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Abstract

Background: Autosomal dominant polycystic kidney disease (ADPKD) is one of the most common inherited kidney
diseases characterized by progressive development of renal cysts and numerous extra-renal manifestations,
eventually leading to kidney failure. Given its chronic and progressive nature, ADPKD is expected to carry a
substantial economic burden over the course of the disease. However, there is a paucity of evidence on the impact
of ADPKD from a societal perspective. This study aimed to estimate the direct and indirect costs associated with
ADPKD in the United States (US).

Methods: A prevalence-based approach using data from scientific literature, and governmental and non-
governmental organizations was employed to estimate direct healthcare costs (i.e, medical services, prescription
drugs), direct non-healthcare costs (i.e, research and advocacy, donors/recipients matching for kidney transplants,
transportation to/from dialysis centers), and indirect costs (i.e., patient productivity loss from unemployment,
reduced work productivity, and premature mortality, caregivers’ productivity loss and healthcare costs). The
incremental costs associated with ADPKD were calculated as the difference between costs incurred over a one-year
period by individuals with ADPKD and the US population. Sensitivity analyses using different sources and
assumptions were performed to assess robustness of estimates and account for variability in published estimates.

Results: The estimated total annual costs attributed to ADPKD in 2018 ranged from $7.3 to $9.6 billion in sensitivity
analyses, equivalent to $51,970 to $68,091 per individual with ADPKD. In the base scenario, direct healthcare costs
accounted for $5.7 billion (78.6%) of the total $7.3 hillion costs, mostly driven by patients requiring renal
replacement therapy ($3.2 billion; 43.3%). Indirect costs accounted for $1.4 billion (19.7%), mostly driven by
productivity loss due to unemployment ($784 million; 10.7%) and reduced productivity at work ($390 million; 5.3%).
Total excess direct non-healthcare costs were estimated at $125 million (1.7%).

Conclusions: ADPKD carries a considerable economic burden, predominantly attributed to direct healthcare costs,

the majority of which are incurred by public and private healthcare payers. Effective and timely interventions to
slow down the progression of ADPKD could substantially reduce the economic burden of ADPKD.
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Background

Autosomal dominant polycystic kidney disease (ADPKD) is
the most common of the inherited renal cystic diseases, a
group of related but pathologically distinct disorders charac-
terized by the progressive development of renal cysts [1].
The course of the disease is often associated with various
other systemic extra-renal manifestations, including cysts in
other organs such as the liver, seminal vesicles, pancreas,
arachnoid membrane, and other complications such as urin-
ary tract infection, acute or chronic flank and abdominal
pain, and cardiovascular abnormalities, including hyperten-
sion, peripheral vascular disease, mitral valve prolapse, and
intracranial aneurysms, which contribute to a greater mor-
tality risk [1, 2]. The progressive irreversible decline in kid-
ney function eventually leads to kidney failure [3]. In the
United States (US), ADPKD is the fourth leading cause of
end-stage renal disease (ESRD) [1, 4], with ESRD occurring
at an average age of 57 years among individuals with
ADPKD, leading to a substantial population of patients re-
quiring expensive dialysis or renal replacement therapy [5].

Given that ADPKD is a life-long and progressive dis-
order, a substantial economic burden over the course of
the disease is expected, including a variety of treatment-
related and other costs [6—13]. Few studies to date have
estimated direct and indirect costs among patients with
ADPKD. Studies in the US have predominantly focused
on direct medical costs, and found that healthcare costs
tended to increase with advancing disease stage and were
particularly high among patients with advanced renal dys-
function, including individuals with ESRD requiring renal
replacement therapy (ESRD-RRT) [8, 10, 11]. To our
knowledge, the only study that estimated both direct and
indirect costs associated with ADPKD was based on a
Nordic population (i.e., Denmark, Finland, Norway, and
Sweden) [9], and may therefore not be representative of
the economic burden of ADPKD in the US.

