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Hereditary transthyretin- mediated (hATTR) amyloidosis, or ATTRv amyloidosis, is 
a progressive disease, for which liver transplantation (LT) has been a long- standing 
treatment. However, disease progression continues post- LT. This Phase 3b, open- 
label trial evaluated efficacy and safety of patisiran in patients with ATTRv amy-
loidosis with polyneuropathy progression post- LT. Primary endpoint was median 
transthyretin (TTR) reduction from baseline. Twenty- three patients received patisiran 
for 12 months alongside immunosuppression regimens. Patisiran elicited a rapid, sus-
tained TTR reduction (median reduction [Months 6 and 12 average], 91.0%; 95% CI: 

www.amjtransplant.com
mailto:
https://orcid.org/0000-0002-2402-7764
https://orcid.org/0000-0002-3717-3306
https://orcid.org/0000-0003-1914-6184
http://creativecommons.org/licenses/by-nc/4.0/
mailto:hepar@ume.de
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fajt.17009&domain=pdf&date_stamp=2022-03-26


2  |   
AJT

SCHMIDT eT al.

1  |  INTRODUC TION

Hereditary transthyretin- mediated (hATTR) amyloidosis, also 
known as ATTRv (hereditary transthyretin [v for variant]) am-
yloidosis, is a rare, underdiagnosed, rapidly progressive, debil-
itating, and fatal disease caused by variants in the transthyretin 
(TTR) gene which cause misfolded TTR to accumulate as amyloid 
fibrils that lead to damage in multiple organs and tissues.1– 3 The 
disease has a heterogeneous clinical presentation; patients often 
develop a mixed phenotype of polyneuropathy (sensory, motor, 
or autonomic) and/or cardiomyopathy.4– 10 ATTRv amyloidosis is 
associated with progressive deterioration in quality of life (QOL) 
and significant morbidity and mortality, with a median survival of 
4.7 years following diagnosis, reducing to 3.4 years in patients pre-
senting with cardiomyopathy.11– 14

The liver is the primary source of circulating TTR. Liver trans-
plantation (LT) eliminates hepatic production of variant TTR and 
was first utilized in the 1990s to manage ATTRv amyloidosis 
(Figure 1).15,16 By 2018, over 2 200 patients worldwide had un-
dergone LT for ATTRv amyloidosis.17 However, the benefits of LT 
vary between patients according to their disease characteristics. 
Better prognoses are associated with early- stage disease, early- 
onset disease (age <50 years), V30M variant, higher modified body 
mass index (mBMI) (≥600 kg/m2 g/L) at transplant, short disease 
duration before transplantation, and an absence of cardiac in-
volvement.15,18– 22 Poor outcomes in patients with late- onset dis-
ease and/or a non- V30M genotype may be related to differences 
in the amyloid fibril type (A or B).23

Notably, a progressive decline in both cardiac and neurologic 
function can occur post- LT24,25 due to continued deposition of 
amyloid consisting of wild- type (wt) TTR.26,27 QOL can thus be 

significantly impaired.28 Additionally, patients who undergo LT re-
quire lifelong immunosuppression to prevent allograft rejection. 
Patients are also at risk of death, with a 1- year mortality rate of 
7%– 30% post- LT reported in some studies.25,29– 32 A long- term ret-
rospective study demonstrated that deaths in the first year post- LT 
were mainly due to worsening amyloidosis associated with progres-
sion of prior neuropathy or cardiac disease, and cardiac events were 
the leading cause of death post- LT.33

New pharmacotherapies for ATTRv amyloidosis may benefit pa-
tients who show disease progression post- LT. TTR stabilizers, such 
as tafamidis and diflunisal, stabilize the TTR protein complex, slow-
ing dissociation of the TTR tetramer into amyloidogenic monomers. 
TTR gene- silencing agents, such as patisiran (a ribonucleic acid inter-
ference [RNAi] therapeutic) and inotersen (an antisense oligonucle-
otide), reduce the production of both variant and wt TTR.34

Patisiran is a hepatocyte- directed therapeutic that utilizes en-
dogenous mechanisms of RNAi to reduce circulating levels of variant 
and wt TTR protein. As disease progression post- LT is associated 
with wt TTR deposition, reducing levels of wt TTR is a particularly 
important consideration for this patient population (Figure 1). In the 
Phase 3 APOLLO study of patients with ATTRv amyloidosis with 
polyneuropathy, patisiran demonstrated the capacity to halt or re-
verse polyneuropathy and improve QOL from baseline in the ma-
jority of patients. Compared with placebo, patisiran also improved 
motor strength, disability, gait speed, nutritional status, and auto-
nomic symptoms.4 As a result, patisiran has been approved in >30 
countries for the treatment of hATTR amyloidosis with polyneu-
ropathy; specific indications vary by country and region. Here, we 
present the 12- month efficacy and safety results of a prospective 
study of patisiran in patients with ATTRv amyloidosis who have had 
polyneuropathy progression post- LT.

