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Hepatitis C and Renal Disease: An Update

Catherine M. Meyers, MD, Leonard B. Seeff, MD, Catherine O. Stehman-Breen, MD, MS,
and Jay H. Hoofnagle, MD

Hepatitis C is both a cause and a complication of chronic renal disease. Chronic infection with hepatitis C virus
HCV) can lead to the immune complex syndromes of cryoglobulinemia and membranoproliferative glomerulone-
hritis (MPGN). The pathogenetic mechanisms for these conditions have not been defined, although they are clearly
aused by the chronic viral infection. Management of HCV-related cryoglobulinemia and MPGN is difficult; antiviral
herapy is effective in clearing HCV infection in a proportion of patients, but these conditions can be severe and
esistant to antiviral therapy. Hepatitis C also is a complicating factor among patients with end-stage renal disease
nd renal transplants. The source of HCV infection in these patients can be nosocomial. Screening and careful
ttention to infection control precautions are mandatory for dialysis units to prevent the spread of hepatitis C.
revention of spread is particularly important in these patients because HCV infection is associated with significant
orsening of survival on dialysis therapy, as well as after kidney transplantation. Furthermore, therapy for hepatitis
is problematic, only partially effective, and associated with significant side effects in this population. There are

ignificant needs in both basic and clinical research in the pathogenesis, natural history, prevention, and therapy
or hepatitis C in patients with renal disease. Am J Kidney Dis 42:631-657.
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OTH HEPATITIS C and chronic renal dis-
ease are common and potentially serious

edical problems in the United States and
hroughout the world. In recent years, it has
ecome clear that these 2 conditions are linked in
everal important ways. Some forms of renal
isease are precipitated by hepatitis C virus
HCV) infection. In addition, persons with renal
isease are at increased risk for acquiring HCV
ecause of their frequent exposure to blood from
ransfusions or exposure to HCV-contaminated
edical equipment during hemodialysis or at the

ime of renal transplantation.
Despite these known associations, the role

f hepatitis C in the course, morbidity, and mor-
ality of renal disease is not well established
nd often not considered in the care of persons
ith kidney disease. Furthermore, advances in
nowledge about hepatitis C have not been
pplied fully to cohorts of patients with renal
isease.
The critical need for more information on the

athogenesis, natural history, control, and treat-
ent of hepatitis C in persons with renal disease
as highlighted at The National Institutes of
ealth Consensus Development Conference on
anagement of Hepatitis C, held in June 2002.

n response to these needs, the Division of Kid-
ey, Urologic and Hematologic Diseases and the
merican Journal of Kidney Diseases, Vol 42, No 4 (October), 200
he National Institute of Diabetes and Digestive
nd Kidney Diseases (NIDDK) organized a 2-day
esearch workshop on hepatitis C and renal dis-
ase, focusing on outlining current knowledge
nd defining needs for future research. The
eeting summarized information on hepatitis
in the general population and addressed the

roblems of hepatitis C in the end-stage renal
isease (ESRD) population, concerns regard-
ng dialysis patients, potential therapeutic op-
ions, and renal transplantation in HCV-infected
atients.
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HCV

Dr Marian Major, Center for Biologics
Evaluation and Research, US Food and Drug
Administration, Rockville, MD

HCV is a small double-shelled virus consist-
ing of a lipid envelope (E) with virally encoded
glycoproteins (E1 and E2) and an inner nucleo-
capsid (core) that contains a positive-sense single-
stranded RNA genome consisting of 9,500 nucle-
otides.1 HCV has well-defined structural (core,
E1, and E2) and nonstructural ([NS]; P7, NS2,
NS3, NS4A, NS4B, NS5A, and NS5B) compo-
nents. The nonstructural proteins encode several
proteases, a virus-specific helicase, and an RNA-
dependent RNA polymerase responsible for rep-
lication of the genome. HCV isolates are classi-
fied into 6 distinct clades (genotypes 1 to 6)
based on sequence homology. The virus circu-
lates in serum as quasispecies with wide genomic
variation, particularly in the envelope proteins
E1 and E2.

HCV does not replicate in cell culture, but
mammalian cell expression systems have been
developed for the in vitro study of viral replica-
tion. Most helpful has been a subgenomic repli-
con system that allows assessment of replication
and screening of antiviral agents.2,3 This system
does not support full viral production and there-
fore cannot assess transmission and protective
immunity, elements critical to vaccine develop-
ment. Because there are no reliable small-animal
models for HCV, studies of infectivity have re-
lied on the chimpanzee, the only reliable animal
model for HCV infection and disease.

Exposure of chimpanzees to infectious in-
ocula is followed by the appearance of HCV
RNA in serum within 1 to 2 weeks.4 Viral levels
increase rapidly and serum alanine aminotransfer-
ase (ALT) values generally become abnormal as
HCV levels peak 4 to 8 weeks after exposure.
Antibody to HCV (anti-HCV) arises late, and the
initial antibody response is targeted mostly against
HCV core, NS3, and NS4 proteins; low levels of
anti-E1 and anti-E2 generally arise later. Recov-
ery is marked by loss of HCV RNA and resolu-
tion of disease activity, whereas chronicity is
marked by persistence of viremia. The immuno-
logic basis for viral clearance and immunity in
hepatitis C has yet to be fully defined.1 Studies in
chimpanzees and limited data in humans indicate

that immunity from reinfection in hepatitis C is
not absolute. Reinfection occurs with different
HCV genotypes, the previously infected strain,
or the same quasispecies. Anti-HCV, including
anti-E1 and anti-E2, is only weakly protective,
and the presence of anti-E1/E2 correlates poorly
with recovery and immunity. To date, candidate
vaccines using recombinant E1 and E2 have
provided only partial immunity to reinfection
and disease.5 Perhaps more critical are the cellu-
lar immune responses to HCV during infection.4

Recovery from infection has correlated best with
an early, vigorous, and broadly based CD4� and
CD8� immune response against HCV peptides.
Accordingly, approaches to stimulate CD4� and
CD8� responses are attractive avenues to the
development of effective HCV vaccines. Thus,
for the near future, approaches to control this
disease will have to depend on public health
measures, rather than a specific HCV vaccine.

NATURAL HISTORY AND COURSE OF
HEPATITIS C

Dr Leonard Seeff, Division of Digestive
Diseases and Nutrition, NIDDK, Bethesda, MD

Acute hepatitis C is often mild and associated
with few, if any, symptoms. Fulminant or severe
cases are rare. The major complication of acute
HCV infection is chronic hepatitis, which occurs
in up to 70% of cases. Neither clinical, labora-
tory, nor serological features of acute infection
predict whether infection will resolve or persist.6

The overall chronicity rate of hepatitis C is
70%, but lower rates have been reported in
specific cohorts.7,8 In children and young healthy
women, chronicity rates have been only 50% to
60%,9-11 whereas in older individuals and Afri-
can Americans, rates are higher. Two studies
have shown chronicity rates greater than 90% in
African-American men.7,12 In addition, acute ic-
teric hepatitis C is associated with a lower rate of
chronicity than anicteric asymptomatic dis-
ease.6,11 Defining chronicity also can be problem-
atic. During the acute illness, HCV RNA levels
fluctuate, and some patients are intermittently
negative by current assays despite ultimately
developing chronic disease with high viral lev-
els.12 At present, continued presence of HCV
RNA for 6 months after (estimated) onset defines
chronic infection; and subsequent spontaneous
loss of virus is unusual.
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The natural history of chronic hepatitis C has
been the subject of many studies, but remains
only partially defined.6 The initial onset of acute
infection often is not recognized. Evolution from
acute to chronic hepatitis ensues without clinical
symptoms, and chronic hepatitis continues for
decades before clinically apparent end-stage liver
disease emerges, if it does at all.12,13 The major
long-term complication of chronic hepatitis C is
hepatic fibrosis, which can eventuate in cirrhosis,
portal hypertension, and hepatic failure. Patients
with cirrhosis also are at high risk for hepatocel-
lular carcinoma.

Three strategies have been used to define the
natural history of hepatitis C and quantify risks
for morbidity and mortality: (1) retrospective,
(2) prospective, and (3) combination retrospec-
tive/prospective (nonconcurrent prospective)
studies.6 Retrospective studies have suggested
that severe consequences can emerge in a high
proportion of patients. These studies usually origi-
nate from tertiary care centers and may have
referral bias, but suggest that 17% to 55% (mean,
42%) of patients develop cirrhosis within 20
years of the estimated onset of infection.14,15

Conversely, prospective studies reported detec-
tion of cirrhosis by the 20-year mark in only 7%
to 16% (mean, 11%) of HCV-infected individu-
als.6,8,13 Finally, retrospective/prospective stud-
ies, which require the ability to identify and
recall patients who were involved in a defined
outbreak of hepatitis C in the past have identified
cirrhosis in only 0.3% to 4% (mean, 2.1%) of
patients.9-11,16 These natural history studies were
based largely on patients infected as children or
young adults; a similar study that enrolled older
people (age � 50 years) infected by blood trans-
fusion reported cirrhosis in 15% within 20 years
of onset.8

Thus, the development of cirrhosis in pub-
lished studies has ranged from 2% to 42%.
Combined data suggest that progression of dis-
ease is uncommon and slow in children and
young adults, but more rapid in older individu-
als. These studies have not yet extended beyond
the first 2 decades after infection; thus, informa-
tion regarding lifelong morbidity and mortality is
not known other than through modeling.15 Mod-
eling has been based on the assumption that
fibrosis progresses in a linear fashion throughout
life, but it is possible that the process may

increase exponentially as aging advances or, con-
versely, that it may plateau and not advance at
all.

Several factors correlate with a greater rate of
fibrosis progression.6,15 Viral factors, such as
HCV RNA level, viral genotype, or quasispecies
diversity, do not appear to be important. Con-
versely, several host factors are important, includ-
ing older age, older age at onset of infection,
male sex, white race, coinfection with human
immunodeficiency virus (HIV) or hepatitis B
virus (HBV), and other comorbid conditions,
such as hemochromatosis, nonalcoholic steato-
hepatitis, obesity, and diabetes. Among environ-
mental factors, chronic alcoholism undoubtedly
contributes to progression of liver disease, but
the lowest level of alcohol intake that accelerates
progression has not been defined. How chronic
renal disease and its complications, manage-
ment, and therapy affect the natural history of
hepatitis C is now the focus of several retrospec-
tive and prospective studies.

