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Abstract

Introduction. While use of (hepatitis C virus) HCV-viremic kidneys may result in net benefit for the average end-stage
kidney disease (ESKD) patient awaiting transplantation, patients may have different values for ESKD-related health
states. Thus, the best decision for any individual may be different depending on the balance of these factors. Our
objective was to explore the feasibility of sampling health utilities from hemodialysis patients in order to perform
patient-specific decision analyses considering various transplantation strategies. Study Design. We assessed utilities
on a convenience sample of hemodialysis patients for health states including hemodialysis, and transplantation with
either an HCV-uninfected kidney or an HCV-viremic kidney. We performed patient-specific decision analyses using
each patient’s age, race, gender, dialysis vintage, and utilities. We used a Markov state transition model considering
strategies of continuing hemodialysis, transplantation with an HCV-unexposed kidney, and transplantation with an
HCV-viremic kidney and HCV treatment. We interviewed 63 ESKD patients from four dialysis centers (Dialysis
Clinic Inc., DCI) in the Cincinnati metropolitan area. Results. Utilities for ESKD-related health states varied widely
from patient to patient. Mean values were highest for -transplantation with an HCV-uninfected kidney (0.89, SD:
0.18), and were 0.825 (SD: 0.231) and 0.755 (SD: 0.282), respectively, for hemodialysis and transplantation with an
HCV-viremic kidney. Patient-specific decision analyses indicated 37 (59%) of the 63 ESKD patients in the cohort
would have a net gain in quality-adjusted life years from transplantation of an HCV-viremic kidney, while 26 would
have a net loss. Conclusions. It is feasible to gather dialysis patients’ health state utilities and perform personalized
decision analyses. This approach could be used in the future to guide shared decision-making discussions about
transplantation strategies for ESKD patients.
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Introduction

In the United States, an estimated 110,000 patients start
dialysis each year. Of the 500,000 patients receiving dialy-
sis for end-stage kidney disease (ESKD), 24,273 (4%)
received kidney transplants in 2019. A total of 101,337
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patients with ESKD were waitlisted for kidney transplan-
tation in 2019. While the number of patients receiving
kidney transplants has increased to 24,273 in 2019, from
18,912 in 2016, 4,130 patients died and 4,259 were too
sick to undergo transplantation.1 Waiting times for kid-
ney transplants is greater than 1 year for roughly 50% of
waitlisted patients and 3 years or more for 24.3% of
patients.

Given limited organ availability, the majority of
patients face the prospect of indefinite hemodialysis and
premature mortality (up to 16% per year). The scarcity
of kidneys for transplantation and high mortality while
awaiting transplant have led some physicians and
patients to consider transplantation of organs that other-
wise might not be considered, such as those from donors
who have antibodies to the hepatitis C virus (HCV).
Many of these organs come from individuals who have
died from drug overdoses. The increase in overdose-
related deaths (‘‘opioid epidemic’’) has resulted in
increased organ availability, from 514 kidney donations
in 2013 to 1,313 donations in 2018.2 Overdose-related
deaths more frequently occur in younger donors who
generally have healthier kidneys. Outcomes of transplan-
tation with these organs have been superior to outcomes
from donors who have died from medical causes.3

Indeed, the number of waitlisted candidates receiving
kidneys from HCV-viremic donors has increased from
3.1% in 2007 to 14.2% in 2018.4 In addition, 59.2% of
such kidneys were transplanted into HCV-naı̈ve recipi-
ents. Finally, effective treatments for HCV infection
have become available, resulting in almost certain cure
for patients receiving HCV-viremic kidneys. Thus, the
availability of effective treatments for HCV creates a
medical challenge that lends itself well to individualized
decision analytic models that incorporate individual
patient values and preferences for health outcomes.

While use of HCV-viremic kidneys may result in net
benefit for the average ESKD patient awaiting transplan-
tation, there is great variability in waiting list times as
well as competing mortality risks that may result in dying

while awaiting transplantation. In addition, patients may
have widely varying values for health states, including
life following transplantation with either an HCV-
uninfected or an HCV-viremic kidney. Thus, the best
decision for any individual may be different depending
on the balance between individual patient’s health state
valuations and waiting time for a kidney. If the medical
care system is to best utilize the available kidneys from
this hopefully self-limited epidemic of opioid deaths,
there is an urgent need to develop decision-making tools
that incorporate the key decision variables.

