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ABSTRACT

Background: Long-term morbidity and mortality following liver transplantation (LT) is
influenced by HCV-related extrahepatic complications and effects of immunosuppressive
therapy.

Aim: To investigate if sustained virological response (SVR) after therapy with direct
acting antivirals (DAA) in recipients with post-transplant recurrent hepatitis C can influence
metabolic factors and renal function.

Methods: Metabolic profile, cardiovascular risk scores, non-invasive evaluation of fibrosis,
renal function was assessed in 89 HCV LT recipients at SVR and 24 months after cure.
Results: Liver stiffness measurement evaluated by transient elastography, APRI, FIB-4 and
NAFLD fibrosis scores decreased significantly between baseline, SVR and 24 months after
SVR. In contrast, BARD score increased significantly (p=0.001). Steatosis grade 3 was
significantly encountered in a higher percentage at 24 months after SVR compared to
baseline (77.5% vs 22.5%, p<0.0001). The metabolic and cardiovascular risk profile (MetS
and Framingham scores), respectively, remained stable during the timeline. All liver function
tests such as alanine and aspartate aminotransferase, gamma glutamyl transferase, total
bilirubin improved between initiation of antivirals, SVR and 24 months after SVR; platelets
increased significantly (p<0.0001 for each variable). The renal function evaluated by
creatinine serum level (p=0.03) and estimated glomerular filtration rate (p=0.02) was
significantly deteriorated over time.

Conclusions: Eradication of recurrent HCV infection has a clear benefit for liver-related
complications, but has no impact on HCV extrahepatic manifestations. Prospective studies
with non-HCV cohorts are required to compare the impact of immunosuppression on
metabolic and renal complications.
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INTRODUCTION

Nowadays, 20-years patient and graft survival rates after adult liver trans-
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plantation (LT) are over 50% (1-3). The long term
morbidity and mortality after LT is now determined by
the presence of complications such as cardiovascular
disease, diabetes, metabolic syndrome, renal failure (4).
Hepatitis C virus (HCV) is also involved in the occurrence
of these extrahepatic manifestations in addition to
effects of immunosuppressive therapy. However, in the
study of Dopazo et al. (5) the post-LT 20-years survival
rates were only 20%, main reason being the high
proportion of patients transplanted for HCV with
recurrence and death following LT.

However, the recent progress of direct-acting anti-
viral agents (DAAs) associated with very high efficacy
rates has also significantly changed the outcome of the
HCV transplant population (6). Long-term follow-up
studies suggest that HCV cured patients after antiviral
therapy achieve multiple benefits: regression of
fibrosis, declining risk of evolution to decompensation
of liver cirrhosis, decreasing the need for LT and
mortality (7).

A recent review demonstrated that HCV infection is
positively correlated with insulin resistance, liver
steatosis, metabolic syndrome, type |l diabetes
mellitus, atherosclerosis and lipid rebound after DAA
successful therapy (8). HCV infection has been con-
firmed to be associated with metabolic syndrome
which may worsen the progression of HCV-related liver
disease. In the DAA era, the impact of viral clearance on
metabolic syndrome and associated diseases requires
more exploration, especially in the LT setting.

Two studies published in 2018, revealed that cure of
HCV infection by DAA in LT recipients has favourable
influence on glucose metabolism, reverses the hypo-
lipidemic effect of HCV and significantly lowers the risk
of worsening of renal function (9, 10). Fortunately, after
the introduction of DAA in the management of our LT
HCV recipients, all obtained sustained virological
response (SVR) despite being treated with advanced
liver fibrosis (>35%) (11).

The aim of our study was to explore if SVR
influences positively metabolic factors, cardiovascular
risk scores, fibrosis scores and renal function.

METHODS

Patient’s selection

Eighty nine adult patients transplanted for HCV-
related decompensated cirrhosis with or without hepa-
tocellular carcinoma (HCC) at the Centre of Digestive
Diseases and Liver Transplantation, Fundeni Clinical
Institute and treated with DAAs between December
2015 and December 2017 were included in this
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observational study. Patients received ombitasvir/
paritaprevir/ritonavir + dasabuvir plus ribavirin (RBV) or
ledipasvir/sofosbuvir plus RBV according to the thera-
peutic guidelines of the Protocol Expert Committee of
Ministry of Health and National Health Inssurance
Agency. All our patients obtained SVR. All patients had
at least a liver biopsy performed during follow-up after
LT confirming the diagnosis of recurrent HCV chronic
hepatitis. Plasma HCV RNA levels were measured using
the Roche TagMan real-time reverse transcriptase-PCR
assay version 2.0 at baseline, end of treatment and SVR
(lower limits of quantification and detection of 15
IU/mL). All patients underwent genotyping for HCV and
all proved to be genotype 1b.