The economic burden of ADPKD from a US societal
perspective remains unknown. With rising healthcare
costs, there is a growing need for comprehensive esti-
mates of the economic burden of ADPKD to inform
clinical practice and decision-making.

Therefore, the objective of this study was to estimate
the economic burden of ADPKD from a US societal per-
spective using the published literature and government
and non-profit data sources.

Methods

Study design

The economic burden associated with ADPKD was esti-
mated for 2018 and comprised direct healthcare costs, direct
non-healthcare costs, and indirect costs. Cost components
were identified from scientific publications, governmental
agencies, and non-governmental organizations. Costs were
stratified by disease stage when information was available.
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Costs associated with ADPKD were calculated using a
prevalence-based approach with a prevalence of 0.043%
and the estimated 2018 US adult population from the
US Census Bureau [14, 15]. The number of individuals
with ESRD-RRT due to a primary diagnosis of ADPKD
in the US was derived from the United States Renal Data
System (USRDS) [16]. The distribution of the prevalence
of ADPKD for chronic kidney disease (CKD) stages 1-5
was estimated based on the relative proportion of indi-
viduals with each disease stage (excluding individuals
with ESRD-RRT) based on the literature [17]. The incre-
mental costs associated with ADPKD were estimated
based on the average cost difference between an individ-
ual with ADPKD and an individual from the US popula-
tion (comparison group), and thus constitute the
“excess” costs attributed to ADPKD; similar method-
ology has been used in several previous publications
[18-26]. All costs were expressed in 2018 US dollars,
with direct healthcare costs adjusted using the Con-
sumer Price Index for All Urban Consumers (CPI-U):
Medical Care and direct non-healthcare and indirect
costs adjusted using the CPI-U: All Items [27]. Adjust-
ments for population growth were made for parameters
estimated prior to 2018 using the population estimates
from the US Census Bureau [15].

Direct healthcare costs

Excess direct healthcare costs associated with ADPKD
were calculated based on the average annual excess dir-
ect healthcare costs incurred by an individual with
ADPKD compared to those incurred by an individual
from the US population, stratified by disease stage,
multiplied by the estimated number of individuals with
ADPKD by disease stage in the US [16, 17]. Excess direct
healthcare costs incurred by payers for an insured indi-
vidual were based on estimates from Knight et al. [10].
As reported by Knight et al., the comparison group of
individuals from the US population consisted of a ran-
dom sample of sex- and age-matched patients without
polycystic kidney disease (PKD) or ADPKD [10]. To esti-
mate the direct healthcare costs from a societal perspec-
tive, out-of-pocket expenditures were added as a
proportion of the absolute costs based on estimates
available in the literature for patients with non-dialysis
dependent CKD, patients with ESRD, and the US popu-
lation [16, 28-30]. In the absence of published estimates
for the excess costs incurred by publicly insured and un-
insured individuals with ADPKD, excess costs were as-
sumed to be the same for privately and publicly insured
individuals with ADPKD, and uninsured individuals with
ADPKD were assumed to incur no excess costs com-
pared to uninsured individuals in the US population. Ex-
cess direct healthcare costs by insurance type were
weighted by the proportion of individuals by insurance
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type [16, 29] to obtain the estimated average excess dir-
ect healthcare costs for an individual with ADPKD com-
pared to an individual from the US population, stratified
by disease stage.

