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Abstract
AIM: To determine the safety profile of new hepatitis C 
virus (HCV) treatments in liver transplant (LT) recipients 
with recurrent HCV infection.

METHODS: Forty-two patients were identified with 
recurrent HCV infection that underwent LT at least 12 
mo prior to initiating treatment with a Sofosbuvir-based 
regimen during December 2013-June 2014. Cases were 
patients who experienced hepatic decompensation 
and/or serious adverse events (SAE) during or within 
one month of completing treatment. Controls had no 
evidence of hepatic decompensation and/or SAE. HIV-
infected patients were excluded. Cumulative incidence 
of decompensation/SAE was calculated using the 
Kaplan Meier method. Exact logistic regression analysis 
was used to identify factors associated with the 
composite outcome. 

RESULTS: Median age of the 42 patients was 60 years 
[Interquartile Range (IQR): 56-65 years], 33% (14/42) 
were female, 21% (9/42) were Hispanic, and 9% 
(4/42) were Black. The median time from transplant to 
treatment initiation was 5.4 years (IQR: 2.1-8.8 years). 
Thirteen patients experienced one or more episodes of 
hepatic decompensation and/or SAE. Anemia requiring 
transfusion, the most common event, occurred in 62% 
(8/13) patients, while 54% (7/13) decompensated. 
The cumulative incidence of hepatic decompensation/
SAE was 31% (95%CI: 16%-41%). Risk factors for 
decompensation/SAE included lower pre-treatment 
hemoglobin (OR = 0.61 per g/dL, 95%CI: 0.40-0.88, 
P  < 0.01), estimated glomerular filtration rate (OR = 
0.95 per mL/min per 1.73 m2, 95%CI: 0.90-0.99, P  = 
0.01), and higher baseline serum total bilirubin (OR 
= 2.43 per mg/dL, 95%CI: 1.17-8.65, P  < 0.01). The 
sustained virological response rate for the cohort of 42 
patients was 45%, while it was 31% for cases.

CONCLUSION: Sofosbuvir/ribavirin will continue to be 
used in the post-transplant population, including those 
with HCV genotypes 2 and 3. Management of anemia 
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remains an important clinical challenge. 
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Core tip: Direct acting antivirals have changed the 
landscape of managing hepatitis C virus (HCV) infection, 
but there is limited data on the full safety profile of these 
drugs. We studied a group of liver transplant recipients 
with recurrent HCV who had hepatic decompensation 
and/or serious adverse events while on treatment with 
sofosbuvir-based regimens. We found that cases had 
lower pre-treatment hemoglobin, estimated glomerular 
filtration rate, and higher pre-treatment serum total 
bilirubin levels compared to controls. Anemia was the 
most common event and 62% of cases required blood 
transfusion. Similar to registration trials, sofosbuvir was 
generally well-tolerated, while ribavirin-induced anemia 
remains a challenge.
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INTRODUCTION
Hepatitis C virus (HCV) is a leading cause of cirrhosis 
and hepatocellular carcinoma, and thus a primary 
indication for liver transplantation (LT) in the United 
States[1,2]. HCV infection recurs in virtually all patients 
who have a detectable HCV viral load at the time of 
LT[1-3]. Recurrent HCV infection is an important cause 
of graft failure and excess mortality[2,3]. Up to 30% 
of patients with recurrent HCV develop graft cirrhosis 
within 5 years[1,2,4], and 5% experience fibrosing 
cholestatic hepatitis, an aggressive and rapidly-
progressive liver disease[2,4,5]. Successful antiviral 
treatment leading to a sustained virological response 
(SVR) may decelerate the rate of fibrosis, positively 
impacting patient and graft survival[1,4,6-9].

HCV treatment options are evolving rapidly. 
Pegylated-interferon (PEG) plus ribavirin (RBV) was 
the standard of care for over ten years, but it has low 
efficacy and is poorly tolerated due to side effects[10]. 
Triple therapy with the protease inhibitors telaprevir 
and boceprevir combined with PEG/RBV was more 
efficacious than dual therapy, with SVR rates ranging 



from 50%-67%[11-13], but these regimens had severe 
drug-drug interactions with calcineurin inhibitors 
(immunosuppressive agents commonly used in post-LT 
patients) due to an interaction with CYP3A enzymes[14]. 
Complications included severe anemia, infections, and 
acute renal insufficiency, limiting its use[14-16]. 

