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Abstract

Background Kidney replacement therapy (KRT) is a lifesaving but costly treatment for patients with end-stage kidney dis-
ease (ESKD). The objective of this study was to review full economic evaluations comparing KRT modalities specified as
hemodialysis (HD), peritoneal dialysis (PD), and kidney transplantation (KT) for patients with ESKD.

Methods We conducted a systematic review of the literature from PubMed, Embase, EconLit (EBSCO), Web of Science,
Cochrane Library, National Health Service Economic Evaluation Database (NHS EED), Centre for Reviews and Dissemina-
tion (CRD) Database of Abstracts of Reviews of Effects (DARE), and CRD Health Technology Assessment Database from
inception until 5 January 2020. Full economic evaluations were included if they compared three forms of KRT specified as
PD, HD, and KT. The reporting quality of included studies was assessed using the Consolidated Health Economic Evalua-
tion Reporting Standards (CHEERS) checklist.

Results Ten studies were identified in the review. The majority of the studies were model-based evaluations and included a
cost-utility analysis. Four studies were conducted from a public healthcare perspective, three from a societal perspective, and
three from a third-party payer perspective. None of the studies adequately addressed all the applicable items of the CHEERS
checklist. The most infrequently reported items were characterizing heterogeneity, target population, and characterizing
uncertainty. There is a lack of studies that conduct from a societal perspective and take into account characterizing hetero-
geneity. All included studies indicate that KT is the most cost-effective KRT modality, with either a dominant position over
HD and PD or an incremental cost-effectiveness ratio well below the accepted willingness-to-pay threshold. The majority
of studies suggest that PD is less costly and offers comparable or better health outcomes than HD.

Conclusions Our systematic review suggests that KT is the most cost-effective KRT modality, but there is no firm conclusion
about the cost-effectiveness of HD and PD. Further economic evaluations can be conducted from a societal perspective and
detail the evidence for subsets of patients with different characteristics.
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1 Introduction

End-stage kidney disease (ESKD) is the final and per-
manent stage of chronic kidney disease (CKD) [1]. The
increasing prevalence of ESKD has been a significant
public healthcare challenge worldwide [2]. From 2003 to
2016, the ESKD prevalence has steadily increased world-
wide, with a median percent increase of 43% [3]. In 2016,
ESKD prevalence ranging from 600 to 999 per million
general population (PMP) was reported in approximately
45% of countries [3]. Driven by population aging and the
rising incidence of diabetes and hypertension, the preva-
lence of ESKD is expected to rise to an even greater extent
in the next few decades [1, 4, 5].

Kidney replacement therapy (KRT) is a lifesaving but
costly treatment for patients with ESKD [6]. There are
three primary forms of KRT, namely hemodialysis (HD),
peritoneal dialysis (PD), and kidney transplantation (KT)
[2]. HD is principally performed in dialysis centers by
healthcare workers but also can be carried out indepen-
dently by patients at home [7]. PD is predominantly
performed by patients at home without assistance from
clinical staff [8]. Globally, the number of people receiving
KRT was more than 2.6 million in 2010 and this number is
projected to more than double to 5.4 million by 2030 [6].
The use of the different KRT modalities varies consider-
ably across countries and regions. In 2016, KT for patients
with ESKD ranged from less than 20% in roughly one-
third of countries to 50-70% in approximately one-quarter
of countries [3]. In-center HD was the predominant KRT
modality in most countries and it accounted for more than
80% of dialysis in 79% of countries in 2016 [3]. Several
countries and regions have initiated PD-First policies or
PD-Favored policies to encourage the use of PD as the first
treatment modality for appropriate patients because PD is
deemed to have lower costs than HD, comparable survival
and improved quality of life (QOL) [9-12]. Accordingly,
higher rates of PD uptake were reported in those countries
and regions, such as Hong Kong (71%), the Jalisco region
of Mexico (61%), and Guatemala (57%) [3].

The rising prevalence of ESKD and extensive use of
KRT have challenged the economic capacity of many
countries, especially in low-income countries where there
are limited resources and a large gap in access to KRT [7].
Approximately 64% of countries provided public funding
for KRT [13]. It is estimated that total ESKD expenditure
accounts for 0.91-7.1% of national health system expendi-
ture in countries with a high prevalence of ESKD even
though ESKD patients contribute a relatively small pro-
portion of the entire CKD population [14].

As the burden of ESKD on society and healthcare budg-
ets has increased considerably, it is essential to assess
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the cost-effectiveness of the different KRT modalities to
establish cost-effective service provision strategies. An
economic evaluation is a comparative analysis that exam-
ines two or more interventions in terms of their costs and
consequences. It can provide useful insight for prioritiz-
ing the programs in the healthcare sector and for optimal
resource allocation [15]. Several economic evaluations
have been conducted regionally. Nevertheless, there have
been few systematic reviews of economic evaluations of all
KRT modalities. Previous systematic studies in this area
have focused on subsets of KRT modalities, such as com-
paring alternative dialysis modalities [8, 16] or dialysis
modalities with different intensities [17]. Therefore, this
study aims to review full economic evaluations comparing
KRT modalities specified as PD, HD, and KT for patients
with ESKD.

2 Methods
2.1 Data Sources and Search Strategies

This review was conducted according to the guidelines of
the Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) (see Resource 1, Online Sup-
plemental Material (OSM)) [18]. Studies were identified
by searching electronic databases and scanning reference
lists of relevant studies. The electronic databases, includ-
ing PubMed, Embase, EconLit (EBSCO), Web of Science,
Cochrane Library, National Health Service Economic Evalu-
ation Database (NHS EED), Centre for Reviews and Dis-
semination (CRD) Database of Abstracts of Reviews of
Effects (DARE), and CRD Health Technology Assessment
Database, were systematically searched from inception until
5 January 2020. The search strategy used Medical Subject
Headings (MeSH) terms and a range of text words pertinent
to the identification of studies that included KRT modalities
of PD, HD, and KT, and text words relevant to economic
evaluations. The search strategies are provided in Resource
2 (OSM).

