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Abstract

End Stage Renal Disease is becoming more prevalent in the United States of America, with
demand for kidney transplant exceeding the available organ supply. A novel method to
increase the donor pool has been to consider transplanting organs from deceased patients
who have had Hepatitis C Virus (HCV) or Human Immunodeficiency Virus (HIV) infections.
Transplants with HCV infected kidneys are becoming more prevalent, due to increased organ
supply due to increased mortality from injection opioid use. Similarly, deceased donor
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transplants using kidneys infected with HIV have become more common following the
passage of the “HIV Organ Policy Equity (HOPE) Act” in 2013. These novel transplant strategies
present distinct socioeconomic impacts which differ from those of prior transplant practices.
Here, we have reviewed the costs and benefits of receiving a kidney transplant from deceased
donors infected with HIV or HCV, compared to receiving a non-viremic kidney transplant.
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1. Introduction

In the United States of America (USA), the incidence of End Stage Renal Disease (ESRD) has been
progressively increasing, and with it the utilization of in-center hemodialysis [1]. While dialysis
serves as a bridge to kidney transplant, the demand for organs continues to outstrip the available
supply [2]. The waitlist for kidney transplantation has exceeded 100 000 patients [3], with only 9.1%
of these patients receiving a kidney transplant after 5 years [4]. A novel method to increase the
donor pool has been to consider transplanting organs from deceased patients who have had
Hepatitis C Virus (HCV) or Human Immunodeficiency Virus (HIV) infections [5, 6].

In 2013, the United States Congress passed the “HIV Organ Policy Equity (HOPE) Act”, allowing
organs from donors with HIV to be utilized for recipients with HIV [6]. As treatments for HIV have
improved, patients have increasingly survived into older age. Along with this decreased mortality,
the frequency of chronic diseases such as chronic kidney disease (CKD) has also increased [7].
Through the HOPE Act, older patients with HIV have been afforded greater consideration for
receiving a transplant. Though the HOPE Act increases the organ donor pool available to patients
with ESRD and HIV, there are additional costs and barriers that affect transplantation rates within
this cohort.

Over the last few decades, there has also been an increasing incidence of HCV, associated with
the rise of injection opioid use [8]. HCV has a 1-2% prevalence among the American population and
represents at least 4% of the potential organ donors [4]. Organ procurement from patients with
HCV is projected to increase due to deaths caused by the opioid epidemic [9, 10]. Currently, there
are over 70 000 deaths per year due to hypoxia from opioid overdoses [3, 5]. People who had HCV
and died from opioid overdose are usually younger and healthier compared to other deceased
donors [9, 11]; though historically, nearly 40% of organs from donors with HCV have been discarded
[3].

Transplants using donor organs from patients with HCV and HIV are becoming more common for
many different organs; however, there is a paucity of data on the economic impacts of this novel
approach. The most robust economic data for viremic organ transplant is available for kidney
transplants. In this review article, we provide an overview of deceased donor kidney transplants
(DDKT) using organs from donors with HIV and HCV, as well as describe the associated financial and
societal costs from the patient and healthcare payer perspectives.
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2. Transplants using Hepatitis C Organs

In industrialized countries, HCV transmission occurs primarily through recreational injection drug
use [12] such as heroin, or other opioids. Based on the current mortality rate of the opioid epidemic,
HCV viremic organs are projected to represent 10-15% of the deceased donor organ pool in America
[10]. Previously, fewer than half of healthcare providers felt that transplant of an organ from a
donor with viremic HCV (HCV D+) into a disease-free recipient (R-) should be a part of the standard
of care [4]. More recently, acceptance of this practice has been steadily increasing. While some
centers have made the transplant strategy of implanting organs from donors with viremic HCV into
disease free recipients (HCV D+/R-) the standard of care, the majority of HCV D+/R- transplants
performed thus far have happened in experimental settings that are unequally distributed
throughout America [4, 10, 13]. The Eastern United States procures the most HCV D+ organs, and
performs the most HCV D+/R- transplants [10, 13], however, the availability of organs from opioid
related mortality is especially pronounced in the Midwest United States [10]. Differing transplant
practices and rates of acquiring organs with HCV can affect treatment options and net healthcare
expenses for individual patients.

