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Abstract

Background Recently, a controversy has emerged: is the rate of recurrence of hepatocellular carcinoma (HCC) higher fol-
lowing treatment of hepatitis C virus (HCV) with direct-acting antiviral (DAA) therapy? However, the risk of HCC recur-
rence has not been studied in liver transplant (LTx) recipients who received DAA therapy. The aim of the present study is to
compare the rate of HCC recurrence in LTx recipients who did or did not receive DAA therapy.

Patients and methods Sixty-three patients received LTx with HCC. Twenty-seven (42.9%) with HCV received DAA therapy
(Group A), 20 (31.7%) with HCV did not receive DAA therapy (Group B), and 16 (25.4%) did not have HCV (Group C).
Results In group A, three (11%), in group B, one (5%), and in group C, none had recurrence of HCC. Actuarial 4-year
recurrence-free survival was 88.9, 95, and 100% in group A, B, and C, respectively (p=0.37). Group A was subdivided
into two groups for comparison with Group B: Al included five patients who had end of treatment response (ETR) without
sustained virological response (SVR), and A2 included 20 patients who achieved SVR. Three patients from A1 had HCC
recurrence and no patients from A2 had HCC recurrence. (p =0.0038; group Al, A2, and B).

Conclusions The rate of HCC recurrence in LTx patients with DAA therapy was significantly higher with ETR, without
SVR, after DAA therapy compared to patients with SVR or patients who did not receive DAA therapy. LTx recipients with
HCC receiving DAA therapy requires further studies.
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Background

Liver transplantation (LTx) is the preferred modality of
therapy for unresectable hepatocellular carcinoma (HCC)
within Milan criteria. This provides recurrence-free survival
of up to 84% at 4 years [1].
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liver [2-4]. Newly developed first- and second-generation
direct-acting antiviral (DAA) therapies are effective in the
eradication of HCV in more than 90% of pre- and post-LTx
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DAA therapy to those who did not receive DAA therapy
and to examine factors which could have an impact on the
recurrence of HCC.

Patients and methods

All patients with HCC within Milan criteria who received
LTx between March 2010 and December 2016 were retro-
spectively studied after institutional review board approval.
The subjects were divided into three groups: HCC LTx
recipients with HCV who received DAA therapy (group
A), HCC LTx recipients who did not receive DAA therapy
(group B), and HCC LTx recipients without HCV infection
(group C). Basic patient demographics, pre- and post-LTx
clinical course, and follow-up for recurrence of HCC were
examined carefully. There were 63 patients who received
LTx with HCC within Milan criteria. The mean age at the
time of LTx for all patients was 60.1 +5.8 (median 59.8,
range 45.9-72.0) years. All pre-LTx contrast computed
tomography (CT) and/or magnetic resonance imaging
(MRI) studies were examined for HCC tumor count, size,
and characteristics based on Liver Imaging Reporting and
Data System (LI-RADS) categorization [12]. The number
of loco-regional therapies, consisting of highly selective
transarterial chemoembolization (TACE) with doxorubicin/
cisplatin or mitomycin with or without lipiodol [13], to treat
HCC was cataloged for each patient. Intraoperative findings
and postoperative pathology results of the explanted liver
were recorded, including tumor counts, the viability of each
tumor, tumor size, histologic grade, and macro- or micro-
vascular invasion. Tumor size and count were confirmed,
postoperatively, to be within Milan criteria. All post-LTx
patients underwent a contrast-enhanced chest, abdomen, and
pelvis CT scan or MRI scan every 3 months for the 1 year,
then every 6 months for 3 years, and yearly after that, as per
our protocol. Additional radiological studies were obtained
if clinically indicated.

Statistical analysis

Quantitative values were presented as the mean and stand-
ard deviation. Categorical values were presented as count
number and proportions. For categorical values, Chi-squared
analyses were performed using Microsoft Excel Professional
Plus 2016 (version 1706). Kaplan—Meier recurrence-free
survival was calculated using SPSS statistical package ver-
sion 24 (IBM Corp. Released 2016. IBM SPSS Statistics
for Windows, Version 24.0. Armonk, NY: IBM Corp.) A
log-rank statistical formula was used to compare the survival

differences. A p value of less than 0.05 was considered sta-
tistically significant.