Using more contemporary data from the Multi-center
study to Transplant Hepatitis-C InfeCted kidneys
(MYTHIC) trial,5 we updated a previously published
Markov state transition decision model,6 by decreasing
posttransplant treatment time for HCV from 12 weeks
to 8 weeks using a glecaprevir/pibrentasvir regimen start-
ing 3 days posttransplant, and by using the sustained vir-
ologic response of 1.0 reported in the MYTHIC trial.
We also added a strategy of continuing hemodialysis. In
addition, we created patient-specific inputs to the deci-
sion model for age, gender, race, dialysis vintage, and
personalized health state utility values (weights). For
ESKD patients receiving hemodialysis who are on kid-
ney transplant waiting lists, interventions included trans-
plantation with an HCV-unexposed kidney versus
transplantation with an HCV-viremic kidney and HCV
treatment. As part of a larger study examining the
impact of race on various utility assessment presentation
methods, we performed utility assessments on a conveni-
ence sample of 63 patients undergoing dialysis at several
of our Cincinnati neighborhood dialysis centers, and
then used those health state assessments to perform indi-
vidualized decision analyses.

Methods

Our institutional review board approved the study proto-
col (2019-0792).

Simulation Model

We used a computer program (Decision Maker) to
develop a 31-state Markov transition model, analyze
decision trees, and perform sensitivity analyses, using a
lifelong time horizon. We considered three strategies for
a patient population with kidney failure, making the
hypothetical assumption that they had just been wait-
listed for deceased donor transplants: continue dialysis,
transplantation with an HCV-unexposed kidney, or
transplantation with an HCV-viremic kidney and HCV

Division of General Internal Medicine and the Center for Clinical

Effectiveness (MHE), Department of Biomedical Informatics (AA),

Division of Digestive Diseases (KES), Division of Nephrology (HD,

CT, RRA), Division of Transplantation, Department of Surgery

(ESW), University of Cincinnati, Cincinnati, Ohio. The author(s)

declared no potential conflicts of interest with respect to the research,

authorship, and/or publication of this article. The author(s) disclosed

receipt of the following financial support for the research, authorship,

and/or publication of this article: Investigator-initiated grant funding

from Bristol-Myers Squibb, Grant Number CV-185-764; NICHD

(NIH), Grant Number R01HD094213; NCATS (NIH) Grant Number

UL1TR001425.

2 MDM Policy & Practice 6(2)



treatment (Figures S1–S3). We used a cycle length of 1
month, and a lifelong time horizon for our simulation.
Using patient-specific information about age, race, gen-
der, dialysis vintage, and health state utilities, we per-
formed patient-specific decision analyses on each of the
63 patients in our cohort (Figure 1). Table 1 summarizes
probabilities, rates, and utilities obtained from our litera-
ture review and used in the decision model.

Patients in both transplantation strategies continue to
receive hemodialysis until a kidney becomes available.
Average wait times were 4.0 years and 1.56 years for
HCV-unexposed and HCV-viremic kidneys, respec-
tively.7 Kidney failure has a significant impact on quality
of life. We used the patient-specific standard gamble util-
ity weights we assessed to adjust life expectancy accrued
in each Markov state in our simulation model for
patients receiving hemodialysis and after kidney trans-
plantation with either an uninfected kidney or an HCV-
infected kidney. We used data from the US Renal Data
System to calculate excess mortality attributable to
hemodialysis.8 Among dialysis patients on transplant
waiting lists, annual mortality rates increase the longer a
patient remains on dialysis. We captured this patient-to-
patient variability by using individual patient’s dialysis
vintage to model how long patients had been receiving
dialysis at the beginning of the simulation. We used US

population mortality tables, patient-specific demo-
graphics (age, gender, race), and excess mortality rates
among either kidney transplant or hemodialysis patients
to determine overall death rates as patients aged through
the simulation.9–11 As described earlier, the annual excess
mortality rate among patients receiving hemodialysis
increased for those with a longer dialysis vintage (see
Table 1). We assume that all patients are HCV-naı̈ve at
the start of the simulation, and that those receiving
HCV-viremic kidneys are treated with glecaprevir/
pibrentasvir, a pangenotypic regimen that has been used
in patients with ESKD. We used published data to
model the decreased quality of life during the time in
which patients receive treatment for HCV infection with
glecaprevir/pibrentasvir.12–16 Utilities for multiple health
states were combined in a multiplicative fashion.