86.1%– 92.3%); improved neuropathy, quality of life, and autonomic symptoms from 
baseline to Month 12 (mean change [SEM], Neuropathy Impairment Score, −3.7 [2.7]; 
Norfolk Quality of Life- Diabetic Neuropathy questionnaire, −6.5 [4.9]; least- squares 
mean [SEM], Composite Autonomic Symptom Score- 31, −5.0 [2.6]); and stabilized dis-
ability (Rasch- built Overall Disability Scale) and nutritional status (modified body mass 
index). Adverse events were mild or moderate; five patients experienced ≥1 serious 
adverse event. Most patients had normal liver function tests. One patient experi-
enced transplant rejection consistent with inadequate immunosuppression, remained 
on patisiran, and completed the study. In conclusion, patisiran reduced serum TTR, 
was well tolerated, and improved or stabilized key disease impairment measures in 
patients with ATTRv amyloidosis with polyneuropathy progression post- LT (www.clini 
caltr ials.gov NCT03862807).

K E Y W O R D S
clinical research/practice, clinical trial, liver allograft function/dysfunction, liver 
transplantation/hepatology, molecular biology: small interfering RNA, neurology, patient 
survival, pharmacology
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2  |  METHODS

2.1  |  Study oversight

This was a Phase 3b, global, open- label study (www.clini caltr ials.
gov NCT03862807; first submitted February 28, 2019) to evaluate 
the safety, efficacy, and pharmacokinetics of patisiran in patients 
with ATTRv amyloidosis with polyneuropathy progression post-
 LT. Patients were enrolled at 10 centers in France, Germany, Italy, 
Portugal, Spain, Sweden, and the UK, between March 27, 2019, and 
August 5, 2019.

2.2  |  Patients

Eligible patients were aged ≥18 years, had received a LT for treat-
ment of ATTRv amyloidosis ≥12 months before study entry, and had 
experienced polyneuropathy progression post- LT. Polyneuropathy 
progression was defined as a documented increase in polyneuropa-
thy disability (PND) score compared with the pre- LT assessment or 
a documented increase in PND score between any two assessments 
post- LT.21 Other inclusion criteria included: Karnofsky Performance 
Status of ≥70%; and maintenance on a stable immunosuppression 
regimen for ≥3 months prior to study entry. Key exclusion criteria 
included: New York Heart Association (NYHA) class >II; PND score 
IV; serum levels of aspartate transaminase, alanine transaminase, or 

total bilirubin greater than the upper limit of normal (ULN); previ-
ous liver allograft rejection episodes or abnormal liver function tests 
(LFTs) suggestive of possible allograft rejection ≤6 months prior to 
the study; estimated glomerular filtration rate ≤30 ml/min/1.73 m2 
at screening; any other organ transplant; unable to comply with re-
quired premedications. On- study use of TTR stabilizers (tafamidis or 
diflunisal), tauroursodeoxycholic acid, doxycycline, or other inves-
tigational agents was prohibited, as was past use of patisiran and 
current or past use of inotersen.

2.3  |  Study design

Eligible patients received an intravenous infusion of 0.3 mg/kg 
patisiran once every 3 weeks for 12 months. All patients received 
premedications to minimize risk of infusion- related reactions (IRRs) 
(10 mg dexamethasone or equivalent, 500 mg paracetamol/aceta-
minophen, 50 mg diphenhydramine or equivalent H1 blocker, and 
50 mg ranitidine or equivalent H2 blocker). Patients who tolerated 
their infusions were eligible for a stepwise taper of the corticoster-
oid. All participants were advised to take the recommended daily 
allowance of vitamin A supplements to mitigate against potential 
deficiency due to TTR reduction by patisiran.