2.2 Eligibility Criteria

For inclusion, the following criteria had to be fulfilled: (1)
full economic evaluations that considered both costs and
effects, including cost-benefit analysis (CBA), cost-utility
analysis (CUA), cost-effectiveness analysis (CEA), and cost-
minimization analysis (CMA); (2) comparing three forms of
KRT specified as PD, HD, and KT; (3) studies in the English
language. All alternative modalities of PD (e.g., automated
PD, continuous ambulatory PD), HD (e.g., home HD, in-
center HD, nocturnal home HD), and KT (e.g., living-donor
transplantation (LT), deceased-donor transplantation (DT))
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were considered for inclusion. Exclusion criteria were: (1)
partial economic evaluations, such as outcome description,
cost description, cost-outcome description, effectiveness
evaluation, and cost analysis; (2) systematic reviews, com-
mentaries, congress abstracts; (3) studies without at least
three comparators of PD, HD, and KT. No limits were
applied for country, publication date, and publication status.

2.3 Study Selection

Two reviewers independently performed the study selec-
tion in an unblended standardized manner. The titles and
abstracts of all citations were evaluated to identify articles
for full-text review. Any citations without electronically
available abstracts were discarded unless the title was con-
vincing of the study’s relevance. Full-text publications were
reviewed by two reviewers using the pre-defined eligibility
criteria. All disagreements between reviewers were resolved
by discussion and consensus.

2.4 Data Extraction and Risk of Bias Assessment

We extracted the following items from each included study:
general study characteristics (author, publication year, coun-
try, study population, type of economic evaluations, study
design, study perspective), model design and structure
(model type, cycle length, time horizon, discount rate, num-
ber and names of key states/pathways), parameter sources
and values (health outcomes, utility values, data sources for
utility values, methods of measurement of utility, type and
category of included costs, country and reference year of
costs, cost values, data sources for cost values), summary
of cost-effectiveness results (incremental cost-effectiveness
ratios (ICERs), main results, type of sensitivity analyses,
outcomes of sensitivity analyses, author’s/authors’ conclu-
sions). One reviewer completed the extraction and the sec-
ond reviewer checked the extracted data with disagreement
resolved by consensus. The risk of bias of included stud-
ies was assessed using the Consolidated Health Economic
Evaluation Reporting Standards (CHEERS) checklist [19].
All assessments were performed and agreed upon by two
reviewers.

3 Results
3.1 Study Selection

The initial search of electronic databases provided a total of
3784 citations. After adjusting for duplicates, 3236 abstracts
were screened and the full-text articles of 91 citations were
examined in more detail. Of these, nine studies met the

inclusion criteria and were included in the review. One addi-
tional study that met the inclusion criteria was identified
by scanning reference lists of relevant studies and review
articles. A total of ten studies were identified for inclusion
in the systematic review. Figure 1 shows the flow diagram
of the study selection.

3.2 Study Characteristics

Table 1 provides a summary of the included studies. The
included studies were from upper-middle-income countries
and high-income countries. The study population of all stud-
ies were patients with ESKD, but only four studies described
characteristics of the base case population [20, 24, 27, 29].
Five of the ten studies conducted a CUA [20-24], one con-
ducted a CEA [25], and four conducted both a CEA and
CUA [26-29]. Eight studies were model-based economic
evaluations using Markov models [20-23, 26-29] and the
remaining two studies were a multicenter cross-section study
[24] and a retrospective cohort study [25], respectively. Four
studies were conducted from a public healthcare perspective
[21, 22, 24, 27], three from a societal perspective [20, 23,
29] and three from a third-party payer perspective [25, 26,
28].

3.3 Quality of Reporting and Risk of Bias
within Studies

Figure 2 shows the proportions of included studies that com-
plied with applicable items of the CHEERS checklist. None
of the included studies addressed all the applicable items
of the CHEERS checklist. The most infrequently reported
items were characterizing heterogeneity, target population
and subgroups, and characterizing uncertainty. About 60%
of the studies failed to describe characteristics of the base-
case population. All studies stated the time horizon, but none
of them clearly described the rationale for choosing the spec-
ified time horizon. Most of the studies failed to describe the
population used to elicit preference-based outcomes, even
though they reported methods used to derive utility values.
Four studies did not report value ranges or probability dis-
tributions for parameters. In terms of characterizing uncer-
tainty, five studies were restricted to exploring the effects of
a few input parameters and none of the studies explored the
uncertainty related to the structure of the model and assump-
tions. One criterion that may have the potential for a higher
risk of bias was the characterizing heterogeneity. Most stud-
ies did not conduct subgroup analyses, while the study that
had conducted subset analyses did not report differences in
outcomes between subgroups [29]. The performance of each
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Fig. 1 Flow diagram showing
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Table 1 Study characteristics
Author (year) Country Study population Type of EEs  Study design Study perspective
Moradpour et al. (2020) Iran Adult patients with ESKD  CUA Model-based EE Societal perspective
(20]
Rosselli et al. (2015) [26] Colombia Adult patients with ESKD  CEA, CUA  Model-based EE Third-party payer per-
spective
Jensen et al. (2014) [21] Denmark Danish ESKD population CUA Model-based EE Public healthcare per-
spective
Shimizu et al. (2012) [22]  Japan New patients with ESKD CUA Model-based EE Public healthcare per-
spective
Villa et al. (2012) [23] Spain Spanish ESKD population ~ CUA Model-based EE Societal perspective
Haller et al. (2011) [27] Austria Austrian ESRD population CEA, CUA  Model-based EE Public healthcare per-
spective
Howard et al. (2009) [28] Australia New ESKD patients in Aus- CEA, CUA  Model-based EE Third-party payer per-
tralia over 2005-2010 spective
Kontodimopoulos et al. Greece ESKD patients CUA Multicenter cross-sectional  Public healthcare per-
(2008) [24] study spective
de Wit et al. (1998) [29] Netherlands ~Adult patients with ESKD  CEA, CUA  Model-based EE Societal perspective
Sesso et al. (1990) [25] Brazil Nondiabetic patients (aged ~CEA Retrospective cohort study  Third-party payer per-