THERAPY FOR HEPATITIS C

Dr Charles Howell, University of Maryland,
Baltimore, MD

Interferon alfa was first shown to have activity
against chronic hepatitis C in the mid-1980s, and
by 1991, it was licensed for use in this disease.17

The basis for approval was the demonstration
that a 24- to 48-week course of interferon could
lead to a sustained loss of HCV RNA, normaliza-
tion of ALT levels, and resolution of the liver
disease. Early studies provided the definition of a
sustained response as the absence of detectable
HCV RNA at least 6 months after stopping
therapy. Long-term follow up of patients who
achieved a sustained virological response (SVR)
indicated that more than 95% continued to have
undetectable HCV RNA, normal ALT levels, and
improved liver histological characteristics, which
in some cases returned to normal.18,19

Unfortunately, the SVR rate to monotherapy
with interferon alfa was poor, with rates of only
6% to 12% after a 24-week course and 12% to
20% after a 48-week course of treatment. A
major advance in therapy came with the addition
of ribavirin to interferon therapy, which led to
increases in SVR rates to as high as 38% to
43%.20,21 In post hoc analyses, genotype was the
strongest predictive factor; responses were only
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28% to 31% in patients with genotype 1 com-
pared with 64% to 66% in those with genotypes
2 and 3. Furthermore, patients with genotypes 2
and 3 responded equally well to 24- and 48-week
courses of combination therapy.20,21

A more recent advance in therapy for hepatitis
C was the introduction of pegylated forms of
interferon (peginterferon). Pegylation refers to
the covalent attachment of a large inert molecule
of polyethylene glycol (PEG) to a protein to
yield a molecule that retains biological activity,
but has delayed absorption and clearance, allow-
ing for weekly rather than daily or thrice-weekly
administration.22 Delayed clearance also led to
greater, more potent, and longer lasting antiviral
effects. Two forms of peginterferon have been
developed: peginterferon alfa-2a (Pegasys; Hoff-
mann-LaRoche, Nutley, NJ), which has a 40-kd
branched PEG moiety, and peginterferon alfa-2b,
which contains a small, linear, 12-kd molecule of
PEG (PegIntron; Schering Plough Corp, Ken-
ilworth, NJ).

SVR rates from 3 large, randomized, con-
trolled trials of peginterferon monotherapy are
shown in Fig 1.23-25 All patients received 48
weeks of therapy with peginterferon alfa-2a (135
or 180 �g/wk), peginterferon alfa-2b (1.0 or 1.5
�g/kg/wk), or standard interferon alfa-2a or
alfa-2b (3 million units [MU] thrice weekly). All
3 studies showed the superiority of peginterfer-
ons, with response rates 2 to 3 times greater than
with standard interferons.

More recently, the combination of peginter-

feron and ribavirin has been compared with both
peginterferon monotherapy and combination
therapy using standard interferon (Fig 2). Over-
all response rates to a 48-week course of combi-
nation therapy were 54% using peginterferon
alfa-2b and 56% using peginterferon alfa-2a com-
pared with 47% and 44% using standard inter-
feron and ribavirin.26,27 SVR rates to peginter-
feron combination therapy correlated with
genotype; SVR rates were 76% to 82% in pa-
tients with non-1 genotypes and only 42% to
46% in those with genotype 1. Patient age, body
weight, HCV RNA level, and degree of fibrosis
correlated with response rate, but to a lesser
extent than genotype.

A recent study compared response rates to
peginterferon combination therapy using differ-
ent doses of ribavirin (800 versus 1,000 to 1,200
mg) and different durations of therapy (24 versus
48 weeks).28 The study showed that optimal
response rates were achieved with the greater
dose of ribavirin and 48 weeks of treatment in
patients with genotype 1, but SVR rates were
equivalent with either dose of ribavirin and both
24 and 48 weeks of therapy in patients with
genotypes 2 and 3 (Fig 3). These results have
helped define the current recommended therapeu-
tic regimen for chronic hepatitis C. For patients
with genotype 1, treatment should consist of a
48-week course of peginterferon alfa-2a (180
�g) or peginterferon alfa-2b (1.5 �g/kg) weekly
combined with 1,000 to 1,200 mg of ribavirin
daily (based on body weight � or � 75 kg). For

Fig 1. SVR rates in 3 large
controlled trials comparing
48-week courses of peginter-
feron (Peg IFN) with stan-
dard interferon alfa (Std IFN)
monotherapy. Trials com-
pared standard interferon
alfa-2a (5 MU thrice weekly)
with peginterferon alfa-2a
(180 �g/wk)23,24 or peginter-
feron alfa-2b (1.5 �g/kg/wk)
with standard interferon alfa-
2b.25 Numbers of patients in
each group are listed in
brackets.
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patients with genotype 2 or 3, a 24-week course
of peginterferon combined with 800 mg/d of
ribavirin is appropriate.

Both interferon and ribavirin have frequent
side effects. In the registration trials of combina-
tion therapy, 42% to 45% of patients required
dose reduction, and 10% to 19%, early discontinu-
ation of therapy.26,27 The most common side
effects of interferon are fatigue, headache, body
aches, fever, nausea, poor appetite, irritability,
anxiety, sleep disturbance, and depression. Inter-
feron has myelosuppressive effects and de-
creases white blood cell and platelet counts by
30% to 40%. Ribavirin causes a dose-related

hemolysis, which usually results in a 10% to
15% decrease in hemoglobin levels and can be a
major problem in patients with preexisting ane-
mia or hemolysis or those in whom sudden onset
of anemia might trigger myocardial or cerebral
ischemia. Combination therapy also can have
serious adverse events, including bacterial infec-
tions, induction of autoimmune disease, and rare
instances of renal, pulmonary, cardiac, hepatic,
neurological, visual, or auditory injury.

Thus, current optimal therapy for chronic hepa-
titis C is problematic, but can result in a sus-
tained loss of virus and long-term improvement
in liver disease in slightly more than half the

Fig 2. SVR rates in 2 large
controlled trials comparing
combination therapy using
peginterferon (Peg IFN) or
standard interferon (Std IFN)
with ribavirin (Rbv). Manns
et al26 compared peginter-
feron alfa-2b (1.5 �g/kg/wk)
and ribavirin (800 mg/d) with
standard doses of interferon
alfa-2b (3 MU thrice weekly)
and ribavirin (1,000 to 1,200
mg/d based on body weight).
Fried et al27 used peginter-
feron alfa-2a (180 �g/wk) and
ribavirin (1,000 to 1,200 mg/d)
compared with standard
doses of interferon alfa-2b
and ribavirin. Numbers of pa-
tients in each group are listed
in brackets.

Fig 3. SVR rates by patient genotype (1 versus non-1) in a study comparing 24- to 48-week courses and 2
different ribavirin (Rbv) doses combined with peginterferon alfa-2a.28 Ribavirin doses were either the standard dose
(Std) of 1,000 to 1,200 mg/d based on body weight or a fixed dose of 800 mg/d.
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patients. An important shortcoming of therapy is
that it is not appropriate for many categories of
patients, particularly those with other significant
underlying medical conditions, including renal
failure. The efficacy and safety of current therapy
in patients with ESRD have not yet been shown.

HCV-RELATED CRYOGLOBULINEMIA

Dr Vincent Agnello, Lahey Clinic, Boston, MA

Chronic HCV infection has been associated
with extrahepatic manifestations, including cryo-
globulinemia, glomerulonephritis, porphyria cu-
tanea tarda, lichen planus, seronegative arthritis,
keratoconjunctivitis sicca, Mooren’s corneal ul-
cer, and lymphoproliferative disorders.29 The most
frequent is essential mixed cryoglobulinemia.30

Cryoglobulinemia is defined as the presence of
immunoglobulins in serum that precipitate in
vitro at reduced temperatures. Hepatitis C is
associated most commonly with mixed cryo-
globulinemia, in which cryoglobulins consist of
complexes of rheumatoid factor (RF) with immu-
noglobulin G (IgG). Mixed cryoglobulinemia
can be classified as type II (monoclonal RF and
polyclonal immunoglobulin) or type III (in which
both RF and immunoglobulin are polyclonal).30

Testing unselected patients with cryoglobuline-
mia has shown that up to 90% have anti-HCV,
indicating that the disease is not really essential,
but rather related to HCV. Cryoglobulins consist
of complexes of RF, IgG, anti-HCV, and HCV
virions.31 The cause of cryoglobulinemia is not
well understood; it appears to be excessive prolif-
eration of B cells induced by the chronic anti-
genic stimulation of HCV infection.32 The typi-
cal RF in type II cryoglobulinemia has an
antibody combining site cross-idiotype called
WA, suggesting a common antigenic stimulus.30

Testing cohorts of patients with hepatitis C
indicates that cryoglobulins can be detected in up
to 50%, but usually at low levels (cryocrit �
3%).33 Frank symptomatic cryoglobulinemia oc-
curs in 1% or less of patients and usually is
associated with high levels of RF and cryoglobu-
lins. In these patients, typical symptoms are
fatigue and palpable purpura, which histologi-
cally consists of a leukoclastic vasculitis (with
complexes of anti-HCV and HCV in injured
tissue). A smaller proportion of patients have
arthritis, neuropathy, and/or renal disease or other
systemic vasculitic symptoms.30 Typical renal

manifestations of cryoglobulinemia include pro-
teinuria and microscopic hematuria with mild to
moderate renal insufficiency, with renal histolog-
ical evaluation showing membranoproliferative
glomerulonephritis (MPGN).34 Cryoglobuline-
mia is more common in women than men and
typically occurs after years or decades of HCV
infection. The systemic illness can be severe and
even fulminant. Non-Hodgkin’s B-cell and
splenic lymphomas can arise in the setting of
cryoglobulinemia.35,36 Whether this represents a
frank malignancy as opposed to a nonmalignant
proliferation of B cells is not well established,
but responses to interferon alfa therapy suggest
that these lymphomas arise from chronic HCV-
induced antigenic stimulation, not from an au-
tonomous malignant lymphocyte clone.