Results

Between March 2010 and June 2017, 63 patients with
HCC within Milan criteria received LTx at our transplant
center. Twenty-seven patients (42.8%) were HCV-posi-
tive and received DAA therapy (group A). Seven patients
(25.9%) received DAA therapy 13.3 +£5.6 months before
LTx, and 20 patients (74.1%) received DAA therapy
23.9 + 16.9 months after LTx. The baseline characteris-
tics of each patient in both study groups are described
in Table 1. Twenty patients (31.7%) did not receive
DAA therapy (group B). Sixteen patients (25.4%) were
HCV-negative (group C). The mean age in group A was
60.1 £ 4.7 years at the time of LTx, and 23 (85.0%) were
male. In group B, the mean age was 59.4 +5.7 years,
and 14 (70%) were male. In group C, the mean age was
61.9+7.2 years and 11 (69%) were male. The mean
post-LTx follow-up was 50.5 +25.4 months in group A,
71.2 +£23.8 months in group B, and 61.5 +30.4 months
in group C The only difference of statistical signifi-
cance among the groups was that the follow-up in groups
B and C was longer than in group A, which was only
50.5 months (p <0.05). In the explanted liver, tumor
burden with count and size were confirmed to be within
Milan criteria in all cases. However, microvascular inva-
sion was detected in the explanted hepatic specimen in
six cases (four in group A and one each in groups B and
C). The patient characteristics of groups A, B, and C are
compared in Table 2.

In group A, sustained virological response (SVR)
from DAA therapy was achieved in 20 (74%) cases, and 2
(5.4%) did not respond (NR). Five patients achieved end-
of-treatment response (ETR) with an initial 12-24-week
DAA therapy regimen but failed to maintain SVR. One of
them eventually achieved SVR after extending the course
of DAA by 24 weeks with the addition of simeprevir
(case #2, described below). Group A was subdivided into
the five patients who achieved only ETR (subgroup Al)
and the 20 patients who achieved SVR (subgroup A2),
for comparison with HCV-positive patients who did not
receive DAA at all (group B).

The rate of HCC recurrence
In group A, three patients (11.10%) developed HCC recur-

rence with metastatic spread, post-LTx. In group B, one
patient (5.0%) developed HCC recurrence with metastatic
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Table 2 Characteristics of patients with HCC

Group A Group B Group C p value

HCV +DAA HCV, No DAA No HCV
Number of cases 27 20 16 0.83
Male, n (%) 23 (85) 14 (70) 11 (69) 043
Age (years), mean+SD 60.1+4.7 59.4+5.7 61.9+72 0.98
Months follow-up post-LTx, mean +SD 50.5+254 71.2+23.8 61.5+30.4 < 0.05
Microvascular invasion, n (%) 3(12) 1(5) 1(6) 0.98
Tumor differentiation

Well differentiated, n (%) 7 (26) 8 (40) 9 (56) 8.85

Moderate, n (%) 8 (30) 6 (30) 4(25)

Poor, n (%) 3(11) 1(5) 2 (13)

Necrotic, n (%) 9 (33) 4 (20) 1(6) 0.54
HCC recurrence, n (%) 3(11) 1(5) 0(0) 0.8
HCC-recurrence-free 4-year (actuarial) survival 88.90% 95% 100% 0.374

Group Al Group A2 Group B p value
No SVR after initial ETR ~ SVR from DAA No DAA
from DAA
Subgroup analysis—HCV-positive
Number of cases 5 20 20
Recurrent HCC (%) 3(60.0) 00 1(5.0) 0.0038

HCC hepatocellular carcinoma, HCV hepatitis C viral, DAA direct-acting antiviral, LTx liver transplant, SVR sustained virological response, and

ETR end of treatment response

Fig.1 Case #2 (left) HCC recurrence in liver: segment VII, 5.2 X
4.5 cm, (right) metastatic disease in lung: 1.1 cm. Case #13 (left)
pathological fracture of neck of left humerus, (right) multiple bony
metastases: L5 vertebral body, left posterior eighth rib, posterior left
acetabulum, right inferior pubic ramus Case #14 (left) metastatic dis-

spread to the lung (Fig. 1) and in group C, HCC recurrence
was not observed (0%).