Direct non-healthcare costs

Direct non-healthcare cost components included research,
training, advocacy, matching of donors and recipients for
kidney transplant, and transportation to and from dialysis
centers. Costs of research, training, and advocacy were
drawn directly from the estimates of funding for research
on PKD reported by the National Institute of Health (NIH)
and from the annual report of the PKD Foundation [31,
32]. Costs of matching donors and recipients for kidney
transplant among individuals with ADPKD were based on
the Organ Procurement and Transplantation Network
(OPTN) fees and the United Network for Organ Sharing
(UNOS) fees multiplied by the number of individuals wait-
ing for a kidney transplant due to ADPKD [16, 33-35].
Costs of transportation to and from dialysis centers among
individuals with ADPKD in the US were based on the aver-
age transportation costs for individuals using in-center dia-
lysis multiplied by the number of individuals with ADPKD
using in-center dialysis in the US [12, 16]. The number of
individuals with ADPKD using in-center dialysis in the US
was computed as the number of individuals with ESRD-
RRT requiring dialysis due to cystic kidney disease in the
US multiplied by the proportion of individuals with ESRD-
RRT due to ADPKD among individuals with cystic kidney
disease and the proportion of individuals requiring in-
center dialysis among individuals requiring dialysis due to
cystic kidney disease [16]. Of note, it was assumed that dir-
ect non-healthcare costs incurred by patients with ADPKD
would be zero if these individuals did not have ADPKD.
Therefore, the direct non-healthcare costs associated with
ADPKD were assumed to be equal to the excess direct
non-healthcare costs.

Indirect costs

The studied components of indirect costs were reduced
productivity at work, loss of productivity due to un-
employment, loss of productivity from premature mor-
tality, and caregiver burden, as previously identified by
Cloutier et al. [18]. The latter included loss of productiv-
ity as a result of caregiving as well as incremental health-
care costs incurred by caregivers.

Unemployment

Costs associated with productivity loss from unemploy-
ment were estimated based on the excess number of un-
employed individuals with ADPKD multiplied by the
age-adjusted average annual wage in the US employed
population [9, 16, 36]. The excess number of un-
employed individuals with ADPKD was computed based
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on the number of individuals with ADPKD aged 15-64
years old by disease stage, the employment-to-
population ratio in the ADPKD population by disease
stage, and employment-to-population ratio in the US
population given the average age of working-age individ-
uals with ADPKD in each disease stage.

Reduced productivity at work

Reduced productivity at work was assessed based on the
productivity weight in the ADPKD employed population
by disease stage compared to the US population. Costs as-
sociated with this reduced productivity were further calcu-
lated based on the number of employed individuals with
ADPKD by disease stage and the average annual wage in
the US employed population given the average age of
working-age individuals with ADPKD in each disease
stage. The number of employed individuals with ADPKD
was based on the number of individuals with ADPKD by
disease stage and the employment-to-population ratio in
the ADPKD population by disease stage [9, 36—38].

Premature mortality

Premature all-cause mortality is associated with a prod-
uctivity loss for the society. These costs were estimated
using the following components by age group: (1) all-
cause excess mortality rate in the ADPKD population
compared to the US general population [15, 39], (2) the
average number of years of productive life (i.e., based on
retirement age) in the US general population [40], and (3)
the average annual wage in the US employed population
[41]. In order to calculate the net present value of costs
arising in the future, a 3% discount rate was applied to the
productivity loss from premature all-cause mortality [42].

Caregiver burden
The productivity loss from caregiving was defined as the
number of unpaid hours of care received by individuals
with ADPKD [9]. The associated costs were calculated
for each disease state by multiplying the number of
hours lost by the average hourly wage in the US [36]. Of
note, it was assumed that productivity loss due to care-
giving would be zero if individuals with APDKD did not
have ADPKD. Accordingly, for this component, the total
costs were assumed to be equal to the excess costs.
Moreover, to obtain excess healthcare costs incurred
by caregivers of individuals with ADPKD, the estimated
excess direct healthcare costs incurred by a family care-
giver compared to those of a non-caregiver were multi-
plied by the number of individuals with ADPKD
receiving assistance from family caregivers by disease
stage [29, 34, 43, 44]. The proportion of excess direct
healthcare costs incurred by caregivers was derived from
Albert et al. based on stratified analyses comparing care-
givers and non-caregivers within groups defined by age,
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gender, and white-collar versus blue-collar status [43].
The excess direct healthcare costs incurred by a family
caregiver were then computed by multiplying the pro-
portion of excess costs among caregivers with the aver-
age direct all-cause healthcare costs per individual per
year in the US population reported in the Medical Ex-
penditure Panel Survey (MEPS) survey [29].

