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ABSTRACT

Direct-acting antivirals are the gold-standard treatment for chronic HCV infections,
but few studies have investigated their use on kidney and liver transplant recipients. We
conducted a real-world study to evaluate the rates of sustained virological response with
direct-acting antivirals in kidney and liver transplant recipients. Moreover, it also aimed to
evaluate direct-acting antivirals (DAAs) interference with immunosuppressant levels and to
describe the frequency of adverse events. As part of this retrospective observational cohort,
we included adult patients that had undergone a kidney transplant (KT) or liver transplant
(LT) at our center, had a chronic HCV infection, and were treated with DAAs from June
2016 to December 2021. A total of 165 patients were included in the analysis, divided in
108 KT and 57 LT recipients. HCV genotype 1 was more frequent in KT (58.4%), and
genotype 3 was more prevalent in LT (57.9%) patients. Sustained virological response was
achieved in 89.6% of patients. Adverse effects were reported by 36% of patients. There were
significant interactions with immunosuppressants requiring dose adjustments. A total of three
episodes of rejection were reported in KT recipients. In conclusion, DAA treatment resulted
in high rates of SVR and was well tolerated in both kidney and liver transplant patients.
Adverse events were frequent but not severe in most patients, with low treatment drop-out
rates. Interactions with immunosuppressants need monitoring since dose adjustments may
be required. Reporting real-life experiences is important to help build evidence for patient

management in non-controlled environments.

KEYWORDS: Kidney transplant. Liver transplant. Direct-acting antiviral. HCV. Drug

interactions.

INTRODUCTION

Hepatitis C virus (HCV) infection remains one of the main causes of chronic
liver disease worldwide'?. It is estimated that approximately 58 million people are
chronically infected with HCV, with 290,000 HCV-related deaths occurring each
year®,

Most cohorts of kidney transplant (KT) recipients show that chronic HCV
infection is associated with impaired graft function and inferior patient survival,
particularly in patients with cirrhosis*®. Specific HCV-related conditions such as
glomerulonephritis and an associated increased risk of diabetes can also affect
graft outcome®.
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In liver transplant (LT) recipients, HCV infection is
associated with detrimental effects on graft outcomes,
increased morbidity, and decreased long-term survival’.
HCV recurrence is almost universal (>95%) after LT in
HCV-infected individuals®, and accelerates the disease
evolution®. Without treatment, 20% of recurrent HCV
LT recipients will progress to cirrhosis within five years.
Compared to HCV-negative LT recipients, recurrent HCV
patients present worse graft function and inferior patient
survival©,

Thus, effectively and safely managing HCV in kidney
and liver transplant recipients is crucial to optimize
transplant outcomes. The development of direct-acting
antivirals (DAAs) has dramatically changed the HCV
treatment scenario, with sustained virological response
(SVR) rates of at least 90% in clinical trials and real world
experiences'"13,

This study explored treatment outcomes in renal
and liver transplant recipients with HCV positivity
using data from a large transplant center. Our primary
objective was to evaluate the rates of sustained virological
response with DA As in this population. Also, we aimed to
describe the frequency and relevance of interactions with
immunosuppressants, and the frequency and severity of
adverse events.

MATERIALS AND METHODS
Study design

This is a retrospective cohort study to assess the
effectiveness and safety of direct-acting antivirals in the
treatment of HCV in kidney and liver transplant recipients
from a large transplant center in the Southern Brazil. The
study was approved by the local Research Ethics Committee
(N°4.253.610).

Subjects

The study sample comprised adult patients subjected to
kidney or liver transplant at our center, had a chronic HCV
infection, and were treated with DAAs from June 2016 to
December 2021, with one year of follow-up.

Chronic HCV infection was defined as the persistence
of HCV-RNA for at least six months. Molecular diagnosis
of HCV was performed by real-time polymerase chain
reaction (PCR) using the Extraction and Amplification
Method: COBAS® AmpliPrep / COBAS® TagMan® HCV
Quantitative Test, v2.0 (Roche), for both genotyping and
quantification. The lower limit of detection (LLOD) was
15 IU/mL.
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The Brazilian Unified Health System (SUS) defined
treatment protocols and provided the DAAs, considering
HCV genotyping and the presence of cirrhosis. HCV
treatment was defined by the hepatologist. The patient
was monitored by the hepatologist and the transplant
team. Brazilian national guidelines were updated in 2011,
2017, and 2019'%'® as new drugs were incorporated.
Most regimens were sofosbuvir-based, and combinations
included nonstructural proteins 3/4A (NS3/4A) protease
inhibitors, NS5A and NS5B polymerase inhibitors.

