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Abstract
Goals—To determine the efficacy and safety of combination therapy in patients with hepatitis C
virus (HCV) and end-stage renal disease (ESRD).

Background—There is little data on the treatment of ESRD patients with pegylated interferon
and ribavirin. We designed a pilot study to determine the initial and 12-week posttreatment viral
response.

Study—A nonrandomized, prospective observational study of adjusted-dose combination
therapy. Twenty patients were enrolled and began pegylated interferon at 135 μg/wk SC, and 4
weeks later ribavirin was started at 200 mg PO weekly, increasing gradually to 3 times a week for
a total of 48 weeks.

Results—Twenty patients: M:F 18:2; mean age 52.4 years; genotype 1: 18, non-genotype 1: 2.
Of the 20 patients, 5 withdrew before starting treatment. Of the 11 patients who reached 3 months,
6 had early virologic response, defined as at least a 2-log drop in their HCV count (54.5%). Of the
5 patients who were treated for 1-year, only 1 patient had a response 12 weeks after treatment.
Side effects included 4 cases of anemia and 1 patient with headache.

Conclusions—The initial response rate in individuals taking 3 months of treatment in our study
is comparable with studies in non-ESRD patients with no serious adverse side effects. However,
the sustained posttreatment rate was low. This demonstrates that combination therapy is a safe
therapeutic option in the ESRD population with HCV infection which needs further testing to
determine if increasing the length of treatment and/or the dose of ribavirin will affect
posttreatment rates.
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Approximately 250,000 individuals in the United States have end-stage renal disease
(ESRD), and the most common etiologies for this are hypertension and diabetes. The
majority of these patients are dependent on hemodialysis (HD) and require this 2 to 3 times
per-week. Patients with ESRD without other significant comorbidity are candidates for renal
transplantation (RT), with approximately 15,000 such transplants being performed
nationally every year. Patient survival is approximately 98% to 100% at 1 year
posttransplant and 85% to 90% 5 years posttransplant.

Patients with ESRD have a high prevalence of infection with hepatitis C. Transmission of
hepatitis C virus (HCV) in the HD population is thought to be via nosocomal routes, and
there is a positive association between duration of HD and HCV seroprevalance, as well as
prevalence of HCV in the general population and incidence of HCV seropositivity in HD
units.1,2 Recent data, however, suggest that HCV infection is often acquired before
developing ESRD.3 Also, HCV is known to be an independent risk factor for progression of
renal disease in diabetic patients.4 Internationally reported prevalence rates of HCV
infection in ESRD patients have ranged widely from 3% to 80%, with data from the Center
of Diseases Control (CDC) estimating the prevalence at 8.5%.5,6 This may be an
underestimation as the false negative rate for second generation enzyme-linked
immunosorbent assays was approximately 2.6%.7 Using the conservative CDC estimate, the
number of patients with ESRD and hepatitis C infection is approximately 22,000.

Histologic assessment of the severity of liver disease also corroborates the impression that
HCV is a cause of significant morbidity and mortality in the ESRD population. Anti-HCV
positivity was independently associated with death (relative risk: 1.57, 95% confidence
interval: 1.23-2.00).8 Mild-to-moderate necroinflammatory activity is present in almost all
patients studied. The incidence of bridging fibrosis or cirrhosis has ranged between 22% and
32%.9 The low serum aminotransferases in the ESRD population is well recognized, but still
contributes to the false impression of a subclinical course of HCV infection in the ESRD
population.1

Patients with ESRD and HCV should ideally be treated early as post-RT HCV titers increase
by 1 to 2 log compared with pretransplant levels.5 Histologic progression has also been
documented in HCV-infected patients post-RT.10 A prospective study of histologic
progression comparing liver histology at a mean of 45 and 81 months post-RT demonstrated
significant progression in 36% of patients.11 HCV infection has been identified as an
independent risk factor for new-onset diabetes mellitus post-RT.12 Also, due to the high risk
of rejection of the transplanted kidney it is not possible to treat with interferon after RT.
Long-term survival analysis is available only from retrospective studies, but this does
demonstrate a significantly reduced patient survival at 10 years or longer time points after
transplantation as compared with non–HCV-infected patients.13–15

Trials of interferon-α monotherapy in ESRD patients have been published,16 but there are
few reports of combined pegylated interferon and ribavirin therapy in these patients.
Previous trials to treat these patients using interferon-α and ribavirin were aborted due to
high incidence of hemolysis.17 A comprehensive review of the literature revealed a few
recently published studies with promising results.18,19 Bruchfeld et al18 had 6 patients in
their study and Mousa et al19 had a total of 20 treated patients. There have been no large-
scale trials regarding combination therapy in ESRD patients.

