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Abstract

Purpose of Review To summarize outcomes to date, as well as important considerations and unanswered questions related
to the use of hepatitis C virus (HCV) positive donors for heart transplantation.

Recent Findings Outcomes from single-center studies and registry data to date suggest that among patients who develop
donor-transmitted HCV after heart transplantation, direct-acting antiviral therapies (DAAT) are effective and well-tolerated,
and that short-term survival is similar to that of patients transplanted with HCV — donors.

Summary In an era marked by increasing numbers of HCV positive deceased donors and a growing imbalance between the
demand and supply of donor hearts, utilization of HCV + donors is a feasible strategy to expand the donor pool and reduce
waitlist times. Ongoing work is needed to clarify longer-term outcomes with the use of this strategy.

Keywords Heart transplantation - Hepatitis C virus - Direct-acting antiviral therapies - Donor pool

Introduction

Heart transplantation (HT) offers a life-saving treatment for
patients with advanced heart failure. With an estimated 6 mil-
lion adults in the USA living with heart failure [1], there is a
growing population of patients with advanced heart failure who
may need HT for long-term survival. However, only ~3500 HT
are performed annually in the USA [1], a number limited pri-
marily due to an insufficient supply of acceptable donor hearts.
The growing imbalance between the demand and supply of
donor hearts has resulted in extended waiting times on an ever-
growing heart transplant wait list. Identification of strategies
that expand the donor pool is critical.

The opioid epidemic in the USA has burgeoned over the
past decade and been accompanied by a sharp increase in
hepatitis C virus (HCV) transmission due to the use of shared,
non-sterile needles. According to data from the Centers for
Disease Control, the number of acute HCV infections reported
in 2019 was 4,136 compared to 1,778 in 2012, representing
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a 132% increase in reported incident HCV cases [2]. Due to
significant under-reporting and diagnosis of HCV, actual new
infections are estimated to be > 50,000 in 2019 [2] (Fig. 1).
Furthermore, there has been a continued rise in deaths related
to opioid and other drug overdoses, with over 70,000 such
deaths in 2019 [3] (Fig. 2). The COVID-19 pandemic has
accentuated this trend, with > 10,000 excess deaths related to
drug overdoses during 5 months of the pandemic compared to
pre-pandemic levels [4]. Younger age groups have been espe-
cially affected by this public health emergency, with adults
aged 3544 representing the age group with the highest rate
(40.5 per 100,000 individuals) of drug overdose deaths in
2019 [3]. As a direct result of the opioid epidemic, persons
deceased secondary to intravenous drug overdose and with a
high prevalence of HCV infection now represent a growing
proportion of the donor pool. Moreover, recent experience
suggests that in the contemporary era, HT using these donors
should routinely be considered [Se]. Herein, we briefly review
outcomes to date and future directions.

Novel Hepatitis C Therapies—Dawn of a New
Era

Contemporary discussion about HCV is best framed

in the context of recent therapeutic advances. In the
“old era” (1980s-2011), interferon and ribavirin were
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Number of acute cases

Acute Hepatitis C

Reported acute cases 1,778 2,138 2,194

Estimated acute infections 24,700 29,700 30,500

Source: CDC, National Notifiable Diseases Surveillance System.

=#> Reported acute cases

mm Estimated acute infections

2019

2,436 2,967 3,216 3,621 4,136

33,900 41,200 44,700 50,300 57,500

*The number of estimated viral hepatitis infections was determined by multiplying the number of reported cases that met the classification criteria for a confirmed
case by a factor that adjusted for underascertainment and underreporting. The 95% bootstrap confidence intervals for the estimated number of infections are

displayed in the Appendix.

Fig. 1 Burden of reported and estimated hepatitis C virus infections from 2012 to 2019. https://www.cdc.gov/hepatitis/statistics/2019surveilla-

nce/Figure3.1.htm

the mainstay of HCV therapy, despite often intolerable
side effect profiles, prolonged lengths of treatment, and
limited efficacy [6]. In 2011, the “new era” of HCV
therapy began when direct-acting antiviral therapies
(DAAT) were shown to be safe and efficacious in cur-
ing HCV with sustained virologic response rates greater
than 90%. The newest of these agents, consisting now-
adays of combinations of NS3/4A protease inhibitors
and NS5A/B polymerase inhibitors—absent interferon
or ribavirin—inhibit viral replication and infection with
minimal side effects and cure rates >98% [7-10]. While
some DAAT regimens are HCV genotype specific, pan-
genotypic DAAT are now available, providing an impor-
tant tool in scenarios where rapid genotyping may not
be possible.

