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ABSTRACT

Introduction: Transthyretin  amyloid  car-
diomyopathy (ATTR-CM)—a debilitating, fatal
disease resulting from the deposition of trans-
thyretin (TTR) amyloid fibrils—can be heredi-
tary due to mutations in the TTR gene (ATTRm)
or wild type (ATTRwt). The global prevalence of
ATTR-CM is largely unknown, although likely
underestimated, with no formal epidemiologi-
cal prevalence studies in Japan. This study
aimed to estimate the prevalence of ATTR-CM
in a large in-hospital database in Japan.

Methods: This was a retrospective, observa-
tional, cross-sectional study which utilized data
from all adult patients (aged > 20 years) in the
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hospital-based Japan Medical Data Vision
(MDV) database from January 2010 to Septem-
ber 2018 to estimate the number of currently
diagnosed ATTR-CM patients and describe their
demographic and clinical characteristics and
diagnostic modalities. ATTR-CM patients
(ATTRwt and ATTRm) were identified using a
range of diagnosis codes that were applied to
create broad and narrow definitions of the
disease.

Results: Over the 9 years of this study, there
were 3255 (155.8 per million adult patients in
the MDV database) to 3992 (191.1 per million)
diagnoses of ATTRwt and 67 (3.2 per million) to
106 (5.1 per million) diagnoses of ATTRm in the
MDYV database (based on the narrow and broad
definitions, respectively). There were 444 (21.2
per million) diagnoses of amyloid light-chain
(AL) amyloidosis. Considering only those
patients who were also diagnosed with heart
failure, there were 1468 (70.3 per million) to
1798 (86.1 per million) diagnoses of ATTRwt
and 50 (2.4 per million) to 61 (2.9 per million)
diagnoses of ATTRm. Most ATTRwt patients
(~ 90%) did not have a record of endomyocar-
dial or abdominal wall biopsy, or of scintigram.
Conclusion: This retrospective study provides
an estimate of the number of patients diagnosed
with ATTR-CM in a large in-hospital database in
Japan over a period of 9years. Improving
awareness of disease prevalence may improve
diagnosis and treatment.
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INTRODUCTION

Transthyretin amyloid cardiomyopathy (ATTR-
CM) is a debilitating, fatal disease resulting from
the deposition of transthyretin amyloid fibrils,
primarily in the heart [1]. ATTR-CM can be
hereditary, due to mutations in the transthyr-
etin (TTR) gene (ATTRm), or wild type (ATTRwt)
[2, 3]. The prevalence of ATTR-CM is largely
unknown, with current estimates likely under-
stating the actual prevalence as a consequence
of phenotypic variability, nonspecific symp-
toms, a historical lack of an effective treatment,
and limited awareness of the disease. For
example, symptoms associated with ATTR-CM
may also be observed in patients with heart
failure with preserved ejection fraction or

hypertensive  heart disease, leading to
misdiagnosis.
ATTR-CM is most common in older

(> 60 years of age) males [1] and, despite having
the highest proportion of older people in the
world and a high prevalence of heart failure [5],
there have not been any formal epidemiological
studies investigating the prevalence of ATTR-
CM in Japan. Published estimates of the preva-
lence of ATTRwt in Japan are limited by the lack
of consensus on the definition and characteri-
zation of this disease, and show a broad range.
For example, 34 of 100 Japanese patients with
idiopathic carpal tunnel syndrome were shown
to have wild-type transthyretin deposition in
one study [6], while a nationwide survey iden-
tified 51 ATTRwt patients across 2300 clinical
departments in Japan [7]. Another study of 9508
patients who underwent endomyocardial
biopsy between 2010 and 2013 in Japan found
that 403 had a diagnosis of “amyloidosis,”
although not specifically ATTR-CM [8].

This study aimed to utilize the hospital-
based Japan Medical Data Vision (MDV) data-
base to estimate the prevalence of patients
diagnosed with ATTR-CM in a large in-hospital
database in Japan over a period of 9 years.

METHODS

Study Design

This was a retrospective, observational, cross-
sectional study that utilized anonymized data
from all adult patients in the Japan MDYV data-
base. The MDV database is a hospital-based
database containing inpatient and outpatient
hospital data, demographics, diagnoses, patient
encounters and medical practices, medications,
laboratory tests, and costs. As of September
2018, the database covers around 25 million
accumulated patients of all ages (the total pop-
ulation of Japan is 126 million [9]) from over
370 hospitals distributed throughout Japan that
are capable of treating advanced-stage patients,
including (but not limited to) acute care facili-
ties. All hospitals in the MDV database have
> 20 beds. All patient data are anonymized with
no personal data, so informed consent was not
required. This article is based on previously
conducted studies and does not contain any
studies with human participants or animals
performed by any of the authors.

The primary objective of this study was to
estimate the prevalence of ATTR-CM in a large
in-hospital database in Japan based on the
number of diagnosed patients in the MDV
database over a period of 9 years. Secondary
objectives were to describe the demographic
and clinical disposition of patients diagnosed
with ATTR-CM, characterize the diagnostic
modalities used for patients with ATTR-CM, and
describe the prevalence of other subtypes of
cardiac amyloidosis (specifically, amyloid light-
chain [AL] amyloidosis).

