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Figure legends

ure 1: De novo amyloid deposition and symptoms of DLT recipients

lan-Meier curves for the estimated occurrence of de novo amyloid deposition (solid lines)
and:symptoms of amyloidosis (dashed lines) after DLT in recipients of domino liver grafts
obtaﬁ'med from hereditary TTR amyloidosis patients with (A) all DLT recipients, (B) V30M (p.

VSQM), and (C) non-V30M. DLT, domino liver transplantation.

amyloidosis patients) and de novo amyloid deposition in DLT recipients

A). Kaplan-Meier curve for the estimated occurrence of de novo amyloid deposition in

recipients of livers explanted from male (dashed line) and female (solid line) domino liver

Figure 3: Relationship between clinical characteristics of DLT recipients and de novo
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loid deposition

aplan-Meier curve for the estimated occurrence of de novo amyloid deposition in male
ed line) and female (solid line) domino liver recipients. (B) Kaplan-Meier curve for the
timated occurrence of de novo amyloid deposition in older liver recipients (more than 50 years
at the time of DLT: solid line) and younger liver re

ts (less than 50 years old at the time of DLT: dashed line). (C) Relationship between the
of domino liver recipients at the time of DLT and the time to first detection of amyloid

psition. R = 0.80, p = 0.048. (D) Semiquantitative analysis of Congo red positive areas in the

Johin Wiley & Bons, Ing.

This article is protected by copyright. All rights reserved.

— 101 —



Liver Transplantation

1: Clinical profiles of domino liver donors and recipients

Page 22 of 28

Recipients (patients with hereditary TTR amyloidosis )

TTR Ageat  Sex Primary Immunosuppres  Observation Amyiloid Alive or dead
mutation LT disease sants period deposition
(years) (months)
V30M 50 F PBC Tac 95 + Alive
V30M 35 M Lc Tac, MMF 175 + Alive
41 M PSC Tac, MMF 162 - Alive
30 M LC Tac 96 + Dead (metastasis)
60 M HBV, LC Tac 132 + Alive
52 F PBC Tac, MMF, Pred 129 - Alive
53 F HBV, LC Tac, MMF 91 + Dead (metastasis)
35 F BA Tac 123 + Alive
40 M HCV, LC, HCC Tac 15 - Dead (metastasis)
23 F BA Tac 102 - Alive
57 M HCV, LC, HCC Tac 26 ~ Dead (metastasis)
18 M BA Tac, MMF, Pred 106 + Alive
58 M LC Tac 72 + Alive
43 M HCV, LC Tac, MMF, Pred 65 - Alive
56 M LC, HCC Tac, MMF 66 - Alive
58 M HCV, LC, HCC Tac, MMF 63 - Alive
54 M HBV, LC Tac, MMF 49 - Alive
35 M PBC Tac, MMF, Pred 5 - Dead (liver failure)
45 F LC Tac 6 - Dead (liver failure)
53 M HCV,LC,HCC Tac, MMF 10 - Alive
62 M HCV, LC Tac, MMF 7 - Alive
59 M HBV, LC, HCC Tac, MMF 6 - Alive

John Wilsy & Sons, Inc.
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: Symptoms in domino liver transplant recipients with amyloid deposition

Gastrointestinal

Polyneuropathy Arrhythmia Heart failure Vitreous opacity
symptoms
+ - - - -
+ + - - -
+ - - - -
+ - - - -
+ + - - -

John Wilsy & Bons, Inc.
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12
IR

T

Recipients with Recipients without
cteristics of donors p-Value
amyloid amyloid
3 50.0% male 31.0% male
Age (years, mean = SD) 375 £ 10.3 36.2 £ 8.0 0.41
e duration (years, mean * SD) 22 + 16 23 + 14 0.48
9.0 £ 55 14.0 + 10.0 0.10

John Wiey & Sons, Inc.
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Recipients with amyloid

