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The effectiveness of HCV antiviral therapy in patients who have undergone recent drug
dependency treatment and continue to inject drugs sporadically is presently not clear.
Patients attending a community-based drug rehabilitation and naltrexone implant clinic
from October 2002 until March 2005 were screened for HCV infection and if positive
offered further assessment and treatment with interferon and ribavirin therapy. The first 50
patients to commence HCV therapy and complete at least 6 months follow-up were prospec-
tively studied. ETR response (HCV PCR negative) was 34/50 (68%) and SVR 6 months
post-treatment was 31/50 (62%). Viral eradication was maintained in those 22 patients that
have had 12 months or more post-treatment follow-up. Eleven (22%) patients stopped
therapy early due to side effects or poor compliance. Only two patients with an ETR likely
reinfected due to unsafe injection practices. One was re-treated and achieved an SVR. Of the
patients achieving a 6-month SVR, 17 of 31 patients reported no further IDU and 13 of 31
patients occasional IDU during treatment and this was maintained after HCV treatment
cessation. 46% of patients received antidepressant and/or antipsychotic medication during
treatment. Conclusion: This study of HCV treatment in a community-based subcutaneous
naltrexone implant clinic found antiviral therapy resulted in a 62% SVR. This result is
comparable to that reported in hospital-based clinics in non-IDU patients. The side effect
profile and compliance was also similar. HCV antiviral therapy should be offered to this
large and currently under treated group. (HEPATOLOGY 2007;45:111-117.)

See Editorial on Page 3

Hepatitis C infection is a leading cause of disease
worldwide and a significant proportion of
chronically infected individuals develop pro-

gressive disease and in many centers hepatitis C virus

(HCV) infection is the leading indication for liver trans-
plantation.1,2 Recent studies indicate that complications
of hepatitis C–related cirrhosis, such as hepatocellular car-
cinoma and liver failure, will increase over the next 20
years.3 Injecting drug users constitute the largest group of
people infected with HCV. Users who continue to share
needles have a high risk of infecting themselves and their
injecting partners.4 The prevalence of injecting drug use
(IDU) continues to increase both worldwide and within
Australia.5

The availability of interferon (IFN)-based treatment
for chronic HCV infection has produced excellent rates of
viral clearance, in particular the combination of pegylated
IFN and ribavirin has produced rates of sustained virolog-
ical response (SVR) ranging from 40% to 80% depending
on viral genotype.6,7 However, for patients who are cur-
rently injecting drugs, HCV treatment with IFN-based
therapy has not been routinely recommended by many
physicians caring for such patients. The reasons for this
include the belief that injecting drug users are unlikely to
adhere to the monitoring visits required to detect and
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avoid severe adverse events secondary to IFN and ribavi-
rin therapy, that illicit drug use poses a greater short-term
threat to health than hepatitis C infection, that side effects
of treatment are increased, and that active drug users are
more likely to reinfect themselves. Collectively, these fac-
tors may reduce the benefit whilst increasing the risk of
treatment. In 2002, in a consensus statement on the man-
agement of hepatitis C, the National Institutes of Health
recommended that people who use illicit drugs should be
offered HCV treatment on an individual, case-by-case
basis.8 Other international guidelines have reiterated the
policy of drug detoxification and abstinence prior to con-
sideration of HCV treatment. However, the more recent
2004 AASLD Practice Guidelines have suggested that
treatment of HCV infection should not be withheld from
people who currently use intravenous drugs.9 This view is
supported by a recent meta-analysis of clinical studies that
reported outcomes of HCV treatment for IDU.10

There are a limited number of studies reporting out-
comes of treatment for HCV infection in active IDU.11-14

Although these early results are encouraging, the SVR
rates achieved using IFN-based treatment were not always
equivalent to those achieved in the large registration trials
and other hospital-based clinic studies.6,7,15 Some IDU
included in these trials received methadone maintenance
therapy and others received none. Only one study deliv-
ered community-based care and there was not always co-
ordinated management of the HCV treatment and the
methadone maintenance therapy. A shared care model of
HCV treatment has been reported to enhance the delivery
HCV treatment to non-IDU HCV-infected individu-
als.15 This model involved the coordination of care be-
tween hepatologist, family doctor, nurse specialist, and
liaison psychiatrist and resulted in excellent adherence to
therapy with only 2% of patients being non-compliant
and 7% being withdrawn from treatment due to side
effects. Applying a similar model to the treatment of
HCV in active IDU may result in improved outcomes of
treatment.

