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Background/Aims: Several studies have shown improved outcome of liver transplant (LT) 
recipients with hepatitis C virus (HCV) since the widespread clinical use of interferon-free 
direct-acting antivirals (IFN-free DAAs). However, the association of IFN-free DAA therapy 
on tumor characteristics and on the outcome of LT in patients with hepatocellular carcinoma 
(HCC) has not been studied. We aimed to examine pre-transplant HCC characteristics and 
post-LT outcomes in the IFN-based DAA treatment and IFN-free DAA treatment eras.
Methods: Using the United Network for Organ Sharing/Organ Procurement and 
Transplantation Network database, we analyzed adults with a diagnosis of HCV and HCC who 
received LTs from deceased donors from 04/2012 to 12/2017. Cox regression models were used 
to identify the association between the IFN-based DAA treatment vs IFN-free DAA treatment 
era and study outcomes (mortality, graft failure, and HCC recurrence at 1 and 3 years).
Results: Complete tumor necrosis was significantly higher in the IFN-free DAA treatment 
era (22.73% vs 18.22%; P <0.01). No other HCC tumor characteristics differed significantly 
between the two eras. HCC recurrence rates were similar between the two eras. On multi
variate Cox regression analysis, patients who had transplants in the IFN-free DAA treatment 
era had lower risk of graft failure compared with the IFN-based DAA treatment group 
(hazard ratio [HR], 0.44; 95% confidence interval [CI], 0.25–0.77; P <0.01). Patient mor
tality was lower in the IFN-free DAA treatment era although the difference was not 
statistically significant (HR, 0.82; 95% CI, 0.60–1.13; P =0.22).
Conclusion: LT recipients in the IFN-free DAA treatment era had significantly higher 
complete tumor necrosis in explants. Other HCC tumor characteristics were similar between 
the two eras. Post-LT graft failure at 1 and 3 years significantly decreased in the IFN-free 
DAA treatment era among patients with HCV and HCC, although patient mortality was not 
statistically different.
Keywords: hepatocellular carcinoma, liver transplantation, hepatitis C virus, direct-acting 
antiviral

Hepatitis C virus (HCV) infection accounts for 50–60% of hepatocellular carci
noma (HCC) cases in the United States.1 Since the introduction of interferon-free 
direct-acting antiviral (IFN-free DAA) therapy, management of HCV has trans
formed with sustained virologic response (SVR) rates exceeding 90%.2 Achieving 
SVR has been shown to be associated with reduction of HCV-related HCC risk.3 

However, the impact of IFN-free DAA therapy on HCC tumor characteristics is 
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unknown.4 There is concern that IFN-free DAA therapy 
can lead to aggressive tumor characteristics that may affect 
liver transplant (LT) outcomes, including recurrence.

Both United States and European data demonstrated 
improved outcome of LT recipients with HCV in the IFN- 
free DAA treatment era.5,6 However, no similar data have 
been published in patients with HCV-related HCC after 
LT. A large-scale prospective study in the LT population 
would show the impact of IFN-free DAA therapy on the 
outcome in patients with HCV-related HCC, but randomi
zation would be difficult to justify in this era. 
Retrospective analysis of the United Network for Organ 
Sharing (UNOS)/Organ Procurement and Transplantation 
Network (OPTN) Standard Transplant Analysis and 
Research (STAR) database gives us a unique opportunity 
to evaluate outcomes between the IFN-based DAA treat
ment and IFN-free DAA treatment eras. In addition, 
UNOS has been collecting explant pathology data since 
April 2012, which allows us to study detailed HCC char
acteristics in patients who have received transplants.

We undertook this study of patients with HCV-related 
HCC from the UNOS/OPTN database with three objec
tives: 1) to compare HCC histopathological characteristics 
in the IFN-free DAA vs IFN-based DAA treatment eras; 2) 
to analyze LT outcomes (patient mortality, graft failure, 
and HCC recurrence) after LT in the IFN-free DAA vs 
IFN-based DAA treatment eras; and 3) to compare rates of 
dropout among patients on the waiting list for LT between 
the two eras. We hypothesized that patients with HCV- 
related HCC would have improved outcomes in the IFN- 
free DAA treatment era.