Recipients without amyloid

(times/ year) (times/ year)
13 £ 0.7 13 £ 04
02 +02 03 + 05
0.7 £ 04 0.8 + 0.7

John Wiley & Sons, Inc.
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Figure 1
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Figure 1: De novo amyloid deposition and symptoms of DLT recipients
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Kaplan-Mgier curves for the estimated occurrence of de novo amyloid deposition (solid lines) and symptoms

transplantation.
209x294mm (300 x 300 DPI)
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‘mylé?ii;]05|s (dashed lines) after DLT in recipients of domino liver grafts obtained from hereditary TTR
; patients with (A) all DLT recipients, (B) V30M (p. V50M), and (C) non-V30M. DLT, domino liver
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Figure 2
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Relationship between clinical characteristics of DLT donors (hereditary TTR amyloidosis patients)
and de novo amyloid deposition in DLT recipients

Meier curve for the estimated occurrence of de novo amyloid deposition in recipients of livers

f amyloid deposition (none, mild: not circumferential, or severe: circumferential deposition) in
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hows the time from the DLT to the first detection of amyloid in patients with amyloid deposition
) and the observation time from the DLT in patients without amyloid deposition (open circles).
DLT, domino liver transplantation.
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Figure 3
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cipientsg(less than 50 years old at the time of DLT: dashed line). (C) Relationship between the age of
clomir;zz ver recipients at the time of DLT and the time to first detection of amyloid deposition. R = 0.80, p
0. ?’“*I;(D) Semiquantitative analysis of Congo red positive areas in the subcutaneous fat tissue in the
{urning recipients (filled circles: more than 50 years old, open circles: less than 50 years old at the time of
| Congo red-stained section of a gastric mucosal biopsy from a 63-year-old recipient at 5 years after
DLT. BF, bright-field; PL, polarized light. Scale bar = 50 ym.
DLT, domino liver transplantation.
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Abstract

Localized insulin-derived amyloid masses occasionally form at the site of repeated insulin
injections in patients with insulin-dependent diabetes and cause subcutaneous insulin
resistance. Various kinds of insulin including porcine insulin, human insulin, and insulin ana-
logues reportedly formed amyloid fibrils in vitro and in vivo, but the impact of the amino acid
replacement in insulin molecules on amyloidogenicity is largely unknown. In the present study,
we demonstrated the difference in amyloid fibril formation kinetics of human insulin and
insulin analogues, which suggests an important role of the C-terminal domain of the insulin B
chain in nuclear formation of amyloid fibrifs. Furthermore, we determined that cyclodextrins,
which are widely used as drug carriers in the pharmaceutical field, had an inhibitory effect on
the nuclear formation of insulin amyloid fibrils. These findings have significant implications for
the mechanism underlying insulin amyloid fibril formation and for developing aoptimal additives
to prevent this subcutaneous adverse effect.

Abbreviations; CyDs, cyclodextrins; GUG-B-CyD, 6-0-u-{4-O-u-0-glucuronyl)-p-glucosyl-B-CyD;
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Introduction

Amyloidosis comprises a group of diseases characterized by
extracellular deposition of insoluble fibrillar proteins in
localized or systemic organs. As of today, at least 31 different
proteins have been determined to cause amyloidosis; these
proteins include amyloidogenic immunoglobulin light chain,
transthyretin, serum amyloid A, amyloid B, islet amyloid
polypeptide, and insulin [1]. Amyloid fibrils induced by
different precursor proteins have common structural and
biochemical features: they are non-branching fibrils with
diameters of approximately 10nm, they manifest apple—green
birefringence when stained with Congo red and visualized
under polarized light, and they have a cross-B X-ray pattern
[1]. Local insulin-derived amyloid masses (so-called insulin
balls) have occasionally formed at sites of repeated insulin
injections in patients with insulin-dependent diabetes [2-91.
Furthermore, severe subcutaneous insulin resistance in

—
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patients with blocked absorption of injected insulin was
reportedly associated with insulin amyloidosis [10].