In December 2013, sofosbuvir (SOF), an inhibitor 
of the HCV NS5B polymerase, was approved by the 
United States Food and Drug Administration for use 
in combination with RBV, with or without PEG, for 
the treatment of chronic HCV infection in genotypes 
1-4[17,18]. SOF has pangenotypic activity and a high 
barrier to resistance[19]. In a multicenter study, 
SOF/RBV was given for 24 wk to 40 LT patients with 
compensated liver disease[20]; 28 (70%) achieved 
SVR12. The safety profile was favorable compared to 
PEG-containing regimens. Most adverse events leading 
to drug discontinuation were attributed to RBV[19]. 
There was no evidence of drug-drug interactions 
between SOF and commonly used calcineurin inhibitors 
(tacrolimus and cyclosporine), and there were no 
deaths or episodes of graft rejection. Despite these 
favorable outcomes, there is limited real-world data on 
the safety profile and efficacy of SOF-based regimens 
for the treatment of recurrent HCV infection after LT. 

The goals of this study were to characterize and 
determine the incidence and clinical significance of 
hepatic decompensation and/or serious adverse 
events (SAE) in LT recipients with recurrent HCV 
infection on SOF-containing regimens. This information 
will help clinicians identify patients at high risk of 
adverse outcomes who may benefit from more 
intensive monitoring during treatment. Although a 
new combination of SOF and ledipasvir (LDV), a NS5A 
inhibitor, was recently approved for patients with 
genotype 1 HCV[21-23], SOF/RBV will continue to be 
used for patients with other genotypes, particularly 
in those regions where newer direct-acting antivirals 
(DAA) may not be readily available.

MATERIALS AND METHODS
Study design and patients
In this observational cohort study, all LT recipients ≥ 
18 years of age initiating HCV treatment with SOF at 
the Mount Sinai Medical Center from December 2013 
to June 30, 2014 were identified by their providers. 
Patients who experienced a SAE and/or a hepatic 
decompensation episode during treatment or up to 
one month following the end of treatment (EOT) 
were chosen for the study. All patients were treated 
with SOF/RBV ± PEG and received at least one dose 
of SOF. Most patients were started on 400 mg of 
SOF and weight-based RBV, with doses ranging from 
200 mg to 400 mg daily or twice per day. PEG was 
added to the regimens of those patients who had HCV 
recurrence after treatment post-LT. In response to 
decreased hemoglobin concentrations, doses of RBV 

were decreased at the discretion of providers. HIV-
positive patients and patients who underwent LT within 
one year of treatment initiation were excluded. Data 
collection included demographics, comorbid conditions, 
baseline and on-treatment laboratory values including 
HCV RNA levels, stage of liver disease, and description 
of decompensation and/or SAE. Cirrhosis was defined 
by any of the following: liver biopsy consistent with 
stage 4 fibrosis; liver biopsy with stage 3 fibrosis 
plus one of the following: platelet count < 140000, 
esophageal varices identified on upper endoscopy, 
imaging study with evidence of cirrhosis and/or portal 
hypertension, history of ascites, or FibroSure test 
equivalent to stage 4. In the absence of a liver biopsy, 
any two of the following indicated cirrhosis: platelet 
count < 140000, esophageal varices identified on 
upper endoscopy, imaging study with evidence of 
cirrhosis and/or portal hypertension, history of ascites, 
or FibroSure test equivalent to stage 4. FIB-4 score 
was used to estimate the degree of liver fibrosis. This 
was calculated as [age (years) × AST (U/L)/[Platelet 
count (109/L) × ALT (U/L)1/2] with a value ≥ 3.25 
signifying F3-F4 fibrosis. Glomerular filtration rates 
were estimated using the CKD-EPI formula. The study 
was conducted in accordance with the Helsinki accord 
and had IRB approval (GCO # 10-0032).

Case: Cases were defined as liver transplant recipients 
with new-onset hepatic decompensation, signified 
by new or increased jaundice (total bilirubin ≥ 4.0 
mg/dL), ascites, encephalopathy, variceal bleeding, 
spontaneous bacterial peritonitis, sepsis, or another 
SAE (FDA definition) while on HCV treatment or during 
the first month after EOT. Those with LT within one 
year prior to initiating SOF-containing regimens were 
excluded from the cohort. 