The most commonly used long term therapy for opiate
addiction has been methadone maintenance treatment.
While numerous studies have supported the efficacy of
methadone in treating opioid dependence and subse-
quently decreasing individual and societal harm from il-
licit drug use, it does not prevent illicit opioid use in
all.16,17 Depending on the dose of methadone used vary-
ing proportions of those who enter treatment are still
likely to be using illicit drugs several years after com-
mencement, potentially compromising the efficacy of
HCV treatment. As an alternative to methadone, naltrex-
one was introduced with the promise that it might over-
come some of these deficiencies. Naltrexone is a long-

acting opioid antagonist that can be taken orally as a
single daily dose and is non-addictive and produces no
euphoria.18 Unfortunately, poor compliance rates have
significantly limited its clinical effectiveness and it has not
been widely accepted in drug rehabilitation programs.19

Depot formulations of naltrexone have therefore been de-
veloped in an attempt to improve its effectiveness by im-
proving compliance. One novel and effective naltrexone
formulation is an implantable subcutaneous sustained re-
lease preparation that delivers therapeutic blood levels of
naltrexone for 4 to 6 months.20 These naltrexone im-
plants have been used for opiate detoxification and sub-
sequent maintenance therapy with excellent compliance
rates and outcomes.21,22

A shared care program of HCV treatment was com-
menced in 2002 at the AMPRF drug detoxification and
rehabilitation clinic. Since 2001, this community-based
outpatient naltrexone implantation clinic has treated
more than 850 patients with naltrexone implants. The
shared care HCV clinic was staffed by a nurse practitio-
ner, psychologist, addiction specialist, and hepatologist.
The aim of this project was to determine if current inject-
ing drug users who had undergone opiate detoxification
and maintenance therapy with naltrexone implantation
could be successfully and safely treated for HCV infection
using the shared care model of HCV management.

Patients and Methods
Patients included were those with HCV infection who

attended the Australian Medical Procedures Research
Foundation community outpatient clinic in Perth, West-
ern Australia from October 2002 until March 2005 for
opiate detoxification and maintenance therapy. After opi-
ate detoxification, the majority was administered a nal-
trexone implant subcutaneously. The GoMedical
Implant is produced under International Patent Applica-
tion Number: PCT/AUO11/01107, by GoMedical In-
dustries Pty Ltd, Australia. In these implants, naltrexone
is encapsulated in poly-DL-lactide micro spheres com-
pressed into tablets and 10 tablets are grouped together to
form one implant. Each implant contains either 1.7g or
3.4g of naltrexone and has an in vitro release rate of 0.3-
0.4% of its residual mass per day. The implants are placed
under the skin in the lower abdominal wall using local
anaesthesia. Implants are replaced after 3-6 months as
required.

A shared care model for HCV management was devel-
oped with an AMPRF medical officer with expertise in
addiction medicine, a nurse specialist in HCV manage-
ment, clinical psychologist, and a hepatologist reviewing
patients at the AMPRF community clinic. Emergency
medical and psychiatric back-up facilities were available at
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Sir Charles Gairdner Hospital as required. Patients were
initially assessed by the addiction specialist and nurse spe-
cialist and provided with educational literature regarding
HCV infection and treatment and also advised regarding
safe injecting practices and other harm minimization
principles. If the patient requested further HCV informa-
tion or HCV treatment they were seen by the hepatologist
prior to any liver biopsy being performed. Treatment was
commenced by the medical officer and nurse specialist
and patients were reviewed monthly in the clinic or more
frequently as required. Any change in medication was a
combined decision between the medical officer and hepa-
tologist

