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Abstract

Background Chronic kidney disease-associated pruritus (CKD-aP) is associated with an increased risk of depression, poor
sleep and reduced health-related quality of life. Two phase III studies (KALM-1 and KALM-2) of difelikefalin showed
reduced CKD-aP severity and improved itch-related health-related quality of life in patients with moderate and severe CKD-
aP receiving haemodialysis for kidney failure.

Objective We aimed to estimate the cost effectiveness of difelikefalin for patients with CKD-aP receiving haemodialysis for
kidney failure compared to standard care from a UK National Health Service perspective.

Methods A cohort model was developed with four health states representing levels of pruritus intensity over time, based on
the KALM trials augmented with longer term CKD-aP severity data from another haemodialysis trial (SHAREHD) for stand-
ard care. Utilities were estimated from a mapping study of 5-D Itch to EQ-5D-5L in 487 patients receiving haemodialysis,
costs were estimated based on resource use alongside the SHAREHD and 2018 unit costs, and inflated to 2021 costs. Costs
and quality-adjusted life-years were discounted at 3.5% per annum. A de novo economic model was developed in Microsoft
Excel with scenario analyses performed using a range of assumptions.

Results In the base-case analysis over a time horizon of 64 weeks, using a placeholder cost of £75 per 28-days for difelike-
falin, the incremental cost-effectiveness ratio of difelikefalin compared with standard care was £19,558/quality-adjusted life-
year (QALY). Scenario analyses resulted in incremental cost-effectiveness ratios that ranged from £10,154/QALY (severe
only) to £16,957/QALY (5-year horizon) for difelikefalin compared to standard care. Probabilistic sensitivity analyses sug-
gested difelikefalin has a 48.6% probability of being cost effective at a threshold of £20,000/QALY and a 57.2% probability
of being cost effective at a threshold of £30,000/QALY.

Conclusions The cost effectiveness of difelikefalin in a range of scenarios could make it an important pharmacotherapy to
address the high burden of disease and unmet need for treatments associated with CKD-aP in the UK.

1 Introduction

Chronic kidney disease-associated pruritus (CKD-aP) affects
40-70% of patients undergoing haemodialysis for kidney
failure and is associated with a generalised persistent and
refractory itching [1, 2]. Patients experiencing CKD-aP are
associated with an increased risk of depression, poor sleep
and reduced health-related quality of life [1, 3]. Although
it can improve, CKD-aP persists in about 70% of people
who have moderate or worse severity when followed for up
to 2 years [4]. This high prevalence and impact have led to

Extended author information available on the last page of the article

repeated prioritisation by patients and healthcare profession-
als for new therapies for CKD-aP [5].

Although a number of existing topical and systemic thera-
pies exist, issues such as poor adherence, undesirable side
effects and varied efficacy result in a residual unmet need for
patients with CKD-aP [6]. In response to this, difelikefalin, a
peripherally restricted and selective agonist of kappa opioid
receptors, was tested in two phase III studies (KALM-1 and
KALM-2) [7, 8]. Both KALM studies were double blinded
and placebo controlled for 12 weeks, after which placebo-
treated patients switched to difelikefalin and both arms
continued in an open-label extension up to 52 weeks. Dife-
likefalin significantly improved the primary endpoint of the
Worst Itching Intensity Numerical Rating Scale, which was
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Key Points for Decision Makers

Results from two phase III studies (KALM-1 and
KALM-2) suggest that difelikefalin reduces chronic kid-
ney disease-associated pruritus intensity and improved
dermatological health-related quality of life; however,
there are no studies examining the cost effectiveness

of difelikefalin in patients with chronic kidney disease-
associated pruritus.

This is the first study estimating the cost effectiveness

of difelikefalin and our results suggest that the base-
case incremental cost-effectiveness ratio of £19,558/
quality-adjusted life-year is within the threshold range of
£20,000-£30,000 per quality-adjusted life-year used by
the National Institute for Health and Care Excellence.

Given the high prevalence of chronic kidney disease-
associated pruritus in people with kidney failure, its
impact on quality of life and the relative lack of effective
treatments, our analyses support the inclusion of dife-
likefalin in routine clinical practice for patients receiving
haemodialysis in England and Wales.

assessed in the initial 12-week double-blind treatment phase,
and the 5-D Itch scale that combines severity with other
patient-reported measures of the impact of itching during
the subsequent 52-week open-label extension. Difelikefalin
has been recently authorised for commercialisation in USA,
the European Union, the UK, and other countries [9-11].
In addition to the importance to patients of new therapies
for CKD-aP, and the clinical effectiveness of difelikefalin, the
cost effectiveness needs to be understood. To our knowledge,
there are no studies examining the cost effectiveness of dife-
likefalin in patients with CKD-aP. Data on the natural history
of CKD-aP, utilities estimated from a mapping study and data
from the pivotal trials were combined to estimate the cost
effectiveness of difelikefalin in addition to current standard
of care in patients with CKD-aP receiving haemodialysis for
kidney failure from a UK National Health Service perspective.

