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Abstract

Context: Recurrence of hepatitis C virus (HCV) infection after liver transplantation (LT) can be prevented, using antiviral therapy
and new treatment regimens. Combination of protease, NS5A, and NS5B inhibitors, with or without pegylated-interferon and rib-
avirin (PEG-IFN/RBV), results in significantly high rates of sustained virologic response (SVR) among post-LT patients with HCV infec-
tion. In this study, we aimed to assess the efficacy of direct-acting antiviral (DAA) regimens in post-LT patients with HCV infection.
Evidence Acquisition: We conducted a systematic search in electronic databases to detect eligible studies on DAA treatments after
LT. We evaluated English-language studies, including clinical trials and cohort studies, which used antiviral DAA regimens (with or
without PEG-IFN/RBV) and reported SVR rates at 12 weeks after the end of treatment (SVR12). After data extraction, the pooled SVRs
were calculated, using STATA version 11.
Results: A total of 35 studies with various HCV genotypes were included in our analysis. Due to the small sample size and lack
of suitable data on HCV genotypes 2 - 6, the meta-analysis was only conducted among patients with HCV genotype 1; the results
of other studies were also obtained. SVR12 rates ranged from 91% to 97% in patients with 12- or 24-week sofosbuvir (SOF)/simeprevir
(SMV)±RBV, SOF/ledipasvir (LDV)±RBV, and SOF/daclatasvir (DCV)±RBV regimens. The minimum SVR12 rate was found in patients
receiving SMV plus PEG-IFN/RBV (59%; 95% Confidence Interval, 49 - 68).
Conclusions: Administration of new HCV DAA regimens can prevent post-LT HCV infection. The combination of SOF/DCV and
SOF/LDV, with or without RBV, for 12 or 24 weeks can produce high rates of SVR12 in post-LT HCV patients in different settings.
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1. Context

Hepatitis C virus (HCV) infection, with an estimated
prevalence of 3%, affects about 180 million people world-
wide. It is considered a major cause of cirrhosis, hepato-
cellular carcinoma (HCC), and death (1, 2). As this infection
can cause end-stage liver disease (ESLD), liver transplanta-
tion (LT) is regarded as the treatment of choice. Moreover,
HCV reinfection can occur in LT recipients and reduce both
graft and patient survival (3).

Previously, a combination of pegylated-interferon
(PEG-IFN) and ribavirin (RBV) was used for the treatment
of post-LT HCV patients and those awaiting LT. However,
this regimen is too difficult to tolerate for this group of
patients and can prevent HCV recurrence in only 20% of
post-LT patients (4). In addition, this approach can provide
sustained virologic response (SVR) rates of only 20% - 30%
and 40% - 50% in LT recipients with HCV genotype 1 and
those with genotype 2 or 3, respectively (5).

Direct-acting antivirals (DAAs) have majorly trans-
formed HCV treatment, particularly in patients with ad-
vanced liver disease (6, 7). Until now, various DAAs in dif-
ferent classes have been approved for HCV therapy. Over-
all, there are 4 protease inhibitors including simeprevir
(SMV), paritaprevir (PTV), asunaprevir (ASV), and grazopre-
vir (GZR), 5 NS5A inhibitors including daclatasvir (DCV),
ledipasvir (LDV), ombitasvir (OBV), elbasvir (EBR), and vel-
patasvir, and 2 NS5B polymerase inhibitors including so-
fosbuvir (SOF) and dasabuvir (DSV) (8). Appropriate com-
binations of these drugs have been used in the setting of
LT.

With this background in mind, in this systematic re-
view and meta-analysis, we aimed to evaluate the efficacy
of DAA-based treatment approaches among post-LT HCV
patients.
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2. Methods

2.1. Data Resources and Search Strategies

A systematic search was performed in PubMed, Sco-
pus, and Web of Science databases on November 28, 2016,
using the following keywords: “hepatitis C”, “direct-acting
antiviral”, “simeprevir”, “paritaprevir”, “asunaprevir”,
“grazoprevir”, “daclatasvir”, “ledipasvir”, “ombitasvir”,
“elbasvir”, “sofosbuvir”, “dasabuvir”, and “liver transplan-
tation”. Moreover, Google Scholar was searched with the
same keywords to study the gray literature. Title screening
was terminated when 50 unrelated serial titles were ob-
served in the search results. Furthermore, the references
of the included studies were screened for related titles
missed in the main electronic search of the study.