Sensitivity analyses

Four sensitivity analyses were conducted to assess the
impact of using different sources and assumptions on
the estimates. First, an adjustment was made to the esti-
mated excess direct healthcare costs among publicly in-
sured individuals to reflect potentially higher excess
direct healthcare costs compared to those of commer-
cially insured individuals [45]. Second, direct healthcare
costs for uninsured individuals with ADPKD were esti-
mated based on the average medical costs reported in
the literature for the US uninsured population and the
ratio of the direct healthcare costs for individuals with
ADPKD versus without ADPKD, as measured in Knight
et al. [10, 18, 46]. Third, the number of hours per year
devoted to caregiving for an individual with ADPKD was
varied based on estimates for the CKD population [13,
47]. Finally, the economic burden of ADPKD was calcu-
lated based on the distribution of the prevalence of
ADPKD per disease stage from Neumann et al., without
adjustment for the number of individuals with ESRD-
RRT based on the USRDS [17].

Results

The total ADPKD population in the US in 2018 was esti-
mated at 140,598 individuals based on a prevalence of
0.043%. The economic burden associated with ADPKD
for these individuals was estimated at $7.3 billion in
2018, that is $51,970 per individual with ADPKD
(Table 1). The main cost drivers were excess direct
healthcare costs ($5.7 billion; 78.6%), followed by un-
employment ($784 million; 10.7%) and reduced product-
ivity at work ($390 million; 5.3%) (Fig. 1).

Direct healthcare costs

The estimated annual excess direct healthcare costs for
an individual with ADPKD compared to an individual
from the US population increased with disease stage,
with the difference ranging from < $20,000 for CKD
stages 1 and 2 to > $110,000 for CKD 5 (Fig. 2). Out-of-
pocket expenditures were assumed to be 11.2% of total
direct healthcare costs for CKD stages 1-5, 5.7% for
ESRD-RRT, and 12.2% for the US population [16, 28—
30]. For CKD stages 1-5, the proportion of uninsured
individuals was estimated at 8.1% [29], and that of
Medicare-insured individuals was assumed to be that of
individuals above 65 years old (i.e., 4.5 to 39.5%, across

Table 1 Societal costs associated with ADPKD in the US in 2018
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Component'

Excess costs (2018 USD)

Excess direct healthcare costs

CKD stage 1 $545,894,174
CKD stage 2 $612,261,195
CKD stage 3 $619,300,610
CKD stage 4 $354,143,587
CKD stage 5 (excluding ESRD-RRT) $442,190,064
ESRD-RRT $3,167,501,412
Total excess direct healthcare costs $5,741,291,041
Excess direct non-healthcare costs
Research, training, and advocacy $35,714,993
Costs of matching donors and $7,583,334
recipients for kidney transplant
Costs of transportation to and $81,428,941
from dialysis center
Total excess direct non-healthcare costs $124,727,268
Excess indirect costs
Unemployment $783,819,493
CKD stages 1-3 $256,201,951
CKD stages 4-5 (excluding ESRD-RRT) $115,955,070
ESRD-RRT $411,662,472
Reduced productivity at work $390,316,213
CKD stages 1-3 $237,533,624
CKD stages 4-5 (excluding ESRD-RRT) $59,850,579
ESRD-RRT $92,932,010
Productivity loss from premature $196,789,459
mortality
Caregivers' productivity loss $53,060,981
CKD stages 1-3 $7,086,663
CKD stages 4-5 (excluding ESRD-RRT)  $9,689,005
ESRD-RRT $36,285,312
Caregivers' direct healthcare costs $16,831,670
CKD stages 1-3 $7,712428
CKD stages 4-5 (excluding ESRD-RRT) $1,210672
ESRD-RRT $7,908,570
Total excess indirect costs $1,440,817,816
Total excess direct healthcare, direct $7,306,836,126

non-healthcare, and indirect costs

ADPKD autosomal dominant polycystic kidney disease; CKD chronic kidney
disease; CPI consumer price index; ESRD-RRT end stage renal disease requiring
renal replacement therapy; US United States; USD United States dollars