Though HCV D+ organs represent an increasing share of the supply, organs from those who are
“increased risk donors" (IRD)-such as those with a history of intravenous (IV) drug use or HCV
infection-have historically been underutilized [3, 9, 14]. HCV D+/R- transplants are not universally
favored due to many health care providers’ concern that HCV may not be cured in a transplant
recipient [4]. Prior treatments for HCV, including intravenous pegylated interferon and oral ribavirin,
had long courses of therapy that were difficult to complete [15]. Side effects of these medications,
such as influenza like symptoms and severe depression for interferon, and hemolytic anemia for
ribavirin [16], exacerbated difficulty with regimen adherence. Interferon had limited outpatient use
due to its intravenous formulation and was contraindicated post-transplant as it was thought to
cause acute rejection [15]. More recently, oral direct acting anti-viral therapy (DAA) for HCV now
easily cures between 90 to 100 % of all patients with the disease [8, 12, 17-19], compared to 64%
cure from combination therapy with interferon and ribivarin [16]. Side effects of DAA, including
fatigue, gastrointestinal symptoms, and anemia, are better tolerated by patients compared to
interferon and ribavirin regimens. Due to less severe side effects, oral formulations, and once daily
dosing, patients are better able to adhere to DAA.

Though there is concern that the long term DAA cure rate cannot be extrapolated to the
population receiving transplants, many experimental transplant regimens show minimal to zero risk
of prolonged HCV infection in organ recipients [3, 8, 9, 12, 20, 21]. For recipients who were infected
prior to transplant (R+), multiple regimens of DAA showed sustained viral response (SVR) at 12
weeks post-transplant [22]. Disease free recipients in the THINKER trial by Goldberg et al. showed
100% SVR at 12 weeks post-transplant with a regimen of Elbasvir- Grazoprevir [17]. The EXPANDER
trial by Durand et al. further demonstrated this DAA regimen to be effective infection prophylaxis,
where no transplant recipients developed HCV viremia as detected on Nucleic Acid Testing (NAT)
[18]. Multiple retrospective studies further corroborate the SVR rates observed in both THINKER
and EXPANDER trials [23-25]. Based on this data, HCV D+/R- transplants appear feasible if DAA is
started before or shortly after transplant. The risk of transmitting HCV via transplant is extremely
low if DAA is readily started prior to the R- patient showing signs or symptoms of infection [5];
however, insurance coverage of DAA is a concern [11]. In many prior studies, the cost of DAA was
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not paid by insurers due to the experimental nature of DAA use in this population. It remains to be
seen if DAA will be consistently reimbursed by insurance payers for the use of organ transplant.

Though HCV D+/R- transplant is not without risk, it provides benefits for the patient’s health and
quality of life. Deceased HCV viremic donors are more likely to be young, and have fewer
comorbidities such as diabetes and hypertension [8, 10]. Outcomes for HCV D+/R- transplants are
generally equivalent or superior to matched recipients of organs from donors without HCV infection
or viremia (HCV D-), especially if donor organs are from patients who died by opioid overdose [3, 4,
9]. Patients who are willing to accept an HCV D+ kidney are on the transplant waitlist for 0.7 to 1.56
years, compared to a median wait time of 4 years for a D- kidney [3]. Patients who receive HCV
D+/R- transplants spend on average 1.7 years on dialysis, compared to 4.1 years for patients
awaiting an aviremic organ (Figure 1) [9]. Though improving, the annual all-cause mortality rate for
patients on hemodialysis is approximately 17% [1], and patients who receive a kidney transplant
have significantly lower excess mortality compared to dialysis dependent patients [3]. Over 90% of
transplant physicians are inclined to offer HCV D+/R- transplants if it reduces time spent on the
waitlist by 4 years; 40% of these physicians feel this strategy is beneficial if it decreases time on the
waitlist by only 1 year [4]. Patients are also inclined to accept HCV D+ organs if they are able to avoid
or stop dialysis. They additionally value spending less time on the waitlist and subjectively feel a
greater benefit from receiving an organ from a younger, healthier donor [26].