2.2. Eligibility Criteria

All studies from peer-reviewed journals, investigating
the efficacy of HCV antiviral regimens with SOF, LDV, DCV,
PTV, OBV, DSV, ASV, GZR, EBR, or SMV in post-LT patients,
were included. On the other hand, studies with languages
other than English and inclusion of patients on telaprevir
and boceprevir were removed. Treatment efficacy was de-
fined as SVR at 12 weeks after the end of treatment (SVR12),
based on the intention-to-treat analysis in the studies. All
the eligible articles included SVR rates according to the
HCV genotype, treatment duration, and RBV use. All clin-
ical trials and cohort studies, reporting SVR in more than 5
patients, were included in the quantitative analysis; other-
wise, they were excluded from the final quantitative analy-
sis.

2.3. Study Selection and Data Extraction

This study was conducted, based on the PRISMA guide-
lines for reporting systematic reviews (9). Based on the
eligibility criteria, 2 authors screened the publications at
each level (including title, abstract, and full-text). Disagree-
ments at any level of screening were mutually resolved by
discussion, and the remaining discrepancies were resolved
by discussion with a third reviewer. Afterwards, data in-
cluding the name of the first authors, publication year,
sample size, HCV genotype, treatment duration, use of RBV,
SVR rate, and relapse were extracted from each arm of each
trial.

2.4. Data Analysis

In this meta-analysis, all pooled SVR rates were calcu-
lated, using STATA version 11. Based on the I square and
Chi square test results on the heterogeneity of the findings,
fixed- or random-effect models were used to pool the SVR

rates. P value less than 0.1 was considered as significant het-
erogeneity in Chi square test. The metaprop command was
used to calculate the pooled SVR rate and 95% confidence
interval (CI). In addition, the ftt option was combined with
the metaprop command to obtain an admissible CI (10).

3. Results

3.1. Study Screening and Characteristics of the Included Studies

As presented in Figure 1, we found 608 papers through
searching the databases. By using EndNote software, 122
duplicated studies were found, and consequently, 486 pa-
pers were screened. By screening the titles and abstracts,
432 records were found to be irrelevant to our search.

For full-text screening, we excluded 19 papers because
of the following reasons: treatment of waitlisted patients
for LT (11, 12), use of telaprevir-based therapy (13), lack of
data on SVR12 (14), lack of specific information on SVR12
with respect to RBV use, HCV genotype, and treatment du-
ration (15-28), and subanalysis of other studies (29). The
characteristics of 35 eligible studies are presented in Tables
1-6 and the sections below.

3.2. Outcome Evaluation

We found that different treatment regimens have
been used in LT patients: OBV/PTV/ritonavir (r)/DSV/RBV,
SOF/PEG-IFN/RBV, SOF/RBV, SMV/PEG-IFN/RBV, SOF/SMV ±
RBV, DCV/SMV ± RBV, SOF/DCV ± RBV, SOF/LDV ± RBV, and
DCV/ASV. In our analysis, we evaluated these different reg-
imens. In case relevant studies were found for each regi-
men, we performed a meta-analysis to calculate the pooled
estimation of SVR12 rates and CIs. A summary of the results
related to the meta-analysis is presented in Table 7.

3.2.1. OBV/PTV/r/DSV/RBV

We found 1 eligible study for the OBV/PTV/r/DSV/RBV
regimen, in which 34 LT patients with HCV genotype 1 were
treated during 24 weeks (61). In total, 33 (97%, 95% CI, 85
- 100) patients achieved SVR12, and only 1 patient relapsed
within 3 days after the treatment; however, no other eligi-
ble studies were found.

3.2.2. SOF/RBV

According to our review, studies related to SOF/PEG-
IFN/RBV regimen did not classify the findings, based on
the patients’ genotype or treatment duration; therefore,
as mentioned before, we could not include these studies in
our analysis. We found 5 studies evaluating SOF/RBV reg-
imen in LT patients with different genotypes (genotypes 1
to 4) (Table 1).
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608 Of records were found via
searching of databases

After removing dupicated records, 486
records were included in screening process

182 Of records screened

304 Irrelevant titles were found

128 Irrelvant abstracts were
found

54 Of full-text articles
were assessed for

eligibility

35 Papers were included
in our systematic review

One study was related to telapre-
vir-based therapy. Two others were 
related to wait-listed patients for liver 
transplantation. In one study, data for 
SVR12 was not ready. We also found one 
study which was sub-analysis of another 
study. Fourteen studies had not data for 
SVR 12 based on the using of RBV, 
patients’ HCV genotype or treatment 
duration.
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Figure 1. Screening of Articles Based on the PRISMA Statement