2 Methods
2.1 Conceptual Modelling

The aim of conceptual modelling was to develop the model
structure that can capture all the health states, relevant costs
and utilities as well as identifying the modelling approach.
First, a range of alternative model structure options were
considered following review of the relevant literature
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including key studies in CKD-aP, the severity measures for
CKD-aP and existing economic models in similar disease
areas [1, 2, 6, 12—14]. Eight (four clinical and four health
economic) experts met with the authors on two occasions
to develop the conceptual model, explore assumptions and
identify appropriate data sources.

After reviewing the model structures and horizons, the
expert group suggested that a shorter term economic model
is likely to be more appropriate, particularly because this
could utilise data from the 12-week, double-blind, placebo-
controlled, phase III clinical trials of difelikefalin and their
52-week open-label extension studies. As such, a cell-based
cohort model structure using the proportions of patients in
different health states sourced directly from the KALM stud-
ies was preferred (Fig. 1) over a more complex modelling
approach (e.g. microsimulation). That is, rather than model-
ling the transitions between the different health states (such
as in a Markov modelling approach), the cells containing
the proportions of patients in the different health states are
populated directly with the data from KALM trials.

Based on the similarity between the widely used Kid-
ney Disease Quality of Life instrument [15], the 5-D Itch
instrument [12] used in the KALM studies and the Verbal
Rating Scale [16], the CKD-aP severity health states of
none, mild, moderate and severe used in the model were
based on the intensity question of the 5-D Itch instrument.
The severe CKD-aP health state includes patients who
reported severe or overwhelming in the intensity ques-
tion of the 5-D Itch instrument. A 28-day cycle length
and 64-week time horizon were used in the model to cor-
respond to the follow-up points and length of follow-up in
the KALM trials, respectively.

2.2 CKD-aP Severity in Patients Receiving
Difelikefalin

The data used in the model for people receiving difelikefalin
were based on trajectories observed for difelikefalin arms
in the pivotal KALM trials [7, 17]. Identically structured
patient-level clinical trial data from KALM-1 (n = 378) and
KALM-2 (n = 473) were merged to generate a dataset with
851 patients to estimate a more precise measure of effec-
tiveness. The degree domain of the 5-D Itch instrument was
used to estimate the proportions of patients in the different
severity states over 64 weeks in patients receiving difelike-
falin (Fig. 2A) and for the first 12 weeks in standard care.

2.3 CKD-aP Severity in Patients Receiving Standard
Care

The plausibility of what was observed in the published
KALM trials in the placebo arm was compared to what was
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Fig. 1 Model structure of chronic kidney disease-associated pruritus (CKD-aP). HD haemodialysis

observed in patients with moderate or worse pruritus receiv-
ing standard care in the SHAREHD Stepped Wedge Cluster
Randomised Trial (SWCRT) [18] [for details, see the Elec-
tronic Supplementary Material (ESM)]. SHAREHD SWCRT
evaluated a quality improvement collaborative designed to
support in-centre haemodialysis patients to dialyse more
independently both at centres and at home, and data were
collected for 24 months in 12 renal centres in England.

Data on the Verbal Rating Scale in haemodialysis patients
receiving standard of care demonstrated a much more grad-
ual decline in CKD-aP severity over time than that observed
in the KALM trials. This suggested a significant placebo
response in the placebo arm, resulting in improvements in
pruritus severity at 12 weeks in the KALM trials of a size
that took 18-24 months for participants in the SHAREHD
SWCRT to achieve (Fig. 2 of the ESM).

As such, the prevalence of CKD-aP severity states at 64
weeks in the SHAREHD SWCRT were applied at 64 weeks
in the model, with a linear trajectory between 12 weeks and
64 weeks (Fig. 2B). The rationale being that in receiving
standard care outside a trial for a CKD-aP therapy the cohort

with moderate or worse CKD-aP would have the severity
distribution seen at 64 weeks in the SHAREHD SWCRT,
with improvement beyond these levels being clinically
implausible. Mixed-effects ordered Probit regression includ-
ing age, sex, diabetes mellitus and polynomial terms for time
was used to generate observations between the study sam-
pling timepoints where values were needed for the model,
and where patient responses in the study were missing. The
methods for the pessimistic sensitivity analysis assumed
standard care patients follow the difelikefalin trajectory from
12 weeks and are detailed in the ESM.