Variables

All data were collected from electronic medical charts.

Sustained virological response (SVR12) was defined
by a negative or undetectable viral load at or following the
12" week post-treatment.

Adverse events were defined as any clinically relevant
medical event that was reported during DAA use. Drug
interactions were defined as significant changes of
calcineurin inhibitors (CNI) trough levels (30% variation
on steady dosage) after treatment initiation.

Baseline characteristics included age, sex, HCV
genotype and viral load, primary kidney or liver disease and
maintenance immunosuppression. Fibrosis was estimated
using two validated scores: 1) Fibrosis-4 Index for Liver
Fibrosis (FIB-4) and 2) AST to platelets ratio (APRI)
calculators. FIB-4 score was calculated by (Age x AST) /
(Platelets x VALT), and values > 3.25 were considered
predictive of advanced fibrosis'. The equation for
APRI = (AST in IU/L) / (AST Upper Limit of Normal
in TU/L) / (Platelets in 10°L), and values > 1.5 were
considered highly predictive of significant fibrosis'®.
Transient elastography was not available as a routine. When
included, liver stiffness was determined using a Fibroscan
machine (EchoSens), reported in kilopascals. Methods are
described elsewhere'®.

Laboratorial results of complete blood count,
aminotransferases (AST and ALT), bilirubin, albumin,
prothrombin time (PT), gamma-glutamyltransferase (GGT),
alkaline phosphatase (AF), glucose, and proteinuria were
recorded at baseline, during, and after DAA therapy.
Kidney function was evaluated by serum creatinine
(mg/dL) and estimated glomerular filtration rate (eGFR)
using the CKD-EPI equation at baseline and at 6 and
12 months after treatment.

Statistics

Categorical variables are presented as numbers and
percentages and compared by chi-square and Fisher’s
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exact test. Continuous variables with normal distributions
are presented as mean and standard deviation (SD) and
compared by parametric tests. Variables with non-normal
distributions are presented as median and 25-75 interquartile
and compared by non-parametric tests. The repeated
measures analysis of variance (ANOVA) was used to
compare means before, during, and after HCV treatment.
Significant differences were considered when p < 0.05. All
analyses were performed using SPSS® v. 21 (IBM).

RESULTS

The study included 165 patients, 108 (65.5%) KT
and 57 (34.5%) LT recipients. Table 1 shows the baseline
characteristics of patients.

For KT recipients, the mean age was 50.7 £+ 11.1 years,
with male predominance (57.4%). The underlying kidney
disease was unknown in 45.4% of patients, hypertension
in 7.4%, diabetes in 7.4%, glomerulonephritis in 10.2%,
polycystic kidney disease in 10.2%, and others in 19.4%
of patients. In KT recipients, fibrosis was estimated by
elastography in 39 (36.1%) patients, 13 (12%) had grades

F3 and F4. Fibrosis estimated by APRI > 1.5 occurred in
20 (18.5%) and by FIB-4 in 19 (17.6%) patients.

For LT recipients, the mean age was 56.3 + 8.3 years
and there were 42 (73.6%) males. All patients had cirrhosis
when transplanted, mostly due to HCV infection (63.2%).
HCV plus alcohol was the second most common cause
of cirrhosis and occurred in 21 (36.8%) patients. Liver
transplant was indicated for HCC in compensated cirrhosis
in 27 (47.3%) patients. After transplantation, fibrosis was
estimated by elastography in 25 (43.8%) patients, 6 (10.5%)
had grades F3 and F4. Fibrosis estimated by APRI > 1.5
occurred in 23 (40.3%) and by FIB-4 in 23 (40.3%) patients.

HCV genotype 1 was detected in 63 (58.4%) KT
recipients, and genotype 3 was the most prevalent in LT
patients (57.9%).