Table 1. Sustained Virologic Response (SVR) Rate in the Treatment of post-LT Patients with Hepatitis C virus (HCV) Using Sofosbuvir (SOF) and Ribavirin (RBV)

First Author
(Reference)

Publication Year Sample Size Age, Mean (SD) or
Median (Range)

Male, No. (%) HCV genotype, No. Treatment
Duration (Weeks)

SVR, No. (%) Relapse, No. (%) HCV Genotype W/O
SVR, No.

Charlton, M (30) 2015 40 59 (49 - 75) 31 (78) G1:33, G3:6, G4:1 24 28 (70) 12 (30) G1:11, G3:0, G4:1

Seifert, LL (31) 2015 10 52.4 (2.1) 7 (70) G1:7, G3:3 24 10 (100) 0 None

Dabbous, HM (32) 2016 39 48.2 (15.3) 35 (86.7) G4: 39 24 29 (76.31) ND G4:10

Raschzok, N (33) 2016 2 ND ND G2: 2 12 2 (100) ND None

Grant, JL (34)a 2016 1 ND 1 (100) G2: 1 12 1 (100) 0 None

Abbreviations: ND, Not Determined; RBV, Ribavirin; SD, Standard Deviation; SVR, Sustained Virologic Response; W/O, Without.
a Patients are coinfected with HIV infection.

Table 2. Sustained Virologic Response (SVR) Rate in the Treatment of Post-LT Patients with Hepatitis C Virus (HCV) Genotype 1 Using Simeprevir (SMV), Pegylated Interferon
(PEG-INF), and Ribavirin (RBV)

First Author
(Reference)

Publication Year Sample Size Age, Mean (SD) or
Median (Range)

Male, No. (%) Treatment
Duration (Weeks)

SVR, No. (%) Relapse, No. (%)

Ikegami, T (35) 2015 14 62.3 (5.6) 5 (35.7) 12 9 (64.28) 2 (14.28)

Tanaka, T (36) 2015 7 ND ND 12 3 (42.85) 0

Shinoda, M (37) 2016 10 57 (55 - 67) 6 (60.00) 12 8 (80.00) 1 (10.00)

Ueda, Y (38) 2016 79 61 (42 - 73) 35 (44.30) 12 44 (55.67) ND

Miuma, S (39) 2016 9 60.11 (ND) 3 (42.85) 24 7 (77.78) 0

Abbreviations: ND, Not Determined; RBV, Ribavirin; SD, Standard Deviation; SVR, Sustained Virologic Response; W/O, Without.

The meta-analysis only included 2 studies on the ef-
fect of 24-week therapy with SOF-RBV in patients with HCV
genotype 1 (total sample size, 40) (30, 31). The results
of these studies showed no significant heterogeneity (x2,

0.68; P = 0.40; I2, 0%), and the pooled SVR12 rate was cal-
culated as 75%, based on the fixed-effect model (95% CI, 60
- 89) (supplementary file, appendix 1). In addition, this
regimen (12- or 24-week) has been used in patients with
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Table 3. Sustained Virologic Response (SVR) Rate in the Treatment of Post-LT Patients with Hepatitis C Virus (HCV) Genotype 1 Using Simeprevir (SMV) and Sofosbuvir (SOF)

First Author
(Reference)

Publication Year Sample Size Age, Mean (SD)
or Median

(Range)

Male, No. (%) RBV Treatment
Duration
(Weeks)

SVR, No. (%) Relapse, No. (%)

Saab, S (40) 2015 30 61.0 (6.0) 23 (76) No 12 28 (93.33) 2 (6.66)

Punzalan, C. S
(41)

2015 42 58 (ND) 28 (67) No 12 40 (95.23) 2 (4.76)

Gutierrez, J. A
(42)a

2015 61 61 (58 - 65) 32 (52) No 12 57 (93.44) 4 (6.55)