The following parameters were evaluated before
initiation of interferon-free regimen, at SVR and 24
months after SVR: metabolic profile (weight/body mass
index (BMI), serum cholesterol/LDL/HDL/triglycerides,
glucose, steatosis evaluated by ultrasound and CAP-
Fibroscan®), cardiovascular risk scores (MetS and
Framingham scores) (12, 13), non-invasive evaluation of
fibrosis (AST to Platelet Ration Index - APRI, Fibrosis-4 -
FIB-4, NAFLD fibrosis score, BARD score, LSM by
Fibroscani), renal function (serum creatinine, estimated
glomerular filtration rate (eGFR) calculated by the
Modification of Diet in Renal Disease (MDRD) 6).

The MetS Z score (Metabolic syndrome severity
score) includes age, sex, race and ethnicity, height and
weight, waist circumference (cm), systolic blood
pressure, high-density lipoprotein (HDL) cholesterol
(mg/dL), triglycerides (TG) (mg/dL), glucose (mg/dL)
and can be easily calculated online (http://mets.health-
outcomes-policy.ufl.edu/calculator/). Each 1 standard
deviation increase in score confers an additional
increase in odds of 3.4 for future cardiovascular disease
and 7.3 for future type 2 diabetes mellitus (14). The risk
of future cardiovascular events was estimated as the
10-year probability of cardiovascular disease using the
Framingham risk score (FRS) that includes gender, age,
HDL-cholesterol, low-density lipoprotein (LDL) - choles-
terol, the presence of diabetes mellitus, systolic blood
pressure, diastolic blood pressure and smoking status
(13).

All patients had interferon-free therapy finalization
duration since more than 3 months and were on stable
immunosuppression prior to the initiation of antiviral
therapy. Stable immunosuppression was defined as
steroid cessation for more than 3 months and without
any antirejection medication change for more than 3
months. Our transplant centre uses a steroid-free
immunosuppression protocol that consists of induction
immunosuppression with basiliximab and delayed
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initiation of calcineurin inhibitor (CNI). Mycophenolate
mofetil is used during the first 3 months after LT and, on
the long term, for nephroprotection in association with
CNI level minimization. Sirolimus is used after month 3,
usually in patients with HCC.

Exclusion criteria were:less than 3 months after LT
without stable immunosuppression drugs, confirma-
tion of recurrent HCC after LT, patients treated and
cured from HCV before LT and incomplete antiviral
treatment post-transplant, patients on renal replace-
ment therapy after LT.

The influence of HCV treatment on renal function in
LT recipients was determined by the variation in serum
creatinine levels and eGFR calculated by MDRD-6
between baseline, SVR and beyond 24 posttreatment.
Renal dysfunction was defined as eGFR <60 mL/min/
1.73m? The other definitions used in the present study
were: arterial hypertension — blood pressure over 140/
90 mmHg at two following visits; diabetes mellitus —
fasting plasma glucose >126 mg/dL at two following
visits according to the World Health Organization;
dyslipidemia — hypercholesterolemia >220 mg/dL and/
or hypertriglyceridemia >200 mg/dL at two following
visits. Metabolic syndrome was present if three or
more of the following five criteria are met: waist
circumference over 102 cm (men) or 88 cm (women),
blood pressure over 130/85 mmHg, fasting TG level
over 150 mg/dl, fasting HDL cholesterol level less than
40 mg/dl (men) or 50 mg/dl (women) and fasting blood
glucose over 100 mg/dl (14).

Statistical analysis

Continuous variables were reported as a mean *
standard deviation, while categorical variables were
reported as frequencies and percentages. Comparisons
were made by chi-square-test or McNemar test for
qualitative variables; Mann-Whitney-U and Wilcoxon
tests were used to compare continuous data. Friedman
test (ANOVA) was performed for global comparison of
guantitative variables at baseline, SVR and 24 months
after achieving SVR. Pearson correlation coefficient was
used to investigate the linear correlation between
guantitative variables. All statistical tests were
two-sided and a level of P <0.05 was used to indicate
statistical significance. All statistical analyses were
carried out using NCSS 11.0 (LLC, Kaysville, Utah, USA).