15-50 years) who initi-
ated treatment for ESKD

spective

EFE economic evaluation, CUA cost-utility analysis, CEA cost-effectiveness analysis, ESKD end-stage kidney disease
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Fig.2 Proportion of included studies that complied with applicable items of the Consolidated Health Economic Evaluation Reporting Standard

(CHEERS) checklist

included study for the CHEERS checklist can be found in
Resource 3 (OSM).

3.4 Model Design and Structure

Table 2 shows the characteristics of the model design and
structure. A variety of time horizons were employed in the
included studies, varying from 2, 5, 6, 10, and 15 years to
lifetime horizons. The cycle length in the models was either
1 month or 1 year, aside from one model that did not specify
the cycle length [29]. The discounting is the same for costs
and outcomes within each study, with discounting rates var-
ying from 3%, 3.5%, 5% to 6%, aside from one study that
explicitly ruled out discounting on the basis of their 2-year
time horizon [25]. The majority of model-based economic
evaluations used a four-state Markov model approach and
the remaining studies developed the Markov model with
eight, 12, and 38 states. Moradpour et al. [20] and Villa
et al. [23] used the same four-state model structure, but the

model by Moradpour et al. [20] applied the 1-month cycle
length and the model by Villa et al. [23] applied the 1-year
cycle length. Haller et al. [27] defined 12 different states
depending on time of initiation of a certain treatment modal-
ity. The study by de Wit et al. [29] combined six treatment
modalities, three age-groups, and two treatment stages to
define 36 states.

3.5 Parameter Sources and Values
3.5.1 Parameter Sources and Values for Utility

In terms of effectiveness outcomes, nine out of ten studies
used QALYs as the main outcome measure. Therefore, this
review focuses on the derivation of utility values.

Table 3 presents the parameter sources and values. Data
sources for utility values include observational surveys and
previous literature. The methods used to measure utility val-
ues include Time Trade-Off (TTO), Standard Gamble (SG),
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Table 2 Model design and structure

Author (year) Model type Cycle length Time horizon Discount rate Number and names of key
states/pathways
Moradpour et al. (2020) Markov model 1 month Lifetime 6% costs and benefits 4 states: HD, PD, KT, death
[20]
Rosselli et al. (2015) [26]  Markov model 1 month 5 years 3% costs and benefits 8 states: HD, PD, dialysis,

acute rejection, healthy
graft, chronic rejection,
second line, death

Jensen et al. (2014) [21] Markov model 1 year 6 years 3.5% costs and benefits 4 states: HD, PD, KT, death
Shimizu et al. (2012) [22] Markov model 1 year 15 years 3% costs and benefits 8 states: ESKD, HD, PD,
PD and HD combination

therapy (PD+HD), a
living donor transplant, a
deceased donor trans-
plant, resumption of
dialysis (after transplant),
death

Villa et al. (2012) [23] Markov model 1 year Three temporal 3.5% costs and benefits 4 states: HD, PD, KT, death
horizons (5, 10, and
15 years)

Haller et al. (2011) [27] Markov model 1 month 10 years 3% costs and benefits 12 states: the initial state
of a newly diagnosed
kidney disease, HD dur-
ing the first 12 months,
HD between 13 and
24 months, HD beyond
25 months, PD dur-
ing the first 12 months,
PD between 13 and
24 months, PD beyond
25 months, KT from a
deceased donor during
the first 12 months, KT
from a living donor dur-
ing the first 12 months,
KT between 13 and
24 months, KT beyond
25 months, death

Howard et al. (2009) [28]  Dynamic population- 1 year 5 years 5% costs and benefits 4 states: dialysis, pre-emp-
based Markov tive transplant, KT, death
model

Kontodimopoulos et al. NA NA Lifetime 5% costs and benefits ~ NA
(2008) [24]

de Wit et al. (1998) [29] Markov model NR 5 years 5% costs and benefits 38 states: combinations of
six treatment modalities
(center HD, limited care
HD, home HD, CAPD,
CCPD and KT), three
age-groups (0—44 years,
45-64 years, and 65 years
and older) and two treat-
ment stages (the first year
and subsequent years
on the same treatment
modality), death, recovery
of kidney function

Sesso et al. (1990) [25] NA NA 2 years No discounting NA

NA not applicable, NR not reported, ESKD end-stage kidney disease, HD haemodialysis, PD peritoneal dialysis, CAPD continuous ambula-
tory peritoneal dialysis, CCPD continuous cycling peritoneal dialysis, KT kidney transplantation, LT living-donor transplantation, DT deceased-
donor transplantation
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EuroQol five-dimension scale (EQ-5D), Health Utilities
Index (HUI), and SF-6D derived from SF-36 health survey.
Moradpour et al. [20], Kontodimopoulos et al. [24], and de
Wit et al. [29] obtained their utility scores from their obser-
vational surveys, and the remainder used utility values from
previous literature. None of those studies obtaining utility
values from previous literature fully describe the population
characteristics of their cited studies. In the study by Jensen
et al. [21], the utility values were derived from Sennfilt
et al. [30], who used the EQ-5D instrument to investigate
a matched population in Sweden. Haller et al. [27] used the
utility values directly from de Wit et al. [29]. The study
by de Wit et al. [29] used SG, TTO, and EQ-5D to assess
dialysis patients’ health states. It is worth noting that de Wit
et al. [29] estimated the utility for KT based on three previ-
ous studies rather than by interview. Moradpour et al. [20]
investigated a total of 214 ESKD patients using the Euro
QOL EQ-5D-5L Persian version and they failed to report the
main patient characteristics according to the KRT modality.
Kontodimopoulos et al. [24] surveyed a total sample of 874
nationally representative ESKD patients and obtained their
SF-6D utilities derived from SF-36. It should be noted that,
in the study by Kontodimopoulos et al. [24], KT patients
were significantly younger and had less co-morbidities
than PD and HD patients, which may influence the utilities
measured.