Pischke, S (19) 2016 4 NA NA No 12 4 (100) 0

Pischke, S (19) 2016 5 NA NA Yes 12 5 (100) 0

Pillai, A. A (43) 2016 41 NA NA No 12 38 (92.68) NA

Pillai, A. A (43) 2016 16 NA NA Yes 12 13 (81.25) NA

Nair, S (44)b 2016 53 56 (7) 34 (64) Yes 12 51 (96.22) 0

Jackson, W. E
(45)c

2016 67 61.5 (6.6) 46 (69) No 12 59 (88.05) 0

Issa, D (46) 2016 5 52 (ND) 2 (40) No 24 4 (80) 0

Grant, J. L. (34)d , e 2016 7 51 (40.3 - 59) 7 (100) No 12 7 (100) 0

Crittenden, N. E
(47)

2016 41 NA NA No 12 36 (87.80) NA

Crittenden, N. E
(47)

2016 15 NA NA Yes 12 13 (86.66) NA

Brown, R. S (48)f 2016 119 62 (49 - 78) 86 (72.3) No 12 105 (88.23) NA

Brown, R. S
(48)f , g

2016 32 60 (46 - 71) 26 (81.3) Yes 12 28 (87.50) NA

Khemichian S
(49)

2016 32 58 (47 - 71) 21 (66) No 12 30 (93.75) 2 (6.25)

Lutchman G (50) 2016 50 61.3 (7.1) 42 (84) No 12 44 (88.00) ND

Raschzok, N (33)h 2016 15 NA NA No 12 15 (100) ND

Abbreviations: RBV, Ribavirin; NA, Not Available; SD, Standard Deviation; SVR, Sustained Virologic Response.
aThree cases were treated for an extra 4 weeks with RBV therapy.
bFour patients did not receive RBV because of baseline hemoglobin level < 10.
cFour patients with fibrosing cholestatic hepatitis (FCH) were treated for 24 weeks.
dAll patients were coinfected with HIV.
eEight cases were treated. One patient was infected with HCV genotype 2 and was treated with SOF/RBV. The mean age corresponds to 8 patients.
f Eleven cases with relapse were observed among 151 patients treated with or without RBV.
gFew patients were treated for 24 weeks.
hOne patient with HCV genotype 4 was included.

Table 4. Sustained Virologic Response (SVR) Rate in the Treatment of Post-LT Patients with Hepatitis C Virus (HCV) Genotype 1 Using Daclatasvir (DCV) and Simeprevir (SMV)

First Author (Reference) Publication Year Sample Size Age, Mean (SD) or Median (Range) Male, No. (%) RBV SOF Treatment Duration (Weeks) SVR, No. (%) Relapse, No. (%)

Herzer, K (51) 2015 6 58.5 (ND) 5 (83.34) Yes No 24 4 (66.67) 1 (16.67)

Fontana, R. J (52) 2016 6 61.1 (4.5) 2 (33) No No 12 3 (50) 1 (16.67)

Fontana, R. J (52) 2016 12a 57.4 (7.6) 8 (67) Yes No 12 10 (83) 1 (8.33)

Fontana, R. J (52) 2016 2 ND ND Yes Yes 12 ND ND

Abbreviations: ND, Not Determined; RBV, Ribavirin; SD, Standard Deviation; SVR, Sustained Virologic Response; W/O, Without; SOF, Sofosbuvir.
a Two cases were coinfected with HIV.

HCV genotypes other than genotype 1; however, the sam-
ple sizes were quite limited. The results of these studies are
presented in Table 1.

3.2.3. SMV/PEG-IFN/RBV

We found 5 studies, which evaluated the effect of
SMV/PEG-IFN/RBV regimen among LT patients with HCV
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Table 5. Sustained Virologic Response (SVR) Rate in the Treatment of Post-LT Patients with Hepatitis C Virus (HCV) Genotype 1 Using Daclatasvir (DCV) and Sofosbuvir (SOF),
with or Without Ribavirin (RBV)

First Author
(Reference)

Publication Year Sample Size Age, mean (SD) or
Median (Range)

Male, No. (%) HCV Genotype,
No.

RBV Treatment
Duration (Weeks)

SVR, No. (%) Relapse, No. (%) Genotype W/O
SVR, No.

