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Pretransplant Hepatitis C Virus Treatment
Decreases Access to High-quality Livers
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Background. Despite the revolutionary role of direct-acting antivirals for hepatitis C virus (HCV), the treatment timing
for liver transplant candidates remains controversial. We hypothesize that deferring treatment until after liver transplantation
improves access to a larger and higher-quality donor pool without a detrimental impact on post-liver transplantation out-
comes. Methods. This single-center study includes recipients that underwent deceased-donor liver transplant with HCV
as the primary indication January 1, 2014, to December 31, 2018. For recipients that were untreated (n=87) versus treated
(n=42) pre-LT, we compared post-LT mortality using Cox regression with inverse probability of treatment-weighted data.
Results. Among pre-LT untreated recipients, 95% were willing to accept an HCV+ donor, and 44.8% received a positive
HCV antibody and nucleic acid amplification test (NAT) liver. Among pre-LT treated recipients, 5% were willing to accept an
HCV+ donor, and 100% received a negative HCV antibody and NAT liver. The median calculated model for end-stage liver
disease at transplant was similar between pre-LT untreated (13, IQR=9-22) and treated recipients (11, IQR=8-14) (P=0.1).
Pre-LT treated recipients received livers from older (47 y old versus 37, P<0.01) and higher body mass index donors (30.2
versus 26.6; P=0.04) and spent longer on the waiting list (319 d 180, P<0.001). Unadjusted post-LT mortality at 1 year
was higher in the pre-LT treated recipients (14.6% versus 3.5%, P=0.02). After adjusting for recipient factors, pre-LT treated
recipients trended toward a 3.9 times higher risk of mortality compared with the pre-LT untreated recipients (adjusted hazard

ratio= .
improve post-LT survival.

3.86,; ) (P=0.06). Conclusions. Deferring HCV treatment improves access to higher-quality donors and may
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The approval of direct-acting antivirals (DAAs) in 2013
revolutionized the care of hepatitis C virus (HCV) posi-
tive patients due to the higher rates of sustained virologic
response.! Before DAAs, the proportion of people with
chronic HCV with cirrhosis was projected to increase from
25% in2010to045% in 2030, so the increased effectiveness
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of DAAs has changed the course of the disease. Currently,
HCYV is the third leading indication for liver transplanta-
tion (LT).? Based on organ transplantation procurement
network (OPTN) data, 21.4% of the people on the liver
waiting list in the United States had HCV.* Although
immediate treatment of de novo infection with DAAs is
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standard of care, treatment timing pretransplant versus
deferring until after transplant remains controversial.’

The major advantage to pre-LT treatment is potential
clinical improvement, decreased morbidity, and potential
elimination of the need for transplant.®” Despite the poten-
tial benefits, many clinicians defer treatment until post-LT, in
hopes that delaying LT may expand access to HCV-positive
donor organs and thus reduce waitlist time.® Additionally,
pre-LT treatment may not result in clinically insignificant
improvement or preclude the need for transplant due to
morbidity from end-stage liver disease sequelae. Because
Scientific Registry of Transplant Recipient (SRTR) data do
not include treatment status before LT, literature about the
comparative outcomes of patients who have been treated
pre-LT versus post-LT is lacking, which limits evidence-
based clinical decision making about appropriate treatment
timing.

We sought to investigate the relationship between pre-LT
HCV treatment and donor quality as well as posttransplant
survival. We hypothesized that delaying treatment to post-LT
would result in LT with higher donor quality and improved
post-LT survival.