@ Springer

Hepatitis C Positive Organs in Heart
Transplant Recipients—the Old Era

Studies of organ transplantation from HCV positive donors
to HCV naive recipients in the “old era” demonstrated a
variable but unacceptably high rate of HCV transmissibil-
ity [11, 12], associated with poor outcomes. A retrospective
study of 34 HCV naive HT recipients showed a threefold
higher risk of mortality and 2.8-fold greater risk of coro-
nary allograft vasculopathy (CAV) among patients who
received HCV +organs compared to those who received
HCYV —organs [13]. In another study, 261 HT recipients of
HCYV +donors demonstrated 50% lower survival at 1, 5, and
10 years compared to recipients of HCV —donor hearts, with
significantly higher rates of mortality related to viral hepati-
tis or liver failure, as well as CAV [14]. It was in this context
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*Includes deaths with underlying causes of unintentional drug poisoning (X40-X44), suicide drug poisoning (X60-X64), homicide drug
poisoning (X85), or drug poisoning of undetermined intent (Y10-Y14), as coded in the International Classification of Diseases, 10th Revision.
Source: Centers for Disease Control and Prevention, National Center for Health Statistics. Multiple Cause of Death 1999-2019 on CDC

WONDER Online Database, released 12/2020.

Fig.2 Annual drug-related overdose deaths in the USA from 1999 to 2019. https://www.drugabuse.gov/drug-topics/trends-statistics/overdose-

death-rates

during the “old era” that HCV + donor organs were generally
considered unsuitable for HT.

Hepatitis C Positive Organs in Heart
Transplant Recipients—the New Era

Following on the heels of several promising pilot studies
transplanting HCV nucleic acid amplification test positive
(NAT +) organs in kidney, lung, and liver transplantation in
the “new era” [15-17], Baylor University published the first
reported case of HT using a HCV NAT +donor in 2017 [18].
The patient, who was HCV naive at transplant and developed
donor-transmitted HCV (dt-HCV) post-HT, was treated with
sofosbuvir/velpatasvir and demonstrated sustained virologic
response at 12 weeks after completion of DAAT (SVR12).
Shortly thereafter, Vanderbilt published the first case
series describing early outcomes in HT utilizing HCV
NAT + donors in HCV naive recipients [19]. Thirteen
patients underwent HT using HCV + donor hearts (11/13
NAT +, 2/13 Ab+/NAT —), with 9/13 (69%) developing
dt-HCV. HCV therapy was initiated as an outpatient for
those with dt-HCV—patients who acquired HCV genotype
1 were treated with 12 weeks of ledipasvir/sofosbuvir, while

patients with HCV genotype 3 received 12 to 24 weeks of
sofosbuvir/velpatasvir. All but one (89%) patient with dt-
HCV completed DAAT without limiting side effects and
with subsequent demonstration of SVR12. One patient died
of a pulmonary embolism while undergoing DAAT. While
this report was limited by its single-center nature, small
sample size, and absence of a control group, it nonethe-
less demonstrated the potential promise afforded by HCV
NAT + donors in the “new era.”

Following these first experiences with DAAT in HCV
NAT + HT, multiple other centers have reported their experi-
ences (Table 1), some pursuing preemptive HCV treatment
whereby DAAT are initiated after confirmation of dt-HCV
in recipients, and others pursuing a prophylactic approach
whereby DAAT are initiated perioperatively in an effort to
prevent HCV transmission.

Woolley and colleagues conducted a trial of 4 weeks of
prophylactic sofosbuvir/velpatasvir in HCV NAT + organ
transplantation, administered within a few hours of sur-
gery [20]. Thirty-six lung transplant and 8 heart transplant
patients were included, with 95% showing evidence of
HCYV viremia immediately after transplantation. Among
those with 6-month follow-up at time of publication, 100%
of patients demonstrated SVR at 4 and 24 weeks after
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completing therapy. No significant treatment-related seri-
ous adverse events were noted. In the HT cohort, graft
survival was 100% at 6 months, not significantly different
compared with a group of HCV — HT recipients. There
was also no significant difference in incident acute cellular
rejection between HCV +and HCV — HT recipients. This
study was the first to demonstrate efficacy of prophylactic
pan-genotypic DAAT in patients undergoing HT with HCV
NAT + donor hearts.