Leroy, V (16) 2015 15 51 (48 - 60) 12 (80) G1:11, G3:2, G4:2 Some 24 15 (100) 0 None

Herzer, K (53) 2015 62 58 (40 - 75) 46 (74) G1:58, G3:4 Yes 24 54 (87.02) 0 G1:7, G3:1

Herzer, K (53) 2015 25 58 (39 - 74) 15 (60) G1:18, G3:4, G4:2,
Un:1

No 24 20 (80.00) 0 G1:2, Un:1

Coilly, A (54) 2016 21 64 (57 - 71) 16 (76.2) G1:18, G3:2, G4:1 Yes 12 21 (100) 0 None

Coilly, A (54) 2016 4 59 (53 - 69) 4 (100) G1:3, G3:1 No 12 3 (75) 0 G1:1

Coilly, A (54) 2016 68 59 (52 - 64) 52 (76.5) G1:55, G3:5, G4:7,
G5:1

No 24 66 (97.05) 0 G4:1, ?: 1

Coilly, A (54) 2016 44 58 (53 - 64) 34 (77.3) G1:33, G3:7, G4:4 Yes 24 42 (95.45) 0 ND

Fontana, R J (52) 2016 57 ND ND G1:53, G2:1, G3:1,
G4:2

No Up to 24 43 (75.43) 0 G1:7, Other: ND

Fontana, R J (52) 2016 21 ND ND G1:18, G2:1, G3:1,
G4:1

Yes Up to 24 9 (36.00) 0 NA

Poordad, F (55) 2016 53 59 (22 - 82) 38 (72) G1:41, G3:11, G6:1 Yes 12 50 (94.33) 3 (5.66) G1:2, G3:1

Raschzok, N (33) 2016 1 ND ND G3:1 Yes 12 1 (100) 0 None

Raschzok, N (33) 2016 3 ND ND G1:3 No 12 3 (100) 0 None

Abbreviations: ND, Not Determined; RBV, Ribavirin; SD, Standard Deviation; SVR, Sustained Virologic Response; W/O, Without; Un, Unknown.

Table 6. Sustained Virologic Response (SVR) Rate in the Treatment Of Post-LT Patients with Hepatitis C Virus (HCV) Genotype 1 Using Ledipasvir (LDV) and Sofosbuvir (SOF),
with or Without Ribavirin (RBV)a

First Author
(Reference)

Publication
Year

Sample Size HCV Genotype,
No.

RBV Treatment
Duration
(Weeks)

SVR, No. (%) Relapse, No. (%) HCV Genotype
W/O SVR, No.

Charlton, M (56) 2015 116 G1:115, G4:1 Yes 12 107 (92.24) 5 (4.31) G1:9

Charlton, M (56) 2015 113 G1:112, G4:1 Yes 24 107 (94.69) 1 (0.88) G1:5, G4:1

Kwok, R. M (57) 2016 7 G1:all No 8 6 (85.71) 1 (14.28) G1:1

Kwok, R. M (57)b 2016 69 G1:all No 12 65 (94.20) 4 (5.70) G1:3, G1and 6:1

Kwok, R. M (57) 2016 41 G1:all No 24 39 (95.12) 2 (4.87) G1:1, G3:1

Kwok, R. M (57) 2016 39 G1:34, G3:1, G4:3 Yes 12 38 (97.43) 0 1:1

Kwok, R. M (57) 2016 6 G1:all Yes 8 6 (100) 0 None

Elfeki, M (58) 2016 32 G1:all No 12 32 (100) 0 None

Elfeki, M (58) 2016 14 G1:all No 24 14 (100) 0 None

Manns, M (59) 2016 114 G1:100, G4:14 Yes 12 107 (93.85) 2 (1.75) G1:5, G4:2

Manns, M (59) 2016 112 G1:99, G4:12 Yes 24 110 (98.21) 0 G1:2

Ciesek, S (60)c 2016 5 G1:all Yes 12 5 (100) 0 None

Ciesek, S (60)d 2016 21 G1:all Yes 24 20 (95.23) 0 G1:1

Ciesek, S (60)d 2016 4 G1:all No 24 4 (100) 0 None

Faisal, N (28) 2016 6 ND No ND 6 (100) 0 None

Abbreviations: ND, Not Determined; RBV, Ribavirin; SD, Standard Deviation; SVR, Sustained Virologic Response; W/O, Without.
aData for age and gender were not available for extraction according to our classification.
bOne patient was infected with 2 HCV genotypes (1 and 6).
cRBV was discontinued in 2 patients.
dRBV was discontinued in 13 patients.