Data Analysis

All patients with > 1 record in the MDV data-
base between January 2010 and September 2018
who were > 20 years of age at the time of their
ATTR-CM diagnosis or their first record in the
MDYV database were included in this analysis.
ATTR-CM and comorbidities were identified
using diagnosis codes (International Classifica-
tion of Diseases [ICD], 10th revision) and dis-
ease names coded according to Japanese claims
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codes available in the MDV database. Cases of
ATTR-CM were identified using both a broad
definition (using a wider range of diagnosis
codes which may only be suggestive of ATTR-
CM) and a narrow definition. The two defini-
tions were used in order to identify a range of
prevalences, allowing us to make some allow-
ance for misdiagnosis or misrecording (see
Table S1 in the Electronic supplementary
material, ESM, for a list of all diagnosis codes).
Patients were first selected based on the pres-
ence of > 1 diagnosis code for ATTR-CM, and
were grouped into those with any diagnosis
code(s) under the broad definition and into a
subset of those who only had diagnosis codes
associated with the narrow definition (Fig. 1).
These patients were then separated into the
ATTRwt patients who did not have a diagnosis

code for neuropathy and did not have a diag-
nosis code for AL amyloidosis or multiple
myeloma, and the ATTRm patients who had a
diagnosis code for neuropathy and did not have
a diagnosis code for AL amyloidosis or multiple
myeloma. Patients with a diagnosis of AL amy-
loidosis were also recorded. Demographics,
including medical history and hospital data,
were recorded for each patient. Prevalence was
estimated for each year and over the whole
period, and was expressed as the number of
cases per 1 million adult patients in the MDV
database (per million). Diagnosis codes and
demographics for the subgroup of patients also
diagnosed with heart failure were also assessed.
The demographic and clinical characteristics of
the cases are expressed as means and standard

25,333,955 patients with = 1
record in the MDV database from
Jan 2010 to Sep 2018

v

20,894 625 patients = 20
years of age

1,538,693 patients
with heart failure

|

v

5342 patients with a
diagnosis of ATTR-CM
(broad definition)

. v

v

4420 patients with a
diagnosis of ATTR-CM
(narrow definition)

v .

5211 patients without 4098 patients without
a diagnosis of a diagnosis of AL
neuropathy amyloidosis or
¢ multiple myeloma

3992 patients without

a diagnosis of AL 106 patients with a

amyloidosis or diagnosis of
multiple myeloma neuropathy
ATTRwt broad ATTRm broad
definition definition

4329 patients without 3322 patients without
a diagnosis of a diagnosis of AL
neuropathy amyloidosis or
‘ multiple myeloma

3255 patients without

a diagnosis of AL 67 patients with a

amyloidosis or diagnosis of
multiple myeloma neuropathy
ATTRwt narrow ATTRm narrow
definition definition

. v

v v

1798 patients with 61 patients with heart
heart failure failure

1468 patients with 50 patients with heart
heart failure failure

Fig. 1 Selection steps for patients with ATTRwt and
ATTRm under the broad and narrow definitions. AL
amyloid light-chain, ATTR-CM transthyretin amyloid

cardiomyopathy, ATTRm hereditary transthyretin amyloi-
dosis, ATTRwr wild-type transthyretin amyloid cardiomy-
opathy, MDV Medical Data Vision
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Table 1 continued

c

Per million

N

c

Per million'

N

c

Per million

N

c

Per million

N

c

Per million

N

c

Per million

N

0.0 0.0 0.0 0.0 0.0

0.0

Primary amyloidosis

0.0 0.1 0.0 0.1

0.1

0.2

1

Primary systemic amyloidosis

21.2

444

29.4

221

26.2

229

20.9

166

16.2

112

13.7

80

AL amyloidosis

AL amyloid light-chain, ATTR-CM transthyretin amyloid cardiomyopathy, ATTRm hereditary transthyretin amyloidosis, 47T Rwr wild-type transthyretin amyloid cardiomyopathy,

TTR transthyretin
* Until Sep 2018

® From Jan 2010 to Sep 2018

¢ Prevalence per million adult patients in the MDV database

4 Total of all broad-definition diagnosis codes (familial amyloidosis, secondary amyloidosis, amyloid cardiomyopathy, generalized amyloidosis, cardiac amyloidosis, senile amyloidosis,

senile TTR amyloidosis, amyloidosis, primary amyloidosis, and primary systemic amyloidosis)

¢ Total of all narrow-definition diagnosis codes (cardiac amyloidosis, senile amyloidosis, senile TTR amyloidosis, amyloidosis, primary amyloidosis, and primary systemic amyloidosis)

deviations (SDs) for continuous variables and as
counts and percentages for categorical variables.

RESULTS

Prevalence of ATTR-CM and Subtypes
of Cardiac Amyloidosis

The total number of patient records in the MDV
database between January 2010 and September
2018 was 25,333,955, of whom 20,894,625 were
aged > 20 years (Fig. 1). Of these, the majority
(69.5%) were outpatients only, while 30.4% had
> 1 inpatient visit and 4.4% had > 1 inpatient
visit only (no outpatient visit). The mean (SD)
age of all patients in the database was 57.7
(18.9) years and 46.3% were male. The majority
of patients in the database (59.3%) were from
hospitals of an intermediate size (200-499
beds), while 29.6% were from hospitals with
> 500 beds and 11.1% were from hospitals with
< 199 beds.

Over the whole period (January 2010 to
September 2018), there were 3992 diagnoses of
ATTRwt and 106 diagnoses of ATTRm using the
broad definition of ATTR-CM. Using the narrow
definition of ATTR-CM, there were 3255 diag-
noses of ATTRwt and 67 diagnoses of ATTRm
(Fig. 1, Table 1). There were 444 diagnoses of AL
amyloidosis.

The most common diagnosis code for
patients with ATTRwt was “amyloidosis,” rep-
resenting over half of the diagnosed patients,
followed by “cardiac amyloidosis” and “sec-
ondary amyloidosis.” The most common diag-
nosis code for patients with ATTRm was
“familial amyloidosis,” followed by “cardiac
amyloidosis” and “amyloidosis” (Table 1). The
number of sites and number of patients in the
MDYV database increased each year. From 2013,
the prevalence of ATTRwt and ATTRm as
recorded in the database increased each year, as
did the number of sites in the database (Fig. 2).

A total of 1,538,693 patients in the database
had a diagnosis of heart failure (Fig.1). Con-
sidering only patients who were also diagnosed
with heart failure, there were 1798 (86.1 per
million) diagnoses of ATTRwt and 61 (2.9 per
million) diagnoses of ATTRm using the broad
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Fig. 2 Annual prevalences of a ATTRwt, b ATTRm,
¢ ATTRwt with heart failure, and d ATTRm with heart
failure per million adult patients in the MDV database.
2018 prevalence data covers the period from Jan 2010 to

definition of ATTR-CM. Using the narrow defi-
nition of ATTR-CM, there were 1468 (70.3 per
million) diagnoses of ATTRwt and 50 (2.4 per
million) diagnoses of ATTRm (Table 2). There
were 308 (14.7 per million) diagnoses of AL
amyloidosis.