There is a wide range of utility values across the included
studies. The utility values for HD ranged from 0.44 to 0.72;
for PD from 0.53 to 0.81; for KT from 0.57 to 0.90. In seven
of the nine studies, KT utility was higher than PD utility,
and PD utility was higher than HD utility [20-22, 24, 26].
In two of the nine studies, KT utility was higher than PD and
HD utility, with PD and HD utility being equal [23, 28]. The
study by de Wit et al. [29] suggests that conflicting results of
utility valuations existed among different valuation methods.
For example, continuous ambulatory PD patients’ EQ-5D
scores were higher than those of center HD patients, while
continuous ambulatory PD patients’ SG and TTO scores
were lower than those of center HD patients.

3.5.2 Parameter Sources and Cost Inputs

Cost inputs were generally obtained from a combina-
tion of multiple sources, including the study hospitals,
national institutions, published studies, expert opinion,
and interviews with patients. Most of the studies reported
adequate information on the key data sources, methods of
cost estimation, the breakdown of cost items, currency, and
the price year. However, it is not clearly reported in most
studies whether resource use was valued at charges or real
costs. Four studies [20, 24, 25, 27] obtained some of their
resources from databases reflecting actual patient healthcare
use, which facilitates the accuracy of the costs associated

with each treatment modality. Moradpour et al. [20] and de
Wit et al. [29] obtained their data on direct non-medical
costs and indirect costs from interviews with patients.

There was a wide variety of types and categories of
included costs, with the majority of studies including only
the direct healthcare costs (such as diagnostic costs, outpa-
tient routine costs, and hospitalization costs). Three of the
ten studies claimed to have been conducted from a societal
perspective [20, 23, 29], but only one study considered the
productivity losses of patients and caregivers [20]. Although
de Wit et al. [29] claimed to have adopted a societal per-
spective, they excluded time costs and indirect costs (pro-
ductivity loss) in the cost analysis. Six of the ten studies
differentiated between costs in the first year and subsequent
years after initiation of KRT [22, 24, 25, 27-29]. This cost
differentiation is necessary given that KT costs accumulate
primarily in the first year and decrease substantially in sub-
sequent years.

3.6 Summary of Cost-Effectiveness Results
3.6.1 Cost-Effectiveness Results

Table 4 summarizes the main results of the included stud-
ies. The variability in study design and study perspective
hampers our ability to conduct a quantitative statistical
analysis to combine the results of included studies. Overall,
the majority of studies showed that KT was the most cost-
effective KRT modality, and PD was more cost-effective
than HD. Most studies suggested that KT held a dominant
position over HD and PD with both lower costs and higher
effectiveness [21, 22, 24, 26-29]. Studies conducted by
Moradpour et al. [20] and Sesso et al. [25] indicated that KT
did not dominate but was cost-effective compared with dialy-
sis at the given willingness-to-pay (WTP) thresholds. All but
the study by Sesso et al. [25] suggested that PD was more
cost-effective than HD. Five out of ten studies evaluated
the cost-effectiveness of different KRT assignment strate-
gies [22, 23, 27-29]. These studies suggested that increased
uptake of KT and PD by new ESKD patients would reduce
costs and improve health outcomes or would be more cost-
effective than current practice patterns.

3.6.2 Analyses of Uncertainty

The issue of uncertainty was only partially explored in
deterministic sensitivity analyses and probabilistic sensitiv-
ity analyses (PSA). All of the reviewed studies conducted
sensitivity analyses to explore the implications of parameter
uncertainty for the results of economic evaluations. How-
ever, none of the model-based economic evaluations dealt
with the uncertainty related to the structure of the model.
Moradpour et al. [20], Rosselli et al. [26], and Jensen et al.

A\ Adis



F.Yang et al.

174

(sowm ¢°g
Aq pasearour (qd yim 3unaess jo
POOYI[AYI]) | 2ANRUIA)[Y 10J SIeK
juenbosqns ur juedsuen Jouop Jut
-AT] ® JO 9se0 oy ur 3doox? ‘A TVO
SoWI0IINO /000°0S$ UBY) SSI [[@ A10M SYHDI
yieay aroxdwir pue s)so0 onpar  ‘s1eak juenbasqns ur I pue qH Jo
ued (4 pue I JO 9)el pasearou] 1s0d :siojowered [enuonjur jsowr oy,
so3ueyd J930wered o)
QATJISUQS JOU SBM J[NSAI SISATeUE YT,
ATVO 1od 313a 0
Jo onfea
dLA ® 18 9ATIO0JJ0-1500 Sureq Jo
POOUIAI] %€6°66 © SBY LY
sagueyd 19jowered o)
QATJISUQS JOU SEM J[NSAI SISATRUE YT,
‘9%9L Sem 000°0T$ 30
PIOYSAIY} J LA B I8 QATIO9JJ2-1S0D
arow Juraq I3 jo Apiqeqoad oy,
(SISATRIP JO 1509 AJyjuow pue uors
-saxddnsounurwur Jo 3500 ATypuowr
:s10jowrered [enjuoNUT JSOW YT,

