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Viruses that cause Hepatitis in HumansViruses that cause Hepatitis in Humans

Hepatitis A
Hepatitis B
Hepatitis  C
Hepatitis D
Hepatitis E
Coxsackie
Echovirus
Yellow fever
Rubella
Junin virus
Machupo virus

Lassa virus
Rift Valley virus
Marburg virus
Ebola virus
Measles virus
Human adenovirus
CMV
EBV
HSV
Varicella-Zoster



Hepatitis AHepatitis A



Hepatitis AHepatitis A

Hepatovirus from Picornavirus family. 
27-32 nm, linear, (+) sense, simple stranded RNA.
Reservoir: human only
Acquisition: fecal-oral; concentrated in oysters. 
Contaminated water or food, men having sex with 
men, blood during short viremic phase.
Non-cytopatic; immune mediated injury by 
lymphocytes



Hepatitis AHepatitis A
SeroSero--PrevalencePrevalence

Poor sanitation countries:                
– near 100 % by age 5.

Good sanitation countries (USA) :
– 10 % by age 14; 
– 37 % in adults.



Hepatitis AHepatitis A
Clinical FeaturesClinical Features

Incubation: 2-4 (up to 6) weeks
Children < 2 year: 80% anicteric & asymptomatic
Children > 2 y and adults: 80% icteric & 
symptomatic
Symptoms: Fatigue (90%), anorexia (85%), 
jaundice (80%), nausea (75%), low fever (65%), 
headache, abdominal pain and myalgias. 
Duration: usually < 8 weeks





Hepatitis AHepatitis A
Atypical ManifestationsAtypical Manifestations

Relapsing hepatitis: less than 10%; 2 or more 
bouts of elevated enzymes.
Cholestatic hepatitis: Severe and prolonged 
jaundice > 10 weeks. Is rare.
Fulminant Hepatitis: very rare but lethal in 50%.
Extrahepatic: renal failure, red blood cell aplasia, 
hemolysis, pancreatitis, neurologic disease.
Mortality: Not increased by pregnancy.
– a) younger than 49 = 0.3%; 
– b) older than 49 = 1.8%. 



Hepatitis AHepatitis A



Hepatitis AHepatitis A
Vaccination RecommendationVaccination Recommendation

Children in areas with rate >20/100000
High risk: traveler to endemic area, men having sex with 
men, illegal drug users, person with clotting factor 
disorder, researcher working with HAV.
Chronic liver disease: HBV, HCV
During community outbreaks.
Immunogenicity: > 70% within 2-4 weeks after 1st dose, 
and 94-99% after second dose.



Hepatitis AHepatitis A
PostPost--Exposure ManagementExposure Management
Post-exposure prophylaxis can be done: 

– with Intramuscular “Immune Serum Globulin” (ISG) within 14 days from 
exposure at 0.06 mL/kg (69-89% effective and lasting 12-20 weeks) or 

– with Inactivated Vaccine given also within 14 days post-exposure.

Response to vaccine is less robust:  
– before age 1 (due to circulating maternal antibodies), and 
– after age 40.

Inactivated Vaccine is the preferred approach from age 1 to 40.
Immune serum globulin is preferred in all other groups unless 
contraindicated due to IgA deficiency or hypersensitivity to 
ISG.



Hepatitis EHepatitis E



Hepatitis EHepatitis E
27-30 nm non-enveloped, single-stranded, positive-sense RNA 
Hepevirus. 
There are 4-6 genotypes. 

– 1: India, China, Pakistan; 
– 2: Mexico; 
– 3: USA, France, Japan.
– 4: China, Japan
– There is an avian and a rat HEV variant.

Acquisition: 
– Waterborne, fecal-oral, by organ meat ingestion, or by contact with 

animals. In USA swine is a common source. 
– Rare person-person (1.5% intra-familial). 
– Increased risk in homosexual men.



Hepatitis EHepatitis E
Types: Sporadic, epidemic & endemic acute hepatitis. Rare chronic 
hepatitis.

– Sporadic: traveler to endemic areas, pet owners, organ meat eaters, male 
homosexuals, military service (Midwest USA).

– Epidemic: after heavy rain and flooding in areas with poor sanitation 
(India, China Latin America, Africa)

– Endemic: In areas were asymptomatic infection occurs at early age, like 
in Egypt

– Chronic hepatitis: in immunosuppressed patients, with progressive liver 
damage an cirrhosis (worse with Tacrolimus than with CSA). 

Reservoir: human, pig, sheep, cattle, rat,…
Prevention: there is an experimental recombinant vaccine.



Hepatitis EHepatitis E
Incubation: 2-10 weeks.
Prodrome: 2 weeks of malaise, mild chills & fever, transitory macular 
rash.
Symptoms & Signs: jaundice, nausea, vomiting, anorexia, aversion to 
food & smoking, abdominal pain, clay-color stool. Hepatomegaly in 
65-80%; symptoms usually for 4 weeks.
Mortality: 

– 0.1-0.6%; 15-25% during pregnancy in the epidemic form in India. 
– Mortality in pregnancy is low in Egypt and other endemic areas.

Diagnosis: 
– Anti HEV-IgM last only 3 months, and is not always present in acute infection; 
– Anti-HEV IgG lasts for years; 
– HEV can be found by PCR in stool, serum, and bile.

Treatment: Peg-IFN and Ribavirin have effect in chronic HEV.



HEV InfectionHEV Infection



Hepatitis BHepatitis B



Hepatitis BHepatitis B
42 nm, partially double-stranded circular DNA 
virus. 
350 million carriers world-wide; causes 250000 
deaths a year. 
1.25 million carriers in USA.(0.5 %); > 8% in 
Alaskan Eskimos.
New infections: decreasing in frequency
– 260,000/y in 1980’s;               
– now 73,000/y

Greatest decline among children & adolescents 
(vaccine effect).



Hepatitis BHepatitis B

Highest rate of disease in 20 to 49 year-olds
20-30% of chronically infected americans
acquired infection in childhood.
High prevalence in: 
– Asian-Pacific with 5-15% HBsAg(+) & 
– Eastern European immigrants

Transmission: In USA predominantly sexual and 
percutaneous during adult age. In Alaska 
predominantly perinatal.



Global Distribution of CHB Carriers

Low < 2% Intermediate 2-8% High > 8%
HBsAg Prevalence

Source:  World Health Organization / Centers for Disease Control and Prevention.



Hepatitis BHepatitis B
TransmissionTransmission

Sexual: 
– Heterosexual in 41% of acute cases.    
– Men having sex with men have 10% risk.

Percutaneous (mostly illicit drug use):
– 15% of acute HBV cases

Perinatal: 
– 10% of acute cases (mother-child)

Transfusion: 
– 1/63000 transfusions.

Other: organ transplant, tattoo, piercing, acupuncture, …



Hepatitis B Transmission in Hepatitis B Transmission in 
PregnancyPregnancy



HBV & PregnancyHBV & Pregnancy
Pregnancy is well tolerated by HBV carriers
HBV reactivation with exacerbation of disease is rare 
during pregnancy or post-partum.
Intrauterine transmission of HBV is rare, but may occur 
during “threatened abortion” by transplacental leakage.
Transmission by amniocentesis is low (</= 4%).
If mother is HBeAg(+), risk of vertical transmission is 
90% without prophylaxis.
Post-partum “flare up” is common and due to decrease of 
cortisol levels. Up to 12-17% may have post-partum “e”
seroconversion.



HBV & PregnancyHBV & Pregnancy
If mother has HBV-DNA < 108 IU/ml: 
– neonatal immuno-prophylaxis [HBIG + HBV 

immunization] prevents transmission in 95%.
Cesarean section decreases vertical transmission 
rate, but: 
– is not indicated because [HBIG + HBV immunization] 

is very effective.
If mother is “highly infectious” with              
HBV-DNA > 108 IU/mL
– risk of HBV transmission is 30-40% despite [HBIG + 

HBV immunization]



HBV & PregnancyHBV & Pregnancy
If mother is infected with  HBeAg(-) and HBV-
DNA > 108 IU/mL (“very high load precore
mutant HBV”): 
– infant is at risk of fulminant hepatitis B during initial 2 

to 4 months of life.
Mothers with HBV/HDV co-infection:
– may vertically transmit both infections to the neonate. 
– HBIG + HBV immunization can protect from both.

Post-vaccination testing of infant should be done 
at age 9-15 months. 



Effect of Lamivudine on HBV Vertical Effect of Lamivudine on HBV Vertical 
Transmission from Highly Infectious MothersTransmission from Highly Infectious Mothers

XuXu WM et al. AASLD Abstr # 246, 2004WM et al. AASLD Abstr # 246, 2004
XuXu WM et al. J. Viral WM et al. J. Viral HepatHepat 2009:16, 942009:16, 94--103103

Multicenter, double blind, randomized, placebo controlled.
Population: 114 pregnant women with HBsAg(+) & HBV-
DNA > 200 million IU/mL (Chiron bDNA).
Treatment: Lamivudine 100 mg/d vs. placebo starting @ wk 
32 until 4 wks post-partum
All neonates received: HBIG 200 IU + HBV vaccine @ birth, 
4 & 24 weeks.
End-point: HBsAg(+) & HBV-DNA(+) @ age 53 wks



RESULTS RESULTS # 246# 246
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CONCLUSIONCONCLUSION
Abstr # 246Abstr # 246

In mothers with HBV-DNA > 200 million IU/ml, 
the addition of Lamivudine 100 mg/d in the 8 
weeks prior to delivery plus 4 weeks post-partum, 
to the regimen of HBIG & Vaccination, decreased 
the rate of vertical transmission of HBV.
No safety concerns were observed on mothers nor 
infants.
Lamivudine was well tolerated.



Hepatitis B in the Hepatitis B in the 
General PopulationGeneral Population





Hepatitis BHepatitis B
HighHigh--Risk GroupsRisk Groups

Persons born in high prevalence 
area >/= 2%
Active homosexual men
Promiscuous heterosexuals
Person with hx of STD
Healthcare & Public Safety 
workers
Attendant/family of 
institutionalized mentally 
handicapped
Person with HCV or HIV
Person with chronic elevation of 
ALT or AST.
Persons undergoing cytotoxic or 
immunosuppressive therapy.

Intravenous drug abuser                      
Person requiring frequent 
transfusions
Inmate in long-term correctional 
facility
Hemodialysis patient
Traveler > 6 months to endemic 
area
Sexual partner or household  
contact of HBsAg(+) person
All pregnant women
Persons born in US from parents 
from areas with prevalence >/= 8%, 
who were not vaccinated as infants



Hepatitis B VaccinationHepatitis B Vaccination

All children and adolescents
All high-risk groups 
Post-Vaccination testing:

– Healthcare & Public-Safety workers (1 month after 3rd dose)
– Infants from HBsAg(+) mother (at age 9-15 months)
– Hemodialysis patients (1 month post 3rd dose, and then yearly).
– Sexual partner of HBsAg(+) persons (1 month after 3rd dose)



Recommendations for HBsAg(+) PersonsRecommendations for HBsAg(+) Persons

PRECAUTIONS
Have sexual contacts 
vaccinated
Use barrier sexual protection 
unless partner is immune
Not share razors, toothbrushes
Cover open cuts & scratches
Clean blood spills with 
detergent or bleach
Not donate blood, semen, 
organs.

ENCOURAGEMENTS
Can participate in all activities, 
including contact sports.
Should be included in usual 
daycare and school activities, 
without isolation from others.
Can share food & utensils, and 
kiss others.
Breast feeding is recommended 
if the baby is being immunized 
with HBIG + vaccine.



HBsAg(+) Healthcare WorkerHBsAg(+) Healthcare Worker
CDC says: 
– “Those who are HBeAg(+) should not perform 

exposure-prone procedures without previous counseling 
and advice from an expert review panel regarding under 
which circumstances they should be allowed to perform 
those procedures”. 

– They should notify the patient about their HBV status 
prior to the procedure.

In Europe different countries use HBV-DNA 
varying from 200 IU/mL to 20000 IU/mL to allow 
performance of exposure-prone procedures.



Acute HBVAcute HBV



Acute Hepatitis BAcute Hepatitis B

Incubation: 1-4 months
Prodrome: arthralgia, arthritis, skin rash
Symptoms: malaise, anorexia, jaundice, nausea, 
fatigue, low-grade fever, myalgia, change in taste 
and smell. Tender hepatomegaly in most patients; 
splenomegaly in 5-15%.
Infrequently: confusion, edema, coagulopathy, 
coma (Fulminant Failure in 0.5%)



Acute Hepatitis BAcute Hepatitis B
Diagnosis:

– anti-HBc IgM antibody (+) usually with signal/noise ratio > 5.08 
(s/n ratio </= 5.08 suggest reactivation of chronic infection); 

– Frequently HBsAg (+) in early phase and anti-HBs(+) in late 
phase. 

– HBV-DNA usually around 1000 IU/mL (in reactivation of chronic 
HBV usually >/= 1 million IU/mL)

Evolution to Chronicity:
– a) Infants: 90%,                     
– b) Children 1-5: 25-50% (30%) ,                                      
– c) Adults & older children: 5%

Treatment:
– Supportive; 
– Anti-virals in “protracted hepatitis”, or failure to regenerate/sub-

massive necrosis.



Age of Acquisition of Acute Hepatitis B Age of Acquisition of Acute Hepatitis B 
1989 estimates1989 estimates

83

4 4 8

Adult
Perinatal
Children 1-10 y
Adolescent



Acute Hepatitis B Virus Infection with RecoveryAcute Hepatitis B Virus Infection with RecoveryAcute Hepatitis B Virus Infection with Recovery
Typical Serologic CourseTypical Serologic CourseTypical Serologic Course

Weeks after ExposureWeeks after ExposureWeeks after Exposure

TiterTiterTiter

Symptoms

HBeAg anti-HBe

Total anti-HBc

IgM anti-HBc anti-HBsHBsAg

0 4 8 12 16 20 24 28 32 36 52 100



Chronic HBVChronic HBV



Chronic Hepatitis BChronic Hepatitis B

In low prevalence areas (USA) 30-50% history of 
acute hepatitis (rare in high prevalence)
Symptoms: frequently asymptomatic; sometimes 
RUQ or epigastric pain or acute-like hepatitis 
episodes.
Extrahepatic: serum-sickness, polyarteritis 
nodosa, membrano- or membranoproliferative-
glomerulonephritis, mixed cryoglobulinemia, IgA 
nephropathy, papular acrodermatitis.



Chronic Hepatitis BChronic Hepatitis B

Evolution to Chronicity after Acute HBV:
– 90% of infants infected at birth
– 30% of children infected at age 1-5 y
– 6% of infected after age 5 y

Death from chronic HBV liver disease
– 15-25% of chronically infected

USA yearly mortality from HBV
– 5000 per year





Progression to Chronic Hepatitis B Virus InfectionProgression to Chronic Hepatitis B Virus InfectionProgression to Chronic Hepatitis B Virus Infection
Typical Serologic CourseTypical Serologic CourseTypical Serologic Course

Weeks after ExposureWeeks after ExposureWeeks after Exposure

TiterTiterTiter

IgM anti-HBc

Total anti-
HBc

HBsAg

Acute
(6 months)

HBeAg

Chronic
(Years)

anti-HBe

0 4 8 12 16 20 24 28 32 36 52 Years



Age of Acquisition of Chronic Hepatitis B Age of Acquisition of Chronic Hepatitis B 
1989 estimates1989 estimates

5924

12 6

Adult
Perinatal
Children 1-10 y
Adolescent



Test genotype with: INNO-LiPA HBV Genotyping



Test genotype with: INNO-LiPA HBV Genotyping



Characteristics of HBV genotype CCharacteristics of HBV genotype C

HBe seroconversion at older age (< 20 vs 
48 years)
Higher rate of HBe reversion: HBe(-) to (+)
Greater risk of reactivation
More severe histology
Higher incidence of HCC
Lower response to regular IFN





Development of PreDevelopment of Pre--Core and Core and 
CoreCore--promoter Mutantspromoter Mutants









Testing for HB PreTesting for HB Pre--core &    core &    
CoreCore--Promoter MutantPromoter Mutant

70% of anti-HBe(+)/HBeAg(-) have HBV-DNA ≤
20000 IU/mL; may have “wild” or “mutant” HBV. 
Testing for Pre-core/Core-promoter mutation 
should be done.
Commercial Test: Inno-LiPA HBV PreCore
If HBV-DNA is < 2000 IU/mL and patient is 
HBeAg(-). Patient may have:
– Wild HBV “inactive carrier state”: no need to treat, or
– Precore or core-promoter HBV “inactive carrier state”: 

no need to treat.



Testing for HB PreTesting for HB Pre--core &    core &    
CoreCore--Promoter MutantPromoter Mutant

Suspect and Test for “mutant” HBV when HBV-
DNA is > 2000 IU/mL and patient is HBeAg(-). 
Patient may have:
– HBV wild-type in “inactive carrier state” (normal ALT:

males =/< 30 U/L, females =/< 19 U/L) : no need to treat, or
– Precore or Core-promoter mutant HBV in 

“immunotolerant state” (normal ALT): no need to treat, 
or 

– Precore or Core-promoter mutant HBV in 
“immunoactive state” (elevated ALT): needs 
treatment.



Chronic Hepatitis BChronic Hepatitis B

Diagnosis: 
– HBsAg (+) & HBV-DNA (+) for > 6 

months , with  
– anti-HBc IgM (-) but anti-HBc total (+) 

[excludes incubation]

(1 IU = 5 copies, and 1 pg = 2.86 x 105 copies/ml )



States of Chronic Hepatitis BStates of Chronic Hepatitis B

Inactive Carrier
Immunotolerant
Immunoactive
Occult Hepatitis B



HBV Viral Load ConversionHBV Viral Load Conversion

1 pg = 2.86 x 105 copies/mL
1 pg = 5.72 x 104 IU/mL
1 copy = 0.2 IU
1 IU = 5 copies
2000 IU = 10000 copies = 0.035 pg
20000 IU = 100000 copies = 0.35 pg



Viral Load and ALT Thresholds to Viral Load and ALT Thresholds to 
Consider TreatmentConsider Treatment

The likelihood of hepatic injury is determined by 
the presence of: 
– elevated liver enzymes (ALT > 1-2 X the ULN) and 
– by a meaningful elevation of HBV-DNA. 

For treatment purposes normal ALT values are:
– Males up to 30 U/L
– Females up to 19 U/L



Viral Load and ALT Thresholds to Viral Load and ALT Thresholds to 
Consider TreatmentConsider Treatment

The threshold of HBV-DNA viral load which is likely to 
be associated with tissue damage (meaningful elevation) is 
different with “Wild Virus” (HBeAg(+)) and in pre-core or 
core promoter “Mutant Virus” (HBeAg(-)). 

For treatment purposes, meaningful HBV-DNA 
values are:
– Wild-type HBeAg(+): 20000 IU/mL
– Mutant HBeAg(-): 2000 IU/mL



Viral Load and ALT Thresholds to Viral Load and ALT Thresholds to 
Consider TreatmentConsider Treatment

When a patient is HBeAg(-) and has an HBV-
DNA > 2000 IU/mL but less than 20000 IU/mL: 
– check for the presence of pre-core or core-promoter 

mutations because the infection with a “mutant” virus 
may need treatment if ALT is elevated or if ALT 
elevates in the future.