Demographic Characteristics of Patients
with Cardiac Amyloidosis

Under the broad definition, and over the whole
period, greater than half (53.7%) of the ATTRwt
patients were female (Table 3), while the
majority of both the ATTRm patients (61.3%;
Table 4) and the AL amyloidosis patients
(59.2%; Table 5) were male. ATTRm patients
tended to be younger (mean [SD] age, 63.7
[15.2] years) than ATTRwt (68.1 [14.2] years)
and AL amyloidosis (68.8 [11.1]) patients. The

Sep 2018. ATTRm hereditary transthyretin amyloidosis,
ATTRwt wild-type transthyretin amyloid cardiomyopathy,
HF heart failure

proportion of the patients aged > 80 years was
higher for the ATTRwt patients (23.0%) than for
the ATTRm (9.4%) or AL amyloidosis (16.9%)
patients. The proportion of patients with
ATTRwt tended to increase with age (76.9% of
the ATTRwt patients were aged > 60 years), and
this trend was observed for every ATTR-CM
diagnosis code.

AL amyloidosis patients were more likely to
have > 1 hospital visit (84.2%) than ATTRwt
(62.6%) or ATTRm (63.2%) patients. AL amy-
loidosis patients were also more likely to have
their claims data from a larger hospital than
ATTRm patients who were, in turn, more likely
have their claims data from a larger hospital
than ATTRwt patients. However, each group
was more likely to be from a larger hospital than
the 20,894,625 patients in the whole MDV
database, 11.1% of whom were from a hospital
with < 199 beds, 59.3% were from a 200- to
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Table 3 Demographic characteristics of the ATTRwt patients (broad definition)

2014 2015 2016 2017 2018* Whole periodb
(N =1050) (N =1398) (N =1845) (N =2216) (N =2085) (N =3992)
Age (years), mean (SD) 67.19 (14.1) 67.73 (13.5) 67.51 (13.8) 67.53 (14.1) 6826 (13.9) 68.07 (14.2)
Male, 2 (%) 460 (43.8) 586 (419) 773 (419) 948 (42.8) 902 (43.3) 1849 (46.3)
Female, 7 (%) 590 (562) 812 (58.1) 1072 (58.1) 1268 (57.2) 1183 (567) 2143 (53.7)
Comorbidities®, 7 (%)
Heart failure 403 (384) 506 (362) 656 (35.6) 832 (37.6) 794 (38.1) 1798 (45.0)
Arthythmia 119 (113) 143 (10.2) 225 (122) 286 (129) 253 (121) 602 (15.1)
Atrial fibrillation or Autter 143 (13.6) 193 (13.8) 236 (12.8) 294 (133) 321 (154) 686 (172)
Hypertension 610 (58.1) 770 (55.1) 943 (5L.1) 1147 (51.8) 1103 (52.9) 2204 (55.2)
Chronic kidney disease III-V 321 (30.6) 367 (263) 450 (244) 514 (232) 457 (219) 1079 (27.0)
Angina 237 (22.6) 296 (212) 358 (194) 437 (19.7) 406 (195) 935 (23.4)
Diabetes mellicus 420 (400) 530 (37.9) 718 (389) 892 (403) 873 (419) 1624 (40.7)
Malignancy 175 (167) 211 (15.1) 315 (17.1) 380 (172) 334 (160) 767 (19.2)
Procedures, 7 (%)
Carpal tunnel release 6 (0.6) 4(0.3) 3(02) 11 (0.5) 13 (0.6) 58 (1.5)
Surgical aortic valve replacement 1(0.1) 0 (0.0) 0 (0.0) 13 (0.6) 1(0.1) 17 (0.4)
Transcatheter aortic valve 0 (0.0) 0 (0.0) 0 (0.0) 13 (0.6) 0 (0.0) 15 (0.4)
implantation
Heart failure medication use, 7 (%)
Beta-blocker 186 (177) 234 (167) 279 (15.1) 362 (163) 347 (166) 936 (23.5)
ACE inhibitors 63 (6.0) 89 (6.4) 103 (5.6) 140 (6.3) 121 (5.8) 394 (9.9)
ARBs 275 (262) 343 (245) 386 (20.9) 462 (209) 398 (19.1) 1052 (26.4)
Calcium channel blocker 297 (283) 376 (269) 447 (242) 542 (245) 481 (23.1) 1360 (34.1)
Diuretic 281 (26.8) 351 (25.1) 410 (222) 532 (240) 493 (237) 1414 (35.4)
Aldosterone antagonists 103 (9.8) 141 (10.1)  175(9.5) 259 (117) 218 (10.5) 688 (17.2)
> 1 inpatient visit, 7 (%) 440 (419) 538 (385) 621 (337) 780 (352) 597 (286) 2497 (62.6)
Death at discharge, 7 (%) 58 (5.5) 71 (5.1) 80 (4.3) 99 (4.5) 64 (3.1) 512 (12.8)
Hospital size, 7 (%)
< 199 beds 99 (94) 117 (84) 119 (65)  132(60)  119(57) 296 (7.4)
200-499 beds 484 (46.1) 740 (52.9) 900 (48.8) 1070 (483) 1084 (52.0) 2055 (51.5)
> 500 beds 467 (445) 541 (387) 826 (448) 1014 (45.8) 882 (423) 1641 (41.1)
Hospital administration, 7 (%)
University 184 (17.5) 228 (163) 252 (137) 313 (141) 262 (126) 511 (12.8)
Public (local) 242 (230) 300 (215) 527 (286) 657 (297) 623 (299) 1064 (26.7)
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Table 3 continued

2014 2015 2016 2017 2018* Whole pel‘iodb

(N = 1050) (N =1398) (N = 1845) (N =2216) (N =2085) (N =3992)
Private 193 (18.4) 220 (15.7) 304 (16.5) 352 (15.9) 325 (15.6) 749 (18.8)
Public (government) 431 (41.1) 650 (46.5) 762 (41.3) 894 (40.3) 875 (42.0) 1668 (41.8)

ACE angiotensin-converting enzyme, ARB angiotensin receptor blocker, ATTRwt wild-type transthyretin amyloid cardiomy-

opathy, SD standard deviation
* Until Sep 2018
® From Jan 2010 to Sep 2018

¢ Comorbidities occurring in > 15% of patients over the whole period

biopsy, while 14 (0.4%) had a scintigram.
Among the patients with a digestive tract
biopsy, endomyocardial biopsy (21 of 407
patients) and abdominal wall biopsy (17 of 407
patients) were rare.