Control: Controls were those who received LT at 
least one year prior to initiating treatment with SOF-
containing regimens and did not experience a hepatic 
decompensation and/or SAE during treatment or up to 
one month following EOT.

Statistical analysis
Statistical analysis was performed by an experienced 
biostatistician (Kian Bichoupan) at the Icahn School 
of Medicine at Mount Sinai. The incidence of hepatic 
decompensation and SAE was determined using the 
Kaplan-Meier method. While all events experienced 
by the Cases were included in the analysis to identify 
factors associated with decompensation/SAE, only 
the time to the first event was used to calculate 
the incidence. Baseline descriptive variables were 
shown as the median with the interquartile range. 
Student t-test and Man-Whitney U test were used 
to compare categorical and continuous variables of 
Cases and Controls. Exact logistic regression analysis 
was used to identify factors associated with hepatic 
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acute cholangitis (1 case), and worsening ascites 
requiring increased dose of diuretics (1 case). Of the 
13 cases, 10 (77%) completed treatment and 4 (31%) 
had SVR12. Of the 29 Controls, 15 (52%) achieved 
SVR12. In the cohort of 42 patients, SVR12 was 
achieved in 19 (45%).

Table 2 shows the characteristics of Cases and 
Controls. Cases had lower body weight (P = 0.04), 
baseline hemoglobin (P = 0.01) and estimated 
glomerular filtration rate (eGFR) (P = 0.03) than 
Controls. There were no significant differences in age, 
sex, or years since transplant between Cases and 
Controls. There were also no significant differences 
in comorbid conditions (hypertension, diabetes, he-
patocellular carcinoma), FIB-4 scores, treatment 
regimen, genotype, HCV viral load, or markers of liver 
impairment [platelets, aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), albumin, total 
bilirubin, and INR].

Univariable exact logistic regression analysis of factors 
associated with hepatic decompensation/SAE
Exact logistic regression analysis was used to identify 
factors associated with both hepatic decompensation 
and SAE (Table 3). Univariable analysis revealed that 
lower hemoglobin (OR = 0.61 per g/dL, P < 0.01) 
and eGFR (OR = 0.95, P = 0.01) and higher serum 
total bilirubin (OR = 2.43 per mg/dL, P < 0.01) 
were factors potentially associated with both hepatic 
decompensation and SAE. Other markers of liver 
disease severity and hepatic impairment, including 
FIB-4 score, transaminase levels, albumin, and INR, 
were not associated with decompensation and SAE. 
Multivariable analysis was not performed due to the 
small size of the study group.

Sensitivity analysis 
Sensitivity analyses were done to identify variables 
associated with either hepatic decompensation or SAE, 
rather than the composite endpoint. Factors associated 

decompensation and SAE. Variables with P-values of 
less than 0.05 were used in the final model.

RESULTS
Among 57 patients who initiated treatment with a 
SOF-containing regimen during the study period, 12 
were excluded because LT occurred during the prior 
12 mo and 3 were excluded due to HIV co-infection. 
The remaining 42 patients were included in the 
study: 38 (90%) were on SOF/RBV and four (10%) 
were on SOF/PEG/RBV. The cumulative incidence of 
liver decompensation and/or SAE, which occurred in 
13 patients, was 31% (95%CI: 2%-44%) (Figure 
1). Details of the 13 cases, including pre-treatment 
laboratory values, years since LT, description of major 
events, and overall outcome are presented in Table 1. 
Episodes often involved multiple complications. Cases 
had an average of 2.5 separate episodes of hepatic 
decompensation/SAE during the course of treatment. 
The average time from the initiation of treatment to 
the first event of hepatic decompensation/SAE was 4.9 
wk (SD: 3.6 wk, range: 2-15 wk).

The most common SAEs were hospitalization 
(8 patients) and blood transfusion for symptomatic 
anemia (8 patients). Other SAEs that occurred in more 
than 1 patient were failure to thrive, hyperkalemia, 
hyperglycemia, and partial small bowel obstruction. 
Two of the Cases died. One of these patients was 
hospitalized shortly before the end of treatment 
and eventually completed treatment but died as a 
consequence of complications from an intracranial 
hemorrhage. The second patient was hospitalized 
for portosystemic encephalopathy about 1 mo after 
starting treatment and was eventually transitioned to 
palliative care and hospice. 