Notes

1. Based on a prevalence of 0.043%, the ADPKD population in the US was
estimated at 140,598 individuals in the US. Of those, there were 29,669
individuals with CKD stage 1; 35,129 with CKD stage 2; 29,123 with CKD stage
3; 10,739 with CKD stage 4; 4004 with CKD stage 5 (excluding ESRD-RRT); and
31,934 with ESRD-RRT. Costs were adjusted to 2018 dollars using the
Consumer Price Index
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United States

m Excess direct healthcare
costs

m Excess direct non-
healthcare costs

m Excess costs from
unemployment

m Excess costs from reduced
productivity at work

Excess costs from
productivity loss due to
premature mortality

Excess costs from
caregivers' productivity loss
and direct healthcare costs

Fig. 1 Distribution of total excess costs associated with ADPKD in the US in 2018. ADPKD: autosomal dominant polycystic kidney disease; US:

J

CKD stages). For ESRD-RRT, the proportion of unin-
sured and Medicare-insured individuals was estimated at
5.1 and 42.0%, respectively [16]. Overall, excess direct
healthcare costs were estimated at $5.7 billion, 55.2% of
which was incurred by individuals with ESRD-RRT.

Direct non-healthcare costs

Costs of research, training, and advocacy for ADPKD in
the US were estimated at $35.7 million, that is, $29.2
million for NIH-funded research and $6.6 million for
the PKD Foundation. Costs of matching donors and re-
cipients for kidney transplant among individuals with
ADPKD were estimated at $7.6 million, that is, $979 per
individual with ADPKD waiting for a kidney transplant
(n =7746). Costs of transportation to and from dialysis

centers among individuals with ADPKD in the US were
estimated at $81.4 million, that is $9112 per individual
with ADPKD using in-center dialysis (n = 8936). Collect-
ively, excess direct non-healthcare costs were estimated
at $124.7 million.

Indirect costs
Overall, annual excess indirect costs associated with
ADPKD were estimated at $1.4 billion, 35.0% of which
was associated with excess unemployment and reduced
productivity at work among individuals with ESRD-RRT.
The estimated difference in the employment-to-
population ratio in the ADPKD and US populations in-
creased with disease stage, and ranged from 6.7% for CKD
stages 1-3 to 41.1% for ESRD-RTT (Fig. 3a) [9, 16]. Based

-

Number of Excess
individuals?

(N=140,598)

Disease

stage cost per

N

Total excess costs (million 2018 USD)
individual

3. Excluding ESRD-RRT

CKD 1 29,669 (21.1%) $18,400
CKD 2 35,129 (25.0%) $17,429
CKD 3 29,123 (20.7%) $21,265
CKD 4 10,739 (7.6%) $32,977
CKD 5° 4,004 (2.8%) $110,427
ESRD-RRT 31,934 (22.7%) $99,189 $3,168
$0 $1,000 $2,000 $3,000 $4,000

Fig. 2 Direct healthcare costs'. ADPKD: autosomal dominant polycystic kidney disease; CKD: chronic kidney disease; ESRD-RRT: end stage renal
disease requiring renal replacement therapy; US: United States. Notes: 1. As reported by Knight et al,, patients with ADPKD were matched to a
random sample of patients without polycystic kidney disease or ADPKD based on sex and age [10]. 2. Individuals with ADPKD in the US in 2018.
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a) Unemployment
Disease Unemployment-to-
stage

population ratio
ADPKD us

Total excess costs? (million 2018 USD)

b) Reduced productivity at work

CKD1-3 714% 91.3%
CKD 4-5" 53.2% 77.2%
ESRD-

RRT 35.6% 738%

CKD1-3 28.6% 219% $256
CKD4-5! 46.8% 23.3%
ESRD-
RRT 64.4% 23.3% $412
$0 $100  $200  $300  $400  $500

Disease | Employment® | Productivity Total excess costs? (million 2018 USD)
stage weight?