The study protocol was approved by central and local institu-
tional review boards and ethics committees (Data S1). The study 
was conducted in accordance with Good Clinical Practice guidelines 

F I G U R E  1  Treatment of ATTRv amyloidosis with LT and with patisiran post- LT. The liver is the predominant source of circulating 
TTR protein. While unstable, variant TTR protein drives the pathogenesis of ATTRv amyloidosis, both variant and wt TTR protein form 
the amyloid deposits in multiple tissues. LT eliminates the hepatic production of variant TTR. However, ongoing deposition of wt TTR 
contributes to disease progression. Patisiran suppresses the production of variant and wt TTR, whether as first- line therapy (native) or 
after LT (transplanted), thus allowing for the stabilization or improvement in the manifestations of ATTRv amyloidosis. ATTRv, hereditary 
transthyretin (v for variant); LT, liver transplantation; TTR, transthyretin; wt, wild- type
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This figure is simplified for illustrative purposes and does not represent the disease process in its entirety
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and the Declaration of Helsinki. All participants provided written in-
formed consent.

2.4  |  Study endpoints and assessments

The primary endpoint was the average of Month 6 and Month 12 
serum TTR percent reduction, assessed using a validated enzyme- 
linked immunosorbent assay, which detects both wt and variant 
TTR.35 However, since continued deposition of wt TTR contributes 
to disease progression post- LT, the assay predominantly detects wt 
TTR in this study.

Secondary efficacy endpoints included the change from baseline 
to Month 12 in: neuropathy impairment; patient- reported outcomes 
of QOL, disability, and autonomic symptoms; and nutritional sta-
tus. Secondary endpoint outcomes were also assessed at Month 6. 
Neuropathy was determined using the Neuropathy Impairment Score 
(NIS), which assesses motor weakness, sensation, and reflexes (range, 
0– 244; higher scores reflect worse polyneuropathy).36 QOL was as-
sessed using the Norfolk QOL- Diabetic Neuropathy questionnaire 
(Norfolk QOL- DN), which evaluates physical functioning/large- fiber 
neuropathy, activities of daily living, symptoms, small- fiber neuropathy, 
and autonomic neuropathy (range, −4 to 136; higher scores represent 
greater impairment).37 Disability was assessed using the Rasch- built 
Overall Disability Scale (R- ODS), a 24- item questionnaire with a lin-
early weighted scale that captures activity and social participation 
limitations (range, 0– 48; lower scores represent worse disability).38 
Autonomic symptoms were assessed using the Composite Autonomic 
Symptom Score- 31 (COMPASS- 31), a 31- item questionnaire that mea-
sures orthostatic intolerance, vasomotor, secretomotor, gastrointes-
tinal, bladder, and pupillomotor (range, 0– 100; higher scores indicate 
greater autonomic impairment).39 Nutritional status was assessed by 
mBMI (body mass index × albumin concentration; lower mBMI indi-
cates worse nutritional status). Exploratory endpoints included change 
in disease stage (PND score, familial amyloidotic polyneuropathy 
stage), which were assessed at 6 and 12 months.

Frequency and severity of adverse events (AEs; classified ac-
cording to MedDRA [version 23.0]) were assessed throughout the 
study. AEs of special clinical interest were transaminase elevations 
>3 × ULN and potential or confirmed events of liver transplant rejec-
tion. Monitoring for possible allograft rejection included repeat LFTs 
in the event of transaminase elevation >3 × ULN, checking and re-
cording immunosuppressive drug levels every 3 months, and biopsy 
if possible allograft rejection was suspected. Electrocardiogram 
findings were collected at the screening visit. Patients were also 
assessed every 3 months at minimum for vital signs and laboratory 
tests, including LFTs.

2.5  |  Statistical analysis

Assuming a normally distributed TTR reduction from baseline of 
80% with a standard deviation (SD) of 18%, a sample size of 16 

patients would yield a 95% confidence interval (CI) with half- width 
of approximately 10%. Enrollment of approximately 20 patients was 
planned, assuming a 20% premature discontinuation rate.

