highlighted that Isis Pharmaceuticals, Inc. announced that the company has changed its name to Ionis Pharmaceuticals, Inc. during
the preparation of the protocol for this review. Therefore, we reviewed the new pharmaceutical company website www.ionispharma.com
(see: 'Searching other resources' paragraph).

We included a description of quasi-randomisation in the 'Types of studies' section, for explanatory purposes.

We included B2M gene mutations under 'Types of participants' for completeness, as B2M-FAP has emerged as an extremely rare form of
FAP in recent years.

We included the clarification that data from open-label extension periods of RCTs are reported in the 'Discussion' section but not in the
'EJects of interventions' section, as our inclusion criteria specified RCTs and quasi-RCTs.

We slightly reformulated the headings of outcomes in the 'Methods' and 'Results' sections as well as in the 'Summary of findings' tables
in order that they are the same in diJerent comparisons.

We included the Rasch-built Overall Disability Scale (R-ODS) as measure of disability due to FAP progression in the 'Types of outcome
measures' and in Table 1 and added a relevant reference.

We included the modified NIS+7Alnylam and NIS+7Ionis as measures of severity of peripheral neuropathy in the 'Types of outcome
measures' and in Table 1 and added relevant references because these measures have replaced the NIS+7 (already included in our outcome
measures) in recent clinical trials.

We included reasons for the choice of outcome measures and time intervals reported in the 'Summary of findings' tables in the 'Summary
of findings tables' paragraph of the 'Methods' section.

We moved methods not applicable in the current review to Appendix 6.
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