Insulin is a 51-residue peptide hormone and consists of
primarily an o-helical A chain (21 residues) and a B chain (30
residues) linked by two disulfide bridges [11]. Previous in
vitro investigations suggested that the insulin molecule
underwent structural changes during the formation of amyloid
fibrils, from a predominant ¢-helix to a f-sheet-rich con-
formation [12,13]. Elevated concentrations, high tempera-
tures, greater jonic strength of the solution, and low pH all
promoted formation of amyloid, as did preformed amyloid
“‘seeds’” [14]. The kinetics of insulin amyloid fibril formation
showed a nucleation-dependent polymerization with a long
lag phase during which no detectable amyloid fibrils formed,
followed by an elongation phase [15]. Because early reported
patients with insulin amyloidosis had been treated with non-
human insulins, the non-human insulins were suspected of
being the primary cause of amyloid fibril formation [6].
Humen insulin and human insulin analogues were thereafter
reported to form amyloid in vitro and in vive [10}. However,
the impact of the amino acid substitution in insulin molecules
on amyloidogenicity is largely unknown. In this study, we
therefore investigated the kinetics of amyloid fibril formation
induced by human insulin and different types of insulin
analogues.
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. Cyclodextrins {Cst} are cyelic oligosaccharides that have
8 ixpopi’sﬂm central cavity and hydrophilic outer surface, and
exhibit stability at high temperatures. and extreme pH
conditions. Because this structure sérves 83 an inclusion site
for hydeophobic molecules, CyDe are widely used as drug
carriers in the pharmacentical field [16]. Previous studies
revealed that CyDs inhibited aggregation of pathogenic
protedns including AP protein, w-synuclein [17], and trans-

‘thyretin {18]. Certain' studies revealed/that B:CyD sulfate,

sulfobutylether B-CyD, and maltosyl- &Cyi} increased solu-
‘bility and prevented - self-association of insulin analogoes

in vitro and that they increased the bicavailability of insulin -

and persistence of the blood glucose-lowering effect in vivo
[19,20]. However, the effects of CyDs on insulin amyloid
fibril formation remain largely unknown. In this study, we
anialyzed the effect of CyDs o formation of amyloid fibrils
derived from human nsolin and different insulin analogues.

Materials and methods
Preparation of human insulin and insulin analogues

We uised a recombinant human insulin (Hurulin R 'Eii Lilly
Japan, Kobe, }apm) and two insulin analogues, insulin aspart

(NovoRapid®; Nove Nordisk Pharma, Tokyo, Japany and
msulin detemir (Levemir®;. Novo Nordisk Pharma). To
remove formulation buffers and exciplents, human. insulin
and ingolin analogues were dialyzed with 50-mM glycine
buffer at pH3.0 with a dislysis membrane (Specta/Por
MWCO 3500, Spectrom Laboratories, Rafcho Dominguez,
CA). Reaction solutions of dialyzed human insulin and insulin
analogues were prepared immediately before the fibeil
formation process.

Insulin amyloid fibedl formation

Insulin has a predominantly o-helical structuve; and it has
been shown that insalin forms amyloid fibrils under specific
conditions such ‘as low pH and high temperatwre [14].
Therefore, we perfofried in vitro experiment as’ follows,
Resction solutions in¢luded 200ug/mi protein in. 50-mM
glycine-HCL buffer af pH3.0, and they were incubated in
Epperidorf twbes (1.5miY at 65°C without agitation. To test
the effect of preformed ayloid nuclei, reaction solutions that
had been pmwmsnbmsﬁ for 30 h were used as amylold seeds,
These seed solutions were added fo freshly propared reaction
solutions 1o make 1% of total solution volume, Aii expeti-
m&nﬁs ng gﬁrf{;rmﬁ& n mg}waz&

ng&z&mmm of CyDs

HEOD {hycimzypmgyi»ﬁ«ﬂybﬂ Mihon Shokuhm Kako
o, Tokyo, Japan) and Gﬁ(}»@ -Cyly (6~ OG- {4001
glucuronyly--glucosyl-B-CyDy Ensuike Sugar Refining Co.,
Tokyo, Japan] were diluted in 50-mM. glycine-HCI buffer at
pH3.0 mmaﬁxateﬁy before the experiments.

All chemicals used in these studies were of anaiymai
grade.