The cause, natural history, and optimal man-
agement of HCV-related cryoglobulinemia re-
main poorly defined. Central unresolved ques-
tions are why patients produce cryoglobulins and
how cryoglobulins cause or are associated with
tissue injury.

HCV-RELATED GLOMERULAR DISEASE

Dr Charles E. Alpers, University of Washington,
Seattle, WA

The principal renal manifestation of HCV infec-
tion is MPGN, usually in the context of cryoglobu-
linemia.34,37 HCV is probably the major cause of
idiopathic MPGN.37-42 The renal disease is rare in
children and typically occurs in patients with long-
standing infection, often in association with mild
subclinical liver disease. Clinically, patients may
have symptoms of cryoglobulinemia, including pal-
pable purpura, arthralgias, neuropathy, and weak-
ness.30,34 Rarely, the presentation includes severe
vasculitis with gastrointestinal, pulmonary, cardiac,
or central nervous system involvement. Renal mani-
festations include nephrotic or nonnephrotic protein-
uria and microscopic hematuria.34,37-44 Renal insuf-
ficiency, frequently mild, commonly is identified.

Laboratory testing establishes the diagnosis of
HCV-related MPGN. Most patients will have
anti-HCV, as well as HCV RNA, in serum.
Serum aminotransferase levels are elevated in
70% of patients, and the majority have RF and
low levels of complement. Cryoglobulins are
detected in 50% to 70% of patients.

Renal histological evaluation typically shows
evidence of immune complex deposition in glo-
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meruli and changes of MPGN.34,45 Glomerular
capillaries may have marked inflammatory cell
infiltrates with both mononuclear cells and poly-
morphonuclear leukocytes (Fig 4A). Glomeruli
show accentuation of lobulation of the tuft archi-
tecture and may have a combination of increased
mesangial cellularity and matrix, capillary endo-
thelial swelling, splitting of capillary basement
membranes, and intracapillary globular accumu-
lations of eosinophilic material representing pre-
cipitated immune complexes or cryoglobulins.
On electron microscopy, immune complexes are
usually subendothelial and may have a finely
fibrillar or tactoid pattern suggestive of cryo-
globulin deposition (Fig 4B and C).

In noncryoglobulinemic MPGN, histological
features are similar, but features of leukocytic
infiltration and intracapillary immune aggregates
are less apparent or absent. Both subendothelial
and mesangial immune complexes can be identi-
fied by electron microscopy, typically without
distinctive substructure. In both forms of HCV-
associated MPGN, mesangial and capillary wall
deposition of IgM, IgG, and C3 are usually, but
not invariably, shown.

Other forms of glomerular injury have been
associated with HCV infection in individual case
reports and small series, including membranous
glomerulonephritis, IgA nephropathy, postinfec-
tious glomerulonephritis, focal and segmental
glomerulosclerosis, fibrillary glomerulonephri-
tis, and immunotactoid glomerulopathy.40-44 Oc-
casional patients will have small-vessel vasculi-
tis, and necrotizing inflammation of interlobular
arteries and arterioles may dominate the biopsy
picture.

Recurrence of MPGN in renal allografts has
been suspected in a small number of patients.44

Establishing the diagnosis of MPGN after trans-
plantation is made especially difficult by similari-
ties of the glomerular lesions to transplant glo-
merulopathy. Patients with HCV also may be at
greater risk for rejection than uninfected pa-
tients.46

The pathogenesis of the glomerular injury in
HCV infection is not known. Currently, the in-
jury is believed to result from deposition of
circulating immune complexes of HCV, anti-
HCV, and RF at the site of injury. There are no
adequate animal models of HCV-related glomer-
ulonephritis, and reagents for identifying HCV

Fig 4. (A) Typical light microscopic findings of
HCV-related MPGN, with mesangial hypercellularity,
mesangial matrix accumulation, splitting of capillary
basement membranes, and leukocyte influx into cap-
illary loops. (Silver methenamine; original magnifica-
tion �400.) Electron microscopic demonstrations of
(B) subendothelial electron-dense deposits in a glo-
merular capillary wall with a finely fibrillar pattern
typical of cryoglobulins and (C) intracapillary accu-
mulation of electron-dense material characteristic of
precipitated cryoglobulins. Glomerular capillary
walls contain smaller deposits of immune com-
plexes in subendothelial locations. Histological
specimens provided by Dr Charles E. Alpers, Univer-
sity of Washington, Seattle, WA.
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antigens and RNA in tissue are limited. Most
recently, several mouse models of cryoglobuline-
mia and MPGN, similar to the human disease,
have been identified.47,48 These models may be
useful for the identification of strategies for treat-
ment of this disease.

THERAPY FOR HCV-RELATED
CRYOGLOBULINEMIA AND RENAL DISEASE

Dr Giuseppe D’Amico, San Carlo Hospital,
Milan, Italy

Extrahepatic manifestations of chronic HCV
infection appear to be caused by an abnormal
B-cell response to viral antigens. Therapy there-
fore can be directed at either the immune re-
sponse (prednisone or cytotoxic or immunomodu-
latory agents) or viral replication (interferon and
ribavirin).

Controlled trials have shown that antiviral
therapy with interferon alfa is associated with
improvements in cryoglobulin, RF, and creati-
nine levels and lessening of symptoms of im-
mune complex disease.49,50 Unfortunately, re-
lapse after therapy occurs in a large proportion of
patients, particularly with interferon mono-
therapy administered for only 6 months. Long-
term remission in cryoglobulinemia can occur
with interferon therapy, and response rates are
similar in patients with hepatitis C without cryo-
globulinemia.51-54 Greater doses of interferon and
combination therapy with ribavirin yield greater
response rates, but relapses and nonresponses
still occur.55-57 In some instances in which sus-
tained viral eradication was unsuccessful, long-
term maintenance interferon therapy has led to
amelioration of disease. Importantly, worsening
of vasculitis during interferon therapy has been
reported.58 Results of peginterferon and ribavirin
combination therapy have yet to be published,
but response rates are likely to be similar to those
in patients without cryoglobulinemia.26,27 In pa-
tients unable to tolerate or not responding to
interferon therapy, disease amelioration has been
achieved in some cases by using ribavirin alone.59

There are fewer data regarding antiviral treat-
ment of HCV-related glomerular diseases, largely
because they are uncommon and the renal dis-
ease complicates therapy. In the initial report of
HCV-related MPGN, interferon therapy was re-
ported to improve renal function and decrease
proteinuria, but subsequent relapses were com-

mon,34 findings that have been duplicated in
other case series.60-66 Combination therapy also
has been used with variable responses.67,68

Thus, antiviral therapy can be successful in
eradicating HCV in patients with cryoglobuline-
mia or glomerulonephritis, but sustained re-
sponses are uncommon. Furthermore, antiviral
therapy can be associated with worsening of
renal disease.69,70 In cases of severe acute sys-
temic vasculitis, anti-inflammatory and cyto-
toxic drugs and plasma exchange have been used
with apparent partial success.71 For these rea-
sons, corticosteroids and cyclophosphamide con-
tinue to be used, particularly when interferon
therapy is ineffective.72 Although these drugs
may increase viral titers, they have not been
associated with worsening of the underlying he-
patic disease. An appropriate approach to treat-
ment of severe acute flares of cryoglobulinemia
with glomerulonephritis or vasculitis is combina-
tion antiviral therapy using peginterferon and
ribavirin for 48 weeks, adding corticosteroids
and cyclophosphamide as needed to control se-
vere symptoms. In the most severe cases, plasma-
pheresis (exchanges of 3 L of plasma 3 to 4
times/wk for 2 to 3 weeks) can be helpful.
Recent promising results suggest that monoclo-
nal antibody to B cells (anti-CD20; rituximab)
may be helpful in refractory cases.73

EPIDEMIOLOGICAL CHARACTERISTICS OF
HEPATITIS C IN DIALYSIS UNITS

Dr Miriam Alter, Centers for Disease Control
and Prevention, Atlanta, GA

Hemodialysis patients are at particularly high
risk for blood-borne infections because of pro-
longed vascular access and the potential for
exposure to infected patients and contaminated
equipment. Recent data indicate that 8% to 10%
of dialysis patients in the United States have
anti-HCV, and the incidence of new cases of
hepatitis C has ranged from less than 1% to 3%
yearly.74,75 There is considerable variation in the
prevalence of anti-HCV and the incidence of
new cases among dialysis centers. Risk factors
for spread include a history of transfusion, num-
ber of blood products transfused, and number of
years on hemodialysis therapy.76

Measures to prevent the spread of hepatitis C
have been derived at least in part from studies of
other blood-borne infections in hemodialysis
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units. For instance, previous investigations of
outbreaks of hepatitis B almost invariably showed
problems in infection control practices.77 Such
factors precipitated the 1977 Centers for Disease
Control and Prevention (CDC) Infection Control
Recommendations for hemodialysis units. Imple-
mentation of these recommendations, followed
by the development and availability of a hepatitis
B vaccine, led to a marked decline in both the
incidence and prevalence of hepatitis B among
hemodialysis patients.77 Transmission of HCV,
as with HBV, depends on the presence of chroni-
cally infected patients and potential exposure to
blood and blood products, and recommendations
are similarly based on hemodialysis-specific in-
fection control practices (Table 1). In addition to
standard universal precautions, additional prac-
tices are recommended because exposure to blood
is routinely anticipated.76,77 These recommenda-
tions include special dialysis unit precautions,
regular serological testing, active surveillance,
and training and education. Recommended pre-
cautions include routine use of gloves and restric-
tion of use of common supplies, medications,
and carts to deliver them. In addition, there
should be strict attention to cleaning and disinfect-
ing items shared between patients and careful
disposal of dialyzers and blood tubing after treat-
ments. The CDC has not recommended isolation
of HCV-infected patients in dialysis units.76,77

Similarly, HCV-infected patients need not be
excluded from participating in dialyzer reuse
programs.

Recommendations for routine biochemical and
virological testing in dialysis patients are listed
in Table 2.76,77 Baseline testing should include
serum ALT levels and assays for both HBV and
HCV infection. For anti-HCV–negative patients,
recommended monitoring includes testing ALT
levels monthly and anti-HCV every 6 months.
Elevations in ALT levels should lead to anti-
HCV testing. If ALT levels are persistently abnor-
mal despite the absence of anti-HCV, testing for
HCV RNA by qualitative assay (such as polymer-
ase chain reaction) should be considered. Rou-
tine HCV RNA testing is expensive and rarely
identifies patients not detected by third-genera-
tion tests for anti-HCV.76 Dialysis patients who
develop anti-HCV should be reported to local
health departments.