Hepatic decompensation events included new or 
worsening jaundice (3 cases), portosystemic ence-
phalopathy (2 cases), sepsis (4 cases), spontaneous 
bacterial peritonitis (2 cases), urosepsis (1 Case), 
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Figure 1  Cumulative incidence of hepatic decompensation and/or serious adverse events using the Kaplan-Meier method. The dashed line indicates the time 
at which 24-wk and 48-wk treatment regimens were completed. The dotted line indicates the 4-wk post end of treatment surveillance period.
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those with severe hepatic impairment to 96%-98% 
in those without cirrhosis or those with compensated 
cirrhosis[26]. In December 2014, the all-oral regimen of 
ombitasvir, paritaprevir, ritonavir, and dasabuvir was 
approved for use in genotype 1 chronic HCV infection. 
In a phase 2 study, 34 liver transplant recipients with 
recurrent genotype 1 HCV infection were given a 24 
wk regimen of fixed dose ombitasvir-paritaprevir-
ritonavir with dasabuvir plus low-dose RBV[27]. Thirty-
three patients (97%) achieved SVR12. There were 
no episodes of graft rejection or interaction with 
calcineurin inhibitors, and the rate of SAEs was 6%[27]. 

For HCV genotype 2 or 3 infection in the allograft, 
the standard of care remains SOF/RBV for 24 wk 
in non-LT and post-LT patients, compensated and 
decompensated cirrhotics, and treatment-naïve and 
treatment experienced patients[28]; therefore, RBV 
will continue to be used extensively. Even with the 

approval of LDV/SOF, the combination of SOF/RBV 
will continue to be used internationally across all 
genotypes, particularly in areas where LDV/SOF may 
not be accessible. It is imperative that patients that 
are pre-disposed to complications secondary to RBV 
be closely monitored. These patients should have 
appropriate dose reductions to neutralize the effects 
of RBV. SOF may also be used as salvage therapy 
with simeprevir (SMV) without RBV in those patients 
who relapsed with newer NS5A inhibitors. A recent 
study presented by Hezode et al[29] evaluated the 
effectiveness of retreatment with 12 wk of SOF/SMV 
in patients infected with HCV genotypes 1 and 4 
who relapsed after treatment with daclatasvir-based 
regimens. Of those retreated with SMV/SOF, 13/15 
(87%) achieved SVR 12.

This observational study has significant strengths 
and some limitations. The strengths of this study 
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Table 2  Baseline characteristics of cases and controls

Categorical: n  (%) P  value1

Continuous: median (IQR)

Total Case (n  = 13) Controls (n  = 29)

Demographics and clinical characteristics
Age (yr) 60 (56-65) 64 (56-68) 60 (57-64) 0.97
Gender, female 14 (33)   6 (46) 8 (28) 0.15
Race, black 4 (9) 1 (7) 3 (10) 1.00
Ethnicity, Hispanic   9 (21) 1 (7) 8 (28) 0.23
Weight (lbs) 163 (146-182)    155 (122-168) 170 (147-193) 0.04
BMI (kg/m2)  26.4 (22.6-28.7)     25.6 (21.6-27.8) 26.7 (24.6-29.0) 0.12
Years since Transplant 5.4 (2.1–8.8) 4.98 (1.7-7.5) 5.6 (2.7-8.8) 0.52
Comorbidities
Hepatocellular Carcinoma 16 (38)   5 (38) 11 (38) 1.00
Diabetes 21 (50)   6 (46) 15 (52) 1.00
Hypertension 27 (64)   9 (69) 18 (62) 0.74
Depression   5 (12) 1 (8) 4 (14) 1.00
Liver disease severity
Cirrhosis   8 (19) 3 (23) 5 (17) 0.69
FIB-4 4.81 (3.00-7.02) 6.57 (3.12-8.94) 4.49 (2.78-6.71) 0.24
FIB-4, ≥ 3.25 28 (67) 9 (69) 19 (65) 1.00
Treatment naïve   9 (21) 3 (23)   6 (21) 1.00
Treatment Regimen
SOF/RBV 38 (90) 12 (92) 26 (90) 1.00
SOF/PEG/RBV   4 (10) 1 (8)   3 (10) 1.00
Genotype
1 31 (74)   8 (62) 23 (79) 0.27
2 3 (7)   2 (15) 1 (3) 0.22
3   5 (12)   2 (15)   3 (10) 0.64
4 2 (5) 1 (8) 1 (3) 0.53
Labs
Hemoglobin (g/dL) (Ref: 13.9-16.3 g/dL)    12.7 (10.8-14.2)  11.3 (9.6-12.4)    12.9 (12.2-14.5) 0.01
Platelets (× 103/μL) (Ref: 150-450 × 103/μL) 117 (82-148) 113 (85-138) 121 (81-150) 0.21
HCV viral load (log10) (IU/mL) (Ref: 15-108 IU/mL)     6.53 (6.27-6.72)    6.59 (6.07-6.70)    6.53 (6.32-6.76) 0.81
Serum creatinine (mg/dL) (Ref: 0.70-1.40 mg/dL)     1.44 (1.10-1.72)    1.60 (1.33-1.86)    1.23 (1.04-1.60) 0.06
eGFR (mL/min per 1.73 m2 Albumin, g/dL) 
(Ref: 3.5-4.9 g/dL)

