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ABSTRACT

Introduction: Little is known about the burden
of hereditary transthyretin (ATTRv) amyloido-
sis, a genetic, progressive, and fatal disease
caused by extracellular deposition of transthyr-
etin amyloid fibrils. The study’s aim was to
estimate costs and disease burden associated
with ATTRv amyloidosis in a real-world setting.
Methods: Using IBM® MarketScan® Commer-
cial and Medicare Supplemental data, we iden-
tified patients at least 18 years of age with newly
diagnosed ATTRv amyloidosis. Diagnosis
required at least one medical claim with rele-
vant diagnosis code (International Classifica-
tion of Diseases, 9th Revision, Clinical
Modification [ICD-9-CM] 277.30-.31, 277.39;
ICD-10-CM E85.0-.4, E85.89, E85.9) between
January 1, 2014 and December 31, 2016, and at
least one additional criterion occurring during
study period (2013-2017): at least 15 days
diflunisal use without more than a 30-day gap;
liver transplant; or claim with codes E85.1 or
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E8S5.2. First diagnosis date was study index.
Continuous enrollment 1-year pre-index (base-
line) and post-index (follow-up) was required.
Patients with baseline amyloidosis diagnosis
were excluded. Outcomes of interest were
comorbidities and 1-year follow-up healthcare
utilization and costs (also reported quarterly).
Results: Among 185 qualifying patients, mean
age was 59.2 years (standard deviation 15.2),
54.1% were female, and baseline Charlson
comorbidity index was 2.2 (2.5). Neuropathy
(30.3%), diabetes (27.0%), and cardiovascular-
related comorbidities, including dyspnea
(25.9%) and congestive heart failure (21.6%),
were common during follow-up. Nearly a
quarter of patients (24.9%) were hospitalized
during follow-up. Most hospitalizations and
emergency department visits occurred in the
first quarter post-diagnosis (18.9%, 17.8%,
respectively) and dropped in subsequent quar-
ters. The annual mean total cost was $64,066,
with inpatient services contributing the major-
ity of the expenses ($34,461), followed by out-
patient ($23,853), and then pharmacy ($5752).
As with utilization, costs were highest in the
first quarter post-diagnosis and dropped in
subsequent quarters.

Conclusion: Patients newly diagnosed with
ATTRv amyloidosis have substantial healthcare
utilization and costs in the first year, primarily
the initial months, post-diagnosis. Further
research should examine later costs associated
with disease progression and end-of-life care.
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Why carry out this study?

The economic burden of hereditary
transthyretin (ATTRv) amyloidosis in the
USA has not been quantified

Previous studies of different variations of
amyloidosis have shown significant
healthcare utilization and costs associated
with amyloidosis

This study’s aim was to estimate the costs
and disease burden associated with ATTRv
amyloidosis in a real-world setting

What was learned from the study?

Patients newly diagnosed with ATTRv
amyloidosis have substantial healthcare
utilization and costs in the first year,
primarily the initial months, following
diagnosis

Further research should examine later
costs associated with disease progression
and end-of-life care

INTRODUCTION

Hereditary transthyretin (ATTRv) amyloidosis is
a rare, progressive, multisystemic, and fatal
form of amyloidosis caused by extracellular
deposition of transthyretin amyloid fibrils pri-
marily synthesized by the liver [1-3]. The
worldwide prevalence is estimated to be around
50,000 based on the limited available data (e.g.,
clinical trial, survey, autopsy) [1, 4, 5], but this
number is likely underestimated as a result of
diagnostic uncertainty.

Patients with ATTRv amyloidosis com-
monly experience polyneuropathy, restrictive
cardiomyopathy, carpal tunnel syndrome, and
autonomic, gastrointestinal, ocular, and renal

dysfunction [1]. This varied symptom mani-
festation often results in misdiagnoses, with
an accurate diagnosis taking multiple years
and specialist visits [6-8]. For example,
polyneuropathy symptoms have been mistak-
enly attributed to neuropathic conditions
other than ATTRv amyloidosis, leading to
misdiagnoses [1, 9-11]. If left untreated,
symptoms worsen with death occurring 3—
15 years after clinical presentation [1, 12].
Delayed diagnosis in amyloidosis is associated
with poorer quality of life and productivity, as
well as an increased disease burden
(1, 5, 13-15].