The CDC also recommends that dialysis units

maintain surveillance records relevant to infec-
tion control.76,77 Patient records should include
the location of the dialysis station, machine num-
ber, and names of attending staff members. Cen-
tralized records should include logbooks or files
of serological test results and patient vaccine
status. Staff should be designated to review re-
sults regularly, and a plan should be developed to
investigate new cases. Dialysis units also are
encouraged to take advantage of opportunities
for training and education, available at http://
www.cdc.gov/mmwr/PDF/rr/rr5005.pdf.

HEPATITIS C IN DIALYSIS PATIENTS

Dr Brian Pereira, Tufts-New England Medical
Center, Boston, MA

There is considerable variability in the preva-
lence of anti-HCV and chronic HCV infection in
dialysis units worldwide, ranging from as low as
1% to as high as 63%.78,79 There also is great
variability in HCV testing practices in dialysis
centers.78,79 Some nations have introduced rou-
tine screening of dialysis patient populations,
whereas other countries have been less consis-
tent.80-83 In the United States, the proportion of
dialysis units that test for HCV among patients
and staff has been increasing and is now approxi-
mately 60%.84 With the introduction of routine
screening and heightened attention to prevention
of spread, the incidence of HCV infection has
declined in dialysis centers in many countries,
but remained high in others (�15%).80-83 In the
United States, the prevalence of hepatitis C in the
dialysis population has not changed, and the
incidence of new cases of hepatitis C has re-
mained constant, in the range of 1% to 3% per
year.74,85 Conversely, there has been a marked
decrease in the incidence of acute hepatitis C in
the general nondialysis population. The preva-
lence of anti-HCV among dialysis patients is still
in the range of 8% to 10% and has not changed to
an appreciable extent since tests for anti-HCV
were first developed in the early 1990s.79,85,86

The high prevalence of HCV in dialysis pa-
tients is of great concern in view of studies that
suggest these patients have a higher mortality
than HCV-negative patients.87,88 Although HCV
transmission through blood product transfusion
previously was a significant source of infection,
current cases are more likely related to nosoco-
mial exposure. Dialysis units with a greater preva-
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lence of HCV also have a greater incidence.80 In
addition, patients on peritoneal dialysis and home
hemodialysis therapy, who have less exposure to
the environment of the dialysis unit, have a lower
prevalence of HCV infection.89-92

Current CDC recommendations to control the
spread of HCV in dialysis units include dialysis
unit–specific precautions, as well as routine sero-
logical testing and surveillance.76,77 In view of
the unchanging prevalence of HCV infections in
the US dialysis patient population and observa-
tions that suggest a decreased incidence of HCV
in units that implement additional infection con-
trol measures, additional strategies to control the
nosocomial transmission of HCV in dialysis units
should be considered, particularly in units with a
high prevalence of infection.80 Such strategies
might include isolation of HCV-positive pa-
tients, use of dedicated machines, and a restric-
tion on dialyzer reuse for HCV-infected pa-
tients.80

NATURAL HISTORY OF HEPATITIS C IN
DIALYSIS PATIENTS

Dr Paul Martin, Cedar-Sinai Medical Center,
Los Angeles, CA

Assessing the natural history of hepatitis C in
patients on hemodialysis therapy is problematic
because of unique characteristics of this popula-
tion. First, ALT levels are frequently normal and
appear to be less reflective of the activity of the
liver disease in HCV-positive dialysis patients
compared with patients without renal disease.93

Second, anti-HCV testing may not be reliable in
dialysis patients because of the blunted humoral
immune responses that occur with renal disease.
A small proportion of patients with ESRD have
HCV RNA in serum, but lack detectable anti-
HCV.94 Third, liver biopsy is the typical gold
standard for assessing severity of hepatitis C, but
has yet to be applied to a large number of dialysis
patients. Finally, chronic hepatitis C has an insidi-
ous and prolonged natural history, and the com-
peting mortality of complications of ESRD and
hemodialysis may obscure the long-term conse-
quences of hepatitis C.95

Cross-sectional studies have provided an over-
view of the spectrum of liver disease in HCV-
positive hemodialysis patients (Table 3).96-102 Dis-
ease activity was reported to be mild to moderate
in most series, and a high proportion of patients

Table 1. Recommended Infection Control Practices
for Hemodialysis Units

Wear disposable gloves when caring for the patient or
touching the patient’s equipment at the dialysis
station; remove gloves and wash hands between
each patient or station.

Items taken into the dialysis station should either be
disposed of, dedicated for use only on a single
patient, or cleaned and disinfected before taken to a
common clean area or used on another patient.

Nondisposable items that cannot be cleaned and
disinfected (eg, adhesive tape, cloth-covered blood
pressure cuffs) should be dedicated for use only on a
single patient.

Unused medications (including multiple-dose vials
containing diluents) or supplies (eg, syringes, alcohol
swabs) taken to the patient’s station should be used
only for that patient and should not be returned to a
common clean area or used on other patients.

When multiple-dose medication vials are used (including vials
containing diluents), prepare individual patient doses in a
clean (centralized) area away from dialysis stations and
deliver separately to each patient. Do not carry multiple-
dose medication vials from station to station.

Do not use common medication carts to deliver
medications to patients. Do not carry medication
vials, syringes, alcohol swabs, or supplies in pockets.
If trays are used to deliver medications to individual
patients, they must be cleaned between patients.

Clean areas should be clearly designated for the
preparation, handling and storage of medications and
unused supplies and equipment. Clean areas should
be clearly separated from contaminated areas where
used supplies and equipment are handled. Do not
handle and store medications or clean supplies in the
same area or one adjacent to that where used
equipment or blood samples are handled.

Use external venous and arterial pressure transducer
filters/protectors for each patient treatment to prevent
blood contamination of dialysis machines’ pressure
monitors. Change filters/protectors between each
patient treatment and do not reuse them. Internal
transducer filters do not need to be changed routinely
between patients.

Clean and disinfect the dialysis station (eg, chairs, beds,
tables, machines) between patients.

Give special attention to cleaning control panels on the
dialysis machines and other surfaces that are
frequently touched and potentially contaminated with
patients’ blood.

Discard all fluid and clean and disinfect all surfaces and
containers associated with the prime waste (including
buckets attached to the machines).

For dialyzers and blood tubing that will be reprocessed, cap
dialyzer ports and clamp tubing. Place all used
dialyzers and tubing in leak-proof containers for
transport from station to reprocessing or disposal area.

Adapted fromtheCDCrecommendations forpreventing trans-
mission of infections among long-term hemodialysis patients.77
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had normal ALT levels. Importantly, the propor-
tion of patients with advanced fibrosis or cirrho-
sis tended to be low. In these studies, the fre-
quency of bridging hepatic fibrosis (stage 3) or
cirrhosis (stage 4) ranged from 5% to 32%. In
most studies, there were no associations between
ALT or HCV RNA levels and severity of histolog-
ical changes, indicating that liver biopsy is the
only accurate means of assessing hepatitis C
disease severity.

The natural history of hepatitis C in patients
with ESRD on hemodialysis therapy has been
the focus of several prospective studies with
somewhat brief follow-ups. In a study from Se-
attle, WA, 220 patients, of whom 34 patients
were HCV RNA positive, were followed up for
an average of 3 years.103 Multivariate analysis

showed an increased relative risk (RR) for death
in HCV RNA–positive patients of 1.78 (95%
confidence interval [CI], 1.01 to 3.14). In a
multicenter prospective study from Japan, 1,470
patients (19% positive for anti-HCV) from 16
dialysis centers were followed up for an average
of 6 years.87 Mortality was greater in the anti-
HCV–positive group (33%) than in controls
(23%; Fig 5), and the excess mortality appeared
to be accounted for by deaths from cirrhosis
(5.5% versus 0%) and hepatocellular carcinoma
(8.8% versus 0.4%). The RR for death in anti-
HCV–positive patients was 1.57 (95% CI, 1.23
to 2.00). In a study from the United States, 287
anti-HCV–positive and 286 randomly selected
dialysis control patients from 14 transplant cen-
ters were assessed, with a median follow-up of 7
years.88 In multivariate analysis, RR for death
from all causes in anti-HCV–positive patients
was 1.41 (95% CI, 1.01 to 1.97), and for death
from liver disease or infection, 2.39 (95% CI,
1.28 to 4.48). Death from liver disease occurred
in 14% of anti-HCV–positive and only 2% of
anti-HCV–negative controls. These data show
that chronic hepatitis C adversely affects sur-
vival in patients with ESRD; cirrhosis and liver
cancer account for 13% to 14% of deaths.

THERAPY FOR HEPATITIS C IN PATIENTS
WITH ESRD

Dr Stanilas Pol, Hopital Necker, Paris, France

There have been at least 17 published studies
of interferon therapy in patients with ESRD, but
none have been of sufficient size and duration to
permit definitive recommendations regarding the

Table 2. Schedule for Routine Testing for HBV and HCV Infections in Dialysis Patients

Patient Status On Admission Monthly Semiannual Annual

All patients HBsAg,* anti-HBc (total),* anti-
HBs,* anti-HCV, ALT

HBV susceptible, including non-
responders to vaccine

HBsAg

Anti-HBs positive (�10 mIU/mL),
anti-HBc negative

Anti-HBs

Anti-HBs and anti-HBc positive No additional HBV testing needed
Anti-HCV negative ALT Anti-HCV

Abbreviations: HBsAg, hepatitis B surface antigen; anti-HBc, antibody to hepatitis B core antigen; anti-HBs, antibody to
hepatitis B surface antigen.