2.4 Costs of Difelikefalin

A placeholder value of £75 per 28-day cycle was used for
difelikefalin costs, as the incremental cost-effectiveness ratio
(ICER) was close to the National Institute for Health and
Care Excellence (NICE) threshold of £20,000 per QALY at
this price and could inform reimbursement decisions. Sen-
sitivity analyses were conducted using arbitrary values of
£50 and £150 per cycle.
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Fig.2 Chronic kidney disease-associated pruritus (CKD-aP) sever-
ity trajectories for patients receiving A difelikefalin and B placebo
(extrapolated from SHARE-HD data from 3 months)

2.5 Mapping Study and Utilities

A mapping study was conducted to estimate EQ-5D-3L from
5-D Itch scale data. EQ-5D-5L and 5-D Itch questionnaires
were administered to 478 haemodialysis patients in five
dialysis centres in the UK. The 5-D Itch scale is a multi-
dimensional questionnaire developed to capture the course
of pruritus. In line with NICE Health Technology Assess-
ment (HTA) guidance [19], the mapping function developed
by the NICE Decision Support Unit [20], using the ‘EEPRU
dataset’ [21], was used to convert EQ-5D-5L into EQ-
5D-3L. Mixture models using a range of latent classes were
used to predict EQ-5D-3L using the 5-D Itch scale, adjust-
ing for age, sex, having diabetes and time receiving dialysis

(measured in years). Details of the mapping model are pre-
sented in the ESM. For utilities, the 5-D Itch scale values
from both the placebo-controlled and open-label extension
periods of the KALM-1 and KALM-2 studies were mapped
to EQ-5D-3L to estimate the utility parameters for the differ-
ent health states in the model, as shown in Table 1.

2.6 Healthcare Resource Use and Costs

Evidence on resource use was obtained from existing
SHAREHD SWCRT data [18], the published literature [13,
22] and a primary data analysis from supplementary data
items collected from the mapping study. These included
antihistamines, gabapentinoids, oral steroids, topical ster-
oids, antidepressants, sedatives and topical emollients, the
selection of which were informed by a systematic review [6].
Uncertainties and assumptions were supplemented by clini-
cal input. The healthcare resource use was combined with
the average 2018 unit costs to estimate the costs used in the
model, as shown below in Table 2. The costs were inflated
to 2021 costs using the pay and prices National Health Ser-
vice cost inflation indices reported by the Personal Social
Services Research Unit [23].

2.7 Model Assumptions

The model includes ‘responder’ and ‘non-responder’ cat-
egories to capture differences in treatment duration (and
hence treatment costs) between these two groups. Respond-
ers are defined as those who achieve an improvement in the
health state and non-responders are those who stop treat-
ment because of a lack of efficacy. In the base-case analysis,
it was assumed that the patients in the ‘severe’ health state
in the difelikefalin arm at three cycles, corresponding to
the duration of the double-blind phase, would discontinue
difelikefalin because of a lack of response, and hence do not
accrue the costs of difelikefalin beyond this period. Being
already in the worst health state, and based on the flatten-
ing of the extrapolation curves, no impact on utilities was
foreseen.

In the moderate severity stopping rule, individu-
als who began with moderate severity CKD-aP and did

Table 1 Utilities of the different
health states estimated from the

Health state

Utility value

Mean utility

95% confidence interval

Distribution used in the
probabilistic analysis

mapping study
No CKD-aP 0.6168
Mild CKD-aP 0.5790
Moderate CKD-aP 0.5143
Severe CKD-aP 0.4293

(0.5537, 0.6799)
(0.5321, 0.6260)
(0.4681, 0.5605)
(0.3627, 0.4959)

Normal (0.6168, 0.0322)
Normal (0.5790, 0.0240)
Normal (0.5143, 0.0236)
Normal (0.4293, 0.0340)

CKD-aP chronic kidney disease-associated pruritus

I\ Adis



Cost Effectiveness of Difelikefalin Compared to Standard Care for Treating CKD-aP 461

not experience an improvement in the CKD-aP severity
health state at three cycles (or put more simply, those
who did not transition into severity states mild or none)
were assumed to stop difelikefalin treatment. Those who
began in a severe health state but had transitioned into a
moderate health state would remain receiving difelikefa-
lin treatment. There is no adjustment for any improvement
that difelikefalin may have had on CKD-aP severity in
these non-responding individuals (e.g. moderate severity
at baseline who without difelikefalin would have transi-
tioned into severe); however, observational data of the
natural history of this condition generally imply an initial
improvement and then stabilisation in people receiving
standard care. Worsening severity of CKD-aP appears to
be difficult to demonstrate at a cohort level [4].

2.8 Model Analyses

The model estimated the incremental cost per QALY gained
through use of difelikefalin compared to current practice
for the UK, using the healthcare system perspective. A dis-
count rate of 3.5% per annum was used for costs or QALY's
(which was applied in the model as a discount rate of 0.26%
per 28-day cycle, converted from the annual rate into the
rate per cycle). The key input parameters were varied in
one-way sensitivity analyses, the ranges were based on the
confidence intervals whilst preserving the monotonicity in
the direction of costs/utilities between different health states

(e.g. ensuring that the utility of the ‘mild CKD-aP’ health
state does not exceed that of the ‘no CKD-aP’ health state).
Scenario analyses were also performed assuming: (a) both
moderate and severe health state patients stop treatment at
three cycles, (b) data only from the KALM-1 trial (owing to
a more pronounced “placebo effect” in KALM-2), (c) severe
health state patients only at the start of the model using trajec-
tories modelled specifically for them, (d) a 5-year time hori-
zon including mortality and (e) the placebo patients follow
difelikefalin trajectory in an extremely pessimistic scenario.
To account for non-linearities amongst the model inputs,
probabilistic sensitivity analyses (PSAs) were undertaken
using 1000 model runs, as the model results converged by
this number of PSA runs. There was uncertainty in the short-
term data, i.e. the proportions of patients in the different
health states were modelled using Dirichlet distributions
across the PSA runs, utility inputs were modelled using
normal distributions estimated from the mapping study
(as shown in Table 1) and the cost inputs were modelled as
being within + 20% of the mean values presented in Table 2.