Thioflavin T (ThT) flucrescence measurement

We mixed 3 ul of reaction solution with 600 ul of thioflavin T
(THT) solution (5 M in glycine-MNaOH buffer at pHS5) ina

Alnyldid, 2015y 2;2{3}:' TEE1RE

glass cuvette. Fluorescence intensity was measured with a
spectrofluorometer (F-2700; Hitachi, Tokyo, Japan) under the
excitation and emission wavelengths of 444 and 482nm,
fespectively. Hach measurement was dope i tiplicale. '

Travsmission electron microscopy

A 3-ul aliquet of incubated ssmple was placed on a formvar-
coated grid and allowed to adhere for 1 min, after which it was
drained by using a sirip of filter paper. The saniple was then
stained with a.drop of 0.2% uranyl acetate for Lynin, After the
excess stain was drained, the grid was abr-dried and viewed
with an electron microscope (H-7500; Hitachi High
Technologies, Tokyo, Japan) at an acf:ﬁiemimg voltage of
100k,

Results
Kingtics of amyviold fibvil formation of human hsulin

and insulin analogues

Fibrillation. of human insulin, the rapidly acting insulin
analogue as;sm and the ieng%cmlcr insulin analogue detemic
was monitored. as a function of time by measuring ThT
ﬁuﬂmscama intensity and by using transmission %lﬁs,{rrm
microscopy. Afier incubation of insulin solutions at pH3.0
and 65°C, THT fluorescence infensities followed 4 charace-
teristic sigmoid curve, with an initial lag phase, an elongation

phase, and a saturation phase. A shorter lag phase for insulin

detemiir and a much longer lag phase for insulin aspart were
observed compared with the lag phase for human insulin
(Figure 1A). Fach solution showed similar THY fluorescence
intensities at the saturation phase. Fluman insulin and nsulin
analogues at the saturation phase produced showed typical
needle-like amyloid fibells of abowt 15nm in diameter and
several micrometers in length. The morphology of amyloid
fibrils derived from human josulin and of the two insulin
analogues did not differ significantly (Figure 1B). These
kinetic profiles and morphological findings i amyloid fibel

formation indicdted a common nucleation-depehdent poly-

merizgation meehanism but different lag-phase durations for
}mmaﬁ insulin and these two insulin analogues.

Effects of pmfmm&iﬁ amyloid seeds on nsulin amy!eﬁﬂ
fibril formation

Because ,tigjm mzs;z,i.sr difference in amylold fibrdl formation
kinetics for human insulin, insulin aspart, and insulin detemir
wag the lag-phase duration, and the iag time s directly related
to the formation of the: amy}md mu,iezzs we expecied that we
could predict differences in %he: nuclear formation rate of
insulin and insulin analoguss. To vonfiom this expectation, weé
next tested the effects of preformed amyloid seeds on fibril
formation, Seeding has reduced or even eliminated the lag
phase for several types of amyloid precursor profeins
incloeding Bo-microgiobulin, amyloid B, AA protein, and

insalin [211.

With 1% of preformed amyloid seeds, the longest lag phase
forinsulinaspart was slgnificantly shortened (Figure 24, and

the differences in lag-phase durstion for human’ insulin,

insulin aspart, and insulin detemir were reduced, which
verified out hypothesis (Figure 2B, compare with Figure 1A,
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Human insulin
ue e = nsulin gepart
“eeaeres insulin detemir

- 3,000 (&)
2,500 o
2,000 4
1,500
1,000

500

ThT fluorescence intensity (A.U

0 4 8 12 16 20 24 28

Figure 1. Kinetics of amyloid fibril formation of human insulin and
insulin analogues. A, The time course of formation of amyloid fibrils
was followed by measuring ThT fluorescence intensity. Human insulin
(solid line), insulin aspart (dashed line), and insulin detemir (dotted line)
were incubated at pH3.0. Fluorescence intensity was measured at an
excitation wavelength of 444 nm and an emission wavelength of 489 nm.
AU, arbitrary unit. B, Electron micrographs of human insulin (a)
without and (b) with incubation; {c) insulin aspart with incubation; and-
{d) insulin detemir with incubation. Scale bars, 100nm.,