The first 50 patients that commenced HCV treatment
are reported here. Patients were included if they had active
HCV infection and were aged between 18 years and 65
years. Active HCV infection was determined by a positive
qualitative in-house real-time HCV RNA PCR assay on
at least two occasions. Quantitative HCV PCR analysis
was performed using the COBAS Amplicor HCV moni-
tor test V2 (Roche Molecular Systems, Branchburg, NJ).
Patients were initially screened with a HCV antibody test.
Patients with infection duration of 6 months or more
(chronic HCV, n � 49) and infection duration less than
6 months (acute HCV, n � 1) were included. Patients
with normal serum levels of alanine aminotransferase
(ALT) levels, well-compensated cirrhosis and those with a
previous history of additional drug use including alcohol,
benzodiazepines, amphetamines, cocaine and marijuana
could also be included in the study. Exclusion criteria
included pregnancy, no reliable contraception methods,
severe uncontrolled depression/psychosis, severe renal
failure, severe uncontrolled diabetes, severe cardiovascular
disease, and HIV infection.

HCV treatment was started and monitored by the
medical officer and nurse practitioner and consisted of
combination therapy with alpha-IFN plus ribavirin. The
IFN preparation, administered subcutaneously, was ei-
ther IFN�-2b at a dose of 3 million units, 3 times a week
(n � 15) or pegylated INF�-2b at a dose of 1.5 mcg/kg
once weekly (n � 35). Pegylated INF�-2b was used in
patients after the Australian Federal Government started
full reimbursement for this medication. Ribavirin was ad-
ministered orally twice daily at a daily dose of 1000 mg in
patients less than 75 kg or 1200mg in patients over 75kg.
Therapy was for 24 weeks for HCV genotypes 2 and 3 and
for 48 weeks for genotypes 1 and 4. Pharmacotherapy was
dispensed through a community pharmacy. The nurse
specialist or medical officer reviewed subjects every 4
weeks for symptom assessment and results review. Blood
tests were performed at week 1, week 2, week 4 and then
monthly for the duration of treatment. After 12 weeks of

treatment, a repeat HCV RNA RT- PCR assay was per-
formed to assess response to therapy. If the HCV RNA
remained positive and the serum ALT remained elevated,
therapy was terminated. If the ALT normalized but the
HCV RNA was detected, therapy was continued for a
further 12 weeks, but was subsequently terminated if the
HCV RNA remained positive at 24 weeks. Patients were
followed for at least 6 months following completion of
HCV treatment. Data collection was prospective and was
facilitated by the nurse specialist.

The doses of IFN and ribavirin were reduced during ther-
apy due to significant cytopaenias. Dose reduction of IFN
and ribavirin was to 50% of the original dose. The dose of
IFN�-2b was halved if the total white cell count was �1.5 �
109/l, neutrophil count was �0.75 � 109/l and platelet
count was �50 � 109/l. The dose of ribavirin was halved if
the haemoglobin was �100 g/l or unconjugated bilirubin
was �68 �mol/l. Therapy was permanently ceased if the
haemoglobin fell below 85g/l, total white cell count fell be-
low 1.0 � 109/l, neutrophil count fell below 0.5 � 109/l or
platelet count fell below 25 � 109/l.

Compliance with and completion of the course of
HCV treatment was assessed by monitoring patient col-
lection of drugs from pharmacy. Attendance to all clinic
appointments was recorded. Monitoring whether medi-
cation was taken was by self-report. A specifically de-
signed questionnaire was used to monitor HCV risk
behaviors in the 3 months prior to, during, and 3 months
following treatment. The questionnaire included data on
the frequency of illicit drug use, alcohol intake, sharing of
needles, syringes, and other injecting paraphernalia before
or after another person, and needle stick injury. Injecting
drug use was quantified as none, minimal (any use), or
heavy (daily use). Alcohol use was quantified as none,
minimal (any use), moderate (40g-100g daily) or heavy
(�100g daily).

The primary endpoint of treatment was a SVR defined
as the absence of serum HCV RNA 24 weeks after treat-
ment was completed. Results were analyzed on an inten-
tion-to-treat basis. Secondary endpoints included end-of-
treatment response (ETR) which was defined as negative
serum HCV RNA at the completion of treatment, assess-
ment of patient side effects and compliance with HCV
treatment and assessment of changes in self-reported
HCV risk behaviors before, during, and after treatment.
Data were analyzed using t tests for continuous variables
and �2 tests for discrete variables. Univariate and multi-
variate logistic regression analysis was used to predict
markers of a sustained virological response to combina-
tion therapy. Significance was determined at the level of
P � 0.05. Logistic Regression was performed using SPSS
version 14. Informed consent was obtained from patients
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prior to commencing HCV treatment and the study was
approved by the Sir Charles Gairdner Hospital ethics
committee.