DISCUSSION

This retrospective, observational, cross-sec-
tional study utilized a large database of over 25
million patients from over 370 Japanese hospi-
tals to estimate the prevalence of patients
diagnosed with ATTR-CM in a large in-hospital
database in Japan. The use of broad and narrow
definitions for ATTR-CM led to a range of esti-
mates of the number of ATTRwt patients in the
MDV database over the 9 years of this analysis
of between 3255 (155.8 per million) and 3992
(191.1 per million). ATTRm was less common,
with between 67 (3.2 per 1 million) and 106 (5.1
per million) patients in the MDV database.
Among patients who were also diagnosed with
heart failure, who were potentially more likely
to represent symptomatic ATTR-CM, there were
between 1468 (70.3 per million) and 1798 (86.1
per million) diagnoses of ATTRwt, and between
50 (2.4 per million) and 61 (2.9 per million)
diagnoses of ATTRm. The prevalence of ATTR-
CM in the MDYV database was shown to increase
over the duration of this study at the same time
that the size of the database itself increased.
This increase may most likely be related to an
increase in awareness of the disease, including

the recruitment processes for clinical trials in
Japan that test new treatments for ATTR-CM.

Prior estimates of the prevalence of ATTRwt
in Japan have identified as few as 51 total
patients in over 2300 clinical departments in
Japan [7]. This prior estimate was based on a
questionnaire sent to clinical departments. The
patients were identified in a limited number of
institutes (ten in total), which led the authors to
conclude that ATTRwt was underdiagnosed in
Japan [7]. This study provides a significantly
larger estimate over a 9-year period, but this is
based on codes in a claims database which were
not validated against the actual patient diag-
nosis, limiting the interpretation of these
results. This limitation, together with the fact
that many patients are likely undiagnosed and
that the MDYV database does not cover the entire
population of Japan, prevents the calculation of
the true prevalence of ATTR-CM in Japan and
limits this analysis to an estimate.

Studies in other countries have reported the
incidence of ATTRwt to be 16% in patients with
severe aortic stenosis who were undergoing
transcatheter aortic valve replacement [4], and
5% in patients with presumed hypertrophic
cardiomyopathy [10]. In terms of individual
patients identified, the Transthyretin Amyloi-
dosis Outcomes Survey (THAOS) registered
approximately 189 patients with ATTRwt in the
United States [11] and 125 in continental Wes-
tern Europe [12], while the United Kingdom
National Amyloidosis Center enrolled 711
patients with ATTRwt between 2000 and 2017
[13]. While there are significant differences
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Table 4 Demographic characteristics of ATTRm patients (broad definition)

2014 2015 2016 2017 2018* Whole period®
(N = 24) (N =32) (N = 48) (N =57) (N =63) (N = 106)
Age (years), mean (SD) 62.8 (14.4) 60.1 (17.1) 60.2 (15.1) 61.1 (14.3) 63.3 (14.5) 63.7 (15.2)
Male, 7 (%) 9 (37.5) 15 (46.9) 28 (58.3) 35 (61.4) 44 (69.8) 65 (61.3)
Female, 7 (%) 15 (62.5) 17 (53.1) 20 (41.7) 22 (38.6) 19 (30.2) 41 (38.7)
Comorbidities®, 7 (%)
Heart failure 13 (54.2) 13 (40.6) 21 (43.8) 30 (52.6) 37 (58.7) 61 (57.6)
Arrhythmia 5 (20.8) 4 (12.5) 6 (12.5) 7 (12.3) 12 (19.1) 17 (16.0)
Hypertension 8 (33.3) 10 (31.3) 17 (354) 22 (38.6) 25 (39.7) 48 (45.3)
Angina 7 (29.2) 3 (9.4) 6 (12.5) 7 (12.3) 8 (12.7) 17 (16.0)
Diabetes mellitus 3 (12.5) 7 (21.9) 10 (20.8) 13 (22.8) 15 (23.8) 31 (29.3)
Procedures, 7 (%)
Carpal tunnel release 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.9)
Surgical aortic valve replacement 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Transcatheter aortic valve 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
implantation
Heart failure medication use, 7 (%)
Beta-blocker 2 (8.3) 3 (9.4) 5 (10.4) 6 (10.5) 8 (12.7) 21 (19.8)
ACE inhibitors 2 (8.3) 0 (0.0) 4 (8.3) 1(1.8) 4 (6.4) 11 (10.4)
ARBs 2 (83) 4 (12.5) 2 (42) 3 (5.3) 6 (9.5) 16 (15.1)
Calcium channel blocker 1 (4.2) 3 (94) 4 (8.3) 6 (10.5) 2(3.2) 14 (13.2)
Diuretic 5 (20.8) 8 (25.0) 12 (25.0) 14 (24.6) 20 (31.8) 44 (41.5)
Aldosterone antagonists 3 (12.5) 2 (6.3) 4 (8.3) 4 (7.0) 7 (11.1) 21 (19.8)
> 1 inpatient visit, 7 (%) 8 (33.3) 7 (21.9) 21 (43.8) 15 (26.3) 17 (27.0) 67 (632)
Death at discharge, 7 (%) 1(42) 1(3.1) 2 (4.2) 1(1.8) 2 (3.2) 9 (8.5)
Hospital size, 7 (%)
< 199 beds 1(42) 1(3.1) 3 (6.3) 1(1.8) 2(32) 5 (4.7)
200-499 beds 10 (41.7) 17 (53.1) 23 (47.9) 28 (49.1) 29 (46.0) 48 (45.3)
> 500 beds 13 (54.2) 14 (43.8) 22 (45.8) 28 (49.1) 32 (50.8) 53 (50.0)
Hospital administration, 7 (%)
University 5 (20.8) 2 (6.3) 6 (12.5) 7 (12.3) 12 (19.1) 17 (16.0)
Public (local) 11 (45.8) 18 (56.3) 25 (52.1) 22 (38.6) 32 (50.8) 41 (38.7)
Private 0 (0.0) 2 (6.3) 3 (6.3) 7 (12.3) 5(7.9) 11 (10.4)
Public (government) 8 (33.3) 10 (31.3) 14 (29.2) 21 (36.8) 14 (22.2) 37 (34.9)