Maintenance immunosuppression was tailored for each
patient, frequently combined with two or more agents.
Tacrolimus was the main calcineurin inhibitor (CNI) in
KT (63.8%) and LT (70.1%) recipients. Antiproliferatives
(mycophenolic acid or azathioprine) were administered to 96
(88.8%) KT and 20 (35.1%) LT recipients. mTOR inhibitors
(mTORi) were used mostly in LT recipients (36.8%).

Table 1 - Baseline characteristics of kidney and liver transplant recipients.

Characteristic Kidney (n= 108) Liver (n=57) p
Age, years (mean = DP) 50.7 + 111 56.3 8.3 0.052
Male sex, n (%) 62 (57.4) 42 (73.6) 0.043
HCV Genotype, n (%) < 0.001
1 63 (58.4) 20 (35.1)
2 5 (4.6) 2(3.5)
3 27 (25) 33 (57.9)
Not recorded 13 (12) 2 (3.5)
Viral load (log), median (25-75) 6.41 (6.01 - 6.79) 6.22 (5.68 - 6.78) 0.391
Treatment naive, n (%) 93 (86.1) 28 (49.1) < 0.001
Maintenance immunosuppresion , n (%)
Tacrolimus 69 (63.8) 40 (70.1) 0.49
Cyclosporine 21 (19.4) 13 (22.8) 0.68
Antiproliferatives 96 (88.8) 20 (35.1) < 0.001
mTORi 7 (6.4) 21 (36.8) < 0.001
Fibrosis, n (%)
Elastography n =39 (36.1) n =25 (43.8) 0.077
FO 7 (6.4) 5(8.7)
F1 10 (9.2) 7 (12.2)
F2 9 (8.3) 7 (12.2)
F3 4 (3.7) 2(3.5)
F4 9 (8.3) 4(7)
APRI > 1.5 20 (18.5) 23 (40.3) < 0.001
FIB-4 > 3.25 19 (17.6) 23 (40.3) < 0.001

HCV = Hepatitis C virus; mTORi = mammalian target of rapamycin inhibitors; APRI = aspartate aminotransferase to platelet ratio

index; FIB-4 = fibrosis-4 index for liver fibrosis.
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Table 2 - Hepatitis C treatment protocols in kidney and liver transplant recipients.

DAA class Kidney (n = 108) Liver (n =57) p
NS3/4 Inhibitor, n(%) 7 (6.4) 8 (14) 0.15
NS5A Inhibitor, n(%) 104 (96.2) 51 (89.4) 0.09
NS5B Inhibitor, n(%) 103 (95.3) 57 (100) 0.16
Ribavirin, n(%) 21 (19.4) 27 (47.3) < 0.001
Length of treatment 0.005
1 week* 02 (1.8) 0

2 weeks* 02 (1.8) 0

6 weeks* 01 (1.0) 01 (1.8)

8 weeks 02 (1.8) 0

12 weeks 99 (91.8) 45 (78.9)

16 weeks 0 01 (1.8)

24 weeks 02 (1.8) 10 (17.5)

Sustained virological response in 12 weeks 102 (94.4) 46 (80.7) 0.023

DAA = direct-acting antivirals; NS = nonstructural proteins. *treatment abandonment.

Table 2 shows the different DAA regimens and treatment
lengths, defined according to the presence of cirrhosis
and HCV genotyping. In total, six (3.6%) patients did not
complete the prescribed treatment due to adverse events, five
KT recipients and one LT recipients. SVR12 was achieved
in 148 (89.6%) of the sample, including 102 (94.4%) KT
recipients and 47 (82.4%) LT recipients (p = 0.023).

Median eGFR did not change after DAA treatment in
KT or LT recipients as demonstrated in Figure 1.

i

End of treatment

[ Kidney Transplant

M Liver Transplant
120

1

Mean eGFR (mL/min/1.73m2)
e @ @ 5

~
S

Pre-treatment 6 months post-

treatment

12 months post-
treatment

Figure 1 - Median of Glomerular Filtration Rate at different
times: pre-treatment, end of treatment, 6-month follow-up, and
12-month follow-up. A total of 108 kidney transplant and 57
liver transplant recipients with chronic hepatitis C, treated with
direct-acting antivirals, were included. Comparisons were made
with repeated measures ANOVA.