We present results of the patient-specific decision
analyses, using patient-specific inputs as described above
and in Figure 1. In order to demonstrate the impact of
parameter uncertainty on any given patient’s persona-
lized decision analysis, we also performed probabilistic
sensitivity analyses on two prototypical patients who
were interested in kidney transplantation, by conducting
10,000 second-order Monte Carlo iterations for each of
these patients. Ten thousand second-order Monte Carlo
iterations are generally deemed sufficient to achieve stable

Decision Analy�c 
Model

Pa�ent-Specific 
Clinical & 

Demographic 
Informa�on

Age
Race

Gender
Dialysis Vintage

Pa�ent-Specific 
U�li�es

Expected u�lity – Transplant 
HCV-unexposed Kidney

Expected u�lity – Transplant 
HCV-viremic Kidney

Gambler II ®

Expected u�lity – Con�nue 
Hemodialysis

Figure 1 Figure 1 Schematic of patient-level decision model. Patient-specific demographic and clinical information, including
age, race, gender, and dialysis vintage are used to parameterize variables in the decision model, along with patient-specific
utilities for health states. Utilities for life on dialysis, and life following transplantation with either an HCV-unexposed or an
HCV-viremic kidney were assessed using the Gambler II. Output from the decision model is an estimate of quality-adjusted life
expectancy in QALYs for each of the three strategies - 1) continue hemodialysis; 2) transplant HCV-unexposed kidney; and 3)

transplant HCV-viremic kidney.
Abbreviations: QALYs, quality-adjusted life years.
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results.17 Their health state utilities were held constant,
while distributions were used for other key model para-
meters, based on the 95% confidence intervals shown in
Table 1. Beta distributions were used for probabilities,
and log normal distributions were used for rates and
waiting times that could have values greater than unity.

Utility Assessment

We used a web-based health utility assessment (HUA)
platform we developed, the Gambler II,18 to perform
standard gamble assessments for three health states used
in the decision analytic model: 1) life on dialysis, 2) life
following kidney transplantation with an HCV-
unexposed kidney, and 3) life following transplantation
with a kidney from an HCV-viremic deceased donor.
The Gambler II uses icons, text descriptions, and video
clips of patient actors to describe each health state. Text
descriptions and standardized scripts used by the patient
actors and Gambler II screenshots are shown in
Supplement 2. In addition to text instructions for using
the Gambler II, there are videos providing instructions

at each stage of the process. As shown in Supplement 2
(Figures S1 to S8), the Gambler II first presents icons
and text descriptions for each health state. Users may
also double click on each health state icon to launch a
; 1.5-minute video clip of a demographically matched
patient actor describing the health state. Users can
relaunch these videos at any stage of the HUA process.
Users are next asked to rank each of the intermediate
health states being assessed between best and worst
health anchor states of Well and Dead, by clicking on
the respective icon and dragging it into position on a
categorical scale. The Gambler II next performs an
assessment using a visual analog scale, or a ‘‘feeling
thermometer,’’ asking the users to click and drag the
health state icons to the appropriate place on the ther-
mometer. Next, the Gambler II proceeds with the stan-
dard gamble assessment for each of the health state
utilities. We use the analogy of a pill bottle that con-
tains 100 pills guaranteed to cure the health state in
question. For example, in the assessment of the health
state kidney transplantation, the user is told the
following:

Table 1 Data Required in the Analysis: Probabilities, Rates, and Quality of Lifea

Variable Base-Case Value, Mean, [95% CI] Distribution Type

Literature-based data
Annual rate for receiving deceased donor kidneyb,c

HCV-unexposed 0.1733 [0.1359–0.4077] Log normal
HCV-viremic 0.4456 [0.3466–0.6238] Log normal

Average waiting time for deceased donor kidney, yearsb

HCV-unexposed 4.0 [1.7–5.1]7 Log normal
HCV-viremic 1.56 [1.1–2.0]7 Log normal

Cumulative probability of 30-day mortality post-KTx
HCV-viremic kidney 0.015 [0.009–0.020]35 Beta
HCV-unexposed kidney 0.0085 [0.002–0.017]35 Beta

Annual excess mortality rate on maintenance HDd 0.074 [0.073–0.075]10,8 Beta
Relative risk of dialysis-related mortality8

\2 years 0.59
2 to \5 years 1.0
�5 years 1.5

Annual excess mortality rate post-KTxd 0.02 [0.019–0.021]8 Beta
HCV treatment-related parameters
Glecaprevir-pibrentasvir SVRe 1.0 [0.956–1.0]36,37

Quality of life
Treatment with DAA 0.9613,16

Abbreviations: CI, confidence interval; DAA, direct-acting antiviral; HCV, hepatitis C virus; HD, hemodialysis; KTx, kidney transplant; SVR,

sustained virologic response.
aValues in brackets represent 95% CIs unless noted otherwise.
bInterquartile range.
cAverage rates for receiving deceased donor kidney were calculated from average weighting times, as (2ln (0.5)/(mean waiting time)).
dExcess annual mortality rates were calculated by adjusting US Renal Data System all-cause mortality rates using relative survival at 10 years

based on an age-matched US population sample.
eAfter 8-week course 100 mg of glecaprevir and 40 mg of pibrentasvir (3 times daily).
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As a treatment for your ESKD, you are being offered a
Kidney Transplant. Imagine you were offered a medication
that could cure your ESKD without needing a Kidney
Transplant. You have the choice between receiving a Kidney
Transplant or taking the medication (represented by the bot-
tle of pills on the right). However, a certain number of pills
in this bottle of 100 contain a deadly poison.