genotype 1 (Table 2). The treatment duration was 12 weeks
in these studies. Four of the articles had a total sample size
of 100 and were used in the meta-analysis (35-38). We de-

tected no heterogeneity between the results of these stud-
ies (x2, 0.78; P = 0.85; I2, 0%). Based on the fixed-effect model,
SVR12 rate for this regimen was 59% (95% CI, 49 - 68; sup-
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Table 7. Sustained Virologic Response (SVR) Rate in the Treatment of Post-LT Patients with Hepatitis C Virus (HCV) Genotype 1 Using New Treatment Strategies

Treatment
Regimen

Treatment
Duration

Number of
Included

Studies or
Arms

Total Sample
Size

SVR, % Lower CI for
SVR, %

Upper CI for
SVR, %

Chi Square, P
Value

I Square

SOF/RBV 24 2 40 75 60 89 0.68, 0.40 0

SMV/PEG-
IFN/RBV

12 4 110 59 49 68 0.78, 0.85 0

SOF/SMV 12 11 505 92 89 94 0.59, 1 0

SOF/SMV/RBV 12 4 117 91 85 96 0.48, 0.92 0

SOF/DCV/RBV 12 2 59 97 91 100 0.03, 0.86 0

SOF/LDV 12 2 101 97 92 100 0.07, 0.78 0

SOF/LDV/RBV 12 3 249 95 91 97 0.05, 0.97 0

SOF/LDV 24 2 55 97 90 100 0.03, 0.87 0

SOF/LDV/RBV 24 3 232 97 95 99 0.02, 0.99 0

Abbreviations: CI, Confidence Interval; DCV, Daclatasvir; PEG-IFN, Pegylated Interferon; RBV, Ribavirin; SMV, Simeprevir; SOF, Sofosbuvir; SVR, Sustained Virologic Re-
sponse.

plementary file, appendix 2). Furthermore, in a previous
study, this regimen was used during 24 weeks for 9 patients
with HCV genotype 1, and the reported SVR rate was 77.78%
(39).

3.2.4. SOF/SMV± RBV

We detected 18 study arms investigating the effect of
SOF/SMV ± RBV regimen in LT patients (Table 3). In all
these studies, patients were infected with HCV genotype 1,
and the treatment duration was 12 weeks. We used studies
with a sample size of more than 5 and performed 2 meta-
analyses (one for the regimen without RBV and 1 for the reg-
imen with RBV).

A total of 11 studies with a total sample size of 505 were
included in the meta-analysis of SOF/SMV regimen (33, 34,
40-43, 45, 47-50). There was no significant heterogeneity
between the results (x2, 0.59; P = 1; I2, 0%), and based on
the fixed-effect model, the pooled SVR rate was 92% (95% CI,
89 - 94) (supplementary file, appendix 3). Additionally, for
SOF/SMV/RBV regimen, we conducted a meta-analysis on 4
studies with a total sample size of 117 (43, 44, 47, 48). We
found no significant heterogeneity (x2, 0.48, P = 0.92, I2,
0%), and the pooled SVR rate was 91% (95% CI, 85 - 96) (sup-
plementary file, appendix 4).

3.2.5. DCV/SMV± RBV

We detected 2 studies evaluating the effect of 12- or 24-
week treatment with DCV/SMV±RBV in LT patients (51, 52).
Both studies included patients with HCV genotype 1. How-
ever, given the difference in treatment duration and the
small sample size of these studies, we could not conduct a

meta-analysis for this regimen. The characteristics of these
studies are presented in Table 4.

3.2.6. SOF/DCV±RBV

SOF/DCV ± RBV regimen has been used for LT patients
with different HCV genotypes during 12 and 24 weeks. We
identified 12 studies evaluating this HCV treatment regi-
men (Table 5). However, the sample size of studies evalu-
ating HCV genotypes other than genotype 1 was quite lim-
ited, and we could not conduct a meta-analysis. We per-
formed a meta-analysis on 2 eligible studies (total sample
size, 59) (54, 55), using 12-week SOF/DCV/RBV regimen in pa-
tients with HCV genotype 1, based on the fixed-effect model
(x2, 0.03; P = 0.86; I2, 0%). The pooled SVR12 rate was mea-
sured to be 97% (95% CI, 91 - 100) (supplementary file, ap-
pendix 5). The characteristics of the remaining studies are
presented in Table 5.

3.2.7. SOF/LDV±RBV

SOF/LDV regimen has been used in LT patients with 2
HCV genotypes (genotypes 1 and 4). The sample size of stud-
ies on HCV genotype 4 was limited, and we could not con-
duct a meta-analysis for this genotype. However, we car-
ried out 4 different meta-analyses for genotype 1. As the
results showed no significant heterogeneity in each meta-
analysis (I2, 0% for 4 meta-analyses), we used the fixed-
effect model.