ACE angjotensin-converting enzyme, ARB angiotensin receptor blocker, ATTRm hereditary transthyretin amyloidosis, SD standard deviation
* Until Sep 2018
® From Jan 2010 to Sep 2018

¢ Comorbidities occurring in > 15% of patients over the whole period
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Table 5 Demographic characteristics of AL amyloidosis patients

2014 2015 2016 2017 2018* Whole period®
(N =80) (W =112) (N =166) (N =1229) (N =221) (N = 444)
Age (years), mean (SD) 685 (9.2) 680 (11.5) 683 (11.3) 679 (10.9) 685 (11.1) 68.8 (11.1)
Male, 7 (%) 43 (53.8) S8 (51.8) 93 (56.0) 137 (59.8) 137 (62.0) 263 (59.2)
Female, 7 (%) 37 (463) 54 (482) 73 (44.0) 92 (402) 84 (38.0) 181 (40.8)
Comorbidities®, 7 (%)
Heart failure 61 (76.3) 87 (77.7) 121 (72.9) 148 (64.6) 149 (67.4) 308 (69.4)
Arrhythmia 17 (21.3) 23 (20.5)  32(19.3) 28 (12.2) 34 (154) 69 (15.5)
Hypertension 54 (67.5) 71 (63.4) 105 (63.3) 145 (63.3) 136 (61.5) 274 (61.7)
Chronic kidney disease II1-V 27 (33.8) 38 (339) S6(337) 77 (33.6) 65 (294) 159 (35.8)
Angina 31 (38.8) 36 (32.1)  55(33.1) 60 (262) S0 (22.6) 128 (28.8)
Multiple myeloma 59 (73.8)  85(75.9) 132(79.5) 172 (75.1) 163 (73.8) 317 (71.4)
Diabetes mellitus 34 (42.5) 44 (393) 69 (41.6) 91 (39.7) 94 (425) 190 (42.8)
Malignancy 66 (82.5) 92 (82.1) 141 (84.9) 186 (81.2) 175 (79.2) 344 (77.5)
Procedures, 7 (%)
Carpal tunnel release 0 (0.0) 0 (0.0) 1 (0.6) 1 (0.4) 0 (0.0) 5 (1.1)
Surgical aortic valve replacement 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Transcatheter aortic valve 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
implantation
Heart failure medication use, 7z (%)
Beta-blocker 21 (263) 36 (32.1)  42(253) 43 (188) 38 (172) 115 (25.9)
ACE inhibitors 6 (7.5) 6 (54) 8 (4.8) 14 (6.1) 22 (10.0) S0 (11.3)
ARBs 18 (22.5) 31 (277)  39(235) 50 (21.8)  35(15.8) 132 (297)
Calcium channel blocker 21 (263) 27 (241) 36 (217)  54(23.6) 38 (172) 133 (30.0)
Diuretic 46 (57.5) 76 (67.9) 96 (57.8) 111 (48.5) 105 (47.5) 294 (66.2)
Aldosterone antagonists 25 (31.3) 31 (277) 39 (235) 47 (205) 37 (167) 140 (31.5)
> 1 inpatient visit, 7 (%) 60 (75.0) 85 (75.9) 118 (71.1) 134 (58.5) 104 (47.1) 374 (84.2)
Death at discharge, 7 (%) 5 (6.3) 16 (143) 25 (15.1) 1(92) 9 (41) 100 (22.5)
Hospital size, 7 (%)
< 199 beds 1(1.3) 1(0.9) 5 (3.0) 6 (2.6) 8 (3.6) 13 (2.9)
200-499 beds 23 (28.8) 30 (26.8) 45 (27.1) 87 (38.0) 71 (32.1) 166 (37.4)
> 500 beds 56 (70.0) 81 (72.3) 116 (69.9) 136 (59.4) 142 (64.3) 265 (59.7)
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Table 5 continued

2014 2015 2016 2017 2018* Whole pel‘iodb
(N =80) (N =112) (N =166) (N =229) (N =221) (N =444)
Hospital administration, 7 (%)
University 7 (8.8) 17 (15.2) 14 (8.4) 9 (8.3) 21 (9.5) 43 (9.7)
Public (local) 22 (275) 35 (313) 46 (27.7) 74 (32.3) 72 (32.6) 130 (29.3)
Private 3 (3.8) 7 (6.3) 39 (23.5) 47 (20.5) 44 (19.9) 85 (19.1)
Public (government) 48 (60.0) 53 (47.3) 67 (40.4) 9 (38.9) 84 (38.0) 186 (41.9)

ACE angiotensin-converting enzyme, ARB angiotensin receptor blocker, SD standard deviation

* Until Sep 2018
® From Jan 2010 to Sep 2018

¢ Comorbidities occurring in > 15% of patients over the whole period

between a large observational study and the
enrollment of patients in a prospective registry,
it is possible that the higher prevalence of
ATTR-CM in Japan identified in this study is an
overestimate.

There were notable demographic and clinical
differences between the patients with ATTRwt
identified in this study and past descriptions of
this population. For example, only 1.5% of the
ATTRwt patients had undergone a carpal tunnel
release procedure, despite carpel tunnel syn-
drome representing an early symptom in
approximately one-third of patients in prior
studies [6, 11, 14, 15]. More notable was the
lower than expected proportions of ATTR-CM
patients who were also diagnosed with heart
failure or who were male. ATTR-CM is strongly
associated with heart failure, but less than 50%
of the ATTRwt patients also had heart failure.
Similarly, ATTRwt has been typically under-
stood to occur predominately in males
[11, 15-17], but over 50% of the patients were
female in this study. When only ATTRwt
patients diagnosed with heart failure were con-
sidered, the proportion of females remained
relatively high (44.8%).

