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SUMMARY

Benefit of direct-acting antivirals (DAA) for hepatitis C virus (HCV) on
clinical outcomes is unclear. We examined temporal trends in liver trans-
plant (LT) listings, receipt of LT, re-LT, and survival between pre-DAA
(2009–2012) and DAA era (2013–2016) using UNOS database. Of 32 319
first adult LT, 15 049 (47%) were performed for HCV. Trends on listing,
first LT, and of re-LT for HCV showed 23%, 20%, and 21% decrease in
DAA compared to pre-DAA era (P < 0.0001). One-year liver graft and
patient survival among HCV LT improved in DAA era (90% vs. 86% and
92% vs. 88%, respectively, P < 0.0001). Non-HCV LT showed no improve-
ment in survival (89% vs. 89% and 92% vs. 92.4%, P = NS). On cox
regression, compared to non-HCV LTs in DAA era, LT for HCV in pre-
DAA era had worse patient survival (HR 1.56 [1.04–2.35]). The outcome
was similar when compared to LTs for HCV in DAA era and for non-
HCV in pre-DAA era. Burden of HCV-related LT waitlist and LT is declin-
ing in DAA era, with improved post-transplant outcomes, more so in later
than earlier DAA era. Our findings negate recent Cochrane meta-analysis
on DAA therapy and encourage studies to examine HCV clinical outcomes
outside LT setting.
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Introduction

Chronic hepatitis C is a common cause of liver cirrho-

sis, with an estimated prevalence of about 1.0% in the

US [1–3]. Recent evidence suggests that hepatitis C

virus (HCV) incidence is increasing in the US [4–6].
HCV-related decompensated cirrhosis and/or hepatocel-

lular carcinoma (HCC) is one of the most common

indications for liver transplantation (LT) in the US

[7,8]. Further, chronic HCV infection-related morbidity

and mortality is high [9].

The epidemiology of the etiology of cirrhosis and LT

in the US has been evolving. Alcohol and nonalcoholic

steatohepatitis (NASH) are other common causes of cir-

rhosis and of LT [10]. While cirrhosis secondary to

NASH is increasing in parallel with obesity, NASH has

emerged as the second leading cause requiring LT in the

US [11–13]. Further, patients with decompensated cir-

rhosis because of NASH or alcohol are less likely to be

listed for LT HCV, and patients with HCC are 2–5
times more likely to be listed for LT [14].

Over last 5 years, the advent of interferon-free direct-

acting antivirals (DAA) has revolutionized the treatment

paradigm of HCV [15]. Highly effective DAA enable

most chronic HCV patients to achieve sustained viro-

logic response (SVR). Those who achieve SVR have

reduced mortality, decompensated cirrhosis, and hepa-

tocellular carcinoma compared to untreated patients or

those who fail to achieve SVR [16–18]. Although there

are little data on long-term outcomes, international

guidelines by the American Association for the Study of

Liver Disease and Infectious Diseases Society of America

recommend that HCV patients with decompensated cir-

rhosis should be treated with DAA therapy, regardless

of the eligibility for LT [19].

The improvement in the Model for End-Stage Liver

Disease (MELD) scores and Child–Turcotte–Pugh scores

among HCV patients with cirrhosis after treatment with

the highly efficacious DAA suggests that these drugs

may help reduce the proportion of chronic HCV as well

as the need for LT. This is supported by the substantial

decline in rate of LT waitlist registration for HCV by

over 30% since the availability of oral HCV DAA [7,20–
22]. Further, recent analyses of HCV prevalence data

from National Health and Nutrition Examination Sur-

vey (NHANES) and the waitlist data from the trans-

plant registries of US and Europe showed that the HCV

disease burden as well as LT waitlist burden has

decreased with the advent of DAA [11,23,24]. However,

a recent Cochrane meta-analysis questioned efficacy of

DAA in improving clinical outcomes for HCV despite

their excellent safety and cure rates [25]. It remains

unclear whether the new DAA therapies lead to survival

improvement in setting of chronic HCV. Moreover, the

exact temporal trends in LT for HCV, NASH, and other

etiologies of cirrhosis and outcomes among transplanted

patients in the current DAA era when compared to the

pre-DAA era remain largely unknown. We performed

this study using LT database in the US, with a central

hypothesis that need for LT has decreased with

improved post-transplant outcomes among HCV

patients compared to HCV negative patients since the

introduction of DAA in 2012.