MATERIALS AND METHODS

Study Population

We studied 129 HCV-positive recipients who underwent
deceased-donor liver transplant at our institution between
January 1, 2014, and December 31, 2018. Patients were
excluded if they were successfully treated and then trans-
planted with an HCV-positive donor under experimental
HCV donor-positive/recipient-negative trials. We excluded
transplant recipients who had simultaneous liver kidney
transplant or were HIV coinfected. We augmented the cohort
with registry data to obtain the additional variables. With
regards to center-specific characteristics in 2019, the median
MELD at transplant was 29,% and there were 103 deceased
donors,” 12 HCV-positive recipients,” and 18 HCV-positive
donor acceptances.'®

Data Source

This study used data from the SRTR. We linked SRTR data
using donor ID with our center’s electronic medical record
data. The SRTR data system includes data on all donors,
waitlisted candidates, and transplant recipients in the United
States, submitted by the members of the OPTN. The HRSA,
US Department of Health and Human Services provides
oversight to the activities of the OPTN and SRTR contrac-
tors. This dataset has previously been described elsewhere.!!
This study was approved by our Institutional Review Board
(IRB00215148).

Recipient demographic data included age, sex, race, and
insurance type. Recipient clinical data included body mass
index (BMI), diabetes, hepatocellular carcinoma (HCC),
calculated and allocation model for end-stage liver disease
(MELD) at time of transplant, willingness to accept an HCV-
positive donor, and time on waitlist. Donor demographic data
included age, sex, and race. Donor clinical data included BMI,
donor risk index, diabetes, liver fibrosis stage, HCV-antibody
(HCV-ab) status, HCV nucleic acid amplification test (HCV
NAT), public health service infectious risk donors, and cold
ischemia time.
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HCV Treatment

Our cohort of LT candidates with a history of HCV was
divided into those that were successfully treated pre-LT ver-
sus untreated pre-LT. To be classified as pre-LT treated, an
individual had documentation of having received HCV treat-
ment and undetectable levels of HCV RNA levels immedi-
ately before transplant. Because the decision on whether or
not to treat is typically made by the referring providers before
evaluation at our transplant center, we did not have detailed
information regarding decision-making factors, medications,
or treatment dates.

Post-LT Mortality

We estimated post-LT mortality at 1 y for both pre-LT
untreated and pre-LT treated recipients using the Kaplan-
Meier method. We applied inverse probability of treatment
weighting using a propensity score to make pre-LT untreated
versus pre-LT treated recipients comparable with regards to
age, sex, and race.'? Using logistic regression, we calculated
the probability of receiving treatment to compute the pro-
pensity score. The variables for the preliminary model were
selected by drawing a conceptual framework.!* Using an a pri-
ori conceptual framework, likelihood ratio tests, and Akaike
Information Criterion, the final model comprises recipient
age, recipient sex, and recipient race. To check whether the
2 populations were comparable, we calculated standardized
differences between pre-LT untreated versus pre-LT treated
recipients, both before and after weighting. Standardized
differences of <0.1 after weighting represented a balance
between groups. We also used Cox proportional hazards
regression models on weighted data to quantify the adjusted
hazard ratio (aHR) of pre-LT untreated compared with pre-
LT treated recipients. In addition, we presented standardized
cumulative incidence curves adjusted for recipient age, sex,
and race, by using the weighted population.

Statistical Analysis

We compared categorical variables between pre-LT
untreated versus pre-LT treated using Fisher’s exact test
and continuous variables using Wilcoxon rank-sum test.
Confidence intervals are reported as per the method of Louis
and Zeger.'* All analyses were performed using Stata 14.2/MP
for Linux (College Station, TX).

RESULTS

Study Population

Among 129 LT recipients, 87 recipients (67.4%) were pre-
LT untreated in comparison to 42 recipients (32.6%) who were
pre-LT treated (Table 1). Among pre-LT untreated recipients, 83
(95%) were willing to accept an HCV-positive donor. Of the 87
pre-LT untreated recipients, 39 (44.8%) received an HCV-Ab+/
NAT+ liver, 27 (31.0%) received an HCV-Ab-/NAT- liver,
19 (21.8%) received an HCV-Ab+/NAT- liver, and 2 (2.3%)
received an HCV-Ab-/NAT+ liver. Among pre-LT treated, 5%
were willing to receive an HCV-positive donor. Of the 42 pre-
LT treated recipients, 100% received an HCV-Ab-/NAT- liver.
Pre-LT untreated and treated recipients were similar in age, sex,
race, insurance type, BMI, and diabetes. Although the calculated
MELD was similar between the pre-LT untreated and treated
recipients (13 versus 11, P=0.1), the allocation MELD was
higher in the pre-LT treated recipients (28 versus 29, P<0.001).
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| TABLE 1. |
Recipient and donor characteristics stratified by timing of HCV treatment
Untreated Treated
(n=87) (n=42) P