@ Springer

ease in right adrenal: 7.5 X 6.0 cm, (middle) multiple bony metasta-
ses: 3.3 cm, lytic destruction involving lesser trochanter of left femur,
metastatic disease in right lung: 2.3 cm. Case #32 (left) HCC recur-
rence in liver: segment VI, 4.0 X 1.2 cm,(right) metastatic disease in
lung: 0.9 cm

The pre- and postoperative clinical course, with respect
to HCC and its recurrence, in these four cases is briefly
described below.
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Group A

Case #2: 72-year-old man received deceased donor LTx
for HCC with HCV genotype 1a. Before LTx, he received
four treatments of TACE using doxorubicin + mitomycin
for two hepatic lesions: 2.7 X 2.0 and 2.6 X 2.3 cm in
diameter. The explanted liver showed a single lesion of
moderately differentiated HCC: 2.5 X 2.5 X 1.4 cm in
diameter without microvascular invasion. Twenty-nine
months post-LTx he received sofosbuvir and ledipasvir
for 8 weeks to which he did not respond. Hence, ribavirin
was added to the DAA therapy for another 8 weeks. Fol-
lowing that, he achieved ETR, but subsequently relapsed.
He received simeprevir, sofosbuvir, and ribavirin for
another 24 weeks, with achievement of SVR. Six months
after the start of DAA therapy was found to have recur-
rence of HCC in segment VII of the liver measuring 1.9
X 1.5 cm. He was recurrence-free prior to start of DAA
therapy. This recurrent tumor rapidly increased in size to
5.2 x 4.5 cm over 5 months. He was also found to have
a pulmonary lesion 1.1 cm in diameter (Fig. 1, top left).
He received sorafenib and two series of TACE. He died 2
years after the recurrence of HCC.

Case #13: 58-year-old man with HCV genotype 3a who
commenced a 24-week course of sofosbuvir and ribavirin,
13 months before LTx. He achieved ETR without SVR.
He was known to have HCC within Milan criteria prior
to the initiation of DAA therapy for which he received
three series of TACE using doxorubicin + mitomycin. The
explanted liver showed two lesions: 1) 2.0 X 1.5 X 1.2 cm,
90% necrotic and 2) 1.0 X 0.5 X 0.5 cm, 70% necrotic.
Both lesions were confirmed to be moderately differenti-
ated HCC, without microvascular invasion. Eight months
post-LTx he presented with a pathological fracture of the
left humerus as a result of biopsy-proven metastatic HCC
(Fig. 1, top right). He also had metastatic lesions in the
L5 lumbar vertebra, pubic ramus, acetabulum, and ribs.
He died 10 months after LTx.

Case #14: 61-year-old man with HCV genotype 2b
received a 12-week course of sofosbuvir and ribavi-
rin 26 months before LTx. He achieved ETR without
SVR. He was treated with one TACE using doxorubicin
and mitomycin. The explanted liver revealed two HCC
lesions: 2.0 X 1.5 and 2.0 X 1.0 cm, moderately differen-
tiated HCC with microvascular invasion. Fifteen months
post-LTx, he presented with metastatic disease in the
adrenal gland, 7.5 X 6.0 cm, a 2.3-cm lesion in the lung,
and a 3.3-cm lesion in the lesser trochanter of the left
femur. Before LTx, his metastatic work up for HCC was
negative. He also developed multiple pulmonary lesions
up to 2.3 cm in diameter (Fig. 1, bottom left).

Group B

Case #32: 61-year-old female with HCV genotype 1a pre-
sented with a single lesion of HCC: 3.8 x 2.1 cm. Before
LTx, she was treated with two series of TACE containing
cisplatin, doxorubicin, and mitomycin. She did not receive
DAA therapy. The explanted liver showed a single lesion:
3.2 X 2.8 X 1.9 cm, the majority of which was necrotic;
hence, presence of microvascular invasion could not be
determined. Ten months post-LTX, she developed recurrent
HCC: 2.4.0 x 1.2 cm, in segment VI of the liver. Subse-
quently, a 0.9-cm lesion was found in the lung (Fig. 1, bot-
tom right). She died 15 months post-LTx.