Effects of CyDs on insulin amyloid fibril formation

To investigate whether the presence of HP-B-CyD or GUG-
-CyD had an effect on insulin fibril formation in vitre, we
used the ThT fluorescence assay to measure the time course
of reactions of insulin and insulin analogues with and without
these CyDs. Both HP-B-CyD and GUG-8-CyD inhibited the
amyloid fibril formation of human insulin and insulin
analogues, but the degree of inhibition differed for each
type of insulin (Figure 3A). HP-B-CyD inhibited insulin
detemir with a greater efficiency compared with GUG-

B-CyD. GUG-B-CyD, however, had a greater effect on insulin-

aspart. Both CyDs produced a small effect on human insulin

amyloid fibril formation. Conceniration-dependent inhibitory

effects of GUG-B-CyD and HP-B-CyD on amyloid fibril
formation of insulin detemir were confirmed (Figure 3B), The
longer lag-phase duration with CyDs and the insulin ana-
logues indicated that CyDs delayed the nuclear formation of
amyloid fibrils. With 1% of preformed amyloid seeds, the
effect of CyDs on the lag-phase duration on insulin aspart
disappeared, as expected (Figure 3C). :

Cyclodextrins inhibit insulin amyloid formation 183
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Figure 2. Effects of amyloid seeds on insulin amyloid fibril formation.
A, Kinetics of amyloid fibril formation of insulin aspart with (dotted
line) and without (solid line) 1% of preformed amyloid seeds, B, The
time course of formation of amyloid fibrils derived from human insulin
(solid line), insulin aspart (dotted line), and insulin detemir (dashed line)
with 1% of preformed amyloid seeds. A.U., arbitrary unit.

Discussion

In the present study, we demonsirated differences in the rate
of amyloid nuclear formation for human insulin and
insulin analogues and an inhibitory effect of HP-3-CyD and
GUG-B-CyD on this nuclear formation.

Insulin exists in vivo mainly as a homohexamer in the
presence of the zinc ion. The mechanism of insulin amyloid
fibrillation is hypothesized as follows: (1) dissociation of the
native homohexamer into monomers, (2) misfolding of the
monomeric insulin, (3) aggregation to form a nucleus, and
(4) assembly into amyloid fibrils. In most insulin analogues,
the C-terminus of the B chain is genetically modified to alter
the stability of insulin dimers and hexamer, which achieves
different durations of activity afier injection. Hexamer
stability is extremely low in the fast-acting insulin aspart
and is high in the long-acting insulin detemir. One interesting
finding was an accelerated nuclear formation of insulin
detemir and a slowed nuclear formation of insulin aspart, as
Figure 1 shows; nuclear formation is thus the rate-limiting
step of amyloid fibril formation, and it has a greater impact
than the hexamer-dissociation step. Previous biophysical and
biochemical studies showed that the central hydrophobic core
region of the B chain (containing residues B11-B17) was the
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Figwre 3, Effevts of CyDsoon insulin amyloid Sbeil formation, A, The tme consse of formation.of amylmd fibils derived from (a) human insulin, (63

avsutin aspart, and {8 Insutin detemin Solid Hines:

ithout C}ﬁ@ Digtted Hnes: with HP-BCyD. Daghed lines: wi

CGUGB-CyD. B, Concentration-

dependent inhibitory effocty of () GUG-B-CyD wnd. (B} HE-BCyD on amyloid fibeil Tormation of inslin detesiir, ©) Kinetios of amyloid. Sbsl
formation of fusulin aspart. With (2} GUG-B-CyD and ) BP- 8«—{33& Dotted lines: with 1% of preformed amylold seeds, Solid lines: withow 3% of
preformed amyloid seeds, ATL, arbitrary unit.
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Figure 4. Structure of the C-ferminal domain of the nsnlin B chein A, dimeric form-of human instlin (PDB code: AAE0). Gray and Black chains
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oy bysine.