SISATeIp s paredurod
UQUM JUSWIEI) JUBUTWOP ) Sem 3

SISAerp
Im paredwod dAnRUIS) e SUIABS
-JS09 ® SI pue 9J1] Jo Ajfenb pue
SQ)BI [BATAINS [[BIA0 3 saaoxdwr 3
sagueyd 19jowered o)
QAT)ISUDS JOU SeM J[NSAI SISATRUR 9y,
‘%S ¥S sem 08¢ TI$ Jo
PIOYSAIY) d LA\ © 18 QATIOQ}J9-1S0
d1ow 3ureq I3 Jo Apiqeqord ay,
WL Jo
3500 pue ‘(qH Jo A)[nn ‘sawod}no
10} 911 JUNOJSIP ‘1Y JO ANNn ay)
:s10)owrered [erjuonyul Jsouw oy [,

paoreurwiop sem (Y pue

‘00%°C1$ JO ploysaiyl LM ® e dd
M parediiod 9AT)ORJJA-1S09 ST I3

1800
puE SONIIN JO S[BAIDIUL 90USPYUOD
9%G6 10] VS ABM-0UO 1S Jojowereq

s1oyowered
ndut [[e 10] VSd VS Jojowered

s1oyowered
ndut [[e 10J VSd Pue VS 9jeLrea
-HuW ‘y'S Aem-auo 1S Isoweieq

s1ojowrered jndur
[1® 10} %07 Jo aSuer uonjerrea Suisn

VSd pue yS Aem-ouo :y§ 1jowered 1o} YgII ‘QH J0A0 JueuIwop sem (d

ATVO/85HS$
SeM OLIBUADS dSBY JOAO (Sow) €'

Aq pasearour (qd ynm 3uniels jo
POOYTI[NI]) T OLTRU20S JO YHDT oYL
{(sowm) gz Aq pasearout
LA ® Jo pooyI[aYI]) § OLIUOS
pue (sowm 47 Aq paseaour ['Te
JO poOYI[aYI]) ¢ OLIBUAIS ‘(sown)
-1 Aq pasearour 17 aandwe-oxd
© JO pooyr[ayI) ¢ otreusds £q
payeurwiop sem (Y3 Jo uon

-1s0dwod JUSIIND) OLIEUADS asty [z2] (2102) e 1° nzruiys

(ATVO LT sns1oa XTVO

') $109)59 10yS1y pue (3A
¥€6°TE0°T SNSIOA A 915°018)
$1S00 JOMO] )0q Y)IMm SISK[RIp

IoA0 uonisod jueurwop e spjoy I3 [12] (4107) ‘Te 30 uasuar

Te9K 3oy
9} J31Je QATJRUIS)[E JUBUIWIOP Y}
JWed9q pue Ik puodAs Ay} Wolj

QATJRUIDJ[R QAT)OIJJR-1S0D B Sem [ Y [92] (ST102) ‘T® 12 1[[9sS0Y

KTVO/OH TS :Ad "SA L3
[0z] (020T) 'Te 10 modpeioy

SuOISN[OU0d SIOYINY sosA[eue AJIADISUQS JO SOWOINQO

sasATeue AIATISUQS Jo odAJ,

S)nsar urew/YgD] (Te2K) TOUyINY

S)[NSAI SSQUAATIORJR-1S00 JO Arewrung ¢ djqeL

A\ Adis



175

(€TSS 3) LM Teok 181y pue

dH pue SKTIVO 10J %6-0  (#0S‘+S 3) Ad 01 paredwod (£6¢°09

dd £q I9pIo ur pamor|oj ‘poriou S)[NSaI 9y} douINPuUI A[[enue)sqns  Pue $JS0J I0J %(O[—¢ SAIBI JUNOISIP 3) @H ur 12y31y sem X Ty 01
IS 9A10910-1S00 JSOW oY) ST [ 10U PIP 9Jel JUnodsIp Y} ur sauey)) Sursn y§ Aem-ouo 1y§ 1ojowered 1509 Jo oner oy ‘pajrodariou YIII [#2] (8007) ‘Te 30 sonodowrpojuosy

OLIBUQDS aseq

s parediod 9ATIOQYI Sk IS 8

pue A[1S00 SSI SI (ST89K+ G/ Ul 97

‘18K /~G9 UL %01 ‘STek $9—Cf

U1 9567 ‘s1edk -Gz ur oyesdn 96¢

‘SISATRIp UO Teak puodas oy} Aq

JH 2woy jo oayeidn Surziundo) 4

OLIBU2OS pue (d Uo [ Surousw

-wod syuaned Jo 90G) € OLIRUdS

(0102 £q %0S eNXo UB YOBAI 0}
sjue[dsuen ur 9SEQIOUT [BIUSIAIOUT

SowooIno yieay daoxdwr [enuue ue) 7 OLIRUDS pue (0107 Aq
pUE $)s00 20onpal ued ‘qH [eydsoy %01 BNXd ue Yyoeal o3 sjuedsuen
yim paredwod (qH swoy pue Ul 9SBAIOUL [BJUSWUAIOUT [eNUUL
dd) SISA[eIp paseq-owoy SpIemo) S)[NSAI oY) doudnyur A[[enueIsqns %G’/ —G'7 UL 9Y) IOA0 dJel JUNOd ue) | OLIBUQOS AQ PoJRUIop Sem
Suraow pue sojes I3 SulseaIdu]  Jou PIp eI JUNOISIP 9Y) Ul SaSuBYD  -SIP J0J VS ABM-9UO 1S Iojowered (eonoeid JuarInd) oLIBUIIS aseq [82] (6007) ‘Te 10 premoy
11 jo uontodoid ay) pue (%01
syuowugisse (4 jo uontodoid ay) 03 1Y Suisearour pue %0g 01 dd
joq ur AJIpeals asearour S TvO SulseaIour) ¢ OLIBUIIS pue (%0 01
ur sure3 pue SSUIABS JS00 Y], dd Surseaour) g OLIRUOS Aq pajeu
“uounyer3us I19ye -Twop sem (L, 01 %[ 'C pue 171 0}
syjuow GZ puokaq Iy 10j seniiqe s1ojouwrered %1°0 ‘Ad 0 %7 L ‘dH 03 syuaned
dH uey) -qoid uonisuen pue sjsod ‘s}S0d [opowt pue s1ayowered Aorjod ISH uapIoul Jo %9°(06 Sut
9AT}OQYR-1S00 Atow e Jd pue I [d :sIeowered [enuangur jsow ayJ, 10] VS Aem-2uo 1S Iojowered -ugisse Jo Aorjod JuoLImnd) | OLIRUIdS [L2) (1T02) Te 1° IoreH
(¢ pue