Methods

Study design and source

This study was performed on a retrospective cohort,

developed from the United Network for Organ Sharing

(UNOS) registry on patients listed for and receiving LT

for common etiologies of chronic liver disease. This

database has clinical information on all LT recipients

from the transplant centers across the US and includes

recipient characteristics at the time of transplant listing,

donor information, immunosuppression, and follow-up

information on the recipient.

Study population

We included adults (≥18 years of age) on the LT list dur-

ing 2009–2016 for end-stage liver disease secondary to

seven common etiologies of cirrhosis: HCV (UNOS code

4204 and 4216), alcohol-related liver disease (UNOS code

4215), NASH (UNOS code 4214), chronic cholestatic liver

disease (UNOS code 4220, 4240, 4241, 4245), and meta-

bolic liver disease/autoimmune hepatitis (UNOS code

4212, 4301, 4302), hepatitis B virus (HBV) infection-

related (UNOS code 4202), and cryptogenic cirrhosis

(UNOS code 4213). To keep the study population homo-

geneous, those with concomitant HCC (UNOS code 4400,

4401, 4402) were excluded (Fig. 1). Patients with a dual

diagnosis of HCV and alcohol-related etiologies were

classified as HCV. LT registrants were excluded if they

were <18 years of age, listed as status 1A or for acute liver

failure, listed for indications other than six etiologies

included in the analysis, or had history of prior LT.

Time trends and periods

We divided the study period into two eras to reflect

differences in the modality of available HCV therapy:
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pre-DAA era (2009–2012) and DAA era (2013–2016).
Secular trend over time during the 6-year study period

for LT listing, first LT and re-LT were examined.

Data collection

We extracted recipient data from the UNOS database on:

(i) demographics: age, gender, race, BMI; (ii) pre-LT clin-

ical parameters: liver disease etiology, MELD score at the

time of LT listing, MELD score at the time of LT, dia-

betes, dialysis use, LT listing status, reason for removal

from LT list including receipt of LT or pre-LT mortality;

(iii) post-LT variables: status of and time to graft survival,

status of and time to patient survival. Our study protocol

was approved by the Institutional Review Board at the

University of Alabama at Birmingham.

Exposure

The study population was stratified based on etiology of

liver disease into HCV and non-HCV or LT for indica-

tions other than HCV.

Outcomes

We examined the HCV versus non-HCV patients on LT

list to compare pre-DAA versus DAA era on (i) LT listings:

frequency and trends, and waitlist mortality (WLM); (ii)

recipients of first LT: frequency and trends, and post-

transplant outcomes on graft and patient survival at 1 year

from the date of LT; and (iii) re-transplantation: frequency

and trends. For time to patient or graft survival, data were

censored at the last follow-up date, if these outcomes did

not occur through the study period.

Data and statistical analyses

Baseline characteristics were compared for liver disease

etiology. Categorical and continuous variables were ana-

lyzed using chi-square and t-tests, respectively. To

examine trends (DAA versus pre-DAA era) on LT list-

ings and WLM, receipt of and outcomes after first LT,

and on re-transplants over time in LT listing, the Armi-

tage trend test was used [26].

Cumulative incidence rates and curves for WLM were

generated comparing patients listed for HCV with those

listed for non-HCV indications. As the WLM is dependent

upon receipt of LT, deteriorating condition of the regis-

trant because of any cause, and improvement in the liver

disease, competing risk analysis was performed on WLM.

Gray’s test was used for these analyses. Fine and Gray

regression model was built to determine independent

effect of time period (pre-DAA and DAA era) and the

indication of listing (HCV or non-HCV) after accounting

for competing events and controlling for variables, which

could have confounded the outcomes. Effect size on Fine

and Gray regression analyses is reported as hazard ratio

(HR) with 95% confidence interval (CI).