The median percent reduction in serum TTR and two- sided 95% 
distribution- free CI were summarized, with the p- value obtained 
using the Wilcoxon signed- rank test. Absolute values and change 
from baseline were summarized for the efficacy parameters of NIS, 
Norfolk QOL- DN, R- ODS, and mBMI. The analysis of these param-
eters was based on the last- observation- carried- forward method: 
if a patient missed a visit during the study, their last post- baseline 
assessment result was used for the subsequent missed visit(s). 
COMPASS- 31 was analyzed using a mixed- effects model for re-
peated measures approach to account for potential missingness in 
this score; this approach makes use of fully and partially observed 
data sequences from individual patients by estimating the covari-
ance between data at different time points and assumes data are 
missing at random.40 Least- squares (LS) mean estimates and stan-
dard error of the mean (SEM) for change from baseline at Month 
6 and Month 12 in COMPASS- 31 score were presented. The study 
was not powered to assess the statistical significance of the sec-
ondary or exploratory endpoints; therefore, only the pre- specified, 
descriptive analyses are presented for these endpoints. Descriptive 
statistical analyses were performed using SAS statistical software 
(version 9.4 or later) unless otherwise noted.

The patient populations analyzed in this study were the Safety 
Analysis Set (all patients who received any amount of patisiran) and 
the Per Protocol Analysis Set (all patients in the Safety Analysis 
Set who missed ≤2 doses of patisiran due to COVID- 19, such as 
COVID- 19 infection in the patient or the inability to receive dose 
due to local restrictions). The Safety Analysis Set was used for the 
primary efficacy and safety analyses, and the Per Protocol Analysis 
Set was used for the secondary efficacy analyses.

3  |  RESULTS

3.1  |  Patient population and disposition

Twenty- four patients with ATTRv amyloidosis and post- LT poly-
neuropathy progression from seven countries were enrolled in 
the study; 23 received patisiran and were included in the Safety 
Analysis Set; one patient stopped participation in the trial prior to 
first dose (see Figure S1). Twenty- one patients were included in the 
Per Protocol Analysis Set. All 23 patients completed the study; one 
patient discontinued treatment due to patient decision but com-
pleted the study (see Figure S1). The study was performed during 
the COVID- 19 pandemic; no patients discontinued treatment with 
patisiran or stopped study participation due to COVID- 19.

Baseline demographics and characteristics are shown in Table 1. 
Median (range) age at ATTRv amyloidosis diagnosis was 50.0 (25.0– 
63.0) years, at LT was 54.0 (32– 66) years, and at study inclusion was 
58.0 (43– 75) years; 13 (56.5%) patients were male. Fifteen (65.2%) 
patients had the V30M genotype. Over half of the patients had 
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previously received a TTR stabilizer (13 [56.5%]; 11 [47.8%] tafa-
midis, two [8.7%] diflunisal). Ten (43.5%) patients had NYHA class 
I/II, indicating some degree of symptomatic cardiac involvement. 
Patients underwent LT a median (range) of 2.7 (0.4– 10.3) years after 
diagnosis of ATTRv amyloidosis and received their first dose of pati-
siran a median (range) of 9.2 (1.4– 20.8) years after the LT. Tacrolimus 
was the most frequently used immunosuppressant; other immuno-
suppressants included azathioprine, ciclosporin, everolimus, and 
mycophenolate (Table 1).

At study baseline, 13 (56.5%) patients had a PND score of IIIA/B 
(IIIA, seven [30.4%]; IIIB, six [26.1%]; Table 1). Sixteen patients 
(69.6%) had experienced a 1- unit increase from the earliest historic 
PND score to study baseline; the remainder experienced a 2-  or 
3- unit increase in PND (Table 2). Fourteen patients (60.9%), who 
previously had  preserved walking ability (i.e., PND score of I at first 
documentation), developed difficulties in ambulation over time prior 
to study baseline (i.e., progressed to a PND score of II- IIIB). The me-
dian (range) total NIS and Norfolk QOL- DN scores at baseline were 
59.5 (7.0– 136.5) and 75.0 (16.0– 98.0) points, respectively (Table 1), 
indicating notable neuropathy and QOL impairment.

3.2  |  Serum TTR reduction (primary endpoint)

Patisiran elicited a rapid and sustained reduction in serum TTR lev-
els (Figure 2). The median percent reduction from baseline in serum 
TTR (average of Month 6 and Month 12) was 91.0% (95% CI: 86.1– 
92.3; p = 4.5 × 10−8). The median TTR reduction from baseline was 
>80.0% at all post- baseline timepoints.