T SOLIBUQDS PauIqUIOd) 4 OLIBUIIS
pue ‘(%01 woy %0¢ 01 dd uo
sjuaned parnpayds jo uonsodoxd
PaseaIour) ¢ OLIBUIS ‘(% /G WOIJ
%G, 01 1uaned juoprour pa[npayos

dd Jo s1s09 pue Amn [1e19A0 jo uoniodoid pasearour) g

9y} ur sa3ueyd WOIJ $J[NSAI Y} UO OLIBUIDS :SOLIBUIOS pasodoid oy

pajowoid joeduwr 9[qrssod e 4 OLIBUIOS 10,] %01 FJo e Aq pajeurwiop sem (A)jepout

9q pPINoYs (d uo LI Jo aouaprour ‘dd Jo s1s00 pue A S9JeI UOTJRLIBA )M SIojouwrered LY Aue uo sjuened jusprout
PI[NPAYDS [[BISAO A} UL 9SLAIOUI Uy -[NN :s10jowered [enuangul jsow YL, [Te 10] VS Aem-2uo0 1y Iojowered PI[NPayds Jo %/G) | OLIRUIDS [€2] (T102) ‘T 32 BIIIA
SUOISN[OU0D SIOYINY sasATeue KJIAIIISUSS JO SAWOINQ) sosATeue K)ranisuss jo od£7, S)nsaI urew/ g D[ (1K) T0UINY

Systematic Review of Cost-Effectiveness of Kidney Replacement Therapy

(ponunuoo) ¢ sjqey

A\ Adis



l.
a
E Yang et
176

ies
studl-eS
n S1S.
) seve analy ed
: lng_- ity rm
ain iv fo -
em nsit er an
€ I se 27]p ing tr:
ile th ay 6 ding ey
Whll,e one-w 23,2 ’inclu no k e
PSA, inistic 2], eters, e was ss th
med termlgies [20’p aram. Ther ol acroitiVity
T de t ities. tr S -
rfo tu inpu iliti en en n
1] pe formed ded s all lnpd utili influ dieS’ S substa
[2 ly perhe inclu es for ts, an -S[entlyhe stu id not
on t lys cos nsi ft s di
alf Oft an‘?' 'ties’ as CO. 1ty o ange
. H . 1vity bili t wi |jor ch
> & sit ba tha ma ter
S5 sen pro ter the ame
= ition ramet s. In t par
S s t pa udie d tha
= o < . pu St te Its.
EX in ded es esu
a | < 2 inclu sugg the r
E 4! analyses nee
5 £ E 3 Hally influs
B o 3 R ially ings
= 5 z% g > u | Find |
2 - 5 2 5] E . n . ’
e g & & Q = ssio incipa modeh
EE ; 5 Discu of Pri e s approc
= . 8 2 2 O g u a h
8 7 g g . 4 nt ct M is app c
° = 51 o £ < e tru da S ea
cﬂ)a) 2 5 z5 em ds e thi of .
= g = 3 S 2 S tat an ies us d re ific
E S 2 23 | g AS sign udie idere ructu ~Spec s
) 55 = ) = = 4 De St ns St D on
g 2 § > g E E E < a odel based ies co The ESK hOrthhe
o 2] Q - .
- ‘g-g% E S ° S 3 411 M odel e StudlESKDting theed tlmieﬂectt al.
24 B = 2 . m S . S
5 a g g ° g 2 Cludedhat thedelllnligr reflec 5] :able tOWard eob‘
. Bege X Il incl ot m te fo tudy udy by Ho e
5 £ 3 =P A icating for ua es ms by nde in
€| & f o g ‘£ 3 indicatir te deq ton see tudy pe term .
ER I [a gy e _ 'z 3 in ria da 11 bu ich he s e-de de icro
< ” 8 =S % s prop eme A wh T time may 1 mi
B8 2 20 = E g = E ap 1 se sses. ars, mes. ined istic leve ition,
s g R 0o 3 g 5 15 de ce ye tco tain T1S 1- ddi
035?%88” £ g mo ro n 5 ou on acte-idua n a dto
g 2 = & E F g E 5 5 health I;er thaatment that Cnt Charf indiv ition. Ithe ne.iica'
5|2 £ 22z - S £ f grea tre study atie se of cond cate th plific n
“ | 2 =5z £8 ElP S © term only hata p the u this advo de sim uctio
|t 222 Bl e o s ve i v e o o
— 15} ey .: > . . .
2 Z 2% ~ £ £ g 5 £ [2-lities' ient pa be of Velirlg b whic ing the less, nalysls
2 3 3.% 5% & E é 7 Z E abi re pati could d mod tainty, regard Verth-evity o
< s :.*: g¢c ER: 5 = utu ion 00 cer ts Ne siti
HE 22853 . 52 ;mula‘-tles sctoral o dement chinasen
g g S @ 8 8 g idelin uc ific Ju o] chi
& 28 S . a5 ui stru ti am roa t ta
2| 2 5 2 o x5 g re ien of P en ity da
2| & 23 =8 lo sc ion ir ap m ility d
> E Xp d tio ei re ti e
° ot % Z 5 E 2 Zons anrpretatiﬁed t* d Measu ility of u includer-
i dimerpret N Hogirn
5 QQ & 2 ~ 8 an tudie ource fava tients tureo3] con
i) c\DE = 2 & ot es rS k o al itera 2 -
353 - pE: th ete is a lac o patient al. [ ow
g 2‘ g g 3 e 2 E, Param re 1s afor ES evious illa et lues. Hvide
g 53 2 g 5 < 412 ree, the ality from pr] and Vility : anot P rotheir
= : 2% o %5 e deg high qualues tal. [26'ned uLe}’ dldded in lues
2z <28 £ g S5 om ith ity v ie tai dt lu va
2 | < 5 g 5 T 5 Tos wi ility elli obta an inc ility ss
5 43 ~ e ces d ut 0ss to tic -esl_ uti asse
! g3 z .. = &g sour use s. R view tema studi heir t to ived
8 . ) A7
E QE) T; E bl § E %» 0 s g stud]esl Surveyture renot Sys imary rived tdifﬁcul es del'ltion
2| £ 32, w“eﬁﬁi Ll tiona oo (e pritany i, clection
& ¥ o g ':E < eﬁ “ 5 o “| g < va ted a View 1 of d studi make tility froms signe
= .ggggsﬁ |lnee|| an C is re isa ich . u r as -'ty
N S = =) o X du his rai lude hic ition, ffe ly tili
‘52‘385%8 D‘E'\FE "JIE?:‘ er, t app inc w ddit o su oml du ,
22: £7 ¢ 5 favl I chritiCaleveral oues, Inalikelytot ra“dbtalneal. 1301
= —
Sﬁgﬁsam 3%55-‘5‘ sz a iew. S ent s reSu.Sare ere n 21]0.-1tet.nbla
% = « E > 3 8 5] SR =2 S L 3 6 revi differ f the tudie Cts Wi t al. [ nnfi lectio tes,
;ﬂ.ﬁge3~ >m‘£om .“:‘%ED ity o s bje e Se se iabe
g8 g = 2 = g9 z| = g g from idity iona su sen by imize di had
s@a~o>wgmw;ae 8%: ali ati dy Jen ure inim e, dy
-“‘Um"‘:—] £ g0 H*-ﬁ ev erv stu ity. iterat 1n S ag tu
ws=m9m<az“’5 256 %%3 th bs at lity lite tom ha is s
" e-aaoooﬁ”- aa = o th da. s It d uc thi
] Sh > 3] < £z T g . om iven o u e S :
ilz EEE 292 o= Z 25 g e eatment mprevlothat wariates, wever
g e&gm.eae°~ 5= bia eat the dy ova Ho
£l = o g8 s 2 2 tr m stu dc ion.
EREE =3 = =3 Z toa s fro only lecte ituati
h= 2 = e ing s
= 53 > S g val}lhis the on Selivlng
o S 3% > hic hing nd
) S g E w atc ¢, a
= Eol m iseas
o R Z by t dis
) g 5 5 ear
=~ 87,, a h
K = g o
— S e
<) = gg%
%o B
(=X
— <) 2
B = 2
g = = 4
E g E
< bt §
3|8 ©
@ 3 =
K-}
(]
[