2.9 Model Validation

We performed validation of the conceptual model, model
inputs, model programming and the model results as out-
lined in the Assessment of the Validation Status of Health-
Economic decision models (AdViSHE) tool [26].

Table 2 Healthcare resource use, unit costs and the total costs for the different health states

Healthcare resource  No CKD-aP Mild CKD-aP Moderate CKD-aP Severe CKD-aP Source (resource

use (per 28-day

Unit costs  Source (unit costs)
use)

cycle)

Medication use® £1.98 £1.84 £1.84

ESA (units) 41354.19 41387.29 42059.02

Iron usage (mg) 185.18 182.77 180.48

Hospital 0.09 0.10 0.09
admissions®

Haemodialysis £1964 £1958 £1974
28-day cost®

Emergency room  0.11 0.11 0.11
visits®

Total costs (2018)  £2552 £2584 £2624

Total costs (inflated £2751 £2786 £2829

to 2021)

£3.69 Mapping study BNF [24]

44885.57 Ramakrishnan £0.01 BNF [24]
etal. 2013 [13]

187.40 Ramakrishnan £0.10 BNF [24]
etal. 2013 [13]

0.10 SHAREHD study  £3940.61 NHS reference costs
[18] 2018 [25]

£2067 SHAREHD study NHS reference costs
(18] 2018 [25]

0.12 SHAREHD study £194.06  NHS reference costs
[18] 2018 [25]

£2802

£3020

BNF British National Formulary, CKD-aP chronic kidney disease-associated pruritus, ESA Erythropoiesis-stimulating agents, NHS National

Health Service

*Medications excluding ESA and iron

®Unit costs are different by the health state, more details are provided in the ESM
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3 Results

In the base-case analysis over a time horizon of 64 weeks,
difelikefalin increased costs compared with standard care by
£598 (i.e. from £44,717 in the usual care arm to £45,314 in
the difelikefalin arm). The QALY per patient for difelike-
falin and standard care were 0.659 and 0.629, respectively,
reflecting an increase of 0.030 QALY with difelikefalin.
The resultant ICER, the ratio between incremental costs
and the QALYs, was estimated at £19,558/QALY as shown
in Table 3.

3.1 PSA

The results of the PSA displayed on a scatterplot (Fig. 3)
show a cluster of results in the north-east and south-east
quadrants suggesting that difelikefalin is always more clin-
ically effective, consistent with the results of the KALM
trials. Lines indicating willingness-to-pay (WTP) thresh-
olds of ICERs of £20,000/QALY and £30,000/QALY have

been drawn for reference; these lines represent the WTP
thresholds below which NICE typically recommends a
new treatment be made available to National Health Ser-
vice patients. Almost half of the points on the scatterplot
in Fig. 3 are below the £20,000/QALY line, and this is
also observed in the cost-effectiveness acceptability curve
in Fig. 4, which suggests a 48.6% probability of difelike-
falin being cost effective at a WTP threshold of £20,000/
QALY. Figure 3 also shows that the majority of the points
in the scatterplot are below the £30,000/QALY line, as the
probability of difelikefalin being cost effective at a WTP
threshold of £30,000/QALY is 57.2%, as seen in Fig. 4.

3.2 Scenario Analysis

Scenario analyses were also performed using a range of
model settings and assumptions as shown in Table 4. In the
scenario assuming both moderate and severe health state
patients stop treatment at three cycles, difelikefalin has an
ICER of £14,737/QALY compared to standard care. In the

Table 3 Base-case cost-

; Difelikefalin costs ~ Healthcare costs Total costs  QALYs  Cost/QALY gained
effectiveness results (non-difelikefalin)

Difelikefalin £1118 £44,197 £45,314 0.659 £19,558

Standard care = — £44,717 £44,717 0.629

QALY quality-adjusted life-year
£5,000
£2 000 ° ®
SO @

L )
° L @ ° ; .0 .0. é » ° .0 o. 2 ° .
L) © o ° ®
£3,000 ® .o P o $
o 03" . . ! )

Incremental costs

2 000
-£4,000

Incremental QALYs

Fig.3 Cost-effectiveness scatter plot. *Lines indicate willingness-to-pay thresholds of incremental cost-effectiveness ratios of £20,000/quality-

adjusted life-year (QALY) and £30,000/QALY
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scenario analysis using data only from the KALM-1 trial
(owing to a more pronounced “placebo effect” in KALM-
2), difelikefalin has an ICER of £13,539/QALY compared
to standard care. In the scenario analysis assuming severe
health state patients only at the start of the model, difelike-
falin has an ICER of £10,154/QALY compared to standard
care. In the pessimistic scenario analysis, assuming stand-
ard care patients follow the difelikefalin trajectory resulted
in an ICER of £74,700/QALY for difelikefalin compared
to standard care. Performing the base-case analysis using a
5-year time horizon resulted in an ICER of £16,957/QALY
for difelikefalin compared to standard care.