3.3  |  Secondary and exploratory efficacy endpoints

At Month 12, there was an improvement in neuropathy, QOL, and 
autonomic symptoms with patisiran treatment, demonstrated by a 
decrease from baseline in mean total NIS score (mean [SEM] change 
from baseline of −3.7 [2.7]), Norfolk QOL- DN score (mean [SEM] 
change from baseline of −6.5 [4.9]), and LS mean total COMPASS- 31 
score (LS mean [SEM] change from baseline of −5.0 [2.6]) (Figure 3). 
Through 12 months of patisiran treatment, measures of disability 
(total R- ODS score) and nutritional status (mBMI) appeared to be 
generally stable compared with baseline (mean [SEM] change from 
baseline of −0.1 [1.1] for R- ODS, and +4.4 [21.8] for mBMI; Figure 3). 
At Month 12, the PND score remained unchanged relative to base-
line in 20 of 21 patients in the per protocol analysis set and pro-
gressed from IIIA to IIIB in one patient.

3.4  |  Safety

All 23 patients completed the full 12- month study. The mean (SD) 
duration of patisiran exposure was 12.6 (2.6) months, with 24.1 cu-
mulative person- years of exposure. All patients experienced ≤1 AE 

TA B L E  1  Baseline demographics and characteristics

Demographic/characteristic
Safety analysis 
set (n = 23)

Age, years

Mean (SD) 58.1 (9.9)

Median (range) 58.0 (43– 75)

Male, n (%) 13 (56.5)

Race, n (%)

White 22 (95.7)

Asian 1 (4.3)

Country, n (%)

Spain 7 (30.4)

France 5 (21.7)

Germany 3 (13.0)

Portugal 3 (13.0)

Italy 2 (8.7)

Sweden 2 (8.7)

UK 1 (4.3)

Age <50 years at onset of ATTRv amyloidosis 
symptoms, n (%)

13 (56.5)

Age at ATTRv amyloidosis diagnosis, years

Mean (SD) 46.7 (11.7)

Median (range) 50.0 (25– 63)

V30M genotype,a n (%) 15 (65.2)

Previous TTR stabilizer use,b n (%) 13 (56.5)

Median (range) duration of prior TTR stabilizer 
use, years

2.1 (0.2– 7.0)

Age at LT, years

Mean (SD) 50.1 (10.8)

Median (range) 54.0 (32– 66)

Time from ATTRv amyloidosis diagnosis to LT, years

Mean (SD) 3.7 (3.0)

Median (range) 2.7 (0.4– 10.3)

Time from LT to first patisiran dose, years

Mean (SD) 9.4 (5.1)

Median (range) 9.2 (1.4– 20.8)

Immunosuppression regimen at baseline, n (%)

Tacrolimus 10 (43.5)

Tacrolimus + mycophenolate 7 (30.4)

Everolimus 1 (4.3)

Ciclosporin 1 (4.3)

Tacrolimus + everolimus 1 (4.3)

Tacrolimus + azathioprine 1 (4.3)

Ciclosporin + everolimus 1 (4.3)

Ciclosporin + mycophenolate 1 (4.3)

BMI, kg/m2

Mean (SD) 23.5 (3.6)

Median (range) 23.2 (18.0– 30.5)

(Continues)
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(Table 3). The majority of AEs were mild or moderate in severity. 
There were no deaths, and no patients discontinued study treatment 
due to an AE.

The most common AEs were diarrhea (eight patients [34.8%]) 
and IRRs (six patients [26.1%]) (Table 3). AEs of IRRs were all mild or 
moderate in severity. Back pain was the only IRR sign or symptom 
that occurred in >1 patient (n = 4 [17.4%]). Four patients had an infu-
sion interruption due to an IRR, but the entire dose was completed in 
each case. One IRR considered related to patisiran was classified as 
a serious AE (SAE) (dizziness). This event occurred with the patient's 

first patisiran infusion, resolved by the following day without inter-
vention and without a change in patisiran treatment, and did not 
recur at subsequent infusions.

In addition to the one SAE of IRR, four other patients experi-
enced an SAE, which were all considered to be unrelated to patisiran 
treatment; there were 13 SAEs in total. Cardiac failure was the only 
SAE in >1 patient; all three patients with this SAE had a history of 
cardiomyopathy.

There was one case of liver transplant rejection, which was 
deemed unrelated to patisiran by the investigator. Histopathologic 
examination showed evidence of mild acute cellular rejection char-
acterized by focal lymphocytic inflammation, some showing acti-
vation, within scattered portal triads and the subendothelium of a 
few portal venules. No central endothelial or bile duct inflammation 
was identified. The findings were consistent with mild acute cellu-
lar rejection, which was deemed by the investigator to be due to 
inadequate immunosuppression. The patient's immunosuppression 
regimen was modified, and the patient remained on the study drug, 
completing the study. The patient's transaminases subsequently re-
mained stable, ranging from 1 to 2 × ULN.