The assessment typically starts at a 50:50 gamble, by
asking,

If 50 of the 100 pills in the bottle contained the medicine,
while 50 of the 100 pills were contaminated by poison
(assume you cannot differentiate between the medicine and
the poison pills), would you take a pill from this bottle? If
you are indifferent between the two choices click on the
middle ‘‘Equal’’ button.

As the users click on either the pill bottle representing
the gamble, or the icon representing the intermediate
health state, the gamble resets, and continually presents a
new gamble. The user indicates when they are indifferent
between the gamble and the health state being assessed,
and the value of the gamble is used to calculate the utility
weight. If the anchor states have values of 1 (Well) and 0
(Dead), then the utility of the intermediate health state
equals the (1 2 probability of death) the user is willing to
accept in the gamble to be Well. For instance, if the user is
willing to accept a 15% chance of death (15 poison pills in
the bottle of 100) for the health state Kidney Transplant,
then the utility weight of this state would be 0.85.

We used the standard gamble utility assessment
method for the utility weights in the personalized decision

analyses, as the gamble holistically incorporates risk atti-
tude, and risk attitude is an important component in this
particular decision.19 In addition, for the health state, life
following transplantation with an HCV-viremic kidney,
we performed a separate gamble using life following
transplantation with a non-HCV-viremic kidney and
death as the two anchor states. We framed the gamble in
this manner as we were specifically interested in assessing
how much of a risk of death patients would be willing to
take to avoid transplantation with an HCV-viremic kid-
ney compared with receiving a noninfected kidney.

We recruited a convenience sample of 63 ESKD
patients (see Table 2) undergoing intermittent hemodia-
lysis at four dialysis centers (Dialysis Clinic Inc., DCI) in
the Cincinnati metropolitan area. Patients were eligible
for the study if they were between 21 and 80 years of
age, could read and understand English, and did not
have cognitive deficits that would interfere with their
ability to consent to participate.

We present results in Table 2 using simple descriptive
statistics for means and standard deviations. In subana-
lyses stratifying by race, we had insufficient evidence to
assume nonnormal distributions and therefore used two-
sample t tests with 2 tails. We used the chi-squared test
for significance of frequency data.

Results

Patient Characteristics

Patient-level information for the 63 patients from whom
we assessed health state utilities are summarized in
Supplemental Table 1. Mean age was 57.8; 33 (52%)
were male and 30 (48%) were female. Forty-four (70%)
were African American and 19 (30%) were White. The
mean dialysis vintage for the group was 5.94 years.
Forty-seven (75%) were interested in receiving a kidney
transplant.

Health-Related Quality of Life

As shown in Figure 2, standard gamble utilities varied
widely from patient to patient. Mean utility weights were
highest for transplantation with an HCV-uninfected kid-
ney (0.89, SD: 0.18), and were 0.825 (SD: 0.231) and
0.755 (SD: 0.282) for hemodialysis and transplantation
with an HCV-viremic kidney, respectively. However, 30
patients rated transplantation with an HCV-viremic kid-
ney higher than dialysis. Utility values for transplantation
with an HCV-viremic kidney were calculated as the prod-
uct between the utility weight for transplantation with an
HCV-unexposed kidney times a weighting factor

Table 2 Characteristics of ESKD Patients in Our Cohort

Variable
Base-Case Value,

N (%) [SD]

Number 63
Interested in kidney transplant 47 (75)
Mean age, years 57.8 [12.3]
Male sex 33 (52)
Racial distribution
White 19 (30)
African American 44 (70)

Mean dialysis vintage, years 5.94 [8.1]
Quality of life
Hemodialysis 0.83 [0.23]
Transplant HCV-unexposed kidney 0.89 [0.18]
Transplant HCV-viremic kidney 0.76 [0.28]

Abbreviations: ESKD, end-stage kidney disease; HCV, hepatitis

C virus.

Eckman et al. 5



capturing the worry and concern individual patients had
related to receiving an HCV-viremic kidney.