Kaplan–Meier survival curves were built comparing

HCV and non-HCV LT recipients in the pre-DAA and

Figure 1 Study population and cohort selection.
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DAA era for graft and patient survival at 1 year after

LT. Log rank test was used to determine statistical sig-

nificance. Cox proportional hazard regression analysis

models were built to examine independent effect of

HCV versus non-HCV etiology and DAA era versus

pre-DAA era on the outcomes including 1-year post-LT

graft and patient survival. Variables different at baseline

or those with clinical relevance for the specific outcome

were entered in the model. P-values < 0.05 were consid-

ered significant. SAS version 9.4 (SAS Institute, Cary,

NC, USA) was used for statistical analyses.

Results

Liver transplant listings

Frequency and trends of LT listing based on liver disease etiology

A total of 70 691 cirrhosis patients were on the LT waitlist

between 2009 and 2016, 33 816 in the pre-DAA, and

36 875 in the DAA era. Of all the LT listed patients,

61 364 patients (29 365 in the pre-DAA era) listed for

seven etiologies of cirrhosis were analyzed in this study. Of

these, 27 179 (45%) were listed for HCV cirrhosis, 15 845

(26%) for alcohol-related cirrhosis, 9604 (16%) for NASH

cirrhosis, and 8271 (13%) for other four etiologies of

cirrhosis. The proportions of LT listed for HCV decreased

from 51% in pre-DAA to 39% in the DAA era. In contrast,

proportions of LT listed for alcohol-related and for NASH

increased from 23% to 29% and from 12% to 19%, respec-

tively. Transplant listings for other etiologies remained

stable at 14% in the pre-DAA era and at 13% in the DAA

era (Table 1). Frequency and proportion of LT listings

comparing HCV and non-HCV etiologies in the pre-DAA

era were 14 837 (51%) vs. 14 528 (49%). Similar figures in

the DAA era were 12 342 (39%) and 19 657 (61%),

respectively, Armitage trend test, P < 0.0001 (Fig. 2).

Extended analyses on LT listings. Etiology-based propor-

tion of LT listings was extended to available data on

12 798 LT listings until June 30, 2018 (8500 listed dur-

ing 2017). The trend for decreasing proportion listed

for HCV continued with 25% and 21% during 2017

and 2018, respectively. Similar figures were 36% and

39% for alcohol, 25% and 26% for NASH, and 14%

and 13% for other etiologies (Fig. S1).

Frequency and trends of WLM based on liver disease etiology

Of 61 364 listed patients during 2009 and 2016 for seven

indications analyzed in this study, 5005 died while waiting

for LT, higher in the pre-DAA era (2551 of 29 365, 8.7%)

Table 1. Frequency and trends on LT listings, first LT, and re-transplants based on liver disease etiology comparing era
before the availability of direct-acting antiviral (DAA) drugs (2009–2012) and the DAA era (2013–2016).

AC (N = 16 033) HCV (N = 27 456) NASH (N = 9604) Others (N = 8271)

LT Listings (%) 2009–2012 (N = 29 365) 23 51 13 14
LT listings (%) 2013–2016 (N = 31 399) 29 39 20 13
First LT (%) 2009–2012 (N = 14 607) 20 52 13 15
First LT (%) 2013–2016 (N = 17 712) 26 42 18 14
Re-transplants (%) 2009–2012 (N = 438) 19 52 8 20
Re-transplants (%) 2013–2016 (N = 522) 18 41 16 25

AC, alcohol-related cirrhosis; HCV, Hepatitis C virus; LT, liver transplant; NASH, Nonalcoholic steatohepatitis.

Figure 2 Etiology-based trends in liver transplantation (LT) listing, first LT, and re-LT for hepatitis C virus (HCV) and non-HCV etiologies of liver

disease. The data show that HCV-related LT listing, need for LT, and for re-transplant has decreased in the era of availability of direct-acting

antiviral (DAA) drugs.
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compared to DAA era (2454 of 31 999, 7.7%),

P < 0.0001. Specifically within the DAA era the WLM was

lower in 2015–2016 compared to 2013–2014 time period

(6.6% vs. 7.9%, P < 0.0001). Of 2551 deaths in the pre-

DAA era, the WLM was similar comparing patients listed

for HCV (1303 of 14 837, 8.8%) vs. non-HCV (1248 of

14 528, 8.6%) indication, P = 0.56. In contrast, of the

2454 deaths in the DAA era, the WLM was lower among

patients listed for HCV (896 of 12 342, 7.3%) compared

to patients listed for non-HCV (1558 of 19 657, 7.9%)

indication, P = 0.029. Similarly within the DAA era,

WLM comparing HCV versus non-HCV in 2013–2014
was similar (8% vs. 8.6%, P = 0.14) and was lower in

HCV patients in 2015–2016 (6.3% vs. 7.4%, P = 0.012).