LFTs were normal in the majority of patients. Mild and transient 
transaminase elevations (<3 × ULN) were incidentally observed in 
11 (47.8%) patients. The elevations resolved without any change in 
dose or interruption of patisiran dosing. One patient experienced a 
transient alanine aminotransferase elevation >3 × ULN in associa-
tion with cholangitis, which was deemed unrelated to patisiran by 
the investigator. No clinically relevant changes in other laboratory 
abnormalities, including platelet counts, were considered related to 
patisiran. There were no cases of platelet count <50 000/mm3, and 
mean platelet counts remained normal throughout the study.

No apparent drug interactions were observed between pati-
siran and the immunosuppressant treatments. In 14 of the 19 pa-
tients receiving tacrolimus at baseline, the dose remained constant 
throughout the study, while the dose was increased in two patients 
and decreased in three patients at study completion.

4  |  DISCUSSION

This Phase 3b prospective clinical trial evaluated the safety and ef-
ficacy of a therapeutic agent in patients with ATTRv amyloidosis 
with polyneuropathy progression post- LT. In this 12- month study, 
patisiran demonstrated a positive benefit:risk profile and was able 
to improve neuropathy, QOL, and autonomic symptoms, and to sta-
bilize other key outcome measures in patients who had previously 
experienced disease worsening.

The rapid and sustained reduction in serum TTR levels, the im-
provements in neuropathy, QOL, and autonomic symptoms, and the 
stabilization of disability and nutritional status measures observed 
here are consistent with previous patisiran studies.4,41 These results 
contrast with the worsening reported in studies of patients with 
ATTRv amyloidosis post- LT,25,26 and with the expected worsening 
seen in patients without LT from natural history studies and placebo 

Demographic/characteristic
Safety analysis 
set (n = 23)

Serum TTR level, mg/L

Mean (SD) 202.1 (54.1)

Median (range) 192.1 
(123.7– 315.1)

NIS total score

Mean (SD) 60.3 (39.0)

Median (range) 59.5 (7.0– 136.5)

Norfolk QOL- DN score

Mean (SD) 66.7 (24.5)

Median (range) 75.0 (16.0– 98.0)

Karnofsky Performance Status, n (%)

70%−80% 17 (73.9)

90%−100% 6 (26.1)

PND score, n (%)

I: preserved walking, sensory disturbances 1 (4.3)

II: impaired walking but can walk without stick/
crutch

9 (39.1)

IIIA: walk with one stick/crutch 7 (30.4)

IIIB: walk with two sticks/crutches 6 (26.1)

IV: confined to wheelchair/bedridden 0

FAP stage, n (%)

1: unimpaired ambulation 10 (43.5)

2: assistance with ambulation required 13 (56.5)

3: wheelchair- bound or bedridden 0

NYHA class, n (%)

0: no heart failure 13 (56.5)

I 5 (21.7)

II 5 (21.7)

Abbreviations: ATTRv, hereditary transthyretin (v for variant); BMI, 
body mass index; FAP, familial amyloidotic polyneuropathy; LT, liver 
transplantation; NIS, Neuropathy Impairment Score; Norfolk QOL- DN, 
Norfolk Quality of Life- Diabetic Neuropathy questionnaire; NYHA, 
New York Heart Association; PND, polyneuropathy disability; SD, 
standard deviation; TTR, transthyretin; V30M, valine to methionine 
substitution at position 30.
aOther genotypes included: S77Y (3), G47A (1), G47V (1), L12V (1), F64L 
(1), and Y116S (1).
bTafamidis in 11 (47.8%) patients; diflunisal in 2 (8.7%) patients.

TA B L E  1  (Continued)
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groups in clinical studies.1,4,5,42,43 The improvement and stabiliza-
tion of disease endpoints seen here are particularly notable given 
that this study population was enrolled based on their progressive 
disease.