During the period of HCV treatment, 60 (36.6%) patients
experienced drug interactions with immunosuppressants,
either increasing (45%) or decreasing (46.7%) CNI trough
levels. In the first four weeks of therapy, the mean CNI
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trough levels were significantly decreased (Figure 2), and
dosing adjustments were necessary in 38 (35.1%) KT and
20 (35%) LT recipients. In total, three (1.8%) patients
had to discontinue tacrolimus: two KT recipients had it
reintroduced at a lower dose, and one LT recipient had it
switched to mycophenolic acid.

A total of 77 (46.6%) patients experienced at least
one adverse event (AE) during DAA treatment (Table 3).
Anemia was the most frequent, noted in 17 (35.4%) KT and
13 (44.9%) LT recipients. Ribavirin use was related to all
cases of anemia, and the drug was suspended in 10 patients
and reduced in eight patients. Worsening of kidney function
occurred in 11 (14.6%) KT and two (6.9%) LT patients,
requiring treatment suspension in four patients.

Allograft kidney rejection occurred in three patients.
Decreasing CNI levels during treatment was noted in
one patient, who was treated with methylprednisolone,
recovered graft function, and was able to achieve SVR.
Another patient had chronic rejection and returned to
dialysis during DAA therapy, achieved SVR and received
a new kidney transplant shortly after. A different patient
had cirrhosis and received 24 weeks of DAA. This patient
presented acute rejection afterwards, in a context of low
immunosuppression, eventually returning to dialysis.

There were no differences in total bilirubin, albumin,
hemoglobin, platelets, INR, urinary albumin creatinine ratio
(UACR) at baseline and after 4 weeks, 12 weeks, and 1 year
of DAA treatment. There was a significant reduction in the
serum concentrations of ALT, AST, alkaline phosphatase,
GGT from baseline to week 4, which was sustained up to
1 year post-treatment (Table 4).

Rev Inst Med Trop Sao Paulo. 2023;65:e59
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Figure 2 - Median blood level of calcineurin inhibitors at different times: before treatment/baseline, week 4, week 8, week 12, and
1-year follow-up. A total of 165 kidney and liver transplant recipients with chronic hepatitis C, treated with direct-acting antivirals,
were included. The mean CNI trough levels were significantly decreased (P<0.05) in week 4 compared to baseline: (a) Tacrolimus,
(b) Cyclosporine.

Table 3 - Adverse events with direct antiviral agents treatment in kidney and liver transplant recipients.

Adverse event, n (%) Kidney (n = 108) Liver (n = 57) p

None 60 (55.5) 28 (49.1) 0.42

Anemia 17 (35.4) 13 (44.9) 0.29

Other 12 (14.6) 5 (13.8) 0.79

eGFR decrease 11 (14.6) 2(6.9) 0.22

Neurological 9 (14.6) 6 (13.8) 0.77

Diarrhea 7 (10.4) 2(6.9) 0.72

Pain 5 (4.2) 4 (6.9) 0.49

Headache 3(4.2) 1(3.4) 1.00

Psychiatric 1(2.0) 2(6.9) 0.27

Fatigue 0 1(3.4) 0.34

eGFR = estimated glomerular filtration rate.

DISCUSSION in our study. Ribavirin use is associated with significant

hematological toxicity and drug—drug interactions?. In an

This is one of the largest real-world studies to address analysis of 1,952 patients enrolled in phase III ION clinical

the effectiveness and safety of DAAs in chronic HCV trials®®, treatment-related adverse events were observed in

treatment in kidney and liver transplant recipients. Our 71% of patients that received ribavirin, versus 45% of non-

findings reinforce the effectiveness of DAAs in these ribavirin therapy, consistent with our results.

populations since about 90% of our cohort achieved a The frequent use of ribavirin in this cohort probably

sustained virological response. The high effectiveness relates to greater GT3 prevalence in LT recipients and

of DAAs in HCV treatment is consistent with previous to previous recommendations of using the drug in

studies both on transplant recipients and the general immunosuppressed patients, those previously experimented

population™12:20, with DAAs and those with advanced liver disease®*.