Recipient characteristics

Age at transplant, median (IQR) 59 (54, 64) 62 (57, 65) 0.2

Male, N (%) 67 (77) 34 (81) 0.7
Race, N (%) 0.7

White or Asian 64 (74) 29 (69)

Black 23 (26) 3(31)
Private insurance, N (%) 37 (43) 23 (55) 0.3
BMI, median (IQR) 27.4(24.4,31.5) 27.2(24.7,30.0) 0.7
Diabetes, N (%) 17 (20) 7(17) 0.8
HCC, N (%) 47 (54) 36 (86) <0.001
Calculated MELD at transplant, median (IQR) 13(9,22) 18, 14) 0.1
Allocation MELD at transplant, median (QR) 28 (22, 29) 29 (28, 30) <0.001
Willing to Accept HCV+ donor, N (%) 83 (95%) 2 (5%) <0.001
Time on waitlist, d, median (IQR) 180 (30, 277) 319 (245, 545) <0.001
Donor characteristics
Age at procurement, median (IQR) 37 (31,49 47 (41, 58) <0.01
Male, N (%) 50 (57) 30 (71) 0.2
Race, N (%)

White or other 64 (74) 27 (64) 0.3

Black 23 (26) 5(36)
BMI, median (IQR) 26.6 (23.1,31.6) 30 2(24.8,33.9) 0.04
DRI, median (IQR) 1. 32 (1.14,1.58) 43 (1.14,1.73) 0.2
Diabetes, N (%) 3(19) 8(19 0.6
Fibrosis, N (%) 0.2

None 31 (67) 14 (82)

Mild 14 (30) 2(12)

Moderate 1) 0

Bridging 0 1(6)
High macrovesicular steatosis?, N (%) 4(8.3) 4(20.0) 0.2

n=48 n=20

HCV-antibody status, positive, N (%) 58 (67) 0 <0.001
HCV NAT status, positive, N (%) 41 0 <0.001
PHS infectious risk donor, N (%) 58 (67) 8 (19 <0.001
Cold ischemia time, median (IQR) 4.5(3.5,6.0) 4.0 (3.0,5.3) 0.2

“Macrovesicular steatosis >30%.
Bolded text presents P < 0.05.

BMI, body mass index; DAA, direct-acting antiviral; DRI, donor risk index; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; IQR, interquartile range; MELD, model for end-stage liver disease; NAT,

nucleic acid amplification test; PHS, public health service.

The pre-LT treated recipients had a significantly higher propor-
tion of HCC patients (54% versus 86%, P<0.001) and spent
longer on the waiting list before transplant (180 versus 319 d,
P<0.001). Donor sex, race, donor risk index, diabetes, fibro-
sis, and cold ischemia time were similar between the 2 groups;
however, pre-LT treated recipients received livers from older
(47 y old versus 37, P<0.01) and higher BMI donors (BMI
30.2 versus 26.6, P=0.04) (Table 1).

Post-LT Mortality

Mortality was higher in the pre-LT treated recipients com-
pared with pre-LT untreated recipients (14.6% versus 3.5%,
P=0.02) (Figure 1). Overall, pre-LT treated recipients had a
4.5 times higher risk of post-LT mortality at 12 months com-
pared with the pre-LT untreated recipients (HR=,,4.48 )
(P=0.03). After adjusting for recipient age, sex, and race, pre-
LT treated recipients trended toward a 3.9 times higher risk
of mortality compared with the pre-LT untreated recipients
(aHR=,3.86,.,) (P=0.06).