Patisiran was generally well tolerated, with no deaths or dis-
continuations due to AEs. All patients who received patisiran com-
pleted this year- long trial. The safety profile was consistent with 
that established in the APOLLO and Phase 2 open- label extension 
(OLE) studies.4,41,44 No new safety concerns were identified in this 
population of patients who had undergone LT and were receiving a 
wide range of immunosuppression regimens; no evidence of drug 
interactions between patisiran and immunosuppressants was ob-
served. Importantly, no signs of allograft rejection, including hepa-
totoxicity, due to patisiran were noted. Mild and transient elevations 
of liver enzymes were observed in almost half of the patients; all 
cases resolved without any change in dose or interruption of pati-
siran dosing. Of note, no clinically relevant transaminase elevations 
have been associated with patisiran in previous studies. As in prior 

studies,4,44 diarrhea and IRRs were among the most common AEs in 
this study. Diarrhea was also the most frequent AE in the APOLLO 
placebo group, presumably as gastrointestinal symptoms are a com-
mon manifestation of ATTRv amyloidosis.43 No thrombocytopenia 
or renal dysfunction due to patisiran was observed.

The efficacy outcomes from this study are consistent with those 
from the 18- month APOLLO study.4 APOLLO demonstrated that 
patisiran had the ability to halt or reverse polyneuropathy progres-
sion and improve QOL, when compared with baseline, in the major-
ity of patients. Patisiran also improved autonomic dysfunction and 
stabilized disability and nutritional status of patients from baseline 
through Month 18 in APOLLO. Notably, all endpoints favored the 
patisiran arm when compared with placebo. While the patient popu-
lations and timing of endpoint assessments differ between APOLLO 
and the current study, the totality and consistency of the data sug-
gest that the benefits of patisiran treatment extend to a wide popu-
lation of patients with ATTRv amyloidosis, including those who have 
experienced progressive decline after LT.

First documented 
PND scorea

PND score at study baseline, n (%)b

0 I II IIIA IIIB IV Total

0 0 1 (4.3) 0 0 0 0 1 (4.3)

I 0 0 9 (39.1) 2 (8.7) 3 (13.0) 0 14 (60.9)

II 0 0 0 5 (21.7) 2 (8.7) 0 7 (30.4)

IIIA 0 0 0 0 1 (4.3) 0 1 (4.3)

IIIB 0 0 0 0 0 0 0

IV 0 0 0 0 0 0 0

Total 0 1 (4.3) 9 (39.1) 7 (30.4) 6 (26.1) 0 23 (100.0)

Abbreviations: LT, liver transplantation; PND, polyneuropathy disability.
aFirst documented PND score was either the most recent PND score prior to LT, or first post- LT 
PND score if no PND score prior to LT.
bPercentages are based on total number of patients in the safety analysis set (n = 23).

TA B L E  2  Shift from first documented 
PND score to PND score at study baseline 
in the safety analysis set

F I G U R E  2  Percent change in serum TTR through Month 12 (Safety analysis set). BL, baseline; CI, confidence interval; SEM, standard 
error of the mean; TTR, transthyretin; Wk, week 
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The ongoing deposition of wt TTR causes disease progression 
after LT.24,26,27,45 For example, the PND score worsened by ≤1 point 
at a median 79.5 months’ follow- up post- LT in 21% of patients in a 
single- center study,25 with worsening symptoms due to autonomic, 
sensory, and motor neuropathy; cardiomyopathy was also com-
monly seen. Likewise, all patients in the present study had a decline 

in neurologic function, as demonstrated by a documented increase 
in PND score after LT. Yet through 12 months of patisiran treatment 
in this study, the patients showed improvements in neuropathy, 
QOL, and autonomic symptoms, and stabilization in measures of dis-
ability and nutritional status, which is consistent with the results of 
the patisiran Global OLE study of patients who had not undergone 