A\ Adis



Systematic Review of Cost-Effectiveness of Kidney Replacement Therapy

177

a relatively small sample size that comprised 27 matched
triplets, thereby affecting the reliability of the results. In
study by Haller et al. [27], there were differences in patient
characteristics among HD, PD, and KT groups, with HD
patients on average being more than 10 years older than PD
and KT patients, which might impact the effectiveness of
the three modalities. Nonetheless, Haller et al. [27] failed to
explicitly discuss issues related to these differences and the
impact that they could have on the results.

This raises a concern that the differences in utility val-
ues of three KRT modalities might be partly determined
by the differences in patient characteristics and conditions.
Sculpher points out that [45] the subgroup differences in
cost-effectiveness can be attributed to different types of het-
erogeneity that can be associated with the treatment, the
underlying disease, or patient preference. Previous studies
suggest that patients commencing PD are usually younger
and self-determined healthier individuals, while those com-
mencing HD are in worse conditions and of older age [7,
27]. Given that most included studies did not report the
population used to derive utility values or perform subgroup
analyses, it remains unclear whether the differences in utility
values can be explained by variations between subgroups
of patients with different characteristics. Furthermore, it is
unclear to what extent the cost-effectiveness results will be
impacted by the selection bias.

In terms of cost inputs, the data sources for cost inputs in
most reviewed studies were appropriate as they included the
most relevant data sources in their setting. Most of the stud-
ies provided adequate details on the data sources, methods
of cost estimation, and the breakdown of cost items, which
enhances the validity of their cost measurement. The varia-
tion in the source and type of costs confounds evaluation of
costs and makes it challenging to compare across studies.

The study perspective essentially determines the scope of
costs that need to be accounted for in the economic evalu-
ations [15]. Nonetheless, it is worth noting that two studies
attempted societal perspective analyses but showed no evi-
dence of indirect costs, especially productivity loss, in their
analyses. Compared with the third-party payer and public
healthcare perspective, the societal perspective considers
a broader scope of healthcare costs and other costs asso-
ciated with the relevant stakeholders in the society, such
as time costs of informal caregivers and productivity loss
of patients. The societal perspective allows for the identi-
fication of the transfer costs from the healthcare system to
the household and society [8]. Hence, growing importance
has been attached to considering the indirect costs borne
by patients and their families [15, 36]. HD is primarily
administered in ambulant dialysis units, while PD is pre-
dominantly performed at home [37]. The adoption of home-
based HD and PD can shift some burden onto family mem-
bers [27]. Moreover, previous studies show that KT patients

have significantly higher employment rates compared with
dialysis patients, with employment rates of 11-32% in HD
patients, 28-50% in PD patients, and 30-70% in KT recipi-
ents [38—43]. The societal perspective can provide decision
makers with a more comprehensive understanding of the
cost-effectiveness of alternative options and may result in
an optimal resource allocation in decision making.