Patients and Methods
Study Design and Patient Population
For our primary study cohort, we retrospectively analyzed 
data in the UNOS/OPTN STAR file for all adult patients 
who received deceased-donor liver-alone transplants 
between April 1, 2012, and December 31, 2017, with an 
HCC explant form generated and a diagnosis of HCV. We 
excluded patients without evidence of HCC on explant 
forms and those who had intrahepatic cholangiocarcinoma 
or mixed HCC/cholangiocarcinoma on explant. Also, 
patients with previous LT or multi-organ transplants were 
excluded.

We classified patients into 2 eras: IFN-based DAA 
treatment era (between April 1, 2012, and December 31, 
2014) and IFN-free DAA treatment era (between 

January 1, 2015, and December 31, 2017). Since 
April 2012, UNOS/OPTN has collected explant pathology 
data in patients with HCC undergoing LT. The period of 
2012–2014 was chosen because it corresponded to the era 
before the widespread use of highly effective interferon- 
free all-oral third-generation DAA therapy. Third- 
generation DAA was first approved by the US Food and 
Drug Administration in October 2014 and introduced in 
the American Association for the Study of Liver Diseases 
guidelines for treatment of HCV infection at its 65th 
annual meeting in November 2014.7 Before that, available 
first- and second-generation DAAs were used in combina
tion with interferon ± ribavirin and had lower SVR rates 
and higher rates of adverse events, especially in patients 
with Child-Turcotte-Pugh (CTP) score B and C.8,9

In this study, we also analyzed a second cohort to 
examine the dropout from the wait-listed patients. We 
included all patients listed for LT between April 1, 2012, 
and December 31, 2017, with a diagnosis of HCV and 
HCC. We stratified patients on the waiting list in each 
era into: 1) patients transplanted regardless of whether an 
HCC explant form was generated, 2) active patients on the 
waiting list on the last day of each era who did not receive 
an organ, and 3) patients who dropped out. Dropout was 
defined as patient removal from the waiting list without 
receiving LT. Dropout included 1) patients who died while 
waiting for an organ, 2) patients who deteriorated or 
improved and transplant was no longer indicated, 3) 
patients lost to follow-up, and 4) patients removed from 
the list for other causes. This study received Institutional 
Review Board approval from Baylor College of Medicine, 
Houston, TX and guidelines outlined in the Declaration of 
Helsinki were followed. Data accessed through UNOS/ 
OPTN STAR file complies with relevant data protection 
and privacy regulations. UNOS confirms that all organs 
were donated voluntarily with written informed consent, 
and that donations were conducted in accordance with the 
Declaration of Istanbul.

Study Variables
The following study variables from the UNOS/OPTN 
database were analyzed: 1) recipient characteristics [age, 
sex, race/ethnicity, body mass index (BMI), Model for 
End-stage Liver Disease (MELD) score, waiting time on 
transplant list, alpha fetoprotein (AFP) and other comor
bidities]; 2) donor characteristics [age, sex, race/ethnicity, 
BMI, cold ischemia time, donor risk index (DRI), comor
bidities, HCV antibody (HCV Ab) and hepatitis B core 
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antibody (HBcAb) status]; and 3) explant pathology fea
tures. DRI was calculated from donor characteristics.10 

These variables were compared between the IFN-based 
DAA treatment and IFN-free DAA treatment eras. HCV 
nucleic acid amplification data for the recipient and donor 
have been entered in the UNOS/OPTN database since 
February 28, 2018, and March 31, 2015, respectively, 
and were not analyzed.

Study Outcomes
The primary aim of the study was to compare histopatho
logical HCC characteristics between the IFN-based DAA 
treatment and IFN-free DAA cohorts; secondary aims 
were to compare 1- and 3-year post-LT outcomes (patient 
mortality, graft failure, and HCC recurrence). We also 
aimed to estimate waiting-list dropouts (frequency and 
percentages) between the IFN-based DAA treatment and 
IFN-free DAA treatment eras.