Standard treatment options for ATTRv are
limited, with organ transplantation being the
primary approach [1]. However, transplant is
associated with risks, such as morbidity due to
chronic immunosuppression, and has been
shown to be ineffective in the long-term
improvement of quality of life and slowing of
disease progression [1, 16, 17]. Several novel
pharmacological options have been showing
efficacy for treating early stages of ATTRv amy-
loidosis, including TTR stabilizers (e.g., tafami-
dis, diflunisal), RNA interference (RNAi) therapy
(e.g., patisiran), and antisense oligonucleotides
(e.g., inotersen) [18]. The above options, minus
tafamidis, have been approved and are available
for use in the USA.

The economic burden of ATTRv amyloidosis
in the USA has not been quantified. The few
articles examining burden and amyloidosis in a
real-world setting have focused on other forms
of amyloidosis, including systemic light chain
(AL) amyloidosis and cardiac amyloidosis
[19, 20]. These studies have indicated signifi-
cant healthcare utilization and costs associated
with amyloidosis, which we hypothesize would
likely extend to the ATTRv form. This study’s
aim was to estimate the costs and disease bur-
den associated with ATTRv amyloidosis in a
real-world setting.

METHODS

This was a retrospective claims analysis of IBM®
MarketScan® Commercial and Medicare
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Fig. 1 Study time frame. The index date was the first diagnosis of amyloidosis in the identification period (January 1, 2014
to December 31, 2016). The baseline and follow-up periods were defined as the 1 year prior and 1 year after index

Supplemental Databases." The MarketScan
Commercial and Medicare Supplemental Data-
bases represent health services of more than
41.1 million employees, dependents, and retir-
ees in the USA with primary or Medicare sup-
plemental coverage through privately insured
fee-for-service, point-of-service, or capitated
health plans. The databases include enrollment
information and claims with healthcare uti-
lization information (e.g., inpatient and outpa-
tient services, and prescription drug claims)
[21]. All data were compliant with the Health
Insurance Portability and Accountability Act
(HIPAA) of 1996. Institutional review board
approval was not required as MarketScan data
are recorded in such a manner that subjects
cannot be identified, directly or through iden-
tifiers linked to the subjects. Meeting these
conditions makes this research exempt from the
requirements of 45 CFR 46.101 under the
Department of Health and Human Services [22].

Adult patients with ATTRv amyloidosis were
identified by the presence of at least one medi-
cal claim (inpatient or outpatient) for any form
of amyloidosis, except light chain or wild type,
(International Classification of Diseases, 9th
Revision, Clinical Modification [ICD-9-CM]
codes: 277.30, 277.31, 277.39; ICD-10-CM:
E85.0, E85.1, E85.2, E85.3, E85.4, E85.89, E85.9)
in any diagnosis field of a claim during the
identification (ID) period (January 1, 2014 to
December 31, 2016). Since diagnosis codes

! MarketScan is a trademark of IBM Corporation in the
USA and other countries.

specific to hereditary amyloidosis (E85.1, E85.2)
were not available until the introduction of
ICD-10, patients included in the analysis who
did not have one of these two codes were also
required to have either (1) use of diflunisal for at
least 15 days, or (2) liver transplant during the
study period (January 1, 2013 to December 31,
2017). To identify newly diagnosed patients,
patients who had a diagnosis of amyloidosis in
the 1 year before index (washout period) were
excluded. Additionally, we excluded patients
who were not continuously enrolled for at least
1 year prior to the index (baseline period) and at
least 1 year after index (follow-up period). The
index date was the first diagnosis of amyloidosis
in the ID period. See Fig. 1 for study time frame.