100.0%

Probability of being cost-effective compared to SC
w
o
o

3.3 One-Way Sensitivity Analysis

Results of the one-way sensitivity analyses shown in Fig. 5
suggest that the key drivers of cost effectiveness are the costs
of difelikefalin and the costs of mild, moderate and severe
health states.

3.4 Model Validation

We performed validation of the conceptual model, model
inputs, model programming and the model results as out-
lined in the AdViSHE tool. The conceptual model was

0.0%
£- £5,000 £10,000 £15,000 £20,000 £25,000 £30,000 £35,000 £40,000 £45,000 £50,000
Threshold

Fig.4 Cost-effectiveness acceptability curve. SC standard care
Table 4 Results of the scenario analyses

Scenario Standard care Difelikefalin ICER

QALYs Costs QALYs Costs
1 Base case 0.629 £44,717  0.659 £45,314  £19,558/QALY
2 Scenario assuming both moderate and severe as non-responders® 0.629 £44,717 0.659 £45,167 £14,737/QALY
3 Scenario using KALM-1 data only 0.627 £44.765 0.663 £45,255 £13,539/QALY
4 Scenario analysis using severe patients at model start 0.606 £45,167 0.642 £45,531 £10,154/QALY
5 Scenario analysis assuming standard care patients follow difelike-  0.647 £44.,400 0.659 £45,314  £74,700/QALY
falin trajectory

6 Base case analysis using a 5-year time horizon 1.980 £139,701 2.083 £141,439 £16,957/QALY

ICER incremental cost-effectiveness ratio, QALY quality-adjusted life-year

#The proportion remaining in moderate health state at the end of three model cycles in the KALM trials were considered non-responders and

assumed to stop treatment
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validated with an expert advisory group. The disease pro-
gression data for difelikefalin were based directly on KALM
studies, as such, this already constitutes internal model vali-
dation. Similarly, the costs and the disease progression data
for standard care were based on the SHAREHD data, and the
utilities were based on a robust mapping study.

The model also underwent technical validation. Analysis
were performed using extreme values (e.g. setting all utili-
ties to 1, and comparing the life-years to QALYS; setting
all utilities to zero, and checking that the QALY's are zero).
Scenario analyses were also performed using different model
inputs and the results were sense checked for face validity.
Our model, as far as we know, is the first study estimating
the cost effectiveness of difelikefalin so we cannot perform
validation by comparing to the findings from other studies.

4 Discussion

The results of our cost-utility analysis suggest that dife-
likefalin could represent a cost-effective therapy to address
the high burden of disease and unmet need for treat-
ments associated with CKD-aP in the UK: the base-case
ICER of £19,558/QALY is within the threshold range of
£20,000—£30,000 per QALY used by NICE. The results
of the scenario analyses suggest that the base-case analy-
sis involves conservative assumptions as the ICERs for the
majority of the scenario analyses were all lower than the
base-case ICER.

Our model is the first study estimating the cost effective-
ness of difelikefalin. As such, there is a lack of published
cost-effectiveness models for therapies for CKD-aP on
which to compare our work; however, the inputs and under-
lying assumptions informing our model are supported by
the published literature on CKD-aP [6, 22]. A systematic

review of the association between CKD-aP and health-
related quality of life suggested that increased severity of
CKD-aP resulted in lower health-related quality of life but
was unable to estimate this relationship with utilities [3].
To address this issue, a mapping study was performed, and
the utilities estimated in the mapping study are comparable
to the range reported for people receiving haemodialysis in
recent systematic reviews [27].

The trajectory of CKD-aP in people receiving standard
care from SHAREHD SWCRT is comparable to other stud-
ies reporting patients over 12-24 months from European and
international cohorts [4, 28]. Meanwhile, the placebo effect
seen in the KALM-1 trial and more specifically the KALM-2
trial is in excess of those seen in other therapies for CKD-
aP reported in a recent Cochrane review [29]. By limiting
analyses to just the KALM-1 trial, the scenario analyses
highlight the importance of estimating the real-world treat-
ment effect of standard care without the associated placebo
effect that would not be present outside of a trial. This is
further supported by the trajectory of CKD-aP severity seen
in other real-world studies including those informing our
analysis [4]. Whilst the scenario analysis assuming standard
care patients follow a difelikefalin trajectory suggested a
high ICER, the clinical expert in the authorship group sug-
gested that this scenario was pessimistic and not in line with
the observational data for this population. The choice of a
horizon of 5 years in the scenario analyses is informed by
the short life expectancy of people receiving haemodialysis
who are not eligible for a kidney transplant, a patient group
that other authors reported similar mortality and resource
use to people with non-metastatic cancers [30]. The relative
severity of the condition of kidney failure may justify the use
of different ICER thresholds such as the severity modifier
introduced by NICE, and the holistic consideration of the
technology and the disease it treats.