 49 (41-67) 42 (32-49) 56 (44-70) 0.01
  3.8 (3.5-4.1)  3.6 (2.9-3.9)  3.8 (3.6-4.1) 0.23

ALT (U/L) (Ref: 1-53 U/L) 59 (39-82) 43 (33-72) 65 (42-89) 0.15
AST (U/L) (Ref: 1-50 U/L) 62 (49-92) 61 (53-77) 64 (41-93) 0.95
INR  1.0 (1.0-1.2)  1.0 (0.9-1.3)  1.0 (1.0-1.1)  0.852

Total bilirubin (mg/dL) (Ref: 0.1-1.2 mg/dL)  0.7 (0.5-1.1)  0.8 (0.6-2.2)  0.7 (0.5-1.0) 0.10
Alpha fetoprotein (ng/mL) (Ref: 0.0-9.0 ng/mL)  5.0 (3.1-9.2)    5.0 (3.5-12.1)  5.0 (3.0-8.2) 0.40

1Student t test unless noted otherwise; 2Mann-Whitney. BMI: Body mass index; SOF: Sofosbuvir; RBV: Ribavirin; PEG: Pegylated interferon; eGFR: 
Estimated glomerular filtration rate; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; INR: International normalized ratio.
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include the real-world setting and a cohort from a 
single referral center. The real-world setting allows 
us to report experiences with newer HCV regimens 
in clinical practice. Registration trials often include a 
specific patient population that may exclude patients 
with more advanced liver disease, and real-world 
experiences can shed new light on adverse effects 

that may not have been seen in clinical trials. The low 
response rate in this series resulted from the fact that 
most patients were infected with HCV genotype 1. This 
is important given the fact that SOF/RBV will continue 
to be prescribed to patients with HCV genotypes 2 and 
3, despite the introduction of newer DAAs. Although 
we were not able to perform a multivariable analysis, 
our study serves as a platform to further study factors 
associated with decompensation and/or SAE in pa-
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Table 3  Unadjusted logistic regression analysis of factors 
associated with hepatic decompensation/serious adverse 
events