Sustained virologic response rates in the ESRD patients treated with monotherapy have
ranged between 19% and 64%.5 A recent study performed in a non-North American
population (with predominantly HCV genotype 4) using combination interferon-α and low-
dose ribavirin showed a sustained viral response rate of 50%.19 As interferon-α
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monotherapy is clearly inferior to pegylated interferon-α monotherapy and to combination
therapy with pegylated interferon-α and ribavirin, there is an urgent need to bring the
management of ESRD with hepatitis C infection up to date with current management of the
general population with HCV infection.

MATERIALS AND METHODS
Study Design

This is a prospective nonrandomized trial of pegylated interferon α-2a and adjusted-dose
ribavirin combination therapy for ESRD patients chronically infected with hepatitis C.
Informed consent was obtained from all participating subjects. Twenty patients were
recruited in the Section of Digestive Diseases at Yale University, and the guidelines for
human-experimentation of the US Department of Health and Human Services, Roche
pharmaceuticals, as well as the Yale University Human Investigation Committee were
thoroughly adhered to.

Eligibility Criteria
Inclusion and exclusion criteria were defined as in Table 1. After meeting the criteria,
patients underwent screening procedures including history and physical examination, liver
function tests and chem-7, HCV titer, HCV genotype, electrocardiogram, liver imaging
(ultrasound, computed tomography, or magnetic resonance imaging), iron studies,
autoantibodies, cryoglobulins, haptoglobin, lactate dehydrogenase (LDH), and serum
electrophoresis if not performed in the last 6 months. A transjugular liver biopsy was
obtained and read by a single pathologist who was blinded to the clinical data.

Study Treatment
Eligible patients were started on pegylated interferon-α2a (Roche-Nutley, NJ) administered
once weekly by SC injection at a dose of 135 μg (Fig. 1). Pegylated interferon is an ideal
choice for use in the ESRD population because detailed pharmokinetic data are available for
this molecule from patients undergoing HD.20 Four weeks after starting pegylated
interferon-α2a, all patients were started on ribavirin 200 mg PO once a week. At week 6 this
was increased to 200 mg twice a week and at week 8 to 200 mg 3 times a week. This
became the maximum dose and provided an average of 85 mg a day. This is significantly
below 175 to 300 mg a day that has been used without complications in a similar ESRD
population.21 Subjects were then treated for 48 weeks. Patients having side effects from
ribavirin discontinued the medication and restarted when their hemoglobin (Hgb) returned to
above 10 mg/dL.

Study Evaluations
Patients were tested for adverse events using clinical visits and laboratory tests as described
at regular intervals. These tests included HCV titer, complete blood count, haptoglobin and
LDH, and liver function tests. If the patient did not have a scheduled visit, these results were
obtained from their respective dialysis centers and/or primary care physicians.

RESULTS
Study Subjects

Twenty patients were enrolled in the study from September 2003 to December 2004 at the
Yale New Haven Hospital. The distribution of age, sex, race, liver pathology, renal etiology,
type of dialysis, and HCV genotype are shown in Table 2. Of note are the distributions of
the sex (90% male) and HCV genotype (90% type 1).
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Study Disposition
Of the 20 subjects enrolled, 11 reached the 3-month time period. Five from the initial 20
withdrew from the study before starting treatment. Four of the 15 patients who started
medications discontinued before 3 months of treatment; 1 for moderate fatigue (no. 2), 1 for
recurrence of a previous condition of hematuria (no. 19), 1 for pending operation on
peritoneal dialysis site and not wanting to continue (no. 18), and 1 patient had difficulty
tolerating pegylated interferon without meeting protocol criteria for discontinuation (no. 17).

One patient (no. 15) did not start ribavirin at any time due to patient's concern for anemia.
Only 1 patient (no. 11) after reaching the 3-month time point became noncompliant with his
medications. A simplified flow sheet describes the outcomes of the 20 patients who enrolled
in Figure 2.