Statistical Analysis
Clinical and tumor characteristics were described using 
frequencies and percentages or medians and interquartile 
ranges (IQRs). Patient and tumor characteristics were 
compared between the IFN-based DAA treatment and 
IFN-free DAA treatment eras with the use of chi-square, 
t-test, or non-parametric tests as appropriate to assess 
statistical differences. Unadjusted post-LT outcomes and 
HCC recurrence rates were estimated at 1 and 3 years by 
using the Kaplan–Meier method. Multivariate Cox propor
tional hazards models were used to assess the impact of 
DAA on the outcomes, while adjusting for patient, clin
ical, and tumor characteristics. All patients were censored 
at whichever of the following occurred first: loss of fol
low-up, the end of the follow-up period (1- and 3-year 
maximum follow-up), or the end of the study period 
(December 31, 2014, for the IFN-based DAA treatment 
era and December 31, 2017, for the IFN-free DAA treat
ment era) to allow for at least 1 year and a maximum of 3 
years of follow-up. In the analysis of graft failure and 
HCC recurrence, patients were also censored at death if 
it occurred first. A full multivariate model was constructed 
with all significant variables from the bivariate analyses. 
Baseline demographics and clinical characteristics, includ
ing age, sex, race/ethnicity, education, history of diabetes, 
donor sex, DRI, donor HCV Ab–positive status, waiting 
time, and HCC characteristics, were added to the final 
model regardless of their significance in the bivariate 
analyses. We followed a backward elimination process in 

which we removed variables one by one and compared 
model estimates and standard errors of the final model. 
Any variable whose removal resulted in appreciable 
impact on the model estimates or standard error was rein
troduced and kept in the final model. We reported hazard 
ratios before and after 4 months for mortality and graft 
failure, and before and after 8 months for HCC recurrence; 
as the proportional hazards assumption was violated for 
the first 4 (or 8) months after LT. The proportional hazards 
assumption was assessed by testing the interaction of 
survival time with DAA, and the cutoff follow-up time 
was selected by visual inspection of hazard plots. 
Statistical significance was reached with P <0.05. All 
analyses were conducted using SAS 9.4 (Cary, NC, USA).

Results
Primary Study Cohort
Population Characteristics (Recipient/Donor)
The IFN-based DAA treatment-era group (April 2012- 
December 2014) included 2497 LT recipients with an 
HCC explant form generated and a diagnosis of HCV in 
the database, while the IFN-free DAA-era group 
(January 2015-December 2017) included 2547 LT recipi
ents. Patients with previous LT, multi-organ transplants, 
cholangiocarcinoma, incomplete explant data, or age less 
than 18 years at the time of transplant were excluded 
(Figure 1).

The baseline characteristics of the final LT recipient 
cohort are summarized in Table 1. The median age at trans
plant for the IFN-based DAA treatment era was 60 years 
(IQR 56–63), compared with 62 years (IQR 58–65) for the 
IFN-free DAA treatment era (P <0.01). At the time of 
transplant, the calculated median MELD score (without 
MELD exception points) was 11 (IQR 8–15) for the IFN- 
based DAA treatment era, compared with 10 (IQR 8–14) for 
the IFN-free DAA treatment era (P <0.01). The median 
waiting time from listing to LT was 226 days (IQR 104– 
431) in the IFN-based DAA treatment era, compared with 
273 days (IQR 191–464) in the IFN-free DAA treatment era 
(P <0.01). The median AFP level at transplant was 12 ng/ 
mL (IQR 6–32) in the IFN-based DAA treatment era, com
pared with 7 ng/mL (IQR 4–17) in the IFN-free DAA 
treatment era (P <0.01). Significantly higher proportions of 
patients in the IFN-free DAA treatment era had diabetes 
mellitus, history of malignancy, previous abdominal surgery, 
and previous transjugular intrahepatic portosystemic shunt 
(TIPS) procedures compared with patients in the IFN-based 
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DAA treatment era (P <0.01). History of spontaneous bac
terial peritonitis (SBP) at listing was significantly lower in 
the IFN-free DAA treatment era (P <0.01). Hepatitis 

B surface antigen (HBsAg) was positive in 1.92% of patients 
in the IFN-based DAA treatment era and 1.65% of patients 
in the IFN-free DAA treatment era (Table 1).

Donor demographics were comparable between the 
IFN-based DAA treatment and IFN-free DAA treatment 
eras (Table 2). DRI scores were similar between the two 
groups (P=0.42). Transplantation of HCV antibody (HCV 
Ab)–positive liver allografts was performed in 10.21% of 
patients in the IFN-based DAA treatment era, compared 
with 15.63% in the IFN-free DAA treatment era (P <0.01) 
(Table 2).