The use of prophylactic DAAT in HCV + HT was fur-
ther investigated by Bethea and colleagues [21]. Their
study included 20 recipients of HCV NAT + donors and
5 recipients of HCV Ab+/NAT — donors. In the former
group, glecaprevir/pibrentasvir was started just prior to HT
and continued for 8 weeks post-HT. Patients in this group
had rapid clearance of virus (median 3.5 days post-HT), and
all achieved SVR12. Patient allograft survival was 100% at
10 months of follow-up.

Among studies pursuing a preemptive HCV treatment
approach, Aslam et al. described 21 HCV +HT, 19 from
NAT + donors and 2 from NAT — donors [22]. Similar to
other studies, recipients of non-viremic (NAT —) donors
did not show evidence of dt-HCV, whereas the 19 recipi-
ents from viremic (NAT +) donors did. The use of induction
immunosuppressive therapies in 13 (62%) patients was not
associated with HCV viral load at 2 weeks post-HT. A vari-
ety of preemptive DAAT regimens, including glecaprevir/
pibrentasvir (74% of patients), sofosbuvir/velpatasvir (11%
of patients), elbasvir/grazoprevir (11% of patients), and ledi-
pasvir/sofosbuvir (5% of patients) were initiated on hospital
discharge in 89% of patients and during index hospitalization
for 2 patients. Regardless of DAAT regimen, all patients
demonstrated 100% clearance of HCV viremia and 100%
SVR12. One patient in the HCV NAT + group died of graft
failure potentially related to antibody-mediated rejection
(although exact cause was not identified), 64 days after com-
pleting DAAT (sofosbuvir/velpatasvir). In the safety assess-
ment, 32% of viremic patients developed transaminitis after
HT but prior to DAAT, with resolution of transaminitis in
all patients by time of last follow-up [22].

In another, smaller trial, 10 HCV naive patients under-
went HT using HCV genotype 1 cardiac allografts [23]. All
patients had detectable HCV viremia by post-transplant day
3, at which time a 12-week course of daily elbasvir/grazo-
previr therapy was initiated (preemptive strategy). Ninety
percent of recipients had undetectable HCV NAT within
4 weeks of starting therapy, while one participant had per-
sistent viremia at that time point, prompting 4 additional
weeks of DAAT.

In the largest single-center prospective analysis of HT
using HCV NAT + donors and a preemptive treatment strat-
egy, the Vanderbilt group followed up its initial report [19]
with outcomes in 80 HT using HCV Ab + hearts, 70 of

which were recovered from viremic donors and 10 from non-
viremic donors [24e]. No recipients of non-viremic donors
developed dt-HCV. Of the 70 recipients of viremic donors,
67 (95.7%) developed dt-HCV. Treatment with DAAT,
generally initiated a median of 55 days post-HT, was well
tolerated and yielded SVR in all treated patients. Within
the cohort with dt-HCV, 1-year patient survival was 90.4%,
not significantly different compared with patients who
received transplants from HCV —donors during the same
period at Vanderbilt. While recipients of viremic donors had
significantly more primary graft dysfunction (PGD) com-
pared to recipients of non-viremic donors (13.7% vs. 3.1%,
p=0.002), there were no significant differences in rates of
acute rejection requiring treatment or CAV [24e].

Two separate registry studies have added to the findings
from single-center experiences. An analysis of the UNOS
registry examining survival and PGD by donor HCV sta-
tus among 6,864 HT recipients transplanted between 2015
and 2018 demonstrated 1-year survival of 91%, with no
significant differences based on whether the donor was
HCV naive (n=6,660), HCV Ab+ NAT — (n=86), or
HCV NAT + (n=118)—this finding persisted even after
adjustment for recipient age, gender, UNOS status 1A,
blood group O, body mass index, inotrope support, left
ventricular assist device support, and donor age, gender,
ischemic time, and cause of death [25¢]. Rates of PGD at
90 days were similar between all three groups in raw and
adjusted analyses, as were rates of acute rejection requir-
ing treatment.