RESULTS

Eighty nine HCV LT recipients treated with DAA and
SVR, followed up for 24 months after achieving SVR
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were included. A total of 76 (83.39%) patients received
ombitasvir/paritaprevir/ritonavir + dasabuvir plus RBV
and 13 (16.61%) received sofosbuvir/ledipasvir +/- RBV.
The mean age at therapy initiation was 55.7+7.8 years
and 51.69% were males. One third (32.58%) of LT
recipients had F3-F4 stage at baseline and 23 (25.84%)
patients received previous interferon therapy without
response. Median time since LT to DAA therapy initia-
tion was 28 months (range 3.5-177.8 months). 48.3%
of patients had less than 2 years since LT when they
started DAA. Transplant indications were HCV decom-
pensated cirrhosis in 74.16% of patients and HCC in
25.84%. Type of immunosuppression at DAA initiation
was tacrolimus (77.27%), cyclosporine (14.77%) and
sirolimus (7.96%). None of the patients received
corticosteroids during antiviral therapy or in the follow
up period.

Baseline metabolic comorbidities were: arterial
hypertension necessitating therapy in 39.08% of
patients, diabetes mellitus (32.58%), dyslipidemia
(19.1%) and eGFR < 60 ml/min (21.3%).

Evolution of fibrosis stage, liver and renal
function and metabolic profile between
baseline, SVR and 24 months after SVR

The evolution of noninvasive fibrosis scores and
LSM between the three time points is shown in table 1.
LSM evaluated by TE, APRI, FIB-4 as well as NAFLD
fibrosis scores decreased significantly between base-
line, SVR and 24 months after SVR. In contrast, BARD
score increased significantly between initiation of
antiviral therapy, SVR and after 24 months of follow up.

Steatosis grade evaluated by Fibroscan® with CAP
did not change during the three analyzed time points
(median value of CAP score 255.5 at beginning of DAA,
278.3 at SVR, 259.1dB/m at 24 months after SVR,
p=0.82). However, steatosis grade 3 evaluated by
both US and CAP score (>290 dB/m) was significantly
encountered in a higher percentage at 24 months after
SVR compared to the time of DAA was initiated (77.5%
vs 22.5%, p<0.0001).

All liver function tests such as alanine and aspartate
aminotransferase, gamma glutamyl transferase, total
bilirubin had a significant decrease between initiation
of antivirals, SVR and 24 months after SVR; platelets
increased significantly (p<0.0001 for each variable). The
metabolic profile changes over time since beginning of
DAA are shown in table 2. However, the cardiovascular
risk profile remained stable during the timeline (table 2).

The renal function evaluated by creatinine serum
level and eGFR calculated by MDRD6 was significantly
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Table 1 - Noninvasive fibrosis evaluation before antiviral therapy

Metabolic profile and kidney function in cured HCV liver transplant recipients

Table 2 - Metabolic profile and cardiovascular risk change over time

initiation, at SVR and after 24 months of follow up after SVR
Variable Baseline SVR 24 months P value Variable Baseline SVR 24 months P value
after SVR after SVR
Liver stiffness (kPa) . 92 . 65 ... 6.7 ...00001 - Weight(kg) .78 . 80 ... 84 ....<00001
AL TR 184 044 039 . <0.0001  BMI(kg/mp) 263 269 273 <0.0001
FIB-4 2.60 1.68 1.48 <0.0001 Total cholesterol
BARDscore 176 219 203 0001  (normalvalue 0-200mg/dl) - 154 74 185 <0.0001
NAFLD Fibrosis score 244 212 194 002  LDL-cholesterol
(normal value 0-130 mg/dL) 95.2 97.6 110 0.23
HDL- cholesterol
(normal value 5-115 mg/dL) 406 421 483 . o1t
deteriorated over time since DAA start until 24 months  Tryglicerides
following SVR (fig. 1 and 2). Age at the beginning of ~ (normal value 40-180mg/dL) 1195 120 1095 034
antiviral therapy was negatively correlated with the  Serum glucose
baseline eGFR (r = -0.30, p=0.007) (normal value 74-106 mg/dL) 1103 117 1261 00009
Th ionificant decrease of eGFR calculated VeSSt 068 0% 084 031
ere was a significant decrease of e calculate Framingham score 156 75 64 047

by MDRD6 between baseline and 24 months after SVR
in both groups of patients: with (79.2+22.8 vs 69.1%
24.1ml/min, p=0.005) or without diabetes mellitus
(78.9+28.5 vs 69.9+25.3 ml/min, p=0.006). There was
a significant increase (with 19.1%, p=0.0002) in the
proportion of patients with eGFR <60ml/min at the end
of the follow-up period.