Costs of Difelikefalin per cycle [£50, £150] | ]
Costs of Mild CKD-aP heath sate [(£2647,£2925] [
Costs of Severe CKD-aP heaith state [£2869, £3171 [— |
m ICER for Upper Input
Costs of Moder ae CKD-aP heaith state [£2688, £2970 o ]
| ICER for Lower Input
Utility in Mild CKD-aP health state [0.55, 0.6) [ — P
Utility in Severe CKD-aP health state [0.4, 0.45] .|
Utility in Moderate CKD-aP heaith state [0.5, 0.55] 1]
r T T
$5,000 $30,000 $55,000

Incremental costs per QALY

Fig.5 Tornado diagram showing the results of one-way sensitivity analyses. CKD-aP chronic kidney disease-associated pruritus, /CER incre-

mental cost-effectiveness ratio, QALY quality-adjusted life-year
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Our economic model has a number of strengths, espe-
cially in terms of the robust data used to populate the model:
the disease progression was based on a primary analysis of
existing external trial data to model the severity of CKD-
aP in patients receiving standard care, the utilities were
estimated based on a mapping study of trial CKD-aP pru-
ritus measures to generic preference-based measures (i.e.
EQ-5D), evidence on resource use and costs was obtained
from a primary data analysis of supplementary data col-
lected in the mapping study, existing SHAREHD SWCRT
data and published literature. All primary analyses were
designed and conducted to achieve the wider goal of esti-
mating the clinical and cost effectiveness of difelikefalin for
treating this common and unpleasant condition prioritised
by patients and healthcare professionals.

However, all models and modelling analyses have to make
assumptions and simplify reality in some way, which leads to
limitations. These include requiring external sources of data
for some inputs, and the assumption that reductions in CKD-aP
severity due to difelikefalin lead to reductions in the resource
utilisation associated with CKD-aP severity (e.g. other CKD-
aP therapies, delivered dialysis and hospitalisation), and the
implementation of clinical practice around stopping rules in
the real world. However, we have made conservative choices
when defining the base case and we believe that the ICER 1is
likely to be an overestimate. Additionally, whilst the disease
progression data (and potentially utilities) could be applicable
to similar settings (e.g. European Union/USA), the costs in
other settings will be different to those used in the model. As
such, we suggest caution in the generalisability of the model
findings to different contexts. Access to longer term real-world
data on longitudinal patient-reported outcomes in chronic dis-
eases, combined with the linkage of these to administrative
datasets that capture resource use and attendant costs would be
of value to researchers, industry, reimbursement agencies and
ultimately patients. This may explore the hypothesis that the
higher medication use in patients with no CKD-aP is higher
than those with mild or moderate CKD-aP because medica-
tions are indicated for other conditions. Further research into
extrapolation methods for patient-reported outcome measures
to inform health-economic modelling would be beneficial.

5 Conclusions

Given the high prevalence of CKD-aP in people with kidney
failure, its impact on quality of life and the relative lack of
effective treatments, the cost-effectiveness analysis of difelike-
falin under a set of conservative base-case assumptions sup-
ports the inclusion of difelikefalin in routine clinical practice
for patients receiving haemodialysis in England and Wales.
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tary material available at https://doi.org/10.1007/s40273-022-01237-4.

Declarations

Funding This work was funded by VIFOR Pharma Intl.

Conflict of interest PT, PEHS, MH, AS and JF received an uncon-
ditional research grant by Vifor Pharma Intl. TS and MS are Vifor
Pharma employees.

Ethics approval Not applicable.
Consent to participate Not applicable.
Consent for publication Not applicable.

Availability of data and material Researchers wishing to access the pri-
mary data from SHAREHD study are requested to follow the directions
of the associated primary publication (https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC8291659/). The primary data for the mapping study
are available from the corresponding author on reasonable request fol-
lowing approval from the study funder.

Code availability Not applicable.

Authors’ contributions PT developed the economic model and drafted
the outline in collaboration with JF. PEHS performed the analysis to
estimate the resource use and costs for the model. JF analysed data
from the KALM and SHAREHD studies. MH and AS performed the
mapping study to estimate the utilities for the model. All authors con-
tributed to the conceptualisation, writing, editing and finalising of the
manuscript.

Open Access This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any
non-commercial use, sharing, adaptation, distribution and reproduction
in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other
third party material in this article are included in the article's Creative
Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regula-
tion or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by-nc/4.0/.