In a separate analysis of the UNOS registry, Kilic and
colleagues examined HT outcomes based on donor HCV
Ab status, with a sensitivity analysis based on donor NAT
status, for HT performed between 2016 and 2018 [26¢]. Of
the 7889 isolated HT performed during this time frame,
343 (4.4%) utilized HCV Ab + donor hearts (194 NAT +,
137 NAT —, 12 NAT status unknown) at 36 unique cent-
ers. The percentage of transplant centers performing HCV
Ab + transplants increased from 8.5% in 2016 to 29.4% in
2018. For the primary outcome of 1-year survival, there
was no significant difference between recipients of HCV
Ab + versus Ab —donors, both before and after propen-
sity matching. Adjustment for clinically relevant donor
and recipient characteristics did not alter this result, with
an adjusted hazard ratio of 1.05 (95% confidence inter-
val 0.70-1.58, p=0.80) for 1-year post-transplant sur-
vival in the total population. There were no differences
in 1-year drug-treated rejection, new-onset post-oper-
ative dialysis, post-operative stroke, and length of stay
between the groups. In examining outcomes stratified
by NAT status, 1-year recipient survival was not statisti-
cally different between recipients of HCV Ab+ NAT +and
HCV Ab + NAT — donors, or between recipients of
HCV 4+ NAT + and HCV —donors. Rates of the secondary
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outcomes including rejection, dialysis, and stroke were also
similar between the different NAT groups [26e].

While a number of studies have explored patient and graft
survival after use of HCV + donors for HT, the data on other
transplant associated outcomes like rejection and CAV have
been more limited. Although several of the aforementioned
single-center studies and registries reported no differences
in these outcomes [20, 24e, 25¢, 26¢], a single-center report
by Gidea and colleagues reported that among 50 HT recipi-
ents in the DAAT era, including 22 with NAT + donors and
28 with NAT — donors, recipients of NAT + hearts had a
significantly higher rate of treated acute cellular rejection
(ACR) at 60 and 180 days, as well as a lower median time to
occurrence of first rejection event [27]. The small numbers
of patients in each arm as well as the retrospective nature of
the study are important caveats in the interpretation of these
results, and this area is deserving of further study.

Equally deserving of further study is the impact that dt-
HCV may have on development and progression of CAV.
In the pre-DAAT era, reports suggested that HCV + donor
status adversely affected CAV incidence and progression
[13]. In the “new era,” the influence of dt-HCV remains
unclear, although two studies have shed light on this ques-
tion, albeit to a limited degree. In Vanderbilt’s report of
80 HCV + heart transplants, there did appear to be a small
increase in CAV prevalence in the HCV + group, although
this difference was not statistically significant [24e]. Madan
and colleagues compared 1-year prevalence of CAV among
6,943 recipients of HCV negative donors, 107 recipi-
ents of HCV NAT + donors, and 69 recipients of HCV
Ab + NAT —donors using data from the UNOS registry
[28]. The rate of CAV was similar across all three groups in
unadjusted and adjusted regression analyses, as well as in
a propensity score matched analysis. The relatively smaller
comparison groups, along with lack of information on CAV
diagnostic methodology, DAAT use, and immunosuppres-
sion make it difficult to draw definitive conclusions from
these data.

Utilization of Hepatitis C Donor Hearts

In the wake of the evidence to date, an increasing num-
ber of transplant centers have started to perform HT using
HCV +donors. In 2018, 137 NAT + hearts were trans-
planted, compared to only 1 in 2015 [26e¢]. And although
a UNOS analysis reported that only 12% of available
HCV + hearts were recovered in 2019 [29], data suggests
that once HCV +hearts are recovered they are more likely
to be transplanted in the current era than was previously
the case [25¢], and that utilization rates of these hearts are
approaching those of HCV —hearts [25e, 30]. Nonetheless,
geographic disparities in the utilization of HCV + hearts

@ Springer

persist [31], suggesting an opportunity for many centers
to capitalize on this strategy. For centers seeking to begin
HT using HCV + donors, recognition of the importance
of a multidisciplinary approach is critical to ensure opti-
mal patient outcomes. The multidisciplinary team should
include, among others, transplant cardiologists and surgeons,
expert consultants in hepatology or infectious disease, and
transplant pharmacists. Equally important is input from and
consideration of key stakeholders including hospital admin-
istration, payers, clinical investigators and, most importantly,
the patient (Fig. 3).