*Results of HBV testing should be known before the patient begins dialysis therapy.
Adapted from CDC recommendations for preventing transmission of infections among long-term hemodialysis patients.77

Table 3. Spectrum of Liver Disease in HCV-Positive
Dialysis Patients

Reference

No. of
Patients
Studied

Normal
ALT

Bridging
Fibrosis Cirrhosis

Caramelo et al96 33 7 (21) 1 (3) 3 (9)
Pol et al97 17 (69)* NR 2 (12)
Sterling et al98 50 48 (96) 6 (11) 6 (11)
Glicklich et al99 22 13 (59) 1 (5) 0 (0)
Martin et al100 37 3 (8) 9 (24)
Cotler et al101 46 34 (74) 2 (5) 4 (9)
Roth et al102† 152 7 (5) 7 (5)

NOTE. Values expressed as number (percent).
Abbreviation: NR, not reported.
*Proportion with normal ALT levels from the total cohort

of 52 patients, of whom only 17 patients underwent liver
biopsy.

†Meeting abstract.
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benefits and risks of therapy.104-120 In addition,
there is virtually no information on the use of
peginterferon or interferon-ribavirin combina-
tion therapy. Ribavirin is cleared by the kidneys
and causes dose-related hemolysis, which makes
it contraindicated in patients with kidney dis-

ease. For these reasons, studies of therapy in
patients with ESRD have used interferon mono-
therapy.121

Published studies of interferon alfa therapy in
patients with ESRD in which follow-up informa-
tion is available on HCV RNA are listed in Table

Fig 5. Patient survival
during hemodialysis in 276
anti-HCV–positive (solid line)
and 1,194 anti-HCV–negative
(dotted line) patients on long-
term hemodialysis therapy
followed up for 6 years. Cu-
mulative survival was signifi-
cantly less among HCV-in-
fected patients (P < 0.01).
Modified and reprinted from
Nakayama et al.87

Table 4. Trials of Interferon Alfa in Patients With Hepatitis C and ESRD

Reference Year
No. of

Patients
Interferon

Type
Dose

(MU 3 times/wk)
Duration

(wk)
ETR Rate

(%)
SVR Rate

(%)
Discontinue

Rate (%)

Koenig et al104 1994 37 Alfa 5 16 49 32 38
Okuda et al105 1995 15 Alfa-2a 63 3 24 NR 53 33
Pol et al106 1995 19 Alfa-2b 3 24 53 20 5
Raptopoulou-Gigi et al107 1995 19 Alfa-2b 3 24 53 63 32
Chan et al108 1997 11 Alfa-2b 3 24 100 27 0
Fernandez et al109* 1997 14 Alfa-2b 1.53 3 24 36 14 21
Izopet et al110 1997 23 Alfa-2b 3 24 or 48 92 52 13
Rodrigues et al111 1997 7 Alfa-2b 3 24 43 14 14
Benci et al112 1998 10 Alfa-n1 1 48 NR 20 10
Uchihara et al113 1998 9 Alfa-2b 3 or 6 24 NR 33 33
Campistol et al114* 1999 19 Alfa-2b 3 24 74 42 53
Huraib et al115 1999 17 Alfa-2b 3 48 88 71 NR
Tokumoto et al116 1999 6 Alfa-n 5 or 10 24 NR 50 NR
Casanovas-Taltavul et al117 2001 29 Alfa-n1 33 1.5 48 79 59 28
Espinosa et al118 2001 13 Alfa-2b 3 48 61 46 23
Degos et al119 2001 37 Alfa-2b 3 48 32 19 51
Hanrotel et al120 2001 12 Alfa-2a 3 48 75 33 8

Total 260 64 40 26

NOTE. All response rates calculated on the basis of intention to treat.
Abbreviations: IFN, interferon; ETR, end-of-treatment virological response; NR, not reported.
*Randomized, controlled trial.

MEYERS ET AL642



4. Studies have ranged in size from 6 to 37
patients and used varying formulations of inter-
feron (alfa-2a, alfa-2b, alfa-n1) in varying doses
(1 to 10 MU) and varying regimens (usually
thrice weekly, but for periods ranging from 16 to
48 weeks). Most studies used a 6-month post-
therapy SVR as the end point for successful
therapy, but different assays of varying sensitiv-
ity and specificity were used to detect HCV
RNA. Most, but not all, studies also reported the
end-of-treatment virological response rate (ab-
sence of HCV RNA during the last week of
treatment), and most reported on safety, toler-
ance, dose modification, and early discontinua-
tion rates.

Overall, 40% of treated patients had an SVR, a
rate greater than that usually reported for mono-
therapy with interferon alfa in patients with hepa-
titis C without renal disease (6% to 18%). Further-
more, in studies that included controls without
renal disease, response rates were similar or
greater in patients with renal disease.109,113 These
results suggest that patients with ESRD have a
similar, if not better, likelihood of a sustained
response to interferon alfa therapy for hepatitis C
than patients without renal disease.

Striking in most studies of interferon therapy
of patients with ESRD has been a high rate of
serious adverse events and high rates of dose
modification and early discontinuation (Table 4).
Although adverse events were not reported in all
studies, the early discontinuation rate ranged
from 0% to 51%, averaging 26%. These rates are
greater than those reported from most large con-
trolled trials of interferon in patients without
renal disease (average, 9% to 19%).122,123 A large
prospective French trial of interferon alfa-2b
therapy was terminated early after enrollment of
only 37 of 120 patients by the data safety commit-
tee because of a high rate of serious adverse
events.119 In this largest study of therapy in
patients with ESRD, there was a 57% rate of
dose modification and 51% rate of early discon-
tinuation. Severe adverse events included pulmo-
nary edema, cerebral hemorrhage, acute pancre-
atitis, cardiomyopathy, lymphoma, diplopia, and
septic shock after severe graft rejection. These
results indicate that side effects of interferon are
more common and more severe in patients with
renal disease.

Nevertheless, SVRs that have occurred in pa-

tients with advanced renal disease appear to be
durable and clinically significant. In several stud-
ies, follow-up was available after subsequent
renal transplantation.113,115,116,118,121 In patients
without an SVR, persistent viremia was detected
in all patients undergoing transplantation. Con-
versely, in 27 of 30 patients (90%) with a 6-month
post-therapy SVR, HCV RNA was still undetect-
able and liver disease appeared inactive during
long-term follow-up after transplantation. These
results indicate that sustained responses can be
achieved in patients with ESRD, and these re-
sponses are likely to be clinically significant. The
challenge in therapy for hepatitis C in this group
is to identify the optimal and safest regimen. At
present, therapy for hepatitis C in patients with
ESRD is controversial and should be considered
only in patients with significant liver disease,
minimal other comorbidities, and a reasonable
likelihood of prolonged survival and if renal
transplantation is contemplated. Patients with
acute hepatitis C also are likely to be suitable
candidates for treatment. Finally, persistence of
HCV RNA despite interferon monotherapy for 8
to 12 weeks should lead to early discontinuation
because the chance of an SVR is highly un-
likely.119,120

PHARMACOKINETICS OF PEGINTERFERON
IN ESRD

Dr S. Chris Pappas, Hoffman-LaRoche Inc,
Nutley, NJ

Interferon alfa is a natural, 19-kd, nonglycosy-
lated serum protein that circulates in nanomolar
concentrations and is induced by exposure to
foreign antigens and viruses. Several forms of
recombinant interferon alfa (alfa-2a, alfa-2b, alfa-
n1) have been developed for human use, and their
serum half-life and pharmacokinetics have been
analyzed in detail. Interferon is filtered at the glo-
merulus and undergoes proteolytic degradation dur-
ing proximal tubular reabsorption.123-125 Negligible
amounts are detectable in urine. Liver catabolism is
believed to have a minimal role in turnover, and the
molecule most likely is cleared by natural proteases
in cells that endocytose interferon that has bound to
cell-surface receptors. The serum half-life of inter-
feron alfa averages 6 to 8 hours, and peak levels are
detected within 2 to 4 hours of injection. Interferon
alfa usually is undetectable 16 to 24 hours after a
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single injection of 3 to 5 MU: standard doses used
in the treatment of chronic hepatitis B and C.

Although interferon is cleared by the kidneys,
serum levels and clearance rates of standard
interferon alfa are reported to be similar in pa-
tients with and without renal disease.23,24,125 Dif-
ferences in pharmacokinetics may be seen at
greater doses of interferon or in patients with
more advanced renal disease.24 A multiple-dose
study reported that the elimination half-life of
interferon is increased in patients with ESRD (10
versus 6 hours in patients without renal disease),
and the resulting area under the curve (AUC) is
greater, suggesting that 65% to 80% of interferon
is cleared by the kidney. Greater levels and
AUCs of interferon levels in patients with renal
disease may account for the greater end-of-
treatment and SVR rates to interferon alfa therapy
in this patient group.

The 2 peginterferons (alfa-2a and alfa-2b)
have different pharmacokinetics (Table 5).25,126,127

Furthermore, the metabolism of both molecules
is complicated because interferon and PEG have
different metabolic fates and half-lives, particu-
larly as intact molecules undergo catabolism.
Peginterferon alfa-2a is metabolized in the liver
and other organs by nonspecific proteases, and
metabolic products are excreted in urine.26,27,128

The PEG moiety is inert and is removed slowly
from the body in 50 to 60 days.

In patients with renal disease, peginterferon
half-life, time and concentration of peak levels,
and AUC are similar down to a creatinine clear-
ance of 20 mL/min (0.33 mL/s). However, there
are large interindividual variations in pharmaco-
kinetics and little correlation with creatinine clear-
ance. Products of interferon action, such as 2�5�
oligoadenylate synthetase activity, tend to be
lower in patients with renal disease, but only in
those with a creatinine clearance less than 40
mL/min (0.67 mL/s).

Studies of patients with ESRD have shown
that peginterferon pharmacokinetics are clearly
altered.27 In a study of 4 different once-weekly
doses of peginterferon alfa-2a, clearance fraction
decreased from 94 mL/h in controls to 63 mL/h
in patients with ESRD, whereas peginterferon
half-life increased from 52 to 58 hours. In addi-
tion, serum concentrations of peginterferon were
greater in patients with ESRD. A dose of 135 �g
of peginterferon alfa-2a in patients with ESRD
gave similar serum concentrations to a dose of
180 �g in patients with normal renal function.
On the basis of such pharmacokinetic studies as
these, trials of peginterferon in patients with
ESRD have been designed using weekly doses of
either 135 �g (as opposed to 180 �g) of peginter-
feron alfa-2a or 0.5 to 1.0 �g/kg (as opposed to
1.0 to 1.5 �g/kg) of peginterferon alfa-2b.