The meta-analyses were performed on different regi-
mens, including 12-week SOF/LDV (2 studies; sample size,
101) (57, 58), 12-week SOF/LDV/RBV (3 studies; sample size,
249) (56, 57, 59), 24-week SOF/LDV (2 studies; sample size,
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55) (54, 55), and 24-week SOF/LDV/RBV (3 studies; sample
size, 239) (56, 59, 60). The pooled SVR12 rate (95% CI) for
these regimens was 97% (92 - 100) (supplementary file, ap-
pendix 6), 95% (91 - 97) (supplementary file, appendix 7),
97% (90 - 100) (supplementary file, appendix 8), and 97%
(95 - 99) (supplementary file, appendix 9), respectively.

3.2.8. DCV/ASV

We found 1 eligible study for DCV/ASV regimen through
updating our search (62). In this study, 10 patients, in-
fected with HCV genotype 1b, were treated with DCV/ASV
for 24 weeks. Overall, 9 patients had a history of treatment
with PEG-IFN/RBV, 1 had HIV infection, and 5 had end-stage
chronic kidney disease. One patient developed aortic valve
stenosis and left the treatment. All other patients com-
pleted the treatment protocol and achieved SVR12.

4. Conclusions

This study is the first systematic review and meta-
analysis evaluating the available DAA-based treatment reg-
imens for HCV patients with a history of LT. Clearly, HCV can
lead to ESLD and HCC, which are the main indications of LT
(63, 64). Recurrence of HCV infection in LT recipients can be
universally observed in patients with detectable HCV at the
time of transplant. This condition can progressively lead to
liver fibrosis and failure, which are more difficult to treat
(65, 66). Also, a lower survival rate has been reported in
HCV-infected LT patients, compared to non-HCV LT patients
(3, 67).

Likewise, a specific type of HCV recurrence in LT pa-
tients, known as fibrosing cholestatic hepatitis (FCH), is
characterized with an accelerated phase of portal fibrosis
and cholestasis, resulting in liver failure (68, 69). Viral cyto-
toxicity in the setting of immunosuppression is one of the
proposed mechanisms for FCH (70). It is estimated that 2%
- 10% of HCV-infected LT patients experience FCH (71).

DAAs have provided great results in the treatment of
HCV-infected LT patients; accordingly, in this study, we eval-
uated the efficacy of all these regimens. We found that the
majority of studies used regimens containing SMV, espe-
cially SOF/SMV. Overall, SMV has been used in combination
with different drugs, such as PEG-IFN, SOF, and DCV for the
treatment of LT patients with HCV genotype 1 and has pro-
duced different SVR rates. Although combination of this
drug with PEG-IFN and RBV could provide an SVR rate of
59%, an SVR rate of > 90% was achieved with SOF, used with
or without RBV. This finding shows that we should exclude
IFN-based regimens in the settings of LT (72).

In addition to improved SVR rates, short follow-ups in
patients with SOF/SMV regimen showed that viral eradica-
tion could be effective in the improvement of hepatic func-

tion and model for end-stage liver disease (MELD) scores
(12). However, this issue should be further investigated, us-
ing long-term follow-ups. It should be noted that pretreat-
ment status of liver disease might influence the rate of SVR
and relapse; also, patients with high MELD scores might
have a lower chance of achieving SVR (12).

In addition, we found that SMV should be avoided in
LT patients receiving cyclosporine, as an immunosuppres-
sive agent (73). Moreover, patients with HCV genotype 1a
and NS3 Q80K resistance-associated substitution (RAS) had
a lower chance of SVR, compared to those without RAS in
response to SMV (as one of the NS3 protease inhibitors);
they also frequently experienced virologic failure in this
treatment approach (74-76). Another limitation of SMV use
is that protease inhibitors should be avoided in patients
with Child-Pugh class B and C (77).

The combination of DCV with SOF and SMV has been
also considered in the treatment of HCV infection in the
context of LT. Although we could only conduct a meta-
analysis on 12-week SOF/DCV/RBV regimen in LT patients
with HCV genotype 1, SOF/DCV ± RBV has been used for
all HCV genotypes. The efficacy of 24-week treatment
with SOF/DCV is generally higher than DCV/SMV. It also
has a higher SVR rate in the setting of FCH, compared to
DCV/SMV (52).