$238

$60

$93

$0

Fig. 3 Indirect costs from unemployment and reduced productivity at work. ADPKD: autosomal dominant polycystic kidney disease; CKD: chronic
kidney disease; ESRD-RRT: end stage renal disease requiring renal replacement therapy; US: United States. Notes: 1. Excluding ESRD-RRT. 2.
Unemployment-to-population ratio and average annual earings in the US population were age-adjusted given the average age of working-age
individuals in each of the ADPKD disease stages. 3. Employment-to-population ratio among individuals with ADPKD. 4. Productivity weight in
employed individuals with ADPKD (based on Work Productivity and Activity Impairment [WPAI])

$100 $200 $300

on the US average annual wage given the average age of
working-age individuals with ADPKD in each disease
stage (i.e., $51,166 for CKD stages 1-3, $51,856 for CKD
stages 4-5, and $51,856 for ESRD-RRT) [36], total excess
indirect costs associated with productivity loss from un-
employment were estimated at $784 million.

Employed individuals with ADPKD experienced reduced
productivity compared to the US employed population,
with a productivity weight ranging from 91.3% for individ-
uals with CKD stages 1-3 to 73.9% for individuals with
ESRD-RRT (Fig. 3b) [9]. Based on the US average annual
wage given the average age of working-age individuals with
ADPKD in each disease stage, total excess indirect costs as-
sociated with productivity loss from reduced productivity at
work were estimated at $390 million.

Premature mortality was also associated with a large
productivity loss. Compared to the US population aged
35 years or older, annual all-cause mortality rates among
individuals with ADPKD were 1.8 to 5.4 times higher

depending on the age group, while the mortality rate
was assumed to be equal for individual aged 15-34 years
[15, 39, 40]. The productivity loss from premature mor-
tality translated into total excess indirect costs estimated
at $197 million.

Productivity loss associated with caregiving was esti-
mated based on an average of 3.1, 27.0, and 46.7 h of
caregiving annually for individuals with ADPKD with
CKD stages 1-3, CKD stages 4-5, and ESRD-RRT, re-
spectively [9], and a US average hourly wage of $24.34
[41]. Total excess indirect costs associated with product-
ivity loss from caregiving were estimated at $53 million.
Caregiving has also been associated with incremental
direct healthcare costs [43]. Based on estimated in-
creased direct healthcare costs of 8% for caregivers com-
pared to those of non-caregivers (i.e., $434 per year),
and a proportion of individuals with ADPKD with an
unpaid caregiver estimated at 19% for CKD stages 1-5
and 57% for ESRD-RRT, total excess costs from
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caregivers’ direct healthcare costs were estimated at $17
million [29, 34, 43, 44].

Sensitivity analyses

The main analysis presented the most conservative esti-
mates of the economic burden associated with ADPKD
(i.e., $7.3 billion; $51,970 per individual with ADPKD).
In sensitivity analyses, the economic burden associated
with ADPKD was estimated at up to $9.6 billion, that is,
$68,091 per individual with ADPKD. By assuming that
Medicare-insured individuals incur 14.4% higher direct
healthcare costs than commercially insured individuals
and that uninsured individuals with ADPKD incur 3 to
18 times higher direct healthcare costs than the unin-
sured US population (depending on disease stage), esti-
mated total excess direct healthcare costs increased from
$5.7 billion to $6.1 billion [10, 18, 46]. By varying the
number of hours devoted to caregiving, indirect costs
due to caregivers’ productivity loss increased from $53
million to $536 million as the number of hours devoted
to caregiving for individuals with ADPKD increased to
3.1, 92.6, and 638.2 annually for individuals with CKD
stages 1-3, CKD stages 4-5, and ESRD-RRT, respect-
ively [9, 13, 47]. Finally, by varying the source used to es-
timate the prevalence of ADPKD per disease stage, the
proportion of individuals with ADPKD with ESRD-RRT
was increased from 22.7 to 32.2% [17], increasing the es-
timate of total excess direct healthcare costs to $7.2 bil-
lion and that of total excess indirect costs to $2.3 billion.