PEGINTERFERON MONOTHERAPY FOR
HEPATITIS C IN ESRD

Dr Mark Russo, University of North Carolina,
Chapel Hill, NC

High rates of end-of-treatment and SVR to
interferon alfa monotherapy in patients with re-
nal disease, coupled with the propensity of liver
disease to progress and complicate ultimate renal
transplantation, led to attempts to improve thera-
peutic regimens for this cohort. Although pegin-
terferons have been superior to standard interfer-
ons in patients without renal disease, they may
not have increased efficacy in patients with renal
impairment. The enhanced activity of peginter-
feron is partially attributable to a more prolonged
half-life and decreased renal clearance, advan-
tages that may not be applicable in patients with
ESRD. Furthermore, side effects, which often
are severe with standard interferon, may be more
common, severe, and prolonged with peginterfer-
ons. These factors make it imperative that con-
trolled trials of peginterferon be conducted in

Table 5. Pharmacokinetic Parameters of Standard and Pegylated Interferon Alfa

Parameter
Interferon
Alfa-2a

Interferon
Alfa-2b

Peginterferon
Alfa-2a

Peginterferon
Alfa-2b

Volume of distribution (L) �70 �70 �70 �8
Clearance (mL/min) 7,700 6,000 725 60
Absorption half-life (h) 2.3 2.3 4.6 5.0
Elimination half-life (h) 5.1 8.1 40-54 65-80
Time to maximum serum concentration (h) 8-12 8-12 20 80
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patients with advanced renal disease before this
therapy is adopted in clinical practice.

A large multicenter trial of peginterferon in
120 patients with ESRD on hemodialysis therapy
has been initiated in 7 sites in the United States.
Enrollment criteria include the presence of HCV
RNA in serum and a liver biopsy showing chronic
hepatitis C. Serum ALT levels can be normal or
elevated. Patients are randomly assigned to the
administration of either 0.5 or 1.0 �g/kg of
peginterferon alfa-2b once weekly for 48 weeks.
The end point for successful therapy is the ab-
sence of HCV RNA 6 months or more after
completion of therapy. Information on this trial is
available at www.med.unc.edu/wrkunits/2depts/
medicine/gi/russo.htm

RIBAVIRIN THERAPY FOR HEPATITIS C IN
PATIENTS WITH RENAL DISEASE

Dr Bruce A. Luxon, Saint Louis University
School of Medicine, St Louis, MO

In patients without renal disease, the combina-
tion of peginterferon and ribavirin is now the
standard recommended therapy for chronic hepa-
titis C. Peginterferon alone is recommended only
for patients who have specific contraindications
to ribavirin, such as renal disease. Ribavirin is
cleared by the kidneys and causes a dose-related
hemolysis that can be severe and life threatening
in patients with renal disease, most of whom
have preexisting anemia and low-grade hemoly-
sis.

The cause of hemolytic effects of ribavirin
appears to be related to the metabolic fate of
ribavirin within cells. Ribavirin is taken up by an
active cell-surface transporter and phosphory-
lated in the cytoplasm to ribavirin-triphosphate
(TP). Red blood cells, being anucleate, can take
up and phosphorylate ribavirin, but are unable to
dephosphorylate or secrete ribavirin-TP. As a
result, ribavirin-TP accumulates in red blood
cells and results in depletion of adenosine TP,
damage to red blood cell membranes, and subse-
quent splenic uptake and destruction.

Pharmacokinetic studies show that ribavirin is
cleared predominantly in the kidneys, and after a
single dose, serum concentrations are 3-fold
greater in patients with ESRD than subjects with
normal renal function. Hemodialysis does not
change serum concentrations; thus, ribavirin ac-
cumulates even with adequate dialysis.

Despite the renal clearance and potential for
toxicity, several pilot studies of ribavirin therapy
in patients with advanced renal disease have
been performed. Bruchfeld et al129 treated 5
patients on hemodialysis therapy and 1 patient
on peritoneal dialysis therapy with interferon
alfa-2b (3 MU thrice weekly after each dialysis
treatment) for 4 weeks, then added ribavirin in a
dose of 200 mg/d. Ribavirin doses were adjusted
to achieve serum concentrations of 10 to 15
�mol/L, which is typical of patients with normal
renal function administered standard doses. The
average dose required to achieve these concentra-
tions ranged from 170 to 300 mg/d. Adverse side
effects were common; 1 patient died of heart
failure, and only 3 patients completed the 28
weeks of therapy. Patients required increased
doses of erythropoietin to support hemoglobin
levels. Five of 6 patients achieved an end-of-
treatment response, but only 1 (16%) had sus-
tained loss of HCV RNA.

Tan et al130 treated 5 patients on hemodialysis
therapy with interferon alfa-2b (3 MU thrice
weekly) and low doses of ribavirin (200 mg/d)
with a plan to increase the ribavirin dose based
on tolerance. Hemoglobin levels decreased in all
patients, all required increased doses of erythro-
poietin, and 4 patients were administered blood
transfusions. Two patients developed intolerable
side effects and stopped therapy early. Three
other patients were able to continue therapy; 2
patients were administered 200 mg of ribavirin
thrice weekly and 1 patient was administered
200 mg/d. Four patients became HCV RNA
negative on therapy, but posttreatment follow-up
was not provided in this preliminary report.

These results indicate that ribavirin can be
administered to patients with ESRD, but only in
low doses and with aggressive support for hemo-
lysis and anemia. These studies did not resolve
whether ribavirin at these low doses increased
response rates. For these reasons, a prospective,
randomized, controlled trial of peginterferon with
or without low doses of ribavirin has been initi-
ated in 4 centers in the United States. Patients
with ESRD on dialysis therapy who have chronic
hepatitis C and HCV RNA in serum are eligible.
Patients undergo liver biopsy before therapy, but
neither histological features nor serum ALT lev-
els are used in enrollment criteria. Patients are
randomly assigned to the administration of either
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peginterferon alfa-2a monotherapy (1.0 �g/kg/
wk) for 48 weeks or the combination of peginter-
feron and ribavirin in a dose of 3 mg/kg once
weekly, with dosage increases based on toler-
ance and maintenance of hemoglobin levels at
greater than 9.5 g/dL (95 g/L) supported only
with erythropoietin. The end point for assessing
benefit is a 6-month posttreatment SVR rate.

Thus, ribavirin currently is contraindicated in
patients with advanced renal disease and should
not be used outside controlled trials. It remains
unclear whether low doses of ribavirin can in-
crease the SVR to greater than that achieved with
peginterferon alone.

NATURAL HISTORY OF HEPATITIS C AFTER
RENAL TRANSPLANTATION

Dr David Roth, University of Miami, Miami, FL

In view of the lack of uniform pretransplanta-
tion data collection in HCV-positive patients,
such as liver biopsy, viral titers, and viral geno-
typing, the natural history of HCV in the trans-
plant patient population is difficult to define.
Several single-center studies have shown that
short-term graft and patient survival are not
affected greatly by HCV infection, but long-term
(10 to 20 years) survival clearly is worse (Fig
6).131,132 Analysis of the US Renal Data System
(USRDS) database of transplantations performed
between 1994 and 1997 indicated an increased
RR for death (RR, 1.23; 95% CI, 1.01 to 1.49) in

HCV-positive transplant recipients.133 Excess
mortality was attributable to liver disease.

At issue is whether renal transplantation
changes the natural history of hepatitis C, what
factors are associated with worsening of disease,
and which of these can be predicted and modi-
fied. In a French study, the presence of cirrhosis
before transplantation was an independent predic-
tive factor of poor 10-year survival.131 Cross-
sectional studies suggest that up to 25% of pa-
tients with ESRD who are HCV RNA positive
have significant fibrosis (bridging fibrosis or cir-
rhosis; Table 3), but there are no prospective
studies of how such patients fare individually
after transplantation.96-100,102 Investigating pat-
terns of posttransplantation liver disease in HCV-
positive recipients, several studies have shown a
greater incidence of ALT level elevations, an
increase in viral replication, and occasional occur-
rence of fibrosing cholestatic hepatitis and pro-
gressive liver disease.134-137

To assess the impact of transplantation on
hepatitis C, Zylberberg et al138 compared changes
in liver histological characteristics in 28 HCV-
positive renal transplant recipients who had un-
dergone 2 or more liver biopsies without interven-
ing antiviral therapy with those among 28
immunocompetent matched controls. Histologi-
cal characteristics worsened in renal transplant
recipients, but changed minimally in controls
during an average interval of 7 years. In particu-

Fig 6. Patient survival
after renal transplantation
comparing 216 anti-HCV–
positive (solid line) and 216
age-, sex-, and immunosup-
pressive regimen–matched
anti-HCV–negative (dotted
line) patients followed up
for up to 10 years. Survival
was significantly decreased
among HCV-infected pa-
tients (P � 0.001). Modified
and reprinted from Mathurin
et al.131
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lar, hepatic fibrosis worsened in 14 transplant
recipients (50%), but only 4 controls (16%; P �
0.001), with 6 transplant recipients (21%) devel-
oping cirrhosis and 3 transplant recipients (10%)
dying of liver disease. This was a retrospective
study (and included only 28 of 150 transplant
recipients with hepatitis C at this center), but it
supported the hypothesis that renal transplanta-
tion accelerates the course of chronic hepatitis C.

A prospective study of liver disease in all
HCV-positive renal transplant candidates has been
initiated at the University of Miami, FL.102 To
date, 152 patients have been enrolled. Almost all
patients had genotype 1 (60%, genotype 1a;
30%, genotype 1b). Baseline liver histological
evaluation showed that most patients had some
degree of inflammation and necrosis, but fibrosis
was generally mild, and only 10% had bridging
fibrosis or cirrhosis.102 Approximately 20% of
enrolled patients have undergone a follow-up
liver biopsy, either posttransplantation or while
still on the transplant list. Follow-up biopsies
suggested that liver histological state was stable,
with little or no evidence of acceleration in
progression after renal transplantation (D. Roth,
unpublished observations).