Recurrence-free survival

Recurrence-free survival was calculated using Kaplan—-Meier
estimation. Patients who died without recurrence of HCC
were considered to be recurrence-free until death. Recur-
rence-free survival at 1, 2, 3, and 4 years for group A was
96.1,92.1, 87.7, and 87.7%, respectively. For group B, HCC
recurrence-free survival was 94.1% for up to 4 years. For
group C, there were no HCC recurrences; hence, recurrence-
free survival was 100% for one to 4 years follow-up. These
differences in recurrence-free survival were not statistically
significant (p =0.374), (Fig. 2, top). Subgroup analysis was
then performed for patients in group A depending on the
response rate to DAA. Comparing those who had ETR after
initial DAA therapy (group A1) to those who achieved SVR
(group A2) and to those who did not receive DAA therapy
(group B), a statistically significant difference was observed.
Recurrence-free survival at 1, 2, 3, and 4 years was 80, 60,
40, and 40%, respectively, for group A1, 100% at 1-4 years
follow-up for group A2, and 94.1% at 1-4 years follow-up
for group B (log rank, p <0.0001), (Fig. 2, bottom).

Discussion

Mazzaferro et al. have shown that LTx for small unresectable
HCC (stage I and II) provides 84% recurrence-free survival
at 4 years [1]. Since then, this has become an acceptable
treatment option. Realizing the need of timely LTx before
HCC exceeds the Milan criteria, UNOS (United Nation
Organization of Organ Sharing) implemented a policy to
award exceptional MELD (Model for End-Stage Liver Dis-
ease) points for this group of patients [14, 15]. HCV infec-
tion is prevalent worldwide, and chronic HCV infection is a
risk factor for HCC. Currently, a significant number of liver
transplants are performed for HCV with HCC within Milan
criteria [4]. However, after successful LTx, biochemical
and histological recurrence of HCV is universal. Further-
more, recurrence of HCV could result in allograft failure,
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Fig.2 Post-LTx HCC recur-
rence-free survival. Top: Group
A, B, and C. Bottom: Group
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and retransplantation may be necessary [3]. Interferon-based
therapy in the post-LTx setting has remained suboptimal
[16—18]. The introduction of an interferon-free regimen con-
sisting of a nucleotide NS5B analog (sofosbuvir) in conjunc-
tion with NS5A inhibitor (ledipasvir) or NS3/4A protease
inhibitor (simeprevir), with or without ribavirin, has been
found to be potent and effective for various genotypes of
HCV. SVR is observed in more than 90% of the cases, both
in the non-LTx and post-LTx population, with the same
DAA regimen [5-7].

There are reports suggesting that patients with HCV
infection, when treated with interferon-based therapy with
achievement of SVR, had a lower incidence of developing
HCC [19, 20]. However, recently a controversy, has been
raised from some of the European centers, which suggests
the use of DAA therapy increases the risk of de novo HCC
and recurrence of HCC. Reig et al. from Spain collected
data from four hospitals; out of 103 patients with HCC
who received DAA, 27.6% of patients showed an increased
in size of HCC or de novo HCC with a median follow-up
of 5.7 months [10]. Toyoda et al. from Japan studied 413
patients who achieved SVR with DAA therapy. He reported
a significantly higher rate of HCC in patients greater than
65 years of age with cirrhosis, as well as a twofold increased

@ Springer

rate of HCC after SVR from DAA therapy, on an annual
basis [11]. Makiyama et al. in 2004 reported similar find-
ings on interferon-based therapy in the older population with
cirrhosis [21]. Conti et al. in 2016, from Italy, analyzed 344
patients who received DAA therapy [8]. Within a 24-week
follow-up period, they found nine cases of de novo HCC out
of 285 cases and 17 patients with rapid recurrence of HCC
out of 59 stable, treated HCC patients. Kozbial et al., from
the AURIC (Austrian Ribavirin/Interferon-Free Cohort)
clinical trial, reported an unexpected high incidence of HCC
in patients with HCV treated with DAA therapy [9].
Contrary to above reports, other European centers did not
observe such an increased incidence of HCC with the use
of DAA therapy. Cheung et al., from a UK group consisting
of 406 patients treated with DAA therapy, did not find an
increased risk of HCC nor decompensation [22]. Prospective
data from the French multicenter ANRS (France Recherche
Nord & Sud Sida-hiv Hepatites) cohort group compared
189 patients with HCC who received DAA therapy with 78
HCC patients who did not receive DAA [23]. The rate of
recurrence was higher in patients treated with DAA therapy
(0.73 versus 0.66/100 person-months). Among patients with
cirrhosis, the HCC recurrence rate was still higher in those
who received DAA (1.73 versus 1.11/100 person-months).
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There are several editorial comments to this controver-
sial topic. Nault et al., in their editorial, felt that different
studies do not bring strong evidence of increased risk of
HCC, but still he recommended HCC screening post-DAA
therapy [24]. Zeng et al. from China have questioned simi-
lar alarm and recommended head-to-head comparison [25].
Kolly et al., in their editorial letter, commented that cur-
rent knowledge is unclear and suggested well-designed
studies with proper comparison [26]. More recently, at the
2017 American Association for the Study of Liver Disease
(AASLD) annual conference, loannou et al. presented the
results from a large veterans affairs data base. They found a
79% reduction in HCC rate with DAA-induced SVR [27].
Similarly, Mangia et al., at the same conference, presented
data on 1170 cases treated with DAA with a rate of de novo
HCC OF 1.2% and felt this was comparable to interferon-
based therapy [28].