Patient-Specific Decision Analyses

As shown in Figure 1, we performed patient-specific
decision analyses using individual patient’s health state
utilities for hemodialysis, life following kidney transplan-
tation, and life following transplantation with an HCV-
viremic kidney (Figure 2) along with individual patient’s
age, race, gender, and dialysis vintage. The output of the
decision model was an estimate of quality-adjusted life
expectancy for each of the three strategies. Figure 3
shows results for patient-specific decision analyses on all
63 patients, reported as the gain (or loss) in quality-
adjusted life years (QALYs) of transplantation with an
HCV-viremic kidney versus an HCV-unexposed kidney.
Thirty-seven (59%) of the 63 ESKD patients in the
cohort would have a net gain in QALYs from

transplantation of an HCV-viremic kidney, while 26
would have a net loss. In addition, continuing dialysis
was best for one patient in this cohort. We performed a
second analysis in which we removed the 13 patients
who were not interested in receiving a kidney transplant.
In this analysis, 33 of 50 (66%) patients interested in
receiving a transplant would have fared best with receipt
of an HCV-viremic kidney. We also performed a subana-
lysis looking only at patients who were not interested in
transplantation (Figure 4). In this analysis, 8 of 13 (62%)
patients would have fared best with transplantation of an
HCV-unexposed kidney, transplantation with an HCV-
viremic kidney was recommended for four patients (31%),
and continued dialysis was recommended for one patient
(8%).

Since the major factor driving analysis results was the
degree of worry and concern patients had over receiving

an HCV-viremic kidney, we performed a separate analy-

sis in which compared the weighting factor for concern
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over an HCV-viremic kidney with the net gain (or loss)
in QALYs from transplantation with an HCV-viremic
kidney. Note, the weighting factor capturing worry and
concern about receiving an HCV-viremic kidney ranges
between zero and one, where one represents no worry.
As shown in Figure 5, all patients who had a net gain
from transplantation with an HCV-viremic kidney, had
a value for Qworry � 0.9.

We also performed subanalyses stratifying by race.
The mean values for Qworry among African American
and White patients were 0.84 and 0.78 (P = 0.32),
respectively. Patient-specific decision analyses suggested
transplantation with an HCV-viremic kidney in 28
(64%) African American patients and in 9 (47%) White
patients (P = 0.23), and in 24 (71%) and 7 (54%),

respectively, of African American and White patients
who were interested in receiving a kidney transplant
(P = 0.28).

We performed probabilistic sensitivity analyses on
two prototypical patients who were interested in
kidney transplantation. The first patient (see patient 29
in Supplemental Table 1) is a 39-year-old African
American male who has been on dialysis for 3 years has
little concern about receiving an HCV-viremic kidney.
His utilities for dialysis, HCV-unexposed kidney, and
HCV-exposed kidney were 0.50, 0.95, and 0.90, respec-
tively. Mean results and standard deviations for this
patient were 11.83 (0.21), 10.43 (0.32), and 4.46 (0.02)
QALYs for transplantation with an HCV-viremic kid-
ney, transplantation with an HCV-unexposed kidney,
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and dialysis, respectively. Transplantation with an HCV-
viremic kidney was best in 100% of simulations resulting
in an average gain of 1.40 (SD: 0.12) QALYs compared
with transplantation of an HCV-unexposed kidney.
Supplemental Figure S4 shows the distribution of gain
between transplantation with an HCV-viremic versus an
HCV-unexposed kidney for this patient.

The second patient (see patient number 44 in
Supplemental Table 1) is a 48-year-old African American
female who has been on dialysis for 7 years and has sig-
nificant concerns about receiving an HCV-viremic kid-
ney. Her utilities for dialysis, HCV-unexposed kidney,
and HCV-exposed kidney were 0.50, 0.70, and 0.46,
respectively. Mean results and standard deviations for
this patient were 5.84 (0.09), 7.02 (0.22), and 3.36 (0.01)
QALYs for transplantation with an HCV-viremic

kidney, transplantation with an HCV-unexposed kidney,
and dialysis, respectively. Transplantation with an HCV-
unexposed kidney was best in 100% of simulations
resulting in an average gain of 1.19 (SD: 0.14) QALYs
compared with transplantation of an HCV-viremic kid-
ney. Supplemental Figure S5 shows the distribution of
loss between transplantation with an HCV-viremic ver-
sus an HCV-unexposed kidney for this patient.