Viral Load and ALT Thresholds to Viral Load and ALT Thresholds to 
Consider TreatmentConsider Treatment

Exceptions to ALT & HBV-DNA rules:
– CIRRHOSIS: In patients with cirrhosis, liver damage 

may continue in absence of ALT elevation and even 
with relatively low viral replication (> 2000 U/L vs any 
detectable > 60 U/L)

– AGE 40 or OLDER: In patients older than 40, liver 
damage may occur with viral load > 2000 U/L even in 
absence of ALT elevation, hence liver biopsy is 
recommended on them to directly asses presence or 
absence of liver injury.



Chronic Hepatitis B statesChronic Hepatitis B states

Inactive Carrier state
Normal ALT and
– HBe(+) or “Wild-type”:                    

HBV-DNA < 20000 IU/mL, 

– Mutant-HBe(-):
HBV-DNA < 2000 IU/mL, 

(in HBe(-): if HBV-DNA > 2000 IU/mL but < 20000 
IU/mL, needs testing for PreCore or Core-promoter 
mutation to classify, but management will not change)



Chronic Hepatitis B statesChronic Hepatitis B states

Follow-up of Inactive Carrier 
state

Repeat ALT every 3 months x 1 year; then every 6-12 
months. After age 40, add HBV-DNA every year.
If ALT elevates > ULN and HBV-DNA remains low: 
investigate cause & consider liver Bx
If ALT elevates > ULN (male > 30 U/L, female > 19 
U/L) & HBV-DNA increases to > 20000 IU/mL: treat
If ALT remains normal but HBV-DNA elevates > 
2000 IU/mL: 

– Liver Bx if older than 40; 
– otherwise observe (immunotolerant state).



Chronic Hepatitis B statesChronic Hepatitis B states

Immunotolerant state
Normal ALT and
– HBe(+) or Wild-type:

HBV-DNA > 20000 IU/mL, 

– Mutant-HBe(-):                                                         
HBV-DNA > 2000 IU/mL

– NOTE: Consider Liver Bx in older than 40 years &   HBV-
DNA > 2000 IU/mL (104 copies/mL),  (May be immunoactive)



Chronic Hepatitis B statesChronic Hepatitis B states

Follow-up of Immunotolerant 
state

ALT every 3-6 months
If ALT elevates > ULN (male > 30 U/L, 
female > 19 U/L) & HBV-DNA still    > 
20000 IU/mL: consider liver Bx and/or 
treat
If person is or reaches age =/> 40: consider 
liver Bx to asses histologic activity and 
decide about treatment



Chronic Hepatitis B statesChronic Hepatitis B states

Immunoactive state
Elevated ALT  (> ULN)
– HBe(+) or Wild-type:

HBV-DNA > 20000 IU/mL        

– Mutant-HBe(-):
HBV-DNA > 2000 IU/mL           

Treat



Occult Hepatitis BOccult Hepatitis B
Definition: HBV-DNA in liver and/or serum in absence of 
HBsAg 

– may be anti-HBc(+), anti-HBs(+), or be negative for both (20%).
Causes:

– a) Persistent HBV cccDNA in hepatocyte nucleus after “clearance”
of clinical infection, with viral control mediated by: 

1) T-cell mediated immune surveillance, or
2) Viral interference (i.e.: co-infection with HCV or schistosoma), or 
3) Epigenetic mechanisms like transcriptional repression.  

– b)  Infection with virus with antigenically modified S protein or 
with mutation inhibiting S gene expression: “a” determinant 
mutant virus (most common G145R mutation)



Occult Hepatitis BOccult Hepatitis B
Highest risk groups for occult HBV:
– Natives from highly HBV-endemic areas, 
– chronic HCV co-infected, 
– HIV co-infected, 
– hemodialysis patients, 
– hemophiliacs, 
– former/current IV drug abusers



Occult Hepatitis BOccult Hepatitis B
Clinical Relevance:
– a) Transmission of infection by blood transfusion (seen 

in Taiwan and India), 
– b) Reactivation due to immunosuppression: 

Rituximab, Alemtuzumab, Infliximab, liver transplant, 
hematological malignancies, HIV infection, stem cell 
transplantation, chemotherapy, kidney or heart transplantation, 

– c) Acceleration of liver damage in chronic HCV and 
cryptogenic liver disease, 

– d) Increased risk of HCC



Occult Hepatitis BOccult Hepatitis B
Management:
– a) Test donated blood for HBV-DNA in highly endemic 

areas. 
– b) Test for HBsAg & anti HBc before 

immunossuppression; 
if HBsAg(+), investigate and treat accordingly; 
if only HBc(+), give pre-immunosupression prophylaxis with 
Lamivudine or other anti-HBV drug, and monitor while on 
immunosupressive therapy for reappearance of HBsAg or 
HBV-DNA. If HBV reactivates, treat.



Treatment of HBVTreatment of HBV



Chronic Hepatitis BChronic Hepatitis B
Treatment CandidatesTreatment Candidates

Cirrhotic:
– Any ALT value
– HBV-DNA > 2000 IU/mL

Non-cirrhotic with HBsAg(+) > 6 months, and:
– ALT > ULN, or Liver Bx with moderate or severe 

activity, plus
a) Wild HBe(+): HBV-DNA > 20000 IU/mL              

or
b) Mutant-HBe(-): HBV-DNA > 2000 IU/mL                





Chronic Hepatitis BChronic Hepatitis B
Treatment OptionsTreatment Options

Interferon:
– non-cirrhotic, and 
– ALT > 2 x ULN, and HBV-DNA < 12 x 106 IU/mL 

(200 pg/mL, or 57 x 106 copies/mL)

Peg-IFN:
– non-cirrhotic, and 
– HBV-DNA < 3.6 x 109 IU/mL (6.36 x 104 pg/mL, 

or 18.2 x 109 copies/mL),
– ALT > 1 x ULN



Chronic Hepatitis BChronic Hepatitis B
Treatment OptionsTreatment Options

Entecavir or Tenofovir :
– They are preferred due to “high barrier” for viral 

resistance, needing several viral mutations before 
resistance develops.

– Given if patient is a not candidate for interferon but 
is a candidate for treatment, or because of 
physician/patient preference.   

– Lamivudine , Telbivudine, Emtricitabine, and 
Adefovir have a low barrier for resistance and/or 
lower antiviral activity. For these reasons they are 
not first-line therapies.



Chronic Hepatitis BChronic Hepatitis B
Treatment OptionsTreatment Options

In Pregnancy: in the following order
– Tenofovir (category B & conditionally safe for 

lactation depending on dose or patient-group).
– Telbivudine (category B & possibly unsafe for 

lactation).
– Lamivudine (category C & unsafe for lactation) 

In Patients with HIV co-infection: 
– Only use Peg-IFN, or Adefovir, unless the anti-

HBV drug is being use as part of HAART. 
– Use of other HBV drugs, as monotherapy, may 

facilitate HIV resistance.



Chronic HBVChronic HBV
Goals of TherapyGoals of Therapy

Ideal:
– Clear HBsAg and cure disease; 

(infrequently reached).



Chronic HBVChronic HBV
Goals of TherapyGoals of Therapy

Practical:
– HBe(+): Convert to “inactive carrier state” with: 

HBV-DNA < 20000 IU/mL and 
sero-conversion to HBe(-)/anti-HBe(+), confirmed 1-3 
months later; 
ideally < 60 IU/mL (complete response)

– Mutant-HBe(-): Convert to “inactive carrier state”
with: 

HBV-DNA < 2000 IU/mL 
ideally < 60 IU/mL (complete response)

– Cirrhotic: Convert to: 
HBV-DNA < 2000 IU/mL
ideally < 60 IU/mL (complete response)



Chronic HBV TherapyChronic HBV Therapy
Points to Keep in Mind Points to Keep in Mind 

Sustained loss of HBeAg requires: 
– to continue Lamivudine, Adefovir, Entecavir, 

Telbivudine, or Tenofovir for at least 6 months after 
confirmation of the loss of HBeAg and development 
of anti-Hbe. 

– the confirmation of seroconversion is done by a 
second test 1-3 months post-seroconversion.

Long therapy with oral agents increases 
frequency of drug-resistance. 
If patients were HBe(-) pre-treatment, therapy 
will be life-long or until patient looses HBsAg.



Definitions & Management for Definitions & Management for 
Treatment with Oral AntiviralsTreatment with Oral Antivirals

Primary non-response: drop of HBV-DNA < 1 log after 
12 wks of therapy or < 2 log after 24 weeks of therapy.

– Check for viral resistance (INNO-Lipa HBV DR v2). 
– May be compliance issue, or host pharmacologic effect.
– Change to more potent drug or add second drug without cross-

resistance.
Partial Response: HBV-DNA > 2000 IU/mL after 24 
weeks of therapy. 

– Predicts high risk for resistance. (Resistance risk is low if HBV-
DNA is < 200 IU/mL).

– Change or add second drug without cross-resistance. 



Definitions for Treatment with Definitions for Treatment with 
Oral AntiviralsOral Antivirals

Virologic Breakthrough:                                                               
a) Increase of HBV-DNA > 1 log from nadir, at any time, while 
on therapy, or 
b) Reappearance of HBV-DNA(+) after 2 negative HBV-DNA, 
at least 1 month apart, while still on therapy.

– Check for viral resistance (INNO-Lipa HBV DR v2). 
– May be compliance problem.
– Change to more potent drug or add second drug without cross-

resistance.
Virologic Relapse:
– Increase in serum HBV-DNA > 1 log IU/mL after 

discontinuation of therapy, on at least 2 determinations 4 
weeks apart.



Definitions for Treatment with Definitions for Treatment with 
Oral AntiviralsOral Antivirals

Complete On-therapy Response:
– HBV-DNA < 60 IU/mL

Sustained Virological Response:
– Persistence of clinical response 6 months after end-of-

therapy, to a predefined goal (like HBV-DNA < 2000 IU/mL 
in HBeAg(-) or < 20000 IU/mL in HBeAg(+)).

Commercial Test for Drug Resistance:
– Inno-LiPA HBV DR v2 (Lamivudine, Telbuvidine, 

Emtricitabine and Adefovir)



Drug CrossDrug Cross--Resistance ProfileResistance Profile
(reverse transcriptase mutations)(reverse transcriptase mutations)

ZoulimZoulim F et al. J of Hepatology 2008;48: S2F et al. J of Hepatology 2008;48: S2--S19S19
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Treatment Options for Antiviral Treatment Options for Antiviral 
ResistanceResistance

Resistance to Rescue Therapy

Lamivudine or 
Telbivudine

Add: Adefovir, or Tenofovir, or
Switch to: Tenofovir +  Emtricitabine (Truvada)

Adefovir Add: Lamivudine, or Entecavir, or 
Switch to: Tenofovir +  Emtricitabine (Truvada)

Entecavir Add: Adefovir, or Tenofovir

Multidrug ?



Regular InterferonRegular Interferon



Interferon in HBVInterferon in HBV
Usual dose: 5M QD or 10M TIW x 16-32 wks in HBe(+), 
or 48-96 wks in HBe(-)
Best in: HBV-DNA < 12 x 106 IU/mL (57 x 106

copies/mL), ALT > 5xULN, females, adult acquisition.
Flare up in 30-50%; can cause decompensation
Sero-conversion maintained in most
Genotype A responds better than g-D in both, HBe(+) (46 
vs. 24%) & HBe(-) (59 vs. 29%)
Good response slows progression and decreases HCC risk.



MetaMeta--Analysis of IFN in Analysis of IFN in 
HBe(+)HBe(+)

WongWong D et al. Ann Intern Med 1993; 119:312D et al. Ann Intern Med 1993; 119:312--323323
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Long term F/U of Interferon RespondersLong term F/U of Interferon Responders
Loss of HBsAg (Europeans & Americans)Loss of HBsAg (Europeans & Americans)

Gut 2000;46:715Gut 2000;46:715--718, Am J 718, Am J GastroenterolGastroenterol 1998;93:8961998;93:896--900, Gastroenterology 1997;113:1660900, Gastroenterology 1997;113:1660--16671667
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PegylatedPegylated InterferonsInterferons



Tolerability of Pegasys in Chronic Tolerability of Pegasys in Chronic 
HBV vs. HCVHBV vs. HCV

Marcellin et al. AASLD Abstr.# 1158, 2004Marcellin et al. AASLD Abstr.# 1158, 2004

Comparison of Safety, Depression and QofL during 
Pegasys 180 monotherapy in Chronic HCV and HBV 
(HBeAg(+) and(-))
Pooled data of 448 HBV and 827 HCV pts.
Safety at: 1,2,4,6,8,&12 weeks and then q 6 weeks 
until 24 weeks post-EOT
QofL at: 12, 24, 48, and 72 weeks.



Tolerability of Pegasys in Chronic Tolerability of Pegasys in Chronic 
HBV vs. HCVHBV vs. HCV

Marcellin et al. AASLD Abstr.# 1158, 2004Marcellin et al. AASLD Abstr.# 1158, 2004
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ConclusionsConclusions
Abstr # 1158Abstr # 1158

Treatment with Pegasys 180 mcg/week is 
associated with lower rates of side effects and 
depression, and with less impact in Quality of 
Life, in patients with chronic HBV compared 
with those with chronic HCV.





PegPeg--Interferon in HBeAg(+)Interferon in HBeAg(+)



Pegasys 180 x 24 wks in HBe(+)Pegasys 180 x 24 wks in HBe(+)
Week 48 (SVR ?) DataWeek 48 (SVR ?) Data

CooksleyCooksley W et al. J Viral W et al. J Viral HepatHepat 2003, 10:2982003, 10:298--305305
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Pegasys 180 x 48 wks in HBe(+)Pegasys 180 x 48 wks in HBe(+)
Week 72 (SVR ?) DataWeek 72 (SVR ?) Data
LauLau G et al. Hepatology 2004; 40:171AG et al. Hepatology 2004; 40:171A
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Effect of HBV GenotypeEffect of HBV Genotype
HBe Seroconversion 24 wks after EOTHBe Seroconversion 24 wks after EOT

CooksleyCooksley W et al. EASL 2005W et al. EASL 2005
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Effect of PreEffect of Pre--Treatment ALTTreatment ALT
HBe Seroconversion 24 wks after EOTHBe Seroconversion 24 wks after EOT

CooksleyCooksley W et al. EASL 2005W et al. EASL 2005
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Effect of Baseline HBVEffect of Baseline HBV--DNADNA
HBe Seroconversion 24 wks after EOT HBe Seroconversion 24 wks after EOT 

CooksleyCooksley W et al. EASL 2005W et al. EASL 2005
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PegPeg--Intron 100x 32w + 50x20w in HBe(+)Intron 100x 32w + 50x20w in HBe(+)
Week 78 DataWeek 78 Data

JanssenJanssen et al. Lancet 2005;365:123et al. Lancet 2005;365:123--129129
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CONCLUSIONSCONCLUSIONS
PegPeg--IFN in HBeAg(+) Chronic HBVIFN in HBeAg(+) Chronic HBV

One third of chronic HBeAg(+) infected patients achieve 
sustained seroconversion
Loss of HBsAg occurs in 3 to 4% in the first year. 
Additional HBsAg loss is expected in long-term follow up.
Genotypes A, B, and C respond better than genotype D 
Test genotype with: INNO-LiPA HBV Genotyping
Viral loads of up to 2 x 108 IU/mL (1.17 x 109 copies/mL) 
respond best.
Patients with ALT > 5xULN respond best



PegPeg--Interferon in HBeAg(Interferon in HBeAg(--))



Pegasys 180 x 48 wks in HBe(Pegasys 180 x 48 wks in HBe(--))
Week 72 DataWeek 72 Data

Marcellin P et al. N Marcellin P et al. N EnglEngl J Med 2004;351:1206J Med 2004;351:1206--1717
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Effect of GenotypeEffect of Genotype
HBVHBV--DNA < 20,000 @ 24 wks after EOTDNA < 20,000 @ 24 wks after EOT

Marcellin P et al. EASL 2004Marcellin P et al. EASL 2004

45

20
12

53

32

51
5659

30
20

39

16

0
10
20
30
40
50
60
70
80
90

100

Genotype A Genotype B Genotype C Genotype D

PEGASYS + Plc
PEGASYS + Lam
Lamivudine



CONCLUSIONSCONCLUSIONS
PegPeg--IFN in HBeAg(IFN in HBeAg(--) chronic HBV) chronic HBV

More than 40% of patients achieve conversion to low 
replicative state
Genotypes A, B, and C respond better than genotype D
Test genotype with: INNO-LiPA HBV Genotyping
Loss of HBsAg occurs in 3-4% after first year of therapy 
and in 11% by year 4 (Marcellin P, EASL 2008). Additional 
HBsAg losses may occur with further follow-up
Resistance to Lamivudine is very rare during combination 
therapy with Peg-interferon



Prediction of Sustained Response to Prediction of Sustained Response to 
PegPeg--IfnIfn a2a in HBeAg(a2a in HBeAg(--) Patients) Patients

RijckborstRijckborst V et al. Hepatology 2010;52:454V et al. Hepatology 2010;52:454--461461

HBeAg(-) patients treated with 
Pegasys 180 +/- RBV x 48 wks.
Measurement of  decline in 
HBsAg (Abbott Architect) & 
HBV-DNA (TaqMan) @ wks 
4, 8, 12, 24, 48, 60, 72.
Sustained response defined as 
HBV-DNA < 2000 IU/mL and 
Normal ALT @ wk 72.
Best predictors for sustained 
response (SR) were 12 wk 
parameters.

HBsAg 
decline

HBV-
DNA 

drop >/= 
2 log

Recomme
ndation

SR Rate

No No STOP 0%

No Yes Continue 24%

Yes No Continue 25%

Yes Yes Continue 39%

Change from Baseline to Wk 12





LamivudineLamivudine



Lamivudine x 48 wks in HBe(+)Lamivudine x 48 wks in HBe(+)
DiengstagDiengstag J et al. N J et al. N EnglEngl J Med 1999;341:1256J Med 1999;341:1256--6363

LaiLai G et al. N G et al. N EnglEngl J Med 1998;339:61J Med 1998;339:61--6868
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Lamivudine in HBe(+) x 3 yLamivudine in HBe(+) x 3 y
Leung N et al. Hepatology 2001;33:1527Leung N et al. Hepatology 2001;33:1527--3232
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Lamivudine ResistanceLamivudine Resistance
YMDD mutantsYMDD mutants
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CONCLUSIONSCONCLUSIONS
Lamivudine in Chronic HBVLamivudine in Chronic HBV

Lamivudine induces loss of HBeAg in 17, 27, and 40% 
after 1, 2, and 3 years of therapy, respectively
Therapy with Lamivudine decreases progression of fibrosis 
and can reverse hepatic decompensation
Decompensated cirrhotics have a 1 y survival of 79%; 
most deaths occur within initial 6 months.
Loss of HBsAg is extremely rare 
Resistance to Lamivudine occurs rapidly, and reaches 70% 
after 5 years of therapy
Resistance to Lamivudine increases risk of resistance to 
Entecavir, Telbivudine, and Emtricitabine; do not give 
them together.