Unadjusted

OR 95%CI P  value

Demographics and clinical 
characteristics
Age (yr) 1.00 0.92-1.09    0.97
Gender, female 2.13 0.47-9.72    0.40
Race, black 0.73 0.01-9.98    1.00
Ethnicity, Hispanic 0.22 0.01-2.07    0.30
Weight (lbs) 0.98 0.95-1.00    0.06
BMI (kg/m2) 0.87 0.73-1.04    0.13
Years since transplant 0.96 0.83-1.10    0.52
Comorbidities
Hepatocellular carcinoma 1.02 0.21-4.78    1.00
Diabetes 0.80 0.17-3.58    1.00
Hypertension 1.40 0.29-7.76    0.91
Depression 0.54 0.01-6.05    1.00
Liver disease severity
Cirrhosis 1.42 0.19-9.49    0.96
FIB-4 1.07 0.95-1.20    0.29
FIB-4, ≥ 3.25 1.17 0.25-6.70    1.00
Treatment naïve 1.14 0.15-6.77    1.00
Treatment Regimen
SOF/RBV REF REF REF
SOF/PEG/RBV 0.86 0.11-3.19    1.00
Genotype
   1 REF REF REF
   2 6.25   0.26-477.66    0.39
   3 1.90 0.13-18.36    0.86
   4 2.75   0.03-228.51    0.95
Labs
Hemoglobin (g/dL) 0.61 0.40-0.88 < 0.01
(Ref: 13.9-16.3 g/dL)
Platelets (× 103/μL) 0.99 0.98-1.00    0.26
(Ref: 150-450 × 103/μL)
HCV viral load [log10 (IU/mL)] 0.90 0.38-2.44    0.82
(Ref: 15-108 IU/mL)
Serum creatinine (mg/dL) 2.27 0.88-8.82    0.09
(Ref: 0.70-1.40 mg/dL)
eGFR (mL/min per 1.73 m2) 0.95 0.90-0.99    0.01
Albumin (g/dL) 0.45 0.13-1.32    0.15
(Ref: 3.5-4.9 g/dL)
ALT (U/L) 0.99 0.97-1.00    0.19
(Ref: 1-53 U/L)
AST (U/L) 1.00 0.99-1.00    0.54
(Ref: 1-50 U/L)
INR 1.27 1.12-1.14    0.22
Total bilirubin (mg/dL) 2.43 1.17-8.65 < 0.01
(Ref: 0.1-1.2 mg/dL)
Alpha fetoprotein (ng/mL) 0.25 0.99-1.11    0.15
(Ref: 0.0-9.0 ng/mL)

BMI: Body mass index; SOF: Sofosbuvir; RBV: Ribavirin; PEG: Pegylated 
interferon; eGFR: Estimated glomerular filtration rate; ALT: Alanine 
aminotransferase; AST: Aspartate aminotransferase; INR: International 
normalized ratio.

Table 4  Unadjusted sensitivity analysis of factors associated 
with serious adverse events

OR 95%CI P  value

Demographics and clinical 
characteristics
Age, yr 0.99 0.91-1.08 0.79
Gender, female 2.73   0.54-18.42 0.28
Race, black 0.44 < 0.01-2.76 0.49
Ethnicity, Hispanic 0.26 < 0.01-2.37 0.39
Weight, lbs 0.97 0.94-0.99 0.02
BMI, kg/m2 0.85 0.69-1.02 0.08
Years since transplant 0.98 0.85-1.12 0.75
Comorbidities
Hepatocellular carcinoma 1.21 0.24-6.04 1.00
Diabetes 1.01 0.22-4.74 1.00
Hypertension 1.15 0.23-6.45 1.00
Depression 0.6 0.01-7.16 1.00
Liver disease severity
Cirrhosis 0.8 0.07-5.68 1.00
FIB-4 1.08 0.94-1.22 0.28
FIB-4, ≥ 3.25 0.99 0.20-5.55 1.00
Treatment naïve 1.33 0.18-8.56 1.00
Treatment Regimen
SOF/RBV REF REF REF
SOF/PEG/RBV 0.91 0.12-3.46 1.00
Genotype
   1 REF REF REF
   2 8.47   0.30-744.15 0.31
   3 2.27 0.16-31.69 0.72
   4 3.03   0.04-256.92 0.90
Labs
Hemoglobin (g/dL) 0.63 0.36-0.95 0.02
(Ref: 13.9-16.3 g/dL)
Platelets (× 103/μL) 0.99 0.98-1.00 0.14
(Ref: 150-450 × 103/μL)
HCV viral load [log10 (IU/mL)] 1.03 0.41-2.60 0.95
(Ref: 15-108 IU/mL)
Serum creatinine (mg/dL) 2.02 0.81-5.91 0.14
(Ref: 0.70-1.40 mg/dL)
eGFR (mL/min per 1.73 m2) 0.95 0.91-0.99 0.03
Albumin (g/dL) 0.76 0.26-2.31 0.63
(Ref: 3.5-4.9 g/dL)
ALT (U/L) 0.99 0.98-1.00 0.43
(Ref: 1-53 U/L)
AST (U/L) 0.99 0.99-1.01 0.78
(Ref: 1-50 U/L)
INR 2.93 0.35-29.0 0.36
Total bilirubin (mg/dL) 1.94 1.05-4.69 0.02
(Ref: 0.1-1.2 mg/dL)
Alpha fetoprotein (ng/mL) 1.04 0.99-1.12 0.16
(Ref: 0.0-9.0 ng/mL)