Discussion

A possible silver lining of the opioid epidemic is the
increased availability of higher quality organs coming
from younger individuals who have died from drug over-
doses. Unfortunately, some of these organs are from
donors who were infected with the HCV. Given the
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overall scarcity of organs for transplantation, use of
these HCV-infected organs for transplantation is increas-
ingly being considered. Indeed, the proportion of trans-
plant candidates willing to accept a kidney from an
HCV-
viremic donor has steadily increased over the past few
years to over 30% in 2019.1 However, as our study has
shown, there is wide variability in individual patient val-
ues and preferences for health states relevant to the deci-
sion to accept an HCV-viremic kidney transplant. The
other key dynamic in this decision is how acceptance of
transplantation with an HCV-viremic kidney might
favorably impact waiting time for transplantation. Thus,
patients and their clinicians must weigh the relative risks
and benefits of earlier transplantation, reducing the time
patients must continue to receive dialysis, and acceptance
of transplantation with an HCV-viremic kidney. These
tradeoffs and the importance of individual preferences
make this decision an ideal setting for shared decision-
making facilitated by patient-specific decision analysis.

One of our major goals was to test the feasibility of
using a utility assessment platform, The Gambler II,
along with a decision analytic model capable of perform-
ing personalized decision analyses by incorporating indi-
vidual patient’s utility weights for health states of
hemodialysis, and transplantation with either an HCV-
uninfected or HCV-infected kidney, along with patient-
specific demographic information (age, sex, race, and
dialysis vintage), and predictions of organ availability in
real-world clinical settings. Our longer-term goal is to
develop a Kidney Transplantation Decision Support
Tool (KTDST) that will seamlessly integrate a utility
assessment tool, a decision analytic model (computa-
tional engine), and a patient-facing interface that will
present a personalized report for the patient that can be
used to facilitate a shared decision-making discussion
about the various kidney transplantation strategies (see
Figure 6). Although the current study has focused on the
utility assessment process and the impact of variability in
patient values and preferences, the other major dynamic
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Figure 5 Comparison of gain (loss) HCV-viremic vs HCV-unexposed kidney and weighting factor for concern and worry about
receiving an HCV-viremic kidney. The x-axis shows the proportion of the cohort of 63 patients. The blue line corresponding to
the primary y-axis, to the left shows the weighting factor for worry and concern about transplantation with an HCV-viremic
kidney (QWorryHCV-Kidney) ranging between zero and one. A weighting factor of 1.0 indicates no worry or concern, while
progressive smaller numbers \ 1.0 indicate concern. These are based on standard gamble utility results with best and worst
anchor states of transplantation with an HCV-unexposed kidney and death, respectively. For example, a value of 0.9 would
correspond to a willingness to accept a 0.1 (1.0 – 0.9) chance of death to avoid receiving an HCV-viremic kidney. The orange

line, corresponding to the secondary y-axis, to the right, shows the gain (or loss) in QALYs for transplantation with an HCV-
viremic kidney versus and HCV-unexposed kidney. The area to the top, shaded in green, corresponds to the 59% of patients who
have a net gain in QALYs for transplantation with an HCV-viremic kidney. Patients in this region all have QWorryHCV-Kidney
values � 0.9. The pink shaded region below, corresponds to patients with a net loss in QALYs, who would do better with
transplantation with an HCV-unexposed kidney. These patients have QWorryHCV-Kidney values � 0.9.
Abbreviations: QALYs, quality-adjusted life years; HCV, hepatitis C virus.
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in the decision regarding whether to accept an HCV-vire-
mic kidney is predicted waiting time for an organ. This
can vary widely based on both patient-specific and trans-
plant center-specific factors. Thus, the KTDST also
would integrate predictions of waiting time based on fac-
tors such as age, sex, blood type, dialysis vintage, calcu-
lated panel reactive antibodies (cPRA), comorbidities,
and the region in which the transplant is being done.
Such a tool could either be freestanding and require clin-
icians to enter the necessary clinical information, or it
could be integrated with the electronic health record to
automatically populate the clinical and demographic
information needed for the individualized decision analy-
sis. We have been successful using a similar approach to
develop an Atrial Fibrillation Shared Decision-Making
Tool (AFSDM) that uses patient-specific information
for the electronic health record to calculate stroke risk,
bleeding risk on anticoagulant therapy, age, sex, and
other comorbidities to generate personalized anticoagu-
lation treatment recommendations.20 This is available as

an online tool and does not require any special comput-
ing equipment beyond a standard desktop or tablet. As
with the AFSDM, our experience is that the most effec-
tive approach is to use the tool during a patient visit to
facilitate a shared decision-making discussion.20