Tumor Characteristics at Transplantation
The median for the sum of viable tumors diameter in the IFN- 
based DAA treatment era was 3.5 cm (IQR 2.3–5.4), com
pared with 3.6 cm (IQR 2.2–5.7) in the IFN-free DAA 
treatment era (P=0.09; Table 3). Infiltrative HCC was found 
in 0.60% of liver explants in the IFN-based DAA treatment 
era, compared with 0.43% in the IFN-free DAA treatment era 
(P <0.01). Complete necrosis with no viable tumor as a result 
of locoregional therapy was found in 18.22% of patients in 
the IFN-based DAA treatment era, compared with 22.73% in 
the IFN-free DAA treatment era (P <0.01). Among patients 
with viable tumors in the explant, 29.58%, 60.19%, and 
10.24% had well-differentiated, moderately differentiated, 
and poorly differentiated HCC, respectively, in the IFN- 
based DAA treatment era. In contrast, 29.47%, 61.53%, 
and 8.99% had well-differentiated, moderately differentiated, 
and poorly differentiated HCC in the IFN-free DAA treat
ment era (P=0.36; Table 3).

Macro- and microvascular invasions were found in 
1.92% and 15.06% of patients, respectively, in the IFN- 
based DAA treatment era, compared with 1.69% and 
13.58% in the IFN-free DAA treatment era (P=0.25). 
While on the waiting list, 67.24% of patients in the IFN- 
based DAA treatment era received 1 locoregional therapy 
regimen and 15.42% received more than 1 locoregional 
therapy regimen, compared with 64.27% and 20.14% of 
patients, respectively, in the IFN-free DAA treatment era 
(P <0.01).

Post-Transplant Outcomes
The median post-LT follow-up till the end of the study 
period was 848 days (IQR 599–1107) in the IFN-based 
DAA treatment era, compared with 945 days (IQR 660– 
1242) in the IFN-free DAA treatment era (P <0.01). 
Overall 1- and 3-year post-LT mortality rates were 
7.29% and 13.10%, respectively, in the IFN-based DAA 

Figure 1 Flowchart of primary study cohort selection.
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treatment era, compared with 6.16% (P=0.11) and 11.35% 
(P=0.06) in the IFN-free DAA treatment era. One- and 
3-year graft failure rates were 4.12% and 5.53%, respec
tively, in the IFN-based DAA treatment era, compared 
with 2.83% (P=0.01) and 3.88% (P <0.01) in the IFN- 
free DAA treatment era. Figure 2A and B show the prob
ability of mortality and graft failure at each time point 
after LT and the associated log-rank scores. The graphs 
were similar for the first 4 months, suggesting similar 
cumulative patient mortality and graft failure in the first 
few months after LT, but started to diverge 4 months after 
transplant. The cumulative risk of graft failure was lower 
in the IFN-free DAA treatment era, and this difference 
became more prominent as time elapsed.

HCC recurrence at 1 and 3 years was found in 3.32% 
and 6.49% of patients, respectively, in the IFN-based DAA 
treatment era, compared with 3.18% (P=0.77) and 5.9% 
(P=0.41) of patients in the IFN-free DAA treatment era 
(Figure 2C). Median time to HCC recurrence was 350 
days (IQR 185–570) in the IFN-based DAA treatment 
era vs 340 days (IQR 167–570) in the IFN-free DAA 
treatment era (P=0.99).

Risk Factors Associated with Post-Transplant 
Outcomes
On multivariate analysis, there was a trend of lower mor
tality in the IFN-free DAA treatment era, with 18% (HR 
0.82; 95% CI 0.60–1.13; P=0.22) reduction in patient 
mortality at 1 year after LT and 16% (HR 0.84; 95% CI 
0.69–1.03, P=0.10) reduction at 3 years, although it did 
not reach statistical significance (Supplementary Table 1). 
Other risk factors of patient mortality were comparable at 
1 and 3 years after LT.