ATTRwt is likely underdiagnosed, particu-
larly in patients with heart failure with pre-
served ejection fraction, with one study
reporting an ATTRwt incidence of 13% in
patients with heart failure with preserved ejec-
tion fraction [18]. The MDYV database does not

record cases of heart failure with preserved
ejection fraction as a unique diagnosis code,
coding these patients as heart failure, and it
does not record echocardiographic assessments.
As a consequence, underdiagnosed or misdiag-
nosed heart failure with preserved ejection
fraction patients may not be captured in the
database, which may have contributed to the
lower than expected incidence of heart failure
in patients with ATTR-CM this study. It has also
been shown that a preserved ejection fraction is
more common in female than in male heart
failure patients [19-21], which may contribute
to the higher than expected proportion of
female patients identified.

It was notable that the majority of patients
in the MDYV database did not have a record of a
tissue biopsy, suggesting that the diagnosis was
made on the basis of clinical criteria. Clinical
signs associated with ATTRwt can include evi-
dence of heart failure, increased left ventricular
wall thickness, reduced myocardial strain, and a
history of carpel tunnel syndrome, but diagno-
sis is confirmed by demonstrating the presence
of transthyretin amyloid in the heart [22, 23].
The number of tissue biopsies may be underes-
timated as tests conducted at other sites (which
are not a part of the database) are not included
in the record, although it is not known if this
scenario is common. While digestive tract
biopsies were much more common than
endomyocardial biopsy or abdominal wall

I\ Adis



310

Cardiol Ther (2019) 8:297-316

Table 6 Demographic characteristics of ATTR-CM and subtypes of cardiac amyloidosis patients diagnosed with heart

failure (whole period)

ATTRwt broad

ATTRwt narrow ATTRm broad ATTRm narrow AL

definition definition definition definition amyloidosis
(N =1798) (N = 1468) (N =61) (N =50) (N = 308)

Age (years), mean (SD) 72.0 (12.8) 732 (11.9) 67.2 (13.0) 682 (12.4) 68.7 (11.4)
Male, 7 (%) 992 (55.2) 867 (59.1) 36 (59.0) 31 (62.0) 183 (59.4)
Female, 7 (%) 806 (44.8) 601 (40.9) 25 (41.0) 19 (38.0) 125 (40.6)
Comorbidities®, 7 (%)

Heart failure 1798 (100.0) 1468 (100.0) 61 (100.0) 50 (100.0) 308 (100.0)

Arrhythmia 425 (23.6) 351 (23.9) 13 (21.3) 12 (24.0) 59 (19.2)

Atrial fibrillation or 596 (33.1) 541 (36.9) 14 (23.0) 12 (24.0) 62 (20.1)

flutter

Heart block 172 (9.6) 155 (10.6) 12 (19.7) 9 (18.0) 15 (4.9)

Hypertension 1390 (77.3) 1137 (77.5) 37 (60.7) 0 (60.0) 218 (70.8)

Chronic kidney disease 718 (39.9) 593 (40.4) 11 (18.0) 8 (16.0) 130 (42.2)

I-v

Angina 671 (37.3) 564 (38.4) 14 (23.0) 13 (26.0) 110 (35.7)

Diabetes mellitus 932 (51.8) 735 (50.1) 25 (41.0) 21 (42.0) 150 (48.7)

Malignancy 411 (22.9) 326 (22.2) 9 (14.8) 7 (14.0) 256 (83.1)
Procedures, 7 (%)

Carpal tunnel release 33 (1.8) 24 (1.6) 1 (L.6) 0 (0.0) 4 (1.3)

Surgical aortic valve 17 (0.9) 17 (1.2) 0 (0.0) 0 (0.0) 0 (0.0)

replacement

Transcatheter aortic 15 (0.8) 15 (1.0) 0 (0.0) 0 (0.0) 0 (0.0)

valve implantation
Heart failure medication use, 7z (%)

Beta-blocker 795 (44.2) 701 (47.8) 20 (32.8) 16 (32.0) 108 (35.1)
ACE inhibitors 347 (19.3) 321 (21.9) 11 (18.0) 0 (20.0) 45 (14.6)
ARBs 654 (36.4) 545 (37.1) 14 (23.0) 10 (20.0) 108 (35.1)

Calcium channel blocker 842 (46.8) 684 (46.6) 11 (18.0) 7 (14.0) 107 (34.7)
Diuretic 1127 (62.7) 984 (67.0) 37 (60.7) 32 (64.0) 243 (78.9)
Aldosterone antagonists 624 (34.7) 577 (39.3) 19 (31.1) 6 (32.0) 124 (40.3)
> 1 inpatient visit, 7 (%) 1480 (82.3) 1237 (84.3) 47 (77.0) 38 (76.0) 274 (89.0)
Death at discharge, » (%) 379 (21.1) 320 (21.8) 6 (9.8) 5 (10.0) 74 (24.0)
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Table 6 continued
ATTRwt broad ATTRwt narrow ATTRm broad ATTRm narrow AL
definition definition definition definition amyloidosis
(N = 1798) (N = 1468) (N =61) (N = 50) (N = 308)
Hospital size, 7 (%)
< 199 beds 141 (7.8) 110 (7.5) 3 (49) 1 (2.0 7 (2.3)
200-499 beds 835 (46.4) 724 (49.3) 24 (39.3) 19 (38.0) 110 (35.7)
> 500 beds 822 (45.7) 634 (43.2) 34 (55.7) 30 (60.0) 191 (62.0)
Hospital administration, 7 (%)
University 270 (15.0) 175 (11.9) 12 (19.7) 11 (22.0) 29 (9.4)
Public (local) 588 (32.7) 523 (35.6) 27 (44.3) 25 (50.0) 88 (28.6)
Private 353 (19.6) 276 (18.8) 7 (11.5) 3 (6.0) 5(17.9)
Public 587 (32.6) 494 (33.7) 15 (24.6) 11 (22.0) 136 (44.2)
(government)