References

1. Pisoni RL, Wikstrom B, Elder SJ, Akizawa T, Asano Y, Keen ML,
et al. Pruritus in haemodialysis patients: international results from
the Dialysis Outcomes and Practice Patterns Study (DOPPS).
Nephrol Dial Transplant. 2006;21(12):3495-505.

2. Rayner HC, Larkina M, Wang M, Graham-Brown M, van der
Veer SN, Ecder T, et al. International comparisons of prevalence,
awareness, and treatment of pruritus in people on hemodialysis.
Clin J Am Soc Nephrol. 2017;12(12):2000-7.

3. Poku E, Harnan S, Rooney G, James MM-S, Hernandez-Alava
M, Schaufler T, et al. The relationship between chronic kidney
disease-associated pruritus and health-related quality of life: a
systematic review. Clin Kidney J. 2022;15(3):484-99.

4. van der Willik EM, Lengton R, Hemmelder MH, Hoogeveen
EK, Bart HA, van Ittersum FJ, et al. Itching in dialysis patients:
impact on health-related quality of life and interactions with sleep
problems and psychological symptoms: results from the RENINE/

A\ Adis


https://doi.org/10.1007/s40273-022-01237-4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8291659/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8291659/
http://creativecommons.org/licenses/by-nc/4.0/

466

P.Thokala et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

PROMs registry. Nephrol Dial Transplant. 2022;37(9):1731-41.
https://doi.org/10.1093/ndt/gfac022.

Manns B, Hemmelgarn B, Lillie E, Dip SCP, Cyr A, Gladish M,
et al. Setting research priorities for patients on or nearing dialysis.
Clin J Am Soc Nephrol. 2014;9(10):1813-21.

Simonsen E, Komenda P, Lerner B, Askin N, Bohm C, Shaw J,
et al. Treatment of uremic pruritus: a systematic review. Am J
Kidney Dis. 2017;70(5):638-55.

Fishbane S, Jamal A, Munera C, Wen W, Menzaghi F. A phase 3
trial of difelikefalin in hemodialysis patients with pruritus. N Engl
J Med. 2020;382(3):222-32.

Wooldridge T, McCafferty K, Schoemig M. Efficacy and safety
of difelikefalin for moderate-to-severe CKD-associated pruritus: a
global phase 3 study in hemodialysis patients (KALM-2) [abstract
FR-OR24].J Am Soc Nephrol. 2020;31(Suppl.):22-3.

Gettman L. New drugs update: finerenone, difelikefalin, and ava-
copan. Sr Care Pharm. 2022;37(4):130-8.

European Medicines Agency. Kapruvia: summary of product
characteristics. Committee for Medicinal Products for Human
Use (CHMP), 1083 HS Amsterdam, The Netherlands. 2022.

US Food and Drug Adminstration (FDA). Drug Approval Pack-
age: KORSUVA, 2021. FDA, White Oak Campus, Maryland,
USA. https://www.accessdata.fda.gov/drugsatfda_docs/nda/2021/
2149160rig1s000TOC.cfm.

Elman S, Hynan LS, Gabriel V, Mayo MJ. The 5-D Itch Scale: a
new measure of pruritus. Br J Dermatol. 2010;162(3):587-93.
Ramakrishnan K, Sood V, Sibbel S. Economic impact of pruritus
among end-stage renal disease patients receiving hemodialysis.
Value Health. 2013;16(7):A632.

Heinz KC, Willems D, Hiligsmann M. Economic evaluation of a
JAK inhibitor compared to a monoclonal antibody for treatment
of moderate-to-severe atopic dermatitis from a UK perspective. J
Med Econ. 2022;25(1):491-502.

Hays RD, Kallich JD, Mapes DL, Coons SJ, Carter WB. Devel-
opment of the kidney disease quality of life (KDQOLTM) instru-
ment. Qual Life Res. 1994;3(5):329-38.

Phan NQ, Blome C, Fritz F, Gerss J, Reich A, Ebata T, et al.
Assessment of pruritus intensity: prospective study on validity
and reliability of the visual analogue scale, numerical rating scale
and verbal rating scale in 471 patients with chronic pruritus. Acta
Derm Venereol. 2012;92(5):502-7.

Topf J, Wooldridge T, McCafferty K, Schomig M, Csiky B,
Zwiech R, et al. Efficacy of difelikefalin for the treatment of
moderate to severe pruritus in hemodialysis patients: pooled
analysis of KALM-1 and KALM-2 phase 3 studies. Kidney Med.
2022;4(8): 100512.