Table 1 Recipient Characteristics for the Primary Study Cohort

Characteristic Number (%) P value

IFN-Based 
DAA 

Treatment Era 
(n=2497)

IFN-Free DAA 
Treatment Era 

(n=2547)

Demographics

Median age, 

years (IQR)

60 (56–63) 62 (58–65) <0.01

Male 2000 (80.10) 2039 (80.05) 0.97
Female 497 (19.90) 508 (19.95)

White 1727 (69.16) 1731 (67.96) 0.68
Black 310 (12.41) 320 (12.56)

Hispanic 336 (13.46) 372 (14.61)

Other 124 (4.97) 124 (4.87)

Education

Grade school or 

lower

141 (5.65) 136 (5.34) <0.01

High school 1149 (46.02) 1246 (48.92)
College 608 (24.35) 652 (25.60)

More than 

college

468 (18.74) 460 (18.06)

Unknown 131 (5.25) 53 (2.08)

Epidemiologic characteristics

Median BMI, kg/ 
m2 (IQR)

28.1 (25.2–31.6) 28.3 (25.2–32.0) 0.34

Median 

allocation 
MELD score 

(IQR)

27 (24–29) 28 (27–31) <0.01

Median MELD 
lab score (IQR)

11 (8–15) 10 (8–14) <0.01

Median waiting 

time, days (IQR)

226 (104–431) 273 (191–464) <0.01

Median AFP, ng/ 

mL (IQR)

12 (6–32) 7 (4–17) <0.01

Baseline comorbidities

Diabetes 
mellitus

613 (24.55) 682 (26.78) <0.01

Previous 

malignancy

1295 (51.86) 1341 (52.65) <0.01

History of SBP 

at listing

64 (2.56) 48 (1.88) <0.01

Previous 
abdominal 

surgery

1107 (44.33) 1239 (48.65) <0.01

Portal vein 
thrombosis

291 (11.65) 313 (12.29) 0.76

Previous TIPS 110 (4.41) 160 (6.28) <0.01

(Continued)

Table 1 (Continued). 

Characteristic Number (%) P value

IFN-Based 
DAA 

Treatment Era 
(n=2497)

IFN-Free DAA 
Treatment Era 

(n=2547)

HBcAb positive 938 (37.57) 945 (37.10) <0.01
HBsAg positive 48 (1.92) 42 (1.65) 0.02

HIVAb positive 9 (0.36) 20 (0.79) <0.01

Abbreviations: DAA, direct-acting antiviral; IQR, interquartile range; BMI, body 
mass index; MELD, Model for End-stage Liver Disease; AFP, alpha fetoprotein; SBP, 
spontaneous bacterial peritonitis; TIPS, transjugular intrahepatic portosystemic 
shunt; HBcAb, hepatitis B core antibody; HBsAg, hepatitis B surface antigen; 
HIVAb, human immunodeficiency virus antibody.
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On multivariate analysis, the IFN-free DAA treatment 
era was associated with 56% (HR 0.44; 95% CI 0.25–0.77; 
P <0.01) reduction in graft failure at 1 year after LT and 
41% (HR 0.59; 95% CI 0.40–0.87; P <0.01) reduction at 3 
years (Supplementary Table 2). Other risk factors of graft 
failure at 1 and 3 years after LT were black race, recipient 
history of diabetes, higher DRI, donor history of hyperten
sion, moderately and poorly differentiated HCC, and his
tory of acute rejection episode. Female donors were 
associated with 40% and 32% reduction in graft failure 
at 1 and 3 years after LT, respectively.

There was no significant difference in the risk of HCC 
recurrence between the IFN-based DAA treatment and 
IFN-free DAA treatment eras (Supplementary Table 3). 

Risk factors of HCC recurrence at 1 and 3 years after LT 
included AFP at LT (at the following cutoffs: 100–999 and 
≥1000 ng/mL), ≥5 HCC tumors, infiltrative HCC, moder
ately and poorly differentiated HCC, macro- and micro
vascular invasion, and lymph node metastasis.