Discussion

This study estimated the societal costs of ADPKD in the
US in 2018 and found that ADPKD was associated with
a significant burden. Indeed, incremental costs associ-
ated with ADPKD were estimated at $7.3 billion, equiva-
lent to $51,970 per individual with ADPKD. In
sensitivity analyses based on different assumptions, esti-
mates ranged up to $9.6 billion, equivalent to $68,091
per individual with ADPKD. The largest contributor to
excess costs of ADPKD was direct healthcare costs ($5.7
billion; 78.6% of total excess costs), over half of which
were incurred by individuals with ESRD-RRT. Excess in-
direct costs were estimated at $1.4 billion (19.7% of total
excess costs), driven primarily by costs of unemployment
($784 million; 10.7% of total excess costs) and reduced
productivity at work ($390 million; 5.3% of total excess
costs). Total excess direct non-healthcare costs were es-
timated at $125 million.

Prior studies reporting on the burden of ADPKD are
scarce, with studies reporting both direct and indirect
costs associated with ADPKD being based on non-US
populations and studies based on the US population fo-
cusing on direct costs only. One study that examined
both direct and indirect costs of ADPKD among a
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population from four Nordic countries (i.e., Denmark,
Finland, Norway and Sweden) showed that the economic
burden of ADPKD was substantial at all levels of disease.
It also found that progression was associated with in-
creased resource use and costs including direct health-
care costs and indirect costs related to productivity loss
and informal care [9]. Depending on the country, direct
healthcare costs comprised 25-43% of total costs associ-
ated with ADPKD among patients with CKD stages 1-3,
27-37% among those with CKD stages 45, and 60—90%
among those with ESRD-RRT [9]. Indirect costs
accounted for a substantial proportion of the burden of
ADPKD (10-75% depending on disease stage and coun-
try), and were largely driven by productivity loss. How-
ever, the representativeness of these estimates in a US
population may be limited given the important differ-
ences in the healthcare systems between the two popula-
tions, which may translate into different healthcare
resource utilization and disease management.

In a US context, there is scant information on the bur-
den of ADPKD from a societal perspective as prior stud-
ies estimating the costs of ADPKD in the US focused on
direct healthcare costs only and did not include indirect
costs [7, 10, 11]. Consistent with the current study, these
studies found that total healthcare costs associated with
ADPKD are high, particularly among patients with ESRD
requiring dialysis [7, 10, 11]. More generally, in the CKD
setting, studies in the US population have also shown
that healthcare costs associated with CKD are substantial
and increase steadily with each CKD stage progression,
with ESRD costs being the highest [48, 49]. In a study
published in 2017, excess annual healthcare costs associ-
ated with CKD in the US were estimated at $19,564 per
individual with CKD, or $12.0 billion for the US popula-
tion [49].

Studies focusing only on direct healthcare costs do not
fully account for the societal burden associated with
ADPKD, as indirect costs related to work productivity
loss and caregiver support account for a significant pro-
portion of overall costs in this population. Indeed, as this
study found, indirect costs accounted for 19.7% of the
burden associated with ADPKD in the US. Importantly,
although rare diseases, by definition, have a low preva-
lence, they can nonetheless carry a significant overall
economic burden, comparable to more common dis-
eases, but one that translates to a greater cost per pa-
tient. For example, the total incremental cost of ADPKD
estimated at $7.3 billion in the present study amounts to
$51,970 per patient per year—nearly four times higher
than that estimated for diabetes per patient ($13,504 per
patient per year), another disease that can lead to CKD,
with a higher prevalence compared to ADPKD [21]. In
the context of rare diseases, examples of annual excess
direct and indirect costs include $24,612 for juvenile
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idiopathic arthritis and $31,765 for scleroderma, which
are also substantially lower than that for ADPKD found
in the present study [50, 51].