Adjustment of Adult Lamivudine Adjustment of Adult Lamivudine 
dose by Creatinine Clearancedose by Creatinine Clearance

>/= 50 mL/min          100 mg/day
30-49 mL/min            100 mg x1, then 50 mg/day
15-29 mL/min             35 mg x1, then 25 mg/day
5-14 mL/min               35 mg x1, then 15 mg/day
< 5 mL/min                 35 mg x1, then 10 mg/day             



AdefovirAdefovir



Adefovir DipivoxilAdefovir Dipivoxil
Oral adenosine nucleotide analog.
Moderately active in wild, HBe(-), and YMDD mutant. 
Good choice for HBe(-) mutant, and as second drug for 
YMDD mutant, and as monotherapy in HIV co-infection.
Decreases levels of intrahepatic cccDNA. 
Used together with Peg-IFN, increases rate of HBe 
seroconversion and of HBsAg loss.
Dose 10 mg/day; correct by renal fx.
Escape mutants are sensitive to Lamivudine.
Nephrotoxic in 1%; creatinine raise and waste of 
phosphate & glucose (Fanconi)
When changing from Lamivudine to Adefovir, continue 
both long term to decrease resistance to adefovir.



Adjustment of Adult Adefovir Adjustment of Adult Adefovir 
dose by Creatinine Clearancedose by Creatinine Clearance

>/= 50 mL/min         10 mg/day
20-49 mL/min           10 mg every other day
10-19 mL/min           10 mg every third day
Hemodialysis             10 mg a week after    

dialysis   



Adefovir x 48 wks in HBe(+)Adefovir x 48 wks in HBe(+)
Marcellin P et al. N Marcellin P et al. N EnglEngl J Med 2003;348:808J Med 2003;348:808--816816
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Adefovir x 3 y in HBe(+)Adefovir x 3 y in HBe(+)
Marcellin P et al. AASLD Abst 1135, 2004Marcellin P et al. AASLD Abst 1135, 2004
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Adefovir x 48 wks in HBe(Adefovir x 48 wks in HBe(--))
Hadziyannis S et al. N Hadziyannis S et al. N EnglEngl J Med 2003; 348:800J Med 2003; 348:800--807807
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AdefovirAdefovir
Resistant Mutants (%)Resistant Mutants (%)
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Adefovir + Lamivudine in LamAdefovir + Lamivudine in Lam--Resistant HBVResistant HBV
Gastroenterology 2007;133:1445Gastroenterology 2007;133:1445--14511451
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High rate of HBsAg loss and HBsAg seroconversion in chronic High rate of HBsAg loss and HBsAg seroconversion in chronic 
hepatitis B patients on combination therapy with hepatitis B patients on combination therapy with PeginterferonPeginterferon alfaalfa--
2a (Pegasys2a (Pegasys®®) and Adefovir () and Adefovir (HepseraHepsera®®): HBsAg titer predicts HBsAg ): HBsAg titer predicts HBsAg 

loss or seroconversion. (Abstr LB 14)loss or seroconversion. (Abstr LB 14)

Population: 73 patients with chronic HBV; 34 
HBe(+), 38 HBe(-).
Treatment: 48 weeks of Peg-IFNa2a 180 mcg/w 
+ Adefovir 10 mg/d; then 24 weeks without 
therapy.
Results:
– a) No difference in baseline HBV-DNA in 

seroconvertors & non-seroconvertors. 
– b) Baseline HBsAg titer (IU/mL) was lower in patients 

who loss HBsAg and seroconverted.



High rate of HBsAg loss and HBsAg seroconversion in chronic High rate of HBsAg loss and HBsAg seroconversion in chronic 
hepatitis B patients on combination therapy with hepatitis B patients on combination therapy with PeginterferonPeginterferon alfaalfa--
2a (Pegasys2a (Pegasys®®) and Adefovir () and Adefovir (HepseraHepsera®®): HBsAg titer predicts HBsAg ): HBsAg titer predicts HBsAg 

loss or seroconversion. (Abstr LB 14)loss or seroconversion. (Abstr LB 14)

15
19

23

13
19 19

0
10
20
30
40
50
60
70
80
90

100

HBsAg(-) anti-
HBsAg(+)

EOT
EO F/U
1 y post EOT

CONCLUSION:
– Combination of Peg-IFN + 

ADV causes higher rates 
of seroconversion than 
current monotherapies.

– Baseline HBV-DNA does 
not predict HBsAg loss 
nor seroconversion

– Baseline HBsAg levels 
predict HBsAg loss and 
seroconversion.

– Larger studies are needed 
to confirm these findings.



CONCLUSIONSCONCLUSIONS
Adefovir in Chronic HBVAdefovir in Chronic HBV

Adefovir is effective in controlling replication of HBe(+), 
HBe(-), and YMDD mutant HBV.
Response increases with length of therapy but is slower 
than that to Lamuvidine
Resistance to Adefovir is relatively low, but is higher in 
HBeAg(-) mutant.
When Adefovir id added to Lamivudine in YMDD mutant 
HBV, resistance is low.
Decompensated cirrhotics have a 1 y survival of 84% with 
adefovir; clinical benefits seen after 6 months of therapy. 



EntecavirEntecavir



EntecavirEntecavir
Oral deoxyguanidine nucleoside analog
Active in wild, HBe(-), and YMDD
Dose: - 0.5 mg/d in HBe(+) or (-);                            
- 1 mg/day in YMDD mutant;                                   
- modify in renal impairment.
No interaction with Lamivudine, Adefovir, nor Tenofovir.
Should be taken in empty stomach.
In HIV co-infection, may induce HIV drug resistance.
In Lamivudine- or Telbivudine- resistant HBV, these drugs 
must be discontinue when Entecavir is initiated.



EntecavirEntecavir
Side effects: headache, fatigue, nausea
Viral Response after 1 y therapy: 
– HBe(+)=82%,            
– HBe(-)=48%

Resistance:
– YMDD mutant (Lamivudine resistant): 7% @ 1 y, 26% 

@ 3y, & > 50% @ 5y. 
– In Naïve: 1.2% @ 5 y.
– Resistance to Lamivudine increases risk of resistance to 

Entecavir, Telbivudine, and Emtricitabine; do not give 
them together.



Adjustment of Adult Adjustment of Adult EntecavirEntecavir
dose by Creatinine Clearancedose by Creatinine Clearance

Naive Lam Resistant

>/= 50 mL/min 0.5 mg/day 1 mg/day

30-39 mL/min 0.25 mg/day 0.5 mg/day

10-29 mL/min 0.15 mg/day 0.3 mg/day

< 10mL/min, 
Hemodialysis, 
Peritoneodialysis

0.05 mg/day 0.1 mg/day



EntecavirEntecavir x 48 & 96 wks in HBe(+)x 48 & 96 wks in HBe(+)
Gastroenterology 2007;133:1437Gastroenterology 2007;133:1437--14441444
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1 of 354 patients developed Entecavir resistance & 13 had virologic breakthrough 



EntecavirEntecavir x 48 wks in HBe(x 48 wks in HBe(--))
BristolBristol--Myers Squibb package insertMyers Squibb package insert

90

72
78

71 70
61

0
10
20
30
40
50
60
70
80
90

100

HBV-DNA<300 ALT= Nl Histol improv

Entecavir
Lamivudine



EntecavirEntecavir x 48 wks in YMDD x 48 wks in YMDD 
mutantmutant

BristolBristol--Myers Squibb package insertMyers Squibb package insert
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CONCLUSIONSCONCLUSIONS
EntecavirEntecavir in Chronic HBVin Chronic HBV

Entecavir is effective in controlling viral replication in 
HBe(+), HBe(-), and YMDD mutant chronic HBV
Entecavir controls viral replication, normalizes ALT, and 
improves histology faster than Lamivudine
Resistance has been reported  more in YMDD mutant 
(Lamuvidine resistance) and is very high after 5 years (is 
not a good choice); is very uncommon in Lam-naïve.
When changing from Lamuvidine to Entecavir, DO NOT 
OVERLAP therapies (D/C Lam).
When changing from Adefovir to Entecavir, overlap for at 
least 3 months.  



TelbivudineTelbivudine ((LdTLdT))

Telbivudine: specific inhibitor HBV polymerase.
Oral beta-L-deoxynucleoside of thymidine
Causes 2-3 log HBV-DNA drop by wk 4; not 
effective in YMDD mutant.
Dose: 400-600 mg/d
May cause CPK elevation
Resistance to Lamivudine increases risk of 

resistance to Entecavir, Telbivudine, and 
Emtricitabine; do not give them together.



Adjustment of Adult Adjustment of Adult TelbivudineTelbivudine
dose by Creatinine Clearancedose by Creatinine Clearance

>/50 mL/min             600 mg/day
30-49 mL/min           400 mg/day
10-29 mL/min           200 mg/day
Hemodialysis            200 mg after each 

dialysis



TelbivudineTelbivudine ((LdTLdT) vs Lamivudine in ) vs Lamivudine in 
Chronic HBV Chronic HBV –– Phase III GLOBE StudyPhase III GLOBE Study
Double blind, prospective, randomized 1:1 
2 years of Telbivudine vs Lamivudine
Patients: 

– 1367 [921 HBeAg(+) & 446 HBeAg(-)] with 
– Liver Bx c/w Ch. HBV, HBV-DNA > 105 copies/mL, ALT > 1.3 

ULN
1st end-point: HBV-DNA < 105 + [normal ALT or loss HBeAg]
2nd end-point: 

– a) Histologic response: Drop histol. Activ > 2 pts, 
– b) Viral response: Drop of HBV-DNA or HBV-DNA(-) by PCR
– c) Normalization of ALT
– d) Loss of HBeAg, or HBe seroconversion



TelbivudineTelbivudine ((LdTLdT) vs Lamivudine in Chronic HBV ) vs Lamivudine in Chronic HBV –– Phase III GLOBE StudyPhase III GLOBE Study
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TelbivudineTelbivudine ((LdTLdT) vs Lamivudine in Chronic HBV ) vs Lamivudine in Chronic HBV –– Phase III GLOBE StudyPhase III GLOBE Study
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TelbivudineTelbivudine ((LdTLdT) vs Lamivudine in Chronic HBV ) vs Lamivudine in Chronic HBV –– Phase III GLOBE StudyPhase III GLOBE Study

CONCLUSIONCONCLUSION

Telbivudine is faster and more effective 
than Lamivudine in HBeAg(+) and 
HBeAg(-) chronic HB
There is incremental effect from 1 year to 
18 months of therapy.



TelbivudineTelbivudine vs. Adefovirvs. Adefovir
HBeAg(+) patientsHBeAg(+) patients

log drop HBV-DNA at week 24:
Telbivudine = 6.3, Adefovir = 4.97
HBV-DNA < 300 copies/mL @ wk 24:
Telbivudine = 38.6%, Adefovir = 12.4%
Loss of HBeAg:
Telbivudine = 16%, Adefovir = 10%
Normalization of ALT:
No difference. 



TenofovirTenofovir DisoproxilDisoproxil

Oral adenosine nucleotide analog
Dose: 300 mg/day; adjusted by renal 
function
Effective in wild and YMDD mutant
Causes 4-5 log drop HBV-DNA @ 48 
weeks
No resistance in up to 130 wks



TenofovirTenofovir x 72x 72--130 wks in YMDD 130 wks in YMDD 
mutantmutant

von von BommelBommel et al. Hepatology 2004; 40:1421et al. Hepatology 2004; 40:1421--14251425
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Comparison of Comparison of EntecavirEntecavir & & TenofovirTenofovir
Lok A. Hepatology 2010: 52(2):743Lok A. Hepatology 2010: 52(2):743--747747

ENTECAVIR TENOFOVIR
HBe(+) 1y HBV-DNA log drop 6.9 6.2

HBe seroconversion 21% 21%
HBsAg loss 2% 3%

HBe(-) 1 y HBV-DNA log drop 5 4.6
HBsAg loss < 1% 0%

Genotypic resistance Nucleoside-Naive 1.2% ( year 5) 0% (year 3)
Lam-experienced 51% (year 5) N/A

Safety in Pregnancy Class C Class B
Adverse Events None Osteopenia, 

nephrotoxicity



Other Oral AgentsOther Oral Agents



EmtricitabineEmtricitabine (FTC)(FTC)

Oral cytosine nucleoside analog
Dose: 200 to 300 mg/d; adjust by renal function.
Resistance by YMDD mutation in 12% at 48 
weeks.
Side effects: lactic acidosis, fatty liver, fat 
redistribution, neutropenia.
Resistance to Lamivudine increases risk of 
resistance to Entecavir, Telbivudine, and 
Emtricitabine; do not give them together.



EmtricitabineEmtricitabine x 48 wks in HBe(+) or (x 48 wks in HBe(+) or (--))
SchiffmanSchiffman et al. AASLD 2004, Abstr# 22et al. AASLD 2004, Abstr# 22
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ClevudineClevudine

Oral pyrimidine analog (L-FMAU = 2-
fluoro-5-methyl-beta-L-arabino furanosyl
uridine)
Is phosphorylated inside the cell and is 
slowly removed: sustained viral inhibition.
Causes 3-4 log drop in HBV-DNA by wk 4.
Dose: 30-50 mg/day



ClevudineClevudine x 12x 12--24 wks in HBe(+)24 wks in HBe(+)
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HBV prevention PostHBV prevention Post--OLTxOLTx



HBsAg(+) RecipientHBsAg(+) Recipient



Benefits of HBIG ProphylaxisBenefits of HBIG Prophylaxis
HBsAg(+) RecipientsHBsAg(+) Recipients
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Benefits of HBIG ProphylaxisBenefits of HBIG Prophylaxis
HBsAg(+) RecipientHBsAg(+) Recipient

Anti-HBs titer goals post-OLTx (in HBIG monotherapy): 
– a) first week:   >500 IU/L,
– b) week 2-4:    >500 IU/L in high-replic; >100-150 in low-replic
– c) day 28-180:  >250 IU/L in high-replic; >100-150 in low-replic
– d) thereafter:    > 100-150 IU/L

Escape occurs b/o:
– a) “inadequate anti-HBs titer”, or 
– b) “pre-S/S mutation” causing reduced binding of anti-HBs. 



Definitions for Oral AntiviralsDefinitions for Oral Antivirals
PrePre--OLTxOLTx antianti--HBV TherapyHBV Therapy

High replicators > 104 copies/mL or > 2000 IU/mL: 
– high risk for graft re-infection and death; 
– all cirrhotics with > 104 copies/mL (2000 IU/mL) need therapy 

with “high resistance-barrier agent” (Tenofovir, Entecavir, or 
Lamivudine+Adefovir).

Low replicators < 104 copies/mL ( < 2000 IU/mL): 
– moderate/low risk re-infection & death; 
– if < 102 copies/mL, may be candidates for post-OLTx [short-term 

HBIG + oral agent], or [oral “high resistance-barrier” agent 
monotherapy].



Combination HBIG + Oral agentCombination HBIG + Oral agent
Low replicatorsLow replicators (</=10(</=1044 copies/mL or < 2000 IU/mL), copies/mL or < 2000 IU/mL), 

Fulminant HBV, and Fulminant HBV, and HBV+DeltaHBV+Delta
Angus PW. Liver Angus PW. Liver TransplTranspl 2000;6:4292000;6:429--433; 433; GaneGane EJ. Gastroenterology 2007;132:931EJ. Gastroenterology 2007;132:931--937937

Anhepatic phase: HBIG 936 IU IM (3 mL Nabi-HB)
Start/continue oral agent post-OLTx: Either (Adefovir + Lamivudine), 
Entecavir, or Tenofovir, or the combination that was effective before 
transplant. Continue oral agent for life.
First week: daily 936 IU HBIG (3 mL Nabi-HB) IM x 7 days.
Thereafter: HBIG 936 IU IM q month (3 mL Nabi-HB)
If pre-OLTx HBV-DNA was < 104 IU/mL, and after 1 year HBV-
DNA is still “non-detectable”, consider to discontinue HBIG after 
vaccination + boosters (40mcg @ 0,1,2 & 6 mo) x 1-3 courses, if 
patient responds with anti-HBs > 100 mIU/mL.
Monitoring:

– HBsAg, HBe Ag & Ab, and HBV-DNA quant q month x 3; then
– HBsAg, HBe Ag & Ab, and HBV-DNA quant q 3 months for life.



Combination HBIG + Oral agentCombination HBIG + Oral agent
High Replicators High Replicators (> 10(> 1044 copies or > 2000 IU/mL)copies or > 2000 IU/mL)

Anhepatic phase: HBIG 10000 IU IV
Continue effective oral agent, with high resistance barrier, 
post-OLTx for life. Give either (Adefovir + Lamivudine), 
Entecavir, Tenofovir, or combination regimen that was 
effective pre-Tx.
First week: daily 10000 IU HBIG IV x 6 days
Thereafter: 936 IU IM q month (3 mL Nabi-HB), starting 
on day 7 post-op.
Monitoring:

– HBsAg, HBe Ag & Ab, and HBV-DNA quant q month x 3; then
– HBsAg, HBe Ag & Ab, and HBV-DNA quant q 3 months for life.



UofLUofL Protocol: HBsAg (+) Liver Protocol: HBsAg (+) Liver 
Transplant RecipientTransplant Recipient

Recipient’s 
viral load

Anhepatic 
Phase

First week Thereafter Monitoring

HBV-DNA > 2000 
IU/mL

HBIG 10000 IU, IV HBIG 10000 IU, qd IV, x 
6 days

Adefovir+Lamivudine, 
or Entecavir, or 
Tenofovir, for life

HBIG 936 IU (3 mL 
Nabi-HB), IM on day 
7, and q month for life

Adefovir+Lamivudine, 
or Entecavir, or 
Tenofovir for life

HBsAg, HBe/anti-
HBe, HBV-DNA 
quantitation q month 
x 3, and then q 3 
months for life

HBV-DNA </= 
2000 IU/mL

HBIG 936 IU        
(3 mL Nabi-HB), 
IM

HBIG 936 IU (3 mL 
Nabi-HB), qd IM, x 7 
days

Adefovir+Lamivudine, 
or Entecavir, or 
Tenofovir, for life

HBIG 936 IU (3mL 
Nabi-HB), q month IM.
Immunize after 1 year, 
and if anti-HBs 
response > 100 IU/L, 
d/c HBIG

Adefovir+Lamivudine, 
or Entecavir, or 
Tenofovir for life

HBsAg, HBe/anti-
HBe, HBV-DNA 
quantitation q month 
x 3, and then q 3 
months for life



AntiAnti--HBc(+) organHBc(+) organ
given to HBsAg(given to HBsAg(--) Recipients) Recipients



AntiAnti--HBc(+) organ donorsHBc(+) organ donors
Risk of HBV acquisitionRisk of HBV acquisition

Anti-HBc (+) or anti-HBs (+) donors:
– Overall 33-100% 

Anti-HBc(+) organ given to: 
– HBV naïve recipient: 30-72%. 
– Anti-HBc(+) recipient: 13%.