Second Study Cohort
Dropout While on the Waiting List
We identified a total of 12,519 patients with HCV-related 
HCC who were on the LT waiting list at any time during the 
study period. Table 4 shows that a significantly higher per
centage of patients received transplants in the IFN-free DAA 
treatment era compared with the IFN-based DAA treatment 
era (50.94% vs 47.99%, respectively; P <0.01). However, 
patients within the IFN-free DAA treatment era had a higher 
dropout rate (n=1685, 26.78%) than those in the IFN-based 
DAA treatment era (n=1461, 23.47%) from the waiting list 
(P <0.01). Reasons for dropout included death, deterioration 
in patient condition, improvement in patient condition, and 
loss to follow-up. When stratified by reason for removal from 
the waiting list, 56.40% of dropouts in the IFN-based DAA 
treatment era, compared with 43.74% of dropouts in the IFN- 
free DAA treatment era, were due to death (P=0.15). Patient 
deterioration was found in 12.32% of dropouts in the IFN- 
based DAA treatment era, compared with 20.71% in the IFN- 
free DAA treatment era (P <0.01). Improvement of patients’ 
condition was found in 1.57% of dropouts in the IFN-based 
DAA treatment era, compared with 2.61% in the IFN-free 
DAA treatment era (P=0.17).

Discussion
Our retrospective study of 5044 patients with HCV-related 
HCC provided better understanding of pre-LT HCC char
acteristics and yielded mixed results with regard to our 
hypothesis that these patients would have improved out
comes in the IFN-free DAA treatment era. LT recipients in 
the IFN-free DAA treatment era had significantly higher 
complete tumor necrosis. For post-LT outcomes, we 
observed lower trends of 1- and 3-year patient mortality 
and graft failure in the IFN-free DAA treatment era, 
although only graft failure reached statistical significance. 
The recurrence rate was similar between the two eras. 
Significantly higher proportion of patients received trans
plants in the IFN-free DAA treatment era, with an increase 
in dropouts during that period.

Our results are similar to those of a published Italian 
cohort of 23 patients treated with DAA before receiving 

Table 2 Donor Characteristics for the Primary Study Cohort

Characteristic Number (%) P value

IFN-Based 
DAA 

Treatment Era 
(n=2497)

IFN-Free DAA 
Treatment Era 

(n=2547)

Demographics

Median age, 

years (IQR)

44 (30–54) 43 (30–55) 0.91

Male 1509 (60.43) 1535 (60.27) 0.90
Female 988 (39.57) 1012 (39.73)

White 1646 (65.92) 1670 (65.57) 0.51
Black 433 (17.34) 424 (16.65)

Hispanic 322 (12.90) 335 (13.15)

Other 96 (3.84) 118 (4.63)

Epidemiologic characteristics

Median BMI, kg/ 

m2 (IQR)

27.1 (23.8–31.2) 27.3 (23.7–31.7) 0.13

Median cold 
ischemic time, 

hours (IQR)

6.0 (4.8–7.8) 5.9 (4.7–7.4) 0.01

Median donor 
risk index (IQR)

1.4 (1.1–1.7) 1.4 (1.1–1.7) 0.42

Baseline comorbidities

Diabetes 

mellitus

2138 (85.62) 2178 (85.51) 0.62

Hypertension 923 (36.96) 990 (38.87) 0.37

HCV Ab- 

positive donor

255 (10.21) 398 (15.63) <0.01

HBcAb-positive 

donor

180 (7.21) 166 (6.52) 0.54

Abbreviations: DAA, direct-acting antiviral; IQR, interquartile range; BMI, body 
mass index; HCV Ab, hepatitis C virus antibody; HBcAb, hepatitis B core antibody.
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LT for HCV-induced HCC.11 However, the study had 
a small sample size and it was underpowered to detect 
a true difference between the two groups.

Patients in the IFN-free DAA treatment era were on the 
waiting list for a longer period of time than patients in the 
IFN-based DAA treatment era. This may have resulted 
from improvement in MELD score with DAA treatment, 
which moved the patients down the waiting list.5 It is also 
possible that longer waiting time and MELD score 

improvement may have allowed patients to receive more 
than 1 locoregional treatment before transplant, resulting 
in a significantly higher number of patients achieving 
complete tumor necrosis and lower AFP level in the 
DAA group.11,12 Another explanation for longer waiting- 
list time in the IFN-free DAA treatment era is that the 
6-month waiting time rule for assigning HCC exception 
points was implemented by UNOS in October 2015.13 

This policy allowed for observation of HCC tumor biology 

Table 3 HCC Characteristics for the Primary Study Cohort

Characteristic Number (%) P value

IFN-Based DAA Treatment Era 
(n=2497)

IFN-Free DAA Treatment ERA 
(n=2547)

Ever had approved HCC exception points 2431 (97.36) 2435 (95.60) <0.01

HCC characteristics in explant pathology

Median total tumor size in explant pathology, cm 

(IQR)