Cumulative incidence of WLM was analyzed using

competing risk analysis controlling for candidate factors

such as demographics (age at listing, gender, race, and

height), ABO blood group, MELD score at listing,

UNOS region, and removal from the list for any cause

other than WLM including receipt of LT. Analysis of

patients with available data on all these variables

showed that the WLM in the pre-DAA era was similar

comparing patients listed for HCV (1302 of 14 827,

8.8%) versus patients listed for non-HCV (1244 of

14 368, 8.7%) indications, Fine Gray P = 0.84 (Fig. 3a).

In the DAA era, the WLM was lower for patients listed

for HCV (896 of 12 337, 7.3%) compared to those

listed for non-HCV (1556 of 19 532, 8%), Fine Gray

P = 0.018 (Fig. 3b). In the Final and Gray regression

model analysis, compared to patients listed for non-

HCV indications in the DAA era, the WLM was 25%

higher among patients listed for HCV in the pre-DAA

era, 14% higher for patients listed for non-HCV indica-

tion in the pre-DAA era and similar to HCV listed

patients in the DAA era (Table 2). Other predictors of

WLM were age at listing, shorter candidate’s height,

Caucasian race, diabetes status, lower serum albumin at

listing, listing MELD score, and UNOS region 1, 5, or 9

(Table 2). Specifically within the DAA era, the WLM

was lower in HCV listings compared to non-HCV indi-

cations, the difference was much larger in 2015–2016
(6.3% vs. 7.4%, P < 0.0001) than in 2013–2014 (8% vs.

8.6%, P = 0.02).

Receipt of first liver transplants

A total of 273 052 adult LTs were performed in the US

as available in the database. Of these, 35 692 first LT

performed in adults using deceased donors between

2009 and 2016 were analyzed (Fig. 1), with 16 062 in

the pre-DAA and 19 630 in the DAA era.

Baseline characteristics based on liver disease etiology

LT recipients for NASH were relatively older females

with higher proportion of diabetes and obesity. Further,

NASH recipients received liver graft with highest donor

risk index (DRI) (Table 2). In contrast, LT recipients

for HCV cirrhosis were less likely to be on dialysis and

be on ventilator. MELD score at LT listing and at trans-

plant were higher for alcohol-related cirrhosis (Table 3).

Frequency and trends based on etiology of liver disease

Of 35 692 first LT recipients, 14 867 (46%) received for

HCV cirrhosis, 7756 (24%) for alcohol-related cirrhosis,

5171 (16%) for NASH, and 7898 (14%) for other liver

disease etiologies including chronic cholestatic liver dis-

ease (CCLD), metabolic and autoimmune liver disease,

HBV, and cryptogenic cirrhosis. The proportions of LT

performed for HCV decreased from 52% in pre-DAA to

42% in the DAA era. Specifically within the DAA era,

the proportion of LT decreased linearly from 49% in

2013 to 48%, 41%, and 33% in 2014, 2015, and 2016,

respectively. In contrast, proportions of LT listed for

alcohol-related and for NASH increased from 20% to

26% and from 13% to 18%, respectively. Transplant

listings for other etiologies remained stable at 15% in

the pre-DAA era and at 14% in the DAA era (Table 1).

Frequency and proportion of LT recipients comparing

HCV and on-HCV etiologies in the pre-DAA era were

8352 (52%) vs. 7710 (48%). Similar figures in the DAA

era were 8244 (42%) and 11 386 (58%), respectively,

Armitage trend test, P < 0.0001 (Fig. 2).

Extended analyses on receipt of first LT. Etiology-based

proportion on receipt of first LT was extended to avail-

able data on 7702 LT until June 30, 2018 (5124 during

2017). The trend for decreasing proportion on receipt

of first LT for HCV continued with 28% and 24% dur-

ing 2017 and 2018, respectively. Similar figures were

34% and 38% for alcohol, 24% and 25% for NASH,

and 15% and 13% for other etiologies (Fig. S2).