main contributor to nuclear formation and sssembly into

arnyioid fibrils {147 Our results su geestthat the Ceterminus of

the B chain aiso has an important ; role in nuclear formation,

probably by modifying the surface exposure of the hydropho-
bic core region of the B chain. Previcus studiss of lysozyme,
basic fibroblast growth factor, iransthyrvetin, and insulin
reported that §-CyDs interacted with hydrophobic amino
acids on the protein surfuce and stabilized the native structure
{22,231 The hydrophobic cavity of B-CyDs may include
the hvdrophobic amino acids of insulin and insulin ana-
logues, which may result in the prevention amyloid fibril
formution. Substitugon of s bydrophobic proline with a
hydrophilic aspartic acid in aspart and deletion of a hydrophilic
threonine in deternir aliers the hydrophobicity of the B chain C-
terminus, and may influence thedr amyloidogenicity and
interaction with hydrophobic cavity of CyDs (Figure 4).
Because each CyD bas a different affinity for complexation
with the proteins, the different inhibitory sffect on insulin
anylold fibril formation as shown in Figure 3(A} is probably
due to the different affinities of the different CyDs for human
insulin and insulin analogues.

Because of their low toxicity, CyD derivatives are utilized
in the pharmaceutical feld at the concantration vsed in the
present study [16]. Also, Jono ¢t al. demonsirated that GUG-
B-CyIs inhibited TTR aggregation with no foxic effect in a
transgenic rat moded (18}

In summeary, our studies of the amyloid fibril formation
kinetics of human insulin and insulin anslogues demonsirated
that the C-terminal domain of the insulin B chain, in addition
to the stability of the insulin dimers and hexamer, had
an important role In amylold fibril formation. In addition,
the inhibitory effect of CyDds on imsolin amyloid fibiil
formation may be applicable to the prevention of subcutane-
ous nsulin balls,
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Liver Transplantation for Hereditary
Transthyretin Amyloidosis: After 20 Years Still
the Best Therapeutic Alternative?
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he first report of the outcome of liver transplantation
(Ltx) for hereditary transthyretin (h-TTR) amyloidosis,
previously designated familial amyloid polyneuropathy (FAP),
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was published in 1993 in the Lancet,! and it described the
outcome for 4 patients with the TTR Val30Met mutation
who had been followed up for 1 to 2 years after the proce-
dure. The impression was that the procedure was successful,
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with symptomatic improvement for some patients, and that
a regression of the amyloid load, measured by serum amyloid
protein scintigraphy, could be observed. This was a major
achievement against this previously intractable fatal systemic
amyloid disease. However, subsequent analysis over the fol-
lowing years disclosed less favorable outcomes for those
carrying non-TTR Val30Met mutations®* and also for mal-
nourished patients and those with longstanding and ad-
vanced disease.”” Differences between patients with early
onset compared to those with late onset of the disease were
observed.® Heart comglications after transplantation were
the dominant problem.>**° It is obvious that careful selec-
tion of patients is necessary to achieve acceptable outcomes.

The Familial Amyloidotic Polyneuropathy World Trans-
plant Registry (FAPWTR) was established in 1995 by a
group of investigators taking part in the First International
Workshop on Liver Transplantation for Familial Amyloidotic
Polyneuropathy, held at Karolinska Institutet in Stockholm,
Sweden in 1993. The purpose was to monitor international
experience with Ltx for this indication and to promote collab-
oration and ultimately improve patient selection and results.
The registry now contains accumulated survival data from
more than 20 years of follow-up of transplanted h-TTR
amyloidosis patients from 1990 onward. These data are
now of vital importance, with the arrival of medical therapy
for the disease. The first compound, tafamidis, is a stabilizing
agent that helps to prevent the tetrameric TTRs from dissoci-
ating into monomers and assembling into amyloid fibrils.*
However, several other treatment modalities, including si-
lencing RNA,"? and diflunisal,’® are going into clinical trials.
Tafamidis demonstrated efficacy in slowing down the pro-
gression rate of the disease in a controlled trial,'* and it is
now approved by the European Medical Agency for treat-
ment of h-TTR amyloidosis at early stages of the disease.
However, its efficacy for long-term treatment has not been
assessed, and the cost appears to be substantially higher than
that of Ltx. Recently, it was suggested that patients with
early-stage h-TTR amyloidosis should initially be treated by
tafamidis, and if their disease progressed, they should be
considered for Ltx."> However, this strategy is questionable
because the patient would be in a less favorable position for
transplantation with more-advanced disease.