Baseline measures included patient demo-
graphic and clinical characteristics, including
age, gender, region, insurance type, and Charl-
son comorbidity index (CCI) [23, 24]. Outcome
measures of interest included inpatient and
outpatient healthcare utilization (i.e., hospital-
ization, inpatient days, emergency department
(ED) and physician office visits, and pharmacy
utilization) and total costs (i.e., inpatient and
outpatient services, and pharmacy). These
measures were created using claims from the
follow-up period. Additional measures included
ATTRv-related comorbidities and selected pro-
cedures of interest, also created using claims
from the follow-up period.

Descriptive statistics, including means,
standard deviations (SD), and relative frequen-
cies and percentages for continuous and
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Table 1 Patient attrition

Criteria

Number

A Adult patients who had > 1 inpatient or outpatient claim with a diagnosis for amyloidosis (except light ~ 9802

chain and wild type) between January 1, 2014 and December 31, 2016. The first diagnosis date was

defined as the index date

B Of A, who had a claim with ICD-10 diagnosis code E85.1 or E85.2, or an additional qualifier for ATTRv 367"

amyloidosis in Y2013-Y2017

C Of B, who had no amyloidosis diagnosis and were continuously enrolled in 1 year prior to the index date 253

(newly diagnosed patients)

D Of C, who were continuously enrolled in the 1-year period after the index date 185

ATTRv hereditary transthyretin

* 322 patients had a claim with E85.1 or E85.2, 60 had > 15 days of diflunisal use, and 11 had a liver transplant; some

patients may have had multiple qualifiers

categorical data, respectively, were reported.
Follow-up and outcome measures of interest
were reported by quarter (Q1, Q2, Q3, Q4) and
at 1year after index. All data transformations
and statistical analyses were performed using
SAS© version 9.4.

RESULTS

Sample Selection and Patient
Characteristics

Of the 9802 identified patients with at least one
amyloidosis claim, 367 had either ICD-10-CM
codes E85.1 or E85.2 or an additional qualifier
for ATTRv amyloidosis. After removal of
patients who were not continuously enrolled in
a healthcare plan or who were not disease free
during the baseline period, 253 patients
remained. Of these, 68 patients were further
excluded for not having 1-year continuous
enrollment during follow-up. The final study
sample consisted of 185 patients with ATTRv
amyloidosis (Table 1).

The mean (SD) age of the study population
was 59.2 (15.2) years, with the highest propor-
tion of patients being in the 65+ age group
(34.1%). The majority of patients were female
(54.1%) and covered by Preferred Provider
Organization (PPO)/Point of Service (POS)
insurance (65.9%) (Table 2).

During the 1-year follow-up period, patients
had a variety of nervous system, ocular, gas-
trointestinal, musculoskeletal, cardiovascular,
and metabolic comorbidities. Of these poten-
tially ATTRv-related comorbidities, neuropathy
affected the most patients [n (%) = 56 (30.3%)]
and vitreous opacity the least [5 (2.7%)] (Fig. 2).
Of the selected procedures performed during
follow-up, electrocardiography and echocar-
diogram were the most common [55.7% and
38.4%, respectively (results not shown)].

Healthcare Utilization and Costs in the 1-
Year Follow-Up

Nearly a quarter of patients (24.9%) were hos-
pitalized in the year following diagnosis, with
on average (SD) 20.2 (39.1) inpatient days
annually among utilizers. Most hospitalizations
and ED visits occurred in the first quarter fol-
lowing diagnosis (18.9%, 17.8%, respectively)
and dropped in subsequent quarters (quarterly
values shown in Table 3). The same trend was
seen in the number of physician office visits
(Table 3).