To our knowledge, there have been no studies available to
address the issue of HCC recurrence in the post-LTx recipi-
ents who received DAA therapy.

In the present study, we compared 27 post-LTx HCC
patients who received DAA therapy to treat HCV infection
to 20 post-LTx patients who did not receive DAA therapy
for HCV infection and to 16 post-LTx patients without HCV
infection. The observed rate HCC recurrence was 11.1, 5,
and 0% in groups A, B, and C, respectively, which was not
significant (p =0.8). When we subdivide group A based on
the response to the initial DAA therapy regimen into those
who had ETR (n=5) or SVR (n=20) and compare them to
HCV-positive patients who did not receive DAA therapy
(n=20), the HCC recurrence rate was 60, 0, and 5%. This
was highly statistically significant (p =0.0038). All three
patients in group A who had HCC recurrence with DAA
therapy exhibited ETR but did not achieve SVR. How-
ever, one of them subsequently achieved SVR after a third
attempt using DAA with ribavirin, sofosbuvir, and sime-
previr. Another remarkable factor is that the HCC recur-
rence occurred rapidly and with widespread metastases. Is
this massive tumor burden secondary to the DAA therapy
or just by chance? Admittedly, this is difficult to answer and
is beyond the scope of this observational study. Another
intriguing possibility is that viral relapse may induce some
immune or oncogenic effect in the host that could promote
HCC recurrence even after the LTx in an immunocompro-
mised subject. To elucidate these uncertainties, we would
need data from a larger population, involving multiple cent-
ers. If this is a true phenomenon, a major change in the prac-
tice of LTx for HCC within Milan criteria may be required.
The recipient may need to be educated before LTx and cer-
tainly before starting DAA therapy. A modified approach in
this situation could be considered. For example, on a trial
basis, the concomitant use of sorafenib [29], possibly in a
sub-therapeutic dose, could be considered to evaluate for

prevention of HCC recurrence. Ono et al. have suggested
transcriptome signature gene analysis to detect early recur-
rence of HCC after LTx [30]. Certainly in the future, the
utility of transcriptome could be explored for this group of
patients with cellular, biological, and immunology-based
experiments.

Conclusion

In our present study of LTx recipients with HCC, HCC
recurrence with metastatic lesions was observed in patients
who achieved ETR to DAA therapy without SVR. The dif-
ference in the recurrence-free survival rate was significant
when post-LTx patients with HCV were compared by DAA
response rate: ETR without SVR, or with SVR, or without
DAA therapy. Furthermore, recurrence-free survival rate
was only 40% at 3 years for patients who received DAA
therapy and achieved ETR, without SVR. Retrospective and
prospective studies of a larger population are warranted to
evaluate the true influence of DAA therapy with ETR with-
out SVR in the post-LTx population.

Acknowledgements Nancy Sabb, provided the accuracy on clinical
details on the transplant recipients. Michelle Carraher, for identifying
the study population and for providing demographic details from the
transplant data base. Jenna Weller, for typing and proofreading.

Authors’ contributions Research design: AJ, ZK. Acquisition and
analysis of data: AJ, ZK, DM, TR, RS. Interpretation of data: all
authors. Drafting of the manuscript: all authors. Critical revision of
the manuscript for important intellectual content: all authors. Study
supervision: AJ, ZK.