F I G U R E  3  Mean change from baseline through Month 12 in secondary efficacy endpoints of NIS, Norfolk QOL- DN, COMPASS- 31, 
R- ODS, and mBMI. Graphs show mean score ± SEM for the per protocol analysis set. COMPASS- 31 graph shows LS mean score ± 
SEM for the per protocol analysis set and was analyzed using an MMRM approach. LOCF was used to impute missing assessments at 
or after Month 6 for mBMI. LOCF was not used for Month 12 assessment summaries for NIS, Norfolk QOL- DN, and R- ODS since all 
patients either had complete data at Month 12 or had no available post- baseline data for LOCF imputation. COMPASS- 31, Composite 
Autonomic Symptom Score- 31; LOCF, last observation carried forward; LS, least- squares; mBMI, modified body mass index; MMRM, 
mixed- effects model for repeated measures; NIS, Neuropathy Impairment Score; Norfolk QOL- DN, Norfolk Quality of Life- Diabetic 
Neuropathy questionnaire; R- ODS, Rasch- built Overall Disability Scale; SEM, standard error of the mean 
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LT.4,41 The clinical course of the post- LT patients in this study is rem-
iniscent of patients who received placebo during APOLLO. While 
the APOLLO- placebo group accumulated a greater disease burden 
than those who had received patisiran during the double- blind por-
tion of the study, the rapid progression was halted upon initiation 
of patisiran treatment in the Global OLE study. Indeed, the patients 
showed improvements in measures of neuropathy, QOL, autonomic 
symptoms, and nutritional status, as assessed by mean change from 
Global OLE baseline to 12 months of patisiran treatment. While pa-
tients in the APOLLO- placebo group benefited from patisiran treat-
ment in the Global OLE period, their level of disease impairment 
remained greater due to their notable polyneuropathy progression 
while on placebo, compared with those who received patisiran at 
the start of APOLLO, indicating the importance of early treatment.

There are few data concerning other therapeutic agents in pa-
tients with ATTRv amyloidosis after LT because prior clinical trials 
have excluded this population. In a retrospective review of nine pa-
tients with ATTRv amyloidosis who had disease progression after LT, 
inotersen improved or stabilized NIS compared with the pretreat-
ment score.46 Treatment was discontinued in five patients (56%) due 
to thrombocytopenia (n = 3) or reversible liver transplant rejection 
(n = 2). Similarly, rejection episodes after starting inotersen treatment 
have been reported as part of regulatory assessments.47,48 Published 
data about tafamidis in patients with ATTRv amyloidosis progression 
following LT are limited to a case report that showed tafamidis was 
well tolerated and may be beneficial, as the patient showed no fur-
ther clinical deterioration over the 18- month follow- up.49 Due to a 
lack of data, European Medicines Agency regulatory guidelines state 

that tafamidis or inotersen should be discontinued in individuals un-
dergoing LT.48,50 US regulatory guidelines propose LFT monitoring in 
patients who have had a liver transplant and discontinuation of inot-
ersen in patients who develop signs of liver transplant rejection. The 
lack of prospective studies of other therapeutic agents in patients 
with ATTRv amyloidosis and polyneuropathy progression post- LT 
highlight the unmet need of this population.

In addition to being prospective and multicentered, the diversity 
in the baseline disease characteristics of the present study popula-
tion, such as the range of time since LT, the variety of immunosup-
pression regimens, and the range of PND progression, is a strength 
of this study. The diversity allows for greater confidence in extrap-
olating the findings to the general population of LT patients with 
ATTRv amyloidosis. Furthermore, the multiple endpoints measured 
reflect the spectrum of impairment that is observed in this disease, 
allowing for a fuller assessment of the positive impact of patisiran on 
polyneuropathy progression. One potential limitation of this study 
is that other manifestations of ATTRv amyloidosis that can be ob-
served following LT, such as ocular symptoms, were not assessed. 
However, due to the liver- targeted mechanism of action of patisiran, 
it may not impact manifestations resulting from TTR produced lo-
cally in the eye or central nervous system. Other limitations of this 
study include the open- label design, lack of a comparator arm, and 
limited study duration. While it is the largest study of a therapeutic 
agent in patients with ATTRv amyloidosis with polyneuropathy pro-
gression post- LT to date, the study size did not allow inferences on 
the statistical significance of the change from baseline in secondary 
efficacy endpoints. Nevertheless, the totality of the results suggest 
a positive benefit:risk profile of patisiran in this patient population.

In conclusion, patients with ATTRv amyloidosis with polyneurop-
athy progression post- LT remain in need of an effective treatment 
option. To our knowledge, this study is the first trial of a liver- 
targeted RNAi therapeutic used in a transplant population. The data 
support the benefit of patisiran treatment in improving or stabilizing 
measures of disease impairment post- LT and suggest the potential 
application of RNAi therapeutics to other conditions after organ 
transplantation.

Continued, long- term follow- up will be important to understand 
the impact of patisiran on neuropathy, cardiomyopathy, and survival 
in the post- LT population. The potential of patisiran treatment is also 
of interest for the management of ATTRv amyloidosis in other trans-
planted populations, such as in patients with combination organ 
transplants (e.g., heart– liver or heart– kidney transplantation), dom-
ino LT, as well as heart transplantation alone.
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