Wait Time of Aviremic Kidneys vs. HCV D+

B waitlist [l Dialysis

Average Wait Time in Years

Aviremic HCV D+

Kidney Donor

Figure 1 Bar graphs showing average time spent on wait list, and time spent requiring
dialysis for patients receiving aviremic kidney transplant, compared to patients receiving
transplants from donors with HCV. Average waiting time to receiving an organ with HCV
is 1.12 years.

3. Transplants using HIV Organs

Due to advances in antiretroviral therapy (ART), HIV is now considered a “chronic disease rather
than a fatal infection” [7]. As the mortality rate has decreased, the prevalence of ESRD in this
population has increased [27]. The first kidney transplant given to a recipient with HIV (HIV R+) was
performed in 2003 [28]. Though having HIV is no longer considered a contraindication to solid organ
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transplant, patients with HIV have been significantly less likely to be placed on the transplant waiting
list, or receive any organ [19, 28]. Prior to the HOPE Act, it was illegal to transplant organs from
donors who had HIV (HIV D+). Currently, utilization of HIV D+ “organs remain limited to the research
domain” [19].

Since the passage of the HOPE Act, 25 transplants using organs from donors with HIV to
recipients with HIV (HIV D+/R+) have been performed through the “HOPE in Action Study” [6]. This
is a multicenter open label pilot study comparing outcomes of this novel transplant strategy to
conventional practice of implanting organs from donors without HIV (HIV D-) into recipients with
HIV (HIV D-/R+). Among patients with HIV, there was no difference in 1 year mortality, graft
function, or graft survival between the D+ and the D- cohorts [6]. HIV breakthrough was a rare
occurrence in both groups and primarily occurred due to difficulty paying for ART. Patients with HIV
who received HIV D+ organs spent 2 fewer years on dialysis compared to HIV D-/R+ patients [6].
Delayed graft function occurred more often in those who received HIV D- organs, which was
attributed to greater incidence of HCV coinfection within that group. There was a greater incidence
of graft rejection in HIV D+/R+ arm, though it failed to reach statistical significance.

Although recipients with HIV have higher rates of organ rejection [29], mortality and graft
survival for these patients are comparable to transplant recipients without HIV [7]. Patients with
HIV on dialysis have greater morbidity and mortality compared to dialysis patients without HIV [7,
30]. Data from the HOPE in Action study suggest that for patients with HIV and ESRD, accepting an
organ from an HIV donor could decrease time on the waitlist and mitigate the need for dialysis.
Using the HIV D+/R+ transplant strategy, the donor pool is projected to increase by up to 500 donors
with HIV per year [19]. Due to the HOPE Act, organs that test falsely positive for HIV are much less
likely to be discarded. Using organs from false positive donors may further “increase the donor pool
by an estimated 50-100 donors per year” [29].

The main concern for using organs from donors with HIV is transmitting infection with a new or
resistant strain to recipients [7, 29, 30]. There is also some concern for new HCV infection to
recipients if donors have HIV and HCV coinfection [19]. To date, there has not been a kidney
transplant from HIV donor given to a recipient without HIV (HIV D+/R-). However, there has been a
case of HIV D+/R- pediatric liver transplant in South Africa [28]. These transplants pose new ethical
challenges and may be considered depending on survivability without a transplant, size of donor
pool, and efficacy of ART regimen. Though undetectable viral load likely makes HIV sexually
untransmissible (U = U), further research is required to validate this claim for patients with organ
transplants [28].

4. Current Economics of Transplantation

Economic considerations of a medical intervention can be evaluated from multiple perspectives.
For kidney transplants, monetary and non-monetary factors affect the assessment of cost
effectiveness. To analyze this from the patient perspective, we can use lifetime cost savings from
an intervention, as well as Quality Adjusted Life Years (QALY) gained. QALY represents the number
of years lived weighted by an individual’s preference for a certain level of health, aggregated over a
population. QALY usually range from 0 to 1 where 0 represents death, and 1 represents living in
perfect health for one additional year [31, 32]. Outcomes that patients feel are “worse” than death
are assigned negative values, while outcomes perceived to be better than a year of perfect health
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are scored over 1. For example, patients undergoing dialysis rate the baseline experience as 0.53
QALY. Following kidney transplant of a non-viremic organ, the average QALY improves to 0.84
(Figure 2) [12]. Thus, the intervention of transplant causes a gain of 0.31 QALY.