AntiAnti--HBc(+) Organ DonorsHBc(+) Organ Donors
Risk of HBV InfectionRisk of HBV Infection

DodsonDodson et al. Transplantation 1997et al. Transplantation 1997
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AntiAnti--HBc(+) Donor To NaHBc(+) Donor To Naïïve Recipientve Recipient
Effect of ProphylaxisEffect of Prophylaxis

UCLA ExperienceUCLA Experience
GhobrialGhobrial RM ; Transplant Hepatology CAQ Course RM ; Transplant Hepatology CAQ Course -- 20062006
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AntiAnti--HBc(+) organ donorsHBc(+) organ donors

Primary candidates:
HBsAg(+) recipients

– Follow protocols for Low, or High Replicators 
as described in previous section (“HBsAg(+) 
Recipient”).



AntiAnti--HBc(+) organ  donorsHBc(+) organ  donors

Secondary candidates:
1) anti-HBs(+) recipients (with titer > 10 IU/L),   

2) anti-HBc(+) recipient, and                           
3) critically ill.

– Before OLTx or other Tx:
Order HBV-DNA in donor’s serum (to detect “pre-
S/S mutant virus” = HBsAg(-) mutant), and 
Check or order recipient’s “peak” anti-HBs titer (if 
not known, obtain pre-op anti-HBs titer)



AntiAnti--HBc(+) organ donorsHBc(+) organ donors

– Secondary candidates management:
– Donor’s serum HBV-DNA(+) & any Recipient’s 

peak anti-HBs titer (despite absence of HBsAg) :
Highly active oral agent (Lamivudine+Adefovir
combination, or Tenofovir or Entecavir, for life); 
Booster Vaccinate after 1 year [if HBV-DNA(-)] 
(40mcg @ 0,1,2 & 6 mo) x 1-3 courses, until anti-
HBs > 100 IU/mL (but continue oral agent for life)



AntiAnti--HBc(+) organ donorsHBc(+) organ donors
– Secondary candidates management:

– Donor’s serum HBV-DNA (-) & Recipient’s peak anti-HBs titer > 100 
IU/L : 

Lamivudine 150 mg BID (until anti-HBs > 100 mIU/mL, or for life).
Booster vaccinate x 1 dose, after 1 year, and check anti-HBs. 
Discontinue oral agent after if good anti-HBs response is maintained 
(> 100 mIU/mL) ? 

– Donor’s serum HBV-DNA (-) & Recipient’s peak anti-HBs titer is < 
100 IU/L :

Lamivudine 150 BID (until anti-HBs > 100 mIU/mL, or for life).
Booster Vaccinate after 1 year [if HBV-DNA(-)] (40mcg @ 0,1,2 & 6 
mo) x 1-3 courses, until anti-HBs > 100 mIU/mL. 
Discontinue oral agent if good anti-HBs response is achieved (> 100 
mIU/mL) ?



AntiAnti--HBc(+) liver donorsHBc(+) liver donors

– Secondary candidates management:
– Choice of oral agent: 

If donor HBV-DNA in serum is (+) give Tenofovir or 
Entecavir. 
If donor HBV-DNA in serum is negative, give Lamivudine 
150 mg BID (corrected by renal function).

– Monitoring:
HBsAg, HBe Ag & Ab, and HBV-DNA quant q month x 3; 
then
HBsAg, HBe Ag & Ab, and HBV-DNA quant q 3 months for 
life.



AntiAnti--HBc(+) liver/other organ HBc(+) liver/other organ 
donorsdonors

Tertiary candidates:
HBV naïve patients [anti HBc(-) & anti-HBs(-)]

Before OLTx, check/order HBV-DNA in donor’s serum. 
– If Donor’s serum HBV-DNA is (+) :

High resistance barrier oral agent (Entecavir, or Tenofovir) for life; 
[to give HBIG will not help if donor’s HBsAg was (-)]
Vaccinate after 1 year [if HBV-DNA(-)]; Independently of response, 
give oral agent for life.

– If Donor’s serum HBV-DNA is negative: 
Lamivudine 150 mg BID (until anti-HBs > 100 mIU/mL, or for life)
Vaccinate after 1 year [if HBV-DNA(-)], with 40mcg @ 0,1,2 & 6 
mo x 1-3 courses, until anti-HBs > 100 mIU/mL.  
Discontinue oral agent if good anti-HBs response is achieved 
(> 100 mIU/mL) ?



AntiAnti--HBc(+) liver donorsHBc(+) liver donors

Tertiary candidates:
– Choice of oral agent: 

If HBV-DNA in serum is (+) give Tenofovir or Entecavir. 
If HBV-DNA in serum is negative, give Lamivudine. 

– Monitoring:
HBsAg, HBe Ag & Ab, and HBV-DNA quant q month x 3; 
then
HBsAg, HBe Ag & Ab, and HBV-DNA quant q 3 months for 
life.



UofLUofL Protocol: AntiProtocol: Anti--HBc(+) organ given to HBc(+) organ given to 
HBsAg(HBsAg(--) Recipient) Recipient

Recipient Status Donor Status Oral Agent
(adjust dose by renal 
function)

Immunization Monitoring

Peak anti-HBs > 10 
mIU/mL, or 
anti-HBc(+)

Serum HBV-DNA(+) High “barrier-resistance”,    
[(Adefovir+Lamivudine), 
Entecavir, or Tenofovir] 
for life.

HBV-vaccine 40 mcg @ 
0,1,2,6 mo x 1-3 times until 
anti-HBs > 100 mIU/mL

HBsAg, HBe/anti-HBe, 
HBV-DNA quantitation 
q month x 3, and then q 3 
months for life

Peak anti-HBs > 100 
mIU/mL

Serum HBV-DNA(-) Lamivudine 150 BID, until 
anti-HBs > 100 mIU/mL, 
or for life

HBV-vaccine 40 mcg, until 
anti-HBs > 100 mIU/mL

HBsAg, HBe/anti-HBe, 
HBV-DNA quantitation 
q month x 3, and then q 3 
months for life

Peak anti-HBs 10-99 
mIU/mL, or 
anti-HBc(+)

Serum HBV-DNA(-) Lamivudine 150 BID, until 
anti-HBs > 100 mIU/mL, 
or for life

HBV-vaccine 40 mcg @ 
0,1,2,6 mo x 1-3 times until 
anti-HBs > 100 mIU/mL

HBsAg, HBe/anti-HBe, 
HBV-DNA quantitation 
q month x 3, and then q 3 
months for life

anti-HBs < 10 mIU/mL, 
and 
anti-HBc(-)

Serum HBV-DNA(+) High “barrier-resistance”, 
[(Adefovir+Lamivudine), 
Entecavir, or Tenofovir], 
for life.

HBV-vaccine 40 mcg @ 
0,1,2,6 mo x 1-3 times until 
anti-HBs > 100 mIU/mL

HBsAg, HBe/anti-HBe, 
HBV-DNA quantitation 
q month x 3, and then q 3 
months for life

anti-HBs < 10 mIU/mL, 
and 
anti-HBc(-)

Serum HBV-DNA(-) Lamivudine 150 BID, until 
anti-HBs > 100 mIU/mL, 
or for life

HBV-vaccine 40 mcg @ 
0,1,2,6 mo x 1-3 times until 
anti-HBs > 100 mIU/mL

HBsAg, HBe/anti-HBe, 
HBV-DNA quantitation 
q month x 3, and then q 3 
months for life



Hepatitis CHepatitis C



Hepatitis CHepatitis C

50 nm enveloped, positive-sense, single-
stranded RNA hepacivirus. 
Six genotypes and > 100 subtypes.
170 million infected worldwide; 
4 million in USA (1.8%); 38,000 new 
infections/year.



Prevalence,Prevalence,

TransmissionTransmission
& & 

Disease BurdenDisease Burden





2/18/2011 178



2/18/2011 179



2/18/2011 180



Extremely High HCV PrevalenceExtremely High HCV Prevalence
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HCV Prevalence in Other GroupsHCV Prevalence in Other Groups

10

7
6

5
4

2 1.8

0.160
1
2
3
4
5
6
7
8
9

10

Hemodialysis Transfusion    
< ’90    

Person w  STD Infant of 
RNA(+) mother 

Homosexual
men     

Monogamous
partner    

General
population 

Volunteer
blood donor      

%



HCV PrevalenceHCV Prevalence
Hemodialysis PatientsHemodialysis Patients

Egypt            general=   18.1%      HD= 80%
Moldavia                         4.9%               75%
Bulgaria                           1.1%               66%
Saudi Arabia                    1.8%               57%
Turkey                             1.5%                31%
Italy                                 0.5%                22%
France                              1.1%               16%
Belgium                           0.9%                 9%
USA                                 1.8%                 9%
Netherlands                      0.1%                3%



HCV TransmissionHCV Transmission
Dialysis UnitDialysis Unit

Sharing medications (heparin)
Poor hand washing / not changing gloves
Reuse of dialyzer after disinfection (rare)
Internal contamination of HD machine 
(very rare)
Must use “Universal Precautions”; 
consider room, machine & staff separation 
and separate dialyzer disinfection-room



Source and Risk Source and Risk 
HCV infection in ESRDHCV infection in ESRD

SOURCE Degree of RISK
Breakdown of “Universal 
Precautions” in Dialysis Unit

Very High

Contaminated HD equipment High

Blood Tx before 1992 Moderate

Peritoneal Dialysis Low

Blood Tx after 1992 Very low

Illicit drug use As general population



Vertical Transmission of HCVVertical Transmission of HCV
((ObstetObstet GynecolGynecol SurvSurv 2006; 61:6662006; 61:666--72)72)

Risk if mother anti-HCV(+) is approximately 2%; 
– If mother is HCV-RNA (+), risk is 4-5%. 
– Scalp electrodes increase risk of transmission.

Up to 30% of infected neonates may have acquired HCV 
“in utero” (Arch Dis Child Fetal Neonatal Ed 2005;90:F156-60)
In HCV/HIV co-infection the risk is higher (15-18%) but 
HAART may decrease the risk.
There is no association between vertical transmission of 
HCV, gestational age at delivery, nor chorioamnionitis.
Data are conflicting about duration of ruptured membranes 
and risk of HCV transmission (increased after 6 h ?)



Vertical Transmission of HCVVertical Transmission of HCV
Cesarean Section vs Vaginal DeliveryCesarean Section vs Vaginal Delivery

The “Cochrane Pregnancy and Childbirth Group’s 
Trial Register”, and the “Cochrane Central 
Register of Controlled Trials” were analyzed until 
April 2006.
No randomised controlled trials were found 
(Cochrane Database Syst Rev 2006; Oct 18).
Systematic review of observational studies 
(subject to biases) or RCT’s are needed.



Vertical Transmission of HCVVertical Transmission of HCV
((ObstetObstet GynecolGynecol SurvSurv 2006; 61:6662006; 61:666--72)72)

In HCV(+)/HIV(-) mothers:
– Route of delivery does not influence vertical 

transmission.
– There is no need to discourage breast feeding.

In HCV(+)/HIV(+) mothers:
– Mode of delivery should be based in HIV status.
– Breast feeding should be discouraged. 



Measures to Avoid Measures to Avoid 
Transmission of HCVTransmission of HCV

● HCV-infected persons should be counseled to avoid sharing toothbrushes and 
dental or shaving equipment, and be cautioned to cover any bleeding wound in 
order to prevent contact of their blood with others

● Persons should be counseled to stop using illicit drugs. Those who continue to 
inject drugs should be counseled to avoid reusing or sharing syringes, needles, 
water, cotton or other paraphernalia; to clean the injection site with a new 
alcohol swab; and to dispose of syringes and needles after one use in a safe, 
puncture-proof container

● HCV-infected persons should be advised to not donate blood, body organs, other 
tissue or semen

● HCV-infected persons should be counseled that the risk of sexual transmission is 
low, and that the infection itself is not a reason to change sexual practices ( i.e., 
those in long-term relationships need not start using barrier precautions and 
others should always practice “safer” sex)

Table adapted from “Recommendations for prevention and control of hepatitis C virus (HCV) infection and HCV-related 
chronic disease.” Centers for Disease Control and Prevention. MMWR Recomm Rep 1998;47(RR-19):1-39





Future Disease Burden:Future Disease Burden:
Estimated Increases from 2000Estimated Increases from 2000--20202020

(Davis GL Liver (Davis GL Liver TransplTranspl 2003:9:3312003:9:331--338)338)
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Acute HCVAcute HCV



Acute HCVAcute HCV
Incubation: 2-26 weeks (usually 7-8)
Symptoms: in < 30%, mild & last < 1month; 

– Usually: anorexia, arthralgia, myalgia, fatigue; 
– Rarely: jaundice, fever, or skin rash. 
– Extremely rare: FHF.

DX: HCV-RNA (+) days to weeks after acquisition ; anti-
HCV (+) in 6 weeks.
Spontaneous HCV clearance: (within 12 weeks in adults)

– Children < 2 y.o. & young women = 45%; 
– Others = 23%



Acute Hepatitis C VirusAcute Hepatitis C Virus



Acute HCVAcute HCV
TreatmentTreatment

If still HCV-RNA(+) 3 months after inoculation, 
spontaneous clearance is rare.
Best regimen is unknown: 
– starting 3 months after  inoculation, IFN 5 MU QD x 4 

wks + 3 MU TIW x 20 wks gave 98% clearance; 
– the mildest & shortest effective therapy is unknown. 

Patients should be abstinent from alcohol (impairs 
treatment response) and drugs  (anti-HCV is not 
protective against re-infection).



Treatment of Acute HCV @ 8,12, & 20 Treatment of Acute HCV @ 8,12, & 20 
wks, Pegasys vs Rebetron x 12 wkswks, Pegasys vs Rebetron x 12 wks

KamalKamal et al Abst # 37 AASLD, 2004et al Abst # 37 AASLD, 2004

68 pts with Acute hepatitis C;                           
7 had spontaneous clearance.
Treatment started at (time from acquisition): 
– A) Wk 8 (21), 
– B) Wk 12 (20), 
– C) Wk 20 (20)

Rebetron vs Pegasys x 12 wks; if HCV-RNA 
still (+) at wk 12, treated 12 more wks.



Treatment of Acute HCV @ 8,12, & 20 Treatment of Acute HCV @ 8,12, & 20 
wks, Pegasys vs Rebetron x 12 wkswks, Pegasys vs Rebetron x 12 wks

KamalKamal et al Abst # 37 AASLD, 2004et al Abst # 37 AASLD, 2004
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Treatment of Acute HCV @ 8,12, & 20 Treatment of Acute HCV @ 8,12, & 20 
wks, Pegasys vs Rebetron x 12 wkswks, Pegasys vs Rebetron x 12 wks

KamalKamal et al Abst # 37 AASLD, 2004et al Abst # 37 AASLD, 2004
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Treatment of Acute HCV @ 8,12, & 20 Treatment of Acute HCV @ 8,12, & 20 
wks, Pegasys vs Rebetron x 12 wkswks, Pegasys vs Rebetron x 12 wks

KamalKamal et al Abst # 37 AASLD, 2004et al Abst # 37 AASLD, 2004

Starting therapy at week 12 gave best results 
with SVR of 90%.
Pegasys 180 mcg/week monotherapy x 12 
weeks, was superior to Rebetron treatment x 
12 weeks, in all groups.



Practical Approach to Treat Acute HCVPractical Approach to Treat Acute HCV

Wait for 12 weeks from time of acquisition to see if 
spontaneous clearance occurs.
Spontaneous clearance is more likely if patient is: 
– IL28B (rs12979860) CC regardless of symptoms or 

jaundice, or 
– IL28B CT and jaundiced.

In absence of spontaneous clearance, treat with      
Peg-IFN + RBV (may improve outcome) for: 
– 3 months if HCV-RNA (-) at 4 weeks; 
– otherwise treat longer.



Spontaneous HCV Clearance in Acute HCV in Spontaneous HCV Clearance in Acute HCV in 
136 Young Women (25+/136 Young Women (25+/--4 4 y/oy/o) by IL28B Genotype) by IL28B Genotype

Gastroenterology 2020;139:1586Gastroenterology 2020;139:1586--15921592



Chronic HCVChronic HCV



Chronic HCVChronic HCV

Most are asymptomatic; 6% symptomatic before 
diagnosis.
Symptoms: fatigue, RUQ discomfort, anorexia, 
nausea, itching, arthralgia, myalgia. 
Extrahepatic: mixed cryoglobulinemia, purpura, 
mononeuritis multiplex, PCT, membrano-
proliferative glomerulonephritis, xerostomy, low-
grade B-cell lymphoma, corneal ulcers and 
idiopathic pulmonary fibrosis, lichen planus.





Pattern of ALT Elevation in Pattern of ALT Elevation in 
Chronic HCVChronic HCV
Pattern of ALT Elevation
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Degree of Fibrosis in Chronic Degree of Fibrosis in Chronic 
HCV With Normal ALTHCV With Normal ALT

((SchiffmanSchiffman et al. J Infect Dis. 2000; 182:1595et al. J Infect Dis. 2000; 182:1595--1601)1601)
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Degree of Fibrosis in Chronic Degree of Fibrosis in Chronic 
HCV With Elevated ALTHCV With Elevated ALT

Degree of Fibrosis
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Relation of Relation of ““Fibrosis StageFibrosis Stage”” to to ““Mean Area Mean Area 
of Fibrosisof Fibrosis”” by Imaging Analysisby Imaging Analysis

BedossaBedossa P et al. Hepatology 2003;38;1449P et al. Hepatology 2003;38;1449--14571457

Metavir Stage Mean Area of Fibrosis 
(range)

F0 2 (0.7-2.7)

F1 3.4 (2.7-4.6)

F2 5.8 (4.6-10.2)

F3 14.7 (10.2-19.9)

F4 25.1(19.9-30.2)



Genotype and Viral Load in US Genotype and Viral Load in US 
PatientsPatients

Genotype 4,5,6 Genotype 4,5,6 
Low Viral Load

Alter et al. N Engl J Med. 1999;341;556-562.
Blatt et al. J Viral Hepatitis. 2000;7:196-202.