While we presented results of probabilistic sensitivity
analyses for two prototypical patients in order to provide
a sense of the uncertainty in model results due to uncer-
tainty in parameter inputs, performing such analyses in
real time for a decision support tool is impractical. Ten
thousand second-order Monte Carlo simulations of our
Markov state transition model takes several hours to run
on current desktop or tablet computers. If computational
time were no longer a constraint in the future, one could
imagine incorporating results of a probabilistic sensitivity
analysis into the personalized KTDST report, by repla-
cing the thin line representing the benefit from transplan-
tation with an HCV-infected kidney in Figure 6 with a
thin line (representing the mean result) surrounded by a
fuzzy haze above and below, representing the 95%

Figure 6 Sample personalized report from the Kidney Transplant Decision Support Tool (KKDST). This mock-up of a
personalized report envisions how patient information could be used to predict 3-year chance of receiving an organ, and then
incorporate that prediction along with the patient’s personal utility weights for the relevant health states, age, race, sex, and
dialysis vintage to generate an estimate of net benefit in quality-adjusted life years of transplantation with an HCV-infected
kidney versus transplantation with an HCV-uninfected kidney. In this example a 62-year-old woman with a 9% and 5% 3-year
chance of receiving an HCV-infected and an HCV-uninfected kidney, respectively, and utilities of 0.98, 0.85, 0.78, and 0.45 for
treatment with antiviral agents for HCV, transplant with HCV-uninfected kidney, transplant with HCV-infected kidney, and
hemodialysis, would gain 1.10 QALYs by accepting transplantation with an HCV-infected kidney compared with waiting longer
to receive an HCV-uninfected kidney.
Abbreviations: QALYs, quality-adjusted life years; HCV, hepatitis C virus.
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confidence interval. However, this introduces yet one
more layer in the complexity of personalized results,
making the interpretation potentially more challenging
and confusing for both clinician and patient.

We were successful in being able to conduct utility
assessments in the field while patients were undergoing
hemodialysis, taking advantage of the 3- to 4-hour-long
dialysis sessions during which they are tethered to a dia-
lysis machine. Most patients actually appreciated being
engaged in a meaningful and mentally stimulating experi-
ence during this time. Our next step will be to construct
and then test the KTDST on a cohort of patients who
are waitlisted for transplantation, and measure the
impact of such a shared decision-making discussion on
various measures of decisional quality, such as decreases
in decisional conflict,21 satisfaction with decision,22 self-
efficacy, and therapeutic alliance with health care team.23

Our study has demonstrated wide variation in individ-
ual patient values and preferences, or utilities, for health
states relevant to the decision to accept an HCV-viremic
kidney transplant, as well as the impact of this variation on
the optimal decision for any individual patient. While one
study has reported that .80% of patients with kidney fail-
ure stated that they would be willing to accept transplanta-
tion with an HCV-viremic kidney,24 our assessment of the
values and preferences of 63 ESKD patients undergoing
intermittent hemodialysis show 46 (73%) of the patients in
our study were willing to take some risk of death (ranging
between 1% and 90%) to avoid receiving an HCV-viremic
kidney rather than an HCV-unexposed kidney. In our
small convenience sample of 63 ESKD patients receiving
hemodialysis, patient-level decision analyses indicated that
slightly more than a third of patients interested in receiving
a transplant would gain more QALYs by waiting longer
and receiving an HCV-unexposed kidney rather than
accepting an HCV-viremic kidney.

Patients’ values and preferences for health states is a
significant component of decision making. As an exam-
ple, prior studies have reported an average utility score
of 0.53 for dialysis, on a zero to one scale in which zero
represents death and one represents the best possible
health state.25,26 However, in several meta-analyses and
systematic reviews examining health utilities in patients
with ESKD, utility weights are dependent on the assess-
ment method. Typical utility assessment methods include
the visual analog scale (VAS), the time tradeoff, and the
standard reference gamble.27 The VAS requires nothing
more than for participants to indicate where each health
state should be placed on a linear scale (i.e., feeling ther-
mometer) with anchors at the top and bottom for best
and worst possible states of health. The time tradeoff

involves trading off some number of years of life in the
less than perfect state of health being assessed in
exchange for a shorter duration of life in the best possi-
ble state of health. The standard gamble assesses how
much of a risk of a bad outcome (frequently death) par-
ticipants are willing to take to avoid the intermediate
state of health being evaluated. Standard gamble assess-
ments tend to result in higher utility weights than the
other methods described above, since this technique also
incorporates risk attitude, and most people are some-
what risk averse.28,29 Thus, in studies using the standard
gamble, utility weights for hemodialysis range between
0.53 and 0.86, closer to what we found in our study.29