Adverse Events
Malaise/fatigue was present in all patients to some degree and was typically worse for the
first 3 to 4 weeks. This resulted in discontinuation of treatment for 1 patient. One patient
complained of mild headaches that did not require stopping treatment. There were minimal
arthralgias and myalgias, no reported depression, and no leukocytopenia.

Anemia was the most serious side effect associated with treatment. Although all patients had
increased erythropoietin doses, there were 3 subjects whose Hgb dropped below 9 g/dL. One
patient had to delay increasing ribavirin until their Hgb stabilized. One patient had to
discontinue ribavirin until Hgb reached 10.5 g/dL. One patient preferred to discontinue all
medications until anemia resolved and later decided not to continue treatment. It is
important to note that none of the cases of anemia were associated with any hemolysis as
demonstrated by normal LDH levels.

Virologic Responses
Of the 11 patients who reached the 3-month time point, 5 were determined to be
nonresponders defined as having less than a 2-log drop in HCV titer levels (Table 3). Two of
the nonresponders decided to continue therapy for 3 more months to assess a possible late
response. Of these two, one patient (no. 12) did have a later significant drop in HCV titer
and continued therapy for 1 year; whereas, the other patient (no. 5) discontinued his
medication.

A rapid viral response, a 4-week significant result (greater than a 2-log drop in HCV titer
levels) was seen in 2/11 patients. At the 3-month assessment, 6/11 patients (54.5%) had a
significant drop in their HCV levels. These patients continued on 1 year of therapy. One of
these patients (no. 11) was lost to follow-up and stopped taking medication for no stated
reason. His HCV titer rebounded, and although he restarted his medication, there was no
response after 3 months after reinitiating his treatment.

Patient (no. 18) discontinued medications at 3 weeks because he required surgery on his
dialysis site and decided not to continue his treatment postsurgery. He did however have a
biologic response at week 3 into therapy.

Overall, out of the 15 patients who began treatment, 8 (53.3%) had a significant drop in their
HCV levels at some point during treatment. This offset by the fact that only 1 patient had a
posttreatment response (6.7% of those who began treatment). The results are detailed in
Table 3.

Five patients reached the 48-week time point for evaluation and were taken off medication
to assess the 12-week posttreatment response. Of these patients, 2 were HCV genotype 2.
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One patient (no. 15) with type 2 did not take ribavirin during the study because of his
concerns for anemia, and his HCV levels rebounded. The other patient (no. 3) had a
sustained response at 12 weeks posttreatment (68 wk total).

From the 4 genotype 1 patients who took medications for 48 weeks, 1 (no. 7) died of
nonrelated causes before reaching the 12-week posttreatment assessment. The other 3 had
rebounding of their HCV titers. Thus in our study, only 1/15 (6.7%) patients who began
treatment, or 1/5 patients (20%) who reached the 1-year time point had a sustained response
at 12 weeks posttreatment. This is significantly lower than recently published reports on
sustained viral responses (34%) using only interferon-α therapy.22

DISCUSSION
This pilot study found that the treatment of patients having ESRD and HCV infection with
low-dose pegylated interferon and ribavirin is a safe therapeutic option. There was a
discontinuation rate of 20% of all patients (26.7% of patients who started) before week 20.
Only 1 patient stopped medication after the 3-month assessment, and this was not due to
side effects. He later resumed treatment but was unresponsive to the second round. Of those
who discontinued, only 1 patient stated withdrawing due to side effects of the medication,
and the others had nonmedical reasons.

From the subjects who began treatment, our study found a high rate of initial response to
therapy (53.3%). The lack of an adequate 12-week posttreatment response in our patient
population (6.7%) is disappointing. The patient who did respond was also type 2 HCV,
which is known to be more amiable to treatment. The low response may be due to the
suboptimal levels of ribavirin in the serum of our patients due to either noncompliance or
inadequate dosing.

Another possibility of the lack of long-term efficacy could be due to these patients’
comorbid diseases, and thus they will need to be treated longer than the standard 48-week
protocol to have a sustained response. This is further highlighted by recent studies which
document patients with type 1 HCV benefiting from longer treatment.23,24

Another interesting aspect of our study is the observed need of 100% of subjects requiring
an increase in their dose of erythropoietin, which would suggest that patients beginning
therapy should have an automatic increase.