3.5 (2.3–5.4) 3.6 (2.2–5.7) 0.09

Median largest tumor size in explant pathology, cm 
(IQR)

2.5 (1.9–3.5) 2.6 (1.8–3.8) 0.10

Number of tumors

≤3 2132 (85.38) 2178 (85.51) 0.89
>3 365 (14.62) 369 (14.49)

Tumor location

Left 398 (15.94) 416 (16.33) <0.01

Right 1555 (62.27) 1486 (58.34)
Both 529 (21.19) 634 (24.89)

Infiltrative 15 (0.60) 11 (0.43)

Complete tumor necrosis 455 (18.22) 579 (22.73) <0.01

Worst tumor differentiation

Well 604 (29.58) 580 (29.47) 0.36
Moderate 1229 (60.19) 1211 (61.53)
Poor 209 (10.24) 177 (8.99)

Vascular invasion 0.25

Macrovascular invasion 48 (1.92) 43 (1.69)

Microvascular invasion 376 (15.06) 346 (13.58)
Lymph node involvement 55 (2.20) 40 (1.57) 0.09

Extrahepatic spread 15 (0.60) 12 (0.47) 0.53

Satellite lesions 170 (6.81) 155 (6.09) 0.30

Number of locoregional treatments received before 

transplant

<0.01

0 433 (17.34) 397 (15.59)

1 1679 (67.24) 1637 (64.27)
>1 385 (15.42) 513 (20.14)

Abbreviations: DAA, direct-acting antiviral; HCC, hepatocellular carcinoma; IQR, interquartile range.
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with avoidance of transplant in patients with aggressive 
tumors that continued to grow while the patient was on the 
waiting list and that are likely to recur after transplant.14 

Nonetheless, a higher percentages of complete tumor 
necrosis in the IFN-free DAA treatment era and similar 

incidence of HCC recurrence between the two eras point 
towards a favorable outcome.

Our study showed that patients in the IFN-free DAA 
treatment era were significantly older, with more comor
bidities compared with the IFN-based DAA treatment 
group. Patients with HCV are getting older, and elderly 
patients have certainly benefited from the use of DAAs, 
with comparable SVR rates to those of the general popula
tion reported.15 Interferon-based regimens have been 
shown to be poorly tolerated in older patients, with high 
adverse event rates and low SVR, and are not used in 
patients with advanced liver disease.16 We also demon
strated increased utilization of HCV Ab–positive liver 
allografts in the IFN-free DAA treatment era. This may 
be attributed to changes in discard rates of HCV-positive 
allografts owing to emerging data of similar long-term 
outcomes in recipients of HCV-negative and HCV- 
positive donors.17,18 Less than 2% of patients in both the 
IFN-based DAA treatment and IFN-free DAA treatment 
eras had positive HBsAg which could have played a role 
in HCC development in these patients.

We found a lower but statistically insignificant trend in 
patient mortality after LT in the DAA group. We assume 
that a prominent difference was not observed because of 
the relatively short follow-up period (3 years) and that 
a longer follow-up period may show a difference in the 
future. We observed a significant difference between the 
IFN-based DAA treatment and IFN-free DAA groups 
regarding graft failure. This observation is similar to pre
viously published data.5 DAA therapy has been shown to 
prevent complications of recurrent HCV infection after 
LT.19 The incidence of graft failure was divergent between 
the IFN-based DAA treatment and IFN-free DAA treat
ment eras after 4 months from transplant. This impact may 
be the result of peri-transplant DAA therapeutic options 
that can prevent and treat fibrosing cholestatic hepatitis 
and other complications related to recurrent hepatitis.20 

Fibrosing cholestatic hepatitis usually occur 2–3 months 
after LT, resulting in considerable graft loss.19,21 

Furthermore, IFN-free DAA therapy was not found to be 
a risk factor for HCC recurrence after adjustment in the 
multivariate Cox regression analysis. HCC recurrence 
rates at 1 and 3 years after LT were remarkably lower 
than those in the published literature in both eras.22,23

A significantly higher percentage of patients received 
transplants in the IFN-free DAA treatment era. The IFN- 
free DAA treatment era was also associated with improve
ment in a small group of patients on the waiting list in 