Despite the positive findings, our study also revealed that Previous studies at our center suggested that adding
almost half of KT and LT recipients experienced adverse ribavirin to daclatasvir plus sofosbuvir regimen yielded

events (AE). These figures are higher than those reported better results, considering that treatment failures occurred
by smaller studies. For instance, Fabrizi et al.?' observed only in genotype 3 patients that did not receive ribavirin®>2®.
17.8% of AEs and four suspensions of DAA treatment in The drug interaction of DA As with immunosuppressants
KT patients. Silva et al.'? evaluated 84 LT recipients and is increasingly clear in the literature. In our study,

observed AEs in a quarter of them, with one DAA therapy 36.6% of patients experienced drug interactions with
discontinued for that cause. A plausible explanation for these immunosuppressants, requiring dose adjustments. Initial
differences is the inclusion of ribavirin-containing regimens data of HCV treatment with DAA emphasized the
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Table 4 - Biochemical results before, during, and after antiviral therapy (DAA) in kidney (n = 108) and liver (n=57) transplant recipients.

Baseline 4 weeks 12 weeks 1 year p*
Total bilirubin (0.3-1.2 mg/dL) 1.02+0.8 0.73+0.4 0.87 +0.6 0.86 + 0.5 < 0.0001
Kidney 1.02x1.0 0.76 £0.3 0.88+0.5 0.98 0.6 0.044
Liver 1.02 +0.7 0.71 0.4 0.86 £0.7 0.79+0.5 < 0.0001
AST (<34 U/L) 69 + 64.7 31 +312 32+25.0 30.7 £24.2 < 0.0001
Kidney 54.6 £ 50.5 274 £ 15.1 285+ 12.6 26.0+9.4 <0.0001
Liver 104.3 £58.6 39.5.4+49.4 435+39.4 39.0+37 <0.0001
ALT (10-49 U/L) 73+73.0 31 +477 31+ 370 28.3 +30.9 < 0.0001
Kidney 59.6 £ 65.6 25.0 £ 20.6 23.6 £ 18.0 23.0+14.2 < 0.0001
Liver 113.7+924 432+79.5 47.7 +60.3 39.8 £48.6 <0.0001
Alkaline phosphatase (20-130 U/L) 120 + 66.9 111 + 58.0 107 + 62.5 106.4 + 55.9 < 0.0001
Kidney 102.6 £65.4 110.6 £ 54.1 96.2 +37.2 98.8 +£56.3 0.36
Liver 138.1 £78.2 116.1 £ 60.8 117.2+£78.8 112.5 £59.3 0.14
Albumin (3.5-5.5 g/dL) 41+04 42+04 42+04 42+04 0.27
Kidney 40=x0.5 40+05 41x04 42+05 0.35
Liver 42+02 43+0.2 43+0.2 43+0.2 0.53
GGT (males <73 U/L;females <38 U/L) 234 + 456.6 66 + 78.1 88 + 184.5 94 +145.3 < 0,0001
Kidney 139.0 = 115.7 63.9+£59.3 81.5+94.6 67.4 + 88.6 0.002
Liver 271.3 £447.7 61.9+91.2 113.9 £260.1 119.6 £ 177.8 0.013
Hemoglobin (males 12.8-17.8 g/dL, 13.6 +1.8 128+24 13.3+19 13.2+19 0.080
females 11.6-15.6 g/dL)
Kidney 13.3+2.1 125+24 127+2.0 13.0+1.9 0.002
Liver 13.8+2.2 13.3+£22 141+19 13.8+£2.0 0.23
Platelets (150-440x10%/uL) 182.9 + 66.8 195.9 + 69.7 1874 + 64.4 191.6 + 66.1 0.010
Kidney 192.1 £73.1 201.5+744 192.5 +57.5 192.6 = 63.9 0.049
Liver 161.4 £53.0 182.1 £57.5 174.3 £ 62.6 189.4 £ 71.7 0.006
INR 1.09 + 0.1 1.16 £ 0.3 124+ 0.5 116 £+ 0.3 0.32
Kidney 1.09 £ 0.1 1.17+0.4 1.22+0.3 1.22+£0.3 0.21
Liver 1.09 = 0.08 1.07 +£0.07 1.07 £ 0.06 1.07 £ 0.06 0.43
UACR 0.66 + 1.1 05+0.5 0.5+0.7 0.6+ 12 0.56
Kidney 082+ 1.4 0.61 0.5 0.53 0.6 0.68 1.2 0.21
Liver 0.56 £ 0.08 0.51 +£0.01 0.23 £0.01 0.18 £0.03 0.32
Glucose (70-99 mg/dL) 110.0 £ 45.6 105.4 £ 42.0 103.3 + 36.1 0.10
Kidney 115.5+39.6 101.1 £ 36.8 97.5+27.2 0.21
Liver 125.5+57.2 120.7 £50.3 118.1 £50.1 0.28