Factors that predict progression of hepatitis C
in patients without renal disease include older
age, male sex, obesity, concurrent alcohol use,
and such comorbid conditions as diabetes, hemo-
chromatosis, hepatitis B, and HIV infection.139

Although there have been few studies of factors
that predict progression of hepatitis C in patients
with renal transplants, they are likely to be simi-
lar.139-146 Timing of infection may be important
because patients who acquire hepatitis C de novo
from an infected donor at transplantation often
have a rapidly progressive course.139,140 In addi-
tion, both HBV and HIV coinfection appear to
worsen the course of hepatitis C after transplanta-
tion.141,142 Degree and form of immunosuppressive
therapy (antilymphocyte globulin, azathioprine, my-
cophenolate mofetil) have major effects on HCV
titers after transplantation and consequently may
affect disease outcome.102,135,143,144,147,148 Finally,
HCV may have other adverse effects on posttrans-
plantation patients; HCV-infected patients appear
to have a greater risk for diabetes mellitus and
proteinuria.149-151 Definitive prospective clinical
studies addressing potential adverse effects of dif-
ferent immunosuppressive agents and antirejection

regimens in HCV-positive patients are critically
needed to provide information on optimal manage-
ment of HCV-infected patients with ESRD.

RENAL TRANSPLANTATION ISSUES WITH
HCV-INFECTED DONORS AND RECIPIENTS

Dr Svetlozar Natov, Tufts-New England Medical
Center, Boston, MA

Because HCV is transmitted readily by organ
and tissue transplantation, organ procurement
organizations routinely screen for anti-HCV.
However, tests for anti-HCV do not differentiate
between active viremia and resolved hepatitis C,
and anti-HCV–positive donors without HCV
RNA in serum may not be infectious. Routine
testing for HCV RNA (or HCV core antigen)
may be more accurate in assessing risk for infec-
tivity, but also are more expensive and have not
been adequately standardized or assessed for
reliability. Furthermore, testing for HCV RNA is
not always available in the time required for
cadaveric donation.

The prevalence of HCV infection in cadaveric
organ donors has considerable worldwide varia-
tion, ranging from 1% to 11%.152 The US Na-
tional Collaborative Study (1986 to 1992) esti-
mated that 5.1% of cadaveric organ donors were
anti-HCV positive by using the first-generation
enzyme immunoassay (EIA-1). Extrapolating to
newer assays, the prevalence of anti-HCV
(EIA-2) is likely to be 4.2%, and HCV RNA,
2.4%.152,153 The prevalence of anti-HCV in cadav-
eric organ donors is severalfold greater than in
the healthy blood donor population, probably
because of the greater rate of risk factors for
parenterally transmitted viral infections in cadav-
eric donors.153 Such risk factors include male
sex, history of alcohol or injection drug use,
blood alcohol level greater than 100 mg/dL,
history of multiple sexual partners, or history of
HBV or cytomegalovirus infection.153

Variable transmission rates of HCV with the
use of anti-HCV–positive donors have been re-
ported.153 A recent summary of published studies
on outcomes after receipt of an organ from an
anti-HCV–positive donor reported that 35%
(range, 0% to 55%) of recipients developed
liver disease, 50% (range, 14% to 100%) be-
came anti-HCV positive, and 73% (range, 14%
to 96%) developed detectable HCV RNA post-
transplantation.153 Variability in reported out-
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comes probably reflected the frequent subclini-
cal nature of HCV infection and lack of uniform
follow-up and testing of recipients for HCV
RNA.153 Risk for transmission also may relate
to prevalence of HCV RNA in anti-HCV–
positive donors.152 Finally, the method of or-
gan preservation may impact on HCV transmis-
sion; pulsatile perfusion, rather than static
storage, is associated with a reduction in HCV
RNA levels in kidneys harvested from HCV-
infected donors.154

In view of potential serious long-term compli-
cations of HCV transmission, exclusion of HCV-
infected donors has been adopted by most organ
procurement organizations. The use of HCV-
infected donors currently is restricted to life-
saving transplants (heart, lung, liver) and re-
quires full disclosure of risks to the recipient.152

However, policies excluding anti-HCV–positive
donors from transplantation result in discarding
potentially useful organs, particularly those from
donors without HCV RNA.

A rational approach to the use of kidneys from
anti-HCV–positive donors is to reserve these
organs for recipients who are already infected.
Small studies have shown that this approach
shortens transplant waiting time and does not
adversely affect short-term survival or lead to
worsening of preexisting liver disease.147,155 Po-
tential for reinfection or superinfection with a
newly introduced strain or genotype of HCV,
particularly in an anti-HCV–positive recipient
without HCV RNA, is an additional issue.147,155,156

An alternative approach is use of anti-HCV–
positive organs only in recipients with docu-
mented HCV RNA in serum.152,157,158 This ap-
proach requires routine HCV RNA testing of
patients awaiting transplantation, but is the most
practicable approach to use of organs from HCV-
infected individuals. Prospective studies of con-
sequences of transplanting HCV-positive organs
in HCV-positive recipients are needed before
this policy can be universally adopted.

HCV-RELATED RENAL DISEASE AFTER
RENAL TRANSPLANTATION

Dr John Pirsch, University of Wisconsin,
Madison, WI

Several different renal diseases have been re-
ported in HCV-infected patients after kidney
transplantation, including recurrent or de novo

MPGN, membranous nephropathy, minimal
change disease, renal thrombotic microangiopa-
thy, acute transplant glomerulopathy, and chronic
transplant glomerulopathy.44,51,151,159-162 MPGN
has been reported most commonly, at rates rang-
ing from 5% to 54% in HCV-positive renal
transplant recipients.151,161,162 In such patients,
proteinuria or nephrotic syndrome is the most
common clinical presentation.161,163,164 Circulat-
ing cryoglobulins are usually, but not always,
detected.151,161,162 However, it should be stressed
that the most common cause of proteinuria and
renal insufficiency after kidney transplantation,
even in HCV-positive patients, is chronic allo-
graft nephropathy, not HCV-related injury.46,164

Most studies of patient and graft survival in
HCV-positive renal transplant recipients focused
on recurrent liver disease as the cause of morbid-
ity and mortality, rather than on recurrent renal
disease or graft loss.83,133,165 Single-center stud-
ies, as well as USRDS data, suggest that both
graft and patient survival are lower for HCV-
positive than HCV-negative patients.83,85,133,165

Delineation of the effects of recurrent HCV-
related renal disease in causing the decreased
graft and patient survival has not been possible.

A prospective study of the effect of hepatitis C
in cadaveric kidney transplant recipients has been
ongoing at the University of Wisconsin since
1991.166 HCV-positive donor kidneys were given
only to high-risk recipients with type 2 diabetes,
high cardiovascular risk, lack of dialysis access,
or retransplantation. Between 1991 and 2001, a
total of 1,368 transplantations were performed,
including 115 transplantations using an HCV-
positive donor kidney in an anti-HCV–negative
transplant recipient, 71 transplantations using a
positive donor in a positive recipient, and 43
transplantations using an HCV-negative donor in
an HCV-positive recipient. Preliminary results
show that patients who received HCV-positive
organs had greater mortality rates, but significant
comorbidities were the major reason for the
increased mortality. Liver failure accounted for
only 2% of deaths. Kidney graft survival in
HCV-positive transplant recipients, whether they
received an HCV-positive or HCV-negative or-
gan, was less favorable than that for HCV-
negative transplant recipients. Allograft survival
in HCV-negative patients who received HCV-
positive organs also was less favorable. Although
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trends regarding the incidence of acute rejection
and infection in HCV-positive transplant recipi-
ents were not markedly different, there appeared
to be a greater likelihood of chronic allograft
nephropathy in HCV-positive transplant recipi-
ents. In addition, there did not appear to be a
difference in the incidence of de novo or recur-
rent glomerulonephritis in HCV-negative and
HCV-positive transplant recipients (J. Pirsch, un-
published observations).

Published studies and such large single-center
preliminary reports underscore the need for addi-
tional investigations routinely assessing the base-
line status of HCV-positive transplant candidates
and for prospective studies characterizing the
impact of HCV donor and recipient status on
renal transplantation.

HCV-RELATED RENAL DISEASE AFTER
LIVER TRANSPLANTATION

Dr Raymond Chung, Massachusetts General
Hospital, Boston, MA

Just as liver disease can complicate the out-
come of kidney transplantation, so can renal
disease complicate the outcome of liver transplan-
tation in HCV-infected recipients. There have
been at least 7 case series or case reports of
MPGN and cryoglobulinemia after liver trans-
plantation for chronic hepatitis C.167-173 In most
instances, cryoglobulinemia and MPGN ap-
peared soon after transplantation, averaging 3
months and presenting with proteinuria and ne-
phrotic syndrome. When tested before transplan-
tation, patients were always found to have preex-
isting cryoglobulins. The natural history of
MPGN and cryoglobulinemia after transplanta-
tion has not been well characterized. However,
some patients develop progressive renal failure
or worsening cryoglobulinemia with clinical signs
and symptoms of disease.

In a direct comparison of HCV-positive and
HCV-negative liver transplant recipients, Ken-
drick et al171 found similar absolute and propor-
tional decreases in creatinine clearance in the 2
groups, but a greater frequency of proteinuria
(protein � 1 g/d) in HCV-positive (25%) than
HCV-negative (5%; P � 0.05) transplant recipi-
ents. Biopsy-proven MPGN also was more fre-
quent in HCV-positive (4 of 91 patients) than
HCV-negative patients (0 of 106 patients).

Cryoglobulinemia can occur with minimal or

no symptoms, and its long-term consequences
are unknown. Abrahamian et al167 tested a cohort
of HCV-positive and HCV-negative liver trans-
plant patients for cryoglobulins by using a rigor-
ous and reliable technique. Six of 31 HCV-
positive patients (19%), but no HCV-negative
patients, had cryoglobulins. Among 6 patients
with cryoglobulinemia, 3 patients had clinically
apparent disease and 1 patient developed progres-
sive renal insufficiency. Another HCV-positive
patient without detectable cryoglobulins devel-
oped glomerulonephritis and progressed to ESRD.