Post-transplant outcomes with trends comparing liver disease

etiology

Graft survival at 1 year after LT. A total of 3995 grafts

were lost over 1-year period. Graft survival was better

in the DAA era compared to pre-DAA era among LT

recipients for HCV cirrhosis (90.3% vs. 85.7%, log rank

P = <0.0001, Fig. 4a). Although statistically significant,

this difference was much lower among recipients of LT
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for indications other than HCV (89.1% vs. 88.9%, log

rank P < 0.0001, Fig. 4a). Specifically within the DAA

era, the graft survival at 1 year was better in the HCV

group compared to other indications in 2015–2016
(91.7% vs. 90.5%) than in 2013–2014 (89.6% vs.

89.1%), P < 0.0001.

Patient survival at 1 year after LT. A total of 3052 patients

died within 1 year after LT. Similarly, patient survival at

1 year was better in the DAA era compared to pre-DAA

era among LT recipients for HCV cirrhosis (92% vs.

88.4%, log rank P = <0.0001, Fig. 4b). Although statisti-

cally significant, this difference was much lower among

recipients of LT for indications other than HCV (92.1%

vs. 91.6%, Log rank P < 0.0001, Fig. 4b). Specifically

within the DAA era, the patient survival at 1 year tended

to be better in the HCV group compared to other indica-

tions in 2015–2016 (93.1% vs. 92.7%) than in 2013–2014
(91.9% vs. 91.1%), P = 0.11.

Cox regression model for patient survival. Compared to

non-HCV transplants in post-DAA era, LTs for

Figure 3 Cumulative probability of wait-list mortality (WLM) comparing candidates listed for hepatitis C virus (HCV)-related liver disease

(dashed line) versus candidates listed for non-HCV indications (solid line) in the era before the availability of direct-acting antiviral (DAA) drugs

(a) and in the DAA era (b). The results show decreasing WLM among HCV-related listed patients in the DAA era.
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HCV in pre-DAA era had worse patient survival at

1 year with HR (95% CI) of 1.56 (1.04–2.35).
Non-HCV LT in the DAA era had similar patient

survival to LT for HCV in the DAA era and to

non-HCV LT in the pre-DAA era (Table 4). DRI

was a strong predictor of outcomes, while other

variables including MELD score at LT, diabetes,

obesity, and dialysis did not predict patient survival

after LT. Specifically within the DAA era, compared

to non-HCV transplants in 2015–2016, LT for HCV

in 2013–2014 had worse survival at 1 year with HR

(95% CI) of 1.18 (1.02–1.37), P = 0.025. Non-HCV

LT in 2015–2016 had similar patient survival to

LT for HCV in 2015–2016 and to non-HCV LT

in 2013–2014 with HR (95% CI) of 0.99 (0.84–
1.17), P = 0.89 and 1.02 (0.89–1.18), P = 0.78,

respectively.

Receipt of liver re-transplants

Frequency and trends of re-transplants of liver based on liver

disease etiology

A total of 990 recipients of first LT received a subse-

quent re-transplantation of liver, 448 in the pre-DAA

and 542 in the DAA era. Of all the re-transplants, liver

disease etiology for index LT was HCV in 454 (46%),

alcohol in 183 (18%), NASH in 127 (13%), and other

etiology in 226 (23%) recipients. The proportions of re-

LT performed for HCV decreased from 52% in pre-

DAA to 41% in the DAA era. Specifically within the

DAA era, proportions of re-LT performed for HCV

decreased from 45% in 2013–2014 to 30% in 2015–
2016. In contrast, proportions of re-transplants for alco-

hol as index etiology remained stable from 19% in the

Table 2. Fine and Gray regression model for predictors of wait-list mortality.