Results
The characteristics of the 50 patients that had HCV

treatment and completed at least 6 months follow-up are
shown in Table 1. Most were male (male:female 2:1) and
the mean age was 35 years (range 19-54). The mean BMI
was 24 (range 18-46) and only 4 had a BMI of �30. 66%
had genotype 2 or 3 and 58% had a viral load �5 � 106

IU/ml. Liver biopsy was performed before HCV treat-
ment was started in 49 patients with chronic HCV. Meta-
vir fibrosis stage was six patients with F0, 27 patients with
F1, ten patients with F2, five patients with F3, and one
patient with F4. The one patient who did not undergo
liver biopsy had acute HCV infection. Six patients had
had previous HCV treatment, three of these receiving
IFN monotherapy. Forty-one subjects received naltrex-
one implants for opiate avoidance maintenance therapy,
three others received oral naltrexone, four oral buprenor-
phine, and two refused any therapy. Antidepressant med-
ication and/or antipsychotic medication was used in 64%
of patients before HCV therapy commenced and in 46%
of patients during HCV therapy.

Intention-to-treat analysis was used to determine the
primary end point of SVR 6 months post–HCV therapy
and this was achieved in 31 patients (62%). This result
was maintained in those 22 patients that have now had 12
months or more post-treatment follow-up. Five patients
that had an ETR failed to achieve a SVR and this was due

to recurrence of HCV infection in three (all genotype 2/3)
and failed follow-up in two (one genotype 3). Three pa-
tients that were not documented to have achieved an ETR
eventually had a SVR and this was due to no HCV PCR
assay being performed at the end of HCV treatment in
two and early cessation of HCV treatment in the other.
Analysis of the data including only those subjects that
completed more than 80% of the dose of medication for
more than 80% of the time found that a SVR was ob-
tained in 30 of 43 patients (70%).23 Analysis of the factors
that predicted a SVR found that the presence of severe
fibrosis (P � 0.027) and heavy alcohol usage (P � 0.003)
was significantly associated with a reduced likelihood of
an SVR (Table 1). Genotype (P � 0.3), age (P � 0.14),
BMI (P � 0.26), viral load (P � 0.2), heavy IDU prior to
treatment (P � 0.3) and during treatment (P � 0.5) were
not predictive of a SVR. Using multivariate logistic re-
gression severe fibrosis (P � 0.06) was trending toward
significance as a marker of non-response. Heavy alcohol
use was associated with a non-response (P � 0.01).

Eleven (22%) patients stopped therapy early due to
side effects or poor compliance. Four patients that
achieved a SVR stopped due to non-compliance in one,
somatic side effects in two, and imprisonment in another.
Of the seven patients without a SVR, three stopped ther-
apy due to non-compliance, two stopped due to somatic
side effects, one stopped for pregnancy, and another for
depression. The frequency of side effects was significant
with 54% of the patients experiencing flu-like symptoms,
32% developing anorexia/nausea, 30% having mood
swings, and 28% complaining of depression. Headache
and hair thinning each occurred in 20%, diarrhea in 8%,
infection in 6%, and rash in 2%. Dose reduction of IFN
or ribavirin due to hematological abnormalities occurred
infrequently. Only three subjects had IFN dose reduc-
tions due to neutropenia.

The majority (88%) of subjects prior to undergoing
detoxification and maintenance therapy with naltrexone
implants had a history of heavy (daily) IDU (Fig. 1). In
those 41 patients with naltrexone implants, the median
time from implant placement to HCV treatment was 6
months (range 0-36). During HCV treatment IDU fre-
quency had decreased significantly with only one of 48
having heavy use and 17 of 48 having minimal IDU. This
pattern was maintained after the completion of HCV
treatment. Two of the three patients that had a recurrence
of HCV following an ETR gave a history of unsafe injec-
tion practices. One was re-treated and achieved an SVR.
Importantly, of those 31 patients that achieved a 6 month
SVR, 17 reported no further IDU, and 13 only occasional
IDU during treatment and this was maintained after
HCV treatment cessation. Before HCV treatment began,