AST = aspartate aminotransferase; ALT = alanine aminotransferase; GGT = gamma-glutamyltransferase; INR = international
normalized ratio; UACR = urinary albumin-to-creatinine ratio; normal reference values indicated in parenthesis; *p values comparing

baseline to treatment in week 4.

substantial risk of drug interactions since Cyclosporin
is a moderate inhibitor of CYP3A4 and P-gp, whereas
tacrolimus and sirolimus are weak inhibitors of P-gp.
Given the narrow therapeutic window of these therapies and
individual variability in pharmacokinetics, any change in
immunosuppressant levels may lead to toxicity or decreased
efficacy?’.

Page 6 of 8

Plausible explanations for these changes involve an
improved hepatic drug metabolism after HCV clearance.
This might lead to reduced serum concentrations of CNIs
and ultimately may increase the risk of graft rejection.
There was an initial significant overall reduction on
CNI trough levels by week 4 of DAA treatment, and
frequent monitoring allowed dose adjustments to maintain

Rev Inst Med Trop Sao Paulo. 2023;65:e59
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therapeutic levels throughout the follow-up. The European
Association for the Study of the Liver?* described a
decrease in tacrolimus concentrations 12 weeks after
DAA therapy. Rejection episodes in our KT recipients
was low and comparable to the incidence observed in
other studies?®3°.

Chronic HCV infection causes elevation of liver
enzymes, reflecting virus-induced damage to hepatocytes.
Viral clearance is frequently accompanied by normalization
of these results®!, including in transplant recipients'. In
our study, this expected behavior of serum levels of liver
enzymes was observed from the 4th week after starting
DAA therapy and was maintained throughout the 1-year
follow-up.

CONCLUSION

The main limitation of this study is the retrospective
nature. However, we believe it did not compromise the
data retrieval from thorough revision of electronic medical
charts. The strength of the study is the large number of
patients, the inclusion of liver and kidney transplantation,
and the long-term follow-up. In conclusion, DAA treatment
resulted in high rates of SVR and was well tolerated in both
kidney and liver transplant patients. Adverse events were
frequent but not severe in most patients, with low drop-out
rates. Drug interactions with immunosuppressants need
to be monitored and dose adjustments can be required to
maintain adequate levels. Reporting real-life experiences
is important to help build evidence for patient management
in non-controlled environments.

AUTHORS’ CONTRIBUTIONS

EK, VDG, CVV and LSP designed the study; LSP, PEV,
RK and GM collected and analyzed the data; LSP, EK and
MM reviewed the literature and wrote the manuscript;
CVT, GC and MLZ revised the manuscript and provided
significant intellectual contribution. All the authors
approved the final version of the manuscript.

CONFLICT OF INTERESTS
None.

FUNDING

The authors received no financial support for the
research, authorship, and/or publication of this article.

Rev Inst Med Trop Sao Paulo. 2023;65:e59

REFERENCES

1. Polaris Observatory HCV Collaborators. Global prevalence and
genotype distribution of hepatitis C virus infection in 2015:
a modelling study. Lancet Gastroenterol Hepatol. 2017;2:
161-76.

2. Pimpin L, Cortez-Pinto H, Negro F, Corbould E, Lazarus
JV, Webber L, et al. Burden of liver disease in Europe:
epidemiology and analysis of risk factors to identify prevention
policies. J Hepatol. 2018;69:718-35.