From Jan 2010 to Sep 2018

ACE angiotensin-converting enzyme, ARB angiotensin receptor blocker, ATTRwt wild-type transthyretin amyloid car-
diomyopathy, ATTRm hereditary transthyretin amyloidosis, SD standard deviation
* Comorbidities occurring in > 15% of ATTR-CM patients (broad definition)

biopsy, endomyocardial biopsy would typically
be necessary for a formal histological diagnosis
[23]. Very few patients had a digestive tract
biopsy and an endomyocardial biopsy, particu-
larly within 8 weeks of diagnosis, suggesting
that the majority of the digestive tract biopsies
may have been an artefact unrelated to the
diagnosis of ATTR-CM. This was not unex-
pected, as digestive tract biopsy is a common
test in Japan. Nevertheless, the fact that over
400 ATTRwt patients had a digestive tract
biopsy within 8 weeks of diagnosis could be a
significant finding as it implies that it may be an
underestimated diagnostic modality in Japan.
However, since only a small proportion (~ 9%)
of the ATTRwt patients had an endomyocardial
biopsy or abdominal wall biopsy at some point
(and even fewer within 8 weeks of diagnosis
[~ 4%]), there is the possibility that this study
overestimates the prevalence. The immunos-
taining of tissue biopsy to identify transthyretin
can be associated with a false positive rate,
depending on the methodology used [7, 14], so
this may also contribute to an overestimation.
At the same time, this study does not capture

patients who were misdiagnosed or were undi-
agnosed due to less severe disease, and may
therefore underestimate the prevalence.

As a retrospective study of data from a sec-
ondary source, this analysis may be limited by
errors, omissions, or variations in the source
records. This was not a longitudinal study,
patients were not followed over time, and
patient outcomes and mortality rates could not
be assessed. This limitation means that patients’
prognoses and outcomes could not be assessed.
The MDV database is limited to hospitals with
> 20 beds and, as such, does not include smaller
clinics.

CONCLUSION

This retrospective study revealed that in the MDV
database in Japan over the 9 years of this analysis,
between 3255 and 3992 patients were diagnosed
with ATTRwt, and between 67 and 106 patients
were diagnosed with ATTRm. Limited to patients
who were also diagnosed with heart failure, there
were between 1468 and 1798 diagnoses of

I\ Adis



Cardiol Ther (2019) 8:297-316

312

(0c0)o  (00)0
(00)0 (ST

00)0  FO0)1
(00)0  (00)0
(o)1 (T0) €

(00)0  (00)0

(00)0  (€0) T
(00)0  (00)0
(ro)s  (20) L1

(LL) € %) 1 (00)0 (£8)¢ (00)0 (£8)C (6'0) 6¢ (80) ¥¢ stsoprojfure [errure,
(86) 01  (¥LD) T oDt (9% (00)0 (911)8 #F0) o1 (€7 69 Auy
(uonruyap peoiq) ULV
sisoprojAwe
(rrm e (02) 9 (00)0 (802) ¢ (00)0 (£8)C (9°0) Lt (8°0) ¥¢ orwashs Arewrnsg
sIsoplojAwre
(€L1) %9 (TLT) %L (€o)1 (T6) St (00) 0 (8%) €1 (98) 69¢  (T6) TLT pazIfeIdauss)
(T€) 60 (€67) T (00) 0 (€£1) €1 (0co)o (L7t (67 str (s7) sL sisoproffwe Arewriq
(TL1) €0%  (07TT) ¥6¢ (ro)c  (€9) 1£ (00) 0 (T2 0¢  (S%S) 9%eT (£'SF) Seel sisoprojfury
sisoproj{we
(€92) s (sTI) ¢ (00)0 (00) 0 (00) 0 (052) ¥ (#0) 61 (€0) 91 YLL duss
(96) s  (Feo) 11 (00)0 (00)0 (00) 0 (901) S (T1) s o1) ¥ stsoprofAwre a[rusg
(Fer) s (T'L1) 911 (€o)z (T1)8 (00) 0 (€92) 841 (091) 889  (0°€T) LL9  sisopiojdwre deipie))
Ayredofworpres
(0co)o  (oor) T (00)o (00) 0 (00) 0 (007) ¢ (€0) 1 (€0) 01 projfwry
sisoproj{we
(Fs1) 08 (8€7) 68 (00)o (19 €T (00)o (91)9  (rer)1es  (L71) yLg Arepuodag
(00) 0 (00) 0 (00)0 (00)0 (00)o (00)0 (00) 0 (00) 0 stsoprojfure [errure,f
(91) 26 (807) 0TS (ro) € (T9) o€1 (00) 0 (€8) Loz (1'88) €6L£ (6%8) 00ST Auy

(uonruysp proiq) IMY I, IV

siwoneding  syuoneduy

sywoneding  sywoneduy  sywoneding  sywoneduy  sywoneding  sywoneduy  sywoneding  sywoneduy

(%) «
areydsoydoisd

wmrpos s wesSnuidg

(%) # (%) = (%) “ (%) N
Asdorq 1oem 2ansafiq  Asdorq [eam [eurwopqy  Asdoiq [erpresofwopuy oL snsLIEIRY)

(porad sjoym) syuanedino pue syusnedur ur ssoprojdwre serpres jo sadfigns pue WD IV 10 soniepowr susouderq £ dqeL

A\ Adis



313

Cardiol Ther (2019) 8:297-316

WDALLLY 10J 2pod sisouderp Auy |
unoifyasuen y 7.7 ‘Aqredofworpres

projfwe unaidysuen odl-pim 2y 1 1 - “sisoprojdwre unaifyasuen Arearpaioy ucy J 1 p~ ‘AyredoLworpres projAwre unoikyisuen py)-y 7. [ ‘ureyd-1ysi projiwe 7§
(uwmod yz707 Sy3 Ul umoys Jdqunu Y3 Jo 3Feausdiad) Taqunu Y3 Moys
suwmnyod 19y30 Jfe {(ssuanedino 10 syusnedur ssoprojfwre Ty pue IWD-YILV [t Jo 28eiusntad) saqumu a3 smoys uwmod jzza 1 3y 8107 dag 01 0107 ue[ woig