The 1-year mean (SD) total cost was $64,066
(214,317), with inpatient services contributing
the majority of the expenses [$34,461
(179,301)], followed by outpatient [$23,853
(51,325)], and then pharmacy [$5752 (16,774)].
As with utilization, costs were highest in the
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Table 2 Patient demographics and baseline Charlson
comorbidity index

Patients newly diagnosed with
ATTRv amyloidosis
N =185

Age, years, mean (SD)

59.2 (15.2)
18-34, n (%) 4 (7.6)
35-54 46 (24.9)
55-64 62 (33.5)
65+ 63 (34.1)
Gender, 7 (%)
Female 100 (54.1)
Male 85 (45.9)
Region, 7 (%)
Midwest 38 (20.5)
Northeast 68 (36.8)
South 64 (34.6)
West 15 (8.1)
Insurance type, 7 (%)
PPO/POS 122 (65.9)
Comprehensive 23 (12.4)
CDHP/HDHP 21 (11.4)
HMO 17 (9.2)
Missing/unknown 2 (1.1)
Charlson comorbidity 2.2 (2.5)

index, mean (SD)

ATTRv hereditary transthyretin, CDHP/HDHP con-
sumer directed health plan/high deductible health plan,
HMO health maintenance organization, PPO/POS pre-
ferred provider organization/point of service plan

first quarter following diagnosis and dropped in
subsequent quarters (Fig. 3).

DISCUSSION

In this retrospective analysis of nationally rep-
resentative claims databases, we found that
patients with ATTRv amyloidosis have

substantial healthcare utilization and costs in
the first year following diagnosis. The largest
proportion of cost in the first year occurred in
the first quarter after diagnosis.

This is the first real-world study examining
healthcare costs associated with ATTRv amy-
loidosis in the USA. As such, there are no pub-
lished cost estimates that are clearly comparable
to our current estimates. A 2018 retrospective
study focusing on amyloid light chain (AL)
amyloidosis reported mean total annual all-
cause healthcare costs of $122,180, with
$56,466 from outpatient (including ED visits)
and $54,053 from inpatient services. Total costs
decreased from the first to second year after
diagnosis, consistent with the decline we
observed over a shorter period [20]. The earlier
estimates were higher than ours, likely a result
of clinical differences between the populations
as patients with AL amyloidosis are more likely
to have severe cardiac involvement than those
with ATTRv amyloidosis [1, 25, 26]. A 2019
study of costs among hospitalized patients with
cardiac amyloidosis (excluding hereditary
forms) found mean total cost of $20,584 per
admission [19]. However, neither the prior
studies nor the current one estimated long-term
healthcare utilization and costs. A 2018 survey
of patients with familial amyloidotic polyneu-
ropathy found that patients in later stages of the
disease had more ED visits and hospitalizations
than those in earlier stages, but they did not
estimate costs [27]. A real-world analysis incor-
porating longer follow-up in later stages of
ATTRv amyloidosis would be informative, and
we are contemplating such a study. Two recent
international articles examined societal and
public costs of ATTRv amyloidosis. A 2016 study
of patients with ATTRv polyneuropathy in Por-
tugal found a mean cost (including direct and
indirect costs) per patient of €28,152 with
treatment costs contributing the largest portion
(52%) [28]. Similar to our study, Inés et al.
found the greatest proportion of patients with
amyloidosis in the older age groups [28]. Addi-
tionally, the study reported the greatest disease
burden for this group [28]. A fiscal cost model
found that patients with ATTRv amyloidosis in
the Netherlands pay less taxes and receive
incrementally more in government
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Neuropathy

Diabetes

Dyspnea

Congestive heart failure
Ventricular hypertrophy
Restrictive cardiomyopathy
Renal failure

Hypotension
Nausea/vomiting

Carpal tunnel

Spinal stenosis

Diarrhea

Constipation

Cognitive impairment/dementia
Weight loss

Hypertrophic cardiomyopathy
Glaucoma

Incontinence

Vitreous opacity

56 (30.3)
50 (27.0)
48 (25.9)
40 (21.6)
28 (15.1)
24 (13.0)
20 (10.8)
15 8.1)
13 (7.0)
11 (5.9)
11 (5.9)
11 (5.9)
8 (4.3)
8 (4.3)
7(3.8)
6(3.2)
6(32)
6(32)
5(@2.7)