HR 95% CI P

HCV pre-DAA versus non-HCV DAA 1.25 1.16–1.35 <0.0001
Non-HCV pre-DAA versus non-HCV DAA 1.14 1.05–1.23 <0.0001
HCV DAA versus non-HCV DAA 1.05 0.97–1.15 0.34
Age at listing in years 1.02 1.02–1.03 <0.0001
Female versus Male gender 1.05 0.97–1.14 0.22
Black versus White race 0.84 0.75–0.93 0.001
Hispanic versus White race 0.62 0.57–0.67 <0.0001
Height in cm. at listing 0.99 0.98–0.99 <0.0001
Diabetes versus no diabetes 1.08 1.01–1.15 0.018
Blood group B or AB versus A or O 0.74 0.60–0.90 0.003
MELD score at listing 1.05 1.05–1.06 <0.0001
Other UNOS regions versus 5 0.69 0.58–0.81 <0.0001

CI, confidence interval; DAA, direct-acting antivirals; HR, hazard ratio; HCV, hepatitis C virus; MELD, Model for end-stage liver
disease; UNOS, United Network for Organ Sharing.

Table 3. Baseline characteristics of first liver transplant recipients based on liver disease etiology.

AC (N = 7756) HCV (N = 14 867) NASH (N = 5171) CCLD + MLD + AIH (N = 7898) P

Age 55 57 61 52 <0.0001
Males % 76 74 55 42 <0.0001
Caucasians 70 61 77 65 <0.0001
Ventilator % 4.2 1.6 2.2 2.4 <0.0001
Diabetes % 21 24 58 16 <0.0001
Dialysis % 20 13 18 12 <0.0001
Obesity % 34 35 61 25 <0.0001
List MELD 21 13 17 15 <0.0001
MELD at Transplant 24 18 22 21 <0.0001
DRI 1.52 1.47 1.59 1.28 <0.0001

AC, alcohol-related cirrhosis; ALD, alcohol-related liver disease; AIH, autoimmune hepatitis; CCLD, chronic cholestatic liver dis-
ease; DRI, donor risk index; HCV, hepatitis C virus; MELD, Model for end-stage liver disease; MLD, metabolic liver disease;
NASH, Nonalcoholic steatohepatitis.
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pre-DAA to 18% in the DAA era. However, proportion

of re-transplants for NASH and for other etiologies for

index LT increased from 8% to 16% and from 20% to

25%, respectively (Table 1). Frequency and proportion

of LT recipients comparing HCV and on-HCV etiolo-

gies in the pre-DAA era were 232 (52%) vs. 216 (48%).

Similar figures in the DAA era were 222 (41%) and 320

(59%), respectively, Armitage trend test, P < 0.0001

(Fig. 2).

Discussion

Cirrhosis secondary to chronic HCV remains a key indi-

cation for LT [3,7]. The availability of DAA for HCV

has changed the landscape of HCV treatment since

2012, with excellent cure rates and eradication of HCV

infection. However, whether these benefits of DAA

translate into improved survival and reduction in dis-

ease burden remains unclear. Further, a recent

Figure 4 Kaplan–Meier curves comparing liver transplant (LT) recipients for liver disease because of hepatitis C virus (HCV) infection versus

non-HCV-related LT for 1-year graft survival (a) and for patient survival (b). The results show improved liver graft and patient survival among LT

recipients for HCV after the availability of direct-acting antiviral (DAA) drugs (dashed gray line). The outcomes are worse among HCV-related

transplants before the DAA availability (dashed black line). Black and gray solid lines represent transplant recipients for non-HCV indications

before and after the DAA availability.
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Cochrane meta-analysis showed that while treatment

with DAA has remarkably improved HCV clearance

rates, there is insufficient evidence to decide if DAA are

beneficial to HCV-related morbidity and mortality [25].

The main findings of our study demonstrate reducing

disease burden among HCV-related patients with cir-

rhosis in the DAA era as compared to pre-DAA era,

with decreasing (i) frequency of LT listing, (ii) WLM,

(iii) frequency of receipt of LT, (iv) 1-year post-trans-

plant graft loss and patient mortality, and (v) need for

re-transplantation of liver. Specifically within the DAA

era, the results on all the outcomes were more robust in

later than the earlier period of the DAA era.

Telaprevir and boceprevir were the first DDA approved

by the Food and Drug Administration for the treatment

of HCV [27,28]. The year 2013 revolutionized the HCV

treatment with the availability of many oral DAA effective

against all HCV genotypes with excellent safety and cure

rates exceeding 95%, compared to historic rates of 5% in

1991 with interferon and only 40–50% with pegylated

interferon and ribavirin in the pre-DAA era [29–36]. Our
findings of the decline in the number of HCV patients

waitlisted and transplanted in the DAA era (2013–2016)
also correlate with the Medicare data (Medicare benefi-

ciaries with Part D prescription coverage), which reflected

a substantial increase (five times) in the number of DAA

prescriptions between 2013 and 2016 [14].