Health utilities following transplantation are generally
much higher, 0.84 in some studies.30 It is interesting to
note that in our cohort of patients who have been receiv-
ing hemodialysis for an average of roughly 6 years, the
mean utility score for dialysis was higher, 0.83, than that
reported in some other studies. The utility for kidney
transplantation, 0.89, was similar to that reported in
other studies. However, to our knowledge, no studies
have examined patients’ utilities following transplanta-
tion with an HCV-viremic kidney. In our study, the aver-
age utility for transplantation with an HCV-viremic
kidney was 0.76 (SD: 0.28), lower than the average utility
for dialysis. That being said, among the 63 patients, 30
rated transplantation with an HCV-viremic kidney higher
than dialysis. Since the utility for hemodialysis in our
population of dialysis-experienced patients was much
higher than published reports, estimated gains in quality
of life from transplantation may have been reduced.

Prior analyses at a population level have demonstrated
the benefit of using HCV-viremic kidneys as a way to
shorten waiting times for patients on dialysis awaiting
kidney transplantation, thereby decreasing overall mor-
tality due to the significant survival benefit associated
with kidney transplantation.6,31,32 While use of HCV-
viremic kidneys may result in net benefit for the average
ESKD patient awaiting transplantation, patients may
have widely different values for health states, in particu-
lar, life following transplantation with either an HCV-
unexposed or an HCV-viremic kidney. Concerns about
cure or complications from HCV infection, or the stigma
of HCV infection may diminish anticipated quality of life
following transplantation with an HCV-viremic kidney.
In addition, while our analysis focused primarily on var-
iations in individual patient’s utilities for these three key
health states, other important parameters that may vary
from patient to patient include waiting times for a kidney
and competing mortality risks from comorbid diseases
over and above ESKD. Thus, the best decision for any
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individual may be different depending upon the balance
of these factors.

Reports from the Standardized Outcomes in
Nephrology-Transplant Initiative (SONG-TX Initiative)
highlight the discrepancies between patients, caregivers,
and health professionals regarding posttransplant out-
comes.33 Our study identifies another potential discre-
pancy related to HCV-viremic transplants. As
transplantation with HCV-viremic organs becomes stan-
dard of care, transplant health professionals should
recognize the potential negative impact on transplant
recipients’ quality of life associated with receiving an
HCV-viremic organ. Methods to abrogate these concerns
could include increased pre- and posttransplant educa-
tion surrounding the sustained virologic response rates
of direct acting antiviral agents, associated HCV cure
rates, and impact on posttransplant outcomes.

Our study has limitations. Given the demographics of
our Cincinnati metropolitan dialysis clinics, we had a
higher proportion of African American patients (70%)
in our sample. To the extent that race may impact assess-
ments of health state utilities or perceptions about receiv-
ing HCV-viremic kidneys, our results may not be
generalizable to a more racially diverse population. In
addition, the average dialysis vintage in our sample was
almost 6 years. Thus, accommodation to this treatment
and health state may have resulted in higher assessed val-
ues of this health state. We modeled outcomes following
successful transplantation at a summative level and did
not simulate more granular events such as graft failure
and possible re-transplantation. As a result, we were not
able to consider variability in the quality of organs being
transplanted, as measured by the Kidney Donor Profile
Index (KDPI).34 The impact this may have on the deci-
sion model results is hard to predict as, on one hand, this
may underestimate the benefit of transplantation with
organs from donors who died from drug overdoses, as
these kidneys tend to come from younger and healthier
donors who do not have diabetes mellitus, hypertension,
or kidney disease. On the other hand, HCV status is an
important component of the KDPI, increasing the
chances of graft failure among patients receiving HCV-
viremic kidneys.

Finally, although our ultimate goal is to develop deci-
sion support tools that can be used to facilitate discussions
between clinicians and their patients about transplantation
with HCV-viremic kidneys, at the time we performed util-
ity assessments patients were not being faced with immi-
nent decisions about accepting such organs.

In conclusion, if the medical care system is to best uti-
lize the available kidneys from this hopefully self-limited

epidemic of opioid deaths, there is an urgent need to
quickly develop decision-making tools that incorporate
the key decision variables. While our study focused on
demonstrating the important impact of patient-to-patient
variation in health state utilities, one can imagine the
development of an even more comprehensive decision
support tool that can aid patients and their physicians in
making the best choice, based on individual patient val-
ues and preferences for health states, waiting time, and
mortality estimates for both HCV-unexposed and HCV-
viremic kidneys, along with patient-specific clinical,
demographic, and center-specific information.
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