Figure 2 Kaplan–Meier curves for (A) overall 3-year patient mortality, (B) overall 
3-year graft failure, and (C) 3-year HCC recurrence after liver transplant in the 
IFN-based DAA treatment and IFN-free DAA treatment eras.
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whom LT was no longer indicated. These observations 
align with previous data showing improvement of MELD 
and CTP scores, as well as lower rates of hepatic decom
pensation, after DAA therapy.24,25 On the other hand, we 
observed a significantly higher rate of dropout due to 
deterioration on the waiting list in the IFN-free DAA 
treatment era. Unfortunately, no available data regarding 
the precise definition of deterioration on the waiting list 
have been outlined in the UNOS database. This observa
tion may be attributed to a longer waiting time. The 
implementation of the 6-month waiting-time rule, as men
tioned earlier, may also have contributed with exclusion of 
any patient who suffered progression of HCC within the 
first 6 months of listing, rather than being a consequence 
of DAA therapy. We did not observe any difference in 
HCC characteristics in the explanted liver between the 
IFN-based DAA treatment and IFN-free DAA treatment 
eras, suggesting that IFN-free DAA therapy does not affect 
HCC aggressiveness.

This is the first study using a large national database of 
explanted livers to examine HCC characteristics in the 
IFN-free DAA treatment era and the association of IFN- 
free DAAs on post-LT outcome. Our study has limitations 
associated with the retrospective nature, reflecting indirect 

effects of IFN-free DAA therapy. The UNOS/OPTN data
base did not record patients who achieved SVR with IFN- 
free DAAs in the peri-transplant period. Furthermore, 
there were no data available regarding the IFN-free DAA 
regimen used in these patients. We were not able to study 
data before April 2012 as the explant pathology informa
tion was not entered in the UNOS/OPTN database before 
that time. Potential bias may be present in our study as LT 
centers do not list patients with vascular invasion, extra
hepatic metastasis, or multinodular or large HCC that 
exceeds the transplant criteria. The UNOS STAR file has 
no data regarding dropout specifically due to HCC pro
gression while on the waiting list. Given the huge resource 
of UNOS database, we suggest change of data collection 
forms either retrospective or prospective to include DAA 
treatment protocols, duration of treatment and SVR rates.

Conclusions
In conclusion, HCC characteristics were similar between 
the IFN-based DAA treatment and IFN-free DAA treat
ment eras, and HCC recurrence rates were low. Post-LT 
graft survival significantly improved in the IFN-free DAA 
treatment era among patients with HCV and HCC, and 
there was a trend of improved patient survival at 1 and 3 

Table 4 Patients Listed for Transplant with HCV and HCC (Second Study Cohort) and Their Waiting List Outcomes

Number (%) Raw 
P value

Bonferroni 
Adjusted P value

IFN-Based DAA 
Treatment Era

IFN-Free DAA 
Treatment Era

Patients actively on the waiting list at any time during each 
era

6226 6293

Patients transplanted regardless of explant form generated 2988 (47.99) 3206 (50.94) <0.01 <0.01

Actively on the waiting list on the last day of each era (did 

not receive an organ)

1777 (28.54) 1402 (22.28) <0.01 <0.01

Total dropout 1461 (23.47) 1685 (26.78) <0.01 <0.01

Analysis of dropout patients a

Patients died while waiting for an organ 824 (56.40) 737 (43.74) <0.01 0.15

Patients deteriorated (transplant not indicated) 180 (12.32) 349 (20.71) <0.01 <0.01

Patients improved (transplant not indicated) 23 (1.57) 44 (2.61) 0.01 0.17

Patients lost to follow-up 13 (0.89) 28 (1.66) 0.02 0.31

Otherb 421 (28.82) 527 (31.28)

Notes: aNumbers and percentages are calculated from the total dropout number. bPatients were removed from the waiting list because of refusal of transplant, transfer to 
other center or country, multiple listing, in error, or unspecified reason. 
Abbreviation: DAA, direct-acting antiviral.
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years, though it was not statistically significant. Longer- 
term follow-up after LT is warranted to determine the 
impact of DAA therapy on patient survival.
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and Drug Administration; HBcAb, hepatitis B core anti
body; HBsAg, hepatitis B surface antigen; HBV, hepatitis 
B virus; HCC, hepatocellular carcinoma; HCV, hepatitis 
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