DCV does not need to be dose-adjusted in the setting
of renal or hepatic impairment. In addition, it is a highly
effective drug in the context of LT because of its pangeno-
typic activity, lack of interaction with immunosuppres-
sive agents, and absence of major adverse events (52, 78).
Improvement of indices related to hepatic function, such
as serum concentration of alanine aminotransferase and
MELD score, is another advantage of DCV, which should be
further evaluated in long-term follow-ups (16, 52).

Nevertheless, achieving SVR12 cannot always guaran-
tee improvement in the hepatic function of LT patients
with HCV recurrence. For instance, occult HCV infection,
which is more difficult to detect than its overt form (79,
80), has been reported as an important factor (81). There-
fore, further investigations are required to evaluate the ef-
fect of DAA-based treatments on this type of HCV infection
(82, 83).

Similarly, it was reported that viral eradication with
SOF/LDV could improve the hepatic function. In fact, this
regimen can be an appropriate option for the treatment
of FCH patients (56). Although the preliminary results
showed a lower SVR in LT recipients with HCV infection and
Child-Pugh class C, the results were not significant and fur-
ther investigations are required (56). Based on the results,
12- and 24-week SOF/LDV ± RBV regimens have been used
in the treatment of LT patients with HCV genotype 1 or 4; in
all treatment groups, SVR rates ≥ 95% were reported.
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It seems that RBV has no significant effects on HCV-
infected LT patients in either 12- or 24-week therapy (57).
Although SMV was the most widely used DAA for HCV-
infected liver recipients, it has different limitations as
mentioned earlier. In contrast, combination of SOF/LDV
with SOF/DCV in the context of LT could offer a greater
chance of SVR with fewer limitations; as a result, these reg-
imens are being increasingly used in this context. Further-
more, combination of SOF/velpatasvir has been approved
as a pangenotypic regimen, which can be probably used in
LT patients (84).

In this study, we only evaluated SVR rate in different
treatment approaches. However, selection of appropriate
treatment regimens for HCV-infected LT patients depends
on some other important factors, which should be taken
into account. Some of these factors include cirrhosis, stage
of liver disease, renal insufficiency, concurrent immuno-
suppressive treatment, and presence of RAS. As discussed
earlier, patients with a more advanced liver disease have
a lower chance of achieving SVR; this finding has been ob-
served in different DAA regimens. On the other hand, LDV
and DCV showed good results. Therefore, more studies
should be performed to evaluate these drugs in the men-
tioned settings and reach a more definite conclusion.

Since the patients’ pretreatment status can affect the
SVR rate, treatment after LT may provide a greater chance
of SVR. However, optimal timing for the treatment of HCV-
infected LT patients is a challenging issue. Overall, there
are limited reports regarding the treatment of patients on
the waiting list for LT. According to the literature, patients
with more severe liver diseases achieve lower SVR rates (55,
56, 59).

Furthermore, it should be noted that patients with
more severe liver diseases are not usually studied for HCV
treatment and are directly considered for LT. However,
treatment of waitlisted patients for LT has some consider-
able advantages. Improvement of liver function may re-
move the patients’ need for LT, help avoid HCV recurrence
after LT, and reduce concerns about interactions between
immunosuppressive and HCV treatment drugs (85).

Treatment is recommended for decompensated cir-
rhotic patients with an indication for LT, according to the
MELD scores (77); patients with MELD scores ≥ 18 - 20 can
be first transplanted and then receive HCV treatment. Pa-
tients with such scores are sometimes in the waiting list
for more than 6 months, which is the maximum amount of
time needed for HCV treatment. Therefore, under such cir-
cumstances, patients can be first treated for HCV infection
and then LT can be performed. Overall, with DAA-based
treatments, the number of HCV patients waiting for LT due
to decompensated cirrhosis has decreased by more than
30% (86).

Today, DAAs can be used for HCV patients on waiting
lists for LT or post-LT cases with HCV recurrence. In HCV
elimination programs (83), these drugs should be pro-
vided by healthcare policymakers, and more insurance
coverage should be provided for these patients (87, 88).
SOF/DCV can be used in all HCV genotypes, while SOF/LDV
can be applied in patients with HCV genotypes 1 and 4; both
regimens can be used in combination with weight-based
RBV (1000 or 1200 mg in patients < 75 kg or ≥ 75 kg).
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