QALY of Patients for Dialysis vs. Transplant

0.75

0.50

QALY

0.25

0.00

Dialysis Kidney Transplant

Treatment Type

Figure 2 Bar graphs showing the respective QALY for patients on dialysis, compared to
patients who received a kidney transplant. Receiving a kidney transplant causes a gain
of 0.31 QALY compared to receiving dialysis.

From the perspective of a health care system, we can assess economic impact based on cost
savings, cost effectiveness, and Disability Adjusted Life Years (DALY) prevented. DALY “reflects the
sum of years of life lost due to premature mortality and years lived with disability” [31]. DALY also
ranges from 0 to 1, though O represents no disability and no premature mortality, while 1 represents
the state of being dead. Unlike QALY which focuses on patient preference, DALY weighs definitions
of disability based on an expert panel developed by the “Global Burden of Diseases, Injuries, and
Risk Factors Initiative” (GBD) [31]. As DALY is based on standardized definitions of disability, this
measure can be generalized across healthcare systems. Cost saving and cost effectiveness are also
related but distinct measures. Cost saving interventions create a net decrease in the total healthcare
dollars spent, while cost effective interventions cause a sufficiently large benefit relative to the price
of intervention [33]. A cost effective intervention may or may not be cost saving.

A commonly used measure for cost effectiveness is the Incremental Cost-Effectiveness Ratio
(ICER) — often expressed as dollars per QALY. ICER is a ratio evaluating the costs and benefits of one
intervention compared to another [34]. It represents the average incremental cost in order to gain
one additional QALY by using the intervention. ICER can be calculated “by dividing the difference in
cost of 2 interventions by the difference of their effectiveness” [32]. ICER usually assesses cost
effectiveness from the perspective of healthcare payers, such as Medicare in the USA [2, 35]. To
determine whether an intervention is cost effective for the payer, the ICER is compared to a
predetermined “cost effectiveness threshold”. In the USA, this threshold is defined as $50 000 per
QALY, benchmarked to the cost of treating ESRD under the criteria for Medicare enrollment in the
1970s [35]. For the purposes of this review, ICER would compare the utility of receiving a viremic
kidney compared to the utility of not receiving a transplant and/or remaining on dialysis.
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The baseline costs of staying on dialysis or receiving a non-viremic kidney can be determined
from Medicare expenditures. Treating ESRD accounts for 7.2% of total annual Medicare spending.
The majority of this $36 billion expense comes from hemodialysis [1]. As of 2017, the annual cost of
providing hemodialysis was $91,795 per person. In comparison, the annual cost to treat patients
receiving a kidney transplant was $35,817 (Figure 3) [1]. The rates of DDKT for patients on dialysis
have decreased since 2000 and remained mostly stable between 2013-2017 [1]. As overall mortality
rates for ESRD decrease, the total cost for dialysis is projected to increase.

Annual Costs of Treatment
100,000

75,000
50,000

25,000

Annual Cost per Person in USD

Dialysis Transplant

Treatment Type

Figure 3 Bar graph comparing the annual cost of hemodialysis to the annual cost of
kidney transplant per patient, measured in 2017 USD.

Cost forecasting for HCV D+/R- transplants has been performed with statistical modeling. The
starting assumptions for these models were based on outcomes of previously discussed trials, and
aggregate data from nonprofit organizations such as United Network of Organ Sharing (UNOS) and
Scientific Registry of Transplant Recipients (SRTR). This forecasting was primarily done via Markov
modeling [2, 3], and Monte Carlo (MC) simulations [12]. Markov models describe situations that
involve stochastic sequential decision making overtime, where proportions of a starting group
transition to a different state of health [32]. For example, one study iteratively stratifies patients
that transition from requiring dialysis to a D-/R- group or to HCV D+/R- group that also receives DAA
[3]. Another study models the annual proportion of a fixed cohort who transition from requiring
dialysis to receiving an HCV D+/R- transplant [2]. Monte Carlo simulations generate bounds of
uncertainty for variables whose outcomes are otherwise difficult to estimate or measure [32]. For
instance, MC simulation could describe iterative transitions from remaining on dialysis to receiving
a transplant if the probability of receiving a transplant is influenced by external factors. These
models have been used to determine projected QALY, DALY, ICER, and cost savings. The MC
simulation additionally provides insight into the limits of where these conclusions would continue
to apply.