WLM for HCV patients in a recently reported study

using the Scientific Registry of Transplant Recipients

database was shown to be decreased by 32% in the DAA

era as compared to the interferon era, similar to our study

[20]. However, this study did not examine other impor-

tant surrogate outcomes of disease-related morbidity and

mortality including frequency of LT, and post-transplant

graft and patient survival. Further, this study included

registrants with liver disease secondary to HCV, HBV,

and NASH and not the other etiologies as we included in

our study. In another study using the NHANES, Health

Core Integrated Research, and the UNOS (2003–2015)
databases, proportion of patients with cirrhosis or liver

failure, need for LT waitlist, and receipt of LT decreased

for chronic HCV infection, while these outcomes

increased for alcohol-related cirrhosis and for NASH

[11]. However, the NHANES data have potential to

underscore the true impact, as the data exclude veterans,

homeless, and incarcerated, all populations in the US

with high prevalence of HCV. Further, Health Core Inte-

grated Research database includes only patients with

commercial health insurance. Two other studies reported

analysis from the European transplant registries showed

similar findings with decrease in listing of patients from

HCV with improvement of post-transplant survival in

the DAA era [23,24].

Our study is unique in measuring outcomes includ-

ing the temporal trends in LT wait listing, receipt of LT

with post-transplant outcomes, and need for re-

transplantation of liver. Large sample size, analysis using

a homogeneous database, and inclusion of all the regis-

trants on the transplant list irrespective of the insurance

status are other strengths of our study. However, our

study suffers from the limitations of any observational

study on analysis using the database cohort. Our study

Table 4. Cox regression analysis model on 1-year patient survival.

Patient survival Graft survival

P HR (95% CI) P HR (95% CI)

HCV Pre-DAA versus Non-HCV DAA era <0.0001 1.63 (1.48–1.80) <0.0001 1.54 (0.41–1.68)
HCV DAA versus Non-HCV DAA era 0.1 1.10 (0.98–1.23) 0.48 1.04 (0.94–1.15)
Non-HCV Pre-DAA versus Non-HCV DAA era 0.1 1.09 (0.98–1.22) 0.001 1.13 (1.03–1.24)
Age <0.0001 1.03 (1.02–1.04) <0.0001 1.02 (1.01–1.03)
Females 0.13 1.06 (0.98–1.15) 0.29 1.04 (0.97–1.12)
African American versus Caucasian 0.08 1.12 (0.98–1.28) 0.12 1.10 (0.98–1.23)
Hispanic versus Caucasian 0.84 1.01 (0.92–1.12) 0.66 1.02 (0.94–1.10)
Others versus Caucasian 0.42 0.91 (0.73–1.14) 0.61 0.95 (0.78–1.15)
DRI <0.0001 1.49 (1.35–1.65) <0.0001 1.75 (1.61–1.91)
Dialysis <0.0001 1.44 (1.31–1.59) <0.0001 1.39 (1.27–1.52)
Diabetes <0.0001 1.24 (1.15–1.35) 0.0003 1.14 (1.06–1.23)
Obesity 0.56 0.98 (0.91–1.06) 0.87 1.01 (0.94–1.08)
MELD score at Transplantation <0.0001 1.03 (1.02–1.04) <0.0001 1.014 (1.01–1.02)

CI, confidence interval; DAA, direct-acting antivirals; DRI, donor risk index; HR, hazard ratio; HCV, hepatitis C virus; MELD,
Model for end-stage liver disease.
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is further limited by inability to analyze the impact of

DAA on patients who were not listed for LT or did not

meet the LT eligibility because of comorbid illness or

financial or psychosocial barriers.

In summary, our study shows that HCV-related

disease burden is decreasing in the DAA era with

decreasing need for LT listing, WLM, need for LT, and

post-transplant morality. These findings call into ques-

tion the conclusions of the Cochrane meta-analysis

[25]. Further data are needed to examine similar bene-

fits of DAA therapy on HCV-related morbidity and

mortality outside the transplant setting.
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