There is no statistically significant difference
regarding all analyzed variables at the end of the
follow-up period in between the patients receiving
different types of immunosuppression (tacrolimus
versus cyclosporine versus sirolimus). There is also no
significant correlation between time since LT and
different variables analyzed at the end of the follow-up
period.

1.45{

1.30

Amount

Creatinine_24 months
after SVR

Creatinine_baseline  Creatinine_SVR

Figure 1 - Serum creatinine (mg/dL) at baseline, SVR and 24 months
after antiviral therapy (p = 0.03)
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DISCUSSION

DAAs have revolutionized HCV antiviral treatment
with very high eradication rates and exceptional safety
compared to interferon-based regimens. There are
several previous studies (15,16) reporting histological
and clinical improvement, associated with rises in
patient and graft survival rates after SVR in LT recipients.
However, long-term effects of HCV cure after
interferon-free therapy on the metabolic condition of
patients have been sparsely investigated.

The metabolic syndrome is characterised by obesity,
arterial hypertension, high triglycerides, low high-
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75

Amount

55

351

GFR_24 months
after SVR
Figure 2 - Estimated glomerular filtration rate (GFR) (ml/min)
calculated by MDRD6 at baseline, SVR and 24 months after
antiviral therapy (p = 0.02)

GFR_Baseline GFR_SVR
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density lipoprotein-cholesterol and high fasting glucose/
insulin-resistance. The post-LT metabolic syndrome
prevalence is between 49 and 89% depending on the
period after LT (17).

Increase in weight after LT is already known, with
58% overweight and respectively 21% obese recipients
at 4 years post-LT (18). There is only one German study
showing that, weight gain after DAA therapy and SVR
occurred in 44% of patients after 48 weeks of follow-up,
predominantly in patients younger than 60 years (19).
Our study confirmed the increase in weight and BMI
after SVR over the follow-up period. This was probably
the cause of increase in BARD score, when all other
fibrosis scores decreased with time passing from SVR.
This is in agreement with our previous published article
in LT HCV recipients (11), as well as in non-LT HCV
population (20).

Although the majority of patients, will show
evidence of fibrosis regression as time increases from
HCV cure even in LT recipients (decrease of LS, APRl and
FIB-4 scores, NAFLD scores) (11), some patients can
progress. This may be related to the presence of non-
alcoholic fatty liver disease, genetic or immunologic
factors and concurrent alcohol use (21). Non-alcoholic
fatty liver disease is correlated with metabolic
syndrome which was estimated in our study by MetS
score. In non-LT population, the severity of the meta-
bolic syndrome is significantly combined with future
coronary heart disease among patients with or without
baseline type 2 diabetes. This is the first study to
consider the evolution of MetS score in HCV LT
recipients and there was no improvement during
follow-up despite HCV cure. Metabolic syndrome
serves as an important risk factor for atherosclerosis
and cardiovascular disease, which are one of the
principal causes of post-LT morbidity and mortality (22).
Framingham risk score (FRS), already used in general
population, to predict cardiovascular risk, could also be
practical in the LT setting. Several studies (23, 24) have
demonstrated that the FRS predicts with good accuracy
the cumulative risk of developing post-LT cardiovascular
events and renal function is an additional factor that
independently predicts this risk. In the study by Di
Maira et al (23), 9.3%, 30.9%, and 59.8% of HCV-
positive patients and 21.5%, 22.4%, and 56.1% of HCV-
negative individuals (p=NS), respectively, had a low,
moderate, and high FRS at 1 year after LT (23). In our
paper there was no recovery in the FRS score during the
follow-up, but rather stabilization. To our knowledge,
this is the first article assessing both MetS and FRS score
in cured HCV LT recipients. The relationship between
HCV infection, cardiovascular disorders, and renal
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impairment as previously described suggests that these
variables play an essential role in determining an
increased mortality risk (8,25,26). However, in our
study, eradication of HCV did not improve cardio-
vascular risk, contrary to reported data in some non-
transplant populations (27, 28). In a LT setting, a
previous paper (29) showed that shifting from
cyclosporine to tacrolimus, led to stabilization of renal
function, improvement of blood pressure profile and
hyperlipidaemia as well as to a significant reduction
in the Framingham risk score, independent of the
aetiology of chronic liver disease. A more recent study
(30) showed that even patients with mild chronic
kidney disease (CKD) (stage 2) had a post-LT course
marked by increased all-cause and cardiovascular
mortality, highlighting the need for glomerular filtration
rate preservation strategies as stated above.