Rare diseases in general are subject to high unmet
needs in part due to limited knowledge of the disease
and the challenges in conducting intensive research to
develop therapeutic options for a rare patient popula-
tion. Given the considerable burden per patient, any
treatment strategy targeted at improving or delaying dis-
ease manifestations in ADPKD carries a high potential
for reducing disease burden. Our findings showed that
most of the burden associated with ADPKD was in-
curred by individuals with ESRD-RRT, suggesting that
effective treatments and practices targeted at alleviating
the manifestations of the disease and preventing decline
of renal function have the potential to reduce healthcare
costs in these patients, as well as indirect productivity
loss and caregiver burden. In particular, as hospital read-
missions have been shown to contribute to higher costs
in patients with ESRD-RRT [48], efforts to reduce read-
missions would lead to cost reductions. Moreover, ef-
fective management of increasing comorbidities with
advancing disease stage, including heart failure and
hyperkalemia, may offer further potential for cost reduc-
tions. Novel treatments for ADPKD are currently the
subject of several clinical trials, and, in 2018, one treat-
ment received regulatory approval in the US for the
treatment of ADPKD in patients at risk of rapidly pro-
gressing disease [52—57]. These treatments have the po-
tential help alleviate the burden of ADPKD for both
individuals living with this disease, and their caregivers.

This study is subject to a number of limitations. Direct
healthcare costs were calculated among individuals with
a recorded diagnosis for ADPKD who had symptomatic
disease (e.g., CKD), and thus may not fully reflect the
costs incurred from a societal perspective as undiag-
nosed and/or asymptomatic individuals may have in-
curred costs which were not captured. Other costs may
not have been captured in the current analysis. For ex-
ample, there is scarce information on costs incurred by
live kidney donors; therefore, these costs were not in-
cluded. Similarly, costs associated with disability leaves
may not have been fully captured under the productivity
loss component as there was limited information on the
extent to which individuals on disability leave were in-
cluded in the studies used for the calculations. Another
limitation is that there was scant information on direct
excess healthcare costs incurred by individuals with
ADPKD insured with Medicare or Medicaid, such that
estimates of excess direct healthcare costs heavily relied
on estimates among commercially insured individuals.
While sensitivity analyses were conducted to account for
potential differences between insurance types, further
studies are warranted to confirm estimates for these
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populations. Moreover, there was little information on
the number of hours devoted to caregiving by patient’s
disease stage (especially in the US), and there were im-
portant variations in published estimates from different
sources. While sensitivity analyses were conducted to ac-
count for various estimates, further studies are war-
ranted to confirm the unpaid time devoted to caring for
individuals with ADPKD in the US. Finally, in the ab-
sence of a single data source for costs related to
ADPKD, several estimates from the literature and gov-
ernmental publications were combined, including ex-US
sources and/or sources pertaining to renal diseases (e.g.,
cystic kidney disease, CKD or ESRD in general) which
may not be entirely representative of the US context.
Similarly, while the costs incurred by patients with
ADPKD should have ideally been compared to those of
individuals with similar characteristics, identification of
comparison groups of individuals without ADPKD was
limited by the scope of the published literature and data
from government and non-profit organizations. For ex-
ample, the excess direct healthcare costs (representing ~
75% of the total excess costs) were derived from a cohort
of individuals with ADPKD and a sex- and age-matched
cohort of individuals without ADPKD [10]. Yet, other
differences between cohorts may not have been adjusted
for, which may have confounded the estimates.

Conclusion

ADPKD imposes substantial societal costs. Total annual
excess costs associated with ADPKD were estimated at
$7.3 billion, equivalent to $51,970 per individual with
ADPKD in the US in 2018. While direct healthcare costs
are the main drivers of the burden of ADPKD, indirect
costs are substantial from a societal perspective and cor-
respond to about 20% of the annual burden of ADPKD,
with most of these costs incurred by individuals with
ESRD-RRT. The findings of this study suggest that
timely and effective treatment to alleviate the manifesta-
tions of the disease may significantly reduce the burden
of ADPKD on individuals and society.
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