To holistically consider the economics of kidney transplantation, we must consider both patient
specific measures - such as QALY, and system-based measures - such as DALY and ICER. QALY, and
DALY both assess an intervention’s impact on quality of life. DALY uses standardized definitions of
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disability whereas QALY aggregates subjective assessments determined by patient preference. ICER
expresses the cost per QALY gained for an intervention in relation to the status quo therapy. Cost
effectiveness is determined by comparing the ICER to a predetermined threshold. In the USA, this
threshold is commonly set at $50 000 per QALY. All of the above measures are often calculated by
extrapolating existing data via iterative modeling over time. Common techniques of iterative
modeling include Markov modeling and MC modeling. For the purposes of this paper, all nominal
monetary values have been converted to USD using data from Organisation for Economic Co-
operation and Development (OECD) [36].

5. Comparative Cost Outcomes for HCV Transplant

Overall, receiving an HCV D+/R- transplant appears beneficial for both cost and quality of life.
Compared to waiting for an aviremic organ, transplant with HCV infected kidneys improved QALY
by 0.91 in the American population [3]. This was likely due to the much shorter wait time required
to receive a viremic transplant. Markov modeling techniques from American data would suggest
that receiving an HCV D+ transplant is associated with improved QALY as long as the average waiting
time for a viremic kidney is less than 3.79 years [3]. The lifetime cost savings for a patient accepting
a viremic kidney could approach $38000 USD [3]. Based on MC simulations in Australia, an HCV
D+/R- transplant strategy prevented an average of 0.15 DALY when compared to remaining on the
transplant waitlist for up to 5 years [12]. Additional Markov modeling using data from Canada
suggests that receiving HCV D+ transplant increases QALY and is cost saving compared to staying on
the waitlist for up to 5 years [2].

Transplant with HCV D+ kidneys remain cost saving if an organ is received up to 2.67 years on
the waitlist [3]. It remains cost effective (ICER< $50000/QALY) until waitlist time exceeds 3.1 years
[3]. Compared to remaining on the transplant waitlist for one additional year, the ICER for receiving
a HCV D+/R- transplant was $3578 USD to gain 1 QALY [2, 36]. When favoring a D+/R- strategy, the
cumulative savings for healthcare payers over 5 years ranged from $25400-5122400 USD per patient
depending on the duration of time spent awaiting a D- organ [2, 36]. Considering all aspects of
treatment after transplant- including “...DAA, immunosuppression, and provider care for up to 5
years,”- the D+/R- transplant strategy saved approximately $191000 USD per patient compared to
the D-/R- cohort [37].

Pragmatically, the cost for DAA may be a significant barrier to developing D+/R- strategy as
standard of care. For these transplant recipients, insurance providers may refuse to cover DAA due
to lack of “medical necessity” [21]. Though this may hinder post-transplant treatment of HCV, it
appears similar results can be achieved with a prophylactic course of DAA [21]. While the vast
majority of patients are expected to achieve SVR with one course of DAA [17-19], an estimated 4%
may fail to respond to two courses of therapy [2]. For recipients who cannot clear HCV infection,
the cost of ongoing DAA is comparable to the annual cost of dialysis, and the HCV D+/R- strategy is
unlikely to be cost saving [12]. Cost effectiveness for transplant will vary by organ specific wait times
(per country), HCV prevalence, country specific probability of death while on the wait list, and cost
of HCV treatment. The annual probability of dying while waiting for a transplant was 14% [12],
though the mortality risk had increased in the setting of the COVID-19 pandemic [38]. Further
studies are required to reassess total healthcare costs in the post pandemic setting.
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6. Comparative Cost of HIV Treatment with and without Transplant

The frequency of transplants using HIV D+ organs pales in comparison to HCV D+ transplants.
Though the potential for greater utilization exists, there is currently not enough data to model costs
for HIV D+/R+ transplants. However, subjective patient experiences and access to transplant can
affect the downstream costs once HIV kidney transplants become more prevalent. The utilization
of ART accounts for the vast majority of costs incurred by the average patient with HIV [39, 40].
Patients with ESRD and HIV must additionally bear over $90000 USD per annum for hemodialysis
[1, 3]. Following transplant, continued insurance coverage of various ART regimens may also play a
significant role in the total costs incurred by patients and healthcare systems alike.