3. World Health Organization. Global progress report on HIV,
viral hepatitis and sexually transmitted infections, 2021:
accountability for the global health sector strategies 2016—
2021: actions for impact. [cited 2023 Oct 31]. Available from:
https://www.who.int/publications/i/item/9789240027077

4. Fabrizi F, Martin P, Dixit V, Messa P. Meta-analysis of
observational studies: hepatitis C and survival after renal
transplant. J Viral Hepat. 2014;21:314-24.

5. Bruchfeld A, Wilczek H, Elinder CG. Hepatitis C infection,
time in renal-replacement therapy, and outcome after kidney
transplantation. Transplantation. 2004;78:745-50.

6. Cruzado JM, Bestard O, Griny6 JM. Impact of extrahepatic
complications (diabetes and glomerulonephritis) associated
with hepatitis C virus infection after renal transplantation.
Contrib Nephrol. 2012;176:108-16.

7. Scott DR, Wong JK, Spicer TS, Dent H, Mensah FK, McDonald
S, et al. Adverse impact of hepatitis C virus infection on renal
replacement therapy and renal transplant patients in Australia
and New Zealand. Transplantation. 2010;90:1165-71.

8. Wright TL, Donegan E, Hsu HH, Ferrell L, Lake JR, Kim M, et
al. Recurrent and acquired hepatitis C viral infection in liver
transplant recipients. Gastroenterology. 1992;103:317-22.

9. Gane EJ. The natural history of recurrent hepatitis C and what
influences this. Liver Transpl. 2008;14 Suppl 2:S36-44.

10. Forman LM, Lewis JD, Berlin JA, Feldman HI, Lucey MR.
The association between hepatitis C infection and survival
after orthotopic liver transplantation. Gastroenterology.
2002;122:889-96.

11. Dieterich D, Bacon B, Flamm S, Kowdley K, Milligan S, Tsai
N, et al. Final evaluation of 955 HCV patients treated with
12 week regimens containing sofosbuvir+/-simeprevir in the
trio network: academic and community treatment of a real-
world, heterogeneous population. Gastroenterology. 2015;148
Suppl 1:S-1001.

12. Silva IP, Batista AD, Lopes EP, Filgueira NA, Carvalho BT,
Santos JC, et al. A real-life study on the impact of direct-
acting antivirals in the treatment of chronic hepatitis C in liver
transplant recipients at two university centers in Northeastern
Brazil. Rev Inst Med Trop Sao Paulo. 2021;63:e6.

13. Sawinski D, Kaur N, Ajeti A, Trofe-Clark J, Lim M, Bleicher M,

et al. Successful treatment of hepatitis C in renal transplant

Page 7 of 8


https://www.who.int/publications/i/item/9789240027077

14.

16.

17.

Pacheco et al.

recipients with direct-acting antiviral agents. Am J Transplant.
2016;16:1588-95.

Brasil. Ministério da Satude. Secretaria de Vigilancia em Satde,
Departamento de Vigilancia, Prevencdo e Controle das
Infeccdes Sexualmente Transmissiveis, do HIV/Aids e das
Hepatites Virais. Protocolo clinico e diretrizes teraputicas
para hepatite C e coinfeccdes. Brasilia: Ministério da Sadde;
2011.

. Brasil. Ministério da Sadde. Secretaria de Vigilancia em Satde,

Departamento de Vigilancia, Prevencdo e Controle das
Infeccdes Sexualmente Transmissiveis, do HIV/Aids e das
Hepatites Virais. Protocolo clinico e diretrizes teraputicas
para hepatite C e coinfeccdes. Brasilia: Ministério da Sadde;
2017.

Brasil. Ministério da Satude. Secretaria de Vigilancia em Satde,
Departamento de Vigilancia, Prevencdo e Controle das
Infeccdes Sexualmente Transmissiveis, do HIV/Aids e das
Hepatites Virais. Protocolo clinico e diretrizes terapéuticas
para hepatite C e coinfeccdes. Brasilia: Ministério da Sadde;
2019.

Sterling RK, Lissen E, Clumeck N, Sola R, Correa MC, Montaner
J, et al. Development of a simple noninvasive index to predict
significant fibrosis in patients with HIV/HCV coinfection.
Hepatology. 2006;43:1317-25.