BMI: Body mass index; SOF: Sofosbuvir; RBV: Ribavirin; PEG: Pegylated 
interferon; eGFR: Estimated glomerular filtration rate; ALT: Alanine 
aminotransferase; AST: Aspartate aminotransferase; INR: International 
normalized ratio.

Patel N et al . Decompensation/SAEs in LT patients on SOF



tients treated with these drugs.
There were several limitations. Several patients 

included in the cohort had episodes of hepatic decom-
pensation within 12 mo prior to initiating treatment, 
making it difficult to infer causality for on-treatment 
decompensation/SAE, as one could argue that on-
treatment episodes could be related to the natural 
progression of liver disease. Another limitation is 

the lack of a true matched control group that did 
not receive HCV treatment, which would be optimal 
in a study design created to investigate treatment-
related complications; however, the patients who are 
not treated differ in comparison to those who are 
treated, particularly in liver disease severity, resulting 
in selection bias. We were limited to 42 patients in 
the cohort. Consequently, multivariable analysis could 
not be performed. We found that lower pre-treatment 
hemoglobin and eGFR and higher total bilirubin may 
be factors associated with decompensation/SAE. 
However, a larger sample size is needed to confirm 
these findings.

In summary, we found that lower pre-treatment 
hemoglobin level and eGFR and higher serum total 
bilirubin may be factors associated with both hepatic 
decompensation and/or SAE. Post-LT patients with 
recurrent HCV infection generally tolerate SOF well. Given 
that all post-LT patients are on immunosuppressant 
medications known to impair renal function and that all 
will likely receive RBV and/or SOF for any recurrence of 
HCV infection in the allograft, it is important that these 
patients are monitored closely for complications. Given 
that 19% of the cohort suffered from RBV-induced 
hemolytic anemia, management of anemia remains 
an important clinical challenge. Further studies with 
larger sample sizes need to be undertaken to confirm 
our findings and determine independent risk factors for 
decompensation/SAE. 

ACKNOWLEDGMENTS
The authors would like to thank all of the patients and 
their providers who participated in this study, as well 
as all of the authors for their contributions to the final 
version of the manuscript.

COMMENTS
Background
Following liver transplantation of hepatitis C virus (HCV) infected patients, 
recurrent infection is nearly universal. More effective and less toxic regimens 
are now available. To improve their safe utilization, this study aimed to identify 
factors associated with hepatic decompensation and/or other serious adverse 
events in liver transplant recipients on Sofosbuvir-based regimens for recurrent 
HCV infection in a real-world setting.

Research frontiers
Interferon and ribavirin were the standard of care for the treatment of HCV 
for many years. With the advent of new direct acting antiviral (DAA) agents 
for HCV, there is a changing landscape in the management of HCV infection. 
Boceprevir and telaprevir, inhibitors of the HCV serine protease NS3/4A, were 
the first generation of DAAs approved by the United States Food and Drug 
Administration. Newer DAAs include sofosbuvir, a NS5B polymerase inhibitor, 
and simeprevir, a second phase NS3/4A protease inhibitor. These drugs may be 
used in combination with ribavirin and do not require the addition of interferon, 
and thus have less toxicity. By studying these drugs in a real-world setting, 
we can give providers more information on the safety profile. This in turn can 
influence individualization of HCV treatment regimens and closer monitoring in 
higher risk patients.
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Table 5  Unadjusted sensitivity analysis for factors associated 
with hepatic decompensation