Genotype 1 
HVL

Genotype 1 
LVL

Genotype 
2,3 HVL

Genotype 2,3 Genotype 2,3 
Low Viral LoadLow Viral Load

24.5%24.5%

14.7%14.7%

7.3%7.3%

Genotype 4,5,6  Genotype 4,5,6  
High Viral Load  High Viral Load  

49.5%49.5%

Low Viral Load2.7%2.7% 1.3%1.3%



Hepatitis CHepatitis C

Diagnostic Tests





Markers of Viral Hepatitis C:Markers of Viral Hepatitis C:
AntiAnti--HCVHCV

Usually ELISA-3
False (+) in low prevalence population without 
risk factors (40%) and hypergammaglobulinemia
Rare false (-) [HIV(+), hemodialysis, transplant]
Acute HCV turns (+) at week 4 in 74%; 98% at 
week 20. (average “window” is 8-12 weeks)



Markers of Viral Hepatitis C:Markers of Viral Hepatitis C:
AntiAnti--HCV, HCV, continuedcontinued

Not a protective antibody
May remain (+) up to 10 years post-acute 
infection
Almost all patients with chronic HCV are 
anti-HCV (+)



Markers of HCV infection:Markers of HCV infection:
HCVHCV--RNA QuantitationRNA Quantitation

Uses Real-time PCR, Transcription mediated 
amplification (TMA), or TaqMan
Appears 1-2 weeks after infection
In perinatal infection: 
– 70% (+) @ 3 months; many clear spontaneously. 
– Better test @ 18 months if anti-HCV is (+).

Variations of up to 0.5 log (3-fold) have no 
clinical meaning.



Markers of Viral Hepatitis C:Markers of Viral Hepatitis C:
HCVHCV--RNA QuantitationRNA Quantitation

Fall of < 2-log at week 12 of therapy predicts lack 
of response (PEG-interferon + Ribavirin)
Fall > 2-log at week 12 of therapy predict SVR in 
68% [90% if PCR(-) & 26% if PCR(+)]
Low viral load (≤ 400,000 IU/ml) respond better 
to therapy than High viral load (HVL); 
HVL patients respond similarly independently of 
how high is the load. 
Infrequent false (+) or false (-)



Quantitative HCVQuantitative HCV--RNA ASSAYSRNA ASSAYS

Conversion Factor 
IU/mL

Dynamic Range 
IU/mL

FDA Approved

Amplicor HCV 
Monitor

0.9 copies/mL 600-500,000 Yes

COBAS Amplicor 
HCV Monitor V2

2.7 copies/mL 600-500,000 Yes

Versant HCV RNA 3 
Assay (bDNA)

5.2 copies/mL 615-7’700,000 Yes

LCX HCV RNA-
Quantitative Assay

3.8 copies/mL 25-2’630,000 No

SuperQuant 3.4 copies/mL 30-1’470,000 No

COBAS Taqman
HCV Test

43-69’000,000 Yes

Abbott RealTime 12-100’000,000 No



HCV in ESRDHCV in ESRD
Problems with DiagnosisProblems with Diagnosis

False (-) anti-HCV by ELISA-2 = 2.60 %
False (-) anti-HCV by ELISA-3 = 0.23 %
Delayed sero-conversion (>7 mo) and short-
lived elevation of ALT after acute infection. 
ALT frequently normal in chronic HCV (+) 
patients with ESRD and/or in hemodialysis 
Heparin in dialysis interferes with PCR
Hemodialysis decreases HCV-RNA load.



Immunocompetent HostImmunocompetent Host
Natural HistoryNatural History



Outcome of HCVOutcome of HCV
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Histological Scoring of FibrosisHistological Scoring of Fibrosis
Description Modified 

HAI
(Ishak)

HAI
(Knodell)

Batts-
Ludwig, 

Scheuer, or  
IASL

METAVIR

None 0 0 0 0

Mild-Portal fibrosis (some p. areas) 1 1 1 1

Moderate-Periportal Fibrosis (most p. 
areas, or occasional portal-portal septa)

2 3 2 2

Severe-Bridging fibrosis (few / 
occasional bridges, any portal-central)

3 3 3 2
Severe-Bridging fibrosis (many portal-
central bridges)

4 3 3 3
Incomplete cirrhosis 5 4 4 4
Cirrhosis 6 4 4 4

Treat METAVIR =/> 2, or Ishak/Batts-Ludwig/Scheuer/Knodell =/> 3



38% qualify for therapy (METAVIR >/= 2)







HCV CirrhosisHCV Cirrhosis
SurvivalSurvival
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HCV CirrhosisHCV Cirrhosis
Decompensation & Hepatocellular CADecompensation & Hepatocellular CA
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Chronic HCV in ESRDChronic HCV in ESRD
Natural HistoryNatural History



Chronic HCV in ESRDChronic HCV in ESRD
Natural HistoryNatural History

Indolent & asymptomatic; normal liver enzymes
Advanced fibrosis (F3-F4) in 22-32%
Death rate 35% higher in HCV cirrhosis
Risk of Liver Ca 50% higher in HCV (+)
Mortality of HCV (+) kidney Tx is 40% higher 
than HCV (-) kidney Tx.
Mortality of HCV (+) who receive kidney Tx is 
50% lower than those who continue in 
hemodialysis.



HCV in Renal TxHCV in Renal Tx
Natural History (10 years)Natural History (10 years)
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HCV in Renal TransplantHCV in Renal Transplant

Survival: same 5-year but lower @ 10-years
Survival better than if continue on HD
Liver damage accelerated by Azathioprine 
and anti-lymphocyte globulin
Higher risk of membranous and 
membranoproliferative glomerulonephritis.
Decreased renal graft function



Immunocompromised HostImmunocompromised Host

HCV Recurrence Post Liver HCV Recurrence Post Liver 
TransplantTransplant

Natural HistoryNatural History



PostPost--OLTxOLTx HCV RecurrenceHCV Recurrence
Infection occurs during graft reperfusion. 
Negative-strand HCV-RNA (replication) as early as 48h 
post-LTx. 
25% have HCV core Ag in hepatocyte 10 d post-LTx, &   
> 90% @ 3 months post-LTx
Pre-LTx HCV-RNA level may be reached by day 4.
Peak titers reached at 1-3 mo post-Tx.
1-y post-LTX, HCV-RNA level are 10-100X pre-LTx
Failure to develop a HCV-specific MHC-complex class II-
restricted CD4+ T-cell response contributes to graft-injury.



PostPost--OLTxOLTx HCV RecurrenceHCV Recurrence

Risk of death (hazard ratio 1.23) & of graft-loss 
(hazard ratio 1.3) is higher in HCV(+) than in 
HCV(-), at 1, 3, & 5 years.
Fibrosis progression in HCV: 
– LTx = 0.3-0.8 stage/y vs 
– Immunocompetent = 0.1-0.2 stage/year.

Median time to cirrhosis: 
– LTx = 10y; 
– Immunocompetent = 20-40 y.



PostPost--OLTxOLTx HCV RecurrenceHCV Recurrence

Cirrhosis: 
– 6-23% in 3-4 y, 
– 30% by 5 y.

Risk of decompensation: 
– 1y = 42%  ( < 5% immunocompetent) & 
– 3y = 62% ( < 20% in Immunocompetent)

Approximately 10-25% of post-LTx HCV-liver 
disease will need re-Tx or will be dead within 
initial 5 years. 



Risk Factors Associated to Risk Factors Associated to 
Severity of Recurrence Severity of Recurrence 

Recipient related
– Female gender:      lower survival
– Age: lower survival
– Non-white race:     lower survival, more severe
– Severity of illness: lower survival
– Hepatitis B co-infection: controversial

Donor Related
– Age > 65:                        lower survival, more severe
– HLA-mismatch       controversial
– Living donor:          controversial
– Donor-liver fat: controversial
– Genetic factors: controversial



Risk Factors Associated to Risk Factors Associated to 
Severity of Recurrence Severity of Recurrence 

Virological
– Pre-LTx viral load (>1M copies):    more severe
– Early post-LTx load: more severe
– CMV infection (+ g-1a): more severe
– HIV co-infection: more severe
– Genotype 1b: controversial
– Quasispecies: controversial

Other
– Time to recurrence: more severe
– Steroid bolus, OKT3: more severe
– Short time to recurrence: more severe
– Cold ischemia time: controversial



PostPost--OLTxOLTx HCV RecurrenceHCV Recurrence
Factors That Affect OutcomeFactors That Affect Outcome

Pre-OLTx HCV-RNA > 600000 IU (1 M copies)
Advanced Donor Age (increase 1%/y after age 25; 
poor if > 65 y)
Treatment of ACR
High-average daily steroid dose
T-cell depleting therapy
CMV disease
Non-caucasian recipient
Year of OLTx (?); (worse in recent years)



Acute PostAcute Post--OLTxOLTx HCV HCV 
RecurrenceRecurrence

Mild to moderate ALT/AST elevation
Total bilirubin < 6 mg/dL
Liver Bx in HCV recurrence: mononuclear lobular 
infiltrate, variable hepatocyte necrosis, and fatty 
infiltration;(Il-2, IFN-gamma, and TNF dominate).
Liver Bx in Acute Cellular Rejection: endothelitis, 
severe bile duct damage, and mixed-cell
infiltrate;(Il-4 & Il-10 gene expression dominate).
Portal lymphocytic infiltrate and lymphocyte 
aggregates are seen in both HCV & ACR.



Chronic HCV RecurrenceChronic HCV Recurrence

There is portal-portal bridging fibrosis and 
portal & lobular infiltration; variable 
degrees of hepatocyte necrosis.
Progressive, non-specific Th1 inflammatory 
response. 



Survival After Liver Survival After Liver 
TransplantationTransplantation

UNOS (1992UNOS (1992--98) 98) GastroenterolGastroenterol 2002;122:8892002;122:889--896896
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Progression to F3Progression to F3--F4 Fibrosis and to Decompensated CirrhosisF4 Fibrosis and to Decompensated Cirrhosis
Post Post OLTxOLTx HCVHCV

BerenguerBerenguer et al J. et al J. HepatolHepatol 2000;32:6732000;32:673--684 & Hepatology 2000;32:852684 & Hepatology 2000;32:852--858858
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Survival in PostSurvival in Post--OLTxOLTx HCVHCV--CirrhosisCirrhosis
BerenguerBerenguer et al. Hepatology 2000;32:852et al. Hepatology 2000;32:852--858858
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Fibrosing Cholestatic Hepatitis CFibrosing Cholestatic Hepatitis C

Bilirubin > 6 mg/dL without biliary or vascular 
complications.
ALT & AST elevated 2-5X; alk. phosph. > 500 U/L & 
GGT > 1000 U/L
Very high serum & intrahepatic HCV-RNA
Begins about 1 mo post LTx; liver failure in 3-6 months.
Liver Bx: severe perivenular hepatocyte ballooning, 
intrahepatic cholestasis, pericellular & portal fibrosis, 
ductular proliferation, and paucity of inflammation.
Probably due to high immunosuppression;                   
stable quasispecies; TH2 > TH1 cytokine response;       
direct cytotoxic injury.



Predictors of Poor Outcome in Predictors of Poor Outcome in 
HCV ReHCV Re--TransplantationTransplantation

Bilirubin > 10 mg/dL
Creatinine > 2 mg/dL
Creatinine clearance < 40 mL/min
Recipient > 55 years
Cirrhosis < 1 year post-LTx
Donor > 40 years



Chronic Hepatitis CChronic Hepatitis C

Treatment



Characteristics of Persons for Whom Characteristics of Persons for Whom 
Therapy Is Widely AcceptedTherapy Is Widely Accepted

● Age 18 years or older, and

● HCV RNA positive in serum, and

● Liver biopsy showing chronic hepatitis with significant fibrosis (bridging fibrosis or 
higher), and

● Compensated liver disease (total serum bilirubin 1.5 g/dL; INR 1.5; serum albumin 
3.4, platelet count 75,000 mm and no evidence of hepatic decompensation (hepatic 
encephalopathy or ascites), and

● Acceptable hematological and biochemical indices (Hemoglobin 13 g/dL for men 
and 12 g/dL for women; neutrophil count 1500 /mm3 and serum creatinine 1.5 
mg/dL, and

● Willing to be treated and to adhere to treatment requirements, and

● No contraindications 



Characteristics of Persons for Whom Characteristics of Persons for Whom 
Therapy Is Currently ContraindicatedTherapy Is Currently Contraindicated

● Major uncontrolled depressive illness

● Solid organ transplant (renal, heart, or lung)

● Autoimmune hepatitis or other autoimmune condition known to be exacerbated by 
peginterferon and ribavirin

● Untreated thyroid disease

● Pregnant or unwilling to comply with adequate contraception

● Severe concurrent medical disease such as severe hypertension, heart failure, 
significant coronary heart disease, poorly controlled diabetes, chronic obstructive 
pulmonary disease

● Age less than 2 years

● Known hypersensitivity to drugs used to treat HCV



Characteristics of Persons for Whom Characteristics of Persons for Whom 
Therapy Should Be IndividualizedTherapy Should Be Individualized

● Failed prior treatment (non-responder and relapsers) either 
interferon with or without ribavirin or peginterferon monotherapy

● Current users of illicit drugs or alcohol but willing to participate in 
a substance abuse program (such as a methadone program) or 
alcohol support program. Candidates should be abstinent for a 
minimum period of 6 months

● Liver biopsy evidence of either no or mild fibrosis
● Acute hepatitis C
● Coinfection with HIV
● Under 18 years of age
● Chronic renal disease (either requiring or not requiring 

hemodialysis)
● Decompensated cirrhosis
● Liver transplant recipients



Histological Scoring of FibrosisHistological Scoring of Fibrosis
Description Modified 

HAI
(Ishak)

HAI
(Knodell)

Batts-
Ludwig, 

Scheuer, or  
IASL

METAVIR

None 0 0 0 0

Mild-Portal fibrosis (some p. areas) 1 1 1 1

Moderate-Periportal Fibrosis (most p. 
areas, or occasional portal-portal septa)

2 3 2 2

Severe-Bridging fibrosis (few / 
occasional bridges, any portal-central)

3 3 3 2
Severe-Bridging fibrosis (many portal-
central bridges)

4 3 3 3
Incomplete cirrhosis 5 4 4 4
Cirrhosis 6 4 4 4

Treat METAVIR =/> 2, or Ishak/Batts-Ludwig/Scheuer/Knodell =/> 3



Early Parameters of ResponseEarly Parameters of Response



Prediction of SVR (NaPrediction of SVR (Naïïve)ve)
PEGPEG--Interferons + RibavirinInterferons + Ribavirin

HCV-RNA 
Status @ 12 wk

% Non-
Responders

% SVR

HCV-RNA (-) 10 90
HCV-RNA (+) 
& drop > 2 log 74 26
HCV-RNA (+) 
& drop < 2 log 98.4 1.6



Type of Treatment ResponseType of Treatment Response
Time to HCVTime to HCV--RNA < 50 IU/mL (RNA < 50 IU/mL (--))

4 weeks 12 weeks 24 weeks
RVR (-) (-) (-)
cEVR (+) (-) (-)
pEVR

Slow Responder
(+) > 2 log drop 

(+)
(-)

pEVR
Partial Responder

(+) > 2 log drop 
(+)

(+)

Null Responder (+) < 1 log drop < 2 log drop

Breakthrough: from (-) to (+) during treatment

N
o R

esponder

N
o R

esponder

Relapse: from (-) to (+) after treatment

Non-Responder: HCV-RNA (+) @ week 24



Undetectable = 44 weeks106
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Darling JM, et al. Clin Liver Dis. 2006;10:835-850.
Adapted from http://www.hepatitis.va.gov/vahep?page=prtop04-wp-03. Accessed January 4, 2008.
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Predicting SVR by HCVPredicting SVR by HCV--RNA fallRNA fall
PegPeg--IFN alpha 2a + RBVIFN alpha 2a + RBV
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PegPeg--Interferon/RBV vs Interferon/RBV vs 
Interferon/RBVInterferon/RBV



PEGASYS + Ribavirin 1PEGASYS + Ribavirin 1--12001200
Genotype & Viral LoadGenotype & Viral Load on on SVRSVR
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PEGASYS + RibavirinPEGASYS + Ribavirin
Sustained Virologic ResponseSustained Virologic Response
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GenotypeGenotype--11 chronic HCVchronic HCV
SVRSVR by Treatment Regimenby Treatment Regimen
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HCV Cirrhosis vs NoHCV Cirrhosis vs No--CirrhosisCirrhosis
Pegasys + Ribavirin 1/1200 x 48 wksPegasys + Ribavirin 1/1200 x 48 wks
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PEGPEG--INTRON + Ribavirin 800INTRON + Ribavirin 800
SVR GenotypeSVR Genotype--1 vs G1 vs G--2/3 2/3 NaiveNaive
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PEGPEG--INTRON + Ribavirin 800INTRON + Ribavirin 800
Effect of Effect of Viral loadViral load in in GenotypeGenotype--11
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Rapid Virological Response (HCVRapid Virological Response (HCV--RNA < 50 IU/mL @ wk 4) RNA < 50 IU/mL @ wk 4) 
predicts SVR in genotypepredicts SVR in genotype--1, with Pegasys + RBV x 24 wks1, with Pegasys + RBV x 24 wks

Jensen D et al. AASLD 2005, AbstrJensen D et al. AASLD 2005, Abstr

Retrospective analysis of a randomized, 
multinational, phase III trial (Hadziyannis).
216 patients with HCV g-1 were 
randomized to 24 wks of therapy; F3/F4 in 
23%; 
99 received 800 mg RBV, and 117 received 
1-1200 mg RBV. 



Rapid Virological Response (HCVRapid Virological Response (HCV--RNA < 50 IU/mL @ wk 4) RNA < 50 IU/mL @ wk 4) 
predicts SVR in genotypepredicts SVR in genotype--1, with Pegasys + RBV x 24 wks1, with Pegasys + RBV x 24 wks

RESULTSRESULTS

51 patients (24%) had RVR (HCV-RNA< 
50 IU/mL @ wk 4): 
– 18% of g-1a & 
– 28% of g-1b.

RVR was: 
– 18.2% with 800 RBV & 
– 28.2% with 1-1200 RBV; 

20% of F3/F4 patients had RVR.



Rapid Virological Response (HCVRapid Virological Response (HCV--RNA < 50 IU/mL @ wk 4) RNA < 50 IU/mL @ wk 4) 
predicts SVR in genotypepredicts SVR in genotype--1, with Pegasys + RBV x 24 wks1, with Pegasys + RBV x 24 wks

RVR by Baseline Viral LoadRVR by Baseline Viral Load
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Rapid Virological Response (HCVRapid Virological Response (HCV--RNA < 50 IU/mL @ wk 4) RNA < 50 IU/mL @ wk 4) 
predicts SVR in genotypepredicts SVR in genotype--1, with Pegasys + RBV x 24 wks1, with Pegasys + RBV x 24 wks

RVR by genotypeRVR by genotype--1 a vs b1 a vs b
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Rapid Virological Response (HCVRapid Virological Response (HCV--RNA < 50 IU/mL @ wk 4) predicts RNA < 50 IU/mL @ wk 4) predicts 
SVR in genotypeSVR in genotype--1, with Pegasys + RBV x 24 wks 1, with Pegasys + RBV x 24 wks 

Jensen D et al. AASLD 2005, AbstrJensen D et al. AASLD 2005, Abstr

SVR of RVRSVR of RVR--patients, by type of therapypatients, by type of therapy
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Rapid Virological Response (HCVRapid Virological Response (HCV--RNA < 50 IU/mL @ wk 4) RNA < 50 IU/mL @ wk 4) 
predicts SVR in genotypepredicts SVR in genotype--1, with Pegasys + RBV x 24 wks1, with Pegasys + RBV x 24 wks

CONCLUSIONCONCLUSION

Patients with genotype-1 chronic HCV who are 
HCV-RNA (-) at week 4 of therapy, have the same 
SVR with 24 or 48 weeks of therapy, and with 
either 800 or 1-1200 mg RBV.
Genotype-1 patients with lowest (<200K) baseline 
viral load are more likely to have a Rapid 
Virological Response (49%); those with loads of 
200K-600K, have a 26% rate of RVR.
RVR is more common with genotype-1b (28%) 
than with genotype-1a (18%). 