Table 1. Patient Characteristics and Response to Treatment

Total SVR Non-SVR

Number 50 31 19
Male:Female 34:16 21:10 13:6
Mean age in years (range) 35 (19-54) 32 (21-48) 38 (19-54)
Mean BMI (range) 24 (18-46) 24 (18-34) 26 (18-46)
Genotype 1 17 9 8
Genotype 2 3 1 2
Genotype 3 30 21 9
Viral load (IU/ml) - �5 � 105 21 11 10
5 � 104 – 4.9 � 105 21 14 7
5 � 103 – 4.9 � 104 5 3 2
5 � 102 – 4.9 � 103 3 3 0
Metavir F0,1,2 43 29 14
Metavir F3,4 6 1 5†
Previous antiviral therapy 6 2 4
Subcutaneous naltrexone implant 41 24 17
Antidepressant with HCV treatment 16 10 6
Antipsychotic with HCV treatment 12 7 5
Alcohol �100g/day‡ 14 4 10†

NOTE. Data expressed as n unless otherwise indicated.
†Significantly different from the SVR group, univariate anaylsis P � 0.05.
‡More than 100g of alcohol/day for more than 5 years.
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heavy daily alcohol intake was present in 28% patients
and heavy daily marijuana use was present in 34% of
patients. All patients decreased the alcohol intake to less
that 70g/week during and after therapy, while heavy mar-
ijuana use decreased to 12% for the same period. Any or
heavy marijuana use during therapy was not associated
with improved SVR (P � 0.76, P � 0.15).

Discussion
It is now established that HCV treatment requires a

coordinated, multidisciplinary health professional team
and an informed and committed patient to achieve the
best rates of HCV eradication with IFN-based treat-
ments, irrespective of whether a patient is an active inject-
ing drug user. The 62% SVR achieved in this study for all
genotypes is similar to those reported by the large con-
trolled clinical registration trials of pegylated IFN and
ribavirin where the SVR was 54% and 63%.6,7 The 70%
SVR for genotype 3 patients and 53% SVR for genotype
1 patients is consistent with the known resistance to IFN-
based therapy of HCV genotype 1. The high viral eradi-
cation rates obtained after treatment of acute HCV did
not contribute to the excellent SVR in this study, as the
SVR remained 61% after exclusion of the single acute
HCV patient included in the analysis.24 Previous studies
of HCV treatment in active IDU did not report equiva-
lent SVR rates and the improved outcome in this study
may have been partly due to the use of pegylated IFN and
ribavirin in two thirds of our cases, although the SVR for
those 15 patients receiving IFN and ribavirin was 80%
and for those 35 who received pegylated IFN and ribavi-
rin it was 49%. Twelve of the 15 patients that received
IFN and ribavirin were genotype 3 and pegylated IFN
and ribavirin added little benefit to SVR rates for this
genotype.6

Other factors that may have also contributed to the
excellent SVR in this study was the early stage of liver
fibrosis present in most patients and the high proportion
(66%) of patients with HCV genotype 3. Although, nei-
ther stage of fibrosis or HCV genotype 1 was associated
with non-response using multivariate logistic regression
analysis, this lack of association may have been due to the
relatively small number of subjects in the study. A history
of previous heavy alcohol intake was associated with non-
response (P � 0.05) in this group of IDU subjects with
naltrexone implants. Others have recently reported that
previous moderate alcohol intake (�30g/day) was associ-
ated with a decreased SVR to pegylated IFN and ribavi-
rin25 and this is in agreement with other published data in
HCV subjects treated with IFN monotherapy.26 The ex-
act mechanism whereby previous moderate or heavy alco-
hol intake results in poorer HCV response rates to IFN-
based therapy is unknown. Alcohol use within 12 months
of IFN and ribavirin treatment for HCV was associated
with decreased retention in therapy but probably had no
effect on the efficacy of the antiviral effect of treatment.27

Theoretically, there appears to be some advantages to
the use of naltrexone rather than methadone maintenance
therapy with regards to effects on immune response and
on viral clearance. In vitro studies have suggested that
opiates can reduce endogenous IFN production and en-
hance HCV replicon expression, which could potentially
compromise the anti-HCV effect of exogenous IFN.28,29

It is interesting that this effect can be blocked by naltrex-
one, suggesting that the use of subcutaneous naltrexone
implants may augment the effect of IFN therapy. There is
also a considerable body of evidence that has demon-
strated that opiates impair the adaptive and innate im-
mune response to infectious agents.30 The excellent SVR
found in this present study using subcutaneous naltrex-
one implants that provide constant serum levels of nal-
trexone may in part be related to this immune modulating
effect of naltrexone and this warrants further study.