Occurrence of renal dysfunction is frequent
following LT and has a significant impact on morbidity
and mortality. The degree of renal function impairment
is related to an elevated risk of mortality, cardiovascular
events, and prolonged hospital stay in liver transplant
population (31). Over 50% of LT recipients have stage 3
CKD by 2 years post-LT and up to 20% progress to >
stage 4 within 5 years (31, 32). In the article by Watt et
al, kidney failure was the cause of death for 10% of
patients more than 5 years post-LT and associated CKD
deaths were seen to progressively increase over
follow-up (33).

Multiple factors contribute to CDK risk in LT such as
older patient age, high blood pressure, diabetes
mellitus, HCV, acute renal damage pre-transplantation
and peri-transplantation, nephrotoxic effects of CNIs, as
well as sofosbuvir (33, 34).

Our results were rather contradictory to those from
the previous 2 studies performed in HCV LT recipients;
in our study, renal function impaired in 19.1% of
patients with SVR. In the study of Beig et al. (10) there
was a significant escalation in eGFR but still remaining
within the same CKD stage 2 (eGFR increased from
64.9+20 mL/minutes prior to therapy to 69.6%20
mL/minutes at 24 weeks after SVR). In the paper by
Satapathy et al. (9), renal dysfunction still occurred, but
patients with SVR had a less abrupt slope in eGFR
decrease (-0.60 mL/minute/1.73 m2/year; p = 0.19)
than recipients without SVR (-2.53 mL/minute/1.73
m2/year; p = 0.001). In our cohort, majority of patients
received the 3D-regimen compared to the study of Beig
et al. where most of patients had a sofosbuvir-based
regimen (10). Another major difference is that renal
dysfunction was evaluated after 24 weeks in the New
Zealand study in comparison to 24 months in our study.
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Differences between LT cohorts, regarding renal
function evolution over time, may depend on various
factors related to study population characteristics: age,
diabetes mellitus, hypertension, type and level of
immunosuppression and antiviral therapy.

Herrero et al. (35) showed the key elements
accounting for excellent renal function in the long term:
good renal function before transplantation, stable CNI
levels, minimization of CNI levels in patients with
damaged renal function. One important variable in our
study was the variation of the immunosuppression
during co-administration of the 3D regimens, with
higher trough levels at the beginning of antiviral
therapy despite adjusting the CNI according to recom-
mendations. A drawback of our study is the lack of a
control cohort of non-HCV recipients followed up
during the same period for prevalence and progression
of CKD after LT in order to establish if renal impairment
is immunosuppression or HCV-related. It should be
mentioned that one third of our patients had already
advanced liver disease due to recurrent HCV and the
median time since LT to DAA initiation was over 2 years.
The beneficial effect of SVR after LT on kidney and
metabolic factors may be studied nowadays when
antiviral therapy is initiated after the first 3 months
following LT or to follow patients that are transplanted
for complications of cirrhosis despite HCV cure.

Another finding of our study was the increase in
cholesterol and glucose serum levels after SVR. In the
era of DAA, elevated levels of cholesterol and LDL-
cholesterol following the clearance of HCV has been
reported (8, 36). An increase in serum cholesterol could
result in progression of atherosclerotic lesions; hence
studies on the long-term dynamics of lipid profile
following SVR and the effects on clinical outcomes,
especially cardiovascular events, must be conducted in
both LT and non-LT individuals. A meta-analysis (37)
demonstrated, in non-LT patients, that SVR reduced
the risk of insulin resistance at follow-up and had a
significant protective effect against the incidence of
new-onset type 2 diabetes. The influence of immuno-
suppression, weight increase and fatty liver disease/
advanced liver disease before DAA could not be
assessed and may be a cause of increased glucose
serum levels, and consequently increased insulin
resistance, in our cohort. However, our results showing
no beneficial effect of HCV eradication on glucose levels
two years after SVR are in line with the review by
Ribaldone et al (38). The authors concluded that there
is no improvement in diabetes mellitus in patients with
advanced fibrosis or with long-term diabetes mellitus
history, suggesting that there is a point of no return
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for the modifications in glucose metabolism and,
conversely, diabetes mellitus clinical outcome.

CONCLUSION

In summary, LT recipients achieving SVR in the DAA
era exhibited a significant improvement of the liver
graft function, decreased fibrosis scores, but without
amelioration of metabolic/ cardiovascular factors and
even worsening of renal function. In clinical practice,
the transplant hepatologist should pay attention to
cured HCV recipient with concomitant metabolic
disorders and adopt life-style changes, body weight
reduction, control of diabetes mellitus and modify
immunosuppression according to these complications.

Conflicts of interest - none for all authors.
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