Rapidity of Response and SVRRapidity of Response and SVR



Rapidity of Response by GenotypeRapidity of Response by Genotype
Fried MW, EASL 2008; Abstr #7Fried MW, EASL 2008; Abstr #7
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SVR by Response Type & GenotypeSVR by Response Type & Genotype
Fried MW, EASL 2008; Abstr #7Fried MW, EASL 2008; Abstr #7

48W

0
10
20
30
40
50
60
70
80
90

100

RVR cEVR pEVR

G-1
G-2
G-3
G-4

569 395 24
426

N
N

N NN

24W

%SVR
0-18% in other 

studies



Individualized Treatment Duration in HCV GIndividualized Treatment Duration in HCV G--11
MangiaMangia A et al. Hepatology 2008;47:43A et al. Hepatology 2008;47:43--5050
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HCV gHCV g--1 Refined SVR Prediction by virologic 1 Refined SVR Prediction by virologic 
response at weeks 4 & 12response at weeks 4 & 12 (AASLD 2008: Abstr 1853)(AASLD 2008: Abstr 1853)

558 patients with HCV G-1: Peg 180 + RBV 1-1200 x 48 w
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Conclusion from DataConclusion from Data

Patients who at week 12 of PEG/RBV have 
HCV-RNA > 600 IU/mL should be 
considered for Treatment Modification.
Proposed Treatment Modification Options:
– Change to daily Interferon alfacon-1 @ 15 

mcg/d + RBV for 48 more weeks (total 60 wk) 
if tolerating therapy well (preferred option)

– Continue PEG/RBV for 72 weeks total (if 
tolerating only fair).



Effect of RVR, Effect of RVR, cEVRcEVR, & slow response, & slow response
in SVR in SVR 
amongamong

Different Different EthnicitiesEthnicities, , 
Baseline Viral Load and Baseline Viral Load and 

Degree of FibrosisDegree of Fibrosis



Type of Response, Ethnicity and Type of Response, Ethnicity and 
SVR in GSVR in G--11

ShiffmanShiffman ML. ESLD 2008; Poster 835ML. ESLD 2008; Poster 835
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Effect of Fibrosis & Viral Load in GEffect of Fibrosis & Viral Load in G--1 SVR1 SVR
ShiffmanShiffman ML. ESLD 2008; Poster 835ML. ESLD 2008; Poster 835
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EffectEffect ofof TreatmentTreatment ProlongationProlongation



SVR in HCV GSVR in HCV G--1 by time to HCV1 by time to HCV--RNA(RNA(--) & Length of Therapy) & Length of Therapy
PegPeg--IFN alfa 2 a or b + RBV 1000IFN alfa 2 a or b + RBV 1000--12001200

MangiaMangia et al Hepatology 2008; 47:43et al Hepatology 2008; 47:43--5050
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Prolonged Therapy in HCV gProlonged Therapy in HCV g--1 1 
Slow RespondersSlow Responders [> 2 log drop but (+) at week 12][> 2 log drop but (+) at week 12]

Berg T, von Wagner M, Nasser S, Sarrazin C, 
Heintges T, Gerlach T, etal. Extended 
treatment duration for hepatitis C virus type 
1: comparing48 versus 72 weeks of 
peginterferon-alfa-2a plus ribavirin. 
Gastroenterology 2006;130:1086-1097. 
(retrospective analysis; 100 (48 w) vs 106 (72 
w) pts; RBV dose 800 mg/d)

Pearlman BL, Ehleben C, Saifee S. Treatment 
extension to 72 weeks ofpeginterferon and 
ribavirin in hepatitis c genotype 1-infected 
slow responders. HEPATOLOGY 
2007;46:1688-1694. (prospective, 
randomized, Peg 1.5/kg, RBV 800-1400, 49 
(48 w) vs 52 (72 w) pts; no growth factors)
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““Minimal Residual ViremiaMinimal Residual Viremia”” @ EOT @ EOT 
predicts postpredicts post--treatment HCV relapsetreatment HCV relapse

GerottoGerotto et al Abstr. AASLD # 40, 2004et al Abstr. AASLD # 40, 2004

135 patients treated with Peg-IFN + RBV who passed 
the “12 & 24 wk rule”.
HCV-RNA during month 11 of therapy by: 
– A) PCR (LDL 50-100 IU/mL), (Cobas-Roche) and 
– B) Qual TMA (LDL 9.6 IU/mL) (Versant-Bayer)



““Minimal Residual ViremiaMinimal Residual Viremia”” @ EOT @ EOT 
predicts postpredicts post--treatment HCV relapsetreatment HCV relapse

GerottoGerotto et al Abstr. AASLD # 40, 2004et al Abstr. AASLD # 40, 2004
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ConclusionConclusion
Abstr # 40Abstr # 40

Positive HCV-RNA by highly sensitive assay 
(10 IU/mL) near EOT, predicts HCV relapse.
Only 14% of patients who were HCV-RNA (-) 
by a highly sensitive assay near EOT, will had 
viral relapse.



Parameters for DoseParameters for Dose--ReductionsReductions



Dose Reduction or Dose Reduction or 
DiscontinuationDiscontinuation

HEMATOLOGIC 
THRESHOLD

DOSE MODIFICATION

ANC 500-750 Reduce Peg-IFN; ? Neupogen

ANC < 500 D/C Peg-IFN

Platelets 25K to 50 K Reduce Peg-IFN

Platelets < 25 K D/C Peg-IFN

Hemoglobin =/< 10 Reduce Ribavirin; ? Epo

Hemoglobin =/< 8.5 D/C Ribavirin



RBV doseRBV dose
High & Constant High & Constant 



Suggested RBV dose by Creatinine Suggested RBV dose by Creatinine 
ClearanceClearance

KamarKamar N et al. Am J Kidney Dis. 2004;43:140N et al. Am J Kidney Dis. 2004;43:140--146 & 146 & 
BruchfeldBruchfeld A et al. Drug Monit. 2002;24:701A et al. Drug Monit. 2002;24:701--708708

Creatinine 
Clearance 
(Cockcroft-
Gault)

120
mL/
min

100
mL/
min

80
mL/
min

60
mL/
min

40
mL/
min

20
mL/
min

RBV
(mg/day) 1400 1200 1000 800 600 400



Biphasic Model of Viral Load Biphasic Model of Viral Load 
Reduction on IFNReduction on IFN
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H
C

V
 R

N
A

 L
ev

el
H

C
V

 R
N

A
 L

ev
el

4 weeks4 weeks

Phase IPhase I Phase IIPhase II

Undetectable Undetectable 

Rapid, dose dependent, exponentialRapid, dose dependent, exponential
decline in HCV RNA levelsdecline in HCV RNA levels

Direct inhibition of viralDirect inhibition of viral
productionproduction Determined by rate ofDetermined by rate of

clearance of infected cellsclearance of infected cells

Phase II is the bestPhase II is the best
predictor of SVRpredictor of SVR

Ferenci P.  Viral Hep Rev. 1999;5:229-245.
Layden-Almer and Layden, Seminars in Liver Disease, Vol.23, Suppl.1, 2003, pp.29-33.



Effect of Ribavirin in HCV Effect of Ribavirin in HCV 
PhasePhase--I KineticsI Kinetics

PawlotskyPawlotsky et al. et al. GastroenterolGastroenterol 2004;126:7032004;126:703--714714

RBV monotherapy causes moderate & 
transitory decline of HCV-RNA in first 48-
72 h in 50% of patients (Phase 1 effect)
Patients with higher RBV half-life and 
levels, got the benefits: Is it better to start 
on day 1 with high dose ? 
Combination with daily or TIW IFN  does 
not affect serum RBV levels.



Effect of Ribavirin in HCV Phase II & III KineticsEffect of Ribavirin in HCV Phase II & III Kinetics
PawlotskyPawlotsky et al. et al. GastroenterolGastroenterol 2004;126:7032004;126:703--714714

RBV partially prevents HCV-RNA rebound 
before next IFN dose (important in TIW 
Interferon).
RBV does not affect the second phase of viral 
decline.
RBV accelerates the third phase HCV-RNA decay 
when given with Peg-Interferons (Herrmann et al. 

Hepatology 2003;37:1351-1358); in high doses decreases 
the relapse rate (Shiffman M et al AASLD 2005, abstr 55)



Effect of timing for RBV dose Effect of timing for RBV dose 
reduction in genotypereduction in genotype--1 HCV1 HCV

Lee et al. Abstr # 394, AASLD 2004Lee et al. Abstr # 394, AASLD 2004

569 pts with g-1 chronic HCV on Pegasys 180 
+ RBV 1-1200 mg
Analysis of SVR depending on timing for 
reduction of RBV dose.
All groups continued Peg-IFN at similar level: 
93-98% of intended dose



Effect of timing for RBV dose reduction in genotypeEffect of timing for RBV dose reduction in genotype--1 HCV1 HCV

SVR by Time SVR by Time ofof RBVRBV--ReductionReduction
Lee et al. Abstr # 394, AASLD 2004Lee et al. Abstr # 394, AASLD 2004
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CONCLUSIONCONCLUSION
Abstr # 394Abstr # 394

In patients without dose reductions of Peg-
Interferon:                                           
Reductions in RBV dose during the initial 
12 weeks of therapy has a negative effect in 
EVR and SVR.



PegPeg--Intron + {[WBIntron + {[WB--RBV] vs [WBRBV] vs [WB--RBV/EPO] RBV/EPO] 
vs [HDvs [HD--RBV/EPO]} in HCV gRBV/EPO]} in HCV g--1 na1 naïïveve

ShiffmanShiffman M et al AASLD 2005, abstr 55M et al AASLD 2005, abstr 55

150 HCV g-1, naïve, in prospective, single-center 
study.
Peg-Intron 1.5 mcg/kg-week +

– A) WB-RBV  800-1400 (13.3/kg)
– B) WB-RBV  800-1400 (13.3/kg) + 10-60K EPO
– C) HD-RBV 1000-1600 (15.2/kg) + 10-60K EPO

RBV dose decreased for Hb < 10
Mean age=48, male=60%, AfrAm=34%,           
mean weight=82.4 kg(49-149), cirrhosis=6%,  log 
HCV-RNA 5.5+/-0.32



PegPeg--Intron + {[WBIntron + {[WB--RBV] vs [WBRBV] vs [WB--RBV/EPO] RBV/EPO] 
vs [HDvs [HD--RBV/EPO]} in HCV gRBV/EPO]} in HCV g--1 na1 naïïveve

ShiffmanShiffman M et al AASLD 2005, abstr 55M et al AASLD 2005, abstr 55
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PegPeg--Intron + {[WBIntron + {[WB--RBV] vs [WBRBV] vs [WB--RBV/EPO] RBV/EPO] 
vs [HDvs [HD--RBV/EPO]} in HCV gRBV/EPO]} in HCV g--1 na1 naïïveve

ShiffmanShiffman M et al AASLD 2005, abstr 55M et al AASLD 2005, abstr 55

Peg+WB Peg+WB+  
EPO

Peg+HD+ 
EPO

Max Hb 
decline 
(gm/dl)

4.1+/-1.7 3.6+/-1.8 3.8+/-1.5

Mean RBV 
dose (md/d)

1027+/-167 1088+/-157 1227+/-171

% RBV dose 
reduction

36 13 27



CONCLUSIONCONCLUSION

Significant increase in SVR can be 
achieved in HCV-g-1 patients with 
higher doses of RBV (15.2/kg) 
along with EPO, to limit dose 
reduction.



Ribavirin and TeratogenicityRibavirin and Teratogenicity
Patients should be informed that Ribavirin is teratogenic.
Ribavirin should not be started unless a pre-treatment pregnancy 
test has been negative.
Women of childbearing potential and all males should use 2 
methods of contraception during treatment and for 6 months 
after therapy.
If pregnancy occurs, they should be advised of the significant 
teratogenic risk to the fetus.
Physicians are strongly encouraged to report any pregnancy in a 
patient or partner, during treatment or 6 months after treatment
to: Ribavirin Pregnancy Registry @ 1-800-593-2214



Importance of Maintaining     Importance of Maintaining     
PegPeg--Interferon DoseInterferon Dose



Effect of Pegasys & RBV dose in GEffect of Pegasys & RBV dose in G--1 1 
IfnIfn/Rebetron/Rebetron--NR with advanced fibrosisNR with advanced fibrosis

ShiffmanShiffman et al. AASLD Abstr # 349, 2004et al. AASLD Abstr # 349, 2004

Subgroup analysis of SVR in genotype-1, 
HALT-C trial patients.
Doses calculated as “% of target” of Pegasys 
180 mcg & RBV 1000-1200 mg depending on 
weight.                      
Analysis of doses from week 1 to 20.



SVR by Dose Maintained at week 20SVR by Dose Maintained at week 20
ShiffmanShiffman et al. AASLD Abstr # 349, 2004et al. AASLD Abstr # 349, 2004
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CONCLUSIONCONCLUSION
AbstrAbstr # 349# 349

In patients with advanced fibrosis (F3/4), 
non-responders to IFN or IFN/RBV, the 
best SVR (17%) was observed in patients 
receiving > 80% of their Pegasys during the 
initial 20 weeks of therapy. 
The RBV dose only affected the outcome if 
it was discontinued.



BoceprevirBoceprevir in Chronic HCVin Chronic HCV



SPRINTSPRINT--1 Study Design1 Study Design
Week 4 Week 28 Week 48

Lead-in
Strategy

Control

No 
Lead-in
Strategy

Low 
Dose
RBV 
Strategy

aPart two consisted of 75 patients in 10 US sites, 1:4 randomization.

Peg-IFNα2b 1.5 µg/kg + RBV 800-1400 mg
+ Boceprevir 800 mg TID for 48 wks

Peg-IFNα2b 1.5 µg/kg + RBV 400-1000 mg  
+ Boceprevir 800 mg TID for 48 wks

Peg-IFNα2b 1.5 µg/kg + RBV 800-1400 mg for 48 wks

Peg-IFNα2b 1.5 µg/kg + RBV 800-1400 mg 
+ Boceprevir 800 mg TID for 28 wks

Peg-IFNα2b 1.5 µg/kg + RBV 800-1400 mg
+ Boceprevir 800 mg TID for 48 wks

24 wks
Follow-up

24 wks
Follow-up

24 wks
Follow-up

44 wks 
Follow-up

24 wks
Follow-up

Peg-IFNα2b
+ RBV 

800-1400 mg

44 wks 
Follow-up

Peg-IFNα2b 1.5 µg/kg +
RBV 800-1400mg +

Boceprevir 800 mg TID for 24 wks

Peg-IFNα2b 1.5 µg/kg + RBV 800-1400 mg 
+ Boceprevir 800 mg TID for 44 wks

Peg-IFNα2b
+ RBV 

800-1400 mg

24 wks
Follow-up

PA
R

T 
1

PA
R

T 
2a

N=104

N=103

N=103

N=107

N=103

N=16

N=59



Sustained Virologic Sustained Virologic ResponseResponseaa

Part 1

%
 P

at
ie

nt
s 

H
C

V 
N

eg
at

iv
e 

%
 P

at
ie

nt
s 

H
C

V 
N

eg
at

iv
e 

0

10

20

30

40

50

60

70

80

38

54b 56c

67d

P/R Control  
48 wks    

P/R/B         
28 wksf

P/R 4 wks 
P/R/B 
24 wks

P/R/B          
48 wks

P/R 4 wks 
P/R/B

44 wks    

75e

N=104 N=107
N=103

N=103
N=103

Part 2

0

10

20

30

40

50

60

70

80

P/R/B                       
48 wks

50

P/low dose R/B 
48 wks

36

N=16 N=59

aRoche COBAS TaqMan LLD <15 IU/mL; bP = 0.013; cP = 0.005; dP <0.0001; eP <0.0001 compared to P/R Control; 
f1 late relapser after follow-up week 24, not included n SVR.



Predictability of SVR: RVR and EVR

aRoche COBAS TaqMan LLD <15 IU/mL; bRVR: undetectable HCV-RNA on or before 4 wks of boceprevir treatment; undetectable HCV-RNA on 
or on before 4 weeks for P/R control  cEVR: undetectable HCV-RNA on or before 12 wks of boceprevir treatment; undetectable HCV-RNA on or 
before 12 weeks for P/R control

All Patients Patients with RVRb Patients with EVRc

SVRa by time to first PCR-negative HCV RNA
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Overall Relapse and Relationship to RVROverall Relapse and Relationship to RVR
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SummarySummary
Boceprevir significantly improves SVR
– Boceprevir with SOC for 48 weeks nearly doubles SVR
– Week 4 P/R response, RVR, and EVR all show promise for 

response guided therapy 
– Anemia appears to be a surrogate for response
– Full dose RBV required

Safety
– Boceprevir is well-tolerated for up to 48 weeks
– No boceprevir-defining toxicity responsible for treatment 

discontinuation
– Boceprevir is associated with ~1 g/dL incremental hemoglobin 

decrease
– Anemia management with EPO is associated with increased 

completion rates 



Special GroupsSpecial Groups



NonNon--Responders to PEG/RBVResponders to PEG/RBV



Daily IFN alfaconDaily IFN alfacon--1 + RBV 11 + RBV 1--1200 in PEG/RBV 1200 in PEG/RBV 
NonNon--Responders any genotype (DIRECT Trial)Responders any genotype (DIRECT Trial)

Bacon et al. Hepatology 2009; 49:1938Bacon et al. Hepatology 2009; 49:1938--18461846

Best Candidates:
– Only patients with >/= 1 log drop in HCV-RNA benefit from 

therapy. Specially true in cirrhotic patients.
– Patients F0-F3 who had > 2 log HCV-RNA drop @ Wk 12 in 

PEG/RBV had SVR of 31% with 15 mcg/d.
– Patients with Non-1 genotype had SVR of 48%.

Overall response: 6.9% with 9 mcg/d, and 10.7% with 15 
mcg/d.
If patients had cEVR (HCV-RNA(-) @ Wk 12), SVR was 
81% for 9 mcg/d and 63% for 15 mcg/d.
In Slow responders (> 2 log drop @ Wk 12, HCV-RNA(-) 
@ Wk 24)), SVR was 12% with 9 mcg/d and 35% with 15 
mcg/d.



Relapsers to PEG/RBVRelapsers to PEG/RBV



Daily IFNDaily IFN--alfacon/RBV vs PEG/RBV x 72 Wks alfacon/RBV vs PEG/RBV x 72 Wks 
in  Gin  G--1 PEG/RBV Relapsers1 PEG/RBV Relapsers
Kaiser et al. Hepatology 2007; 46(4 suppl 1):819A. Abstr Kaiser et al. Hepatology 2007; 46(4 suppl 1):819A. Abstr 
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N = 120 patients in the prospective study.