The potential adverse long-term consequences
of cryoglobulinemia in liver transplant patients
have led to attempts at therapies using single
agents or combinations of interferon alfa, plasma-
pheresis, cyclophosphamide, and ribavirin, with
mixed clinical responses.59,167,169-171 Reduction
in proteinuria and stabilization of renal function
have been reported in a few patients, such as
those treated with ribavirin as a single agent, but
others have developed progressive disease de-
spite therapy.59,167,169-171 In as much as interferon
alfa has not been associated with an increased
risk for allograft rejection in liver transplant
recipients, a 24- to 48-week course or even
maintenance therapy with interferon may be ap-
propriate for transplant recipients with HCV-
associated cryoglobulinemia or glomerular dis-
ease.59,167,169-171 Ultimately, renal transplantation
may be needed in HCV-positive liver transplant
patients, and preliminary results indicate that
patient and graft survival in this situation are
reasonably good (graft survival rates, 88% at 1
year and 61% at 3 years).174

Thus, cryoglobulinemia and MPGN appear to
be uncommon, but potentially severe, complica-
tions of liver transplantation for chronic hepatitis
C. Although published reports indicate that HCV-
positive liver recipients with glomerulonephritis
are at greater risk for developing ESRD, prospec-
tive studies are needed to more accurately define
the risk for cryoglobulinemia and MPGN in this
patient population.

THERAPY FOR HEPATITIS C AFTER
RENAL TRANSPLANTATION

Dr Lionel Rostaing, University Hospital,
Toulouse, France

Increasing success rates of therapy for hepati-
tis C in patients with renal disease and the
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knowledge that long-term survival after renal
transplantation is compromised have led to at-
tempts to treat hepatitis C after renal transplanta-
tion. Initial studies of antiviral therapy in renal
transplant recipients administered interferon alfa
monotherapy in doses of 1.5 to 6 MU 3 times
weekly for 24 or 48 weeks.175-180 Approximately
half the patients had improvements in ALT levels
during therapy, and up to 25% had loss of HCV
RNA, but only rare patients had a sustained
response to treatment. More worrisome was that
acute cellular rejection appeared to be increased
among interferon-treated patients, and in many
series, instances of renal failure and graft loss
(despite aggressive immunosuppressive therapy)
were common. These reports led to recommenda-
tion that patients with renal transplants not be
administered interferon alfa.175-180

An exception to the proscription against inter-
feron therapy in renal transplant recipients is the
occurrence of fibrosing cholestatic hepatitis, a
rare but severe form of chronic hepatitis C that
occurs most commonly in the setting of severe
immunosuppression after solid-organ transplan-
tation. This severe and progressive form of liver
dysfunction was originally described in liver
transplant recipients with recurrent hepatitis B,
but also was reported with HCV infection after
liver and renal transplantation.134,135 A dramatic
report of interferon use in 2 renal transplant
recipients with fibrosing cholestatic hepatitis sug-
gested that this life-threatening form of HCV-
related liver disease can be treated effectively
with interferon alfa, and risk for severe rejection
in this situation is counterbalanced by risks of the
untreated liver disease.136

Early studies of ribavirin indicated that mono-
therapy with this oral nucleoside analogue was
associated with improvements in ALT levels and
liver histological characteristics in 30% to 50%
of patients, although ribavirin has little or no
effect on HCV RNA levels.181,182 In a small
open-label study of ribavirin monotherapy (400
to 800 mg/d), 4 of 7 renal transplant recipients
with chronic hepatitis C had improvements in
ALT levels and slight decreases in HCV RNA
levels.183 In an ongoing study of ribavirin mono-
therapy in patients with hepatitis C after renal
transplantation, improvements were found in ALT
levels, but not liver histological characteristics;
there also were mild improvements in protein-

uria. Dose-dependent hemolysis caused by riba-
virin can be severe in patients after solid-organ
transplantation.

In several small studies, the oral antiviral
agent amantadine was reported to lead to im-
provements in ALT levels in patients with hepati-
tis C. Early results of amantadine use in renal
transplant recipients suggest it is well tolerated
and has some effect on serum ALT levels, but not
HCV RNA levels.

Thus, there are no clearly effective therapies
for hepatitis C that can be used safely in renal
transplant recipients. In view of this limitation,
there has been increased focus on the identifica-
tion of and therapy for hepatitis C in patients
with ESRD who are eligible for transplantation.
This conundrum makes it even more essential to
gather accurate information on the natural his-
tory of hepatitis C in patients with renal disease.

SUMMARY RECOMMENDATIONS FOR
FUTURE RESEARCH

Hepatitis C is both a cause and complication
of chronic renal disease. Chronic infection with
HCV is a well-established, but uncommon, cause
of glomerulonephritis, occurring largely in the
context of cryoglobulinemia. Perhaps more im-
portantly, hepatitis C frequently complicates the
course of renal disease and becomes a significant
cause of morbidity and mortality, particularly
after transplantation. Although there have been
major advances in the understanding, manage-
ment, and therapy for hepatitis C, these advances
have not been readily applicable to patients with
renal disease. Important needs and challenges
remain for future research in hepatitis C and
kidney disease. These needs fall into 4 major
categories: (1) the pathogenesis, natural history,
and optimal management of HCV-related renal
disease; (2) epidemiological characteristics and
prevention of the spread of hepatitis C in dialysis
units; (3) natural history and therapy for hepatitis
C in patients with ESRD; and (4) natural history
and therapy for hepatitis C after renal transplan-
tation.

Pathogenesis, Natural History, and
Management of HCV-Related Renal Disease

The cause of cryoglobulinemia and the patho-
genesis and risk factors for the development of
glomerulonephritis in patients with chronic hepa-
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titis C are not established. Furthermore, tests for
cryoglobulinemia and their components have not
been standardized and are not always reliable.
Better understanding of B-cell abnormalities that
accompany chronic hepatitis C and factors that
lead to the expansion of clones of cells producing
monoclonal RF are needed. In addition, little is
known of the natural history of cryoglobuline-
mia, both before and after the appearance of
vasculitic symptoms. Studies also are needed
regarding the nature of cryoglobulinemic renal
disease and why some cryoglobulins are associ-
ated with kidney damage, whereas others are not.
The issue of whether noncryoglobulinemic-
associated glomerulonephritis can be caused by
HCV needs to be resolved. Finally, results of
therapy for HCV-related cryoglobulinemia need
to be published, and sufficiently large cohorts
need to be developed for prospective studies of
optimal treatment. Therapy for severe cases of
cryoglobulinemia not responsive to interferon
therapy are needed, such as the use of monoclo-
nal antibodies to tumor necrosis factor-� or B
cells. Many of these goals might be helped by the
development of a multicenter cryoglobulinemia
working group to collect cases, establish diagnos-
tic criteria, evaluate and follow up patients in a
standardized fashion, develop and apply reliable
laboratory assays for cryoglobulins and immune
complexes, provide resources of immunologic
and virological laboratory investigation, and en-
ter patients into prospective clinical trials.

Epidemiological Characteristics of Hepatitis C
in Dialysis Units

Better information is needed about the current
incidence, prevalence, and risk factors for HCV
infection in dialysis patients. It is not clear what
proportion of patients with renal disease have
acquired HCV infection as a result of the usual
risk factors (injection drug use, unsafe sexual
practices) as opposed to the management of their
renal disease (from blood transfusions, unsafe
injection practices, and contaminated equipment
used for hemodialysis). The CDC recommenda-
tions for screening and infection control prac-
tices to prevent and monitor HCV transmission
should be widely adopted, including mounting a
practical and efficient educational effort to train
dialysis personnel in hemodialysis precautions.
Algorithms for the diagnosis and management of

hepatitis C should be developed by academic
societies. Routine screening and monitoring for
hepatitis C also would allow for better definition
of the natural history of hepatitis C in patients
with ESRD.

Natural History and Therapy of Patients With
Hepatitis C and ESRD

The rate of progression of fibrosis in hepatitis
C in patients with ESRD needs to be more
carefully defined, as well as risk factors that
predict progression (whether they are the same
as in patients without renal disease). The reliabil-
ity of serum markers in predicting severe hepatic
disease and the role of liver biopsy need to be
established in patients with kidney disease.
Knowledge of the natural history of hepatitis C
in dialysis patients is crucial in developing indi-
cations for therapy and recommendations regard-
ing transplantation. Although therapy for hepati-
tis C has advanced considerably in the last 10
years, the applicability of the current regimens
for patients with ESRD remains unclear. Prospec-
tive, randomized, controlled trials are needed to
evaluate the risks and benefits of therapy and
identify the optimal regimen for different catego-
ries of patients (based on genotype and other
predictive factors). Of great need is a simple
algorithm to evaluate whether therapy is ineffec-
tive early during the course of treatment. Early
stopping rules for patients who have little or no
likelihood of responding to therapy would be
doubly helpful in patients with ESRD. Further-
more, better means of managing side effects in
this challenging group are needed. Several indus-
try-sponsored studies of peginterferon with and
without ribavirin are currently underway in the
United States. Results of these studies are likely
to provide a basis for recommendations regard-
ing therapy, which presently cannot be made
with any certainty. Studies of therapy also should
include long-term follow-up of responders to
show whether virological responses are durable
and persist even after transplantation.

Natural History, Management, and Therapy for
Hepatitis C After Renal Transplantation

Implications of HCV infection for the progno-
sis of patients undergoing renal transplantation
are not well defined. Patient and graft survival
appear to be good, at least for the initial 10 years.
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Prospective natural history studies are needed to
define risk factors for poor outcomes, including
serum biochemical and virological markers, his-
tological features, and other factors. Important are
the differing effects of various immunosuppressive
regimens, the role of liver biopsy, and the reliability
of routine serum tests in determining and monitor-
ing the progression of hepatitis C.

Use of kidneys from anti-HCV–positive do-
nors in renal transplantation is controversial. Use
of anti-HCV–positive donor kidneys in anti-
HCV–negative recipients should be avoided, but
their use in patients with ESRD with preexisting
HCV RNA may be appropriate. The safety of this
strategy needs to be evaluated prospectively be-
fore a definitive recommendation on the use of
anti-HCV–positive organs can be made.

Therapy for hepatitis C after renal transplanta-
tion currently is problematic. Therapy with inter-
feron appears to increase the risk for allograft
rejection and graft loss. Ultimately, better toler-
ated and more effective antiviral agents are
needed before treatment trials can start again for
hepatitis C after renal transplantation.
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