The side effect profile of IFN/pegylated IFN and riba-
virin in this group of active IDU patients was no worse
than that reported for non-IDU patients in the highly
selected HCV population treated in the pegylated IFN/
ribavirin registration trials and also in hospital-based clin-
ics.6,7,15 Flu-like symptoms were present in half and
altered mood and anorexia/nausea were present in one
third. Depressive symptoms were reported in 28% and at
the end of treatment half of all patients were receiving
antidepressant medication and/or antipsychotic medica-
tion. Others have previously reported the high prevalence
of depression in IDU with HCV, with 50% having evi-
dence of moderately severe depression.31 This study
found that active IDU patients tolerated side effects as

Fig. 1. Injecting drug use in subjects before naltrexone implant treat-
ment (Before), during HCV treatment (During) and after HCV treatment
(After). n � number of patients analyzed. Frequency of injecting drug use
defined as none, minimal (any use), or heavy (daily use).
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well as non-IDU patients reported in the literature and
drug discontinuation in 14% due to side effects was also
similar to reported rates. One benefit of the “shared care”
approach to treatment is that collaborative involvement
of addiction specialists and psychiatric services with pa-
tient care allows a planned approach to preexisting or
IFN-induced psychiatric disorders. In those with a history
of depression often prophylactic antidepressant therapy
or early preemptive therapy for minor exacerbations of
depression allows patients to complete HCV treatment
and achieve a SVR.

One major concern regarding HCV treatment for ac-
tive IDU patients is that any benefit of treatment would
be lost if patients reinfected themselves due to continued
unsafe injection techniques. Long-term follow-up studies
of active IDU that have had more than 6-month post-
treatment SVR would provide some reassuring evidence
that this was not the case. This current study has fol-
low-up data on 22 patients that have now had 12 months
or more post-treatment follow-up and all have remained
HCV RNA negative. One other study of rehabilitated
IDU patients has provided follow-up data a median of 5
years following end of treatment and only one of 27 rein-
fected.32 Combined, these data suggest that reinfection
due to continued risky IDU is not a significant problem,
however, further data are clearly required. Nevertheless,
reinfection due to continued intravenous drug use prob-
ably occurred in two patients in this present study after an
ETR, but fortunately retreatment in one resulted in a
SVR. Reinfection with HCV after spontaneous recovery
has been reported in HCV patients but interestingly the
risk of developing chronic HCV infection from reinfec-
tion is less than that in those who are infected for the first
time.33 It is not known whether this benefit also occurs
with reinfection after previous IFN-induced viral clear-
ance.34

Contrary to some opinions regarding likely poor com-
pliance with HCV treatment requirements, the active
IDU patients in this study were highly motivated to access
HCV treatment and attend the required follow-up visits
in the community shared care clinic. The excellent com-
pliance rate attested to this with only 8% of patients drop-
ping out of the study due to compliance issues. Many of
the patients linked the eradication of HCV infection with
opiate detoxification and rehabilitation as a single package
that provided a means of commencing a new period in
their lives away from the environment of narcotic use.
The provision of a shared care clinic where the hepatolo-
gist and nurse practitioner visited the drug rehabilitation
and naltrexone implant clinic and not vice versa was cen-
tral in developing the trust and confidence between IDU

patients and health care workers that was required to suc-
cessfully engage patients in HCV treatment.

This prospective uncontrolled observational study has
provided further data to the existing evidence that HCV
treatment should be offered to active IDU individuals
only after they understand the requirements of treatment
and its risks and benefits. The use of subcutaneous nal-
trexone implants and a community-based shared care fa-
cility as the provider of HCV treatment results in viral
clearance rates equivalent to outcomes achieved in the
large controlled clinical trials.
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