Indolent BIndolent B--Cell NonCell Non--Hodgkin LymphomaHodgkin Lymphoma



Treatment of HCVTreatment of HCV--related related 
Indolent BIndolent B--Cell NonCell Non--Hodgkin LymphomaHodgkin Lymphoma

Indolent NHL has reasonable long-term survival of 
several years.
Usually not curable with conventional therapy.
Indolent HCV-related NHL treatable with Peg-IFN/RBV:

– Follicular (stage I & II)
– Plasmacytoid
– Marginal Zone (Splenic, Nodal, or Extra-nodal)

Up to 80% of those with SVR have a sustained 
hematological response.
Non-Responders to Peg-IFN/RBV: Rituximab + CHOP



AnnAnn--Arbor Classification of NHLArbor Classification of NHL
Stage I Involvement of a single lymph node region (I), or a single 

extralymphatic organ or site (IE)

Stage II Involvement of two or more lymph node regions or lymphatic 
structures on the same side if the diaphragm alone (II), or with
involvement of limited, contiguous extralymphatic organ or tissue 
(IIE)

Stage III Involvement of lymph node regions on both sides of the diaphragm
(III), which may include the spleen (IIIS) or limited, contiguous 
extralymphatic organ or site (IIIE), or both (IIIES)

Stage IV Diffuse or disseminated foci of involvement of one or more 
extralymphatic organs or tissues, with or without associated 
lymphatic involvement.

A: no systemic symptoms; 
B: unexplained fever, night sweats, or weight loss > 10% during 6 months before  diagnosis



HCVHCV--related Mixed (IgG/IgM) related Mixed (IgG/IgM) 
CryoglobulinemiaCryoglobulinemia



HCVHCV--related Mixed (IgG/IgM) related Mixed (IgG/IgM) 
CryoglobulinemiaCryoglobulinemia

Type II mixed: 95% of patients have HCV infection. 
Some cases of type-III mixed cryoglobulinemia are also 
HCV-related.
Palpable purpura, skin necrosis in exposed areas, 
hepatosplenomegaly, hypocomplementemia C3, C4, C1q 
(C4 < C 3), & IgM kappa Rheumatoid Factor.
Renal disease: hematuria, proteinuria (nephritic range), 
hypertension (80%), moderate renal insufficiency (50%).
HCV-containing immune complexes cause the renal 
disease.



HCVHCV--related Mixed (IgG/IgM) related Mixed (IgG/IgM) 
CryoglobulinemiaCryoglobulinemia

Plasmapheresis: one plasma volume TIW replaced with 
warmed 5% albumin x 2-3 weeks. Indicated for:

– Progressive renal failure
– Distal necrosis requiring amputation
– Advanced neuropathy.

Peg-Ifn + RBV: Not appropriate when plasmapheresis is 
needed (but can be used 2-4 months after plasmapheresis)

– SVR is 40-50%.
– Decreases cryoglobulin levels. 
– Improves vasculitis, skin rash and arthritis/arthralgia, proteinuria.
– Polyneuropathy & renal function do not reliably improve.
– Treatment may be preceded by Plasmapheresis, and/or Rituximab
– Cryoglobulinemia may persist or recur even after SVR.



HCVHCV--related Mixed (IgG/IgM) related Mixed (IgG/IgM) 
CryoglobulinemiaCryoglobulinemia

Rituximab: When other options not 
indicated. Once a week IV for 4 weeks.
– Improves vasculitis, skin rash, indolent B-cell 

NHL, arthralgia, MPGN, arthritis/arthralgia.
– HCV-RNA increases 2-fold.



HCVHCV--Related Renal DiseaseRelated Renal Disease



HCVHCV--Related Renal DiseaseRelated Renal Disease
PegPeg--IFN + RBV TreatmentIFN + RBV Treatment

Mixed Cryoglobulinemia (good data; treat)
Membranoproliferative Glomerulonephritis, even without 
detectable cryoglobulins (good data; treat)
Membranous Nephropathy (conflicting data; consider treatment)
Crescentic Glomerulonephritis associated to the previous three 
disorders (good data; treat with Plasmapheresis followed by 
Rituximab; 2-4 months later Peg-IFN/RBV).
Give ACE inhibitor or ARB to control proteinuria y blood pressure.
Uncommon (no good data available):

– Focal Segmental Glomerular Sclerosis 
– Proliferative Glomerulonephritis
– Fibrillary Glomerulopathy
– Immunotactoid Glomerulopathy
– Post-transplant Thrombotic Microangiopathy



Treatment of Chronic HCV Treatment of Chronic HCV 
in ESRD on Dialysisin ESRD on Dialysis



HCV in ESRD & postHCV in ESRD & post--KTxKTx
TreatmentTreatment

Risk of Interferon use post-KTx is high: 15-64% 
vascular rejection / tubulo-interstitial lesion.(not 
recommended)
Difficult to use Ribavirin in ESRD b/o toxicity 
(dose is 150-300 mg/d) ; severe hemolysis.
Lower efficacy of Interferon (18-27% SVR) in 
ESRD.
Dose: PEG-Intron 1 mcg/kg/week; PEGASYS 
135-180 mcg/week.
Erythropoietin is usually needed



PegPeg--IFNIFN--a2a in ESRDa2a in ESRD
PharmacokineticsPharmacokinetics

Peg-Ifn-a2a is not significantly cleared by dialysis 
(hemodialysis or peritoneodialysis).
In a 12 weeks study, Peg-Ifn-a2a 135 or 180 mcg 
once weekly gave safe and constant concentration 
on patients with ESRD on hemodialysis. 
The dose of 135 mcg/wk in ESRD gives levels 
similar to those of patients with normal renal 
function receiving 180 mcg/wk (13000 pg/mL).
Safety of 135 vs 180 mcg per week in ESRD is 
similar.



PegPeg--IfnIfn--a2a Monotherapy in ESRD a2a Monotherapy in ESRD 
(hemo(hemo-- or peritoneoor peritoneo-- dialysis)dialysis)

Author Treatment Result
Kokoglu (J Gastroenterol 
Hepatol 2006;21:575-580)

Rp(12): Peg 135 x 48w
C(13): no therapy

Rp: EOT(-) 84%, SVR 75%
C: EOT(-) 8%, SVR 8%

Sporea (World J Gastroenterol 
2006;12(26):4191-4194)

Rp(10): Peg 180 x 48w SVR: ITT 30%, PP 50%

Chan (Nephrology 2007;12:11-17) Rp(6): Peg 135 x 48 w EOT(-) 83%, SVR 33%

Teta (Nephrol Dial Transplant 
2005;20:991-993)

Rp(3): Peg 90-180 x 24-48 w SVR 66%

Peck-Radosavljevic 
(EASLD Abstr. April 2007)

Rp(38): Peg 135 x 48 w
Rp(43): peg 90 x 48 w

Interim wk 24: HCV-RNA(-) 
58% vs 49%

Ionita-Radu (EASLD Abstr. 
April 2007)

Rp(29): Peg 135 SVR 41%



PegPeg--InfInf--a2a + RBV in ESRD a2a + RBV in ESRD 
(hemo(hemo-- or peritoneoor peritoneo-- dialysis)dialysis)

Author Treatment Result

Rendina (Journal of Hepatology 
2007:768-774)

Rp(35): Peg 135/RBV 200qd x 
48 w(g-1) or 24 w (g-no-1)+EPO
C(35): no therapy

Rp: SVR 97% (93% g-1, 
100% g-non-1)

Hakim (DDW Abstr. May 2006) Rp(20): Peg 135/RBV 200 TIW 
x 48 w

Interim 12 w: HCV-RNA(-) 
45%

Deltenre (AASLD Abstr. Oct 
2006)

Rp(14): Peg 180/RBV 800 per w 
x 24-48 w + EPO

EOT(-): 79%, SVR 63%

Carriero (AASLD Abstr. Oct 
2006)

Rp(15): Peg 135-180/RBV 200 
qd x 4-76 w + EPO

SVR 31%

Bruchfeld (J Viral Hepatitis 
2006;13:316-321)

Rp(2): Peg 135/RBV 1400-2000 
mg per w + EPO

SVR 100%



Treatment According to Stages of Chronic Kidney 
Diseases

Stage Description GFR (ml min1 1.73 m2) Recommended 
Treatment
1. Kidney damage with normal or increased GFR 90 A

2. Kidney damage with mild decrease GFR 60-90 A

3. Moderate decrease GFR 30-59 B

4. Severe decrease GFR 15-29 B

5. Kidney failure 15 B

5D. Dialysis (hemo-or peritoneal) C

A: Routine combination therapy according to viral genotype. 
B: Peginterferon alfa-2b, 1 mcg/kg subcutaneously once weekly, or Peginterferon alfa-2a, 135 mcg 
subcutaneously once weekly plus Ribavirin, 200-800 mg/day in two divided does starting with low 
dose and increasing gradually 
C: Controversial: Standard interferon (2a or 2b) 3mU three times weekly, or Pegylated interferon 
alfa-2b, 1 mcg/kg/week, or Pegylated interferon alfa-2a, 135 mcg/week � Ribavirin in markedly 
reduced daily dose. 



TreatmentTreatment
PrePre--TransplantationTransplantation

& & 
PostPost--TransplantationTransplantation



PrePre--LTx TreatmentLTx Treatment
CandidatesCandidates

Best Candidates:
– Child-Turcotte score =/< 7
– MELD =/< 18

Best response: 
– genotype 2 & 3 (47% SVR) vs g-1 (13% SVR)

Patients with Child-Turcotte 8 to 10, or MELD 18 to 24 
are controversial. They benefit from antibiotic prophylaxis 
during therapy (Norfloxacine).
Patients with Child-Turcotte =/> 11, or MELD =/> 25 
are not treatment candidates.



Effect of preEffect of pre--LT Therapy on PostLT Therapy on Post--OLTx OLTx 
Outcome in Cirrhotics listed for LTOutcome in Cirrhotics listed for LT

Everson et al. Rev. Gastrointest Disord 2004;4 Suppl 1:S31Everson et al. Rev. Gastrointest Disord 2004;4 Suppl 1:S31--3838
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Post OLTx HCVPost OLTx HCV--Recurrence in Listed Cirrhotics Recurrence in Listed Cirrhotics 
Treated with Daily IFN MonotherapyTreated with Daily IFN Monotherapy

Thomas et al. Liver Transpl 2003;9:905Thomas et al. Liver Transpl 2003;9:905--915915
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Treatment of Recurrent HCVTreatment of Recurrent HCV
PreemptivePreemptive

Starts therapy shortly post LTx.
Treatment is poorly tolerated.
Discontinuation rate: 33%
Reported SVR: 10-25%



Treatment of Recurrent HCVTreatment of Recurrent HCV
After METAVIR Stage 2 After METAVIR Stage 2 (occasional bridging)(occasional bridging)

Interferon or RBV monotherapy have not improved 
fibrosis nor induced SVR.
With Peg-IFN + RBV, SVR has been 26-45%
60% of patients with SVR improve histology;     20 % 
remain stable.
30-60% require RBV dose reduction;               
30% need discontinuation of therapy.
There is no increase in rate of Acute nor Chronic Rejection 
if adequate levels of anti-rejection therapy are kept. 
Anti-rejection drug levels frequently fall as liver improves 
during therapy; check levels an modify dose as needed.



PegPeg--IFN + RBV for HCV Recurrence in OLTx IFN + RBV for HCV Recurrence in OLTx 
RecipientsRecipients

Berenguer M et al. Liver Transpl 12:1067Berenguer M et al. Liver Transpl 12:1067--1076, 20061076, 2006

47

75

0
10
20
30
40
50
60
70
80
90

100

G-1 G-2/3

Peg-
IFN/RBV

SVR36 patients
Median time OLTx-Rp = 513 d
Cirrhosis 15%,           
cholestatic HCV 9%
88% off steroids
Premature D/C 40%
ADEs 57%
Rejection 14%
EPO increased SVR
HCV-RNA drop < 2 log @ 12 
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Hepatitis DHepatitis D

36-43 nm Deltavirus with negative-stranded 
circular RNA which depends on HBV to 
propagate
Causes immune-mediated liver injury; anti-HBs is 
protective; anti-HD is not protective.
Can be acquired as Co-infection (HBV + HDV 
together) or as Super-infection (HDV over chronic 
HDV)
Prophylaxis: HBV vaccination.



HDV CoHDV Co--InfectionInfection

Severity similar to acute HBV but less chronicity 
(5% vs 2%). Fulminant mostly with genotype III
Most patients very symptomatic and jaundiced.
Classically two bouts of elevated ALT/AST a few 
weeks appart.
DX: anti-HBcIgM(+) & anti-HD IgM(+) followed 
by anti-HD IgG(+).



HDV Coinfection with HBVHDV Coinfection with HBV



HDV SuperHDV Super--InfectionInfection

Evolves to chronic HBV+HDV in 80%; 
FHF in some; the rest clears HBV & HDV.
Most patients evolve to cirrhosis over a 
decade; 15% benign course; few have rapid 
progression to cirrhosis in < 2 years.
DX: HBsAg(+), anti-HBcIgM(-), anti-HD 
IgM(+) followed by strong anti-HD IgG(+).



Chronic Hepatitis DChronic Hepatitis D



Chronic HDVChronic HDV
TreatmentTreatment

Interferon high dose (9 MU TIW) for 48 
months or at least 12 months after 
normalization of ALT.
Liver Transplant with HBIG post-op; graft 
re-infection in 9-12 %



QUESTIONS ?QUESTIONS ?



Basic Principles of Viral KineticsBasic Principles of Viral Kinetics
Phase I (Early Phase)Phase I (Early Phase)

Early decline (24-48 hours) in HCV RNA 
Represents effects generally associated with a drug’s ability to
block virion production and release
Drug efficacy (ε) is measured during Phase I
Measured in % and/or log10 decline

– 90% = 1 log decline
– 99% = 2 log decline
– 99.9% = 3 log decline

Low efficacy (<90% or <1.0 log decline) 
– Predictive of non-SVR
– Interferon “resistance” (?); IFN with early peak will give 

better “phase I” decline. 
Time to decline may also be predictive of drug efficacy



Basic Principles of Viral KineticsBasic Principles of Viral Kinetics
Phase II (Late Phase)Phase II (Late Phase)

Delayed decline in HCV-RNA (3-28 days)
Reflective of

– Cell death by cytotoxic or NK cells
– Non-cytopathic clearance of virus from cells by cytokines 

Greater degrees of patient variability (calculated by the slope to 
“undetectable” level)

– Rapid decline (<30days) => ++++ response
– Medium decline (30-90 days) => +++ response
– Slow decline (30 -180 days) => +/- response
– Initial response then rebound => no response
– Flat decline => no response

Rate of decline to “undetectable” in first 28 days is predictive of 
response with IFN monotherapy
Questionable predictive value in immunocompromised patients



Basic Principles of Viral KineticsBasic Principles of Viral Kinetics
Phase III (Delayed Phase)Phase III (Delayed Phase)

Triphasic pattern best reported in combination therapy studies
Late decline (28 - ?? days)
Represents continued immune clearance of HCV infected 
hepatocytes
Has been noted with IFN and IFN/RBV combinations but felt 
to be predominantly associated with RBV
Important for:

– Determination of EVR
– Reduction in relapse?

Degree of Phase I decline and viral rebound are important in 
determining effectiveness of Phase II and III for viral 
elimination (lower starting point).





Telbivudine x 52 wks in Telbivudine x 52 wks in 
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Chronic HBV InfectionChronic HBV Infection



Age at Acquisition of Acute and Chronic HBV Infection:
United States, 1989 Estimates

Age at Acquisition of Acute and Chronic HBV Infection:
United States, 1989 Estimates
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Prevalence of HCVPrevalence of HCV

GROUP %
Hemophilia <’87    82
IVDA                     80
Hemodialysis         10
Transfusion < ’90    7
Person w STD          6

GROUP  %
Infant of  RNA(+) mother     5
Homosexual men     4
Monogamous partner   2
General population 1.8
Volunteer blood donor      .16



Risk of HCV in IVDURisk of HCV in IVDU
(% infected)(% infected)