. Wai CT, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA,

Conjeevaram HS, et al. A simple noninvasive index can predict
both significant fibrosis and cirrhosis in patients with chronic
hepatitis C. Hepatology. 2003;38:518-26.

19. Ziol M, Handra-Luca A, Kettaneh A, Christidis C, Mal F, Kazemi F,

20.

21.

et al. Noninvasive assessment of liver fibrosis by measurement
of stiffness in patients with chronic hepatitis C. Hepatology.
2005;41:48-54.

Devresse A, Delire B, Lazarus JV, Kabamba B, De Meyer M,
Mourad M, et al. Eliminating hepatitis C virus from a prevalent
kidney transplant recipient population: a single-center study
in Belgium in the direct-acting antivirals era. Transplant Proc.
2020;52:815-22.

Fabrizi F, Alonso C, Palazzo A, Anders M, Reggiardo MV,
Cheinquer H, et al. ‘Real-life’ experience with direct-acting
antiviral agents for HCV after kidney transplant. Ann Hepatol.
2021;25:100337.

Page 8 of 8

23.

24.

25.

26.

27.

28.

29.

30.

31.

. Mizokami M, Yokosuka O, Takehara T, Sakamoto N, Korenaga

M, Mochizuki H, et al. Ledipasvir and sofosbuvir fixed-dose
combination with and without ribavirin for 12 weeks in
treatment-naive and previously treated Japanese patients with
genotype 1 hepatitis C: an open-label, randomised, phase 3
trial. Lancet Infect Dis. 2015;15:645-53.

Algahtani SA, Afdhal N, Zeuzem S, Gordon SC, Mangia A,
Kwo P, et al. Safety and tolerability of ledipasvir/sofosbuvir
with and without ribavirin in patients with chronic hepatitis
C virus genotype 1 infection: analysis of phase III ION trials.
Hepatology. 2015;62:25-30.

European Association for the Study of the Liver. EASL
recommendations on treatment of hepatitis C 2015. J Hepatol.
2015;63:P199-236.

Mucenic M, Brandao AB, Marroni CA, Fleck Jr. AM, Zanotelli
ML, Kiss G, et al. Daclatasvir and sofosbuvir with or without
ribavirin in liver transplant recipients: a single-center real-
world study. Transplant Proc. 2018;50:769-71.

Rossato G, Tovo CV, Almeida PR. Treatment of chronic hepatitis C
in patients with chronic kidney disease with Sofosbuvir-basead
regimes. Braz J Infect Dis. 2020;24:25-9.

Burgess S, Partovi N, Yoshida EM, Erb SR, Azalgara VM,
Hussaini T. Drug interactions with direct-acting antivirals for
hepatitis C: implications for HIV and transplant patients. Ann
Pharmacother. 2015;49:674-87.

Bixby AL, Fitzgerald L, Leek R, Mellinger J, Sharma P, Tischer S.
Impact of direct-acting antivirals for hepatitis C virus therapy
on tacrolimus dosing in liver transplant recipients. Transpl
Infect Dis. 2019;21:e13078.

Chan C, Schiano T, Agudelo E, Haydek JP, Hoteit M, Laurito MP,
et al. Immune-mediated graft dysfunction in liver transplant
recipients with hepatitis C virus treated with direct-acting
antiviral therapy. Am J Transplant. 2018;18:2506-12.

Cholongitas E, Pipili C, Papatheodoridis GV. Interferon-free
regimens in patients with hepatitis C infection and renal
dysfunction or kidney transplantation. World J Hepatol.
2017;9:180-90.

Hsu WEF, Lai HC, Su WP, Lin CH, Chuang PH, Chen SH, et al.
Rapid decline of noninvasive fibrosis index values in patients
with hepatitis C receiving treatment with direct-acting antiviral
agents. BMC Gastroenterol. 2019;19:63.

Rev Inst Med Trop Sao Paulo. 2023;65:e59



	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Study design
	Subjects
	Variables
	Statistics

	RESULTS
	DISCUSSION
	CONCLUSION
	AUTHORS’ CONTRIBUTIONS
	CONFLICT OF INTERESTS
	FUNDING
	REFERENCES