Fotheringham J, Barnes T, Dunn L, Lee S, Ariss S, Young T,
et al. A breakthrough series collaborative to increase patient

Authors and Affiliations

Praveen Thokala’

Marco Soro® - James Fotheringham'2

<

James Fotheringham
j-fotheringham @sheffield.ac.uk

Health Economics and Decision Science, School of Health
and Related Research, University of Sheffield, Regent Court,
30 Regent Street, Sheffield S1 4DA, UK

I\ Adis

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

2

3

participation with hemodialysis tasks: a stepped wedge cluster
randomised controlled trial. PLoS ONE. 2021;16(7): €0253966.
National Institute for Health and Care Excellence (NICE) health
technology evaluations: the manual. 2022. NICE, London. https://
www.nice.org.uk/process/pmg36/resources/nice-health-techn
ology-evaluations-the-manual-pdf-72286779244741.
Hernandez-Alava M, Pudney S. Econometric modelling of mul-
tiple self-reports of health states: the switch from EQ-5D-3L to
EQ-5D-5L in evaluating drug therapies for rheumatoid arthritis.
J Health Econ. 2017Sep;55:139-52.

Hernindez Alava M, Pudney S, Wailoo A. Estimating the relation-
ship between EQ-5D-5L and EQ-5D-3L.: results from an English
population study: Universities of Sheffield and York; 2020: report
no: 063. EESPRU, Sheffield, UK.

Ramakrishnan K, Bond TC, Claxton A, Sood VC, Kootsikas M,
Agnese W, et al. Clinical characteristics and outcomes of end-
stage renal disease patients with self-reported pruritus symptoms.
Int J Nephrol Renovasc Dis. 2014;7:1.

Jones K, Burns A. Unit costs of health and social care 2021. Can-
terbury: University of Kent; 2021.

British National Formulary Drug Costs. 2019. BNF, London.
https://bnf.nice.org.uk/.

National Health Service (NHS) Improvement. NHS reference
costs. 2018. NHS, London. https://www.england.nhs.uk/costi
ng-in-the-nhs/national-cost-collection/.

Vemer P, Corro Ramos I, van Voorn GA, Al MJ, Feenstra TL.
AdViSHE: a validation-assessment tool of health-economic mod-
els for decision makers and model users. Pharmacoeconomics.
2016;34(4):349-61.

Cooper JT, Lloyd A, Sanchez JJG, Sorstadius E, Briggs A,
McFarlane P. Health related quality of life utility weights for eco-
nomic evaluation through different stages of chronic kidney dis-
ease: a systematic literature review. Health Qual Life Outcomes.
2020;18(1):1-11.

van der Willik EM, Lengton R, Hemmelder MH, Hoogeveen
EK, Bart HAJ, van Ittersum FJ, et al. Itching in dialysis patients:
impact on health-related quality of life and interactions with sleep
problems and psychological symptoms-results from the RENINE/
PROMs registry. Nephrol Dial Transplant. 2022;37(9):1731-41.
Hercz D, Jiang SH, Webster AC. Interventions for itch in people
with advanced chronic kidney disease. Cochrane Database Syst
Rev. 2020;12(12):CD011393.

Tonelli M, Lloyd A, Cheung WY, Hemmelgarn BR, James MT,
Ravani P, et al. Mortality and resource use among individuals with
chronic kidney disease or cancer in Alberta, Canada, 2004-2015.
JAMA Netw Open. 2022;5(1): e2144713.

- Pann Ei Hnynn Si2 - Monica Hernandez Alava’ - Alessandro Sasso’ - Thilo Schaufler® -

Sheffield Kidney Institute, Sheffield Teaching Hospitals NHS
Foundation Trust, Sheffield, UK

Vifor Pharma Intl., Glattbrugg, Switzerland


https://doi.org/10.1093/ndt/gfac022
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2021/214916Orig1s000TOC.cfm
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2021/214916Orig1s000TOC.cfm
https://www.nice.org.uk/process/pmg36/resources/nice-health-technology-evaluations-the-manual-pdf-72286779244741
https://www.nice.org.uk/process/pmg36/resources/nice-health-technology-evaluations-the-manual-pdf-72286779244741
https://www.nice.org.uk/process/pmg36/resources/nice-health-technology-evaluations-the-manual-pdf-72286779244741
https://bnf.nice.org.uk/
https://www.england.nhs.uk/costing-in-the-nhs/national-cost-collection/
https://www.england.nhs.uk/costing-in-the-nhs/national-cost-collection/
http://orcid.org/0000-0003-4122-2366

	Cost Effectiveness of Difelikefalin Compared to Standard Care for Treating Chronic Kidney Disease Associated Pruritus (CKD-aP) in People with Kidney Failure Receiving Haemodialysis
	Abstract
	Background 
	Objective 
	Methods 
	Results 
	Conclusions 

	1 Introduction
	2 Methods
	2.1 Conceptual Modelling
	2.2 CKD-aP Severity in Patients Receiving Difelikefalin
	2.3 CKD-aP Severity in Patients Receiving Standard Care
	2.4 Costs of Difelikefalin
	2.5 Mapping Study and Utilities
	2.6 Healthcare Resource Use and Costs
	2.7 Model Assumptions
	2.8 Model Analyses
	2.9 Model Validation

	3 Results
	3.1 PSA
	3.2 Scenario Analysis
	3.3 One-Way Sensitivity Analysis
	3.4 Model Validation

	4 Discussion
	5 Conclusions
	Anchor 26
	References