78
83

94

0
10
20
30
40
50
60
70
80
90

100

year 1 year 5 year 10

% HCV infected


	Viral Hepatitis
	Viruses that cause Hepatitis in Humans
	Hepatitis A
	Hepatitis A
	Hepatitis ASero-Prevalence
	Hepatitis AClinical Features
	Hepatitis AAtypical Manifestations
	Hepatitis A
	Hepatitis AVaccination Recommendation
	Hepatitis APost-Exposure Management
	Hepatitis E
	Hepatitis E
	Hepatitis E
	Hepatitis E
	HEV Infection
	Hepatitis B
	Hepatitis B
	Hepatitis B
	Hepatitis BTransmission
	Hepatitis B Transmission in Pregnancy
	HBV & Pregnancy
	HBV & Pregnancy
	HBV & Pregnancy
	Effect of Lamivudine on HBV Vertical Transmission from Highly Infectious MothersXu WM et al. AASLD Abstr # 246, 2004Xu WM et
	RESULTS # 246
	CONCLUSIONAbstr # 246
	Hepatitis B in the General Population
	Hepatitis BHigh-Risk Groups
	Hepatitis B Vaccination
	Recommendations for HBsAg(+) Persons
	HBsAg(+) Healthcare Worker
	Acute HBV
	Acute Hepatitis B
	Acute Hepatitis B
	Age of Acquisition of Acute Hepatitis B 1989 estimates
	Chronic HBV
	Chronic Hepatitis B
	Chronic Hepatitis B
	Age of Acquisition of Chronic Hepatitis B 1989 estimates
	Characteristics of HBV genotype C
	Development of Pre-Core and Core-promoter Mutants
	Testing for HB Pre-core &    Core-Promoter Mutant
	Testing for HB Pre-core &    Core-Promoter Mutant
	Chronic Hepatitis B
	States of Chronic Hepatitis B
	HBV Viral Load Conversion
	Viral Load and ALT Thresholds to Consider Treatment
	Viral Load and ALT Thresholds to Consider Treatment
	Viral Load and ALT Thresholds to Consider Treatment
	Viral Load and ALT Thresholds to Consider Treatment
	Chronic Hepatitis B states
	Chronic Hepatitis B states
	Chronic Hepatitis B states
	Chronic Hepatitis B states
	Chronic Hepatitis B states
	Occult Hepatitis B
	Occult Hepatitis B
	Occult Hepatitis B
	Occult Hepatitis B
	Treatment of HBV
	Chronic Hepatitis BTreatment Candidates
	Chronic Hepatitis BTreatment Options
	Chronic Hepatitis BTreatment Options
	Chronic Hepatitis BTreatment Options
	Chronic HBVGoals of Therapy
	Chronic HBVGoals of Therapy
	Chronic HBV TherapyPoints to Keep in Mind
	Definitions & Management for Treatment with Oral Antivirals
	Definitions for Treatment with Oral Antivirals
	Definitions for Treatment with Oral Antivirals
	Drug Cross-Resistance Profile(reverse transcriptase mutations)Zoulim F et al. J of Hepatology 2008;48: S2-S19
	Treatment Options for Antiviral Resistance
	Regular Interferon
	Interferon in HBV
	Meta-Analysis of IFN in HBe(+)Wong D et al. Ann Intern Med 1993; 119:312-323
	Long term F/U of Interferon Responders Loss of HBsAg (Europeans & Americans)Gut 2000;46:715-718, Am J Gastroenterol 1998;93:8
	Pegylated Interferons
	Tolerability of Pegasys in Chronic HBV vs. HCVMarcellin et al. AASLD Abstr.# 1158, 2004
	Tolerability of Pegasys in Chronic HBV vs. HCVMarcellin et al. AASLD Abstr.# 1158, 2004
	ConclusionsAbstr # 1158
	Peg-Interferon in HBeAg(+)
	Pegasys 180 x 24 wks in HBe(+)Week 48 (SVR ?) DataCooksley W et al. J Viral Hepat 2003, 10:298-305
	Pegasys 180 x 48 wks in HBe(+)Week 72 (SVR ?) DataLau G et al. Hepatology 2004; 40:171A
	Effect of HBV GenotypeHBe Seroconversion 24 wks after EOTCooksley W et al. EASL 2005
	Effect of Pre-Treatment ALTHBe Seroconversion 24 wks after EOTCooksley W et al. EASL 2005
	Effect of Baseline HBV-DNAHBe Seroconversion 24 wks after EOT Cooksley W et al. EASL 2005
	Peg-Intron 100x 32w + 50x20w in HBe(+)Week 78 DataJanssen et al. Lancet 2005;365:123-129
	CONCLUSIONSPeg-IFN in HBeAg(+) Chronic HBV
	Peg-Interferon in HBeAg(-)
	Pegasys 180 x 48 wks in HBe(-)Week 72 DataMarcellin P et al. N Engl J Med 2004;351:1206-17
	Effect of GenotypeHBV-DNA < 20,000 @ 24 wks after EOTMarcellin P et al. EASL 2004
	CONCLUSIONSPeg-IFN in HBeAg(-) chronic HBV
	Prediction of Sustained Response to Peg-Ifn a2a in HBeAg(-) PatientsRijckborst V et al. Hepatology 2010;52:454-461
	Lamivudine
	Lamivudine x 48 wks in HBe(+)Diengstag J et al. N Engl J Med 1999;341:1256-63Lai G et al. N Engl J Med 1998;339:61-68
	Lamivudine in HBe(+) x 3 yLeung N et al. Hepatology 2001;33:1527-32
	Lamivudine ResistanceYMDD mutants
	CONCLUSIONSLamivudine in Chronic HBV
	Adjustment of Adult Lamivudine dose by Creatinine Clearance
	Adefovir
	Adefovir Dipivoxil
	Adjustment of Adult Adefovir dose by Creatinine Clearance
	Adefovir x 48 wks in HBe(+)Marcellin P et al. N Engl J Med 2003;348:808-816
	Adefovir x 3 y in HBe(+)Marcellin P et al. AASLD Abst 1135, 2004
	Adefovir x 48 wks in HBe(-)Hadziyannis S et al. N Engl J Med 2003; 348:800-807
	AdefovirResistant Mutants (%)
	Adefovir + Lamivudine in Lam-Resistant HBVGastroenterology 2007;133:1445-1451
	High rate of HBsAg loss and HBsAg seroconversion in chronic hepatitis B patients on combination therapy with Peginterferon alf
	High rate of HBsAg loss and HBsAg seroconversion in chronic hepatitis B patients on combination therapy with Peginterferon alf
	CONCLUSIONSAdefovir in Chronic HBV
	Entecavir
	Entecavir
	Entecavir
	Adjustment of Adult Entecavir dose by Creatinine Clearance
	Entecavir x 48 & 96 wks in HBe(+)Gastroenterology 2007;133:1437-1444
	Entecavir x 48 wks in HBe(-)Bristol-Myers Squibb package insert
	Entecavir x 48 wks in YMDD mutantBristol-Myers Squibb package insert
	CONCLUSIONSEntecavir in Chronic HBV
	Telbivudine (LdT)
	Adjustment of Adult Telbivudine dose by Creatinine Clearance
	Telbivudine (LdT) vs Lamivudine in Chronic HBV – Phase III GLOBE Study
	Telbivudine (LdT) vs Lamivudine in Chronic HBV – Phase III GLOBE StudyHBeAg(+)
	Telbivudine (LdT) vs Lamivudine in Chronic HBV – Phase III GLOBE StudyHBeAg(-)
	Telbivudine (LdT) vs Lamivudine in Chronic HBV – Phase III GLOBE StudyCONCLUSION
	Telbivudine vs. AdefovirHBeAg(+) patients
	Tenofovir Disoproxil
	Tenofovir x 72-130 wks in YMDD mutantvon Bommel et al. Hepatology 2004; 40:1421-1425
	Comparison of Entecavir & TenofovirLok A. Hepatology 2010: 52(2):743-747
	Other Oral Agents
	Emtricitabine (FTC)
	Emtricitabine x 48 wks in HBe(+) or (-)Schiffman et al. AASLD 2004, Abstr# 22
	Clevudine
	Clevudine x 12-24 wks in HBe(+)
	HBV prevention Post-OLTx
	HBsAg(+) Recipient
	Benefits of HBIG ProphylaxisHBsAg(+) Recipients
	Benefits of HBIG ProphylaxisHBsAg(+) Recipient
	Definitions for Oral AntiviralsPre-OLTx anti-HBV Therapy
	Combination HBIG + Oral agentLow replicators (</=104 copies/mL or < 2000 IU/mL), Fulminant HBV, and HBV+DeltaAngus PW. Live
	Combination HBIG + Oral agentHigh Replicators (> 104 copies or > 2000 IU/mL)
	UofL Protocol: HBsAg (+) Liver Transplant Recipient
	Anti-HBc(+) organ given to HBsAg(-) Recipients
	Anti-HBc(+) organ donors Risk of HBV acquisition
	Anti-HBc(+) Organ DonorsRisk of HBV InfectionDodson et al. Transplantation 1997
	Anti-HBc(+) Donor To Naïve Recipient Effect of ProphylaxisUCLA ExperienceGhobrial RM ; Transplant Hepatology CAQ Course - 2
	Anti-HBc(+) organ donors
	Anti-HBc(+) organ  donors
	Anti-HBc(+) organ donors
	Anti-HBc(+) organ donors
	Anti-HBc(+) liver donors
	Anti-HBc(+) liver/other organ donors
	Anti-HBc(+) liver donors
	UofL Protocol: Anti-HBc(+) organ given to HBsAg(-) Recipient
	Hepatitis C
	Hepatitis C
	Prevalence, Transmission& Disease Burden
	Extremely High HCV Prevalence
	HCV Prevalence in Other Groups
	HCV PrevalenceHemodialysis Patients
	HCV TransmissionDialysis Unit
	Source and Risk HCV infection in ESRD
	Vertical Transmission of HCV(Obstet Gynecol Surv 2006; 61:666-72)
	Vertical Transmission of HCVCesarean Section vs Vaginal Delivery
	Vertical Transmission of HCV(Obstet Gynecol Surv 2006; 61:666-72)
	Measures to Avoid Transmission of HCV
	Future Disease Burden: Estimated Increases from 2000-2020(Davis GL Liver Transpl 2003:9:331-338)
	Acute HCV
	Acute HCV
	Acute Hepatitis C Virus
	Acute HCVTreatment
	Treatment of Acute HCV @ 8,12, & 20 wks, Pegasys vs Rebetron x 12 wksKamal et al Abst # 37 AASLD, 2004
	Treatment of Acute HCV @ 8,12, & 20 wks, Pegasys vs Rebetron x 12 wksKamal et al Abst # 37 AASLD, 2004
	Treatment of Acute HCV @ 8,12, & 20 wks, Pegasys vs Rebetron x 12 wksKamal et al Abst # 37 AASLD, 2004
	Treatment of Acute HCV @ 8,12, & 20 wks, Pegasys vs Rebetron x 12 wksKamal et al Abst # 37 AASLD, 2004
	Practical Approach to Treat Acute HCV
	Spontaneous HCV Clearance in Acute HCV in 136 Young Women (25+/-4 y/o) by IL28B GenotypeGastroenterology 2020;139:1586-1592
	Chronic HCV
	Chronic HCV
	Pattern of ALT Elevation in Chronic HCV
	Degree of Fibrosis in Chronic HCV With Normal ALT(Schiffman et al. J Infect Dis. 2000; 182:1595-1601)
	Degree of Fibrosis in Chronic HCV With Elevated ALT
	Relation of “Fibrosis Stage” to “Mean Area of Fibrosis” by Imaging AnalysisBedossa P et al. Hepatology 2003;38;1449-1457
	Genotype and Viral Load in US Patients
	Hepatitis C
	Markers of Viral Hepatitis C:Anti-HCV
	Markers of Viral Hepatitis C:Anti-HCV, continued
	Markers of HCV infection:HCV-RNA Quantitation
	Markers of Viral Hepatitis C:HCV-RNA Quantitation
	Quantitative HCV-RNA ASSAYS
	HCV in ESRDProblems with Diagnosis
	Immunocompetent HostNatural History
	Outcome of HCV25-30 year Follow-up
	Histological Scoring of Fibrosis
	HCV CirrhosisSurvival
	HCV CirrhosisDecompensation & Hepatocellular CA
	Chronic HCV in ESRDNatural History
	Chronic HCV in ESRDNatural History
	HCV in Renal TxNatural History (10 years)
	HCV in Renal Transplant
	Immunocompromised HostHCV Recurrence Post Liver TransplantNatural History
	Post-OLTx HCV Recurrence
	Post-OLTx HCV Recurrence
	Post-OLTx HCV Recurrence
	Risk Factors Associated to Severity of Recurrence
	Risk Factors Associated to Severity of Recurrence
	Post-OLTx HCV RecurrenceFactors That Affect Outcome
	Acute Post-OLTx HCV Recurrence
	Chronic HCV Recurrence
	Survival After Liver TransplantationUNOS (1992-98) Gastroenterol 2002;122:889-896
	Progression to F3-F4 Fibrosis and to Decompensated CirrhosisPost OLTx HCVBerenguer et al J. Hepatol 2000;32:673-684 & Hepato
	Survival in Post-OLTx HCV-CirrhosisBerenguer et al. Hepatology 2000;32:852-858
	Fibrosing Cholestatic Hepatitis C
	Predictors of Poor Outcome in HCV Re-Transplantation
	Chronic Hepatitis C
	Characteristics of Persons for Whom Therapy Is Widely Accepted
	Characteristics of Persons for Whom Therapy Is Currently Contraindicated
	Characteristics of Persons for Whom Therapy Should Be Individualized
	Histological Scoring of Fibrosis
	Early Parameters of Response
	Prediction of SVR (Naïve)PEG-Interferons + Ribavirin
	Type of Treatment ResponseTime to HCV-RNA < 50 IU/mL (-)
	
	Predicting SVR by HCV-RNA fallPeg-IFN alpha 2a + RBV
	Peg-Interferon/RBV vs Interferon/RBV
	PEGASYS + Ribavirin 1-1200Genotype & Viral Load on SVR
	PEGASYS + RibavirinSustained Virologic Response
	Genotype-1 chronic HCVSVR by Treatment Regimen
	HCV Cirrhosis vs No-CirrhosisPegasys + Ribavirin 1/1200 x 48 wks
	PEG-INTRON + Ribavirin 800SVR Genotype-1 vs G-2/3 Naive
	PEG-INTRON + Ribavirin 800Effect of Viral load in Genotype-1
	Rapid Virological Response (HCV-RNA < 50 IU/mL @ wk 4) predicts SVR in genotype-1, with Pegasys + RBV x 24 wksJensen D et al.
	Rapid Virological Response (HCV-RNA < 50 IU/mL @ wk 4) predicts SVR in genotype-1, with Pegasys + RBV x 24 wksRESULTS
	Rapid Virological Response (HCV-RNA < 50 IU/mL @ wk 4) predicts SVR in genotype-1, with Pegasys + RBV x 24 wksRVR by Baseline
	Rapid Virological Response (HCV-RNA < 50 IU/mL @ wk 4) predicts SVR in genotype-1, with Pegasys + RBV x 24 wksRVR by genotype
	Rapid Virological Response (HCV-RNA < 50 IU/mL @ wk 4) predicts SVR in genotype-1, with Pegasys + RBV x 24 wks Jensen D et al
	Rapid Virological Response (HCV-RNA < 50 IU/mL @ wk 4) predicts SVR in genotype-1, with Pegasys + RBV x 24 wksCONCLUSION
	Rapidity of Response and SVR
	Rapidity of Response by Genotype Fried MW, EASL 2008; Abstr #7
	SVR by Response Type & GenotypeFried MW, EASL 2008; Abstr #7
	Individualized Treatment Duration in HCV G-1Mangia A et al. Hepatology 2008;47:43-50
	HCV g-1 Refined SVR Prediction by virologic response at weeks 4 & 12 (AASLD 2008: Abstr 1853)
	Conclusion from Data
	Effect of RVR, cEVR, & slow response in SVR amongDifferent Ethnicities, Baseline Viral Load and Degree of Fibrosis
	Type of Response, Ethnicity and SVR in G-1Shiffman ML. ESLD 2008; Poster 835
	Effect of Fibrosis & Viral Load in G-1 SVRShiffman ML. ESLD 2008; Poster 835
	Effect of Treatment Prolongation
	SVR in HCV G-1 by time to HCV-RNA(-) & Length of TherapyPeg-IFN alfa 2 a or b + RBV 1000-1200Mangia et al Hepatology 2008; 4
	Prolonged Therapy in HCV g-1 Slow Responders [> 2 log drop but (+) at week 12]
	“Minimal Residual Viremia” @ EOT predicts post-treatment HCV relapseGerotto et al Abstr. AASLD # 40, 2004
	“Minimal Residual Viremia” @ EOT predicts post-treatment HCV relapseGerotto et al Abstr. AASLD # 40, 2004
	ConclusionAbstr # 40
	Parameters for Dose-Reductions
	Dose Reduction or Discontinuation
	RBV doseHigh & Constant
	Suggested RBV dose by Creatinine ClearanceKamar N et al. Am J Kidney Dis. 2004;43:140-146 & Bruchfeld A et al. Drug Monit. 2
	Effect of Ribavirin in HCV Phase-I KineticsPawlotsky et al. Gastroenterol 2004;126:703-714
	Effect of Ribavirin in HCV Phase II & III KineticsPawlotsky et al. Gastroenterol 2004;126:703-714
	Effect of timing for RBV dose reduction in genotype-1 HCVLee et al. Abstr # 394, AASLD 2004
	Effect of timing for RBV dose reduction in genotype-1 HCV SVR by Time of RBV-ReductionLee et al. Abstr # 394, AASLD 2004
	CONCLUSIONAbstr # 394
	Peg-Intron + {[WB-RBV] vs [WB-RBV/EPO] vs [HD-RBV/EPO]} in HCV g-1 naïveShiffman M et al AASLD 2005, abstr 55
	Peg-Intron + {[WB-RBV] vs [WB-RBV/EPO] vs [HD-RBV/EPO]} in HCV g-1 naïveShiffman M et al AASLD 2005, abstr 55
	Peg-Intron + {[WB-RBV] vs [WB-RBV/EPO] vs [HD-RBV/EPO]} in HCV g-1 naïveShiffman M et al AASLD 2005, abstr 55
	CONCLUSION
	Ribavirin and Teratogenicity
	Importance of Maintaining     Peg-Interferon Dose
	Effect of Pegasys & RBV dose in G-1 Ifn/Rebetron-NR with advanced fibrosisShiffman et al. AASLD Abstr # 349, 2004
	SVR by Dose Maintained at week 20Shiffman et al. AASLD Abstr # 349, 2004
	CONCLUSIONAbstr # 349
	Boceprevir in Chronic HCV
	SPRINT-1 Study Design
	Sustained Virologic Responsea
	Summary
	Special Groups
	Non-Responders to PEG/RBV
	Daily IFN alfacon-1 + RBV 1-1200 in PEG/RBV Non-Responders any genotype (DIRECT Trial)Bacon et al. Hepatology 2009; 49:1938-1
	Relapsers to PEG/RBV
	Daily IFN-alfacon/RBV vs PEG/RBV x 72 Wks in  G-1 PEG/RBV RelapsersKaiser et al. Hepatology 2007; 46(4 suppl 1):819A. Abstr
	Indolent B-Cell Non-Hodgkin Lymphoma
	Treatment of HCV-related Indolent B-Cell Non-Hodgkin Lymphoma
	Ann-Arbor Classification of NHL
	HCV-related Mixed (IgG/IgM) Cryoglobulinemia
	HCV-related Mixed (IgG/IgM) Cryoglobulinemia
	HCV-related Mixed (IgG/IgM) Cryoglobulinemia
	HCV-related Mixed (IgG/IgM) Cryoglobulinemia
	HCV-Related Renal Disease
	HCV-Related Renal DiseasePeg-IFN + RBV Treatment
	Treatment of Chronic HCV in ESRD on Dialysis
	HCV in ESRD & post-KTxTreatment
	Peg-IFN-a2a in ESRDPharmacokinetics
	Peg-Ifn-a2a Monotherapy in ESRD (hemo- or peritoneo- dialysis)
	Peg-Inf-a2a + RBV in ESRD (hemo- or peritoneo- dialysis)
	TreatmentPre-Transplantation& Post-Transplantation
	Pre-LTx TreatmentCandidates
	Effect of pre-LT Therapy on Post-OLTx Outcome in Cirrhotics listed for LTEverson et al. Rev. Gastrointest Disord 2004;4 Suppl
	Post OLTx HCV-Recurrence in Listed Cirrhotics Treated with Daily IFN MonotherapyThomas et al. Liver Transpl 2003;9:905-915
	Treatment of Recurrent HCVPreemptive
	Treatment of Recurrent HCVAfter METAVIR Stage 2 (occasional bridging)
	Peg-IFN + RBV for HCV Recurrence in OLTx RecipientsBerenguer M et al. Liver Transpl 12:1067-1076, 2006
	Hepatitis D
	Hepatitis D
	HDV Co-Infection
	HDV Coinfection with HBV
	HDV Super-Infection
	Chronic Hepatitis D
	Chronic HDVTreatment
	QUESTIONS ?
	Basic Principles of Viral KineticsPhase I (Early Phase)
	Basic Principles of Viral KineticsPhase II (Late Phase)
	Basic Principles of Viral KineticsPhase III (Delayed Phase)
	Telbivudine x 52 wks in HBe(+)Han S et al. EASL 2004, Abstr# 42
	Acute HBV Infection
	Chronic HBV Infection
	Prevalence of HCV
	Risk of HCV in IVDU(% infected)