(00) 0 (€0) 1 (I€e) s6  (L6€) 6¥1 (00) 0 (L€7) 68 (00)0  (69) Tt (S°6) 1% (LT1) SLE sisoproffwe Ty
sisoprojdwre
(00) 0 (00) 0 (00) 0 (0001) T (00)o  (00)0 (00) 0 (0001) T (00) (ro) ¢ drwashs Arewig
sisoprojdwre
(00) 0 (00) 0 (L9)1  (Fsne (00)o  (00) 0 (00)o  (00)0 (€0) st (o) €r pazi[eIauaD)
(00) 0 (00)o  (0oot) T (00001) T (00)o  (0o0)o (00)o  (00)o (00) T (00) T sisoprojdwre Arews
(00) 0 (8%) 1 (o) % (061 ¥ L1 (s6)¢ (00)o (8% 1 (60) L& (L0) 12 sisoprojdury
sisoprojdure
(00) 0 (00) 0 (00) 0 (00) 0 (00)o  (00)0 (=)o (00)0 (00) 0 (00) 0 ALL 2[US
(00) 0 (00) 0 (00) 0 (00) 0 (0o)o  (00) 0 (=)o (00)0 (00) 0 (00) 0 sisoptoffwe d[ruag
(00) 0 (00) 0 (son) % (617 L (00)o (reo)r (00)0 (881)9 (60) L&  (I'T)Te  swsoprofure derprer)
Ayredofworpres
(00) 0 (00) 0 (00) 0 (00) 0 (00)o  (00)0 (00)o  (00)0 (00) T (00) 0 projfury
sisoprojdure
(00) 0 (00) 0 (00S) T (00S) T (00) 0  (009) T (00)o  (00)0 (00) ¢ (ro) ¢ Arepuodsag
siwoneding  sywoneduy sywoneding  syvoneduy sywoneding  syuvoneduy sywoneding  sywoneduy  syuvoneding  syuwoneduy
(%)
areydsoydoxid (%) = (%) = (%) (%) N
wnipos YIm weiSnuig Asdorq 1en 2ansafiq  Asdoiq [em [eurwopqy  Asdoiq erpresofwopuy [elol snsLddEIRY)

ponunuod £ 3[qe],

I\ Adis



314

Cardiol Ther (2019) 8:297-316

Table 8 Diagnostic modalities for ATTR-CM and subtypes of cardiac amyloidosis patients diagnosed with heart failure

(whole period)

Total Endomyocardial ~Abdominal  Digestive tract  Scintigram
N (%) biopsy wall biopsy  biopsy with sodium
n (%) n (%) n (%) pyrophosphate
n (%)
ATTRwt (broad definition)
Any* 1798 (83.0) 197 (11.0) 63 (3.5) 494 (27.5) 21 (12)
Familial amyloidosis 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Secondary amyloidosis 221 (10.2) 5 (2.3) 15 (6.8) 68 (30.8) 1(0.5)
Amyloid cardiomyopathy 0 (0.5) 2 (20.0) 0 (0.0) 1 (10.0) 0 (0.0)
Cardiac amyloidosis 686 (31.7) 170 (24.8) 8 (12) 170 (24.8) 17 (2.5)
Senile amyloidosis 37 (1. ) 5 (13.5) 0 (0.0) 12 (32.4) 2 (5.4)
Senile TTR amyloidosis 6 (0.7 4 (25.0) 0 (0.0) 4 (25.0) 2 (12.5)
Amyloidosis 799 (36. 9) 27 (34) 36 (4.5) 251 (31.4) 4(0.5)
Primary amyloidosis 48 (2. ) 2 (4.2) 1(2.1) 16 (33.3) 0 (0.0)
Generalized amyloidosis 239 (11.0 13 (5.4) 15 (6.3) 73 (30.5) 1 (0.4)
Primary systemic amyloidosis 6 (0. ) 1 (6.3) 1(6.3) 3 (18.8) 0 (0.0)
ATTRm (broad definition)
Any* 61 (2.8) 8 (13.1) 2 (3.3) 17 (27.9) 1(1.6)
Familial amyloidosis 18 (0.8) 2 (11.1) 0 (0.0) 2 (11.1) 0 (0.0)
Secondary amyloidosis 2 (0.1) 0 (0.0) 1 (50.0) 2 (100.0) 0 (0.0)
Amyloid cardiomyopathy 1 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Cardiac amyloidosis 34 (1.6) 6 (17.6) 1(29) 11 (32.4) 0 (0.0)
Senile amyloidosis 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Senile TTR amyloidosis 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Amyloidosis 23 (1.1) 1 (4.3) 2 (87) 6 (26.1) 1(4.3)
Primary amyloidosis 1 (0.0) 0 (0.0) 0 (0.0) 1 (100.0) 0 (0.0)
Generalized amyloidosis 10 (0.5) 0 (0.0) 0 (0.0) 2 (20.0) 0 (0.0)
Primary systemic amyloidosis 2 (0.1) 2 (100.0) 0 (0.0) 2 (100.0) 0 (0.0)
AL amyloidosis 308 (14.2) 22 (7.1) 58 (18.8) 159 (51.6) 1(0.3)

From Jan 2010 to Sep 2018 the Zota/ column shows the number (percentage of all ATTR-CM and AL amyloidosis
inpatients or outpatients); all other columns show the number (percentage of the number shown in the Toza/ column)
AL amyloid light-chain, ATTR-CM transthyretin amyloid cardiomyopathy, ATTRm hereditary transthyretin amyloidosis,

ATTRwt wild-type transthyretin amyloid cardiomyopathy, 77R transthyretin
* Any diagnosis code for ATTR-CM
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ATTRwt and between 50 and 61 diagnoses of
ATTRm. As awareness of the disease grows, it is
likely that more patients will be diagnosed, and
further studies on the true prevalence of ATTR-
CM should be undertaken in the future. Greater
awareness of the disease, together with the
emergence of new treatments, may also improve
diagnosis and treatment outcomes.
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