Our study has several important limitations. The sample size was relatively small (15
patients initiating treatment). We used an adjusted-dose protocol that is lower than published
uses in this population. Serum ribavirin levels have not been assessed and could be
suboptimal. A repeat liver biopsy was not performed to determine effects of treatment on
necroinflammation and fibrosis. HCV titers have not been assessed 1 year after patient
undergoing RT to see if treatment had an effect on the 2-log increase in HCV levels between
pretransplantation and posttransplantation. The difference between our results and the
recently published data could be resolved by comparing ribavirin levels and thus adding to
the optimal treatment regimen for these complicated patients.

In summary, the treatment of patients having ESRD and HCV with low-dose pegylated
interferon and ribavirin is safe and associated with minimal side effects and low rates of
discontinuation. Although the initial response was adequate, the lack of a significant
sustained response at 12 weeks posttreatment would suggest that the study be repeated with
greater numbers, a potentially higher dose of ribavirin, and increasing the length of
treatment. Patients will also need to be antecedently dosed with higher levels of
erythropoietin.
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FIGURE 1.
Study timeline.
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FIGURE 2.
Patient flow sheet.
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TABLE 1

Inclusion/Exclusion Criteria

Inclusion criteria

    Age 18 y or above

    Male or female

    Presence of hepatitis C virus (HCV) RNA (with or without anti-HCV) in serum

    Any genotype of HCV

    Any serum alanine (ALT) or aspartate (AST) aminotransferase

    Must be able to provide written informed consent

    No hemolysis at baseline based on serum haptoglobin and LDH

    ESRD as defined by requiring dialysis

Exclusion criteria

    Decompensated liver disease, as marked by bilirubin > 4 mg/dL, albumin < 3.0 g/dL, prothrombin time > 2 s prolonged, or history of
bleeding esophageal varices, ascites, or hepatic encephalopathy

    Significant systemic or major illnesses other than renal failure including active cardiac disease, reversible defects on cardiac imaging, organ
transplantation, serious psychiatric disease or depression, human immunodeficiency virus (HIV) infection, and angina pectoris will be excluded

    Immunosuppressive therapy with either corticosteroids or major immunosuppressive agents

    Patients with active excessive alcohol intake (> 50 g/d)

    Evidence of another form of liver disease in addition to viral hepatitis (eg, autoimmune liver disease, Wilson disease, alcoholic liver disease,
hemochromatosis, α-1-antitrypsin deficiency)

    Evidence of hepatocellular carcinoma; either alphafetoprotein (AFP) levels > 50 ng/mL and/or ultrasound (or other imaging study)
demonstrating a mass suggestive of liver cancer will be excluded

    Use of antiviral therapy within the last 6 mo

    Evidence of coronary artery disease or cerebral vascular disease, including abnormalities on exercise stress testing in patients with defined
risk factors who will be screened for evidence of underlying coronary artery disease

    Patients with active, serious autoimmune disease such as lupus erythematosis, ulcerative colitis, Crohn's disease, or rheumatoid arthritis that
in the opinion of the investigators might be exacerbated by therapy with α interferon will be excluded

    Patients enrolled in other therapeutic trials

    Pregnancy will be a contraindication. All females will have a urine pregnancy test and before starting ribavirin, and all sexually active
patients will have to use 2 forms of contraception to ensure pregnancy does not occur

    Any medical condition or medication, which increases the likelihood of hemolysis

    Anemia with a hemoglobin below 9.5 g/dL of any etiology

J Clin Gastroenterol. Author manuscript; available in PMC 2013 July 19.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hakim et al. Page 11

TABLE 2

Patient Demographics

Age

    Mean 52.1

    SD 7.8

Sex

    Male 18

    Female 2

Dialysis

    Peritoneal 4

    Hemo 16

Race

    Black 15

    Hispanic 2

    White 3

Liver path

    Stage I 4

    Stage II 8

    Stages II-III 2

    Stage III 6

Renal etiology

    HTN 9

    DM 1

    Both 7

    Other 3

Hepatitis C virus genotype

    1 (no subtype) 7

    Type 1a 1

    Type 1b 10

    Type 2 2

DM indicates diabetes mellitus; HTN, hypertension.
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