Fig. 2 Number (%) of patients with comorbidities of interest during the 1-year follow-up. Of the potentially ATTRv-
related comorbidities, neuropathy affected the most patients [ (%) = 56 (30.3%)] and vitreous opacity the least [5 (2.7%)]

Table 3 Healthcare utilization during 1-year follow-up and stratified by quarter

Q1 Q2 Q3 Q4 1-Year follow-up
N=18 N=18 N=185 N=18 N=185
Any inpatient hospitalizations, 7 (%) 35 (18.9) 13 (7.0) 9 (4.9) 10 (54) 46 (24.9)
Inpatient days among all patients, mean (SD) 3.0 (16.0) 1.2 (74) 0.5 (3.5) 02 (1.3) 5.0 (21.2)
Inpatient days among utilizers, # mean (SD) 35 13 9 10 46
15.8 (342) 17.8 (22.6) 11.1 (12.2) 4.6 (3.6) 20.2 (39.1)
Any ED visits, 7 (%) 33 (17.8) 21 (114) 7 (3.8) 17 (92) 53 (28.6)
No. of physician office visits, mean (SD) 54 (5.2) 3.7 (5.7) 2.7 (5.0) 2.5 (4.6) 142 (17.2)
No. of prescription fills, mean (SD) 89 (87)  7.1(87)  55(74)  44(70) 259 (267)

ED emergency department, SD standard deviation

intervention, with the conclusion that halting
disease progression early would result in eco-
nomic benefits beyond health benefits [14]. In
the simulated disease scenarios, patients with

severe cardiomyopathy had less significant
health costs due to early mortality compared to
patients without severe cardiomyopathy. While
not directly comparable to our study, both of
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$33,766

$1,734

$13,858

$8,107 $8,335
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PR $1,563 $1,193
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$64,066

$5,752

Pharmacy

Outpatient services

M Inpatient services

$34,461

Full year

Fig. 3 Healthcare costs (adjusted to 2017 USD) during 1-year follow-up. Costs were highest in the first quarter following

diagnosis and dropped in subsequent quarters

these studies identified substantial burden and
costs associated with the disease.

The current study provides the first real-
world estimates of healthcare costs associated
with ATTRv amyloidosis in the USA. These cost
estimates may be useful for comparing the value
of different treatment strategies, including any
novel therapies that may emerge.

Limitations

This study had several limitations. First, our
approach to patient identification has not vali-
dated using medical records; however, the
majority of patients in the final sample were
included because they had codes for hereditary
amyloidosis (ICD-10-CM codes: E85.1 or E85.2),
increasing our confidence that the correct pop-
ulation was identified. Second, the fixed 1-year
follow-up period would have excluded those
who died within 12 months of diagnosis, which
might have resulted in an underestimate of
cost. As information on disease stage is not
available in the data source used, the patient
population could have been skewed towards
those patients with an earlier stage of ATTRv
amyloidosis. This might have also resulted in an
underestimate of costs, as chronic diseases

generally incur higher costs over time due to
disease progression [20, 29, 30]. Third, this
study examines only direct healthcare costs and
does not include indirect costs such as reduced
work productivity. Moreover, while we did not
examine the effect of demographic factors, such
as age, on the burden of illness, we would
expect to find greater burden in certain popu-
lations similar to what has been found in other
amyloidosis studies [14, 28]. Additionally, costs
prior to diagnosis, which may also contribute to
burden, were not captured.

CONCLUSION

Quantifying the true economic burden of
ATTRv amyloidosis remains a challenge due to
diagnostic delays, lack of disease awareness, the
disease’s rarity, and its wide variety of symp-
toms and clinical presentations. Patients newly
diagnosed with ATTRv amyloidosis have sub-
stantial healthcare utilization and costs in the
first year, primarily the initial months, follow-
ing diagnosis. Further analysis is needed of
longer-term—beyond 1 year through end-of-
life—healthcare utilization and costs associated
with ATTRv amyloidosis, and of the determi-
nants of such burden.
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