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Abstract

Background: Domino liver transplantation (DLT) has been commonly used during

the last two decades to partly meet the high need for liver transplants. How-

ever, the recipients of grafts from patients with noncirrhotic inherited metabolic

disorders may ultimately develop metabolic syndrome, and management is usually

intricate, being complicated by the underlying initial disorder, other comorbidities, and

post-transplantation conditions.

Case: We report here the management and the outcome in a patient with acquired

transthyretin amyloidosis afterDLT and significant comorbidities. Final treatmentwith

a transthyretin gene silencing agent, patisiran, was well tolerated and resulted in

remission of the aggravating neurological deficits in a follow-up period of 2 years.

Conclusions: The case presented here supports the concept that patisiran can target

the hepatocytes producing the mutated transthyretin in acquired transthyretin amy-

loidosis, as efficiently as in hereditary transthyretin amyloidosis (hATTR), and can be

used to treat patients with transthyretin amyloidosis after DLT.
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1 INTRODUCTION

High international need for liver transplantationalongwith the scarcity

of donor organs has led to the use of liver grafts frommarginal donors,

after refinement of handling and surgical techniques.1 Further expan-

sion of the donor pool has also been achieved during the last decades

through domino liver transplantation (DLT), using grafts explanted

from patients with metabolic diseases and transplanted to patients

with end-stage liver diseases.2,3 In DLT, patients with selected non-

cirrhotic inherited metabolic disorders receiving an orthotopic liver

transplantation serve as intermediate donors, providing liver grafts

or hepatocytes for the treatment of patients with liver cirrhosis or
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hepatocellular carcinoma. However, the ultimate recipients usually

develop metabolic syndrome within various periods of time and of

varying severity.4

Among other metabolic disorders involved in DLT, hereditary

transthyretin amyloidosis (hATTR) is the most common indication.5

hATTR is a multisystem disorder caused by mutations in the

transthyretin (TTR) gene. The inheritance of this condition is

autosomal-dominant, with variable penetrance, and it presents as

an adult-onset disorder.6 It affects different organs with the depo-

sition of amyloid fibrils, leading primarily to peripheral nervous

system impairment and cardiac involvement, formerly known as

familial amyloidotic polyneuropathy (FAP) and familial amyloidotic
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F IGURE 1 Patient’s nerve biopsy. Immunohistochemistry for TTR (A), Congo red staining (B), and Congo red under polarized light (C). Scale
bar: 100 µm

cardiomyopathy (FAC).7 Therapeutic approaches for hATTR include

(a) liver transplantation, reducing variant TTR production since most

such production takes place in the liver, (b) tetramer stabilizing

agents, preventing TTR fibril formation, and (c) TTR gene silencing

agents, ending the production of the mutant and wild-type forms

of TTR.8–10

The initial expectation for DLT recipients of liver grafts from

patientswith hATTRwas that the recurrent syndromewould havemin-

imal effect, since the production and hoarding of amyloid fibrils is a

time-consuming process.11 However, in 2005, the first case of acquired

transthyretin amyloidosis (aqATTR) was reported in a patient 8 years

after DLT.12 Subsequent studies with long-term follow-up confirmed

this finding, revealing that several patients developed de novo amyloi-

dosis, comprising a combined form in which wild-type ATTR amyloid

was deposited on the existing template of variant ATTR amyloid some-

what earlier than expected (between 3 and 9 years post-DLT) and

that the aging of the recipients accelerated the aqATTR.13,14 More

recent publications have further confirmed these findings, describing

an incidence of post-DLT aqATTR between 7.1% and 16.4% for biopsy-

confirmed cases.15,16 Thus, an increasing need for the management of

aqATTR has emerged, especially for elderly patients and patients with

multiple comorbidities, with the aim of reducing disability and mor-

tality. Currently, however, there is a paucity of data on the treatment

outcome of these patients.17

2 CASE PRESENTATION

We report an 80-year-old male patient suffering from aqATTR that

occurred after DLT was performed for hepatocellular carcinoma. His

previous medical history included hepatitis B, diagnosed in 1988 and

treatedwith interferon in 1990, and coronary heart disease, diagnosed

in 2000. In 2003, he was diagnosed with hepatocellular carcinoma

(T2/N0/M0 stage in TNM classification), and in 2007, he underwent

a liver transplant at Kings College Hospital from a compatible donor,

who, in turn, underwent a transplant due to familial amyloidosis, with a

TTRMet 30mutation.