Cost and Cost-Effectiveness of HCV + Heart
Transplants

Given the high costs of DAAT juxtaposed against increas-
ing evidence supporting the safety of HCV + HT, an
important question at the individual, institutional, and
societal level is whether use of HCV + transplants is a
cost-effective strategy. The wholesale acquisition cost of
a 12-week course of DAAT ranges anywhere from $83,000
to $147,000 according to 2016 estimates [32]. Logan and
colleagues performed a cost-effectiveness analysis using
a hypothetical scenario in which waitlisted candidates on
inotropic or LVAD support were only willing to accept
a HCV —heart vs. willing to accept any heart (HCV —or
HCYV +) [33]. Relative to patients only willing to accept
HCYV —hearts, patients who accepted any heart gained
0.14 life-years of survival and 0.11 quality adjusted life-
years (QALYs) largely due to shorter waitlist times, at a
higher cost of $9418 per patient (mainly due to DAAT
costs). The incremental cost-effective ratio (ICER) was
$85,602 per QALY gained, thereby making this a cost-
effective strategy by standard cost-effectiveness metrics.
As market competition drives down DAAT costs over
time, and to the degree that utilization of HCV + donor
hearts expands the donor pool and reduces waitlist times,
we anticipate this strategy to prove itself increasingly cost-
effective in years to come.

Society Consensus Statement for Use
of HCV + Hearts for Transplantation

The International Society for Heart Lung Transplanta-
tion (ISHLT) recently issued an expert consensus state-
ment addressing the utilization of HCV-infected organ
donors in cardiothoracic transplantation [Se]. This docu-
ment summarizes many of the commonly used DAAT,
outlines potential drug-drug interactions that require con-
sideration, and details differences and recommendations
with regards to the aforementioned treatment strategies
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Fig.3 A multidisciplinary approach to HCV +HT. Legend: Heart
transplantation using HCV viremic donors requires a multidiscipli-
nary team to assist with patient selection and support to optimize
post-transplant outcomes. With the patient at the center, the multi-

(prophylactic vs. preemptive). Importantly, neither treat-
ment strategy has been proven superior based on data
available to date [20-23, 24e, 34-37]. The consensus
statement emphasizes the importance of patient edu-
cation and shared decision-making when considering
HCYV + donors, as well as ethical considerations and the
critical role of a multidisciplinary team (Fig. 3).

Outstanding Questions and Future
Directions

While the use of HCV + donors in HT has evolved rap-
idly over the past 6 years, important questions remain
to be answered. What ramifications, if any, does dt-
HCYV have on long-term allograft function, CAV, and
development of donor specific antibodies? Are there
non-cardiac ramifications of dt-HCV that remain to be
fully elucidated? For patients who undergo HT with
HCYV NAT + donors, what is the ideal timing and dura-
tion of DAAT? And what role do HCV + donors play

Patient

Investigation:
Clinical trials

Epidemiologists
Economist
Public health

&=

Financial:
* Financial coordinator

* CMS/insurance/payer
* Pharma company

disciplinary team must include medical and institutional teams, along
with defined support mechanisms for financial and emotional/psycho-
logical help

for patients awaiting multiorgan transplant? Finally, as
HCV therapies continue to improve, is it possible to
treat HCV in the donor heart prior to implantation in
recipients? These and other questions must be system-
atically interrogated in ongoing registries and future
multicenter trials.

Conclusion

In a “new era” marked by increasing numbers of
HCV + deceased donors and significant advances in
HCYV treatment, utilization of HCV + donors for HT has
afforded a novel strategy to expand the donor pool and
reduce waitlist times. Short-term outcomes from multi-
ple small single-center studies and registries have dem-
onstrated the safety and efficacy of this strategy to date.
We anticipate that longer term, more granular outcomes
in larger numbers of patients will be forthcoming and
will continue to shed light on this important topic in HT.
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