4.1.3 Implications from Cost-Effectiveness Results

Overall, evidence collected from included studies indicates
that KT is the most cost-effective KRT modality, with either
a dominant position over HD and PD or an ICER well below
the accepted WTP threshold. Although the data on costs
and health outcomes are country-specific in each study, the
comparative costs and effectiveness of KT relative to dialysis
modalities are similar across studies. This finding remains
consistent over time even though the clinical practice of
KRT is likely to evolve. In addition, the majority of included
studies suggest that PD is less costly and offers comparable
or better health outcomes than HD. We interpret this finding
with caution, as the evidence regarding this issue was incon-
clusive. In terms of cost differences between PD and HD, the
majority of studies indicate that PD is a cost-saving therapy
compared to HD. The lower cost of PD may be attributable
to the minimal use of equipment, infrastructure, and staff
time since PD is a primarily home-based treatment option
[20]. Nonetheless, the study by Howard et al. [28] indicates
that dialysis cost is highly health system-specific and their
professional staff expenditure can vary widely from coun-
try to country. In terms of health outcomes, several studies
assumed equal survival for HD and PD patients [20, 23, 27].
In terms of QOL, HD patients are inclined to have better
social interaction and less isolation fear [31, 32]. In contrast,
PD patients tend to report less illness intrusion, higher satis-
faction, and better renal care [33, 34]. Overall, however, pre-
vious studies suggest that no significant difference in QOL
exists between PD and HD patients [9, 29, 35]. Therefore,
there is limited ability to generalize the finding that PD is
more favorable than HD beyond the specific settings and
assumptions.

Most of the included studies suggest that KT and PD
should be prioritized and encouraged as a primary strat-
egy for KRT for eligible patients when planning KRT
services. Nonetheless, it should be noted that modality
selection is a complex issue that can be driven by both
medical and non-medical factors. Medical factors, such
as contraindications, may disqualify patients from choos-
ing a certain modality [46]. Under this circumstance, the
cost-effectiveness findings may not be able to override the
medical determinants of the modality selection. The cost-
effectiveness findings can be of value in situations where
non-medical factors play a significant role in influencing

A\ Adis



178

F.Yang et al.

modality selection. Financial reimbursement policies
have been identified as the most important non-medical
factor contributing to modality selection [10]. In several
countries that have initiated PD-First policies, efforts have
been made to revise the reimbursement policy in a way to
encourage utilization of PD [10]. In this sense, the cost-
effectiveness findings that KT and PD are more favorable
KRT modalities have essential policymaking implications.

Although it has been shown consistently across stud-
ies that KT is the optimal KRT modality, the expansion
of KT may be challenging to achieve given the limited
availability of donor organs. It is estimated that less than
20% of treated ESKD patients are living with a KT in
approximately one-third of countries [3]. Therefore, in
order to promote cost-effective management of ESKD, it is
of great importance to implement specific strategies aimed
at increasing kidney donations, such as reducing financial
disincentive to living donors, improving donor transplant
coordination, and increasing the use of expanded criteria
donors [47, 48].

4.2 Strengths and Limitations

To our knowledge, this is the first systematic review that
has focused on economic evaluations that compared three
forms of KRT modalities specified as HD, PD, and KT.
We included numerous electronic databases and manually
searched the reference lists of relevant studies to ensure the
sensitivity of the search strategy. The studies included in
our review were conducted in several countries and repre-
sented various healthcare systems. Moreover, two reviewers
independently carried out the study screening, data extrac-
tion and study appraisal, which reduced potential bias in the
review process.

Our review has several limitations. First of all, we could
not combine data across studies to draw any definitive con-
clusions regarding the cost-effectiveness of KRT modalities
because of the heterogeneity in study designs. As described,
all studies varied in their study designs, such as study per-
spective, cost category and estimations, time horizons, and
model structure. Hence, it is impossible to convert findings
across studies into a common estimation for comparison.
Second, we included studies that compare HD, PD, and
KT and excluded studies that compare only one modality
or a mix of two different types of dialysis because other
researchers have already carried out a systematic review or
meta-analysis on them, while studies comparing all three
modalities exist but nobody has reviewed them. Third, we
excluded studies published in non-English languages and
thus there is a potential omission of relevant articles from
some cultures or ethnic backgrounds. Fourth, our review
focused solely on the published literature, which represents
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a potential publication bias. Finally, we used the CHEERS
checklist to appraise the included studies, which is prone to
subjective reviewer judgments.

4.3 Considerations for Future Research

Our review has important implications for future research.
First, considering the productivity costs associated with
the KRT modality, more economic evaluations can be con-
ducted from a societal perspective to quantify indirect costs
such as productivity loss borne by patients and their families.
Second, though most established models seemed adequate
for reflecting the disease and its progression, many studies
assumed time-independent probabilities for switching between
modalities. Future research might expand more on compli-
cated models to reflect the real-world disease progression and
treatment patterns. Third, evidence on the cost-effectiveness
of KRT modality in different subgroups of patients is scarce,
with no included study having addressed the item of charac-
terizing heterogeneity in the CHEERS checklist. The results
may be confounded by differences between subgroups other
than the KRT modality. Therefore, if feasible, further studies
should also detail the evidence for subsets of patients with dif-
ferent characteristics. Finally, as evidence from future studies
becomes available, it is necessary to update the assessment of
the cost-effectiveness of KRT modality.
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