The patient was followed up in the University Hospital of Ioannina,

Greece, with no recurrence in imaging studies and stable liver func-

tion in laboratory workup under treatment with tenofovir. After about

8 years, he developed bradyarrhythmia and, 2 years later, symptoms

from the peripheral nervous system, mainly distal limb paresthe-

sia, tingling, and mild weakness. From the gastrointestinal tract, he

experienced periods of diarrhea followed by constipation and con-

comitant abdominal pain. From the cardiovascular system, there was

pre-existing coronaryheart disease, but during2015, his bradyarrhyth-

mia worsened, leading to the placement of a pacemaker, and he also

developed an abdominal aortic aneurysm. The initial clinical and lab-

oratory examination revealed polyneuropathy with absent tendon

reflexes and severely affected sensory conduction in nerve conduction

studies. The history of DLT from a donor with hATTR led the diagnos-

tic approach to nerve biopsy, which confirmed the diagnosis of amyloid

polyneuropathy (Figure 1). On the other hand, aqATTR cardiomyopa-

thy was excluded, based on the history of coronary heart disease prior

to DLT and the absence of typical echocardiographic findings.18,19 The

arrhythmia was associated with the heart disease, along with possi-

ble autonomic nervous system involvement, while the aneurysm was

attributed to the liver transplantation .20 Renal and ocular involvement

was not observed.

At the time of diagnosis, clinical evaluation of the patient classified

him at FAP stage 1 and polyneuropathy disability (PND) score 2.21 He

immediately started treatment with tafamidis (20mg orally once daily)

in November 2018 but then underwent a slow and steady aggrava-

tion of his neurological deficits, which, in spring 2020, reached a critical

point (FAP stage 2 and PND score 3B). At this point, the progression of

the aqATTR was about to lead the patient to the final stage of amyloid

polyneuropathy, confining him to a wheelchair. Accelerated disease

progressionwas compatible with the age of the patient, as described in

previous studies.14 Thus, it was decided that the patient should have a

gene silencing treatment to stop the progression of aqATTR as a rescu-

ing therapy. Patisiran treatment was started in summer 2020, at a dose

of 300 µg per kg body weight administered intravenously once every

3 weeks, with intravenous premedication of corticosteroid and H1/H2

blockers as well as 2500 IU vitamin A supplementation per day. During
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the first 3 months of the treatment, the patient’s condition stabilized

in FAP stage 2 and PND score 3B. Over the next months, the patient

experienced a slow and steady improvement, bringing him back to FAP

stage 1 and PND score 2.

Two years after the initiation of the treatment with patisiran, the

patient remained in a stable neurologic condition. It is also important to

note that thepatientwas affectedbymultiple comorbidities, diagnosed

before initiation of patisiran treatment, such as coronary heart disease,

abdominal aortic aneurism, and chronic lymphocytic leukemia (lowrisk,

lymphocytosis without other symptoms), and was receiving complex

medicationwith antiviral agents for hepatitis. These disorders, the lab-

oratory tests, and themedicationwere not significantly affected by the

addition of patisiran treatment.

3 DISCUSSION AND CONCLUSION

To the best of our knowledge, this is the first case reported in the lit-

erature to receive a gene silencing agent for the treatment of aqATTR

due toDLT.After 2 years’ follow-up,we canassume that patisiran treat-

ment was well tolerated by the patient and very efficient, despite his

age and the comorbidities, since it managed to reverse the aggravating

neurological deficits.

Patisiran is one of the very first gene silencing agents to have

entered clinical practice. Its development was based on the revo-

lutionary observation of the robust effect that the double-stranded

interfering RNA can exert on gene expression, published in 1998.22

Further research on the so-called small interfering RNA (siRNA) led to

the development of patisiran and the clinical validation of its safety and

efficacy.23–24 The delivery system of patisiran, based on lipid nanopar-

ticles, was designed to target hepatocytes in the liver, where the drug

molecules are uptaken, releasing siRNA in the cytoplasm. This reduces

the production of TTR protein, as siRNA breaks down TTR mRNA.8

Thus, it is obvious from the mechanism of action of this nucleic acid

treatment that it could reach the target hepatocytes producing the

mutated TTR, both in hATTR and aqATTR, and the case presented here

supports this concept.

To date, numerous patients with hATTR worldwide have been

treated with patisiran, and a wealth of information shows minimal side

effects and high effectiveness in the improvement of both neurological

and cardiovascular symptoms.25–28 TTR silencing agents are a novel,

life-changing treatment strategy for ATTR and might even make liver

transplantation, including DLT, irrelevant for these patients in the near

future.29,30 However, there is a large number of patients around the

world that have already received liver transplantation for hATTR. Dis-

ease progressionmay continue after transplantation, and patisiran can

serve as an effective treatment for such patients, according to recent

data.31 Moreover, a significant number of patients has already received

DLT.15 These patients, upon development of aqATTR polyneuropathy,

could be candidates for TTR silencing treatment, basedon the case pre-

sented here and the paucity of existing data on the treatment outcome

for post-DLT aqATTR.17
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