America has the highest cost of ART worldwide, and this cost has steadily increased from 2012
to 2018, at 3.5 times the rate of expected inflation [41]. Even though generic ART options exist, the
average annual price of a regimen can be over $36,000 USD per patient [41]. Among completed HIV
D+/R+ transplants, lapses in ART due to loss of insurance coverage or unaffordable copay has
occurred [6]. A large proportion of HIV patients are on Medicaid due to disabilities from the
sequelae of HIV and are co-enrolled in Medicare based on the 2010 Patient Protection and
Affordable Care Act. Though nearly 80% of Medicare patients with HIV qualify for coverage due to
disability, an increasing proportion of patients receive Medicare due to being 65 years of age or
older [42]. As patients continue to live longer, there is expected to be a greater incidence of ART
related adverse events which can influence transplant related issues [39].

As patients with HIV live longer, there is expected to be a greater incidence and cost burden
attributed to ART related ESRD [39]. Extrapolating this trend, it is increasingly likely that the pool of
HIV patients needing kidney transplant will continue to increase [6, 7, 29]. HIV related mortality is
decreasing far more rapidly than non-HIV related deaths [43], thus there is expected to be a
shortage of HIV D+ organs relative to demand.

Patients with HIV who have ESRD face disease specific challenges for obtaining evaluation for
kidney transplant [29]. In addition to meeting center specific requirements for kidney transplant,
those with HIV must also have a CD4 count over 200, be on a stable ART regimen, and have an
undetectable viral load [19, 29]. Patients with HIV must also have regular follow up with physicians
who routinely provide HIV oriented care [29]. Psychosocial stressors-such as psychiatric illness,
unemployment, and alcohol and substance abuse- are more prevalent in patients with HIV [40].
These stressors may be an added barrier to meeting the criteria for transplantation [19, 30]. The
additional psychosocial strain of deciding between remaining on the waiting list or taking an organ
from a higher risk donor increases the difficulty of obtaining informed consent for transplant. The
HOPE Act mandates that Independent Recipient Advocates (HIRA) must be involved to navigate
these challenging decisions with patients [44]. HIRAs typically have backgrounds in nursing, social
work, or medicine. Duties as the HIRA are often added on to primary clinical roles. In some instances,
an individual HIRA has assisted with over 15 evaluations [44]. Thus far, HIRAs have been
independent of the transplant team, and are unpaid volunteers. As HIV D+/R+ transplant becomes
more frequent, the HIRA position may need to become a salaried role, or further compensation will
likely be needed for clinical workers to take on this additional responsibility.
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7. Conclusion

Transplants using kidneys from deceased donors with HCV and HIV are viable solutions to
addressing the current organ shortage. Due to increased mortality from the opioid epidemic, organs
with HCV are projected to represent up to 15% of the available donor pool. The proportion of
patients eligible for transplant are increasingly open to receiving an organ from a deceased donor
with HCV. An overwhelming majority of HCV free patients who receive an HCV D+ kidney achieve
SVR with DAA. Compared to remaining on the transplant waitlist or requiring hemodialysis, the HCV
D+/R- transplant strategy is a cost-effective method for significantly improving quality of life.
Despite the cost of DAA, healthcare payers such as Medicare can save over $190,000 per patient
over 5 years for transplant using HCV D+ kidneys compared to the usual HCV D-/R- approach. From
the patient perspective, those who receive an HCV D+ kidney can save up to $38000 USD over their
lifetime compared to not receiving a transplant. HCV D+/R- transplants likely are cost saving and
cost effective due to shorter waiting times for receiving a kidney.

HIV has become more of a chronic illness due to improvements in ART. An increasing share of
patients with HIV have ESRD. The donor pool for this population is increased through the HOPE Act,
which allows for transplants using organs from donors with HIV. There is insufficient data to
extrapolate costs associated with HIV D+/R+ transplants. Insurer coverage of ART, and the need for
additional staff such as HIRA to navigate increased psychosocial stressors experienced by those with
HIV are likely to significantly impact the economics of this transplant strategy.
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