DISCUSSION

In this single-center retrospective cohort study of 129 LT
recipients with a history of HCV, we found pre-LT treated
recipients received livers from lower quality donors compared
with pre-LT untreated recipients. Further, we found a trend
toward a 3.9 times higher risk of 12-month mortality for pre-
LT treated patients compared with pre-LT untreated patients,
suggesting that deferring treatment not only increases the like-
lihood of receiving a higher quality liver graft but may also
provide survival benefit.

These results are consistent with prior literature demon-
strating the advantages of not treating HCV before LT. Coilly
et al describe pre-LT treated patients being in “MELD purga-
tory” because their MELD improves with treatment, but they
still require transplant.!>!¢ This “MELD purgatory” of pre-LT
treated patients may explain the increased wait time seen in our
study. Additionally, Daniel et al highlight the negative conse-
quences of pre-LT HCV treatment, including potentially limit-
ing the donor pool to HCV-negative recipients.” This remains a
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Post-Liver Transplant Mortality Based on Timing of Hepatitis C Virus Treatment
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FIGURE 1. Postliver transplant mortality based on timing of hepatitis C virus treatment.

concern at many centers in the United States, as HCV-positive
donor to HCV-negative recipients remains experimental and
not routine at many institutions across the country. Despite
the fact that we do perform HCV-positive to HCV-negative
transplants, we still saw shorter waitlist times for untreated
recipients at our center, suggesting that there are potentially
additional advantages to deferring treatment. Shorter waitlist
time may be one of the major factors contributing to the trend
in improved post-LT survival for pre-LT untreated recipients.

Our hypotheses and findings are important to consider
in the context of the United States opioid epidemic. Donor
deaths related to overdose have increased from 1.1% in 2000
to 13.4% in 2017, and the population with HCV is increas-
ingly younger.'”"" These changes are leading to a larger donor
pool of young,** HCV-positive donors potentially with less
fibrosis.! This increased access is 1 possible explanation for
the younger, healthier organs received by the pre-LT untreated
recipients seen in our results. Importantly, the proportion of
patients willing to accept HCV-positive organs was only 5%
in the treated group, but prior studies have shown patient
reluctance to accept high-risk organs even when better out-
comes with high-risk organs have been demonstrated.?! We
anticipate that patients’ willingness to accept HCV-positive
organs in the future will continue to increase.

The effect of donor BMI on survival is unclear in the lit-
erature, so the interpretation of the lower donor BMI in the
pre-L'T untreated recipients is complicated. Bloom et al dem-
onstrated that a lower donor BMI predicted early graft sur-
vival.?? Although other studies have found that high BMI does
not significantly impact graft primary nonfunction?® nor pre-
dict transplant outcomes.?* Notably, Steggerda et al evaluated
60200 transplants and demonstrated biopsies are being utilized
at higher rates in donors with high BMI and improve donor
selection.?* Therefore, higher BMI in the pre-LT untreated
recipients does not necessarily explain worse post-LT outcomes
as biopsies are commonly leveraged in this patient population.

A limitation of this single-center study includes constraints
to generalizability due to the retrospective nature and small
sample size. A multicenter consortium would provide a larger
sample size, thus increasing the power and allowing for more

granular subgroup analyses, for example, with patients with
HCC. Second, the study was susceptible to selection bias since
HCV treatment typically happens before referral to our trans-
plant center. Therefore, we did not have data related to pre-LT
decision making (eg, pretreatment MELD), treatment type, or
treatment dates. This information would have helped to be
more specific about the reasoning and appropriateness in the
decision to treat before LT, such as treatment at earlier point
in disease when MELD was lower. Given this limitation, we
determined the least biased approach was to only evaluate
patients that underwent transplant. Therefore, we, unfortu-
nately, did not have waitlist mortality data.

In conclusion, we present the findings of a retrospective
single-center studying examining the effect of HCV treat-
ment before LT on post-LT outcomes. We found that defer-
ring treatment to after LT does not negatively affect post-LT
survival and is associated with access to higher quality donor
livers and shorter waitlist time. Our findings support deferring
HCV treatment until after LT.
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