Compliance with ethical standards

Conflicts of interest Ashokkumar Jain, Danielle Miller, Ian Schreib-
man, Thomas R. Riley III, Karen L. Krok, Takehiko Dohi, Rajeev
Sharma, and Zakiyah Kadry have no conflicts of interest.

Ethical standards All procedures followed were in accordance with
the ethical standards of the responsible committee on human experi-
mentation (institutional and national) and with the Helsinki Declara-
tion of 1975, as revised in 2008. As this was a retrospective study,
the requirement for informed consent was waived by the institutional
review board.

References

1. Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A, Boz-
zetti F, et al. Liver transplantation for the treatment of small hepa-
tocellular carcinomas in patients with cirrhosis. N Engl J] Med
1996;334:693-699

2. Ghany MG, Strader DB, Thomas DL, Seeff LB, American
Association for the Study of Liver Diseases. Diagnosis, man-
agement, and treatment of hepatitis C: an update. Hepatology
2009:;49:1335-1374

@ Springer



198

Hepatology International (2019) 13:190-198

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ghobrial RM, Farmer DG, Baquerizo A, Colquhoun S, Rosen
HR, Yersiz H, et al. Orthotopic liver transplantation for hepatitis
C: outcome, effect of immunosuppression, and causes of retrans-
plantation during an 8-year single-center experience. Ann Surg
1999;229:824-831 (discussion 831-833)

Serti E, Chepa-Lotrea X, Kim YJ, Keane M, Fryzek N, Liang
TJ, et al. successful interferon-free therapy of chronic hepatitis C
virus infection normalizes natural kKiller cell function. Gastroen-
terology 2015;149(190-200):e192

Charlton M, Gane E, Manns MP, Brown RS Jr, Curry MP, Kwo
PY, et al. Sofosbuvir and ribavirin for treatment of compensated
recurrent hepatitis C virus infection after liver transplantation.
Gastroenterology 2015;148:108-117

Gutierrez JA, Carrion AF, Avalos D, O’Brien C, Martin P, Bha-
midimarri KR, et al. Sofosbuvir and simeprevir for treatment of
hepatitis C virus infection in liver transplant recipients. Liver
Transpl 2015;21:823-830

Jothimani D, Govil S, Rela M. Management of post liver trans-
plantation recurrent hepatitis C infection with directly acting anti-
viral drugs: a review. Hepatol Int 2016;10:749-761

Conti F, Buonfiglioli F, Scuteri A, Crespi C, Bolondi L, Caraceni
P, et al. Early occurrence and recurrence of hepatocellular carci-
noma in HCV-related cirrhosis treated with direct-acting antivi-
rals. ] Hepatol 2016;65:727-733

Kozbial K, Moser S, Schwarzer R, Laferl H, Al-Zoairy R, Stauber
R, et al. Unexpected high incidence of hepatocellular carcinoma
in cirrhotic patients with sustained virologic response follow-
ing interferon-free direct-acting antiviral treatment. J Hepatol
2016;65:856-858

Reig M, Marino Z, Perello C, Inarrairaegui M, Ribeiro A, Lens S,
et al. Unexpected high rate of early tumor recurrence in patients
with HCV-related HCC undergoing interferon-free therapy. J
Hepatol 2016;65:719-726

Toyoda H, Kumada T, Tada T. Changes in patient backgrounds
may increase the incidence of HCC after SVR in the era of IFN-
free therapy for HCV. Hepatology 2016;64:1818-1889

An C, Rakhmonova G, Choi JY, Kim MIJ. Liver imaging report-
ing and data system (LI-RADS) version 2014: understanding
and application of the diagnostic algorithm. Clin Mol Hepatol
2016;22:296-307

Idee JM, Guiu B. Use of Lipiodol as a drug-delivery system for
transcatheter arterial chemoembolization of hepatocellular carci-
noma: a review. Crit Rev Oncol Hematol 2013;88:530-549
Ioannou GN, Perkins JD, Carithers RL Jr. Liver transplantation for
hepatocellular carcinoma: impact of the MELD allocation system
and predictors of survival. Gastroenterology 2008;134:1342-1351
Sharma P, Balan V, Hernandez JL, Harper AM, Edwards EB,
Rodriguez-Luna H, et al. Liver transplantation for hepatocellular
carcinoma: the MELD impact. Liver Transpl 2004;10:36—41
Crippin JS, McCashland T, Terrault N, Sheiner P, Charlton MR.
A pilot study of the tolerability and efficacy of antiviral therapy in
hepatitis C virus-infected patients awaiting liver transplantation.
Liver Transpl 2002;8:350-355