The efficacy of new treatments should principally be com-
pared with currently available treatment modalities. It ap-
pears to be impossible to carry out a comparative study
between Ltx, which is the currently accepted treatment for
h-TTR, and the new medical treatment, tafamidis. However,
Lex remains the gold standard against which new treatments
should be measured, and the long-term outcome for Ltx pa-
tients can be assessed from the data in FAPWTR. The aim
of the present study was to evaluate the mortality of h-TTR
amyloidosis patients who underwent Litx, based on data in
the FAPWTR collected over the course of 20 years.

MATERIALS AND METHODS

Seventy-seven centers in 19 countries report data related to
Ltx for TTR amyloidosis to the FAPWTR. An initial report is
given at the time of Ltx. In addition, retransplantation, pa-
tient death, or loss to follow-up, as well as if an additional or-
gan transplantation is performed, such as heart or kidney
combinations with a Ltx, are also reported. Participating

www.transplantjournal.com

centers are requested to provide annual follow-up data on
patients who were previously reported to the register. Infor-
mation regarding demographics, heredity, type of TTR muta-
tion, clinical manifestations, and peripheral and autonomic
neuropathy are recorded. Patient weight, height, and serum
albumin are recorded for calculation of the modified body
mass index (mBMI). The pretransplant value of this index
has been rePorted to correlate with the prognosis after trans-
plantation.'® The index is calculated by multiplying the BMI
of the patient by the level of serum albumin; thus, there is
compensation for the presence of oedema in malnourished
patients, which may yield a falsely high BMI.

Results from the FAPWTR are reported back to collabo-
rating members on a yearly basis. The FAPWTR data are also
to some extent shown on its homepage (www.fapwtr.org).
It is also possible to download report forms from the
homepage.

In the present analysis, patients who were reported to
FAPWTR until December 2010, with a minimum follow-up
of 1 year, were included. Patients not reported as dead and
with no follow-up after January 1, 2010 were regarded as
lost to follow-up.

Statistical Anslysis

To test for differences between means of normally dis-
tributed data from different patient categories, Student # test
was used. Patient survival probabilities were calculated by
Kaplan-Meier estimation. The log-rank test (Mantel Cox)
was used to test the equality of survival patterns among dif-
ferent categories of patients. All statistical tests were 2-sided
and conducted at the 0.05 significance level. Unless stated
otherwise, statistics are presented as mean = standard devia-
tion. Univariable analysis was performed using the logistic re-
gression model and significant variables were put into the
Cox multivariate proportional hazards model to determine
the risk factors associated with survival. The assumptions
of proportional hazards were checked by analyzing plots of
the log cumulative hazard stratified by factors used in the
model and by analyzing plots of Schoenfeld residuals versus
survival time. Variables were added stepwise to the model,
selecting the most statistically significant variable first. Then
an analysis was done to find the following variable that, to-
gether with the first variable, best prognosticated survival.
Variables were added until no improvement in prediction
was seen as assessed by an increase in the log-likelihood
value. Finally, findings based on stepwise addition were con-
firmed by a stepwise deletion. This was done by forcing all
variables into the model after which variables were succes-
sively eliminated, based on which of the remaining variables
delivered the smallest reduction in the log-likelihood value.
Odds ratios and hazard ratios with their P values were esti-
mated between different groups and reported in Table 2. Co-
variates were tested for independence, and no significant
multicolinearity was identified for the covariates.

RESULTS

Approximately 125 liver transplants were performed
and reported yearly worldwide for h-TTR amyloidosis,
with a potential reduction in transplantation activity over
the last 2 years (Figure 1). A total of 1940 patients underwent
2127 Lixs, and 561 patient deaths were reported to the reg-
istry. One hundred and eighty-eight retransplantations were
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