OR 95%CI P  value

Demographics and clinical 
characteristics
Age (yr) 1.03 0.92-1.16    0.67
Gender, female 2.23   0.26-19.54    0.63
Race, black 2.2   0.04-35.75    0.94
Ethnicity, Hispanic 0.39 < 0.01-2.30    0.41
Weight (lbs) 0.99 0.96-1.02    0.37
BMI (kg/m2) 0.94 0.75-1.16    0.61
Years since Transplant 0.96 0.79-1.15    0.63
Comorbidities
Hepatocellular Carcinoma 0.28 0.01-2.94    0.49
Diabetes 2.21   0.28-27.69    0.66
Hypertension 3.22     0.30-173.80    0.57
Depression 0.86 < 0.01-5.35    0.90
Liver disease severity
Cirrhosis 5.41 0.61-56.98    0.14
FIB-4 1.11 0.94-1.31    0.24
FIB-4, ≥ 3.25 2.81 0.26-151.24    0.67
Treatment naïve 4.85 0.50-58.79    0.21
Treatment Regimen
SOF/RBV REF REF REF
SOF/PEG/RBV < 0.01 < 0.01-> 99.99    0.97
Genotype
   1 REF REF REF
   2 4.67 0.32-68.03    0.26
   3 2.33 0.19-28.25    0.51
   4 9.33   0.46-190.63    0.15
Labs
Hemoglobin (g/dL) 0.17 0.04-0.75    0.02
(Ref: 13.9-16.3 g/dL)
Platelets (× 103/μL) 0.99 0.97-1.01    0.29
(Ref: 150-450 × 103/μL)
HCV viral load [log10 (IU/mL)] 0.79 0.29-2.18    0.65
(Ref: 15-108 IU/mL)
Serum creatinine (mg/dL) 3.12 0.99-9.77    0.05
(Ref: 0.70-1.40 mg/dL)
eGFR (mL/min per 1.73 m2) 0.92 0.86-0.99    0.02
Albumin (g/dL) 0.13 0.02-0.58 < 0.01
(Ref: 3.5-4.9 g/dL)
ALT (U/L) 0.96 0.90-0.99    0.03
(Ref: 1-53 U/L)
AST (U/L) 0.99 0.98-1.01    0.70
(Ref: 1-50 U/L)
INR 1.59 1.09-2.97 < 0.01
Total bilirubin (mg/dL) 5.65   0.99-32.34    0.05
(Ref: 0.1-1.2 mg/dL)
Alpha fetoprotein (ng/mL) 1.03 0.98-1.08    0.27
(Ref: 0.0-9.0 ng/mL)

BMI: Body mass index; SOF: Sofosbuvir; RBV: Ribavirin; PEG: Pegylated 
interferon; eGFR: Estimated glomerular filtration rate; ALT: Alanine 
aminotransferase; AST: Aspartate aminotransferase; INR: International 
normalized ratio.
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Innovations and breakthroughs
While sofosbuvir has shown remarkable efficacy, the full safety profile in a real-
world setting is limited. Sofosbuvir in combination with ribavirin will continue 
to be used in HCV genotypes 2 and 3 in the post-LT population and in areas 
where 3rd generation DAAs are not available. Awareness of effects not seen in 
earlier trials may allow safer and more effective use of these medications.

Applications
This study identified low baseline hemoglobin and estimated glomerular 
filtration rate, and high serum total bilirubin as potential risk factors for 
hepatic decompensation and serious adverse events in post-LT patients on 
sofosbuvir-based regimens for recurrent HCV. Given that transplant patients 
are on immunosuppressive therapy that impairs renal function, careful dose 
adjustments and monitoring are necessary for those on medications that are 
renally metabolized. The high incidence of anemia requiring transfusion can 
be explained by an increased concentration of ribavirin metabolites due to 
decreased renal clearance.

Terminology
Hepatitis C is an infectious disease caused by the HCV, an infectious 
agent that primarily infects cells of the liver. Direct-acting antiviral drugs 
are medications that target specific areas of the HCV in order to prevent 
the virus from duplicating. Sustained virologic response is defined as the 
absence of detectable HCV RNA in blood 12 wk after the end of treatment. 
Hepatic decompensation is indicated by new or increased jaundice, ascites, 
encephalopathy, variceal bleeding, or sepsis. Serious adverse events, defined 
by the Food and Drug Administration, include those causing any death, 
hospitalization, significant or permanent disability, or an intervention to prevent 
permanent impairment or damage.

Peer-review
This manuscript “Hepatic decompensation/serious adverse events in post-liver 
transplantation recipients on sofosbuvir for recurrent HCV” is very interesting.
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