Feray C, Samuel D, Gigou M, Paradis V, David MF, Lemonnier
C, Reynes M, Bismuth H. An open trial of interferon alfa recom-
binant for hepatitis C after liver transplantation: antiviral effects
and risk of rejection. Hepatology 1995;22:1084—-1089

Jain A, Demetris AJ, Manez R, Tsamanadas AC, Van Thiel D,
Rakela J, et al. Incidence and severity of acute allograft rejection

@ Springer

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

in liver transplant recipients treated with alfa interferon. Liver
Transpl Surg 1998;4:197-203

Shiratori Y, Ito Y, Yokosuka O, Imazeki F, Nakata R, Tanaka N,
Tokyo-Chiba Hepatitis Research Group, et al. Antiviral therapy
for cirrhotic hepatitis C: association with reduced hepatocellular
carcinoma development and improved survival. Ann Intern Med
2005;142:105-114

van der Meer AJ, Veldt BJ, Feld JJ, Wedemeyer H, Dufour
JF, Lammert F, et al. Association between sustained viro-
logical response and all-cause mortality among patients with
chronic hepatitis C and advanced hepatic fibrosis. JAMA
2012;308:2584-2593

Makiyama A, Itoh Y, Kasahara A, Imai Y, Kawata S, Yoshioka
K, et al. Characteristics of patients with chronic hepatitis C who
develop hepatocellular carcinoma after a sustained response to
interferon therapy. Cancer 2004;101:1616-1622

Cheung MC, Walker AJ, Hudson BE, Verma S, McLauchlan J,
Mutimer DJ, HCV Research UK, et al. Outcomes after successful
direct-acting antiviral therapy for patients with chronic hepatitis
C and decompensated cirrhosis. J Hepatol 2016;65:741-747
ANRS collaborative study group on hepatocellular carcinoma
(ANRS C0O22 HEPATHER, CO12 CirVir and CO23 CUPILT
cohorts). Lack of evidence of an effect of direct-acting antivirals
on the recurrence of hepatocellular carcinoma: Data from three
ANRS cohorts. J Hepatol 2016;65:734-740

Nault JC, Colombo M. Hepatocellular carcinoma and direct acting
antiviral treatments: controversy after the revolution. J Hepatol
2016;65:663-665

Zeng QL, Li ZQ, Liang HX, Xu GH, Li CX, Zhang DW, et al.
Unexpected high incidence of hepatocellular carcinoma in patients
with hepatitis C in the era of DAAs: Too alarming? J Hepatol
2016;65:1068-1069

Kolly P, Dufour JF. A strong message is needed to address
the issue of HCC recurrence after DAA therapy. J Hepatol
2016;65:1268-1269

Ioannou G, Green P, Berry K. Eradication of HCV induced by
direct antiviral is associated with 79% reduction in HCC risk.
Hepatology 2017;66(1):82A-83A

Mangia A, Piazzolla V, Santoro V, Palmieri V, Copetti M.
Risk of developing “de novo” liver cancer after achieving sus-
tained virologic response (SVR) after direct antiviral (DAA)
regimens in patients with chronic hepatitis C virus (HCV)
infection: a 21,4 months follow up study cohort. Hepatology
2017;66(66):597-598

Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF,
SHARP Investigators Study Group, et al. Sorafenib in advanced
hepatocellular carcinoma. N Engl J Med 2008;359:378-390
Ono A, Goossens N, Finn RS, Schmidt WN, Thung SN, Im
GY, Precision Liver Cancer Prevention Consortium, et al. Per-
sisting risk of hepatocellular carcinoma after hepatitis C virus
cure monitored by a liver transcriptome signature. Hepatology
2017;66:1344-1346

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Is there increased risk of hepatocellular carcinoma recurrence in liver transplant patients with direct-acting antiviral therapy?
	Abstract
	Background 
	Patients and methods 
	Results 
	Conclusions 

	Background
	Patients and methods
	Statistical analysis

	Results
	The rate of HCC recurrence
	Group A
	Group B

	Recurrence-free survival

	Discussion
	Conclusion
	Acknowledgements 
	References




